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ABSTRACT

This study examined the effects of an 8-week high-intensity
plyometric training (HPT) program on the temporal and kinetic characteristics
of vertical ground reaction forces (vGRFs) during volleyball spike and block
jumps.
Forty male recreational volleyball players were randomly assigned to
an experimental group (EG, n = 20), which completed a 3-day/week HPT
program alongside their regular volleyball training, or a control group (CG, n =
20), which maintained their usual training regimen. vGRFs were measured
using a force platform. Peak force (PF), rate of force development (RFD), and
time to peak force (TPF) were extracted from the force-time curves. Data were
analyzed using a two-way mixed-design repeated-measures ANOVA, and effect
Volleyball, Plyometric sizes were calculated using partial eta squared (np?).
training, Vertical ground Significant Time x Group interactions were identified for PF, RFD, and
riaCE‘?n force, Spike jump,  TpE in hoth the spike and block jump tasks (p < 0.001). Following the
Block jump intervention, the EG exhibited higher PF and RFD values and lower TPF values
across both jumping tasks, while the CG remained statistically unchanged.
The 8-week HPT program was associated with improved force-
production magnitude and temporal characteristics during volleyball-specific
spike and block jumps in the present sample. These findings support the
consideration of HPT as a component of volleyball training aimed at developing
rapid force-production characteristics during sport-specific jumping tasks.
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Introduction

The performance of volleyball athletes depends greatly on their ability to perform explosive actions
such as spike and block jumps, which require rapid force production and effective application of
vertical ground reaction forces (vGRFs). From a biomechanical perspective, the analysis of force-
time characteristics provides information about both the magnitude and timing of force application
during explosive movements. In volleyball, these characteristics are particularly relevant because
spike and block jumps require athletes to generate substantial force within a limited time period (1).
Previous research has demonstrated the importance of lower-limb force production and jumping
biomechanics for volleyball performance, including the contribution of lower-limb kinetics to spike-
jump performance (2-4).

Plyometric training has been widely used to improve jump performance, reactive strength, and the
effectiveness of the stretch-shortening cycle in volleyball athletes (5-7). Previous studies have
reported improvements in jumping ability and physical performance following plyometric
interventions; however, many investigations have emphasized outcome measures such as jump
height, power, or peak force rather than the temporal characteristics of force production (8,9). Rate
of force development (RFD) provides information about how rapidly force is generated, whereas
time to peak force (TPF) reflects the time required to reach peak force. These force-time variables
may therefore provide additional information about explosive force-production characteristics that
cannot be captured by jump height or peak force alone. Although plyometric training has been shown
to improve general jumping performance in volleyball players (10-12), limited evidence is available
regarding changes in force-time characteristics during volleyball-specific spike and block jumps
following high-intensity plyometric training (HPT).

Recent advances in sports biomechanics have emphasized the value of force-time analysis for
examining the magnitude and temporal characteristics of force application during explosive
movements (13,14). Spike and block jumps also differ in their initial movement configurations. A
spike jump typically involves an approach phase before take-off, whereas a block jump is performed
from a stationary bilateral stance. These differences provide distinct movement contexts in which
force-time characteristics can be examined. The extent to which a structured HPT program
influences peak force (PF), RFD, and TPF during these two volleyball-specific jumping tasks remains
insufficiently documented.

The present study examined the effects of an 8-week HPT program on the force-time characteristics
of vGRFs during volleyball spike and block jumps. The primary novelty of the study was the
simultaneous assessment of three complementary force-time variables—PF, RFD, and TPF—during
two sport-specific volleyball jumping tasks following a standardized HPT intervention. This
approach provides a more detailed characterization of changes in force-production characteristics
than assessments based solely on jump height or peak force (15,16). Based on these objectives, it
was hypothesized that HPT would significantly increase PF and RFD while concurrently decreasing
TPF during both volleyball spike and block jumps.

The scientific significance of this study lies in its contribution to sport biomechanics and strength
and conditioning research by providing detailed information about HPT-related changes in force-
time characteristics during volleyball-specific jumping tasks. Examining both the magnitude and
timing of force production may provide additional information for evidence-based training design
and task-specific programming in volleyball players (8,13).

Methods
Research Design

A randomized controlled pretest-posttest design was used to examine the effects of an 8-week HPT
program on the force-time characteristics of vGRFs. Participants were randomly allocated to either
the EG, which received the HPT intervention in addition to regular volleyball training, or the CG,
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which maintained its regular training regimen. The independent variable was the training protocol
(HPT plus regular training vs. regular training), whereas the dependent variables were PF, RFD, and
TPF during volleyball spike and block jumps. Following eligibility screening and baseline
assessments, the 40 participants were randomly assigned in equal proportions to either the EG (n =
20) or the CG (n = 20) using a simple lottery-based allocation procedure. Each participant had an
equal probability of allocation to either study group. The assessor conducting the baseline and post-
intervention assessments was unaware of the participants’ group assignments at the time of testing,
thereby minimizing the possibility of assessment bias. The study included 40 eligible participants,
with 20 allocated to each group. An a priori power analysis was not performed before data collection.
The sample size was based on the number of eligible participants available during the recruitment
period and the predefined inclusion and exclusion criteria. All 40 participants completed the 8-week
intervention and post-test assessments, with no dropout or loss to follow-up.

Participants

Forty physically active male undergraduate students from the College of Physical Education and
Sport Sciences, University of Baghdad, participated in the study. Participants were classified as
recreational volleyball players because they were not professional or elite athletes, although they
were members of a university volleyball team and participated in formal volleyball competitions.
Their ages ranged from 19 to 22 years. The inclusion criteria were at least one year of regular
volleyball participation and the absence of a lower-extremity injury during the previous six months.
Participants were excluded if they had a chronic musculoskeletal condition or were unable to safely
perform the spike and block jump tasks. All participants provided informed consent before
participation. The study protocol was approved by the Institutional Review Board (IRB) of the
College of Physical Education and Sport Sciences, University of Baghdad (Approval Code: IRB-PESS-
2026-05). The sample included five volleyball playing positions: setters, middle blockers, outside
hitters, opposites, and liberos. Each position was equally represented, with eight players in each
position across the total sample. Following random allocation, each study group included four
setters, four middle blockers, four outside hitters, four opposites, and four liberos. The EG and CG
were therefore balanced with respect to playing position, with each group comprising 20
participants. Participants had approximately two years of volleyball experience and regularly
participated in volleyball training and formal university-level competitions. They also had
experience with resistance/weight training as part of their usual physical preparation before and
during the study period. The resistance training component was not part of the experimental
intervention and was maintained as part of their usual training activities. Throughout the 8-week
intervention, both groups maintained their standard volleyball training schedule, consisting of three
sessions per week of approximately 90 minutes each, with an emphasis on technical and tactical
volleyball skills. The EG supplemented this routine with the HPT program, whereas the CG followed
the same regular volleyball training schedule without receiving the additional plyometric
intervention. After eligibility screening and completion of the baseline procedures, participants were
assigned equally to the EG (n = 20) and the CG (n = 20) using a simple lottery-based randomization
procedure. The assessor responsible for conducting the baseline and post-intervention assessments
remained blinded to the participants’ group allocation before each assessment. All 40 participants
completed the 8-week intervention and post-test assessments, with no dropout or loss to follow-up.
Participants were randomly assigned to two groups: an EG (n = 20) that underwent HPT and a CG (n
= 20) that continued their regular volleyball training. No significant differences were found between
groups in baseline characteristics (p > 0.05), as shown in Table 1.

Equipment and Measurement Tools

vGRFs were collected using a calibrated force platform (model OR6-7, AMTI, Watertown, MA, USA)
securely embedded in and flush with the laboratory floor. Analog signals from the platform were
sampled at a frequency of 1000 Hz using a data acquisition system and stored for subsequent offline
analysis. Before each testing session, the force platform was calibrated according to the
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Table 1. Baseline Characteristics (Mean * SD) of the Experimental and Control Groups (n = 40)

Variable EG (n = 20) CG (n=20) p-value
Age (years) 20611 20413 0.64*
Body Mass (kg) 78.7 £6.0 78.1+6.4 0.72*
Height (cm) 178.5+5.2 1779+5.6 0.68*
Volleyball Experience (years) 1.8+ 0.6 1.7+0.5 0.59*

Note. * = non-significant at p > 0.05

manufacturer's instructions to ensure signal accuracy and linearity.Participants performed two
distinct volleyball-specific jumping tasks: the spike jump (with a three-step approach) and the block
jump (from a stationary bilateral position). For the spike jump, participants were instructed to use
a standard three-step approach, plant both feet simultaneously on the center of the force platform
to ensure accurate force capture, and execute a maximal vertical jump simulating an attack hit while
swinging both arms vigorously upward (17). For the block jump, participants started in an athletic
stance with their feet shoulder-width apart on the platform, performed a rapid self-selected
countermovement, and executed a maximal vertical jump with both arms reaching upward to
simulate a defensive block (17).

The sequence of the two jumping tasks was randomized to reduce potential effects related to test
order and fatigue. Participants performed three maximal-effort trials. A standardized rest interval
was provided between trials to limit fatigue and maintain maximal neuromuscular performance
during the explosive efforts (18). If a participant stepped off the platform during the jump or
demonstrated improper technique, the trial was discarded and immediately repeated. The mean
value of the three successful trials was calculated and used for subsequent statistical analysis. Before
data collection, all participants completed a standardized 10-minute dynamic warm-up consisting of
light jogging, lower-limb dynamic stretching, and familiarization jumps performed at submaximal
intensity. For the analysis of force-time characteristics, force onset was identified manually from the
vertical ground reaction force-time curve using the participant's baseline standing force as the
reference. Baseline force was determined from the quiet-standing period recorded before each
jumping task. The same manual identification procedure was applied consistently across all
participants, jumping tasks, and measurement occasions. The analyst responsible for extracting the
force-time variables was blinded to the participants’ group allocation and measurement time
(pretest or posttest) to minimize potential measurement bias.

Procedures

Throughout the 8-week intervention, the EG maintained its regular volleyball training schedule,
which comprised three weekly sessions focused on technical and tactical development, while
additionally completing the HPT program. Each regular volleyball session lasted approximately 90
minutes. The CG continued with its usual volleyball training without receiving the supplementary
HPT intervention. Plyometric sessions were scheduled on nonconsecutive days (Monday,
Wednesday, and Friday) to provide sufficient recovery between training sessions and were
conducted under the supervision of qualified strength and conditioning staff. Each HPT session
began with a 10-minute dynamic warm-up involving light jogging, dynamic stretching, and
submaximal jumps, followed by approximately 35-40 minutes of plyometric training, and concluded
with a 10-minute static-stretching cool-down. The HPT program was structured into four
progressive two-week phases, as presented in Table 2. Progression was achieved by increasing the
mechanical and neuromuscular demands of the exercises through changes in exercise complexity,
jump height, unilateral loading demands, and reactive requirements. Rest intervals between sets
were controlled at 90-120 seconds according to the training phase to provide adequate recovery
between explosive sets. Adequate recovery between sets was maintained to support high-quality
explosive performance throughout the training sessions (18). Phase 1 (Weeks 1-2; Adaptation)
focused on neuromuscular adaptation, movement familiarization, and safe landing techniques. The
exercises included basic bilateral movements such as squat jumps and countermovement jumps
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Table 2. 8-Week HPT Program

Weeks Phase Objective Exercises Slitespx Contacts Intensity Rest Frequency
Neuromuscula
. Squat Jumps;
Adaptatio r adaptation Countermoveme 3
1-2 and 3x8 72 Moderate 90s .
n nt Jumps (CM]J); sessions/week
movement
. Lateral Bounds
technique
Improve .
. Tuck Jumps; Split
3-4 Strength lower-limb Jumps; Alternate- 3 x 10 90 Mod'.arate 90's . 3
force -High sessions/week
. Leg Bounds
production
Maximize
explosive
powerand  Depth Jumps (30- 120 3
5-6 Power stretch- cm box); Single- 4 x 8 96 High .
: s  sessions/week
shortening Leg Hops
cycle
efficiency
Enhance
reactive
strength and  Drop Jumps (45- 120 3
7-8 Peaking volleyball-  c¢m box); Reactive 4 x 6 72 Very High .
o s  sessions/week
specific Block Jumps
jumping
performance

Note. CM] = countermovement jump. Training intensity was progressively increased according to the mechanical and
neuromuscular demands of the exercises, including exercise complexity, jump height, unilateral loading demands, and
reactive requirements. Ground-contact values represent the HPT component only and do not include contacts generated
during regular volleyball training.

(CMY]), performed with an emphasis on controlled landing mechanics and maximal vertical effort.
Lateral bounds were also included to introduce multidirectional lower-limb loading. Phase 2 (Weeks
3-4; Strength) focused on increasing lower-limb force-production demands through more
challenging plyometric exercises. The training included tuck jumps, split jumps, and alternate-leg
bounds, with an emphasis on forceful take-off and controlled landing. Phase 3 (Weeks 5-6; Power)
introduced higher-intensity stretch-shortening-cycle exercises. Depth jumps from a 30-cm box and
single-leg hops were performed to increase the explosive and reactive demands of the training. For
the depth jumps, participants stepped down from the box rather than jumping from it, landed
bilaterally, and immediately performed a maximal vertical response with a rapid transition from
landing to take-off. The use of depth-jump exercises was consistent with previously reported
approaches for developing reactive and explosive lower-limb performance (19). Phase 4 (Weeks 7-
8; Peaking) emphasized reactive strength and volleyball-specific jumping demands. Drop jumps
from a 45-cm box and reactive block jumps were performed. Reactive block jumps involved a rapid
maximal vertical jump following the preceding landing action, providing a task-specific stimulus
related to the rapid jumping demands encountered during volleyball blocking (20).

The HPT volume ranged from approximately 216 to 288 ground contacts per week across the four
phases. These values represented the HPT component only and did not include ground contacts
generated during the participants’ regular volleyball training. The selected progression in
plyometric volume was consistent with previously reported training approaches for developing
explosive performance in trained athletes (21). All 20 participants assigned to the EG completed the
prescribed 24 HPT sessions over the 8-week intervention, corresponding to a 100% adherence rate.
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No training-related adverse events or injuries were reported during the intervention, and no
participant was lost to follow-up.

Data Analysis

All vGRF signals were filtered using a fourth-order, zero-phase Butterworth low-pass filter with a
cutoff frequency of 20 Hz (22). From the filtered force-time curves, three primary dependent
variables were extracted for both spike and block jumps: PF, defined as the maximum vertical force
value during the propulsive phase; RFD, calculated as the average slope of the force-time curve from
force onset to peak force (N/s); and TPF, representing the time elapsed from force onset to the
achievement of PF (ms). Force onset was defined as the instant at which the vertical ground reaction
force exceeded the baseline standing body weight by 5 standard deviations (SD) for at least 30
milliseconds, ensuring that the detected onset represented an actual change in force production
rather than signal noise. Descriptive statistics (mean * SD) were calculated for all variables. Data
normality was assessed using the Shapiro-Wilk test, and homogeneity of variances was verified
using Levene's test. To evaluate the effects of the intervention, a two-way mixed-design repeated-
measures ANOVA (2 Groups [EG, CG] x 2 Times [Pretest, Posttest]) was conducted for each
dependent variable. If a significant Time x Group interaction was found, post hoc pairwise
comparisons with Bonferroni correction were performed. Effect sizes were calculated using np? and
interpreted as small (0.01), medium (0.06), and large (0.14). Statistical significance was set at p <
0.05. All analyses were performed using SPSS (version 25.0, IBM Corp., USA).

Results

The effects of the 8-week HPT program on vGRF variables during the spike and block jump tests
were analyzed using a two-way mixed-design repeated-measures analysis of variance (ANOVA),
with Time as the within-subjects factor and Group as the between-subjects factor. The ANOVA
revealed significant Time x Group interactions for all three variables in both jumping tasks. For the
spike jump task (Table 3), significant Time x Group interactions were observed for PF, RFD, and TPF
(p < 0.001). PF increased significantly in the EG following the intervention, whereas no significant
change was observed in the CG (F(1,38) = 31.84, p < 0.001, np? = 0.456). RFD increased significantly
in the EG, while no significant change was observed in the CG (F(1,38) = 27.63, p < 0.001, np? =
0.421). TPF decreased significantly in the EG, whereas no significant change was observed in the CG
(F(1,38) =19.57, p < 0.001, np? = 0.340).

For the block jump task (Table 4), significant Time x Group interactions were also observed for PF,
RFD, and TPF (p < 0.001). PF increased significantly in the EG following the intervention, whereas
no significant change was observed in the CG (F(1,38) =29.91, p < 0.001, np? = 0.440). RFD increased
significantly in the EG, while no significant change was observed in the CG (F(1,38) = 25.18, p < 0.001,
np? = 0.399). TPF decreased significantly in the EG, whereas no significant change was observed in
the CG (F(1,38) = 18.42, p < 0.001, np* = 0.327).

Fig. 1 presents the pretest and posttest values of PF, RFD, and TPF for the spike jump task in the EG
and CG. In the EG, PF and RFD were higher at posttest than at pretest, whereas TPF was lower. The

Table 3. Two-Way Repeated-Measures ANOVA Results for Vertical Ground Reaction Force Variables in the

Spike Jump Task
Variable Group (l\fc:;r-lT:SSE)) (I\P/Izzg'ﬁe;g) F (1,38) p-value np>

Note. * = significant at p<0.05.
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Table 4. Two-Way Repeated-Measures ANOVA Results for Vertical Ground Reaction Force Variables in the

Block Jump Task
Variable Group (D:Z:;sztm (;Zzziesslt)) F (1,38) p-value np?
TPF (ms) EXpCe;:t’;i’l‘tal ggig ggiﬁ 1842  <0.001* 0327

Note. * = significant at p<0.05.
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Fig. 1. Pre- and post-test comparisons of PF, RFD, and TPF during spike jumps for the EG and CG.
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Fig. 2. Pre- and post-test comparisons of PF, RFD, and TPF during block jumps for the EG and CG.

corresponding values in the CG remained relatively stable. Fig. 2 presents the same variables for the
block jump task. In the EG, PF and RFD were higher at posttest than at pretest, whereas TPF was
lower. The CG showed relatively stable values between the two measurement occasions.

Discussion

The main finding of this study was that the 8-week HPT intervention was associated with significant
changes in the magnitude and temporal characteristics of vGRFs during volleyball-specific spike and
block jumps. Consistent with the first hypothesis, participants in the EG demonstrated significant
increases in PF and RFD, together with a significant reduction in TPF. Participants in the CG, who
continued their regular volleyball training, did not demonstrate statistically significant changes in
the examined variables. These findings suggest that the addition of HPT to regular volleyball training
contributed to the observed changes in force-time characteristics in the present sample.

The higher PF recorded during both spike and block jumps suggests an enhanced ability to generate
force during the jumping movement. Previous studies have indicated that plyometric training may
influence neuromuscular properties, including motor unit recruitment, neural activation, and
muscle-tendon stiffness (4,7). However, these mechanisms were not directly measured in the
present study and should therefore be considered possible explanations rather than demonstrated
adaptations. From a mechanical perspective, greater muscle-tendon stiffness has been associated
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with more effective energy storage and return during the stretch-shortening cycle. The large effect
sizes observed for PF (np? > 0.44) indicate substantial Time x Group interaction effects in the present
sample. These findings suggest that the addition of HPT may produce changes in force-production
characteristics beyond those observed during regular volleyball training (6).

The increased force production observed during the jumping tasks is also relevant to the
biomechanical demands of volleyball spike and block movements. Although the present study
focused on the propulsive phase, previous research has shown that landing characteristics and
vGRFs can be influenced by neuromuscular fatigue in trained athletes (23,24). The present findings
demonstrate improvements in force-production characteristics during the measured jumping tasks,
but they do not establish whether these adaptations would improve landing mechanics or reduce
the effects of fatigue. Future studies incorporating both take-off and landing kinetics could provide
a more comprehensive assessment of the effects of HPT on the complete jump cycle.

From a temporal perspective, the increase in RFD observed in the EG is particularly relevant to
volleyball because spike and block jumps require rapid force production. RFD describes the rate at
which force is developed and is considered an important characteristic of explosive movements
(25,26). Because force production during jumping occurs over a relatively short time interval,
improvements in RFD may be functionally relevant to the rapid force-generation demands of
volleyball movements. The increases in RFD observed in the present study are also consistent with
previous evidence suggesting that plyometric training can improve explosive force-production
characteristics and the utilization of the stretch-shortening cycle (8,14).

The decrease in TPF after the training period provides additional information regarding the
temporal characteristics of force production during explosive jumping. This reduction indicates a
shorter time required to reach PF during the jumping movement (27). From a mechanical
perspective, the ability to generate high levels of force within a shorter period may be relevant to the
development of take-off velocity (V,), which is an important determinant of vertical displacement
during jumping. However, take-off velocity and jump height were not directly assessed in the present
study. Therefore, the findings should be interpreted as evidence of changes in force-time
characteristics rather than direct evidence of improvements in jump height or flight time.

Changes in force-time characteristics were observed during both spike and block jumps despite
differences in their initial movement configurations. In the spike jump, the approach phase involves
horizontal movement before take-off, whereas the block jump begins from a stationary bilateral
stance and emphasizes vertical force production. The significant changes in PF, RFD, and TPF in both
tasks suggest that the HPT intervention was associated with improvements in force-time
characteristics across these two volleyball-specific jumping conditions. However, because the
statistical analysis did not include a direct Task x Time x Group interaction, it cannot be concluded
that the magnitude of adaptation differed between spike and block jumps. The findings should
therefore be interpreted as evidence of improvements across both tested tasks rather than
differential task-specific adaptations.

This pattern is generally consistent with previous research indicating that plyometric training can
produce broader neuromuscular adaptations (28). The present findings also complement studies
examining both acute and chronic applications of plyometric and neuromuscular training
approaches. For example, previous research has investigated acute interventions, such as PAP-based
warm-ups, to influence upper-body striking velocity in combat sports (29), as well as longer-term
training approaches targeting technical and kinematic performance in volleyball players (30). The
present study extends this literature by examining changes in force-time characteristics during
volleyball-specific spike and block jumps following an 8-week HPT intervention. However, the
findings should be interpreted within the characteristics of the present sample and study design and
should not be taken as evidence that HPT is superior to other training approaches or necessary for
producing long-term kinetic adaptations.
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Several limitations should be considered when interpreting the findings of this study. First, the study
focused exclusively on kinetic variables derived from vGRF measurements and did not incorporate
additional biomechanical variables, such as lower-limb joint angles, angular velocities, or joint
moments. Therefore, the specific biomechanical mechanisms underlying the observed changes
cannot be determined. Future studies should combine force-platform analysis with three-
dimensional motion capture to provide a more comprehensive assessment of how HPT influences
joint-level biomechanics during spike and block jumps. Second, the study did not directly measure
maximal strength or neuromuscular mechanisms such as muscle activation. Consequently,
conclusions regarding the relative importance of RFD versus maximal strength or changes in
neuromuscular coordination cannot be established from the current data. Future research
incorporating maximal-strength testing, electromyography, and other neuromuscular assessments
may help clarify the mechanisms associated with changes in force-time characteristics. Third,
although the study included an EG and a CG, it did not compare HPT with an alternative structured
training program. Thus, the findings do not establish that HPT is superior to other forms of training
or that conventional volleyball training is insufficient to produce similar adaptations. Comparative
studies involving different training modalities would be valuable for determining the relative effects
of HPT. Fourth, the findings are primarily applicable to the recreationally active male volleyball
players included in this study and cannot necessarily be generalized to professional athletes, female
players, or other populations. Future research should include larger and more heterogeneous
samples, including female and professional volleyball players, to determine whether comparable
force-time adaptations occur across different athlete populations. Finally, the present analysis was
based on absolute kinetic values. Normalizing these variables to body mass could facilitate
comparisons between athletes with different anthropometric characteristics. Future studies should
consider reporting both absolute and body-mass-normalized force-time measures.

Based on the findings of this study, strength and conditioning coaches working with volleyball
athletes may incorporate HPT programs to enhance rapid force-production characteristics.
Exercises such as drop jumps and bounding can be introduced progressively according to athletes’
training status and the specific goals of the program. However, because the present study did not
compare HPT with other training modalities or directly assess maximal strength, RFD should not be
considered a substitute for maximal-strength development. Rapid force-production capacity may be
developed alongside other relevant physical qualities. Practitioners may also consider using force-
platform measurements, when available, to complement conventional performance assessments
such as jump height. Force-time variables, including PF, RFD, and TPF, can provide additional
information about force-production characteristics during jumping and may help practitioners
monitor changes in explosive performance. These measures should be interpreted alongside other
performance and training indicators rather than used as the sole indicators of athletic performance.

Conclusion

The 8-week HPT program was associated with significant changes in the kinetic and temporal
characteristics of vGRFs during volleyball-specific spike and block jumps in the present sample. PF
and RFD increased, whereas TPF decreased in the EG, with significant Time x Group interactions
observed for all examined variables. These findings indicate improved force-time characteristics
during the tested jumping tasks following the HPT intervention. However, the study did not directly
assess maximal strength, neuromuscular mechanisms, or alternative training programs. Therefore,
the findings do not establish that HPT is superior to other training approaches or that conventional
volleyball training is insufficient to produce similar adaptations. The results provide biomechanical
evidence supporting the consideration of HPT as a component of volleyball training programs aimed
at developing explosive force-production characteristics.
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