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Abstract 
 
This paper presents the results of the quality controls executed in 33 X-ray rooms of Las Tunas Province in 
Cuba. Specific tests for the X-ray generators, X-ray Tube, as well as the visualization systems and darkrooms 
were included. The results also include the estimation of patient doses for some standard radiographic 
projections (thorax, lumbar spine, abdomen, skull, and pelvis). 
The results of the evaluation of X-ray equipment was made following the procedures and tolerance included on 
the technical guidelines elaborated by the National Control Center of Medical Devices, which is the center for 
regulation of medical devices in the Republic of Cuba. Patient doses obtained were compared with the references 
levels reported in The International Basic Safety Standards for Protection against Ionizing Radiation and for the 
Safety of Radiation Sources (BSS).  
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1. Introduction 
 
Several chemical and physical processes, equipment and human resources are involved, since the 
decision is taking to perform an X-Ray examination, until the moment where the image is used to 
make a diagnosis. So, it is imperative to know exactly how all these parameters influence the image 
quality and the doses given to patients. One way to do so is to implement Quality Control Programs, 
which can early detect possible failures in equipment, as well as to propose some actions to increase 
the quality of the services provided.  
    
International experience has shown the benefits obtained as a result of using those quality control 
programs, which are translated into a longer useful life of X-Ray equipments, a more effective use of 
the given doses to patients, a decreasing risk for operation personnel, a lower consumption of 
radiographic films and chemicals, as well as a decreasing of equipment downtime.  
 
Quality controls to X-ray equipment were started in Las Tunas Province, after the approval of the 
project “Strengthening of the National Quality Control Program for Radiodiagnosis”, sponsored by the 
International Atomic Energy Agency. This paper presents the results of quality controls conducted on 
33 General X-Ray equipment from Las Tunas Province, Cuba. Tests for X-ray generators, X- ray tube, 
system alignment, as well as for visualization systems (viewboxes), darkrooms, films storage, 
processors, cassettes and intensifying screens were included. Doses at the entrance of skin patients for 
standard X-Ray projections (thorax, spine, abdomen, skull and pelvis) were also determined.   
 
OJECTIVES 
 

1. To characterize the technical status of X-ray equipments, and identify possible causes of 
equipment downtime.  

2. To determine if given doses to patient for some typical X-ray examinations are in agreement 
with the reference values reported on the BSS.   

 
MATERIALS AND METHODS 
 
A number of 33 General X-Ray equipments located in 12 policlinics and 8 hospitals in the province of 
Las Tunas were evaluated. Quality controls were made following the procedures described on the 
technical guidelines elaborated by the National Control Center for Medical Devices, Ministry of 
Health of Cuba.   
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The functional parameters measured were: accuracy of the Focus-Film distance scale, coincidence of 
the radiation and light beams, Table – X-Ray Tube perpendicularity, focal spot size, kV accuracy and 
reproducibility, HVL (leakage), mAs reproducibility and linearity, and accuracy and reproducibility of 
the exposure time. Doses at the entrance of skin patients were determined indirectly from the 
measurement of the air kerma, and using the technical parameters for an exposure of a reference man 
of 70 Kilograms of weight. A semiconductor detector connected to a DIADOS electrometer was used 
for the measurements in air.   
 
To control the visualization system, the following tests were carried out: viewboxes integrity, light 
intensity and uniformity, and conditions of environment luminance in the room. For darkrooms, it was 
checked the organization, cleanness, light entrance and ventilation, as well as the location of the safety 
lamps and the fog produced by safety lights. Storage rooms were also tested in terms of environment 
conditions for storage films (temperature and humidity) and conditions of storage. Cassettes and 
intensifying screens were also visually inspected in terms of their integrity, cleanness and hermeticity 
to light.  
 
The following instruments and devices were used to perform the controls: 

Non-invasive Digital Kilovoltmeter (PTW Freiburg) 
DIADOS Electrometer (PTW Freiburg) 
DIADOS Semiconductor detector (PTW Freiburg) 
High-purity aluminum filters 
Star Pattern of 45 mm diameter, 0.05 Pb thickness, and 2° angle. 
Measuring Tape  
Sticking plaster 
Thermometer 
Densitometer 

 
RESULTS 
 
Figure 1 represents the percentage of X-ray equipments out of tolerance for each measured parameter. 
Biggest difficulties were detected on the exposure time where 62% of the equipment checked had 
deviations of the accuracy. Another parameter with great difficulties was the kV accuracy with 
deviations of tolerance in 47% of equipment. The third parameter with difficulties was the coincidence 
of light/radiation fields in which 37% of equipment was out of tolerance.  

 
Figure 1: Percent of defective equipments by measured technical parameters. 
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Inadequate HVL affected 28% of the equipments. These deviations implied that in 24% of the 
equipments the radiation doses given to patients were above the reference dose levels recommended 
on the BSS published by the International Atomic Energy Agency (IAEA). Related with this fact, it 
was found that 71% of these equipment which are giving higher doses to patients, also were out of 
tolerance in terms of kV and exposure time accuracy, and the other 29% presented problems with 
HVL. So, it was demonstrated that exposure time and kV accuracy, as well as HVL, were the 
parameters with more influence in the radiation overdose of patients. 
 
 
Table 1 represents the distribution of patient entrance doses for the more frequent radiographic 
projections. In general, the average patient entrance doses for each projection were lower than the 
reference levels recommended by the IAEA on the BSS. Seventy five percent of tested equipment was 
also in compliance with the above mentioned reference levels. Therefore, taking into account the 
recommendations of the European Communities Commission, there is a scope for action in the other 
25% of equipment, both in terms of correcting the technical difficulties detected or adapting the 
technical radiographic parameters used for each radiographic projection. This will allow decreasing 
the dose levels without loosing diagnostic quality.  
 
Table 1. Distribution of patient entrance doses (PED) for radiographic projections 
 

Radiographic Projection Average PED 
(mGy) 

% of equipment above 
the reference level 

PED Reference Levels 
(mGy) 

Thorax PA 0.38 24 0.4 
Spine LAT 14.84 20 30 
Abdomen 7.96 23 10 

 
On the other hand, the difficulties found in our study, are also directly related to diagnostic images of 
low quality, as reported in an evaluation of diagnostic accuracy of radiology departments in Cuba 
performed by the Pan American Health Organization some years ago. The above mentioned seems to 
be in contradiction with our results, which show a rejection rate of radiographic films equal to 2% per 
year in hospitals and policlinics of Las Tunas. This result is below than the expected one reported in 
the international literature for similar working conditions. The cause of this discrepancy seems to be 
the underestimation of rejected films, so films of bad image quality are being accepted to diagnose. 
For that reason, in our study this indicator could not be used to evaluate the quality of radiology 
departments.  
 
Regarding processing, main difficulties were found in hermeticity to white light, darkroom ventilation, 
incompatibility of intensifying screens and films in terms of light spectrum and speed. Additionally, 
luminance and uniformity of viewboxes were found out of tolerance in 90% of radiology departments.  
The main causes were related with the lack of cleanness and the scarcity of fluorescent tubes.  
 
CONCLUSIONS 
 

1. The quality controls performed permitted to identify the principal difficulties of the equipment 
evaluated: inaccuracy on the exposure time and kV, and low HVL. 

2. The results showed that the reference dose levels recommended in the BSS can be adopted as 
reference levels under the actual conditions in Las Tunas province. 
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