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1.1 Computer vision meets medicine 
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1.2 Need for morphometric tools for neurological studies 

1.2.1 Brain morphometry 
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1.2.2 Schizophrenia 
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1.2.3 Multiple sclerosis 
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1 PD and FLAIR are sequences commonly used for imaging of MS lesions. It is also common to use 
contrast agents, such as GadelinumTM. MRS is also heavily used for MS studies. 
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2.1 Introduction 
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2.2 Magnetic resonance imaging (MRI) 

2.2.1 Basics 

.$����
	�������
��������
���$��	������
����
����
��
	��������	���	�$���	�������������$�����=��

��"��
����?��
	���������$��,��������	������
���34'�4	��������������$����	������!�=���
��
	������������

��
�
	�� ��� �$���
��� �,�	��	�� �	�� $�	��� �$�� 
	���
��� ���-��	���� ����� �
�� ���
�	
� ����
���#��

*$�	� ��,������ �	� �� ��
	����� ������� ��	� �,�
�,� �$�� �	��
�� 
�� ����
9*����� 
�� �$�������������

���-��	����'� .$�� ������ ���-��	���� 2	
*	� ��� �$�� B���
�� ���-��	���� ����	��� 
	� �$�� ����� 
��

	���������$������������	
�$���	���$���$��������	���$��������	���
	��	��
���$��	���������	�����
���	�

,���$��B���
���-����
	�!3�	�2��/00F#'�.$���,�
����
	�
���$���	��
��
�����$�����
9*��������������

�*���$� ��
�� �$�� �	������ �
*9�	��
�� ������ !��������� �
� �$����
	����� �����#� �
� ��$�
$���� �	��9����������

�	��
�������'�.$�������$��,������$�	
��	
	�����������	��3����
�	
'�.$����
�
���
	�
��$�
$��	��

�
*��	��
�����	���	�����������������	�������	�����
	�������
	'�

�

.$�������	�� ���������� �	������������������,����	��$�
$���$
�

�	�
�����
	�����������.�'�)�����
9

���-��	��� !3?#� ���	�������� ��� ����� �
� 
�	������ �$
��� ������� 
�� ����
9*����� 
�� �	� ����
�������

���-��	����
���������$��	������
���	������'�.$����	�������,�
�,��$���	��
����
������,���$������
9



� /F

*����� �	�� ��,������ ��� *$�	� �$�� ���	�������� ��� ���	��� 
��'� .$�� ��������� �	��
�� ��� ��������� ,�� ��

��������� �
��� �	������������ ��������	
� �$����
�
	���	����� !&'#� �	��������$��
���'�B
��������
	�
��

���$� �
���� ��� ��$������ ,�� �
�����	
� �$�� ������ .�� *��$� �$�� ������
	� 
�� 
�����	�� ������� �$���

�
	���,���� �
�.�� ��	������ �	� 
	�� �������
	'� .$���� 
�����	��� ���� ����� �
� �	�
��� ���� �$���� ��������

����	��
	���	������$���
����'�.$�����$���������	
���
	������������������������������	��,���
�����	
�

�$�� ��
	����� ������ ��� ���$� �
�	�� 
�� �$�� �
������ �$�� ���-��	����� �,�
�,��� ,�� ���$� �����������

�
����
	� �	����� ������
������ ��	�����'�.$������
*���
���$��
��
�	�
���$����
	�����
�,�����	���������	��

��2�������
���,����
��������	���$��	�����
	�������
	�"��������$����������
����
	'�4��
�����	��$�	�

,��
�	�����������������	����	��$���
��
*�	
������
	'�

�

2.2.2 Image formation 
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2.2.3 Relaxation times and tissue characterisation 
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2 When nuclei are embedded in a magnetic field, they align parallel to the direction of the field and 
exhibit a complex motion known as precession. It consists of a rotational movement around their own 
axis combined with a rotation around the axis of the field, in a similar fashion as a spinning top or 
‘wobble’ (Rinck, 1993). 
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2.3 Processing steps in medical computer vision 
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respectively, of the tissues. 
4 The term image, in the present context, refers both to 2D and 3D data. 
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2.4 Image enhancement: application to MRI 
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2.5 Segmentation 
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2.5.1 Voxel classification methods 
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2.5.2 Shape-based methods 
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2.5.3 Mixed methods 
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2.6 Shape representation 
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2.6.1 Voxel-based representations 
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2.6.2 Landmark-based methods  
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2.6.3 Parametric models 
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2.6.4 Meshes 
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2.6.5 Other shape models 
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2.8 Shape description 
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2.9 Summary 
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3.2 Bias correction and voxel-based segmentation: the EM algorithm 

3.2.1 Basic formulation 
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3.2.2 Improvements and considerations 
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3.3 Detection of PVE voxels 
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3.4 Shape-based segmentation: the simplex mesh 
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3.5 Global segmentation scheme 
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3.6 Modelling complex biological shape 
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3.7 Estimation of confidence bounds 
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3.8 Shape description: volume computation 
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3.9 Validation issues 
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3.9.1 Validation with synthetic data sets 
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3.9.2 Validation with MRI phantoms 
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3.9.3 Validation with clinical data: repeatability 
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3.10 Validation results 
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3.10.1 Results for synthetic data sets 
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3.10.2 MRI phantoms 
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3.10.3 Results using clinical data 
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3.11 Flexibility of the shape model: representing the cortical surface 
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3.12 Discussion 
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4.2 Mixture model 
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10 See also (Niessen, 1997) for a study of the effect of PVE using synthetic brain phantoms. Percentages 
of volume encompassed by PVE voxels coincide with our estimations. 
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11 This holds for most common imaging modalities. It should be noted, however, that inversion recovery 
sequences may present problems in cases where one of the tissues present in the PVE voxel has negative 
magnetisation, while the other tissue has positive magnetisation. In such a case, PVE voxels can have 
lower intensities than the tissues present in them. This is an uncommon case, and although theoretically 
possible, we did not find it in any of the images in our data base.  
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4.3 Example: Gaussian distributions 
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12 Note that !Q����� ��� ��'�� /00:O� ����������� �	��  ������ /00H# use a Gaussian distribution on the 
logarithm of the intensities. As discussed in section 3.2.2, this choice is not well suited for dark 
intensities. 
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4.4 Confidence bounds 
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4.5 Propagation of uncertainty 
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4.5.1 Conservative bounds 
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4.6 Validation with synthetic images 
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Algorithm MONTE-CARLO 
  For n=1 To number of Monte Carlo iterations Do 
    volume[n]=0 
    For i=1 To number of PVE voxels Do 

      iα̂  = sample from )( ii Ip α �

      volume[n] = volume[n] + iα̂  
    End For 
    volume[n] = volume[n] * voxel volume 
  End For 
  pdf = normalised histogram of volume[] 
End Algorithm 
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4.7 Discussion and practical considerations 
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4.8 Sensitivity to tissue parameters: modelling uncertainty in parameter estimation 
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13 Volume is used as an illustrative example; it should be kept in mind that V  may be any shape 
descriptor. 
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4.9 Use of contextual information to determine the contents of PVE voxels 
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4.10 Construction of PVE masks from inner and outer surface bounds 
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14 Note that a simpler approach, consisting on tessellating the triangle formed by the barycentric domain, 
could be employed, avoiding the need for the map b. The description above is of a more general nature, 
valid not only for barycentric definitions of the surface. 
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4.11 Experiments on MRI phantoms 
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4.12 Generation of PVE and intensity images from surface models 
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� JJ

������,����	�I':'������
	��I'H��	��I'J������	���	���	�������$������������	�������	������	����������
	����

��
�������	������
	�I'0'�?�	�������
	�����
	���	������$�����������
	�������
�����'�

�

5.2 Anatomical background 
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16 The importance of these central areas stems from the fact that all connections between left and right 
hemispheres must pass through them. 
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5.5 Data used in the study 
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17 Handedness has an influence in lateral brain specialisation, and therefore in symmetry. 
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5.6.1 Bias field correction 
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5.6.2 Determination of contents of PVE voxels 
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5.6.3 Identification of regions of interest 
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5.6.4 Voxel-based volume bounds 
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5.6.5 PVE analysis: conservative bounds and Monte Carlo simulation 
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5.8 Analysis of results 
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5.9 Clinical conclusions 
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18 MS may present some problems, however. Particularly, boundaries between white matter and lesions 
may not be sharp, but blurred, since plaques are demyelinated white matter. Additionally, lesions may 
have texture, complicating the establishment of intensity models for them. 
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6.1 Contributions of this thesis 
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6.2 Future work 

6.2.1 Improved tissue models 
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6.2.2 Priors for PVE prediction 
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6.2.3 Use of anatomical knowledge 
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6.2.4 Surface fitting based on PVE constraints 
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6.2.5 Developing the concept of “statistical shape” 
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6.2.6 Anatomy-based global parameterisation 
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6.2.7 New shape descriptors for morphometric studies 
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6.2.8 Study of sampling limitations 
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6.3 Concluding remarks 
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A.3 Determination of control points situated along the boundaries 
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A.4 Determination of the inner control points 
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B.1 Oct-tree recursive subdivision algorithm 
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Function OCT-SUBDIVIDE (v) 
  If (volume of v < threshold_vol) Then 
    volume_inside = volume_inside + volume of v / 2 
    volume_outside = volume_outside + volume of v / 2 
    Return 
  Else If (all corners of v are inside) Then 
    volume_inside = volume_inside + volume of v 
    Return 
  Else If (all corners of v are outside) Then 
    volume_outside = volume_outside + volume of v 
    Return 
  Else 
    Divide v into 8 cubes of equal  
      volume (vi, i=1..8) 
    For i=1 To 8 Do 
      OCT-SUBDIVIDE (vi) 
    End For 
  End If 
End Function 
 
Algorithm OCT-TREE 
  For n=1 To number of voxels Do 
    OCT-SUBDIVIDE (voxel n) 
  End For 
End Algorithm 
 

�



� !���

B.2 Quad-tree recursive subdivision algorithm 
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Function QUAD-SUBDIVIDE (pr) 
  r = 3D rectangle given by the 3D coordinates 
    of the corners of pr 
  If (area of r < threshold_area) Then 
    Return 
  Else If (all corners of r belong to the same  
           voxel v) Then 
    Mark v 
  Else 
    Divide pr into 4 rectangles of equal  
      area (pri, i=1..4) 
    For i=1 To 4 Do 
      QUAD-SUBDIVIDE (pri) 
    End For 
  End If 
End Function 
 
Algorithm QUAD-TREE 
  Establish a partition of the parametric space 
    [ ] [ ]1,01,0 ×  into N rectangles of equal area 

  For n=1 To N Do 
    QUAD-SUBDIVIDE (parametric rectangle n) 
  End For 
End Algorithm 
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D.1 Introduction 
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D.2 Correspondence between global parameters and local patch coordinates 
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D.3 Re-parameterisation based on anatomical landmarks 
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D.4 Extension to volumetric objects 
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