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Abstract. This paper provides an outlook of the status of the first development stages for an updated design of  
radiotherapy conformal system based on tumor 3D images obtained as an output the last generation imaging 
machines as PET, CT and MR which offer a very valuable output in cancer diagnosis. Prospective evaluation of 
current software codes and acquisition of useful experience in surgical planning involves a multidisciplinary 
process as an initial and unavoidable stage to develop an expert software and user skills which assures the 
delivery of the radiation dose is done correctly in geometry and value in each voxel as a radiation protection 
basic condition. The validation of the images obtained has been done by the production of anatomical models of 
interest regions by rapid prototyping of the 3D segmented images and its evaluation by contrasting with the real 
regions during surgical procedures.  
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1. Introduction 
 
Radiotherapy has been used for cancer treatment for several decades. The traditional method was dose 
fractioning based on the differences in the behaviour of the healthy and cancer tissue after certain 
radiation dose fractions [1-2].  
 
In 1968, Dr. Leksell from Sweden introduces a new technology called Gamma Knife (GK). That device 
was based on a set of about 200 gamma sources deployed over a sphere pattern. Based on the physician 
interpretation of tumour images of radiographies, the GK sources would be set in on/off positions or 
with individual attenuation intermediates to shape a volumetric dose field as similar as possible with the 
tumour shape and location [3]. 
 
The accuracy of this method was very poor and uncertain. Further, validation of the dose distribution 
against tumour and healthy tissue spatial morphology was almost impractical. In other hand, the 
application protocol requires the use of stereotactic devices and other accessories to transfer the 
references, becoming GK in a time consuming and difficult method. 
 
New improvements in images techniques as Computer Tomography (CT), NMRI (Nuclear Magnetic 
Resonance Imaging) and Positron Emission Tomography (PET) increase dramatically the definition and 
accuracy results that would be achieved for data related to physical and geometrics information of 
tissues in the human body.  
 
Likewise, the development of advanced technologies for creation, visualization and management of 3D 
images and the increase of processing capacity in computers allows for a recreation of a new era of very 
sophisticated solutions for image targeted radiotherapy, allowing for GK concept revival with a much 
better performance. 
 
It is the objective of this paper to define those principles and basic design requirements for a 3D 
Conformal Radiotherapy system (3DCR), its development stages and the validation of virtual data 
obtained for real tissue shape and location. 
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2. Description of a 3DCR basic process 
 
2.1. Image Data Acquisition 
 
Basically, the stages for a 3DCR process (Figure 1) begin with the Data Acquisition of a patient region 
of interest. It would be obtained from CT, NMRI, PET scanners. In these machines data of 2D slices 
from a range of a body is obtained following patterns based on different physical and functional 
characteristics of the tissue.  
 
 

 
 
 
 

Figure 1: The 3DCR Process 
 
 
CT 2D images are density maps of the tissue that would be reconstructed in a 3D point cloud file. Each 
virtual point, called voxel like a volumetric pixel, which size is defined by the square matrix of the 
detector resolution of the imaging device and slices thickness is given by the Field of View of the 
scanner. The value associated to each voxel is directly related to density of corresponding tissue 
obtained by the attenuation of X rays in the case of CT scanner [4]. 
 
Density value of voxel would be calibrated, in the case of CT, in standard Hounsfield Units (HU). The 
HU scale is a linear transformation of the original linear attenuation coefficient in which the 
radiodensity of distilled water at standard pressure and temperature (SPT) is defined as zero HU, while 
the radiodensity of air at SPT is defined as -1000 HU. The voxels are normally represented as 12-bit 
binary numbers, and therefore have 212 = 4096 possible values. These values are arranged on a scale 
from -1024 HU to +3071 HU. 
 
Likewise, NMRI produce 2D images based on different element composition of the tissue and PET 
images on the spatial distribution metabolism activity in cells. In all the cases 2D images representations 
can be build up in 3D voxels files. This data would be standardized to a world recognized format as 
DICOM (Digital Imaging and Communication in Medicine) [5]. 
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2.2. Data Management 
 
DICOM files with 2D slices data would be reconstructed in a 3D voxels map. Specific visualization and   
Manipulation software is required to view representations, to detect the Region Of Interest (ROI), to 
make a segmentation of the tissue based on, for example, HU and make 3D files of surface and solid 
data of target tissue. Further manipulation algorithms are required to complete segmentation, remove 
artefacts and define specific boundaries. 
 
In the case of cancer tumours, good definition images would be obtained from PET data, however its 
location related to the patient body used to be poor. In other hand CT or NMRI produce very good 
images of the full body and location of the tumour.  
 
In these cases, a fusion or registration of both images data is required. PET DICOM files and CT 
DICOM files would be obtained and “melt” by the same software. In other cases a dual PET and CT 
same axis device produces a DICOM file at the same time. 
 
In any case coordinates to easy recognition anatomical reference points would be made for a later 
localization of the target. It also possible to define reference points on the body made by radiopaque 
dyes used in radiology. 
 
A further sophistication is required in those target areas which are subject to movements like lung areas. 
In these cases a real time data acquisition of CT images would supply localization data to update each 
target voxel coordinate at the therapy time, in this case coordinates are variable with the time and may 
be called 4D systems [6]. 
  
2.3.  Dose delivery 
 
Ionization Radiation is an effective way to produce damage in a living cell. There is a wide background 
experience using either gamma radiation, X rays and protons with this objective. It is not the aim of this 
paper to make a comparative study of these methods.  
 
However, based on local capacities and experience in Cobalt 60 (Co60) gamma therapy and defining as 
basic requirement that the therapy system design should be done in such a way that output performance 
of the therapy performed by it, shall be achieved with the same or better results than other radiation 
techniques [8-9], this paper will focused on the method of tomography by gamma rays.  
 
Typical activity value for commercial Co60 gamma sources is in the range of 300 TBq and delivers 
about 2 Gy at the focus point [7]. The collimator can achieve a minimum diameter of 3 mm in the focal 
point with a 100% of the dose within a radiant penumbra cone of 9 mm diameter where dose reduce to 
less than 10% out of this region. 
 
Let us assume a rotating gantry over the longitudinal axis of the Therapy Bed, covering some 
symmetrically located angle over the better positioned location of the patient, as showed in Figure 2.  
 
In other hand, there should be n therapy planes produced by the rotation of the Gantry over the 
transversal axis of the TB. 
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                  TB size: 2000 x 600 mm 
                  Gantry Tilt: +/- 60°  X axis 
 
    
 
 
 
 
           
                 Therapy Plane: isocenter x,y,z  
 
 
 
 
 
 
 
 

Figure 2: Radiotherapy Gantry and Therapy Bed 
 
 
The isocenter of the Gantry rotation movements is a point where the TB shall be located by the X,Y,Z 
coordinates supply as data and in full relation with the 3D map of the tumour. Over the Longitudinal 
axis of the TB, the source movement may be showed in Figure 3. 
 
 
 
P: Target isocenter 
x: radial distance (mm) 
S: Co-60 Gamma Source 
ds: Source distance to P (mm) 
Xi(m): Dose Rate at 1 m (Gy/s) 
Xi(x,h): Dose Rate at x, due treatment plane h (Gy/s) 
Xi(P,h): Dose Rate at P due treatment plane h (Gy/s)  
X(x,h): Dose at x, due treatment plane h (Gy/s) 
XT(x): Total Dose at x point (Gy) 
A: Treatment range angle (1/s) 
a: Treatment plane angle (1/s) 
n: number of Treatment planes 
dB: Beam diameter (mm) 
w: angular speed (1/s) 
af: Soft Tissue attenuation factor for 1.25 Mev (1/mm) [10-11] 
 

            Figure 3: Axial axis view. TB rotation 
 
Dose rate at x distance from P point due S source movement over a treatment plane h, should be 
expressed as follows: 
 
                    Xi (x,h) dB exp[-af x] 

       X(x,h)=                                                                                                                     (1) 
                                2wx (ds – x)  
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Total Dose in a point at radial distance x from point P, due the contribution of n treatment planes, as 
showed in Figure 4, may be expressed as follows. 
 
                n 
XT(x) =  ∑ X ( x,h)     for :  x < r , h> 0        and:   r = dB / [2 sen(a/2)]                                                 (2) 
              h=0 
 
                                                        Figure 4: Therapy Bed transversal Axis 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
Solution of equations (1) and (2) for w=1 and n=10 with therapy angles A=2.1, a=A/10 gives: 
  

          Target-Skin dose ratio: TSR = 316.9                                                    (3) 
 
For this case, dB = 3 mm with a radian penumbra of 3 mm.  
 
This ratio allows for a proper planification of the treatment either fractioning or one session method 
with lethal dose levels in tumour tissue and acceptable dose values in healthy tissue. The dose 
distribution radial to point P should be viewed in Figure 5. 
 
 

Figure 5: Dose distribution radial to target point P 
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The therapy beam would have 3 or 4 collimated diameters to conform the tumour 3D shape according 
with data segmented, an conformal example is showed in Figure 6. The TB shall move to each target P 
as isocenter by a high accuracy X,Y,Z movement. 
 
  

         Figure 6: Tumour shape conformed based on 3D data. 
 
   
 
 
 
    

 
 
    
 
 
 
 
 
 
 
 
2.4 Basic Design Requirements. 
 
It is possible to resume the 3DCR system key requirements as:  
 
1) To obtain patient 3D processed images data from a proper scanner acquisition in such a way the 
virtual model of an anatomical area matches the best realistic accuracy the real patient area. 
 
2) Delivery of photon dose to the 3D coordinates with enough mechanical and beam conformation 
accuracy with over a pragmatic treatment path in order to achieve TSR > 300 and conforming the target 
area.  
 
 
3 Validation of virtual data 
 
3.1 A validation pathway 
 
Phase 1 stated in 2.4 is an avoidable stage to achieve radioprotection and quality basic standards. If 3D 
file output data does not matches the physical coordinates of target region of interest, radiation dose 
may be delivered to a wrong tissue area, therefore as basic Radiological Protection requirement it is 
necessary to validate the accuracy of the 3D file data. In other words, the conformance of the target 
shall be of same dimensions and geometrics to the real anatomical region of interest after scanner, 
software manipulation, segmentation and virtual model creation stages. 
 
With this objective, it was developed a validation process in which 3 patients were subject to planned 
surgery procedures. In these cases it was required to perform CT scans in different areas of their heads. 
 
These cases allowed the use of the CT data as input for a expert software to obtain 3D virtual files of 
regions of interest. Models were materialized in tangible plastic specimens. These specimens were 
validated against real areas geometry obtained during surgery. 
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3.2 Creation of 3D physical models 
 
It was used a cone beam type I-CAT CT scanner to perform all the tomography scans. This equipment 
has a self calibration feature activated at the start up of the machine. To perform the scanning in proper 
way, it was develop a specific instructions guideline for the scanner operator for a proper register of 
data and better suitability for software management. 
  
CT data in DICOM format was processed by different expert softwares. It was studied and practices 
with demo and academic versions of V2, 3D-Doctor and Invesalius 1 and 2.  It was acquire a broad 
experience with any of this software, with different performance results in the basic tasks of 
reconstruction the 3D images from DICOM files, segmentation, algorithms to remove artefacts and 3D 
models creation. Finally, virtual models were exported to Standard Tessellation Language (STL) binary 
format. 
 
Two different Rapid Prototyping Machines were used to materialise in physical models the STL files. It 
was used FDM and 3D Polijet methods to produces ABS and translucent resin models.   
 
Physical models were used during surgery to check X, Y, Z selected dimensions to verify a difference 
less than +/- 5% as acceptation criteria.    
 
 
3.3 Validation cases 
 
Following is the data and photos of these 3 cases. All of them fulfil the stated acceptation criteria. 
 
3.3.1 Case “SA”  
 
 
Region of Interest:  
Upper Maxilla  
Date: 06-08-07 
CT scanner:  
Cone Beam Type I-CAT. 
Voxel size: 0,2x0,2x0,2 mm 
Software: 3DD, V2,  
Invesalius1 
RP: FDM, ABS, Dimension. 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Case SA, Upper  
Maxilla view. Virtual  
Model. 
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 3.3.2 Case “ML”  
 
Region of Interest: 
Maxillofacial block 
Date: 14-1-07 
CT scanner:  
Cone Beam Type I-CAT. 
Voxel size: 0,3x0,3x0,3 
Software: 3DD,  
Invesalius1-2 
RP: FDM, ABS,  
Dimension. 
 
 
 
 
 
 
 
Figure 7: Maxillofacial 
Block, case ML. 
ABS anatomical model 
made by RP. 
 
 
 
3.3.3 Case “MA” 
 
Region of Interest: Jawbone right half   
Date: 05-12-07 
CT scanner: Cone Beam Type I-CAT. 
Voxel size: 0,25x0,25x0,25 
Software: 3DD, Invesalius1,2 
RP: Jet Printer 3D, Resin, Objet. 
 
 
Figure 8: Case MA, Virtual Model, front view 
 
 
 
 
Figure 9: Case MA, Virtual Model, bottom view.      Figure 10: Case MA, Physical Mode 
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3. Conclusion 
 
It was performed a validation work for a 3D data configuration of patients CT images. Data obtained 
and physical models created by Rapid Prototyping are within +/-5% accuracy against real anatomical 
areas of interest during surgery. It was defined basic design requirements for a conformal gamma 
radiotherapy system to achieve a Target-Skin Ratio higher than 300.  
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