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Introduction 
 
Contribution of radiology to better diagnoses and treatments is evident. In parallel, efforts 
were oriented towards the improvement and control of equipment. The importance of quality 
assurance (QA) of diagnostic X-ray equipment is well recognized. Application of QA 
programme is very important when optimization of image quality and reduction of patient 
exposure is desired. In Serbia and Montenegro a substantial effort to establish national 
standards and basic quality requirements has been done, unfortunately, with partial results. In 
diagnostic radiology, for the success of the programme, it is essential to apply scientific and 
technical knowledge to definition of clear protocol for the safety and measurements of the 
performance of X-ray units. 
  
There are more than 1500 diagnostic X-ray tubes in service in Serbia and Montenegro. 
Diagnostic X-ray equipment is checked on annual basis. X-ray equipment QC protocols have 
been adopted from several international standards and guidelines [1,2], which have been 
modified according our practice and measuring equipment. The survey protocol is mainly 
oriented to the control of technical parameters of radiological equipment, and efforts to 
include patient dosimetry and image quality have are in progress. Some findings from checks 
on X-ray units are presented below. According our inventory, about one half of all installed 
units is used for conventional X-ray diagnostics, 10% are mobile units, 2% of all in units in 
operation are mammographic devices an another 2% are computed tomography units. In 
addition there are about 600 dental X-ray units, which is 36% of all units. It is worth 
mentioning that almost 30 % of all installed units have single-phase generators, another 25% 
are tree phase (six and twelve pulse) generators and nearly 9% are high frequency units. 
Majority of units was installed more than 25 years ago [3]. Also, the major problem is still 
existing fluoroscopy with fluorescent screens in the place of image intensifier.  

 
Materials and methods 
 
The Quality Control (QC) in radiography is a central part of QA programme, which deals 
with equipment maintenance and monitoring. QA in diagnostic radiology is a mean of 
maintaining standards in imaging and working towards minimizing patient and staff doses. To 
accomplish these objectives, a number of physical parameters that affect the performance of 
X-ray imaging system are to be measured. Some of them, followed by basic criteria are shown 
in Table 1. There are four stages to the checks and measurements applicable to X-ray imaging 
equipment: Critical examinations, Acceptance, Commissioning and Routine performance 
testing [2]. As a part of QA program in diagnostic radiology, the performance characteristics 
of 96 conventional X-ray units were measured in six months period during 2003. The 
diagnostic units were located in hospitals all over the country. They represent 25% of the total 
conventional diagnostic units of the country. About one half of measured X-ray units were 
new-installed. 



 
Table 1. Acceptability criteria  for QC in diagnostic radiology [1,2] 

Parameter Good Normal Poor 
Tube voltage accuracy (kV or %) 
against dial figures and variation 

 
< ±5 kV  

 
(±5 kV, ± 10 kV) 

 
> ± 10 kV 

Exposure time accuracy (t>0.1 s) < ±5 % (±5 %, ± 15 %) > ± 15% 
Output (O/P)  at 80 kV at 1 m (µGy/mAs): 
reproducibility 
variation with kVp (n) O/P ∝ (kVp)n where n: 
linearity mA 

43-52 
< ± 15% 
2.0-2.2 
±5 % 

26-43, 52-69 
(±15 %, ± 25 %) 
(1.7-2.2, 2.2-2.5) 
±10 % 

<26, >69 
> ± 25% 
<1.7, >2.5 
non-linear 

Filtration mm Al 2.5-3.5 - <2.5, >3.5 

X-ray/light beam alignment < ±1 %FFD (±1%FFD, ± 2%FFD) > ± 2% FFD 

Image intensifier spatial resolution (lp/mm) >1 - <1 

Dose rate in fluoroscopy (mGy/min) <25 (25, 50) >50 

 
The paek voltage was measured for nominal values from 50 to 100 kV (in steps of 10 kV), 
using Kietley kVp Meter Model[4]. Differences between displayed and actual values are 
recorded. The total filtration (inherent and additional) was derived from the determination of 
the half value layer (HVL) of then actual beam at 80 kV, according to the procedure 
recommended elsewhere [1]. The measurements of tube output  were performed at 50-100 kV 
(in 10 kV steps) for 100 mAs at 1m focus-to-detector distance, using Victoreen Rad Check 
Plus Model 526 ionizing chamber. The measurement at 80 kV was repeated for at least 5 
times, to determine reproducibility of the tube output. The linarity of the output  (variation 
with mA) was checked between 10 mA and 200 mAs. The exposure time reproducibility and 
accuracy for five time settings (from 0.1s to 1s) were checked using Kiethey timer Model.The 
correspondence between the light beam  and the actual X-ray beam was measured  using 
appropriate test plate by Wellhofer [6]. All fluoroscopic units tested, were equiped with image 
itensifier and Automatic Exposure Contol (AEC). Entrance surface air kerma rate was 
measured using Victoreen Rad Check Plus ionizing chamber and standard dosimetric water 
phantom [1]. Spatial resolution was evaluated using test plate by Wellhofer. All measuring 
equipment was calibrated in tracable Secondary Standard Dosimetric Laboratory in VINCA 
Institute of Nuclear Sciences. 
 
Patient doses were calculated from the X-ray tube output, using radiographical technique data 
for “standard” patient (70±10) kg in each hospital in question. This indicative dose 
assessment for most frequent radiographic examination was used to compare reference dose 
values. The dosimetry method involve a measurement of X-ray tube output (e.g. air kerma at 
defined geometry for a range of tube voltages) followed by the use of backscatter factor (BSF) 
data and geometry corrections to determine the entrance surface dose . This methodology 
enables a relatively large number of patient dose estimates from a small number of measured 
parammeters, the measurements are part of a QC program. 
 
Results 
 
The results are presented in Table 2. For all units, tube output dependence on kV2 was linear 
with r≥0.99. It is important to notice that about one half of the measured X-ray units are new 
installed and results for these units are results of acceptance testing. It is presented in the 
Table 2 that 96 % of all imaging facilities could image 1 lp/mm or better, which is considered 
to be acceptable for standard television systems. Spatial resolution for new equipment was 



better than 2 lp/mm in all facilities. Same conclusion is valid for entrance surface dose  rate in 
fluoroscopy which was (10.4±0.5) mGy/min for all new-instaled peaces of equipment. 
 

Table 2. Results of QC for  95 conventional X-ray units 
  Acceptabiliy criteria  
Parameter Good Normal Poor 
Tube voltage accuracy  64% 23% 13% 
Timer  accuracy  63% 24% 13% 
Output  at 80 kV at 1 m (µGy/mAs) 
reproducibility  
linearity  

5% 
98% 
62% 

21% 
1% 

22% 

71% 
1% 

16% 
Filtration mm Al 30% - 70% 

X-ray/light beam alignment 68% 23% 9% 

Image intensifier spatial resolution 96% - 4% 

Dose rate in fluoroscopy  94% 4% 2% 

 
The confidence  limits of the exposure values calculated from the collected data are presented 
in the Table 3. Mean, standard deviation values and coefficient of variation were obtained. 
The mean consistency results for some parameters (with standard deviation and coefficient of 
variation) are presented in Table 3. As, the new installed units are high frequency, extracting 
related results from the bulk, is can be shown that they are significantly more consistent than 
older X-ray units. Also, one of the major shortcomings of older X-ray units was inadequate 
beam filtration, which was not the case with new equipment 
 
    Table 3. Consistency of five measured parameters in routine and acceptance testing 

 Acceptance testing Routine testing 
Parameter Mean Standard  

deviation 
Coeficient of 

variation 
Mean Standard  

deviation 
Coeficient of 

variation 
Tube voltage accuracy (%) 1.4 0.8 0.5 8.6 6.8 0.8 
Timer  accuracy (%) 3.2 0.9 2.2 11.5 13.2 11.1 
O/P at 80 kV at 1 m (µGy/mAs) 
reproducibility (%) 
linearity (%) 

85.8 
0.3 
1.7 

13.3 
0.7 
1.1 

0.16 
2.1 
0.7 

73.4 
1.6 

15.5 

35.6 
1.9 

18.7 

0.5 
1.2 
1.2 

   
 
A great variation in patient doses were found in patient dose survey (Table 4). Some reasons 
for the variations became apparent, as speed class of film-screen combination, which was 
200-400, and manual exposure control settings. The typical technical factors used vary by a 
wide range. For instance, X-ray tube voltage extends from 60 to 117 kVp, for chest 
radiography and there is a tendency of smaller product of tube current and exposure time for 
high tube voltage, which provides lower entrance surface dose. Also, other equipment related, 
technologicaly limited, factors also affect patient dose in all examinations. These are three 
phase generators, insuficient beam filtration and manual exposure control setting. 
Distributions observed for various dose quantities are typically skewed, with mean values 
generally greater than corresponding medians, so small number of patients receives high 
doses. Except for chest and skull PA examination, all estimated doses are less than stated 
reference levels. The explanation for relatively high doses lies down in comparison of actual 
practice with example of good radiographic technique [6].  
 
 
 
 



Table 4.   Means(with range in parentheses) of patient weight and applied tube voltage, means (with range in 
parentheses), medians and third quartile values of entrance surface doses and mean effective doses for different 
radiographic examinations. 

 
Examination 

 
Tube voltage 

(kVp) 

 
Entrance surface dose (mGy) 

Diagnostic Refrence  
Level [4] 

(mGy) 
  Mean Median Third Quartile  
Cervical spine AP 65 (45-90) 2.3 (0.4-6.0) 2.2 2.7 * 
Cervical  spine LAT 65 (45-90) 2.1 (0.4-5.2) 1.9 3.0 * 
Pelvis AP 69 (55-85) 4.7 (1.2-18.5) 3.0 4.4 10 
Thoracic spine AP 74 (55-90) 5.2 (1.1-11.7) 4.1 6.9 7 
Thoracic spine LAT 81 (55-110) 9.0 (1.5-34.2) 5.8 11.0 20 
Lumbal spine AP 76 (63-90) 8.2 (1.7-29.9) 4.8 11.8 10 
Lumbal spine LAT 88 (70-125) 16.5(1.9-41.0) 8.2 30.0 30 
Chest PA 73 (52-95) 0.4 (0.1-0.9) 0.3 0.7 0.3 
Chest LAT 87 (60-117) 1.0 (0.3-2.4) 1.0 1.3 10 
Skull PA 68 (50-85) 3.8 (0.6-12.5) 2.5 5.2 5 
Skull LAT 66 (45-96) 4.1 (1.0-13.4) 2.3 4.2 3 

 
Conclusions 
 
Although the use of ionizing radiation in medicine is controlled by several pieces of 
legislation, the legal framework does not cover the area of QA and QC. Concerning that fact, 
in addition to legal documents, several international guidelines are used. In spite of this, there 
are still many unsatisfactory aspects in our practice. It is therefore, necessary to include 
patient dosimetry and image quality in the quality management system, which should be in 
operation in every diagnostic radiology department. In our experience, QC program has 
positive effect on X-ray equipment performance in a period of a few years. It is essential to 
perform QC tests for all installed X-ray units at least on annual basis. This would lead to 
production of consistent X-ray images, with minimal retake rate and hence, will contribute to 
decreasing of the patient dose. Patient doses are determined by multitude factors which 
interact in very complicated manner. It is very important to perform real patient dose 
measurements in hospitals. These results are link between patient dosimetry, as a first step in 
optimization of radiation protection, and quality assurance program in diagnostic radiology. 
The use of dose assessment from X-ray tube output for standard patient enables comparison 
of dosimetric data when it is not possible to perform extensive measurements using hundreds 
of patients. It is of great importance to extend the survey to large number of hospitals and to 
include complex examinations, with goal to establish diagnostic reference levels on national 
scale.  
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