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ABSTRACT 

 

Breast cancer is the most common invasive cancer in women 

worldwide. Many women have their tumors detected before 

the lesions become clinically palpable. Occult lesions must 

be marked for the surgeon to ensure that they can be 

effectively resected. Image-guided wire localization (WGL) 

is the current standard of care for the excision of non-

palpable carcinomas during breast conserving surgery 

(BCS). The integration of the information from multimodal 

imaging may be especially relevant in surgical planning as a 

complement or an alternative to WGL. The combination of 

information from images in different positions is especially 

difficult due to large breast deformation. This work presents 

a system to localize the target lesion in the operative supine 

position, starting from a prone Magnetic Resonance Imaging 

(MRI) study and performing a surface based registration. 

The evaluation of the methodology has been carried out in 

13 cases achieving an average localization error of 6.7 mm. 
 

Index Terms   Surface registration, breast imaging, 

Laplacian deformation, surgical planning.  

 

1. INTRODUCTION 
 
Many women with breast cancer have their malignant tumors 

detected by screening mammography or breast MRI, before 

the lesions become clinically palpable [1].  

In these cases, the preferred treatment option is BCS the 

goal of which is complete resection of the malignancy with a 

surrounding margin of tissue free of cancer while 

simultaneously preserving the shape and cosmetic 

appearance of the breast [2]. WGL is the current standard of 

care for the excision of non-palpable carcinomas during 

BCS. The technique is performed by a radiologist placing a 

hooked wire within the lesion under radiological guidance  

(typically ultrasounds US) to locate the area of concern.  
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The wire guides the surgeon to the exact site of the lesion 

and allows its removal with a safety margin. Whilst WGL is 

the current gold-standard for non-palpable lesions, wire 

placement may be a cumbersome technique for both the 

radiologist and the patient. The drawbacks of WGL include 

technical complications such as wire transection and 

migration [3], patient discomfort and poor cosmetic 

outcome. The rate of re-operation for incomplete tumor 

clearance has been reported to be as high as 40-50% in 

association with WGL [4]. Radio-guided occult lesion 

localization is an alternative technique in which a small 

volume of a radiopharmaceutical is injected into the lesion 

under imaging guidance. The lesion is then located and 

excised intra-operatively with a gamma detecting probe. 

However, this solution is prone to complications related to 

the leakage of the radiotracer into neighboring breast 

quadrants [5]. Due to the disadvantages of both preoperative 

localization methods, a noninvasive technique based on 

multimodal imaging will be useful to estimate the lesion 

location.  

Numerous imaging modalities are available to the breast 

radiologist: mammography, US and MRI. Notably, breast 

shape can vary significantly between the imaging and 

surgical positions used in conventional practice. None of 

standard pre-operative imaging modalities orient the breast 

in the surgical position (breast supine and ipsilateral arm 

extended), and as a result, the surgeon must mentally 

account for associated shifts in tumor shape and position in 

order to resect the disease with pathologically negative 

margins. Pallone et al. [6] proposed a method to improve 

tumor localization using preoperative supine MRI and 

intraoperative optical scanning. Han et al. [7] developed a 

system using prone and supine MRI images based on finite 

element method to model breast deformation. However, both 

proposals require significant changes in the pre-operative 

protocol since the standard diagnostic imaging for patients 

undergoing BCS involves only a prone MRI. 
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This work presents a simple and fast solution supporting 

BCS that would alter minimally the surgical protocol 

acquiring the surface of the patient in supine position and 

locating the tumor identified in the prone MRI performing a 

surface based registration. The prone-to-supine tumor 

localization method has been evaluated using retrospective 

cases with both preoperative prone MRI and supine CT. The 

tumor position has been calculated using a method that 

transfers the surface displacements to the tumor and 

compared to a trilateration method. This approach has been 

tested in 13 clinical cases.  

 

2. MATERIALS AND METHODS 
 
The aim of this work is the implementation of a method 

based on the registration of surfaces, extracted from a 

preoperative MRI and a surface from either an imaging set 

or a 3D laser scanning system, in order to localize the tumor 

in the surgical position. To perform a proof of concept and 

an evaluation, preoperative MRI and CT images have been 

gathered to extract the surface of the breast in the prone and 

supine positions respectively, and the tumor in the two 

images has been localized. The prone and supine surfaces 

have been aligned and the tumor localization in the 

intraoperative position has been estimated. The distance 

between the tumor centroid in supine position, identified in 

the CT image, and the tumor centroid estimated with the 

implemented technique has been calculated to validate the 

results.  

 

2.1 Data 
 
Data consists of 13 retrospective cases provided by Hospital 

General Universitario Gregorio Marañón (HGUGM) in 

Madrid as approved by its Ethical Committee.  

The system has been developed using a prone MRI and the 

available information in supine position. Since the surgical 

hospital protocol does not involve a supine MRI, cancer 

staging CT scans have been used in place of the 

intraoperative surface. Each case includes: 

 Preoperative MRI T2 SPAIR. 

 MRI subtraction post/pre-contrast. 

 Preoperative CT. 

These data come from a retrospective study, and it is 

important to note that the acquisition of a CT scan does not 

belong to the standard preoperative protocol, but is required 

only when it is necessary for cancer staging purposes. This 

fact limits the number of available cases. Furthermore, 

although the position during the acquisition is supine, it does 

not exactly reproduce surgical position.  

 

2.3 Biomechanical assumption 
 
In order to simplify the prediction of breast behavior, the 

following assumptions have been made: 

1. The breast parenchyma is incompressible [9]. 

2. The anatomical axes starting from the nipples do not 

vary between prone and supine position. 

3. The skin of the breast is compressed more in the lateral 

and caudal direction moving from prone to supine 

position [10]. 

 

2.4 Mesh generation  
 
The MRI T2 SPAIR and CT images have been segmented to 

extract the breast tissue volume as a binary mask using the 

Segmentation Tool from 3D Slicer [8]. Using the same tool, 

the tumor has been segmented in the MR Subtraction image 

and in the CT image to validate the results.  

The two masks have been aligned in the transversal plane 

and cut posteriorly considering a proper defined region of 

interest including all the breast volume. Then an 

approximate segmentation of the pectoralis muscle boundary 

has been performed automatically in the MR image 

constructing a closed surface as shown in Figure 1. 

Additionally the open surface of the CT was extracted. Both 

surfaces are represented as triangular meshes. The surface of 

the pectoral muscle was set as zero-displacement boundary 

condition during the deformation of the breast from prone to 

supine [10].  

 

Figure 1. MRI and CT masks are aligned in the transversal plane. 

An approximate automatic segmentation of pectoralis muscle 

boundary is performed in the MRI image. Finally, the prone and 

supine surfaces are extracted and modeled as triangular meshes. 

 

2.5 Surface deformation 
 

A Laplacian deformation [11] has been used to obtain the 

transformation of the surface. This technique, using 

differential coordinates, allows the preservation of the 

geometric details of the surface. In contrast to the traditional 

global Cartesian coordinates, which can only tell the spatial 

location of each point, a differential surface representation 

carries information about the local shape and the details of 

the surface. Considering a surface mesh with n vertices, let L 

be the Laplacian matrix of the mesh and V an n×3 matrix 

containing the Cartesian coordinates of the vertices. It is 

possible to define its Laplacian representation in matrix form 

 

 

The prone to supine transformation is achieved defining: 

 A subset of k vertices referred to as the control vertices. 
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   The final position for each control vertex (deformation 

constraints). 

 A weighting scheme for the Laplacian matrix.  

The deformation process must follow the deformation 

constraints while preserving the Laplacian representation as 

much as possible. The final surface is achieved by solving 

the following system of equations:  

                    

Vd is the matrix containing the coordinates after 

deformation. The last k rows of the system correspond to the 

control vertices. Lf denotes the Laplacian matrix of the 

unconstrained vertices, whose elements are calculated using 

a cotangent weights scheme. Given an edge of the surface 

mesh, its corresponding cotangent weight is the mean of the 

cotangents of the angles opposite to the edge. Ic is the k×k 

identity matrix;  denotes the Laplacian representation of 

the unconstrained vertices, removing the rows corresponding 

to the control vertices. Vc is the matrix containing the final 

position of control vertices.  Control vertices are 

automatically calculated starting from 3 anatomical points, 

the nipples, marked in both preoperative and intraoperative 

surfaces and the Supra Sternal Notch (SSN) Point marked in 

the intraoperative surface as shown in Figure 2. The surface 

obtained applying the Laplacian deformation is shown in 

Figure 3. 

 
Figure 2. a) Supine surface. b) Prone surface (front-face). c) Prone 

surface (back-face). The control vertices (blue points) are 

automatically calculated from 3 points, the nipples and the SSN 

point (yellow point). The red points represent the surface of the 

pectoral muscle to which is assigned a zero-displacement condition 

during the deformation from prone to supine position.  

 
Figure 3. a) Supine surface. b) Prone surface. c) Deformed prone 

surface into supine position. 

2.6 Tumor Localization 

Our first attempt to design a method for the tumor 

localization starting from the deformation of the breast 

surface derived from the assumption that the distance tumor-

skin remains almost constant passing from prone to supine 

position [12]. Hence, the displacement of the tumor from the 

preoperative imaging to the surgical position was 

constrained to the displacement of the 3 closest vertices of 

the surface mesh. Supposing that the tumor-skin distance 

does not vary, the final position of the lesion was calculated 

by trilateration, a method of determining the relative 

positions of three or more points used in telecommunications 

[13]. This method showed problem localizing tumor very far 

from the surface, so we decided to design a more robust 

localization technique taking into account the displacement 

of more points of the surface mesh and removing the 

constrain about the tumor-skin distance. 

For the proposed method, the underlined concept is that the 

surface vertices displacements that are estimated through the 

prone to supine registration can be transferred to the tumor 

as there were pseudorigid connections. Radial connections 

from the tumor in the original prone configuration define the 

surface vertices of interest. After registration, the 

displacement of each vertex generates a contribution to the 

total displacement of the tumor in the same direction of the 

vertex displacement. Each contribution has been modeled as 

a line crossing the updated position of the vertex and passing 

through a candidate position of the tumor by applying the 

same displacement vector of the vertex. This could be also 

interpreted as a back-projection of these rigid connections 

from the updated surface vertices. The lines are then 

discretized and the final tumor position is estimated by 

identifying the center of mass of the cloud of points enclosed 

inside the deformed surface, discarding outliers.  

    
Figure 4. a) Interior of prone surface: the tumor edges are fastened 

to the surface vertices of the breast in the radial direction (orange 

dots). b) Interior of the deformed surface and actual tumor in 

supine position: the displacement of each vertex generates a 

contribution to the total displacement of the tumor.  

 

2.7 Interface 
 
A graphical interface has been implemented as CLI module 

in 3D Slicer. The tool gets as inputs the binary masks or 

surfaces of the images in the prone and supine positions, 3 

fiducials points marked by the user and the tumor location in 

prone position. Laplacian deformation functions are 

implemented in MATLAB and used from 3D Slicer. 

Ultimately, the tool is capable of displaying the lesion in the 

intra-operative position as well as its projection on the skin. 
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3. RESULTS 
 
Figure 5 shows the distance between the centroid of the 

predicted localization of the tumor and the centroid of the 

tumor segmented in the CT image. The proposed transfer of 

surface displacements method (TSD) showed better results 

than the trilateration method (TRIL) in 12 of the 13 cases 

and very similar error results for one case. The average error 

for TSD method was 0.67 cm, and only one case showed an 

error greater than 1 cm, corresponding to a very small tumor 

(less than 0.3 cm3) and very deep in the breast (distance 

from skin of 3.32 cm). Furthermore, the tool is capable of 

displaying the lesion in the intra-operative position as well 

as its projection on the skin as shown in Figure 6. 
 

.  
Figure 5. The error made in the localization of the tumor. It is 

calculated as distance (mm) between the centroid of the estimated 

localization of the lesion and the centroid of the lesion segmented 

in the CT image. 
 

 
Figure 6. Results of case 13. a) Intraoperative surface (back face) 

with the actual and estimated tumors; b) intraoperative surface with 

tumor projection on the skin (front face). 

 

4. CONCLUSION 
 
This work proposes and validates a method to estimate the 

tumor location in supine position during breast cancer 

surgery, starting from a preoperative MR image acquired in 

prone position and a surface acquisition in surgical position. 

Distances between the predicted location of the tumor and 

the tumor segmented in the supine CTs used for validation 

were under 1 cm for 12 of the 13 cases. The validation of the 

method showed promising results, especially considering 

that similar results have been achieved with other proposals 

in the literature that require significant changes in the 

diagnostic imaging protocol [7] [8] .  

The proposed methodology is additionally very efficient (1.5 

mins per case) in comparison to previous methods that rely 

on finite element analysis. Furthermore, the implemented 

system allows the surgeon to visualize the scene intuitively, 

using three dimensional models of the breast surface and of 

the tumor. Future work will consider the incorporation of 

some simple biomechanical constrains that could improve 

the accuracy of the results. The validation of the current 

proposal has been developed using the available information 

closest to the surgical position (a supine CT). Using an 

optical scanner would allow the acquisition of the breast 

surface in the operating room and computing the localization 

of the tumor in place to help the surgical procedure. This 

acquisition would replace the surface obtained from the CT 

scan used for validation purposes in this work.  

 

5. REFERENCES 
 
[1] V. Altomare, et al., "Management of nonpalpable breast lesions 

in a modern functional breast unit," Breast cancer research and 

treatment, vol. 93, pp. 85-89, 2005. 

[2] G. Q. della Rovere, et al., "Localization of impalpable breast 

lesions a surgical approach," European Journal of Surgical 

Oncology (EJSO), vol. 22, pp. 478-482, 1996. 

[3] P. S. Davis, et al., "Migration of breast biopsy localization 

wire," American Journal of Roentgenology, vol. 150, pp. 787-788, 

1988. 

[4] D. Chadwick and A. Shorthouse, "Wire-directed localization 

biopsy of the breast: an audit of results and analysis of factors 

influencing therapeutic value in the treatment of breast cancer," 

European Journal of Surgical Oncology (EJSO), vol. 23, pp. 128-

133, 1997. 

[5] M. S. Sajid, et al., "Comparison of radioguided occult lesion 

localization (ROLL) and wire localization for non palpable breast 

cancers: A meta analysis," Journal of surgical oncology, vol. 105, 

pp. 852-858, 2012. 

[6] M. J. Pallone, et al., "Combining supine MRI and 3D optical 

scanning for improved surgical planning of breast conserving 

surgeries,"  SPIE Medical Imaging, pp. 83163B-83163B-8, 2012. 

[7] L. Han, et al., "A nonlinear biomechanical model based 

registration method for aligning prone and supine MR breast 

images," IEEE transactions on medical imaging, 33(3), 682-694, 

2014.  

[8] A. Fedorov, et al., "3D Slicer as an image computing platform 

for the Quantitative Imaging Network," Magnetic resonance 

imaging, vol. 30, pp. 1323-1341, 2012. 

[9] Y. Fung and S. Cowin, "Biomechanics: mechanical    

properties of living tissues," Journal of Applied Mechanics, vol. 

61, p. 1007, 1994. 

[10] T. J. Carter, et al., "A framework for image-guided breast 

surgery," International Workshop on Medical Imaging and Virtual 

Reality, pp. 203-210, 2006. 

[11] M. Botsch and O. Sorkine, "On linear variational surface 

deformation methods," IEEE transactions on visualization and 

computer graphics, vol. 14, pp. 213-230, 2008. 

[12] L. A., Carbonaro et al., "Contrast enhanced breast MRI: 

spatial displacement from prone to supine patient's position. 

Preliminary results," European journal of radiology, 81.6, e771-

e774, 2012. 

[13] W. Murphy and W., Hereman, "Determination of a position in 

three dimensions using trilateration and approximate distances," in 

Department of Mathematical and Computer Sciences, Colorado 

School of Mines, Golden, Colorado, MCS-95, vol. 7, p. 19,1995. 

791


	MAIN MENU
	Help
	Search
	Print
	Author Index
	Program in Chronological Order


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'IEEE_Xplorer'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


