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1. Introduction 
    The radiological procedures are of great importance for diagnostic of different diseases as 
well as its development stage. However,  the X-ray beam,  when passing through the patients 
body,  interacts with the tissue and carries the radiation risk. The radiation beam  is attenuated 
by the processes of absorption and scattering. The amount of energy absorbed by unit mass of 
medium is called absorbed dose and its unit is gray (1Gy).  
In diagnostic radiology the typical exit dose is  between 0.1% and  1% of the entry dose. 
Therefore it is necessary to minimize the dose to the patients and in this way to minimize the 
risk of radiation damage. In practice two dose quantities are important: the entrance surface 
dose and the dose-area product.  The entrance surface dose is defined as the absorbed dose in 
air at the point where the X-ray beam reaches the skin (surface) of the patient. It includes also 
back-scattered radiation.  
     The risk of radiation induced damage is decreased when the absorbed dose is reduced. The 
ALARA principles, introduced in ICRP Publication 26 [1]  states that doses to patients and 
staff should be kept as low as reasonably achievable, or as  presented by  ALARP - as low as 
reasonably practicable. 
     The international bodies and organizations : International Commision on Radiological 
Protection (ICRP), International Commission on Radiation Units and Measurements (ICRU), 
United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), 
International Atomic  Energy Agency (IAEA), World Health Organisation (WHO) [2-7]  and 
others e.g. American College of Radiology (ACR), Institute of Physics and Engineering in 
Medicine (IPEM), recommend improvement of protection and safety in medicine for patients 
and staff  in diagnostic and interventional radiology. 
In European Union the  Basic Safety Standards Directive (BSS) Directive 96/29/EURATOM 
[8] and Directive 97/43/Euratom of 30 June 1997[9] on health protection of individuals 
against the dangers of ionizing radiation, in relation to medical exposure, and known as the 
Medical Exposure Directive (MED)  are recommended.     The implementation of both 
directives mentioned above started in Poland some years ago with the Polish Atomic Law  
[10] and executive orders published by the Polish Government and Polish Health Minister.  
The new regulations on X-ray diagnostic [11-13] includes,  among others, the  diagnostic 
reference level, diagnostic standard dose and technical measuring protocol. All diagnostic 
radiology facilities should comply Quality Assurance program until 31st December 2004. 
Quality Assurance means planned and systematic actions that provide adequate confidence 
that the diagnostic x-ray equipment will recurrently produce high quality images with 



minimum dose absorbed in the patient body. Further targets of Quality Assurance is reducing 
size of the devices, energy and exposure time. 
For examples,  parameters which should be controlled are: adjustment of control and 
collimation of X-ray beam, kVp accuracy and reproducibility, exposure time accuracy and 
reproducibility, entrance skin dose, linearity/reciprocity  dose/mAs for all mA at a particular 
kV,  etc. 
      In Poland, quality control of X-ray equipment has been initiated since years 90-ties of 
XX-th century by Prof. J. Jankowski and his colleagues [14,15]  from the Department of 
Radiological Protection at the Nofer Institute of Occupational Medicine in Lodz.  
      This paper describes some examples of quality control studies  performed for selected 
conventional radiographic equipment that are  routinely used in x-ray laboratories of  eight 
hospitals in Malopolska district.   
 
2. Experimental 

2.1. Equipment 

     To estimate patient doses obtained during diagnostic X-ray examinations in chosen 
radiological facilities in Małopolska district,  two kinds of devices were used: REX – 
reference phantom (Fig. 1 a)  and CONNY II dosemeter (Fig. 1b) ; both manufactured by 
PTW FREIBURG (Germany). 
     The REX phantom [16] was constructed for the WHO-training Workshop in 1982. It is 
made of aluminium with symmetric structures of well-defined properties of X ray attenuation 
and transmission. The basic parameters of REX phantom are presented in table 1. 
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Fig. 1: a) REX phantom [16],  b)CONNY II dosemeter [17]. 

 

 
 
The phantom has resolution line groups with fifteen pairs of lines: 0,8 to 9,5 Lp/mm and dose 
contrast fields (circles, squares and triangles) characterized by different dose contrast factors 
at 80 kV. The surface of REX phantom has rectangular distance line grid (distances 10 mm) 
and marks for 400 cm2, 200 cm2 and 100 cm2 square field size. 



 

Table 1. Basic parameters of REX phantom [16] 

 

  
    CONNY II dosemeter [17] was used to measure absorbed dose and mean absorbed dose 
rate and to compare real irradiation time with the time set at diagnostic X-ray equipment. This 
device can be used for dose and mean dose rate measurements for periodic tests of X-ray 
installations for radiography and mammography within the specified energy ranges. For this 
study it operates   in range  of maximal X-ray radiation energy from 70 to 100 keV (kVp 70 – 
100 kV in radiography). CONNY II has semiconductor detector   calibrated in air kerma.  
    The densitometer Density model 07-443 produced in Cleveland, USA has been used to 
measure the amount of blackening produced on a film by the radiation. The optical density of 
blackened film is defined in D units as the log10 of incident and transmitted intensity ratio of 
visible light. The Density model 07-443 may be used in the range of optical density from 0 to 
4D e.g. when the transmitted intensity is  0.01% of the incident intensity.  
       Diagnostic X-ray equipment tested in this study was of different type, age and 
manufacturer  (Table 2). It is essential to emphasize  the fact that some of older X-ray units 
did not provide possibility to set tube high voltage over 100 kV. Others, especially new ones,  
had AEC (Automatic Exposure Control) and ADC (Automatic Dose Control) systems which 
allows to set the  parameters system of kV and mAs (mA)  in order to perform diagnostic 
irradiation in a more controllable manner. 
 

Table 2. Diagnostic X-ray units controlled with REX phantom 
 

Code of 
radiological 
department 

X-ray unit 

S1 EDR 750 B, Medicor, Hungary, 1987 
S2 EDR 750 B, Medicor, 
S3 Gen X 800 + Atlas Swiss Ray, Comet, Switzerland 
S4 SHIMADZU RS-110, SHIMADZU CORPORATION Japan 
S5 SIEMENS AG 1997, Multix TOP ACSSP 
S6 SIEMENS SIREGRAPH CF 
S7 PHILIPS DIAGNOST 15, PRTCTIX-33 PHILIPS, Holland 
S8 PHILIPS DIAGNOST 15 plus, Holland, 1995 

 

Size [mm] 250 x 250 x 27 

Material Al + PMMA 

25 mm phantom body 35 (thorax PA) 

with additional 50 mm PMMA 110 (skull) Dose attenuation factors at 

80 kV with additional 50 mm PMMA 

and 1 mm Cu 
400 (abdomen AP) 



2.2. Material and Methods 

     The control tests have been performed for the following X-ray examinations: 
 a) urinary tract (AP)   at 80 kV, 
      b) chest (LAT)   at 100 kV, 
      c) chest (LAT)  at 120 kV,  
for which  the reference dose levels  recommended by WHO have been 10mGy (a) and 
1.5mGy (b and c). 
The studies comprised the  control tests of X-ray tube with HV (high voltage) supply on the 
point of view of absorbed dose as well as the quality control of contrast and resolution of 
image recorded on X-ray film. 
     The control tests of X-ray tube requires kilovoltage measurements accuracy across full mA 
range, the entrance dose and its reproducibility, timer accuracy (to minimize difference  
between the real time  and the set time), linearity/reciprocity between the dose and electric 
charge (mAs) for all mA range  at a particular kilovoltage. 
      Tests made at 80 kV (urinary tract  AP.) as well as at 100kV and 120kV for chest (LAT), 
were in accordance with REX phantom manual to enable  checking  entrance dose and 
measure  contrast  and  film blackness. REX phantom was adjusted laterally to the table 
center line and film cassette center line in the AP or LAT  position. The exposed field size 
was set using beam size collimator to cover phantom test body. The focus-film distance 
(FFD) used for test images was the same as for typical diagnostic images made in each 
radiological facility. 
     Measurements of  absorbed dose ( an entrance dose) and its reproducibility were lead at 
source-skin distance (SSD) by placing CONNY II detector onto REX phantom body into the 
holding clamp. 
     The obtained data have been put in the report (protocol)  of quality control in accordance 
with the recommendation  of the Department of Radiological Protection, Nofer Institute of 
Occupational Medicine in Lodz [14]. 
 

2.3. Results and Discussion 

     In table 3 the entrance doses measured at  eight selected radiological departments  are 
shown as well as reference dose levels recommended by WHO for each examination. 
 

Table 3.  Measured entrance dose*) in selected radiological laboratories (S1,...,S8) and WHO  
               dose for the same examination. 
Exami-

nation 

S1 

[mGy] 

S2 

[mGy] 

S3 

[mGy] 

S4 

[mGy] 

S5 

[mGy] 

S6 

[mGy] 

S7 

[mGy] 

S8 

[mGy] 

WHO 

[mGy] 

Urinary 

tract 

(80kV) 

0.77 0.41 0.25 0.58 0.41 0.23 0.28 0.38 10.0 

Chest 

(100kV) 

0.96 0.63 0.12 0.37 0.16 0.16 3.11 0.44  1.5 

Chest 

(120kV) 

1.31 0.85 0.06 0.25 0.14 0.14 2.61 0.56  1.5 

*) ± 5% 



The most  of experimental data  shows values smaller than  limits recommended by WHO. 
Only in S7 the entrance dose for chest examination (both  at 100kV and at 120kV) are greater. 
     In table 4 all  results of  the X-ray tube quality control are  presented for the seven 
laboratories. 

 

Table 4. Results of  the quality control of X-ray unit. 

Radiological 

laboratory 

X-ray unit Accordance 

of measured 

doses 

Real and 

setting time 

accuracy 

Reproducibi-

lity of 

exposure 

Linearity 

of doses 

 

S1 EDR 750 B A1) A A A 

S2 EDR 750 B A NA2) A A 

S3 Gen X800 A A A NA 

S4 Shimadzu A A A NA 

S5 Siemens A NA A A 

S7 Philips NA A A NA 

S8 Philips A A A NA  

  1) A-acceptable; 2)NA- non-acceptable;  

     The contrast have been measured on the base of the film blackness in seven laboratories 
(laboratory S6 had the system for  a digital film processing) and the mean blackness gradient 
was about 3.5. The space resolution was between 3.4Lp/mm (S1,S2, S4, S5, S6, S8) and 
4.0Lp/mm (S3, S7). 
 

3. Conclusions 

    The main goals of the quality control program are to minimize dose to patients and to staff 
as well as to optimize image quality.  The present situation in quality of selected X-ray units 
in Malopolska district indicates clearly the need for  performing quality assurance tests 
regularly with possibility to put aside the equipment which does not comply reference levels 
as result of new  regulations ordered by Polish Minister of Health [12-13].  
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