
 

 



 



 

RADIOPROTEÇÃO 
 
 

ISSN-0874-7016 

Diretor da revista Radioproteção: Luís José Proença de Figueiredo Neves 

Volume 4 (2018) 

Sociedade Portuguesa de Proteção Contra Radiações, 

Instituição de Utilidade Pública 

Afiliada da International Radiation Protection Association 

Faculdade de Ciências e Tecnologia Rua Sílvio Lima, 3030-790 Coimbra - PORTUGAL 

Telefone: +351 239700610 

Email: sppcr@sppcr.pt 

http://www.sppcr 

 

A revista "RADIOPROTEÇÃO" é o órgão oficial da SPPCR. 

 

CONFERENCE "PROTEÇÃO RADIOLÓGICA NA SAÚDE 2017" 

 

 

 

 

 

Organização 

 

 

 
 

 

 

Apoio à edição deste volume 

 

 



Radioproteção, Vol. 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Patrocinio 

 

 

 

 
 

 

 



Radioproteção, Vol. 4 

 

 



 

 

O presente número da revista Radioproteção contém os resumos da 

maioria das sessões da conferência Proteção Radiológica na Saúde 2017, que 

decorreu de 27 a 29 de setembro de 2017 em Lisboa, no Centro de Congressos 

do Instituto Superior Técnico da Universidade de Lisboa, da autoria dos 

respectivos “Co-Chairs”. 

 

 

 

 

Presidente da conferência 

 

Pedro Vaz (IST) 

 

 

 

 

Comissão de Honra 

 

Arlindo Oliveira (Presidente do IST) 

Francisco George (Diretor Geral da Saúde) 

Leonor Beleza (Presidente do CA, Fundação Champalimaud) 

 

 

 

 

Comissão Organizadora 

 

Ana Belchior (IST) • Ana Pascoal (KCH, UK) • Catarina Antunes (IST) • 

Isabel Lança (ARS-Centro) • Joana Santos (ESTeSC) • João Miranda dos 

Santos (IPOP) • Luís Freire (ESTeSL) • Mariana Baptista (IST) • Octávia 

Monteiro Gil (IST) • Paula Madeira (HSJ) • Paula Simãozinho (ARS-Algarve) 

• Paulo Diegues (DGS) • Pedro Rosário (DGS) • Pedro Teles (IST) • Pedro 

Vaz (IST) • Salvatore di Maria (IST) • Yuriy Romanets (IST) 

 

 

 

 

 

 

 

 



Radioproteção, Vol. 4 

 

 

Comissão Científica 

 

Amália Nogueira (H. Lusíadas) • Ana Belchior (IST) • Ana Isabel Santos 

(HGO) • Ana Pascoal (KCH, UK) • Anabela Januário (Ambimed) • António 

Abrantes (ESS, U.Algarve) • António Campelo (ACSS) • Bruno Martins 

(DCBM-UAlg) • Carla Conceição (HDE) • Catarina Antunes (IST) • Chris 

Clement (ICRP) • Durval Costa (F. Champalimaud) • Eliseo Vaño (Spain) • 

Fernando Godinho (Atomedical) • Filipe Caseiro Alves (SPRMN & HUC) • 

Francisco Alves (ICNAS/ESTeSC) • Gabriela Cardoso (HGO) • Georgi 

Simeonov (EC) • Graça Coelho (MC) • Graciano Paulo (ESTeSC) • Helder 

Pereira (SPC/APIC) • Isabel Lança (ARS-Centro) • Jenia Vassileva (IAEA) • 

Joana Santos (ESTeSC) • João Casimiro (H. D. Estefânia) • João Lavinha 

(INSA) • João Miranda dos Santos (IPOP) • João Pedroso Lima (HUC) • 

Jorge Isidoro (HUC) • Jorge Simões (ERS) • José Afonso (IPOLFG) • José 

Venâncio (IPOLFG) • Lídia Vasconcellos de Sá (IRD, Brasil) • Lucília 

Salgado (IPOLFG) • Luís Freire (ESTeSL) • Luís Neves (SPPCR) • Luís 

Peralta (LIP/FCUL) • Luis Ribeiro (ESS, U.Algarve) • Luiz da Rosa, (IRD, 

Brasil) • Lurdes Orvalho (H. Luz) • Lynne Archibald (Fundo iMMLaço) • 

Maria C. Baptista (Grupo Campos Costa) • Maria Carmen Sousa (IPOC) • 

Maria do Carmo Lopes (IPOC) • Maria Esmeralda Poli (HSM) • Maria 

Manuel Meruje (IST) • Maria Perez (WHO) • Mariana Baptista (IST) • 

Miguel Ferro (FDUL/Sérvulo&Ass.) • Nuno Carrilho (H. Curry Cabral) • 

Nuno Matela (IBEB/ERISA) • Nuno Teixeira (ESTeSL e FCM/UNL) • 

Octávia Monteiro Gil (IST) • Ola Holmberg (IAEA) • Paula Madeira (HSJ) • 

Paula Simãozinho (ARS-Algarve) • Paulo Diegues (DGS) • Paulo Ferreira (F. 

Champalimaud) • Pedro A. Gomes (ISQ/Labmetro) • Pedro Almeida 

(IBEB/FCUL) • Pedro Rosário (DGS) • Pedro Teles (IST) • Pedro Vaz (IST) • 

Ridwaan Esmail (Ministério da Saúde, Moçambique) • Rita Ferreira (H. Luz) 

• Rita Figueira (H. S. João) • Romão Trindade (Medical Consult) • Salvatore 

di Maria (IST) • Sandra Vieira (F. Champalimaud) • Sebastião Rodrigues 

(NMS/FCMUNL) • Simone Kodlulovich (ALFIM & Brasil) • Sofia Faustino 

(H. Luz) • Steve Ebdon-Jackson (PHE, UK) • Teógenes da Silva (CDTN, 

Brasil) • Teresa Rézio (IPOLFG) • Wolfgang Weiss (Germany) • Yuriy 

Romanets (IST) 

 

 

 

 

 

 

 



 

 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Radioproteção, Vol. 4 

 

 

 



 

 

 

 

 

 

 

 

 

 

RADIOPROTEÇÃO 

 

 

 

 

 

 

 

 

 



Radioproteção, Vol. 4 

 

 

 

 



Radioproteção, Vol. 4 

Foreword 
 

 

The Conference “Proteção Radiológica na Saúde 2017 (PRS2017)” took 

place in the Congress Centre of Instituto Superior Técnico (IST) in Lisbon, on 

27-29 September 2017. It was a major gathering of Portuguese experts and 

stakeholders (282 registered participants from research and academia, 

healthcare establishments, regulatory and competent authorities, companies 

and services providers, NGOs, amongst others), in Radiological Protection 

and Safety in the Health sector. The Conference was organized with the co-

sponsorship of IAEA and the involvement of experts from the IAEA, WHO, 

the European Commission, ICRP and other international institutions. 

This Conference was the follow-up of the previous Conference PRS2013 

(organized in September 2013), a first of a kind in Portugal, in the aftermath 

of which it was felt by many participants that the discussion of issues related 

to Radiation Protection in Medicine should be furthered and strengthened 

amongst the Portuguese communities. 

The main goals of the PRS2017 conference encompassed: 

 To promote an insightful debate on the growing use of ionising 

radiation in the medical field, in Portugal. 

 To serve as a forum for a widespread discussion of all the scientific, 

technical, socio-economical, legal, training, educational, qualification 

and certification related topics. 

 To gather all relevant national stakeholders from the Health sector to 

discuss the current status of radiological protection and safety of 

medical applications of ionising radiation in Portugal and identify key 

actions needed. 

 To review and discuss the existing and forthcoming legal framework 

of radiological protection in medical applications and its practical 

application in healthcare in Portugal. 

 To raise the awareness of all decision makers on critical issues related 

to the use of ionising radiation in medicine. 

 To disseminate current research, educational and professional projects 

undertaken in Portugal in the field of radiation protection in medicine. 

 To create and foster multidisciplinary cooperation between national 

specialists with relevant expertise in the field of radiological protection 

(physicists, biologists, medical doctors, toxicologists, epidemiologists, 

technologists and law experts among others). 

 To analyse showcase technological developments in the field of 

radiation protection and the contribution of industry to the field. 
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The programme consisted of plenary sessions on Justification and 

Optimization issues in the medical applications of ionizing radiation, 3 

breakout sessions and panel discussions addressing, inter alia, topics such as 

i) the Bonn Call for Action and its follow-up in Portugal, ii) the transposition 

of the Directive 2013/59/EURATOM, iii) Radiation Safety Culture, accidents 

and near misses, iv) the implementation of DRLs, v) education, training, 

qualification and certification in RP. Parallel sessions with oral presentations 

and poster sessions were also organized. 

The interaction between medical doctors, medical physicists, 

radiographers, physicists, regulators, young experts and students and other 

stakeholders was very benefitial in order to foster a more intense dialogue and 

to nurture cooperation links between them. 

Some of the highlights include the first formal presentation and discussion 

in Portugal of the Bonn Call for Actions, largely unknown, and its 

repercussion in Radiation Protection in Medicine in Portugal; the presentation 

and status of the transposition of the Directive 2013/59/EURATOM and its 

consequences for the future framework of Radiation Protection and Radiation 

Safety in Portugal; the presentation of a national initiative to determine 

Diagnostic Reference Levels (DRLs); discussion of Radiation Safety Culture 

issues, how to implement it and strengthen it in the workplaces. 

The success of PRS2017 and the shaping of its programme is due to the 

members of the Scientific Committee (listed in the sequence). Outstanding 

contributions were received from international experts from different 

institutions and international organizations who have kindly provided their 

views, comments, criticism and advice in multiple sessions. 

Last but not least, a tribute was organized to the memory of the late 

Professor João José Pedroso de Lima and his work and contributions, of 

cornerstone importance to Radiation Protection, in Portugal. 

At the aftermath of PRS2017, it was decided to compile the summaries of 

the Conference sessions, drafted by the Session Chairs, laying down the main 

findings and results and to publish them electronically as this special issue of 

“Radioproteção”, the journal of the Portuguese Society of Radiation 

Protection (SPPCR). 

 

The Editorial Board, 

Wolfgang Weiss, Eliseo Vaño, Maria Perez, Luís Neves and Pedro Vaz 
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Abstract: The principle of justification is generically applied by 

ensuring that any decision that alters a radiation exposure situation 

should do more good than harm. In medical exposures, justification 

means that the radiological procedure will result in more benefit than 

risk (i.e. a net benefit). This article presents stakeholders’ views about 

the process of justification of medical exposures, from public health, 

clinical, regulatory and radiation protection perspectives. It is based on 

on the outcomes of a plenary session held during the International 

Conference "Proteção Radiológica na Saúde", in Lisbon, Portugal, in 

September 2017.   

 

Keywords: justification, radiation protection, radiological procedures 

 

Resumo: O princípio da justificação é genericamente aplicado 

assegurando que o benefício decorrente de qualquer decisão relativa à 

exposição à radiação deve superar claramente o detrimento associado. 

Nas exposições médicas, a justificação significa que o procedimento 

radiológico resultará em mais benefícios do que riscos (i. e. um 

benefício líquido). Este artigo apresenta as visões dos “stakeholders” 

sobre o processo de justificação nas exposições médicas, nas 

perspetivas de saúde pública, clínica, regulatória e de proteção 

radiológica. Baseia-se nos resultados de uma sessão plenária realizada 

durante a Conferência Internacional "Proteção Radiológica na Saúde", 

em Lisboa, Portugal, em setembro de 2017. 

 

Palavras-chave: justificação, proteção radiológica, procedimentos 

radiológicos 

 

 

1. Introduction 

 

The system of radiological protection aims to control radiation risks to 

provide an adequate level of protection without unduly limiting the potential 

benefits for individuals and for society. The principle of justification is 
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generically applied by ensuring that any decision that alters a radiation 

exposure situation should do more good than harm, which in medical 

exposures means that the procedure will result in more benefit than risk (i.e. a 

net benefit). The justification of medical exposures and the key elements to be 

considered for its implementation in different scenarios were discussed at a 

plenary session during the International Conference "Proteção Radiológica na 

Saúde", held in Lisbon, Portugal, in September 2017.  This session brought 

together the perspective from different stakeholders including: (i) a public 

health perspective (M. Perez, World Health Organization, Switzerland); a 

clinical perspective (J. Venancio, Instituto Português de Oncologia de Lisboa 

Francisco Gentil, Portugal); a regulator perspective (S. Ebdon-Jackson, Public 

Health England, UK); and a radiation protection expert perspective (W. 

Weiss, Federal Office for Radiation Protection, Germany).   

 

 

2. A global public health perspective 

 

Achieving universal health coverage (UHC) is a global priority today for 

health authorities, with the ultimate goal of ensuring that people have access 

to needed health services of sufficient quality to be effective, without 

suffering financial hardship. The justification of medical exposures is 

embedded in the concept of quality in health care in UHC, which includes 

appropriateness and safety, together with affordability, accountability, 

accuracy, timeliness and patient-centricity. The process of justification 

involves consideration of the radiation dose and associated risks, together 

with the clinical benefits of the radiological medical procedure based on the 

existing scientific evidence, medical expertise, values and prevalent 

circumstances to decide what is appropriate for an individual or population. 

Both the referring physician and the radiological medical practitioner should 

take part of this process to ensure that the information about the clinical 

context and the patient’s history is integrated with the knowledge about 

imaging technology and expertise for performing the procedures. From an 

ethical point of view, health care providers must balance their ethical 

obligation to benefit the patient and not to cause harm (i.e. the beneficence 

and non-maleficence ethical principles) to ensure a net benefit from any 

health intervention. This is particular challenging in pediatric imaging. 

Generic and individual justification of medical exposure are extensively 

addressed in the new international radiation basic safety standards (BSS) and 

this has been reflected in the Bonn Call for Action to improve radiation 

protection in medicine in the current decade, which calls for enhancing 
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justification. While evidence-based clinical imaging guidelines can assist 

decision-making for patients with clinical signs and/or symptoms, there is 

lack of evidence regarding radiological imaging procedures in apparently 

healthy asymptomatic people. Challenges differ in the case of approved 

population-screening programs for specific diseases (e.g. mammography 

screening), long-term follow-up of affected populations (e.g. after an 

accidental exposure), and opportunistic screening (e.g. individual health 

assessment: IHA). Health screening, and in particular the practice of IHA, 

may have implications which go beyond radiation protection, such as 

overdiagnosis / overtreatment, false positives, incidental findings, health 

financing issues and ethical dilemmas, all of which have to be taken into 

account from an individual and public health perspective. 

 

 

3. A clinical perspective 

 

Imaging plays a central role in modern medicine. After more than one 

century of utilization of X-rays for medical purposes there is still a need to 

strengthen radiation safety culture in medicine. Health professionals must be 

aware and well informed about the safe and appropriate use of radiation in 

medicine. Justification is one of the three fundamental principles of radiation 

protection, and despite its crucial importance from the clinical point of view, 

this principle has been used empirically for many decades. By definition 

justification means that: “any practice involving radiation exposure should 

overall do more good than harm to the exposed individual or to the society, 

and that any intervention with the purpose to reduce existing doses should be 

more beneficial than harmful”. In the case of medical imaging, it is considered 

that a useful investigation is one in which the result, positive or negative, will 

inform clinical management and/or add confidence to the clinician’s 

diagnosis. A significant number of investigations do not fulfill these aims and 

may add unnecessarily radiation exposure to the patient. The decision about 

medical imaging includes consideration of different modalities using ionizing 

radiation (e.g. CT scans) and non-ionizing radiation (e.g. ultrasound or MRI). 

This decision is based on evidence-based guidelines, clinical experience, 

medical expertise, urgency of the request. Particular considerations are 

required in the case of pregnant women and pediatric patients. There is a 

shared responsibility in the justification process between the referrer, who 

must provide adequate clinical data, and the imaging practitioner, who have 

the knowledge about imaging technologies and procedures, to agree on how to 

better respond the specific clinical question. An increasing number of 
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procedures are done by non-radiologists in facilities outside the radiology 

department (e.g. dental imaging, interventional cardiology, vascular 

radiology) sometimes without the adequate supervision and knowledge of 

radiation protection. Radiographers and medical physicists must be involved 

as part of the imaging team to ensure that the right test is performed in the 

right way. Effective communication and clinical audit contribute to enhance 

justification. National imaging referral guidelines have been developed as 

clinical decision support tools and are being implemented in different regions 

of the world. The European Society of Radiology (ESR) has established a 

partnership with the American College of Radiology (ACR) for adapting their 

appropriateness criteria in the ESR iGuide, which is currently being piloted in 

a number of European countries.  

 

 

4. A regulator’s perspective 

 

Justification is one of the two principles of radiation protection that apply 

to medical exposures. It is a key aspect of the EC Directive 2013/59/Euratom 

Chapter VII on Medical Exposures., that the principle applies to a range of 

medical exposures and that the involvement of referrers and practitioners is 

defined. Approaches to justification vary among EU Member States and for 

different types of medical exposure. Diagnostic radiology offers specific 

challenges regarding the discharge of responsibilities prior to the exposure 

taking place. This EC Directive addresses justification in its Article 55, which 

requires to ensure a net benefit from the radiological medical procedures (i.e. 

the benefit should outweigh the detriment). The EC Directive 

2013/59/Euratom requires that Member States ensure that justification is 

carried out in advance of the exposure, taking into account the objective of the 

procedure and the characteristics of the individual, and that previous relevant 

information is obtained where practicable. Article 55 also addresses the 

requirement for specific justification of health screening programmes, the 

special documentation needed for exposures of asymptomatic individuals and 

the justification for exposures of carers and comforters. Requirements 

concerning responsibilities are addressed in Article 57, which requires the 

involvement of referrers (i.e. those who request the examination) and the 

practitioners (i.e. those who perform the examination) in the justification 

process. Training and recognition requirements for practitioners and other 

health care providers are addressed in Article 59. As noticed, this EC 

Directive refers to justification as a process, which includes several 

components or steps: clinical information, justification itself and 
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authorization. The clinical information refers to what clinical question needs 

to be answered, taking into account the characteristics of the individual; 

justification itself refers to what examination should take place and 

authorization means ensuring that the evidence of justification is taking place 

by a responsible actor. While the provision of clinical information is a major 

role for referrers, both the referrer and the practitioners play a role in the other 

two steps. The way to implement the process including the balance between 

the referrer and practitioner roles depend on each Member States. From the 

regulatory perspective is important to have a clear assignment of 

responsibilities and accountability, which has to be linked to the specific 

training needs regarding which examination is appropriate (i.e. benefit) and 

which is the dose and associated risks (i.e. the detriment). As an example of 

implementation at country level, in the UK regulations both the referrer and 

the practitioner are named as duty holders, the referrer must provide sufficient 

data relevant for the referral including clear explanation of the clinical 

question, the practitioner is responsible for justification and authorization, and 

other healthcare providers may authorize against clinical guidelines, and all 

these steps must be done before the exposure takes place. The regulator can 

assess whether the justification process was performed but does not question 

whether the exposure was clinically justified.       

 

 

5. A radiation protection expert perspective 

 

The goal of health protection measures is to do more good than harm. The 

process of justification of protective measures following nuclear or 

radiological emergencies, including screening of affected populations, has to 

address both the radiation-related health risks as well as health risks not 

directly related to radiation. This is of particular importance at low exposure 

levels for which psychological and other health effects may dominate the 

harm to health of the affected population. There are international criteria to 

justify urgent protective measures (like evacuation) to avoid exposures 

resulting in deterministic health effect and to reduce to the extent practicable 

the radiation induced risks for stochastic health effects. These generic criteria 

define an effective dose of 100 mSv in 7 days as a level of exposure for which 

urgent protective measures like evacuation, sheltering, etc. would be justified. 

An equivalent dose to “specific radiosensitive organs” of 100 mSv in a month 

is the generic criterion for the justification of health screening. Lessons 

learned from the Fukushima Daiichi nuclear accident indicate that at doses 

well below 100 mSv the disaster related health effects can dominate the harm 



Radioproteção, Vol. 4, pp.1-8 

 

 

6 

caused by radiation. The establishment of health screening programs after a 

nuclear or radiological emergency requires consideration of the levels of 

exposure, which would warrant treatment and/or follow up. While these 

programmes can provide an opportunity for reassurance of the affected 

population, on the other hand health screening can result in public concerns 

and a variety of non-radiological health effects. There is a need to develop 

criteria for the implementation of health screening programs, which have to be 

communicated to the concerned people together with the screening results. 

Key questions still require further considerations, such as: is the generic 

criterion of 100 mSv in a month applicable for different organs, cancer types, 

age groups, etc.?; can screening be justified (well) below the generic value?; 

how can the non-radiological consequences (e.g. psycho-social health 

consequences) be addressed to avoid unwanted health risks?  

 

 

6. Conclusions 

 

Radiation protection must be understood as a priority for the imaging 

services, and should be embedded in the clinical, teaching and research work. 

Ensuring justification of radiological procedures is implicit in the notion of 

good medical practice. Its implementation eliminates unnecessary or 

inappropriate referrals and is therefore a key measure to control unnecessary 

radiation exposures in healthcare. Clarity regarding the justification process is 

an essential element of safe and appropriate medical exposures of patients 

with signs/symptoms as well as of asymptomatic individuals. Considerations 

about the justification of health screening programs have to be included in the 

conceptual framework for public health response in radiological and nuclear 

emergencies.   
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PEDIATRIC EXPOSURES 
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Porto, Portugal 
4i3S - Instituto de Investigação e Inovação em Saúde, Universidade do Porto, 
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Abstract: Pediatrics is probably the area in Radioprotection, which 

presents the most challenges to ionizing radiation operators, both in 

diagnostics and the treatment of the pathology. Children’s specificity, 

particularly the rapid cell development, but also the different body 

types, pathologies or behaviors, demands for specific strategies by the 

professionals and the input of knowledge from several professional 

areas. 

 
Keywords: Pediatric exposures; Radioprotection. 

 

Resumo: Exposições pediatricas. A Pediatria é provavelmente a àrea 

da Radioproteção que apresenta mais desafios aos utilizadores de 

radiações ionizantes tanto no diagnóstico como no tratamento da 

doença. A especificidade das crianças, particularmente devido ao rápido 

desenvolvimento celular, mas também aos diferentes morfotipos, 

patologias ou comportamentos, exige abordagens especificas pelos 

profissionais e uma partilha de conhecimentos de várias àreas 

profissionais. 

 
Palavras chave: Pediatria; Radioproteção.  

 

 

1. Introduction 

 

During the session several stakeholders presented their views about 

pediatric exposures. The panel joined a neuroradiologist, an investigator, a 

radiographer and a medical physicist. Their views provided some insight in 

their work regarding pediatric exposures and the approach to radioprotection. 
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2. ALARA - a concept to maintain or to abandon? Recent controversies 

 

The first subject by Dra. Carla Conceição was focusing on  “ALARA - a 

concept to maintain or to abandon? Recent controversies”. Dra. Carla 

Conceição is a Neuroradiologist with great knowledge in Pediatric Imaging. 

 

The presentation addressed the concept of ALARA and reviewed the 

trends that oppose to ALARA and the reasons for keeping ALARA alive. The 

highlights of the presentation are as follow: 

 

“The development and generalization of multidetector CT imaging has led 

to an increase in accuracy and applications, resulting in an exponential growth 

in the number of examinations carried out in children and a consequent 

increase of ionizing radiation exposure in pediatric population. Several 

strategies of radiation protection have been developed, mainly based on 

justification and optimization of the exams, namely the ALARA concept. 

However, ALARA and its usefulness has recently been called into question. 

There is currently an intense debate about the usefulness of the ALARA 

concept, with different experts arguing divergent opinions. This debate is still 

open and probably with a long way to go”. 

 

 

3.  Cancer incidence after low dose radiation exposure: the Portuguese 

tinea capitis X-irradiated cohort 

 

The second subject by Dra. Paula Boaventura was focusing on “Cancer 

incidence after low dose radiation exposure: the Portuguese tinea capitis X-

irradiated cohort”. Dra Paula Boaventura is an Investigator of low dose 

radiation exposure late effects, namely cancer. 

 

The presentation addressed an epidemiological survey regarding cancer 

incidence related to low dose exposures.  The highlights of the presentation 

are as follow: 

 

“3357 individuals were matched with the RORENO database to determine 

which members of the cohort had developed cancer and, if so, to determine its 

site and the date of diagnosis. The association between X-ray epilation 

treatment and all cancer types combined and specific types of cancer 

individually was evaluated using standardized incidence ratios (SIR). 
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Over the full follow-up period (20 years), 310 (13.7%) individuals were 

identified with cancer. The risk for an irradiated individual to develop a 

malignant non-skin tumor in the period 1991-2010 was 1.41 higher (95%CI: 

1.27-1.59) than the general population background. We observed a higher 

cancer risk in males as compared with females (SIR=1.60, 95%CI: 1.36-1.87 

vs. SIR=1.27, CI=1.08-1.49). Apart from breast cancer, increased risks were 

observed for all cancer types evaluated. For thyroid cancer, individuals 

irradiated at younger age (<5 year-old) presented higher SIRs (SIR=4.53; 

95%CI: 2.17-8.33) than individuals irradiated at older age (≥5 year-old) 

(SIR=2.27; 95%CI: 1.47-3.35). 

In the present study an association was confirmed between tinea capitis X-

ray epilation in childhood (5-6 Gy to the scalp) and later increased risk of 

overall cancer, with a 1.4 fold increased risk. An increased risk for cancers not 

located in the irradiated area was also observed; such an increase has not been 

described previously in the tinea capitis irradiated cohorts.” 

 

 

4. Clinical Diagnostic Reference Levels in Pediatric CT  

 

The third subject by Dr. João Casimiro was on “Clinical Diagnostic 

Reference Levels in Pediatric CT”. Dr. João Casimiro is a radiographer with 

great knowledge in Pediatric Imaging. 

 

The presentation addressed the implementation of clinical diagnostic 

reference levels (DRLs) in the CT department. The highlights of the 

presentation are as follow: 

 

“Establishing DRL’s in Pediatric CT represents a challenge because of the 

wide range of ages, groups and clinical conditions, which have to be 

considered. After the establishment of local DRL’s the radiology staff should 

evaluate which are the most representative clinical conditions. Then, in 

agreement with the referring physicians the radiology staff must analyze 

which are the diagnostic questions for a given exam in a specific condition 

and try to manage existing DRL’s in order to obtain low exposures to patient 

while preserving the answers needed for the prescribed exam. 

In our center we currently use several protocols based in clinical DRL’s 

that we have developed in our department with the physicians that usually 

prescribe those selected groups of exams. Some of the most used protocols, 

customized for clinical purpose, include clinical conditions such as 

hydrocephalus, sinusitis, leg alignment measurements and pectus escavatum. 
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Some of technical parameters adjusted included kVp, mA, slice thickness and 

scan coverage”. 

 

 

5 Non-Accidental Injury (NAI) Paediatric Radiography – an optimisation 

study  

 

The fourth subject by Dra. Ana Pascoal was on “Non-Accidental Injury 

(NAI) Paediatric Radiography – an optimisation study”. Dra. Ana Pascoal is 

a medical physicist with great knowledge in Radioprotection. 

 

The presentation addressed the review of radiography protocols in clinical 

use at four London hospitals for Non-Accidental Imaging (NAI) skeletal 

surveys. The highlights of the presentation are as follow: 

 

“The clinical protocols at each site were reviewed and compared with 

existing guidance (RCR, RCPCH, 2008). Retrospective data collection was 

carried out to obtain exposure data for a sample of NAI skeletal surveys 

performed at each site. The abdomen AP view was selected for optimisation. 

An anthropomorphic paediatric phantom (CIRS, 2013) was imaged at two 

sites using a radiography/fluoroscopy (R/F) system (Axiom Luminos dRF, 

Siemens) and a DR system (Ysio, Siemens). On the DR system additional 

abdominal AP views were acquired at a range of 40 to117 kV, with and 

without additional copper filtration (0.1mm) for matched effective dose (ED). 

ED and skin dose was calculated using software (PCXMC v2, STUK). 

Contrast-to-Noise Ratio (CNR) measurements were performed in anatomical 

regions of interest in the images. 

The protocols in use varied significant between sites namely in the number 

of standard views. Of the four participating sites, three different types of 

imaging technologies were used for NAI imaging (direct digital system, 

Radiography/Fluoroscopy system, and Computed Radiography (CR)). Organ 

doses and effective dose varied depending on the technology and protocol in 

use. The ED obtained were 90 ± 4 µSv, and 57 ± 3 µSv for the NAI skeletal 

survey performed using the phantom with the R/F and the DR system, 

respectively. The optimisation study for the abdomen AP projection (DR) 

showed that 0.1 mm Cu reduced the skin dose by an average of 13% over the 

kV range (40-117 kV) compared with no copper. An improved CNR was 

observed at 55kV compared with current clinical settings (64 kV) for the same 

ED. 
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This study showed a wide range of technologies and protocols in use for 

NAI imaging. Additionally, improved CNR of the abdomen AP projection 

may be obtained for the same ED by reducing the kV compared with the 

current technique”. 

 

 

 

6. Conclusions 

 

The room where the session was presented was full of attendants which 

confirm the interest of the audience in the subject. The speakers, with 

different backgrounds, gave clear thoughts about their views of some of the 

hot topics in this area and in the end their contributions make sense in the 

general picture that is Radioprotection in Pediatrics. 
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Abstract: The session Nuclear Medicine and Molecular Medicina 1 of 

this Conference “Proteção Radiológica na Saúde 2017” comprised one 

invited lecture and three additional presentations regarding therapy with 

radionuclides. Regulations and potential benefits were discussed. The 

subjects under discussion included the Basic Safety Standards (BSS) 

EU Council Directive 2013/59/Euratom, personalized dosimetry and 

comparative evaluation of different radionuclides with variable 

therapeutic potential and different emitting capabilities. 

 
Keywords: Nuclear Medicine; dosimetry; SPECT; PET; radioactivity; 

nano-dosimetry; radiopharmaceuticals; radioembolization; Auger 

therapy. 

 
Resumo: Medicina nuclear e medicina molecular 1. A sessão de 

Medicina Nuclear e Medicina Molecular 1 desta Conferência “Proteção 

Radiológica na Saúde 2017” teve uma lição convidada e três 

apresentações, todas elas relacionadas com a regulamentação e as 

potencialidades terapêuticas de vários radionuclídeos. Os temas tratados 

incluiram os novos padrões de segurança básica (EU BSS) explicitados 

na Directiva 2013/59/Euratom do Conselho Europeu, com dosimetria 

personalisada e orientada ao doente, assim como a  avaliação 

comparativa da distribuição energética de vários radionuclídeos com 

emissões de tipos diferentes. 

 
Palavras chave: Medicina Nuclear; dosimetria; SPECT; PET; 

radioactividade; nano-dosimetria; radiofármacos; radioembolização; 

terapêutica com emissores de electrões de Auger. 

 

 

1. Introduction 

 

The increasing interest in therapy with radiopharmaceuticals has been 

driven by the past success of IODINE-131 (131I) for diagnosis and therapy of 

benign and malignant diseases of the thyroid, as well as, the most recently 
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developed THERANOSTICS approach. This is based on the use of the same 

biomarker for diagnostic and therapeutic purposes. The biomarkers when 

labelled with radionuclides appear more and more appealing. Using nano- and 

pico-Molar concentrations of a biomarker labelled with a gamma or positron 

emitting radionuclide is sufficient to study a specific cellular function. The 

same is true when using beta minus or alpha emitters to deliver internal 

radiation therapy with high specificity. 

However, there is a need to put in place and abide to regulations and 

protocols that will, ultimately, reduce radiation risks to patients, staff and 

environment (community in general). This may be achieved with improved 

practices including dosimetry as it is compulsory done with external radiation 

therapy. 

 

 

2. The session  

 

The use of radiopharmaceuticals to treat malignant diseases is increasing 

its impact for several clinical indications. There are several methods, all 

clinically accepted, to calculate the most adequate activity to administer per 

patient. They vary from pre-set activity quantities to calculated activities 

based on different assumptions to achieve a prescribed absorbed dose to the 

diseased cells. For many years external radiation therapy has been using well 

defined protocols to calculate the best dosimetry approach to each disease and 

each patient.  The time has come for internal radiation therapy (therapy with 

radiopharmaceuticals) to get closer and closer to these practices making 

attempts to calculate dosimetry, on a patient basis, during therapy with 

radiopharmaceuticals. The main objective of the invited lecturer (Santos, 

J.A.M. 2017) was to call the attention for the new EU Council Directive 

2013/59/Euratom Basic Safety Standards that will be compulsory as from 

next year of 2018. Several issues were raised from human resources to 

practicalities of coping with cost increments. All of them need to be addressed 

as soon as possible to avoid disruptions and negative impacts on patient 

management. 

 

DNA-targeted radiopharmaceuticals for Auger therapy include those 

labelled with TECHNETIUM-99m widely used for diagnostic purposes. It is 

important to bear in mind the results presented by Ana Belchior (Pereira, E. et 

al. 2017) since they indicate 99mTc to be able to induce DNA damage with 

similar efficiency to that of IODINE-125 (125I). They said that, using in vitro 

methods complemented with molecular docking studies and Monte Carlo 
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simulations of the energy deposited at the nanometric scale, these 

radionuclides can produce comparable DSB (Double-Strand Breaks) yields in 

plasmid cellular DNA. 

 

Patients with inoperable liver tumors (primary or metastatic) that have also 

failed other therapies may benefit from liver radioembolization (RE). There is 

a need to improve protocols for calculation of the most adequate activity to be 

administered per patient and per treatment in order to achieve sufficient 

prescribed absorbed doses to the tumors with the least damage to normal liver 

cells. In order to investigate the predictive power of MAA (macro-aggregated 

albumin labeled with 99mTc pre-treatment) in comparison with MS (glass 

microspheres charged with 90Y) treatment, 13 RE therapies were investigated 

by Ferreira, P. et al (2017) including 154 planning target volumes (PTV) and 

26 normal liver volumes (NVL). Their results appear to point towards the 

strong possibility of using MAA pre-treatment as a predictor of the MS 

absorbed dose distribution. 

 

Finally, the state-of-the-art Monte Carlo (MC) radiation transport program 

was used by Di Maria, S. et al (2017) to demonstrate that there is a need to 

understand and assess the energy deposition pattern near the radionuclide 

decay site, as well as, the energy variation due to radionuclide-DNA distance, 

in order to better design strategies based on radionuclides (161Tb, 111In, 177Lu, 
125I and 99mTc) that emit Auger electrons and/or beta minus radiation. 

 

 

3. Conclusions 

 

This session was of very good standard and called our attention to several 

issues related to the use of radionuclides and radiopharmaceuticals for treating 

diseases. As main conclusions we would like to stress the following aspects: 

a) Regulations are strongly needed and recommended despite the financial 

burdens to health systems in place; 

b) We should bear in mind the possibility of therapeutic effects (Auger 

therapy effect) by radionuclides used in diagnostic exams; 

c) There is a need to improve dosimetry for every radionuclide, i.e., 

radiopharmaceutical treatment that, ideally, should always be personalized to 

the patient and its disease, in addition to organ function status; 

d) The use of Monte Carlo simulation protocols will improve results of 

therapy, in particular, at the nanometric level. 
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Abstract: The session was dedicated to recapitulate the main actions of 

the joint statement of the International Conference on Radiation 

Protection in Medicine: Setting the Scene for the Next Decade” in 

December 2012. The representatives of the co-sponsors of the 

conference, IAEA and WHO, presented their views as well as follow-

up activities about at the international level followed by a critical 

assessment of the actual situation in Portugal. The ongoing 

transposition of the EU BSS Directive 2013/59/EURATOM into 

national law is expected to lay the foundation for a national framework 

in RP to overcome the existing problems. 

 
Keywords: Radiation protection in medicine, safety culture in health 

care facilities, education and training of medical physicists, EU BSS 

Directive 2013/59/EURATOM 

 

Resumo: A sessão foi dedicada a recapitular as principais ações da 

declaração conjunta da International Conference on Radiation 

Protection in Medicine: “Setting the Scene for the Next Decade” em 

dezembro de 2012. Os representantes dos co-patrocinadores da 

conferência, IAEA e WHO apresentaram os seus pontos de vista, bem 

como as atividades de acompanhamento a nível internacional, seguidas 

de uma avaliação crítica da situação atual em Portugal. Espera-se que a 

transposição em curso da Diretiva BSS da UE 2013/59/EURATOM 

para a legislação nacional crie as bases para um quadro nacional em RP, 

a fim de superar os problemas existentes. 

 

Palavras-chave: Proteção radiológica em medicina, cultura de 

segurança em estabelecimentos de saúde, educação e formação de 

físicos médicos, Diretiva BSS da UE 2013/59/EURATOM 
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1. Introduction 

 

In December 2012 the International Atomic Energy Agency (IAEA) held 

the “International Conference on Radiation Protection in Medicine: Setting 

the Scene for the Next Decade” in Bonn, Germany. The conference was co-

sponsored by the World Health Organization (WHO) and attended by 536 

participants from 77 countries. 

The joint statement of IAEA and WHO (“Bonn Call-for-Action”) 

identifies responsibilities and priorities for stakeholders regarding radiation 

protection in medicine for the next decade. 

It includes ten main actions, and a total of 48 subactions. (IAEA, 2012), 

https://rpop.iaea.org/RPOP/RPoP/Content/.../Bonn_Call_for_Action_Platform

/): 

1. Enhance the implementation of the principle of justification. 

2. Enhance the implementation of the principle of optimization of 

protection and safety. 

3. Strengthen manufacturers’ role in contributing to the overall safety 

regime. 

4. Strengthen radiation protection education and training of health 

professionals. 

5. Shape and promote a strategic research agenda for radiation 

protection in medicine. 

6. Increase availability of improved global information on medical 

exposures and occupational exposures in medicine. 

7. Improve prevention of medical radiation incidents and accidents. 

8. Strengthen radiation safety culture in health care. 

9. Foster an improved radiation benefit-risk-dialogue. 

10. Strengthen the implementation of safety requirements globally. 

 

 

2. The current situation at international level  

 

IAEA and WHO identified several key challenges for the implementation 

of the Bonn Call for Action: 

 Low level of awareness about radiation doses and risks among health 

policy makers and health professionals. 

 Lack of integration of radiation safety into healthcare policies, strategies 

and regulations (e.g. universal health coverage, service delivery, patient 

safety, essential medicines and medical products, health technologies and 
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medical devices) and occupational health strategies and services in 

healthcare facilities. 

 Limited dialogue/cooperation and lack of agreements between health 

authorities and radiation protection regulators. 

 Disparities in access to health services, technologies, human and financial 

resources between (and within) regions/countries. 

 

IAEA and WHO offer a wide spectrum of support activities for the 

implementation of the proposed actions, eg. by providing standards, guidance 

and training, offering technical assistance, fostering information exchange 

between member states and engaging in activities which aim at building and 

raising awareness, for example, through targeted information provided  (eg. 

https://rpop.iaea.org/). Free training packages are offered in English, Spanish, 

etc.; e-learning modules in the areas of radiation management in computed 

tomography and safety and quality in radiotherapy were launched in 2016 

(https://rpop.iaea.org/). Initiatives for promoting the integration of radiation 

safety reporting and learning systems are available: SAFRON (radiotherapy 

incidents) and SAFRAD (SAFety in RADiological procedures). A Bonn Call 

for Action implementation toolkit is offered by IAEA as an e-brochure with 

the aim to help end-users in finding the appropriate tools that have been 

developed.  

The IAEA International Basic Safety Standards (IAEA 2014) include basic 

requirements for protection and safety. Specific guidance on the 

implementation of standards is provided by the series of Safety Reports and 

TechDocs. A Safety Guide on “Radiation Protection and Safety in Medical 

Uses of Ionizing Radiation” with specific guidance on fulfilling the BSS 

requirements in medical settings is under development. Documents providing 

specific guidance in the areas of “Radiation Protection in Dental Radiology” 

and “Patient Radiation Exposure Monitoring in Medical Imaging” are under 

development. An international conference will be held in December 2017 to 

discuss the changes achieved in practice fife years after the Bonn conference.  

WHO is developing tools to support the recommended benefit-risk dialog 

including the development of a set of products targeted on generic 

information on medical imaging and specific information for different 

imaging modalities. The format used includes a master document and 

derivative products 

(http://www.who.int/ionizing_radiation/pub_meet/radiation-risks-paediatric-

imaging/en/).  In the framework of a joint WHO-IRPA-IOMP project 

„Development of a conceptual framework for the establishment/enhancement 

of a radiation safety culture in health care facilities” stakeholders’ feedback is 
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collected in different regions of the world. Expected publication date of the 

final report: 2018. 

 

 

3. The situation in Portugal 

 

During the discussion it became obvious that only a small fraction of the 

participants was familiar with the Bonn Call for Action. While the validity of 

the aims and objectives of the Bonn call for action was acknowledged, major 

challenges were identified. A key challenge is that the major part of health 

care is not delivered at high technology imaging departments with highly 

skilled professionals. In addition there are practical challenges related to 

deficits in clearly defining and enforcing the role medical physicists (MPs) 

should have. Staffing levels are below the recommended minimum, 

particularly in interventional and diagnostic radiology and there is a lack of 

recognition of the role of the MPs by other professional groups.  

In the past, radiation protection has not been considered an attractive topic 

for continuous professional development. This misjudgement was based on 

the conviction that regulations and guidelines per se would solve the problems 

of providing the best diagnostic imaging. There is a need to raise awareness 

about the need for more education and training in radiation protection of all 

professional groups (physicians, medical physicists, radiographers, nurses, 

regulators, …)  involved in the use of ionizing radiation in medicine.  

In October 2016, several international organizations organized in Madrid, 

the ‘Ibero-American Conference on Radiation Protection in Medicine’ 

(CIPRaM) with the aim to follow the implementation of the “Bonn Call for 

Action”. CIPRaM was structured in eight thematic sessions dealing with: 

diagnostic and dental radiology, image guided interventional radiology, 

nuclear medicine, radiation therapy, health authorities and radiation protection 

regulators, professional associations of technologists and nurses, professional 

associations of medical physicists and radiation protection experts, and 

universities and researchers in radiation protection in medicine. The main 

results of that Conference were based on the consensus achieved about main 

problems, solutions, and indicators to evaluate the implementation of the 

proposed solutions (Vano et al 2017). 

To overcome the existing problems, to raise the awareness, and to 

strengthen the profession, the Portuguese School of Medical Physics (DFM-

SPF) has taken some actions: 

 Alerting the authorities by publicizing reference documents or guidelines 

and requesting the urgent resuming of the formal training of new MPs 
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(ICRP 2009, European Commission, 2014). and also the implementation 

of an effective registration and certification system for MPs; 

 Producing national recommendations for education and training of MP;  

 Promoting and organizing training courses and workshops for MPs. 

 Promoting surveys to gather relevant data to characterize the national 

situation. 

 

 

4. Discussion and Conclusions  

 

The transposition of the EU BSS Directive 2013/59/EURATOM into 

national law is expected to lay the foundation for a national framework for RP 

in Portugal to overcome the identified problems.  The implementation of the 

framework in the clinical practice would require the allocation of additional 

resources to provide opportunities for professionals to adapt and change the 

“work behaviour” related to technology shift. Together with the industry all 

necessary effort have to be undertaken that extraordinary technology 

developments have to take into account both the exposures of patients and 

staff members and the improvement of the diagnostic quality of new 

technologies. The EURAMED platform is an example of an initiative that 

could be implemented at a national level, to promote relevant R&D activities 

in the area of RP. 

To support national authorities in the transposition of the EU Directive a 

document was elaborated with the DFM-SPF recommendations on medical 

physics education and training (“RECOMENDAÇÕES DFM-SPF - Física 

Médica: Formação, Treino e Certificação Profissional”).  
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Abstract: A session at Proteção Radiológica na Saúde 2017 was 

dedicated to optimisation of protection in the use of ionising radiation 

in medicine. Presenters from the International Commission on 

Radiological Protection, the International Atomic Energy Agency, the 

European Commission, and Complutense University, Spain, presented 

on the importance of optimisation of protection, European Commission 

efforts in this area, and practicalities of optimisation in both diagnostic 

and interventional radiology. 

 
Keywords: optimisation, radiation protection, medicine, diagnostic 

radiology, interventional radiology 

 

Resumo: Foi dedicada uma sessão na Proteção Radiológica na Saúde 

2017 à otimização da proteção nas aplicações das radiações ionizantes 

em medicina. Apresentações de representantes da International 

Commission on Radiological Protection, da International Atomic 

Energy Agency, da Comissão Europeia e da Universidade Complutense 

da Espanha discutiram a importância da otimização da proteção, os 

esforços da Comissão Europeia nesta área e os aspetos práticos da 

otimização em radiologia de diagnóstico e de intervencão. 

 

Palavras-chave: otimização, proteção radiológica, medicina, 

radiodiagnóstico, radiologia de intervenção 

 

 

1. Introduction 

 

This session reviewed aspects of optimisation of protection related to the 

use of ionising radiation in medicine. The importance of optimisation was 

introduced, European Commission efforts in this area were presented, and 

practicalities of optimisation in both diagnostic radiology and interventional 

radiology were reviewed. 
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2. The Need for Optimisation  

 

Christopher Clement, Scientific Secretary of the International Commission 

on Radiological Protection (ICRP) presented recent work and future priorities 

of ICRP for radiological protection in medicine. An element of the 

presentation was a review of the widespread and increasing use of radiation in 

medicine, in particular on how best to evaluate whether this increase is a 

problem. 

Medical exposures are by far the highest artificial source, with the global 

average being about 0.6 mSv per year, 100 times higher than all other natural 

sources combined (UNSCEAR, 2008). Moreover, doses from medical use of 

radiation are increasing, primarily due to the increasing use of CT (NCRP, 

2009). Average dose per CT has also risen from the 1970s to the 1990s, 

although a slight decrease was seen in the 2000s (UNSCEAR, 2008). 

The use of radiation in medicine provides enormous benefits world-wide. 

Increasing availability and use of advanced technology in medicine is broadly 

beneficial, and increasing dose alone does not indicate a problem. 

The key questions to ask are: does the patient benefit? (i.e. are medical 

exposures justified), are doses as low as reasonably achievable? (i.e. is 

radiological protection of the patient optimised), and is everything being done 

to avoid accidents? 

ICRP Publication 105 Radiological Protection in Medicine (ICRP, 2007) 

addresses these questions. The International Atomic Energy Agency (IAEA) 

Fundamental Safety Principles (IAEA, 2006), stresses the need for 

optimisation of protection, and ICRP Publication 135 Diagnostic Reference 

Levels in Medical Imaging (ICRP, 2017) provides recommendations on how 

best to use DRLs in optimisation. 

Optimisation of protection is an integral part of quality of care of patients, 

and essential for protection of healthcare workers and other people. It is a 

process, not an endpoint, a fundamental principle of radiological protection, 

good practice, and common sense. 

 

 

3. EURATOM BSS Directive  

 

Georgi Simeonov from the Directorate-General for Energy of the 

European Commission (EC) presented the key aspects of optimisation of 

protection in medical imaging according to the "Basic Safety Standards" 

(BSS) Directive 2013/59/Euratom (EC, 2014). The Directive was published in 
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2014 and must be implemented in the EU Member States by 6 February 2018.  

Advancing optimisation of protection in medical imaging is among the main 

objectives of the BSS Directive.  It defines the DRLs, the involvement of an 

MPE and the teamwork as the key elements of a successful approach to 

optimisation in clinical environment.   

The European Commission is empowered to monitor the implementation 

of the European BSS in the Member States and take corrective action, 

wherever necessary.  The Commission also implements a series of 'soft 

measures' to support the implementation of the BSS Directive into the 

regulatory system and everyday practice.  Most recently, the Commission 

launched studies, some resulting in practice guidelines, on the MPE 

qualification, education and training of medical professionals and on 

paediatric DRLs.  The focus in the next years will be on ensuring full 

implementation of the BSS Directive. One specific area, where the 

Commission will focus further efforts, is the development and use of DRLs; a 

European survey aiming to advance the concept of clinically-specified DRLs 

has been recently launched. 

The status of implementation of the BSS Directive 2013/59/Euratom varies 

among the EU Member States.  In recent years, important progress has been 

achieved in many countries towards the introduction and update of DRLs.  

The involvement of the MPE in radiological imaging is now foreseen in many 

national legislations. The concept of the clinical ALARA-team was developed 

some years ago (EMAN project) and its implementation into practice will 

depend on strong local support by the professionals concerned. 

Top-down and bottom-up European, national and local action is needed, 

and is in many cases underway, to guarantee full and correct BSS 

implementation by February 2018.   

 

 

4. Optimisation in Diagnostic Radiology  

 

Jenia Vassileva, Radiation Protection Specialist from the Radiation 

protection of Patients Unit of the IAEA presented practical steps for 

optimizing diagnostic radiological procedures.  

The International Basic Safety Standards, GSR Part 3 (IAEA, 2014), 

defines optimization of protection for medical exposure as the management of 

the radiation dose to the patient commensurate with the medical purpose. In 

diagnostic and interventional radiology, this means keeping the exposure of 

patients to the minimum necessary to achieve the required diagnostic or 

interventional objective. 
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Key personnel in the optimization process are the radiological medical 

practitioner, the medical radiation technologist and the medical physicist. It 

also requires involvement of the governmental bodies and relevant 

professional bodies for establishing DRLs for medical exposures and dose 

constraints for carers and volunteers in biomedical research programmes, and 

ensuring their proper utilization.  

The first step in optimization is selection of the appropriate and well-

designed radiological equipment. Quality assurance (QA) system should be in 

place, including acceptance testing, commissioning and periodic constancy 

tests, aimed to ensure that equipment is always performing correctly, 

reproducibly and predictably. Appropriate technique and parameters 

(protocols) should be used to perform the procedure with the minimum 

exposure to the patient necessary to fulfil the clinical task. These protocols 

should be specific to the modality, clinical task and patient size. Local 

assessments of typical doses to patients for common procedures and their 

comparison to the relevant DRLs should be performed, and review conducted 

to determine whether protocols and procedures need correction. Periodic 

‘checks and balances’ ensure that the protocols and procedures are being 

followed. Regular independent clinical audits are an asset to the QA program.  

Optimization is an iterative process that requires understanding of factors 

contributing to patient and staff radiation dose, and teamwork to achieve the 

best result.  

 

 

5. Optimisation in Interventional Radiology 

 

Eliseo Vaño, professor at Complutense University, Spain, and former 

Chair of ICRP Committee 3 on Protection in Medicine, presented practical 

examples of optimisation of protection in interventional radiology. 

Optimisation in medical imaging is not always equivalent to minimising 

patient doses. The “As Low As Reasonably Achievable” (ALARA) concept is 

only part of optimisation in medicine. Image quality, more precisely the 

required diagnostic information, should be the priority. Staff doses should 

also be considered during optimisation in interventional radiology. 

Optimisation in interventional radiology includes the management of 

several patient dose parameters, including Kerma Air Product (KAP) and Air 

Kerma (AK), as well as ensuring that the required diagnostic information is 

obtained. The imaging acquisition modes, number of images per second, and 

x-ray beam angulations all need to be considered. The skin dose distribution is 

relevant for complex procedures. 
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Static image quality evaluation is not sufficient, and interventionalists need 

to be involved in defining the diagnostic information required as part of the 

optimisation process. The availability of dosimetric parameters in real time 

(for patient and staff) facilitates proactive optimisation during interventional 

procedures. Assessment of documentation on individual radiation events, 

which may be available in automatic patient dose registries, can help develop 

new strategies for optimisation. In addition, staff doses for different patient 

radiation events, when available, may also be considered as part of 

optimisation of protection. 

Practical examples of optimisation of protection in interventional 

radiology include: image post-processing to improve visualisation of stents 

from a cine series without impacting the workflow; using real-time dose maps 

to optimise the skin dose distribution and reduce the peak skin dose if clinical 

conditions permit, and to assess appropriateness of follow-up of possible skin 

injuries for high-dose procedures; and, optimisation of protection using 

automated analysis of DICOM radiation dose structured reports. 

 

6. Conclusions 

 

The application of the fundamental radiation protection principle of 

optimisation complements the wider set of requirements that ensure good 

medical practice and quality healthcare. Optimization is a prospective and 

iterative process that requires many elements to be in place and judgements to 

be made using both qualitative and quantitative information.  

International organizations play important role in developing requirements 

and providing guidelines. At a national level, governmental bodies and 

relevant professional bodies enforce and support the implementation process. 

Optimization in clinical environment requires collaborative work of medical 

practitioners, medical physicists and radiation technologists. 
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SESSION: OPTIMISATION 

 

Pascoal, A., Trindade, H. 

 
Abstract: Optimisation is an essential activity in imaging departments. 

This session included three presentations that covered some of the more 

challenging areas in radiation protection in diagnostic radiology: 

radiation doses in interventional procedures, the need for a strong and 

appropriate regulation, and the increasing number of dental x-ray 

equipment. 

 

Key words: CT image guided interventions, intraoral dental radiology, 

mammography, quality control.  

 

Resumo: A otimização é uma atividade essencial nos departamentos de 

diagnóstico por imagem. Esta sessão incluiu três apresentações que 

cobriram algumas das áreas mais desafiadoras de proteção radiológica 

em radiodiagnósticoa: doses de radiação em procedimentos de 

intervenção, a necessidade de uma regulação forte e apropriada, e o 

aumento do número de equipamentos de raios-x odontológicos. 

 

Palavras-chave: intervenções guiadas por imagem de TC, radiologia 

odontológica intraoral, mamografia, controle de qualidade. 

 

 

This session consisted of three oral presentations. A summary of the 

highlights of each session follows. 

 

The first study entitled Dose values in interventional computed 

tomography procedures: a multicentre study Costa, A.1, Gomes, I.1, Pimenta, 

A.2, Almeida, C.3,Oliveira, C.1, Paulo, G.1 compared patient doses for 158 

CT image guided interventions performed in 3 hospitals in Portugal. The 

procedures included chest biopsies, pelvic, abdominal and bone interventions.  

Key findings from the study were a large variation in the protocols (technical 

settings) in use across centers leading to a range of doses varying by up to a 

factor of 7. The size of the patients studied in each centre was comparable. 

The lowest CTDIvol values were observed with helical CT protocols. The 

fluoroscopy mode resulted in increased patient skin dose, lower fluoroscopy 

time and lower effective dose.  

 

In the second study entitled A portuguese approach regarding dose 

assessment and image quality in intraoral radiology; Guilherme Coutinho, 
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Hugo Trindade, Mariana Trincão, Cláudia Xavier, Cláudia Mota, João 

Amorim, David Vicente the authors reported on the findings from quality 

control surveys performed on 1200 intra oral X-ray systems (99 models) and 

759 dental imaging systems (88 models). Technical exposure settings, dose 

and image quality performance were evaluated. Digital radiography was the 

modality adopted in the majority of the tested intraoral equipment (around 

84%). The kV used varied between 60-70 kV with the majority (60%) of 

systems using 70 kV. The surveys showed that the incident air KERMA for 

radiography of the superior molar tooth was 1mGy with digital systems 

compared with 2.3 mGy for analogue image receptors, hence 60% more dose 

was used by the analogue systems. It was verified lower doses in continuous 

generators (mean ESAK (Entrance Surface Air Kerma): 0,9 mGy) compared 

to pulsed generators (mean ESAK: 1,3 mGy). 

The assessment of contrast performance showed that for the vast majority 

(99.7%) of systems three contrast levels in the test object used, could be 

distinguished. The spatial resolution was higher than 6.2 lp/mm for 94% of 

the imaging systems tested. A comparison of the results of this study with a 

previous study by Carvalho et al (1992) showed that the dose for dental intra-

oral radiography with analogue X-ray imaging systems was significantly 

reduced since the study 25 years ago. 

 

In the third study entitled Image quality in digital mammography- 

evaluation of protocols and guides for routine quality control; Hugo Trindade, 

Guilherme Coutinho, Claudia Xavier the image quality and dose performance 

of 43 mammography systems in use in Portugal, including CR and DR 

systems, was assessed.  

Contrast-to-noise ratio (CNR) and average glandular dose (AGD) were 

measured and assessed for compliance with the EUREF guidelines (European 

Guidelines for quality assurance in breast cancer screening and diagnosis, 

2006) and the IAEA recommendations (Quality Assurance Programme for 

Digital Mammography, IAEA Human Health Series No17, 2011).  

Key findings were that AGD for 75% of the equipment tested was within 

EUREF and IAEA levels of acceptability.   

Regarding CNR, 55% of CR systems tested did not meet the EUREF 

criteria but they were within the acceptable values proposed in the IAEA 

guidance. The authors noted that the existing legislation regulating quality 

control of radiological equipment in Portugal is out of date (Decreto-Lei nº 

170/2002) and no longer suitable to the digital mammography technology in 

use at present. The need to update the existing regulation in Portugal in light 
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of the advances in digital imaging systems and the updates in the Basic Safety 

Standards (2013) highlighted by the authors. 

 

The presentations showed that for the same type of procedure there can be 

significant difference in radiation dose depending on the protocols used 

locally (including technical settings) and the type of imaging receptor used.   

 

Developments in medical imaging technologies provide useful tools for 

dose reduction, facilitate workload and have been responsible for an increase 

in the number of X-Ray procedures undertaken by imaging providers. 
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SUMMARY OF THE BREAK-OUT SESSION 2: 

IMPLEMENTATION OF DRLS - EXAMPLES OF THEIR USE 

AND USEFULNESS 

 

Vassileva, J., Santos, J. 
 

Abstract: The Break out session 2 was dedicated to implementation of 

Diagnostic Reference Levels (DRLs). Presenters from the International 

Commission on Radiological Protection, the International Atomic 

Energy Agency, the Complutense University, Spain, and the Coimbra 

Health School, Portugal, presented on the recent recommendations of 

ICRP and IAEA, experiences with setting and using DRLs, and 

examples of their use and usefulness.  

 
Keywords: diagnostic reference levels (DRLs), optimization, 

radiology, interventional radiology. 

 

Resumo: Repreentantes da “International Commission on Radiological 

Protection”, da “International Atomic Energy Agency”, da 

Universidade Complutense, Espanha, e da Escola Superior de 

Tecnologias de Saúde de Coimbra, Portugal, apresentaram as 

recomendações recentes da ICRP e da IAEA e discutiram experiências 

na definição e uso de DRLs e exemplos de uso e utilidade. 

 

Palavras-chave: níveis de referência de diagnóstico (NRD), 

otimização, radiologia, radiologia de intervenção. 

 

 

1. Introduction 

 

The recent recommendations of the International Commission on 

Radiological Protection (ICRP), and the International Atomic Energy Agency 

(IAEA) were presented, and experiences of establish and using DRLs for 

optimization of patients’ radiation protection were highlighted during this 

session. 

 

 

2. The ICRP recommendation on establishing and using DRLs (Vaño) 
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Eliseo Vano, Chair of the Committee 3 “Protection in Medicine” of the 

ICRP presented an overview of the new ICRP Publication 135 “Diagnostic 

Reference Levels (DRLs) in Medical Imaging”. The DRL has been proven to 

be an effective tool to aid in optimisation of protection in the medical 

exposure of patients for diagnostic and interventional procedures.  

The ICRP document contains chapters on: considerations in conducting 

surveys to establish DRLs; radiography and diagnostic fluoroscopy; 

interventional procedures; digital radiography, CT, nuclear medicine, and 

multimodality procedures; paediatrics and application of DRLs in clinical 

practice. A summary of 72 main points (recommendations) are also included 

at the end of the document. 

In addition to the definitions of DRL quantity and DRL value, for 

multimodality imaging it is recommended to set DRLs for the different 

modalities independently (e.g. for PET-CT). DRL should be set in commonly 

and easily measured or determined radiation dose quantities that assess the 

amount of ionising radiation used to perform medical imaging tasks. DRLs 

should be revised at regular intervals of 3–5 years, or more frequently. Weight 

bands are recommended for establishing paediatric DRLs. Phantoms were 

often used in the past, but now ICRP recommends setting DRL values based 

on surveys of patient examinations, because the DRL value should be tied to 

defined clinical and technical requirements for the medical imaging task. 

Assessment of clinical image quality or the proper diagnostic information 

when multiple images are used should be performed as part of the 

optimisation process. 

It is expected that the new ICRP recommendations will help in the 

implementation of the new European and International Basic Safety standards 

aimed to improve the use of radiation in medical imaging. The target audience 

for this publication is national, regional, and local authorities; professional 

societies; and facilities that use ionising radiation for medical purposes, and 

responsible staff within these facilities. 

 

 

3. Experiences of IAEA Member States with setting and using DRLs 

(Vassileva) 

 

Jenia Vassileva, radiation protection specialist from the Radiation 

Protection of Patients Unit of the IAEA, made an overview of the advent of 

DRLs and their first application in UK in 1980-s to show variation in 

practices between hospitals for similar radiographic procedures.  
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According to the International Basic Safety Standard (BSS, GSR Part 3), 

DRLs are a tool used in optimization of protection and safety in X ray medical 

imaging, image guided interventional procedures and diagnostic nuclear 

medicine. The government has a particular responsibility to ensure that DRLs 

are established for the State. DRLs can be also established for a region within 

the State or, in some cases, regions of several small States. In establishing 

values for the DRLs, typical (e.g. median) doses for patients are obtained 

from a representative sample of rooms and facilities where these procedures 

are being performed. In this way a snap shot of current practice in the State or 

region is obtained, reflecting both good and poor practices, for that particular 

imaging procedure. The value of the DRL for that particular procedure is 

typically the rounded 75th percentile of the distribution of typical doses for 

the room or facility. In establishing DRLs, it is important to include only 

radiological procedures whose image quality is adequate for the medical 

purpose.  

Periodic assessments are required to be performed of typical patient doses 

or, for radiopharmaceuticals, of activities administered in a medical radiation 

facility. If comparison with established DRLs shows that the typical doses or 

activities to patients are either unusually high or unusually low, a local review 

is required to be initiated to ascertain whether protection and safety has been 

optimized and whether any corrective action is required. DRLs should not be 

used as dose limits. 

Examples from the IAEA Technical meeting in 2016 on Patient dose 

monitoring and the use of DRLs for the optimization of protection in medical 

imaging were presented. Examples included experiences of United Kingdom, 

United States, Australia, France, Sweden, Finland, Netherland, as well as the 

IAEA guided national survey in Egypt.  

Finally, conclusions of the IAEA survey on paediatric CT involving 40 

countries were presented, from which international DRLs were proposed for 

head, chest and abdomen CT in four age groups. These DRLs can be used by 

clinical staff in countries without sufficient medical physics support, to 

identify non-optimised practice. 

 

 

4. Spanish experience with DRLs and optimization in interventional 

cardiology and radiology (Vaño) 

 

Eliseo Vano from the Medical Physics Service, Hospital Clinico San 

Carlos and Radiology Department of the Complutense University, Madrid, 
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Spain, presented the Spanish experience with DRLs and optimization in 

interventional cardiology and radiology.  

The Spanish Society of Cardiology and the Spanish Society of Vascular 

and Interventional Radiology (SERVEI) have promoted, in cooperation with 

medical physics experts from several universities and public hospitals, patient 

dose surveys to establish and update national diagnostic reference levels 

(DRLs) for interventional procedures. The DOCCACI (DOsimetría y 

Criterios de CAlidad en Cardiología Intervencionista) group was established 

in 2010, following the experience of a similar group created in 2006, with the 

involvement of SERVEI, for interventional radiology. A sample of 10-12 

public hospitals from all over the Country, with the only condition that they 

would contribute a minimum set of patient dose values per year, selected at 

random, perform a common set of quality controls to the X-ray systems and 

participate in the coordination meetings with a medical physics expert and a 

cardiologist or interventional radiologist.  

Values of DRLs (published as kerma area product, cumulative air kerma at 

the patient entrance reference point, fluoroscopy time and number of acquired 

images) for a set of common interventional procedures have been established 

and are updated periodically. 

The cooperation between medical physics experts and interventionalists, 

under the umbrella of the corresponding medical societies, allowed the 

establishment of national DRLs and optimization actions. This is also o good 

strategy to implement the radiation safety culture during interventional 

practices.  

 

 

5. Portuguese DRLs approaches. Promoting a new national survey 

(Santos) 

 

Joana Santos from the Medical Imaging and Radiotherapy Department of 

the Coimbra Health School, Polytechnic Institute of Coimbra, Portugal, 

presented the approached used to establish DRLs in Portugal. The first 

Portuguese DRL survey will start in the beginning of 2018. The Medical 

Imaging and Radiotherapy Department of Coimbra Health School (World 

Health Organization Collaborative Centre for Radiation Protection) promoted 

this study with the Centre For Nuclear Sciences and Technologies (C2TN) of 

the Technical Superior Institute and the Radiology and Nuclear Medicine 

Portuguese Society. This national survey has the scientific support of 

Directorate-General of Health (DGS), a public body from the Ministry of 
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Health. The examinations and clinical indications were presented, taking into 

account the most frequent procedures performed in Portugal.  

It is expected that establishment of DRLs will help in the implementation 

of the new European and International Basic Safety standards. 

 

 

6. The impact of optimization program on DRLs (Graciano Paulo) 

 

Graciano Paulo from the Coimbra Health School, Polytechnic Institute of 

Coimbra, Portugal, presented experiences with the impact of optimization 

process and the use of DRL in paediatric radiology. As result of an EC funded 

project, guidelines on the European DRLs for Paediatric Imaging have been 

developed, and European DRLs proposed based on the median value of 

distribution of National DRLs for a defined clinical imaging task surveyed for 

standardized patient grouping.  

To achieve optimization goal in radiography, good practice in radiographic 

technique is needed and therefore special attention must be given, 

simultaneously, to several aspects of the procedure, such as patient 

positioning and immobilisation; accurate field size and correct X-ray beam 

limitation, the use of protective shielding, when appropriate; optimisation of 

radiographic exposure factors.  

Evidence shows that the impact of the optimisation process has a clear 

reduction of patient dose without affecting the image quality. Optimisation 

programmes should be carried out on a regular basis, especially when new X-

ray equipment or post-processing tools are installed. The use of electronic 

cropping in plain imaging results in unnecessary radiation exposure to the 

patient. To surpass this problem there is a need to raise awareness amongst 

radiographers and to identify new anatomical landmarks for collimation. The 

post optimisation exposure conditions should provide a better “diagnostic” 

image quality with a significant dose reduction. There should be a continuing 

programme of assessment to track any changes in equipment performance. 

Links between the radiographer, the medical physicist and the radiologist, 

to provide a greater opportunity for optimisation are essential. 

 

 

7. Conclusions 

 

DRLs are set per examinations and should be orientated based on the 

clinical indication and technical requirements for the medical imaging task. 

Paediatric DRLs must follow these methods however they also need to be 
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establishing according to patient weight. For interventional radiology and 

cardiology the major challenge is the definition of diagnostic and therapeutic 

procedures. Recommendations for conducting surveys to establish DRLs in 

different imaging modalities were presented taking into account adult and 

paediatric patients. DRLs should be revised at regular intervals at least 3–5 

years or less. DRLs are an important tool used in optimization of protection 

and safety in X ray medical imaging, image guided interventional procedures 

and diagnostic nuclear medicine. 
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EXTERNAL RADIOTHERAPY AND BRACHYTERAPHY 

SESSION 

 

Vieira, S.1, Lopes, M.C.2 
 

1Dept.of Radiotherapy, Champalimaud Foundation, Portugal, 

sandra.vieira@fundacaochampalimaud.pt 
2 Dept. of Medical Physics, IPOCFG, E.P.E, mclopes@ipocoimbra.min-saude.pt 

 
Abstract: The External Radiotherapy (ERT) and Brachytherapy (BT) 

session included two invited talks and two proffered papers. The invited 

talk on ERT discussed volume definitions and their relation with 

margin determination. The BT invited talk covered the treatment 

technique used at Centro Hospitalar de Coimbra for Choroidal 

melanoma. 

The proffered papers focus on clinical practices in two Portuguese 

hospitals, one on the implemented QA program and the other one on the 

workflow towards adaptive radiotherapy.  

 

Keywords: target volume, margins, choroidal melanoma, QA program, 

adaptive radiotherapy. 

 

Resumo: A sessão de Radioterapia Externa (RTE)e Braquiterapia (BT) 

consistiu de duas palestras convidadas e dois artigos apresentados. Na 

palestra convidada sobre a RTE foram discutidas as definições de 

volume e sua relação com a determinação de margem. A palestra da BT 

abordou a técnica de tratamento utilizada no Centro Hospitalar de 

Coimbra para o melanoma coroide. 

Os trabalhos apresentados centraram-se nas práticas clínicas em dois 

hospitais portugueses, um no programa de Controle de Qualidade (CQ) 

implementado e outro no fluxo de trabalho para a radioterapia 

adaptativa. 

 

Palavras-chave: volume alvo, margens, melanoma coroidal, programa 

de CQ, radioterapia adaptativa 

 

 

The invited talk on ERT covered the subject of target definition in modern 

radiotherapy. The ICRU 50 report (ICRU, 1994) was reviewed, marking the 

official introduction of the GTV (Gross Tumour Volume), CTV (Clinical 

Target volume) and PTV (Planning Target Volume). The following ICRU 

report 62 (ICRU, 1999) introduced the ITV (Internal Target Volume), given 
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the increasing attention to intra-fraction tumour motions. In the presentation, 

considerations on the ITV were discussed, attempting to clarify that this 

concept is being misused in clinical practice. Often in the clinic, the intra-

fraction errors accounted to form the ITV are added linearly to the margin 

recipe, instead of quadratic. A global combined margin recipe from GTV to 

PTV was presented. If CTV and PTV margins are not combined, margins can 

be overestimated up to 5 mm. The largest geometrical uncertainty is mainly 

due to GTV and CTV delineation errors. More histopathology studies should 

be performed to improve GTV to PTV margins. Margin calculation used in 

the clinic should be consistent. 

 

The second invited presentation was dedicated to brachytherapy. The 

technique used to treat Choroidal melanoma in the Centro Hospitalar e 

Universitário de Coimbra was presented. This technique was implemented in 

2013. The melanoma is a rare disease (one new case per 100,000 persons per 

year). An introduction was presented of the main techniques used to treat this 

disease. Radiotherapy has been found to offer an effective therapeutic 

treatment. Namely sparing the organs at risk and preserving vision. An 

implant of iodine 125 sources is used for treatment. The patient remains with 

the implant for a few days. In the presentation was underlined the need for 

cooperation between the different health professionals including radiation 

oncologist, ophthalmologist and the medical physicist.   

 

The first proffered paper covered the specific patient QA program at the 

Espírito Santo´s Hospital, which has been implemented since March 2011.  

This presentation reported their experience with different detectors in the QA 

procedure: ion chamber (1D absolute), film dosimetry (2D absolute and 

relative), ion chamber array (2D absolute) and portal dosimetry (2D relative). 

Patient-specific QA was analysed retrospectively over more than 1200 

patients. All the measurements are performed prior treatment. All detectors 

showed good agreement (within 3%, 3mm gamma evaluation criteria) with 

the treatment planning system. 

 

The final presentation of the session was dedicated to Helical 

Tomotherapy. In this modality, intensity modulated treatments can be 

performed to a wide variety of pathologies. Megavoltage CT (MVCT) is 

available for image guidance. This group, from IPO Coimbra, reported on the 

established workflow to compare planned dose with actual delivered fraction 

dose. Using the daily acquired MVCT, image registration is performed to 

produce a synthetic CT composed by the planning and the MVCT. All 
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volumes are also automatically deformed using a third-party dedicated 

software. The cumulative dose for all fractions can be estimated and analysed 

using dose volume histograms. Decision making about the need to re-plan can 

then be optimised, leading to improvement on the dose delivery procedure. 
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Abstract: The session about computational applications in radiological 

protection and dosimetry was dedicated to the presentation of studies, 

whose results show the importance of the use of Monte Carlo 

calculations in several applications such as nuclear medicine, 

interventional cardiology, computed tomography and α-particle targeted 

therapy.  

 

Keywords:  Monte Carlo simulations, dose assessment, α-particle 

targeted therapy, microdosimetry 

 
Resumo: Aplicações computacionais em proteção radiológica e 

dosimetria. A sessão sobre aplicações computacionais em proteção 

radiológica e dosimetria foi dedicada à apresentação de estudos, cujos 

resultados mostram a importância do uso de cálculos de Monte Carlo 

em várias aplicações, tais como medicina nuclear, cardiologia de 

intervenção, tomografia computorizada e terapia direcionada com 

partículas-α. 

 

Palavras-Chave: Simulações de Monte Carlo, cálculo de doses, terapia 

direcionada com partículas-α e microdosimetria.  

 

 

1. Introduction 

 

The increase of computational power enables the use of Monte Carlo (MC) 

calculations in several areas such as dosimetry. One of the research areas that 

took great advantage from this was medical physics. Presently, the use of 

voxel phantoms together with MC calculations allows more sophisticated 

calculations in medical dosimetry. Since absorbed dose measurements in 

patients are difficult and time-consuming, a frequent and useful application of 

MC tool is the precise organ-dose estimation using computational 

anthropomorphic phantoms. Also, using this method it is now possible to 
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estimate the radiation risk, of the targeted and non-targeted organs, associated 

with a specific medical procedure.  

Additionally, significant developments have occurred in recent years in the 

development of MC computer programs for applications in the biological 

sciences, giving rise to the often called-Monte Carlo track structure codes-

which ultimately aim at describing on an event-by- event basis each particle 

interaction along their path. In recent years, efforts have been undertaken 

towards an effective implementation of targeted radiotherapy. As described 

earlier, Auger-emitting radionuclides, including the ones used for SPECT 

imaging, are promising candidates for targeted therapy given the very short 

range of Auger, Coster- Kronig and internal conversion electrons. 

Additionally, targeted alpha-particle therapy is becoming more interesting, for 

clinical use, due to the effectiveness for cell killing.  

 

 

2. Summary of the presented work 

 

The session was dedicated to the presentation of studies, whose results 

show the importance of the use of Monte Carlo calculations in radiological 

protection applications.  

The first work, presented by Pedro Teles, was about the estimation of dose 

coefficients for most radiopharmaceuticals utilized in Nuclear Medicine, for 

adults, newborn, children and adolescents. In the case of children and 

adolescents, values are usually provided for 2 months. 1, 5, 10, and 15 year 

old patients without specification for patients with ages in between. Results 

obtained in this study indicate that it is more accurate and convenient to use a 

patient body mass function to determine the dose coefficients for these 

patients.  

The second work, presented by Ana Belchior, was related to interventional 

cardiology (IC) procedures. These procedures can be complex, leading to long 

exposure times to ionizing radiation that may cause deterministic effects and 

an increased risk of stochastic effects. For an accurate patient dose 

calculation, a female voxel phantom, LAURA, was implemented using the 

state-of-the-art Monte Carlo simulation program PENELOPE, to assess organ 

doses per unit dose-area product (DAP), both in target and critical organs. The 

effective doses calculated in this study, highlight the importance of accurately 

assessing the risk of cancer incidence and mortality in IC examinations. 

Furthermore, for the sake of reducing the risk of stochastic effects, as low as 

possible peak voltages of the X-ray equipment should be used, as long as the 
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resulting image quality does not jeopardize the clinical result of the intended 

IC procedure. 

The third study was presented by Jorge Borbinha and was related to the 

use of computational phantoms in computed tomography (CT).  

The main objective of this investigation was to modify – through computed-

aided diagnosis (CAD) methods – existing 3D voxel phantom models 

resembling real patients as much as possible, as well as assessing the variation 

of organ doses when a standard phantom is used instead. This work focused 

essentially in one of the biggest and most radiosensitive organs in the thorax, 

the lungs. During the course of this work a FORTRAN-based routine was 

developed, which is able to semi-automatically modify the volumetric 

information of organs of interest in a standard voxel phantom (ICRP Adult 

Female). This study demonstrates that voxel phantoms developed using single 

patient data provide a better and more precise organ dose assessment by MC 

methods than a standard phantom. The presented methodology should be of 

interest for dose optimization studies and quick enough for routine clinical 

use.  

The last work, presented by Francisco Liberal, was about Monte Carlo 

calculations, at a sub-cellular scale, for targeted α-particle therapy. The 

TOPAS modeling tool was used to simulate the effects of 211At. The influence 

of cellular geometry on the internal dose shows an increased effect of the 

radiation on the nucleus and a decrease effect when the activity is distributed 

in the cytoplasm or medium. Also, for distances equal or greater than 5µm the 

sub-cellular localization of the activity in the source cell does not influence 

the cross-fire dose. 

 

 

3. Conclusions 

 

This session showed several applications in radiological and dosimetry 

areas where computational methods play a fundamental role in trying to 

estimate important parameters that permit from one side to improve and 

optimize the performance of a given diagnostic technique, and, to the other 

side, to study the feasibility of emerging radiotherapy techniques for cancer 

treatments. Given the huge increase of computational power, the MC related 

statistical uncertainties in all the presented works were below 1%. Systematic 

uncertainties related to the use different material cross-section databases 

(especially in the case of microdosimetric studies) or anatomical ones (in the 

case of anthropomorphic voxel phantoms), should always be benchmarked 

and compared with experimental studies. 
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Abstract: The increasing number of medical procedures using ionizing 

radiation (IR) and the corresponding exposure of patients and 

professionals is an emergent problem in the context of radiation 

protection in human health. Exposure to ionizing radiation, essentially 

from a diagnostic or therapeutic nature, has been steadily increasing 

over time, whereas exposure from natural sources has remained 

constant. This has led to several studies that have assessed the 

biological effects of this low-dose exposure. Concomitantly, the 

identification, development and validation of biomarkers of exposure, 

early and late effects for cancer or/and non-cancer diseases is a declared 

priority in the EU. In this session, a general and detailed overview of 

biomarkers of genotoxicity followed by the potential angiogenic 

response and biological risk due to radioactive medicinal products for 

diagnostic or therapeutic purposes was discussed. The effects of low 

dose of ionizing radiation in upregulating pro-angiogenic factors in 

endothelial cells isolated from peri-tumoral tissues and the genetic 

damage induced in exfoliated buccal cells after orthopantomography 

were also presented and discussed. This area still needs special attention 

for the improvement of new sensitive biomarkers that can measure the 

effect of this exposure. 

 
Keywords: radiobiology; low dose; biomarkers; angiogenesis.  

 
Resumo: Radiobiologia e baixas doses de radiação ionizante. O 

crescente número de exames diagnósticos realizados recorrendo a 

radiação ionizante é um problema de Proteção Radiológica para todos 

os expostos (profissionais e pacientes). A exposição a baixas doses de 

radiação ionizante (RI), provenientes essencialmente de exames de 

diagnóstico e da terapêutica tem vindo gradualmente a aumentar, 

enquanto a exposição de origem natural permanece mais ou menos 
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constante. Com base nestes pressupostos vários estudos têm vindo a ser 

desenvolvidos para avaliar os efeitos da exposição a baixas doses. 

Paralelamente, a identificação, desenvolvimento e validação de 

biomarcadores de exposição, considerando os efeitos imediatos e os 

tardios da exposição a RI para cancro e/ou outras patologias é uma 

prioridade na UE. Nesta sessão, uma visão geral e detalhada dos 

biomarcadores da genotoxicidade seguida da potencial resposta 

angiogénica e do risco biológico devido ao uso de radiofármacos para 

fins diagnósticos ou terapêuticos, foi apresentada. Os efeitos da 

exposição a baixas doses de RI no aumento de expressão dos factores 

pro-angiogénicos em células endoteliais isoladas de tecidos peri-

tumorais e a lesão induzida em células da mucosa jugal após 

ortopantomografia foram igualmente apresentados. Esta área requer 

biomarcadores mais sensíveis que possam avaliar os efeitos decorrentes 

da exposição a radiação ionizante. 

 
Palavras chave: radiobiologia; baixas doses; biomarcadores; 

angiogénese. 

 

 

1. Introduction 

 

Biological effects induced by high doses of ionizing radiation are well 

known, and some biomarkers of exposure to high doses have been well 

characterized. However, taking into account the exposure to low doses 

(internally and externally) the produced/induced effects are not so well 

documented and there is a growing need for the discovery and implementation 

of new biomarkers. In Europe, platforms like MELODI (Multidisciplinary 

European Low Dose Initiative), a platform dedicated to low dose ionizing 

radiation risk research have as priorities in their Strategic Research Agenda 

(SRA MELODI 2017) “To identify, develop and validate biomarkers for 

exposure, early and late effects for cancer or/and non-cancer diseases”.  

In this context, exposure to low doses of ionizing radiation, essentially 

from a diagnostic or therapeutic nature, has been steadily increasing over 

time. According to Mettler (2008), medical radiation exposure was 

approximately 0.54 mSv/person in 1980, rising to 3.0 mSv in 2006 in the 

USA, whereas exposure from natural sources has remains constant at 

approximately 2.4 mSv. Use of diagnostic procedures involving radiation in 

the UK more than doubled over the same period (COMARE, 2014) and more 

than tripled in Australia (Brady, Z., et al, 2011). Although most of these 

medical procedures have benefits, there are others for which the benefit is not 

clear or has not been quantified, and therefore the assessment of the potential 
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benefit-risk ratio for various procedures is needed. It is already known that 

studies concerning protracted exposure to low doses of ionizing radiation 

increases the risk of death from solid cancers (Leuraud, K., et al, 2015). High 

doses of ionizing radiation clearly produce deleterious consequences in 

humans, including, but not exclusively, cancer induction. At very low 

radiation doses the situation is much less clear, as already stated, but the risks 

of low-dose radiation are of societal importance in relation to issues as varied 

as screening tests for cancer, the future of nuclear power, occupational 

radiation exposure, frequent-flyer risks, manned space exploration, and 

radiological terrorism (Brenner, D.J., et al, 2003). 

 

Thus the biological effects of low doses of ionizing radiation requires the 

development of sensitive biomarkers, that should allow greater precision of 

the doses received and inform the evaluation of the dose-response relationship 

of non-cancer effects, which can be used in several clinical contexts to assess 

exposure, effects or susceptibility. Genotoxicity biomarkers have played a key 

role in assessing exposure or early biological effects from radiation exposure. 

Nevertheless, other biomarkers of effects, namely non-genotoxic effects, are 

also important, given the recent non-carcinogenic effects observed in the Life 

Span Study (LSS) cohort including circulatory disease (Little, M.P., 2013). 

At the “Protecção Radiológica na Saúde - PRS 2017, the session on 

Radiobiology and Low Doses of Ionizing Radiation brought together a 

number of presentations versing on these themes.  

 

 

2. Summary of the research presented 

 

An overview of Genotoxicity Biomarkers: applications and challenges in 

Radiobiology was done by Nuno Oliveira, Faculty of Pharmacy, UL, in which 

the different aspects of biomonitoring exposure was highlighted. Cytogenetic 

biomarkers of exposure, including the “gold standard” dicentric and 

chromosomal aberrations assay and the micronucleus assay were discussed. 

Other biomarkers of genotoxicity were also presented, such as the 

translocation assay, useful for retrospective exposures (e.g. stable 

translocations) while other emergent biomarkers, particularly the γH2AX 

assay, were also presented. Limitations of each biomarker in terms of 

sensitivity were also discussed.  

Susana Constantino, of the Faculty of Medicine, UL, presented novel 

research on the effects of sub-therapeutic doses of ionizing radiation (SDIR) 

in activating endothelial cells of peritumoral tissues and increase 
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microvascular density. Moreover, the conditioned medium of adipocytes upon 

SDIR exposure presents higher levels of angiogenic factors and potentiates an 

angiogenic response in vitro and in vivo. These data followed on previous 

studies showing that exposure of healthy tissues to moderate to low SDIR 

promote metastases development. The results were discussed vis a vis with 

the known effects on coronary heart disease/congestive heart disease, stroke 

and pericarditis6. Following this presentation, Filipa Marques presented 

detailed data on the effects of low dose ionizing radiation in upregulating 

several pro‐angiogenic factors in endothelial cells isolated from peri-tumoral 

tissues, suggesting endothelial cell activation. 

Applications, for diagnostic and for treatment purposes, with the 

associated benefits, largely overcome the risks of detrimental effects 

associated to the exposure of workers, members of the public and patients. 

However, the use of ionizing radiation for medical purposes must strictly 

follow and comply with the internationally agreed basic standards, regulations 

and good practices of radiological protection and safety. Lurdes Gano, of 

Centro de Ciências e Tecnologias Nucleares, IST, presented some of the 

commonly used radiopharmaceuticals (radioactive medicinal products for 

diagnostic or therapeutic purposes) and discussed the potential biological risk 

due to radiation dose in main organs, tissues and cells. Particular emphasis 

was placed on Target Specific Radiopharmaceuticals (TSR), with specific 

interaction with biochemical and physiological processes, and also selective 

binding to target antigens, cellular membranes or nuclear receptors.  The 

advantages and disadvantages of target radionuclide therapy (TRT) in 

molecular imaging was presented, in particular the difficulties in extrapolation 

of TRT radiobiology from external radiotherapy, which is not straightforward. 

Thus, the need of specific  methodologies dedicated to study radiation biology 

in TRT and the contribution of non-targeted effects was presented, including 

several strategies to improve TRT.  

Finally Octávia Monteiro Gil, of Centro de Ciências e Tecnologias 

Nucleares, IST, presented recent data obtained of genetic damage induced in 

exfoliated buccal cells after orthopantomography. Orthopantomography is the 

most widespread radiographic imaging technique of the dental, maxillary and 

mandibular arches, being a radiologic examination that allows to accurately 

plan orthodontic treatments. Orthopantomography uses low doses of ionizing 

radiation in comparison to other diagnostic radiology methods, and its use is 

increasing worldwide. However the risk of genetic damage to exposed cells 

has not been totally assessed. Therefore the micronucleus test in the buccal 

exfoliated mononucleated cells was performed in 20 individuals that undergo 

ortopantomography examination. The data indicated that after 
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orthopantomography the mean frequency of micronuclei in mononucleated 

cells was statistically significantly higher when compared with the samples 

collected before the exam, indicated DNA damage. The implications of this 

increased DNA damage due to low dose IR has to be assessed. 

 

 

3. Conclusions 

 

Current awareness of the biological effects of low dose ionizing radiation 

has led to calls to identify, develop and validate new biomarkers for exposure, 

early and late effects for cancer or/and non-cancer diseases. The increase in 

low-dose exposure to ionizing radiation, mainly due to medical exposure, 

highlights the need for further studies that can provide an improved vision of 

the risk associated with this exposure. 
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Abstract: The benefits resulting from the use of ionizing radiation (IR) 

in medical applications are largely superior to the associated risks. 

However, its use must be carried out in compliance with national 

legislation and according to the international guidelines for radiation 

protection and safety, in order to minimize the potential harmful 

biological effects induced by IR. During the session “Optimization 2” 

of the conference PRS2017, three projects were presented about the 

optimization of practices, namely in Computed Tomography (CT). 

 
Keywords: Optimization; CT; protocols; radiation protection  

 

Resumo: Resumo da sessão “Optimização 2”. Os benefícios 

resultantes da utilização de radiações ionizantes nas aplicações médicas 

são, na sua grande maioria, superiores aos riscos que lhes estão 

associados. No entanto, a sua utilização deve ser realizada no 

cumprimento da legislação Nacional e segundo os critérios orientativos 

da regulamentação internacional de protecção e segurança radiológica, 

de forma a minorar as possíveis consequências biológicas nefastas que 

daí possam advir. Na sessão “Optimização 2” da conferência PRS2017 

foram apresentados três trabalhos sobre a optimização de práticas na 

área da radiologia de diagnóstico, nomeadamente em Tomografia 

Computorizada (TC).  

 
Palavras chave: Optimização; TC; protocolos; protecção radiológica 

 

 

1. Introdução/Introduction 

 

In the field of diagnostic radiology, Computed Tomography (CT) is the 

main imaging technique that contributes most to the rapid increase of the 

exposure to IR from medical diagnostic imaging exams.   

Although there is a growing concern to optimize the acquisition protocols 

and to develop software’s dedicated to image noise reduction, guaranteeing 

the lowest dose for an image without compromise its diagnostic accuracy, the 
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continuous CT technological advances imply a continuous optimization 

process for improving patient safety.  

 

 

2. Resumo dos trabalhos apresentados/ Summary of the presented works 

 

The session “Optimization 2” was devoted to the presentation of three 

studies, whose results are based on the analysis of demographic anonymized 

patient data, scan protocol information and dose report data from CT systems.  

The first work, presented by Rui Pereira, was about the influence of the 

axial scan orientation angle and gantry tilt in Head CT dose exposure. Data 

from 115 adult patients’ routine Head CT studies were collected. DLP average 

value obtained was 1110±98 mGy.cm, for scan angle was -9.9±6.7º and for 

gantry tilt angle was 13.1±9.5. DLP and scan angle shown statistical 

significant correlation, as well as, gantry tilt and scan angle. As main 

conclusion, this study recommends the normalization of the patient 

positioning and scan angle, closer to the supra-orbitomeatal line, for a 

decrease in radiation exposure. 

The second study, presented by Sara Russo, was about effective dose 

calculation to patients from PET/CT procedures. A novel methodology based 

on short run (Quesenberry Q-statistics) and normalized with non-constant 

sample size (Z-chart) control-charts was developed to establish simultaneous 

intra and inter daily control of administered activity in PET/CT 18F-FDG 

exams. Taking into account the dose and demographic data analyzed from 498 

patients, it was determined an effective dose of 6.6 ± 1.2 mSv for the PET 

component of the PET/CT exam. Through the combined control charts 

approach, a decrease in the ratio between the injected activity and the body 

mass from 5.17 ± 0.77 to 5.15 ± 0.56 was verified, which corresponded to an 

effective dose optimization for 18F-FDG exams. The author concluded that 

the use of joint control charts is a suitable tool for monitoring the injected 

activity and the correspondent effective dose delivered to patients in PET/CT. 

The third study was presented by Ana Margarida Coutinho. It provided an 

overview of the Portuguese data regarding dose and image quality in CT. The 

data was gathered from 180 distinct CT systems, representing 350 quality 

assurance interventions done in Portuguese national health units between 

2014 and 2017. The high contrast resolution values were determined for X-ray 

energies in a range of 80 kV to 100 kV at 200 mA and the mean spatial 

resolution obtained was 8 lp/cm with a gap size of 0,063 cm. CTDI measured 

in head and body CT scan exams, with a voltage between 80 kV and 100 kV 

at 100 mA and 10 mm slice thickness was 6 mGy and 3 mGy, respectively. 
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When increasing the voltage to 130-140 kV the mean values obtained were 23 

mGy (head) and 12 mGy (body). These results show that with lower voltage 

the CTDI is four times lower, while keeping an adequate spatial resolution. 

Ana Margarida Coutinho et al, showed the importance in adapt CT exam 

protocols in order to minimize exposure while providing good diagnostic 

quality.  

 

 

3. Conclusão/Conclusions 

 

The growing concern for the safety of patients exposed to IR in the field of 

diagnostic radiology has been particularly focused on the optimization of 

practices, protocols and technical procedures.  

Radiation dose optimization should be addressed carefully by all the 

stakeholders involved in the development of diagnostic examination 

protocols, such as manufacturers, medical physicists, radiology technologists 

and radiologists. A reliable knowledge about the scan parameters used in the 

field of diagnostic radiology and how they affect the image quality is 

fundamental to optimize scan protocols. Therefore, it is of paramount 

importance to develop and implement appropriate dose saving and dose 

management strategies in order to comply with the ALARA principle, while 

keeping the diagnostic accuracy of the examinations with a dose carefully 

reduced. 
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Resumo: A cultura de segurança radiológica é um conceito 

relativamente novo na área da utilização médica das radiações 

ionizantes. Esta sessão permitiu aos stakeholders Portugueses 

apresentar trabalhos sobre o tema. Dois trabalhos foram apresentados, 

respetivamente por uma entidade reguladora e uma instituição 

académica, sobre a avaliação do nível de cultura de segurança 

radiológica existente, designadamente em serviços de radiologia. No 

terceiro trabalho, os autores analisaram os principais fatores que 

contribuíram para um aumento da cultura de segurança radiológica no 

seio de um hospital com quinze anos de experiência na implementação 

de um programa de segurança e proteção radiológica. 

 
Palavras chave: avaliação da cultura de segurança radiológica, 

inspeção das conformidades regulatórias, inquérito HSOPSC, 

desenvolvimento de uma cultura de segurança radiológica num hospital 

 
Abstract: Radiation safety culture is a relatively new concept in the 

field of medical use of ionizing radiation. The aim of this session was to 

give opportunity for Portuguese stakeholders to present their work on 

that topic. Two works have been presented, respectively from a 

regulatory body and an academic institution, on the assessment of the 

level of radiation safety culture mainly in Radiology Departments. In 

the third study, the authors analysed the main factors contributing for 

the enhancement of radiation safety culture within a hospital with 

fifteen years of experience in the implementation of a radiation 

protection programme. 

 
Keywords: assessment of radiation safety culture (RSC), inspection of 

regulation compliance, HSOPSC survey, RSC development in a 

hospital 
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Medical practices are subject to regulatory control for the purpose of 

radiation protection by way of authorization but inspections are not very 

frequent in Portugal. The first work presented by Margarida Faria, from 

Health Administration of the Region of Algarve (ARS Algarve) on 

“Preliminary results of a multidisciplinary approach in clinical auditing 

across radiology departments – The primary care experience in the Algarve” 

showed the impact that an appropriate inspection may have, not only in 

detecting unconformities regarding compliance with the legal framework 

requirements, but also in assessing safety culture in medical facilities and 

promoting culture for radiation safety. A multidisciplinary commission has 

been created in 2016 at ARS Algarve to verify the observance of the disposals 

established in Decree-Law 180/2002 (the main legal diploma concerning 

radiation protection and safety arrangements to be implemented in medical 

facilities). A checklist of 20 criteria has been established and 21 actions of 

inspection have been carried out in 88 radiation facilities mainly in radiology. 

The higher number of unconformities was related with the radiation protection 

program – workers did not know about its existence or it simply did not exist. 

Considering that radiation safety culture is well defined by “the way we are 

doing things around here”, the authors highlighted the following comments 

that demonstrated the lack of knowledge on radiation protection issues: 

“Before the first consultation, patients are required to make one 

orthopantomography. Without this, we cannot treat the patient”; ”I don´t 

request intraoral X-ray exams anymore. Now, I always request a CBCT. It 

emits a similar dose and it provides more information”; ”We only have one 

dosimeter for all the doctors because they never work at the same time. This 

way, they can use the same dosimeter”. The main conclusions of this study 

were: 1) Portuguese authorities should establish mechanisms to enforce 

legislation; 2) There is a lack of national guidelines for end-users medical 

facilities on matters regarding the implementation of the Radiation Protection 

Program; 3) There are training needs in radiation protection issues for the 

health professionals working in the medical sector. 

 

Steve Ebdon-Jackson stated in Panel 3 session: “radiation safety culture is 

a nebulous concept that is hard to formulate” and so, certainly hard to assess. 

The second study presented by Kevin Azevedo from Higher Health School of 

Algarve was on “Hospital Survey on Patient Safety Culture (HSOPSC) – The 

Radiology Department”. The main aim of the study was to evaluate the 

patient safety culture through the questionnaire HSOPSC applied to a sample 

of 67 radiographers working in three Radiology Departments from the public 

sector in the Region of Algarve. The questionnaire allows evaluating 12 
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dimensions of the patient safety culture. “Team work within units” and 

“Overall perception of patient safety” were the strongest features of the 

patient safety culture in this study sample (percentage of positive answers > 

75%) while “Staffing”, ”Non punitive response to errors”, “Management 

support for patient safety”, “Feedback and communication about errors”, 

“Communication openness” and “Frequency of events reported” were the 

most fragile features (percentage of positive answers ≤ 50%) where priority 

has to be given for intervention in order to improve patient safety culture in 

the study sample. 

The third study has been presented by Maria Carmen de Sousa from 

Portuguese Institute of Oncology of Coimbra (IPOC) on “Radiation 

Protection and Safety (RPS) at IPOC: 15 years of experience”. The purpose of 

this work was to analyse fifteen years of experience in the RPS area at IPOC 

with the aim to understand the fundamental factors that allowed for the 

enhancement of the culture for radiation safety at the hospital level. The main 

factors contributing for the increase of awareness on culture for radiation 

safety at IPOC were: (i) the publication of the Decree-Law n.º 180/2002 in the 

scope of the transposition of the MED Directive at the national level, (ii) the 

appointment of a Medical Physicist (MP) at full time for the RPS area at 

IPOC, (iii) the creation of the Medical Physics Department as a healthcare 

delivery support department for all radiation practices, (iv) the establishment 

of the Risk Management Commission at the hospital level covering radiation 

among others risk agents, (v) the accreditation of IPOC according to CHKS 

Ltd programme and (vi) the approved policy on the organizational structure, 

responsibilities and duties in RPS by the Administration Board of IPOC. 

Examples have been given of some arrangements carried out for each 

radiation practice and in a transversal way at IPOC. Based on this 

retrospective analysis, the authors concluded that sustainable long-term 

changes are difficult because countercultures may arise and the more recent 

lesson learned where they have to focus their work in the future are (i) more 

periodic refreshment of education and training in RPS for radiation workers, 

(ii) it’s not enough to have written procedures, their correct use has to be 

controlled and (iii) going on working together. 
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Abstract: During the session were presented and discussed 

topics/subjects, such as the use and application of the TLD, related to 

the clinical dosimetry. The importance of an improvement/optimization 

of the radiotherapy image and imaging technique were presented. The 

session also includes the presentation and discussion of the relevancy of 

primary standards which are used for measurements in radiotherapy. 

 
Keywords: Clinical dosimetry; TLD; radiotherapy image; ionization 

chamber; primary standards. 

 

Resumo: Durante a sessão foram apresentados e discutidos os tópicos 

relacionados com o uso e aplicação dos TLD em dosimetria clinica. 

Também foi discutida a importância do melhoramento/optimização da 

imagem, bem como as técnicas da imagem, na radioterapia. A sessão 

também incluiu a presentação e discussão da relevância dos padrões 

primários que são utilizados para as medições na radioterapia.  

 
Palavras chave: Dosimetria clinica; TLD; imagem na radioterapia; 

camara de ionização; padrões primários 

 

 

1. Metrological comparison of two thermoluminescent dosimeters (TLD) 

types using a linear accelerator and a new methodology for beam 

heterogeneity correction in the clinical dose range 

 

Comparison studies of the TLD`s physical characteristics leading to a reliable 

clinical dosimetry (0.1 Gy to 5 Gy) and establishing a calibration procedure 

approaching the ISO 28057:2014 standard are still the point of scientific 

interest. Two TLD (LiF: Mg, Ti) batches (100 units each) from different 

manufactures were compared: Radcard (MTS-100) and Thermo ScientificTM 

(TLD-100) using a linear accelerator and a novel beam heterogeneities 

correction. 
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The standard deviation for the first batch was 2.8% and for the second batch 

was 3.6%. The mean of variability between two consecutive cycles in the 

ECC value was 0.93% for the MTS- 100, while the value obtained for the 

TLD-100 was 2.23%. The standard deviation of the first set of 9 dosimeters 

was initially 2.19% and after application of all correction factors was reduced 

to 1.28%. 

 

 

2. Dosimetry of kV Cone Beam CT with scintillation dosimeter 

 

Radiotherapy image and the imaging technique are subjects of special 

scientific interest at present time. Radiotherapy image guided-IGRT uses the 

kV-CBCT imaging technique, which allows a complete three- dimensional 

representation of the region of interest in the patient ́s body that can be 

matched with the CT simulator images. In this study, various types of 

dosimeters are used: MOSFETs, ionization chambers, and plastic scintillation 

dosimeters (PSD). According to the literature PSD have several advantages, 

such as good linearity and sensitivity in the range of energies to be used (100-

120 keV) and are (almost) transparent in radiographic images. The main aim 

of this work was to build a prototype of a PSD and get its validation in kV-

CBCT beams. To validate the PSD, the results of dose measurement obtained 

by this device were compared with those obtained by an ionization chamber 

and a MOSFET. An approach to determine absorbed dose to water for 120 

kVp cone-beam (8.03 mm Al HVL) was performed by measurements in a 

standard PMMA phantom using three types of dosimeters: a) a farmer 

ionization chamber, b) a MOSFET on standard c) and high bias (d) a plastic 

scintillator dosimeter. The obtained results were respectively: (a) 6.59+-0.04 

mGy, (c) 5.57+-0.04 mGy, (d) 5.24+-0.07 mGy and (e) 6.28+-0.01 mGy. 

 

 

3. Development of home-made primary standards for ionizing radiation: 

a cavity chamber for the measurement of air-kerma  

 

Primary standards are very important for measurements at radiotherapy 

facilities. Ionization chambers are commonly used for measurements at 

radiotherapy facilities. In this field, primary standards are usually graphite 

cavity chambers characterized in terms of air-kerma in 60Co beams. 

Nowadays, several primary laboratories across Europe are involved in a joint 

effort to develop their own primary standards, and the LMRI follows this 

trend. This work described the first effort for the development of home-made 
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primary standards at the LMRI. After the definition of the chamber’s 

geometry, its components were machined at the workshops of LIP-Coimbra 

and IST. The experimental measurements for the characterization of the 

cavity chamber were made at the LMRI, under the Eldorado 6 60Co beam. 

After characterizing the chamber, a comparison with the LMRI’s primary 

standard was held. 

 

 

4. Conclusions 

 

Comparison study of the TLD from two different manufactures (Radcard 

(MTS-100) and Thermo Scientific™ (TLD-100)) indicates that the Radcard 

dosimeters have higher sensitivity, better uniformity and lower variability. 

Plastic scintillation dosimeters are an effective low-cost solution for patient 

dose control. They can be built with a number of sizes and shapes. In this 

work it was shown that they are a competitive alternative for kV-CBCT for 

beam of 120 kVp. 

The air-kerma contributions were determined with uncertainties comparable 

to those of primary standards. However, the comparison with the LMRI 

primary standard showed a difference in the order of 1%, which is a high 

value if we are considering primary standards. 

This is most likely due to electric field distortions near the edgy surfaces at 

the guard electrode level, suggesting readjustments in this critical region. 
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