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Abstract  This study examined the effects of a 

12-week specialized physical training program on the 

physical profiles and success rate of skill movement in 

collegiate sanda athletes, comparing outcomes between 

experimental and control groups. The participants 

comprised 40 Sanda athletes including 20 males and 20 

females from Sichuan University of Science and Chemical 

Technology, all actively engaged in university-level 

competitions and regular training. Using stratified 

randomization, subjects were assigned to either the 

experimental or control group after baseline physical 

fitness assessments. Following the 12-week intervention, 

within-group (pre-post) and between-group comparisons 

were conducted. Results indicated that the experimental 

group demonstrated significant improvements in overall 

physical fitness profiles and the success rate of skill 

movement compared to the control group. Specifically, 

the experimental group outperformed the control group in 

strength, endurance, flexibility, coordination, and success 

rate of skill movement. The findings suggest that 

specialized physical training enhances athletes’ 

foundational fitness capacities, thereby supporting 

competitive performance. This study not only underscores 

the efficacy of targeted physical training for sanda athletes’ 

development but also offers practical insights for 

optimizing training methodologies in combat sports. 

Keywords  Physical Training, Physical Profiles, 

Success Rate of Skill Movement, Collegiate Sanda 

Athletes 

1. Introduction

Sanda, a modern combat sport derived from traditional 

Chinese Wushu, has undergone rapid development, 

establishing itself as a prominent competitive event in 

China [1,2]. Elite Sanda athletes are characterized by 

exceptional technical proficiency and comprehensive skill 

sets. However, when technical abilities are comparable 

between competitors, physical fitness emerges as the 

critical determinant of performance, enabling sustained 

execution of techniques under high-intensity conditions 

[3]. 

Existing research has identified speed endurance, 

strength, and flexibility as the core components of physical 

fitness assessment in Sanda, with standardized testing 

protocols established for these attributes [4,5,6]. Notably, 

elite athletes demonstrate superior performance in speed 

endurance, flexibility, and coordination compared to 

non-elite practitioners, while other physical traits show no 

significant differences. A hierarchical analysis ranks these 

attributes as follows: speed and flexibility are prioritized, 

followed by endurance [7,8]. Further investigations 

focusing on collegiate Sanda athletes (48–56 kg) reveal 

that leg endurance has the strongest correlation with 
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competitive success, followed by punching endurance, 

movement speed, flexibility, strength, and grappling 

strength [9].  

To optimize training outcomes, the design of physical 

conditioning programs must consider athletes’ 

physiological profiles and gender-dependent variations. 

Empirical studies confirm significant differences between 

male and female Sanda athletes in muscle strength, aerobic 

capacity, reaction time, and explosive power. Analogous 

findings in tennis research suggest gender-specific 

advantages in spatial movement speed and coordination, 

which may generalize to combat sports like Sanda. 

Consequently, tailored training regimens are imperative to 

address these disparities [10]. Competition analytics 

further validate this approach, highlighting female athletes’ 

dominance in agility and flexibility, whereas male athletes 

exhibit greater strength and strike resilience [11]. 

Collectively, these findings emphasize the need for 

sex-specific training methodologies. 

Anthropometric evaluation, which quantifies human 

morphology through standardized measurements, plays a 

pivotal role in assessing physical development and baseline 

fitness for sports training and health. In this study, height 

was measured vertically using a stadiometer, while body 

fat percentage was determined via bioelectrical impedance 

analysis to evaluate fat-lean mass distribution. To ensure 

consistency, all measurements were conducted under 

controlled conditions (e.g., uniform time of day, attire, and 

equipment), and were monitored [12].  

This study examines gender-based differences in speed, 

strength endurance, coordination, flexibility, joint muscle 

strength, Functional Movement Screen (FMS) scores, and 

technical success rates among collegiate Sanda athletes. 

The results will inform evidence-based strategies for 

sex-specific training optimization. 

2. Materials & Methods 

2.1. Participants 

A pre-test was conducted to assess baseline physical 

profiles, joint muscle strength, functional movement 

screening (FMS) scores and success rate of skill 

movement of 40 collegiate Sanda athletes (20 males, 20 

females) to evaluate pre-existing injury risks. To ensure 

homogeneity between groups, participants were stratified 

by gender and competitive level (national 1st–3rd grade 

athletes) and allocated to either the experimental (n=20) 

or control group (n=20) using stratified randomization. 

Group assignments were based on composite scores 

integrating physical profiles, joint strength, success rate of 

skill movement, and FMS results, minimizing intergroup 

differences in baseline characteristics (p>0.05). Each 

group comprised 10 male and 10 female athletes, with 

balanced representation of skill levels (4 first-level, 6 

second-level, and 10 third-level athletes per group). 

Prior to the experiment, all participants provided 

informed consent, acknowledging the training protocols, 

safety precautions, and study requirements. This 

randomization approach controlled for confounding 

variables (e.g., gender, competitive tier), enhancing the 

internal validity of subsequent analyses. 

To ensure the scientific nature of the study and the 

representativeness of the data, this study set clear 

inclusion and exclusion criteria: 

2.1.1. Inclusion Criteria 

1) Age 19-24 years, regardless of gender; 2) Volunteers 

are interested in this study and sign; 3) College Sanda 

athletes from Sichuan University of Science and Chemical 

Technology who have participated in municipal 

competitions; 4) National first-, second- or third-level 

athletes; 5) Strong communication and cooperation skills. 

2.1.2. Exclusion Criteria 

1) Those with congenital diseases or physical defects; 2) 

Those with mental illnesses such as depression and 

cognitive impairment; 3) No second-level or above athletes; 

4) College Sanda athletes who have received mindfulness 

training; 5) College Sanda athletes who have been injured 

or have not fully recovered from injuries within the past 

three months; 6) Those who are unwilling to participate in 

this experimental research; 7) Those who conflict with the 

competition/training time. 

The above screening criteria ensured that the physical 

conditions, training backgrounds, and experimental 

compliance of the participants were generally consistent. 

Prior to participation, all participants were fully informed 

of the study objectives and procedures and provided 

written informed consent. Ethical approval for this study 

was obtained from the Human Research Ethics 

Committee of Mahasarakham University, Thailand 

(Approval No. 294-266/2024). 

2.2. Procedures 

2.2.1. Instruments 

Table 1 presents the physical profile test tools used in 

this study, covering key components such as speed (50 m 

sprint; ICC = 0.975), strength (push-up, squats, sit-ups, 

grip strength; ICC = 0.996/0.978/0.977/0.911), endurance 

(1000 m for males and 800 m for females; ICC = 0.922 and 

0.917), coordination (return runs; ICC = 0.925), flexibility 

(sitting forward bend; ICC = 0.944), joint muscle strength 

(elbow and knee peak moment assessed using the 

ISOMED2000 constant-speed system; ICC = 0.974), FMS 

score (seven functional movement tests; ICC = 0.922), and 

the success rate of skill movements including boxing, leg 

method, and wrestling (ICC = 0.968). All tests were 

conducted using standardized instruments, including 

playground facilities, stopwatches, cushions, high-speed 

cameras, and specialized equipment such as the 

ISOMED2000, and all instruments complied with the 

athlete testing specifications of the General Administration 
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of Sport of the People’s Republic of China. In this study, 

40 athletes were assessed twice using the test-retest 

method, and the results showed minimal differences 

between the two measurements, with T values equal or 

close to 0 and P values equal or close to 1. These findings 

confirm that the test-retest method effectively verified the 

reliability, stability, and temporal consistency of the 

measurement tools and procedures, thereby ensuring the 

accuracy and validity of the data obtained. 

2.2.2. Data Collection 

Prior to implementing the formal training intervention, 

a preliminary validation study was conducted to assess the 

scientific validity and appropriateness of the designed 

training program. Five expert evaluators with extensive 

experience in physical training and Sanda pedagogy 

reviewed the program using the content validity index 

(IOC) methodology. The evaluation yielded an overall 

IOC score of 0.92, demonstrating strong agreement 

among experts regarding the program’s appropriateness in 

terms of difficulty level, training intensity, and technical 

demands relative to the target athletes’ capabilities. 

A pilot implementation involving a subset of athletes 

included comprehensive monitoring of physiological 

responses, fatigue–recovery patterns, and technical skill 

execution rates. Results indicated the program maintained 

optimal training intensity sufficient to elicit meaningful 

physiological adaptations while minimizing risks of 

overtraining or injury. The experimental training protocol 

incorporated multidimensional components including 

maximal strength development, explosive power training, 

and aerobic endurance conditioning, specifically designed 

to address the comprehensive physical demands of Sanda 

competition. 

The program employed periodized progression with 

systematic load adjustment to facilitate athlete adaptation 

and prevent both excessive strain and insufficient training 

stimulus. Comparative analysis revealed this structured 

approach offered significant advantages over traditional 

training models in terms of methodological coherence and 

sport-specific relevance, suggesting greater potential for 

competitive performance enhancement. 

These preliminary findings collectively substantiate the 

scientific rationale underlying the training program’s 

design, confirming its appropriate calibration to 

participants’ baseline physical conditioning and skill 

levels. This validation establishes a robust foundation for 

the subsequent 12-week intervention study. 

The Sanda athletes completed a 12-week structured 

physical training intervention. Prior to commencement, all 

participants attended an orientation session where they 

received detailed explanations of the training protocol, 

safety precautions, and participation requirements. 

Written informed consent was obtained to ensure 

compliance with the experimental procedures and regular 

attendance. 

This study employed an ABA experimental design 

incorporating baseline (A), intervention (B), and 

post-intervention (A) phases to systematically evaluate 

training-induced changes in competitive performance. The 

methodological framework incorporated three essential 

components: 1. Standardized measurement tools with 

repeated assessments to ensure reliability, 2. Controlled 

manipulation of independent variables following 

established experimental protocols, and 3. Rigorous 

statistical analysis using appropriate analytical techniques 

to evaluate intervention effects. The overall research 

process is illustrated in Figure 1.

Table 1.  Physical profiles test tool 

Item Index Instruments Test-retest (ICC) 

Physical 

Elements 

Speed 50m Standard playground, stopwatch 0.975 

Strength Push-up, squats, Sit-up, grip strength 
Squat rack, horizontal bar, seat cushion, 

gripper, etc. 

0.996/0.978 

0.977/0.911 

Endurance 
1000 meters (male), 

800 meters (female) 
Standard playground, stopwatch 

0.922 

0.917 

Coordination Return runs 
Standard playground, stopwatch, high-speed 

camera 
0.925 

Flexibility Sitting forward bend Cushion 0.944 

Joint muscle strength 

Test the athletes’ elbow and knee peak 

moment in the condition of node 

centripetal control skill movement 

The ISOMED2000 constant-speed muscle 

strength test system is developed and 

manufactured by DR company in Germany 

0.974 

FMS Score 

Squat, upper step, straight lunge, 

shoulder flexibility, active leg lift, 

push-up and rotation stability 7 

movement tests, each movement is 

repeated 3 times 

Covered court 0.922 

Success rate of skill movement Boxing, Leg method, Wrestling Covered court 0.968 
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Figure 1.  The research process 

1) Experimental Group

The 12-week intervention program incorporated six 

integrated training modules: speed, strength, endurance, 

coordination training, flexibility, and core stabilization. 

The periodized regimen included twice-weekly aerobic 

sessions targeting both aerobic and anaerobic endurance 

capacities. Resistance training components encompassed 

maximal strength, rate of force development, flexibility 

and impact absorption training, complemented by weekly 

dedicated core stability sessions. A structured weekly 

schedule designated Tuesdays and Fridays for impact 

resistance training and coordination/agility development 

respectively. This multidimensional approach aimed to 

holistically enhance athletic performance through 

synergistic development of physiological capacities while 

optimizing the integration of aerobic and anaerobic energy 

systems. 

2) Control Group

Quantitative assessment of training outcomes employed 

standardized measurement protocols utilizing precision 

timing devices (stopwatches) and repetition counting tools. 

Continuous monitoring enabled dynamic adjustment of 

training intensities based on performance metrics. All raw 

data were systematically recorded in Microsoft Excel 

spreadsheets, with subsequent statistical analysis 

performed using SPSS version 22.0 (IBM Corp). This 

data management protocol ensured rigorous tracking of 

physiological adaptations in both experimental and 

control cohorts throughout the intervention period. 

2.2.3. Data Analysis 

All statistical analyses were performed using SPSS 22.0 

software (IBM Corp., Armonk, NY, USA). Normality of 

distribution for age, height, weight, BMI, body fat 

percentage, sit-ups, sitting forward bend, and FMS scores 

was assessed using the Kolmogorov-Smirnov (K-S) test. 

For normally distributed data, paired-sample t-tests were 

employed, while non-normally distributed variables 

(push-ups, squats, return runs, grip strength, muscle 

strength tests, success rate of skill movements, and 

endurance tests) were analyzed using the Wilcoxon 

rank-sum test. Statistical significance was set at p<0.05, 

with p<0.01 indicating high significance. 

Following established sports measurement evaluation 

criteria and expert recommendations, this study employed 

an inter-group improvement effect assessment to enhance 

scientific validity. Rather than directly comparing 

post-training Physical profiles test results between groups, 

we focused on comparing the degree of improvement in 

Physical profiles after the 12-week intervention. This 

approach emphasizes longitudinal changes in Physical 

profiles rather than cross-sectional comparisons. The 

evaluation specifically compared pre- to post-training 

changes in Physical profiles between athlete groups 

through quantitative analysis. This methodology provides 

a more scientifically rigorous foundation for assessing the 

efficacy of Physical profiles training programs in Sanda 

athletes. 
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3. Results 

Table 2 presents the baseline characteristics of 

collegiate Sanda athletes following physical training. 

Comparative analysis revealed no statistically significant 

differences (P>0.05) between the experimental and 

control groups across key physiological parameters 

including age, height, weight, BMI, and body fat 

percentage, demonstrating strong homogeneity at the 

group level. 

The cohort's mean age was 20.45 years, with average 

height of 167.41 cm and mean weight of 67.72 kg. BMI 

values were nearly identical between groups: 24.20 (±0.21) 

for the experimental group versus 24.17 (±0.20) for 

controls, yielding an overall mean of 24.16 (±0.21). All 

values fell within the World Health Organization’s normal 

range (18.5-24.9), confirming participants’ healthy status 

and adequate training baseline. 

Body fat percentage averaged 23% (±0.10) across both 

groups, with no significant intergroup difference 

(P=0.971), further verifying balanced body composition 

between cohorts. 

Table 3 presents the comparative analysis of pre-test 

and post-test Physical profiles between the experimental 

and control groups. The experimental group demonstrated 

statistically significant improvements across all measured 

parameters: 50-meter sprint times decreased from 

6.92±0.25 to 6.76±0.25 seconds (p=0.03); push-up 

repetitions increased from 46.3±5.5 to 49.3±5.5 (p=0.01); 

squat performance improved from 53.3±3.5 to 57.3±3.5 

(p=0.01); sit-ups increased from 45.3±2.5 to 49.3±2.5 

(p=0.01); grip strength enhanced from 71.3±2.5 kg to 

74.3±2.5 kg (p=0.01); 1000-meter run times decreased 

from 262.5±30 to 248.5±30 seconds (p=0.01); 800-meter 

performance improved from 250.4±25 to 240.3±25 

seconds (p=0.01); return run times reduced from 10.4±1.2 

to 9.7±1.2 seconds (p=0.01); sitting forward bend 

increased from 11.4±5.5 cm to 12.4±5.5 cm (p=0.01); fast 

muscle power improved from 543±110 W to 550±110 W 

(p=0.01); FMS scores increased from 18.8±2.2 to 

19.2±2.2 (p=0.01); and skill success rate improved from 

0.82±0.25 to 0.89±0.25 (p=0.01). In contrast, the control 

group showed no significant changes in any measures: 

50-meter (6.92±0.25 to 6.88±0.25 seconds, p=0.35), 

push-ups (46.2±5.5 to 47.0±5.5, p=0.20), squats 

(53.2±1.34 to 54.0±1.34, p=0.15), sit-ups (45.2±2.5 to 

46.0±2.5, p=0.30), grip strength (71.2±2.2 to 72.0±2.2 kg, 

p=0.25), 1000-meter (262.0±30 to 258.0±30 seconds, 

p=0.40), 800-meter (250.5±25 to 248.0±25 seconds, 

p=0.50), return runs (10.4±1.2 to 10.2±1.2 seconds, 

p=0.30), sitting forward bend (11.4±5.5 to 11.6±5.5 cm, 

p=0.45), fast muscle power (542±110 to 545±110 W, 

p=0.40), FMS scores (18.8±2.2 to 18.9±2.2, p=0.50), and 

skill success rate (0.81±0.25 to 0.83±0.25, p=0.30). 

Importantly, baseline measurements showed no 

significant differences between groups prior to the 

intervention. 

Table 4 presents the comparative analysis of post-test 

scores between the experimental and control groups, 

revealing significant performance advantages for the 

experimental group across multiple physical profile 

measures. The experimental group demonstrated superior 

performance in the 50-meter run (6.76±0.25 seconds vs. 

6.88±0.25 seconds, p=0.04), push-ups (49.3±5.5 vs. 

47.0±5.5, p=0.01), squats (57.3±3.5 vs. 54.0±1.34, 

p=0.01), sit-ups (49.3±2.5 vs. 46.0±2.5, p=0.01), and grip 

strength (74.3±2.5 kg vs. 72.0±2.2 kg, p=0.01). 

Significant differences were also observed in endurance 

tests, with the experimental group outperforming controls 

in both the 1000-meter (248.5±30 vs. 258.0±30 seconds, 

p=0.02) and 800-meter runs (240.3±25 vs. 248.0±25 

seconds, p=0.03). The experimental group showed better 

agility in return runs (9.7±1.2 vs. 10.2±1.2 seconds, 

p=0.01), greater flexibility in sitting forward bend 

(12.4±5.5 cm vs. 11.6±5.5 cm, p=0.02), and enhanced 

muscle explosiveness in joint muscle strength tests 

(550±110 W vs. 545±110 W, p=0.04). Functional 

movement screening scores (19.2±2.2 vs. 18.9±2.2, 

p=0.03) and technical skill success rates (0.89±0.25 vs. 

0.83±0.25, p=0.01) were also significantly higher in the 

experimental group compared to controls.

Table 2.  Basic information of college Sanda athletes of experimental and control groups 

Basic information Mean (SD) 

Experimental group 

Mean (SD) 

Control groups 

p-value Mean (SD) 

Total =40 

Age (year) 20.45(0.25) 20.45(0.25) 1.000 20.45(0.25) 

Height (cm) 167.14(2.11) 167.52(2.11) 0.889 167.41(2.12) 

Weight (kg) 67.63(1.22) 67.83(1.12) 0.897 67.72(2.19) 

BMI 24.20(0.21) 24.17(0.20) 0.912 24.16(0.2) 

Classification Normal 

(18.5-24.9) 

Normal 

(18.5-24.9) 

- Normal 

(18.5-24.) 

Body fat percentage (%) 23(0.10) 23(0.10) 1.000 23(0.10) 

Classification Normal Normal Normal Normal 
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Table 3.  Comparison of physical profiles and success rate of skill movement test scores Pre- and Post- test within experimental and control groups 

Physical profiles tests 

Mean (SD) Mean (SD) p-value 

Experimental group Control groups Pre-test between groups 

Pre-test Post-test P-value Pre-test Post-test P-value 
 

50-meter run (s) 6.92(0.25) 6.76(0.25) 0.03* 6.92(0.25) 6.88(0.25) 0.35 0.822 

Classification Good Good - Good Good - - 

Push-up (times) 46.3(5.5) 49.3(5.5) 0.01* 46.2(5.5) 47.0(5.5) 0.2 0.92 

Classification Qualified Qualified - Qualified Qualified - - 

Squats (times) 53.3(3.5) 57.3(3.5) 0.01* 53.2(1.34) 54.0(1.34) 0.15 0.881 

Classification Good Excellent - Good Good - - 

Sit-ups (times /60s) 45.3(2.5) 49.3(2.5) 0.01* 45.2(2.5) 46.0(2.5) 0.3 0.828 

Classification Good Good - Good Good - - 

Grip strength (times) 71.3(2.5) 74.3(2.5) 0.01* 71.2(2.2) 72.0(2.2) 0.25 0.828 

Classification Excellent Excellent - Excellent Excellent - - 

1000 meters (s) 262.5(30) 248.5(30) 0.01* 262.0(30) 258.0(30) 0.4 0.929 

Classification Qualified Qualified - Qualified Qualified - - 

800 meters (s) 250.4(25) 240.3(25) 0.01* 250.5(25) 248.0(25) 0.5 0.984 

Classification Qualified Qualified - Qualified Qualified - - 

Return runs(s) 10.4(1.2) 9.7(1.2) 0.01* 10.4(1.2) 10.2(1.2) 0.3 0.899 

Classification Excellent Excellent - Excellent Excellent - - 

Sitting forward bend (cm) 11.4(5.5) 12.4(5.5) 0.01* 11.4(5.5) 11.6(5.5) 0.45 0.952 

Classification Qualified Qualified - Qualified Qualified - - 

Joint muscle strength (W) 543(110) 550(110) 0.01* 542(110) 545(110) 0.4 0.961 

Classification Good Good - Good Good - - 

FMS Score 18.8(2.2) 19.2(2.2) 0.01* 18.8(2.2) 18.9(2.2) 0.5 0.912 

Classification Qualified - Qualified Qualified - - - 

Success rate of skill movement 0.82(0.25) 0.89(0.25) 0.01* 0.81(0.25) 0.83(0.25) 0.3 0.828 

Classification Qualified - Qualified Qualified - - - 

*p<0.05, significant at 0.05 

Table 4.  Comparison of Physical profiles test scores between experimental and control groups 

Physical profiles tests The post-test scores 

Mean (SD) Experimental 

group (N=20) 

Classification Mean (SD) Control 

groups (N=20) 

Classification P-value 

50-meter run (s) 6.76(0.25) Good 6.88(0.25) Good 0.04* 

Push-up (times) 49.3(5.5) Good 47.0(5.5) Good 0.01* 

Squats (times) 57.3(3.5) Excellent 54.0(1.34) Good 0.01* 

Sit-ups (times /60s) 49.3(2.5) Good 46.0(2.5) Good 0.01* 

Grip strength (times) 74.3(2.5) Excellent 72.0(2.2) Excellent 0.01* 

1000 meters (s) 248.5(30) Qualified 258.0(30) Qualified 0.02* 

800 meters (s) 240.3(25) Qualified 248.0(25) Qualified 0.03* 

Return runs (s) 9.7(1.2) Excellent 10.2(1.2) Excellent 0.01* 

Sitting forward bend (cm) 12.4(5.5) Qualified 11.6(5.5) Qualified 0.02* 

Joint muscle strength (W) 550(110) Qualified 545(110) Qualified 0.04* 

FMS Score 19.2(2.2) Excellent 18.9(2.2) Excellent 0.03* 

Success rate of skill movement 0.89(0.25) Good 0.83(0.25) Good 0.01* 

*p<0.05, significant at 0.05 
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4. Discussion 

The findings demonstrate that physical training 

significantly enhances the physical profiles and technical 

movement success rates of collegiate Sanda athletes. 

Across various physical fitness indicators including 

strength, endurance, and flexibility the experimental group 

outperformed the control group, confirming the positive 

impact of structured physical training on both 

physiological performance and technical execution. This 

study systematically evaluated athletes through 

comprehensive physical and technical assessments, 

incorporating tests such as push-ups, squats, sit-ups, return 

runs, and 1000-meter runs, alongside standardized skill 

execution evaluations. The experimental group’s superior 

performance in strength, endurance, and flexibility aligns 

with the “morphology-function correlation theory” 

proposed by Zhang Hua’s team, which established that 

increased lower-limb muscle cross-sectional area 

correlates with improved whip kick speed (r=0.68). 

Additionally, the 20% increase in technical success rate 

supports Anson Long’s “physical-technical integration 

training” theory, wherein simulated combat training 

enhances movement stability by 18%. However, observed 

deficiencies in movement fluency among some athletes 

reflect Wang Ming’s critique of insufficient flexibility 

training, as dynamic stretching has been shown to improve 

joint mobility by 15–20% [13]. 

Gender-based physiological differences were evident, 

with male athletes exhibiting superior strength (p=0.01), 

reinforcing Zhao Lin’s advocacy for gender-specific 

training protocols, particularly in rapid strength recovery 

for female athletes. Conversely, female athletes 

demonstrated better flexibility in the sitting forward bend, 

supporting Zhou Wei’s “pyramid model,” which posits 

foundational flexibility is critical for advanced technical 

development. While most athletes exhibited high 

proficiency in striking and wrestling techniques, variations 

in movement fluency and precision persisted, suggesting 

individualized training adjustments. 

The study’s outcomes resonate with prior research [14]: 

linked systematic training to sprint performance gains 

(2.3–4.5%), while emphasizing lower-limb flexibility’s 

role in attack-defense transitions (r=0.71) [13]. The 

stagnation observed in the control group (p = 0.35) is 

consistent with Jiang et al. [15], who noted the metabolic 

limitations inherent in traditional training methods. In 

contrast, the significant improvements in push-up (p = 0.01) 

and squat performance (p = 0.01) support previous 

evidence on strength transfer effects, wherein increases in 

upper-limb strength have been shown to correlate with an 

8.2% improvement in throwing success rates. The 

significant improvements in core strength and flexibility (p 

= 0.01) further corroborate the model proposed by W. Xu 

[16], which emphasizes the role of trunk stability in 

enhancing movement efficiency. This is supported by 

previous evidence indicating that improved trunk stability 

can reduce movement errors by approximately 15% [17]. 

The experimental group’s 14-second reduction in 

1000-meter run times (p=0.01) mirrors sub-altitude 

training outcomes, which reported a 6.8% VO2max 

increase [18]. This aligns with “periodic load regulation 

theory,” wherein endurance gains reduce late-game 

technical errors by 12.4% [19]. The control group’s static 

performance underscores emphasis on foundational 

endurance training [20].  

The experimental group’s technical success rate 

improvement (0.82→0.89, p=0.01) supports “skill learning 

pyramid,” wherein baseline physical enhancements elevate 

technical stability (β=0.3 per SD) [21]. Similarly, return 

run performance gains (10.4→9.7s, p=0.01) validate the 

competitive assessment model [22].  

In summary, the experimental group exhibited holistic 

advancements in physical conditioning, technical 

execution, and tactical efficacy. These improvements 

reflect not only quantifiable test metrics but also elevated 

competitive readiness, enabling sustained performance in 

high-intensity bouts. The progressive nature of these gains 

underscores the necessity of long-term, systematic training 

to optimize strength, endurance, flexibility, and 

coordination, key determinants of Sanda success. 

The study revealed significant differences in physical 

profiles and movement success rates between the 

experimental and control groups following the 12-week 

physical training intervention. College Sanda athletes in 

the experimental group demonstrated marked 

improvements across all physical test metrics, with 

particularly notable enhancements compared to the control 

group’s post-test results. These findings underscore the 

substantial benefits of structured physical training for 

developing both the physiological capacities and technical 

proficiency of Sanda athletes. 

Systematic physical training yielded significant 

performance gains for the experimental group across 

multiple fitness domains. Notably, the experimental group 

outperformed controls in strength and endurance measures, 

including push-ups, squats, and sit-ups. The experimental 

group also showed superior results in the 1000-meter run 

and return runs, corroborating findings regarding the 

positive effects of physical training on aerobic endurance 

and flexibility, critical foundations for executing 

high-intensity Sanda techniques [15]. These results 

collectively validate the efficacy of targeted physical 

training in enhancing athletes’ overall fitness profiles. 

Beyond physiological improvements, the training 

intervention significantly impacted technical execution. 

The experimental group exhibited substantially better 

performance (approximately 20% improvement) in 

standardized assessments of wrestling, striking, and 

defensive movements compared to controls. This 

enhancement demonstrates that physical training not only 

develops muscular strength, flexibility, and agility but also 

helps maintain movement precision during high-intensity 

competition. The 20% increase in technical success rate 
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aligns with diversion training model, which associated 

phosphagen system development with a 23% improvement 

in continuous offensive-defensive maneuvers [23]. The 

experimental group’s 14-second reduction in 1000-meter 

run time (p=0.01) further supports Liu Chengyi’s 

biomechanical optimization principles, where movement 

economy enhances aerobic endurance efficiency by 8% 

[24]. In contrast, the control group’s minimal technical 

improvement (2%) highlights the limitations of traditional 

training approaches, as noted by regarding the need for 

periodized load monitoring [25].  

Gender-specific training responses also emerged as an 

important finding. Y. Meng [26] documented differential 

adaptations, with male athletes exhibiting greater 

improvements in strength and flexibility, whereas female 

athletes demonstrated superior gains in endurance. These 

patterns likely reflect inherent physiological differences as 

well as variations in training backgrounds between 

genders. 

Several key findings validate established training 

theories: The experimental group’s improved 50-meter 

sprint performance (p=0.04) supports emphasis on 

phosphagen system development [27], while the stagnation 

observed in the control group (p = 0.35) is consistent with 

D. Liu’s [28] critique of the insufficient intensity 

characteristic of traditional training methods. In contrast, 

the significant improvements in push-up (p = 0.01) and 

squat performance (p = 0.01) support established principles 

of core strength development, with previous research 

indicating that a 10% increase in core strength can enhance 

striking speed by approximately 8.2% [29]. The 14-second 

1000-meter run improvement (p=0.02) confirms 

glycolytic-aerobic energy system model [30], while the 

control group’s lack of progress (p=0.40) reflects 

metabolic plateau theory [31].  

Additional physiological adaptations included improved 

FMS scores (p=0.03), supporting injury prevention model, 

and enhanced sitting forward bend performance (1.0 cm 

improvement, p=0.02) [32], validating core 

stability-flexibility relationship [29]. The 0.7-second 

reduction in return run times (p=0.01) corresponds with 

defensive counterattack efficiency model [33]. The 

experimental group’s technical success rate increases from 

0.82 to 0.89 (p=0.01) echoing physical-technical 

correlation research (β=0.42) [34], while the control 

group’s minimal improvements in grip strength (p=0.25) 

and speed strength (p=0.40) reflect neuromuscular 

specificity principles [35].  

These comprehensive findings demonstrate that 

structured physical training produces multifaceted benefits 

for Sanda athletes, enhancing not only measurable fitness 

parameters but also translating to tangible competitive 

advantages through improved technical execution and 

reduced injury risk. The results underscore the importance 

of evidence-based, systematic training protocols tailored to 

the unique physiological and technical demands of Sanda 

competition. 

5. Conclusions 

The findings of this study demonstrate that 

implementing a structured physical training program 

effectively enhances both physical fitness profiles and 

technical skill execution among collegiate Sanda athletes. 

The experimental group exhibited substantial 

improvements across key performance metrics including 

speed, strength, endurance, and flexibility, while also 

achieving greater movement efficiency and technical 

consistency. Comparative analysis revealed significantly 

superior performance outcomes in the experimental group 

relative to the control group across all measured 

parameters. Notably, the trained athletes showed 

particularly pronounced advancements in dynamic 

flexibility and the execution stability of complex technical 

movements, underscoring the comprehensive benefits of 

specialized physical conditioning for Sanda performance 

development. 
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