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ABSTRACT:	  

Image	  volume	  based	  registration	  (IVBaR)	  is	  the	  process	  of	  determining	  a	  one-‐
to-‐one	  transformation	  between	  points	  in	  two	  images	  that	  relates	  the	  information	  in	  
one	   image	   to	   that	   in	   the	   other	   image	   quantitatively.	   IVBaR	   is	   done	   primarily	   to	  
spatially	  align	  the	  two	  images	  in	  the	  same	  coordinate	  system	  in	  order	  to	  allow	  better	  
comparison	   and	   visualization	   of	   changes.	   The	   potential	   use	   of	   IVBaR	   has	   been	  
explored	  in	  three	  different	  contexts.	  	  

In	   a	   preliminary	   study	   on	   identification	   of	   biometric	   from	   internal	   finger	  
structure,	   semi-‐automated	   IVBaR-‐based	   study	  provided	   a	   sensitivity	   and	   specificity	  
of	   0.93	   and	   1.00	   respectively.	   Visual	   matching	   of	   all	   image	   pairs	   by	   four	   readers	  
yielded	  96%	  successful	  match.	  	  

IVBaR	   could	   potentially	   be	   useful	   for	   routine	   breast	   cancer	   screening	   and	  
diagnosis.	  Nearly	  whole	  breast	  ultrasound	   (US)	   scanning	  with	  mammographic-‐style	  
compression	  and	  successful	  IVBaR	  were	  achieved.	  The	  image	  volume	  was	  registered	  
off-‐line	  with	  a	  mutual	   information	   cost	   function	  and	  global	   interpolation	  based	  on	  
the	  non-‐rigid	  thin-‐plate	  spline	  deformation.	  Institutional	  Review	  Board	  approved	  this	  
study	   conducted	   on	   10	   patients	   undergoing	   chemotherapy	   and	   14	   patients	  with	   a	  
suspicious/unknown	  mass	  scheduled	   to	  undergo	  biopsy.	   IVBaR	  was	  successful	  with	  
mean	   registration	  error	   (MRE)	  of	  5.2±2	  mm	   in	  12	  of	  17	  ABU	   image	  pairs	   collected	  
before,	   during	   or	   after	   115±14	   days	   of	   chemotherapy.	   Semi-‐automated	   tumor	  
volume	  estimation	  was	  performed	  on	  registered	  image	  volumes	  giving	  86±8%	  mean	  
accuracy	   compared	   with	   a	   radiologist	   hand-‐segmented	   tumor	   volume	   on	   7	   cases	  
with	   correlation	   coefficient	   of	   0.99	   (p<0.001).	   In	   a	   reader	   study	   by	   3	   radiologists	  
assigned	   to	   mark	   the	   tumor	   boundary,	   significant	   reduction	   in	   the	   time	   taken	   to	  
perform	   this	   task	   (p<0.03)	  was	   seen	   due	   to	   IVBaR	   in	   6	   cases.	   Three	   new	  methods	  
were	  developed	  for	  independent	  validation	  of	  IVBaR	  based	  on	  Doppler	  US	  signals.	  	  

Non-‐rigid	   registration	   tools	   were	   also	   applied	   in	   the	   field	   of	   interventional	  
guidance	  of	  medical	   tools	   used	   in	  minimally	   invasive	   surgery.	   The	  mean	  positional	  
error	   in	   a	   CT	   scanner	   environment	   improved	   from	   3.9±1.5	   mm	   to	   1.0±0.3	   mm	  
(p<0.0002).	  	  

These	  results	  show	  that	  3D	  image	  volumes	  and	  data	  can	  be	  spatially	  aligned	  
using	  non-‐rigid	  registration	  for	  comparison	  as	  well	  as	  quantification	  of	  changes.	  
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