
Opinion
Volume 12:04, 2025

ISSN: 2952-8526 Open Access

Biomedical Systems & Emerging Technologies

Augmented and Virtual Reality: Biomedical Training and
Therapy Revolutionized
Elena V. Silva*
Department of Biomedical Software Systems, Universidad de Chile, Santiago, Chile

Introduction

Augmented and virtual reality (AR/VR) are rapidly transforming various domains
within the biomedical field, offering innovative solutions for training, therapy, and
surgical interventions. Their ability to create immersive and interactive experi-
ences is driving significant advancements in how medical professionals are ed-
ucated and how patients receive care. In the realm of surgical training, AR/VR
provides risk-free environments for practicing complex procedures and exploring
anatomy in detail, leading to enhanced skill acquisition and confidence [1]. These
technologies are also revolutionizing patient therapy by offering novel approaches
for pain management, rehabilitation, and cognitive retraining, ultimately improving
patient engagement and the efficacy of treatment plans [1]. Virtual reality, in par-
ticular, has shown considerable promise in physical rehabilitation, with systems
designed to improve motor function, balance, and gait in patients suffering from
neurological or musculoskeletal disorders [2]. The gamified nature of VR exercises
can significantly boost patient motivation and adherence to prescribed therapy pro-
tocols, making the rehabilitation process more engaging and effective [2]. In sur-
gical contexts, augmented reality is proving invaluable for pre-operative planning
and intraoperative guidance, by overlaying critical patient data directly onto the
surgical field [3]. This integration enhances surgical precision, potentially reduc-
ing operative times and improving patient outcomes by aiding surgeons in com-
plex decision-making [3]. Furthermore, AR facilitates the visualization of intricate
anatomical relationships in real-time, thereby minimizing the risk of critical errors
during procedures [3]. Beyond surgical applications, VR is being explored for its ef-
ficacy in pain management, particularly for chronic conditions and during medical
procedures, by effectively distracting patients from pain signals and altering their
perception [4]. This distraction can lead to reduced anxiety and improved mood,
contributing to a more holistic approach to pain relief [4]. In medical education,
AR-based anatomical models offer students an interactive and three-dimensional
learning experience, surpassing the limitations of traditional textbooks and cadav-
ers [5]. These models allow for dynamic visualization of complex structures and
pathological conditions, fostering a deeper and more intuitive understanding of hu-
man anatomy [5]. The application of VR is also being investigated for cognitive
rehabilitation, specifically for individuals who have experienced traumatic brain in-
jury or stroke [6]. VR interventions can target specific cognitive deficits, such as
attention and memory, through simulated real-world scenarios, promoting neuro-
plasticity and functional recovery [6].

Description

The integration of augmented and virtual reality into biomedical training and prac-

tice is multifaceted, addressing critical needs in skill development, patient care,
and education. AR/VR technologies offer immersive, risk-free environments that
are proving to be revolutionary for surgical simulation and detailed anatomical ex-
ploration. This allows for personalized learning experiences and objective perfor-
mance assessments, crucial for honing the skills of future surgeons and enhanc-
ing the proficiency of experienced practitioners [1]. In therapeutic settings, AR/VR
presents novel approaches for pain management, rehabilitation, and cognitive re-
training, significantly enhancing patient engagement and the overall efficacy of
treatment [1]. Virtual reality has emerged as a powerful tool in physical rehabilita-
tion, demonstrating its potential to improve motor function, balance, and gait in pa-
tients with various neurological or musculoskeletal disorders. VR systems provide
engaging, gamified exercises that not only increase patient motivation but also
improve adherence to therapy protocols. The precise tracking of movements and
real-time feedback mechanisms enable the development of tailored rehabilitation
programs and objective monitoring of patient progress [2]. The application of VR
in physical rehabilitation is further enhanced by its ability to create controlled and
repeatable therapeutic environments, offering a safe space for patients to regain
lost function [2]. Augmented reality is making significant contributions to surgi-
cal planning and intraoperative guidance by overlaying vital patient information,
such as tumor boundaries or vascular structures, directly onto the surgical field.
This visual overlay greatly enhances surgical precision, reduces operative time,
and has the potential to significantly improve patient outcomes. The capability to
visualize complex anatomical relationships in real-time empowers surgeons with
better decision-making tools, thereby minimizing the risk of critical errors during
surgical procedures [3]. AR’s ability to project critical data onto the surgical field
offers a seamless integration of digital information into the physical operative en-
vironment [3]. Virtual reality is also demonstrating considerable efficacy in pain
management, particularly for chronic pain conditions and during painful medical
procedures. Immersive VR environments serve as a potent distraction, engaging
patients’ attention and altering their perception of pain signals. The therapeutic
benefits extend to reducing anxiety and improving mood, which collectively con-
tribute to a more comprehensive and effective pain relief strategy [4]. The con-
trolled nature of VR environments allows for a targeted and consistent approach to
pain distraction and management [4]. For medical education, augmented reality is
transforming the study of human anatomy. AR-based anatomical models provide
students with an interactive, three-dimensional learning experience that surpasses
traditional methods like textbooks and cadavers. AR enables the visualization of
complex structures, anatomical layers, and even pathological conditions in a dy-
namic and accessible manner, fostering a deeper understanding and improving
the retention of anatomical knowledge amongmedical students [5]. The interactive
3D visualization offered by AR makes complex anatomical concepts more tangi-
ble and easier to grasp [5]. VR is also being employed in cognitive rehabilitation,
particularly for individuals recovering from traumatic brain injury or stroke. VR in-
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terventions are designed to target specific cognitive deficits, including attention,
memory, and executive functions, by immersing patients in simulated real-world
scenarios. The personalized nature of VR allows for gradual increases in task
complexity, which is vital for promoting neuroplasticity and facilitating functional
recovery [6]. The ability of VR to create realistic simulations of everyday tasks aids
in the transfer of learned skills back into real-world environments [6].

Conclusion

Augmented and virtual reality (AR/VR) are revolutionizing biomedical training and
therapy. AR/VR provides immersive, risk-free environments for surgical simulation
and anatomical exploration, enhancing learning and performance assessment. In
therapy, these technologies offer novel approaches for pain management, reha-
bilitation, and cognitive retraining, improving patient engagement and treatment
outcomes. VR is particularly effective in physical rehabilitation for improving mo-
tor function and balance, and in pain management by distracting patients from pain
signals. AR enhances surgical precision through intraoperative guidance and aids
in medical education with interactive anatomical models. VR also shows promise
in cognitive rehabilitation for conditions like TBI and stroke, and in mental health
for treating phobias and anxiety disorders. These technologies enable personal-
ized interventions, objective progress monitoring, and improved patient care.
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