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Introduction

In intra-operative surgery, accurate tracking is critical to the success of the procedure.   Tracking is the process of pinpointing the location of instruments, anatomical structures, and/or landmarks in three-dimensional space and in relationship to each other. Without tracking, the surgeon is required to rely on successive steps of needle placement, image verification, needle advancement and re-imaging, until the target is reached1.  The basic concept behind tracking is the following: markers are placed on a body which’s position is to be determined, these markers are adapted to emit energy in response to an activation signal or reflect energy from an activable source, a sensor detects the energy emitted or reflected, and this detection is translated into positional information using various algorithms3.  Several different sensor modalities exist in tracking: mechanical, optical, acoustic and magnetic.  It is the goal of this paper review to compare how optical tracking rates to tracking with other sensor modalities.  

Background

In order to assess optical tracking, it is necessary to discuss the general concepts of the other sensing modalities that it will be compared against.   Mechanical tracking determines the position of a sensor endpoint based upon measurements of joint angles or from potentiometers.  Example systems include the Faro Arm and the NeuroNavigator.  Magnetic tracking measures the electrical currents induced in receiver coils when the receiver is moved within a magnetic field generated by an emitter.  Example systems include Polhemous and Flock of Birds.  Acoustic or ultrasonic trackers use sensors that receive signals which are produced by ultrasonic emitters and determine location via time-of-flight.  Example systems include the Sonic Wand3.   

Using the Northern Digital Polaris Tracker as an example, we can summarize the processes used in optical tracking.  Optical tracking for the Polaris System is accomplished first by setting up multiple charge couple device (CCD) sensors to detect the energy emitted or reflected by the marker.  In the case of reflected energy, it is referred to as passive sensing and in the case of emitted energy it is referred to as active sensing.  A single point marker is energized per sensor cycle to emit infrared energy.  During each sensor cycle, the emitted energy focused on to the sensor is collected and shifted to the sensor processing circuitry.  To determine the three-dimensional position of the marker, the marker must be detected on at least three sensor axes, to cover a minimum of three orthogonal planes.  Mathematical processing using the technique of triangulation determines six degrees of freedom, defined as being the 3D coordinates and angular orientation2.  Briefly, triangulation is the mathematical algorithm by which given three rays that intersect at one point, the angles of the rays from three sources, and the three-dimensional coordinates of the three sources, the distance from the point of intersection of the three rays and the sources can be determined.    

Summary of Authors’ Work and Their Results

In the Rohling study4, an experiment was performed to compare the accuracy of a mechanically linked pointing device (FARO surgical arm) and an optical position tracker (Polaris OPTOTRAK) against a control.  This was a static study of the relative accuracy done by comparing the distances between fixed points in space measured by both the optical and mechanical systems.  It was done by making a reference block consisting of an aluminum bar with holes of precisely known distances and depths accurately drilled by a professional milling machine (+-.005mm).  Markers of the optical systems was placed on a probe and the Faro Arm was fitted with a probe then both probes were placed in the reference block and 50 data samples were taken for each system.  The study reported that the optical system gave closer to the true distance spacing than the mechanical.  

In the Simon study3, several papers were reviewed and an abstract generated comparing the four previously mentioned sensor modalities.  Unfortunately, this paper does not report the design of the experiment from which the results came.  The following table is the results of that paper:
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Accuracy is defined as the measure of the difference between estimated and correct measurement values, where all sensor measurements are estimates.  Resolution is defined as the smallest change that can be detected by the sensor. Bandwidth is defined as the measure of amount of information that can be acquired and processed by the sensor per unit of time (Hz).  

Assessment

From the Rohling and Simon studies, the advantages of the optical tracking system over other modalities become evident.  The accuracy according to Simon’s table is better than magnetic and acoustic, and similar to mechanical.  But as previously mentioned the Rohling study for specific systems actually reports that the optical system has superior accuracy in comparison to mechanical.  In addition, according to Simon, the optical system has a 0.01 mm resolution, at best, 10 times better than the resolution of the acoustic system.  It has the second highest bandwidth range3.  Although not reported in the Simon table, optical systems can be both passive and active5.  The disadvantage of the optical system is the requirement that a line-of-sight between the markers and the sensors remain at all times during the surgery.  This can be difficult to maintain the operating room’s environment.  According to Cleary, “This may reduce the acceptance of image-guided spine surgery among physicians1.” It would not be hard to imagine that the lack of acceptance by the spine surgery community could mean a lack of acceptance by all surgeons in general.  

Conclusion and Relevance

Optical tracking, compared with the other types of tracking, is the most accurate technique for localization.  This accuracy is relevant to our Advanced Computer Integrated Surgery project because the instrument under distributed control using a CORBA mounted TINI chip will be the Polaris optical tracker.  
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