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Introduction

neurosurgery can be applied in several key areas, ranging from preoperative
planning and training to intraoperative navigation and post-operative recovery.
Preoperative Planning and Visualization: One of the most important aspects
of neurosurgery is the planning stage. Surgeons must understand the intricate
anatomy of the brain or spinal cord and the precise location of pathologies,
to ensure safe and effective operations. VR can provide detailed 3D
visualizations of patient-specific anatomical structures, derived from medical
imaging technologies like MRI and CT scans. This allows surgeons to plan
their approach with high accuracy, simulating the procedure before performing
it on the patient. VR-based tools can even enable neurosurgeons to "practice”
the surgery, helping them become familiar with the patient’s unique anatomy
and potential challenges, thus reducing the risk of errors during the actual
operation [3].

Neurosurgery, neurorehabilitation and Virtual Reality (VR) are three
domains of medical science that, although historically separate, are increasingly
converging to form a potent multidisciplinary approach to treating neurological
disorders. Advances in neurosurgery, such as minimally invasive techniques
and sophisticated imaging technologies, have enhanced the ability to treat
a range of brain and spinal cord conditions. Meanwhile, neurorehabilitation,
supported by scientific research and clinical practice, has progressively
evolved, focusing on restoring functional independence and improving the
quality of life for individuals recovering from neurological injuries or surgeries.
Virtual reality, once a tool of entertainment and gaming, has emerged as a
powerful technological aid for both neurosurgery and neurorehabilitation. VR's
immersive, interactive and adaptable features offer the potential to simulate Neurosurgery requires years of rigorous training and VR is increasingly
complex procedures, enhance surgical precision and provide an engaging and being used as a tool for surgical education. Medical professionals can practice
effective platform for rehabilitation. The integration of these fields has sparked ~ complex procedures in a virtual environment, gaining hands-on experience

a wave of innovation, |eading to novel treatments, improved patient outcomes without the need for cadavers or live patients. VR simulations can replicate
and new methodologies for medical education and training [1]. common neurosurgical procedures like craniotomies or spinal decompressions,

enabling trainees to rehearse these surgeries and refine their skills in a safe,
. .. controlled setting. The ability to perform virtual surgeries repetitively allows
Descrlptlﬂn for enhanced learning, with instant feedback on performance to identify areas
for improvement. In the field of neurorehabilitation, VR has proven to be a
Neurosurgery refers to the medical field dedicated to the surgical transformative tool for improving patient outcomes, particularly for individuals
treatment of disorders of the nervous system, including the brain, spine and  recovering from neurological injuries such as stroke, spinal cord injury,
peripheral nerves. It encompasses a wide range of procedures, from life-  or traumatic brain injury. The use of VR in rehabilitation is grounded in the
saving interventions for Traumatic Brain Injuries (TBI) to elective surgeries  concept of neuroplasticity, the brain's ability to reorganize itself by forming new
for conditions like brain tumors, epilepsy and spinal cord disorders. Recent  neural connections in response to injury [4].
advances in neurosurgery, particularly in minimally invasive techniques,
have allowed for less traumatic approaches, faster recovery times and
reduced risk of complications. Neurorehabilitation, on the other hand, focuses
on helping patients regain lost or impaired functions due to neurological
injuries or conditions. This rehabilitation process can include physical,
occupational, speech and cognitive therapies tailored to an individual's
needs. Neurorehabilitation is vital for patients recovering from neurosurgical
procedures, as it helps them regain independence and enhance their overall
quality of life. The traditional rehabilitation approach has involved manual
techniques and one-on-one therapist-patient interactions, which while effective,
can be time-consuming, costly and limited in scope. Neurorehabilitation
programs are often intensive and may span months or even years, depending
on the severity of the injury or surgery [2].

Traditional rehabilitation exercises often involve repetitive tasks, which can
be mentally taxing for patients. VR-based rehabilitation leverages gamification-
turning rehabilitation into a game-thereby enhancing patient engagement and
motivation. By making the rehabilitation process more enjoyable and less
monotonous, VR encourages patients to participate more consistently and
for longer periods. Games that incorporate physical movements, such as
walking or reaching, allow patients to perform therapeutic exercises while
being entertained and distracted from the discomfort or fatigue associated with
rehabilitation. Cognitive Rehabilitation: In addition to physical rehabilitation, VR
is also used to improve cognitive functions such as memory, attention and
executive function. For example, VR-based programs can simulate memory
challenges, like remembering specific objects in a virtual space or completing
tasks that require problem-solving. These cognitive exercises are often used

Virtual reality, in the context of neurosurgery and neurorehabilitation, offers for patients recovering from brain injuries or stroke, as these individuals
immersive and interactive environments that can simulate real-world tasks or may experience deficits in these areas. VR can tailor cognitive rehabilitation

surgical procedures in a controlled, repeatable manner. The primary benefits of  exercises to the individual's specific challenges, providing a personalized
VR in these fields are its ability to enhance learning, improve surgical outcomes approach to recovery [5].

and support rehabilitation through simulation and gamification. Virtual reality in
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will likely become even more seamless and accessible. Overcoming the
challenges related to cost, technical limitations and patient acceptance will be
critical in realizing the full potential of this interdisciplinary approach. The union
of neurosurgery, neurorehabilitation and virtual reality is poised to redefine the
landscape of neurological care, offering a new era of precision, personalization
and innovation that holds immense promise for improving patient outcomes
worldwide.
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