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CIS 2

Image Overlay:  Surgical Navigation System of Tomorrow

The demand for improved surgical precision and accuracy has brought forth the implementation of computer integrated surgical systems.  A great deal of research has been invested in the possibility of using 3-D images of a particular surgical area in hopes to provide the surgeon with more surgical guidance.  The focus of this discussion is on the 3-D image-overlay navigation system and its potential to be applied for clinical use in the near future.    

Although surgical navigation systems have been widely used in many surgical fields including: neurosurgery, orthopedics, microsurgery, obstetrics, plastic surgery and other specialties, there still are many aspects about the system in need of refinement.  The present day technique, when using 3-D information, remains inconvenient for surgeons.  The process requires that the surgeon view pre-operational 3-D images in the form of two-dimensional sectional images displayed away from the surgical area.  This entails a great deal of effort for the surgeon to perceive 3-D information.  The surgeon must (i) view the computer display showing the image (ii) reconstruct and formulate the 3-D image in his head (Results vary based on this step since the quality of reconstruction of the image in the surgeon’s mind is dependent upon his surgical experience as well as his anatomical knowledge).  (iii) The surgeon must also be able to relate the 3-D image, now stored in his head, with the actual patient’s body when conducting the operation.  Such procedures are disruptive in the flow of surgery and leave room for considerable margins of error.  What a surgeon needs is a surgical navigation system that can eliminate such imprecise and arduous steps.


3-D image overlay navigation is a display technique that will superimpose computer-generated images over the surgeon’s direct view of the patient’s surgical area.  In other words with respect to the surgeon’s point of view, images will appear to be inside of the patient.  The image overlay system is composed of four parts: computer graphic workstation, semi-transparent display, position tracking system, and software to calculate object positions and to transform images.

  The computer graphics station is responsible for the transformation as well as the re-displaying of images in real-time, a minimum of thirty updates per second.  The current workstation that is used in image overlay proto-types is the Indiglo-II R10K, made by Silicon Graphics, Inc.  Thus far, this workstation has been able to re-display images with great efficiency.  

The semi-transparent display is either a half-silvered mirror or beam splitter glass. The display enables the surgeon to look through the glass while reflecting an image produced from a computer screen across from the display.  The setup enables the surgeon to see the integration of a virtual image with the actual patient.  Something worth noting is that, in pre-clinical trials with the image-overlay, the semi-transparent display was so effective that surgeons forgot that it was even there.  Consequently, there was a great deal of accidental contact of surgical tools with the display, causing the glass display to shatter.  Cotton pads have been placed on surgical tools to avoid damage to the displays in the case of contact.  

In terms of a tracking system, the OptoTrak 3020 has been widely used in image-overlay proto-types.  The OptoTrak 3020 has the capability to make accurate spatial calculations and to keep up with the graphic workstation’s update speed.  The tracker utilizes three cameras to triangulate the positions of LEDs (Light emitting diodes), which are attached to the objects getting tracked.  When used as a part of the image overlay system, Optotrak keeps track of: the surgeon’s eye position, the display, the patient, as well as any surgical instruments involved in the operation.  This is a crucial component as it provides real-time information on the whereabouts of each tracked object and its spatial relationship with respect to the other objects being tracked.

Software is needed to properly register image data to the external environment and to calculate transformations of the images so that they appear to be a part of the patient.  Three-dimensional shapes of objects (usually obtained from multiple camera views) are matched to geometric features in image data such as a CT scan.  This produces a registration transformation where all objects from these different sources are transformed into the same coordinate system.  The software is also responsible for display of 3-D rendered images placed on the 2-D display given its coordinates with respect to the position of the surgeon’s eyepiece.  

At its current stage of development, image-overlay technology is focused on two specific areas of medical application: intra-operative guidance and surgical education.  The system can assist the surgeon in the placement of the acetabular and femoral prosthetic implant components during total hip replacement surgery.  In this particular surgical application, the image overlay would work in conjunction with the Hipnav system, a pre-clinical trial with simple feedback.  Based on CT data, as well as bio-mechanic and kinematics simulation data, the image overlay will be able to display the proper implant positions as well as graphical indications such as arrows to guide the surgeon on which way he should move his instrument.  Thus image-overlay has the potential for greater accuracy in less time for the total hip replacement.  Another application under investigation is the proper placement of screws or intramedullary rods in bone fragments.  Image-overlay would allow the surgeon to visualize the positions and orientations of bone-fragments, generated by CT scan data.  Bones are rigid bodies; hence models of the bone structure, built from pre-operative CT scan data, will remain consistent with the actual bone structure of the patient during surgery.  Researchers have also been experimenting with ways to incorporate image-overlay with neurosurgical procedures.  Based on MRI data, the image overlay system should be able to display the three-dimensional locations of tumors, vessels, as well as other critical areas in the brain.  These models would allow the surgeon to pre-operatively plan out his approach, so as to minimize surgical exposure in both critical and unnecessary areas.

The other major application of image-overlay is on simulations for surgical education.  Image-overlay, with enhancements, can simulate any surgical procedure.  The surgeon can see the results of his every action to a certain degree of accuracy (such pre-clinical trials are conducted on either cadavers or plastic phantoms).  Image-overlay simulations will enable surgeons to have a much more solid background in surgical practices relative to present day techniques.  In addition to the extra guidance that image overlay will provide the surgeon, the system will enable surgeons to make practice runs of procedures in less costly and safe (pre-operative data for simulations can be collected without regard to radiation exposure) means.

Image overlay is the future of surgical navigation systems.  Present proto-types have shown that the system is indeed capable of producing the illusion that the 3-D images can be seen inside the patient.  The technology, however still needs further research and development.  Improvements must be made on the system’s accuracy as well as its ability to adapt to the spontaneous changes that occur in a biological system.  At the moment, the accuracy attained by the system does not make it safe enough for clinical practices.  As one can imagine, misguidance to the surgeon during a procedure, on critical areas such as the brain, can be disastrous.  There is also question of how valid the pre-operative CT scan data will be with respect to the patient during surgery.    Advancements to the system must be made in order to keep track of changes in non-rigid bodies.  Tissue, for example, can deform during the surgical procedure.  One more area in need of improvement of image overlay is its ability to track the position of the surgeon’s eyes.  At the moment, the Optotrak registers the location of an eyepiece that the surgeon must wear.  If the eyes suddenly shift at a certain angle, the view of the image may be obstructed or shifted out of place.  Although there are many obstacles to overcome, the image overlay system will play integral role in the surgical practices of tomorrow.   
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