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Abstract: 
 

Quality control is essential to ensure the equipment used is reliable and consistent in 
order to maintain radiation does as low as reasonably achievable whilst optimizing image 
quality and performance in mammography. 

 
The effectiveness of mammographic screening is highly dependent on the consistent 

production of high quality diagnostic images. Mammography is highly dependent on the 
equipment status, which requires an effective Quality Control (QC) program to provide tools 
for continuous assessment of the equipment performance and also data storage and analysis of 
the protocols’ data. 

 
The objective of this paper is to present the specialized software for Quality Control of 

the Mammography Units, as tool providing additional functionality for optimizations of the 
Mammography QC data storage and management.  

 
The PC program was developed according to the requirements stated in the European 

protocol for Quality Control of the Mammography Screening and the data collected as a result 
of its application in several Bulgarian hospitals. The Structured Analysis method was used in 
order to perform a case, which resulted in the development of the specialized software with a 
database module, providing the following functionality: Data Storage, Preliminary Data 
Processing and Post-Processing, Manual Data Entry, Data Import from XLS format, Data 
Export to XLS format, Printing, Data Filters, Automated Calculation, Automated Graphical 
Representation, Archiving 

 
The development of specialized QC software with a database for mammography units 

facilitates the process of QC data storage and handling and minimizes the errors.  
The electronic format for data storage is especially useful in case of long-term storage 

and periodical data analysis/access. 
The integrated data processing functionality and the automated import/export features 

based on standard platform increase the compatibility of the data. 
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Introduction: 
The effectiveness of mammographic screening is highly dependent on the consistent 

production of high quality diagnostic images. This is achieved not only skilled and 
experienced radiologists and technologist, but also by keeping the diagnostic X-ray equipment 
parameters in the optimal range.  

Mammography is highly dependent on the equipment status, as even a slight change in 
technique or processing factors could influence the image quality and radiation dose to the 
patient. To produce mammograms at the lowest dose consistent with high diagnostic 
sensitivity and specificity, careful consideration must be given not only to the selection of 
equipment but also to the establishment and continuing operation of an effective Quality 
Control (QC) program. 

Among the main objectives of each QC program is to provide tools for continuous 
data storage and analysis of the protocols’ data both as an absolute value and in time in order 
to obtain a better overview of the status of the diagnostic X-ray equipment used and take the 
respective action in case of technical problems. 

This is achieved by following standard procedures defined in the national and 
international legislation, which ensure that the results of the QC tests may be compared 
independently of the X-ray unit tested, the location, staff and time when QC was performed.  

A good solution providing tools for long term standardization of the data formats, data 
processing methods, storage and management of the QC protocols data is the development of 
specialized software. 

Based on the European protocol for Quality Control of the Mammography Screening 
[2, 3, 4] and the data collected as a result of its application in several Bulgarian hospitals [1], 
a PC program with database was developed in order to meet the above requirements. 
 
Objective: 

The objective of this paper is to present the specialized software for Quality Control of 
the Mammography Units, as tool providing additional functionality for optimizations of the 
Mammography QC data storage and management. 
 
Materials and Methods: 

The PC program developed is based on the requirements of the European Commission 
concerning the Quality Control of Mammography Units, which served as a main source 
during the preliminary investigation phase. 

The Structured Analysis method was used in order to perform a case study based on 
the data from the applying of the European protocol for Quality Control of the Mammography 
units in Bulgaria. The data from the QC of four Mammography X-ray Systems in Bulgaria 
(Table 1) was used in order to define the main functionality, data types and data flows within 
the software program and the database structure. 

 
 

Mammography Unit Location 
Siemens Mammomat C3 Sofia 
Siemens Mammomat C3 Plovdiv 
Metaltronica Flat E Stara Zagora 
TUR D-240 Shoumen 

 
Table 1. Mammography units used in the case study 

 



The main definitions and permissible ranges were extracted from the existing national 
and international legislation. 

The further design and development of the software was based on MS Access and 
VBA as main engine and MS Excel as an intermediate level for data exchange.  
  
Results: 

Based on the existing requirements for QC data storage and data processing, specialized 
software with a database module was developed. The following functionality was 
implemented within the system: 

• Data Storage 
A relational database is used as a main long-term storage tool. The intermediate 

storage is obtained by temporary data arrays, which only exist during the data processing 
stage. 

• Preliminary Data Processing and Post-Processing 
The Preliminary Data Processing and Post Processing are two functional groups which 

run only in background mode and are not directly available for the user. Their purpose is 
to guarantee data integrity on the entry, exit and during the storage procedure. 

• Manual Data Entry 
The manual data entry follows the standard Mammography QC protocol format. A 

simple wizard is implemented in this stage to guide the user and to guarantee data 
integrity and validity at the system entrance.  

• Data Import from XLS format 
The Data Import function is of a great importance, as it provides semi-automated data 

entry procedure for post-entry of QC data. The Import function is based on a preliminary 
developed MS Excel template.  

• Data Export to XLS format 
The Data Export function again uses standard (preliminary developed) MS Excel 

template. This function allows the protocols to be extracted from the database in an 
electronic format. 

• Printing 
The integrated printing module communicates with the installed local and/or network 

printers and serves as a system output. The output format again corresponds to the QC 
protocol layout. 

• Data Filters 
The data filters assist the user during the process of data extraction. They serve as 

search criteria querying the database. The following filters (search and display) are 
implemented in the system: hospital/department; unit type, period of survey, QC staff. 

• Automated Calculation 
The automated Calculation consists of a set of functions used for data processing both 

of the raw data and the intermediate results in order to obtain the final results. A 
possibility for more sophisticated module which will make an automated assessment of 
the results is also available. 

• Automated Graphical Representation 
Based on the raw data and the results an Automated Graphical Representation of the 

data is also available. 
• Archiving 
The Archiving function is the main tool both for data backup and transfer. It is base on 

simple filters which allow the extraction and storage of specific data on an independent 
(different) device/location. 

 



Level of Processing Functional 
Static Data 

- Unit data 
- QC Staff data 
- Measurement tools 

X-ray source 
Radiation quality 
AEC 
Compression 

Raw Data 
- Directly Measured 
- In-directly Measured 

Antiscatter grid 
Screen-film 
Sensitometry 

Intermediate Data Film processing 
Results 

- Directly Measured 
- Calculation Based 

Darkroom 
Viewing conditions  
Imaging system properties 

Conclusion  
  

Table 2. QC data classification 
 

The QC data used in the program is categorized using two different criteria – 
functional and level of processing (Table 2). The functional criterion define the data groups 
used in the QC protocols. Each one of them is directly linked to a specific property of the 
mammography equipment and the parameters included in these groups define the main 
technical and physical properties of the equipment, its condition and last but not least the 
influence over the diagnostic image quality. The classification based on the level of 
processing is only linked to the internal mechanisms for data processing, supported by the 
system.  

The user friendly interface and the minimum system requirements make the software a 
suitable solution for small and medium sized departments or laboratories. 
 
Discussion and Conclusion: 

The development of specialized QC software with a database for mammography units 
facilitates the process of QC data storage and handling and minimizes the errors.  

The electronic format for data storage is especially useful in case of long-term storage 
and periodical data analysis/access. 

The integrated data processing functionality and the automated import/export features 
based on standard platform increase the compatibility of the data. 
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