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Abstract. The Health Sectional Direction of Antioquia DSSA and the National University of Colombia campus 
Medellin have been formalizing inter-administrative agreements to realize Quality Control Studies on the 
institutions of medical radiodiagnostics of the department. In the first phase of the project on 2006, quality control 
studies were completed on 40 conventional and 31 mammography equipments, in the second phase by the end of 
2006, 21 fluoroscopy, interventionism and C arms equipments were also studied; the third phase, finished by the 
end of 2007, counted with 50 conventional equipments. The tests proposed on the ARCAL XLIX IAEA protocol, 
tests on the installations, on the generator, on the image systems and the patient dosimetry were performed.  
From the evaluations on the installations, reports with relevant recommendations to be considerate and 
implemented to perform a better use of own resources on each institution were elaborated. On this paper, current 
results, impact on the participating institutions and the benefits from the applications that these kinds of practices 
bring to the institutions are presented. Finally, the necessity to advance towards clear politics in order to impulse 
the implementation of quality assurance programs in radiodiagnostic institutions, looking to improve the quality of 
diagnostic images with patient benefits, higher trust on technical conditions of equipments for a better and 
adequate diagnose, as well as to advance on processes seeking the optimization of radiological protection on the 
patient and the personnel occupationally exposed, is presented. 
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1. Introduction 
 
Medical applications of ionizing radiation are accepted worldwide as essential tools for protecting and 
improving human health. However, they also represent by far the largest human-made source of 
radiation exposure. The United Nations Scientific Committee on the effects of Atomic Radiation 
estimates that diagnostic medical applications of radiation account for about 95% of the exposure to 
radiation from human-made sources and about 12% of total exposure [1]. Additionally, the use of 
atomic radiations in diagnoses and interventionism procedures has increased in the last years [2]. 
Colombia is not an exception, and the use of X-Ray equipments in medical procedures is increasing. 
Quality Control, QC, for Radiodiagnostic equipments is a strategy that allows to evaluate the technical 
conditions of equipments, image quality, film development process, doses to patient, and collective 
doses assessment. Control and regulatory guidance of QC is competence uniquely and exclusive of 
Social Protection Ministry (SPM) but the exigency of application of QC programs has not yet been 
implemented [3,4]. 
The Radiological Physics group of the National University of Colombia Campus Medellin has been 
implementing Quality Control and Radiodiagnostic Dosimetry Proceedings by participations in the 
ARCAL projects [5, 6, 7] with IAEA. Health Sectional Direction of Antioquia DSSA local 
dependence of the SPM, has been implementing QC programs in the  Department of Antioquia by 
means of agreements with the National University of Colombia campus Medellin. 
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These projects are looking to evaluate technical conditions, proceedings and human resources in each 
radiodiagnostic institution, seeking to promote politics to allow advances in the implementation of 
Quality Assurance programs, looking for the optimization of resources and high quality images for 
diagnostic purposes with methods to reduce doses to patients and the adequate radiological protection 
for the occupationally exposed workers.   
 
 
2. Methodology. 
 
This project was divided in three stages, the first two were developed in the metropolitan area of the 
Aburra Valley, this region is compound by 10 municipalities, included Medellin the capital of the 
department, where 40 conventional radiodiagnostic equipments , 31 mammography equipments and 
21 fluoroscopy equipments (Fluoroscopy, C Arms, Interventionism) were evaluated. The third stage, 
developed in hospitals of municipalities of Antioquia, counted with 50 conventional radiodiagnostic 
equipments..  
Selection of installations was done from the DSSA database, taking in consideration obtaining samples 
both from urban and rural areas, in order to attain representative data about the conditions in the 
installations. Looking to promote awareness of people involved in the process, two meetings were 
carried out exposing the importance of the process and the benefits both economical and social of 
implementing the recommendations based on the evaluations on each institution. Subsequently, the 
schedules to visit and evaluate each institution were planned and afterwards detailed reports with the 
results of each study were elaborated as well as meetings of analysis with each institution. 
The QC test performed are established by the ARCAL XLIX protocol and the IAEA-TECDOC 1517, 
which consist in determinations of technical parameters of the equipments and the corresponding 
registry, visualization and image storage. 
The measurements where performed with an Ionization camera PTW TM77334, electrometer PTW 
UNIDOS E, multimeter PTW DIAVOLT (KVp, Exposure time, mAs), Survey meter FLUKE 451, the 
star pattern, Collimator-Beam Alignment Test Tool, Precision photometer and processors kit by 
Nuclear Associates For mammography quality image evaluations, the mammographic accreditation 
phantom 18-220 was used. 
 
 
 
3 Results 
 
3.1 Quality Control in Conventional Radiodiagnostic. 
 
Conditions of Beam were evaluated with two tests denominated as Beam alignment and Alignment of 
light field and X Ray field; the first one consist in determinate if the light beam guide coincides with 
the X Ray field, and the second one determinates the inclination of the X Ray field with respect to the 
receptor image plane in conventional equipments. The recommended tolerance in international 
protocols consist in verifying if the maximum distance between the edges of light field and X Ray 
field is inferior than 2% of the Focus-Film distance and the perpendicularity of X Ray field, the 
inclination must be less than 3% respect to the straight line Focus-Film. 
In the Accuracy of Tube Potential and of exposure time test, the measuring is accepted if the values 
are minor to ± 10% of nominal value. The tube output and the Half Value Layer HVL, for three phase 
equipments is accepted in the range between 50 and 100 mGym2/mAs and mono phase equipments 
between 25 and 60 mGym2/mAs, the HVL 2,3 and 2,1 at 70 KVp respectively. For Darkroom 
evaluations, light leaks and the darkroom safelight verifies possibilities of light entrance affecting the 
image quality on the film. For this test the film is preexposed to X Ray or Light looking for an optical 
density in the middle part of lineal response of the film, later in the darkroom, over the work bench, 
the film is taken out from the chassis and partially covered with a step procedure covering parts of the 
film and it is exposed to the safelight for some minutes, for example 1,2,3,4 minutes. Later on, with a 
densitometer, the optical density on the film steps is measured, the optical density differences in 
between the steps must be less than 0.05. 
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In Table 1 results from the evaluations are shown for the Quality Control tests on conventional 
Radiodiagnostic equipments where high percentages of not acceptability in the tests are evident, and in 
general terms, the X Rays equipments are without acceptance conditions and it is necessary to begin 
with reparations in some of them, and in other cases cease the use of these equipments. For the 
installations the Radiometric mapping for shielding conditions in the surrounding areas was performed 
but the assessment of occupationally doses and public doses was not possible because the installations 
do not have statistical data about patients’ quantity and workload. The darkroom safelight and light 
leaks, considering that the most part are used for mammography film development, gave as a result 
that 59% of the evaluations were not accepted. The illuminators evaluated, in the 100% of the 
institutions, were under the recommended levels of 1500 cd/m2 , being the test with highest not 
accepted value overall tests. 
 
 
Table 1: Results of Quality Control in Conventional Equipments. 

 
Test 

 
Accepted % Not Accepted % 

Beam Alignment 65 35 
Alignment of Light Field and X Ray Field 38 62 

Accuracy of Tube Voltage 63 37 
Reproducibility of Tube Voltage 90 10 

Accuracy of Exposure time 62 38 
Reproducibility of Exposure time 79 21 

Tube Output 49 51 
Tube Output Reproducibility 88 12 

Half Value Layer 81 19 
Light Box 0 100 

 
 
 
3.2 Quality Control in Mammographic Equipments. 
 
In mammography, the recommended deviation values for accuracy of tube potential is about ± 5% and 
exposure time ± 10% respect to its nominal values. The evaluation of Automatic Exposure Control 
AEC is determinated over the correction in exposition by changing the breast thickness and must 
produce an optical density difference over the film in the range of 0.15. The Tube output, at 28 KV for 
mammographic equipments must be higher than 30 μGy/mAs at one meter from the focus. For the 
Half Value Layer the minimum value recommended is 0.3 mmAl at 28 KV.  
The image quality in mammography equipments is determinated by its capacity to resolve the whole 
object set simulating fibbers, speckles and masses in the accreditation mammography phantom. A 
good imaging system should be able to see the 3rd speck group, 4th fibber and the 3rd mass. 
It is important to highlight that from the total of institutions only one has an illuminator adequate to 
mammography conditions of 3000 cd/m2 , as recommended in the international protocols, in the other 
30 the evaluations on the radiographic film are done using conventional illuminators with brightness 
level of less than 1500 cd/m2 and is a very critic acceptance test in mammography institutions. The 
mean skin surface dose was 7.4 mGy for all institutions. 
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Table 2: Results of Quality Control in Mammography Equipments. 

 
Test 

 
Accepted % Not Accepted % 

Alignment X-ray Field-Film receptor 57 43 
Accuracy of Tube Voltage 67 33 

Reproducibility of Tube Voltage 96 4 
Accuracy of Exposure time 75 25 

AEC 82 18 
Tube Output 70 30 

Half Value Layer 93 7 
Image Quality Masses Resolution 81 19 
Image Quality Specks Resolution 89 11 
Image Quality Fibers Resolution 96 4 

Alignment X-ray Field-Film receptor 57 43 
Light Box 3 97 

 
 
3.3 Quality Control in Fluoroscopy Equipments. 
 
In fluoroscopy equipments, tolerance levels for accuracy of tube tension is less than ±10 % of nominal 
value, for Half Value Layer test to 70 KVp is 2.3 mmAl, for Automatic Exposure Control AEC, where 
the system must compensate variations on thickness of the phantom by keeping the variations of the 
exposure rate at the image intensifier below to 20 % looking to keep the brightness at the television 
system, for Air Kerma Rate the tolerance levels should be less than ±10 % from nominal value and for 
useful fieldsize test the image field size diameter to nominal field size diameter should be in the range 
0.85 to 1.0 for a 25 cm diameter nominal field size.   
In Table 3 some Results of Quality Control in Fluoroscopy equipments are shown. Notice that the 
most critical test is geometry distortions on image monitor, is very important to see that most problems 
seen are in the image formation system and these equipments are intended for use in diagnostic image 
based. 
 
 
  Table 3: Results of Quality Control in Fluoroscopy Equipments. 

 
Test 

 
Accepted % Not Accepted 

% 

Not 
Available 
Data % 

AEC 27 50 23 
Accuracy of Tube Potential 68 32  

Geometry Distortions on Image monitor 10 90  
Useful Fieldsize 33 29 38 

Exposure rate at image intensifier 81 19  
 
 
 
4 Conclusions. 
 
This first evaluation in image formation system in Diagnostic Radiology in the Department of 
Antioquia, Colombia is unprecedented in the country, it has allowed the regional authorities of 
regulations and health control of the population to obtain pertinent information to take corrective 
actions in Radiodiagnostic exams. In some municipalities far away from the metropolitan area, 
obsolete conventional equipments were found and should be replaced by new equipments, corrective 
maintenance should be done on some other equipments looking to reduce the repetitions of 
radiographies and reduce the dose to patient. The situation in the metropolitan area is a little better 
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than in provinces, however, in some Fluoroscopy equipments, deficiencies on the visualization system 
were found, because its useful lifetime has finished. It is important to highlight the visualization light 
box systems, because this test had the worst results in conventional and mammography equipments 
being the mammography process the most important because the low light does not allow good 
conditions for evaluation of the mammographic film to solve the littlest details, even if the acquisition 
process was successful. The mean Skin surface dose was evaluated over the average considering 
mammography system with and without anti scatter grid. In the total of evaluated institutions, the Staff 
is misunderstanding between Quality Control programs and maintenance programs, considering that 
equipments are evaluated individually by each manufacturer and there is not a person in charge to 
optimize the performance of the equipments. 
It is necessary to create awareness in the management authorities in hospitals, looking to stabilize 
Quality assurance programs to optimize procedures in Radiodiagnostic process and obtain diagnostic 
images with a dose as low as possibly achievable. 
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