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Pituitary surgeryPituitary surgery
• Surgical simulator for pituitary gland cancer

interventions
– Create a virtual reality environment for students to train
– Surgeon enters through nasal cavaties and must brake

bones and cut soft tissue to reach the gland
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Pituitary gland areaPituitary gland area
• Need tissue classification of bones, soft tissues

and vessels in the pituitary gland area using
MRI and CT scans available
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Bone segmentation in CT dataBone segmentation in CT data
cropped CT cropped CT resampledresampled to 0.468 to 0.46833 mm resolution mm resolution
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Using the structure tensorUsing the structure tensor
• Structure tensor captures texture information

• Adaptive thresholding based on a local planar
measure from eigen values of T

• c_plane designed to be 1 for plate structures and 0
otherwise 

thresh_adaptivethresh_adaptive((xx) = ) = thresh_globalthresh_global  ––  ββ  . . c_planec_plane((xx))

[Westin et al cvpr[Westin et al cvpr’’97,miccai97,miccai’’98]98]
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Westin et al. segmentationWestin et al. segmentation

Orignal CTOrignal CT Tensor normTensor norm SegmentationSegmentation

sagittalsagittal

axialaxial

coronalcoronal
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Overview of our algorithmOverview of our algorithm
1. Propose a new multi-scale sheetnessnew multi-scale sheetness

measure: measure that is maximum on the
center sheet and decreasing to the boundaries

2. Use a geometric flowgeometric flow to connect the
sheetness information together
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The Hessian operatorThe Hessian operator
• Operator that looks at the underlying shape of

the iso-intensity surface

⇒Hessian matrix, 2nd derivative information -> shape
⇒Look at how the normal to the surface changes locally
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[Frangi miccai[Frangi miccai’’98,]98,]

Eigen value propertiesEigen value properties
• Eigen value decomposition of the Hessian matrix to

get λλ11, , λλ22, , λλ33 and e and e11, e, e22, e, e33  eigen eigen vectorsvectors

– Sheet condition:
– Tube condition:
– Blob condition:

• With these properties, we can propose a sheetness
measure
– Inspired by Frangi’s vesselness measure

λλ11 = = λ λ22 = 0   and  = 0   and λλ33 >> 0 >> 0
λλ11 = =  0          0          andand  λλ22 =  = λλ33 >> 0 >> 0

                        λλ11 =  = λλ22 =  = λλ33 >> 0 >> 0



! 

Constructing Constructing sheetness sheetness measuremeasure

kill noisekill noise

kill blobs and noisekill blobs and noise
(set (set undefinedundefined = 0) = 0)

enhance sheetsenhance sheets
(set (set undefinedundefined = 1) = 1)
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Multi-scale Multi-scale sheetnesssheetness measure measure

• Maximum on the center plane of the structure
• Scale σ corresponds to radius of sheet
• Eigen vector e3 associated with λ3 gives

normal direction to the plate

(Derivatives computed using Gamma(Derivatives computed using Gamma-parametrized Gaussian kernels. [Lindeberg, IJCV 98])-parametrized Gaussian kernels. [Lindeberg, IJCV 98])
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Flow segmentationFlow segmentation
• Flux maximizing geometric flow

• Construct new vector field maximum and
perpendicular to bone boundaries.  Compute its
divergence => speed term for the flow

[Vasilevkiy & Siddiqi,  PAMI[Vasilevkiy & Siddiqi,  PAMI’’02]02]
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[Descoteaux et al, miccai[Descoteaux et al, miccai’’04]04]

Extending sheetness measureExtending sheetness measure

• Define φsheet  by extending the sheetness measure to
boundaries
– Distribute over a flat ellipsoid
– Radius and orientation based on σ and e3
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Synthetic examplesSynthetic examples
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Quantitative validationQuantitative validation
• Validation of the sheetness extension to

boundaries
• How do zero-crossings of the speed term agree

with the ground truth?
– Compute Euclidean distance errors between each

empirical surface voxel and its closest ground truth
point
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Segmentation resultSegmentation result

Hessian normHessian norm SheetnessSheetness Our segmentationOur segmentation
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Segmentation comparisonSegmentation comparison

Original CTOriginal CT SimpleSimple
thresholdingthresholding

Geometric flow Geometric flow 
based on a newbased on a new

sheetness measuresheetness measure

AdaptiveAdaptive
thresholdingthresholding

(Westin et al.)(Westin et al.)
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ContributionsContributions
• New sheetness measure

– Detect bone structure even in very thin structures
and low contrast regions

• Geometric flow segmentation gluing together
the multi-scale sheetness information

• Quantitative validation of the sheetness
extension on synthetic planar examples

• Qualitative comparison between our Hessian-
based approach and an adaptive thresholding
method based on the structure tensor
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Extra slidesExtra slides……..
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cropped CT cropped CT resampledresampled to 0.468 to 0.46833 mm resolution mm resolution
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Proposed frameworkProposed framework

1. Registration
2. Identification of tissue

classes (arteries,
cranial nerves, dura
matter & sinus bones)

3. Tissue boundary and
interior tessalation,
adaptive surface and
volume meshing

[Audette et al., Surgical Assist Lab][Audette et al., Surgical Assist Lab]
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Bone segmentation in CTBone segmentation in CT
• Challenging in paranasal sinus area

– Bones are very thin
– Low contrast of bone structures and sometimes

signal missing

• Previous work:
– Thresholding
– Adaptive thresholding based on structure tensor

[Westin et al. CVPR[Westin et al. CVPR’’97, MICCAI97, MICCAI’’98]98]
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Limitations of existing methodsLimitations of existing methods
• Thresholding is too sentitive to noise
• Better result using structure tensor
• Structure tensor has good properties:

– Robust texture detector that is maximum at boundaries
– Very good for finding direction of max intensity change

• Structure tensor has disadvantages for our problem:
– Not well localized (max on boundaries of structure)
– Positive semi-definite matrix  =>  positive eigen values

(Does not make the difference between white/black or
  black/white contrast)
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Thresholding the CT dataThresholding the CT data

conservative threshconservative thresh best threshbest thresh aggressive threshaggressive thresh

sagittalsagittal

axialaxial

coronalcoronal
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Sheetness measure termsSheetness measure terms

Input imageInput image
RRaa

RRcc

S = Hessian normS = Hessian norm

Synthetic Synthetic plate plate exampleexample
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Robust to noiseRobust to noise
• Sheetness measure and orientation detection

very stable and robust under Gaussian white
noise

vesselness measurevesselness measure
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Westin et al. algorithmWestin et al. algorithm
Tensor norm = Tensor norm = sqrtsqrt(λ(λ11

22 +  + λλ22
22 +  + λλ33

22  )) c_planec_plane = ( = (λλ33
  − − αα  . . λλ2 2 ) / λ) / λ33

  

thresh_adaptivethresh_adaptive(x) = (x) = thresh_globalthresh_global  ––  ββ  . . c_planec_plane(x)(x)
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Synthetic plate exampleSynthetic plate example
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Synthetic spiral exampleSynthetic spiral example
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Sheetness Sheetness measure examplemeasure example
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SegmentationsSegmentations
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Local structure classificationLocal structure classification

blob vs others sheet vs others noise vs others
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Vesselness measureVesselness measure
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• Consider the vector field

• The associated flux maximizing flow

Multi-scale geometric flowMulti-scale geometric flow
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Initial curveInitial curve
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Final curveFinal curve
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T = 5000T = 5000T = 100T = 100T = 200T = 200T = 500T = 500T = 1000T = 1000T = 3000T = 3000T = 0T = 0

Surface evolutionSurface evolution
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