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░ 1. Introduction 

AR means augmented reality; with the help of AR is a technique, we can see things in 3D during various surgical 

procedures result in improved surgical Outcomes due to the high resolution of images. AR devices show real things 

not virtual things like virtual reality devices. Nowadays AR technique is used in a lot of devices. The purpose of this 

article is to understand the value of augmented reality in medical field especially in operation theatre [1]. Use of AR 

in operation theatre helpful in many ways like it helps in reducing negligence and visualisation. With the help of 

AR, we can share real time anatomical visualisation of patient to doctors. It helps in taking advice from other 

professionals in critical time [2]. AR can be used to enhance the quality and outcome of various surgical procedures 

by initiating it in operation theatre. 

1.1. Aim of the Study 

The objective of this paper is to investigate the application of Augmented Reality (AR) in the operating room, its 

contribution to surgical accuracy, real-time visualization, and patient care. The paper further presents different AR 

systems, their benefits, challenges, and future prospects in medicine. 

1.2. Objective of the study 

 To understand the concept of Augmented Reality (AR) and its application in surgery. 

 To compare the advantages of AR-based surgical navigation for enhanced accuracy and diminished mistakes. 

 To analyze major AR systems applied in medicine, including Microsoft HoloLens 2, Magic Leap 2, Medivis 

Surgical AR, and Open Sight. 

 To introduce issues with the use of AR in operating theatre, such as data availability and computational needs. 

 To analyze the future trajectory of AR in surgery and its potential to transform healthcare. 

AB ST R ACT  

Introduction: Augmented Reality (AR) is revolutionizing surgical practice through improved visualization, accuracy, and training. This paper 

examines approaches to integrating AR and its potential future applications. Methods: Literature review and expert critique were used to determine 

AR effectiveness, challenges, and how to implement it in surgery. Results: Evidence suggests that AR enhances surgical precision and training. The 

adoption is impeded by costs, technical restrictions, and specialist training requirements. Future development will involve the use of AI and robotics 

to develop more advanced capabilities. Conclusion: Although useful, AR's application in surgery demands overcoming financial and technical 

constraints. Strategic planning and additional research must be conducted to achieve its greatest potential in practice. 
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░ 2. Applications of AR in the Operating Theatre 

2.1. Enhanced Surgical Precision 

AR provides real-time 3D visualization of a patient's anatomy, overlaying vital information on the surgical site. AR 

differs from conventional 2D imaging methods, including CT scans and MRIs, in that it offers depth perception and 

spatial awareness, enabling surgeons to visualize organs, blood vessels, and tumors in their correct locations. 

Improved visualization enhances minimally invasive surgery, decreasing complications and enhancing patient 

outcomes [3]. 

2.2. Hands-Free Interaction 

In the course of surgery, it is imperative to preserve sterility. AR technology, in combination with voice commands, 

hand gestures, and eye tracking, enables surgeons to engage with medical information without coming into contact 

with physical devices. Hands-free control makes it easy to navigate through patient files, 3D models, and imaging, 

thus avoiding interruptions during concentration on the procedure. Holographic glasses such as Microsoft 

HoloLens 2 and Medivis Surgical AR enable intuitive interfaces for hands-free control [4]. 

2.3. Remote Collaboration 

AR enables real-time remote guidance, enabling surgeons to communicate with experts globally. Using 

AR-enabled devices, specialists can see the live operating field, mark on the screen, and assist the surgeon in 

making key decisions. This is particularly useful for complicated cases in rural or developing areas, where 

specialist advice is scarce. Tools such as Microsoft Dynamics 365 Remote Assist and Magic Leap 2 are employed 

for remote surgical collaboration [5]. 

2.4. Preoperative Planning 

Surgeons are able to employ AR to design patient-specific 3D holographic structures prior to surgery, allowing 

them to learn and practice the procedure. By projecting these virtual structures onto the patient, surgeons are able to 

analyze anatomical variations, determine possible risks, and plan the optimal surgical procedure. This is especially 

effective in neurosurgery, orthopedic surgery, and cardiovascular operations, where accuracy is critical [6]. 

2.5. Reducing Surgical Mistakes 

Surgical errors can cause serious complications. AR minimizes these risks through real-time navigation, 

augmented direction, and accurate anatomical mapping. AR overlays enable surgeons to make accurate incisions, 

implant positions, and tumor excisions. Research indicates that AR-enabled surgeries decrease operating time, 

accuracy, and patient recovery rates. Technologies such as Novarad OpenSight AR and EchoPixel are of great 

importance in minimizing surgical mistakes [7]. 

░ 3. Augmented Reality Systems Used in Healthcare 

3.1. Microsoft HoloLens 2 

Microsoft HoloLens is an augmented reality (AR)/mixed reality (MR) headset developed and manufactured by 

Microsoft. In April, 2018, novel cardiac surgery was performed at the Jagiellonian University Hospital in Krakow 

using HoloLens imaging [8]. 
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Figure 1. Microsoft HoloLens 2 

Microsoft HoloLens 2 adds surgical accuracy by offering real-time 3D visualization of anatomy. Hands-free 

interaction lets surgeons use voice and gestures to access information, making work flow more efficient. The 

technology facilitates remote collaboration, minimizing medical errors and enabling training for new surgeons. 

Through integration with hospital systems, it makes procedures easier and enhances patient outcomes, a useful 

addition in contemporary surgery [9]. 

3.2. Magic leap 2 

Magic Leap 2, designed by Magic Leap, Inc., hit the stores on September 30, 2022. It is engineered for business 

applications and boasts superior augmented reality technology with enhanced optics and a larger field of view [10]. 

In medicine, Magic Leap 2 facilitates enhanced surgical accuracy by projecting real-time 3D images over the 

patient, enabling enhanced planning, hands-free interaction, and remote collaboration. Its inclusion in operation 

theaters enables enhanced efficiency, decreased errors, and enhanced medical training [11]. 

 

Figure 2. Magic leap 2 

3.3. Medivis Surgical AR 

Medivis, a health technology company, created Surgical AR, an enhanced augmented reality (AR) system for 

accurate surgery. It was founded by engineers and neurosurgeons in 2016 with a vision to revolutionize medical 
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imaging. Surgical AR has since found application in hospitals and surgical facilities to improve real-time 

visualization and procedure accuracy [12]. 

Medivis Surgical AR leverages AR to produce 3D holographic projections of patient anatomy in real-time. This 

eliminates the necessity for conventional 2D imaging, minimizing cognitive load on surgeons. It increases 

preoperative planning, intraoperative navigation, and remote collaboration, enhancing patient outcomes [13]. 

 

Figure 3. Medivis Surgical AR 

3.4. Novarad open sight AR system 

Novarad open sight AR system, created by Novarad, is an augmented reality (AR) surgical navigation technology 

intended to increase accuracy in the operating room. It projects 3D holographic images of patient anatomy directly 

onto the patient's body, assisting surgeons in seeing internal structures prior to incision [14]. 

3.5. EchoPixel 

EchoPixel is a sophisticated augmented reality (AR) medical imaging platform that converts conventional 2D scans 

(CT, MRI, ultrasound) into interactive 3D holographic models. Surgeons are able to see, manipulate, and analyze 

actual patient anatomy in an immersive setting, improving accuracy and decision-making during procedures [15]. 

░ 4. Challenges in Implementing AR in Surgery 

4.1. Computational Power & Data Processing 

AR applications necessitate high-speed computing to visualize and render real-time 3D medical images. Huge 

volumes of data from CT scans, MRIs, and ultrasounds must be translated into interactive models, requiring high 

processing, storage, and bandwidth. Seamless integration with legacy hospital infrastructure continues to be an 

issue [16]. 

4.2. Cost & Affordability 

The prohibitively high hardware and software of AR limit its widespread utilization in the health industry. Some of 

the very costly devices, such as Microsoft HoloLens 2, Magic Leap 2, and Medivis Surgical AR, will be impossible 
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to finance by small hospitals and clinics. They also come at a cost involving maintenance, revising the software, 

and also compatibility issues [17]. 

4.3. Training & Adoption 

Surgeons and healthcare personnel need training to proficiently employ AR systems. Adding AR to surgical 

procedures involves a learning process, and hesitation about adopting new technology can delay acceptance. 

Getting healthcare workers familiar and competent with the use of AR equipment is paramount for successful 

application [18]. 

4.4. Regulatory & Ethical Issues 

AR technology employed during surgery must comply with strict healthcare regulations and data privacy laws. 

Patient data used in AR applications must be stored securely and protected to prevent data breaches. In addition, 

regulatory approval from authorities like the FDA and EU Medical Device Regulation is needed before 

AR-assisted surgeries become commonplace [19]. 

░ 5. Conclusion 

Augmented Reality (AR) is transforming contemporary surgery through real-time 3D visualization, hands-free 

control, and improved surgical accuracy. With AR-enabled platforms such as Microsoft HoloLens 2, Magic Leap 2, 

Medivis Surgical AR, Novarad OpenSight, and EchoPixel, surgeons are able to see complex anatomical structures 

with unprecedented clarity, facilitating more accurate interventions and minimizing the possibility of surgical 

complications. In addition, AR promotes remote working, enabling specialists to guide operations in real time, 

which is especially useful in distant or underserved areas [23]. 

Even with its revolutionary promise, the extensive use of AR in surgery is hindered by a number of challenges, such 

as high computational demands, economic costs, regulatory barriers, and the requirement for specialized training. 

Most healthcare organizations, especially in low-resource environments, cannot afford and implement AR 

technology into their surgical processes. Additionally, maintaining data security and adherence to medical 

regulations is still a key issue since patient data is handled by AR systems [24]. 

Still, the future of AR in surgery seems bright. Ongoing improvement in hardware miniaturization, the 

incorporation of artificial intelligence, and greater affordability means AR is destined to be easier and more 

user-friendly to deploy. Growing uses for AR in medical training, diagnosis, rehabilitation, and telemedicine will 

all reinforce its position in future healthcare. AR-enhanced medical education is already showing itself to be a 

game-changer, allowing students and trainees to rehearse procedures in an immersive, risk-free setting, resulting in 

better-trained, more confident surgeons. 

5.1. Call to Action 

To be able to utilize the maximum potential of AR in surgery, there is a need for close collaboration between 

healthcare professionals, tech developers, policymakers, and educators. Hospitals and healthcare facilities should 

proactively invest in AR technology and offer training courses for surgeons and medical personnel. Medical 

scientists and inventors need to continue developing AR systems to make them more cost-effective, efficient, and 
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integrated into current hospital systems. Policy makers must strive to develop well-defined regulatory frameworks 

for ensuring the safe and ethical application of AR in patient care [25]. 

Lastly, the healthcare profession needs to adopt digital innovation and transformation, seeing AR as a compelling 

technology that increases the accuracy of surgery, minimizes complications, and enhances patient outcomes. The 

future of surgery is in the smart integration of AR, AI, and real-time data visualization, leading the way towards a 

new frontier of minimally invasive, highly efficient, and patient-centered surgical practice. 

By taking action today, we can make sure that Augmented Reality becomes an integral part of the future of surgery, 

eventually saving lives and transforming healthcare globally. 

░ 6. Future Recommendation of AR in Surgery 

6.1. Enhanced AR Hardware 

Next-generation AR headsets will be lighter, stronger, and more comfortable for longer use during surgery. 

Improvements in display resolution, battery capacity, and ergonomic design will improve usability, and AR devices 

will be more convenient for lengthy procedures. Wireless and standalone AR systems are also being developed by 

companies to enhance mobility within the operating room [20]. 

6.2. AI Integration 

The blending of Artificial Intelligence (AI) and AR will give rise to intelligent surgical support. AI-driven AR can 

also offer real-time medical imaging analysis, predictive information, and interactive surgical guidance. This will 

enable surgeons to make more accurate and quicker decisions, minimizing human mistakes and enhancing patient 

safety [21]. 

6.3. Increased Adoption within Medical Education 

AR will have a major role to play in medical training and education. Medical students, interns, and junior surgeons 

will be able to rehearse surgeries in a risk-free, interactive AR environment, developing hands-on experience 

before carrying out actual procedures. This will result in more confident and competent surgeons in the future [22]. 

6.4. Expansion outside Surgery 

As AR is transforming surgery, its use is being extended to other aspects of healthcare: 

Diagnostics – AR can help physicians better visualize diseases, tumors, and fractures. 

Rehabilitation – Injured patients or those recovering from surgeries may employ AR-assisted physical therapy in 

order to restore mobility. 

Remote Healthcare – AR can facilitate telemedicine and remote consultations, enabling experts to remotely direct 

procedures from anywhere on the globe. 
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