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intra-operative scanners can track deformation

Problems:
• Image quality is low compared to pre-operative data
• Time consuming to acquire  data like fMRI during surgery using 

low (0.12T) to medium (0.5T) field magnets.

Non-Rigid Registration: wrap pre-operative data into intra-
operative images 
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q Accuracy: transformation needs to 
be precise

q Robustness: the registration should 
work with poor quality image (0.5T 
MRI)

q Speed: it should not take more than 1 
min to complete the registration.
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n Overview of Registration Method

q Physics based model -- Approximation
n Outliers

n Distributed and Grid Computing
q Performance Improvements
q Accuracy 

n Comparison with State-of-the-art
q Summary of data from 11 patients

n Summary and Future Work
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n Segment the brain, ventricles, and tumor in pre-
operative MRI (1.5T)

n Perform rigid registration with the first intra-
operative image  (before dura mater opening)

n Generate the patient-specific biomechanical 
model of the brain using segmented data

n Select blocks in pre-operative segmented image 
(w/o tumor segmentation)
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n Elastic matching of two images I1 and I2
q Energy minimization procedure with two terms:

1. Mechanical energy modeled by the physical properties of 
the depicted object to be deformed 

2. Matching energy modeled as the squared differences 
of images I1 and I2

n Local  polynomial transformation (mesh based)
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(Toward) Real-Time Image Guided Neurosurgery Using Distributed and Grid Computing, ( with
A. Fedorov , A. Kot, Neculai Archip, Peter Black, Olivier Clatz, Alexandra Golby, Ron Kikinis, Simon K. Warfield), in SC06.

3130
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Non-rigid alignment of preoperative MRI, fMRI, DT-MRI, with intra-operative MRI for enhanced visualization and navigation 
In image-guided neurosurgery (with N. Archip, O. Clatz, A. Fedorov, A. Kot, S. Whalen, D. Kacher, F. Jolesz, A. Golby, P.
Black, S Warfield) in NeuroImage (in press), Feb. 2007.

Table 1. Numerical accuracy results for the non-rigid registration algorithm and its comparison with conventional rigid-
registration. 

5.600.854.7610.74M/34left 
frontotemporal

Case 11

4.131.445.959.48F/56right occipitalCase 10

3.811.877.1415.08M/28right 
frontotemporal

Case 9

7.001.198.3317.44M/40right frontalCase 8

3.662.559.3519.96F/50right medial 
temporal

Case 7

2.853.5710.2017.48M/62left frontalCase 6

4.011.275.109.87F/33right frontalCase 5

8.000.856.8010.00M/54left temporalCase 4

4.501.707.6515.27F/57left medial 
temporal

Case 3

3.692.9010.7121.03M/54left posterior 
temporal

Case 2

3.131.905.9510.68F/29right posterior 
frontal

Case 1

Ratio 
Rigid/Non-Rigid

Non-Rigid – preop 
to Intraop (mm)

Rigid - preop to 
intraop (mm)

Max Displacement 
measured (mm)

Registration  between preoperative and intraoperative scans
(95% Haussdorf distance)Sex/

Age
Tumor 

position
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Automatically detect 
image features ???
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n The method is less accurate where it is 
needed most, near by the tumor
q Better selection of outliers ?

n Real-time search of the parametric space for 
the model - accuracy
q Grid computing – multiple registrations

n Intra-operative and automatic validation of results ?
n Can mathematical modeling be used as one of many filters for 

intra-operative validation of non-rigid registration results?
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