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Regenerative medicine is an important field of medicine that combines innovations of 

tissue engineering, molecular biology, gene therapy, and cellular therapy with the main goal of 

restoring, repair or replace tissue or stablish normal function following loss due injury, disease, 

congenital defects, or aging[1]. The common approaches taken to recreate and replace organs and 

tissues have typically involved a combination of scaffold, cells, and bioactive molecules to 

stimulate and sustain the body’s own self-healing capacity[2].  

Adult mammal tissues demonstrate a fantastic regenerative capacity such as bone 

marrow, liver, and the mucosal epithelium of intestine[3-5]. Similarity, skeletal muscle 

demonstrates a remarkable ability to regenerate following injury however, this regenerative 

capacity impairs when a large volume of tissue is lost[6]. Despite the high regeneration capacity 

of skeletal muscle, the excessive deposition of scar tissue attenuates muscle function and affects 

the regeneration process after injury[7].  

The formation of fibrosis has been demonstrated to compete with myofiber regeneration 

for the tissue area with inhibition of myofiber function and increase a risk of re-injury. The ability 

of skeletal muscle to repair itself after injury is largely dependent on the response of muscle stem 

(satellite) cells (MuSCs). After injury, MuSCs are activated to become myoblasts, which 

subsequently fuse to form myofibers. However, aging typically culminates in a multitude of 

compromised MuSC responses. Increasing age typically results in a decreased skeletal muscle 

regenerative capacity and increased fibrosis after injury, ultimately contributing to a weakness 

and declines in physical functioning[8].  

Skeletal muscle can be physiologically affected by detrimental environment conditions 

such as long period of immobilization, bed rest, spaceflight, sedentary lifestyle or related to a 

specific pathology like cancer (cachexia), diabetes, and COVID-19. The skeletal muscle 

microenvironment, or niche, is an important and potent regulator of MuSC function. The niche is 

necessary for the maintenance of MuSC quiescence and it provides critical support of tissue 
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homeostasis and regenerative capacity [9]. In addition, the niche includes vascular components 

that are important to deliver homeostatic signals to MuSCs, such as secreted molecules and 

cellular contacts [10]. However, the biggest challenge for us scientists is to find and develop 

clinically relevant approaches that might be able to modulate the host microenvironment, 

maximize functional benefits and improve the regeneration process following cell transplantation.  

Researchers on the field of rehabilitation science have started to integrate concepts and 

techniques used in the clinical setting to enhance healing and restoration of function through tissue 

regeneration. The integration of regenerative rehabilitation principles with regenerative medicine 

could promote the goal of developing innovative and effective treatments for skeletal muscle 

function and repair. 

 Exercise is a commonly implemented intervention to promote muscle repair in aged 

muscle and to stimulate the activation of molecular mechanisms critical for functional muscle 

repair, and emerging evidence indicates that the application of mechanical stimuli increases MuSC 

activation and proliferation [11]. Upon muscle loading, muscle produces chemical signals that 

may be essential for MuSC behavior and myogenicity. Importantly, mechanical loading 

upregulates the gene expression of angiogenic factors, induces growth factor secretion, increases 

neural recruitment, increases blood flow, and increases leukocyte and monocyte infiltration to the 

injury area, all of which are critical for adequate regeneration.  

There has been intensifying evidence to suggest that muscle contractile activity, by 

mechanical loading realized with exercise or electrical stimulation (Estim), may also enhance 

muscle progenitor cell (MPC) regenerative potential [12, 13].  Indeed, mechanical stimuli has 

been shown a promising method to improve cells behavior following transplantation. Although, 

there are many studies demonstrating an increased number, activation, proliferation, and 

differentiation of MuSCs, the molecular mechanisms underlying these alterations remain poorly 

understood.  

We believe that muscle contractile activity is an effective tool for modulating skeletal 

muscle regenerative potential, and the expansion of these studies will be important steps towards 

the development of targeted treatment interventions to prevent muscle wasting and weakness 

following periods of prolonged immobility, such as after a severe muscle injury, following an 

intensive care unit stay, or post-operatively. Further research will be necessary to elucidate the 

mechanisms and pathways to allow us to develop treatment protocols and magnify therapeutic 

benefits. 
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