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A B S T R A C T

Background: Enhancing the anaerobic capacity of female basketball players is vital for improving competitiveness 
and performance. Power bicycle training, a high-intensity anaerobic exercise, improves lower-limb muscle 
strength and explosive power. Power bicycle training involves progressive increases in load in high-intensity 
intervals, making it an effective training method for athletes.
Objective: To determine the effectiveness of power bicycle training for enhancing anaerobic capacity and evaluate 
its correlation with cost-effective measurement metrics.
Methods: Overall, 47 female athletes from Hainan Province who participated in the National University 
Basketball League were divided into the control group (n = 23) and the training group (n = 24). The training 
group underwent a 4-week, 7-session power cycling program, twice per week, with four power cycling sessions. 
Body composition and lower-limb morphology were measured quarterly. Data analysis was performed using 
SPSS 22.0 software.
Results: No significant differences in power cycling metrics were observed between the groups before training (p 
> 0.05). After training, significant differences were observed between the groups (p < 0.05). Key power cycling 
metrics, including average power, average power/body weight ratio, minimum power, and total power, were 
significantly influenced by the number of training sessions (p < 0.05). Notably, power increased after sessions 5 
and 6 compared with after sessions 1 and 3 (p < 0.05). Strong positive correlations were observed between 
anaerobic power cycling and lower-limb muscle mass and circumference. Multiple linear regression models for 
power cycling metrics were developed.
Conclusions: The method proposed in this study is effective for developing training models, especially when 
physical assessments or experimental tools are unavailable. It represents a time-saving, cost-effective approach 
for practical training guidance.

Introduction

Basketball is a dynamic and intermittent invasion team sport char-
acterized by fast and short displacements.1 According to the new 
basketball rules introduced in May 2000, the attack time has been 
shortened from 30 s to 24 s, whereas the backcourt time has been 
shortened from 10 s to 8 s. Additionally, the game is divided into four 
periods, with each period being 10 min long. Therefore, the corre-
sponding tactical requirements and energy supply requirements of the 

players have also changed, increasing the speed of the game’s rhythm. 
Studies on the anaerobic energy supply capacity of basketball players 
have reported that high-intensity exercise accounts for 16.1 % of the 
total playing time.2,3 Furthermore, the anaerobic exercise ability,3,4,5

biomechanics,6 physiological index,5,7 and competitive technology have 
been reported as crucial factors influencing players’ basketball perfor-
mance.7 Thus, exploring effective training methods to improve the 
anaerobic ability of basketball players is vital for improving 
performance.
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Basketball involves numerous short-duration, high-intensity repeti-
tive movements, including continuous jumping, quick sprinting, accel-
erations, abrupt stops, and various dynamic positional changes.3,4 It 
involves rapid movements to maintain or gain positions on the court. 
High-intensity or maximal-intensity short-duration movements and 
quick sprints are vital for scoring. Both anaerobic and aerobic energy 
systems are activated to meet the energy demands of the muscles under 
different exercise intensities, considering the nature and characteristics 
of basketball.5,6 Extensive jumping and high-intensity running, which 
are accompanied by relatively high average blood lactate concentra-
tions, are frequently performed by basketball players. During the game, 
elite basketball players maintain a heart rate that is 85 % of their 
maximum heart rate or higher. Consequently, most researchers believe 
that basketball mainly depends on anaerobic metabolism.6 To improve 
the performance of basketball players, effective training methods are 
needed to improve their anaerobic capacity.7

The anaerobic exercise ability of basketball players can be effectively 
evaluated using tests such as the 20-meter, 30-meter, and 35-meter 
repeated sprint tests; suicide run test; Bosco test; and anaerobic power 
bicycle test.8,9,10,11 Numerous sports studies have reported that the 30-s 
anaerobic power bicycle test is an effective and accurate evaluation 
method. Training methods, such as circulatory resistance training in a 
hypoxic environment,12 high-intensity interval training (HIIT),13 and 
Swiss ball core strength training, can improve the anaerobic exercise 
ability of athletes.14 However, the actual effect of these training methods 
is not optimal, and they do not completely simulate the intermittent 
high-intensity exercise mode of basketball players in the competition.

One of the most commonly used methods to assess muscle mass 
growth in many sports is the measurement and study of limb vol-
ume.15,16 The effectiveness of strength training programs can be eval-
uated by measuring limb circumference and volume.17 Limb muscle 
content, circumference, volume, and muscle strength are altered by 
various training programs, as demonstrated previously.17 For instance, 
some studies have demonstrated that low-load blood flow restriction 
training and regular high mechanical load resistance training increase 
the total cross-sectional area, volume, and strength of the quadriceps 
and thigh muscles.18,19 Muscle strength closely correlates with 
cross-sectional area; thus, limb circumference measurements are 
frequently used as an alternative indicator of strength growth, both in 
healthy populations and in patients.20,21 Exercise alters lower-limb 
strength and thigh circumference, and several studies have demon-
strated a positive correlation between thigh circumference and 
lower-limb muscle strength.22,23,24 Consequently, when evaluating the 
effectiveness of training methods or making objective comparisons be-
tween the efficiency of two training methods after prolonged exercise, it 
becomes necessary to assess muscle mass changes from subtle alter-
ations. In this case, visual observation alone is insufficient; thus, changes 
in limb volume or circumference measurements must be objectively 
evaluated.24,25,26 Consequently, the strength growth of female basket-
ball players can be evaluated by measuring changes in lower-limb 
circumference.

Power cycling test indicators, such as mean power, peak power, fa-
tigue index, peak power/body weight, mean power/body weight, and 
total work, are closely associated with body composition parameters, 
including muscle mass percentage, fat mass percentage, and fat-free 
mass, in experienced female basketball players. Research has shown 
that higher muscle mass percentage and fat-free mass are significantly 
positively correlated with greater peak power, mean power, and jump 
performance, while a higher fat mass percentage is negatively correlated 
with these performance metrics and is associated with an increased fa-
tigue index, thereby reducing endurance capacity.27,28 Furthermore, 
relative power metrics, such as peak power/body weight and mean 
power/body weight, provide a more accurate reflection of explosive 
strength and relative performance capacity, and they serve as key var-
iables for distinguishing athletes at different competitive levels.28,29

Total work and mean power on power cycling tests can also be 

accurately predicted using body composition parameters, highlighting 
the statistically significant relationships between these metrics.⁶ In 
terms of the training methodology, velocity-based resistance training 
has been shown to be more effective for enhancing explosive power and 
peak output, whereas percentage-based resistance training is more 
effective for improving mean power and endurance performance.30

Therefore, optimizing body composition (by increasing muscle mass and 
reducing fat mass) and specifically targeting improvements in key power 
indicators are of critical importance for enhancing the overall athletic 
performance of female basketball players.28–30

This study aims to investigate the efficacy of power bicycle training 
for improving the anaerobic exercise ability of female basketball 
players. Additionally, this study explores the quantitative relationship 
between cost-effective measurement indices, such as lower-limb 
circumference, lower-limb muscle mass, and power bicycle evaluation 
index, and attempts to establish an algorithm model.

Methods

Participants

The participants were 47 randomly selected outstanding female 
basketball players who represented Hainan Province in the National 
College Student Basketball League between 2024 and 2025. The inclu-
sion criteria were (1) students who were registered and enrolled in the 
school’s Student Management Center as of September 1, 2025, and (2) 
students who provided informed consent and voluntarily participated in 
the study. Individuals with cardiovascular diseases or other conditions 
that would prevent them from completing high-intensity power cycling 
training were excluded. The Ethics Committee of **College approved 
this study (Approval no Hnky2021-41). All methods were performed in 
accordance with the relevant guidelines, and all participants provided 
written informed consent.

Methods

Grouping method
The study participants (N = 47) were divided into two groups based 

on their performance in the anaerobic power cycling tests. The results 
were compared using the independent-samples t-test, which indicated 
that the baseline anaerobic capacity was comparable between the 
groups. Key indicators of anaerobic capacity were not significantly 
different between the two groups (p > 0.05), confirming the homoge-
neity of the groups. Therefore, the participants were formally assigned 
to the control group (n = 23) and the training group (n = 24). The sci-
entific rigor and validity of the grouping process provided a reliable 
foundation for the subsequent experiment, ensuring the objectivity of 
the results.

Basic information collection
The general demographic data, including age, sex, height, weight, 

and body mass index, were collected from the 47 study participants 
using a questionnaire developed specifically for this study.

Body composition testing
A professional tester independently measured the body composition 

of the study participants in all four quarters using a body composition 
analyzer (InBody 720, Korea).

Lower-limb morphology measurement
Two professionals independently performed lower-limb morphology 

measurements. Before the test, the participants were briefed on the 
relevant testing approaches and precautions. For the measurement of 
thigh circumference, the participants stood with their legs shoulder- 
width apart, ensuring an even distribution of body weight between 
both legs. Thigh circumference was measured using a measuring tape at 
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the half-distance between the greater trochanter and the lateral condyle 
of the femur.35,36

For calf circumference, measurements were taken at the thickest part 
of the calf. These measurements were taken one day before the first 
anaerobic power cycling session in each quarter and continued until one 
day after the last session, with measurements taken before each training 
session.

Anaerobic power bicycle training program
The anaerobic power cycling training program is illustrated in Fig. 1. 

All 24 female basketball players performed anaerobic power cycling 
training one month in advance, twice per week before each quarter. 
Each player warmed up and pedaled for 120 s before pedaling for 30 s 
and resting for 300 s per cycle, with a total of four cycles. Each player 
underwent anaerobic power bicycle training 28 times before the 
seasons.37,38

For the statistical analysis of anaerobic power cycling training data, 
repeated-measures one-way analysis of variance (ANOVA) and 
repeated-measures two-way ANOVA are commonly used and widely 
recognized methods in international sports science research. Repeated- 
measures one-way ANOVA is suitable for evaluating changes in anaer-
obic power metrics within the same group of participants across 
different time points (e.g., pre- and post-training or across different 
quarters). This method effectively identifies the impact of time as a 
factor while controlling for inter-individual variability.23

Repeated-measures two-way ANOVA is appropriate for simultaneously 
evaluating the effects of two independent variables (e.g., training group 
and training session) on anaerobic power, as well as their interaction. It 
is particularly useful for analyzing performance differences between the 
training and control groups across different training sessions.2 The Least 
Significant Difference (LSD) post hoc test is a commonly applied mul-
tiple comparison method used after obtaining a significant ANOVA 
result to identify which specific group differences are statistically sig-
nificant.2 These statistical techniques are widely applied in the fields of 
anaerobic power cycling training, exercise physiology, and physical 
fitness assessment, providing robust support for the scientific evaluation 
of training effects and training program optimization.9,23

To validate the effectiveness of the annual anaerobic power cycling 
training program, the average values of the anaerobic power cycling 
metrics were compared between the control and training groups before 
training in the four quarters to determine if there were any statistically 
significant differences. Similarly, the average changes in the anaerobic 

power cycling indicators were compared between the control and 
training groups for the four quarters before and after training. Repeated- 
measured one-way ANOVA was used for the statistical analysis. Subse-
quently, the average values of the anaerobic power cycling metrics for 
each of the four sessions within every quarter were calculated, which 
served as the training levels for sessions 1–7 in each quarter. Further-
more, the average values of the metrics in sessions 1–7 in each of the 
four quarters were computed, representing the changes in the metrics 
between the training sessions. Verification was conducted using 
repeated-measures two-way ANOVA, and the most effective training 
session was determined using the LSD post hoc test.

Data processing method
Two individuals entered and cross-verified the data. The mean value 

was used as a replacement in cases where less than one third of the data 
were missing. The data were excluded if the missing content exceeded 
one third. Microsoft Excel was used to organize the entered data, and 
SPSS 22.0 software was used for the data analysis. Descriptive statistics, 
including frequency and percentage, were used to express the general 
information of the participants, and normally distributed quantitative 
data are presented. Pearson’s correlation analysis was conducted to 
assess the correlation between lower-limb muscle mass, thigh circum-
ference, calf circumference, and anaerobic exercise performance met-
rics. Multivariate linear regression analysis was used to establish the 
algorithm formula for lower-limb morphology, muscle mass metrics, 
and anaerobic exercise performance metrics of the female basketball 
players. The significance level for hypothesis testing of the measurement 
indicators was set at p < 0.05.

Results

Table 1 presents the baseline information of the participants. Table 2
presents the average Wingate test metrics for the control group and the 
training group before the four quarterly training cycles. The two groups 
exhibited no significant differences in mean power, peak power, fatigue 
index, peak power/body weight, mean power/body weight, and total 
work (p > 0.05). Table 3 shows the comparative analysis of the changes 
in Wingate metrics before and after the four training cycles in both 
groups. The changes in mean power and peak power/body weight 
before and after the four cycles were significantly different between the 
control and training groups (all p < 0.05). Further analysis indicated 
that the training group exhibited significantly greater changes in 

Fig. 1. Anaerobic power bicycle training program.
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Wingate metrics, particularly mean power and peak power/body 
weight.

The effects of annual power cycling training were calculated through 

one-way ANOVA (Table 4). The mean power, peak power, peak power 
index, fatigue index, peak power/body weight, mean power/body 
weight, and total work were significantly different between the groups 
(all p < 0.05). Specifically, the differences between sessions 5 and 6 and 
sessions 1 and 3 were significantly more pronounced in female basket-
ball players who underwent anaerobic power cycling training (p <
0.05). As the number of training cycles increased, the performance of the 
athletes improved in terms of average power, maximum power, mini-
mum power, mean power/body weight, peak power/body weight, and 
total work. However, during session 6, anaerobic power decreased to the 
lowest point, indicating that the athletes approached their physical 
limits and were unable to sustain additional output. In exercise physi-
ology, when the exercise intensity reaches a certain threshold, the 
body’s energy systems, especially the anaerobic metabolic system (such 
as the ATP and phosphocreatine systems in the muscles), are greatly 
challenged. At this stage, the muscles become fatigued and the energy 
supply begins to deplete, leading to a decline in power output. Thus, the 
lowest value typically represents the point at which the physiological 
limit is reached and an athlete achieves the highest performance under 
high-intensity exercise conditions. This reflects athletes’ recovery and 
maximum effort performance after high-intensity exercise, during which 
female basketball players showcase the strongest capabilities.

The correlation analyses between anaerobic power cycling metrics 
and lower-limb morphology in female basketball players indicated sig-
nificant positive correlations of mean power, peak power, fatigue index, 
and total work with right leg skeletal muscle mass, left leg skeletal 
muscle mass, left thigh circumference, right thigh circumference, left 
calf circumference, and right calf circumference (all p < 0.001; Table 5). 
Additionally, peak power/body weight showed significant positive 
correlations with right leg skeletal muscle mass, left leg skeletal muscle 
mass, left thigh circumference, and right calf circumference (all p <
0.001).

Based on the formula in Table 6 for predicting the maximum 
anaerobic cycling power based on lower-limb morphology in female 
basketball players, the following predictive equations were derived 
through the regression analysis: Peak power = −33.472 + (left leg 
skeletal muscle mass × 133.820) − (right calf circumference × 45.304) 
+ (left thigh circumference × 23.670); Mean power = 16.337 + (right 
leg skeletal muscle mass × 51.745); Peak power/body weight = 15.386 
+ (left leg skeletal muscle mass × 1.100) − (right calf circumference ×
0.887) + (left thigh circumference × 0.344); Fatigue index = −8.776 +
(right leg skeletal muscle mass × 3.381).

These equations effectively predicted various metrics in female 
basketball players who underwent anaerobic power cycling training. 
The explanatory power of these equations for peak power, mean power, 
peak power/body weight, and fatigue index were 87.5 %, 83.9 %, 60.9 
%, and 71.2 %, respectively. These results indicated that the lower-limb 
morphology indicators, particularly skeletal muscle mass and thigh 
circumference, were significantly associated with anaerobic power 
cycling metrics in female basketball players.

Discussion

Enhancing the anaerobic capacity of female basketball players is 
crucial to ensure their competitiveness. Power cycling training is a type 
of high-intensity anaerobic exercise that has been widely applied to 
improve the performance of athletes. It encompasses HIIT in which the 
load is gradually increased. This training maximizes the output capacity 
of the lower-limb muscles and enhances strength and explosive power. 
Understanding the effects of power cycling training on lower-limb 
anaerobic capacity in female basketball players is essential to improve 
their performance. A previous study showed that a 4-week circuit 
resistance training program in a hypoxic environment led to significant 
improvements in peak power and mean power (p < 0.05) among 16 
male gymnasts.21 Similarly, other scholars evaluated the effects of 
various HIIT protocols on aerobic and anaerobic capacity, physiological 

Table 1 
Demographic and baseline characteristics of female basketball players.

Season 
participants(47)

Spring Summer Autumn Winter

Age(yrs) 20.91 
(1.38)

20.91 
(1.38)

20.91 
(1.38)

20.91 
(1.38)

Height(cm) 169.27 
(7.44)

169.36 
(7.34)

169.27 
(7.44)

169.27 
(7.44)

Weight(kg) 65.41 
(12.31)

63.51 
(11.71)

64.18 
(12.48)

65.97 
(13.37)

BMI(kg/m2) 22.66 
(2.55)

22.00 
(2.41)

22.24 
(2.59)

22.92 
(2.91)

Athletic Experience 
(Yrs)

10.12 
(2.23)

10.37 
(2.19)

10.62 
(2.20)

10.87 
(2.22)

Values are expressed as the mean (SD). BMI, body mass index; SD, standard 
deviation.

Table 2 
Comparative analysis of the average values of Wingate metrics between the 
control and training groups before the four (quarterly) training sessions.

Indicators Group(N =
47)

Before training (average of 4 
quarters)

F p- 
value 
(by 
type)

MP 
(watt)

A(23) 434.43 (79.98) 1.484 .227
B(24) 411.39 (92.13)

MW 
(watt/kg)

A(23) 6.63 (0.53) 2.684 .105
B(24) 6.36 (0.91)

PP 
(watt)

A(23) 768.41 (235.21) 0.534 .467
B(24) 733.53 (202.14)

PW 
(watt/kg)

A(23) 11.94 (2.03) 3.813 .054
B(24) 11.21 (1.38)

FI 
(watt/ 
sec)

A(23) 18.45 (7.09) 0.036 .85
B(24) 18.71 (5.57)

TW 
(watt)

A(23) 13,032.80 (2399.52) 1.484 .227
B(24) 12,341.62 (2763.94)

Data are presented as the mean (SD). A, control group; B, training group; FI, 
fatigue index; MP, mean power; MW, mean power/body weight; PP, peak 
power; PW, peak power/body weight; SD, standard deviation; TW, total work.

Table 3 
Comparative analysis of the changes in Wingate indicators after compared with 
before the four (quarterly) training sessions between the control and training 
groups.

Indicators Group(N 
= 47)

Difference (average of difference 
before and after training in 4 
quarters)

F p- 
value

MP 
(watt)

A(23) −8.83(82.90) 4.72 .033
B(24) 24.52(56.42)

MW 
(watt/ 
kg)

A(23) 0.16(0.64) 2.266 .136
B(24) 0.47(1.15)

PP 
(watt)

A(23) −28.26(194.24) 1.737 .191
B(24) 17.72(120.04)

PW 
(watt/ 
kg)

A(23) −0.62(2.12) 5.557 .021
B(24) 0.32(1.50)

FI 
(watt/ 
sec)

A(23) 1.08(5.38) 1.086 .301
B(24) 0.00(3.99)

TW 
(watt)

A(23) 140.02 (2434.58) 1.729 .192
B(24) 737.24(1693.60)

Values are presented as the mean (SD). A, control group; B, training group; FI, 
fatigue index; MP, mean power; MW, mean power/body weight; PP, peak 
power; PW, peak power/body weight; SD, standard deviation; TW, total work.
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adaptation, and muscle damage in young male basketball players. There 
were significant increases in mean power and peak power in the lower 
limbs in the HIIT group during the fourth full-power cycle (p < 0.05).22

Additionally, another study analyzed the effects of 8-week short interval 
training (SIT) in elite male badminton players. The study included 16 
athletes who were randomly divided into an experimental group (SIT 
group, n = 8) and a control group (n = 8). The SIT group performed two 
power cycling SIT sessions and one multi-ball SIT session weekly, 
whereas the control group performed two regular physical training 
sessions and one multi-ball session. The SIT group exhibited a significant 
increase in mean power (p < 0.05), but there was a significant decrease 

in the time to peak power (p < 0.05).36,37

In the present study, the trend analysis indicated that the changes in 
Wingate metrics, especially mean and peak power/body weight, were 
significantly more pronounced in the training group. In addition, the 
anaerobic power cycling metrics exhibited significant differences be-
tween sessions 1 and 7 (p < 0.05). Statistical analysis showed significant 
differences in the anaerobic power cycling indices of female basketball 
players (p < 0.05), consistent with the findings of a previous study on the 
effects of HIIT protocols among basketball players. After undergoing 
anaerobic power cycling training, female athletes showed significant 
increases in both peak power and mean power after sessions 5 and 6, 
along with a decrease in fatigue index, indicating a significant 
improvement in anaerobic high-intensity endurance.

The present study also observed a significant positive correlation 
between thigh circumference and lower-limb muscle strength, as muscle 
strength is closely related to cross-sectional area (p < 0.001).20,21 This 
result is consistent with that of a study in patients with knee arthritis, 
which reported a strong positive correlation between quadriceps 
strength and thigh circumference (p < 0.001).22 In another study, 
training led to a significant increase in muscle strength in the quadriceps 
and hamstrings by week 8 (p < 0.05).23 The present study showed sig-
nificant positive correlations of anaerobic power cycling metrics (mean 
power, peak power, minimum power, fatigue index, and total work) 
among female basketball players with both right and left leg skeletal 
muscle mass, thigh circumference, and calf circumference (p < 0.001), 
consistent with the findings of previous studies.20,21,23 This study also 
found that during anaerobic power cycling training or other HIIT, the 
muscles are subjected to greater stimulation, resulting in increased 
skeletal muscle tension. Initial strength gains are primarily due to neural 

Table 4 
Effect of power bicycle training on Wingate indicators.

Indicators Number of training sessions per quarter F p-value 
(by 
type)

Post-hoc
1 2 3 4 5 6 7

MP 
(watt)

411.39 
(92.13)

419.34 
(91.15)

420.01 
(89.48)

425.67 
(90.52)

428.63 
(90.50)

430.48 
(93.19)

435.91 
(85.10)

3.269 .004 5,6,7 > 1,3

MW 
(watt/kg)

6.44 
(0.66)

6.44 
(0.62)

6.50 
(0.69)

6.59 
(0.65)

6.63 
(0.70)

6.64 
(0.69)

6.83 
(0.82)

5.773 <0.001 5,6,7 > 1,2,3

PP 
(watt)

733.53 
(202.14)

734.36 
(219.18)

734.05 
(210.19)

735.96 
(221.04)

736.88 
(206.19)

740.86 
(214.69)

751.25 
(205.35)

.376 .894 NS

PW 
(watt/kg)

11.21 
(1.38)

11.23 
(1.89)

11.22 
(1.72)

11.24 
(1.74)

11.23 
(1.50)

11.32 
(1.66)

11.53 
(1.58)

.824 .552 NS

MIP 
(watt)

252.03 
(80.23)

238.72 
(83.75)

257.13 
(68.58)

260.53 
(74.62)

265.98 
(80.32)

267.08 
(79.18)

265.72 
(78.87)

2.667 .016 5,6,7 > 2

FI 
(watt/sec)

18.71 
(5.57)

19.28 
(6.95)

18.77 
(6.79)

18.41 
(6.52)

18.09 
(6.41)

18.06 
(6.02)

18.71 
(6.11)

1.359 .231 NS

TW 
(watt)

12,521.17 
(2777.92)

12,573.18 
(2732.41)

12,609.32 
(2699.00)

12,770.14 
(2715.75)

12,859.07 
(2715.11)

12,918.75 
(2801.05)

13,078.86 
(2553.19)

2.275 .037 7 > 1;5,6,7 > 3

The p value was obtained by univariate ANOVA. Values are presented as the mean (SD). FI, fatigue index; MIP, minimum power; MP, mean power; MW, mean power/ 
body weight; PP, peak power; PPI, peak power in; PW, peak power/body weight; TW, total work.

Table 5 
Correlation analysis between anaerobic power bicycle metrics and lower-limb 
morphology indices in female basketball players.

Indicators LL RL LTC RTC LCC RCC
MP r .916** .918** .822** .827** .794** .753**
PP r .911** .908** .793** .799** .755** .709**
MIP r .646** .645** .514** .537** .478** .441**
PPI r −0.160 −0.157 −0.184 −0.150 −0.220 −0.253
FI r .848** .844** .760** .757** .728** .686**
PW r .545** .544** .413** .419** .297 .224
MW r .057 .068 .098 .104 −0.033 −0.082
TW r .916** .918** .822** .826** .794** .752**

FI, fatigue index; LCC, left calf circumference; LL, skeletal muscle mass of the left 
leg; LTC, left thigh circumference; MIP, minimum power; MP, mean power; MW, 
mean power/body weight; PP, peak power; PPI, peak power in; PW, peak 
power/body weight; RL, skeletal muscle mass of the right leg; RCC, right calf 
circumference; RTC, right thigh circumference; TW, total work. **p < 0.001.

Table 6 
Algorithm formula between the maximum power of anaerobic power cycling and lower-limb morphology indices in female basketball players.

Index B Std.Error Beta t Sig. R²
PP (constant) −33.472 190.384 ​ −0.176 .861 .875

LL 133.820 14.461 .998 9.254 .000
RCC −45.304 10.802 −0.640 −4.194 .000
LTC 23.670 6.663 .539 3.553 .001

MP (constant) 16.337 28.486 ​ .574 .569 .839
RL 51.745 3.455 .918 14.976 .000

PW (constant) 15.386 2.594 ​ 5.930 .000 .609
LL 1.100 .197 1.064 5.582 .000
RCC −0.887 .147 −1.623 −6.023 .000
LTC .344 .091 1.015 3.788 .001

FI (constant) −8.776 2.698 ​ −3.252 .002 .712
LL 3.381 .326 .848 10.360 .000

FI, fatigue index; LL, skeletal muscle mass of the left leg; LTC, left thigh circumference; MP, mean power; PP, peak power; PW, peak power/body weight; RCC, right calf 
circumference; RL, skeletal muscle mass of the right leg.
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stimulation, rather than physiological changes in the muscles.27 Muscle 
hypertrophy is mainly attributed to the increase in individual muscle 
fiber volume.28,29 After 4–8 weeks of resistance training or 2–3 weeks of 
high-intensity training, muscle fiber volume increases, accompanied by 
a significant increase in thigh circumference.30,31,32 The present study 
confirmed the positive correlation between thigh circumference and 
anaerobic power in the lower limbs.

In summary, the effectiveness of anaerobic power cycling training is 
influenced by multiple external factors, including temperature, humid-
ity, and nutritional intake.33,34,35 Variations in training intensity, fre-
quency, volume, and rest intervals also affect training outcomes. A 
quantitative analysis of the relationship between lower-limb circum-
ference, muscle mass, and anaerobic power facilitate a more objective 
assessment of lower-limb strength in female basketball players.39,40,41

Although there are slight biases in the evaluation model owing to dif-
ferences in the experimental populations, the results of this study 
showed high accuracy within the population studied. The equations 
presented in this study can assist coaches and trainers in customizing 
training evaluation models for specific groups, even when experimental 
equipment is unavailable or training conditions are suboptimal. This 
approach undoubtedly offers an efficient, time-saving, and cost-effective 
method for assessing training effectiveness and outcomes, with signifi-
cant practical value. However, as this study only included female 
players, it is important to investigate the generalizability of the findings 
to male players. Additionally, the limitations of the study should be 
discussed, and future research directions should explore the applica-
bility of these findings across different populations.

Conclusions

The anaerobic exercise ability of female basketball players in the four 
quarters of the year did not differ significantly. The anaerobic exercise 
ability of female basketball players reached the highest level through 
5–6 training sessions, twice per week, before the game. The anaerobic 
exercise ability of female basketball players could be accurately pre-
dicted according to the proposed multiple linear regression equations. 
This prediction method is undoubtedly a time-saving, labor-saving, and 
efficient evaluation tool, and it may be useful for guiding practical 
training. 

1. Optimization of Training Schedules: This study clearly indicated that 
female basketball players significantly improved their anaerobic 
capacity by training twice per week for a total of 5–6 sessions prior to 
competing. Coaches can utilize this information to rationally plan the 
training frequency and intensity before games, ensuring athletes 
reach their optimal physical condition.

2. Personalized Training Programs: Based on multiple linear regression 
equations, coaches can accurately predict athletes’ anaerobic per-
formance and subsequently develop individualized and scientifically 
grounded training plans. This approach allows coaches to tailor the 
training content and intensity to each athlete’s specific needs, 
thereby enhancing training effectiveness.

3. Time and Resource Efficiency: The prediction model based on the 
regression equations saved considerable time and effort. Coaches are 
no longer reliant on complex physical assessments or prolonged 
observation periods; instead, they can rapidly assess athletes’ phys-
ical fitness using a simple mathematical model, enabling swift ad-
justments and maximizing training efficiency.

4. Improved Training Outcomes: Through the application of scientific 
prediction and evaluation tools, coaches can gain more precise in-
sights into the physical status of athletes. This helps to avoid both 
overtraining and undertraining, ensuring athletes reach peak con-
dition before competitions and improving overall training outcomes 
and performance.

5. Practical Guidance Value: This research provides strong data-driven 
support for practical training, enabling coaches to monitor athletes’ 

training progress through quantitative analysis. Adjustments can be 
made according to different training phases, ultimately achieving 
simultaneous improvements in physical capacity and competitive 
performance.
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6. Akınoğlu B, Kocahan T, Yıldırım NÜ, et al. A comparison of wrist isokinetic muscle 
strength in wheelchair table tennis and wheelchair basketball players. In: 
Orthopaedic Journal of Sports Medicine. February,13th TUSYAD Congress, 22-26 
November. 2016. https://doi.org/10.1177/2325967117S00068.

7. Carvalho HM, Coelho-E-Silva MJ, Gon-Alves CE, et al. Age-related variation of 
anaerobic power after controlling for size and maturation in adolescent basketball 
players. Ann Hum Biol. 2011;38(6):721–727. https://doi.org/10.3109/ 
03014460.2011.613852.

H. Ding et al.                                                                                                                                                                                                                                    Apunts Sports Medicine 60 (2025) 100494 

6 

http://www.topeditsci.com
http://www.topeditsci.com
https://doi.org/10.3390/ijerph17041409
https://doi.org/10.1080/10413200.2018.1543735
https://doi.org/10.1080/10413200.2018.1543735
https://doi.org/10.5923/j.sports.20140402.06
https://doi.org/10.3389/fphys.2018.01636
https://doi.org/10.3109/17483107.2011.613521
https://doi.org/10.1177/2325967117S00068
https://doi.org/10.3109/03014460.2011.613852
https://doi.org/10.3109/03014460.2011.613852


8. Johnny P, Bragazzi NL, Nikolaidis PT, et al. Repeated sprint ability in young 
basketball players: multi-direction vs. one-change of direction (part1). Front Physiol. 
2016;7:133. https://doi.org/10.3389/fphys.2016.00133.

9. Sanchez-Sixto A, Harrison A, Floria P. Effects of plyometric vs. Combined plyometric 
training on vertical jump biomechanics in female basketball players. J Hum Kinet. 
2021;(1):25–35. https://doi.org/10.2478/HUKIN-2021-0009.

10. Pantelis TN, Abbas A, Eduardo JAM, et al. Relationship of body mass status with 
running and jumping performances in young basketball players. Muscl Ligament 
Tendon J. 2015;5(3):187–194. https://doi.org/10.32098/mltj.03.2015.08.

11. Mirjam L, Alina, et al. Reliability and validity of a new portable tethered sprint 
running test as a measure of maximal Anaerobic performance. J Streng Condition Res. 
2020;34(8):2197–2204. https://doi.org/10.1519/JSC.0000000000003119.

12. Jun J, Chenyu W. Short-term resistance training in hypoxia on aerobic and 
anaerobic exercise performance of male gymnasts. J Guangzhou Sport Univers. 2020; 
(2):91–96. https://doi.org/10.13830/j.cnki.cn44-1129/g8.2020.02.022.

13. Chenyu W. Effects of high-intensity intermittent training on aerobic and anaerobic 
exercise performance in juvenile male basketball athletes. J Xi An Phys Educ Univer. 
2019;(2):211–219. https://doi.org/10.16063/j.cnki.issn1001-747x.2019.02.016.

14. Jingguo Z, Long Z. Experimental son the effects of SwissBall core strength training 
on aerobic and anaerobic exercise ability. J Biomed Eng Res. 2012;(3):157–160. 
https://doi.org/10.19529/j.cnki.1672-6278.2012.03.005.

15. Abreu SCM, Lanatovitz PMC, Beatriz OA, et al. Muscle atrophy, voluntary activation 
disturbances, and low serum concentrations of igf-1 and igfbp-3 are associated with 
weakness in people with chronic stroke. Phys Ther. 2014;(7):957–967. https://doi. 
org/10.2522/ptj.20130322.

16. Ladlow P, Coppack RJ, Dharm-Datta S, et al. Low-load resistance training with blood 
flow restriction improves clinical outcomes in musculoskeletal rehabilitation: a 
single-blind randomized controlled trial. Other, 9. Blood Flow Restrict Rehabilit. 
2018;9:1269. https://doi.org/10.3389/fphys.2018.01269.

17. Fahs CA, Loenneke JP, Thiebaud RS, et al. Muscular adaptations to fatiguing 
exercise with and without blood flow restriction. Clin Physiol Funct Imaging. 2015;35 
(3):167–176. https://doi.org/10.1111/cpf.12141.

18. Lixandrao ME, Ugrinowitsch C, Berton R, et al. Magnitude of muscle strength and 
mass adaptations between high-load resistance training versus low-load resistance 
training associated with blood-flow restriction: a systematic review and meta- 
analysis. Sports Med. 2017;48:361–378. https://doi.org/10.1007/s40279-017-0795- 
y.

19. Son S, Han K, So WY. The relationships of waist and mid-thigh circumference with 
performance of college golfers. J Phys Ther Sci. 2016;28(3):718–721. https://doi. 
org/10.1589/jpts.28.718.

20. Kim JH, So WY. Associations between weight status and different types of physical 
fitness variables in korean men: a community-based study. J Mens Health. 2013;10 
(2):60–64. https://doi.org/10.1016/j.jomh.2012.10.002.

21. Olagbegi OM, Adegoke BO, Christie JA, et al. Effects of an eight-week step ladder 
exercise protocol on lower limb muscular strength of apparently healthy young 
adults. Hum Movem. 2017;18(3):60–66. https://doi.org/10.1515/humo-2017-0026.

22. Olagbegi OM, Adegoke BO, Odole AC. Effectiveness of three modes of kinetic-chain 
exercises on quadriceps muscle strength and thigh girth among individuals with 
knee osteoarthritis. Arch Physiother. 2017;7(9):2–11. https://doi.org/10.1186/ 
s40945-017-0036-6.

23. Rahimi M, Saadat P, Seyed R, et al. Original article muscle strength in diabetics 
compared to non-diabetic elderly participants: a cross sectional and case-control 
study. Caspian J Intern Med. 2019;10(3):265–270. https://doi.org/10.22088/ 
cjim.10.3.265.

24. De Santo NG, Bisaccia C, Cirillo M, et al. Medicine in the encyclopedie (1751–1780) 
of Diderot and d’Alembert. J Nephrology. 2011;24:S12–S24. https://doi.org/ 
10.5301/JN.2011.6485.

25. Knarr BA, Ramsay JW, Buchanan TS, et al. Muscle volume as a predictor of 
maximum force generating ability in the plantar flexors post-stroke. Muscl Nerve. 
2013;48(6):971–976. https://doi.org/10.1002/mus.23835.

26. Liu Y, Leng B, Liu H, et al. Effects of 8-week sprint interval training on anaerobic 
exercise capacity of elite male college badminton players. Chin J Sport Med Chin J 
Sports Med. 2018;9:732–737. https://doi.org/10.16038/j.1000-6710.2018.09.002.

27. Kahraman MZ, Okut S. The relationship between body composition parameters, 
anaerobic power, and jumping performance in basketball players. Phys Educ Stud. 
2025;29(1):66–72. https://doi.org/10.15561/20755279.2025.0107.

28. Cabarkapa D, Cabarkapa DV, Nagy D, Szabo K, Balogh L, Safar S, Ratgeber L. 
Differences in anthropometric and vertical jump force-time characteristics between 
U16 and U18 female basketball players. Front Sport Act Living. 2024;6, 1425475. 
https://doi.org/10.3389/fspor.2024.1425475.

29. Wang J, Zong Y. Construction and validation of the Wingate index model for elite 
athletes. Heliyon. 2024;10(11), e32178. https://doi.org/10.1016/j.heliyon.2024. 
e32178.

30. Zhang M, Li D, He J, Liang X, Li D, Song W, Ding S, Shu J, Sun X, Sun J. Effects of 
velocity-based versus percentage-based resistance training on explosive 
neuromuscular adaptations and Anaerobic power in sport-college female basketball 
players. Healthc (Basel). 2023;11(4):623. https://doi.org/10.3390/ 
healthcare11040623.

31. Llodio I, Yanci J, Usandizaga M, Larrea A, Iturricastillo A, Cámara J, Granados C. 
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