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ABSTRACT 

Purpose: The current study aimed to compare the effects of plyometric (PT) vs. optimum 

power load (OPL) training on physical performance of young high-level soccer players. 

Methods: Athletes were randomly divided into PT (horizontal and vertical drills) and OPL 

(squat+hip thrust exercises at the load of maximum power output) interventions, applied over 

7 weeks during the in-season period. Squat (SJ) and countermovement (CMJ) jumps, maximal 

sprint (10 and 30 m) and change of direction (COD; agility T test) were the pre-and post-

training measured performance variables.  Magnitude-based inference was used for within-and 

between-group comparisons. Results: OPL training induced moderate improvements in 

vertical SJ (ES:0.97; 90%CI:0.32-1.61) and CMJ (ES:1.02; 90%CI:0.46-1.57), 30 m sprint 

speed (ES:1.02; 90%CI:0.09-1.95) and COD performance (ES:0.93; 90%CI:0.50-1.36). After 

PT training method, vertical SJ (ES:1.08; 90%CI:0.66-1.51) and CMJ (ES:0.62; 90%CI:0.18-

1.06) were moderately increased, while small enhancements were noticed for 30 m sprint speed 

(ES:0.21; 90%CI:-0.02-0.45) and COD performance (ES:0.53; 90%CI:0.24-0.81). The 10 m 

sprint speed possibly increased after PT intervention (small ES: 0.25; 90%CI:-0.05-0.54), but 

no substantial change (small ES:0.36; 90%CI:-0.40-1.13) was noticed in OPL. For between-

group analyses, the COD ability and 30 m sprint performances were possibly (small ES:0.30; 

90%CI:-0.20-0.81; Δ=+1.88%) and likely (moderate ES:0.81; 90%CI:-0.16-1.78; Δ=+2.38%) 

more improved in the OPL than in the PT intervention, respectively. Conclusions: The two 

different training programs improved physical performance outcomes during the in-season 

period. However, the combination of vertically-and horizontally-based training exercises 

(squat+hip thrust) at optimum power zone led to superior gains in COD and 30 m linear sprint 

performances.   

Keywords: Stretch-shortening cycle, optimum power load, jumping, speed, change of 

direction, soccer.   
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INTRODUCTION 

Soccer is the most widely sport practiced in the world. It is considered an intermittent 

activity in which an increased demand in high-intensity explosive actions (such as jumping, 

sprinting or multidirectional movements) have been observed during official matches1. 

Consequently, this leads to the growing interest in developing training programs that 

specifically enhance performance during these powerful activities.   

Several strength-power training strategies result in significant soccer-specific physical 

performance changes, typically assessed by vertical jump, straight-line sprint and change of 

direction (COD) speed tests2. The efficacy of resistance and plyometric training modes is so 

extensively recognized that some authors argue that “further studies comparing the effect of 

different conditioning programs against a control group that only perform soccer training are 

not needed2. Currently, it seems more valuable to compare the effects of different 

neuromuscular training interventions using parallel matched-group designs and determine the 

most effective method, considering the players’ initial characteristics and targeted performance 

parameters. 

Lower extremity plyometric training (PT) mostly comprises jumping exercises using 

the stretch-shortening cycle muscle action. Using both the natural components of the muscle 

and tendon and the stretch reflex, PT enhances the ability to produce the maximal force in the 

shortest amount of time3. PT have been shown to induce improvement in several 

neuromuscular factors (e.g., muscle activation patterns and eccentric strength) that, in 

combination, lead to enhanced performance in jump, sprint and COD tests in soccer players of 

both sexes4. Still, simpler and low-volume training drills comprising only bilateral horizontal 

or vertical jumps are related to neuromechanical training responses which are specific to the 

training-axis5, 6 , according to force-vector theory which supports the importance of applying 

training exercises in the same movement direction as the targeted sport-specific movement to 
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enhance the transfer effect. Therefore, it is clear that a comprehensive but time-efficient PT 

program can be added to soccer players’ preparation, ensuing enhancement of key physical 

capacities. 

Training at optimum power load ([OPL] i.e., the load capable of maximizing the muscle 

power output) seems to be an effective and practical alternative for enhancing the physical 

fitness of soccer players. Indeed, jump squats, performed at OPL have shown to significantly 

increase performance in soccer-specific tasks (sprinting, jumping, changing of direction)7, 8. 

Similarly, half-squats under OPL condition were effective in counteracting power and speed 

decrements in soccer players9. Apart from these vertically oriented drills, it was recently 

suggested that performing 12 to 6 RM in the barbell hip thrust (loaded bridging exercise used 

to target the hip extensor musculature in anteroposterior force vector movement [horizontally-

directed exercise, taking into consideration the athlete in the upright position]) resulted in 

potential beneficial effects on 10- and 20-m sprint times in adolescent athletes10. These benefits 

were greater than those elicited by front squat, supporting the force-vector theory. It remains 

to be determined whether a combination of squat and hip thrust exercises performed at the OPL 

will result in positive changes to physical performance in highly trained soccer players. This 

training strategy is time-efficient and avoids the ground impact typical of PT that in some 

instances cannot be tolerated by injured or under-recovered athletes (e.g., feeling delayed onset 

muscle soreness effects)11. 

The aim of this study was to compare the effects of squat + hip thrust training performed 

at the OPL vs. PT on jump, sprint and COD performances measured in young elite-level soccer 

players. It was hypothesized that similar gains in jump performance would occur after both the 

PT and OPL training modes4-6, 12, but the OPL-based approach would be a more effective 

training method to induce superior gains in sprint and COD performances9, 10 than the PT 

intervention. 
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METHODS 

Participants 

At the beginning of the control period, the study sample consisted of 26 Portuguese 

elite male soccer players (age, 18.4±0.49 years, height 1.76.13±0.07 m, weight 70.2.4±5.67 kg; 

body fat 8.8±0.72%) from the same team. Due to injury, illness, or National team 

commitments, only 16 of the initial players completed the intervention period, randomly 

belonging to one of the two groups: PT (n = 8; age, 18.6±0.52 years, height 1.73.13±0.06 m, 

weight 66.4±5.51 kg; body fat 8.5±0.55%) and OPL  (n = 8; age 18.4 ±0.52 years, height 

1.77±0.07 m, weight 71.8±4.55; body fat 9.0±0.69%). All subjects had been involved in 

competitive soccer for at least 7 years, were training five 1.5-hour sessions per week, and were 

competing at junior national level at time of the study. The data collection formed part of the 

team routines in which players are frequently assessed across the seasonal periods. Therefore, 

the normal ethics committee clearance was not required13 

Experimental design  

The study started with the control/familiarization period (9 weeks) in which the 

participants followed their soccer training routine only and were instructed on all technical 

aspects related to strength and plyometric exercises (performed further in the intervention 

period). This stage served as reference to attest if eventual changes in the intervention period 

could be attributed to the applied training programs. After the control period, a parallel two-

group, longitudinal design was conducted to test the effectiveness of the PT and OPL training 

programs, consisting of 12 training sessions, performed before soccer training, over 7 weeks 

(on separate days, twice-weekly with the exception of the two last weeks, [Figure 1]). The 

players were matched by playing position (defenders, midfielders and attackers) and allocated 

to one of two training programs by tossing a coin.  
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The experimental procedures took place during the second half of the competitive 

season after 5 months of uninterrupted training.  

Throughout the intervention period, all participants were also instructed to continue 

with their routine activities, irrespective of group allocation (strength-power at optimum power 

load vs. plyometric training). The microcyle planning was similar during the familiarization 

and intervention periods (five training sessions and one match). Soccer training was prescribed 

by the coaching staff and consisted mainly of technical (e.g. ball conduction, pass, dribbling, 

kicking, and heading) and tactical drills (e.g. defending and attacking drills, corner and penalty 

situations), and small-sided games.  

The effects of control and training interventions were assessed using a number of field 

tests (Figure 1; moments 1, 2 and 3) that have been previously reported as relevant to soccer14.  

In two testing sessions the vertical jumps (session 1), and the 30 m sprint followed by 

the T test (session 2) were performed. The interval between the latter was 20 min. The two 

sessions were performed with 24h recovery period. During the intervention period the players 

performed strength or plyometric training.  

After the 7-week experimental period, both testing sessions were repeated. All testing 

sessions were scheduled >48 hours following a competition or hard physical training to 

minimize the influence of fatigue.  

Optimum power load in half-squat and hip-thrust exercises 

Bar mean propulsive power (MPP) was assessed in the half-squat and hip-thrust 

exercises. The subjects were instructed to execute 3 repetitions at maximal velocity against 

progressive loads, starting at 60% of their body mass. In the half-squat exercise, the athletes 

executed a knee flexion until the thigh was parallel to the ground and, afterwards, moved the 

bar up as fast as possible, without their shoulder losing contact with the bar. In the hip thrust 
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exercise subjects had the upper backs on a bench and were instructed to thrust the bar upward, 

as fast as possible, while maintaining a neutral spine and pelvis positions. 15 For both exercises, 

a load of 10% of body mass was gradually added in each set until a decrease in MPP was 

observed (after five to six sets on average). A 5-min interval was provided between sets. To 

determine MMP, a valid and reliable small accelerometer (Beast sensor, Brescia, Italy) 16, 

operating at 50 Hz, was attached to the bar. The MPP (W) of each repetition was transferred in 

real time via Bluetooth to the Beast app for iOS v.2.2.3, which was installed on an Ipad 3 with 

iOS 10.2 operative system. The maximum MPP value was retained for data analysis purposes. 

Linear sprint and change of direction (COD) 

After a standardized warm-up (10-minute including low- intensity forward, sideways, 

and backward running; several acceleration runs; and jumping at a progressively increased 

intensity), the participants performed two trials of maximal 30-m sprints, with 10-m lap (10 m: 

[ICC: 0.91; CV: 2.26%]; 30 m: [ICC: 0.96; CV: 2.18%]). The efforts were separated by a 3-

minute of passive rest period.  

Afterwards, players performed two maximal T-test bouts (ICC: 0.92, CV: 1.99%) 

interspersed with 10 minutes of passive recovery, used to determine speed with directional 

changes such as forward sprinting, right and left side shuffling, and backpedalling. The 

participants were required to run as fast as possible forward to the center cone (10 m), turn to 

the left cone (5 m), then turn and run back to the right cone (10 m), and then turn and run back 

to center cone (5 m) and then run straight back (backpedalling) through the start/finish gate.  

Both the 30 m sprint and T-test were performed on an outdoor field with natural grass 

and single beam infrared timing gates (Brower, Wireless TC Timing System, Draper, UT, 

USA) were used to record test times. Subjects started in their own time from a standing start 
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position 0.2 m behind the start line timing gates and the fastest trial achieved, in each one of 

the tests, was retained for data analysis. 

Vertical jump measurements  

Vertical jump performance was assessed using a contact platform (Ergojump, Globus, 

Codogne, Italy) in which players performed squat (SJ) and countermovement (CMJ) jumps. In 

the SJ, a static position with a 90° knee flexion angle was maintained for 3s before a jump 

attempt without any downward movement before extension of the lower limbs (visually 

checked by an experienced researcher). In the CMJ, the subjects were instructed to perform a 

downward movement followed by a complete extension of the lower limbs.  

Before testing, the players warmed up with 2-to-3 self-administered submaximal CMJs 

and SJs repetitions. During the testing, the players positioned arms akimbo and performed 3 

trials of each test (SJ: [ICC: 0.95; CV:3.6%]; CMJ: [ICC: 0.93, CV:3.5%]) with approximately 

2 and 3 minutes recovery time between trials and in-between tests (SJ or CMJ), respectively. 

The players were asked to jump as high as possible and the highest jump (cm) was recorded 

for further analysis. 

Training interventions 

Strength training at optimum power load  

Prior to the beginning of the experimental period, the players’ optimum power loads in 

both the half-squat and hip-thrust were determined and were used as load-references (ranging 

from 66 to 90 kg). The power training sessions began with a 10-minute warm-up (submaximal 

loaded squat and hip-thrust repetitions) and lasted for ~40 minutes. Soccer players from this 

group performed 12 strength-oriented training sessions: (Sessions 1–4) 4 × 8 using the optimum 

power load; (Sessions 5–8) 4 x 6 using 1.05 × the optimum power load; (sessions 9–12) 4×4 

using 1.10 × the optimum power load. All power-exercises were performed interspersed by 2-
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min intervals. This progress was included considering the training-induced changes in the 

optimum power load9, which could not be individually adjusted due to the tight schedule of the 

team during the in-season phase. 

Plyometric training 

All plyometric sessions (lasting ~35 in first sessions to 45 minutes in last sessions) were 

performed just after a standardized warm-up, consisting of a series of squats, lunges and 

submaximal jump actions.  

Participants performed the plyometric sessions, in a gymnasium type floor, at 100% of 

their maximal individual effort (i.e., maximal height or distance). A resting period of ~10s was 

considered between non-continuous plyometric drills and all sets were interspersed by 2-min 

intervals. Taking into consideration the stress of the plyometric training on the musculotendon 

unit, exercise volume was progressively increased following a plyometric progression model 

categorized by the total number of ground contacts (from 56 to 126; Table 1).3  

During the training sessions of both interventions, all subjects were under direct 

supervision (2 coaches in OPL and 1 coach in PT) and were instructed on how to perform each 

exercise (general posture, movement kinematics [OPL and PT] and landing [“quietly” with soft 

ground impact, PT]).  

Statistical analyses  

Data in the text and tables/figures are presented as means ± standard deviations (± SD) 

or ± 90% confidence interval (± 90%CI). All data were first log-transformed to reduce bias 

arising from non-uniformity error. Data were then assessed for practical meaningfulness using 

magnitude-based inference (MBI) approaches17. We used this qualitative approach because 

traditional statistical approaches often do not indicate the magnitude of an effect, which is 

typically more relevant to athletic performance than any statistically significant effect. To 
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examine the effects of the type of intervention (PT and OPL) on neuromuscular performance 

outcomes, differences between groups (PT vs. OPL) and differences over time (pre-training vs. 

post-training in both moments: control and intervention period) for all dependent variables 

were calculated. The smallest worthwhile change (SWC) was calculated (0.2 × SD) and 90% 

CI were also determined. Quantitative chances of beneficial/higher or harmful/lower effect 

were assessed qualitatively as follows: 25% to 75%, possibly; 75% to 95%, likely; 95% to 

99%, very likely; and >99%, almost certain. If the chance of having beneficial/higher or 

harmful/lower performances was both >5%, the true difference was assessed as unclear17. In 

addition, the Cohen’s d effect size (ES) of changes in neuromuscular performance measures 

was calculated. Threshold values for Cohen’s d ES statistics were 0.20, 0.60, 1.20, 2.0 and 4.0 

for small, moderate, large, very large and extremely large, respectively. In addition, to provide 

information about individual responsiveness to training, we showed the number of individuals 

who made changes greater than the SWC for each dependent variable, with the SWC being 

used as criteria to inform individuals who made a “positive response” in performance. Thus, 

the SWC was also expressed as a percentage of the group mean. All inference-based analyses 

were conducted using a publicly available spreadsheet (http://sportsci.org/2017/wghxls.htm). 

The field tests reliability was assessed by intraclass correlation coefficient (ICC) and 

coefficient of variation (CV).   

RESULTS 

Control Period 

With exception of CMJ height, in which no substantial effect (trivial ES: -0.03; 90%CI: 

-0.38 to 0.31) was detected, all the other physical performance measures were slightly impaired 

throughout the control period (9-weeks). There were very likely and likely harmful changes for 

SJ height (small ES: -0.51; 90%CI: -0.82 to -0.21) and COD performance (small ES: -0.50; 
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90%CI: -0.88 to -0.12), respectively. After the 9-week control period, 10 m (small ES: -0.21; 

90%CI: -0.51 to 0.10) and 30 m (small ES: -0.23; 90%CI: -0.46 to 0.00) sprint speed were 

possibly decreased, indicating that players became slower after the control period (Table 2).  

Intervention Period 

Baseline 

Between-groups differences at baseline for CMJ, SJ, 10 m and 30 m sprint speeds were 

rated as unclear (trivial to small ESs) (Table 3). In contrast, there was a meaningful difference 

between groups for COD performance at baseline. The players belonging to the PT group were 

very likely faster (better COD ability) than those in OPL group.  

Within-Groups Changes 

The individual percentage improvements for each participant in CMJ, SJ, 10 m sprint, 

30 m sprint and COD are shown in Figure 2.  

The number of individual athletes who showed improved performance for each variable 

were as follows: CMJ (OPL: 7 out of 8; PT: 6 out of 8), SJ (OPL: 7 out of 8; PT: 6 out of 8), 

10 m sprint (OPL: 6 out of 8; PT: 4 out 7), 30 m sprint (OPL: 6 out of 8; PT: 4 out of 7) and 

COD (OPL: 7 out 8; PT: 5 out 7).  

Raw values, relative changes and qualitative outcomes derived from MBI analyses for 

all performance outputs are presented in Table 3. Changes in CMJ height were likely (moderate 

ES: 0.62; 90%CI: 0.18 to 1.06) and very likely (moderate ES: 1.02; 90%CI: 0.46 to 1.57) 

positive for both PT and OPL groups, respectively. The improvements in SJ height were very 

likely (moderate ES: 0.97; 90%CI: 0.32 to 1.61) and almost certainly (moderate ES: 1.08; 

90%CI: 0.66 to 1.51) beneficial after PT and OPL training regimes, respectively. For 10 m 

sprint speed, there was a possibly (62/37/01%) improvement in the PT group (small ES: 0.25; 

90% CI: -0.05 to 0.54)), while no substantial gain (unclear effect: 65/25/10%; small ES: 0.36; 
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90% CI: -0.40 to 1.13) was noticed for OPL group. From pre- to post-training period, 30 m 

sprint speed was only possibly (54/45/01%; small ES: 0.21; 90%CI: -0.02 to 0.45) improved 

in the PT group, but was likely (93/05/02%; moderate ES: 1.02; 90%CI: 0.09; 1.95) enhanced 

after OPL training intervention. COD performance was also very likely enhanced after both PT 

(small ES: 0.53; 90%CI: 0.24; 0.81) and OPL (moderate ES: 0.93; 90%CI: 0.50; 1.36) training 

strategies.  

Between-Groups Changes    

Between-group changes for all performance outputs are illustrated in Figure 3.  

Due to the differences between groups for COD performance at baseline, the pre-

training value was inserted as covariate in the analysis. After adjusting the changes in COD 

performance for baseline values, OPL-based exercises induced possibly (small ES: 0.30; 

90%CI: -0.20 to 0.81) larger gains in COD performance than PT intervention. After OPL-based 

training approach, changes in 30 m sprint speed were likely (moderate ES: 0.81; 90%CI: -0.16 

to 1.78) greater than after PT intervention. Finally, there were no substantial differences 

(unclear effects) for the changes in 10 m sprint speed (trivial ES: 0.13; 90% CI: -0.73 to 0.99), 

CMJ (trivial ES:  0.15; 90% CI: -0.53 to 0.83) and SJ height (trivial ES: -0.01; 90% CI: -0.81 

to 0.78) between both PT and OPL training groups.  

DISCUSSION 

This study aimed to compare the effects of 12 training sessions of plyometric vs. 

strength training at OPL on physical fitness of elite young soccer players. An original feature 

of this study was the inclusion of combined vertically (half-squat) and horizontally (hip thrust) 

based exercises performed at the respective optimum power zones; indeed, to our knowledge, 

this is the first study that has directly compared this strength-power training combination with 

PT. The results showed that despite both training interventions were effective in improving the 
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lower limb performance, the OPL training was the most effective method to improve 

accelerated linear sprint and COD abilities. Due to its effectiveness to increase physical 

performance and easy applicability, not requiring maximal lifts and time-consuming or 

complex measures (e.g., 1RM), the implementation of the OPL method is recommended. From 

a practical standpoint, the very first assessment of OPL in a given exercise would require 

measuring barbell velocity (by using different affordable technologies16) at five/six different 

loads, but afterwards the training load can be rectified/tested with less attempts at certain 

predetermined periods. This might be a suitable approach when dealing with limited time and 

several players.  

During the “control” period included in this study before starting the intervention, the 

regular soccer training was not sufficient to improve the physical performance measures; in 

fact, some of the physical abilities were impaired in this specific in-season phase. This fact 

might corroborate the assumption that improvements observed during the training intervention 

phase can be attributed to the additional conditioning programs (PT and OPL), and not to soccer 

training alone 2. In fact, in some instances, even the inclusion of strength-power training is not 

capable to counteract the loss of power-speed capacities in soccer players due to the 

predominance of aerobic technical-tactical training in their programs 9.  

The majority of players showed a performance improvement after both interventions, 

indicating the advantage of including strength power and/or plyometric sessions in the regular 

training schedule of youth soccer players. Nevertheless, there were some individual cases in 

which the performance seemed to be maintained or impaired. In fact, adaptations to strength-

power training strategies is often suggested to present inter-individual variability18, 19. Several 

factors (e.g., genetics, training status, individual recovery rates, and motivation, among others) 

may justify this phenomenon, underlying the importance of regular monitoring to optimize 

training interventions.  
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A considerable number of jumps are executed during training and official matches (e.g. 

headings), which makes essential the assessment and development of jump performance in 

soccer players. In the current investigation, both training protocols were effective in promoting 

improvements in vertical jump capacity which is consistent with some recent studies in which 

exclusively strength-power 20, 21 or plyometric 21-23 training schemes were effective in 

improving jumping ability in young soccer players. Since no differences were observed 

between programs, it seems reasonable to assume that both interventions induced positive and 

similar neuromuscular adaptations related to jump ability. Potential adaptations might include 

increased neural drive to the agonist muscles, improved intermuscular coordination and 

changes in mechanical characteristics of the muscle-tendon complex11, 24. This is contrary to 

the theoretical assumption that improvements in jump height are merely achieved when 

executing exercises that comprise the use of the stretch-shortening cycle 25. In fact, it has been 

reported that training programs that follow a biomechanical similarity between jump and 

strength exercise (e.g., vertical jump and half-squat, both of which are performed with 

emphasis on force produced along the vertical axis) are similarly efficient in improving jump 

performance. 24 In addition, the substantial utilization of the quadriceps in half-squat and 

vertical jump also establishes a possible causal mechanism (muscle size and function) for 

beneficial vertical jump adaptations in both interventions.26 In this sense, the emphasis on one 

or the other training strategy (PT or OPL) to develop jump capability should also consider other 

contextual factors such as age-category, player’s injury background, training level and 

force/power qualities, among others. 

Soccer players are also required to develop their speed-related abilities to cope with the 

demands related to their involvement in high-intensity match and training activities 1. Both 

interventional programs were successful in enhancing the sprint performance, agreeing with 

previous studies (with similar approaches) conducted on the topic 21, 22, 27, 28. Indeed, both OPL 
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and PT interventions comprised exercises with an anteroposterior force vector relative to the 

body (e.g., hip thrust vs horizontal jumps) that seems to be a key component in sprint 

performance.29 However, it is important to emphasize that more forceful horizontal jumps (e.g., 

loaded bilateral horizontal jump training eliciting maximal anteroposterior amplitude per 

repetition30) were not included in our study. These exercises could have improved more sprint 

and COD abilities and need to be compared with OPL strategy in future studies. 

Nevertheless, in the current study, the training scheme using OPL was likely (86% 

chances of a greater effect, Figure 3) more effective in translating the positive neuromuscular 

adaptations into 30 m sprint performance improvements than PT intervention. To some extent, 

these results corroborate earlier findings that loaded squat and hip-thrust exercises seemed to 

allow greater improvements in the later phase of a linear sprint in comparison to exercises of a 

more ballistic nature 21, 27, 29, 31. The higher transfer to 30 m rather than 10 m lap sprint 

performance could be related to the fact that only exercises comprising heavy-loads seem to 

enhance the earlier phases of sprint performance (acceleration phase) 32. In fact, as previously 

reported, light/moderate loads, similar to the ones used in the current study, might be less 

effective to increase the speed build up phase performance in comparison the maximum sprint 

phase 21, in which the ability to produce greater horizontal-to-vertical force ratio might be more 

relevant than the overall force production itself.33 Satisfying this drill specificity principle, the 

hip thrust exercise, used in the OPL, seems to be very beneficial for developing the end-range 

hip extension strength that is of great importance during maximal sprinting34.  

Apart from this, it should also be argued that an eventual variability of the starting 

position could bias the 10 m performance. Despite in the present study the participants were 

required to start each trial in a staggered stance with their preferred foot leading, no other 

kinematic variables were controlled. Considering that sprint bouts during a soccer game are 
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shorter than 30 m, with 49% being shorter than 10 m 35, training interventions to enhance the 

initial sprint acceleration should be contemplated. 

In addition to linear sprinting, soccer players perform many CODs during a soccer 

training/game. Both training interventions were effective in improving COD ability probably 

due to general improvement in muscle power and concentric and eccentric muscle strength.36 

Nevertheless, the gains were more evident in the OPL group (63% chances of a greater effect, 

Figure 3). Among the several factors that influence COD (e.g., running technique, 

anthropometrical features, leg-muscle qualities), the straight-sprinting speeds should also be 

considered relevant to enhance this capability 37. In this context, this might partially explain 

the higher gains in COD performance in OPL intervention, consequent to the larger 

improvement in accelerated running (30 m sprint) in comparison to PT scheme. 

Complementarily, it can also be argued that the hip thrust exercise used in the OPL group might 

have added a specific positive transfer to COD performance considering that the application of 

horizontal propulsive forces (prominent in this kind of exercise10 ) could explain more than 

35% of COD performance 38.  

Some limitations should be taken in consideration when interpreting the results of this 

study: (i) MBI analyses used in this investigation has been criticized because it inflates the 

Type-I error rate, resulting in a proliferation of false positive results39, (ii) sprint and COD 

performances were tested using a single-beam photocell timing system that tends to present 

less accurate and reliable results in comparison to other systems (e.g. dual-beam, full automatic 

timing systems),40 (iii) the training stimulus of each intervention (PL vs OPL) could not be 

directly compared considering the differences in load application between programs and, (iv) 

a short-term training intervention was implemented not examining the maintenance of the 

training effects in each group.    
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PRACTICAL APPLICATIONS  

It may be suggested that in order to maximize the development of lower limb physical 

performance among elite young soccer players during the in-season phase, the use of exercises 

in the optimal power range load of hip-knee-ankle extensor muscles could be an effective 

option. Nevertheless, PT can be also concurrently included in the soccer training program to 

provide variation in training stimuli that effectively improve neuromuscular capacities of 

players. This information certainly helps coaches and sport scientists to develop better and 

more effective performance enhancement training programs. 

CONCLUSIONS 

This investigation showed that 12 sessions of two different training programs improved 

physical performance outcomes during the in-season period, with best results achieved with 

the combination of vertically- and horizontally-based training exercises at optimum power 

zones for the 30 m linear sprint and COD ability.  
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Figure 1. Experimental design 
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Figure 2. Individual responses to plyometric or optimum power load training for each 

participant in countermovement (CMJ), and squat jump, (SJ), 10 and 30 m sprint, and COD 

performance  
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Figure 3. Efficiency of Optimum power load (OPL) compared to Plyometric training (PT) to 

improve countermovement (CMJ), and squat jump, (SJ), 10 and 30 m sprint, and COD 

performance. Bars indicate uncertainty in the true mean changes (with 90% confidence limits). 

Grey area represents the smallest worthwhile change  
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Table 1. Plyometric training program 

 
SESSIONS 1-2 

 Sets (reps) Nº Contacts 

Frontal hops  1 (8) 8 

Backward hops 1 (8) 8 

Lateral hops 2 (8) 16 

Power skips 3 (8) 24 

 Total Impacts 56 

SESSIONS 3-6 

Forward hops over 15 cm cone 2 (8) 16 

Lateral hops 3 (12) 36 

Single leg forward hop (right leg) 2 (8) 16 

Single leg forward hop (left leg) 2 (8) 16 

 Total Impacts 84 

SESSIONS 7-8 

On and off box jumps (30 cm) 2 (10) 20 

Lateral hops over 25 cm hurdle  3 (6) 18 

Power skips 4 (8) 32 

Toe taps on soccer ball 2 (12) 24 

 Total Impacts 94 

SESSIONS 9-12 

On and off box jumps (45 cm) 2 (12) 24 

Box drop jumps for height (55 cm) 3 (10) 30 

Single leg forward hop (right leg) 2 (8) 16 

Single leg forward hop (left leg) 2 (8) 16 

High knees over 25 cm hurdles 4 (10) 40 

 Total Impacts 126 
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Table 2. Descriptive statistics (mean ± SD) and changes (with 90% confidence interval) in physical performance after control period. 

 

 Before 

Training 

After 

Training 

%Change 

(90%CI) 

Cohen’s d 

(90%CI) 

Chances 

(B/T/H) 
Outcomes 

CMJ (cm) 38.56 ± 2.42 38.48 ± 2.78 -0.22 (-2.54; 2.09) -0.03 (-0.38; 0.31) 13/67/20% Unclear 

SJ (cm) 36.46 ± 3.88 34.34 ± 3.20 -5.82 (-9.28; -2.36) -0.51 (-0.82; -0.21) 00/05/95% Very Likely ↓ 

10 m (m·s-1) 5.49 ± 0.24 5.44 ± 0.20 -0.98 (-2.43; 0.46) -0.21 (-0.51; 0.10) 02/46/52% Possibly ↓ 

30 m (m·s-1) 7.01 ± 0.24 6.95 ± 0.21 -0.85 (-1.70; -0.01) -0.23 (-0.46; 0.00)  00/40/60% Possibly ↓ 

COD ability (m·s-1) 4.27 ± 0.11 4.21 ± 0.13 -1.35 (-2.37; -0.33) -0.50 (-0.88; -0.12) 00/09/91% Likely ↓ 

↓: indicates reduced performance; CMJ: countermovement jump; SJ: squat jump; COD: change of direction ability; B: chance of a beneficial change; T: trivial change; H: 

chance of a harmful change 
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Table 3. Descriptive statistics (mean ± SD) and changes (with 90% confidence interval) in physical performance after plyometric (PT) or optimum 

power load (OPL) training. 

 

  
Before 

Training 
After Training  Magnitude-Based Inference 

 
Training 

Group 
Mean ± SD Mean ± SD  

% Change  

(90%CI) 

ES  

(90%CI) 

Chances 

(B/T/H) 
Outcomes 

         

CMJ (cm) 
PT 39.76 ± 4.37 42.80 ± 5.23  7.64 (2.17; 13.10) 0.62 (0.18; 1.06) 94/05/01% Likely ↑ 

OPL 38.10 ± 3.19 41.74 ± 3.1  9.55 (4.30; 14.80) 1.02 (0.46; 1.57) 99/01/00% Very Likely ↑ 

         

SJ (cm) 
PT 35.93 ± 3.38 39.60 ± 4.64  10.23 (3.40; 17.06) 0.97 (0.32; 1.61) 97/02/01% Very Likely ↑ 

OPL 34.94 ± 2.97 38.56 ± 1.52  10.37 (6.34; 14.42) 1.08 (0.66; 1.51) 100/00/00% Almost Certainly ↑ 

         

10 m  

(m·s-1) 

PT 5.43 ± 0.19 5.48 ± 0.17  1.00 (-0.19; 2.19) 0.25 (-0.05; 0.54) 62/37/01% Possibly ↑ 

OPL 5.50 ± 0.20 5.58 ± 0.22  1.48 (-1.61; 4.56) 0.36 (-0.40; 1.13) 65/25/10% Unclear 

         

30 m 

 (m·s-1) 

PT 7.01 ± 0.20 7.06 ± 0.20  0.71 (-0.07; 1.48) 0.21 (-0.02; 0.45) 54/45/01% Possibly ↑ 

OPL 6.92 ± 0.19 7.14 ± 0.29  3.14 (0.28; 5.99) 1.02 (0.09; 1.95) 93/05/02% Likely ↑ 

         

COD ability  

(m·s-1) 

PT 4.25 ± 0.14 4.34 ± 0.11  1.96 (0.90; 3.03) 0.53 (0.24; 0.81) 97/03/00% Very Likely ↑ 

OPL 4.16 ± 0.15 4.33 ± 0.13  3.88 (2.08; 5.68) 0.93 (0.50; 1.36) 99/01/00% Very Likely ↑ 

↑: indicates improved performance. CMJ: countermovement jump; SJ: squat jump; COD: change of direction ability; B: chance of a beneficial change; T: trivial change; H: 

chance of a harmful change. 
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