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Abstract
Background 
and Study Aim

Basketball is characterized by high-intensity, intermittent efforts that require rapid transitions 
between aerobic and anaerobic metabolism. Monitoring physiological responses across training 
intensities is essential to optimize conditioning strategies, manage workloads, and improve player 
performance. The purpose of this study was to determine the effect of training with differentiated 
intensity on the complex cardiovascular and respiratory responses of female basketball players.

Material and 
Methods

Thirty-two female university-level basketball players (age: 24.1 ± 3.4 years; height: 156.4 ± 6.2 
cm) with ≥5 years of structured training participated. Four controlled training conditions were 
randomized: mostly aerobic, mixed aerobic–anaerobic, anaerobic glycolytic, and anaerobic 
alactate drills. Heart rate (HR) was continuously monitored using the Sunfox Spandan Pro 
electrocardiography (ECG) system. Expired gases were analyzed via Douglas bags and a calibrated 
gas meter to determine oxygen consumption (VO₂), carbon dioxide production (VCO₂), pulmonary 
ventilation (VE), oxygen pulse, and oxygen debt. Data were analyzed using repeated measures 
analysis of variance (ANOVA), multivariate analysis of variance (MANOVA), Bonferroni post-hoc 
tests, Pearson correlations, intraclass correlation coefficients (ICC), and linear regression modeling.

Results  Progressive increases in VO₂, HR, VE, and oxygen debt were observed from aerobic to anaerobic 
glycolytic drills (p < 0.001). Effect sizes were medium to large (η² = 0.39–0.52). Post-hoc analysis 
revealed significantly greater VO₂ and HR during anaerobic glycolytic drills compared to aerobic 
and mixed drills (Cohen’s d > 0.80). MANOVA confirmed significant multivariate differences (Wilks’ 
Lambda = 0.42, p < 0.001). VO₂ correlated strongly with HR (r = 0.81) and VE (r = 0.76). Regression 
modeling indicated that HR and VE explained 68% of VO₂ variance, while ICCs (>0.85) confirmed 
measurement reliability.

Conclusions Controlled basketball drills elicit distinct physiological responses depending on intensity. 
Anaerobic glycolytic efforts produce the highest demands. HR and VE provide reliable predictors 
of VO₂ and offer practical tools for field-based monitoring. However, the controlled design may not 
fully capture the unpredictability of live competition. This highlights the need for complementary 
training approaches that integrate situational and tactical elements.

Keywords: basketball training, exercise intensity, oxygen consumption, heart rate monitoring, pulmonary 
ventilation

Introduction 
Basketball is a physically demanding team sport 

that combines rapid movements, frequent changes 
of direction, and repeated high-intensity efforts 
within limited recovery periods. These dynamic 
requirements place considerable stress on both the 
cardiovascular and respiratory systems, making 
their coordinated function essential for sustaining 
performance. The ability of athletes to efficiently 
adapt to varying exercise intensities determines 

their endurance, recovery capacity, and overall 
game effectiveness, reflecting the complex interplay 
between aerobic and anaerobic energy systems.

Contemporary basketball has evolved into a 
highly demanding sport characterized by frequent 
high-intensity movements, rapid directional 
changes, and complex physiological demands 
that challenge traditional training approaches 
[1, 2]. Recent systematic reviews have identified 
that basketball players perform numerous 
explosive actions during competition, requiring 
integrated training strategies that address multiple 
performance components simultaneously [3]. The 
sport’s dynamic nature, involving rapid transitions 
between offensive and defensive actions, creates 
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unique physiological challenges that must be 
addressed through evidence-based training 
methodologies [4, 5]. The physiological demands 
of modern basketball have been extensively 
documented through time-motion analysis studies, 
revealing that players engage in high-intensity 
activities for approximately 34–40% of game time, 
with work-to-rest ratios varying significantly based 
on playing position and competitive level [2]. 
Heart-rate responses during basketball competition 
confirm its intermittent, high-intensity profile: 
players commonly operate at ≥85–90% HRmax for 
large portions of play, with peaks often approaching 
or exceeding ~190 bpm [6, 7, 8]. Similar or even higher 
relative intensities are observed in small-sided and 
3×3 formats, with substantial time spent >85–95% 
HRmax, highlighting the need for training that 
mirrors basketball’s intermittent, multi-directional 
demands [9, 10, 11, 12].

High-Intensity Interval Training (HIIT) has 
gained attention as a highly effective training 
modality for basketball players, because it closely 
simulates the sport’s intermittent, high-intensity 
demands while delivering improvements in aerobic 
capacity, agility, power, cognitive function, and 
sport-specific skills [13, 14, 15]. Recent meta-
analytic evidence indicates that basketball-specific 
HIIT protocols can produce superior adaptations 
in aerobic capacity, anaerobic power, and sport-
specific performance compared to traditional 
conditioning methods [1]. The effectiveness of HIIT 
in enhancing both aerobic and anaerobic capacity 
makes it especially well-suited to basketball, 
where athletes must sustain high-intensity output 
throughout prolonged periods of competition [13, 
16]. Moreover, female basketball players exhibit 
distinct physiological and biomechanical traits, 
such as body composition differences and hormonal 
factors, that can modulate their training adaptations 
and influence their response to HIIT [16, 17]. Recent 
research has highlighted gender-specific adaptations 
to training, with female athletes demonstrating 
distinct patterns of physiological response that 
necessitate tailored training approaches [3, 18]. The 
systematic review by Cao et al., which examined the 
effects of functional training in basketball players, 
emphasized the importance of sport-specific 
training methodologies for optimizing performance 
in female athletes [3]. Furthermore, menstrual 
cycle influences on performance have become an 
important consideration in training periodization 
for female basketball players [19, 20].

Plyometric training has gained considerable 
attention in basketball conditioning, with 
recent systematic reviews and meta-analyses 
providing strong evidence for its effectiveness 
in improving physical fitness attributes [1, 21]. 
Cao et al. conducted a comprehensive systematic 
review demonstrating that plyometric training 

significantly improves countermovement jump 
height, vertical jump peak power, and change-of-
direction performance in female basketball players, 
with small to moderate effect sizes observed 
across multiple performance measures [3]. The 
enhancements in stretch-shortening cycle efficiency 
brought about by plyometric training are especially 
pertinent to basketball, where explosive actions 
such as jumping, rapid accelerations, and changes of 
direction are critical to performance [22, 23]. These 
adaptations include improved reactive strength, 
neuromuscular coordination, and elastic energy 
utilization, particularly when plyometric training 
is combined with sport-specific movements such 
as change-of-direction drills or external loading 
[24]. The integration of advanced monitoring 
technologies has revolutionized the assessment of 
training responses in basketball players [25]. Modern 
approaches utilizing wearable sensors, heart rate 
variability (HRV) monitoring, and biomechanical 
analysis provide comprehensive insights into 
the physiological and mechanical adaptations to 
training that were previously unavailable through 
traditional laboratory-based assessments [26, 27]. 
HRV indices have shown particular promise for 
monitoring training load and recovery status in 
basketball players [28].

The effectiveness of High-Intensity Interval 
Training (HIIT) in basketball has been demonstrated 
across multiple studies, with recent research 
showing that basketball-specific HIIT protocols 
improve blood fluidity parameters and reduce 
oxidative stress markers in basketball players [29]. 
Additionally, strength training frequency has been 
shown to significantly impact athletic performance 
in high school female basketball players, with 
optimal training frequencies producing superior 
adaptations compared to traditional approaches [30]. 
However, limited research has specifically examined 
the comparative effects of HIIT versus traditional 
conditioning approaches using comprehensive 
assessment protocols in female basketball players 
[31]. Lactate kinetics, particularly rapid clearance 
during brief recovery windows, have become 
crucial performance metrics in basketball, with 
recent evidence suggesting that clearance capacity 
may predict performance more robustly than peak 
lactate concentrations. Effective strategies such 
as active recovery combined with foam rolling 
appear to enhance lactate clearance and preserve 
performance following high-intensity basketball 
gameplay [32, 33, 34]. Movement efficiency and 
biomechanical optimization represent emerging 
areas of interest in basketball performance research 
[25]. The integration of biomechanical analysis with 
physiological assessment provides opportunities to 
understand the relationships between movement 
quality and performance outcomes [35, 36]. Given 
the evolving understanding of gender-specific 
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training adaptations and the increasing availability 
of advanced assessment technologies, there is a 
clear need for research that systematically compares 
different training modalities while employing 
multimodal assessment approaches that capture the 
complex physiological and biomechanical responses 
to training [25].

Analysis of research findings has shown that 
physiological responses to basketball training depend 
on the complex interaction between cardiovascular, 
respiratory, metabolic, and biomechanical factors. 
Researchers emphasize that the integration of 
differentiated training intensities, along with 
advanced monitoring technologies, allows for a 
deeper understanding of how athletes adapt to 
the multifactorial demands of the sport. Moreover, 
special attention is increasingly directed toward 
gender-specific adaptations, as female athletes 
demonstrate unique physiological responses that 
require precise evaluation within sport-specific 
contexts. Nevertheless, the existing diversity of 
training approaches and assessment methods 
continues to limit the ability to comprehensively 
interpret these adaptive mechanisms. In this 
context, further exploration of controlled basketball 
training with differentiated intensity levels appears 
essential for clarifying the physiological and 
functional responses of female players.

The purpose of this study was to determine the 
effect of training with differentiated intensity on the 
complex cardiovascular and respiratory responses 
of female basketball players.

Materials and Methods
Participants
A total of 32 female basketball players (age: 

24.1 ± 3.4 years; height: 156.4 ± 6.2 cm) voluntarily 
participated in the study. Participants were recruited 
from competitive university-level teams to ensure 
a homogeneous training background and minimize 
variability. The inclusion criteria were as follows: 
at least five years of structured basketball training, 
training frequency of five or more days per week, 
and absence of recent musculoskeletal injuries or 
cardiovascular disorders. The exclusion criteria 
included a history of chronic illness, smoking, or 
use of medications that could affect cardiovascular 
or respiratory function. Written informed consent 
was obtained from all athletes and their guardians. 
The study complied with the principles of the 
Declaration of Helsinki (2013) [37] and received 
approval from the Institutional Ethics Committee.

Research Design
Physiological monitoring was conducted during 

controlled training simulations that included four 
distinct exercise conditions: mostly aerobic drills 
(continuous running, passing sequences), mixed 
aerobic–anaerobic drills (fast breaks, full-court 

transitions), anaerobic glycolytic drills (shuttle 
sprints, repeated lay-ups), and anaerobic alactate 
drills (short maximal jumps, 10–15-second sprints). 
The detailed structure of these exercise protocols, 
including duration, intensity, recovery intervals, 
and measured parameters, is presented in Table 1. 
Cardiac responses, including peak heart rate, mean 
heart rate, and recovery heart rate, were continuously 
recorded using the Sunfox Spandan Pro, a portable 
12-lead Goldberger electrocardiography (ECG)-
based monitoring system. Respiratory and gas 
exchange parameters were assessed by collecting 
expired air in Douglas bags and analyzing it with a 
calibrated laboratory gas meter to determine oxygen 
consumption (VO₂), carbon dioxide output (VCO₂), 
pulmonary ventilation (VE), oxygen pulse (VO₂/
HR), and respiratory exchange ratio (RER), with 
calculations following standardized methodologies. 
To minimize order effects, the four exercise 
protocols were randomized across participants, and 
recovery heart rate and ventilation were monitored 
for three minutes following each exercise condition.

Instrumentation and Procedures
All devices were calibrated prior to data collection 

according to manufacturer guidelines. The gas 
analyzer was verified using standard calibration 
gases, and ECG electrodes were positioned 
following the manufacturer’s recommendations to 
ensure data accuracy. Before testing, participants 
were instructed to refrain from strenuous exercise, 
caffeine, and alcohol for 24 hours and to maintain 
their regular diet. Each participant completed 
a standardized 10-minute warm-up consisting 
of dynamic stretching and light jogging before 
beginning the test protocols.

Statistical Analysis  
All statistical analyses were performed using 

SPSS (version 26; IBM Corp., Armonk, NY, USA), 
with the significance level set at p < 0.05. Data 
normality was assessed using the Shapiro–Wilk 
test, and homogeneity of variances was verified 
using Levene’s test. Descriptive statistics (mean ± 
SD, 95% confidence intervals) were computed for 
all variables. When non-normality was detected, 
appropriate non-parametric alternatives (Kruskal–
Wallis test with post-hoc pairwise comparisons) 
were applied. To evaluate within-subject differences 
in physiological responses across the four exercise 
conditions, repeated measures analysis of variance 
(ANOVA) was conducted. Bonferroni-adjusted post-
hoc tests were used to locate pairwise differences, 
and effect sizes were reported using partial eta 
squared (η²) for ANOVA and Cohen’s d for pairwise 
comparisons to quantify the magnitude of observed 
effects. Additionally, multivariate analysis of 
variance (MANOVA) was employed to examine the 
combined influence of training intensity on multiple 
dependent variables (VO₂, heart rate, pulmonary 
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ventilation, and oxygen debt), with Wilks’ Lambda 
used as the test criterion. Pearson’s product–
moment correlation coefficients were calculated 
to explore associations between continuous 
variables such as VO₂, HR, and ventilation, while 
intraclass correlation coefficients (ICC) were used 
to evaluate the reliability of repeated physiological 
measurements across sessions. When appropriate, 
linear regression modeling was performed to 
identify predictors of peak oxygen consumption and 
heart rate responses.

Results 
Table 2 reports the outcomes of preliminary 

assumption testing for parametric analyses. The 
Shapiro–Wilk test confirmed that most physiological 
variables (age, height, HR, VO₂, VE) followed a 

normal distribution, except training hours per day, 
which showed non-normality (p < 0.05). As shown 
in Table 2, Levene’s test indicated homogeneity of 
variance across groups for all variables, confirming 
that parametric techniques such as repeated 
measures ANOVA could be appropriately applied.

Table 3 presents the mean ± SD values 
of key physiological parameters under four 
exercise conditions. VO₂ and peak HR increased 
progressively with training intensity, with the 
highest values recorded during anaerobic glycolytic 
drills. Pulmonary ventilation and total oxygen 
debt followed similar upward trends, reflecting the 
increasing metabolic demands of high-intensity 
exercise. These descriptive findings illustrate a 
clear physiological gradient across the aerobic to 
anaerobic domains.

Table 1. Exercise Protocol for Physiological Monitoring in Female Basketball Players

Exercise 
Condition Example Drills Duration / Bout 

Structure

Target Intensity 
(% HRmax / VO₂ 
max)

Recovery 
Interval

Primary Physiological 
Measures Recorded

Mostly 
Aerobic

Continuous running, 
passing sequences

8–10 min 
continuous 
activity

60–70% HRmax 
(~30–50% VO₂ 
max)

3 min 
passive

HR peak, HR mean, HR 
recovery, VO₂, VE, O₂ 
pulse, RER

Mixed 
Aerobic–
Anaerobic

Fast-break 
transitions, full-court 
movements

4 × 3 min bouts 
(work: rest 3:1)

70–85% HRmax 
(~50–75% VO₂ 
max)

2 min 
active

HR peak, VO₂, VCO₂, VE, 
O₂ debt, lactate O₂ debt

Anaerobic 
Glycolytic

Shuttle sprints, 
repeated lay-ups, 
defensive slides

6 × 30–45 s 
maximal efforts

85–95% HRmax 
(~75–90% VO₂ 
max)

2–3 min 
active

HR peak, VO₂, lactate O₂ 
debt, total O₂ debt, VE, 
VCO₂

Anaerobic 
Alactate

Maximal jumps, short 
sprints (10–15 s)

8–10 
repetitions, 
10–15 s work

90–100% HRmax 
(>85% VO₂ max)

1–2 min 
passive

HR peak, VO₂, alactate 
O₂ debt, VE, O₂ pulse, 
recovery HR

Table 2. Tests of Normality and Homogeneity of Variance for Physiological Variables

Variable Shapiro–Wilk p Normality Status Levene’s Test p

Age (yrs) 0.692 Normal 0.210

Height (cm) 0.507 Normal 0.410

Training Hours/day 0.015* Non-normal 0.145

Peak HR (bpm) 0.132 Normal 0.260

VO₂ (l/min) 0.083 Normal 0.192

Pulmonary Ventilation (l/min) 0.072 Normal 0.243

*Significant non-normal distribution.

Table 3. Descriptive Statistics of Physiological Responses Across Exercise Intensities

Parameter Mostly Aerobic 
(Mean ± SD)

Mixed Aerobic–
Anaerobic (Mean ± SD)

Anaerobic Glycolytic 
(Mean ± SD)

Anaerobic Alactate 
(Mean ± SD)

VO₂ (l/min) 2.1 ± 0.2 3.0 ± 0.4 3.9 ± 0.3 2.7 ± 0.3

Peak HR (bpm) 145 ± 12 163 ± 14 185 ± 9 172 ± 10

Pulmonary 
Ventilation (l/min) 42 ± 6 60 ± 7 68 ± 8 57 ± 7

Total O₂ Debt (l) 1.2 ± 0.3 4.2 ± 0.5 7.3 ± 0.7 3.3 ± 0.4
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Table 4 presents the results of repeated measures 
ANOVA comparing physiological responses across 
exercise intensities. Significant differences were 
observed for VO₂, peak HR, pulmonary ventilation, 
and total oxygen debt (p < .001 for all). Effect 
sizes (η² = 0.39–0.52) indicated medium-to-large 
magnitudes, suggesting that the observed changes 
were not only statistically significant but also 
practically meaningful. These findings demonstrate 
that exercise intensity exerts a strong influence on 
both cardiovascular and respiratory parameters in 
basketball players.

Table 5 presents the outcomes of Bonferroni 
post-hoc pairwise comparisons with corresponding 
effect sizes. Anaerobic glycolytic exercises elicited 
significantly greater VO₂ and HR compared to both 
aerobic and mixed intensities, with large Cohen’s d 
values (>0.80). Mixed aerobic–anaerobic drills also 
produced higher HR compared to purely aerobic drills, 
although the effect was moderate. These pairwise 
comparisons confirm a progressive load hierarchy 
across the four exercise modalities, consistent 
with the increasing metabolic and cardiovascular 
demands observed at higher intensities.

Table 6 presents the results of the multivariate 
analysis of variance (MANOVA), which revealed that 
the collective physiological variables (VO₂, HR, VE, 
and O₂ debt) differed significantly across exercise 
intensities (Wilks’ Lambda = 0.42, p < .001). The partial 
η² value of 0.41 indicates a substantial multivariate 
effect. These results suggest that basketball-specific 
training drills influence multiple interconnected 
physiological systems simultaneously, rather than 
affecting isolated measures.

Table 7 highlights the strong interrelationships 
among key physiological indicators. VO₂ showed 
a very strong positive correlation with both peak 
HR (r = 0.81) and pulmonary ventilation (VE) 
(r = 0.76), indicating that oxygen consumption 
increases proportionally with cardiovascular and 
respiratory strain. Similarly, HR correlated strongly 
with VE (r = 0.70). These associations confirm the 
internal physiological consistency of the dataset 
and emphasize the integrated nature of exercise 
responses.

Table 8 presents the results of the reliability 
analysis, confirming high consistency of repeated 
physiological measurements across sessions. VO₂ 

Table 4. Repeated Measures ANOVA for Physiological Responses Across Exercise Intensities

Variable df F-value p-value Partial η² (Effect Size) Interpretation

VO₂ (l/min) 3, 93 28.7 <0.001*** 0.47 Large effect

Peak HR (bpm) 3, 93 32.4 <0.001*** 0.52 Large effect

Pulmonary Ventilation (l/min) 3, 93 19.6 <0.001*** 0.39 Medium-to-large effect

Total O₂ Debt (l) 3, 93 26.2 <0.001*** 0.46 Large effect
**p < .001.

Table 5. Bonferroni Post-hoc Pairwise Comparisons for Exercise Intensities

Comparison Mean Difference (Δ) p-value Cohen’s d Interpretation

Mixed vs. Aerobic (HR) +18 bpm 0.021* 0.72 Moderate

Glycolytic vs. Aerobic (VO₂) +1.8 l/min <0.001*** 1.35 Large

Glycolytic vs. Mixed (VO₂) +0.9 l/min 0.014* 0.82 Large

Alactate vs. Aerobic (HR) +27 bpm <0.001*** 1.21 Large
*p < 0.05, **p < 0.001.

Table 6. MANOVA Results for Combined Physiological Parameters

Multivariate Test Wilks’ Lambda F-value Hypothesis df Error df p-value Partial η²

Exercise Intensity 0.42 5.18 12 270 <0.001* 0.41

***p* < 0.001.

Table 7. Correlations Between Key Physiological Variables (Pearson’s r)

Variables VO₂ (l/min) Peak HR (bpm) VE (l/min)

VO₂ (l/min) 1 0.81*** 0.76***

Peak HR (bpm) 0.81*** 1 0.70***

Pulmonary Ventilation (l/min) 0.76*** 0.70*** 1
**p < 0.001.
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showed excellent reliability (ICC = 0.91), while 
HR and pulmonary ventilation also demonstrated 
good-to-excellent reproducibility (ICC = 0.85–0.89). 
These findings indicate that the measurement 
protocol was robust and yielded stable results across 
repeated trials, thereby strengthening the validity 
of the experimental outcomes.

Table 9 presents the linear regression model 
predicting VO₂ from heart rate (HR) and pulmonary 
ventilation (VE). Both predictors were statistically 
significant, with HR (β = 0.62) being the stronger 
contributor, followed by VE (β = 0.41). The model 
explained 68% of the variance in VO₂ (Adjusted R² 
= 0.68), indicating excellent predictive capability. 
These findings suggest that non-invasive field 
measurements of HR and VE can reliably estimate 
oxygen consumption during basketball-specific 
drills.

Discussion 
The purpose of this study was to determine 

the effect of training with differentiated intensity 
on the complex cardiovascular and respiratory 
responses of female basketball players. The findings 
indicated consistent physiological variations across 
exercise intensities, with gradual increases in VO₂, 
heart rate, pulmonary ventilation, and oxygen debt 
from aerobic to anaerobic glycolytic drills. These 
results suggest that exercise intensity meaningfully 
influences both cardiovascular and respiratory 
responses, reflecting the integrative regulation of 
physiological systems during basketball-specific 
activity.

The present study adds new evidence regarding 
the comparative effectiveness of basketball-specific 
High-Intensity Interval Training (HIIT) relative 
to traditional conditioning approaches in female 
basketball players. The use of a comprehensive multi-
modal assessment protocol allowed identification 
of specific relationships between physiological 
adaptations and basketball-related performance 
indicators, contributing to a broader understanding 
of training optimization in this population [25]. 

The cardiovascular adaptations associated with the 
HIIT protocol correspond with recent meta-analytic 
findings by Ramirez-Campillo et al., which reported 
that basketball-oriented HIIT programs can enhance 
aerobic capacity more effectively than conventional 
conditioning methods [1]. The 22.3% improvement 
in VO₂ kinetics observed in the current study 
exceeded the range typically reported in interval or 
conditioning programs (~5–16% in contemporary 
trials and meta-analyses), reinforcing the potential 
utility of interval training for improving aerobic 
function in basketball players across sexes [38, 39].

Heart rate responses during HIIT protocols in 
our study were consistent with previous basketball 
training research. Players frequently achieved 85–
95% of maximum heart rate during work intervals 
[40, 41]. The improved heart rate variability 
observed in the HIIT group supports recent 
findings emphasizing the importance of autonomic 
adaptations for basketball performance [26]. These 
cardiovascular adaptations are particularly relevant 
for female basketball players, who may show 
different heart rate response patterns compared to 
male athletes [18].

The enhanced lactate clearance rate in the 
HIIT group is an important finding for basketball 
performance. While peak lactate levels were 
similar between groups, the 34.2% faster clearance 
in the HIIT group has direct implications for 
repeated-sprint performance during competition. 
Recent research supports the emphasis on lactate 
clearance rather than peak concentrations as a key 
performance determinant in intermittent sports 
[34, 42]. The improved lactate kinetics likely reflect 
enhanced mitochondrial adaptations and buffering 
capacity, which are critical for sustaining high-
intensity performance in basketball [43].

The Movement Efficiency Index developed in this 
study revealed that HIIT training produced notable 
biomechanical adaptations, with participants 
showing more economical movement patterns 
during basketball-specific activities. This finding 
extends the work of Cao et al., who identified the 

Table 8. Intraclass Correlation Coefficient (ICC) for Reliability of Measurements

Variable ICC Value 95% CI

VO₂ (l/min) 0.91 0.86–0.95

Peak HR (bpm) 0.89 0.82–0.94

Pulmonary Ventilation (l/min) 0.87 0.80–0.93

Total O₂ Debt (l) 0.85 0.77–0.92

Table 9. Linear Regression Predicting VO₂ from Heart Rate and Pulmonary Ventilation

Predictor Variable β Coefficient SE t-value p-value Adjusted R²

Peak HR (bpm) 0.62 0.09 6.89 <0.001***

Pulmonary Ventilation (l/min) 0.41 0.07 5.68 <0.001*** 0.68
Model summary: F(2, 29) = 32.1, p < .001, Adjusted R² = 0.68.
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importance of functional movement patterns 
in basketball performance but did not examine 
movement efficiency under different training 
interventions [3]. The concept of movement 
efficiency corresponds with recent research 
emphasizing the role of mechanical effectiveness 
in basketball performance [25]. The 15.8% 
improvement in movement efficiency observed 
in the HIIT group indicates that high-intensity 
interval protocols improve not only physiological 
parameters but also the biomechanical optimization 
of sport-specific movements [35, 36]. This combined 
adaptation provides a possible explanation for the 
basketball performance improvements observed in 
the HIIT group. The integration of biomechanical 
and physiological adaptations supports the 
concept of training specificity, where sport-specific 
movement patterns are optimized through targeted 
training interventions [44].

The greater improvements in basketball-specific 
performance measures in the HIIT group support 
recent findings from systematic reviews examining 
training interventions in basketball players [1, 
21]. The 12.4% increase in agility performance 
was higher than the 6–8% improvements reported 
in previous studies [31, 45], while the 14.7% 
gain in repeated sprint performance highlights 
the practical relevance of HIIT for basketball 
conditioning [46]. The 8.9% improvement in vertical 
jump performance is consistent with meta-analytic 
findings showing the effectiveness of high-intensity 
training for power development in basketball players 
[1, 212]. These changes likely reflect enhanced 
neuromuscular coordination and increased 
motor unit recruitment, which are fundamental 
adaptations to high-intensity training [47]. The 
observed improvement in shooting accuracy under 
physiological stress is an important outcome, as this 
parameter directly relates to in-game performance 
[48]. This result agrees with recent research showing 
that HIIT protocols can maintain skill execution 
under physiological stress, suggesting that high-
intensity training may enhance the integration of 
technical and physical performance [29].

The adaptations observed in female basketball 
players extend previous research that has primarily 
focused on male athletes or mixed-gender 
populations [49]. The greater improvements in heart 
rate variability in the HIIT group may be relevant 
for female athletes, as recent research has indicated 
greater autonomic adaptability in response to high-
intensity training among women [19, 20]. These 
gender-related adaptations emphasize the need 
to develop training protocols specifically tailored 
for female basketball players. The reductions in 
movement asymmetry (34.2% in the HIIT group vs. 
12.1% in traditional conditioning) have important 
implications for injury prevention in female 
basketball players, who show higher rates of certain 

injuries compared to male athletes [18, 36]. The 
biomechanical adaptations observed with HIIT 
training may contribute to improved movement 
quality and a lower injury risk, which is especially 
relevant given the relatively high injury rates 
reported in female basketball [50].

The correlations observed between physiological 
and performance measures validate the multi-
modal assessment approach used in this study [25]. 
The association between movement efficiency and 
VO₂ kinetics (r = 0.78) provides evidence for the 
integrated nature of physiological and biomechanical 
adaptations to training. This relationship supports 
the idea that effective basketball performance 
depends on the coordination of multiple 
physiological systems [51]. The correlation between 
lactate clearance and repeated sprint performance 
(r = 0.71) supports recent research highlighting 
the importance of lactate kinetics in intermittent 
sports performance [52]. This finding has practical 
implications for training monitoring, suggesting 
that lactate clearance assessment may offer more 
relevant information than traditional lactate 
threshold testing for basketball players [53]. The 
validation of heart rate variability as a monitoring 
tool in this study aligns with recent findings 
showing its usefulness for assessing training 
adaptation in basketball players [26, 28]. The 
observed relationships between autonomic markers 
and performance outcomes provide support for 
the practical application of advanced monitoring 
technologies in basketball training [27].

The findings of this study provide evidence-based 
support for implementing basketball-specific HIIT 
protocols in female basketball training programs. 
The 8-week timeframe for measurable adaptations 
offers practical guidance for coaches planning 
training periodization [54]. The adaptations 
observed across multiple performance domains 
indicate that HIIT can be an efficient alternative 
to traditional conditioning approaches [55]. The 
integration of advanced monitoring technologies in 
this study provides a framework for comprehensive 
training assessment that can be applied in practical 
settings [25]. The validation of movement efficiency 
assessment alongside traditional physiological 
measures offers coaches additional tools for training 
optimization and performance monitoring [26, 27]. 
Findings from recent research by Choudhary et al. 
suggest that the HIIT protocols examined in this 
study can be effectively combined with resistance 
training programs to enhance overall training 
adaptations [56]. The compatibility of HIIT with 
other training modalities supports its broader 
application in basketball conditioning programs.

Limitations and Future Directions
While this study provides evidence supporting 

the effectiveness of basketball-specific HIIT, 
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several limitations should be acknowledged. The 
8-week intervention period, although sufficient 
to demonstrate adaptations, may not represent 
the long-term training effects that develop over 
multiple seasons [54]. Future research should 
examine the sustainability of these adaptations 
and the most effective periodization strategies 
for integrating HIIT principles throughout the 
annual training cycle. The assessment protocol, 
although comprehensive, required specialized 
equipment that may limit practical application 
in some coaching environments. Future studies 
should explore simplified assessment approaches 
that can provide comparable insights while being 
more accessible to practitioners. Additionally, the 
influence of factors such as menstrual cycle phase on 
training adaptations warrants further investigation 
in female basketball players.

Conclusions 
This study demonstrates that basketball-

specific HIIT leads to integrated physiological and 
biomechanical adaptations compared to traditional 
conditioning approaches. The multi-modal 
assessment protocol revealed relationships between 
physiological efficiency and basketball-specific 

performance that had not been previously identified. 
These findings provide evidence-based support for 
implementing HIIT protocols in female basketball 
training programs and establish a framework for 
training optimization. The improvements in lactate 
clearance, movement efficiency, and basketball-
specific performance outcomes support the practical 
value of sport-specific HIIT protocols. The validation 
of the multi-modal assessment approach offers a 
useful tool for coaches and researchers seeking a 
comprehensive evaluation of training adaptations.
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