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recovery periods. The stress of the surgical procedure itself, combined with
concerns about recovery and the potential for complications, can exacerbate
physical and psychological discomfort. Elevated levels of stress and anxiety can
also delay the healing process by impacting immune function, sleep patterns,
and overall energy levels. Neurofeedback can help reduce anxiety by training
the brain to maintain a more relaxed state. By increasing alpha brainwave
activity, which is associated with a calm but alert state, neurofeedback can
help individuals regulate their emotional responses, leading to lower anxiety
levels. Furthermore, neurofeedback can help manage stress by encouraging
the brain to move from a high beta (stress response) state to a lower, more
balanced state of brain activity. Surgical recovery can also have cognitive
implications, especially in procedures involving the brain or nervous system.
For instance, brain surgeries, major surgeries under general anesthesia, or
surgeries involving long recovery periods can lead to temporary or long-term
cognitive deficits such as memory loss, difficulty concentrating, and reduced
mental clarity. Neurofeedback may be particularly effective in this regard, as it
can be used to enhance coghnitive function by training patients to optimize their
brainwave activity [3].

Introduction

Post-surgical recovery and rehabilitation are critical stages in a patient's
journey to regaining their health and functionality after undergoing surgery.
Whether the procedure is invasive or minimally invasive, recovery involves
not only physical healing but also psychological and neurological adaptation.
This process is multifaceted, often requiring a combination of physical
therapy, medication, psychological support, and in some cases, advanced
therapies aimed at optimizing brain function. One such emerging therapy that
has garnered attention in recent years is neurofeedback. Neurofeedback is
a form of biofeedback that involves the training of brain activity to promote
optimal functioning. By utilizing real-time feedback about brainwave patterns,
neurofeedback aims to help individuals regulate their brain activity, improving
cognitive and emotional functions. This technique has shown promise in
treating a variety of conditions, including anxiety, depression, attention
disorders, and even chronic pain. As research continues to evolve, there is
growing interest in the potential of neurofeedback to enhance recovery and

rehabilitation following surgery [1].
Quality sleep is essential for effective post-surgical recovery. Sleep

. .. facilitates tissue repair, immune function, and overall healing. However,
DGSCTIptIOﬂ many patients experience disruptions in sleep following surgery due to
pain, stress, or changes in their daily routines. Poor sleep can negatively
The central premise of neurofeedback lies in the brain’s neuroplasticity, affect mood, pain perception, and the healing process. Neurofeedback has
which is its ability to reorganize and form new neural connections throughout been found to improve sleep quality by promoting relaxation and regulating
life. Neurofeedback facilitates this process by training individuals to produce brain activity. By training patients to enter more restful states of brainwave
more efficient patterns of brain activity, thus supporting optimal cognitive and  activity (such as increased alpha and theta waves), neurofeedback can help
emotional functioning. In post-surgical recovery, this mechanism can be pivotal improve the ability to fall asleep and maintain deep, restorative sleep. As a
in aiding the brain's recovery process, improving both the rate of physical result, neurofeedback can help accelerate the healing process by supporting
healing and the patient's emotional and mental well-being. Neurofeedback has better sleep hygiene. Depression and mood swings can be common during
shown promise in various domains of health and well-being, and its application the post-surgical recovery phase, particularly if the patient faces prolonged
in post-surgical recovery is no exception. Below are some of the ways in which recovery periods, significant changes in their physical abilities, or concerns
neurofeedback may benefit patients recovering from surgery. Chronic painisa  about their quality of life post-surgery. Neurofeedback has been shown to be
common problem following surgery, especially after invasive procedures. The  an effective tool in regulating mood and preventing depression. By optimizing
pain may result from tissue damage, nerve irritation, or inflammation. Traditional ~ brainwave activity, neurofeedback helps patients maintain a more balanced
pain management strategies typically involve medication, physical therapy, emotional state, improving their mental resilience and enhancing the quality of
and other interventions, but these approaches are not always sufficient for  their rehabilitation [4].
long-term relief. In this context, neurofeedback has emerged as an alternative In orthopedic surgery recovery, such as joint replacements or spine
or complementary approach. Research has suggested that neurofeedback surgeries, neurofeedback can be used to reduce chronic pain, improve
may help regulate the brain's response to pain. By promoting relaxation and  mobjlity, and boost emotional well-being. Post-operative pain often has both
reducing stress, neurofeedback can potentially reduce the intensity of pain  physical and psychological components, and neurofeedback addresses both
perception. It is thought that neurofeedback helps patients rewire their brain's  py retraining the brain’s response to pain and reducing the stress associated
neural circuits to respond less to pain signals, leading to a decrease in pain it it. For patients recovering from cardiothoracic surgeries (such as heart
intensity and improved coping abilities [2]. bypass surgery or lung resections), neurofeedback can help reduce anxiety,
improve sleep, and support cardiovascular health. The stress and emotional
toll of such surgeries can impact recovery, and neurofeedback can facilitate
a more balanced and relaxed physiological state, aiding in faster recovery.
Patients recovering from cancer surgery, including those undergoing
mastectomies, organ resections, or other types of oncological procedures, may
benefit from neurofeedback to address post-surgical pain, anxiety, cognitive
deficits, and mood disturbances. Neurofeedback can help ease the transition
back to normal life, boosting the emotional and coghitive resilience needed for
long-term recovery [5].

Anxiety and stress are often elevated during the post-surgical period,
especially in patients who have undergone major surgery or those with long
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physiological benefits. By leveraging the brain’s neuroplasticity, neurofeedback
can assist patients in recovering from surgery more quickly and effectively,
promoting optimal brain function, improving pain management, reducing stress
and anxiety, and enhancing cognitive performance. As research continues, it
is likely that neurofeedback will become a standard part of post-surgical care,
particularly in contexts where traditional recovery strategies are not enough.
Its potential to complement physical therapy, medication, and other recovery
interventions makes it an invaluable tool in helping patients regain their health
and well-being after surgery. However, more research is needed to better
understand the long-term effects and optimal protocols for neurofeedback
in post-surgical recovery, ensuring that it is accessible and effective for all
patients who can benefit from it. By exploring its integration into recovery plans,
healthcare professionals may be able to unlock new pathways to healing and
recovery, offering hope for faster and more complete rehabilitation.

Acknowledgement

None.

References

1. Wright, Zachary A., W. Zev Rymer and Marc W. Slutzky. "Reducing abnormal
muscle coactivation after stroke using a myoelectric-computer interface: A pilot
study." Neurorehabil Neural Repair 28 (2014): 443-451.

2. Vourvopoulos, Athanasios, Octavio Marin Pardo, Stéphanie Lefebvre and Meghan
Neureither, et al. "Effects of a brain-computer interface with Virtual Reality (VR)
neurofeedback: A pilot study in chronic stroke patients." Front Hum Neurosci 13
(2019): 210.

3. Hsieh, Yu-Wei, Yu-Hsuan Lin, Jun-Ding Zhu and Ching-Yi Wu, et al. "Treatment
effects of upper limb action observation therapy and mirror therapy on rehabilitation
outcomes after subacute stroke: A pilot study." Behav Neurol 2020 (2020): 6250524.

4. Armagan, Onur, Funda Tascioglu and Cengiz Oner. "Electromyographic biofeedback
in the treatment of the hemiplegic hand: A placebo-controlled study." Am J Phys
Med 82 (2003): 856-861.

5. Beer, Randall F., Julius PA Dewald and W. Zev Rymer. "Deficits in the coordination
of multijoint arm movements in patients with hemiparesis: Evidence for disturbed
control of limb dynamics." Exp Brain Res 131 (2000): 305-319.

Conflict of Interest

None.

Page 2 of 2

How to cite this article: Duarte, Brander. “Enhancing Post-surgical Recovery:
The Role of Neurofeedback in Rehabilitation and Healing.” J Clin Neurol
Neurosurg 8 (2025): 277.



https://journals.sagepub.com/doi/abs/10.1177/1545968313517751
https://journals.sagepub.com/doi/abs/10.1177/1545968313517751
https://journals.sagepub.com/doi/abs/10.1177/1545968313517751
https://www.frontiersin.org/articles/10.3389/fnhum.2019.00210/full
https://www.frontiersin.org/articles/10.3389/fnhum.2019.00210/full
https://onlinelibrary.wiley.com/doi/abs/10.1155/2020/6250524
https://onlinelibrary.wiley.com/doi/abs/10.1155/2020/6250524
https://onlinelibrary.wiley.com/doi/abs/10.1155/2020/6250524
https://journals.lww.com/ajpmr/fulltext/2003/11000/Electromyographic_Biofeedback_in_the_Treatment_of.6.aspx
https://journals.lww.com/ajpmr/fulltext/2003/11000/Electromyographic_Biofeedback_in_the_Treatment_of.6.aspx
https://link.springer.com/article/10.1007/s002219900275
https://link.springer.com/article/10.1007/s002219900275
https://link.springer.com/article/10.1007/s002219900275

