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MECH 493 Project:  BackTracker System Calibration and Animal/Cadaver Testing 

Background and research goal 

In various diagnostic and surgical procedures, it is important to be able to measure the relative movement of adjacent 

bones, particularly in the spine (but also in the knee and some other joints).  Existing techniques tend to be insufficiently 

accurate.  We propose a technique in which a small position measurement device (tracker) is attached to the posterior 

part of the vertebrae.   

A previous student has performed some preliminary evaluation of this concept and has established that it is conceptually 
reasonable.  At this point, we wish to move ahead on two fronts:  (1) designing an insertion device (being offered as a 
MECH 45X project) and (2) implementing, calibrating and testing the process using an existing electromagnetic tracking 
system (offered as a MECH 493 study). 

Details:  Diagnosis of low back pain and assessing the repair of a torn ACL ligament are two examples of procedures where 
it is important to accurately measure bone-to-bone motion, but existing techniques are insufficiently accurate.  We have 
recently developed a technique that can be used in these applications that involves attaching small electromagnetically 
(EM)-tracked devices ('trackers') to the two bones and measuring the trackers' relative movements.   

One important problem with EM trackers is that they are inaccurate, though quite repeatable.  We have started developing 
a calibration process that involves using 6DOF spatial interpolation functions.  The goal of this project is to complete the 
implementation of this approach (significant algorithm programming involved) and test the resulting code, initially in a 
lab-based setup.  Following this, we will attempt to use the system to assess the motions between adjacent vertebral 
segments in an animal bone model (eg, pig spine), using an optical tracker as the ground truth. 

Impact:  If we succeed, this approach may lead to a new protocol for evaluating lower back pain and/or assessing the 
quality of ACL repair procedures intraoperatively. 

Students will learn about spatial transforms, numerical methods, optical and EM tracking systems and working in a bio-
lab environment.  Applicants should be comfortable with Matlab programming and basic linear algebra.  

Tasks to be performed by the student 

 Implement spatial calibration code 

 Set up computer to read data from electromagnetic and optical tracking devices 

 Mount sensors to bone surrogates and to real bones 

 Design and perform calibration procedure 

 Validate against ‘ground truth’ measurements 

 Demonstrate application to realistic animal spine models (and potentially on human spine specimens) 

Facilities and team: 

The student will work in our lab at the Centre for Hip Health and Mobility at Vancouver General Hospital and will interact 
with a team of students doing related work.  They will be most directly mentored by Hooman Esfandiari, a doctoral student 
working on related spine procedures, and will be invited to participate in our weekly lab group meetings. 
 


