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Abstract

:

The purpose of the investigation was to determine the influence of a four-week unilateral (UNI) and bilateral (BIL) resistance training program on peak torque and peak power of the lower limbs in soccer players. Background: We evaluated the effects of a 3:1 step load training program using UNI and BIL forms of exercises on the level of peak torque and peak power of the knee joint extensors and flexors. Methods: The study included 16 division I soccer players having the highest number of matches played in the first round of the season. The motor tests included isokinetic evaluation of peak torque and peak power of the extensors and flexors of the knee joint. Results: The results showed that both types of training sessions were equally effective. Only in terms of power during knee flexion, unilateral training contributed to improvement, whereas bilateral training did not. Conclusions: The use of periodization using a step load progression based on an extended eccentric phase of the movement during the preseason period in combination with UNI training may increase peak torque and peak power of knee flexors and extensors in soccer players.
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1. Introduction


If the goal of resistance training were only to increase muscular strength, then the choice of exercises would be dictated by the selection of those that maximize this motor ability based on the percentage of external load above 70% 1 RM [1,2]. However, the specificity of a given sports discipline is a key factor in transferring strength and power into discipline-specific skills [3,4]. Furthermore, resistance training is a significant means of reducing the risk of injury [5]. Considering that achieving elite sports level is a long-term process, we increasingly see the use of innovative training methods aimed at maximizing the athlete’s motor performance. Therefore, the periodization of the training program is a key element that determines the optimization of particular training micro and mesocycles. Depending on the macrocycle, the training loads should be increased gradually and periodically allowing for physiological adaptations to take place. In resistance training, variables such as load, bar velocity, the number of repetitions and sets, as well as movement tempo, and rest intervals between sets have a direct impact on the effectiveness of the training process [6]. Additionally, exercise selection plays a significant role in training effectiveness [7,8,9]. However, one training variable (movement tempo), is often neglected in the periodization of training [10]. This variable includes movement tempo.



Resistance exercises have two types of movement tempo: unintentional and intentional. To clarify, a slow tempo can inadvertently occur during resistance training where a heavy load or the manifestation of fatigue is primarily responsible for a slower movement (i.e., increased duration of the repetition) [11]. On the contrary, an intentional slow tempo can be purposefully used if the load is light enough to control the movement and fatigue does not influence one’s ability to control the velocity of the bar or other training device. Consequently, conscious and intentional control of the movement tempo is only possible to a certain extent [12]. During concentric contractions, strength is a limiting factor of movement tempo. On the other hand, during eccentric actions even loads above 100% of 1 RM can be controlled to some extent. The tempo is often described using a sequence of digits (e.g., 3/0/2/0), where each digit defines the duration of a particular phase of the movement, irrespective of whether the movement tempo is intentional or unintentional. Therefore, the literature suggests using a four-digit combination that describes the eccentric, isometric/transitional, concentric, and isometric/transitional phases of movement [10]. For example, 3/0/2/0 denotes a 3 s eccentric phase, no intentional isometric pause during the transition phase, a 2 s concentric phase, and no pause between the completion of the concentric phase and the beginning (eccentric phase) of the next repetition. Changes in movement tempo affect the number of performed repetitions in a single set, the time under tension (TUT), and the maximum possible load lifted during a resistance exercise [6]. According to some studies, the number of possible repetitions decreases as the total intended TUT of an exercise with the same load increases. If the relation between movement tempo, number of repetitions, and the TUT is considered, they are not mutually exclusive, as they all affect each other. Hence, modification of movement tempo can indirectly cause a change in the training load during a single training session, or a whole training microcycle [10,13,14].



Considering the main objective of the study, the differences between UNI and BIL resistance training must be taken into account. Because the method of multi-joint exercise or the isolated form of the unilateral (UNI) or bilateral (BIL) setting is one of the basic variables in the modification of training programs, which plays a fundamental role in the intensification of particular training cycles [15]. Resistance exercises can be classified either into unilateral or bilateral movements [16,17]. BIL exercises involve both limbs simultaneously, inducing the same type of muscle contraction, e.g., squats, deadlifts, etc. The first aspect, according to many authors, which proves the general applicability of BIL exercises, especially those such as the squat and deadlift is their biomechanical structure, which is similar to activities such as jumping and short-distance sprinting [18,19,20,21]. In addition, BIL training is commonly recommended in many resistance training programs because it allows for significant mechanical overload of the contractile apparatus, as it is possible to use a much higher external load than during UNI training [20,22]. The ability to use a significant external load improves the neuromuscular mechanisms involved in generating force and power and is an extremely important variable of BIL exercise. It must be underlined that the highest threshold motor units are recruited only in maximal or near-maximal contractions. Additionally, some authors suggest that when they are developed in similar kinetics, the transfer of increased recruitment of high-threshold motor units is more effective in terms of sports performance [23,24,25].



Therefore, training sessions using BIL exercises have been used in the periodization of strength and power training for many years. UNI exercises, on the other hand, are being increasingly applied in resistance training, where they no longer play the role of complementary exercises, but form the foundation of a given resistance training program [15,16]. Therefore, UNI exercises are predominant for specific activities like jumps, sprints, and changes of direction [26,27,28]. Therefore, UNI exercises are currently not used as accessory exercises in soccer and other team sports such as basketball or handball, but are often the basis for periodization of strength training, using the ability to transfer force and power to one limb. This allows moving in many directions, which is an obvious advantage due to the demands of team sports games [29,30]. In soccer, it will be decisive, especially in such technical activities as dribbling, winning a running duel, taking the ball away from the opponent, or performing an agility move that ends with a strike at the goal [31]. An additional attribute of the use of UNI exercises is the analysis of match units using GPS systems (Catapult) considering such variables as accelerations and decelerations. The high pace of the game is based on the holistic use of the musculoskeletal system, where, on one hand, the same muscle groups are involved in the performance of a given motor task, and on the other hand, they also perform a stabilizing function. A good example has been shown in defensive activities which require players to actively engage in regaining the possession of the ball, reduce space and block forward passes, demanding high-intensity actions such as accelerations and decelerations [32]. These actions are often initiated by the movements of the opposing team and are thus high-speed reactions (acceleration and deceleration) to put immediate pressure on the ball. In the offensive zone (the opposition half) it is essential to press high, as nearly half of all winning ball turnovers in various European leagues are shown to create scoring opportunities. This is why the periodization of resistance training based on the use of UNI and BIL exercises is important because it allows the use of appropriate training measures depending on the period of the macrocycle that the team is in. For example, consider that a team plays 3 games in 12 days, taking into account that soccer players can cover from 9 to 14 km during a match and perform a distance of 0.7–3.9 km of fast running (>20–25 km/h), 0.2–0.6 km sprinting (>25 km/h), and approximately 600 accelerations and decelerations. Recovery times may be too short during crowded professional soccer matches when it comes to maintaining physical fitness and preventing injuries [33,34,35]. This was shown in a study [36] considering the number of matches per week (one versus two), where the injury rate was significantly higher when players played two matches per week versus one match per week (25.6 versus 4.1 injuries per 1000 h of exposure; p < 0.001). Therefore, taking into account the abovementioned variables, it seems appropriate to use UNI resistance training in soccer. The specificity of training exercises is crucial for the transference of training-induced adaptations to the target performance. Young [37] proposes that exercises should be as specific as possible to optimize the transfer of training. In addition, Bosch [38] suggested that intramuscular and intermuscular coordination, the similarity of external movements, and energy production are key factors for assessing and predicting the specificity of training methods. A convincing body of empirical evidence also supports the specificity of the type of exercise with regard to the range of motion, speed, posture, and movement patterns. Furthermore, we use a lower external load than in the case of BIL exercises, which can translate into lumbar load [15]. BIL exercises are usually used in micro-cycles in which one championship match is played. Moreover, BIL exercises are very often used in the preseason where the accumulation phase can be extended by increasing the training load. It should also be taken into account that the team plays championship matches every week and, depending on the coaching concept, the team will prepare one or two resistance training sessions in a weekly micro-cycle. In addition, trainers often use a holistic form of resistance training, which includes both UNI and BIL exercises, some of which play the role of main and accessory exercises, depending on the training goal. Taking the abovementioned into account, it should be stated that maximizing sports results is strongly related to the periodization of the training process. Therefore, UNI training seems to be an important factor, and research supports the thesis that unilateral training is necessary when periodizing resistance training. This study aimed to investigate the effectiveness of a four-week training cycle based on a 3:1 gradual load progression of UNI and BIL exercises on the strength and power of lower limb flexors and extensors. It was hypothesized that the effect of unilateral and bilateral resistance training would be consistent with the principle of specificity. In other words, UNI and BIL resistance training would be more effective in improving the knee flexor performance of soccer players performing with a slow pace in the eccentric phase of movement. On the other hand, UNI resistance exercises would be more effective in the case of the dominant limb, which may result from the learned movement pattern of the subjects when performing such technical and tactical activities as passing, ball handling, feints, and shots on goal by the dominant limb.




2. Materials and Methods


2.1. Participants


The study included 16 male soccer players from division I having the highest number of matches played in the first (winter) round from the entire team (randomly divided into two groups—UNI and BIL). The (±SD) height of the participants was 170 cm, (±SD) body mass 77 kg, (±SD) and age 26 years. In fact, each player had a minimum of 60 championship matches played at the central level and 6 years of experience in resistance training. The subjects were randomly assigned to the UNI and BIL groups as there were no significant differences in the level of strength and power between the study participants. This was a homogenous group of players. The randomization was performed for 2 different conditions using online software (www.randomizer.org (accessed on 5 January 2021)). The participants refrained from resistance training 72 h before the initial testing. The athletes were informed about the procedures of the experiment and its purpose. Each subject gave written consent to participate in the study. The University Bioethics Committee for Research (XXXXXXXXX Nb. 3/2021) approved the study.




2.2. Strength and Power Assessments


Measurements were taken in January 2023 under standard conditions, that is, during the morning hours (8–9 a.m.), with 72 h of restriction from training and consumption of alcohol and caffeine. The peak torque and power of knee extensors and flexors were tested using an “isokinetic device” (HUMAC NORM, Stoughton, MA, USA) [39]. The tests were performed in the presence of the coaching staff who supervised the tests, and the entire procedure was carried out by a technical employee of the university familiar with the device. Particular muscle groups activated under conditions of concentric work (muscle shortening) with isokinetic (constant) loading under laboratory conditions were evaluated. The device was calibrated according to the manufacturer’s instructions [39]. Before the test, the participants performed a 10 min warm-up on a stationary cycle (Keiser M3i, Fresno, CA, USA) at 70–80 RPM. To familiarize themselves with the testing procedures, the subjects performed three submaximal and two maximal repetitions (60°/s) before the main test [40]. A 30 s rest interval was given between repetitions, and a 3 min rest interval was provided between sets [40]. Before the test began, verbal instruction was given to generate as much force and power as possible during the test. In addition, no verbal encouragement was used during the test, but the computer screen was set so that participants could receive real-time feedback. Participants were seated in an extended position, with the backrest at an angle of 85°. The axis of rotation of the knee joint was placed in line with the axis of rotation of the dynamometer. The lever arm pad was fixed at the head of the fibula so that the movement of the ankle joint was not restricted. Tests were performed within a predefined ROM (90–0°). To minimize compensatory trunk movements during the test, participants were secured using stabilizing straps, according to the manufacturer’s instructions [39]. The athletes performed a test of five repetitions of knee flexion and extension at 60°/s. The training load was selected using Velocity-Based Training (VBT) corresponding to (1–0.75 m/s), which was determined using the Tendo Power Analyzer linear position transducer (Tendo Sport Machines, Trencin, Slovakia) on which the whole training process was based (Table 1). We considered variables most commonly used in practice and scientific research which include mean velocity (MV) (i.e., the average velocity across the entire concentric phase) and peak velocity (PV) (i.e., the maximum instantaneous velocity reached during the concentric phase) [41,42].




2.3. Experimental Approach to the Problem


To define the effect of step load progression using the UNI and BIL form of resistance training on peak power and peak torque of the knee joint extensors and flexors, a 3:1 (1 stands for deloading) step load distribution was used (Figure 1). The main factor intensifying load progression, in addition to the nature of the exercise, was the movement tempo (TUT, time under tension) (Table 2). A group of 16 athletes was randomly divided into two groups of 8 participants each for the UNI and BIL mesocycles. Afterward, the athletes performed a four-week resistance training program targeting mainly lower limb muscles during the pre-season, which was divided into 4 training microcycles (1 microcycle = 7 days) (Table 3), based on a load of 50–60% 1 RM (repetition maximum). Each training session was preceded by a 5 min jog, followed by 5 min of cycling on an air bike and the performance of several resistance exercises involving the upper and lower body (5 min) (Table 4).




2.4. Statistical Analyses


All statistical analyses were performed using SPSS (version 25.0; SPSS, Inc., Chicago, IL, USA) and were expressed as means with standard deviations (±SD). Moreover, the 95% confidence intervals for mean values and relative differences (i.e., in percentages) between baseline (BA) and post-intervention were also calculated. Statistical significance was set at p < 0.05. The Shapiro–Wilk, Mauchly’s, and Levine’s tests were used in order to verify the normality, sphericity, and variance homogeneity of the sample data, respectively. In order to compare symmetry index values between the unilateral and bilateral groups, the non-parametric Mann–Whitney U test was used, while the Wilcoxon signed-rank test was used to assess the impact of training (pre- vs. post-training). The independent t-tests were used to compare baseline values in relative peak torque and relative peak power of knee extension and flexion. A two-way ANOVA (2 [unilateral; bilateral training] × 2 [pre; post-training]) was used to examine the changes in relative peak torque and peak power of the dominant and non-dominant knee extension and flexion. When a significant main effect or interaction was found, post-hoc tests with Bonferroni correction were used to analyze the pairwise comparisons. The magnitude of mean differences was expressed with standardized effect sizes. Thresholds for qualitative descriptors of Hedges g were interpreted as ≤0.20 “small”, 0.21–0.79 “medium”, and >0.80 as “large”.





3. Results


3.1. Knee Extension


The two-way ANOVA showed a significant time × training interaction (F = 5.284; p = 0.037; η2 = 0.008) for the knee extension peak torque of the dominant limb. Moreover, a non-significant time × training interaction was found (F = 4.081; p = 0.063; η2 = 0.004), as well as main effect of training (F = 0.245; p = 0.628; η2 = 0.016), but also a significant main effect of time to increase knee extensions peak torque of the non-dominant limb (F = 41.649; p < 0.001; η2 = 0.04) was found. The post-hoc comparison showed a significant increase in dominant limb knee extension peak torque from pre to post-universal (p < 0.001) and bilateral (p = 0.011) training interventions.



Moreover, a non-significant time × training interaction (F = 1.602; p = 0.226; η2 = 0.006) and main effect of training (F = 0.359; p = 0.558; η2 = 0.022) were found but also a significant main effect of time to increase knee extensions peak power of dominant limb (F = 12.288; p = 0.003; η2 = 0.046) was found. Similarly, there was a non-significant time × training interaction (F = 0.068; p = 0.797; η2 < 0.001) and main effect of training (F = 0.404; p = 0.535; η2 = 0.026) but also a significant main effect of time to increase knee extensions peak power of the non-dominant limb (F = 32.387; p < 0.001; η2 = 0.048).




3.2. Knee Flexion


The two-way ANOVA showed a significant time × training interaction (F = 8.721; p = 0.01; η2 = 0.023) for knee flexion peak torque of the dominant limb and (F = 5.345; p = 0.037; η2 = 0.02) for the non-dominant limb. Moreover, a significant time × training interaction (F = 12.380; p = 0.003; η2 = 0.019) for knee flexion peak power of the dominant limb was found. Furthermore, there was a non-significant time × training interaction (F = 0.880; p = 0.364; η2 = 0.008) and a main effect of training (F = 1.256; p = 0.281; η2 = 0.066) for knee flexion peak power of the non-dominant limb. However, a significant main effect of time to increase knee flexion peak power of the non-dominant limb (F = 7.507; p = 0.016; η2 = 0.066) was found.



The post-hoc comparison revealed a significant increase in dominant limb knee flexion peak torque from pre to post-universal (p < 0.001) and bilateral (p < 0.001) training interventions. Moreover, the non-dominant knee flexion peak torque increased significantly only from the pre to post-universal training intervention (p < 0.001). Similarly, a significant increase from pre to post-intervention in dominant knee flexion peak power was found only in the unilateral training group (p < 0.001).




3.3. Symmetry Index


At baseline and after the training intervention, there were no significant differences between groups for any of the symmetry index values (p > 0.05). The Wilcoxon signed-rank test revealed a significant increase in peak torque flexion symmetry index in the bilateral training group after the intervention compared to baseline values (110 ± 17 vs. 135 ± 24%; p = 0.012) (Figure 2 and Figure 3).





4. Discussion


Overall, the analysis showed that the training sessions were equally effective. Only in terms of power during the knee flexion, unilateral training contributed to improvement, whereas bilateral training did not. However, the effect size was larger after unilateral training in each variable tested (Table 5 and Table 6). Comprehensive training requirements resulting from the specificity of a given discipline require proper periodization of resistance training. Therefore, the present study investigated the effects of a periodized training mesocycle using step load progression during unilateral and bilateral training on the level of peak torque and power of lower limb extensors and flexors. The results of the experiment showed that the UNI mesocycle was more effective in developing peak torque and power of lower limb extensors and flexors. Appropriate modeling of resistance training, depending on its purpose, induces various types of morphological and neural adaptations, which are a direct consequence of this process [43,44,45,46].



Our mesocycle consisted of four training microcycles, which were conditioned by the team’s preseason which consisted of five mesocycles. The first 10-day microcycle included two resistance training sessions for neuromuscular adaptations and four 7-day microcycles (two training sessions per microcycle) with the use of a 3:1 step load distribution in order to achieve neuromuscular supercompensation before the start of the competitions. Both the UNI and BIL groups performed exercises mainly for the lower part of the body, which results from the specificity of the discipline, and several exercises for the upper body. The step load was selected based on a modified non-linear or “undulating” periodization model (Figure 1) [47]. The main training variables were pace and time under tension, which are part of the training volume according to Wilk et al. [6]. However, the entire intensity of the mesocycle was constant and was determined during each training session using Velocity Based Training (VBT) corresponding to (1–0.75 m/s), which is equal to 50–60% of 1 RM (Table 1) [48]. Because using an athlete’s previous maximum capacity to determine training loads may be problematic if the athlete’s 1 RM changes as a result of training adaptations, the prescribed load may not match the % of 1 RM intended for a given training session. Additionally, each player may react differently to the main soccer training sessions, especially in the preseason, which may result in variable loads (kg) at which the players will generate appropriate power (1–0.75 m/s). Another fact is that the number of repetitions that can be performed at a given % of 1 RM varies among athletes; therefore, assigning all athletes the same number of sets and repetitions may result in different levels of effort and fatigue [48].



In our research, athletes during the 4-week UNI and BIL mesocycle were equally effective even though the load from VBT corresponds to 50–60% of 1 RM (Table 2 and Table 3). This is contrary to the research of Peterson et al. [49] where it was shown that trained non-athletes during resistance training effectively develop maximum strength with a mean training intensity of 80% of 1 RM, 2 days per week, and a mean volume of four sets. This work also showed that for untrained people, maximum strength gains are achieved at an average training intensity of 60% 1 RM), 3 days per week, and an average training volume of four sets per muscle group. For athletes, maximal strength gains are elicited at a mean training intensity of 85% of 1 RM, 2 days per week, and with a mean training volume of eight sets per muscle group. In another study, an 8-week mesocycle of resistance training (RT) was compared with plyometric training (PLY) and a control group (CG). Soccer players in the RT group performed three sets of exercises with 10 repetitions twice a week at 80% 1 RM (1–3 weeks). Afterward, eight reps at 85% 1 RM (4–6 weeks) and six reps at 90% 1 RM (7–8 weeks) were performed. The PLY protocol involved a preparatory phase (weeks 1–2), followed by two 3-week periods of progressive loads (weeks 3–5 and weeks 6–8). The results of the isokinetic test showed a significant improvement in the maximum torque of the extensors and flexors of the knee joint (large ES). It was found that the RT group had a higher level of peak torque extensor compared to the control group (CG), while it did not differ from the PLY group. This study also showed a greater intra-group effect size for the RT when compared to either PLY or CG groups. Post hoc testing showed improvements in knee flexor peak torque in all groups pre- and post-training. However, the greatest improvement was achieved in the RT group (from 125.3 to 143.3 Nm). The next variable was the value obtained of 1 Rm in the back squat where it was significantly higher in the RT compared to the CG group (±24.9 kg) and PLY group (±41.8 kg). To conclude, the value of 1 RM in the squat was improved in each group. However, in the next paper, the authors stated that the motor performance of soccer players seems to be more effectively associated with variables that are measured within the power-training load range at which peak power is obtained. The peak power of highly trained soccer players was shown to occur with loads of 45% and 60% 1 RM during jump- and back squat exercises, respectively. [50]. Lopez-Segovia et al. [51] assessed the effects of velocity-based resistance training on strength, aerobic power, and acceleration. Two under-19 Spanish soccer teams completed a 16-week resistance training program followed by strength and power evaluations. The study participants were subjected to two evaluations, before and after the training intervention, where CMJ and CMJ20, Smith machine speed movement (FSL) (20, 30, 40 kg), acceleration capacity at various split times, and MAS were evaluated. Loads used by each player were individually determined according to the results of the initial test. The athletes trained at a bar speed of 1 m/s in the back squat, which corresponded to approximately 55% of 1 RM. Overall, Team A improved in the CMJ tests by (5%), strength, and speed tests of the back squat at 20, 30, and 40 kg loads. Additionally, the team’s maximum aerobic speed was significantly improved. We believe that the evaluation of our research should take into account, in addition to % 1 RM (50–60%) or VBT (1–0.75 m/s), the duration of the intervention (4-week mesocycle). In this manner, we agree that adaptive changes to resistance training are generally evident after 8 to 12 weeks. However, some studies have observed increases in muscle strength after 2–4 weeks [52]. The primary argument is that this early increase in strength is likely due to neuromuscular and connective tissue adaptations, whereas the early increase in muscle CSA (cross-sectional area) size may be the result of edema [53]. An important factor that had a significant impact on the results of our study was the movement tempo and TUT. The main issue of our periodization included the extension of the eccentric phase of movement in particular exercises performed with a load of 50–60% 1 RM. This selection is optimal for power development, but we wanted to avoid submaximal and maximum loads (85–100% 1 RM) on the other hand, assuming that extending the eccentric phase of movement could cause excessive muscle damage and delayed muscle soreness (DOMS) [54]. The appearance of DOMS in players in the pre-season could significantly affect their effectiveness in technical and tactical activities during soccer training and increase the risk of injury through micro-damage to muscle fibers. In our study, we considered the extension of tempo in the eccentric phase with an appropriate supercompensation during the intervention mesocycle. At a given load, the movement tempo variation was a consequence of an immediate change in TUT (time under tension) and in consequence a change in total training volume affecting muscle strength and power [6,55,56]. Roig et al. [57] compared eccentric muscle contractions and showed several distinct physiological properties as compared with concentric actions. For example, different neurological patterns have been observed between these two types of muscle contractions. Compared with concentric contractions, eccentric ones are characterized by a broader and faster cortical activity as movements are being executed. Faster neural adaptations during eccentric contractions involve an inverse motor unit activation pattern. Kidgell [58] highlighted a greater cross-transfer of strength with an eccentric phase (47%) versus concentric phase (28%) loading group. One of the possible reasons for the greater effect of eccentric loading was a larger increase in corticospinal excitability, which has been proposed as the mechanism underlying this effect [59]. All exercises used in the experiment were based on the SSC (stretch–shortening cycle). During concentric contractions (CON), the force that muscles generate is always lower than the maximum voluntary isometric contraction, because the load that the muscles must overcome decreases and the speed of contraction increases. This process depends on the moment at which the muscles reach their maximum contraction velocity, (Vmax). When the speed of contraction is negative (the muscle lengthens), the muscles contract eccentrically. For eccentric contractions (ECC) of a muscle, the force-velocity relationship is significantly different from the CON contraction. Supramaximal muscle strength can be generated at both slow and fast contraction speeds. This creates a method of training with high loads at high speeds, which is impossible to achieve with CON contractions according to the force–velocity relationship. During active stretching, human muscle fibers produce 1.4 to 2.1 times the tension (force produced per cross-sectional area of the muscle) depending on the type of fiber [60]. A rapid or explosive tempo is typically used to improve maximal power.



Despite the small number of studies considering the effects of different TUTs on peak power, it can be pointed out that faster tempos are more effective in developing power. However, the biomechanical demands for particular limbs change with the weight being lifted and depend to some extent on the role that the joint plays in the movement. This process is also influenced by the individual potential of the athlete [10]. This fact changes the concepts of periodization of strength and power training. Therefore, in order to develop power, a fast or explosive TUT of movement is recommended, but to optimize movement at particular joints, a combination of external loads based on different percentages of 1 RM may be recommended. The available data on the effects of different movement tempos on power refer to chronic changes, and only one study considered the acute effects of movement tempo on power. This study found that a faster eccentric tempo (2/0/X/0 − X determines maximum velocity) during the bench press exercise generated greater power levels and higher bar speed in a concentric movement compared to a slower eccentric tempo (6/0/X/0). Therefore, this study shows that the time of eccentric movements has a significant impact on power output and barbell speed of central movements [56,61]. However, when comparing both forms of the UNI and BIL mesocycle to the obtained results, they were equally effective except for power output during knee flexion, where unilateral training contributed to improvement, whereas bilateral training did not. However, the effect size was larger after unilateral training in each variable tested. It is worth referring to the work of Wilk et al. [62], which pointed out that the most appropriate TUT for strength gains is between 2 and 20 s per set, while Vieira et al. [63] concluded that RT performed not until failure may induce comparable or even greater improvements in maximal dynamic strength and power output. He pointed out that the completion of a maximum concentric repetition of resistance exercises at a particular load could result in greater improvement of maximum strength and power than a relatively slow repetition at a slower tempo with fewer repetitions [64]. This is contrary to our results because, during the peak accumulation phase, TUT was 50 s for the BIL exercise and 100 s for ones (50 s per limb). However, attention should be paid to the maximum concentric phase in each of our microcycles. We believe that such a large training volume in the TUT accumulation phase, especially in the UNI form, could have brought the players closer to muscle failure, which can explain to some extent the better effect size of the UNI training intervention. Moreover, most of the data on tempo and TUT deal with people who come strictly from strength oriented sports. Bearing in mind that soccer is a holistic sport, this could allow these players to perform a given number of repetitions with a specific VBT or 1% RM. Furthermore, by using periodization schedules in combination with step load strategies, an appropriate sequence of training loads is determined to improve performance [65]. The step-loading model provides a gradual overload and an unloading phase that allows for regeneration, physiological adaptation, and psychological renewal within the structure of a traditional periodic schedule [65]. In such schedules, progressive overloading and loading may occur in mesocycles and microcycles [66]. The use of resistance training in soccer during the preseason does not have to refer only to the development of strength and power, but through the selection of appropriate measures, e.g., UNI and BIL exercises, it can also play a key role in injury prevention, taking into account the length of the season and the risk of injuries and micro-injuries that may cause strength and power asymmetry. Bilateral muscular asymmetry is widely recognized as a precursor to musculoskeletal injuries [67,68,69,70,71]. Hence, an additional argument apart from the results obtained in the UNI mesocycle is the phenomenon of using the so-called bilateral deficit (BLD) and selective recruitment of motor units [72]. BLD is a phenomenon that indicates that the total strength of each limb is greater than the maximum strength of both limbs working simultaneously in a given motor task [73,74]. This suggests that the amount of muscle strength and power generated by well-trained athletes may be less with BIL training than with UNI training. In addition, the use of UNI exercises may provide significantly greater neuromuscular overload and may differ from the range of motion, which is determined by exercise choice, pace, external load, and even training experience [75,76,77,78]. Thus, there are strong indications that the specificity of neuromuscular demands in UNI exercises will be different than in BIL exercises. BLD occurs, according to many authors, in untrained individuals with low levels of strength and power [79,80]. This suggests that the generation of force during UNI movements may account for more than 50% of the maximum force produced during BIL exercise. For example, an athlete can perform a single leg press with a maximum load of 60 kg, while in the BIL setting, he or she overcomes a maximum of 100 kg, potentially limiting maximum force production. An athlete may unknowingly perform a BIL exercise asymmetrically, contributing to or exacerbating musculoskeletal imbalances [24,81,82]. In resistance training periodization and rehabilitation protocols, asymmetry can interfere with the normal development of motor potential. Given the structure of the exercises in the UNI mesocycle, they may stimulate stabilizing muscles of the core and knee joint to a greater extent than BIL exercises, which may be beneficial for improving stability and strength transfer through the kinematic chain. However, the greater neuromuscular adaptation of agonists with BIL training may counteract the stability and evasiveness of UNI exercises [15,83]. We assume that this effect may be further increased by extending the eccentric phase, which may be an additional argument for the use of this periodization. Although this variable was not the subject of our research, we believe that it is worth referring to the work of Fisher et al. [84] in the context of our results, where they found that the use of UNI strength training may increase the potential for stabilizing muscles (the hip adductor muscles) to generate greater force and power through increased EMG activity.




5. Conclusions


The results of our study showed that the training sessions were equally effective. Only in terms of power during knee flexion, unilateral training contributed to improvement, whereas bilateral training did not. However, the effect size was larger after unilateral training in each variable tested. Thus explosive technical and tactical activities tend to improve more on the dominant side, which partially explains the dependence of maximum strength in the recruitment capacity of motor units and the number of nerve impulses reaching the muscles. This may be due to the research participants (soccer players), as the sport is based on performing numerous activities with a lowered center of gravity, which includes all kinds of accelerations and decelerations, where through slight flexion at the knee joint, mainly the quadriceps are activated. This indicates that during resistance training players often perform exercises in a restricted range of motion, which is consistent with the research of Cejudo et al. [85], which found that soccer players, due to the specificity of the discipline, have limited external rotation and adduction of the hip joint. Therefore, the use of periodization using the step load based on an extended eccentric phase and maximum velocity concentric phase during the preseason in combination with UNI training may increase the potential to generate strength and power in soccer players. Additionally, the use of this periodization allows avoiding maladaptation and injury due to the appearance of supercompensation after the deloading microcycle [86,87]. However, we believe that extending the rest intervals between sets with such a training volume would allow for better results.
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Figure 1. Tempo of movement (3/0/2/0) eccentric/isometric/concentric/isometric phases of each repetition/x-maximum velocity. 
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Figure 2. (a) Inter-individual responses to the unilateral (unfilled circle) and bilateral (filled circle) training intervention in the knee extension symmetry index in relation to relative peak torque. (b) Inter-individual responses to the unilateral (unfilled circle) and bilateral (filled circle) training intervention in the knee extension symmetry index in relation to relative peak power. 
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Figure 3. (a) Inter-individual responses to the unilateral (unfilled circle) and bilateral (filled circle) training intervention in the knee flexion symmetry index in relation to relative peak torque. (b) Inter-individual responses to the unilateral (unfilled circle) and bilateral (filled circle) training intervention in the knee flexion symmetry index in relation to relative peak power. 






Figure 3. (a) Inter-individual responses to the unilateral (unfilled circle) and bilateral (filled circle) training intervention in the knee flexion symmetry index in relation to relative peak torque. (b) Inter-individual responses to the unilateral (unfilled circle) and bilateral (filled circle) training intervention in the knee flexion symmetry index in relation to relative peak power.
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Table 1. Resistance training variables.






Table 1. Resistance training variables.





	
Resistance Training Variables




	
Variables

	
Unilateral

	
Bilateral






	
Velocity (M/S)

	
1–0.75

	
1–0.75




	
Sets (N)

	
4

	
4




	
Rest Interval Between Sets (S)

	
80

	
80




	
Rest Interval Between Exercises (S)

	
180

	
180




	
Repetitions (N)

	
10 (10 per side)

	
10




	
Number of Exercises [N]

	
6

	
6











 





Table 2. Time under tension Microcycle variables.






Table 2. Time under tension Microcycle variables.





	
Time under Tension (s)




	
Microcycle Tempo

	
Unilateral

	
Bilateral






	
3/0/X/0

	
60

	
30




	
4/0/X/0

	
80

	
40




	
5/0/X/0

	
100

	
50




	
2/0/X/0

	
40

	
20











 





Table 3. Microcycle variables.






Table 3. Microcycle variables.





	
Microcycle Variables




	
Variables

	
Unilateral

	
Bilateral






	
Number of Training Sessions

	
2

	
2




	
Training Days

	
Monday 11:00 a.m.

	
Monday 11:00 a.m.




	
Thursday 11:00 a.m.

	
Thursday 11:00 a.m.











 





Table 4. Exercise type.






Table 4. Exercise type.





	
Exercise Type




	
Number

	
Unilateral

	
Bilateral






	
1

	
Lunges: Monday: Lead Leg Thursday: Trail Leg

	
Back Squat: Monday: High Bar Thursday: Low Bar




	
2

	
Single Leg Dumbbell Hip Thrust

	
Hip Thrust




	
3

	
Dumbbell Unilateral Chest Press

	
Bench Press




	
4

	
Shoulder-Level Landmine in Split Squat

	
Kneeling Landmine Thruster




	
5

	
Landmine Bulgarian in Split Squat

	
Landmine Thruster




	
6

	
Singel Landmine Row (Split Squat Position)

	
Towel-Grip Landmine Row











 





Table 5. Relative peak torque and relative peak power during the knee extension before and after the training intervention.






Table 5. Relative peak torque and relative peak power during the knee extension before and after the training intervention.





	
Training Group

	
Relative Peak Torque




	
Dominant Limb

	
ES

	
Non-Dominant Limb

	
ES




	
Pre

	
Post

	
Pre

	
Post






	
Unilateral

	
2.88 ± 0.47

	
3.19 ± 0.5 *

	
0.6

	
2.58 ± 0.64

	
2.87 ± 0.52 *

	
0.49




	
Bilateral

	
3.18 ± 0.47

	
3.38 ± 0.52 *

	
0.38

	
2.79 ± 0.58

	
2.95 ± 0.58 *

	
0.29




	

	
Relative Peak Power




	
Dominant Limb

	
ES

	
Non-Dominant Limb

	
ES




	
Pre

	
Post

	
Pre

	
Post




	
Unilateral

	
2.36 ± 0.68

	
2.89 ± 0.79 *

	
0.63

	
2.40 ± 0.76

	
2.74 ± 0.8 *

	
0.47




	
Bilateral

	
2.79 ± 0.78

	
2.99 ± 0.77 *

	
0.32

	
2.66 ± 0.82

	
2.97 ± 0.68 *

	
0.39





