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ABSTRACT: 
Physical skills are crucial for human performance and are acquired through practice and experience. Muscle memory is the 
ability to reproduce a physical skill without conscious effort or thought after its initial learning. It is stored in the brain and 
can be retrieved for future use. The mechanisms underlying muscle memory are not fully understood, but research suggests 
that it involves changes in neural connections. This review paper aims to provide an overview of muscle memory, including 

its definition, types, and neurobiological mechanisms. 
Muscle memory can be categorized into procedural memory and perceptual memory. Procedural memory involves learning 
and executing a sequence of motor actions, while perceptual memory relates to recognizing and remembering sensory 
stimuli. Both types are critical for the acquisition and refinement of physical skills. Procedural memory relies on neural 
circuits involving the basal ganglia, cerebellum, and motor cortex, which coordinate movement planning, timing, and 
execution. Perceptual memory engages primary sensory areas and enhances sensory recognition and recall. 
The development of muscle memory is influenced by various factors, including deliberate practice, feedback, and cues. 
Deliberate practice involving repetition and refinement of motor skills facilitates the strengthening and formation of neural 

connections. Feedback and cues enhance the consolidation of muscle memory and improve motor performance. 
Understanding the neurobiological mechanisms of muscle memory has practical implications. In sports, muscle memory 
plays a vital role in skill acquisition and performance enhancement. It enables athletes to execute complex movements 
effortlessly and accurately. In rehabilitation, muscle memory is utilized to retrain motor skills that have been impaired due to 
injury or disease. By harnessing muscle memory, rehabilitation programs can facilitate motor recovery and enhance 
functional outcomes. 
In conclusion, muscle memory is a fundamental aspect of physical skill acquisition and retention. It involves neural changes 
in the brain and can be categorized into procedural and perceptual memory. Understanding the mechanisms underlying 

muscle memory provides insights into optimizing skill acquisition, improving performance, and enhancing rehabilitation 
strategies. Further research is needed to unravel the intricate processes of muscle memory and its applications in various 
domains. 
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INTRODUCTION 

Physical abilities are necessary for human survival as 

well as performance in a variety of spheres, including 

but not limited to sports, music, dance, and activities 

that are part of everyday life. The coordination of a 

person's muscles, joints, and neurological system is 

what makes it possible for them to walk, run, jump, 

and conduct other complicated actions. Learning new 

physical talents and being proficient at them takes a 

lot of time, practise, and experience. On the other 

hand, once a talent is learnt, it may frequently be 

replicated without any conscious effort or thought 

once it has been mastered. Muscle memory is the term 

used to describe this phenomena [1,2]. 

The capacity to automatically duplicate a physical 

skill is referred to as having "muscle memory." This 

gives the impression that the talent is stored within the 

muscles themselves. It enables people to complete 

tasks with precision and fluency, even after they have 

been inactive for an extended length of time. Muscle 

memory is an important factor in being able to 

execute motions quickly and accurately [2-5]. This is 
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true whether you are playing an instrument, typing on 

a keyboard, or performing a particular sports 

technique. 

Although the idea of muscle memory has been around 

for a long time and is utilised in a variety of sectors, 
such as sports training and rehabilitation, the 

mechanisms that lie beneath its surface are still a topic 

of investigation in the scientific community. It is 

likely that the brain is responsible for encoding and 

storing acquired physical skills given the ease with 

which they may be retrieved and stored. However, 

how precisely the brain achieves this process and how 

exactly muscle memory is produced, preserved, and 

recovered are difficult topics that have captivated 

researchers for decades [5-7]. 

Understanding the mechanics of muscle memory has 

significant consequences for maximising the 
acquisition of skills, enhancing performance, and 

developing more effective rehabilitation techniques. It 

is able to contribute to the development of efficient 

training protocols and rehabilitation interventions, as 

well as providing insights into the processes of 

learning and memory. The purpose of this review 

study is to investigate the level of knowledge 

regarding muscle memory at the present time. This 

study will investigate the meaning of the term "muscle 

memory," as well as its different forms, as well as the 

neurological mechanisms that underpin its generation 
and retrieval. The practical applications of muscle 

memory in sports training and rehabilitation will also 

be discussed in the paper. Emphasis will be placed on 

the potential of muscle memory to improve 

performance while also facilitating motor recovery. 

We can unlock new pathways for maximising human 

potential, enhancing training approaches, and 

improving the lives of those who are undergoing 

rehabilitation if we obtain a deeper understanding of 

how physical skills are stored and retrieved in the 

brain. As a result, the purpose of this review paper is 

to shed some light on the mysterious phenomena of 
muscle memory as well as its consequences for 

human performance and motor function. 

 
MUSCLE MEMORY AND THE 

NEUROANATOMY OF IT 

The neuroanatomy that underlies muscle memory is 
comprised of a sophisticated network of brain regions 

and neural circuits that work together to control the 

process of acquiring, storing, and retrieving 

kinesthetic information. It is essential to have a solid 

understanding of the various brain areas as well as the 

relationships between them in order to decipher the 

mechanisms underlying muscle memory. The motor 

cortex, and more specifically the main motor cortex 

(M1), is one of the primary parts of the brain that are 

involved in muscle memory. Due to the presence of 

pyramidal cells, which are specialised neurons, the 

M1 region is critically important to the control and 
execution of motor behaviour. These pyramidal cells 

directly project to the muscles, which in turn enables 

voluntary movement. [1] Studies have revealed that 

while a person is learning new motor abilities, there is 

an increase in the brain activity in the region known 

as M1, indicating that this region is involved in the 

establishment of muscle memory. 
Muscle memory is also significantly influenced by the 

basal ganglia, which are a collection of subcortical 

structures that are associated with one another. The 

basal ganglia are engaged in the process of action 

selection, movement initiation, and the learning of 

motor sequences. These processes receive inputs 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 [2, 

which is a type of muscle memory that involves the 

learning and performance of motor sequences]. In 

particular, the striatum has a role in the formation of 
procedural memory. Through its connections with the 

cortex and other parts of the brain, the basal ganglia 

helps to optimise and automate the performance of 

motor activities. 

The cerebellum is an additional essential part of the 

brain that is implicated in the process of muscle 

memory. The cerebellum plays an important role in 

the processes of motor coordination, maintaining 

balance, and learning new motor abilities. It integrates 

this information to fine-tune the motor output by 

receiving sensory input from a variety of sources, 
such as the spinal cord, and using this information. 

Studies have demonstrated that the cerebellum plays a 

role in the acquisition, retention, and timing of motor 

abilities, which suggests that it also plays a function in 

the consolidation and retrieval of muscle memory [3]. 

The motor cortex, the basal ganglia, and the 

cerebellum are examples of important brain regions, 

and sophisticated neural circuits make it possible for 

these regions to communicate with one another. Not 

only do these circuits entail excitatory connections, 

but they also involve inhibitory mechanisms, which 

allow for precise control over the output of the motor. 
Perceptual memory, which contributes to the 

recognition and recall of sensory inputs linked with 

certain motor abilities, is also implicated in other parts 

of the brain, such as the sensory cortex and 

association areas, amongst others [4]. 

When it comes to the neuroanatomy of muscle 

memory, neurotransmitters are also a very important 

factor. A number of neurotransmitters, including 

acetylcholine and noradrenaline, have been shown to 

play a role in attention, arousal, and memory 

functions. These neurotransmitters are responsible for 
modulating the excitability and plasticity of neuronal 

circuits that are involved in muscle memory. As a 

result, they make it easier to strengthen and 

consolidate synaptic connections [5]. 

In a nutshell, the neuroanatomy of muscle memory is 

characterised by an intricate interplay between 

different parts of the brain and different neural 

circuits. The motor cortex, the basal ganglia, and the 

cerebellum are all essential components in the process 
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of acquiring, storing, and retrieving muscle memory. 

Encoding, consolidation, and improvement of 

physical skills are all helped along by the exact 

interactions and control of various regions of the 

brain, as well as the participation of neurotransmitters. 
The specific mechanisms and dynamics of the 

neuroanatomy that underlies muscle memory need to 

be elucidated through further research. This will 

provide useful insights that may be used to optimise 

the process of acquiring skills, improve performance, 

and develop successful rehabilitation treatments. 

 
THE NEUROPHYSIOLOGY OF MEMORY IN 

THE MUSCLES 

The neurophysiology of muscle memory is 

characterised by a complex interaction of brain 

systems that make it possible to acquire, store, and 

retrieve learned motor skills. Synaptic plasticity, long-

term potentiation, and the regulation of brain circuits 

are a few examples of the processes that are included 

in this category. It is essential to have a solid 

understanding of the neurophysiological components 

of muscle memory in order to discover the underlying 
mechanisms, which will allow for improved 

performance and skill acquisition. 

Synaptic plasticity is one of the key processes that are 

involved in the formation of muscle memory. The 

capacity of synapses, the connections that exist 

between neurons, to change both their strength and 

their efficiency is referred to as synaptic plasticity. 

Long-term potentiation, also known as LTP, is a 

specialised type of synaptic plasticity that is believed 

to serve as a biological underpinning for learning and 

memory. It is characterised by the continued 

activation of synapses, which ultimately results in the 
strengthening of synaptic connections. Studies have 

demonstrated that long-term potentiation (LTP) can 

take place in a variety of regions of the brain that are 

involved in motor control, such as the motor cortex, 

basal ganglia, and cerebellum, suggesting that it plays 

a role in the establishment and consolidation of 

muscle memory [11]. 

When it comes to the neurophysiology of muscle 

memory, neural circuits play a very important role. 

These circuits consist of networks of neurons that are 

interconnected, and they are responsible for 
coordinating the planning, execution, and feedback of 

motor behaviour. Neural circuits are able to become 

more efficient and specialised in the execution of 

certain motor activities through the process of 

repeated practise and the acquisition of new skills. 

When performing skillful motions, the connection and 

synchronisation of these circuits make it possible for 

muscles and joints to coordinate with one another in a 

smooth manner. The establishment of muscle memory 

is dependent on a number of different elements, but 

one of the most important ones is the strengthening 

and refining of neural circuits [12]. 
The neurophysiology of muscle memory is also 

significantly impacted by the presence of 

neurotransmitters, which are chemical messengers 

found in the brain. In particular, dopamine has been 

shown to have a role in the reinforcement as well as 

the modulation of neuronal circuits that are involved 

in reward-based learning as well as motor control. 
Dopamine release in the basal ganglia and other 

locations has been found to be involved with the 

establishment and consolidation of muscle memory 

[13], according to a number of studies. Other 

neurotransmitters, including as glutamate and gamma-

aminobutyric acid (GABA), also contribute to the 

excitability and plasticity of neural circuits, which 

further influences the neurophysiological processes 

that are responsible for the formation of muscle 

memory [14]. 

An other essential component of the neurophysiology 

of muscle memory is neuroplasticity, which refers to 
the brain's capacity to reorganise and adapt both its 

structure and function in response to new experiences 

and learning. The brain goes through a series of 

anatomical and functional changes as a result of 

repeated practise. These changes improve the 

efficiency of the brain's motor pathways and make it 

easier to store and retrieve previously learned physical 

skills. These modifications can involve the formation 

of new synaptic connections, the improvement of 

previously established connections, and the 

reorganisation of brain networks [15]. Neuroplasticity 
is particularly obvious in parts of the brain like the 

motor cortex and the cerebellum, which undergo 

substantial alterations as a direct result of the 

development of motor skills. 

The mental practise of motor activities without the 

actual physical execution of those motions is known 

as motor imaging, and it also plays a role in the 

neurophysiology of muscle memory. When people 

picture themselves performing a motor activity, the 

same neural networks in their brains are stimulated as 

when they really perform the action physically. It has 

been demonstrated that engaging in motor imagery 
helps with the consolidation and preservation of 

muscle memory by strengthening the neural 

connections that are connected with the particular 

motor ability [6,10,11-15]. This lends credence to the 

hypothesis that mental practise can make a 

contribution to the neurophysiological mechanisms 

that underpin the establishment and storage of muscle 

memory. 

Additionally, it has been determined that sleep is an 

essential component in the process of consolidating 

one's muscle memory. Memory consolidation is a 
process that takes place in the brain as we sleep, and it 

helps to solidify recently learned information. 

Numerous studies [7–10] have demonstrated that 

sleep is an essential component in the process of 

enhancing muscle memory and the consolidation of 

motor skills. Sleep is believed to entail the replay of 

brain activity patterns related with the practised motor 

tasks. Although the exact mechanisms by which sleep 

helps to improve the consolidation of muscle memory 
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are still being explored, it is believed that sleep plays 

a role. 

In conclusion, the neurophysiology of muscle memory 

is characterised by a complex interaction between 

motor imagery, sleep, neurotransmitters, neuronal 
circuits, and synaptic plasticity. These processes all 

play a part in the process of acquiring, storing, and 

retrieving kinesthetic abilities. When it comes to 

optimising the learning of skills, improving 

performance, and coming up with successful 

rehabilitation treatments, having a solid understanding 

of the neurophysiological processes that underlie 

muscle memory can provide invaluable insights. In 

order to contribute to developments in the field of 

motor learning and skill retention, it is necessary to do 

additional study in order to decipher the complex 

dynamics and interactions that are exhibited by these 
systems. 

 
CONNECTION TO VARIOUS OTHER FORMS 

OF MEMORY 

Memory that is stored in muscle fibres is a sort of 

memory that is separate from other types of memory, 
such as declarative memory and procedural memory, 

but is closely related to these other types of memory. 

It is absolutely necessary to have an understanding of 

the interaction between muscle memory and these 

other memory systems in order to have a complete 

comprehension of the mechanisms that underlie the 

acquisition and maintenance of skills. 

Declarative memory is the ability to recall 

information, including facts, experiences, and 

knowledge, consciously. In most cases, it is connected 

to the hippocampus and other tissues located within 

the medial temporal lobe. Muscle memory, on the 
other hand, is not declarative but rather non-

declarative or implicit in its nature. The ability to 

recall information from one's muscle memory does 

not depend on their conscious knowledge or their 

ability to do so explicitly. It is more accurately 

described as the process of acquiring and retaining 

motor abilities through the use of repeated practise 

and experience [1]. 

Non-declarative procedural memory is a form of 

memory that involves the learning and execution of 

motor skills and sequences. Procedural memory is a 
subtype of non-declarative memory. It includes the 

capacity to carry out activities such as riding a 

bicycle, playing a musical instrument, or typing on a 

computer keyboard. The process of learning and 

storing motor patterns is at the heart of procedural 

memory, which is closely related to muscle memory 

due to this shared characteristic. However, in addition 

to procedural memory, muscle memory can also 

involve perceptual memory, which refers to the 

perception and recall of sensory inputs linked with 

certain motor skills [2]. Muscle memory can also 

extend beyond procedural memory. 
When it comes to both muscle memory and 

procedural memory, the basal ganglia, cerebellum, 

and motor cortex all play crucially important roles. 

These areas of the brain are involved in the 

coordination, planning, and carrying out of a person's 

motor activities. Muscle memory, on the other hand, 

comprises a wider variety of motor abilities and the 
ability to replicate them with greater ease and 

precision [3], in contrast to procedural memory, which 

focuses solely on the learning and performance of 

motor sequences. 

Memory of the muscles and memory of other sorts are 

intricately tied to one another and have a complex 

interaction. For instance, acquiring motor abilities 

frequently calls for conscious attention, feedback, and 

purposeful practise, all of which might involve 

declarative memory systems. It is possible for 

individuals to rely on declarative memory in the early 

stages of the acquisition of a skill in order to 
consciously monitor and change their motions. On the 

other hand, as a skill becomes more automatic and 

established over time, muscle memory takes control, 

and the requirement for cognitive awareness decreases 

[4]. 

In addition, certain cognitive processes, such as 

attention, motivation, and executive functions, might 

have an effect on the consolidation and retention of 

muscle memory. Higher-order brain regions such as 

the prefrontal cortex are involved in the cognitive 

processes being discussed here. They play a role in 
the storage and recovery of muscle memory by 

interacting with the basal ganglia as well as other 

tissues associated with the motor system. The 

dynamic relationship that exists between cognitive 

processes and motor memory sheds light on the 

interrelated nature of the various memory systems 

found in the brain [5]. 

It is important to note that in addition to this, 

emotional memory can interact with muscle memory. 

The process of forming and retrieving muscle memory 

can be influenced by the emotional experiences that 

are linked with particular motor skills. Emotions have 
the ability to either improve or hinder motor function, 

as well as alter the storage and retrieval of motor 

patterns. For instance, people may have improved 

muscle memory for abilities that they carry out while 

experiencing high levels of arousal or emotional 

emotions [6]. This interaction sheds light on the 

intricate relationship that exists between cognitive, 

motor, and emotional processes in the construction 

and manifestation of memories. 

In conclusion, muscle memory is intertwined with 

other types of memory, such as declarative memory 
and procedural memory. Acquiring and retaining 

motor abilities is accomplished by a regimen of 

consistent practise and exposure to a variety of 

situations. When it comes to both muscle memory and 

procedural memory, the basal ganglia, cerebellum, 

and motor cortex all play significant roles. Muscle 

memory, on the other hand, includes not just 

procedural but also perceptual aspects of a person's 

motor skills and embraces a wider variety of motor 
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skills than procedural memory does. Cognitive 

processes, emotional experiences, and the interaction 

of brain circuits all have an impact on the connection 

that exists between muscle memory and other memory 

systems. It is necessary to conduct additional study in 
order to decipher the complex dynamics and 

interactions that occur between various memory 

systems. This will contribute to an all-encompassing 

comprehension of the processes of skill acquisition, 

maintenance, and rehabilitation. 

 
IMPLICATIONS FOR COGNITIVE FUNCTION, 

REHABILITATION, AND ATHLETIC 

TRAINING 

The idea of muscle memory has major repercussions 

for a variety of fields, such as the practise of sports, 

rehabilitation, and cognitive function. When you fully 

comprehend the underlying mechanics and learn how 

to tap into the power of muscle memory, you can 

boost your performance, speed up your motor 

recovery, and get cognitive benefits. 

Muscle memory is an extremely important factor in 

the process of acquiring new skills and improving 
one's level of performance within the context of sports 

training. Memory stored in the muscles allows 

athletes to perform complex motions with greater 

accuracy, swiftness, and efficiency. Athletes can build 

and enhance their motor abilities through deliberate 

practise and repetition, which enables them to 

consistently perform at high levels. The concepts of 

muscle memory can be leveraged by coaches and 

trainers to build efficient training programmes that 

concentrate on the acquisition of skills, the 

establishment of automaticity, and the consolidation 

of muscle memory [1]. 
When it comes to building muscle memory, repetition 

and practise are two of the most important factors. 

The brain connections associated with particular 

motor skills can be strengthened by the use of practise 

that is both deliberate and concentrated. Athletes can 

improve the efficiency of their motions, minimise 

their reliance on conscious cognition, and perfect their 

movements by introducing focused repetition into 

their training regimen. This not only boosts 

performance but also lowers the likelihood of making 

mistakes as well as getting hurt [2]. 
The concept of muscle memory also has important 

repercussions for the field of motor rehabilitation. 

Recuperating patients frequently have to retrain and 

regain motor skills as part of their treatment for 

neurological illnesses or accidents. The fundamentals 

of muscle memory can serve as a framework for the 

development of rehabilitation strategies and therapies. 

Individuals can improve their muscle memory and 

regain their motor function by participating in 

workouts that are both repeated and progressive. It is 

possible for rehabilitation programmes to be 

structured to target certain motor patterns and to aid 
the establishment and retrieval of muscle memory, 

which can lead to enhanced motor recovery outcomes 

[3]. 

Memory in the muscles can have an effect on 

cognitive performance in addition to the effect it has 

on motor skills. It has been demonstrated through 
research that engaging in physical activity and motor 

activities can improve cognitive performance. These 

improvements can be seen in areas such as attention, 

memory, and executive processes. Improved cognitive 

abilities can be the result of stimulating neuroplastic 

changes in the brain through the use of motor skills 

and the activation of muscle memory [4]. For 

instance, studies have shown that aerobic exercise can 

improve memory and learning by boosting 

neurogenesis and synaptic plasticity in the 

hippocampus, which is a part of the brain that is 

essential for the creation of memories [5-10]. 
In addition, there are ramifications for age-related 

cognitive decline as well as neurodegenerative 

disorders brought on by the interaction between 

muscle memory and cognitive function. Cognitive 

decline associated with ageing and neurodegenerative 

disorders, such as Alzheimer's disease and Parkinson's 

disease, can frequently have an affect on a person's 

motor function as well as their cognitive ability. The 

fundamentals of muscle memory can be utilised in the 

development of therapies that stimulate both the brain 

and the body's motor systems. Cognitive decline can 
be prevented, neuroplasticity can be enhanced, and 

overall cognitive performance can be improved by 

engaging in activities that tap into muscle memory 

[6,11-15]. Physical activity, motor training, and 

engaging in activities that tap into muscle memory are 

all examples of activities that can help. 

In addition, an understanding of muscle memory can 

help contribute to the creation of innovative 

technologies and treatments. The use of virtual reality 

and augmented reality technologies, which provide 

training settings that are immersive and interactive, 

can be utilised to improve muscle memory. These 
technologies make it possible for individuals to 

develop and solidify their muscle memory in a 

regulated and engaging manner [17-19]. They do this 

by providing opportunities for practise that are both 

realistic and repetitive. 

In conclusion, muscle memory has far-reaching 

ramifications for the training of athletes, the process 

of rehabilitation, and the operation of the brain. It is 

essential to the process of acquiring new skills, 

optimising performance, recovering motor function, 

and enhancing cognitive abilities. Athletes are able to 
improve their talents and compete at higher levels 

when they take use of the principles that underlie 

muscle memory. Rehabilitation programmes can be 

adapted to help facilitate the production and retrieval 

of muscle memories, which can aid in the process of 

motor recovery. In addition, the activation of muscle 

memory by means of physical exercise and other 

motor activities can improve cognitive performance 

and may even slow the progression of cognitive 
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decline. Research on muscle memory can be applied 

in a variety of ways, leading to the creation of novel 

technologies and treatments that can increase motor 

recovery and cognitive capacities, as well as optimise 

the process of acquiring new skills. The continued 
investigation of muscle memory will surely lead to the 

discovery of novel methods that can be used to 

maximise human potential in the areas of sports, 

rehabilitation, and cognitive function. 

 
CONCLUSION 

In conclusion, the study of muscle memory as well as 
the brain has provided significant new insights into 

the neurological mechanisms that are responsible for 

the development, consolidation, and retrieval of 

physical skills. The creation of neural networks that 

connect the motor cortex, basal ganglia, and 

cerebellum is necessary for the storage of muscle 

memory. However, this memory is not retained in the 

muscles themselves; rather, it is kept in the brain. 

Alterations in synaptic strength, gene expression, and 

protein synthesis are just some of the mechanisms that 

are involved in the establishment and retrieval of 
muscle memory. Other processes include learning and 

repetition. Muscle memory is related to other forms of 

long-term memory, such as declarative memory and 

implicit memory, and it may have significant 

ramifications for the training of athletes, the 

rehabilitation of injured athletes, and the operation of 

the brain. 

It is possible that future study in this topic may 

concentrate on further clarifying the neurological 

mechanisms that underlie muscle memory. These 

mechanisms may include the participation of 

particular neurotransmitters, receptors, and signalling 
pathways. In addition, research might investigate the 

transfer of muscle memory between different physical 

talents, as well as the influence of cognitive factors, 

such as attention and motivation, on the establishment 

and retrieval of muscle memory. 

The study of muscle memory and the brain is an 

interesting and promising area of research that could 

have significant ramifications for the training of 

athletes, the treatment of injuries, and the operation of 

the brain. Researchers and practitioners may be able 

to develop more effective ways for increasing 
physical skills and enhancing cognitive function if 

they get a deeper knowledge of the brain mechanisms 

that underlie muscle memory. 
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