
Introduction
• Electromagnetic (EM) tracking offers increased flexibility in designing
image-­guided intervention procedures. However, it is well understood that
EM tracking is prone to error due to distortion of the EM field in the
presence of metallic instruments.

• Assessment of EM tracking error should take place in realistic OR
environments. Current systems are also not open source and may require
programming to use, hindering reproducibility by other research groups.

• Our goal was to facilitate realistic error measurement in an open-­source
software implementation that does not require programming from the user.
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Methods
System overview:
• A pointer tool was fabricated so that the tooltip is tracked both optically and
electromagnetically (Fig. 1., A). Optical tracking serves as the ground truth.

• EM tracking error is defined as the difference in tooltip position between
optical and EM readings. 3D Slicer (www.slicer.org) allows for the
interpolation of multiple measurements into the thin-­plate B-­spline
transform. These measurements can be visualized in real time.

• All tracked devices are used in a plug-­and-­play manner through the open-­
source SlicerIGT (www.slicerigt.org) and PLUS1 (www.plustoolkit.org)
software, which serve as extensions of the 3D Slicer platform (Fig. 1 B,C)

• The user has access to a wide array of modules built into 3D Slicer.
Alternating between sampling for EM tracking error and other workflows
can be done with ease.

Testing:
• Systematic  dense  sampling  on  parallel  planes:    to  test  the  reproducibility  of  
the  freehand  method  when  compared  to  more  rigorous  sampling  methods  
no  metal  objects  were  placed  in  the  field.    

• Sparse  sampling  around  metal  objects:    to  test  the  sensitivity  of  the  dual  
modality  system  to  random  noise,  field  distortion,  etc.

Results

Conclusion
• Our tool shows promise for serving as a useful adjunct in safety and
feasibility clinical trials of image-­guided intervention systems.

• Results show that quick freehand sampling allows for approximate
assessment of significant metal-­induced EM tracking error.

• Current translational work involves the rigorous testing of procedures
previously suggested in proof-­of-­concept studies, such as the image-­guided
resection of breast cancer tumours.
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Figure  2. A.  Generation  of  cubes  to  assist  user  in  data  collection.    B.  
Displaying  the  error  as  a  distorted  grid,  obtained  from  sparse  sampling  using  
the  thin-­plate  spline  interpolation.

• A visualization of EM tracking error can be obtained using the Transform
Visualizer module2 (Figure 2).

• Mean freehand distortion measurements in a controlled environment:
1.16 mm (STD 0.71 mm).

• Mean freehand measurements in an environment with a metal rod:
4.47 mm (STD 2.92 mm).

• Mean freehand measurements in an environment with parts from a surgical
retractor kit: 8.26 mm (STD 2.08 mm).

• Mean difference, freehand and systematic sampling readings: 1.8 mm.
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Figure  1. A.    Sample  hardware  configuration.  B.  Dual  modality  
surgical  pointer.  C.  Software  architecture  diagram,  illustrating  
how  different  components  of  each  software  layer  work  together.
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