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Anatomical overlay: Surgeons gain insights into underlying 
structures like bones, nerves, or arteries, reducing the likelihood 
of accidental damage. However, most AR systems today still rely 
on markers such as fiducials or physical tracking points placed on 
the patient’s body. These markers help the system align the virtual 
information with the physical anatomy. Unfortunately, markers can 
sometimes shift or fail to provide accurate positioning, introducing risk 
and complexity into the surgery. This is where marker-free AR systems 
can deliver a substantial upgrade in safety and usability.

Marker-free AR: a new frontier in surgical safety

Marker-free AR systems eliminate the need for physical markers 
by relying on advanced imaging techniques, computer vision, and AI-
driven algorithms to map and track the patient’s anatomy. Instead of 
placing objects on or inside the patient, these systems use preoperative 
scans such as MRI or CT, in combination with real-time intraoperative 
imaging, to generate accurate, dynamic 3D models.

Key advantages of marker-free AR

Increased accuracy: Marker-free systems rely on natural 
anatomical landmarks, which are less prone to shifts or errors compared 
to physical markers. This leads to more reliable and precise tracking of 
surgical instruments in real-time.

Reduced setup time: Without the need for marker placement, 
surgeries can begin more swiftly. Surgeons save time in preparation and 
do not have to worry about marker displacement during the procedure.

Enhanced safety: By removing the risk of misplaced or defective 
markers, marker-free AR systems improve overall surgical safety. These 
systems can also provide real-time alerts if the instruments deviate 
from the expected path or come too close to sensitive structures.

Improved visualization: Marker-free AR systems integrate 
seamlessly with robotic platforms to provide surgeons with enhanced 
visualizations, allowing them to operate with confidence and precision.

Streamlined workflow: By eliminating the need for markers and 
allowing for more intuitive image-guided navigation, marker-free AR 
helps reduce cognitive load for surgeons, enabling them to focus more 
on the procedure.

Core technologies driving marker-free AR

Computer vision: Using image-processing algorithms, the system 
can interpret and recognize the patient’s anatomy based on real-time 
camera feeds. This allows it to adjust dynamically to the surgeon’s view 
and track changes during the operation.

AI and machine learning: These systems can learn from thousands 
of previous surgeries, refining their tracking accuracy and improving 
over time. AI can also predict surgical outcomes or suggest optimal 
movements for robotic instruments.

3D imaging and mapping: Preoperative scans combined with 
intraoperative imaging provide the foundation for accurate 3D models. 
These models are continuously updated as the surgery progresses, 
offering real-time visualization to the surgeon.

Applications in surgery

Marker-free AR systems can be applied across a broad spectrum 
of surgeries, including

Neurosurgery: Neurosurgeons can navigate through the brain’s 
intricate structures without relying on external markers, reducing the 
risk of damaging critical areas during tumor removal or other delicate 

procedures.

Orthopedic surgery: The technology can enhance the precision 
of joint replacements, spinal surgeries, and fracture repairs, allowing 
surgeons to make more accurate incisions and placements based on the 
patient’s unique anatomy.

Cardiovascular surgery: In heart and vascular surgeries, marker-
free AR can help visualize blood vessels and guide surgeons away from 
critical structures, reducing the risk of complications such as bleeding 
or damage to vital organs.

Ophthalmology: In complex eye surgeries, surgeons can use AR 
to visualize the delicate structures of the eye in high detail, improving 
outcomes in procedures like retinal repairs or cataract removal.

Conclusion
The development of marker-free augmented reality systems 

represents a significant leap forward in the evolution of robot-assisted 
surgery. By providing real-time, accurate visualizations without the 
need for physical markers, these systems reduce risks, streamline 
workflows, and improve patient outcomes. As healthcare continues 
to embrace cutting-edge technologies, marker-free AR holds the 
promise of transforming the way surgeries are performed, making 
them safer and more precise than ever before. With ongoing research, 
development, and collaboration between engineers, surgeons, and 
regulatory bodies, this innovation will continue to shape the future 
of medical care for years to come. Marker-free augmented reality 
(AR) systems represent a major advancement in the field of robot-
assisted surgery, offering a powerful solution to the limitations posed 
by traditional marker-based tracking methods. By utilizing advanced 
imaging, computer vision, and AI, these systems allow for precise 
real-time visualization and tracking of surgical instruments without 
the need for physical markers. This not only enhances the accuracy and 
safety of surgical procedures but also streamlines workflows and reduces 
preparation time, ultimately improving patient outcomes. The integration 
of marker-free AR into robotic surgery holds immense potential across a 
range of specialties, from neurosurgery to orthopedics and cardiovascular 
procedures. By providing surgeons with detailed, dynamic visualizations 
and eliminating risks associated with marker displacement, these systems 
promise to further reduce complications and improve surgical precision.
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