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Shape Analysis (I) 



Shape Analysis (II) 

  For each clinical application,  
  Shape representation 
  Appropriate correspondence  

 Pose normalization 

 Parameters 

  ...  

  Statistical analysis:  
 What is clinically relevant? 

  Forever on-going research 



Shape Analysis (III) 

Cropping 
Alignment 

Inter-subject 
anatomical 
variability 

... and more ... 



  Definition of  correspondence 
influences directly analysis 

  Correspondence frameworks: 
  Anatomical correspondence 

  Landmarks 

  Functional correspondence 
  In brain morphometry i.e. locus 

responsible for same neuronal 
functionality 

  Geometry correspondence 
  Ridges, critical points 

Shape Correspondence (I)‏ 



Shape Correspondence (II) 

“Shape Modeling and Analysis with Entropy-Based Particle Systems” J Cates, P T Fletcher, M Styner, M Shenton, R Whitaker. IPMI 2007, 
LNCS 4584, pp. 333-345, 2007. 
“Parameter space warping: shape-based correspondence between morphologically different objects” Meier, D.  Fisher, E.  IEEE 
Transactions on Medical Imaging, 2002  

  Different geometric correspondence options 
  Matching of  template surface geometry 

 Curvature + Location 

 Meier, Medical Imaging 02 

  Spherical optimization can be well-defined 
  Parameterization based correspondence  Optimize over 
(ϕ,φ), evaluate on surface  

  Population based: 
  Entropy-based Particle Systems - Cates, IPMI 07 

  Ipek Oguz 



SPHARM (I): Parameterization 

  Spherical topology 

  Two parameters, longitude and latitude (ϕ,φ). 

 Mapping of  surface to unit sphere 
  Difficult, no unique ordering of  points in 3D 

  Initialize with heat equation mapping 
  Optimization for equal area ratio mapping with 

minimal angular distortion 



SPHARM (II): Representation 
  Hierarchical description 

  Spherical harmonics basis 

1.  Surface & Parameterization 

2.  Fit coefficients of  parameterized basis 
functions to surface 

3.  Reconstruct object PDM 

1 

10 

3 

6 



  Correspondence by same parameterization 
  Area ratio preserving through optimization 
  Location of  meridian and equator 

  Normalize the pose: poles and axis of  first order 
ellipsoid 

SPHARM (III): Correspondence 



  Surfaces with 
  Correspondence  
  Pose normalized 

  Analyze shape features 

  Features per surface point 
  Univariate 

  Distance to template 

  Thickness 

  Multivariate, point locations (x,y,z)‏ 

  Results displayed by means of  diverse color-coded maps 

Statistical Analysis 



Temporomandibular 
joint disease and 

osteoarthritis  



  Shape analysis used to 
localize and quantify the 
condylar morphological 
differences in the progression 
of  the Temporomandibular 
Joint Osteoarthritic disease. 

  3D models obtained from 
CBCT  visualize the 
progression of  degenerative 
change and levels of  severity. 

  Progression (flattening, 
erosions and osteophytes) of  
degenerative change versus 
levels of  severity.  

TMJ OA Studies (I)‏ 



TMJ OA Studies (II)‏ 

 "Condylar Resorption in Subjects with TMJ Osteoarthritis“ Lucia H.S. Cevidanes, Anna-Kari Hajati, Beatriz Paniagua, David G. Walker, Martin Styner, Pei 
Feng Lim. Submitted to the Journal of  Dental Research, 2009 



  Objectives:  
  Documentation of  the progression of  the disease 

after treatment 

  Find correspondence between the models generated 
at a baseline and a two years follow-up. 

  Results: Vector maps, magnitude maps for clinical 
evaluation 

TMJ OA Longitudinal Analysis 



Measurements: Distance Maps 

Green, no changes ( 0 mm )‏ 
Red, significant changes ( 4 mm )‏ 

ANTERIOR VIEW 



SUPERIOR VIEW 



ANTERIOR VIEW 

Measurements: Vector Maps 



SUPERIOR VIEW 



Clinical Case 



2001 
(12 yo) 

2004 
(15 yo) 

2007 
(19 yo) 

2005 
(17 yo) 



CBCT 3D models – 8/05 

ITK-SNAP  - www.itksnap.org 

SUPERIOR VIEW 

POSTERIOR VIEW 

LATERAL VIEW 



CBCT 3D models – 11/07 

ITK-SNAP  - www.itksnap.org 

SUPERIOR VIEW 

POSTERIOR VIEW 

LATERAL VIEW 
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SUPERIOR VIEW 

Vector maps 



2005 CBCT 
2007 CBCT 

Left condyle 
(lateral view)‏ 

Right condyle 
(lateral view)‏ 

Semi-transparent overlays 

SPHARM+PDM software - http://www.ia.unc.edu/dev/download/shapeAnalysis 
Slicer3 - http://www.slicer.org/ 



ISBI 2010 



ISBI2010: Validation Shape Analysis 



Simulated bone resorption 



Shape Correspondence & Measurements 
  SPHARM correspondent models  

  Defect measurement: 
1.  Absolute difference maps between each resorption 3D model and 

the original 3D model.  
2.  Selection of  ROIs.  
3.  ROI absolute differences map.  
4.  Maximum difference in the ROI-differences map and its six neighbor 

triangles. Then, the value for each one of  the 6 triangles was found 
for the maximum point neighborhood. (triangle value =  (point0+ 
point1 + point2) / 3) The measurement for that defect will be the 
maximum over those 6 triangles.  



Statistical Analysis 



Future work: Clinical Application 



Orthonagtic surgery  
(IJCARS Journal)  



Orthonagthic Surgery (I) 

"Craniofacial Surgery“ Seth Thaller, Joe I. Garri, James P. Bradley, Henry K. (INT) Kawamoto Contributor Henry K. (INT) Kawamoto. CRC Press, 
2007 



ANTERIOR VIEW RIGHT SAGITAL VIEW 

  CranioMaxilloFacial (CMF) application software. Developed 
and validated at the M.E. Müller Institute for Surgical 
Technology and Biomechanics, University of  Bern, 
Switzerland. 

  For each case, simulated surgery outcomes will be created, to 
compare with the imaging data acquired prior surgery. 

Orthognathic Surgery‏ (II) 

“3D Surgical Planning and Navigation for CMF Surgery “ Chapuis J, Rudolph T, Borgeson B, De Momi E, Pappas I, Hallermann W, et al. SPIE 
Medical Imaging, San Diego, California, USA. 2004 February. 

LEFT SAGITAL VIEW 



CranioMaxilloFacial Software 
a)  Landmarks, distances, 

angles, lines for 3D 
cephalometry 

b)  Reference planes with 
superimposition of  CT 
slices and model clipping 

c)  Super imposed grids for 
quick evaluation of  facial 
proportions 

d)  Semi-transparent overlay 
of  the contra lateral side, 
mirrored using the mid-
sagittal plane.  



• Depending on the surgery 
each case has different 
osteotomy cuts. 

• Virtual cuts will match 
planned clinical osteotomy 
segments. 

• Segments  Chin, Left 
Ramus, Right Ramus, 
Mandibular Body, Maxillary 
Body. 

Virtual Osteotomies 

“Principles of Surgery“ I. Schwartz., Single Volume. McGraw-Hill Professional, 7 edition, 1998. 



Shape Correspondence 



Shape Analysis (I) 

PRE and POST surgery 
correspondent models 

DISTANCE MAPS VECTOR MAPS 



Shape Analysis (II) 

“Pitch, roll, and yaw: describing the spatial orientation of dentofacial traits“Ackerman J, Proffit W, Sarver D, Ackerman M, Kean M. American 
Journal of  Orthodontics and Dentofacial Orthopedics. 3(123):305–310. 2007. 



Statistical Analysis 



Clinical Case 



06/21/05 
(17 yo) 



09/13/05 



Other projects 
(Asymmetry)  



  Facial asymmetry is observed in 21-67% of  patients 
who complain of  skeletal discrepancies (Class II, Class 
III). 

  Proper assessment and quantification of  the differences 
between the right and the left sides are crucial for 
diagnosis, treatment planning and follow up. 

  Current limitations of  cephalometries, include a 2D 
visualization of  a 3D problem.  

  Our proposal involves 3D shape analysis, measuring the 
distances between the mandible and its mirror as an 
approach to localize asymmetry and to quantify the left 
and right differences.   

Asymmetry Studies (I)‏ 

“The prevalence of facial asymmetry in the dentofacial deformities population at the University of North Carolina” Severt TR, Proffit WR.  Int 
J Adult Orthodon Orthognath Surg 1997;12(3):171-6. 



Asymmetry Studies (II) 

“Encyclopédie médico-chirurgicale, stomatologie: Chirurgice correctrice des malformations ou dysmorphies maxillomandibulaires: avant d’agir”  
M. Richter, P. Goudot, F. Laurent, A. Jaquinet, and L. Bidaut. Elsevier, 1997. 

Occlusal Cant 

Radiographic information 



Asymmetry Studies (III) 



  Shape analysis is a suitable alternative to overcome 
the shortcoming of  Iterative Closest Points. 

  Hemi-mandibles correspondence models 
calculated. 

   Vector and distance maps can provide useful 
clinical information to diagnose and treatment 
plan asymmetric cases. 

Shape Analysis 

Lateral Condyle ROI 

Lateral Ramus ROI 

Vectors and  
Distances Maps 



Clinical Case 



2006 (14 yo) 

Pre-surgery clinical pictures 



Radiographic information 



CBCT 3D models 

ITK-SNAP  - www.itksnap.org 
SUPERIOR VIEW 

POSTERIOR VIEW 
LATERAL VIEW 



Thanks for your 
attention!! 


