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Abstract: Recent studies have shown that lower-limb plyometric training can effectively enhance
muscle strength and explosiveness, which are particularly important for improving jumping ability.
The purpose of this study was to evaluate the effects of plyometric training on vertical, lateral, and
horizontal jumping abilities, and their subsequent impact on basketball shooting performance and
sports injury prevention. A quasi-experimental design was used, recruiting 30 male college-level
basketball players from Taiwan, who were randomly assigned to an experimental group (n = 15)
and a control group (n = 15). Both groups participated in 2 h of basketball training daily, while the
experimental group additionally engaged in plyometric training twice a week. The results revealed
significant improvements in the experimental group in several key areas, including rate of force
development (RFD), ground reaction force (GRF), jump height, jump distance, and both horizontal
and vertical forces, across vertical, lateral, and horizontal jumps. Specifically, vertical jumps required
the highest ground reaction force, followed by lateral jumps, with horizontal (step-back) jumps
requiring the least. The optimal angles for the resultant force during take-off were found to be
between 66.1◦ and 66.8◦ for lateral jumps, and between 56.2◦ and 57.2◦ for step-back jumps, while
vertical jumps did not show significant variation in take-off angle. In terms of basketball performance,
the experimental group demonstrated significantly better post-test results in all three types of jump
shots, with the highest accuracy observed in the vertical jump shot, followed by the lateral jump
shot, and the lowest in the step-back jump shot. Furthermore, the experimental group experienced
a substantial reduction in sports injury rates, with the injury rate decreasing to 6%. These findings
indicate that plyometric training not only enhances jumping performance, but also contributes to
injury prevention by strengthening lower-limb muscles. This study provides a theoretical basis for
coaches to develop comprehensive training programs that improve athletic performance and reduce
injury risk.

Keywords: vertical jump; lateral jump; horizontal jump; plyometric training; injury prevention

1. Introduction

Jumping is considered an essential movement in basketball skills, because it not only
enhances basketball performance, but also helps to strengthen the lower-limb muscles [1].
A successful basketball athlete fundamentally possesses vertical, lateral, and horizontal
(backward) jumping abilities, which are crucial for basketball performance. Vertical jump-
ing ability is utilized in rebounding, jump balls, dunking, step-forward jump shots, and
leaning jump shots (also known as leaners). Lateral jumping ability is applied in drib-
bling side-to-side movements and lateral jump shots. Backward jumping ability is used in
step-back jump shots.
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Basketball jump shots are directly related to basic jumping movements [2], which also
indicates that lower-limb strength, flexibility, and coordination can help basketball athletes
to quickly jump on the court [3]. Excellent leg strength allows for higher jumps, quick
changes in direction, faster sprints, and better jumping and landing, enabling athletes to
maintain smooth movement during dynamic actions [4]. However, for basketball athletes
to develop excellent jumping ability, they must engage in lower-limb strength training,
in order to activate the muscle power of the lower limbs to counteract ground reaction
forces [5]. Additionally, the knees and ankles must handle lateral movements and rotations
at different angles, allowing the lower limbs to maximize power output and enhance
athletic performance [6]. Research shows that lower-limb injuries are the most common
injuries among male and female college basketball players [7]. The most common lower-
limb injuries are ankle ligament sprains and knee injuries [8]. The cause of these injuries
is the stress from constant jumping, landing, and sudden changes in direction during
games and practices. Research also indicates that structural knee joint injuries among
basketball athletes are significantly associated with playing time, usage rate, and prolonged
competition [9]. Therefore, incorporating lower-limb exercises into training programs is
indispensable, as it helps to improve basketball athletes’ jumping ability and prevent sports
injuries [10].

PT is a fast and explosive exercise that can effectively enhance muscle strength and
power [11]. Research indicates that jumping ability can be linked to PT [12]. Many studies
have shown that PT can significantly improve muscle strength, power, jumping perfor-
mance, and overall athletic performance [13–17]. Additionally, evidence suggests that
incorporating PT into basketball training can enhance the explosive power and vertical
jump ability of players’ lower limbs [18]. Furthermore, other studies have indicated that
strength training following these regimens indeed helps in reducing injury rates [19], as
increased muscle strength can enhance skeletal stability and reduce the risk of injuries
caused by sports activities.

Thanks to training interventions, it has been possible to identify the performance
of vertical and lateral jumps. However, there are currently no studies that explain the
differences between vertical, lateral, and horizontal jumps. The kinematic differences
among these three types of jumps have not yet been evaluated. Further research is needed
to better confirm these differences. Based on an analysis of the existing literature, the
purpose of this study was to examine the impact of vertical, lateral, and horizontal jumping
abilities on basketball jump shot performance, and to understand how plyometric training
aids in injury prevention. The hypothesis of this study was that twelve weeks of PT
could significantly enhance three types of jumping abilities, thereby improving jump shot
performance and aiding in injury prevention.

2. Materials and Methods

The participants of this study were recruited from a university’s college-level male
basketball team in Taiwan. The recruits underwent pre-testing. All the participants were
required to undergo regular basketball skills training (five times a week, for two hours each
session), and were divided into two groups. The experimental group received additional
PT twice a week, for 120 min per session. After the experiment, both groups underwent
post-testing. A statistical analysis was conducted based on the pre- and post-test data. The
research design was quasi-experimental [20].

2.1. Participants

The study population consisted of college-level male basketball athletes from 16 teams
from a university in Taiwan, comprising a total of approximately 192 athletes. According
to Mills and Gay, the sample size needed to be at least 10% of the population [21]. This
study publicly recruited 30 participants, achieving a sample size that represented 10%
of the total population. The normality of the sample distribution was examined using a
quantile–quantile plot (Q–Q plot), and the 95% confidence interval (CI) was calculated [22].
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The results showed that the participants’ ages, heights, weights, years of athletic experience
(years of participating in basketball training), and sports injury rates over the previous
three months (training five days a week, for two hours per day, totaling 120 h) all followed
linear normal distributions. These variables were within the 95% confidence interval (CI)
ranges, indicating that the sample demonstrated normality. The 30 samples were randomly
divided into an experimental group and a control group. t-tests of the pre-test mean values
for the background factors did not show significant differences, indicating homogeneity
between the two groups, as shown in Table 1. The potential risks to participants were
not greater than those faced by non-participants, and were considered minimal. The
participants’ rights were not affected, as participation was voluntary and non-coercive,
and informed consent was obtained from the participants in advance, with signatures and
dates. This study was approved by the First Human Research Ethics Review Committee of
National Cheng Kung University Hospital, with approval number A-ER-113–165.

Table 1. Participant homogeneity analysis.

Variable
EG (n = 15)

M ± SD
CG (n = 15)

M ± SD

95% Confidence Interval
t-Value p-Value

Lower Bound Upper Bound

Age (years) 22 ± 1.06 22 ± 1.08 −0.70 0.69 −0.021 0.984
Height (cm) 177.5 ± 3.78 177.6 ± 4.05 −2.65 2.04 −0.281 0.783
Weight (kg) 74.5 ± 8.91 74.5 ± 6.90 −6.38 6.32 −0.009 0.993
Years of athletic experience 9.25 ± 1.15 9.28 ± 1.28 −0.74 0.69 −0.080 0.937
Number of sports injuries (%) 22 ± 12.06 26 ± 14.73 −8.05 15.83 0.698 0.496

EG represents the experimental group, and CG represents the control group. The mean ± standard deviation is
expressed as M ± SD. t-test values are indicated by t-values (p-values). p < 0.05.

2.2. Intervention

Both the experimental and control groups were required to participate in two hours
of basketball training each day from Monday to Friday. This training included techni-
cal drills and team practice games directed by two basketball coaches, with personnel
management overseen by the research team. Additionally, the experimental group under-
took a plyometric training program (PTP) twice a week. The intervention measures were
as follows.

In recent years, many studies have employed plyometric training as a method to en-
hance lower-limb strength across various sports [11,23–26]. Based on the existing literature
on plyometric training, this study formulated intervention measures for a plyometric train-
ing program (PTP). The intervention spanned 12 weeks, as muscle strength adaptations
typically require about 12 weeks [27]. The lower-limb plyometric training program, as
shown in Table 2, was conducted twice a week [28], and each session lasted 120 min [29].
The lower-limb plyometric training exercises, as listed in Table 2, were conducted.

The experimental group was to undergo PTP twice a week for a total of 12 weeks.
Each session was to follow a circuit training format, with each set followed by a 10–30 s
rest, and a 3–5 min rest after completing one circuit. A total of three circuits needed to
be completed [30]. Each cycle of PTP required a load intensity based on the individual’s
maximum strength. Before performing the PTP, each participant in the experimental group
was tested for their one-repetition maximum (1RM) for each item, as follows [31]:

First circuit: A light load with high repetitions, with each set repeated 12 to 15 times,
at 60% to 70% of the 1RM (one-repetition maximum).

Second circuit: A moderate load with moderate repetitions, with each set repeated 8
to 10 times, at 70% to 80% of the 1RM (one-repetition maximum).

Third circuit: A heavy load with low repetitions, with each set repeated 1 to 5 times, at
80% to 100% of the 1RM (one-repetition maximum).
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Table 2. Contents of the plyometric training program.

Content Reps/Set

Warm-up Warm-up with 10 min of aerobic exercise.

Dead lift
Barbell (10 kg) + weight plates (20 kg) = 30 kg, 15 reps (Set 1)
Barbell (10 kg) + weight plates (30 kg) = 40 kg, 10 reps (Set 2)

Barbell (10 kg) + weight plates (40 kg) = 50 kg, 1 to 5 reps (Set 3)

Skater hops 15 reps each on the left and right (Set 1 to Set 3)

Lateral shuffle 15 reps each on the left and right (Set 1 to Set 3)

Jumping lunges with dumbbells
Dumbbell (6 kg) in each hand, 12 reps (Set 1)
Dumbbell (8 kg) in each hand, 8 reps (Set 2)

Dumbbell (10 kg) in each hand, 1 to 5 reps (Set 3)

Rocket jump 15 reps (Set 1), 10 reps (Set 2), 1 to 5 reps (Set 3)

Lateral box jump 6 inches to your side, 10 reps each side (Set 1 to Set 3)

The modified single-leg squat
(MSLS)

Holding a dumbbell in each hand + unilateral (1 leg at a time) training.
Dumbbell (6 kg) in each hand, 12 reps (Set 1)
Dumbbell (8 kg) in each hand, 8 reps (Set 2)

Dumbbell (10 kg) in each hand, 1 to 5 reps (Set 3)

The laterally resisted split squat
(LRSS)

Holding a dumbbell in each hand + laterally split squat (one lunge each to the left
and right).

Dumbbell (6 kg) in each hand, 12 reps (Set 1)
Dumbbell (8 kg) in each hand, 8 reps (Set 2)

Dumbbell (10 kg) in each hand, 1 to 5 reps (Set 3)

The bilateral back squat
(BS)

Barbell (10 kg) + weight plates (30 kg) = 40 kg, 12 reps (Set 1)
Barbell (10 kg) + weight plates (40 kg) = 50 kg, 8 reps (Set 2)

Barbell (10 kg) + weight plates (50 kg) = 60 kg, 1 to 5 reps (Set 3)

Box jumps

Counter movement jumps
Box height: 18 inches, 12 reps (Set 1)
Box height: 24 inches, 8 reps (Set 2)

Box height: 32 inches, 1 to 5 reps (Set 3)

Cool-down Muscle relaxation can be performed with roller stretching or static stretching

Based on the PTP measures outlined above, to control the impact of muscle strength
enhancement on athletic performance, this study identified the independent and depen-
dent variables.

Independent Variables: 1. PTP: This includes training frequency, intensity, duration,
and exercises (as shown in Table 2). 2. Muscle Strength Enhancement: Quantified through
indicators of muscle strength growth, such as PTP and maximum repetitions.

Dependent Variables: 1. Athletic Performance: Specific performance indicators such as
vertical jump reaction force, lateral jump resultant force, step-back resultant force, and jump
shot accuracy. 2. Sports injury rate: This evaluates the risks of the training plan, helping to
reduce the risk of injuries among athletes and improve overall athletic performance.

2.3. Research Tools and Variables
2.3.1. Research Tools

This study used the PASCO PS-3230 wireless dual-axis platform, manufactured in
Roseville, California, USA. PASCO SCIENTIFIC is a voltage-sensing force plate with
product parameters including four corner force elements with a range of ±1100 N, and
a vertical resultant force up to 4400 N. Each force element has an overload protection
of 1700 N, with a total vertical overload protection force of up to 6600 N. The device’s
sampling frequency was set to 1000 Hz, allowing for 1000 force measurements per second.
The PASCO force plate was used to analyze human jump dynamics, including vertical,
lateral, and horizontal jump analysis [32].



Appl. Sci. 2024, 14, 12015 5 of 17

2.3.2. Research Variables

The variables in the study of vertical jumps in basketball athletes include the rate of
force development (RFD), ground reaction force (GRF), duration of passage, and jump
height. The variables in the study of lateral jumps include the jump distance, horizontal
component of ground reaction force (H-GRF), vertical component of ground reaction
force (V-GRF), resultant ground reaction force (R-GRF), and trajectory of the resultant
force (T-PRF) (θ). The variables in the study of horizontal jumps include the jump distance,
maximum slope of left and right foot take-off, horizontal force of step-back take-off (H-GRF),
vertical force of step-back landing (V-GRF), resultant force (R-GRF), step-back resultant
force trajectory (T-PRF) (θ), and action time of the step-back.

2.4. Test Method
2.4.1. Vertical Jump Test

Each participant had 5 test attempts, with a 10 s rest between each attempt. The
best three jumps were recorded and averaged to obtain the final score. The parameters
measured by the force plate for the vertical jumps included the rate of force development
(RFD), ground reaction force (GRF), duration of passage, and jump height.

2.4.2. Lateral Jump Test

The participants first practiced lateral jumps on flat ground to determine the optimal
force and distance for left and right jumps. Before testing, each participant adjusted their
maximum lateral jump distance (the distance at which they could land stably on one foot,
which was considered their maximum reasonable distance) [33]. The participants followed
a metronome’s pace to perform lateral jumps on one foot, with arm swings allowed. The
jump was repeated four times on each foot, and the task had to be completed within 15 s.
Finally, the average force exerted by each foot was calculated.

The dynamic analysis of lateral jumps using a force plate includes the following
variables: jump distance, H-GRF, V-GRF, R-GRF, and T-PRF (θ) [34]. The angle of θ was
calculated. tanθ = length of opposite side (vertical side)/length of adjacent side (horizontal
side). When tanθ is larger, the angle of θ is larger.

2.4.3. Horizontal Jump Test

Each participant first practiced the step-back movement on flat ground to determine
the optimal distance for the step-back take-off. The step-back movement instructions were
as follows: The participants stood firmly between two force plates (optimal force position).
To initiate the step-back, they stepped forward with their right foot onto the force plate
(their left foot was naturally suspended). Upon landing, their right foot pushed back onto
the rear force plate. The left foot landed first on the rear force plate, followed by the right
foot quickly retracting to achieve a stable posture (alternating between the left and right
foot). Each participant performed the step-back movement three times with each foot. The
jump distance was determined based on the individual’s optimal performance.

The parameters measured by the force plate for horizontal jumps include the jump
distance, maximum slope of left and right foot take-off, horizontal force of step-back take-
off (H-GRF), vertical force of step-back landing (V-GRF), resultant force (R-GRF), step-back
resultant force trajectory (T-PRF) (θ), and action time of the step-back [35]. The angle of
θ was calculated. tanθ = length of opposite side (vertical side)/length of adjacent side
(horizontal side). When tanθ is larger, the angle of θ is larger.

2.4.4. Sports Injury Rate Test

The study recruited healthy participants and recorded sports injuries in both the pre-
test and post-test phases. These injuries included leg muscle strains, calf cramps, bruises
from falls, mild sprains of the ankle or wrist, tendinitis, knee pain, and muscle tension in
the back or neck. Initially, the sports injury rate during basketball training and practice
games over the previous three months, for both the experimental group and the control
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group, was surveyed as the pre-test. During the experiment, the sports injury rate for both
groups was recorded as the post-test. The sports injury rates for both the pre-test and
post-test were standardized to a 12-week (three-month) period.

Both the experimental and control groups received basketball training five times per
week, for 2 h per session, totaling 120 h. The experimental group additionally underwent
plyometric training program (PTP) interventions twice a week, for 2 h per session, totaling
48 h. Therefore, the total training time for the experimental group was 168 h, while the
control group’s total training time was 120 h. The specific calculation formula for the sports
injury rate was as follows: Sports injury rate = [Number of sports injuries occurring within
a certain period/Total training time (hours)] × 1000. It is usually expressed per thousand
hours of training.

2.4.5. Sports Performance Test

The literature indicates that vertical, lateral, and horizontal jump abilities are related
to basketball jump shot performance. Therefore, this study tested three types of jump
shots: the step-forward vertical jump shot, dominant-side lateral step-up jump shot, and
step-back jump shot. The differences between the pre- and post-tests were compared to
understand jump shot performance.

2.5. Control Variables

Targeted at college-level male basketball athletes from Taiwanese universities, this
study recruited participants and noted background variables including age, weight, height,
years of athletic experience, and number of sports injuries. These background variables
showed homogeneity, and this study’s control variables included dietary control, recovery
control, and consistent training conditions. Dietary control involved posting standardized
meal plans and providing verbal dietary guidance at the beginning of and throughout
the study, to ensure that each participant’s nutrient intake was similar. Recovery control
involved requiring the participants to maintain consistent sleep durations and quality, and
to record their daily sleep times. Additionally, after each training session, the participants
were instructed to perform stretching, massage, and ice therapy for recovery. Because the
control group and the experimental group underwent two hours of basketball training
simultaneously in the same location, consistent training conditions were ensured.

2.6. Statistical Analysis

Statistical analyses were performed using SPSS 28.0 software (IBM®, Armonk, NY,
USA). Initially, a homogeneity t-test was conducted to assess the standard deviations and
means of age, height, years of athletic experience, and number of sports injuries between the
experimental and control groups. To compare the differences in sports injury rates between
the two groups, an independent-sample t-test was applied. For the analysis of athletic
performance, which included three types of jumping abilities and three types of basketball
jump shot performances, a two-way and a three-way mixed ANOVA were used to examine
the interactions between the different types of jumps and jump shot performances for both
groups. The significance level for all the tests was set at p < 0.05. The partial eta squared
(η2) was calculated to measure the effect size, with values closer to 1 indicating a larger
contribution of the independent variables to the dependent variables. An η2 value greater
than 0.14 was considered indicative of a large effect size [36].

3. Results
3.1. Vertical Jump Dynamics Analysis

After 12 weeks of PT, all the parameters in the experimental group were superior to
those in the control group. The two-way mixed ANOVA showed that the F-values for all
the parameters showed significant differences (p < 0.05). Next, the sizes of the effects of the
independent variables (experimental group and control group) on the dependent variables
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(RFD, GRF, duration of passage, and jump height) were explored. The results showed that
η2 ranged from 0.156 to 0.769, indicating large effect sizes, as shown in Table 3.

Table 3. Analysis of kinetic parameters of vertical jump.

Parameter EG (n = 15)
M ± SD

CG (n = 15)
M ± SD F-Value p-Value η2

RFD (N/s)
Pre 8060 ± 580 8066 ± 624

20.91 * <0.05 0.428Post 9115 ± 629 8070 ± 542

GRF (N)
Pre 1956 ± 222 1952 ± 301

5.17 * <0.05 0.156Post 2119 ± 263 1958 ± 301

Duration of
passage (s)

Pre 0.48 ± 0.04 0.47 ± 0.03
38.18 * <0.05 0.577Post 0.59 ± 0.03 0.46 ± 0.06

Jump height (m)
Pre 0.44 ± 0.06 0.43 ± 0.06

93.36 * <0.05 0.769Post 0.58 ± 0.03 0.44 ± 0.06
EG denotes the experimental group, while CG denotes the control group. The rate of force development is referred
to as RFD (r), the ground reaction forces are represented as GRF (N), and the duration of passage is measured
in seconds (symbolized as s). The data are presented as the mean ± standard deviation (M ± SD), and were
statistically analyzed using an F-test, with a significance level set at * p < 0.05.

After the lower-limb PT in the experimental group, the RFD increased by 13.1%, the
lower-limb GRF increased by 8.33%, the average duration of passage increased by 22.92%,
and the average jump height also increased by 28.89%. This indicates that lower-limb PT
can enhance the vertical jump ability of college-level male university basketball athletes.

3.2. Analysis of Lateral Jump Dynamics

Kinematic analysis of the pre- and post-tests was conducted for lateral jumps (using
the left and right foot) in both the experimental and control groups. This analysis included
measurements of jump distance, horizontal ground reaction force (H-GRF), vertical ground
reaction force (V-GRF), rear-ground reaction force (R-GRF), and time to peak rate of force
(T-PRF, θ). After 12 weeks of PT, all the parameters of the experimental group, except for T-
PRF (θ), were superior to those of the control group. The two-way mixed ANOVA showed
that the F-values were all significantly different (p < 0.05). Next, the size of the effects of the
independent variable (experimental group and control group) on the dependent variables
(jump distance, H-GRF, V-GRF, R-GRF, and T-PRF) were explored. The results showed that,
except for the T-PRF (θ) of the left and right feet, all the measures showed large effect sizes,
with η2 ranging from 0.209 to 0.761, as shown in Table 4.

The average values of the lateral jump’s T-PRF (θ) across the four repetitions ranged
from 66.1 to 66.8 degrees, with no significant difference. This indicated that the lateral
take-off angles for both the left and right feet of all the participants were approximately
distributed around 66.4 ± 0.4 degrees. Additionally, there was a significant difference in
jump distance between the experimental group and the control group. This was mainly
due to the increased horizontal force in lateral jumps of the lower limbs in the experimental
group after undergoing PT, which also increased the R-GRF. Finally, the lack of significant
difference in T-PRF (θ) between the experimental group and the control group can be ex-
plained by the formula for calculating tanθ (tanθ = V-GRF/H-GRF). Although the posterior
H-GRF and V-GRF increased in the experimental group, the calculated angle θ showed
no significant difference. The above results confirm that 12 weeks of PT (PT) significantly
improved the lateral jumping ability of the college-level male basketball athletes in the
experimental group.
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Table 4. Analysis of dynamic parameters of lateral jump.

Parameter EG (n = 15)
M ± SD

CG (n = 15)
M ± SD F-Value p-Value η2

JD (m)
89.37 * <0.05 0.761L-R Pre 1.47 ± 0.12 1.48 ± 0.10

L-R Post 1.66 ± 0.08 1.49 ± 0.10

H-GRF (N)
L-Pre 735 ± 82 733 ± 86

13.98 * <0.05 0.333L-Post 823 ± 53 737 ± 83
R-Pre 741 ± 78 740 ± 91

7.39 * <0.05 0.209R-Post 810 ± 75 738 ± 62

V-GRF (N)
L-Pre 1719 ± 198 1718 ± 189

12.51 * <0.05 0.309L-Post 1928 ± 130 1721 ± 142
R-Pre 1733 ± 183 1735 ± 160 16.69 * <0.05 0.373

R-Post 1903 ± 174 1739 ± 171

R-GRF (N)
L-Pre 1870 ± 209 1869 ± 201

13.26 * <0.05 0.321L-Post 2096 ± 134 1873 ± 159
R-Pre 1885 ± 194 1887 ± 176 17.42 * <0.05 0.384

R-Post 2069 ± 180 1890 ± 176

T-PRF (θ)
L-Pre 66.7 ± 1.3 66.8 ± 1.5

0.024 >0.05 0.001L-Post 66.7 ± 1.1 66.7 ± 1.2
R-Pre 66.7 ± 1.3 66.8 ± 1.5

0.778 >0.05 0.027R-Post 66.1 ± 1.5 66.8 ± 1.4
EG represents the experimental group, and CG represents the control group. Abbreviations: The jump distance
(m) is JD (m). The horizontal force of take-off is H-GRF. The vertical ground reaction force (N) is V-GRF (N). The
resultant ground reaction force (N) is R-GRF (N). The trajectory at peak resultant force (degrees) is T-PRF (θ). The
data are presented as the mean ± standard deviation (M ± SD), and were statistically analyzed using the F-test,
with the significance level set at * p < 0.05.

3.3. Horizontal Jump Dynamics Analysis

After 12 weeks of PT, except for the angle of T-PRF, all the parameters in the exper-
imental group were superior to those in the control group. Additionally, the two-factor
mixed ANOVA showed that the F-values for all the parameters were significantly different
(p < 0.05). Next, the sizes of the effects of the independent variables (experimental group
and control group) on the dependent variables (jump distance, RFD, H-GRF, V-GRF, R-GRF,
T-PRF, and action time of the step-back) were explored. The results showed that, except for
the T-PRF (θ) of the left and right feet during take-off, which did not show a high effect
size, all the other measures showed large effect sizes, with η2 ranging from 0.138 to 0.849,
as shown in Table 5.

The average values of T-PRF (θ) for the three step-back jumps ranged between 56.2
and 57.2 degrees, indicating no significant difference in the step-back take-off angles
for both the left and right feet of all the participants, with an approximate distribution
around 56.7 ± 0.5 degrees. Additionally, the horizontal jump distance of the experimental
group significantly increased, and the action time of the step-back significantly decreased
(shortened action time). This was mainly due to the increased take-off H-GRF, landing
V-GRF, and R-GRF in the lower limbs during the step-back after undergoing PT. Finally,
the lack of significant difference in T-PRF (θ) between the two groups can be explained
by the formula for calculating tanθ (tanθ = V-GRF/H-GRF). Although the experimental
group showed an increase in both H-GRF and V-GRF, the calculated angle θ did not show a
significant difference. The above results confirm that 12 weeks of PT significantly improved
the horizontal (step-back) jump ability of college-level male basketball athletes in the
experimental group.
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Table 5. Analysis of dynamic parameters of horizontal jump.

Parameter EG (n = 15)
M ± SD

CG (n = 15)
M ± SD F-Value p-Value η2

JD (m)
L-Pre 0.86 ± 0.07 0.87 ± 0.06

79.33 * <0.05 0.739L-Post 1.15 ± 0.11 0.88 ± 0.06
R-Pre 0.89 ± 0.07 0.90 ± 0.05

36.71 * <0.05 0.567R-Post 1.14 ± 0.09 0.88 ± 0.06

RFD (N/S) Left and right foot take-off
L-Pre 6386 ± 291 6353 ± 239

16.70 * <0.05 0.374L-Post 6816 ± 373 6349 ± 233
R-Pre 6269 ± 312 6268 ± 298

9.44 * <0.05 0.252R-Post 7160 ± 311 5939 ± 592

H-GRF (N) Step-back take-off
L-Pre 954 ± 221 948 ± 233

23.68 * <0.05 0.458L-Post 1072 ± 194 954 ± 215
R-Pre 913 ± 224 906 ± 203

4.49 * <0.05 0.138R-Post 1053 ± 236 926 ± 184

V-GRF (N) Step-back landing
L-Pre 1448 ± 268 1443 ± 269

23.19 * <0.05 0.453L-Post 1606 ± 204 1454 ± 251
R-Pre 1422 ± 281 1420 ± 239 4.99 * <0.05 0.151

R-Post 1582 ± 245 1430 ± 218

R-GRF (N) Resultant force of step-back
L-Pre 1734 ± 345 1728 ± 350

24.83 * <0.05 0.470L-Post 1932 ± 276 1740 ± 325
R-Pre 1690 ± 356 1686 ± 307

5.62 * <0.05 0.167R-Post 1906 ± 304 1704 ± 279

T-PRF (θ) Step-back resultant force trajectory
L-Pre 56.7 ± 1.4 56.8 ± 2.0

1.69 >0.05 0.057L-Post 56.3 ± 1.8 56.7 ± 1.9
R-Pre 57.2 ± 2.0 57.2 ± 2.4

1.98 >0.05 0.066R-Post 56.2 ± 1.9 57.1 ± 1.9

Action time of step-back (s)
L-Pre 1.38 ± 0.09 1.36 ± 0.07

157.08 * <0.05 0.849L-Post 1.06 ± 0.04 1.35 ± 0.05
R-Pre 1.19 ± 0.07 1.18 ± 0.06

47.63 * <0.05 0.630R-Post 1.03 ± 0.06 1.19 ± 0.06
EG represents the experimental group, and CG represents the control group. Abbreviations: The jump distance is
JD. The maximum RFDs of the left and right foot take-off (m = N/s) are L-RFD (m = N/s) and R-RFD (m = N/s).
The vertical ground reaction force of take-off (N) is V-GRF (N). The horizontal force of step-back take-off is
H-GRF. The vertical force of step-back landing is V-GRF. The resultant force of the step-back is R-GRF. The take-off
resultant force trajectory is T-PRF (θ). The data are presented as the mean ± standard deviation (M ± SD), and
were statistically analyzed using the F-test, with the significance level set at * p < 0.05.

3.4. Analysis of Differences in Three Jumping Abilities

The vertical, lateral, and horizontal jumps were analyzed using the same parameters,
including jump distance (height), R-GRF, and T-PRF (θ). The differences were analyzed
as shown in Table 6. Through a three-factor ANOVA, it was found that the lateral jump
distance was the longest, followed by the horizontal jump distance, with the vertical
jump height being the shortest. The differences in the three jump distances indicated that
lateral jumps generate more horizontal force. In contrast, vertical jumps do not produce
horizontal force, requiring the lower limbs to generate a high-intensity GRF. Additionally,
in terms of R-GRF ranking, vertical jumps require the most GRF, followed by lateral jumps,
with horizontal (step-back) jumps requiring the least force. Finally, for the T-PRF (θ) of
vertical, lateral, and horizontal jumps, the study found that the angle for lateral jumps was
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approximately 66.4 ± 0.3 degrees, while the take-off angle for horizontal (step-back) jumps
was about 56.7 ± 0.5 degrees.

Table 6. Analysis of differences in three types of jumping abilities in the post-test of the experimen-
tal group.

Parameter Vertical Jump
M ± SD

Lateral Jump
M ± SD

Horizontal Jump
M ± SD F-Value p-Value η2

JD (m) 0.58 ± 0.03 1.66 ± 0.08 1.15 ± 0.05 1758.37 * <0.05 0.99
R-GRF (N) 2119 ± 263 2040 ± 134 1909 ± 277 18.81 * <0.05 0.57
T-PRF (θ) 90.0 ± 0.0 66.4 ± 0.9 56.7 ± 1.6 6465.28 * <0.05 0.98

Abbreviations: Jump distance is denoted as JD. Resultant force during the step-back is represented as R-GRF.
Take-off resultant force trajectory is indicated as T-PRF (θ). Data are presented as the mean ± standard deviation
(M ± SD). F-test results are presented as F-values (p-values), * p < 0.05.

3.5. Sports Performance Analysis

All three types of jump shots were set at a distance of 5 m: vertical jump shots,
dominant-side lateral jump shots, and step-back jump shots. These three types of jump
shots were analyzed using a two-way ANOVA. The results showed that the F-value for
vertical jump shots was 4.43, that for lateral jump shots was 5.52, and that for step-back
jump shots was 5.47, all of which reached significant differences (p < 0.05). In terms of
improvement, the vertical jump shot in the experimental group improved by 59.6% (the
average hit rate increased from 41% to 75%), the lateral jump shot in the experimental group
improved by 94.3% (the average hit rate increased from 35% to 68%), and the step-back
jump shot in the experimental group improved by 116.1% (the average hit rate increased
from 31% to 67%), indicating that the experimental groups outperformed the control group,
as shown in Figure 1. Additionally, in terms of the average hit rate, the vertical jump shot
had the highest hit rate, followed by the lateral jump shot, with the step-back jump shot
having the lowest. These results confirm that 12 weeks of PT significantly improved the hit
rates of the three types of jump shots among the college-level male basketball athletes in
the experimental group, indicating a significant enhancement in jump shot performance.
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3.6. Analysis of Sports Injury Rate

The sports injury rate for the three months prior to the training (five days a week, for
2 h a day, totaling 120 h) was used as a pre-test in this study. The 12-week experiment served
as the post-test (168 total training hours for the experimental group, and 120 total training
hours for the control group). The independent-sample t-test revealed that there was no
significant difference between the pre-test results of the two groups (t = −0.79, p < 0.05).
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However, a significant difference in the post-test results was found (t = −5.44 *, p < 0.05).
The statistical results indicated that the sports injury rate index in the experimental group
dropped to 6% after the PTP intervention. This suggests that the strength enhancement
in the experimental group contributed to a reduction in the sports injury rate as shown in
Table 7.

Table 7. Independent-sample t-test for pre-test and post-test sports injury rates between the
two groups.

Test Group M ± SD df t-Value p-Value

SIR (%) Pre Experimental 22 ± 12.06 28 −0.79 0.44
SIR (%) Pre Control 15 ± 3.80
SIR (%) Post Experimental 6 ± 5.26 28 −5.44 * 0.00
SIR (%) Post Control 25 ± 12.20

Abbreviations: Sports injury rate is presented as SIR (%). The mean ± standard deviation is presented as M ± SD.
The t-test values are presented as t-values. * p < 0.05.

4. Discussion

For the participants in this study, the kinetic differences in three types of jumping
movements and their impact on the performance of three types of basketball jump shots
were assessed, as was the role of strength enhancement in reducing injury risk. The
hypothesis of this study was fully supported, as the kinetic parameters of vertical jumps,
lateral jumps, and horizontal jumps all showed significant improvement after augmented
training.

4.1. PTP and Jumping Ability

The research results indicated an increase in the rate of force development (RFD) in the
lower limbs of the experimental group, indicating an improvement in lower-limb explosive
power. The increase in ground reaction force (GRF) suggests that augmented training led
to changes in the muscle structure of the lower limbs, thereby enhancing leg strength. The
increase in lower-limb strength was attributed to augmented training, which scholars have
pointed out leads to changes in muscle structure due to increases in muscle fascicle angle
and length [11]. Additionally, changes in the stiffness of various elastic components, such
as the plantar flexor tendon complex, contribute to this improvement [37]. Another finding
was that PT improves the time to muscle activation [38], which helps to enhance muscle
strength and jumping ability. This indicated an increase in vertical jump height, as well as
lateral and horizontal jump distances [39]. Additionally, many studies have confirmed a
positive correlation between jumping ability and sports performance [40–42]. For example,
a basketball player’s success in rebounding, dunking, and jump shots depends on their
vertical jumping ability [17]. An increase in lateral jumping ability indicates improved
lateral change of direction speed and agility in basketball athletes [43]. PT, specifically
squat rocket jumps, is the best way to enhance horizontal jumping ability [44].

4.2. Analysis of Three Types of Jump Dynamics

This study evaluated the kinetic parameters of three types of jumping movements:
vertical jumps, lateral jumps, and horizontal (step-back) jumps. The analysis did not include
forward horizontal jumps, because forward jumps are directly related to vertical jumps [45],
and, therefore, were not separately explored in this study. All three types of jumps share
the common characteristic of generating vertical force and utilizing the stretch-shortening
cycle [46]. In particular, lateral and horizontal jumps have already been supported by
previous research [47]. This study’s PT supports the effectiveness of lateral and horizontal
jumps, including movements such as the single-leg squat (MSLS), lunge split squat (LRSS),
and bilateral squat (BS), in enhancing change of direction (COD) and. movements related
to jumping. In fact, many basketball movements require the combination of lateral and
horizontal jumps to complete a skill, including the Euro step, crossover, and step-back.
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The more precise the movements and the greater the take-off speed, the better the sports
performance [48].

The height of a vertical jump is lower than the distances of lateral and horizontal
jumps. This is because lateral and horizontal jumps involve horizontal force components
and a horizontal impulse generated by the GRF, resulting in the vertical jump height being
less than the distances of lateral and horizontal jumps. Scholars believe that lateral and
horizontal jumps are more complex than vertical jumps [49]. This is because horizontal
jumps also include vertical components. For example, in basketball, a player performing
a step-back jump shot needs to jump backward (horizontally) and upward (vertically).
Compared to athletes performing a countermovement jump (CMJ), horizontal jumps are
more complex than vertical jumps [50]. Therefore, the results of this study are consistent
with existing literature, as PT led to greater percentage improvements in lateral and hor-
izontal jump shots compared to vertical jump shots. To clarify, this does not mean that
vertical jump training was ineffective for improving horizontal jumps. On the contrary,
incorporating horizontal jump training into PT was more effective than solely focusing on
vertical jump training.

An important finding of this study is that lateral jumps and horizontal (step-back)
jumps both involve horizontal forces. The actual force generated was the R-GRF, and the
force generated at take-off was the T-PRF, resulting in different jump distances. More
specifically, the experimental results showed that the optimal angle range for the take-off
foot in lateral jumps was between 66.1 and 66.8 degrees, while for step-back jumps, it
was between 56.2 and 57.2 degrees. Additionally, the jump height provided by the flight
time calculated for vertical jumps, as well as the distances of lateral and horizontal jumps,
were influenced by the rate of force development (RFD) at take-off and the body’s center
of gravity [51]. Previous research has indicated that RFD is influenced by jump take-off
momentum. Additionally, both jump momentum and sprint momentum contribute to
the take-off momentum during a jump [52]. Horizontal and vertical jump distances are
influenced by Newton’s second law of motion, which involves changes in momentum
(momentum is the product of force and time; ∆p = F·∆t, F = M·a “horizontal”, F = M·g
“vertical”). Increasing the horizontal force reduces the vertical force.

In summary, a 12-week PT intervention led to an increase in GRF (ground reaction
force) in the experimental group, resulting in greater jump take-off momentum. Conse-
quently, this allowed for superior vertical jump height, as well as improved horizontal and
lateral jump distances.

4.3. Kinetic Differences in Three Types of Jumps

Jumping performance is primarily indicated by flight time, jump height, and ground
reaction force GRFP. However, among the three types of jumps (vertical, horizontal, and lat-
eral), the results showed that both horizontal and lateral jumps are influenced by horizontal
forces, indicating the effect of the muscle stretch reflex [53]. Especially, when initiating
horizontal and lateral jumps, the muscles in the lower limbs are activated, generating
muscle force and elastic energy storage [51]. At this point, the muscle force in the lower
limbs is distributed horizontally and laterally, so the take-off force should be calculated as
the resultant force of both vertical and horizontal forces.

Vertical, lateral, and horizontal jumps are related to the stretch reflex. When initiat-
ing the jump with a rapid downward squat, the lower-limb muscles generate increased
momentum, resulting in a greater take-off velocity and jump height [54]. However, the ex-
planations for the stretch reflex in the three types of jumps still show significant differences.
Research indicates that the average eccentric force development in lateral and horizontal
jumps contributes to jump performance [15]. Additionally, vertical jump height is related
to concentric force, as maximum concentric muscle contraction in vertical jumps leads to
better jump height [55]. These findings are relevant to the relationship between lower-limb
muscle strength, RFD, and jump height (or distance) in college-level basketball athletes [56].
Previous studies have shown that vertical forces differ from lateral and horizontal forces,
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due to the different jumping techniques required by different basketball movements, result-
ing in different peak values during evaluation [57]. Based on jump shot techniques, vertical
jumps require the greatest GRF to produce a peak profile. Lateral jumps are influenced by
average lateral eccentric force, resulting in a moderate curve peak. Lastly, the step-back
jump shot involves a backward parallel jump to the previous position, with the shortest
distance and the smallest average eccentric force, resulting in a low curve peak. These
results align with existing scholarly research [58], which suggests that the closer the take-off
angle of lateral and horizontal jumps to vertical, the shorter the distance produced.

Research has also found that the RFD generated by the GRF in lateral and horizontal
jumps varies. This includes movements like the Euro step, crossover, and step-back jump
shot. These differences are mainly influenced by the GRF and the take-off foot’s peak
reaction force (T-PRF), resulting in different rhythms for each step in lateral and horizontal
jumps. Studies have shown that RFD is an important parameter of muscle strength.
The instantaneous jumping ability of basketball athletes is influenced by the RFD of the
quadriceps femoris muscle group, which is the knee extensor muscles [59].

4.4. PT and Sports Injury Prevention

This study’s PTP utilized box jumps, a type of explosive training that involves jump-
ing onto a stable platform or box to enhance athletes’ jumping ability, coordination, and
lower-limb strength [60]. This training is particularly important in basketball, as it effec-
tively enhances players’ performance, both offensively and defensively. The findings also
confirmed that the PTP improved lower-limb strength. This study indicates that athletes
who regularly engage in PT have a lower injury occurrence rate, with the likelihood of
injury ranging from only 0.24 to 1.00 instances per 1000 h of training [61].

Due to frequent jumping and directional changes in basketball, athletes are prone to
both chronic and acute knee injuries, including the risk of developing jumper’s knee [7,8].
For some athletes, the high intensity of plyometric exercises may lead to diminished
effectiveness and an increased risk of injury [62]. Studies indicate that physical stress
during PT can elevate the likelihood of injuries [63]. To mitigate the risk of injury, a 2–3 min
rest between each plyometric exercise has been recommended. Athletes with basic fitness
and strength should aim for eight sets, with an optimal rest period of 48–72 h between
sessions [16]. Additionally, PT can enhance the connection between the nervous and
muscular systems [3], which is crucial for coordinating movements and preventing injuries.
Studies have shown that single-leg hops can help to improve balance and stability in the
ankle joint after a sprain [64]. PT can help athletes to regain specific movement abilities
after an injury. For example, lateral jumps can assist basketball athletes with ankle injuries
in recovering their explosive directional change capabilities [43].

4.5. Integration of PT into Practical Training

The PTP intervention in this study has been effectively translated into practical training
programs [65]. Therefore, coaches should consider the following points: 1. Developing
personalized training plans: Coaches should tailor training plans based on the individual
differences among athletes, such as differences in age, gender, athletic abilities, and fitness
levels [66]. 2. Determining an appropriate training load and frequency: Based on the
research results, coaches should establish an appropriate load and frequency for each
training session to avoid overtraining and injury. 3. Introducing a variety of training
methods: Plyometric training includes various exercises such as bounding, squat jumps,
and vertical jumps. Coaches should design training sessions based on the specific methods
used in research, and should periodically rotate these methods to maintain the novelty and
effectiveness of the training [67]. 4. Conducting regular assessments and feedback: Coaches
should regularly evaluate athletes’ training outcomes, such as measuring jump height,
explosive power, and muscle strength, and should make necessary adjustments based
on the assessment results. Additionally, immediate feedback should be provided to help
athletes to understand their progress and areas for improvement. 5. Educating athletes:
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Coaches should explain the theoretical foundations and practical benefits of plyometric
training to athletes, helping them to understand the purpose and importance of the training.
This will enhance their motivation and focus during training sessions.

By following these specific steps, coaches can effectively apply the principles of
plyometric training to practical training programs, thereby enhancing athletes’ performance
and reducing the risk of injuries.

4.6. Limitations

This study is not without its limitations. Because the participants were male col-
lege basketball players, the results might not be applicable to different sports or female
basketball players. Furthermore, vertical, lateral, and horizontal jumps are considered
fundamental abilities, while vertical jump shots, lateral jump shots, and step-back jump
shots are regarded as sports techniques. When connecting jumping abilities with technical
movements, many potential factors remain, such as ball handling and the proficiency of
technical movements. Additionally, the distance covered in lateral and horizontal jumps
might have been influenced by the athlete’s leg length and flexibility, which could have
increased the jump distance, but not necessarily result in terms of greater force output. Be-
cause this study had a small sample size, the results cannot be broadly generalized. Future
research on these three types of jumps, using different intervention measures, is needed.

5. Conclusions

This study explored the effects of vertical, lateral, and horizontal jumping abilities
on jump shot performance, and evaluated the role of strength enhancement training in
reducing the risk of sports injuries. The findings indicate that various jumping skills
significantly influence jump shot performance, with vertical jump explosiveness and height
positively correlating with shooting accuracy, while lateral and horizontal jumps improve
mobility and reaction speed. Strength enhancement training not only increased lower-
limb strength and stability, but also significantly reduced the incidence of sports injuries,
particularly in the experimental group, in which injury rates were notably lower compared
to the control group. These results suggest that strength training improves lower-limb
muscle strength, coordination, and stability, thus reducing injury risk. Additionally, this
study clearly defined injuries (both acute and chronic), and discussed how these injuries
impact training and performance. Overall, these findings underscore the importance of
integrating both jump and strength training into athlete development programs, providing
valuable theoretical support for coaches to design comprehensive training regimens aimed
at enhancing athletic performance while minimizing injury risk.
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