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Letter to Editor

Unlocking the power of muscle memory: Advanced 
techniques for post-traumatic rehabilitation and return 
to competitive sports
Roberto Tedeschi, PT-DPM.1

1Department of Biomedical and Neuromotor Sciences, Alma Mater Studiorum, University of Bologna, Bologna, Italy.

*Corresponding author: 
Roberto Tedeschi, 
Department of Biomedical and 
Neuromotor Sciences, Alma 
Mater Studiorum, University of 
Bologna, Bologna, Italy.

roberto.tedeschi2@unibo.it 

Received: 12 July 2024 
Accepted: 09 August 2024 
Epub ahead of print: 03 September 2024 
Published:

DOI 
10.25259/JMSR_261_2024

Quick Response Code:

Dear Editor,

Muscle memory is a fundamental concept in the field of rehabilitation, particularly relevant for 
athletes aiming to return to competition after an injury. It represents the neuromuscular system’s 
ability to “remember” specific movements, facilitating a quicker and more effective recovery. 
Muscle memory relies on both neurological and muscular adaptations that occur through 
repetitive training. These adaptations include synaptic plasticity, where synaptic connections 
strengthen with practice, enhancing the transmission of nerve impulses, and neural coordination, 
where neural pathways become more efficient at coordinating muscle movements.[1]

A well-structured training program is essential to effectively stimulate muscle memory. Gradual 
progression of exercise intensity and volume is crucial to avoid setbacks and maximize benefits. 
“Repetition of specific movements is crucial for reactivating muscle memory and restoring 
efficient motor patterns.”[2,3] This repetition enhances motor cortex plasticity, allowing for more 
refined motor control and increased movement efficiency.

TECHNIQUES FOR TRAINING MUSCLE MEMORY

Visualization and mental rehearsal

Mental rehearsal of movements is an effective technique for training muscle memory. This practice 
activates the neural circuits involved in muscle memory, preparing the brain and muscles for 
physical training. Visualization can be particularly useful during the early stages of rehabilitation 
when physical movement is limited. “Mental imagery not only prepares the brain for the execution 
of movements but also reinforces neuromuscular connections.”[4,5] Studies have shown that athletes 
who regularly use visualization techniques can improve their motor performance by up to 15%.[6]

Functional electrical stimulation (FES)

Using devices such as FES is another technique for training muscle memory. These devices can 
accelerate muscle recovery and improve neuromuscular coordination. FES stimulates muscles 
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through electrical impulses that mimic natural nerve 
signals, helping reactivate atrophied muscles and improve 
their function. “FES is particularly effective in enhancing 
muscle strength and endurance in patients undergoing 
rehabilitation.”[7] FES can be used to maintain muscle tone 
and prevent atrophy in immobilized patients, significantly 
contributing to faster recovery once active rehabilitation 
begins.

Real-time feedback and monitoring

Implementing real-time feedback systems and continuous 
performance monitoring is fundamental for personalizing 
the rehabilitation program and optimizing muscle memory 
training. Technologies such as biofeedback and motion 
sensors provide real-time data, allowing immediate 
adjustments to enhance training effectiveness. “The use 
of real-time feedback allows for immediate correction of 
movement errors, improving motor learning and muscle 
memory.”[8] Advanced biofeedback systems can track various 
parameters, including muscle activation patterns, joint 
angles, and force production, providing a comprehensive 
overview of the athlete’s progress and areas needing 
improvement. Force production refers to the capacity of 
muscles to generate force during various physical activities. 
It is a critical parameter in assessing muscular strength and 
performance. In advanced biofeedback systems, tracking 
force production provides valuable insights into an athlete’s 
muscular function, enabling precise adjustments to training 
programs. This, in turn, helps optimize muscle activation, 
enhance performance, and prevent injuries by ensuring that 
muscles work efficiently against the resistance they encounter 
during sports or rehabilitation exercises.[9]

Clinical evidence and effectiveness

Several clinical studies have demonstrated the effectiveness 
of muscle memory in athlete rehabilitation. For instance, a 
study on athletes with anterior cruciate ligament injuries 
showed that a 16-week rehabilitation program based 
on muscle memory-specific exercises led to significant 
improvements in muscle strength, joint stability, and reaction 
time compared to a control group. “Exercises specific to 
muscle memory have been shown to reduce recovery times 
and improve functional outcomes in post-trauma athletes.”[10] 
Another study highlighted that incorporating neurofeedback 
into rehabilitation protocols enhanced motor learning 
and cortical reorganization, resulting in better functional 
recovery.

Muscle memory is an essential component of post-traumatic 
rehabilitation, facilitating the recovery of motor skills and 
return to competitive sports. Implementing specific training 
programs, visualization techniques, assistive technologies, 

and feedback systems can optimize the rehabilitation process 
and improve outcomes for injured athletes. Investing in 
the understanding and application of muscle memory can 
make the difference between a safe and effective return to 
competition and incomplete recovery. “Muscle memory not 
only facilitates recovery but can also prevent future injuries 
by enhancing stability and neuromuscular coordination.”[6]

Future research should focus on optimizing rehabilitation 
protocols, technological innovations to support 
neuromuscular recovery, and personalized training to 
maximize the benefits of muscle memory based on the type 
of sport and specific injury. Understanding the molecular 
and cellular mechanisms underlying muscle memory will 
also provide deeper insights into how to enhance this process 
further.
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