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ABSTRACT

The risks associated with ioniz ing radiation became evident soon after the discovery of the X radiation.
Therefore, any medical practices that make use of any type of ionizing radiation should be subjected to the basi c
principles of radiological protection: justification, optimization of protection and application of dose limits. In
diagnostic radiology, it means to seek the lowest dose reasonably practicable, without compromising the image
quality. The purpose of this project was to evaluate optimization parameters, specifically image quality,
exposure levels and radiograph ies rejection rates, in radiological chest examinations. The image quality
evaluation was performed using two forms, one for adults and other for ch ildren, based on European standards.
By the results, we can conclude that the evaluated sector isn’t in agreement to the principle of optimization and
this reality isn’t different from most health institutions. The entrace surface air kerma (K a,e) results were below
the national diagnostic reference levels. However, the several image quality parameters showed insufficient
ratings and the film rejection rates were high. The lack of optimization generates poor quality images, causing
inaccurate diagnostic reports, and increasing operating costs. Therefore, the research warns of the urgency of
implementing Quality Control Assurance Program in all radiology services in the country.

1. INTRODUCTION

X-ray images must follow the basic principles of radiological pro tection, which are, in case of
medical diagnostic justification, optimization and the use of Diagnostic Reference Levels
(DRL).

The justification of the practice is the first step on radiological protection, especially in
children. Diagnostic expositions to ionizing radiation must be clinically justified and each
procedure should lead to a positive liquid benefit to the patient and the society. Besides this, it
is necessary make sure that the diagnostic can’t be reached by any other non-ionizing
radiation method. The correct implementation of this principle is physician’s responsibility,
who need to have radiological techniques and radiological protection experience to execute
this work correctly.

Even though the ionizing radiation use is justified, it  is necessary to optimize radiation levels,
i.e., to keep people’s exposition to radiation sources as low as reasonably achievable
(ALARA’s philosophy) [1]. Optimization’s principle, therefore, establishes that the search for
image’s quality needs to be follo wed by the search for a minimum patient’s dose.
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The correct use of ionizing radiation for diagnostic purposes involves two important factors:
diagnostic quality and patient exposure , for which a fundamental concept is Diagnostic
Reference Levels which should be used as a guideline on optimizing medical practices,
helping reducing patient’s exposure.

In this study, the entrace surface air kerma (K a,e) and the image quality were evaluated during
chest examination. Besides, an analysis of film rejection was performed. By the
quantification of these three parameters (K a,e, image quality and film rejection), the
optimization of the diagnostic radiology examinations was analyzed. The study was
performed at a public hospital in Sergipe. The image quality was evaluated following the
European Guidelines on Quality Criteria for Diagnostic Radiographic Images, for adults and
for pediatric.

2. MATERIALS AND METHODS

The chest image quality evaluation was performed using two forms, one for adults and other
for children, based on two European standards: European Guidelines on Quality Criteria for
Diagnostic Radiographic Images [2] and European Guidelines on Quality Criteria for
Diagnostic Radiographic Images in Pediatrics [3], which were adapted to hospital needs, with
the support of radiologists. Due to children and adolescents have different anatomy of adults,
the evaluation criteria of image must also be different. Pediatric form presents evaluation
criteria for most common chest image evaluations in children, such as re production of the
trachea, the diaphragm, the spine and the mediastinum. The adult form presents evaluation
criteria such as visualization of the retrocardiac lung, trachea reproduction, contrast, film
blackening. The proposal of the suggested forms in tho se standards is to make possible an
evaluation without a significant influence of the evaluator, allowing an objective
quantification of image quality.

The Ka,e were determined by the equation 1 [4]:

2 2

,

100

80a e

kV mAs
K O

FSD BSF
        
   

(1)

where O is the output of the X-ray tube at 80 kV at a distance of 1 m normalised by mAs
(mGy/mAs), kV is the tube potential, mAs is the product of the tube current, FSD is the
focus-skin distance and BSF is the backscatter factor. The required data for determining K a,e

were obtained during the examinations  except tube potential, which was determined by
experimental measurements [5] with an ionization chamber positioned directly in the X-ray
beam, and the backscatter factor [6].

The rejected radiographies control was performed in two stages, using similar me thodology
of Corte et al [7]. In the first phase, a survey was conducted with the aid of hospital’s
radiology technicians, about the main causes of film wasting. The second step,  the rejected
radiographies was monitored. The work was conducted from July/2008 to February/2009.
From the data collected, it was possible to trace hospital’s radiology sector situation.



INAC 2009, Rio de Janeiro, RJ, Brazil.

3. RESULTS

It was evaluated 60 children chest radiographies and the most negative criteria were trachea
reproduction, spine and paraspinal structures reproduction, mediastinum visualization,
contrast, sharpness and proper film darkness. Criteria such as spine, trachea and mediastinum
visualization attack to the fact that t he observation of such structures in children's chest
examinations is a sign that an improper technique was used, that is, an incorrect combination
of radiological parameters. The radiograph ies presented low contrast levels, which is also a
consequence of inappropriate parameters choice for the examination, thereby reducing the
sensitivity of the method and, consequently, making the medical reports difficult.

It was evaluated 144 adults chest radiograph ies and the results showed patient positioning -
related parameters obtained excellent ratings. On the other hand, the parameters related to
technique choice (density, contras t, brightness and definition) obtained the worst results.
None of the evaluated parameters achieved at least 40% of appropriate ass essments. Other
parameter which also obtained bad ratings was spine inadequate visualization through heart’s
shadow. A low image quality radiograph will lead directly to a deficiency in the diagnosis of
probable diseases.

The Ka,e was determined for 25 patients.. Then, these values were compared with those listed
in national publications. For PA/AP projection, an average value of 0.13 mGy was obtained
and, for lateral projection, 0.26 mGy. The national DRLs are 0.4 mGy, for PA/AP projection,
and 1.5 mGy, for lateral projection [1]. Both obtained values were well below the DRLs
values. In spite of low doses indicate low ri sk, they are not synonyms of optimized practices,
because the dose should be as low as reasonably practicable, but should be as high as
necessary. Therefore, measuring the dose should always be associated with an image quality
evaluation and, in this case, when considering image quality, there are inadequate
assessments in relation to radiological technique choice.

In relation to rejection rates,  it was observed that the main cause of film wasting is due to
inappropriate choice of radiological parameters such as tube voltage and current. The second
most common criterion is wrong patient positioning. Table 1 shows rejection causes
distribution. Table 2 shows total used films and rejection per month. The rejection rates were
between 12% and 28%, high values, indicating the practical are not optimized.
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Table 1. Rejection causes (%) / Month.

Rejection causes
August

2008
September

2008
October

2008
November

2008
December

2008
January

2009

High fog 6,2 7,5 9,6 7,4 8,6 8,0

Wrong positioning 20,8 16,0 18,0 18,0 19,0 17,0

Patient movement 4,8 4,0 3,6 4,7 5,0 5,0

Radiographic parameters
wrong choice 37,5 43,2 41,3 43,5 40,5 40,0

Processing failure 2,0 3,0 2,1 2,2 2,5 2,4

X-ray equipment failure 11,2 9,3 9,1 9,4 8,4 10,0

Dark room fault 6,8 8,5 6,4 7,0 6,0 9,6

Medical Errors 0,0 0,4 1,3 0,6 0,8 0,7

Resident Errors 1,5 1,0 2,3 0,2 1,2 1,0

Other 9,2 7,3 6,4 6,7 8,0 6,3

Table 2. Rejection/Month.

Month Number of used films Rejected films (%)

August/2008 3300 12

September/2008 3700 14

Octuber/2008 1700 28

November/2008 3300 15

December/2008 1596 13

January/2009 1447 15

4. CONCLUSIONS

It was possible to establish a panorama of the radiology sector concerning the image quality
and the Ka,e levels. There is no Quality Control Assurance Program at the evaluated hospital,
which is a typical situation of the health institutions through the country.

Patients’ exposition  was quantified by entrace surface air kerma and the obtained values were
very inferior to the Diagnostic Reference Levels adapted nationally. These results, however,
do not prove optimization of the practices , because the good-practice should combine low
exposition with good image quality.

In relation to image quality, it was observed low performance of some evaluation criteria as
visualization of the spinal, the paraspinal structures and the mediastinum in pediatric
radiographies, which indicates that an improper technique was used. Other inadequate
criterion was the wrong patient positioning, which lead to a difficult image evaluation,
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causing wrong diagnosis. Analyzing the results it can be concluded  that the practical is not
optimized. Moreover, the observed radiographies rejection rates can be considered very high
what confirms the lack of optimization.

Therefore, the findings of this survey alert for the urgency in a better regulatory auditory
which can obligate the establi shing of a Quality Control Assurance Program in every
diagnostic image section. Even though it was a local survey, the reality is typical of much
health institution in Brazil.
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