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Abstract—In this paper, a virtual breast plastic surgery 
planning method is proposed, which reconstructs the breast 
after excision for certain diseases such as cancer. In order to 
achieve a rational result, we calculate shape, area, volume and 
depth of the skin and muscle for the reconstruction, based on 
the other healthy breast.  

The steps are as follows: 1) input breast’s MRI data of 
patient; 2) get the healthy breast using balloon segmentation 
algorithm and get triangle mesh on breast surface; 3) flatten 
the triangulated skin of breast using deformable model to 
attain the shape and volume of the flap for breast 
reconstruction; 4) calculate the approximate curve shape of 
flap. Other methods such as mesh smoothing and cutting of 
triangulated surface are also introduced. The doctors 
validation and evaluation process are also provided to ensure 
the robust and stable result of virtual surgery planning.  
 
 Keywords—Virtual Surgery, Deformation Modeling, 
Surface Flattening, Mass-Spring, Breast Reconstruction 
 
 

I.  INTRODUCTION 
 
 In the recent decades, with the developing of the 
computer aided technology of imaging processing and 
graphics modeling, virtual surgeries are applied more and 
more widely.  
 The medical doctors can learn more details about the 
surgery in advance via virtual surgery planning. The 
doctors can also receive trainings which with no risks and 
low costs.  
 Virtual surgery planning finally can help the doctors to 
avoid the risks and improve the result of the surgery. 
However the requirement and focus varies from case to 
case and a case‐by‐case analysis is always needed to 
solve a new problem.  
 In this paper, a virtual plastic surgery of breast 
reconstruction emphasizing curve approximation for the 
irregular surface is presented.  
 After the surface flattening and centerline modeling, we 
get an irregular shape, which is rather inconvenient for the 
real surgery, so it is necessary to turn the shape to a regular 
one for representing the surface to be cut on the belly of the 
patient.  
 Thus, it has several requirements: 1. The margin of the 
shape should be smooth, flat, but not very long. 2. The new 
shape looks like the old one as far as possible. 3. The new 
shape has almost the same area as the old one.  
 Moreover, in this paper, it discusses a new method of 
how to search for the suitable curve to approximate the 
required area, then, it tries to find the proper surface which 
has the desired volume as required.  
 
 

II.  METHODOLOGY 
 
A.  3 Dimensional Modeling Using Balloon Segmentation 
 
 Balloon Segmentation, proposed by Miller in 1991, is a 
dynamical volumetric segmentation algorithm by 
approximating a sphere using polygons. The basic idea of 
balloon algorithm is to add image forces on an initial 
spherical mesh object, making it expand or shrink towards 
the surface of soft tissue. The mesh will adjust its shape to 
conform to the boundary of ROI as closely as possible after 
iterating the calculation for specified times, just like a 
balloon inflated or deflated.  
 Mathematically, it reaches the minimization or 
maximization of a cost function with three terms of 
deformation potential, image edge features and topology 
constrains. 
 To generate surface models with smooth and extensible 
quality, the entire modeling process was divided into three 
steps. Firstly, a 3D Gaussian smoothing was employed on 
the pseudo-grey-scale volume data, which was the output of 
segmentation.  
 Then surface models were generated by using the 
balloon segmentation algorithm, and each ROI is output 
with its triangular mesh data. Finally, a butterfly triangle 
smoothing algorithm was used to improve the appearance 
of the models [6, 13]. The segmentation application is 
shown as Fig. 1, and the balloon algorithm is shown as Fig. 
2. 
 

 
Fig. 1. It shows the Balloon Segmentation Application. 

 

 
Fig. 2. This shows the Balloon Segmentation Iterative 

Procedure. 
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B.  Mesh Division Method for Surface Cutting 
 
 However, in order to make the breast shape meshing 
extendible to plane surface, the cutting algorithm is 
conducted on the data. Otherwise, the reasonable result is 
not attainable. The cutting algorithm employed here is 
Mesh Division Method. It divides the original triangles 
according to the cutting path, and at the same time 
preserves the total area of surface, as shown in Fig. 3.   
 However, it generates more and more triangles, so that 
the computation for deformation becomes slower. The re-
meshing procedure is to be considered as future work, to 
reduce the amount of fragmental meshes [7-10].  
 

 
Fig. 3. This shows the cutting algorithm procedure. 

 

C.  Deformable Modeling for Surface Flattening 
 
Mass-spring modeling is one physically based technique 
that has been used widely and effectively for modeling 
deformable soft tissue. A non-rigid object is modeled as a 
collection of point masses connected by springs in a lattice 
structure. The spring forces are often linear, but nonlinear 
springs can be used in a more realistic way to model tissues 
such as human skin’s inelastic behavior, as shown in Fig. 4. 
 

 
Fig. 4. It shows the Mass-Spring Mesh Structure and the 

Mass-Spring element in 3D Mass-Spring system. 

 

Mass-Spring is especially effective in simulating the 
dynamic behavior of the objects; however, it is unsuitable 
to simulate the static behavior due to its unstable vibration 
among the spring system and the shape distortions of the 
topology. To reduce vibration and improve stability of the 
deformable model, damping factor and non-linear elasticity 
methods are used. In the dynamic Mass-Spring system, the 
equilibrium equation has the following form as equation (1). 

)(2

2

XFKX
t
XD

t
XM =+

∂
∂

+
∂
∂

 (1) 

 where t
X
∂
∂

 and 2

2

t
X

∂
∂

 are the first and second derivatives 
of x with respect to time, M is the mass matrix, D the 
damping factor matrix, and K the stiffness matrix. F 
denotes the external forces. Equation (1) defines a coupled 
system of 3n ordinary differential equations for the n 
position vectors contained in X. To solve them, we could 
transfer equation (1) into a coupled system of linear 
equations based on Euler’s first order method. 
 In our research, based on the deformable modeling 
concept, we propose a novel flattening method which takes 
the advantage of the deformation model of Mass-Spring. 
All the triangles on the curved cone-like or hemisphere-like 
surfaces are mapped and extended onto a plane, preserving 
the original connected edges and points. The initial 
flattened surface is restricted by the spring forces on mass 
points, thus it will stretch due to the deformation effects, 
and then extends to a spindle-like flap shape. When the flap 
mesh is obtained, we will also compute its skeleton 
centerline [11-12, 14], as shown in Fig. 5.. 
 

 
Fig. 5. This shows the flattened flap and its skeleton. 

 

D.  Deformable Modeling Based on Centerline 
 

When the flap mesh is obtained, it is heart-like and the 
flap is a spindle-like one. We need to get the centerline of 
the mesh data and stretch the centerline to a straight line 
which will result in the balance state of the Mass-Spring 
model broken. We apply the deformation with Spring-Mass 
model once more, and the mesh data will meet the doctors’ 
demands. 

In our research, skeleton is used as the centerline of the 
flattened 2D mesh data. Binary image skeleton extract 
based on mathematical morphology is a process for 
reducing foreground regions in a binary image and 
preserves the topology (extent and connectivity) of the 
original region. It is based on binary image dilation and 
erosion, and is widely used in finding the centerline of a 2D 
image object. The Algorithms returns us a set of 
coordinates of the centerline and we find the closest mass 
points in the mesh data, and smooth the line.  

We calculate the length of the center line and generate 
a new line which stands for the result of stretching the line 
to straight. We modify the coordinates of the mass points 
which are on the centerline and use the Mass-Spring model 
to achieve centerline-based deformation, as shown in Fig 7. 
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Fig. 12. This shows the comparison between computer-

designed flap and the skin flap. 
 

 

 
Fig. 13. This set of pictures shows the comparison between 
the real flap and the virtual calculated flap with curve shape. 
 
 

V.  CONCLUSION 
 
 In summary, we propose a novel hybrid deformable 
modeling as the kernel module for image guided virtual 
surgery simulation. The combination of the technique of 
computer and medical imaging and clinical practice is 
tightened with the rapid development of hardware and 
software. The domain of the operation draws more and 
more of our attentions.  
 The computer aided application aims at helping the 
patient after mono-lateral mastectomy. When the input data 
of MRI is processed, a three-dimensional model is 
outputted and the area and volume of the opposite breast 
can be calculated.  
 The surface of the breast can be separated and cut into 
parts and flattened to plane. Then the shape and model of 
the flap for breast reconstruction is achieved. This 
application is used in design for breast reconstruction with 
flap pre-operation and high quality symmetry post-
operation. 
 The future work includes more realistic biomechanical 
computing for soft-tissue deformation, adaptive meshing, 
parallel computation on multi-core CPU machine and 
especially their integration. 

 
 

ACKNOWLEDGMENT 
 
 The authors would like to thank the medical doctors 
and surgeons from Shanghai 9th People’s Hospital and 
Shanghai Renji Hospital for providing the experiment data 
and surgical advices. We are also grateful to all the 
members at the Image-Guide Surgery and Therapy 

Laboratory, Shanghai Jiao Tong University. We are also 
grateful to the intellectual and financial support of National 
Natural Science Foundation (60571061), National High 
Technology (863) Research Foundation (2007AA01Z312), 
and the Shanghai Municipal research Foundation 
(06dz15010). 
 
 

REFERENCES 
 
[1] T. Shimada and Y. Tada. Approximate Transformation of an 
Arbitrary Curved Surface into a Plane using Dynamic Programming. 
Computer-Aided Design, 1991, Vol. 23, No. 2: 153-159. 
[2] J. McCartney, B.K. Hinds and B.L. Seow. The flattening of 
triangulated surfaces incorporating darts and gussets. Computer-aided 
Design, 1999, Vol. 31, No. 8: 249-260. 
[3]  Qi-Lin Zhang, Xiao-Qun Luo. Finite element method for developing 
arbitrary surfaces to flattened forms. Finite Elements in Analysis and 
Design, 2003, 39: 977–984. 
[4] Ken Martin, Will Schroeder, Bill Lorensen. Visualization Toolkit 
Textbook 3rd edition[M]. Kitware e-store. 
[5] Lorensen, William and Harvey E. Cline. Marching Cubes: A High 
Resolution 3D Surface Construction Algorithm. Computer Graphics 
(SIGGRAPH 87 Proceedings), 1987, 21(4) July, p. 163-170. 
[6] Bowden, R. Mitchell, T.A. Sahardi, M.Vision. Real-time Dynamic 
Deformable Meshes for Volumetric Segmentation and Visualization. In 
Proc BMVC. 1997, Vol. 1: 310-319. 
[7] Sarah F. Frisken-Gibson. Using Linked Volumes to Model Object 
Collisions, Deformation,Cutting, Carving and Joining. IEEE Transactions 
on Visualization and Computer Graphics, 1999, VOL. 5. NO. 4, October-
December. 
[8] Han-Wen Nienhuys, A. Frank van der Stappen, A Surgery Simulation 
Supporting Cuts and Finite Element Deformation,MICCAI 2001, LNCS 
2208 2001. 
[9] Hui Zhang, Shahram Payandeh and John Dill, Simulation of 
Progressive Cutting on Surface Mesh Model, 2002, DRAFT6-08 Sept02. 
Toshiyuki Tanaka and Hiroaki Ito. Deformation and Cutting Algorithm of 
an Organ Model Used for a Laparoscopic Surgery Simulator. Systems and 
Computers in Japan, 2002, Vol. 33, No. 12. 
[10] Luciana Porcher Nedel and Daniel Thalmann. Real Time Muscle 
Deformations Using Mass-Spring Systems. IEEE Conference 2000. 
[11] Duysak and Jian J. Zhang. Fast Simulation of Deformable Objects. 
Proceedings of the Eighth International Conference on Information 
Visualisation, 2004. 
[12] Denis Zorin et al. Interpolating Subdivision for Meshes with Arbitrary 
Topology. SIGGRAPH 1996. 
[13] Pengfei Huang, "Real-Time Simulation for Global Deformation of 
Soft Tissue Using Deformable Centerline and Medial Representation", 
LNCS 4072, ISBMS, Switzerland, July 2006.  
[14] Jean-Yves Petit *, Mario Rietjens, Cristina Garusi. Breast 
reconstructive techniques in cancer patients. Critical Reviews in 
Oncology/Hematology 38 (2001) 231–239. 
[15] Oren M. Tepper et al. Virtual 3-dimensional modeling as a valuable 
adjunct to aesthetic and reconstructive breast surgery. The American 
Journal of Surgery 192 (2006) 548–551. 
 
 


