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1. Introduction     

Implementation of Quality Assurance in diagnostic radiology   results from the Basic Safety Standards (BSS) Directive 96/29/Euratom [1] and Directive 97/43/Euratom [2] of 30 June 1997 on health protection of individuals against the dangers of ionizing radiation, in relation to medical exposure. The Polish Atomic Law (Dz.U. 2001 nr 3 poz. 18 with amendment since 1 May 2004 announced in Dz.U. 2004 nr 70 poz. 632) [3] and the Ministry of Health Regulation [4] introduced the  Quality Assurance tests as obligatory for diagnoses and therapeutic equipment. 
The evaluation of Quality Assurance has been performed for 10 mammographs used in 10 medical departments in Malopolska District. The measurement have been carried out using Diados E, Diavolt Universal, acrylic slab phantoms, and aluminum filters – all produced by PTW Freiburg. The protocol of quality control has been completed in accordance with the recommendation of Malopolska Regional Unit of Epidemiology – Department of Radiation Hygiene, Krakow. 

2. Experimental

2.1. Equipment

  The Quality Assurance tests have been performed for the mammographs presented in table 1. 

               Table 1. Diagnostic X ray equipment

	No.
	Equipment
	Year of production
	Code

	1
	Elscint Mam-CH22S, Varian
	1995
	A1

	2
	Elscint Mam-CH22S, Varian
	1995
	A2

	3
	Mammomat 1000, Siemens
	2005
	A3

	4
	Mammomat C, Siemens
	1997
	A4

	5
	Bennetto, Benett
	1997
	A5

	6
	Lorad III
	1998
	A6

	7
	Sonographe 800T, GE
	2005
	A7

	8
	Mammo DIAGNOST U, Philips
	1984
	A8

	9
	Glory GLYHS, Elscin TEC System
	2001
	A9

	10
	Selenia, Lorad
	2006
	A10


The measurements were carried out using 

- Diavolt Universal is used for non invasive measurements of tube voltage of X-ray

systems (in mammography from 22 kV to 40 kV);

- Diados E can be used in conventional X-ray diagnosis, in dental, CT systems and

mammography applications. Diados E is equipped with a semiconductor detector;

- aluminium filters extremely high purity. Their outer dimensions are 100mm x100 mm and the useful field size is 80 x 80 mm; 

-tissue equivalent acrylic slab phantom (PMMA), (1 cm, 2 x 2 cm)  

2.2. Material and Methods
The Quality Assurance tests have been performed for the breast examination.

The tests consisted of the following measurements:

- entrance dose - as an entrance air kerma with scattered radiation. It was measured

with Diados E dosimeters. The detector should be placed under compensation plate, near the outer AEC chamber. The reference dose should not be greater than10 mGy for breast radiography [5].

- X-ray tube efficiency — for this measurement Diados E dosimeter was

placed on the acrylic phantom  with the compression plate removed. The focus detector distance (FDD) was measured. After the exposure at most common by used kV peak, the dosimeter readout was recorded and the efficiency at 1 m distance was calculated.

- reproducibility high voltage setting—measured with use of a Diavolt Universal placed on the acrylic phantom, five exposures were made. The reproducibility Pi was calculated using the formula
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where: Zav[kV] is the mean value of the high voltage measured, Vi [kV] is the value of one of the measured kV peak

- accuracy of tube voltage and time setting —determined with  a Diavolt Universal 

placed on the acrylic phantom and three exposures were made by changing setting parameters (kV) each time. The reproducibility Rx was calculated using the formula
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where: xm is the measured value of high voltage [kV], and xn is the nominal value of high voltage [kV].

-  breast compression force – the electronic scale was placed on the mammograph table  and the compression plate went down  automatically , then the readout was recorded
-  half value layer (HVL)- for this measurement Diados E dosimeter was placed on the acrylic phantom, AEC system was disabled, exposure was made (the most common kV settings) and the readout was recorded, followe by next four exposures. For each exposure an aluminium filter was placed between the detector and a focal spot. Then  the HVL was calculated using GnuPlot program. 
-  compensation of changes of the acrylic phantom thickness – to verify functioning of AEC (Automatic Exposure Control) system the exposures were made for  three PMMA plates of  different thickness s  (2 cm, 4 cm and 5 cm). The optical density of the exposed film was measured by densitometer. 

2.3. Results and discussion

In table 2 the results of measurements  are presented for the following set of parameters: half value layer (HVL),  reference dose, compression force, X-ray tube efficiency,. reproducibility of high voltage setting, compensation of acrylic phantom thickness and difference between nominal and measured voltage.

The Polish Ministry of Health by the  regulation [4] recommended a reference dose for mammography not greater than 10 mGy (for 5 cm acrylic phantom). Analyzing the results of the measured entrance doses, it was found that, the values of reference dose  were greater than those recommended in 5 cases (A1, A2, A3, A6, A8). However when the absorbed layer was decreased to 4 cm of PMMA (results not shown in the table 2) – more common thickness of women breast – the dose became lower than 10 mGy in each cases except for the  case A8. 

The efficiency of each measured equipments was greater than that recommended in [4]. According to the Polish Health Minister executive regulation, the efficiency of the X-ray tube should be greater than 30 (Gy/mAs for FDD equal to 1 m. 

Table 2. Results of quality control 

	Code
	HVL

[mm Al]
	Ref. Dose [mGy]
	Compression force [kG]
	Efficiency (1m)[μGy/mAs]
	HV reproducibility

[%]
	AEC compensation

[ΔD]*)
	Difference between nominal and measured voltage[kV] (three different settings)

	A1
	0,35
	11,6
	19,5
	59,0
	0,0
	<0,15
	1,1; 1,3; 1,4

	A2
	0,34
	16,8
	16,5
	33,3
	0,0
	<0,15
	1,5; 1,7; 1,4

	A3
	0,39
	13,4
	#
	58,0
	0,0
	<0,15
	1,4; 1,6; 1,5

	A4
	0,41
	9,86
	#
	43,3
	0,0
	0,21
	2,2; 2,5; 2,6

	A5
	0,38
	9,16
	#
	41,3
	0,0
	#
	0,5; 0,9; 1,1

	A6
	0,36
	12,05
	13,4
	57,7
	0,0
	<0,15
	0,5; 1,2; 1,4

	A7
	0,44
	0,97
	15,8
	44,1
	0,0
	#
	0,9; 0,4; 1,2

	A8
	#
	20,5
	7,2
	#
	< 0,5
	0,79
	0,9; 1,1; 1,7

	A9
	0,39
	#
	#
	49,7
	0,0
	<0,15
	0,8; 1,9; 2,1

	A10
	0,35
	10,0
	14,8
	62,0
	0,0
	<0,15
	0,7; 0,2; 0,2


*) ΔD=D-Dr where  D is optical density of exposed film and  Dr is reference density 
The reproducibility of high voltage was in the range from 0 kV to 0.5 kV according  to the recommended values [4].

 The recommended deviation of tube voltage was between  –1 to +1 kV. Most of equipment indicating lower  voltage  caused an increase of absorbed dose.

According to [4],  the half value layer for 28 kV should be greater than 0.3 mm Al. In  all measured cases  it was greater  sometimes even the voltage was less than 28 kV.


The breast compression force has been checked in six cases. According to [4],  it had to  be larger  than 13 kG and lower than 20 kG.  In one case – the force ~ 7 kG - was too weak to compress the breast enough. 

Only one parameter has been checked for the AEC system. It was the compensation of changes in acrylic phantom thickness. In most cases measured optical density was found within the  tolerance (ΔD = +/- 0.15) except  for the A8. In one  laboratory,  after small break in work, it has been noticed totally wrong set of  procedure parameters on reentry. The film after daylight exposure has got beige shade. It confirms the need and sense of continous tests of films and  developing procedures.

The tests presented above constitute only a part of all those required by law [4]. To complete all procedures and  tests,  it requires  much more yet time,  the Quality Assurance    for  optimization of  the  radiation protection of patients, should be carried out.
2.4. Conclusions

Mammography is a technique of imaging demanding the best quality of parameters of the image to shown each artifacts which may threaten woman breast. There is very easy to use too high or too small parameters settings and equally easy to spoil the quality of the  picture – too dark or too light. It is very important to use correct film with suitable parameters, the film answer have to be as complete as possible – contrast indicator have to stay in the range from 3.3 to 3.8,  than the film answer is quick enough. It means – a small X-rays changes reaching the film giving a lot of optical density changes, (unfortunately at the cost of  the range of  film sensibility.

The dose was considerably lower when the high voltage and tube filter were matched with breast thickness. Than the proper image  could be taken with a decrease dose and an optimum quality level which is the most important aim of Quality Assurance.


Analyzing the dose we must say that the decision about mammography should be thinked and reasonable. It should not be made too often – not more once a year unless the circumstances are exist. The decision must be justified by the age of patient, predispositions, the group of risk or other.


One of a wrong observed practice was using only molybdenum anode forgetting about the rhodium one with suitable anode filter (Mo/Rh) when the X ray characteristic pick has suitable energy, enough to go through the tissue. In extremely cases the staff even knew about its existece.
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