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Abstract. This study explores the multifaceted impacts of different types of exercise and durations 
on skeletal muscle, while systematically analyzing the mechanisms of exercise-induced injuries and 
their recovery processes. The results indicate that concentric contractions primarily enhance muscle 
explosiveness, whereas eccentric contractions show more pronounced effects in promoting muscle 
hypertrophy and accelerating recovery. Isometric contractions significantly contribute to increasing 
muscle endurance and stability. Moreover, short-duration high-intensity exercise effectively activates 
fast-twitch muscle fibers, promoting strength gains, while moderate-duration exercise helps enhance 
muscle endurance and improves oxygen delivery efficiency. Long-duration endurance training 
optimizes aerobic metabolism and significantly improves muscle endurance. Regarding exercise-
related injuries, insufficient muscle strength, poor flexibility, and limited endurance are critical factors 
contributing to injury occurrence. However, scientific training methods, appropriate recovery 
strategies, and sufficient warm-up and stretching can effectively reduce the risk of injury. This study 
provides a solid scientific basis for exercise training, muscle rehabilitation, and injury prevention, 
offering significant theoretical and practical value. 
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1. Introduction 

Skeletal muscle is one of the most crucial organs in the human body, responsible for maintaining 

posture, executing movement, and energy metabolism. Exercise training is a vital factor influencing 

the physiological properties of skeletal muscle, and different types of exercise impact muscle strength, 

endurance, and recovery abilities in various ways[1]. In recent years, with advancements in exercise 

physiology and rehabilitation medicine, researchers have gradually recognized the effects of different 

exercise modes (concentric, eccentric, and isometric contractions) on muscle adaptation, as well as 

the impact of exercise duration on skeletal muscle metabolism, fatigue, and recovery[2]. Thus, in-

depth studies on the effects of exercise on skeletal muscle hold significant theoretical and practical 

value. Among various exercise types, concentric contraction refers to the process of muscle 

shortening during contraction, such as during the lifting phase of weightlifting or squats. It primarily 

enhances muscle explosiveness and short-term strength[3]. Eccentric contraction occurs when 

muscles lengthen under tension, such as during downhill running or the lowering phase of 

weightlifting, and is more effective in promoting muscle hypertrophy and long-term strength gains, 

as well as enhancing recovery[4]. Isometric contraction involves generating tension without changing 

muscle length, such as in a plank or wall sit, and plays a significant role in improving muscle 

endurance and stability[5]. 

Apart from the type of exercise, the duration of exercise is also a critical factor influencing skeletal 

muscle adaptation. Short-duration high-intensity exercise primarily relies on anaerobic metabolism, 

rapidly activating type II fast-twitch muscle fibers to increase momentary strength and explosiveness, 

but it may also lead to lactic acid accumulation, causing muscle fatigue. Moderate-duration exercise, 

such as 30-60 minutes of moderate-intensity training, helps improve muscle endurance, blood 

circulation efficiency, and oxygen delivery capacity. Long-duration endurance training, such as 

marathons or extended cycling sessions, mainly relies on aerobic metabolism, enhancing muscle 

endurance but possibly reducing explosiveness and strength. Additionally, exercise-induced injury is 

a significant factor affecting skeletal muscle function. Insufficient muscle strength, lack of flexibility, 

and limited endurance increase injury risk. However, scientific training, adequate recovery periods, 
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and proper warm-up and stretching exercises can effectively reduce the occurrence of injuries. This 

study aims to systematically explore the effects of different exercise types and durations on skeletal 

muscle and analyze the mechanisms of exercise-induced injury and recovery, providing a theoretical 

basis for scientific training, rehabilitation, and injury prevention. 

2. The Impact of Exercise Modes on Skeletal Muscle 

2.1. Concentric Contractions 

Concentric contractions refer to the process of muscles shortening during contraction, such as 

when lifting a weight. This type of contraction primarily targets enhancing strength and control over 

heavy objects, having a significant effect on boosting short-term strength and explosiveness[6]. 

However, concentric contractions tend to cause relatively less muscle fatigue and injury compared to 

eccentric contractions. As a result, their effect on muscle endurance, recovery, and growth is less 

pronounced. Despite this, concentric contraction training can still effectively improve athletic 

performance, particularly in enhancing muscle explosive power[7]. However, the muscle damage 

caused is minimal, and its role in long-term muscle hypertrophy and fatigue recovery is comparatively 

weak. 

2.2. Eccentric Contractions 

Eccentric contractions occur when muscles are lengthened under tension, such as during controlled 

lowering of a weight. This type of contraction is particularly effective in promoting muscle 

hypertrophy and long-term strength gains[8]. This is due to the greater mechanical tension produced 

by eccentric contractions, which induces more muscle damage, thereby stimulating muscle growth 

during the recovery process. Eccentric contractions generally result in more intense muscle fatigue 

but also enhance recovery capacity[9]. They activate more muscle fibers, especially deeper muscle 

fibers, and are particularly effective in improving muscle endurance and elasticity. Athletes who 

undergo long-term eccentric training show better endurance and recovery abilities[10]. 

2.3. Isometric Contractions 

Isometric contractions involve generating tension while maintaining a constant muscle length, 

such as when holding a static position or stretching an object. These contractions help improve muscle 

endurance and joint stability, particularly at specific joint angles or postures. While isometric 

contractions do contribute to strength improvement, their effect on muscle hypertrophy is relatively 

weaker. They are more useful for enhancing muscle anti-fatigue capabilities and improving stability. 

2.4. Effects of Different Exercise Modes on Skeletal Muscle Status 

Muscle Hypertrophy: Eccentric contractions are more effective than concentric contractions in 

promoting muscle hypertrophy, as the greater mechanical tension leads to more muscle damage, 

which facilitates growth.  

Muscle Strength: Concentric contractions primarily enhance short-term strength and 

explosiveness, being more effective than eccentric contractions in improving muscle strength and 

power.  

Muscle Endurance: Eccentric contractions contribute to muscle endurance by increasing fatigue 

and inducing metabolic stress, while isometric contractions help improve muscle anti-fatigue 

capabilities.  

Recovery Capacity: Eccentric contractions enhance muscle recovery by effectively activating 

repair processes, allowing muscles to recover faster after high-intensity training.  
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3. The Impact of Exercise Duration on Skeletal Muscle 

3.1. Short-Duration and High-Intensity Exercise 

Skeletal Muscle Condition: During short-duration high-intensity training, muscles are subjected 

to significant mechanical tension[11]. Under these conditions, skeletal muscles primarily experience 

explosive force production and metabolic stress, with a substantial activation of fast-twitch fibers, 

particularly type II fibers. 

Effects: Short-duration high-intensity exercises, such as resistance training and sprinting, 

significantly enhance instantaneous muscle strength and power while promoting a certain degree of 

muscle hypertrophy[12]. However, due to the short duration, muscle damage is typically minimal, 

resulting in a faster recovery rate. 

Physiological Mechanism: This type of training primarily relies on anaerobic metabolism, 

including phosphocreatine breakdown and glycogenolysis. Energy consumption is high, leading to 

the accumulation of metabolic byproducts such as lactate, which contributes to acute muscle fatigue.  

3.2. Moderate-Duration Exercise 

Skeletal Muscle Condition: When exercise duration ranges from 30 minutes to 1 hour, muscles 

enter a more sustained working state, during which aerobic metabolism gradually becomes the 

predominant energy source [13]. At this stage, muscle endurance and sustained force output become 

critical factors. 

Effects: Moderate-duration training generally enhances muscle endurance and improves blood 

circulation and oxygen transport efficiency[14]. With long-term engagement in such training, muscles 

progressively adapt by increasing the proportion of endurance-type fibers, particularly type I slow-

twitch fibers. 

Physiological Mechanism: As exercise duration extends, lactate accumulation decreases, and the 

contribution of aerobic metabolism to muscle energy supply increases. This type of training enhances 

muscle oxidative capacity and metabolic efficiency. However, due to the prolonged exercise duration, 

muscle fatigue progressively intensifies, particularly in the latter stages, potentially leading to 

microdamage in muscle tissues.  

3.3. Long-Duration Endurance Training 

Skeletal Muscle Condition: Prolonged aerobic training, such as marathon running or extended 

cycling sessions, induces significant adaptations in the physiological structure and metabolic 

characteristics of skeletal muscle. These exercises primarily rely on aerobic metabolism, improving 

muscle endurance and recovery capacity. 

Effects: Long-duration endurance training primarily enhances muscular endurance but may 

compromise muscle strength and power. During prolonged exercise, intramuscular glycogen stores 

become depleted, and muscles increasingly rely on fatty acid oxidation as an energy source. Although 

this type of exercise does not induce as much acute muscle damage as high-intensity training, 

prolonged activity leads to increased muscle fatigue and a higher degree of microdamage. 

Physiological Mechanism: As exercise duration extends, metabolic stress on muscles intensifies. 

The depletion of glycogen stores, progressive elevation of lactate levels, oxidative stress, and 

microdamage accumulation become more pronounced, affecting muscle function and recovery.  

3.4. Muscle Fatigue and Recovery 

Fatigue: Prolonged exercise induces both localized and systemic fatigue. The recovery cycle for 

fatigued muscles may be extended, especially following high-intensity training. Fatigue is typically 

manifested through the depletion of muscle energy stores, alterations in cellular structure, and the 

accumulation of metabolic byproducts such as lactate and free radicals. 

Recovery: Recovery duration depends on exercise length, intensity, and individual differences. 

Following short-duration high-intensity exercise, muscle recovery is generally rapid. In contrast, 
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prolonged endurance training requires a longer recovery period, involving more extensive muscle 

repair and metabolic rebalancing. 

4. Exercise Injury and Recovery in Relation to Skeletal Muscle Status 

4.1. Relationship Between Muscle Condition and Exercise-Induced Injuries 

Muscle Strength and Injury: Strong muscles effectively support joints and reduce excessive 

stretching and pressure on tendons and ligaments during exercise, thereby lowering the risk of 

injury[15]. Insufficient muscle strength, particularly in the core and lower limbs, can lead to joint 

instability, increasing the likelihood of exercise-induced injuries. Studies have shown that strength 

training significantly reduces the incidence of sports injuries, especially among athletes[16]. 

Muscle Flexibility and Injury: Muscle flexibility and extensibility are crucial in preventing 

exercise-related injuries. Athletes who lack proper stretching or flexibility training are more 

susceptible to strains or muscle tears during rapid movements or sudden increases in exercise load[17]. 

Poor flexibility may also reduce the muscle’s ability to absorb impact forces during exercise, further 

increasing the risk of injury. 

Muscle Endurance and Injury: Poor muscle endurance can lead to excessive fatigue under 

prolonged load, resulting in diminished muscle control and an increased risk of strains or other 

injuries. This is particularly evident in repetitive load activities such as running and swimming, where 

inadequate endurance can accelerate muscle damage. Prolonged repetitive movements may also cause 

the accumulation of microtrauma in muscle tissues, potentially leading to chronic injuries or stress-

related damage. 

4.2. Relationship Between Recovery and Exercise-Induced Injuries 

Impact of Recovery Time on Muscle Injury: Insufficient recovery time following exercise can 

prevent muscles from fully repairing before the next training session, increasing the risk of further 

muscle damage and even chronic injuries. 

Proper Training and Rest: Appropriate rest and periodic training can facilitate muscle recovery, 

reducing the risk of overtraining and exercise-induced injuries. 

4.3. Strategies for Preventing Exercise-Induced Injuries 

Strength Training: Proper strength training enhances muscle support capacity and resistance to 

fatigue, reducing both acute and chronic injury risks. 

Stretching and Flexibility Training: Improving muscle flexibility and extensibility can help 

reduce the occurrence of strains and other muscle injuries. 

Gradual Load Progression and Recovery: Gradually increasing training intensity and load can 

prevent sudden overload, while ensuring adequate recovery time minimizes injury risk.  

Pre-Exercise Warm-Up: A thorough warm-up and preparatory movements help increase muscle 

temperature and blood flow, reducing the likelihood of injuries during exercise. 

5. Conclusion 

This study reveals that different exercise modes have distinct effects on skeletal muscle. 

Concentric contractions are particularly effective in enhancing momentary strength, while eccentric 

contractions have more significant advantages in promoting muscle hypertrophy and accelerating 

recovery. Isometric contractions are vital in improving muscle endurance and stability. Additionally, 

exercise duration plays a key role in muscle energy metabolism and adaptive capabilities. Short-

duration high-intensity training enhances muscle explosiveness, moderate-duration training improves 

muscle endurance, and long-duration endurance training optimizes aerobic metabolism and enhances 

muscle stamina. The occurrence of exercise injuries is closely related to muscle strength, flexibility, 

and endurance, with scientific training methods, adequate recovery time, and proper warm-up and 
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stretching exercises significantly reducing injury risks. Overall, this study provides theoretical 

support for personalized exercise training, muscle rehabilitation, and injury prevention. 
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