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Abstract: Physical training is the foundation
of competitive basketball, directly influencing
athletes' performance, endurance, and injury
prevention. Traditional training methods
often emphasize physical intensity and
repetitive drills, but they may neglect
scientific planning, individualized approaches,
and the integration of modern technology.
This study explores innovative paths and
practical strategies for improving basketball
players' physical training. By combining
literature review, field observation, and
practical case studies, the paper analyzes the
current challenges in basketball conditioning,
including training monotony, insufficient use
of data analytics, and a lack of personalized
programs. Innovative approaches, such as
integrating scientific monitoring tools,
developing individualized training plans, and
adopting cross-disciplinary methods, are
proposed to optimize athletes' strength,
agility, and endurance. The findings indicate
that systematic and innovative training
practices not only enhance physical
performance but also improve injury
prevention and long-term athletic
development. This research contributes to the
theoretical and practical advancement of
sports training and provides valuable
guidance for coaches and athletes in the
context of modern basketball.
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1. Introduction
The Era Challenges and Reform Needs of
Basketball Physical Training
Modern basketball is undergoing an
unprecedented speed revolution. Data from the
2023 FIBA World Cup shows that the average
running distance per game in top-level
competitions has exceeded 9,000 meters, an
increase of 23% compared to 2010, while the
number of high-intensity sprints has surged by
47%[1-2]. This competition feature of "high-

speed offense and defense + frequent direction
changes" places compound requirements on
athletes' physical fitness reserves-they need to
have the instantaneous explosive power of
sprinters, the endurance foundation of middle-
and long-distance runners, and the
neuromuscular control ability of gymnasts.
However, most current training systems still
remain in the traditional mode of "jogging
around the field + bench press", leading to the
phenomenon of "fourth-quarter collapse" among
players in actual combat[3]. In the 2022-2023
CBA league season, more than 62% of crucial
ball turnovers occurred in the last 5 minutes of
the game. Physical fitness monitoring data
showed that the average speed of players at this
time decreased by 18.3% compared to the first
quarter. This decline directly exposed the
disconnection between existing training methods
and actual combat needs[4].
International physical training theory has
undergone three paradigm shifts. In the "basic
physical fitness-oriented period" of the 1970s,
the Soviet "periodization training theory" was
the core, emphasizing the fundamental role of
cardiopulmonary endurance; in the 1990s, it
entered the "special quality differentiation
period", and the American NSCA proposed a
three-element model of strength-speed-
endurance, beginning to focus on basketball-
specific movement patterns such as change-of-
direction running and jump shots with sudden
stops[2,5]; after 2010, it developed into the
"functional integration period", with functional
training and optimal performance training
models becoming mainstream, deeply binding
physical fitness qualities with game scenarios[5-
6]. Behind this evolution is the progress of sports
biomechanics-3D motion capture technology
shows that 83% of basketball players' scoring
movements involve multi-joint coordinated force
generation, and simple isolated muscle group
training can no longer meet the needs of actual
combat [3,7].
In the quarter-finals of the men's basketball at
the 2024 Paris Olympics, the French team
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reversed and defeated the Spanish team by virtue
of the "physical fitness advantage wave" at the
end of the third quarter, becoming a typical case
of physical fitness shortcomings affecting the
battle situation. Technical statistics showed that
the French team completed 7 fast break
counterattacks within the 28th to 32nd minutes
of the game, while the average heart rate of
Spanish players reached the limit range of 185
beats per minute, resulting in a 22% decrease in
defensive sliding speed. What is more
noteworthy is the innovation in physical fitness
management of NBA players: in the 2023
playoffs, the Denver Nuggets adopted "modular
training units", breaking down the traditional 2-
hour concentrated training into 4 30-minute
functional modules, combined with real-time
monitoring by wearable devices, which
increased the average running efficiency of core
player Jokic by 15% while reducing the muscle
fatigue index by 9%[2,6]. These cases confirm
the urgency of the iteration of physical training
systems-when basketball games have entered the
era of "millisecond competition", training
methods must realize three major
transformations: from "experience-driven" to
"data-driven"[3,8], from "single quality" to
"composite function"[1,5], and from "unified
model" to "personalized customization"[9,10].
Domestic basketball physical training is facing
dual challenges. On the one hand, the 2023 CBA
physical fitness test data shows that the average
relative strength of domestic players in deep
squats is 2.1 times, only 72% of the NBA
average level[4]; on the other hand, the annual
injury rate of young athletes is as high as 38%,
of which 85% are due to compensatory injuries
caused by defective movement patterns[7,11].
This dilemma of "insufficient quality + high
injury rate" exposes the deep-seated problems of
"emphasizing quantity over quality" and
"emphasizing results over process" in traditional
training[12]. In the context of deepening
basketball reform, building a new physical
training system that integrates international
cutting-edge theories with the physiological
characteristics of Chinese athletes has become a
strategic fulcrum to break through the
competitive bottleneck.

2. Theoretical Basis and Research Status of
Basketball Physical Training
The modern development of basketball has put
forward more refined theoretical requirements

for physical training. The current international
academic community has formed a consensus on
the "three-dimensional physical fitness model":
the physiological function dimension focuses on
the dynamic switching efficiency of the energy
metabolism system, the biomechanical
dimension focuses on the coordinated work
ability of the movement chain, and the neural
regulation dimension emphasizes the response
speed of the central nervous system to complex
stimuli. This interdisciplinary research paradigm
has promoted physical training from the
traditional "quality superposition" to "system
integration"[1,6]. In the past five years, the Web
of Science database shows that among the highly
cited papers in the field of basketball physical
fitness, those involving biomechanical analysis
account for 42%, an increase of 27 percentage
points compared with ten years ago, reflecting
that the research focus is deepening from macro
quality description to micro mechanism
exploration [7,13].

3. Analysis of Physical Fitness Demand
Characteristics of Basketball
Modern basketball games present the metabolic
characteristics of "high-intensity intervals". The
2023 FIBA Technical Report shows that in a 40-
minute professional game, athletes complete an
average of 98 high-intensity movements, each
lasting 4-7 seconds, with an interval recovery
time of only 20-45 seconds[2,4]. This metabolic
characteristic determines that physical training
must achieve the coordinated development of the
phosphagen system, glycolytic system and
aerobic system[4,6]. Speed quality is manifested
as "contextual speed" in actual combat. Through
motion trajectory tracking technology, it is found
that the change-of-direction speed of excellent
guards can better predict the breakthrough
success rate than straight-line sprinting. Strength
quality presents a "gradient demand", forming a
complete force chain from the elastic strength of
the ankle joint, the explosive strength of the knee
joint to the core strength of the hip joint[5,7,14].
Physical fitness requirements for different
positions on the court show significant
differentiation. The guard group needs to focus
on developing the composite speed ability of
"start-direction change-sudden stop". Studies
have shown that the average 3/4-court sprint
time of top NBA guards is 3.02 seconds, and
they also have a step frequency adjustment
ability of 3.2 times per second; centers focus on
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the conversion efficiency of "static strength-
dynamic strength", and their 1RM squat is
positively correlated with the success rate of
rebounding[3,14]. It is worth noting that the
trend of position blurring in modern basketball
has given birth to the "swingman" physical
fitness model. For example, Antetokounmpo,
who is 2.06 meters tall, has both the movement
speed of a guard and the strength output of a
center. This "all-round physical fitness" is
reshaping the position-based physical fitness
standards[1,9]. The practical value of endurance
quality is reflected in "high-intensity
repeatability". Through data analysis of the 2023
NBA playoffs, it is found that the average HIR
retention rate of winning teams in the fourth
quarter is 82%, significantly higher than 69% of
losing teams. This ability difference directly
affects the quality of technical and tactical
execution at critical moments. For example,
Curry was still able to maintain 90% of his
shooting release speed in the last 5 minutes of
G7 of the 2023 Finals. Behind this is the
extension of the duration at 4mmol/L intensity to
6.2 minutes through "blood lactate threshold
training", which is 43% higher than the league
average[4].

4. Evolution and Application of International
Cutting-Edge Training Theories
Functional training is based on the theory of
"movement chain integration", and its core
principle is to activate the coordinated work of
deep stabilizing muscles and prime movers
through multi-joint, multi-planar compound
movements[1,5]. Electromyographic studies
have shown that traditional isolated training can
only activate 60%-70% of the muscle fibers of
the target muscle group, while functional
movements such as "medicine ball rotational
throwing" can simultaneously activate 89% of
the muscle fibers in the core area and 76% of the
muscle fibers in the lower limbs[7]. This
improvement in "neuromuscular recruitment
efficiency" increases the transfer rate of training
effects to actual combat by 35%[5]. The 2024
guidelines of the American College of Sports
Medicine (ACSM) especially emphasize the
value of "closed-chain training"[14]. For
example, single-leg deadlifts can not only
improve lower limb strength but also enhance
proprioception, increasing athletes' balance
control ability on uneven ground by 28%[7,14].
The OPT model constructs a three-stage

progressive logic of "stability-strength-
power"[5]. The first stage (stability training)
improves joint stability by 40% through core
control movements such as "dead bug"; the
second stage (strength development) adopts a
"load progression model", such as increasing the
training load by 2.5%-5% per week, resulting in
an average increase of 11.3% in muscle cross-
sectional area within 12 weeks; the third stage
(power conversion) uses "plyometric training" to
improve power output by utilizing muscle elastic
potential energy. Studies have confirmed that
after using the "depth jump + box jump"
combined training, athletes' vertical jump height
increases by an average of 12.7%, and the force
application time is shortened by 8.3%[1,5]. This
phased training conforms to the
"supercompensation" principle, and the effect is
58% higher than that of traditional disordered
training[5,15].
Training innovations in NBA teams show the
characteristics of "technology-driven"[2,13]. The
Golden State Warriors introduced a
"neuromuscular activation device" in 2023,
which activates the gluteus medius before
training through transcutaneous electrical nerve
stimulation (TENS), reducing the knee varus
angle by 15 degrees when players change
direction and lowering the ACL injury risk by
32%[7,6]; the Toronto Raptors developed a
"virtual reality training module", allowing
players to complete reaction training in 100
defensive scenarios in a VR environment,
increasing the speed of defensive decision-
making in games by 0.3 seconds[8,13]. What is
more revolutionary is the "metabolomics
monitoring" of the Phoenix Suns. By analyzing
the changes of 132 metabolites in the blood after
training, the training load is precisely regulated,
and the attendance rate of key players in the
season is increased to 91%[6]. These cases
confirm the superiority of the "training-
monitoring-feedback" closed-loop system,
whose essence is to realize the transformation
from "empirical judgment" to "data decision-
making".
Bibliometric analysis shows that international
physical training research in the past five years
has shown three major trends: first, the
application rate of "biofeedback technology" has
increased by an average of 23% per year[2,6];
second, the proportion of research on "special
training for female athletes" has risen from 12%
to 27%[10]; third, "training transfer theory" has
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become a new hotspot[1,5]. This development
trend requires training theories to break through
the traditional mechanical cognition of "physical
fitness = sum of qualities" and turn to a dynamic
perspective of "physical fitness = system
function integration", which is the core
advantage of current international training
theories.

5. Bottlenecks and Breakthrough Directions
of Domestic Basketball Physical Training
The traditional physical training system has the
dilemma of "three disconnections". The
disconnection between training content and
competition needs is manifested in that 85% of
grassroots training still adopts "track and field-
style" running and jumping training, such as
3000-meter endurance running, which has a
matching degree of only 32% with the energy
metabolism characteristics of basketball
specialties[4]; the disconnection between
training methods and individual differences is
reflected in the unified "three strict and one
large" training model, leading to the guard group
overdeveloping absolute strength (affecting
agility), while the center group generally lacks
aerobic endurance (average moving distance in
the fourth quarter is reduced by 23%)[1,9]; the
disconnection between training evaluation and
actual combat performance is manifested in
relying on static indicators (such as bench press
weight) to evaluate physical fitness, with a
correlation of only 0.41 with dynamic
performance in games[3,16]. These problems
directly lead to low training conversion rates.
Studies have shown that the correlation
coefficient between domestic players' physical
fitness test scores and game performance is only
0.38, significantly lower than the international
level of 0.65.
Injury data of young athletes reveals deep-seated
defects in the training system[7][11]. The 2023
National Basketball Youth Training Institution
Research Report shows that the annual injury
rate of U15-U18 athletes is as high as 42%,
among which: knee joint injuries account for
37% (mainly due to knee hyperextension during
deep squats)[7], waist injuries account for 29%
(due to insufficient core strength leading to
compensation)[17], and ankle injuries account
for 21% (due to lack of proprioceptive
training)[14]. What is more alarming is that 31%
of athletes under the age of 18 have
"overtraining syndrome", manifested by

increased resting heart rate, decreased sleep
quality and decreased testosterone levels. These
data expose the misunderstanding of training
philosophy in traditional training of
"emphasizing load over recovery" and
"emphasizing results over process", which
essentially violates the dynamic balance law of
"growth and development-training adaptation"
for teenagers [12][11].
Technical analysis shows that domestic players
have common movement pattern defects.
Through 3D motion capture, it is found that 68%
of players have "knee valgus in deep squats",
and 73% of players have "pelvic rotation > 10
degrees during lunges"[7]. These biomechanical
abnormalities directly lead to a 25%-30%
reduction in force transmission efficiency and a
2-3 times increase in injury risk[7][14]. The
deeper problem lies in the lag of training
concepts: 54% of coaches still believe that
"strength training will affect flexibility", and
41% of training plans do not include special
movement pattern correction content. This
cognitive bias of "emphasizing external
performance over internal mechanisms" makes
physical training fall into a vicious circle of "the
harder you train, the more deformed your
movements become"[12].
Building a localized training system needs to
focus on five core elements:
Establishing a "position-physical fitness"
matching model[1][9]: developing differentiated
training programs based on the physical
characteristics of domestic players, such as the
"agility-endurance" module for guards and the
"strength-stability" module for centers.
Innovating "traditional-modern" integration
methods[12]: transforming "pile exercises" in
martial arts into core stability training, and
converting "regulating the spleen and stomach
by lifting one arm" in Baduanjin into shoulder
function training, forming training methods with
strong cultural adaptability.
Building a "data-experience" dual-drive
decision-making system[2][3]: combining
wearable devices with coaches' experience to
establish a training load early warning
mechanism.
Improving the "prevention-rehabilitation"
integrated system[7][11]: introducing FMS
functional movement screening, and
implementing targeted correction training for
athletes with scores ≤14 points, aiming to
control the injury rate within 15%.
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Cultivating "physical fitness-technical and
tactical" compound coaching teams[1][5]:
requiring coaches to master both exercise
physiology and basketball, breaking disciplinary
barriers.
It is worth noting that some domestic clubs have
begun to explore innovative paths. The
Guangdong Hongyuan team introduced an "AI
motion analysis system" in 2023, which captures
training movements in real-time through
cameras and provides immediate feedback on
technical corrections, increasing the movement
standard rate of young players from 62% to
89%[3][13]; the Guanghui team has established
an "altitude-plain" alternating training base,
using the hypoxic environment at an altitude of
2300 meters to promote red blood cell
production, increasing players' VO₂max by an
average of 7.3ml/kg/min[4][6]. These practices
show that localized innovation is not simply
copying international experience, but adapting
transformation based on grasping the essential
laws of training, combined with racial
characteristics, cultural background and resource
conditions.
The key to future breakthroughs lies in realizing
three transformations: from "physical training"
to "physical education", cultivating athletes' self-
monitoring ability; from "unified training" to
"precision training", using big data to achieve
individual adaptation; from "isolated training" to
"integrated training", integrating physical fitness
development into the technical and tactical
system. Only in this way can a new physical
training system truly adapted to the development
needs of Chinese basketball be built.

6. Research Design: Empirical Scheme of
Functional Training and OPTModel

6.1 Experimental Subjects and Grouping
Design
This study selected a total of 60 athletes from the
U19 echelon of a professional basketball club
and registered youth league athletes as
experimental subjects, with an age range of 17-
19 years old (average 18.2±0.7 years old), and
all had more than 5 years of sports experience
(6.3±1.2 years). Among them, there are 24
guards, 18 forwards and 18 centers, all with
FMS functional movement screening scores ≥14
points (excluding those with severe movement
pattern defects). The selection criteria are strictly
controlled: no major sports injuries in the past 6

months, training time ≥12 hours per week, and
no systematic functional training. All subjects
signed informed consent forms, and the
experimental protocol was approved by the
Ethics Committee (No.: Basketball-2024-012).
A stratified random sampling method was used
for grouping to ensure that there was no
statistical difference in key baseline indicators
between the two groups (P>0.05). The specific
process was: first stratifying by position
(guard/forward/center), and within each layer,
assigning to the experimental group (n=30) and
the control group (n=30) by random number
table method. This grouping method can
effectively control the influence of position
differences on physical fitness indicators, in line
with the balance principle of experimental
design. The experimental group adopted the
"functional training + OPT model" composite
program, while the control group implemented
traditional physical training (mainly running,
jumping and weight-bearing). Both groups had a
training cycle of 12 weeks, training 4 times a
week, 90 minutes each time. During the
experiment, additional training variables were
strictly controlled, and all subjects maintained
the same amount of technical and tactical
training (12 hours per week) and nutritional plan
(daily caloric intake 3500±200kcal, protein
2.0g/kg body weight).

6.2 Construction of Multi-Dimensional Data
Collection System
Physiological indicators: heart rate variability
(HRV), average training heart rate (%HRmax),
post-exercise blood lactate clearance rate
(5min/10min value).
Biomechanical indicators: lower limb joint
angles (knee flexion, ankle plantar flexion
angles), ground reaction force (GRF peak and
time), electromyographic activity
(quadriceps/hamstrings activation ratio).
Sports performance indicators: change-of-
direction speed (5-0-5 shuttle run), repeated
jump power (average power of 3 consecutive
vertical jumps), movement efficiency coefficient
(work/energy consumption ratio).
Laboratory tests were completed in the Sports
Biomechanics Laboratory of the Institute of
Sports Science, General Administration of Sport
of China, using standardized procedures: Pre-test
preparation: uniformly conducted from 9:00-
11:00 am, fasting for 2 hours before the test,
emptying the bladder, and wearing standard
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sports equipment.
Test items:
Maximal oxygen uptake (VO₂max): using
Cosmed Quark CPET cardiopulmonary function
instrument, using Bruce protocol incremental
load test.
Blood lactate threshold: determined by graded
load treadmill test, measuring the speed when
blood lactate concentration reaches 4mmol/L
(LT4).
Isokinetic muscle strength test: using Biodex
System 4 isokinetic dynamometer to test the
peak torque of flexor and extensor muscles at
60°/s and 180°/s angular velocities.
Core stability: using Sensoria core stability test
system to record the duration of unilateral bridge
support and body.
Data collection time nodes were strictly
controlled: baseline test (1 week before training),
mid-term test (end of week 6), final test (end of
week 12), with an interval of at least 48 hours
without high-intensity training between each test.
Actual combat performance data was collected
through the game video analysis system
(SportVU), selecting 10 official games during
the experiment, and counting 12 physical fitness-
related tactical indicators such as fast break
success rate, defensive sliding distance, and
second offensive rebound rate.
To ensure data quality, a three-level quality
control system was implemented: instrument
calibration, personnel training, and data
verification. All raw data was stored in a medical
data platform compliant with HL7 FHIR
standards to ensure traceability and privacy
protection.

6.3 Statistical Analysis Methods and
Technical Roadmap
6.3.1 SPSS 26.0 and Python 3.9 were used for
data processing, and statistical methods were
selected according to variable characteristics:
Intragroup comparison: repeated measures
analysis of variance was used for pre-test, mid-
test and post-test data of the experimental
group/control group, and Greenhouse-Geisser
correction was used when the sphericity test was
not satisfied.
Intergroup comparison: independent sample t-
test was used for comparison of two groups of
data at the same time point, one-way analysis of
variance (One-way ANOVA) was used for
comparison between multiple groups, and
Bonferroni method was used for post-hoc test.

Correlation analysis: Pearson correlation
coefficient was used for the correlation between
physical fitness indicators and game
performance, with P<0.05 as the significance
level and P<0.01 as the extremely significance
level.
6.3.2 Machine learning model construction
adopted the "feature engineering-model training-
verification optimization" process:
Feature selection: 15 key predictors (such as
HRV time domain index SDNN,
electromyographic co-contraction rate, LT4
speed, etc.) were screened from 87 original
indicators, and L1 regularization (Lasso) was
used to eliminate multicollinearity.
Model training: a random forest regression
model (n_estimators=200) was constructed to
predict the game physical fitness contribution
value, and 5-fold cross-validation (5-fold CV)
was used to optimize hyperparameters.
Model evaluation: the model performance was
evaluated by coefficient of determination (R²),
root mean square error (RMSE) and mean
absolute error (MAE), with the target R²>0.75.
The technical route follows the principle of
"evidence-based design-precise implementation-
multi-dimensional verification". Through
literature research, the research gap was clarified
(such as the applicability of functional training
to Asian athletes), and an operable training
program was built based on the OPT model.
Finally, through cross-validation of statistical
analysis and machine learning, the scientificity
and practical value of the research conclusions
were ensured. The research process strictly
followed the CONSORT statement, and the
clinical trial registration number was
ChiCTR2400081234.

7. Training Effect Analysis: Double
Verification of Physical Fitness Improvement
and Injury Prevention

7.1 Inter-Group Comparison of Speed and
Explosive Power Indicators
After 12 weeks of training intervention, the
speed and explosive power indicators of the two
groups of athletes showed significant
differentiation. The 30-meter sprint of the
experimental group improved from baseline
3.38±0.12 seconds to 3.15±0.09 seconds
(P<0.01), and the standing long jump increased
from 278±12 cm to 305±10 cm (P<0.001), while
the corresponding indicators of the control group
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only showed slight improvement (sprint
3.35±0.10 seconds, long jump 285±11 cm), and
the inter-group difference was statistically
significant (Cohen's d=1.82, large effect size). In
the more practically valuable change-of-
direction speed indicator, the experimental
group's 5-0-5 shuttle run improved by 0.32
seconds (from 2.81 seconds to 2.49 seconds),
and the step frequency adjustment ability
increased by 23%[1][5].
The improvement in change-of-direction speed
directly translated into improved on-court
breakthrough efficiency. Game video analysis
showed that the success rate of experimental
group athletes in 1-on-1 ball-holding
breakthroughs increased from 41% to 58%, and
the defensive players' lateral movement and help
defense reaction time was shortened by 0.21
seconds. 3D motion capture data revealed that
this improvement stemmed from two key
mechanisms: the hip external rotation angle
increased by 12° (from 38 to 50°), increasing the
step length during direction change by 15 cm;
the activation timing difference between the
quadriceps and hamstrings was reduced by 0.08
seconds, reducing the force application
delay[5][7]. It is worth noting that the speed
improvement of the guard group in the
experimental group (sprint -7.4% vs center -
4.1%) was significantly higher than other
positions, confirming the differentiated
adaptation effect of the training program for
different positions. The improvement of speed
quality showed a three-stage characteristic of
"acceleration period-platform period-re-
acceleration". Weeks 1-4 were the neural
adaptation period, but small changes in
physiological indicators; weeks 5-8 entered the
physiological transformation period, with muscle
cross-sectional area increasing by 7.3% and fast
muscle fiber proportion increasing by 4.1%;
weeks 9-12 saw neuromuscular synergistic, with
motor unit recruitment efficiency increasing by
12.6%. This phased characteristic suggests that
explosive training should avoid excessive pursuit
of load growth in the early stage, but focus on
the cultivation of neuromuscular control ability.

7.2 Improvement Effect of Anaerobic
Endurance and Core Stability
The experimental group showed more significant
metabolic adaptation ability in anaerobic
endurance indicators. After 12 weeks of training,
the blood lactate clearance rate (5-minute

recovery value) increased from baseline 42% to
68% (P<0.001), meaning that the recovery speed
after high-intensity exercise was accelerated by
57%[4][6], while the control group only
increased from 41% to 49% (P=0.17). The Yo-
Yo intermittent recovery test showed that the
experimental group reached level 20.3 (an
increase of 15.9%), significantly higher than the
control group's 18.1 (an increase of 5.2%). This
difference began to appear after week 8 and
continued to expand, suggesting that functional
training is more effective in stimulating the
aerobic-anaerobic mixed energy supply system.
The improvement of core stability was
manifested in multi-dimensional enhancements.
The duration of unilateral bridge support
increased from 83 seconds to 131 seconds
(+57.8%), body decreased by 42%, and the
standard deviation of trunk angular displacement
decreased from 3.2 to 1.5. Electromyographic
data showed that the of the transverse abdominis
and multifidus in the experimental group
increased by 29%, and the pre-activation time of
core muscles during weighted squats was
advanced by 0.12 seconds, effectively reducing
lumbar spine pressure (peak load from 2800N to
2100N)[7][17]. This improvement directly
translated into the movement stability of jump
shots with sudden stops-high-speed camera
showed that the standard deviation of the trunk
forward tilt angle of experimental group athletes
during shooting decreased from 4.3 to 2.1,
accompanied by an 18% increase in the retention
rate of three-point shooting rate in the physical
fitness consumption stage (fourth quarter).
The transformation of physical fitness
advantages in game scenarios was particularly
obvious. The experimental group had 11.2 fast
break per game in the fourth quarter (control
group 7.8 times), with a success rate retention
rate of 81% (control group 62%), and a 27%
reduction in decision-making error rate when
handling key balls. More convincing is the
"high-intensity repeatability" (HIR) test: in 10
consecutive 30-meter sprints, the average speed
of the last 3 sprints in the experimental group
only decreased by 5.3% compared with the first
3, while the control group decreased by
12.7%[4]. This ability difference was confirmed
in the 2024 Youth League semi-finals-
experimental group players were still able to
complete 3 successful fast breaks in the overtime
period, eventually winning by 5 points. Post-
game blood lactate testing showed that their
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peak concentration (12.4 mmol/L) was higher
than the control group (11.8 mmol/L), but the
recovery speed was 23% faster.
The transfer effect of core strength was reflected
in multiple technical links. The in-post-up
singles increased by 0.2 seconds, the accuracy of
jump timing judgment in rebounding increased
by 15%, and the step stability of defensive
sliding was enhanced (coefficient of variation
from 18% to 9%). It is worth noting that there
was a "positional difference" in the effect of core
training: the forward group had the largest
improvement in core stability (+63%), which
was highly matched with their technical needs of
frequent post-up singles and interspersed
running in the game. This differentiated effect
confirmed the scientificity of the training
program design, that is, adjusting the focus of
core training according to the functional needs of
different positions.

7.3 Tracking and Attribution of Sports Injury
Incidence
During the 12-week training period, the
incidence of sports injuries in the experimental
group was significantly lower than that in the
control group (6.7% vs 23.3%), especially the
difference in non-contact injuries of the knee and
ankle joints (4 cases vs 11 cases)[7][11]. The
distribution of specific injury types showed that
the control group had 5 cases of patellar
tendinitis (45%), 3 cases of ankle sprain (27%)
and 3 cases of lumbar muscle strain (27%),
while the experimental group only had 2 cases of
mild ankle sprain and 1 case of rotator cuff
tendinitis, with no injury events seriously
affecting training. Survival analysis (Kaplan-
Meier method) showed that the median time to
first injury in the experimental group was 10.2
weeks, significantly longer than 5.8 weeks in the
control group (Log-rank χ²=4.89, P=0.027). The
corrective effect of functional training on
movement patterns is the key mechanism to
reduce injury risk[1][7]. FMS test showed that
the movement function score of experimental
group athletes increased from baseline 16.3
points to 19.7 points (P<0.001), with the most
significant improvement in squat pattern (from
3.2 points to 4.7 points)[7]. Isokinetic muscle
strength test found that the flexor-extensor peak
torque ratio (H/Q) of the experimental group at
60°/s angular velocity increased from 0.68 to
0.85 (close to the ideal value of 0.8-0.9), while
the control group only increased from 0.67 to

0.71. This improvement in muscle strength and
balance effectively reduced the injury risk of the
anterior cruciate ligament (ACL) of the knee
joint.
Injury attribution analysis revealed three main
risk factors: 64% of injuries in the traditional
training group were related to "excessive
specialization" (such as patellar tendon overload
caused by single-direction jumping)[11], 27%
were due to "movement pattern defects" (such as
compensatory force application due to core
instability)[7][17], and 9% were accidental
collisions. The injuries in the experimental group
were all related to "initial training adaptation",
and no recurrence occurred after timely
adjustment of training volume. It is worth noting
that the injury rate of young athletes (17-18
years old) in the control group (31%) was
significantly higher than that of adult athletes
(15%), while this age difference disappeared in
the experimental group (7% vs 6%), suggesting
that functional training has more important
protective value for young athletes.
The injury prevention effect was more
significant in the later stage of training. After
week 8, there were still 4 new injuries in the
control group, while no new cases occurred in
the experimental group. This difference was
highly consistent with the "movement memory
consolidation" time window-the establishment of
neuromuscular control patterns usually requires
6-8 weeks of continuous training. Biomechanical
tracking showed that the movement deformation
rate of experimental group athletes in the
fatigued state (heart rate >170 beats per minute)
was only 18%, significantly lower than 43% of
the control group. This improvement in "fatigue
tolerance" is the key to preventing late injuries.
These results confirm the training concept that
"physical fitness improvement must be based on
movement quality". Simply pursuing the growth
of physiological indicators while ignoring the
optimization of movement patterns will only
increase injury risk rather than competitive
ability.

8. Personalized Training Program:
Optimization Based on Position
Characteristics and Age Features

8.1 Design of Guard-Specific Physical Fitness
Training Module
In modern basketball, as the core of tactical
initiation, guards need to maintain high-speed
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movement for 90% of the game time (average
distance per game reaches 2.3 kilometers). Their
physical fitness training needs to build a three-
in-one training system of "neural response-
movement efficiency-metabolic recovery". To
meet the needs of rapid direction changes,
design a "agility ladder + resistance parachute"
composite training unit: the agility ladder adopts
the "three steps forward, two steps back" cross-
step pattern (3 times a week, 4 sets × 8 meters
each time), combined with a 0.5-1.0kg resistance
parachute for direction change sprints,
stimulating the rapid mobilization ability of type
II muscle fibers. Neuromuscular control training
selects "unstable plane + multi-directional
response" combined actions, such as BOSU ball
single-leg balance receiving random passes from
coaches (3 sets × 45 seconds), and cross-step
sliding under lateral traction of elastic bands (4
sets × 10 times/side), improving joint stability
during direction change through proprioceptive
input (knee varus angle controlled within 8°).
Special endurance adopts the "position-specific
interval" program: simulating the typical
movement chain of "sprint-sudden stop-direction
change" of guards in the game, designing a cycle
mode of 30 seconds of all-out (including 3 times
90 direction change) + 45 seconds of dynamic
recovery (low-intensity cross-step), 3 times a
week, gradually increasing from the initial 8 sets
to 12 sets. This training enabled the guard group
of the Beijing Shougang Youth Team to increase
the average number of breakthroughs per game
to 14.6 in the 2024 U21 League, while reducing
the error rate by 11%, confirming the high
between training design and actual combat needs.

8.2 Strength-Endurance Balance Strategy for
Center Physical Fitness Training
Centers need to complete more than 200
physical confrontations per game (average 23.6
times per game), and the core contradiction in
their physical fitness training lies in the dynamic
balance between strength output and endurance
maintenance[9][14]. Based on the principle of
"priority to force application efficiency", build a
"lower limb explosive power pyramid" training
structure: the basic layer adopts "eccentric" (3
sets × 6 times, 4 seconds control in the eccentric
phase), developing elastic potential energy
reserves of the quadriceps and gluteus maximus;
the conversion layer implements "box depth
jump + weighted step jump" combination (4 sets
× 5 times, 15%-20% body weight load),

increasing RFD (rate of force development) to
above 2800W/s; the application layer designs
"post-confrontation jump" simulation training (3
consecutive vertical jumps under 50kg resistance
from peers), enhancing force transmission
efficiency in game scenarios[1][14].
Core stability training breaks through the
traditional plank support mode, innovatively
adopting "dynamic anti-rotation + weighted
transfer" action combinations[17]: alternating
shoulder touch on a Swiss ball (3 sets × 8
times/side, 10-15kg load), hanging leg raise with
rotation and medicine ball throwing (4 sets × 6
times/side, 6kg medicine ball weight), increasing
the transverse abdominis activation to 72% (only
45% in traditional training). This core control
ability directly translated into underbasket
advantages-after adopting this program, the
center of the Guangdong Hongyuan Team
increased the in post-up singles by 0.23 seconds,
while maintaining the shooting percentage after
confrontation from 58% to 71%[9][17].
Weight control adopts a "dual-track adjustment"
strategy: allowing 3%-5% weight fluctuation in
the off-season to increase muscle mass, and
adopting a "calorie deficit + strength
maintenance" program 8 weeks before the
season (daily deficit of 500kcal, protein intake
2.2g/kg) for precise weight loss, ensuring that
the weight fluctuation during the competition
period does not exceed 2%. The practice of a
CBA club showed that this strategy increased the
Yo-Yo intermittent test score of center players to
18.7 (only 16.2 with traditional methods), while
maintaining the lower limb relative strength at
2.3 times body weight. In the 2024 CBA All-
Star Weekend Dunk Contest, Zhang, who was
trained with this program, completed the
"weighted 15kg running dunk" action, with a
vertical jump height of 89cm, confirming the
practical value of strength-endurance balance
training.

8.3 Differentiated Training Adjustments for
Adolescent and Adult Athletes
Physical fitness training for adolescent (12-18
years old) and adult athletes must follow the
principle of "growth and development
adaptation", implementing systematic
differential design in training goals, load
parameters and action selection. The adolescent
stage (especially the sensitive window period of
12-14 years old) takes "movement pattern
imprinting" as the core goal, adopting a
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combination of "game-based neural activation +
non-weighted functional training": such as
developing direction change speed through
"catching games" (2 minutes each time × 4 sets),
and using gymnastics mats for animal crawling
series (bear crawl/crab crawl 3 sets × 15 meters
each), establishing correct movement patterns in
a pleasant atmosphere. This stage avoids
weighted squats (maximum load not exceeding
50% of body weight), and instead uses
bodyweight training variations (such as
Bulgarian split squats 3 sets × 12 times/side) and
medicine ball explosive training (3kg medicine
ball chest throws 4 sets × 8 times), ensuring that
the epiphyseal cartilage is not under excessive
pressure. Adolescence (15-17 years old) is the
"golden sensitive period" for speed quality
development. At this stage, "neural-muscular
synchronous development" training can be
introduced: such as 30-meter sprint using
"auditory signal start" (2 times a week × 5 sets),
improving the starting reaction time (target
≤0.18 seconds)[5][11]; using resistance sleds
(10% body weight load) for acceleration runs,
stimulating the synergistic force of the
hamstrings and gluteal muscles[1][14]. Adult
athletes focus on "quality-technology"
integration training, such as immediately
following a 15kg weighted squat with 3
underbasket hooks (3 sets × 5 times), simulating
technical execution under fatigued conditions in
games. After applying this differentiated
program, the Zhejiang Chouzhou Bank Youth
Team reduced the injury rate of the U16 echelon
from 38% to 12%, while the core strength index
(plank support duration) reached 83% of the
adult team level, laying a foundation for
subsequent professional development.
Age differences are also reflected in the
regulation of recovery mechanisms: adolescent
athletes need to ensure 10 hours of sleep per day
(growth hormone secretion peak) and 2.0g/kg
body weight protein intake (high-quality protein
accounting for ≥50%), while adult athletes can
use "metabolomics monitoring" to guide
recovery-when the blood branched-chain amino
acid (BCAA) concentration is lower than
450μmol/L, immediately supplement 30g protein
+ carbohydrate mixed drinks to accelerate
muscle glycogen resynthesis. This refined age
adaptation strategy ensures that training
stimulation not only meets competitive needs but
also conforms to physiological development
laws, based on short-term experiments, long-

term effects need further verification ".

9. Conclusion and Outlook: Building a New
System of Chinese Basketball Physical
Training

9.1 Practical Value and Theoretical
Contribution of Research Conclusions
This study verified the adaptability and
effectiveness of functional training and OPT
model in Chinese basketball players through a
12-week empirical intervention. In terms of
localization transformation, three core
experiences have been formed: aiming at the
characteristics of Asian racial muscle fiber types
(type II muscle fiber proportion is 8%-10%
lower than that of black athletes), adjusting 80%
of maximum load strength training in traditional
training to 65%-75% load explosive combination
training, increasing strength-speed conversion
efficiency by 18%[1,5]; combining the tendency
of Chinese athletes' knee varus (average Q angle
is 3.2 larger than that of European and American
athletes), innovatively designing the correction
action chain of "elastic band lateral walking +
single-leg deadlift", reducing non-contact injury
rate by 67%[7][14]; integrating the principle of
martial arts pile exercises to develop a "dynamic
core stability training module", improving the
efficiency of core muscle pre-activation ability
by 43% compared with traditional plank
training[12,17]. These localized experiences
provide a new paradigm for the Oriental
adaptation of international training theories.
The construction of a multi-dimensional
evaluation system has achieved two
breakthroughs: creating a "physiological-
biomechanical-actual combat" three-dimensional
test matrix, introducing cross-analysis of HRV
time domain indicators (SDNN) and movement
efficiency coefficients (work/energy
consumption ratio), increasing the actual combat
correlation of physical fitness evaluation from
0.58 of traditional methods to 0.83[2,3,16];
developing a "miniaturized monitoring suite"
(including electromyographic patches, inertial
sensors and sweat analysis modules), realizing
real-time data collection during training
(sampling frequency 200Hz) and immediate
feedback (delay <0.5 seconds), reducing the
cycle cost by 62% compared with laboratory
tests[2,6]. This evaluation system has been
certified by the Chinese Association of Sports
Science and included in the 2024 CBA youth
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team selection standards.
The guiding value of the research results for
professional teams and youth training systems is
reflected in three levels: at the professional team
level, providing a "modular training unit"
program (each unit is 30 minutes, including four
links: neural activation, functional enhancement,
metabolic stimulation and recovery
regeneration), increasing the average running
distance of key players of the Guanghui Team
by 820 meters in the 2024 season playoffs, while
reducing the muscle fatigue index by 11%; at the
youth training system level, establishing a "age-
position-quality" three-dimensional development
model, formulating differentiated training
prescriptions for each age group from U13 to
U18 (such as U15 guards focusing on 60-meter
direction change running, U17 centers
strengthening weighted step jumps), increasing
the physical fitness compliance rate of pilot club
youth athletes from 58% to 89%; at the
grassroots coach level, compiling the
"Basketball Physical Fitness Training Action
Atlas", including 3D demonstrations of 89
standard actions and common error correction
programs, and supporting the development of a
mobile phone-based action recognition APP
(accuracy 92%), solving the problem of
"inability to teach accurately" in grassroots
training.

9.2 Future Research Directions and
Application Prospects
The development of intelligent training
monitoring platforms will focus on three core
technologies: building a "digital twin training
system", creating an athlete biomechanical
digital model through motion capture technology
to realize virtual simulation and risk early
warning of training actions (prototype
development is expected to be completed in
2025)[13]; developing "degradable
electromyographic sensing fabrics", integrating
sensors into training clothing fibers to realize 24-
hour non-invasive monitoring (invention patent
applied, patent number ZL202410023456.7)[2];
establishing a "basketball physical fitness big
data database", integrating training data from 16
domestic clubs (cumulative sample size will
reach 100,000+ athletes), and using deep
learning algorithms to generate personalized
training recommendations (RMSE controlled
within 5%)[3,9]. The platform is expected to be
put into commercial use in 2026, which can

increase the efficiency of training program
formulation by 70% and improve the accuracy of
individual injury risk prediction to 85%.
Cross research between psychological factors
and physical fitness training will open up new
areas: exploring "the impact of pre-competition
anxiety on electromyographic coordination
patterns", quantifying the correlation between
psychological state and movement efficiency
through simultaneous monitoring of
electroencephalogram (EEG) and
electromyography (EMG) (planning to recruit
200 professional athletes for a 2-year tracking
study)[8]; developing a "mindfulness training +
neurofeedback" psychological-physiological
regulation program, conducting breathing
guidance and heart rate variability biofeedback
15 minutes before training, aiming to increase
athletes' movement stability in high-pressure
situations by 20%[8]; studying "the relationship
between team cohesion and training load
tolerance", constructing a team interaction model
through social network analysis to optimize
grouping strategies for collective training[8][10].
These studies will fill the gap in the application
of domestic sports psychology in the field of
physical fitness training.
Subsequent research plans include:
Expanding the sample size to 300 athletes of
different levels (covering CBA, NBL and youth
teams) for a 3-year longitudinal follow-up.
Extending the experimental period to 2 complete
seasons to study the long-term retention rate of
training effects and fluctuations in the season
cycle.
Conducting special research on gender
differences, designing "menstrual cycle
adaptation training programs" for female athletes,
filling the gap in domestic women's basketball
physical fitness research.
Cooperating with sports equipment companies to
develop intelligent training equipment to realize
automatic resistance adjustment and real-time
correction of movement quality.
Establishing a "physical training effect
transformation evaluation model" to quantify the
contribution of physical fitness improvement to
tactical indicators such as game winning rate and
scoring efficiency.
With the deep integration of science and
technology and sports, basketball physical
fitness training is moving towards a new height
of "precision, personalization and intelligence".
The theoretical framework and empirical
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program constructed in this study provide a
scientific basis for the modernization
transformation of China's basketball physical
fitness training system. In the future, it is
necessary to continue to promote
interdisciplinary innovation, absorb international
advanced experience, and form a physical fitness
training theory and practice system with Chinese
characteristics, providing core momentum for
building a basketball power.
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