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Abstract:

Registration of preoperative and intraoperative images to determine precise position and orientation of the patient’s anatomy in three dimensions is vital for Image-Guided Therapy. Many methods have been proposed for image to patient registration. This paper is a review of one such registration method proposed to register 3-D Computed Tomography (CT) or Magnetic Resonance (MR) images to one or more 2-D X-Ray Images. The registration method is solely based on the information present on 3-D and 2-D images. Need for Fiducial markers, intraoperative X-ray image segmentation, or time consuming construction of Digitally Reconstructed Radiographs (DRRs) is eliminated. Surface normals at bone surfaces defined preoperatively in 3-D MR or CT data and intensity gradients of intraoperative X-ray images at locations defined by the X-ray source and 3-D surface points are used. Rigorous Validation of the method has been achieved and accuracy assessed by comparison with “gold-standard” registration.

Topics related to MIRV:

( CT, MR and X-Ray were the modalities used for image data acquisition.

( Linear Transformation i.e. rotation and translation was performed in registration.

( Normals at bones surfaces were extracted preoperatively from CT or MR images.

(Relation between X-Ray image intensity gradients and attenuation coefficient gradients

   were obtained mathematically. It was then proved that X-ray images depict structure 

   changes perpendicular to the projection beam and not structure changes along the beam.

Understanding of the Terms used:

Image Registration: It is also referred to as image fusion, superimposition, matching or merge. It is the process that transforms an image of one modality to the image of the another modality. In Image registration each point in one image is mapped onto the corresponding point in the second image.

Gold-Standard registration: It is the reference used to evaluate the validation of the proposed registration method. Point-based registration method using fiducial markers has been used as reference.

Image-guided Therapy: Surgery, radiotherapy or radiological intervention can be termed as Image-guided therapy as it involves the use of preoperative medical data to diagnose, plan, guide or assist the surgeon or robot performing surgical or therapeutic procedure. Plan is constructed in the coordinate system of the preoperative data while surgical procedure needs to be performed in the patient’s coordinate system. Thus accuracy is inevitable.

Spine Phantom: Gold standard / reference registration has been performed on a section of cadaveric lumbar spine, comprising vertebra L1-L5 with intervertebral disks and several millimeters of soft tissue. It was placed in a plastic tube and tied to it with nylon strings. Six fiducial markers were rigidly attached to the outside of the tube. The tube was filled with water to simulate soft tissue and MR, CT and X-Ray images were obtained. During image acquisition, X-ray source and detector-plane were fixed while spine phantom was rotated on turntable along its long axis.

Target Registration Errors (TRE):

Gold-Standard Registrations of CT to X-ray and MR to X-ray was done by rigid transformation. Accuracy of gold-standard registration was obtained by estimating target registration error for eight targets, four per each pedicle, which were manually defined on each of the five vertebrae.

Existing Registration Methods:

A variety of registration methods have been proposed. Methods can be differentiated on the basis of the information on which registration relies. Methods discussed in paper:

1) Point-Based Registration Methods:

This method uses points defined by fiducial markers rigidly attached to patient’s anatomy, most often bone. Location of markers that can be detected in 3-D CT or MR images are measured using a positioning device. Rigid transformation is then performed to bring the fiducial points in the two places into alignment.

(Advantage:

  Fast, accurate and robust.

( Drawback:

  Requires fixation of fiducial markers to rigid structures, which is too invasive.

2) Surface-Based Registration Methods:

This method depends on the description of the shape of an anatomical structure, usually skin or outer bone surface which is extracted form preoperative 3-D image. Spatial transformation is derived by registration technique that minimizes points-to-surface and surface-to-surface distances.

(Drawback:

Skin is not rigid structure so bone surface has to be exposed during the procedure.

3) Feature-based Registration:

This method depends on intra-operative X-ray projections acquired with a calibrated X-ray device. Bone surfaces are extracted from preoperative data and contours of same structure are extracted from on or more intraoperative projection images. Registration is then performed by minimizing distance between surface model and lines connecting contour points with X-ray source.

(Advantage:

Segmentation results in reduced amount of data.

(Drawback:

Intraoperative segmentation is hard to achieve.

Errors in segmentation lead to errors in registration.

4) Intensity -based Registration:

This method depends on the intensity information of 3-D preoperative and 2-D intraoperative image. Simulated X-Ray projection images called digitally reconstructed radiographs (DRRs) are produced. Similarity measure calculated from the DRR and X-ray image is optimized to estimate the unknown pose of CT volume relative to X-ray image.

(Advantage:

Does not require any segmentation.

(Disadvantage:

Time consuming.

Novel Method proposed in the paper:

The new method combines the advantages of both feature-based and intensity-based registration methods used for 3-D/2-D registrations. Fast, accurate, requires no segmentation or DRRs (digitally reconstructed Radiographs) to be produced.

The method can be described using the following flow chart:


    Surfaces of bony structure extracted pre-operatively from CT or MR images.




 Novel Criterion Function (CF) to measure the match between normals to the surface and corresponding   

 back-projected intensity gradients of X-ray images.


 Rigid Registration that involves rigid transformation (rotation and translation) brings 3-D (CT or MR) 

 images into best possible spatial relation with the 2-D X-ray projection image. 


  

  Evaluation and Validation of the method- TRE was calculated for eight target points (four on each 

  pedicle) as the distance between target points in registered and gold standard positions.

TRE(r)= ((Trr-Tgr (
  Where r is target point and Tr and Tg are the transformations obtained by proposed registration method 

   and “gold standard” registration respectively.


Assumptions:

( X-Ray imaging device is calibrated.

(CT, MR and X-ray images are relatively accurate geometrically.

(Features used are normals to surfaces of bony structures found in preoperative CT or 

    MR volumes and intensity gradients of intraoperative X-ray images, this feature  

    selection is based on assumption that strong intensity gradients in X-ray images 

correspond to boundaries of bony structures.

Experiments and Validation:

( CT/X-ray registration was found to be successful and fast for more than 91% (82% for

    L1) of trials if started from “gold standard” translated or rotated for less than 6mm or 

   17( (3mm or 8.6() respectively.

( MR/X-ray registration was found to be successful but comparatively slow for more 

    than 82% (53% for L1) of trials if started from “gold standard” translated or rotated for 

    less than 6mm or 17( (3mm or 8.6() respectively.

( Root mean square TRE were below 0.5mm for CT to X-ray registration and below 1.4 

     mm for MR to X-ray registration.

( The average registration time on a Pentium III, 733 MHz PC was 20s and 32s 

    respectively for CT/X-ray and MR/X-ray registration.

(Thus the proposed method has been thoroughly validated by using MR, CT and X-ray 

    Images of a spine phantom for which “gold standard” registration was established 

    previously by fiducial markers.

Application Area:

The registration has been performed on lumbar vertebrae of a spine phantom and targets have been chosen on both pedicles, hence the accuracy of this method can be best judged in context of spinal pedicle screw placement. Registration results are within the error margins defined for pedicle screw placement. Hence the method is proved to be robust.

Room For Improvement:

( It was found that MR to X-Ray registration was very slow compared to CT to X-ray registration. The reason for this was too porous spine immersed in water and the MRI sequence did not produce clear tissue contrast between the bone and surrounding tissue of the spine. 

This limitation can be overcome by using a different MRI sequence that would give a good tissue contrast between bone and soft tissue. Number of edges that do not correspond to bony structures can be reduced by post processing of MR edge image.

( Necessity of a standardized validation methodology is crucial for the comparative evaluations of different registration methods. Different registration methods use different phantoms, validation data sets, validation protocols and error metrics.

Future Scope of work:

Experiments can be performed to determine how the introduction of soft-tissue structures and surgical instruments and implants into the phantom images affect registration, which projections and how many X-ray images should be used in a particular procedure and how to reduce the edges in MR which do not correspond to bony structures.
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	D.Tomazevic, F Pernus and B.Lirkar
	2002
	“Gold-standard” 2D/3D registration of X-ray to CT and MR images”
	A detailed description of the spine phantom, X-ray system calibration, calculation of “gold standard” registration and “gold-standard” validation has been given.
	The validation method in the main paper is also based on “gold-standard” registration obtained for lumbar spine phantom.
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	Evaluation and validation has thus been used for the method proposed in main paper.
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	Transgraph: Interactive intensity-based 2D/3D registration of X-ray and CT data
	Faster DRR generation method has been used for registration.
	The proposed registration method in main paper shares the advantages of intensity-based 2D/3D registration method.

	G.P Penney and J.Weese
	1998
	A comparison of similarity measure for use in 2-D/3-D medical image registration
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	L.M.G Brown and T.E.Boult
	1996
	Registration of planar radiographs with computed tomography
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	The method of registration was quite similar to the one described in main paper as it relied on intraoperative X-ray projections that did not need segmentation.
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