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Abstract. This study has evaluated the impact of the introduction of CR technology in the routine of two 
mammography services operating with Lorad Affinity x-ray units and CR Fuji Profect One system. Mean 
glandular dose was determined to set Automatic Exposure Control parameters according to optimal image 
quality. Reject analysis of patient images was made to establish the overall impact in routine work. As regards to 
dose evaluation, the results show that in 44% of mammography exams the MGD were above action levels. It is 
due to inadequate AEC adjustment and insufficient training of the staff in operating CR systems. In addition, 
common errors with screen/film systems like wrong breast positing and selection of exposure parameters, as well 
as x-ray unit failures like insufficient anti scatter grid movement still occurs. This is an indication that ongoing 
efforts should be concentrated in the constancy of AEC adjustment for CR image plates and staff training.  Until 
now, brazilian health authorities did not implement any program to evaluate digital systems performance, but 
efforts are being done in order to provide guidelines to breast screening aiming the control of breast dose 
compatible with optimal image quality. 
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1. Introdution  
 

Mammography is considered the main method for detection of breast cancer in early stages and 
due to its importance for the health system a quality assurance program in every mammography ervice 
is needed [1,2,3]. However, the mammography effectiveness depends on the ability of the radiologist 
to detect malignity signals [3]. In this sense, digital mammography has numerous potential advantages 
hen compared with screen/film (S/F). It has a large dynamic range (linear response in the range of 
1000:1 compared with 40:1 in screen/film mammography) [4]. Also, image processing of digital data 
allows the manipulation of contrast in such a way that higher contrast image resolution can be 
obtained, especially for denser breasts images [4-5-6]. In digital mammography the image acquisition 
process, displaying and storage follow a different line of that of conventional mammography. 
Although this dissociation made it possible to optimize each component individually, it also 
introduced new challenges [7]. 
 

In this work it was used the technology of Computed Radiology (CR) where the imaging 
plates (IP), available in standard mammographic cassette sizes, are located in cassettes for exposure in 
standard screen-film Bucky trays. In response to the absorption of X rays, electronic charges are stored 
proportionally in “traps” in the material of the phosphor, where they remain stable for some time [8]. 
After irradiation, the screen is stimulated by a scanning laser beam, to release the deposited energy in 
the form of visible light. The released photostimulated light is captured by a light detector, converted 
to digital signals, and registered with the location on the screen from which it has been released. The 
digital data are then postprocessed for appropriate presentation, and are sent to a hard-copy printer or a 
soft-copy display monitor for medical evaluation [9-10-12].  

 
The automatic exposition control (AEC) system ensure the optimal exposure of the image 

receptor, but The response of computed radiography (CR) imaging plates (IPs) to X-ray beams of 
different energy is substantially different from that of conventional film screen combinations. 
Automatic exposure control (AEC) systems programmed for film maintain a constant optical density 
(OD) regardless of the beam quality incident upon the cassette [11]. 
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Mean Glandular Dose (MGD) calculations normally are executed according to the method of 

Dance, that, in 1990, based in Mount Carlo calculation, with factors that allow the conversion of 
kerma of incident air in the breast surface in absorbed dose [13].  

 
Analysis of rejected films, which consists in counting of the rejected films in accordance with 

of the cause of rejection of each one, yields information about the efficacy of a department and is the 
basis for quality control and education of technologists [13]. Because digital technology still being at 
its early development stages, setting a credible rejection analysis program became too a task of the 
study [14]. The rejection causes of one image in system of computed radiography observed were 
related, especially:  

 
 To the patient, due to not following orientations before and during the exam, such as the use 

of products that contain metallic substances, i.e. deodorant, ointment and powders;  
 to the technologist, for the lack of technical knowledge, inexperience and lack of attention;  
 to responsible person for the images manipulation and impression at console, which presents 

the deficiency same of the technologist.  
 
The objective of this work is to evaluate the impact of introduction the CR technology in routine and 
patient dose. 

 
2. Materials and methods 
 
2.1 Mammography Equipment Tests 

 
Two mammographic equipments from Lorad Affinity were tested just after acceptance. In each 

equipment we used the system S/F to assess the: 1) collimation, accuracy and reproducibility of tube 
tension; 2) reproducibility and linearity of kerma rate in the air; 3) accuracy and reproducibility of the 
exposition time; 4) reproducibility of the AEC; 5) control of density performance; 6) half-value layer 
(HVL); 7) focal spot, 8) compression system, 9) image quality, 10) entrance surface air kerma and 11) 
MGD. 
 

The performance of the AEC system was assessed in terms of reproducibility and accuracy under 
different object thickness and beam quality.  

 
According to the literature the AEC system should adjust target (tube anode, i.e., molybdenum or 

rhodium), filter (molybdenum or rhodium) and tube voltage such that image quality is sufficient and 
dose is within an acceptable range [8-11]. However, it is important to mention that the Lorad Affinity 
equipments does not provide rodhium target. 

 
The evaluation of AEC and image quality were done with the acrylic plates (poly(methyl-

methacrylate) - PMMA) and the breast simulator object (Mammographic Accreditation Phantom -
ACR), respectively. The latter contains insertions that simulates the fibers, specks and tumor masses in 
the breast´s tissue. The exposition was always made in the automatic mode.  

 
The AEC and image quality tests were performed with the equipments calibrated form the S/F and 

CR in years 2007 and 2008, respectively. 
 
Each CR maker has its own exposure coefficient value, which is a computer-generated parameter 

relating to the response of the IP phosphor [11], and so the maintenance team must come to re-adjust 
the AEC and check the image quality and dose.  The parameter employed by Fuji is the sensitivity 
number (S) given by equation 1: 
 
 )4(104 SkxS −=                                                                                                                                     (1) 
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 where Sk is the central value of logarithmic expression of the X ray dose range reads as digital image 
data [12]. In general the CR maker specifies for S a range of values. 
 
Therefore, the mammography equipment accesses the look-up-table (LUT), into the X-ray unit, and 
reads the values of target, filter, tube voltage and dose, according to the compressed breast thickness 
(we selected thickness varying between 20 e 70 mm), to determine an exposure according to the S Fuji 
values (20-80). 
 

During the tests doctors, maintenance team from Lorad and the physicist of the clinical service 
worked together to establish the standard exposition for the dose and image quality, approximately  
according to the Fuji S values specified.  

 
The definition of the standard exposition for the dose and image quality was only possible because 

we had in the service a great amount of images of the phantom, which were acquired during the period 
of transition between the systems. Unfortunately, an ionizing chamber was not available and we did 
not registered the dose values for these images, only the mAs exposure was registered. The value of 
dose was measured, with an ionizing chamber, annually or when a significant alteration of the 
equipment was carried through. 

 
2.2 Patient Dose 

 
The first registers of dose of entrance surface air kerma and MGD they had been carried through 

with mammography LORAD Affinity 4 months after its installation, with Ionizing Chamber 6M n/s 
8470 – Radcal Corporation) using S/F system. The adopted methodology and limits for of entrance 
surface air Kerma it´s 10 m Gy and for MGD: acceptable < 2,5 mGy, achievable < 2 mGy, [8]  

 
The pattern value of MGD was calculated by applying the Dance method, described in equation 2. 
 

 MGD=K.g.c.s                                                                                                                                      (2) 
 

Where: K is the entrance surface air kerma (without backscatter) calculated at the upper surface of the 
PMMA. The factor g, corresponds to a glandularity of 50%, and is derived from the values calculated 
by Dance et al 2000 [8]. 

 
After 5 months of the complete transition to CR technology was made and the AEC was 

recalibrated for CR Fuji Profect One and IP´s use. Then, it was done a new test to evaluate the kerma 
values of skin penetration (utilizing Ionizing Chamber CI-Keithley 96035 B) and MGD. 

 
The values of dose were high and therefore a new AEC calibration of the two rooms it was 

requested the dose evaluations had been repeated using RAD-CHECK MAMMO 06-526 and with 
Fluke Ionizing Chamber 600 529 model. 

 
2.3 Rejection Analisys 
  

In order to optimize the service after the implementation of system CR and to identify 
problems that had been not yet solved after the period of adaptation to the new technology, it was 
carried through a comparative study of two analyses of rejection, the one soon after installation of the 
system (2007) and another pasts 7 months (2008). 

 
In these four months of collection of data, each technician was responsible for writing down 

the film rejection cause, in the case of printed images, or in tables, in the case of rejected examinations 
in the soft copy system. The rejection causes were classified in accord to the following error sources:  
 
Patient: Motion artifact, Deodorant, ointment and powders artifact. 
Technologist: Positioning errors, Fold artifact, and Failure to use of grid. 
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Responsible for the manipulation and impression of the images at console: artifact in IP, window 
(dark), window (bright), duplicate film, no centralization breast at film, absence of cut around of the 
breast, extraction of region of interest, during processing, reversed breast in film, improper size of 
images, improper size of film, incoherent assembly with the protocol defined, identification in region 
of interest, reverse identification, absence of identification, patient wrong name. 
Equipment: Problems in the mammography units. 
Radiologist: Exam out of the quality pattern. 

Some rejection causes are related to problems at mammography unit and to less quality pattern 
than the established by radiologist, however those present a smaller rejection index.  

 
3.Results    
 
3.1 Mammography Equipments Tests 
 
It´s recommended that, before the system is put into clinical use, it must undergo acceptance testing to 
ensure that the performance meets these standards. But the prices of the quality control equipment in 
Brazil are so expensive, and the acceptance routine normally is not realized and the tests, never are 
realized in al most of clinics. But for this work, the tests were accomplished four months after the 
installation. 
 
Table 01: Resume of results obtained in required tests on mammography equipment, room 1 and 2, 4 
moths after install.  

 

Required Tests 
According with MS- 

453/98  
Room 1 Room 2 

Tube Voltage-  Accuracy- Large Focal Spot Accord Accord 
Tube Voltage-  Accuracy- Small Focal Spot Accord Accord 
Tube Voltage-  Reproducibility- Large Focal Spot Accord Accord 
Tube Voltage-  Reproducibility- Small Focal Spot Accord  Accord  
Reproducibility of Exposure Time- Small Focal Spot Accord Accord 
Reproducibility of Exposure Time- Large Focal Spot Accord  Accord  
Half Value Layer Determination Accord  Accord  
Reproducibility of Air Kerma Rate Accord  Accord  
Tube Output - Large Focal Spot Accord  Accord  
Linearity of air Kerma rate Accord  Accord  
Compression System Accord  Accord  
Collimation System Evaluation- Image Field Congruency Accord  Accord  
Collimation System Evaluation - X Ray Field Extension Accord  Accord  
Collimation System Evaluation -Compression Plate Alignment Accord  Accord  
Automatic Exposure Control System Performance Accord  Accord  
Focal Spot Size – Large Focal Spot 0,52 - 0,37  0,50 - 0,32  
Focal Spot Size – Small Focal Spot 0,15 - 0,16  0,14 - 0,14  

 
The work of the maintenance team it was concentrated in establishing the values of product 

current versus time (mAs) that the values of dose would be adequate S and for the quality of the 
image, showed in the table 2, in accordance with the previous registers, together with the doctors, and 
the physicist of the clinical service . 

 
The results had shown that it is possible to make de AEC calibration in both equipments, leaving a 

minimum difference between the two rooms. This results are very relevant, because the examinations 
patterns are maintained and the technicians can apply the same standards of assessment in both the 
rooms 

 
Table 02: Comparative results of AEC calibration of Room 1 and Room 2 
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Mo Room 1 Room 2  Rh Room 1 Room 2  

 mAs mAs % var  mAs mAs %var.
kVp    kVp    
24 184 182 1,09 28 62,7 60,5 3,51 
25 138 136 1,45 29 51,5 51,2 0,58 
26 106 109 -2,83 30 85,2 84,8 0,47 
27 80,1 81,4 -1,62 31 74,1 73,8 0,40 
28 62,9 63,6 -1,11 32 61,7 60,6 1,78 
29 51,7 52,4 -1,35 33 54 53,9 0,19 
30 45,5 46,2 -1,54 34 47,7 45,2 5,24 
 
Adjustments had been carried through large and small spot, always searching to keep answers of 

AEC that are similar for the selected thicknesses, shown in the tables 3 and 4. 
 

Table 03 – Results to large spot calibration 
 

Large Spot - Auto kV 
Room 1   Room 2     

% Var Tracking kVp mAs Tracking kVp mAs 
2 cm 25 28,7 2 cm 25 29,2 2 cm -1,74 
3 cm 28 35,7 3 cm 28 36,4 3 cm -1,96 
4 cm 25 135 4 cm 25 132 4 cm 2,22 
5 cm 29 113 5 cm 29 110 5 cm 2,65 
6 cm 30 195 6 cm 30 192 6 cm 1,54 
7 cm 30 289 7 cm 30 284 7 cm 1,73 

 
Table 04 - Results to small spot calibration 

 
Small Spot - Auto kV 

Room 1   Room 2     
% Var Tracking kVp mAs Tracking kVp mAs 

2 cm 25 30,5 2 cm 25 30 2 cm 1,64 
3 cm 28 43,2 3 cm 28 39,5 3 cm 8,56 
4 cm 30 54,8 4 cm 30 54,9 4 cm -0,18 
5 cm 30 102 5 cm 30 98 5 cm 3,92 
6 cm 30 130 6 cm 30 132 6 cm -1,54 
7 cm 30 - 7 cm 30 - 7 cm N/A 

 
The Table 4 shows the results of image quality evaluation.  
 

Table 04: Image Quality of Phantom ACR. 
 
Visible Structures Room 1a Room 2 a Room 1 b Room 2 b Room 1 c Room 2 c 

Fibers 5 4 5 5 5 5 
Masses 4 4 5 4 4,5 5 
Speck groups 4 4 3 3 3,5 3,5 
Total 13 12 13 12 13 13,5 

(a) Results of  SF, (b) Results of  IP 2007,(c) Results of  IP 2008 after last calibration  
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The radiologist is provide with images that have the best possible diagnostic information and the 
images should at least contain the defined acceptable level of information, necessary to detect the 
smaller lesions. The minimum score of four fibers, three speck groups, and three masses are defined 
by the scoring system of the ACR Phantom. 

 
3.2 Patient Dose 
 
In the three stages of system transition, the dose values of entrance surface air kerma and MGD were 
measured. However, in Brazil, the availability of equipment for usual dose measured is not frequent. 
The monitoring of the mAs can be a dose indicator, since that initial conditions of the system are 
know. The table 5 shows the values of the mAs which were obtained in the same conditions described 
in table 2. Based on the mAs changes due the S/F transition which called the attention since the dose 
values were too higher than before the transition. The difference of exposition between Room 1 and 
Room 2 would be also evaluated, because it implies too different image quality patterns between the 
two rooms. 
 
High dose give good image quality. However, they are harmful to the patient. Lower doses can lower 
image quality, harming the diagnoses. Neither situation is adequate, and both need corrections. 
 
Table 05: Indicadores de dose nas Room 1 and Room 2  
 

Indicators Room 1a Room 2 a Room 1 b Room 2 b Room 1 c Room 2 c 
kVp 26 26 26 25 25 25 
mAs 86,0 90,0 120, 0 169, 0 92,0 91,0 
Entrance surface 

air Kerma (mGy) 
12,68 9,39 13,83 17,38 10,03 11,02 

MGD(mGy) 2,25 1,71 2,70 3,61 2,48 2,81 
 
3.3 Rejection analysis 

 
The main causes of rejection had been. These causes are presented in figure 1, to following 
 

 Wrong positioning of patient and movement of the patient, that they are inherent factors in 
such a way to the analogical system as to the digital one 

 Film duplicate, that it is an error of the operator and not of the printer;  
 mage without adequate clipping of the anatomical structures, harming the aesthetic one of the 

images;  
 
Figure 01: Comparison of major causes of rejection between 2007 and 2008.  
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The errors due to the responsible for the manipulation and impression of the images at console, 
showed in the figure 2 and in the table 6, they show that this is the critical phase of the process. In case 
that the images are printed with errors, the cost of the examination will be bigger for the clinic, 
therefore films of printers Dry View are more expensive, on average, the triple of the film for system 
S/F. And the same manner, if the examinations are not printed matters and the patient does not need to 
repeat the examination, the lost time in the manipulation of the images, it means loss of time for the 
attendance of new patients. 

 
Figure 02: Rejections due errors in manipulation and impression at console. 
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Table 06: Quantity of reject films of according of source of errors: 
 

Origin of Errors 2007 (%) 2008(%) 
Patient 8,7 6,8 
Technologist 20,3 32,9 
Responsible for the images at console 71,0 54,0 
Equipment 0 0,6 
Radiologist 0 5,7 
Total(%) 100 100 

 
4. Discussion and Conclusion 
 
The initial tests of conformity of the two mammography units had revealed adequate. However, 

with the modality transition S/F for CR, the AEC response to the calibration one revealed inadequate, 
also with values of dose 44% above of the recommended one. 

 
Then the problem increased due to the difficulties of the maintenance staff to define the LUT´s 

which were in accordance with the CR fabricant recommendations. For an adequate calibration of the 
AEC, the maintenance staff needs to know the equipment’s software very well. 

 
Data from the doses and image quality are important sources of knowledge which corroborate with the 
maintenance staff. The data show that it is possible to establish an answer pattern of the  AEC, 
compatible with dose, image quality and adequate S value.   
 

Calibration difficulties of the AEC also can collaborate with the exam rejection. However, the 
results show that, in spite of the positioning criteria holds on being the same, positioning mistakes, 
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related to the technologist, are the second main cause of exam rejection. It happens even if the 
personnel pass through continued education programs. Fails related to the technologist contribute to 
the increase in dose in the patient, for the increase in costs due to the reduction of available time to 
help other patients and even due to the fact that Fuji IP has guaranteed development until an average 
number of 40,000 expositions. The exams repetition reduces the useful life time of the IP, resulting 
also in the increase of the costs for the clinic. Since that, unfortunately, it is still necessary to elaborate 
new continuous education programs and the theme must be treated again.        
 

Taking in consideration those data, it is fundamental which the member states shall ensure that all 
staff involved in a radiological procedure has adequate theoretical and practical training for the 
purpose of radiological practices, as well as relevant competence in radiation protection. It also states 
that continuing education and training after qualification is provided, with a provision of appropriate 
training for practitioners conducting special practices.  

 
Unfortunately, the equipment for the conformity tests developing are still very expensive and are 

not always available to the tests realization right after the maintenance is done. This allows that in 
many times the patient is exposed to higher radiation doses that it is recommended. The technology in 
digital mammography is still very recent and the maintenance staffs are also having difficulties to do 
the AEC´s calibration correctly. Multidisciplinary personnel with maintenance technicians, doctors 
and physicists must work together to establish, inside the clinic, the pattern of image quality which 
defines an adequate dose pattern to the patient without harming the diagnostic.    

 
Still it will be necessary to carry through new adjustments in AEC, however, this first experience 

samples that it is necessary to work together with the maintenance team, in order to establish the 
parameters of quality and dose of the health service. 
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