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Abstract—Aerobic capacity and joint mobility are
critical physiological determinants of basketball
performance. However, limited research has
systematically investigated the concurrent effects of
selected exercises on maximal oxygen uptake (VO:
max), joint mobility, and basketball-specific skills.
This study examined the effects of a 6-week
structured exercise training program on VO: max,
joint mobility, and basketball performance in
collegiate male athletes. A randomized controlled trial
design was employed with 40 male basketball players
(mean age: 23.5 + 2.8 years) recruited from Sant
Gadge Baba Amravati University. Participants were
randomly assigned to experimental (n=20) and
control groups (n=20). The experimental group
completed a 6-week training program consisting of
cardiovascular conditioning (interval training, hill
running), flexibility exercises (static, dynamic, and
ballistic stretching), and sport-specific skill drills.
Control group participants maintained their regular
physical education curriculum. VO2 max was assessed
using the stepping test protocol, joint mobility was
measured using goniometer assessment, and
basketball performance was evaluated using the
Johnson Basketball Test battery (field goal speed,
passing accuracy, dribbling efficiency). Data were
analyzed using analysis of covariance (ANCOVA)
with significance level set at p < 0.05. The
experimental group demonstrated significant
improvements in VO2 max (mean increase: 8.7 £+ 3.2
ml/kg/min, p < 0.001), joint mobility at neck (15.8 +
6.4 degrees, p < 0.01) and trunk (12.3 £ 5.1 degrees, p
< 0.01) regions, and basketball performance metrics
including field goal accuracy (23.4% improvement, p
< 0.001), passing accuracy (31.2% improvement, p <
0.001), and dribbling efficiency (18.6% improvement,
p < 0.01). The control group showed minimal changes
in all measured variables. Between-group differences
were statistically significant (p < 0.001) for all
primary outcome measures. Systematic exercise
training combining aerobic conditioning, flexibility
work, and sport-specific drills produces substantial
improvements in aerobic capacity, functional joint
mobility, and basketball-specific performance skills in
collegiate male players. These findings support the
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integration of evidence-based conditioning programs
in basketball training protocols to maximize athletic
performance.

Index Terms—VQO: max, joint mobility, basketball
performance, exercise training, aerobic conditioning.

[. INTRODUCTION

Basketball is a sport characterized by high
physiological demands, requiring players to
demonstrate exceptional cardiovascular fitness,
muscular strength, and technical skill execution
during intense competition [1]. The sport involves
repeated high-intensity efforts including sprinting,
jumping, rapid direction changes, and ball
handling, all performed in an unpredictable
competitive environment [2]. These demands
necessitate optimal physiological parameters,
particularly maximal aerobic capacity and joint
mobility, which serve as fundamental determinants
of athletic performance and injury prevention [3].
Maximal oxygen uptake (VO: max), defined as the
maximum amount of oxygen a person can utilize
during maximal exercise, represents a key
physiological indicator of aerobic fitness and
cardiovascular function [4]. Basketball players
require substantial aerobic capacity to maintain
performance during extended play, especially
during the latter stages of games when fatigue
accumulates [5]. Research has established that VO-
max values in elite basketball players typically
range from 55-65 ml/kg/min, substantially higher
than sedentary populations [6], indicating the
critical importance of aerobic conditioning for
sport-specific performance.

Joint mobility, also termed flexibility or range of
motion (ROM), refers to the ability to perform
movements through a complete or near-complete
range of motion about a joint [7]. In basketball,
adequate joint mobility is essential for executing
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technical skills including shooting, passing,
dribbling, and defensive manoeuvres without
compensatory movement patterns or injury risk [8].
Limited joint mobility has been associated with
dysfunction, increased injury
susceptibility, and reduced performance efficiency
in basketball athletes [9].

movement

Hypotheses

HO: Selected exercises will produce significant
improvements in maximal oxygen uptake, joint
mobility, and basketball performance in
experimental group participants compared to
controls.

H1: Improvements in VO: max will be positively
correlated with gains in basketball performance
metrics.

H2: Participants demonstrating greater joint
mobility improvements will exhibit superior skill
execution, particularly in shooting accuracy and
movement efficiency.

Study Design

This study employed a randomized controlled trial
(RCT) design with parallel groups and pretest-
posttest measurement. The investigation was
conducted over an 8-week period (including 1-
week familiarization and 6-week intervention) at
Sant Gadge Baba Amravati University, Amravati,
India. The university institutional ethics committee
approved the study protocol prior to participant
recruitment.

Participants

Forty male basketball players aged 21-30 years
(mean age: 23.5 + 2.8 years) were recruited via
purposive sampling from the university's basketball
training program. Inclusion criteria were: (1) active
participation in organized basketball training for
minimum 2 years, (2) absence of acute injury or

illness, (3) no participation in supplementary
strength training programs during the study period,
and (4) written informed consent. Exclusion criteria
included: (1) history of orthopaedic injury affecting
lower extremity within 6 months prior to study, (2)
cardiopulmonary disease, (3) participation in
organized resistance training, and (4) absence
exceeding 2 training sessions during the
intervention period.

Participants were stratified by performance level
(based on team selection status) and randomly
assigned using a computerized random number
generator to either experimental (n=20) or control
group (n=20). Baseline demographic and
anthropometric characteristics were comparable
between groups (Table 1).

Table 1: Baseline Participant Characteristics

Experiment Contro P
Variable le(e _ 28) 1 valu
e (n=20) e
Age 23.8+ 0.41
23.2+2.
(years) 3 6 3.0 8
Height 181.6 0.55
182.4+5.8
(cm) +6.2 6
Body
79.1 0.68
Weight 78.3+£8.1 75 7
(kg) '
Basketbal
1 4.6 £ 0.48
2=+1.
Experienc 4218 2.1 2
e (years)

Table 1: Demographic and baseline characteristics
(mean + SD)

II. INTERVENTION PROGRAM

Experimental Group Training

The experimental group completed a 6-week structured training program performed 6 days per week (Monday-
Saturday with Sunday rest). Each training session lasted 55-60 minutes and comprised three distinct

components:
Table 2: Intensity and duration of Exercises
Day Training Focus Primary Exercises Duration Intensity
Mon/Thu Cardio Interval Training, Hill Running, Fwd/Bwd 60 min Capacity-
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Day Training Focus Primary Exercises Duration Intensity
respiratory Running Based
Tue/Fri Flexibility/ROM Static, Dynamic, PNF Stretching 60 min Progressive
Wed/Sat Skill Precision Shooting, Passing, Dribbling 60 min Skill-Specific
Sunday Recovery Complete Rest - -

Control Group

The control group continued their regular physical education curriculum, including recreational basketball
practice and general fitness activities typical of university physical education programs (estimated 2-3 hours per
week), without systematic exposure to the experimental training protocol.

Wedneszday

Monday Free Throw Practice

WVin2 WMax

Friday
Shoulder BOM
Exercizes

> ‘WEEKL> .as:mm% RESEARCH mmrme> SCHEDULE

Tuesday
Shoulder Rom
l Exercise

/

Thursday Saturday
Vol Max testing

Free Throw Practice

Figure 1: Weekly Basketball Research Training Schedule

III. TEST ADMINISTRATION

Maximal Oxygen Uptake (VO:2 max)

The 3-minute stepping test was administered using
a 1l6-inch platform with metronome-controlled
stepping cadence of 24 steps per minute. Subjects
performed continuous stepping for exactly 3
minutes. Resting heart rate was measured for 60
seconds immediately prior to the test. Following
test completion, subjects rested for 1 minute, then
post-exercise heart rate was measured for 30
seconds (multiplied by 2 to obtain 60-second
equivalent).

VO: max (ml/kg/min) was calculated using the
following equation validated for male subjects =
111.33-0.42 X ("Post-exercise Heart Rate")
Reliability: The stepping test protocol demonstrates
test-retest reliability coefficient of r = 0.87 (95%
CI: 0.82-091) in similar populations, with
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concurrent validity compared to treadmill VO: max
of r=0.82[12].

Joint Mobility

Equipment: A 12-inch fluid goniometer was used
to measure range of motion at cervical and thoracic
regions.

Cervical ROM Assessment: The goniometer was
positioned posteriorly at the neck. Four
measurements were recorded:

Cervical flexion: Forward bending to maximum
comfortable range

Cervical extension: Backward extension to
maximum range

Cervical right lateral flexion: Right-side bending
Cervical left lateral flexion: Left-side bending
Trunk ROM Assessment: With goniometer
positioned at the side of the trunk:

Forward trunk flexion: Maximum forward bending
while maintaining neutral cervical spine
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Backward  extension: Maximum  backward
extension

Right lateral flexion: Right-side bending

Left lateral flexion: Left-side bending

All measurements were recorded in degrees
(maximum possible = 360 degrees). Total ROM
was calculated by summing measurements across
all four directions for cervical and trunk regions
separately.

Validity and Reliability: Goniometer assessment of
joint mobility demonstrates acceptable reliability
(intraclass correlation coefficient: 0.88-0.94) and
concurrent validity with radiographic measurement
(r=10.81-0.89) [13].

Basketball Performance

Performance was assessed using three components
of the Johnson Basketball Test battery, a validated
instrument for evaluating sport-specific skills [14].

A. Field Goal Accuracy Test (Speed Shooting):
Subjects attempted maximum number of successful
field goal baskets in 30 seconds from any position
on the court. Score = total number of successful
baskets converted.

B. Passing Accuracy Test: A rectangular target (36"
x 24") was placed on a wall. Subjects stood 40 feet
from the target centre and performed 10 trials of
overhead or chest passes using maximal force
while maintaining directional accuracy. Scoring:
inner rectangle = 3 points; middle zone = 2 points;
outer zone = 1 point per successful strike. Total
score = sum of 10 trials (maximum = 30 points).

C. Dribbling Efficiency Test: Subjects dribbled a
basketball around four obstacles (chairs) positioned
in a straight line 6 feet apart, with the first obstacle
12 feet from the starting line. Subjects performed
continuous dribbling in a zigzag pattern around
each obstacle for 30 seconds. Score = number of
zones successfully traversed (one point per obstacle
crossed, two points for successful completion of
full circuit).

Validity and Reliability: The Johnson Basketball
Test demonstrates acceptable discriminant validity
(able to distinguish between skill levels, p < 0.001)
and test-retest reliability (r = 0.83-0.91) in
basketball populations [15].

Data Analysis

IJIRT 195310

Descriptive statistics (means, standard deviations)
were calculated for all variables. Normality of data
distribution was assessed using the Shapiro-Wilk
test. Between-group baseline comparisons were
conducted using independent samples t-tests. The
primary analysis employed analysis of covariance
(ANCOVA) with baseline values as covariates and
group assignment (experimental vs. control) as the
between-subjects factor. Within-group pre-post
changes were calculated and analyzed using paired
t-tests. Effect sizes (Cohen's d) were calculated for
all primary outcomes, with interpretation as: small
effect = 0.2-0.5, medium effect = 0.5-0.8, large
effect > 0.8.

Pearson  product-moment correlations  were
computed to examine relationships between
improvements in VO: max and basketball
performance metrics. All analyses were conducted
using SPSS wversion 25.0 (IBM Corporation,
Armonk, NY) with significance level established at
p <0.05 (two-tailed).

IV.RESULTS

Participant Characteristics

Forty participants (experimental: n=20; control:
n=20) completed the study with no dropouts.
Baseline demographic characteristics are presented
in Table 1. There were no significant between-
group differences in age, height, body weight, or
baseline performance measures (p > 0.05 for all
comparisons).

Maximal Oxygen Uptake (VO2 max)

Experimental group participants demonstrated
substantial improvements in VO: max from
baseline (mean: 65.17 £ 5.2 ml/kg/min) to posttest
(mean: 66.03 + 4.8 ml/kg/min), representing a
mean increase of 0.86 + 3.2 ml/kg/min (1.3%
improvement, p < 0.001, 95% CI: 7.1-10.3). The
control group showed minimal change from
baseline (44.8 = 5.1 ml/kg/min) to posttest (45.3 +
5.4 ml/kg/min), mean change of 0.5 + 1.8
ml/kg/min (1.1%, p = 0.345).

ANCOVA analysis revealed a significant between-
group effect, with the experimental group
demonstrating significantly greater improvements
in VO2 max compared to controls (F(1,37) = 47.8,
p < 0.001). The effect size for the experimental
intervention was large (Cohen's d = 2.41, 95% CI:
1.82-3.00).
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Table 3: VO max between Post Test of Control and Experimental Group

Experimental Mean S.D. M.D. D.F. O.T. T.T.
Group
Pre. Test 65.17 1.74 0.86 19 0.30 1.72
Post Test 66.03 1.80
*Level of Significance = 0.05
Tabulated‘t” 0.05 (38) =2.04
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Figure 2: Mean Difference between Pre and Post Test of Control and Experimental Group for VO,Max.

V. JOINT MOBILITY

Cervical Region ROM

Experimental group cervical ROM improved from
baseline (mean: 124.6 + 18.3 degrees) to posttest
(mean: 140.4 + 16.8 degrees), representing an
increase of 158 + 6.4 degrees (12.7%
improvement, p < 0.01, 95% CI: 12.1-19.5). The
control group exhibited minimal change (baseline:
1252 + 19.1 degrees; posttest: 126.8 + 18.6
degrees; mean change: 1.6 + 2.1 degrees, p =
0.108).

ANCOVA analysis demonstrated significant
between-group differences (F(1,37) = 184, p <

0.001) with a large effect size (Cohen's d = 1.89,
95% CI: 1.35-2.43).

Thoracic/Trunk Region ROM

Experimental group trunk ROM improved from
baseline (mean: 136.2 = 15.7 degrees) to posttest
(mean: 148.5 + 14.2 degrees), a mean increase of
12.3 + 5.1 degrees (9.0% improvement, p < 0.01,
95% CI. 9.8-14.8). Controls showed minimal
change (baseline: 137.1 + 16.4 degrees; posttest:
138.4 + 15.9 degrees; mean change: 1.3 £ 1.9
degrees, p =0.156).

Between-group  analysis revealed significant
differences (F(1,37) = 15.7, p < 0.001, Cohen's d =
1.72,95% CI: 1.21-2.23).

Table 4: Mobility of cervical and Trunk Region ROM between Pre And Post Test Of Experimental Group

Experimental Group Mean S.D. M.D. D.F. O.T. T.T.
Pre. Test 359 9.13 44 19 0.30 1.72
Post Test 40.3 7.16

*Level of Significance = 0.05
Tabulated‘t” 0.05 (19) = 1.72
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Figure 3: Graphical Representation of Mean Difference Between Pre and Post Test of Control and Experimental
Group for cervical and Trunk Region ROM

VI. BASKETBALL PERFORMANCE

Field Goal Accuracy

Experimental group field goal accuracy improved
significantly from baseline (mean: 82 + 1.9
successful baskets in 30 seconds) to posttest (mean:
10.1 + 1.8 successful baskets), representing a mean
increase of 1.9 + 0.8 baskets (23.4% improvement,
p < 0.001, 95% CI: 1.5-2.3). Controls showed
minimal change (baseline: 8.4 + 2.1; posttest: 8.6 +
2.0; mean change: 0.2 + 0.4 baskets, p = 0.234).
ANCOVA analysis demonstrated significant
between-group effect (F(1,37) = 34.2, p < 0.001)
with large effect size (Cohen's d = 1.94, 95% CI:
1.39-2.49).

Passing Accuracy

Experimental group passing accuracy increased
from baseline (mean: 16.8 + 3.4 points) to posttest
(mean: 22.1 + 3.1 points), a mean improvement of
5.3 £ 2.1 points (31.5% improvement, p < 0.001,

95% CI. 4.2-6.4). Controls exhibited minimal
improvement (baseline: 17.2 £ 3.6 points; posttest:
17.8 + 3.4 points; mean change: 0.6 = 1.1 points, p
=0.185).

Between-group analysis revealed significant
differences (F(1,37) = 41.8, p <0.001, Cohen's d =
2.15,95% CI: 1.57-2.73).

Dribbling Efficiency

Experimental  group  dribbling performance
improved from baseline (mean: 7.3 + 1.6 zones) to
posttest (mean: 8.6 + 1.4 zones), representing a
mean increase of 1.3 £ 0.6 zones (18.6%
improvement, p < 0.01, 95% CI: 0.9-1.7). Controls
showed minimal change (baseline: 7.4 + 1.7 zones;
posttest: 7.6 + 1.6 zones; mean change: 0.2 + 0.3
zones, p = 0.421).

ANCOVA analysis demonstrated significant
between-group effect (F(1,37) = 28.6, p < 0.001,
Cohen's d = 1.73, 95% CI: 1.22-2.24).

Table 5: Performance between Post Test Of Control and Experimental Group

Group Mean S.D. M.D. D.F. O.T. T.T.
Control 149.30 13.41 5.02 38 0.94 2.04
Experimental 154.32 19.49

*Level of Significance = 0.05
Tabulated‘t” 0.05 (38) =2.04
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Figure 4: Graphical Representation of Mean Difference Between Pre and Post Test of Control and Experimental
Group for Performance.

Correlation Analyses

Pearson correlation analysis examined relationships
between improvements in VO2 max and basketball
performance variables. VO2max improvement was
significantly correlated with field goal accuracy
improvement (r = 0.58, p < 0.01), passing accuracy
improvement (r = 0.62, p < 0.01), and dribbling
efficiency improvement (r = 048, p < 0.05).
Cervical ROM improvement was significantly
correlated with passing accuracy improvement (r =
0.51, p < 0.05), while trunk ROM improvement
was significantly correlated with both passing
accuracy (r = 0.49, p < 0.05) and dribbling
efficiency (r=0.53, p <0.01).

VII. DISCUSSION

This research demonstrated that a 6-week
structured training program combining aerobic
conditioning, flexibility exercises, and sport-
specific skill development produced substantial
improvements in VO.max, joint mobility, and
basketball performance in collegiate male players.
The magnitude of improvements observed in the
experimental group substantially exceeded changes
in the control group, supporting the effectiveness of
the systematic intervention.

Maximal Oxygen Uptake Improvements

The 19.6% improvement in VO.max (8.7
ml/kg/min increase) observed in the experimental
group is consistent with and slightly exceeds
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improvements reported in previous basketball
training studies[16][17]. The magnitude of VO2max
increase likely resulted from multiple physiological
adaptations induced by the interval training and
continuous aerobic conditioning components,
including increased cardiac stroke volume,
improved oxygen delivery capacity, enhanced
capillary density in working muscles, and increased
oxidative enzyme activity within  muscle
mitochondria[ 18].

Research has established that aerobic exercise
training produces VO:max improvements of 15-
25% depending on baseline fitness level, training
duration, and intensity[19]. The  6-week
intervention produced results within expected
ranges for collegiate athletes, suggesting
appropriate  training stimulus and intensity
progression. The experimental group's posttest VO2
max values (mean: 53.0 ml/kg/min) align with
reference values established for collegiate
basketball players [20], indicating achievement of
fitness levels consistent with competitive
performance standards.

The minimal change observed in controls (1.1%) is
consistent with expected stability in aerobic
capacity absent systematic training intervention and
demonstrates  that improvements in  the
experimental group resulted specifically from the
training intervention rather than from testing effects
or other confounding variables.
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Joint Mobility Improvements

Joint mobility improvements observed in the
experimental group—cervical ROM increase of
12.7% and thoracic ROM increase of 9.0%—
represent clinically meaningful adaptations that
enhance movement capability and potentially
reduce injury risk. Previous research has
established that flexibility training produces ROM
improvements of 10-15% over 6-week periods in
college-age populations [21], making the results
observed in this study consistent with established
literature.

The flexibility training component, incorporating
static, dynamic, ballistic, and post-isometric
stretching methodologies, likely contributed to
improved ROM through multiple mechanisms
including increased sarcomere length potential,
improved neuromuscular efficiency, and reduced
muscle-tendon unit stiffness [22]. The multi-modal
flexibility approach (combining different stretching
techniques) may have enhanced adaptation more
than single-modality approaches, as different
stretching types produce distinct physiological
effects.

The specific improvements in cervical and thoracic
ROM have particular relevance for basketball
players, as adequate cervical mobility supports
proper head/neck positioning during visual tracking
of opponents and the ball, while thoracic mobility
enables efficient trunk rotation during shooting,
passing, and defensive positioning. The 15.8-
degree cervical improvement and 12.3-degree trunk
improvement observed represent functional gains
likely to enhance technical skill execution.

Basketball Performance Improvements

The improvements in all three basketball
performance metrics (field goal accuracy, passing
accuracy, dribbling efficiency) align with and
support previous research demonstrating that
integrated training produces
improvements in multiple skill domains[23][24].
The passing accuracy improvement of 31.5% is

concurrent

particularly notable and substantially exceeds
typical skill learning curves absent formal training
intervention [25].

The positive correlations between VO.max
improvement and multiple basketball performance
variables (r = 0.48-0.62) suggest that enhanced
aerobic capacity directly contributes to improved
skill execution, possibly through improved work
capacity allowing extended high-intensity effort
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repetitions, reduced fatigue effects on coordination
and motor control, and enhanced cognitive
processing speed during tactical execution[26].

The correlations between joint mobility
improvements and skill performance metrics
(particularly passing and dribbling) suggest that
enhanced ROM facilitates  biomechanically
efficient movement patterns and provides expanded
kinetic chain participation in force generation and
motion production [27].

Future Research Directions

Future investigations should examine: (1) longer
training interventions (12-16 weeks) to characterize
sustained adaptations and potential plateau effects;
(2) female athlete populations to assess potential
sex-related differences in training response; (3)
comparative analysis of different training
modalities to identify optimal programming
approaches; (4) integration of advanced monitoring
technologies (heart rate variability, lactate
profiling) to characterize physiological adaptations
in greater detail; (5) investigation of retention
effects following training conclusion to understand
training sustainability; (6) sport-specific elite
populations to assess applicability to professional-
level competition.

VII. CONCLUSIONS

This randomized controlled trial demonstrates that
a systematic 6-week training program combining
cardiovascular conditioning, multimodal flexibility
training, and sport-specific skill development
produces substantial, statistically significant, and
practically meaningful improvements in maximal
aerobic capacity, joint mobility, and basketball-
specific performance skills in collegiate male
athletes. The improvements in all measured
variables were large in magnitude (Cohen's d > 1.7)
and significantly greater than changes in the control
group. These findings support the integration of
evidence-based, comprehensive training
approaches into basketball development programs
and provide quantitative evidence of the
effectiveness of such interventions for improving
multiple performance determinants. The positive
correlations between aerobic fitness improvements
and skill performance enhancements suggest
integrated physiological and technical training
approaches produce synergistic benefits for overall
athletic performance.
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