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ABSTRACT 

 
In this work, the performance of an image receptor for computed radiography system, Kodak CR850, was 

assessed through tests, recommended by the European protocol, with a specific image plate for mammography 

where were analyzed the Contrast-to-noise ratio (CNR) and uniformity and linearity of detector. The CNRs 

were 14.1, 11.7, 10.3, 8.4, 7.1 and 5.9 for 2, 3, 4, 5, 6 and 7 cm polymetnthylmethacrylate (PMMA) thickness, 

respectively.  The linearity between detector response and dose, obtained a correlation coefficient (R
2
) greater 

than 0.99, and the maximum variation found in the detector uniformity calculation was 3.94 in the lower right 

corner.  

 

 

1. INTRODUCTION 

 

Breast cancer is the most common cancer among women, and early detection is critical to its 

diagnosis and treatment. To date, the most effective method for early detection of breast 

cancer has been x-ray mammography for which the screen/film (SF) technique has been the 

gold standard. However, even though SF combinations have been improved and optimized 

over the years for breast imaging, there are some critical limitations, including a narrow 

exposure range, image artifacts, film processing problems, and inflexibility in image 

processing and film management. [1] In recent years, digital mammography has introduced in 

cancer screening programmes with the screen/film techniques gradually being phased out. [2] 

 

Computed radiography (CR), also commonly known as photostimulable phosphor (PSP) 
imaging or storage phosphor, employs reusable imaging plates and associated hardware and 

software to acquire and to display digital projection radiographs. [3] 

 

X-ray absorption mechanisms are identical to those of conventional phosphor screens used 

with film. They differ in that the useful optical signal is not derived from the light emitted in 

prompt response to the incident radiation, but rather from subsequent emission when the 

latent image, consisting of trapped charge, is optically stimulated and released from 

metastable traps. This triggers a process called photostimulated luminescence (PSL) resulting 

in the emission of shorter wavelength (blue) light in an amount proportional to the original x-

ray irradiation. In CR, an image plate (IP) containing the storage phosphor is positioned in a 

light-tight enclosure, exposed to the x-ray image and then read out by raster scanning with a 

laser to release the PSL. The blue PSL light is collected with a light guide and detected with a 
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photomultiplier tube (PMT). The PMT signal is digitized to form the image on a point-by-

point basis. [4] 

 

 

2. MATERIALS AND METHODS 

 

The evaluation of image receptor was based on the European guidelines for the quality 

control of physical and technical aspects of mammography screening.   

 

2.1. Equipment 

 

The mammography unit (Figure 1) used in this study was: Siemens – Mammomat 3000 

Nova, with an inherent filtration equivalent to 0.02 mm Al.  

 

 

 
 

Figure 1. Mammography unit 
 

 

 

The tube voltage ranges from 23 to 35 kVp (steps of 1 kV). The mAs value varies from 2 to 

752 with an exposure time from 10 ms to 7 s. This equipment has a source-receptor distance 

of 65 cm. The reader unit was a CR850 DirectView, Kodak, with a HER M2 mammography 

plate, Kodak (figure 2). 
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Figure 2. Reader unit and image plate 

 

It was used an ionization chamber of 6 cm
3
 sensitive volume from Radcal Corporation 

manufacturer, model 10X5-6, which presents a dependence lower than 2% in the low energy 

range. The ionization chamber is connected to a Radcal Corporation electrometer, model 

9015, figure 3. 

 

 

 
 

Figure 3. Electrometer and ionization chamber 

2.2. Methods 

2.2.1. Contrast-to-Noise Ratio (CNR) 

 

CNR measurements were performed by exposures of PMMA plates in the thickness range 

from 20 to 70 mm (steps of 10 mm), using the automatic exposure control (AEC) settings. 

The compression paddle was in contact with the PMMA plates. 

A 2 cm thick PMMA phantom was imaged with an aluminium object of 0.2 mm thickness 

positioned at 6 cm from the chest wall side on top of the PMMA. The position of aluminium 
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object is shown in figure 4. Mean pixel value (MPV) and standard deviation (SD) were 

measured in a region-of-interest (ROI) of 4 cm
2 

with (position 2) and without (position 1) 

aluminium object. 

 

 
 

Figure 4. Position of the aluminium filter for the CNR measurement 

 

Then, the CNR was calculated by the following formula: 

 

 

                        ��� �  ���	 
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                                     (1) 

 

After that, the measurements were repeated for 30, 40, 50, 60 and 70 mm PMMA thickness. 

 

 

2.2.2. Detector uniformity 

 

The uniformity of the image receptor was obtained by exposing at clinical settings a 4 cm 

thick PMMA phantom covering the complete detector. Unprocessed image was evaluated by 

calculating the mean pixel value and standard deviation in a ROI (a square with an area of 1 

cm
2
). The ROI was moved over the image according to figure 5. 

 

 
 

Figure 5. Detector uniformity evaluation 
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The variation between the ROIs was calculated by the formula: 

 

                                   +,-.,/.01 % �  ����3 � 3��4 ��3� –�3� 6���3�3� 6���3  7 100                        (2)                             

 

 

2.2.3. Detector Linearity 

 

The response function of the detector can be assessed by imaging a standard test block with 

different entrance doses at the clinically used beam quality. The manual mode must be used 

for this measurement. At least 10 different tube loadings (mAs values) are used. The range of 

mAs values should be chosen such that the linearity measurement includes a wide range of 

entrance surface air kerma.  

For system with a non-linear response, such as currently available CR system, is plotted mean 

pixel value against log relative entrance surface air kerma. Post processing should be turned 

off as much as possible. The linearity is determined by plotting the best fit through all 

measured points. Then, the square of the correlation coefficient (R
2
) is calculated. [5] 

 

 

 

3. RESULTS AND DISCUTION 

 

 

3.1. CNR 

 

 

Table 1 shows the results obtained and the limiting values of CNR measurements. 

 

Table 1. CNR 

 

PMMA 

(mm) 

Voltage 

(kV) 

Charge 

(mAs) 

MPV 

(signal) 

SD 

(signal) 

MPV 

(Al) 

SD 

(Al) 
CNR 

Relative 

CNR 

(%) 

Limiting 

Values 

(%) 

20 26 32.1 2400 7,6 2287 8,4 14,11 168 >132 

30 27 56.5 2388 7,8 2291 8,7 11,74 140 >121 

40 28 95.3 2397 8,5 2307 9 10,28 123 >110 

50 30 121 2349 8,3 2276 9,1 8,38 100 >100 

60 32 154 2330 8,7 2267 9,1 7,08 84 >84 

70 32 263 2338 8,6 2286 9,1 5,87 70 >68 

 

 

The CNR results are in agreement with the values established by the European protocol for 

all PMMA thickness. The results also show that the worst CNR results happened for the large 

PMMA thickness.  

 

3.2. Uniformity 

 

The maximum variation in mean pixel value must be < ± 15 % of mean value in all selected 

ROIs. Table 2 shows the uniformity variation in each area selected of image.  
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Table 2. Detector Uniformity 

 

Voltage 28 kV 

Charge 63 mAs 

MPV 
Top left Top right Center Lower left Lower right 

374 375.3 373 367.7 371.8 

Average 372.4 

Variation (%) 0.44 0.79 0.17 -1.25 -0.15 

 

 

The results indicate that the maximum variation was -1.25 on lower left corner. 

 

 

3.3. Linearity 

 

The values of charge, kerma, log kerma and mean pixel value are presented in table 3. 

 

Table 3. Linearity data 

 

Charge (mAs) Kerma (µGy) Log Kerma (µGy) Mean Pixel Value 

4 360,5 2,56 1293 

8 761,5 2,88 1623 

16 1576 3,20 1940 

25 2492 3,40 2135 

32 3205 3,51 2244 

45 4520 3,66 2391 

63 6350 3,80 2540 

100 10110 4,00 2731 

140 14170 4,15 2884 

250 25330 4,40 3136 

 

 

Figure 6 shows the best fit through all measured points. The correlation coefficient (R
2
) value 

calculated was 1, therefore, greater than 0.99 that it`s the acceptance value from European 

guidelines. 
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Figure 6. Linearity curve 

 

 

4. CONCLUSION 

 

It has been shown that image receptor analyzed, through CNR, uniformity and linearity tests 

realized, compared well with values recommended in the European guidelines for quality 

assurance in breast cancer screening. The CNRs values were in according to established 

limits, the maximum variation found in the detector uniformity calculation was in 3.94% in 

the lower right corner and the linearity between detector response and dose obtained a 

correlation coefficient (R
2
) greater than 0.99 that it`s the limit value. 
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