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Abstract. The medical exposures have a significant contribution to the doses received by the population, 
although it has been given minor attention than to other exposure forms, despite of existing potentialities of 
reducing doses to the patients as consequence of these applications. In the last years the scientific community 
and international organizations have defined requirements to contribute that the doses to the patients are the 
minimum ones necessary to achieve their diagnostic objective. 
 
The present work gives the results obtained in the evaluation of the image quality and doses for exams of thorax 
PA, lumbar spine AP and lumbar spine lateral, carried out in 2 university hospitals of Havana, as well as the 
contribution of this investigation to the establishment of the guidance levels in our country.   
  
During the investigation it took as reference for the evaluation of the image quality of the radiological studies the 
emitted criteria by European Union. The behavior of these approaches for the case of the thorax studies 
presented its biggest difficulties with the achievement of the approaches related with the visualization of 
breathing structures, being the execution percentages lower than the remaining countries of the region. In general 
the behavior of the approaches of quality image in the studies of lumbar spine was lower to the remaining 
institutions of the region which participate in the ARCAL project.  
   
The behaviors of the image quality approaches are associated to different technical factors. The obtained results 
of doses for thorax PA are bigger than the recommended International Standards Basics in both hospitals. 
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1. Introduction 
 
The ionizing radiations have wide medical applications with tendencies to the growth of their uses, 
contributing their benefits to the improvement of the human health.   
 
For some years the international scientific community has justified concerns the contribution of the 
medical applications with ionizing radiations to the doses received by the world population 
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representing 12% of the total exposure for natural and artificial sources.  Additionally in occasions the 
exposures prescribe are excessive, unproductive and of low qualities not completing their purpose. 
 
These reasons have influenced that international organizations lend special attention to the protection 
of the patients to minimize derived risks of the medical exposure. [3] 
 
In spite of the significant contribution of the medical exposure to the doses received by the population, 
as they generally contribute to the patient's direct benefit during a lot of time they have paid smaller 
attention that to other exposure forms. 
 
In consequence in the last years the scientific community and international organizations have defined 
requirements to reduce the medical exposure to patients to the necessary ones for their diagnostic or 
therapeutic objective. They have been established guidance levels for the different medical 
applications you diagnose, associated to approaches of image quality like expression of good practical 
and optimization for medical exposure. [1] 
 
These arguments motivated the execution of a national project of investigation-development and the 
participation on international project in the framework of the Program ARCAL, with the intention of 
evaluating the national behavior of the mentioned problem. The projects have as objectives the 
obtaining of dose values for guidance levels of medical exposure, previously selected simple studies of 
conventional radiology, for their use frequency or their contribution in dose to the patient.  
 
The work exposes the results obtained in the evaluation of the image quality and dose in selected 
studies of conventional radiology, carried out in two university hospitals of Havana. 
 
2. Material and method 
 
The study was carried out in two University Hospitals "Luis Díaz Soto" and "Miguel Enríquez" 
considering the volume of patients that they assist annually, denominated in advance hospitals I and II, 
there were carried out the investigations for the evaluation of the image quality and the doses in 
radiology of Thorax PA projection and Lumbar Spine AP and L projection,, this studies were selected, 
for its use frequency or its contribution to the patient's dose. In the work group participated specialists 
in radiological protection, medical physics and radiology, belonging to the own hospitals, to advisory 
groups of the Ministry of Health and institutions of high technical level in this matter. 
 
The data of the equipment and radiology services in each participant institution hospital in the project 
and the characteristics of the radiological films, screens and inputs are reflected in table 1. 
 
Table 1: Characteristic of the Equipment. 
 

Hospital Equipment Screen - films Films processor 
“Luis Díaz Soto” Conventional (3) Shimadzu, Japan 

30 – 500 mA 
0,07 s – 5 s 
150 kV máx 

Total filtration: 1,5 mm Al 
Focus: :1/2 mm 

Size: (14x17)” 
:Speed screens ~ 

400 
 

: Lucky Films 
(Chinese) 

Films processor 
manual 

“Miguel 
Enríquez” 

Conventional (4) Sedecal 
500 mA 

0,010s – 10s 
125 kVp máx 

Total filtration 2 mm Al eq 
Focus: 1/ 2 mm 

 

Size:Thorax 
(14x17) ” 

LS (11x14)” 
Speed screens ~ 

400 

Lucky Films 
(Chinese) 

Films processor 
manual 
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Initially the selection of patients for the study, had as approach that they were mature of both sexes 
with sizes between 1,65 and 1,75 meters and weight between 65 and 75 kg, Later in correspondence 
with the acquired experience the foreseen range of classification was enlarged, to have enough data, 
whenever it doesn’t turn significantly off the mentioned values. 
 
The evaluations of image quality have as objective to guarantee the guidance levels dose are associated 
to radiological images that allow diagnosing with trust. If the images are not adapted for the diagnosis, 
the benefit of the exam would not compensate the exposure and the guidance levels dose would not 
make sense.  
 
The quality of the radiological images was evaluated in an independent way by radiologists of the own 
institutions, in a blind study where the radiologists didn't know the data of identity of patient. This 
method was chosen, in spite of others existing of more objectivity, for its easiness and to avoid the 
extraction of the x-rays of the hospitals. Previous to the execution of the investigation a 
methodological workshop was executed to define approaches of evaluation of the quality of the 
radiological images. 
  
In the studies the approaches used by the European Community for valuation of the image quality in 
radiological studies were adopted with regard to visualization requirements and position of anatomical 
structures in the necessary radiological studies to obtain a diagnosis of quality, associated with the 
doses received by the patient during the study.  
 
Table 2: Quality criteria for diagnostic radiological images 
 

Studies Criteria 

 
Thorax PA 

      1. Full inspiration 
2.   Thoracic symmetry. 
3.   Medial border of scapulae to be outside the lung field.  
4.   Precise visualization of the vascular pattern of the whole lung. 
5.   Precise visualization of the trachea. 
6.    Precise visualization of the main bronchi. 
7.    Precise visualization of the margins of the heart and the aorta. 
8.    Precise visualization of the angles costo - fhernic. 
9.    Precise visualization of the diaphragm. 

 
Lumbar Spine AP 

      1.  Precise visualization sharp reproduction as a simple line of  the 
upper and lower plate surface  in the central beam area. 
2.    Precise visualization of the pedícles. 
3.    Reproduction of the intervertebral joints. 
4.    Reproduction of the spinous and traverse processes. 
5.    Precise visualization of the cotex and  trabecular structures 
6.   Reproduction of the adjacent solf tissues, particularly the psoas 
shadows. 
7.   Reproduction of the scro-iliac joints. 

Lumbar Spine L 1. Precise visualization sharp reproduction as a simple line of  the 
upper and lower plate surface , with the resultant visualization of 
the intervertebral space. 

2.   Full superimposition of the posterior vertebral edges. 
3.   Reproduction of the pedícles and the intervertebral foraramina. 
4.   Visualization of the spinous processes. 
5.   Visualli sharp reproduction of the cotex and trabecular structures. 

 
To facilitate the evaluation process it was designed a work leaf that contained the criteria of quality 
image, data on the radiological studies and the data of patients. To the execution of the approach it was 
assigned punctuation of 1, if it completed it and of 0 if it didn't fulfill. With the additional condition of 
incorporating in the investigation only those studies accepted ace of utility for the diagnosis. 
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The doses in patients were determined indirectly through collected exposure factors in the survey and 
the measured x-ray tube and directly measurement on patient skin with calibrated TLDs to compare 
results, considering the uncertainties of the indirect method. 
 
3. Results and discussion 
 
3.1 Studied patients 
The investigation was carried out to a total of 151 patients to those studies of thorax PA and Lumbar 
Spine AP and L were carried out. 
 
Table 3: Studied patients 
  

Studies No. patients Percentage % 

Thorax PA              65          43 
Lumbar Spine AP 43 28 
Lumbar Spine L 43 28 

 
3.2 Dosimetric Evaluations  
 
As for the doses received by the patients in studies of Thorax PA, like evidence the Table 4 these they 
overcome in both hospitals the dose values obtained in the study carried out in countries of the region 
and those recommended in the International Basic Safety Standards and for European Union, although 
it should clarifies that these last values have been established for studies that use technical of high kv.  
[1, 2] 
 
Table 4: Dose received by radiological studies of thorax 
 

Hospital Doses [mGy] Doses countries region [mGy] Doses BSS [mGy] 

I 0.93 0.58 0.30 

II 1 0.58 0.30 

 
This results are associated to technical factors as the employment of low kv and high mAs, for these 
types of studies, as well as for the diversity of films - screens and quality of the films and reactive 
[1,2]. 
 
The results of the doses in the exams of Lumbar Spine AP (Tables 5 and 6), are inferior in both 
hospitals to those internationally recommended and to those obtained in countries of the region, 
although for the studies of Lumbar Spine L it is superior in one of the hospitals to the dose obtained in 
countries of the region [1,2]. 
 
Table 5: Doses received by radiological studies of Lumbar Spine AP  
 

Hospital Doses [mGy] Doses countries region [mGy] Doses BSS [mGy] 

I 3.71 9.29 30 

II 6.5 9.29 30 
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Table 6: Doses received by radiological studies of Lumbar Spine L 
 

Hospital Doses [mGy] Doses countries region [mGy] Doses BSS [mGy] 
I 5.5 6.96 10 

II 8.1 6.96 10 

 
These results are associated to the employment of low mAs and in certain cases to low kv. During the 
mensurations it was observed that there generally is not variation of technical parameters between 
exams of Lumbar Spine AP and L. 

 
3.2 Evaluations of image quality 
 
As for the valuation of the approaches of quality of image in a general way during the study the 
following aspects were observed: 

 The  radiological exams  are generally accepted independently of the execution of the 
approaches of quality, if they satisfy their objective diagnose, 

 Subjective component risen in the evaluation of the approaches of image quality. Exists 
differences of approaches among radiologists with regard to the execution of the approaches of 
image quality,  

 The radiological report is focused to confirm or to discard the diagnostic presumption, 
 It is not evident a relationship between obtained dose and image quality. 

 
In the thorax exams the biggest difficulties were in the execution of the criteria 5,6 and 8 like it is 
shown in the Table 7, although the behavior of the hospitals was different, related with criteria  of 
precise visualization  of the trachea, main bronchi, and angles costo - fhernic, respectively, associated 
to divergent approaches among the radiologists of the concept of precise visualization. [1,2]I 
 
Table 7: Quality criteria for thorax studies PA 
 

Fulfillment for each criterion (a)   
% Hospital 

1 2 3 4 5 6 7 8 9 
I 100 100 100 91 30 28 100 70 100 
II 91 100 100 100 91 91 100 100 100 

 (a) Note: It indicates the percent of the total of the thorax exams that completed a certain criterion. 
 
In  the studies of Lumbar Spine  L .the fundamental problems were in the fulfillment criterion of image 
quality corresponding to specifies visualization of  the pedicles , the intervertebral foraramina and  the 
cortex and  trabecular structures, spinous processes and sharp reproduction as a simple line of  the 
upper and lower plate surface , with the resultant visualization of the intervertebral space. While the 
exams of Lumbar Spine AP presented bigger difficulties with specifies visualization of the cortex and 
trabecular structures, pedicles and spinous and traverse processes. [1,2] 
 
 Table  8: Image quality in studies of Lumbar Spine L 
 

Fulfillment for each criterion (b)  
 % Hospital 

1 2 3 4 5 
I 87 100 78 83 43 
II 100 100 60 100 55 

 (b)  Note: It indicates the percent of the total of the Lumbar Spine L exams that completed a certain 
criterion 
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Table 9: Image quality in studies of Lumbar Spine AP 
 

Fulfillment for each criterion (c)   
% Hospital 

1 2 3 4 5 6 7 
I 95 68 86 64 50 95 100 
II 100 57 100 81 52 0 100 

(c)  Note: It indicates the percent of the total of the Lumbar Spine AP exams that completed a certain 
criterion. 

. 
The analysis of the percentage of fulfillment criterion of image quality for each type of radiological 
exams in each one of the hospitals, evidence low percentages of fulfillment criterion in both hospitals, 
inferior to those obtained in countries of the region. 
 
Table 10: Percentage of fulfillment criterion for total number of radiological exams 
 

Hospital Fulfillment criterion for exams and hospital 
 100% 100%  - 75% < 75% 

Thorax PA 
I 7 67 26 
II 91 0 9 

Lumbar Spine L 
I 43 22 35 
II 55 5 40 

Lumbar Spine AP 
I 14 55 31 
II 0 29 71 

 
In general we consider that it is required the continuous training of technical radiologists and 
radiologists, for the improvement of the image quality, more information of the radiologist in the 
application of the criterion of image quality in the daily work and interdisciplinary collaboration in the 
systematic application of the criterion of image quality. 
 
4. Conclusion 
 
The work has evidenced the necessity to continue working in the process of optimization of the 
radiological exams in our country for the difficulties that even persist. The obtained results will 
contribute to the improvement of the patient's radiological protection in our country and in countries of 
the region. 
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