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METHOD AND SYSTEM FOR PRE-OPERATIVE PREDICTION

Field of the invention

[0001] The present invention relates to a method for
the pre-operative prediction of a body or a part of a body,
e.g. the face, after surgery. The invention also relates to

a planning system wherein the method can be applied.

State of the art

[0002] In maxillofacial and plastic surgery or
dermosurgery parts of the body, such as the skull,
dentition, soft tissues or skin patches, are surgically
remodelled or restored. An example is orthognatic surgery,
in which the relation of the jawbones is adjusted. Another
example is breast augmentation, in which the breasts are
enlarged using breasts implants.

[0003] Generating realistic images (e.g. of faces)
has been a central goal in three-dimensional (3D) shape

acquisition, animation and visualisation.

3D acquisition

[0004] Several methods exist to acquire a 3D
geometric description of (a part of) the body. Well-known
are the medical imaging modalities, such as CT and MRI, and
3D photographic systems. The latter can be subdivided into
two categories, 1i.e. those using active methods, which
project a specific pattern on the body, and those using

passive methods, which acquire a 3D geometric description
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of the body from one or more images and illumination
conditions, with or without the use of a priori geometric
knowledge. Simultaneously with the 3D geometric
description, 3D photographic systems deliver the texture of

the body, which is used to render th@ 3D surface.

Animation

[0005] Several methods exist to animate a 3D body
shape. Motion simulation can be based on heuristic rules,
physics-based knowledge, or it can be image-derived (e.g.,
building a statistical deformation model based on a set of
images from different persons and/or expressions). The
result can be natural or artificial. For example, the
facial motion of one person can be used to drive the facial

motion of another person.

Visualisation

[0006] 3D visualisation or rendering uses a texture
map and a reflectance model of the (part of the) body.
[0007] Texture mapping refers to a computer graphics
technique wherein a texture image (or texture map) is
applied to a polygonal mesh or some other surface
representation by coupling the texture image (or texture
map) (with associated colour/gray value) to the 3D sgurface.
The result is that (some portion of) the texture image is
mapped onto the surface when the surface is rendered.

[0008] Texture is derived from one or more 2D or 3D
photographs of the body. When using a 3D photographic
system, a texture map is typically delivered simultaneously
with the 3D shape description.

When using 2D photographs, a method to match or register
these 2D photographs with the 3D surface description is
needed. Matching can be done based on a get of

corresponding points, or on a metric (e.g., mutual
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image-derived features and 3D-shape-based properties.

(0009] The model of body reflectance can be based on

skin or skin-like diffuse and specular (mirror-like

reflection) properties.

[0010] 2D visualisation has been used to show (a

part  of) the Dbody wunder simulated oxr artificial

illumination conditions and for animation by morphing (part
of) the body. In these applications, photo-realism is the
primary concern.

[0011] The following prior art documents are the

closest to the subject-matter of the present invention.

- ‘Computer-assisted three-dimensional surgical planning
and simulation’,J Xia et al., 3D color facial model
generation,Int J Oral Maxillofac Surg,29, pp.2-10, 2000,

- ‘Computer-assisted three-dimensional surgical planning
and simulation: 3D soft tissue planning and prediction’,
Xia et al., Int J Oral Maxillofac Surg, 29, pp.250-258,
2000,

- ‘Three-dimensional virtual reality surgical planning and
simulation workbench for orthognathic surgery’, Xia et
al., Int J Adult Orthod Orthognath Surg, 15(4), 2000,

- ‘Three-dimensional virtual-reality surgical planning and
soft-tissue prediction for orthognatic surgery’, Xia et
al., IEEE Information Technology in biomedicine 5(2),
pp. 97-107, 2001,

- V‘Fast Texture mapping of photographs on a 3D facial
model”’, Iwakiri et al., Proc Image and Vigion Computing
New Zealand 2003, Nov. 2003, Palmerston North, New
Zealand, pp.390-395,

[0012] The methods of Xia et al. and of Iwakiri et

al. use a set of photographs comprising a frontal (0°

view), right (90° view) and left (270° view) photograph of
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the patient, which are projected as a texture map onto the

3D head mesh obtained from CT for 3D wvisualisation.

Aims of the invention

[0013] The present invention aims to provide a
device and method for pre-operatively simulating or
predicting an accurate image of the patient’s appearance
after surgery, in particular maxillofacial or plastic
surgery. In another aspect the invention aimg to provide a

planning system wherein the method can be applied.

Summary of the invention

[0014] The present invention relates to a method for
pre-operatively obtaining a prediction of a post-operative
image of at least part of a body, comprising the steps of

- determining a 3D pre-operative description of at least
part of a body,

- acquiring a pre-operative 2D photograph of the at least
part of the body from any viewing position,

- matching the 3D pre-operative description with the pre-
operative 2D photograph,

- determining a deformation field for deforming the 3D
pre-operative description, typically with a 3D planning
system, and

- deriving by means of the deformation field and the pre-
operative 2D photograph a predicted post-operative image
of a 3D post-operative description of the at least part
of the body.

[0015] In a preferred embodiment the predicted post-

operative image is a 2D photograph obtained by deforming

the pre-operative 2D photograph using said deformation

field.
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[0016] In another preferred embodiment the predicted
post-operative image 1is a 3D image. In this case a
plurality of pre-operative 2D photographs is advantageously
acquired and subsequently used in the later method steps.
[0017] The method advantageously further comprises a
step of generating from the 3D pre-operative description a
3D pre-operative surface mesh of at least the contours of
the at least part of the body. The step of deriving the
predicted dimage comprises deriving from the 3D pre-
operative surface mesh a prediction of the 3D post-
operative surface mesh of at least the contours of the at
least part of the body. The prediction of the contours is
then used in the determination of the deformation field.
[0018] In another embodiment the 3D pre-operative
description 1is obtained wusing a 3D image acquisition
system. Such 3D image acquisition system can be a
Computerised Tomography system, a Magnetic Resonance
Imaging system or a 3D photographic system.

[0019] The step of matching is preferably performed
by means of a set of corresponding points on said 3D pre-
operative description and said 2D pre-operative photograph.
Alternatively said step of matching is performed by means a
metric expressing the correspondence between features
derived from the pre-operative 2D photograph and properties
based on the 3D pre-operative description.

[0020] In a more specific embodiment the method
further comprises the step of taking a picture of a
calibration object. Said picture of the calibration object
can then be used for calibrating the camera with which the
pre-operative 2D photograph are acquired.

[0021] After the matching step advantageously a step
is performed of creating from the matched pre-operative 2D

photographs a texture map for 3D visualisation.
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[0022] The 3D pre-operative description comprises
typically a soft tissue description of the at least part of
the body. Advantageously it also comprises information
about the internal structure of the at least part of the
body.

[0023] In another aspect the invention also relates
to a surgical planning system for pre-operatively showing a
predicted post-operative image of at least part of a body,

comprising

means for determining a 3D pre-operative description of

at least part of a body,

- means for matching the 3D pre-operative description with
a 2D pre-operative photograph of the at least part of
the body,

- calculation means for determining a deformation field to
deform the 3D pre-operative description and for deriving
a predicted post-operative image of a 3D post-operative
description of the at least part of the body,

- display means for showing the predicted post-operative
image.

[0024] In a specific embodiment the predicted post-

operative image is a 3D image. Alterxnatively the predicted

post-operative image 1s a predicted post-operative 2D
photograph obtainable by deforming the pre-operative 2D
photograph using the deformation field.

Short description of the drawings

[0025] Fig. la represents a 3D pre-operative surface
mesh, projected onto the 2D pre-operative photographs after
registration. Fig.lb and Fig.lc show 2D pre-operative and
post-operative photographs, respectively. Fig.ld represents
two views of the rendered surface mesh, using a texture map

obtained from the set of 2D photographs.
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[0026] Fig. 2a represents a 3D pre-operative surface
mesh, projected onto the 2D pre-operative photographs after
registration. Fig.2b and Fig.2c show 2D pre-operative and
post-operative photographs, respectively. Fig.2d represents
two views of the rendered surface mesh, using a texture map
obtained from the set of 2D photographs.

[0027] Fig. 3a represents a 3D surface mesh,
obtained with a 3D photographic system, projected onto the
2D photographs after registration. Fig.3b shows 2D
photographs. Fig.3c offers six views of the rendered
surface mesh using a texture map obtained from the set of
2D photographs.

[0028] Fig. 4 represents a calibration object.

[0029] Fig. 5 represents on the left a set of points
specified manually onto the 3D rendered untextured surface,
obtained from the 3D surface mesh and on the right a set of
(bright) points specified manually onto the 2D photograph,
together with the above set of (dark) points obtained by
matching the 3D surface with the 2D photograph.

[0030] Fig. 6 represents an iterative improvement of
the accuracy by using additional corresponding pointgs on
the 2D photograph and the projected surface mesh.

[0031] Fig. 7 gives a schematic representation of
the 3D image space I, the 3D camera space C and the 2D
photographic image.

[0032] | Fig. 8 represents a spherical texture map
assembled from the photographs in Fig. 3b.

[0033] Fig. 9 represents from left to right the
initial pre-operative skull. The skull is cut into parts
that can be repositioned.

[0034] Fig. 10 represents on the top row the pre-
operative facial skin surface and on the bottom row the

predicted post-operative skin surface.
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[0035] Fig. 11 illustrateg the planning system
accuracy. Above: bone displacement field (up to 13.7 mm).
Middle: the rendered surfaces correspond to positions on
the face where the difference between simulated (pre-
operative) and real (post-operative) surface are less than
2 mm and 1 mm, respectively. Below histogram (left) and
cumulative histogram (right) of these differences.

[0036] Fig. 12 ©represents snapshotgs of the 3D
planning system at work, with facility for soft tissue
prediction. The face is shown as a 3D rendered texture
surface (pre-operative state).'Snapshots of the 3D planning
system at work, with facility for soft tissue prediction.
The face is shown as a 3D rendered textured surface
(simulated post-operative state).

[0037] Fig. 13 represents a cylindrical texture map
assembled from the photographs in Fig.2b.

[0038] Fig. 14 ©represents the deformation field
(short lines) projected onto the 2D image.

[0039] Fig. 15 represents the displacement field
(short lines) and boundary of the dilated region (outer
contour) . Outside this area, the displacements are zero and

the image is not deformed.

Detailed description of the invention

[0040] The present invention differs from the prior
art in two fundamental aspects. Firstly, in the approach
according to the present invention one or more 2D
photographs taken from any viewing position can be used. A
viewing position is to be considered as a vector having a
direction as well as a magnitude, i.e. a viewing position
consists of a viewing direction and a camera distance. The
number of 2D photographs is thus arbitrary. Secondly, the
visualisation is not restricted to 3D visualisation, for

which the 2D photographs are used as texture maps, but a
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single arbitrary pre-operative 2D photograph can be
deformed into a simulated post-operative 2D photograph
using a physics-based reliable, personalised and accurately
predicting 3D deformation field.

While 3D visualisation using texture mapping lacks photo-
realism (e.g. unnatural texture blending and hair modelling
artefacts (particularly when using medical imaging, such as
CT for 3D image acquisition), the simulated post-operative
2D photograph has intrinsically the same photo—realism as
the original pre-operative photograph.

[0041] The ability to show the patient’s appearance
can be integrated into a system for 3D bre-operative
planning. By ‘planning system’ is meant a software
environment that allows a physician to plan or simulate the
procedure of an intervention. It can for example be used to
predict the outcome of that intervention, to try out
different procedures, to optimise the procedure, to prepare
it and to improve the communication between the medical
staff and with the patient.

[0042] Real time 3D wvisualisation using texture
mapping offers an added value to the surgeon while using
the 3D planning system, e.g. when adjusting or
repositioning bony structures or an implant. Accuracy and
integration in the planning procedure are of primary
importance, and photo-realism is of minor importance.
Visualisation is possible from any vVviewing direction.
[0043] The 2D geometrically deformed photographs on
the other hand offer both high accuracy and high photo-
realism and are for example an excellent means to discuss
the expected outcome of a surgical procedure with the
patient. Although visualisation is restricted to the
viewing directions of the original 2D photographs, the
number as well as the viewing directions can be arbitrarily

chosen.
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[0044] In an initial step of the method according to
the invention a 3D pre-operative image is acquired of (a
part of) a patient’s body. A 3D image acquisition system is
preferably wused thereto, such as CT (Computerised
Tomography), MRI (Magnetic Resonance Imaging) or any other
3D scanning or photographic system. 3D medical imaging
modalities, such as CT or MRI, offer geometric information
of the body contour (further also referred to as the ‘soft
tissue’) and internal structures, such as the bony
structures. Based on the volumetric data, the 3D contour of
the skin and other tissues, such as bone, are segmented. In
the case of skin and bone, segmentation can for example be
performed by simple thresholding. Instead of a 3D medical
imaging modality, any other 3D scanning device can be used
to obtain the outer body contour, such as a 3D photographic
system. 3D photographic systems can be subdivided into two
categories, i.e. those using active methods, which project
a specific pattern on the body, and those using passive
methods, which acquire a 3D geometric description of the
body from one or more images and illumination conditions,
with or without the use of a priori geometric knowledge. In
‘Modeling and animating realistic faces Ffrom images’
(Pighin et al., Int J Comp Visionm 50(2), pp.143-169, 2002)
for example, a 3D generic face model is interactively
fitted to a set of images to acquire the 3D shape.

[0045] Next a set of (one or more) 2D photographs of
(a part of) the body from any viewing direction and camera
distance (i.e. any viewing position as previously defined)
using any camera 1is acquired. As illustrated in Figs. 1b,
2b and 3b, one or more 2D pictures are taken from
arbitrarily chosen directions. To improve the accuracy of
the registration method as described below, it is
recommended to take a picture of a calibration object (Fig.

4) to calculate the internal parameters of the camera and
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to freeze these settings during the remainder of the photo
session (see below).

[0046] The 3D data are used to generate a 3D surface
mesh of the body contour (the ‘soft tissue’) and, if needed
by the planning system, of other tissues such as bone.
Surface meshes such as the triangular meshes shown in Figs.
la, 2a and 3a, can for example be created using the
marching cubes algorithm.

[0047] A registration method ig then applied to
match or register the 3D pre-operative surface description
with the 2D photographs. One way to align or register the
3D surface with a 2D photograph is shown in Fig.5, where a
set of corresponding points on the 3D surface and the 2D
photograph, respectively, is used. The problem then is how
to transfer a point from the 3D image space I to the
related camera space C and further to the corresponding 2D
photographic image. It is assumed that the camera can be

modelled as a perspective pinhole camera with its optical
centre located at ¢ (see Fig. 7). The geometric relation
between I and C can then be expressed by a rotation R and
a translation /. Once the coordinates of a point p(X, Yy, z) in

C are known, its projection (X, Yo, /) in the plane z= f can
easily be calculated using the following equations (see

Fig. 7):

I

RICENE

(eq.1)

i

e =

This projection can be written in matrix form as Ffollows

%] Tf 0o ot oo o]
ypEOfOOIOOj (eq.2)
1] loo1foo 1 of
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Next, a photographic image with coordinates (u, vy 1is
acquired from the projection image in the plane z= f. This
readout process is subject to a Scaling, shear and

translation, which can be represented as a 3 X3 matrix.

Hence,
ul (s, k, o oullx,
vislk, s, v||y, (eq.3)
1 0 0 1 1

Combining (Eg.2) and (Eq.3) yields

Wl [s, k& w[f o o1 o o o]

vizlk, s, w|0 £ oflo 1 o of” (eq.4)
Z

tJ o o 1]lo o 1flo o 1 of

For technical reasons related to the camera readout
mechanism, ky is usually 0. Multiplying the matrices in Eq.
(4) and substituting sx-f, S - fand k- f by f, f and kx,

respectively, yields

x
u [ K. u
vi(o £ v, 0]]” (eq.5)
Z
1 0 0 1 o0 1
The transformation matrix in (Eq.5) contains five

parameters. When these parameters are known, the camera is
said to be calibrated internally. The camera is calibrated
externally if the six degrees of freedom of / and R are
known. Together, the whole calibration process thus
requires eleven parameters to be defined. This can be done
by indicating a set of corresponding points on respectively
the 3D surface and the 2D photograph (Fig. 5). Each such
point yields two equations. This means that at least six
points are needed to calculate the value of the eleven

parameters. In practice, more reference points are



WO 2006/105625 PCT/BE2006/000035

10

15

20

25

30

13

recommended in order to improve the accuracy of the
solution.

[0048] The internal calibration parameters are very
sensitive to small errors on the position of the
corresponding reference points. As already mentioned, it is
therefore recommended to take fifst a picture of a separate
calibration object with accurately known geometry and
texture (Fig. 4), to calculate the internal parameters of
the camera, and to freeze these settings during the
remainder of the photo session. The corresponding reference
points on the acquired 3D image and 2D photographic image
of (part of) the body (Fig. 5) are subsequently used for
the external calibration.

The accuracy of the registration can iteratively be
improved by adding corresponding points on the 2D
photograph and the projected surface mesh (Fig. 6).

Instead of using a set of corresponding points,
registration of the 3D surface with a 2D photograph can
also be performed for example based on the optimisation of
an objective function that expresses the correspondence
between 2D-image-derived features and 3D-shape-based
properties (e.g., mutual information).

[0049] In a further step a 2D texture map is created
from the registered 2D photographs. The surface mesh and
corresponding texture are used for 3D visualisation. The
texture map is then mapped onto the 3D body surface. View-
dependent (using a single texture map for fast displaying,
e.g. a virtual sphere enclosing the 3D body contour) and
view-independent texture mapping (Fig.8) assume a known
relationship between the 3D surface coordinates and the 2D
photographic coordinates, as well as a method to calculate
the texture wvalues from the colours or gray values in the

available photographs.
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Once the 2D photographs and 3D surface are matched, the
mapping between the 3D surface coordinates and the 2D
coordinates in each photograph is known. Each 3D mesh point
corresponds to a point in each 2D photograph and its
texture value ig nonzero if the 3D mesh point is visible in
and front facing at least one of the 2D photographs. Hence,
for each 2D photograph, a corresponding “visible mesh” is
generated by removing the vertices that are invisible from
the camera position, together with the triangles they
belong to.

The texture value can for example be calculated as a
normalised weighted combination of the corresponding colour
Oor gray values in the contributing photographs as proposed
in the above-mentioned papers by Pighin or by Iwakiri. This
weight function should provide a smooth and seamless

transition between the photographic patches. For example,

in Figs. 1d, 2d and 3c the weight function (0—§éf has been

used, with @ the angle between the surface normal and the

line from the surface point to the camera position of the

photograph.

[0050] A 3D patient-specific planning system (e.g.,
for maxillofacial surgery, breast augmentation, nose
correction, etc.), including a soft tissue prediction, is

used to simulate the post-operative shape. The soft tisgsue
prediction is used to deform the pre-operative surface mesh
of the soft tissue with associated texture map into a
predicted post-operative sgoft tissue mesh with associated
remapped texture. The post-operative soft-tissue mesh and
corresponding texture map is used for 3D visualisation of
the soft tissue.

[0051] Several methods exist to animate a 3D body
shape. Motion simulation can be based on heuristic rules,

physics-based knowledge, or it can be image-derived (e.g.,
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building a statistical deformation model based on a set of
images from different expressions or a linear combination
of a set of textured face meshes each corresponding to a
facial expression, such as joy, anger, sadness). The result
can be natural or artificial (e.g., the facial motion of
one person can be used to drive the facial motion of
another person).

[0052] The invention makes use of a personalised and
accurately predicting 3D deformation field for
maxillofacial and plastic surgery. As an example, the next
paragraph describes a 3D planning system for maxillofacial
surgery, which vyields an accurate personalised 3D
deformation field of the Fface.

[0053] Planning a maxillofacial procedure can be
subdivided into two separate parts, i.e., the bone-related
planning and the soft tissue simulation.

The bone-related planner allows the surgeon to reshape the
skull in a 3D environment. Reshaping the skull implies
cutting the skull into different parts and repositioning
each of the different parts (Fig. 9). Starting from a bone
related planning, the new facial shape of the patient can
be simulated (Figs. 10). To predict the new facial outlook,
a mathematical model is used that is able to accurately
simulate the behaviour of the facial tissues. Known models
are the finite element model (FEM), the mass-spring model
(MSM) and the mass-tensor model (MTM) . Together with one of
these models, a set of boundary conditions is used, which
are generated from the bone-related planning. In ‘Very fast
soft tissue predictions with mass tensor model for
maxillofacial surgery Planning systems’ (Mollemans et al.,
Proc Computer Assisted Radiology and Surgery (CARS), 2005)
for example, it is assumed that the soft tissue is attached
to the bone in a number of locations and that the soft

tissue in these points follows the same motion trajectory
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as the corresponding  attaching skull points. The
deformation of the remainder of the soft tissue is found by
requiring that the total force in each such soft tissue
point should be zero or by integrating a motion equation
over time. Fig. 11 shows the accuracy of the simulation.
[0054] Fig. 12 shows a few snapshots of the planning
system at work on the same patient as used in Figs 9-11.
The soft tissue with associated texture moves in real time
and simultaneously with the bone displacements. Fig. 13
shows the associated texture map for this patient.

[0055] In a further step the 3D pre-operative and
post-operative surface meshes are projected onto the pre-
operative 2D photographs. The vertices of the pre-operative
3D surface meshes that are visible from the camera
viewpoint were previously mapped or projected onto the pre-
operative 2D photographs (Fig. 1a, 2a, 3a) using the
registration parameters and matrices previously obtained.
For each of these wvertices a displacement vector and
corregponding vertex in the post-operative 3D surface mesh
is known. These corresponding vertices are also projected
onto the pre-operative 2D photographs. Since the pre-
Ooperative 3D surface mesh is deformed into a post-operative
mesh, some vertices that were previously  visible, may
become invisible now. These vertices are also removed as
well as their associated vertex in the pre-operative mesh.
[0056] The projected deformation field, acquired
from the pre-operative and post-operative soft-tissue
meshes, is used to geometrically deform the pre-operative
2D  photographs and predict the post-operative 2D
photographs (Fig. 1c, 2c).

[0057] In computer graphics, pure 2D image
processing using a colour/gray value transformation and/or
a geometric transformation has been exploited to show (part

of) the body under simulated or artificial illumination
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conditions and for animation by morphing (part of) the
body. In these applications, photo-realism is the primary
concern. In maxillofacial and plastic surgery, however, the
simulated images must accurately predict the post-operative
appearance.

[0058] In this invention, a patient-specific 3D
deformation model is used to deform the 2D photographs
geometrically. From the projected pre-operative and post-
operative soft-tissue meshes, the 2D displacement of all
the projected mesh vertices in the 2D photograph is knéwn.
Hence, the 2D geometric deformation vector is known in a
discrete number of points in the 2D photograph (Fig. 14).
The displacement in each pixel of the photograph can then
be calculated by interpolation between the discrete
deformation vectors. Outside the projected mesh, the
deformation is in principle =zero. However, due to small
mismatches between the 2D photograph and the projected pre-
operative surface mesh, it may be recommended to slightly
extrapolate the deformation field outside the mesh.
Mismatches particularly occur if the posture of the (part
of) the body is different in the 2D photograph and the 3D
surface (e.g. taken in standing and lying position,
respectively). Fig. 15 is a typical example. In this case,
the contour of an enlarged region can be used as the zero-
deformation borderline. Within this region, interpolation
of the discrete deformation field can for example be
performed using bicubic spline functions.

[0059] The above method can also be used in practice
without the steps of determining a deformation field and
using the deformation field to deform the one or more pre-
operative 2D photographs. The latter step results in a
predicted post-operative 2D photograph. However, 3D
visualisation using texture mapping lacks photo-realism

(e.g. unnatural texture blending and hair modelling
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artefacts (particularly when using medical imaging, such as
CT for 3D image acquisition) and the texture map mostly
needs retouching. The gimulated post-operative 2D
photograph on the other hand, has intrinsically the same

5 photo-realism as the original pre-operative photograph.
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CLAIMS
1. Method for pre-operatively obtaining a
prediction of a post-operative image of at least part of a

body, comprising the steps of

- determining a 3D pre-operative description of at least

part of a body,

- acquiring a pre-operative 2D photograph of said at least
part of said body from any viewing position,

- matching said 3D pre-operative description with sgaid
pre-operative 2D photograph,

- determining a deformation field for deforming said 3D
pre-operative description, and

- deriving by means of said deformation field and said
pre-operative 2D photograph a predicted post-operative
image of a 3D post-operative description of said at
least part of said body.

2. Method as in claim 1, wherein gaid
predicted post-operative image is a 2D photograph, whereby
said 2D photograph is obtained by deforming said pre-
operative 2D photograph using said deformation field.

3. Method as in claim 1, wherein said
predicted post-operative image is a 3D image.

4. Method as in claim 3, whereby a plurality
of pre-operative 2D photographs is acquired.

5. Method as in any of claims 1 to 4,
further comprising a step of generating from said 3D pre-
operative description a 3D bre-operative surface mesh of at
least the contours of said at least part of said body.

6. Method as in claim 5, wherein said step
of deriving said predicted image comp;ises deriving from
said 3D pre-operative surface mesh a prediction of the 3D
post-operative surface mesh of at least said contours of

said at least part of said body .
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7. Method as in claim 6, wherein said
prediction of said contours is used in the determination of
said deformation field.

8. Method as in any of claims 1 to 7,
wherein said 3D pre-operative description is obtained using
a 3D image acquisition system.

9. Method as in claim 8, wherein said 3D
image acquisition system is a Computerised Tomography
system, a Magnetic Resonance Imaging system or a 3D
photographic system.

10. Method as in any of the previous claims,
wherein said step of matching is performed by means of a
set of corresponding points on said 3D pre-operative
description and said 2D pre-operative photograph.

11. Method as in any of claims 1 to 9,
wherein said step of matching is performed by means of a
metric expressing the correspondence between features
derived from said pre-operative 2D photograph and features
derived from said 3D pre-operative description.

12. Method as in any of the previous claims,
further comprising the step of taking a picture of a
calibration object.

13. Method as in claim 12, wherein said
picture of said calibration object is used for calibrating
a camera, said camera being used for acquiring said at
least one pre-operative 2D photograph.

14. Method as in any of claims 4 to 13,
wherein after said step of matching a step is performed of
creating from said matched pre-operative 2D photographs a
texture map for 3D visualigation.

15. Method as in any of the previous claims,
wherein said 3D pre-operative description comprises a soft

tissue description of said at least part of said body.
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16. Method as in any of the previous claimg,
wherein said 3D pre-operative description of said at least
part of said body comprises information about the internal
structure of said at least part of said body.

17. Surgical planning system for pre-
operatively showing a predicted post-operative image of at
least part of a body, comprising
- means for determining a 3D pre-operative description of

at least part of a body,

- means for matching said 3D pre-operative description
with a 2D pre-operative photograph of said at least part
of said body,

- calculation means for determining a deformation field to
deform said 3D pre-operative description and for
deriving a predicted post-operative image of a 3D post-
operative description of said at least part of said
body,

- display means for showing said predicted post-operative
image.

18. Surgical planning system as in claim 17,
wherein said predicted post-operative image is a predicted
post-operative 2D photograph obtainable by deforming said
pre-operative 2D photograph using said deformation field.

19. Surgical planning system as in claim 17,

wherein said predicted pPost-operative image is a 3D image.
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Fig. 2b
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Fig. 2c
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Fig. 3a
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Fig. 5
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Fig. 10
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