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ABSTRACT 

 
The realization of tissue inhomogeneity corrections in image-based treatment planning improves the accuracy 

of radiation dose calculations for patients undergoing external-beam radiotherapy. Before the tissue 

inhomogeneity correction can be applied, the relationship between the computed tomography (CT) numbers and 

density must be established. This relationship is typically established by a calibration curve empirically 

obtained from CT images of a phantom that has several inserts of tissue-equivalent materials, covering a wide 

range of densities. This calibration curve is scanner-dependent and allows the conversion of CT numbers in 

densities for use in dose calculations. This paper describes the implementation of computational tools necessary 

to construct calibration curves. These tools are used for reading and displaying of CT images in DICOM format, 

determination of the mean CT numbers (and their standard deviations) of each tissue-equivalent material and 

construction of calibration curves by fits with bilinear equations. All these tools have been implemented in the 

Microsoft Visual Studio 2010 in C# programming language. 

 

 

1. INTRODUCTION 

 

Radiotherapy treatment planning is the process of determining the most appropriate way to 

irradiate the patient. One of the most important steps of the planning process is the patient 

data acquisition required to define the target volume and accurate dose distribution 

calculation [1, 2]. 
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These data are predominantly obtained from the patient's radiological images, primarily 

computed tomography (CT), which contain all the necessary information. The CT images not 

only provide important information about the anatomy, but also allow obtaining the 

distribution density of the organs and tissues. This latter information is very important for 

accurate dose calculation, particularly when the radiation beams pass through tissue 

inhomogeneities such as lung and bone, where the attenuation is very different from the 

attenuation in a homogeneous soft tissue volume [2, 3]. 

1.1.  Calibration Curves 

 

The realization of tissue inhomogeneity corrections in image-based treatment planning 

improves the accuracy of radiation dose calculations for patients undergoing external-beam 

radiotherapy. Before the tissue inhomogeneity correction can be applied, the relationship 

between the CT numbers and density must be established [3]. The CT number, expressed in 

Hounsfield units (HU), is a normalized value of the linear attenuation coefficient of each 

voxel (volume pixel) of a CT image, where the CT number of air is -1000 and of water is 0. 

 

This relationship is typically established by a calibration curve empirically obtained from CT 

images of a tissue characterization phantom (TCP), which has several inserts of tissue 

equivalent materials, covering a wide range of densities [4, 5, 6]. Figure 1 shows an example 

of TCP. A calibration curve is scanner-dependent [7, 5] and allows the conversion from CT 

numbers in densities for use in dose calculation.  It is defined by fitting the graph Density × 
CT Number with a bilinear equation [4]. 
 

 

 
 

Figure 1. Tissue characterization phantom, 

CIRS Model 062. 

 

 

Originally, the calibration curve was used to take into account heterogeneities in dose 

calculation with analytical algorithms, where the tissues are treated as water of various 

densities. As the correlation between inhomogeneities correction factors and electron density 

(Avogadro's number times the ratio of the atomic number and atomic mass) is well known, 
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the scanners were calibrated in terms of this greatness. However, for treatment planning 

processes that use Monte Carlo methods, density is the quantity of interest [8, 9, 10].  

1.2.  Stoichiometric Calibration 

 

According to Schneider et al. (1996) [11], there is an approximation in the use of tissue 

equivalent materials for obtaining the calibration curve. The chemical composition of these 

materials is different from human tissues. To create usable materials, the levels of oxygen, 

carbon, hydrogen and calcium are altered resulting in significantly different values of density 

and CT number. 

 

A solution to this problem was given by the own authors, the stoichiometric calibration. This 

method estimates the number of CT any material or tissue (in treatment planning, human 

tissue), provided that the density and the chemical composition of this are known. Moreover, 

it is necessary to determine two parameters that are dependent on the scanner and represent 

the photoelectric absorption, coherent and incoherent scattering. The parameters are 

estimated by carrying out a least square fit of CT numbers obtained from the CT images of a 

TCP and those calculated by the stoichiometric calibration [11, 12, 13]. 

 

From the CT numbers of human tissues calculated by stoichiometric calibration, it is possible 

to obtain a calibration curve relating CT number with densities of human tissues. 

1.3.  DICOM Standard 

 

The CT images are normally in DICOM (Digital Imaging and Communications in Medicine) 

format. The DICOM standard is a set of rules for treatment, storage and transmission of 

medical images and information in electronic format, structured in a protocol [14]. 

Understanding parts of this standard is essential to develop software that reads DICOM 

images for further processing [15]. 

 

A DICOM file contains the image, its size and format, acquisition parameters, equipment 

description, and patient information. A DICOM file is composed of a File Meta Information 

section at the beginning of the file followed by multiple Data Elements. Each Data Element 

consists of four fields: a Data Element Tag, a Value Representation (VR), a Value Length 

(VL), and a Value Field [15, 16].  

 

The File Meta Information is a mandatory header at the beginning of every DICOM file. The 

Data Element Tag is an ordered pair of 16-bit unsigned integers representing the Group 

Number followed by Element Number. The DICOM Data Dictionary gives a list of all the 

standardized Group Number and Element Tags. All the related data have their own tags. For 

example, the Tag (0008, 0020) represents the research date. The VR specifies the data type 
and format of the value(s) contained in the Value Field of a Data Element; it can be separated 

into two kinds, implicit VR and explicit VR. Implicit VR means that for a given Data 

Element Tag the values can be defined by the Data Dictionary. While explicit VR means that 

the values can be represented directly by a two-byte character string, for example AE is short 

for Application Entity. The VL contains the length (in bytes) of the Value Field [14,15, 17]. 
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In this paper is shown the implementation of the computational tools necessary for 

construction of calibration curves. To implement these tools, was developed a software, the 

Ripp, in the Microsoft Visual Studio 2010 in C# programming language. 

 

2. METHODOLOGY AND RESULTS 

2.1.  Reading and Displaying DICOM Images 

 

The DICOM file can be evaluated by reading it into a byte array with a binary read, then 

using a pointer to index through the binary array. The first step is to evaluate the File Meta 

Information to ensure that the file is a DICOM file and to determine the transfer syntax for 

the Data Elements. Since the Data Elements are located sequentially and have different 

lengths, each Data Element Tag and Value Length must be decoded before the next element 

can be decoded [15]. 

 

The implementation of this phase in Ripp was based on the open source software DICOM 

Image Reader (Fig. 2), written in C # and built in Visual Studio 2008 [18]. The DICOM 

Image Reader, in turn, was based on code from ImageJ, a free Java-based viewer capable of 

displaying images of many formats, including DICOM [19].  

 

To display, CT images must be converted into 8-bit images.  In CT, the most widely used 

technique to perform this processing is the Windowing, where the Window Width (WW) 

delimits the range of CT numbers to be displayed (by determining the contrast of the image) 

and the Window Level (WL) is the center or midpoint Window Width [20, 21]. 

 

To change the WW and WL values, just click and move the right mouse button on the image: 

in the vertical direction to modify WL and in the horizontal direction to modify WW [18]. 

 

 

 
 

Figure 2. The main form of the DICOM Image Reader. 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

2.2.  Determination of the Mean CT Numbers 

 

In the quality control of CT images, the CT number calibration is performed by analyzing the 

mean CT numbers of each material of the phantom used. These CT numbers are obtained by 

selecting circular region of interest (ROI, approximately 200 mm
2
) in an image of the 

phantom [22]. It is used the same procedure to get the CT numbers of materials of a TCP. 

 

In Ripp, it is necessary first enter with the value of area of the ROI. The location of this is 

determined with the left mouse button. Clicking one point in the image appears a red circle 

superimposed to image (Fig. 3). 

 

 

 
 

Figure 3. Window of the Ripp to obtain the mean CT number of a ROI. The image 

shown is the module 1 of Gammex 438 ACR CT Phantom. 

 

 

The mean CT number and its standard deviation are calculated from the values of the pixels 

enclosed by red circle whose diameter is defined in function to the area of the ROI and the 

size of the image pixels. The size of the pixels (or pixel spacing) is obtained from the Value 

of Tag (0028, 0030). Figure 4 shows part of the code to display the red circle and to calculate 

the mean CT number and its standard deviation. 

 

The determination of standard deviations of the mean CT numbers is required for carrying 

out dose calculations by Monte Carlo methods that use the stoichiometric calibration [12]. 
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private void panel_MouseDown(object sender, MouseEventArgs e) { 

    // (...) 

    if (e.Button == MouseButtons.Left) { 

        bCircle = true; 
        ptLeft.X = e.X; 

        ptLeft.Y = e.Y; 

        MeanCTn();                     

        Invalidate(); // (...) 

(a) 

private void ImagePanel_Paint(object sender, PaintEventArgs e) { 

    // (...) 

    if (bCircle) { 
        int Rad = ROIdiam/2; // ROIdiam - diameter of the ROI 

        int start = ptLeft.X - Radius; 

        int end = ptLeft.Y - Radius; 

        Graphics gCircle = Graphics.FromImage(bmp); // bmp (Bitmap) - image displayed 

        gCircle.DrawEllipse(new Pen(Color.Red),start,end,ROIdiam,ROIdiam); } // (...) 

(b) 

private void MeanCTn() { 

    // (...) 
    for (int i = y - (int)Rad; i < y + (int)Rad; ++i) // y = ptLeft.Y and x = ptLeft.X 
    for (int j = x - (int)Rad; j < x + (int)Rad; ++j) {  

        if (Math.Sqrt((j - x) * (j - x) + (i - y) * (i - y)) <= Rad) { 

            nct = (int)pix16[i*Width+j]; //pix16 (List<ushort>) - values of the pixels 

            sumCT += nct;              
            sum++; } } 

    double nCTmed = sumCT / sum; 

    sumCT = 0; 

    for (int i = y - (int)Rad; i < y + (int)Rad; ++i) 
    for (int j = x - (int)Rad; j < x + (int)Rad; ++j) { 

        if (Math.Sqrt((j - x) * (j - x) + (i - y) * (i - y)) <= Rad) { 
            sumCT += (pix16[i* Width +j] - nCTmed) * (pix16[i* Width +j] - nCTmed); } } 

    double Dev = Math.Sqrt( sumCT/(sum * (sum - 1)) ); // (...) 

(c) 

 

Figure 4. Code snippet for calculation of a mean CT number. (a) Click event – left 

mouse button down. (b) Display of the red circle. (c) Calculation of the mean CT 

number and its standard deviation. 

 

2.3.  Construction and Display of a Calibration Curve 

 

To construct a calibration curve, first, the values of densities (P) of the FCT and of the 

respective CT numbers (H) – input data –  must be organized into a text file (*.txt, *.dat or 

*.data) as follows: two columns, on the left the densities and on the right the CT numbers, 

separated by “\t” (Fig. 5a). Fig. 5b shows the window of the Ripp for construction of 

calibration curves.  

 

As previously mentioned, the calibration curve is defined by fitting the graph P × H with a 
bilinear equation. Thus, it is necessary to define a threshold value that divides the data into 

two groups, where each group is adjusted by simple linear regression [PRESS et al., 2007]. 

As can be seen in Fig. 5b, this threshold value is a CT number that should be informed by the 
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user. Fig. 5c shows the graph of a calibration curve and the coefficients of its equation 

bilinear. α represents the value of H where the two lines intersect, (b2 – b1)/(a1 – a2). 

 

 

  
            (a)                                                                  (b) 

 
(c) 

 

Figure 5. (a) Text file with input data obtained by Schneider et al. (2000) for various 

human tissues. (b) Window of the Ripp for construction of calibration curves. (c) Graph 

and equation of the calibration curve of the file displayed in (a). 

 

 

Fig. 6 shows the steps to convert the text file with input data into an array of type PointF, 

where its properties X and Y are equal to H and P, respectively. The graph is constructed 

using the Chart class located in the DataVisualization.Charting namespace. 
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TextFile → FileStream → StreamReader → List<string> → string[]→ PointF[] 

 

Figure 6. Steps to convert a text file into an array of type PointF. 

 

 

3. CONCLUSIONS  

 

This paper shows the implementation in C # of the computational tools necessary to build 

calibration curves, used for tissue inhomogeneity corrections in treatment planning. 

Determining the calibration curve of a CT scanner can obtain the density of any material 

from your mean CT number. Posteriorly will be assessed the accuracy of the densities 

obtained by calibration curves built for these computational tools. 
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