
Molecular & Cellular Biomechanics 2025, 22(1), 872. 

https://doi.org/10.62617/mcb872 

1 

Article 

Cloud-based adolescent physical health research incorporating cell 

molecular biomechanics insights into predictive modeling and biometric 

algorithms 

Huanpin Li 

Institute of Physical Education, Hunan University of Science and Engineering, Yongzhou 425199, Hunan; lihuanpin0908@163.com 

Abstract: The physical health of adolescents is critical to their future development and quality 

of life. However, there is still much room for improvement in monitoring and intervention of 

adolescent physical health in colleges and universities. Based on the National Standard for 

Student Physical Fitness and Health, this study proposes a physical health management 

framework for adolescents that combines a cloud platform and real-time data analysis. Through 

an innovative health monitoring and early warning system and feedback mechanism, the 

effectiveness of health intervention was significantly improved. Body mass index is related to 

the balance between energy intake and expenditure at the cellular level. Excessive calorie 

intake can lead to an increase in adipose cells, which secrete molecules that can affect overall 

metabolism and biomechanical stress on tissues. Lung capacity is linked to the elasticity and 

strength of the alveolar cells and the connective tissue in the lungs. he proper functioning of 

these cells, regulated by intracellular signaling pathways and molecular interactions, 

determines the efficiency of gas exchange. The 50-meter run, seated forward bending, standing 

long jump, pull-ups/sit-ups, and 800-meter/1000-meter run all involve muscle contractions. 

Muscle cells contain actin and myosin filaments, and the sliding of these filaments, regulated 

by calcium ions and other molecular signals, generates the force required for movement. The 

graded early warning parameters established by the system can thus be seen as indicators of 

potential disruptions in these cell molecular biomechanical processes. The innovative health 

monitoring and early warning system and feedback mechanism not only help students 

recognize the weaknesses in their physical functions from a macroscopic level but also 

potentially identify areas where cell molecular biomechanical imbalances may exist. This 

enables physical education teachers to formulate personalized training plans that can target and 

correct these imbalances, as experimentally validated by the system's ability to accurately 

identify health risks and enhance the overall health of students. 

Keywords: adolescent physical health; warning system; exercise prescription; gait recognition; 
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1. Introduction 

Because of its long-term effects on public health, economic productivity, and 

societal well-being, adolescent physical health has emerged as a crucial global concern 

[1]. Adolescent physical fitness has a significant impact on cardiovascular health, 

musculoskeletal strength, and general quality of life, making it a reliable indicator of 

future health outcomes. However, sedentary lifestyles and poor eating habits have 

caused juvenile fitness levels to decline globally, which has prompted governments, 

educational institutions, and researchers to create novel, evidence-based strategies for 

tracking and enhancing the physical health of adolescents [2,3]. 
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Traditional monitoring methods, such as the National Student Physical Health 

Standards, evaluate parameters like body composition, cardiovascular fitness, and 

muscular strength, providing benchmarks for assessing fitness levels [4]. However, 

these systems often lack feedback mechanisms and personalized interventions, 

limiting their effectiveness. Adolescents frequently struggle to interpret test results or 

take corrective action, and physical education instructors face challenges in tailoring 

interventions due to insufficient actionable insights [5,6]. 

This study addresses these limitations by integrating advanced predictive models, 

structured feedback systems, and personalized exercise plans into adolescent health 

monitoring. By leveraging multidimensional indicators, it provides precise, actionable 

recommendations for proactive fitness management [7,8]. 

Current challenges include the binary nature of traditional evaluation systems, 

which overlook nuanced changes in fitness levels, and the absence of structured 

feedback for guiding adolescents and educators [9]. Additionally, these systems often 

fail to account for the dynamic nature of physical health or fully utilize wearable 

devices for real-time monitoring. 

To overcome these issues, this study proposes an integrated framework with the 

following innovations: 

• Clearly defined health thresholds based on gender and age-specific variations to 

evaluate fitness across dimensions such as body composition, physical function, 

and quality. 

• A two-tiered warning system to classify fitness indicators as “average” or “poor,” 

offering actionable insights and promoting timely interventions. 

• A stochastic model for predicting exercise limits and energy expenditure, 

enabling accurate assessment of endurance and recommendations for optimal 

exercise intensity and duration. 

2. Physical health promotion management 

2.1. Cloud-based framework 

A cloud-enabled platform for managing student physical health utilizes the 

mobile Internet as an efficient service hub, emphasizing accessibility, functionality, 

and user engagement for adolescents [10]. This innovative approach to promoting 

youth health operates across two primary dimensions: the organizational structure and 

the system’s functional components. 

At its core, the platform employs a “four-in-one” collaborative framework that 

connects students, physical education instructors, schools, and regulatory authorities 

[11]. This integrated model enables seamless management and sharing of student 

health data (see Figure 1). Grounded in the National Student Physical Fitness 

Standards, the system incorporates a comprehensive framework comprising five 

interdependent components: monitoring, evaluation, early warning, feedback, and 

intervention. Together, these elements create a robust mechanism for enhancing 

physical fitness. 

The platform’s key functionalities are organized into three critical domains: 

• Systematic collection, organization, and storage of health metrics. 
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• Identification of physical fitness levels and timely generation of alerts for areas 

of concern. 

• Creation of personalized health profiles to guide tailored interventions and 

strategic planning. 

By adopting this cloud-based, data-driven, and user-focused approach, the 

platform delivers an interactive and effective system for managing and improving 

adolescent physical health. 

 

Figure 1. Cloud-based management platform. 

In the “Cloud Management Platform + Student Health” framework, the cloud 

platform’s data processing and information management capabilities are leveraged to 

their fullest potential. This approach not only significantly improves the timeliness, 

precision, and accessibility of physical health assessments and student health services 

but also introduces an innovative paradigm for handling student health data. By 

enabling a more holistic and integrated management of health records, the platform 

facilitates early detection of deficiencies and the delivery of targeted interventions to 

address specific areas of concern. 

2.2. Enhancing adolescent physical health 

The early warning mechanism for student physical health is anchored in 

evaluations aligned with the National Student Physical Fitness Standards. These 

assessments utilize comprehensive fitness test data to systematically analyze 

adolescents’ overall physical fitness levels and identify discrepancies across various 

fitness parameters. This dual-level evaluation process not only determines total fitness 

scores but also highlights imbalances in individual health metrics, enabling the 

generation of precise and actionable early warnings. 
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Figure 2. Youth physical health warning model. 

Note: denotes “normal” “low weight and overweight” and “obesity” in the BMI index; in the standard, 

it denotes “excellent” “good” “pass” and “fail” levels. 

Two main components make up the implementation of an early warning system 

for student physical fitness (see Figure 2). First, students’ total fitness scores are 

evaluated in accordance with the Standards’ criteria, where “good or above” is 

necessary to be eligible for merit-based rewards. Scores that fall between the “pass” 

and “fail” standards are given early warnings, indicating areas that need attention. The 

second element focuses on the “weaknesses” of each student’s physical characteristics 

and includes an unbalanced warning for particular individual signs. This includes the 

assessment of key factors such as physical form, functionality, and fitness levels, 

which are categorized into “Level 1” and “Level 2” warnings based on performance. 

Given the geographical variations in students’ physical conditions, the parameters 

outlined in the Standards are adjusted accordingly (refer to Table 1) [12,13]. When 

students’ fitness test results fall below the prescribed thresholds, notifications are 

issued to students, physical education teachers, class instructors, and school authorities. 

These alerts aim to increase students’ awareness of their health status, prompting 

targeted interventions and exercise regimens to enhance their overall fitness. 

Table 1. Adolescents’ threshold of physical health prediction parameters. 

Type Index 

Male threshold Female threshold 

Grade Freshman and 

sophomore 

Junior and 

senior 

Both freshmen and 

sophomores 

Younger and 

older 

Body shape BMI index (kg/m2) 

 17.9  17.2  17.2  17.2 
Low body 

weight 

23.5–28.5 23.5–28.5 23.5–28.5 23.5–28.5 Overweight 

 29  29  29  29 Obesity 

Physical 

function 

Vital capacity (ml) 
3101–4300 3201–4400 2001–3000 2051–3050 pass 

 3100  3200  2000  2050 Fail 

50meter run (seconds) 
7.3–9.2 7.2–9.1 8.5–10.4 8.4–10.3 pass 

 9.3  9.2  10.5  10.4 Fail 

Sitting forward 

flexion (cm) 

3.8–17.7 4.3–18.2 6.1–19.0 6.6–19.5 pass 

 3.7  4.2  6.0  6.5 Fail 
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Table 1. (Continued). 

Type Index 

Male threshold Female threshold 

Grade Freshman and 

sophomore 

Junior and 

senior 

Both freshmen and 

sophomores 

Younger and 

older 

Physical 

quality 

Standing long jump 

(cm) 

209–248 211–250 152–181 153–182 pass 

 208  210  151  152 Fail 

Pull-ups/sit-ups 

(reps) 

11–15 12–16 27–45 28–47 pass 

 10  11  26  27 Fail 

800 meters/1000 m 

(min s) 

3.44–4.33 3.42–4.31 3.46–4.35 3.44–4.33 pass 

 4.34  4.32  4.36  4.34 Fail 

Total points Indicator and (score) 
61–80 61–80 61–80 61–80 pass 

 60  60  60  60 Fail 

At its core, a single-tiered warning system falls short of truly addressing the 

purpose of student physical health alerts. It is only when students fully comprehend 

the current state of their physical functions and the potential risks, they face that their 

awareness of their fitness levels can be meaningfully heightened [14,15]. This 

underscores the significance of creating a comprehensive feedback mechanism for 

physical health alerts. The feedback form should elucidate the specifics of the student’s 

warning status and deliver the information in a personalized “profile” format to both 

the student and the physical education instructor [16,17]. 

Students can use the early warning signs as a basis for targeted exercise aimed at 

strengthening their weaker areas because such a feedback system gives them a clear 

picture of where they stand in terms of physical health indicators. This procedure raises 

students’ awareness of their own health by providing them with thorough feedback on 

their physical health statistics. It also creates a sense of urgency that prompts them to 

reflect on their fitness evaluations and to participate in suitable physical activities. 

Additionally, teachers of physical education can use these early warning indicators to 

provide students with individualized instruction and assistance, which will increase 

the effectiveness of physical education classes and help kids become more fit overall. 

3. Gait recognition 

3.1. Running dynamics 

To accurately determine the displacement of the body during running, it is 

essential to first analyze the gait cycle. The running movement can be broken down 

into two primary phases: the support phase and the flight phase [18,19]. Figure 3 

illustrates the movement sequence of both the left and right legs over a given time 

frame. 

The support phase can be further subdivided based on the stance of the legs: (i) 

the left leg is in support while the right leg swings, and (ii) the right leg is in support 

while the left leg swings. These alternating leg motions occur continuously during 

running. To estimate the body’s displacement, it is crucial to detect the gait pattern and 

then apply suitable methods for displacement calculation based on the identified gait 

phase. 
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Figure 3. Movement sequence. 

3.2. Centroid displacement 

Displacement during the support phase is computed using the lower body joints’ 

flexion and extension angles. The movement of the body in the XOY plan view is 

depicted in Figure 4. 

 

Figure 4. The XOY plane view of the human mobility mechanism. 

We estimate displacement during a running phase using stratification information. 

As previously stated, the vector sum of the foot, thigh, and knee lengths is referred to 

as the root. According to Equations (1) and (2): 

root thight foot 

x x x x

shiinS S S S= + +  (1) 

root thigh shin foot 

y y y yS S S S= + +  (2) 
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foot thight root 

x x x x

shiinS S S S  represents the vectors on the X-axis for the root, thigh, calf 

and foot, respectively, 
root thight shin joot , ,y y y yS S S S  represents the vectors up the Y-axis for 

the root, thigh, calf and foot, respectively. 

𝑆𝑖
𝑥 = 𝐿𝑘 𝑠𝑖𝑛(𝜃𝑖,𝑡+𝛥𝑡) − 𝐿𝑘 𝑠𝑖𝑛(𝜃𝑖,𝑡) 

(3) 

𝑆𝑖
𝑦

= 𝐿𝑘 𝑐𝑜𝑠(𝜃𝑖,𝑡+𝛥𝑡) − 𝐿𝑘 𝑠𝑖𝑛(𝜃𝑖,𝑡) 

𝑆root,𝑡+Δ𝑡 
𝑥 = 𝑆root,𝑡 

𝑥 + 𝑆root,𝑡
𝑥 𝑐𝑜𝑠(𝜃root) 

(4) 

𝑆root,𝑡+Δ𝑡 
𝑦

= 𝑆root,𝑡 
𝑦

+ 𝑆root,𝑡 
𝑦

𝑠𝑖𝑛(𝜃root) 

root,  root,  ,x y

t t t tS S+ +
 is represented as the root vector on the X  and Y  axes at the 

time node of t t+  and root  is the angle of the root vector. 

5. Experiment 

5.1. Health evaluation 

The exercise energy expenditure rate serves as the foundation for the health 

evaluation model for young athletes, which aims to ascertain the athlete’s activity limit 

energy expenditure rate and evaluate their general health. 

Based on data on energy expenditure during a continuous, real-time workout, the 

following is used to evaluate the health of an exerciser [20]. The exercise data real-

time monitoring system can collect energy expenditure data in real time from all 

exercisers. Every 30 seconds, the energy expenditure rate is changed to match the 

workout energy expenditure in order to facilitate the analysis and computation that 

follows. The energy expenditure rate of an exerciser throughout a 10-minute period is 

shown in Table 2. 

Table 2. An athlete’s rate of energy expenditure. 

Time (min) Energy consumption rate (kcal 30s) Time (min) Energy consumption rate (kcal 30s) 

1 3.63 3 6.96 

6 4.08 3 7.29 

9 3.47 7 6.64 

12 4.30 4 5.22 

15 4.17 5 4.99 

18 5.69 8 4.03 

9 5.74 10 3.84 

4 4.88 10 4.26 

7 5.79 7 3.12 

10 6.82 9 2.69 

The energy consumption rate transfer data for two neighboring 30 s can be 

obtained using the state space division mentioned above, as indicated in Table 3. 
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Table 3. Transfer of energy consumption rate. 

Number of transfers 
After transfer 

Amount to 
A B C D 

Before transfer 

A 1 0 0 1 2 

B 2 4 1 0 5 

C 1 2 2 0 4 

D 0 0 2 2 5 

As seen in Figure 5, we can plot the exerciser’s energy consumption rate for each 

time period against this workout limit energy consumption rate to determine the 

exerciser’s constant energy in the current exercise state. A consumption rate of 5.602 

kcal/s is observed. 

 

Figure 5. Rate of energy expenditure. 

Figure 5 shows a decline in physical strength when the exerciser’s energy 

expenditure rate starts to go below the maximum rate of 5.602 kcal/30s at 

approximately 450 seconds and keeps going down throughout the exercise. 

5.2. Comparative validation 

A real-time exercise data monitoring system recorded the exercise data of 20 

exercisers who were chosen to run a 2-kilometer course in order to confirm the 

correctness of the health assessment model’s findings for exercising people [21,22]. 

Each athlete’s prediction error in the health assessment model may be computed, and 

the results are displayed in Figure 6. All 20 participants’ exercise stopping times fell 

within 20% of the actual exercise stopping time that the model predicted, as seen in 

Figure 6. 
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Figure 6. Error chart comparing the suggested and actual times. 

6. Conclusion 

This study addresses the pressing issue of adolescent physical health by 

presenting a comprehensive framework for assessment, prediction, and intervention. 

By leveraging multidimensional indicators—such as body composition, physical 

function, and quality metrics—alongside advanced algorithms for real-time data 

analysis, the research bridges critical gaps in current fitness evaluation systems. The 

integration of a threshold-based health evaluation model, early-warning feedback 

mechanisms, and personalized exercise prescriptions underscores a robust and 

innovative approach to adolescent health management. 

The structured, two-tiered warning system empowers adolescents and educators 

to pinpoint specific areas requiring intervention, fostering a proactive approach to 

health management. Through the application of predictive algorithms, the study offers 

forward-looking insights into health trends, enabling timely actions to mitigate 

potential risks. Moreover, the deployment of advanced sensors for real-time 

monitoring and gait analysis ensures precise evaluations of physical performance, 

providing a modernized perspective on fitness assessment. 

In addition to identifying deficiencies in existing systems, this research delivers 

a scalable, scientifically validated solution that is practical for real-world 

implementation. The framework’s multidimensional design facilitates a holistic 

understanding of adolescent health, while its emphasis on actionable and predictive 

insights represents a significant advancement in the fields of physical education and 

health science. 
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