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Abstract

Background. High-Intensity Interval Training (HIIT) and Plyometric Training (PT) are commonly used to enhance
athletic performance in sports requiring speed, agility, and explosive lower-limb power, such as basketball. While
both methods improve neuromuscular and physiological capacities, their comparative effectiveness on specific motor
abilities remains unclear.

Objectives. This study aimed to evaluate and compare the effects of HIIT and PT on speed, agility, and lower-limb
explosive performance in male basketball players.

Materials and Methods. A total of 22 male basketball players (overall age; 21.27 + 1.34 years) were randomly
assigned to two intervention groups: High-Intensity Interval Training (HIIT, n = 8) and Plyometric Training (PT,

n = 14). Both groups underwent their respective training programs over a specified intervention period. Key
performance variables, including speed, agility, squat jump (SJ]), and countermovement jump (CM]J), were assessed
before and after the training. A two-way repeated measures ANOVA (2 x 2) was employed to evaluate the interaction
effects between time (pre- and post-intervention) and group (HIIT vs. PT) on all outcome measures.

Results. Both the HIIT and PT groups showed significant improvements in sprint time, agility, jump height, velocity,
power, and power-to-bodyweight ratio (all p <.001). No marked changes were found in SJ force. A two-way ANOVA
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revealed a significant time effect for all variables (p <.001), with no substantial group or interaction effects (p > .05),
indicating comparable improvements across both interventions.

Conclusions. These findings confirmed that both High-Intensity Interval Training and Plyometric Training were
effective in enhancing speed, agility, and lower-limb explosive performance among male basketball players. The
absence of significant differences between groups suggests that either training method can be effectively incorporated
into performance enhancement programs based on athlete preference, training context, or resource availability.
Keywords: neuromuscular adaptation, anaerobic performance, explosive strength, jump mechanics, basketball athletes.

Introduction

Basketball performance hinges on speed, agility, and
explosive lower-limb power (J. Wang et al., 2025). It is a
fast-paced, high-impact team sport which involves short,
repeated bursts of activity including sprinting, jumping,
rapid acceleration and deceleration, change of direction and
lateral movements, often in combination with periods of rest
(Stojanovic etal., 2018). These activities place a high-demand
upon neuromuscular coordination, anaerobic fitness, agility,
and power characteristics of the lower extremity, especially in
male athletes while performing competition-simulated play
(McGill et al., 2010; Miller et al., 2006). Since repeated high-
speed accelerations, vertical jumps and direction change
(COD) displacements are frequently performed during a
basketball game, therefor the optimization of these biomotor
qualities by the means of a well-structured training program
plays a pivotal role for performance and injury prevention.

Over the years, multiple training modalities have been
developed and applied in basketball-specific contexts to
address these physiological demands. Two of the most widely
adopted and evidence-backed methods are High-Intensity
Interval Training (HIIT) and Plyometric Training (PT)
(Laursen & Buchheit, 2019; Ramirez-Campillo et al., 2023).
HIIT—short, repeated bursts of high-intensity effort has
proven to elevate both aerobic and anaerobic performance
(VO2max, sprint capacity, lactate threshold, and directional
quickness) with remarkable efficiency (Atakan et al., 2021;
Helgerud et al., 2007). In sports like basketball, which
demand repeated high-intensity efforts interspersed with
active recovery, HIIT is both physiologically relevant and
logistically efficient (Buchheit & Laursen, 2013a; Milanovi¢
et al,, 2015a). Unlike traditional endurance training, which
often lacks transferability to explosive court actions, HIIT
prepares athletes to perform optimally under the intermittent
and intense conditions characteristic of basketball (Coates et
al,, 2023).

Moreover, a well-structured HIIT regimen can elicit
significant performance gains in a shorter time compared
to moderate-intensity continuous training. This is because
high-intensity bouts preferentially recruit fast-twitch
muscle fibers, enhance mitochondrial density, and improve
neuromuscular coordination (Hung et al., 2025; Skelly et
al., 2021; Torma et al., 2019). Importantly, when sport-
specific elements such as directional sprints or acceleration-
deceleration drills are integrated, HIIT has demonstrated
improvements in agility and short-distance sprinting (Beato
et al., 2019; Clemente & Sarmento, 2021).

In contrast, Plyometric Training adopts a biomechanical
perspective by targeting the stretch-shortening cycle (SSC)
of muscles to enhance reactive strength and the rate of force
development (Davies et al., 2015). Exercises such as depth
jumps, bounding, and tuck jumps impose high eccentric

loading followed by explosive concentric output closely
mirroring movements in basketball like rebounding, layups,
and quick transitions. The neuromuscular demands of PT
align perfectly with the reactive nature of basketball (Abdel-
Rahman, 2013; Aboodarda et al., 2015). These exercises are
critical for developing muscular power, reactive strength,
and neuromuscular coordination all of which directly relate
to performance in actions like vertical jumping and quick
take-offs common in basketball (Markovic & Mikulic, 2010;
Ramirez-Campillo et al., 2015). Previous meta-analyses
have demonstrated significant improvements in vertical
jump height, sprint time, and agility scores following PT
programs in athletes from various team sports, including
basketball, soccer, and volleyball (Moran et al., 2018; Slimani
etal., 2016).

In addition, both HIIT and PT have been investigated
by various researchers for their effects on physical fitness in
athletes. For example, Beato et al. (2019) found meaningfull
improvements in sprint and agility with a 6 weeks HIIT
protocol in soccer players. Similarly, Ramirez-Campillo et al.
(2015) reported that PT resulted in significant improvements
in lower-limb explosive power and sprint speed in young
athletes. In addition, new research has expanded the effects
of plyometry exercises to sports related outcomes, and has
demonstrated that even a short-term PT intervention (4-6
weeks) could produce relevant performance adaptations
(Ramirez-Campillo et al., 2023).

In basketball players, PT exercises are extensively
used as part of the preseason and in-season conditioning
programmes because of concomitant effects on jumping
and quick-reactive abilities (Matavulj et al., 2001). HIIT on
the other hand, has been preferred due to the time saving’s
and the possibility of enhancing both aerobic and anaerobic
systems at the same time (Buchheit & Laursen, 2013a).

Despite the well-documented benefits of HIIT and PT as
standalone interventions, literature directly comparing their
effects particularly using randomized controlled designs is
sparse. A few studies have attempted to compare different
training modalities (e.g., resistance training vs. PT, or HIIT
vs. traditional endurance training), but these often vary in
duration, frequency, or intensity, making direct comparisons
difficult (Foster et al., 2015; Jagsz & Sikora, 2025; Tuttor et al.,
2020). Moreover, the combined use of HIIT and PT has been
investigated primarily in soccer (Oliver et al., 2024; Yang
et al., 2024), but such comparisons are rare in basketball-
specific contexts.

Although both HIIT and PT are frequently used in the
athletic development of basketball players, the comparative
effects of these two interventions on key performance
metrics speed, agility, and lower-limb explosiveness remain
underexplored. Specifically, few randomized controlled
trials have examined how each modality distinctly influences
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short-distance sprint performance, change-of-direction
ability, and vertical jump capacity in male basketball athletes.
Furthermore, most existing studies focus either on youth or
mixed-gender samples, limiting their applicability to adult
male athletes engaged in competitive training cycles.

In addition, the physiological mechanisms underlying
performance adaptations to HIIT and PT differ. While HIIT
predominantly enhances metabolic and cardiovascular
parameters, PT is more focused on neuromuscular
development. Therefore, understanding the differential
impact of these methods on sport-specific movements
in basketball is essential for coaches, trainers, and sports
scientists aiming to optimize training periodization and
resource allocation.

To date, there is no comprehensive study that directly
compares the isolated effects of HIIT and PT in basketball
using a randomized controlled design and a uniform training
duration. The lack of head-to-head evidence prevents
practitioners from making informed decisions on which
modality may be more beneficial for specific performance
outcomes.

Given the aforementioned gaps, the present study aims
to compare the effects of High-Intensity Interval Training
and Plyometric Training on speed, agility, and lower-
limb explosive performance in male basketball players.
It is anticipated that both training modalities will yield
significant improvements across all performance outcomes
due to their distinct, yet complementary, physiological
mechanisms. Specifically, Plyometric Training is expected to
elicit greater gains in vertical jump height by targeting lower-
limb power through enhanced neuromuscular function. In
contrast, High-Intensity Interval Training is hypothesized to
produce superior improvements in sprinting and agility due
to its emphasis on repeated high-speed movement patterns
and anaerobic conditioning. By directly comparing these
interventions, this study seeks to offer practical insights for
strength and conditioning professionals aiming to optimize
sport-specific performance in competitive basketball.

Materials and Methods

Study Participants

The required sample size for this study was determined
through an a priori power analysis using G*Power software
(version 3.1.9.7). A repeated measures ANOVA (within-
between interaction) was selected as the statistical model,
assuming two groups (HIIT and PT) and two time points
(pre- and post-intervention). Based on a medium effect size
(f = 0.25), an alpha level of 0.05, statistical power of 0.80,
correlation among repeated measures set at 0.70, and non-
sphericity correction set to 1, the analysis indicated that a
minimum of 11 participants would be needed to detect a sta-
tistically significant interaction effect. Given the lack of prior
comparative studies between High-Intensity Interval Train-
ing (HIIT) and Plyometric Training (PT) for performance
outcomes such as sprint speed, agility, and lower-limb ex-
plosive power in basketball players, a medium effect size was
considered justifiable. To account for potential dropouts and
ensure sufficient statistical power, 51 male basketball play-
ers were initially approached for participation. Participants
were screened based on the following inclusion criteria: (a)

current engagement in competitive or recreational basketball
training; (b) no musculoskeletal injuries within the past six
months; (c) prior exposure to structured HIIT or plyometric
training; (d) ability to safely perform explosive lower-limb
movements, such as vertical jumps, accelerative sprints, and
lateral shuffles, without physical limitations; (e) willingness to
complete a 12-week intervention with pre- and post-testing
sessions. Those meeting the criteria and providing written
informed consent were randomly allocated to either the HIIT
or PT group in a 1:1 ratio using an online randomization tool
(www.randomizer.org). Anthropometric and baseline demo-
graphic data for all enrolled participants are detailed in Table
1. Before enrollment, participants were fully informed of the
purpose, benefits, and potential risks associated with the
training interventions. Ethical approval was obtained from
the institutional review board, and the study was conducted
in accordance with the principles outlined in the Declaration
of Helsinki. Participants who failed to complete at least 80%
of the scheduled training sessions were excluded from the
final analysis to maintain intervention fidelity.

Study Design

This study employed a randomized, two-group pre-
test—posttest design to compare the effects of High-Intensity
Interval Training (HIIT) and Plyometric Training (PT) on
selected physical performance variables in male basketball
players. Participants were randomly assigned to either the
HIIT or PT intervention group, and both groups underwent
baseline and post-intervention assessments. The interven-
tion period lasted twelve weeks. To ensure consistency and
control for potential diurnal variation, all performance as-
sessments were conducted at similar times of day for each
participant during both testing sessions. Additionally, each
assessment was scheduled after a minimum 48-hour recov-
ery period following the final training session to mitigate the
influence of residual fatigue and acute performance fluctua-
tions. The testing sequence including warm-up protocols and
the order of performance measures (e.g., sprint, agility, jump
tests) was identical at baseline and follow-up for each partici-
pant to maintain procedural reliability. Although randomiza-
tion was employed to assign participants to the two experi-
mental groups, blinding of researchers and assessors was not
feasible due to logistical constraints related to scheduling
and personnel involvement. However, the same trained staft
conducted all assessments to reduce measurement variability.

Table 1. Demographic information of participants

Variable HIITG (n=8) PTG(n=14) p
Age (years) 2192+£1.19 20.89+142 0.1
Height (cm) 178.76 £2.01 180.11 £4.62 0.446
Weight (kg) 70.32 £4.67 74.64+6.64 0.122
Playing Experience (years)  3.91+1.56 4.35+1.61 0.539

Familiarization and Pre-Assessment Procedures

A one-week familiarization phase was conducted prior
to baseline testing to ensure participant readiness and to
reduce potential learning effects associated with the physical
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performance assessments. During this period, all participants
were introduced to the testing procedures and practiced
each outcome measure, including sprint tests, agility drills,
and vertical jump assessments, under supervision. This
helped standardize technique and minimize variability in
execution during the actual pre- and post-intervention
data collection. Participants were also exposed to sample
training sessions representing the structure and intensity of
their assigned intervention either High-Intensity Interval
Training (HIIT) or Plyometric Training (PT). These sessions
provided a clear understanding of the exercises, rest
intervals, and effort expectations specific to their group, thus
enhancing compliance and minimizing dropouts during the
study period. Anthropometric and demographic data were
recorded during this familiarization week. Participants were
instructed to refrain from strenuous physical activity for at
least 48 hours prior to testing to eliminate residual fatigue.
They were also advised to maintain their usual dietary and
hydration routines throughout the study, with the exception
of avoiding heavy meals within three hours of testing
sessions to ensure physiological consistency. All instructions
were reinforced verbally and through periodic reminders to
ensure adherence throughout the study period. A schematic
overview of the study timeline and procedures is presented
in Figure 1.

Excluded (1=29)

* Previous muskule

* Participants incl
trials (n=8)

+ Participants who are unable to adhere o
the intervention schedule (n=11)

etal injuries (n=10)
other clinical

Allocation
Age:21.92+1.1 1.42 yrs. e
Height:178.76+2.01 180.1124.62 cm -
Weight:70.32+4.67 kg ight:74.64+6.64 kg

Follow-up

Fig. 1. CONSORT-Based Flow Diagram Depicting Study
Progression

Test Procedures

50 m Sprint

The 50-meter sprint test was used to evaluate linear
sprinting speed. Participants performed two maximal effort
sprints over a straight 50 m track, separated by a 3-minute
passive recovery. Sprint times were recorded using electronic
timing gates (Microgate Witty, Bolzano, Italy), with one
gate placed at the start line and the other at the 50 m mark.
Participants started from a standing position 0.5 m behind
the first gate to avoid early triggering. The best time (in
seconds) of two trials was recorded for analysis (Cronin &
Hansen, 2005).

T-Agility

The T-Test Agility Test was used to assess multidirectional
agility involving forward sprinting, lateral shuffling, and
backpedaling. The test was conducted on a flat indoor court
following the standard T-pattern layout: 9.14 m (10 yards)
forward sprint to cone B, 4.57 m (5 yards) shuffle left to cone
C,9.14 m (10 yards) shuftle right to cone D, 4.57 m (5 yards)
shuffle left back to cone B, and 9.14 m (10 yards) backpedal
to the starting point (cone A). Timing was captured using
electronic photocells (Brower Timing Systems, Utah, USA).
Participants were given one familiarization trial and two
recorded trials, with the fastest time used for analysis (Pauole
et al., 2000).

Squat Jump (SJ) and Countermovement Jump (CMJ)

To assess lower-limb explosive performance, both
Squat Jump (SJ) and Countermovement Jump (CM]J)
were administered using a force platform system (Quattro
Jump, Version 1.04; Kistler Instrumente AG, Winterthur,
Switzerland). This system enabled the detailed evaluation of
kinetic and kinematic parameters during take-off and flight
phases. Participants performed the Squat Jump (SJ) from a
static semi-squat position, maintaining a knee flexion angle
of approximately 90 degrees. To eliminate any pre-stretch or
elastic contribution, athletes were instructed to hold the squat
for 2-3 seconds without any countermovement. From this
position, they executed a maximal vertical jump, extending
the knees and hips while keeping the trunk upright. Arm
movement was restricted by placing hands on the hips
throughout the jump to avoid momentum influence. For the
Countermovement Jump (CMJ), participants began in an
upright stance and executed a rapid downward movement
(eccentric phase) followed by an immediate upward
propulsion (concentric phase), again with hands placed
on the hips. This action utilized the stretch-shortening
cycle (SSC) to enhance jump performance. All jumps were
performed barefoot or in minimal footwear, and athletes
were given two familiarization trials before recording three
valid attempts for each condition. The best performance for
each variable was selected for analysis. A rest interval of
90-120 seconds was maintained between trials to minimize
fatigue effect (Hammami et al., 2019).

Training Intervention

The study involved two experimental groups that
participated in bi-weekly training sessions over a period of
twelve consecutive weeks, with at least 48 hours of recovery
between sessions to ensure adequate neuromuscular
recovery. Participants were randomly allocated to either
the High-Intensity Interval Training (HIIT) group or the
Plyometric Training (PT) group. The training content,
intensity, and progression were based on established
guidelines in the literature for improving speed, agility, and
lower-limb power (Beato et al., 2019; Markovic & Mikulic,
2010). The HIIT group engaged in short bursts of anaerobic
running intervals at intensities ranging between 85-95%
of maximal heart rate (HRmax), interspersed with brief
recovery periods, aiming to enhance cardiorespiratory
efficiency and neuromuscular resilience. Each session
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Table 2. Summary of the 12-week training programs

Week Range Group Exercise

Sets x Reps / Rest Interval

Bouts (each drill) (between drills) Lty o]

Sprint drills (10-20 m), Cone drills, Lateral

— ! — V)
- HIIT bounds, High knees, Burpees, Squat jumps 2x8-10 60-90's Moderate (70-75%)
PT Depth jumps, Lateral bounds, Bounding, 2% 8-10 90-120s  Moderate (70-75%)
Single-leg hops, Tuck jumps, Box jumps
Sprint drills (10-20 m), Cone drills, Lateral . o
‘6 HIIT bounds, High knees, Burpees, Squat jumps 3x8-10 60s High (75-80%)
B Depth jumps, Lateral bounds, Bounding, . o
PT Single-leg hops, Tuck jumps, Box jumps 3%8-10 90 High (75-80%)
Sprint drills (10-20 m), Cone drills, Lateral . 0
_ HITT bounds, High knees, Burpees, Squat jumps 374X 10-12 45-60s Very High (80-85%)
B Depth jumps, Lateral bounds, Bounding, . o
PT Single-leg hops, Tuck jumps, Box jumps 3-4x10-12 60-90 s Very High (80-85%)
HIIT Sprint drlll.s (10-20 m), Cone drills, I.Jateral 23 % 6-8 90s Maximum effort (85-90%)
o1 bounds, High knees, Burpees, Squat jumps
PT Depth jumps, Lateral bounds, Bounding, 2-3x6-8 90-120s  Maximum effort (85-90%)

Single-leg hops, Tuck jumps, Box jumps

included 4-6 bouts of 30-60 second high-speed shuttle runs,
with a work-to-rest ratio of 1:1 or 1:1.5, depending on the
week of progression. Session intensity was monitored using
heart rate monitors and rate of perceived exertion (RPE) to
maintain training load consistency (Buchheit & Laursen,
2013). Conversely, the PT group performed jump-based
exercises focused on enhancing neuromuscular reactivity
and lower-limb explosive strength. The exercises included
vertical jumps, squat jumps, bounding drills, lateral hops, and
depth jumps, following a structured progression model in
terms of volume and complexity. Training sessions typically
comprised 3-4 sets of 8-10 repetitions of each exercise, with
a focus on maximal intent and proper landing mechanics, as
recommended in previous plyometric training frameworks
(Ramirez-Campillo et al., 2015).

All sessions began with a standardized dynamic warm-
up (~10 minutes) consisting of light jogging, dynamic
stretching, and movement-specific drills. No fixed cool-
down protocol was enforced; however, participants were
encouraged to perform their usual post-exercise recovery
routines (e.g., static stretching or walking). Both training
programs were designed to match in duration (~45-60
minutes) and general workload, while differing in modality
and physiological focus. Table 2 outlines the weekly training
structure, intensity parameters, and exercise progressions

employed for each group.

Statistical Analysis

All data were assessed for normal distribution using the
Shapiro-Wilk test, which is considered appropriate for small
to moderate sample sizes (Razali & Yap, 2011). Descriptive
statistics were expressed as means and standard deviations
(mean + SD). A two-way mixed-design analysis of variance
(ANOVA) was used to evaluate the effects of time (pre vs.
post) and group (HIIT vs. PT) on all outcome variables.
This design is commonly used to analyze repeated measures
within and between independent groups (Field, 2013).

When significant interaction or main effects were
observed, Bonferroni-adjusted post hoc tests were applied
to identify pairwise differences. The effect sizes for within-
group changes were calculated using Cohen’s d, with
thresholds defined as small (0.2), medium (0.5), and large
(0.8) as per Cohen’s guidelines (Cohen, 2013). Statistical
significance was set at p < 0.05. All statistical procedures
were conducted using IBM SPSS Statistics software (Version
26.0, IBM Corp., Armonk, NY, USA).

Results

Table 1 presents the anthropometric and demographic
details of the participants. No statistically significant
differences were found between the High-Intensity Interval
Training Group (HIITG) and the Plyometric Training
Group (PTG) in terms of age, body mass, height, or years
of playing experience, indicating baseline comparability
between the two groups. Significant improvements were
observed across key performance variables in both the
HIITG and PTG from pre- to post-intervention. In the 50
m sprint, the HIITG showed a large performance gain (t =
7.156, p < .001, d = 2.530), while the PTG demonstrated an
even greater improvement (t = 19.676, p < .001, d = 5.259).
Agility (T-Test) improved significantly in the HIITG (t =
6.038, p < .001, d = 2.135) and PTG (t = 12.302, p < .001,
d = 3.288). Squat jump height increased notably in both
groups: HIITG (t = -8.117, p < .001, d = -2.870) and PTG
(t=-42.260, p <.001, d = -11.294). Improvements in jump
power were significant for HIITG (t = -5.921, p < .001,d =
-2.094) and PTG (t = -6.485, p < .001, d = -1.733). Take-
off velocity also improved: HIITG (t = -5.548, p < .001, d
= -1.961), PTG (t = -3.187, p = .007, d = -0.852). Maximal
jump force showed moderate to large gains: HIITG (t =
2759, p = .028, d = -0.975), PTG (t = -5.516, p < .001,d =
-1.474). The explosive rate of muscle contraction increased
significantly: HIITG (t = -19.858, p < .001, d = -7.021),
PTG (t = -7.713, p < .001, d = -2.061). Improvements in
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functional power relative to body mass were also significant
in both HIITG (t = -9.790, p < .001, d = -3.461) and PTG
(t = -8.354, p < .001, d = -2.233). Non-significant changes
were noted for maximal force before take-off (t = -2.144, p =
.069, d = -0.758) and force output (t = -1.060, p = .309,d =
-0.283). Significant changes from pre- to post-intervention
are illustrated graphically Figure 2.

50m sprint Agility
74 P 2k 1.6 —hE * 37
73 14 .y
72 12 3s
- =
E 71 E 1 5 3
n
g’ 2108 2
69 &% Z 3
68 106 E 31
67 104 30
6.6 102 29
65 10 28
HITG PTG HIITG PTG
S8J Velocity SJ Power
285 —E —t 5900 — e 41
Z 28 5800 40
Eu: 5790 3
P 5600
(= 38
E 27 Z 5500 5 s
265 Z 5400 g
= 26 = 5300 e
- Z on S 3
55
A 5100 4
25 5000 3
245 4900 3
HITG PTG HITG PTG
CMJ Velocity
285 Ak —k 6200
o 6000
z
£ ~ 5800
-
T Z 5600
e £
g = 5400
E =
£ 5200
E
5000
4800

HITG PTG

Time

The analysis revealed significant time effects across
most performance variables, indicating that both training
interventions HIITG and PTG led to improvements over
the training period Table 3. Notably, large effect sizes were
observed for 50 m sprint time, agility, jump height, and

SJ Height SJ Force
e i 2160 — —
2140
2120
2100
Z 2080
2 2060
Z 2040
= 2020
2000
1980
1960
HIITG PTG HITG PTG
CMJ Height CMJ Force
e s 2160 — i
2140
2120
Z 200
£ 2080
Z 2060
= 2040
2020
2000
1980
1960
HUTG PTG HITG PTG
CMJ Power
i iy

HITG PTG

M Pre assessment, M Post assessment HITG=High intensity training group, PTG=Plyometric training group,
SJ= Surgent jump, CMJ= Countermovement jump,

Fig. 2. Visual depiction of statistically significant differences between pre- and post-intervention measurements. *p<0.05, **p<0.001

Table 3. Statistical Comparison of Outcomes Between HIIT and PT Training

High-Intensity Interval Training (HIIT) (n=8)

Plyometric Training (PT) (n=14)

Pre Test Post Test Pre Test

Post Test p 0%

Variable P
Mean SD Mean SD Mean

SD Mean SD Time Group

p Group x
Time

50 m sprint 7.12 0.10 6.789 0.12 <.001 7.19

Agility 11.03 0.33 10.51 0.51 <.001 10.94
SJ Height 31.36 1.98  34.27 2.15 <.001  31.62
SJ Force 2036.62 46.02 2081.93 54.06 0.06 2023.85
SJ Velocity 2.59 0.07 2.70 0.07 <.001 2.58

SJ Power 5273.26 134.26 5634.43 192.73 <.001 5227.34
SJ Power/N 2.59 0.07 2.70 0.07 <.001 2.58
CM]J Height 35.60 1.51 3845 1.35 <.001  35.17
CM]J Force  2034.60 41.41 2082.07 53.70 0.02 2034.87
CM]J Velocity  2.61 0.05 2.77 0.04 <.001 2.61
CM]J Power 5320.51 97.40 5786.46 137.61 <.001 5312.05
CM]J Power/N  2.61 0.05 2.77 0.04 <.001 2.61

0.

0.

0.
58.
0.
135.
0.

0.
35.
0.
131.
0.

10 683  0.14 <.001 <.001(0.93) 0.255(0.06) 0.661 (0.01)
19 1053 0.25 <.001 <.001(0.87) 0.801 (0.00) 0.157 (0.09)
87 3518  0.91 <.001 <.001(0.96) 0.353(0.04) 0.035 (0.20)
37 2053.18 61.50 0.309 0.078 (0.14) 0.185 (0.08) 0.695 (0.00)
08 270 0.09 0.007 <.001(0.50) 0.857(0.00) 0.965 (9.91)
18 554525 189.54 <.001 <.001 (0.50) 0.857 (0.00) 0.965 (9.91)
08 270 0.09 0.007 <.001(0.50) 0.857(0.00) 0.965 (9.91)
43 3821  0.60 <.001 <.001(0.94) 0.402(0.03) 0.553(0.01)
18 210727 40.67 0.028 <.001 (0.60) 0.406(0.03) 0.264 (0.06)
04 274  0.06 <.001 <.001(0.88) 0.349 (0.04) 0.283 (0.05)
82 5790.10 224.79 <.001 <.001 (0.86) 0.968 (8.17) 0.887 (0.00)
04 274  0.06 <.001 <.001(0.88) 0.349 (0.04) 0.283 (0.05)

Note: SG = Squat Jump; CM] = Countermovement Jump

1083



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 5

e

Magnitude of effect (Cohen’s d)

=20

HITG PTG HITG PTG HITG PTG HITG PTG HITG PTG HITG
Sprint Agility SJ Height SJ Force SJ Velocity
O Trivial, = Small,

PTG HITG PTG HITG PTG HITG

PTG HITG PTG

SJ Power CMJ Height CMJ Force CMJ Velocity CMJ Power

Moderate, MLarge, M Very large, MNearly perfect

Fig. 3. Visualization of Effect Size (Cohen’s d)

power, suggesting substantial gains in speed, agility, and
lower-body power due to training. Visualization of Effect
Size (Cohen’s d) Figure 3.

Group

However, no significant group effects were found, which
implies that overall performance levels between the HIITG
and PTG groups were similar when averaged across time
points.

Group x Time Interaction

Importantly, a significant group x time interaction was
observed only for squat jump (S]) height. This suggests
that the improvement in SJ height varied between the two
groups, with one group likely experiencing a greater benefit
than the other. For all other variables, the interaction was not
significant, indicating that both groups improved similarly
over time without a meaningful difference in the rate or
magnitude of change.

Discussion

Thepresentfindingsdemonstratethatboth High Intensity
Interval Training Group (HIITG) and Plyometric Training
Group (PTG) elicited statistically significant improvements
in 50m sprint performance and agility, with the superior
outcomes attributable to the distinct yet complementary
neuromuscular adaptations induced by each training
modality. Plyometric training has been consistently shown
to enhance sprint performance, power, strength, and agility
through the stretch-shortening cycle mechanism, which
optimizes the rapid transition from eccentric to concentric
muscle contractions (Hasan, 2023; Kons et al., 2023). The
PTG’ improvements in sprint and agility performance align
with established research demonstrating that plyometric

exercises enhance neuromuscular coordination, reactive
strength index, and rate of force development are critical
determinants of explosive movement patterns (Markovic
& Mikulic, 2010; Suchomel et al., 2016). Conversely,
HIIT protocols induce superior adaptations in metabolic
capacity, anaerobic power output, and neuromuscular
efficiency through repeated exposure to high-intensity
efforts that closely mimic the physiological demands of
sprint performance (Buchheit & Laursen, 2013; Laursen &
Jenkins, 2002). The marginally superior performance gains
observed in the HIITG explained by HIIT’s unique capacity
to simultaneously enhance both the phosphocreatine
energy system and glycolytic power, while also improving
neuromuscular recruitment patterns and intermuscular
coordination specific to high-velocity movements (Gibala et
al,, 2012; Sloth et al., 2013). Furthermore, HIIT’s specificity
to sprint training demands characterized by repeated bouts
of maximal or near-maximal intensity efforts provides a
more direct training stimulus that translates to enhanced
sprint performance and change-of-direction speed (laia &
Bangsbo, 2010), explaining the slightly greater improvements
observed in the HIITG compared to the PTG despite both
modalities producing statistically significant enhancements
in athletic performance measures.

The PTG’s improvements in sprint and agility
performance align with established research demonstrating
that plyometric exercises enhance neuromuscular
coordination, reactive strength index, and rate of force
development are critical determinants of explosive
movement patterns (Markovic & Mikulic, 2010; Suchomel
et al.,, 2016). Conversely, HIIT protocols induce superior
adaptations in metabolic capacity, anaerobic power output,
and neuromuscular efficiency through repeated exposure to
high-intensity efforts that closely mimic the physiological
demands of sprint performance (Buchheit & Laursen,
2013; Laursen & Jenkins, 2002). The marginally superior
performance gains observed in the HIITG explained
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by HIIT’s unique capacity to simultaneously enhance
both the phosphocreatine energy system and glycolytic
power, while also improving neuromuscular recruitment
patterns and intermuscular coordination specific to high-
velocity movements (Gibala et al., 2012; Sloth et al., 2013).
Furthermore, HIIT’s specificity to sprint training demands
characterized by repeated bouts of maximal or near-
maximal intensity efforts provides a more direct training
stimulus that translates to enhanced sprint performance
and change-of-direction speed (laia & Bangsbo, 2010),
explaining the slightly greater improvements observed in
the HIITG compared to the PTG despite both modalities
producing statistically significant enhancements in athletic
performance measures. Similarly, both training modalities
demonstrated significant improvements in standing jump
performance variables, like Standing Jump Height, Standing
Jump Force, Standing Jump Velocity, and Standing Jump
Power with the differential responses reflecting the unique
biomechanical and physiological adaptations associated
with each intervention. The PTG’s superior performance in
Standing Jump Height and Standing Jump Velocity attributed
to plyometric training’s established efficacy in enhancing
vertical jump performance through improved stretch-
shortening cycle utilization, motor unit synchronization,
and elastic energy storage-release mechanisms (Kons et al.,
2023; Markovic & Mikulic, 2010). Meta-analytical evidence
demonstrates that plyometric training produces moderate
to large effects on vertical jump height, with improvements
ranging from 4.7% to 8.7% across different jump variations,
primarily through enhanced neuromuscular coordination
and reactive strength development (Villarreal et al., 2009;
Kons et al.,, 2023). The superior Standing Jump Height and
Standing Jump Velocity outcomes in the PTG align with
research indicating that plyometric exercises specifically
target the fast-twitch muscle fibers responsible for explosive
vertical movement patterns and optimize the stretch-
shortening cycle mechanics essential for maximal jump
velocity generation (Suchomel et al., 2016). Conversely, the
HIITG’s marginally superior improvements in Standing
Jump Force and Standing Jump Power reflect the unique
adaptations induced by high-intensity interval protocols,
which enhance motor unit recruitment, firing frequency,
and force production capabilities through repeated exposure
to maximal or near-maximal intensity efforts (Gibala et al.,
2012; Laursen & Jenkins, 2002). Recent systematic review
evidence demonstrates that HIIT produces moderate
effects on jumping performance in athletes (ES = 0.918),
with particular improvements in Standing Jump Force and
Standing Jump Power variables attributed to enhanced
neuromuscular recruitment patterns, increased activation
of fast-twitch muscle fibers, and improved intermuscular
coordination during explosive movements (Sloth et al., 2013;
Wang, X. et al., 2025). The differential adaptations observed
between training modalities explained by the principle
of training specificity, whereby plyometric training’s
emphasis on rapid stretch-shortening cycle movements
preferentially enhances velocity-dependent variables
(Standing Jump Height and Standing Jump Velocity), while
HIIT’s focus on sustained high-intensity efforts promotes
force production and power output capabilities (Standing
Jump Force and Standing Jump Power) through enhanced
neuromuscular drive and metabolic adaptations (Buchheit

& Laursen, 2013; Taia & Bangsbo, 2010). These findings
support the concept that both training modalities induce
significant performance improvements through distinct yet
complementary physiological pathways, with the specific
adaptations reflecting the unique mechanical and metabolic
demands imposed by each intervention.

The significant improvements observed in Counter
Movement Jump Height, Counter Movement Jump Force,
Counter Movement Jump Velocity, and Counter Movement
Jump Power in both HIITG and PTG attributed to distinct
yet complementary neuromuscular adaptations that
enhance explosive performance capabilities. The superior
Counter Movement Jump Height and Counter Movement
Jump Velocity improvements in HIITG align with previous
research demonstrating that high-intensity interval protocols
enhancemusclefiber synchronizationand neural recruitment
patterns, leading to more powerful and coordinated muscle
contractions essential for explosive vertical movements
(Buchan et al., 2013; Milanovic¢ et al., 2015). The marginally
better Counter Movement Jump Force performance in PTG
supports established literature indicating that plyometric
exercises specifically target the stretch-shortening cycle
mechanism, enhancing eccentric-concentric coupling and
maximizing force production during the countermovement
phase (Villarreal etal., 2009; Markovic & Mikulic, 2010). Both
training modalities demonstrated equivalent improvements
in Counter Movement Jump Power, suggesting that while
HIIT optimizes velocity components through enhanced
anaerobic power and neuromuscular efficiency (Laursen
& Jenkins, 2002), and plyometric training maximizes
force output through improved stretch reflex sensitivity
and elastic energy utilization (Bobbert et al., 1996; Komi,
2000), their combined effects on the power equation result
in similar overall power enhancement. The physiological
mechanisms underlying these adaptations include HIIT-
induced improvements in phosphocreatine system
efficiency, motor unit recruitment, and intermuscular
coordination (Gibala et al., 2006), while plyometric training
enhances tendon stiffness, pre-activation patterns, and
reactive strength capabilities (Chimera et al., 2004; Turner &
Jeffreys, 2010). These findings corroborate meta-analytical
evidence demonstrating that both training methodologies
effectively improve vertical jump performance through
distinct pathways, with HIIT primarily enhancing velocity-
related components and plyometric training optimizing
force-generating capacity, ultimately converging to produce
comparable power outputs in trained athletes.

Limitation and Future Research

Despite the methodological rigor, several limitations
should be acknowledged. First, the sample was restricted
to a specific age group and performance level, which may
limit the generalizability of the findings to broader athletic
populations or different age categories. Second, although ob-
jective tools such as force plates and timing gates were used,
external factors like athlete motivation, surface conditions,
and circadian rhythms could have influenced performance.
Additionally, the training intervention duration was limited
to 12 weeks, which may not capture long-term physiological
or neuromuscular adaptations. Finally, dietary intake and
psychological variables were not controlled, which may have
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impacted athletic output and recovery. Future studies could
extend the intervention period and include longitudinal
follow-ups to examine the sustainability of training effects.
Comparative studies across multiple sports or performance
levels (e.g., elite vs. recreational) may provide broader insights
into sport-specific adaptations. Including female athletes or
youth populations can enhance demographic diversity. More-
over, integrating physiological markers (e.g., lactate thresh-
old, hormonal profiles) and neuromuscular assessments (e.g.,
electromyography) would enrich the understanding of un-
derlying adaptation mechanisms. Investigating the combined
effect of strength training with recovery strategies, such as
sleep hygiene and nutrition protocols, is also recommended.

Practical Application

The results of this study provide actionable insights
for coaches, strength and conditioning professionals, and
sport scientists. The use of validated and reliable tests (SJ,
CM]J, sprint, and agility) offers practical tools for monitoring
athletic performance and training progress. The study
highlights the importance of periodized, sport-specific
conditioning programs to enhance explosive power, speed,
and agility. Implementing these protocols during pre-season
or in-season phases can help optimize training outcomes,
reduce injury risk, and support talent development
in competitive sports. Regular testing can also guide
individualized training modifications, ensuring athletes
meet performance benchmarks safely and effectively.

Conclusions

This study demonstrated that a structured 12-week high-
intensity interval training (HIIT) and plyometric training
(PT) protocol significantly improved key performance
indicators such as lower-limb explosive power, sprint
speed, and agility in young athletes. The inclusion of sport-
specific and neuromuscular-focused training modalities
contributed to notable enhancements in Squat Jump and
Countermovement Jump heights, as well as sprint and
agility outcomes. These findings support the integration
of HIIT and plyometric elements into regular training
routines for optimizing athletic performance. Overall, the
study underscores the effectiveness of targeted, periodized
conditioning programs in enhancing functional abilities
critical to competitive sports performance.
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By3HaueHHA BNINBY BUCOKOIHTEHCVMBHOIO iHTepBasiIbHOro
TPeHyBaHHA Ta NNIiIOMETPUYHOro TPeHYBaHHA Ha
WBUAKICTb, CNPUTHICTb Ta BUGYXOBY pe3yNbTaTUBHICTb
HMXKHiX KiHLiBOK Yy YONOBiKiB-6ackeTb6onicTiB

Vnaitnypam Tyncigac'4®“PE; Ciramawni [Ixasacinrx Anp6ept Yanppacekap'45°PE, Yenma MittinTi
Ilankap®**?, Kipan Benykypi**“"F, Peam Amxman Axamen P, Centin Benyromam®*’F,
Hinmpit Kayp®A®“PE, I6ny Haydan Kam6irra Bamanmin’*5CPE, [le6amxur Kapmakap®4BCPE,
dapxana Axrep bo6i’**“PE, IOHi ActyTi'***“PF, Hipman Maiixn Cansi''ABPE

'THCTUTYT Hayku Ta TexHOmorit SRM
*OKpy>KHa IleHTpajIbHA TiKapHs

*Konemx disioreparmii « Anosmo»
*YHiBepcuTeT AHHaMaan

>Jlikapuss SPOT
*YuiBepcuret IlIpi bamamxi

"YuiBepcuret IloHpiveppi
$HanionampHnit iHCTUTYT isuyHOro BuxoBaHHA iMeHi Jlakmmi6ai
*MixxHapogumit yHiBepcutet «Japdomin»
lep>xaBHmit yHiBepcutet [laganr
"MixnapopHuit yHiBepcuteT Symbiosis

ABTOpPCHKNMIT BKIAJ: A — Am3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykormucy; E — 36ip komtis

Pedepar. Crarts: 13 ¢, 3 Tabn., 3 puc., 52 mxeperna.

Icropia nuranHsa. BrucokointeHcuBHe iHTepBanbHe TpeHyBaHHs (BIIT) ta mmiomerpuune tpenyBanus (IIT) mupoxo Bu-
KOPUCTOBYIOTbCA JI/IA MiIBUILEHHSA CIOPTUBHOI Pe3y/IbTaTUBHOCTI y BUJAX CIOPTY, 110 BUMAramTh IIBUIKOCTI, CIPUTHOCTI Ta
BUOYXOBOI IIOTY>KHOCTI HVDKHIX KiHI[IBOK, AK-0T 6ackeT601. ITompy mokpaieHHA HepBOBO-M A30BMX Ta (i3i0TOTiTHIX MOXIIN-
BOCTel1 060Ma MeTOfaMy, MUTaHH: IXHbOI MOPIBHAIBHOI e()eKTUBHOCTI I[O/J0 KOHKPETHMX PYXOBUX 3[10HOCTeIl 3a/IMIIAETHCS
He3 sICOBaHNM.

Merta gocmigxeHH:A. MeTa IIbOT0 JOCTi/PKeHH: NoIArana B oliHi Ta nopisHAHHI BBy BIIT ta I1T Ha mBuaxicTe, coput-
HICTD i BUOYXOBY pe3y/IbTaTUBHICTb HIDKHIX KiHIIIBOK y YO/IOBIKiB-6acKeTOOICTIB.

Marepianu Ta MeTopu. 3arasom 22 4onoBiku-6ackerbonictu (cepeniit Bik 21.27 + 1.34 pokn) 6y10 posHopiieHo 3a MeTo-
IOM paHoMisalil Ha Bl IHTepBeHIiliHI TPyIN: TPyIa BUCOKOIHTEHCUBHOTO iHTepBanbHOro TpenysanH: (BIIT, n = 8) Ta rpyma
wiiomerpuunoro tperysants (IIT, n = 14). O6uaBi rpymy IpOXOAWIN BiAMOBIAHI TPeHYBaIbHI IPOrpaMu IIPOTATOM BU3HAYe-
HOTo Iepiony iHTepBeHLil. K/040Bi MOKasHMKY pe3yIbTaTUBHOCTI, 30KpeMa IIBUJKICTb, CHPUTHICTD, cTpnbok y mpuciai (IIC) ta
crpubok i3 kouTppyxom (KPC), oniHroBamich nepep Ta mic/is IpoBeIeHHA TPeHYBaHH:A. 3 MeTOI0 BU3HaYeHH: e)eKTiB B3aeMOil
MiX 4acoM (Tepen Ta micns iHTepBeHuii) Ta rpynoro (BIIT npotn I1T) 3a BciMa MoOKasHUKaMM pe3y/IbTaTiB 6y/I0 3aCTOCOBAHO JIBO-
baxTopHMIT AuCHepCiitHnii aHaIi3 i3 HOBTOpHUMY BuMipamu (2 X 2).

Pesynpraru. Sk rpyma BIIT, Tak i rpyma IIT nmpomeMoHCTpyBanyu icTOTHe MOJINIIEHHA Pe3y/lbTaTiB Y Yaci CIPUHTY, CIIPUT-
HOCTI, BUCOTi cTpMOKa, MIBUJKOCTI, MOTYXXHOCTI Ta CIiBBiHOIIEHH] HOTY>XHOCTI 10 Macu Tina (yci nokasuuku p < .001). Bupa-
JKEHIX 3MiH y nokasHukax cuuu I1C BusBieHo He 6yo. [IBodakTopHumit fucnepciiiHuit aHali3 MoKa3aB CyTTEBUII BIUIMB 4acy Ha
Bci 3miHHI (p < .001) 6e3 3HaYHMX IPYIOBUX 260 B3aeMopiitHNX edekTiB (p > .05), [0 CBIfYNTH PO MOPIBHSIIBHI OMIIIIICHHS B
paMKax 060X iHTepBeHLIil.

Bucnosku. OTpumMaHi pe3ynbraTu OifTBEpAVIN, IO K BUCOKOIHTEHCUBHE iHTepBabHe TPeHYBaHHS, TaK i maiomMeTpuyHe
TpeHyBaHHS € eeKTUBHUMM y MiBUIEHHI UIBUKOCTI, CIPUTHOCTI Ta BUOYXOBOI Pe3y/IbTaTUBHOCTI HIDKHIX KiHIIBOK ceper
40/10BiKiB-6ackeT6OMICTiB. BifCyTHICTD iCTOTHMX BifMIHHOCTeIT MDK IpyIaMy CBiZYUTh PO e(eKTUBHICTb BIIPOBA/PKEHH Oy/ib-
AKOTO i3 3a3HAYEHNX METOHIB TPEHYBAaHHA Y IPOrpaMu IiJBUILEHHA Pe3yIbTaTMBHOCTI 3a7I)KHO Bifl yIIO06aHb CIIOPTCMEHIB,
TPeHyBaJIbBHOTO KOHTEKCTY ab0 OCTYIHOCTI pecypciB.

KnrouoBicmoBa: HeppoBo-M s130Ba ajianTallis, aHaepoOHa Ipale3AaTHICTh, BUOyXoBa C1/Ia, MexaHika cTpubka, 6ackeTOOMic T
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