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Resumo

O avanco das tecnologias nos ultimos anos promoveu a passagem de muitos servigos para sistemas de digitalizagdo
indirecta e directa, substituindo os sistemas convencionais de peliculas. As evidéncias mostram que os sistemas de
digitalizagdo de imagem deveriam possibilitar redugdes nas doses utilizadas num determinado exame radioldgico,
mas na pratica, nem sempre a dose ¢ menor que a dos sistemas de peliculas. Este estudo pretende avaliar a situagao
presente das doses praticadas em exames Radiologicos em duas unidades Hospitalares, uma com sistema nao-digital
(Hospital A) e outra com sistema digital (Hospital B), na radiografia de Térax AP ou PA em criangas dos 5 aos 10
anos. Foram comparadas as doses a entrada da pele (DEP) e dose efectiva, entre si ¢ com os niveis de referéncia de
diagnostico.

No Hospital A, foi observada uma DEP média de 16,78 uGy e uma dose efectiva média de 22,63uGy. No Hospital B,
a DEP média foi 12,22 nGy, e a dose efectiva média foi 15,81 uGy. As diferencas sdo estatisticamente significativas
(p=0,00).

Os exames do torax, em criancas dos 5-10 anos realizado com recurso a um sistema nao-digital, implicaram maior
DEP e dose efectiva para o paciente, comparado com o mesmo exame em sistema digital, nos hospitais em estudo.

Palavras chave: Radiologia Convencional; Pardmetros Técnicos de Exposi¢do; Calculo de Doses; Doses de
Referéncia.

Abstract

The advances of technology in the last years promoted the passage of many services to direct and indirect digital
systems, replacing the conventional film. The evidences shows that the digital systems of image digitalization should
allow dose reductions used in certain radiological examinations, but in practice, the dose is not always lower than the
one thatis applied in film systems.

This study pretends to evaluate the present situation of practiced doses in radiological examinations in two hospitalar
units one with non-digital system (Hospital A) and other with digital system (Hospital B), in AP or PA chest
radiography in children from 5 to 10 years old.

Both, entrance skin dose (ESD) and effective dose, were compared themselves and with the European reference
guidelines.

In Hospital A, the mean ESD observed was 16,78 uGy and the mean effective dose was 22,63 nGy.

In Hospital B, the mean ESD observed was 12,22 uGy and the mean effective dose was 15,81 pGy. The differences
between the two hospitals were statistically significant (p=0,00).

The chest exams in children from 5 to 10 years old executed with the non-digital system implied higher ESD and
effective dose for pacient, compared with the digital system, in the evaluated hospitals.
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Introducao

Actualmente reconhece-se a existéncia de uma relacao
entre exposicdo a radiacdes e risco de ocorréncia de
efeitos somaticos tardios, uma dose de radiacdo, por
mais baixa que seja ird produzir uma resposta e um
efeito cumulativo nos tecidos irradiados. Deste modo, a
proteccao contra a radiagdo num exame radioldgico ¢é
essencial para manter a exposi¢do médica num nivel de
risco minimo aceitavel. E obtida através da
justificacdo, optimizagdo e limitagdo da exposicdo a
radiacdo, segundo o conceito ALARA (As Low As
Reasonably Achievable) .

Uma forma de compreender a energia depositada em
todos os orgdos irradiados bem como a sua relativa
radiossensibilidade ¢ através da dose efectiva, que é o
melhor descritor disponivel do risco estocastico do
paciente . Pode ser estimada a partir de medidas do
feixe incidente sobre o paciente bem como dose &
entrada da pele (DEP), ou o produto dose-area, em
conjungio com coeficientes de conversio apropriados .
Através do calculo de dose a entrada da pele também ¢é
possivel avaliar se os niveis de referéncia de
diagnostico (NRD) sdo alcangados.

A Directiva do Conselho Europeu N.° 97/43/Euratom
de 30-06-1997, sobre exposi¢do médica, em
conjugagdo com as Recomendagdoes do ICRP
(International Commission on Radiological
Protection), estabeleceu as directivas para a protecgdo
radiologica a nivel europeu, de onde se realga a
introducao de pardmetros de exposi¢ao padrao (niveis
de referéncia de diagnostico) ©. J4 em 1996, a
Comissdo da Comunidade Europeia (CCE), tinha
elaborado um protocolo com critérios de qualidade e
parimetros de exposi¢io radiologicos (Tabela 1%)®.
Em Portugal, vigora o Decreto-Lein®. 180/2002 de 8 de
Agosto, que estabelece as obrigagdes para a proteccao
radiologica, optimizacdo da dose e da qualidade da
imagem .

O exame radiologico mais frequentemente requisitado,
quer para avaliacdo preliminar do paciente, quer para
seguimento de doenca cardio-respiratoria, ¢ a
radiografia do térax, situagdo transversal a todos os
doentes e que metabolica, sdo atambém acontece na
pediatria  tratando-se, no entanto, de um exame de
relativa baixa dose, quando comparado, por exemplo,
com um exame de Tomografia Computorizada ao torax
(aproximadamente 5 mSv) que, em termos de dose,
podera corresponder ao equivalente a 100 radiografias
ao torax ",

Sendo as criangas mais vulneraveis aos efeitos laterais
provenientes da exposicdo a radiacdo ionizante do que
os adultos, factores como a idade, o efeito cumulativo
de radiagdes ao longo da vida, a demora em surgirem
sintomas e a maior actividades causas dessa
vulnerabilidade. Sendo, assim, compreensivel que a
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Introduction

The existence of a relation between the exposure to
ionizing radiations and the risk of occurring late
somatic effects is commonly accepted. A radiation
dose, even an extremely low dose, will produce a
cumulative effect in the irradiated tissues. By that
reason, the radiation protection during a radiology
examination is essential to keep the risk of medical
exposures as low as possible. This goal is achieved by
respecting the principles of justification, optimization
and limitation of radiation exposure, according with the
ALARA (As Low As Reasonably Achievable)
principle .

One way of determining the energy released in each of
the irradiated organs, as well as their radiosensitivity, is
the calculation of the Effective Dose, which is the best
descriptor available to determine the stochastic risk for
the patient (2). The effective dose can be estimated
from the evaluation of the incident beam, from the
Entrance Skin Dose (ESD) or from the Dose-Area
Product (DAP) together with the proper conversion
coefficients.

By calculating the ESD values it is also possible to
verify if the diagnosis reference levels (DRL) are
respected.

The European Council Directive number
97/43/Euratom from 30/06/1997, about medical
exposure, together with the recommendations from
ICRP (International Commission on Radiological
Protection), defined the directives for radiation
protection at a European level. From these directives it
must be stressed the introduction of standard exposure
parameters (diagnosis reference levels) . Before this,
at 1996, the European Community Commission had
already created a protocol with quality criterions for
radiological exposure parameters (Table 1) .

In Portugal, it is followed the Decreto-Lein®. 180/2002,
from 8th of August, which defines the obligations for

radiological protection, dose optimization and image
%)

quality ™.
The most commonly requested radiological exam, for
preliminary evaluation of the patient or for following a
cardio-vascular disease, is the thorax radiography. This
is transversal for all patients, event in paediatrics (6).
However, in this latter case, it is an examination with a
relatively low dose, when compared, for example, with
a CT thorax examination (approximately SmSv), which
corresponds to 100 thorax radiographies .

Children are more vulnerable than adults to secondary
effects originated from the ionizing radiation exposure,
due to the cumulative effect along the entire life, due to
the higher metabolic activity and due to the delay
between the symptoms and the exposure. It is also

known that the radiosensitivity decreases with aging
7



radiossensibilidade decresca com o aumento da idade. “”.

Ao Técnico de Radiologia compete obter uma imagem
com qualidade de diagndstico, aplicando sempre as
normas de protec¢do radiobiologica, minimizando a
exposicdo a radiages, através da seleccdo de
parametros adequados e uso de proteccdo adicional a
orgdos mais sensiveis. No entanto, em Pediatria,
algumas criancas tém maior dificuldade em se
manterem imoéveis durante um exame radioldgico,
dificultando a sua aplicagdo.

Avalia¢io dos Parimetros de Exposi¢io e Doses em Pediatria dos 5 aos 10 anos de idade.
Comparacio entre aquisicdo digital e nio digital na incidéncia de térax de frente.

Evaluation of paediatric exposure parameters and doses in 5-10 years old children.
Comparison between digital and non-digital acquisitions in frontal thorax projection.

It is the duty of the technician to acquire an image with
diagnosis quality, applying always the radiation
protection rules, minimizing the radiation exposure, by
means of a correct selection of the exposure parameters
and an additional protection of the most sensitive
organs. However, in paediatrics, some children are
more difficult to keep motionless during the entire
examination, which hinders the correct application the
referred principles.

Tabela 1 - Factores de exposi¢ao: Valores de referéncia europeus para radiografias ao toérax AP e PA
Table 1 - factors: European Reference Levels to thorax AP and PA radiographies.

Velocidade
Tamanho :
do Ponto Kilovoltagem e b
Idade (anos) focal kV) mas 4 écran/filme Grelhas CAE
Age (vears) Focal Kilovoliage (kV) mAs - R;’(.;tez;e Grids AEC*
S screen/film
400 a (to) Nio Nio
< doque 1 Fino 60 2 150 800 No No
fine
Nao Nao
400 a (o) No No
lad grosso 5 2 150 800
Large
£rosso 400 a (?0) Nio
4al0 Large 13 4 150 800 Sim No
Grosso 80 a (10)120 CAE 150 a (to) | 400 a (to0) sim/néo Sim
> do que 10 Large AEC 180 800 Yes/No Yes
Dependente
Dependente da da estatura
estatura Dependent
Dependent from Jfiom
structure structure

* Distancia Foco-Filme

“ Focus-Film Distance

b Controle Automético de Exposicio
b Automatic Exposition Control

Assim, ¢ importante adequar o processo a este tipo de
paciente, aptiddo que o Técnico de Radiologia adquire
com a experiéncia, devendo ser consciente das
condi¢des de exposicdo que aplica. Isto porque as
placas de fosforo dos sistemas digitais t€ém maior
latitude de exposicdo que as peliculas radiograficas, o
que permite a utilizagdo de um maior espectro de
condigdes de exposicio *'. Uma situagiio que poderia
resultar em imagens sub ou sobre-expostas, na técnica
nao-digital, ndo acontece na técnica digital, devido a
possibilidade de pds-processamento de imagem.

Essa capacidade do sistema digital poderd levar a
aplicag@o de maiores doses, quando comparada com a
técnicanao-digital, que tem de utilizar pardmetros de

*Fonte: European Guidelines on Quality Criteria for Diagnostic Radiographic
Images in Paediatrics (EUR 16261 EN). Luxembourg: Office for Official
Publications of the European Communities, 1996.

The latter shows the importance of the adaptation of the
acquiring process to this kind of patient, which is an
ability that the technician acquires with the working
experience. However, the technician must always give
special attention to the exposure conditions that are
applied. This attention is even more pertinent with
phosphor digital detectors, which have higher exposure
latitude than the radiographic films, allowing the use of
a larger exposure conditions spectrum . Some
conditions that, with non-digital techniques would
result in over or under exposed images, with digital
techniques may allow images with diagnosis value due
to the possibility of image post-processing. This
possibility may lead to the application of higher doses

*Source: European Guidelines on Quality Criteria for Diagnostic Radiographic
Images in Paediatrics (EUR 16261 EN). Luxembourg: Office for Official
Publications of the European Communities, 1996.
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exposicao mais rigidos, sob pena de obter imagens de
ma qualidade.

Assim, protocolos de exposi¢ao padrdo parecem ser o
melhor método para a optimizagdo dos parametros de
exposi¢io .

Com este estudo pretendeu-se avaliar a situagdo
presente das doses praticadas em exames Radiologicos
em duas unidades Hospitalares, uma com sistema
digital e outra com ndo-digital, na incidéncia de térax
em AP ou PA em criang¢as dos 5 aos 10 anos de idade.
Foram também avaliadas as DEP e dose efectiva e
compararam-se entre sie com os NRD.

Material e Métodos

Estudo descritivo transversal a ser realizado através da
recolha de dados em dois hospitais, da regido Sul do
Tejo, Hospital A, de sistema de aquisi¢do ndo-digital e
de Lisboa, Hospital B, de sistema de aquisicdo digital
indirecto.

As amostras, de conveniéncia e consequentemente nao
representativas da populagio geral, foram constituidas
no total por 54 criangas, com idades compreendidas
entre os 5 e os 10 anos de idade, que recorreram aos
hospitais em estudo para arealizacdo de radiografias ao
torax, sendo a amostra constituida por 27 criangas do
Hospital A e por 27 criangas do Hospital B.

O equipamento de Raio-x do Hospital A, da marca
Philips Médio SOCP, tem 0,9 mm de filtragem de
Aluminio, adicionada de 1,6 mm, num total de 2,5 mm
de Aluminio. O foco fino tem 0,6 mm ¢ o foco grosso
tem 1,3 mm. O angulo do anodo ¢ de 13°. O gerador ¢
trifasico. A manutencao é semestral. Utiliza um sistema
de peliculas da marca Kodak. A aquisi¢do da imagem ¢
realizada por meio de ecra-pelicula,

O aparelho de Raio-x do Hospital B ¢ da marca Toshiba
modelo [-RAD. A ampola tem uma filtragem total de 3
mm de Aluminio e dimensoes focais de 0,6 mm de foco
fino e 1,2 mm de foco grosso. O dngulo do anodo ¢ de
12°. O gerador ¢ trifasico e a manutengdo ¢ semestral.
Utiliza sistema de peliculas AGFA T2 Drystar e sistema
digital AGFA.

Os dados foram recolhidos pelos Técnicos de
Radiologia dos hospitais em estudo, antes e apds a
realizagdo do exame, entre Junho e Agosto de 2007. Foi
recolhida informagdo sobre as caracteristicas
individuais dos pacientes, como o sexo, idade, peso e
altura, e os parametros técnicos do exame, tais como os
parametros do tubo de raios X (kVp, mAs), distancia
foco-filme (DFF), posicionamento, incidéncia do
feixe, o uso de Potter ¢ de controlo automatico de
exposicao (CAE).

Para obter a medigdo da DEP e dose efectiva, recorreu-
se a uma simulacdo de Monte Carlo através do
programa informatico PCXMC v1.5.1 — STUK -
Radiation and Nuclear Safety Authority, Finland ?, ja
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, when compared with non-digital techniques, in which
the choice of the exposure parameters is less flexible,
increasing the risk of degrading the image quality.

By all that was said, defining exposure standards seems
to be the best method to optimize exposure parameters
©

With this study, we intend to evaluate the present
situation of the applied doses in radiological
examinations to the thorax, in AP and PA projections,
with children between 5 and 10 years old, in two
hospital units, one of which has a digital system, while
the other has a non-digital system. We have also
evaluated the ESD and the Effective Dose and we have
compared them with the DRL.

Materials and Methods

This was a descriptive and transversal study, performed
by data collection in two hospitals, located in the region
Sul do Tejo. We called Hospital A to the one equipped in
the non-digital acquisition system and Hospital B to the
one equipped with the digital acquisition system.

The samples, defined by convenience and
consequently non representative of the general
population, were composed by 54 children, with ages
between 5 and 10 years old, which have searched the
referred hospitals to perform thorax radiographies. The
samples of the Hospital A and Hospital B consisted in
27 children each.

The X-ray equipment present in Hospital A is a Philips
Average SOCP, with filter with 0,9 mm Al, to which
was added 1,6 mm Al, resulting in a total filter with 2,5
mm Al. The small focus had 0,6 mm, while the large
focus had 1,3 mm. The anode angle was 13°. The
generator was three-phase and the maintenance was
performed weekly. The system uses Kodak films and
the image was acquired using a film-screen method.
The X-ray equipment present in Hospital A is a Toshiba,
model I-RAD. The system has a total filter with 1,3 mm
Al The small focus had 0,6 mm, while the large focus
had 1,2 mm. The anode angle was 12°. The generator
was three-phase and the maintenance was performed
every six months. The system uses AGFA T2 Drystar
films and the image was acquired using an AGFA
digital system.

The data was collected by radiology physicians from
hospitals A and B, before and after the examination,
between June and August 2007. The collected
information referred to individual characteristics from
the patient, such as genre, age, weight and height, and to
technical parameters of the examination, such as X-ray
tube parameters (kVp and mAs), focus-film distance
(FFD), positioning, beam incidence, use or absence of
Potter and the use or absence of Automatic Exposure
Control (AEC)

To obtain the ESD and Effective Dose values we have



oq e 10
utilizado noutros estudos "”.

Para tratamento e analise dos dados, utilizou-se o
programa informatico SPSS (Statistical Package for
the Social Sciences) v.13.0.

Resultados

Relativamente as varidveis sexo ¢ idade as amostras
revelaram-se muito semelhantes, 59,3% do sexo
feminino e 40,7% do sexo masculino no Hospital A,
55,6% e 44,4%, no Hospital B (Tabela 2).

Avalia¢io dos Parimetros de Exposi¢io e Doses em Pediatria dos 5 aos 10 anos de idade.
Comparacio entre aquisicdo digital e nio digital na incidéncia de térax de frente.

Evaluation of paediatric exposure parameters and doses in 5-10 years old children.
Comparison between digital and non-digital acquisitions in frontal thorax projection.

used Monte Carlo simulations, performed with the
software PCXMC v1.5.1 — STUK - Radiation and
Nuclear Safety Authority, Finland ”, which had already
been used in previous studies "’

The data processing and analysis was performed with
the software SPSS (Statistical Package for the Social
Sciences) v.13.0.

Results

In what concerns to the variables genre and age, the
samples were very similar (59,3% females and 40,7%
males in Hospital A, 55,6% females and 44,4% males,
in Hospital B - Table 2)

Tabela 2 - Distribuicao da frequéncia das variaveis Sexo e Idade no Hospital A e Hospital B
Table 2 - Frequency distribution of the variables Genre and Age in Hospital A and Hospital B

Sexo Feminino
Genre Female
Masculino
Male
Total
Idade =
Age
6
7
8
9
10
Total

Hospital
Hospital | Hospital
A B
16 15
59,3% 55,6%
11 12
40,7% 44.4%
27 27
100% 100%
7 9
25,9% 33,3%
9 7
33,3% 25,9%
D =)
18,5% 18,5%
3 3
11,1% 11,1%
2 2
7,4% 7,4%
1 1
3,7% 3,7%
Z7 27
100% 100%

A distribuicdo das idades das amostras foi
relativamente uniforme, com excep¢ao das criangas
com 5 anos (25,9% no hospital A e 33,3% no hospital
B) e 6 anos (33,3% no hospital A e 25,9% no hospital
B).

Emrelagao as caracteristicas fisicas do paciente, o peso
médio observado, no Hospital A, foi de 26,56kg ¢ a
altura 122,33 cm. No Hospital B, em média, foi
observado um peso de 22,09 kg e uma altura de 114,07
cm (Tabela 3).

The age distributions of the samples from the two
hospital were relatively equals, except for the children
with 5 years old (25,9% in hospital A and 33,3% in
hospital B) and with 6 years old (33,3% in hospital A
and 25,9% in hospital B)

Regarding the physical characteristics of the patients,
the average weight registered in Hospital A was 26,56
kg and the average height was 122,33 cm. In Hospital
B, the average weight registered was 22,09 kg, while
the average height was 114,07 cm (Table 3).
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Tabela 3 - Distribuicao da média das varidveis Peso, Altura, kVp e mAs no Hospital A e Hospital B
Table 2 - Average, Standard Deviation, Minimum and Maximum of the variables Weight, Height, kVp and mA:s,
in Hospital A and Hospital B.

Peso Altura
Hospital Weight Height kVp mAs
(kg) (cm)

Hospital A N
isanberal 27 27 27 27
examinations
Média
Average 26,56 122,33 81,52 2,556
Desvio Padrio
Standar 8,102 19,501 2874 | 0,3479
Deviation
Minimo
Minimum 12 50 73 1,8
By 'mo 43 150 85 4.0
Maximum

Hospital B N
Winbero) 27 7 o9 27
examinations
Meédia
Average 22,09 114,07 70,52 3,396
Desvio Padrao
anidand 6,022 12,637 13,838 | 1,4335
Deviation
Minimo
Minimum 13 90 52 2,0
Msetm 35 145 100 8,0
Maximum

Relativamente aos parametros técnicos utilizados em
cada Hospital, onde todos os exames foram realizados
em ortostatismo, as médias foram de 81,52 kVp e de
2,556 mAs no Hospital A. Enquanto no Hospital B foi
observada uma média de 70,52 kVp e de 3,396 mAs
(Tabela 3).

Na maioria dos exames, a DFF mais utilizada foi 180
cm com 88,9% das observagdes no Hospital A e 48,1%
no Hospital B (Tabela 4).

O Hospital B empregou, em 33,3% dos casos, uma
DFF de 150 cm, que nao foi utilizada no Hospital A. A
utilizagdo de DFF de 200 cm ¢ reduzida em ambos os
Hospitais com apenas 11,1% dos casos no Hospital A e
18,5% no Hospital B (Tabela 4)

No Hospital A a incidéncia mais utilizada foi a PA com
70,4% dos casos, enquanto no Hospital B as
percentagens de exames em incidéncias PA ou AP sdo
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About the technical parameters used in each hospital,
we can say that all examinations were performed in
ortostatism. In Hospital A, the average of the mAs used
was 2,556 mAs, while the average of the kVp used was
51,52 kVp. In Hospital A the average of the mAs used
was 3,396 mAs, while the average of the kVp used was
70,52k Vp.

The DFF that was more frequently used was 180 cm
(88,9 % of the cases in Hospital A and 48,1% in
Hospital B (Table 4)). In Hospital B, it was used in 33,3
% of the situations a DFF of 150 ¢cm, which was not
used in Hospital A. The use of a DFF equal to 200 cm
was minor in both hospitals (11,1% of the cases in
Hospital Aand 18,5 % in Hospital B).

In Hospital A, the projection PA was the mostly used
(70,4 % of the cases), while in Hospital B, the two
projections AP and PA were equally used (48,1 % of the



semelhantes, representando aproximadamente metade
do valor do total de exames, ou seja, PA com 48,1% das
observagdes e AP com 51,9% (Tabela 4).

Em todos os exames do Hospital A foi utilizado Potter,
enquanto no Hospital B s¢ foi utilizado em 33,3% dos
casos (Tabela4).

No Hospital B a grande maioria dos exames foi
realizado sem recurso a CAE (3,7%), e no Hospital A
foiutilizado em 29,6% dos casos (Tabela 4).

Avaliagio dos Parimetros de Exposi¢io e Doses em Pediatria dos 5 aos 10 anos de idade.
Comparacio entre aquisi¢do digital e nio digital na incidéncia de térax de frente.
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Comparison between digital and non-digital acquisitions in frontal thorax projection.

projections were PAand 51,9 % AP (Table 4)).

A potter was used in all examinations performed in
Hospital A, while in Hospital B, it was used only in 33,3
% of the situations.

In Hospital B, in the majority of the cases it was not
used AEC (it was used only in 3,7 % of the cases). In
Hospital A this system was used in 29,6% of the cases
(Table 4).

Tabela 4 - Distribuicao da frequéncia das varidveis Dff, Posicionamento, Incidéncia, uso de Potter e CAE no
Hospital A e Hospital B
Table4 -Frequency distribution of the variables FFD, Positioning, Projection, use of Potter and se of AEC, in
Hospital A and Hospital B

Hospital
Hospital A | Hospital B
DFF (FFD) (cm) 150 0 9
,0% 33.3%
180 24 13
88,9% 48,1%
200 3 5
11,1% 18,5%
Total 27 27
100% 100%
Posicionamento  Ortostatismo 27 27
Positioning Ortostatism 100% 100%
Total 27 27
100% 100%
Incidéncia PA 19 13
Projection 70,4% 48,1%
AP 8 14
29,6% 51,9%
Total 27 27
100% 100%
Potter Sim 27 9
Yes 100% 33,3%
Nao 0 18
No ,0% 66,7%
Total 27 27
100% 100%
CAE Sim 8 1
Yes 29.6% 3,7%
Nao 19 26
No 70.4% 96,3%
Total 27 27
100% 100%

Para o Hospital A, os resultados obtidos através do
programa de simulag@o tiveram como DEP média de
16,78 nGy, isto com um desvio padrao de 2,577 pGy. A
DEP minima neste Hospital foi de 11pGy e a maxima
de 21pGy (Tabela 4). Em relagdo 4 dose efectiva, a
média foi de 22,63uGy, com desvio padrao de 7,066
uGy e valores de dose minima de 11puGy e maxima de

Regarding the ESD values obtained by simulation
(Table 5), the values obtained for the Hospital A were an
average ESD equal to 16,78 pGy, with a standard
deviation of 2,577 uGy. The minimum ESD obtained
for this hospital was 11 pGy, while the maximum ESD
was 21 pGy. Regarding the Effective Dose (Table 5),
the average of the values obtained for Hospital A was
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37uGy (Tabela 5).

No Hospital B, a média de DEP foi de 12,22 pGy, de
desvio padrdo de 5,154 nGy, enquanto a DEP minima
foi de 6 uGy e a maxima 26 uGy (Tabela 5).
Relativamente & dose efectiva neste Hospital, a média
registou-se nos 15,81 uGy, o desvio padrao em 5,568
uGy. Os valores de dose efectiva minima foram de 7
uGy emaximade 26 uGy (Tabela 5).

O teste t-student mostrou que ndo existe igualdade nas
médias de DEP e de dose efectiva dos dois hospitais, as
diferen¢as revelaram-se estatisticamente
significativas, (p=0,00) para um intervalo de confianca
(IC)de 95%.

22,63uGy, with a standard deviation of 7,066 uGy. The
minimum and maximum values calculated were 11
uGy and 37uGy, respectively. Regarding Hospital B,
the average of the ESD obtained was 12,22 nGy, with a
standard deviation of 5,154 pGy. The minimum and
maximum values obtained were 6 nGy and 26 pGy,
respectively. In what concerns to the Effective Dose,
the values obtained for Hospital B presented an average
equal to 15,81 pGy, with a standard deviation of 5,568
uGy. The minimum Effective Dose value calculated for
Hospital B was 7 pGy and the maximum 26 pGy (Table
5).

The Student's t-test showed that there were not any
equality between the averages of the ESD and Effective
Doses in the two hospitals. The differences were
statistically significant, (p=0,00) for a 95% confidence
interval.

Tabela 5 - Distribuicao da média das variaveis DEP e dose efectiva no Hospital A e Hospital B
Table 5 - Average, Standard Deviation, Minimum and Maximum of the ESD and Effective Dose values obtained
in Hospital A and in Hospital B.

DEP Dose efectiva
Hospital ESD Effective Dose
wmGy) wGy)

Hospital A N

Number of 27 27

examinations

Média

Average 16,78 22,63

Desvio Padrao

s 2,577 7,066

Deviation

Minimo

Minimum 11 11

Maximo

Maximum - 37
Hospital B N

Nu.mb.er o)‘ 57 57

examinations

Meédia

Average 12,22 15,81

Desvio Padrao

Standerd 5,154 5,568

Deviation

Minimo

Minimum 6 7

Maximo

Maximum 26 26
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Discussao

Confrontando dois sistemas imagiologicos de
aquisicao e tratamento de imagem, um convencional
ndo digital, no Hospital A e outro digital, no Hospital B,
observaram-se diferentes resultados referentes a DEP,
verificando-se que a média obtida no Hospital A (16,78
uGy), cujo sistema de aquisi¢ao de imagem ¢ realizado
por meio de ecra-pelicula, ¢ mais elevada, quando
comparada com o sistema do Hospital B (12,22 uGy),
que ¢é digital indirecto, sendo estatisticamente
significativa (p=0,00) a diferenca encontrada.

O valor mais elevado de DEP (26 pGy) aconteceu no
Hospital B, enquanto, no Hospital A, o maximo valor
de DEP foi de 21 pGy. Em média, verificaram-se
valores mais elevados de DEP no hospital A, com
sistema de ecran-pelicula. Estes achados ndo sdo
coincidentes com o estudo efectuado por Hufton,
Doyle e Carty “, onde as diferencas encontradas nio
foram significativas, nem com outro estudo realizado
por Carvalho et al " que, embora numa faixa etaria
diferente, encontrou valores de DEP mais elevados no
sistema digital.

Comparando os valores DEP obtidos nos dois
hospitais, com os valores de DEP de referéncia, ¢
possivel afirmar que estao longe de atingir o limite dos
niveis recomendados pelo ICRP, que na revisdo de
2000, estabelece que para o exame de torax (PA/AP) se
situam nos 70 uGy para os 5 anos ¢ 120 uGy para os 10
anos (Tabela 6) . Também a CCE delibera que a DEP
méxima para criancas de 5 anos é de 100 uGy .

Do sistema nio digital empregue no Hospital A resulta
uma aplicagdo mais regrada das doses, com menor
dispersdo de valores. O sistema digital do Hospital B
teve menor uniformizacdo das doses, embora tenha
registado os menores valores aplicados. Estes factos
poderdo ndo ser significativos, dadas as diferengas
verificadas nas ocorréncias nos casos de criancas de S e
6 anos de idade.

No Hospital B foi observada uma menor dose efectiva,
com 59,2% dos casos situados abaixo de 16 pGy. A
média registada pelo Hospital A (22,63uGy) foi mais
elevada que no hospital B (15,81uGy) (tabela 5).

No Hospital A foi observado o valor mais alto de dose
efectiva (37uGy) e no Hospital B o valor mais baixo
(7uGy).

Verificou-se, entdo, que tanto para os valores de DEP
como para os de doses efectivas, o sistema digital
emprega doses mais baixas do que o sistema
convencional ndo digital. O facto de o sistema digital
permitir maior latitude de pardmetros de exposi¢ao
pode explicar os picos de DEP observados no Hospital
B.

Avalia¢io dos Parimetros de Exposi¢io e Doses em Pediatria dos 5 aos 10 anos de idade.
Comparacio entre aquisicdo digital e nio digital na incidéncia de térax de frente.

Evaluation of paediatric exposure parameters and doses in 5-10 years old children.
Comparison between digital and non-digital acquisitions in frontal thorax projection.

Discussion

When comparing the two imaging systems, the non-
digital system in Hospital A and the digital system in
Hospital B, we can observe different results regarding
the ESD. We verify that the average ESD values
calculated for the Hospital A (16,78 nGy), where it is
used a film-screen technology, is higher than the
average of the ones calculated for the Hospital B (12,22
uGy), which uses an indirect digital system, being the
difference statistically significant (p=0,00).

The highest ESD wvalue calculated (26 pGy)
corresponds to an examination in Hospital B. The
highest ESD value calculated for Hospital A was 21
uGy, however the average of the ESD values was
higher for the Hospital A. These results are not in
accordance neither with the study performed by
Hufton, Doyle and Carty *, in which the authors found
insignificant differences, nor with the study performed
by Carvalho et al "”, in which were found higher ESD
values with a digital system. However, in this last study,
the age interval was different from the one analyzed in
our study.

Comparing the ESD values obtained in the two
hospitals with the ESD reference levels, we can say that
the values we have registered are far from reach the
values recommended by ICRP, who, in the 2000
revision, states that, for a thorax examination (PA/AP),
the ESD should not be higher than 70 pGy, for 5 years
old children, and 120 pGy for 10 years old children
(Table 6) "?. Also the ECC states that the maximum
ESD for 5 years old children is 100 pGy .

Looking to the results obtained for Hospital A, we can
see that the use of this system results in a more
homogenous distribution of doses, while the system
from Hospital B results in a higher dispersion of values,
despite the average of the values being lower. However,
these facts may not be significant due to the differences
in the number of examinations with children between 5
and 6 years old.

In Hospital B, it was observed a lower Effective Dose,
being 59,2% of the cases below 16 uGy. The average of
the Effective Doses calculated for Hospital A
(22,631Gy) was higher than the one calculated for
Hospital B (15,81uGy). The highest Effective Dose
calculated corresponds also to an examination
performed in Hospital A (37uGy), while the lowest
value was obtained in Hospital B (7uGy).

We have verified that, for both ESD and Effective Dose
values, the digital system applies lower doses that the
conventional system. However, the fact that the digital
system allows higher latitude of exposition parameters
may explain the peaks of ESD verified in Hospital B.
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Tabela 6 - Doses de referéncia para exames pediatricos
Table 6 - Dose Reference Levels for pediatric examinations

Pediatric . i e
Radiographs (Pediatric) (Pediatric) (General)
[values are ESD in NRPB EC NRPB
nGy, except or 2000 1996b, 1999a 1999
MCU exam]
0-yr | l-yr S-yr | 10-yr | 15-yr
AP & PA Chest 50 | 70 120 100 (5-yr old) 100 (5-yr old)
LAT Chest 200 (5-yr old) 200 (5-yr old)
AP Chest Newborns 50 80 (newborn) 80 (newborn)
PA or AP Skull 800 1100 1100 1100 1500 (5-yr old) 1500 (5-yr old)
LAT skull 500 800 800 800 1000 (5-yr old) 1000 (5-yr old)
AP Pelvis (infants) 200 (infant) 200 (infant)
AP Pelvis (older 500 600 700 2000 | 900 (5-yr old) 900 (5-yr old)
children)
AP or PA Abdomen 400 500 800 1200 | 1000 (5-yr old) 1000 (5-yr old)
(with vertical beam)
MCU exam (Note: 600 | 900 | 1200 | 2400
DAP in mGy cm2)

[NOTE: quality criteria, but not reference levels also given for the following pediatric radiographs in EC

(1996b)]

PA or AP Full Spine

PA or AP Segmental Spine
LAT Segmental Spine

O valor de referéncia Europeu para DEP, a partir de
2000, em criangas de 5 a 10 anos (excluindo 10 anos) ¢
70 uGy, ou seja, muito acima dos encontrados em
qualquer dos Hospitais "”. Nota-se que o valor de
referéncia Europeu, em causa, evoluiu de 100 pGy em
1996 para 70 puGy a partir de 2000 "* reflectindo a
tendéncia de evolugdo para critérios de maior
exigéncia. Mesmo assim, verifica-se que, mesmo o
sistema convencional ndo digital regista valores ainda
folgados. Pensa-se, deste modo, que a evolugdo no
rigor dos valores de referéncia ndo iré tdo cedo excluir
os métodos convencionais dos procedimentos
aceitaveis.

1*Fonte: Fonte: Diagnostic Reference Levels in Medical Imaging: Review and
Additional Advice. A web module produced by Committee 3 of the ICRP. in:
www.icrp.org/docs/DRL_for web.pdf, consultado a 27 de Fevereiro de 2007.
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Micturating Cystourethrography
AP or PA Urinary Tract

AP or PA Urinary Tract

(after contrast)

(without or before contrast)

Since 2000, the European reference level for ESD for
children between 5 and 10 years old (excluding the 10
years old) is 70 pGy "?, which is much higher that the
values measured in any of the hospitals. We notice that
the referred European reference revel has evolved from
100 pGy in 1996 to 70 uGy in 2000 “?, which reflect an
evolution trend to more rigorous criterions. Even with
these tighter criterions, the calculated values for the
conventional system are still far from the limits,
allowing us to think that even with more rigorous
criterions in the definition of the reference levels, the
conventional methods will not be excludes from the
accepted procedures.

1*Source: Diagnostic Reference Levels in Medical Imaging: Review and
Additional Advice. A web module produced by Committee 3 of the ICRP. in:
www.icrp.org/docs/DRL_for web.pdf, accessed at 27th of February of 2007.




No procedimento Imagioldgico Convencional nao-
digital a quase totalidade dos exames excedeu os
valores de referéncia de kVp Europeus, registando-se o
mesmo em 25,9% de casos no procedimento
Imagiologico Convencional digital. As razdes para
estes factos demandam maiores consideragoes devido
a importancia que a voltagem representa tanto para a
qualidade da imagem radiografica como dose para o
doente ?. Em relacdo a outro importante factor que
contribui para o valor de dose, os mAs, os valores
médios foram proximos, com 2,556 mAs no Hospital A
e 3,396 mAs, ambos com valores ligeiramente
inferiores aos de referéncia europeus ”. Esta dispersdo
de valores das condigdes de exposicdo usadas no
sistema digital podera dever-se 4 sua maior latitude de
exposi¢do, caracteristica das placas de fosforo,
representando uma desvantagem devido a maior
probabilidade de erro do técnico.

O sistema digital apresenta, no entanto, a desvantagem
da possibilidade de serem utilizados parametros
superiores aos necessarios. Como exemplo, o valor
maximo de mAs aplicado no Hospital B foi o dobro do
maximo aplicado no Hospital A, apesar das doses
serem menores nesse Hospital.

Na Radiologia por sistema digital sobre ou sub-
exposicdes ja ndo provocam filmes muito escuros ou
muito claros. Assim para evitar aumentos de dose, os
Técnicos devem confiar nos indicadores de exposicao
baseados ou na quantidade de sinal que alcanca o
detector, ou nas condi¢des de exposicao, dados esses
que podem ser indicados no cabegalho DICOM de cada
imagem"”.

Outra possivel explicacdo para as maiores doses
observadas no hospital A podera ser o tipo de criancas
estudadas, em média, com mais peso (26,56 kg) e
também mais altas (122,33 cm).

Ambos os hospitais utilizaram maioritariamente a DFF
180 cm. O Hospital B utilizou também DFF de 150 cm,
que ndo foi utilizada no Hospital A. Teoricamente, a
aplicacdo da lei do inverso do quadrado da distancia
implicaria maior DEP e dose efectiva, o que acabou por
ndo se verificar.

No Hospital A a incidéncia mais utilizada foi a PA
(70,4%), enquanto no Hospital B as frequéncias de
exames em PA e AP sdo semelhantes (48,1% e 51,9%).
Também este factor € levado em conta no calculo da
DEP e dose efectiva, sendo que na incidéncia AP existe
menor factor protector natural em relagdo aos 6rgaos
mais sensiveis.

O potter, que incorpora uma grelha de anti-disperséo,
implica um aumento das condi¢des de exposi¢do. Em
todos os exames efectuados no Hospital A foi utilizado
o potter, enquanto no Hospital B s6 em 1/3 dos casos foi
usado.

Avalia¢io dos Parimetros de Exposi¢io e Doses em Pediatria dos 5 aos 10 anos de idade.
Comparacio entre aquisicdo digital e nio digital na incidéncia de térax de frente.

Evaluation of paediatric exposure parameters and doses in 5-10 years old children.
Comparison between digital and non-digital acquisitions in frontal thorax projection.

With the non-digital imaging procedure, almost the
totality of the examinations exceeded the kVp
reference levels, defined by the ECC. With the digital
imaging procedures, this fact is verified in 25,9% of the
cases. The reasons for these arise from other
considerations regarding the role of the applied voltage
in the quality of the radiographic image and in the
patient dose "”. Another factor that influences the dose
values is the mAs. The averages of the mAs values
applied in each hospital were similar: 2,556 mAs in
Hospital A and 3,396 mAs in Hospital B (both slightly
below the European reference levels . We have also
verified a higher dispersion of exposition parameters in
the Hospital B, which is probably related with the
higher latitude of detection of the digital detectors. We
think this fact may represent a disadvantage since it
may increase the probability of an error from the
physician. The digital system presents the disadvantage
of allowing the use of exposure parameters higher than
the necessary. For example, the maximum mAs value
applied in Hospital B was twice the highest value
applied in Hospital A, despite the doses calculated for
the first hospital being lower.

In radiology with digital systems over or under
expositions may not produce films too dark or too
bright. Because of this, to avoid increasing the dose, the
physicians should trust in the exposure indicators,
based in the quality of the signal detected or in the
exposure conditions, since these data may be described
in the DICOM header of each image .

Another possible explanation for the higher doses
registered in Hospital A may be the children examined
in this hospital, with higher average weight (26,56 kg)
and height (122,33 cm).

Both hospitals used, in the majority of the situations, a
FFD equal to 180 cm. Hospital B used also a FFD equal
to 150 cm, which was not used in Hospital A.
Theoretically, applying the inverse square law, lower
FFD would lead to higher ESD and higher Effective
Doses, but this was not confirmed by the average doses
calculated.

In the Hospital A the projection mostly used was the PA
projection (70,4 % of the cases), while in the Hospital B
the frequencies of both projections (PA and AP) were
similar (48,1% and 51,9%). This factor is also taken
into account in the calculation of ESD and Effective
Dose, being the projection AP the one presents the
lower natural protection factor regarding the most
sensitive organs.

The potter, which incorporates the anti-scatter grid,
lead to an increase of the exposure conditions. In all the
examinations performed in Hospital A the potter was
used, while in Hospital B, this was used only in 1/3 of
the cases.
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Uma das limitagdes que se verificou na realizagdo deste
trabalho foi a forma de calculo de DEP e dose efectiva,
obtidas através de um programa informatico por meio
de variaveis do exame e ndo da medi¢ao directa com
recurso a dosimetros termoluminescentes (TLD) ou
qualquer outro tipo de aparelho medidor.

Seja qual for a técnica de Radiodiagnoéstico utilizada,
digital ou nao-digital, ¢ possivel reduzir a dose de
radiacdo nos exames radiologicos. Por exemplo,
através da implementagao de protocolos padrdo com os
parametros de exposi¢do. O controlo automatico de
exposimetria actualmente ¢é calibrado para adultos nao
¢ recomendado para criangas, mas novos controlos
encontram-se a ser desenvolvidos e poderdo conduzir a
uma diminui¢@o de dose em bebés e criangas até 30%
. Por outro lado, as grelhas anti-difusoras deverdo
apenas ser utilizadas em corpos com espessura superior
a 10-13 cm, pelo que devem ser retiradas para pacientes
pequenos.

Conclusao

Os exames do torax, em criangas dos 5-10 anos de
idade realizado com recurso a um sistema nao-digital,
implicam uma maior DEP e dose efectiva para o
paciente, quando comparado com o mesmo exame
realizado com recurso a sistemas digitais, nos hospitais
em estudo.

A média das doses em ambos os sistemas de aquisi¢do
de imagem, quer a digitalizagdo indirecta quer as
peliculas, s3o menores que as referéncias
recomendadas pelo ICRP e pela CCE, para as faixas
etarias em questao.
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