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Featured Application 

This study highlights a practical, time-efficient strategy for enhancing lower-body performance in 

youth volleyball players during the competitive season. By combining traditional resistance exercises 

with flywheel-based eccentric overload training, coaches and practitioners can improve jump height 

and change-of-direction ability while minimizing interference with technical and tactical workloads. 

The use of a vertical cone-shaped flywheel device provides a versatile tool to integrate unilateral and 

multidirectional movements, offering transferable benefits not only to volleyball but also to other 

team sports requiring explosive actions and rapid change of directions.  

Abstract 

(1) Background: The main aim of this study is to assess the effects of a strength-training program, 

including unilateral and bilateral actions and multidirectional, vertical and horizontal exercises, on 

the performance of young volleyball players. (2) Methods: Twenty young elite Spanish male 

volleyball players (U-16) participated in this study. Players from 2 different teams were divided into 

an experimental group (EXP, n = 12) and a control group (CON, n = 8). In addition to their regular 

volleyball training, the EXP group participated in an extra strength training program once or twice a 

week for five weeks. This program focused on exercises such as the back squat, vertical loaded 

countermovement jump (CMJ), hip thrust, and lateral crossover step (COD right (COD-R) and left 

(COD-L)), utilizing a vertical cone-shaped flywheel device. (3) Results: The results revealed 

significant Time by Group interactions in 5 m sprint time (η²p = 0.235), 10 m sprint time (η²p = 0.311), 

CMJ height (η²p = 0.243) and COD-R (η²p = 0.232), all favoring the EXP group. The simple main effects 

analysis on Time showed a significant difference for the EXP group in the CMJ (p= 0.017, ES= 0.79) 

and COD-R performances (p=0.021, ES=0.866). (4) Conclusions: According to our findings, 

implementing a combined strength-training program that incorporates isoinertial training, a vertical 

cone-shaped flywheel device, and triplane exercises enhances jumping ability and agility in young 

volleyball players. 

Keywords: back squat; vertical loaded countermovement jump; hip thrust; lateral crossover step; 

cone-shaped flywheel device; team sports 
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1. Introduction 

Volleyball is classified as a high-intensity intermittent sport [1,2] that requires players to 

repeatedly perform explosive actions such as jumping, sprinting, braking, directional shifts, and 

forceful spiking [1,3]. Furthermore, since these skills must be intermittently repeated over extended 

periods, muscular endurance also plays a crucial role for volleyball players in maintaining a high 

level of performance [2]. In this regard, it is crucial to consider the ability to maintain or increase 

muscle power and endurance during the competitive season to optimize performance [4].  

Several training strategies, most notably resistance and plyometric modalities, have been 

implemented to enhance both maximal and explosive strength, aiming particularly to improve 

vertical jump performance in volleyball athletes [4–6]. Newton et al. [5] observed an ~6% increase in 

jump performance among national-level male volleyball players after they engaged in either squats 

or dumbbell jump squats for a duration of 8 weeks. However, it is important to note that this study 

was conducted during the pre-season, and in-season training necessitates additional considerations. 

Training regimens should be adjusted during this period, considering factors such as training type, 

volume, and intensity, to align with the neuromuscular stress associated with competition. In this 

regard, Newton et al. [4] investigated whether an 11-week periodized program combining traditional 

and ballistic resistance training could counteract the typical in-season decline in jump performance 

among volleyball players. Freitas-Junior et al. [6] showed a significant improvement on vertical jump 

and COD after 6-weeks using different training strategies with weight vests with additional weight 

of 7.5% of individual weight in male volleyball players. When weight training was combined with 

plyometrics or ballistic training, vertical jump height increased [7], suggesting that this combined 

approach may provide a greater stimulus for increasing vertical jump height compared to either 

weights or plyometric/ballistic training alone [8]. Collectively, these results emphasize that vertical 

jump ability is multifactorial; therefore, training programs integrating multiple modalities are likely 

to promote broader neuromuscular adaptations across the components of jump performance [9]. 

In team sports, most actions or movements require three-dimensional deceleration and 

acceleration, particularly during COD maneuvers and short displacements [10,11]. In volleyball, 

these maneuvers are evident in various movements, such as adjusting the body position before 

jumping during blocking actions or assuming a defensive stance. Hence, these tasks frequently 

demand unilateral force production, with a notable emphasis on the eccentric (ECC) phase of 

multidirectional movements [12,13]. In this regard, ECC strength training has been suggested as the 

primary determinant for COD and agility performance [14]. However, in team sports like volleyball, 

strength training has typically mirrored traditional individual-sports training, focusing on bilateral 

weightlifting, which emphasizes a high degree of stimulation during the concentric (CON) phase. 

Consequently, it seems that ECC contractions are under-activated, and its benefits are not fully 

explored [15,16]. In this context, rotatory inertial devices have been developed to offer maximal 

resistance load throughout the CON phase of the movement, coupled with a significantly higher ECC 

load compared to traditional free weight exercises [17]. Building upon this, Tous-Fajardo et al. [12] 

demonstrated that strength training, with a focus on the ECC phase of movement using inertial 

devices, resulted in enhanced capabilities in COD, linear speed, and reactive jumping. This 

alternative approach can complement the traditional strength-training program, which typically 

emphasizes the vertical components of movements [13,18].  

This is crucial because while most exercises emphasize movement in the vertical plane, most 

sports demand primarily horizontal movements, such as sprinting and changing direction. This has 

been cited as a potential reason for the limited transfer of traditional strength-power training effects 

to typical sports-related dynamic tasks [19]. Gonzalo-Skok et al. [13] examined the effects of two 

different programs, one involving repetitive bilateral-vertical movement (squat) and the other 

incorporating various unilateral-multidirectional movements (backward lunges, defensive steps, 

side-steps, crossover cutting, lateral crossover cutting and lateral squats), both utilizing an inertial 

conical device. The authors showed that unilateral-multidirectional training resulted in more 

substantial improvements in combined COD tests and lateral/horizontal jumping, whereas the 
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opposite effect was observed in the bilateral-vertical dimension, particularly concerning linear 

sprinting and vertical jumping. Contreras et al. [20] indicated that hip thrust exercise is executed in a 

manner where the force vector is oriented in the anteroposterior direction relative to the human body. 

Therefore, according to the force vector hypothesis, the hip thrust may be better tailored for sports 

that rely on horizontal force production, such as acceleration and sprinting [20]. The authors showed 

a potentially advantageous effect in the hip thrust group compared to the front squat group in 10 m 

and 20 m sprint times, in a study involving adolescent athletes. However, the front squat group 

exhibited greater improvement in their vertical jump performance in comparison to the hip thrust 

group. 

Considering the complexity of volleyball movements, the aim of this study is to examine the 

effects of a comprehensive strength-training regimen incorporating unilateral and bilateral actions, 

as well as multidirectional, vertical, and horizontal exercises (such as back squats, loaded 

countermovement jumps, hip thrusts, and lateral crossover cutting using a conical pulley) on various 

performance indicators among young elite volleyball players. 

2. Materials and Methods 

Participants 

Twenty young elite Spanish male volleyball players (U-16, age 15 ± 1.0 years, height 176.11 ± 0.09 

cm, weight 67.47 ± 12.46 kg, body mass index 21.62 ± 2.7 kg·m2) voluntarily agreed to participate in 

this study. Data collection took place during the two last months of the season. The players 

participated in the play-offs of the Spanish league, and none of them had previously engaged in any 

strength-training program. All participants were involved in the typical volleyball routines with a 

similar weekly training volume (3-4 technical-tactical sessions/week of 60-90 min and 1 match per 

week). The study was conducted in accordance with the Declaration of Helsinki, and the protocol 

received approval from the local research ethics committee. After a detailed explanation of the aims, 

benefits, and risks involved in this study, all participants and their parents provided written informed 

assent and consent, respectively.  

Study Design and Procedures 

Using a randomized controlled study design (teams and not players), players from two different 

teams were divided into an experimental group (EXP, n = 12) and a control group (CON, n = 8). 

Participants in the CON group continued with their regular technical/tactical training, refraining 

from participating in strength training throughout the entire session. Players in the EXP group, 

alongside their regular volleyball training, participated in an additional strength-training program 1 

or 2 times per week, consistently scheduled in the afternoon (6–8 PM) and separated by 48 hours, for 

a duration of 5 weeks. This program was centered on exercises such as the back squat, loaded 

countermovement jump, hip thrust, and lateral crossover step utilizing a vertical cone-shaped 

flywheel device. All participants underwent a standardized specific warm-up, consisting of 5 minutes 

of low intensity running, followed by 5 minutes of active dynamic stretching. Subsequently, they 

performed 3-4 submaximal countermovement jumps (CMJs) and 3-4 submaximal sprints over 30 

meters, gradually increasing intensity until reaching maximum velocity. Rest intervals of 90 seconds 

were implemented between exercises. In the week prior to the commencement of the training 

protocol, a countermovement jump, 5-meter and 10-meter acceleration test, and COD test were 

conducted in sequence. Each test was separated by a 3-minute rest period. During these sessions, a 

full explanation of the experimental protocol and recommendations were given to the participants. 

After 5 weeks, 72 h after the last session, a post-test was performed under the same conditions as the 

pre-test. 

Strength Training Exercises 

Squat & Hip Thrust. Both exercises consisted of 2-3 sets of 4 repetitions at 40-60% 1RM (back 

squat: 1.28-0.98 m·s-1; hip thrust: 0.96-0.72 m·s-1). Table 1 shows the programs and load progression 
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for both exercises. The concentric phase was performed as fast as possible, while the eccentric phase 

was completed over ~2 seconds. The rest period between each set was 3 minutes. The mean 

propulsive velocity (MPV) of the first repetition was measured to fine-tune the load to the actual daily 

performance during each session. MPV is widely accepted as a reliable metric for estimating relative 

load intensity (%1RM), allowing accurate prescription and real-time monitoring of resistance training 

sessions [21]. 

Table 1. Descriptive characteristics of the squat and hip thrust training programmes. 

Week Session 

Intensity  Volume  Recovery 

Time 

 (min) 

%1RM 
Squat 

MPV (m/s) 

Hip Thrust 

MPV (m/s) 

 
Sets Repetitions 

  

1 
1 40 1.28 0.96  2 4  3 

2 40 1.28 0.96  2 4  3 

2 
3 40 1.28 0.96  3 4  3 

4 40 1.28 0.96  3 4  3 

3 
5 50 1.15 0.84  2 4  3 

6 50 1.15 0.84  2 4  3 

4 
7 50 1.15 0.84  3 4  3 

8 50 1.15 0.84  3 4  3 

5 
9 60 0.98 0.72  2 4  3 

10 60 0.98 0.72  2 4  3 

% 1RM = percentage of 1 repetition maximum; MPV = mean propulsive velocity. 

Loaded Countermovement jump. In relation to this exercise, each player adhered to the training 

program with an individualized load over the course of the 5 weeks. The load used in each week was 

as follows: i) weeks 1-2, a percentage of body mass (%BM) resulting in a 10% reduction of unloaded 

maximum height (Hmax); ii) weeks 3-4, a %BM with 15% reduction of Hmax ; and iii) week 5, a %BM 

with 20% reduction of Hmax. The players consistently completed 4 repetitions per set, with either 2 

sets (weeks 1, 3, and 5) or 3 sets (weeks 2 and 4). Rest intervals were maintained at 15 seconds between 

repetitions and 3 minutes between sets. 

Crossover step. Participants performed this exercise using a conical pulley (VersaPulley, Costa 

Mesa, CA), with the load set to elicit the maximum individual power for each player [22]. The 

protocol began with 2 sets of 4+4 repetitions (right and left legs) in the first week, progressing to 2 

sets of 6+6 repetitions in weeks 2 and 3, 3 sets of 4+4 repetitions in week 4, and finally, 3 sets of 6+6 

repetitions during the last week (week 5). Recovery time between sets was 3 minutes. With these 

devices the “load” is given by the inertia of a rotating mass, which in turn depends on its geometrical 

(e.g., diameter and thickness) and physical properties (e.g., density of the material). To determine the 

to be used during the exercise, an assessment with inertias 2, 4 and 6 (0.11, 0.14, and 0.18 kg/m2, 

respectively) was conducted during the familiarization week. This assessment involved 4 repetitions 

per inertia with a 3-minute inter-inertia recovery period. The inertia that achieved the highest power 

output was selected. The protocol was performed using a specific analysis feature in a performance-

measurement system compatible with this device (SmartCoachTM, SmartCoach Europe AB, 

Stockholm, Sweden) along with associated SmartCoach software (SmartCoach® v.5.2.0.5).  

Performance Test 

Physical performance tests were carried out on two different days, 1 week before starting the 

training period. On the first day, both groups underwent the CMJ test, followed by the 10 m 
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acceleration test and the crossover step test. Players rested for at least 48 hours between each testing 

session. On the second day, the EXP group performed the loaded CMJ, followed by the crossover 

step in the conical pulley device, and then the incremental full-squat load and the barbell hip thrust 

test, in this specific order. Every assessment session took place at the same time of day (6–8 PM), 

thereby minimizing disruptions in circadian rhythms, and under similar environmental conditions. 

An incremental loading test was conducted one week prior to the start of the training 

intervention and included both the back squat and the barbell hip thrust exercises. During the full 

squat, participants were allowed to perform plantar flexion at the end of the movement but were 

instructed not to leave the ground [23]. Following the procedures described by Contreras et al. [24], 

the barbell hip thrust was executed with the participant’s upper back resting on a bench. The feet 

were placed slightly wider than shoulder-width, with toes oriented either forward or slightly 

outward. A padded barbell was positioned directly over the hips, and subjects were instructed to 

extend the hips forcefully while maintaining a neutral spine and pelvis alignment. 

For each load, MPV during the concentric phase of the squat was recorded (coefficient of 

variation [CV] = 2.9–4.0%; intraclass correlation coefficient [ICC] = 0.92–0.94). Mechanical data were 

obtained using an isoinertial dynamometer (T-Force Dynamic Measurement System; Ergotech, 

Murcia, Spain), consisting of a linear velocity transducer connected to a personal computer through 

a 14-bit analog-to-digital interface and dedicated software. The system operated at a sampling 

frequency of 1000 Hz, allowing the direct recording of instantaneous vertical velocity. The propulsive 

phase was defined as the portion of the concentric action during which the measured acceleration 

exceeded the acceleration due to gravity (≥ 9.81 m·s⁻²) [21]. This testing approach was adapted 

according to the methodology described by López-Segovia et al. [25]. Testing began with an initial 

load of 20 kg, subsequently increased in 10-kg increments until MPV values of approximately 1.10 

m·s⁻¹ for the full squat and 0.75 m·s⁻¹ for the hip thrust were reached. Thereafter, increments of 5 kg 

were applied. The number of repetitions at each load was determined from the MPV of the first 

repetition. Participants performed three repetitions when the bar velocity was ≥ 1.00 m·s⁻¹ in the back 

squat or ≥ 0.70 m·s⁻¹ in the hip thrust. When velocities were lower than these thresholds, only two 

repetitions were executed. Passive recovery periods of 4 minutes were provided between loading 

conditions. The test concluded once the MPV fell below 0.85 m·s⁻¹ and 0.60 m·s⁻¹ for the squat and 

hip thrust, respectively. For subsequent analyses, only the fastest repetition achieved at each load 

was retained as the representative value [21]. 

Regarding the loaded countermovement jump, each participant completed an individualized 

assessment following the procedure described by Carlos-Vivas et al. [26]. The test was performed 

using a weighted vest (Kettler®, Germany) with progressive external loads to examine variations in 

spatiotemporal performance parameters. Each athlete executed both unloaded jumps and loaded 

conditions equivalent to 5%, 10%, and 15% of their body mass. For every load condition, two maximal 

attempts were carried out, resulting in a total of six trials. A 90-second passive recovery period was 

provided between trials to prevent fatigue. 

The CMJ height was measured using infrared-ray cells integrated into the OptoGait System 

(Microgate, Bolzano, Italy). Participants performed five trials of the CMJ exercise, with 20 seconds of 

rest between each trial. Throughout the CMJ trial, participants maintained their hands on the hips 

and performed a continuous countermovement consisting of knee extension followed by flexion to 

roughly a 90° angle before immediately initiating the upward jump to achieve maximal take-off 

height. Jump height, representing the vertical displacement of the center of gravity, was computed 

from flight time using the ballistic equation H = tv2 · g ·8–1 (m); where g corresponds to gravitational 

acceleration (9.81 m·s⁻²) [21]. The best and worst values of the five jumps were excluded from the 

calculation. The mean of three remaining CMJs was recorded for subsequent analysis. 

Sprint time was measured using a dual-beam electronic timing gate (Witty, Microgate, Bolzano, 

Italy). A linear sprint assessment covering 10 meters was administered, including an intermediate 5-

meter split to record partial and total times. Participants initiated each sprint from a standing start, 

positioning the front foot approximately 1 meter behind the initial timing gate. Dual-beam photocell 
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systems were set at 0.83 m for the start line and 1.16 m for both the midpoint and finish lines. All 

trials were executed on an indoor synthetic surface while wearing standard volleyball footwear to 

ensure consistency. Each athlete completed two maximal-effort sprints, separated by at least 3 

minutes of passive rest to minimize fatigue. The fastest time achieved across both trials was used for 

subsequent statistical analysis. 

The COD ability was assessed by analyzing a specific movement performed in front of the 

volleyball net. This movement involved a lateral step followed by a cross step and a block jump. The 

contact time during the second step (crossover step) was measured using a contact platform 

(OptoGait, Microgate, Bolzano, Italy). Each test (right and left; COD-R and COD-L, respectively) was 

conducted twice, with 45 seconds of recovery between trials, and the best repetition was recorded 

(CV = 3.1–4.4%; ICC = 0.89–0.92). 

Statistical Analyses 

Descriptive data are reported as mean ± standard deviation (SD), accompanied by the 

corresponding effect size and its qualitative interpretation. The normality of the dataset was verified 

using the Shapiro–Wilk test before conducting inferential analyses. Differences across time (within-

subjects) and between groups (between-subjects) were examined through a two-way repeated 

measures design. When significant effects were detected, paired t-tests were performed to evaluate 

specific time effects within each group. Statistical significance was established at p < 0.05. Effect sizes 

were calculated to estimate the magnitude of observed changes. For repeated-measures comparisons, 

partial eta-squared (η²p) was computed and categorized as trivial (<0.01), small (0.01–0.06), moderate 

(0.06–0.15), or large (>0.15). Cohen’s d was used to assess simple effects, following these qualitative 

thresholds: trivial (<0.1), small (0.1–0.3), moderate (0.3–0.5), large (0.5–0.7), very large (0.7–0.9), and 

nearly perfect (>0.9). All statistical analyses were conducted using JASP software (v0.11.1; JASP Team, 

2019). 

3. Results 

Figure 1 presents descriptive values and interactions effects for the variables over time, while 

Figure 2 displays descriptive values for CMJ results. There were significant Time by Group 

interactions in the 5 m (F18,1= 5.541, p= 0.030, η²p = 0.235, QUAL= large) and 10 m sprint time (F18,1= 

8.113, p= 0.011, η²p = 0.311, QUAL: large), CMJ height (F18,1= 5.788, p= 0.027, η²p = 0.243, QUAL: 

large) and COD-R (F18,1= 5.451, p= 0.031, η²p = 0.232, QUAL: large). No statistically significant Time 

x Group interaction (F18,1 = 2.11; p = 0.164; partial η²p = 0.11—moderate) was found in COD-L time. 

This section may be divided by subheadings. It should provide a concise and precise description of 

the experimental results, their interpretation, as well as the experimental conclusions that can be 

drawn. 
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Figure 1. Acceleration and change of direction changes after 5 weeks. Bars represent pre (white) and post (grey) 

values. Arrows represent individual changes from pre to post for each situation. Horizontal brackets show the 

Time x Group interactions. 5 meters = 5 meters acceleration time; 10 meters = 10 meters acceleration time; COD-

R = right change of direction; COD-L = left change of direction. η²p = partial eta squared. 

4. Discussion 

This study, to our knowledge, is the first to investigate the effects of a combined resistance 

training program tailored specifically for young male volleyball players. The primary objective of this 

study was to assess the impact of a 5-week, in-season regimen comprising combined exercises such 

as back squat, barbell hip thrust, loaded countermovement jump, and crossover step using a conical 

pulley device on the lower body performance of young male volleyball players. The main finding of 

this study was that the EXP group showed a distinct change in performance compared to the CON 

group. Specifically, the EXP group presented a very large improvement in countermovement jump 

height and in COD-R time. In addition, the EXP group showed an improving trend in the sprint time 

and COD-L, while the CON group exhibited a decreasing trend.   

Jumping ability represents a key performance determinant in volleyball, underpinning crucial 

offensive and defensive movements such as spiking and blocking [27,28]. Moreover, the ability to 

maintain or increase jumping performance during the competitive season is a vital consideration [4]. 

A lengthy competitive season, characterized by intensive skills training and frequent competitions, 

has been noted to negatively impact the power output of volleyball players [29]. Building upon this 

observation, our study revealed a significant Time by Group interaction, with vertical jump height 

displaying a large and significant effect (η²p = 0.243). More specifically, we noted an increase of jump 

performance in the EXP training group (3.754.64%), while a decrease was observed in the CON 

group found (-0.973.35%), consistent with the findings of Newton et al. [4]. In their study, they 

reported an increase in CMJ power output (3.0% and 5.5% for peak and average, respectively) 

following a ballistic training period (loaded jump squats on the Smith machine) lasting 4 weeks. 
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Moreover, these authors [29] hypothesized that  if the resistance exercise program was 

implemented, it could mitigate or eliminate the declines in jump performance observed over the 

competitive season in volleyball athletes. Our results support this hypothesis, as the CON group 

showed a moderate decrease in the CMJ test (ES: -0.22), while the EXP group demonstrated a very 

large improvement after the periodized strength-training program (ES: 0.79). 

Regarding sprint ability, significant Time by Group interactions were observed in both distances, 

indicating differences between the groups over time. However, neither group demonstrated a 

significant change in sprint time. Of note, the EXP group showed a large improvement in their 5 m 

(2.404.40%; ES:0.55) and 10 m times (1.252.18%; ES:0.59), while the CON group displayed a large 

to very large impairment in both tests (-1.412.09% [ES: -0.67] and -1.211.58% [ES: -0.76], 

respectively). Hence, we are tempted to attribute the finding of no increase in linear acceleration to 

the modest emphasis on hamstring muscle use in our program. Notably, the generation of hip 

extensor force plays a central role in upward and forward propulsion, especially during acceleration 

and sprint phases [30]. In this sense, Tous-Fajardo et al. [12] suggested that resistance exercise 

favoring eccentric overload of this muscle group should be incorporated, as they serve as a potent 

stimulus for improving linear sprint speed. On the other hand, the hip thrust exercise used in the 

current study elicits a high hamstring [31]. Additionally, the positioning of the load during the barbell 

hip thrust across the hips encourages reliance on the biceps femoris for complete hip extension, as 

the load applies downward force against the hips [31]. Furthermore, previous findings have 

suggested that the barbell hip thrust is equally as effective as the Romanian deadlift for isolating the 

hip extensors [31]. However, other studies have demonstrated that to effectively enhance acceleration 

ability with this exercise, a higher load is required [20]. Contreras et al. [20] demonstrated how a hip 

thrust exercise improved performance in the 10 m sprint test using a higher load (65-85% 1RM) 

following a 6-week training program. Thus, it seems that when the duration of the program is short, 

greater intensity is required to achieve improvements in acceleration ability. 

In multidirectional team sports, including volleyball, football, handball, rugby, and basketball, 

the capacity to perform quick COD is widely recognized as a decisive element influencing 

competitive performance [32]. COD maneuvers involve eccentric muscle activation during braking, 

immediately succeeded by concentric contraction to produce the propulsive impulse required for 

reacceleration [33]. Strong eccentric capacity is essential in sports that demand frequent directional 

changes, as athletes must decelerate quickly, control body posture, and then accelerate explosively 

toward a new trajectory [34]. In addition, COD is a unilateral and multidirectional skill, making these 

factors significant when selecting exercises to enhance it [13]. Since volleyball actions involve 

multidirectional accelerations and decelerations, incorporating cone-shaped flywheel devices or 

pulley systems may enhance performance by enabling resistance across multiple movement planes 

[35]. Resistance training using inertial flywheel systems has been shown to produce superior 

improvements in muscle power output compared with conventional weight-stack modalities [36]. In 

this regard, our results showed that the EXP group experienced a very large improvement in COD-

R, while in COD-L they showed a greater tendency to improve compared to the CON group. Our 

results align with findings from Gonzalo-Skok et al. [13], who observed significant improvements 

after an 8-week strength training program incorporating tridimensional exercises using a conical 

pulley device among amateur/semiprofessional team-sport players (Effect Size: 0.61) . 

Finally, we acknowledge several limitations within our study. Due to the inclusion of four 

distinct combined training exercises in the current program, it is challenging to determine which one 

might have had a more significant impact on the results. Moreover, although the young players tested 

in this study were highly trained in volleyball, they were novices in terms of in-season high-intensity 

strength training. Thus, extrapolating the current results to more experienced athletes in terms of 

strength training should be approached with caution.  

5. Conclusions 
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The current study demonstrates that a five-week, in-season combined resistance training 

program integrating bilateral and unilateral exercises in multiple planes of movement—such as back 

squat, loaded countermovement jump, hip thrust, and lateral crossover step using a vertical cone-

shaped flywheel device—can effectively enhance lower-body performance in young male volleyball 

players. Specifically, EXP group exhibited significant improvements in CMJ height and COD ability 

to the right, as well as positive trends in sprint performance. These findings suggest that 

incorporating multidirectional and eccentric-overload exercises using inertial devices into traditional 

in-season training routines may optimize neuromuscular adaptations, contributing to better agility 

and explosive performance in youth volleyball players. Future research should explore longer 

intervention periods, varied inertial loads, and different age groups or competition levels to confirm 

the generalizability and long-term effects of this training approach. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

COD Change of direction 

ECC Eccentric 

CON Control group 

EXP Experimental group 

CMJ Countermovement Jump 

Hmax Maximun height 

CV Coefficient of variation 

ICC Intraclass coefficient of correlation 

MPV Mean propulsive velocity 

COD-R Change of direction on the right side 

COD-L Change of direction on the left side 

SD Standar Desviation 
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