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Abstract: Background: A subconscious recollection known as muscle memory facilitates the use of motor abilities that have been learned 

via repetition or habituation. Myonuclear permanence memory can help athletes recover from hard events and help elderly people grow 

muscle more quickly. It can also be used in medicine. Wearable technology, such as motion capture systems, artificial intelligence, virtual 

rehabilitation, and electromyography sensors, can help tailor exercise regimens to enhance muscle memory retention and skill acquisition. 

Aim: This review article aims to explore muscle memory's role in rehabilitation and its potential benefits for improving motor function 

and movement. Objectives: The review article will analyze the application of improving muscle in various conditions and with use of 

interventions for the same. It explores aspects like perceptual memory, procedural memory, neuroanatomy, and neurophysiology. 

Methods: Articles pertaining to exercise used to improve muscle memory were explored through this review paper. The primary objective 

of this review paper is to map the use of muscle memory as outcome of the intervention used in the Physiotherapeutic rehabilitation and 

synthesize the existing literature for the available rehabilitation techniques to improve neural connections and motor muscle memory. 

Results: Conclusion: The article identifies key rehabilitation factors, discusses exercises and Physiotherapy techniques to strengthen 

neural activity, and addresses research gaps in muscle memory. It provides valuable insights for healthcare professionals in rehabilitation 

settings.  
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1. Introduction 

 
Muscle memory is often referred to as “motor memory “or 

“procedural memory," as it allows us to perform various 

motor tasks. Examples of muscle - motor tasks include 

walking, tying shoes, riding bikes, swimming, driving a bus, 

or playing guitar (1). This concept may have applications in 

sports and medicine, such as helping athletes recover from 

intense competitions and encouraging older adults to gain 

muscle more quickly (2). Recent research examines the 

“cellular” and “epigenetic” processes underlying skeletal 

muscle memory, with new evidence suggesting a potential 

synergy between these hypotheses. Changes in the structure 

and function of muscle cells, such as elevated protein 

synthesis and the biogenesis of mitochondria, result in 

cellular muscle memory. Epigenetic muscle memory involves 

changes in gene expression resulting from previous exercise, 

which can persist for weeks or even months after physical 

activity stops, contributing to long - term muscle changes (3).  

 

Perceptual memory 

The brain's capacity to store and retrieve sensory data, such 

as visual, aural, gustatory, olfactory, and tactile stimuli, is 

known as perceptual memory. It is essential for everyday 

living and cognitive functions because it helps identify faces, 

objects, and surroundings based on sensory characteristics.  

 

Neurobiological Basis of perceptual memory:  

The retention and recall of sensory data in the visual, auditory, 

and other sense - processing areas of the brain is known as 

perceptual memory. Changes in the structure and function of 

muscle cells, such as elevated synthesis of proteins and 

mitochondrial biogenesis, result in cellular muscle memory 
(4). Examples of perceptual memory in the real world, 

including reading comprehension, face recognition, and 

navigating familiar environments Reading comprehension 

improves literacy and communication skills by enabling 

people to identify and understand written material by 

remembering words, letters, and their visual representations. 

The capacity of perceptual memory to recognise familiar 

individuals based on visual indicators like facial 

characteristics and expressions promotes social connections 

and interactions with others. Spatial navigation like People 

can easily navigate familiar environments by using their 

perceptual memory to identify landmarks and spatial clues as 

a guide to decision - making and movements.  

 

Perceptual memory impairments: 

Prosopagnosia and visual agnosia are both neurological 

disorders that affect the recognition and interpretation of 

visual stimuli, with prosopagnosia specifically impairing the 

ability to identify familiar faces due to damage in the brain's 

face recognition areas (5).  

 

Procedural memory 

The kind of long - term memory called procedural memory, 

sometimes referred to as implicit memory, holds charge of the 

unconsciously acquired and maintained knowledge of 

procedures and skills. People with this kind of memory are 

able to carry out operations and tasks without having to 
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actively consider the steps involved. For tasks like riding a 

bike, using a keyboard, playing an instrument, and many other 

motor skills, procedural memory is necessary.  

 

Procedural Memory's Neural Foundation:  

Studies have indicated a close association between the motor 

cortex, the cerebellum, the basal ganglia, and procedural 

memory. Organizing, carrying out, and coordinating motor 

movements are the functions of these regions. Research 

employing neuroimaging methods, such as positron emission 

tomography (PET) and functional magnetic resonance 

imaging (fMRI), has shed light on the neural underpinnings 

of procedural memory. For instance, in a study that examined 

the brain mechanisms behind motor sequence learning using 

fMRI, the researchers discovered that the development and 

consolidation of procedural recall pertaining to motor skills 

are significantly influenced by the basal ganglia as well as the 

cerebellum (6).  

 

Procedural Memory's Function in Daily Life:  

In daily life, procedural memory is essential because it allows 

people to perform repetitive actions and tasks without 

conscious thought. People use procedural memory, for 

example, to steer, depress pedals, and navigate traffic without 

having to intentionally contemplate each action when driving 

an automobile.  

 

Recent studies have demonstrated the importance of 

procedural memory in the context of recovery. The 

application of procedural memory exercises to enhance motor 

skills in stroke survivors was investigated in this study. The 

findings showed that specific procedural memory training can 

result in notable gains in motor skills and day - to - day 

activities (7).  

 

Problems with Procedural Memory:  

Neurological disorders like Huntington's disease, Parkinson's 

disease, and traumatic brain injury can cause disruptions in 

procedural memory. These disorders may result in deficits in 

procedural memory consolidation along with retrieval, 

learning challenges, and motor task performance.  

 

The influence of procedural memory deficiencies on language 

acquisition and production in people with particular 

difficulties with language was brought to light in a recent 

review. The authors discussed how deficiencies in procedural 

memory can make it more difficult to learn and automate 

grammatical structures (8).  

 

Definition 

Muscle memory is a fascinating and complex phenomenon 

that has intrigued scientists and athletes for decades and has 

been the subject of extensive research in the fields of 

neuroscience, physiology, and sports science. Studies in the 

field of neuroscience have shown that repetitive movements 

and actions create strong neural pathways in the brain, leading 

to the development of muscle memory. These pathways allow 

for quicker and more precise communication between the 

brain and muscles, resulting in improved motor skills and 

coordination. In the realm of sports science, muscle memory 

plays a major role in skill acquisition and performance 

enhancement. Athletes who consistently practice specific 

movements develop a heightened level of muscle memory, 

enabling them to execute these actions with greater speed, 

accuracy, and fluidity. Furthermore, muscle memory has been 

shown to be instrumental in injury rehabilitation, allowing 

individuals to regain lost motor skills and strength more 

rapidly.  

 

The concept of muscle memory has also garnered attention in 

the field of rehabilitation, with studies indicating that targeted 

exercises promoting the development of muscle memory can 

benefit individuals who have suffered from neurological 

disorders or injuries. By engaging in repetitive and purposeful 

movements, patients can retrain their muscles and nervous 

system to perform specific tasks, ultimately improving their 

overall motor function and quality of life (9). Muscle refers to 

the ability of our muscles to retain a memory of specific 

movements and actions, allowing us to perform them with 

increased efficiency and accuracy over time. Muscle memory 

is a multifaceted phenomenon that encompasses both neural 

and muscular adaptations, with far - reaching implications for 

enhancing human movement and performance (10).  

 

Duration of muscle memory 

The initial theory suggests that myonuclei in muscle fibers are 

gained during muscle growth and lost during atrophy (11). 

However, muscle memory theory suggests that these 

myonuclei are never lost, causing a decrease in size during 

atrophy (12). Muscle memory lasts for years, with skeletal 

muscle memory lasting 15% of an individual’s lifespan 

(around 80 years). The memory duration in skeletal muscle is 

certainly 15% of an individual’s lifespan (roughly 80 years). 

In other words, hypertrophic symptoms occurred a minimum 

of 12 years after exercise cessation. and myocardial muscle 

memory lasting up to 30% of an average person’s life (25 

years) (13).  

 

Neuroanatomy 

The complex network of brain areas and neural circuits that 

cooperate to regulate the process of gathering, storing, and 

retrieving kinesthetic information makes up the 

neuroanatomy that underpins muscle memory. The primary 

motor cortex (M1) is the primary portion of the brain that is 

involved in motor function and the memory of muscles. 

Because the muscles get direct projections from these 

pyramidal cells, voluntary movement is made possible (14). 

Research has shown that there is an increase in brain activity 

in the area known as the prefrontal cortex. during the learning 

of new motor skills as M1, suggesting that this area is a part 

of the formation of muscle memory. Another important factor 

influencing muscle memory is the basal ganglia, a group of 

related subcortical structures.  

 

The basal ganglia are engaged in the processes of action 

selection, movement initiation, and the learning of motor 

sequences. These processes receive input from the brain. 

Studies have shown that the basal ganglia, and in particular 

the striatum, have a role in the construction and execution of 

procedural memory. The basal ganglia are involved in the 

learning of motor patterns, action selection, and movement 

initiation. The brain provides input for these processes. 

Research has demonstrated that the striatum, in particular, and 

the basal ganglia play a function in the development and 

utilization of procedural memory, a form of muscle memory 

that entails the acquisition and execution of motor sequences 
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(15). Another crucial component of the brain involved in the 

formation of muscle memory is the cerebellum. The 

development of new motor skills, maintaining balance, and 

motor coordination are all facilitated by the cerebellum.  

 

Research has indicated that the cerebellum contributes to the 

development, maintenance, and regulation of motor skills, 

implying that it is involved in the storage and recall of muscle 

memory (16). Important brain regions include the motor cortex, 

the cerebellum, and the basal ganglia. Complex neural 

networks enable these regions to communicate with each 

other. Neurotransmitters also play a significant role in the 

neuroanatomy of muscle memory (17). It has been 

demonstrated that certain neurotransmitters, such as 

noradrenaline and acetylcholine, are involved in the processes 

of memory, arousal, and attention. These neurotransmitters 

regulate the hyperactivity and flexibility of the neural 

pathways underlying muscle memory. They thereby facilitate 

the process of fortifying and solidifying synaptic synapses (18). 

 

Neurophysiology 

The complex interactions between multiple brain systems that 

support the acquisition, retention, and recall of learned motor 

skills are characteristic of the neurophysiology of muscle 

memory. To find the underlying mechanisms of muscle 

memory, one must have a thorough grasp of the 

neurophysiological components of muscle memory. 

Mechanisms that will enable enhanced performance as well 

as learning new skills. Among the mechanisms that fall within 

this category are long - term potentiation, synaptic plasticity, 

and brain circuit regulation. Synapses, or the connections 

between neurons, have the ability to alter both strength and 

plasticity. We call their effectiveness synaptic plasticity. 

Long - term potentiation (LTP) is a particular kind of synaptic 

plasticity that is thought to provide a biological foundation for 

education and recall. Research has indicated that there are 

several brain regions where LTP can occur. Those that are 

engaged in motor control, like the motor cortex, cerebellum, 

and basal ganglia, indicate that they play a part in the creation 

and strengthening of physical memory (19). Neural circuits are 

crucial for understanding the neurophysiology of muscle 

memory. These circuits are made up of neural networks that 

are linked, and they bear accountability for arranging for the 

preparation, performance, and evaluation of motor actions.  

Through practice and the acquisition of new skills, neural 

circuits can become more specialized and efficient in 

performing certain motor tasks. Many factors contribute to 

the development of muscle memory, but one of the most 

crucial is the strengthening and improvement of neuronal 

circuitry (20). The chemical messengers known as 

neurotransmitters have a major influence on the 

neurophysiology of muscle memory. Dopamine has been 

demonstrated to have a part in both the reinforcement and the 

alteration of the relevant neural circuits in both motor control 

and reward - based learning based on several research 

investigations (21).  

 

Other factors also affect the excitability and flexibility of 

neural circuits. Neurotransmitters, such as glutamate and 

gamma - aminobutyric acid (GABA), which in turn affect the 

neurophysiological processes that result in the establishment 

of muscle memory (22), Another crucial element of the 

neurophysiology of muscle memory is neuroplasticity, or the 

brain’s ability to rearrange and modify both its structure and 

operation in reaction to novel situations and education. 

Regular practice results in a variety of physical and functional 

alterations to the brain. These modifications enhance the 

effectiveness of the motor circuits in the brain and make it 

simpler to save and access previously acquired physical 

abilities. These changes may entail the creation of new 

connections between synapses, the enhancement of prior 

relationships, and the reorganization of the brain network (24). 

Certain areas of the brain, such as the motor cortex and the 

cerebellum, exhibit very strong neuroplasticity. Significant 

changes are a direct consequence of the improvement of 

motor abilities.  

 

Motor imaging, which is the practice of performing motor 

actions in the mind without carrying them out physically, is 

related to the mechanics behind muscle memory. When 

individuals visualize themselves engaging in a motor task, 

their brains’ identical neural networks are activated as they 

physically carry out the deed. It has been shown that 

practicing motor imagery aids in the maintenance and 

consolidation of muscle memory by enhancing the neural 

relationships that are associated with specific motor 

proficiency (18, 22, 23, 24).  

 

Furthermore, it has been established that sleep plays a crucial 

role in the process of strengthening one’s muscle memory. It 

is thought that during sleep, patterns of brain activity 

associated with practiced motor actions are replayed. Sleep is 

thought to have a part in improving the consolidation of 

muscle memory; however, the precise mechanisms are still 

being investigated. It is thought that during sleep, patterns of 

brain activity associated with practiced motor actions are 

replayed.  

 

Mind - Muscle Connection 

The concept of the "mind - muscle connection" postulates a 

connection between mental health, specifically memory, and 

physical activity. Recent studies have confirmed this 

association, particularly in women.  

 

Evidence for the Mind - Muscle Connection in Women: 

Research found that a single bout of moderate - intensity 

exercise immediately after encoding information led to 

improved memory recall in women (25). A study demonstrated 

that a short bout of moderate - intensity cycling immediately 

after learning improved retention of a motor skill task in 

women (26). A review also showed that high - intensity interval 

exercise following encoding improved memory recall in 

women (27). These studies suggest that acute exercise 

following memory encoding may enhance memory 

consolidation processes and improve cognitive function in 

women.  

 

Focus areas where muscle memory is the key 

rehabilitation factor  

Muscle memory, also known as motor learning, is a 

phenomenon in which the muscles "remember" specific 

movements through repetitive practice. This concept is of 

great interest in the field of Physiotherapy, as it plays an 

indispensable role in the rehabilitation and retraining of 

individuals with various musculoskeletal and neurological 

conditions.  
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A recent study investigated the role of muscle memory in the 

context of stroke rehabilitation. The researchers found that 

repetitive task - specific training can lead to improvements in 

motor function and muscle memory in stroke survivors. This 

suggests that targeted exercises and activities can help retrain 

the muscles and improve movement patterns in individuals 

recovering from a stroke (28). A current study scrutinized the 

purpose of muscle memory in the framework of Parkinson’s 

Disease (PD). PD is characterized by variable patterns of 

motor and non - motor symptoms. Physiotherapy and physical 

exercise are thought to be effective supplements to 

medication in enhancing motor impairments, independence, 

and mobility in day - to - day activities. with a favorable effect 

on PD's non - motor symptoms. Furthermore, current research 

on human and animal models has demonstrated that physical 

activity could fend off neurodegeneration, control 

neurotrophic factors, and improve neurogenesis. pointing to a 

PD disease - modifying effect. Information, however, 

suggests that the benefits of physical therapy and exercise 

over the years are not maintained, particularly if training isn't 

performed consistently (29). In another study, we explored the 

hypothesis of muscle memory in the context of sports 

performance. The researchers found that athletes who engage 

in consistent and deliberate practice develop strong muscle 

memory, which allows them to perform nuanced movements 

with greater ease and meticulousness (30).  

 

This has ramifications for physiotherapists working with 

athletes, as they can use targeted exercises and drills to 

enhance muscle memory and improve sports performance (31). 

Because of modifications to the neural circuits that involve 

the brain, the nerves, and the muscles, the muscles 

"memorize. " This leads you to carry it out “that manner” 

during a match. This is known as "procedural memory" in 

technical terms. Retention of motor skills developed through 

repetition is the main aspect. Without deliberate thought or 

attention, every neuron in the brain works in unison to 

recreate the intricate motor action. Once established, these 

relationships endure. They last forever. A simple illustration 

would involve riding a bicycle (31).  

 

Research Gap in Muscle Memory 

One area of deficit in muscle memory is the lack of high - 

quality research on the long - term retention and transfer of 

muscle memory (32). Another area of deficit is the limited 

understanding of the mechanisms underlying muscle 

memory. While there is some evidence to suggest that 

changes in the nervous system, such as alterations in motor 

neuron firing patterns, may play a role in muscle memory, 

more research is needed to fully elucidate these mechanisms 
(33). The most notable area deficits in muscle memory with a 

recent reference include the lack of understanding of the role 

of nutrition and supplementation in promoting muscle 

memory. This study found that while there is some evidence 

to suggest that certain nutrients and supplements, such as 

protein and creatine, may enhance muscle memory retention, 

more high - quality research is needed to fully understand the 

impact of nutrition on muscle memory (34). Finally, there is a 

lack of consensus on the most effective methods for training 

and maintaining muscle memory. While a study has 

suggested that distributed practice and variability in training 

may enhance muscle memory, more research is needed to 

determine the optimal training strategies for different 

individuals and contexts (35).  

 

Exercises to strengthen neural activity and improve 

muscle memory.  

 

Aerobic Exercise: Aerobic exercise has been shown to 

enhance motor memory and retention before and after 

learning motor skills. A study found that engaging in aerobic 

exercise before a motor learning task improved motor skill 

acquisition and retention compared to a control group. The 

increased blood flow to the brain during aerobic exercise may 

enhance neural plasticity, making it easier to learn and retain 

new motor skills (36). High - Intensity Interval Training (HIIT): 

HIIT has also been shown to have benefits for motor memory 

and retention. A recent study demonstrated that participants 

who performed HIIT prior to a motor learning task showed 

improved motor skill performance and retention compared to 

those who did not engage in HIIT. The intense bursts of 

activity in HIIT may stimulate the release of growth factors 

that promote neuronal plasticity, leading to better motor 

memory consolidation (37).  

 

Rehabilitation Exercises to Strengthen Neuronal Activity:  

Resistance Training: Resistance training can be an effective 

rehabilitation exercise to strengthen neuronal activity. A 

study investigated the effects of resistance training on 

neuronal activity in individuals with neurological conditions 

such as stroke or Parkinson's disease. The results showed that 

resistance training led to improvements in motor function and 

increased neuronal activity in the brain regions associated 

with movement control. This suggests that resistance training 

can help enhance neuronal connections and promote 

neuroplasticity in rehabilitation settings (38).  

 

The field of physiotherapy uses various techniques to improve 

muscle memory, such as repetition, feedback, and specific 

exercises tailored to individual needs. Repetitive task training 

involves practicing specific movements or tasks repeatedly to 

improve muscle memory. A study demonstrated that 

repetitive task training can enhance motor learning and 

improve functional outcomes in individuals with neurological 

conditions (39). Biofeedback is a technique that provides real - 

time information about muscle activity to help individuals 

improve their movement patterns. A recent study showed that 

biofeedback - assisted training can enhance muscle memory 

and improve motor control in patients with musculoskeletal 

disorders (40). Mirror therapy involves using a mirror to create 

the illusion of movement in the affected limb, which can help 

improve muscle memory and motor function. A study found 

that mirror therapy can enhance cortical reorganization and 

promote muscle memory retention in individuals with strokes 
(41). Virtual reality training uses interactive, computer - 

generated environments to provide feedback and practice 

specific movements. A recent meta - analysis demonstrated 

that virtual reality training can improve muscle memory and 

functional outcomes in patients with orthopedic conditions 
(42).  

 

2. Limitations  
 

This review article discusses the limitations of muscle 

memory - enhancing interventions in rehabilitation, including 
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limited clinical evidence, the complexity of neuroanatomy 

and neurophysiology, and the heterogeneity in patient 

populations. The lack of robust data may hinder the ability to 

make concrete recommendations for incorporating muscle 

memory techniques into rehabilitation protocols. The 

complexity of neural mechanisms underlying muscle memory 

may also limit the generalizability of findings and 

recommendations. The review also acknowledges 

methodological limitations related to the selection and 

interpretation of existing literature on muscle memory in 

rehabilitation, which could impact the reliability and validity 

of conclusions drawn in the review. Practical implementation 

challenges, such as resource constraints, patient compliance, 

and clinician expertise, may also present challenges in 

implementing exercises and physiotherapy techniques aimed 

at enhancing muscle memory in real - world rehabilitation 

settings. These barriers could affect the feasibility and 

sustainability of incorporating muscle memory strategies into 

routine rehabilitation practices.  

 

3. Conclusion 
 

The introduction emphasizes the importance of muscle 

memory, perceptual memory, and procedural memory in 

sports, medicine, musculoskeletal disorders and everyday 

activities. It highlights the potential applications of recent 

research on cellular and epigenetic processes underlying 

muscle memory in sports and medicine, providing a 

foundation for further exploration of interventions to enhance 

memory retention and skill acquisition. Procedural memory is 

crucial for repetitive actions and motor skill acquisition, 

particularly in rehabilitation, particularly in stroke survivors. 

The discussion also highlights the multifaceted nature of 

muscle memory and its implications for human movement 

and performance. The neuroanatomy and neurophysiology of 

muscle memory are crucial, with the complex interplay 

between brain systems facilitating learning, retention, and 

recall of acquired motor skills. Neurotransmitters play a 

significant role in modulating the excitability and plasticity of 

neural circuits, while synaptic plasticity, particularly long - 

term potentiation (LTP), provides a biological foundation for 

education and recall. Motor imagery enhances neural 

relationships associated with specific motor proficiency, 

providing a solid foundation for understanding the 

mechanisms behind muscle memory consolidation and 

retention. Evidence supports the concept of the mind - muscle 

connection in women, with acute exercise following memory 

encoding potentially improving cognitive function. Research 

gaps in muscle memory are outlined, emphasizing the need 

for more high - quality research to understand long - term 

retention and transfer, mechanisms underlying muscle 

memory, nutrition's impact on muscle memory, and optimal 

training strategies. The interdisciplinary nature of muscle 

memory research has potential implications for optimizing 

physical performance and skill retention.  
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