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Welcome to the 18th International Conference on Medical Physics, 16th 
Brazilian Congress on Medical Physics, V Instrumentation and Medical Imaging 
Symposium, and 2nd Workshop of the Health Technology Task Group of the 
International Union for Physical and Engineering Sciences in Medicine.

It is my particular pleasure and honour, also on behalf of the co-presidents of the latin american association of 
Medical Physics (alfIM) and the Brazilian association of Medical Physics to cordially welcome all attendees 
of the ICMP2011 in Porto alegre. for six days this place is the focus point of the global community of Medical 
Physicists, working in hospitals, universities, research institutions, health care organizations, industry and 
administration. for these few days Porto alegre is the World market place of Medical Physics, the stock 
exchange for novel products, the agora for debating controversies and new ideas, and not least the school 
of teachers and students. all these facets of Medical Physics converge towards the advancement in patient 
care by disseminating knowledge on instrumentation, skills and competence.  nowadays, there is no branch 
of medicine which does not benefi t from medical physics, and medical physics has been expanded far 
beyond the classical playground of applying ionizing radiation in radiological practice. Imaging technologies 
and instrumentation are hallmarks of current medical physics development. Image guidance in surgery, 
radiotherapy, cardiology, etc., ensure effective and less harming interventions at an ever earlier stage of 
disease. laser based imaging methods such as phase contrast imaging provide access to nano-scale 
resolution with high potential in early cancer detection. the science Committee chaired by dr. Cari Borrás 
did a wonderful job compiling such a wide spread scientifi c program. however, despite the tremendous 
progress achieved so far, we are facing increasingly two major problems challenging the whole Medical 
Physics community, (i) the undersupply of developing countries with appropriate equipment and trained 
experts, and (ii) the general lack of qualifi ed Medical Physicists worldwide, which of course threatens the 
developing countries mostly.  hence, we are grateful to the organizers of this conference that the program 
not only covers top Medical Physics science. the education & Professional Committee chaired by dr. Paulo 
roberto Costa created a program emphasizing the importance of education & training. I am confi dent that 
the pre-conference activities will attract many young Medical Physicists. We are very pleased that the whole 
program has received accreditation by CaMPeP. 

INTERNATIONAL 
ORGANIZATION FOR 
MEDICAL PHYSICS

Member of the International Union of 
Physical and Engineering Sciences in 
Medicine
(Union Member of the International 
Council for Science)

Prof. Dr. Fridtjof Nüsslin, President
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among the large variety of lectures and sessions I want to mention a unique activity:  with regard to the 
situation in the developing world challenging particularly the Medical Physicists, a joint session has been 
organized to bring together the IoMP, Who, Iaea, alfIM and Paho and discuss problems of health care 
assessment, a fi eld which requires much more attention by our community.  another subject which requires 
expertise from Medical Physicists is certainly radiation protection and radiation biology. Quite a few lectures 
and sessions are dealing with radiation protection ranging from patient care up to emergencies. In a 
session jointly organized by the IoMP and IrPa we will explore opportunities of collaboration, particularly in 
developing countries, by crossing the borders of the clinical and non-clinical radiation protection fi elds. 

We want to thank the industry participating and sponsoring this conference. We are grateful for the 
opportunity to discuss at your booth products and latest innovations.  

last not least, our special thanks are dedicated to the organizers of this conference and their staff.  We are 
sure the ICMP2011 will be an outstanding event which everybody will remember for a long time.

Just being more and more under economic constraints, it may be questioned to continue organizing such 
big meetings like the ICMP2011. one is attempted to believe that by applying the modern tele-conferencing-
techniques we could save money and time whilst gaining the same educational effect. however, what about 
the coffee breaks and the local highlights? Isn´t it one of the unforgettable benefi ts of a conference meeting 
people, making new friends, chatting with the old ones, enjoying the family spirit of our Medical Physics 
community? Quite so. It´s a long trip to Porto alegre, at least for some of us, but we wouldn´t like to miss 
meeting you, and this city, and this wonderful country Brazil. 

enjoy ICMP2011, enjoy Porto alegre, and enjoy Brazil!

Munich, april 2011

fridtjof nüsslin, President IoMP
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dear Conference Participants:

It is an honor and a pleasure to welcome you to Porto alegre and the 18th International Conference on 
Medical Physics - ICMP2011.

this Conference is the IoMP’s collaborative meeting with one of its chapter organization, the latin american 
association of Medical Physics (alfIM - asociación latinoamericana de física Médica) and the Brazilian 
association of Medical Physics (aBfM - associação Brasileira de física Médica). It incorporates the XVI 
CBfM (Congresso Brasileiro de física Médica), and the V sIIM (simpósio de Instrumentação e Imagens 
Médicas).

the conference provides a comprehensive overview and in-depth, first-hand information on new 
developments, advanced systems and technologies, current and future applications in medical physics and 
biomedical technologies. this forum offers opportunities not only for dissemination of research information, 
but also for development of friendships among medical physicists and other health professionals from 
different countries.

the program is organized in invited lectures, keynote presentations, workshops, round table discussions, 
poster sessions, and scientific oral presentations. there are opportunities to foster continued professional 
development by considering educational, and professional matters. remarkably, we would like to thank the 
Pontifical Catholic University of rio Grande do sul for all support and the local collaborators from Physics 
school.

this conference could not happen without the help of many dedicated people. Please take a moment to 
read the lists of scientific, educational/professional, international and local staff, and say thank you when 
you have a chance.

We want to express our appreciation to our sponsors for their generous support, to all the speakers for 
their educational contributions, and most especially to all of you for recognizing the importance of this 
conference by attending.

finally, we are very thankful to the authors who have chosen ICMP2011 to present their works.

We hope you will have the opportunity to benefit from many or all the activities of ICMP2011, find time to 
establish new relations and networks, and get out to explore Porto alegre and its surroundings.

sincerely,

ana Maria Marques da silva, dr.

President of ICMP2011
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Organizing Societies
IoMP - International organization for Medical Physics  - 
www.iomp.org 
alfIM – asociación latinoamericana de física Médica – 
www.alfi m.net 
aBfM – associação Brasileira de física Médica – 
www.abfm.org.br 

Conference Venue
Centro de eventos da PUCrs – CePUC
av. Ipiranga, 6681, Pr. 41
90619-900 - Porto alegre-rs, Brasil
www.pucrs.br

Organizing Secretariat and Organizer
Capacitá eventos
rua Gen. Caldwell, 826
90130-050 - Porto alegre-rs, Brasil
tel/faX: +55(51) 3061-3000
www.capacita.com.br 

Conference Organizing Committee - COC
dr. ana Maria Marques da silva, President of ICMP2011
faculdade de física 
Pontifícia Universidade Católica do rio Grande do sul
av. Ipiranga, 6681, Pr.10
90619-900 - Porto alegre-rs, Brasil
e-mail: ana.marques@pucrs.br

Prof. dr. fridtjof nüsslin, President of IoMP
Klinik für strahlentherapie, Klinikum rechts der Isar der 
technischen Universität München
Ismaninger str.22
81675 München, Germany
e-mail: nuesslin@lrz.tu-muenchen.de

dr. simone Kodlulovich, President of alfIM
Comissão nacional de energia nuclear
Instituto de radioproteção e dosimetria
avenida salvador allende s/n
22780-160 - rio de Janeiro-rJ, Brasil
e-mail: simonekodlulovich@hotmail.com 

Ms. Cecília Maria Kalil haddad, President of aBfM
hospital sírio-libanês
rua adma Jafet 91
01308-060 - são Paulo-sP, Brasil
e-mail: presidente@abfm.org.br 

Scientifi c Committee - SC
Cari Borrás, Brazil- Chairperson of sC
emico okuno, Brazil
esperanza Castellanos, Colombia
harald Paganetti, Usa (IoMP science Committee)
larry deWerd, Usa
Victor Bourel, argentina
Bashar Issa, United arab emirates
Kwan hoong ng, Malaysia

Educational & Professional Committee - EPC
Paulo roberto Costa, Brazil – Chairperson of ePC
donald Mclean, Iaea
doracy fontenla, Usa
José hernández-armas, spain
helvécio C. Mota, Usa
laura natal rodrigues, Brazil
Maria do Carmo lopes, Portugal (IoMP education & training 
Committee)
slavik tabakov, UK (IoMP treasurer)
yakov Pipman, Usa
William hendee, Usa - educational director for CaMPeP 
(IoMP Publications Committee)

International Advisory Board - IAB
oswaldo Baffa, Brazil – Chairperson of IaB
adlin lópez díaz, Cuba
Barry allen, australia
Jamila salem alsuwaidi, United arab emirates
Peter trindev, Bulgary 
rebecca nakatudde, Uganda
ronald t. Wakai, Usa
stelios Christofi des, Cyprus
taofeeq Ige, nigeria
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Golden Sponsors

ELEKTA
P.o. Box 7593,
stockholm
se-103 93
tel: +46 8 587 254 00
fax: +46 8 587 255 00
e-mail: info@elekta.com
elekta latin america
av. Ibirapuera, 2033 cj. 203 e 204
são Paulo – sP
CeP - 04029-100
Brasil 
tel: +55 11 50544550
e-mail: latam@elekta.com

VARIAN Medical Systems Brasil Ltda
rua são Carlos do Pinhal, 696 9º andar
01333-000 – Bela Vista
são Paulo – sP
Brasil 
tel: 55 11 3457-2655
fax: 55 11 3457-3286
Website:

Sponsors – Institutions and Organizations

AAPM - American Association of Physicists in Medicine
one Physics ellipse
College Park, Md 20740
tel: 301-209-3350
fax: 301-209-0862
e-mail: 2011.aapm@aapm.org
website: www.aapm.org

CAPES – Coordenação ed Aperfeiçoamento de Pessoal 
de Nível Superior
setor Bancário norte, Quadra 2, Bloco l, lote 06, 
CeP 70040-020
Brasília, df – Brasil
website: www.capes.gov.br

CNPq – Conselho Nacional de Desenvolvimento 
Científico e Tecnológico
shIs QI 1 Conjunto B - Blocos a, B, C e d
edifício santos dumont 
lago sul
Brasília - df
CeP: 71605-001
tel: 55 (61) 3211-9000
fax: 55 (61) 3211-9394
website: www.cnpq.br

FAPESP – Fundação de Apoio à Pesquisa de São Paulo
r. Pio XI, 1500 - alto da lapa 
CeP 05468-901
são Paulo/sP - Brasil
tel: (+55) 11 3838 4000
fax: (+55) 11 3645 2421
website: www.fapesp.br

PUCRS - Pontifícia Universidade Católica do Rio Grande 
do Sul
Campus Universitário Central
av. Ipiranga, 6681 – Partenon
Porto alegre/rs
CeP 90169-900
tel: 55 (51) 3320-3500
website: www.pucrs.br

Sponsors - Companies

AUREA MEDIC
end: rua Conde de leopoldina 504
são Cristóvão 
rio de Janeiro 
tel: 55 21 2580-1133
fax: 55 21 2580-9067
Cel.: 55 21 9144-4919
website: www.aureamedic.com.br

BRAINLAB, Inc.
3 Westbrook Corporate Center
suite 400
Westchester, Il 60154
Usa
tel: +1 800 784 77 00
tel: +1 708 409 13 43
fax: +1 708 409 16 19
support hotline:
tel:  +1 800 597 59 11 
e-mail: us_sales@brainlab.com

Dosimétrika Comércio de Produtos em Física Médica 
Ltda.
avenida olegário Maciel, nº. 231 sala 216 – Barra da tijuca
CeP 22621-200  rio de Janeiro – rJ
tel./fax: (21) 2493-6883
e-mail: office@dosimetrika.com.br

gen - Grupo Editorial Nacional
escritório rJ - Matriz
travessa do ouvidor, 11
20040-040 ,rio de Janeiro, rJ, Brasil
telefone: 55 (21) 3543-0770
website: www.grupogen.com.br

We gratefully acknowledge our  
corporate sponsors and exhibitors for  

their generous support of this conference: 
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IBA Dosimetry
Jesse Kruser - director of sales
3150 stage Post drive, suite #110
Bartlett, tn 38133
offi ce: 901.386.2242
Mobile: 901.592.7788
fax: 901.382.9453
website: www.iba-dosimetry.com 
website: www.iba-worldwide.com

Medintec Latin America Ltda.
rua Benedito de Paula leite, 173 
Vila rubens, Mogi das Cruzes, sP
CeP: 08735-130 
tel /fax: +55 11 4721-2009
e-mail: comercial@medintec.com.br website: www.
medintec.com.br

MRA Indústria de Equipamentos Eletrônicos Ltda
rua Canindé, 696
CeP: 14051-180
ribeirão Preto - sP
tel: 16 3601 0500
faX: 16 3601 0509
e-mail: marcio@mra.com.br 
website: www.mra.com.br 

Nucleartech
tel /fax: 0800-725-0175 
email: nucleartech@nucleartech.com.br
website: www.nucleartech.com.br

RadPro International GmbH
Burger str. 28 
42929 Wermelskirchen
Germany 
tel: +49 (0) 2196 889803
fax: +49 (0) 2196 889805
e-mail: sales@radproint.de

REM Indústria e Comércio Ltda.
rua Columbus, 282
Vila leopoldina
são Paulo/sP
tel: (11) 3377-9922
e-mail: radioterapiasuporte@rem.ind.br
website: www.rem.ind.br

SIEMENS Ltda.
av. Mutinga, 3.800
são Paulo/sP
tel: +55 11 3908-3463
tel: (11) 3908-2211 
fax: (11) 3908-2018
e-mail: atendimento.br@siemens.com
website: www.siemens.com.br

SPRINGER
acasia dalmau
exhibits Manager
233 spring street
new york, ny 10013
tel: 1-212-460-1500
fax: 1-212-348-4505
e-mail: exhibits-ny@springer.com
website: www.springer.com

Sun Nuclear Corporation
Gabriel Costa
latin america regional Manager
425-a Pineda Court
Melbourne, fl 32940
Usa
tel: +1 (321) 600 0682
website: www.sunnuclear.com

WFR-Aquaplast/Qfi x Systems
tel: 1-800-526-5247  ext. 713
email: christy.parker@qfi x.com
website: www.qfi x.com
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Medintec Latin America Ltda. 
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FIRMA: Medintec Latin America Ltda. 

CNPJ: 03.916.159/0001-49   Inscrição Estadual: 454.257.012.110 

Endereço da Matriz: R: Benedito de Paula Leite, 173. 

Bairro: Vila Rubens  CEP: 08735-130 

Cidade: Mogi das Cruzes  Estado: SP E-Mail: comercial@medintec.com.br 

Fone: (11) 4721-2009   Fax: (11) 4721-1587 

Endereço para correspondência: R: Benedito de Paula Leite, 173. 

Bairro: Vila Rubens  Cidade: Mogi das Cruzes 

Est.: SP  CEP.: 08735-130  Fone: (11)  4721-2009  Fax: (11) 4721-1587 

Data da Constituição:  01/06/2000  

Capital Integralizado: R$ 100.000,00  Data: 11/02/2003 

 

PARTICIPAÇÃO NA SOCIEDADE 

RAZÃO SOCIAL/NOME CNPJ/CPF PARTICIPAÇÃO EM 

(%) 

Aguinaldo Vicentino Leme 047.156.808-23 45% 

Javier Ricardo Echeverria 745.985.541-34 40% 

Carlos Alberto Marques Bastos 057.829.548-25 15% 

   

 

PARTICIPAÇÃO NA ADMINISTRAÇÃO DA EMPRESA 

RAZÃO SOCIAL/NOME CNPJ/CPF CARGO 

Aguinaldo Vicentino Leme 047.156.808-23 Diretor 

Javier Ricardo Echeverria 745.985.541-34 Diretor 

Carlos Alberto Marques Bastos 057.829.548-25 Diretor Comercial 

   

 

REFERÊNCIAS COMERCIAIS 

Bioluz Equipamentos e Serviços Ltda 19 3256-5776 

Mecânica Sanches Ltda – Me. 11 4791-3456 

Longato & Cia Ltda 11 4727-7131 

Kalunga 0800 195566 

Vick Comércio de Plásticos e Isolantes Ltda 11 3959-3388 

 

RadPro International GmbH 
...Radiation Protection  
   for the Radiation Professionals... 
      eMail:  sales@radproint.de 
Burger Str. 28     Phone:  +49 (0) 2196 889803 
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Badges
all registered delegates are requested to wear their badges during the period of the conference and its 
social events.

Conference Secretariat
our secretariat staff can be easily identified at the registration desk. Please do not hesitate to approach 
them if you need assistance.

Venue 
Centro de eventos da PUCrs – Building 41: Plenary sessions, Keynote lectures, oral Presentations, Poster 
Presentations, exhibition and Coffee Breaks.
Internet facility: there are several permanent stations available to access internet service and wireless 
connection for notebooks. this service is provided free of charge. the password will be provided in the 
secretariat.

Tour Desk
tour desk will be available on-site to assist you with inquiries and bookings for local tours.

Messages
a message board will be placed by the registration desk beside the secretariat.

Lost and Found
Please report lost article to the secretariat staff, located at the registration desk.

Speakers’ Room
openhours: 17-20 april, 2011 from 8:00-19:00.
a computer will be available for speakers to review their presentation at the speakers’ room. Please hand 
in your presentation to the technician at the speakers’ room at least 3 hours prior to the sessions. should 
your session take place in the morning, please deliver the presentation the day before. If you are bringing 
your own laptop, please check with the technician at the speakers’ room to ensure that you are able to 
hook up your laptop to the data projector.

Oral Presentation Session
each speaker has 10 minutes to make the presentation, followed by 2 minutes for discussion.
all presentations have to be held in english.

Poster Presentation
Posters will be displayed in the exhibition area from 18-10 april, 2011, between 8:30 - 18:00. 
Poster dimensions: Maximum size is 90cm width (horizontal) x 120 cm height (vertical). 
fixing Material: these will be available on-site. Please note that the fixing material made available are the 
only type permitted. 
Poster Mounting: Posters must be set up by Monday, april 18, from noon.
Posters will have to be removed on april 20, from 17:00 - 18:00 (you should not dismantle your poster 
before that date and time).
authors who agree to have their contact details made available to delegates are asked to include the 
information (e.g. email address) on their posters.
all presentations have to be held in english.

Opening & Closing Ceremonies
all registered delegates are invited to participate in the opening and Closing Ceremonies held in hall a.

Certificate of Attendance
Certificate of attendance will be given to all registered delegates.
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Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil

Sexta-Feira, 15 de Abril de 2011

8:30 - 9:00
Exhibition Hall
Inscrições e Entrega de Material – SIIM

9:00 - 12:30
Hall C
Instrumentação Biomédica
9:00 abertura – Palestra: os desafios do desenvolvimento da tecnologia de ultrassom para diagnóstico 

e terapia. eduardo tavares Costa
10:30 375 - relationship between stopping power of protons and Ct number of X-rays. Guilherme f. 

Inocente.
10:45 696 - Pulmonary function assessment Using a Portable forced. Walderi Monteiro da silva Junior.
11:00 832 - avaliação da dor através da análise das ondas-M. Machado, alessandro ribeiro de Pádua.
11:15 838 - avaliação de temperatura local a partir da livre emissão acústica aplicada à tratamentos 

Utilizando Ultrassom de alta Intensidade. andré luis Baggio.

12:30 - 14:00
Almoço

14:00 - 17:30
Hall C
Controle de Qualidade
14:00 Palestra: Biopotenciais: suas origens e os elementos fundamentais Para Projeto de Instrumentos 

de Medição. alcimar soares Barbosa.
15:00 Coffee-Break
15:30 653 - study of Bd of Mongrel dogs Comparing the MI and radiological densitometry. dany Bruno 

Borella dos santos Grossklauss.
15:45 809 - Computacional de Imagens e Correlação com Inspeção Visual humana. Bruno Barufaldi.
16:00 842 - Metodologia de avaliação de Qualidade de Mamografia analógica por técnica de análise 

digital de Imagem. eny Moreira ruberti filha.
16:15 849 - Metodologia para otimização das doses associadas a Qualidade das Imagens Mamograficas 

Geradas em sistemas Cr e dr. silvio ricardo Pires.
16:30 Palestra: Um novo Método em Instrumentação Médica: Monitoração não Invasiva da Pressão 

Intracraniana (PIC) e aplicações. sérgio Mascarenhas e Gustavo frigieri.
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Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil

Sábado, 16 de Abril de 2011

8:30 - 12:30
Hall C
Processamento de Sinais, Imagens e Visualização
8:30 810 - Um framework para Implementação de análises Cefalométricas. Michele fúlvia Ângelo.
8:45 813 - redes neurais artificiais: desenvolvimento e aplicação de algoritmo em reconstrução de 

Imagem tomográfica. renato Glauco de souza rodrigues.
9:00 816 - aquisição, Processamento e análise de ressonância Magnética funcional e eletroencefalografia 

aplicada ao estudo da epilepsia. Brunno Machado de Campos.
9:15 830 - otimização de Componentes para Interface de Visualização e Manipulação de Imagens em 

sistemas de treinamento digital em Mamografia. Isabela M. Miziara.
9:30 Coffee-Break
10:30 501 - Massive analysis of sleep eeG signals Using Computational GrId. Günther J. l. Gerhardt.
10:45 817 - otimização do filtro Butterworth para Imagens spect Com tc-99m: análise Quantitativa e 

Qualitativa. lucas narciso.
11:00 844 - análise sVd de sistemas de Imageamento de Ultrasom Baseado na reconstrução Inversa. 

leonardo Geovany da silva Zanin.
11:15 850 - Uso do Método rmse para Identificação de Característica na análise da relação entre tremor 

fisiológico e Idade. Bruno Coelho Calil. 
11:30 799 – segmentação de Imagens de nódulos reais e simuladas em Us de mama através da rede 

neural artificial soM. Karem daiane Marcomini.
Telemedicina
11:45 474 - sensor network for assessment of energy expenditure design Based on android. leonardo 

Juan ramirez lopez; daniel Gustavo Goroso; linamara rizzo Batisttella.

12:00 - 14:00
Almoço

14:00 - 17:30
Hall C
14:00 Palestra: a confirmar
15:00 Mesa redonda: diagnóstico por imagem digital: como as ferramentas de imagens digitais podem 

melhorar a acurácia diagnóstica?
 o que mudou para o radiologista (vantagens e desvantagens da migração analógica/digital). Giselle 

Guedes n. de Mello.
 Como a instrumentação da imagem digital pode melhorar a acurácia diagnóstica? simone elias.
 linhas de pesquisa em instrumentação de imagem mamográfica digital. homero schiabel.
16:30 sessão de Posters – sIIM – Coffee-Break
 Controle de Qualidade (Codes 420; 422; 423; 650; 811; 839; 666; 800; 812; 836). 
 Processamento de sinais, Imagens e Visualização (Codes 494; 642; 803; 829; 833; 837; 841; 

845; 851; 853; 854).
 telemedicina (Codes 361; 770; 835; 899).
17:30 encerramento e Premiação do sIIM
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Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil

Calendar of Pre-Conference Activities

Saturday, April 16, 2011

8:00 - 8:30
Exhibition Hall
Registration – ICMP2011 Courses

8:30 - 12:30
Hall D
C1 - Modern Radiotherapy: Risks and Benefits. 
Chair: Yakov Pipman
Hall E
C2 - Adapting Traditional Clinical Medical Physics to Digital Radiography. 
Chair: Charles Willis

12:30 - 14:00
Lunch

14:00 - 17:30
Hall D
C1 - Modern Radiotherapy: Risks and Benefits.
Chair: Yakov Pipman
Hall E
C2 - Adapting Traditional Clinical Medical Physics to Digital Radiography 
Chair: Charles Willis

Sunday, April 17, 2011

8:00 - 8:30
Exhibition Hall
Registration – ICMP2011 Courses and Workshops

8:30 - 12:30
Hall A
W1 - HTTG - Defining the medical imaging requirements for a health station (Open for ICMP2011 
Attendees)
Chairs: Barry Allen, Cari Borrás
Hall B
C3 - PET/CT Acceptance Testing and Quality Assurance and Quantitative PET/CT Imaging
Chairs: Osama Mawlawi and Cecil Robilotta
Hall C
C4 - Recent Advances in Radiation Therapy: Planning, Delivery and Methods of QA
Chair: Laura Natal Rodrigues
Hall D
C5 - Dose and image quality assessment in Computed Tomography
Chair: Denise Nersissian.
Hall E
W2 - IOMP/IAEA-Radiation Protection of Children (Open for ICMP2011 Attendees)
Chair: Madan Rehani
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Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil

Calendar of Pre-Conference Activities

Hall F – Building 10
C6 - Atualização para Técnicos em Radioterapia (in Portuguese)
Chair: Anna Maria C. Araujo

12:30 - 14:00
Lunch

14:00 - 17:30
Hall A
W1 – HTTG: Defining the medical imaging requirements for a health station
Chairs: Barry Allen, Cari Borrás
Hall B
C3 - PET/CT Acceptance Testing and Quality Assurance and Quantitative PET/CT Imaging
Chairs: Osama Mawlawi and Cecil Robilotta
Hall C
C4 - Recent Advances in Radiation Therapy: Planning, Delivery and Methods of QA
Chair: Laura Natal Rodrigues
Hall D
C5 - Dose and image quality assessment in Computed Tomography
Chair: Denise Nersissian.
Hall E

15:30 – 16:30 - IOMP-EXCOM Meeting
Hall F– Building 10
C6 - Atualização para Técnicos em Radioterapia (in Portuguese)
Chair: Anna Maria C. Araujo
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Code: 653

STUDY OF BD OF MONGREL DOGS 
COMPARING THE MI AND RADIOLOGICAL 

DENSITOMETRY
Dany Bruno Borella Dos Santos Grossklauss1; Joel Mesa Hormaza1; Marcos Antonio de 

Rezende1; Vladimir Eliodoro Costa1; Vania Maria de Vasconcelos Machado2; Alfredo Lima2

1Instituto de Biociências de Botucatu/departamento de física e Biofísica; 2faculdade de Medicina Veterinária e Zootecnia de 
Botucatu/departamento de reprodução animal e radiologia Veterinária 

Bone quality is related to the effects of skeletal factors that contribute to resistance, however, can not 
be judged by measures of mass, but rather by its density. Bone density (Bd) is a biophysical parameter 
of paramount importance, experimental clinic, because it assesses the process of bone mineralization. 
Calcium is the most abundant mineral in the skeletal system, and this is associated with several metabolic 
functions, such as bone growth. several pathologies in vertebrates are associated with bone structure that 
directly affect the locomotor system. Being an endoskeleton, the diagnosis of these diseases becomes 
abstruse in vivo. Physical characterization of the bone structure of healthy animals post mortem is a valuable 
tool for comparative diagnosis of animals in vivo. on this basis the project aims to evaluate, discuss and 
compare the methodologies of radiological density and immersion in water. Concomitantly, the immersion 
method (MI) is used to evaluate the effect of weight, sex, age and calcium content in bone tissue of the 
canine strain, correlating with the bone density of the right forelimb region of the humerus-radio-ulnar. 
Keywords— Bone, radiology densitometry, immersion method

Contact: dbgrossklauss@hotmail.com
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Code: 809

CONTROLE DE QUALIDADE DE 
MAMÓGRAFOS POR DE ANÁLISE 

COMPUTACIONAL DE IMAGENS E 
CORRELAÇÃO COM INSPEÇÃO VISUAL 

HUMANA
Bruno Barufaldi1; Santana, Eduardo1; Cavalcanti, Amanda1; Batista, Leonardo1; Schiabel, 

Homero2; Carvalho, Jose Fernando3

1Universidade federal da Paraíba; 2Universidade de são Paulo; 3agência estadual de Vigilância sanitária da Paraíba

the cancer control represents one of the greatest challenges that public health faces nowadays, since 
breast cancer is the first cause of mortality among Brazilian women. the use of breast phantoms allows the 
application of tests to measure the mammography acceptance and the daily, monthly and yearly testing of 
constancy of the mammography quality control programs. even so, evaluation by technicians still suffers 
its own limitations caused by visual inspection by human beings, such as long-time of benchmarking and 
subjectivity. It has been developed a computerized system, called QualiMamo, that analyses radiological 
images of breast phantoms with human visual perception to eliminate this subjectivity and assure the 
consistence of the system. the results indicate that the software developed allows to determine with 
efficiency the visibility of structures of interest in the phantoms images, according to the thresholds of 
visibility imposed by technicians performing the visual inspections of images. therewith, the system 
becomes a tool of great utility aiding to medical diagnosis.

Contact: bruno.barufaldi@gmail.com
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Code: 842

METODOLOGIA DE AVALIAÇÃO 
DE QUALIDADE DE MAMOGRAFIA 

ANALÓGICA POR TÉCNICA DE ANÁLISE 
DIGITAL DE IMAGEM

Eny Moreira Ruberti Filha1; Ana Claudia Patrocinio2; Regina Bitelli Mdeiros1 
1Universidade federal de sao Paulo; 2Universidade federal de Uberlandia

Presently it is mandatory to use the mammograms to get better results in the early detection of breast 
cancer. Cad tools have been used with the purpose of decrease subjectivity effect. the aim of this work is 
to evaluate image quality whether such method can be useful in the image qualification process associated 
with the quality control tests. Phantom images generated in some diagnosis centers were analyzed through 
optical density, the quality control test results, average glandular dose and mean pixel value. signal-to-
noise ratio (snr) calculation can contribute for image analyze. this method can be used for a detailed 
analysis of digital and digitized images.

Contact: eny@cfhr.pm.br
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Code: 849

METODOLOGIA PARA OTIMIZAÇÃO DAS 
DOSES ASSOCIADAS A QUALIDADE DAS 

IMAGENS MAMOGRAFICAS GERADAS EM 
SISTEMAS CR E DR

Silvio Ricardo Pires; Eny Moreira Ruberti; Fatima Faloppa Rodrigues Alves; Regina Bitelli 
Medeiros 

Universidade federal de são Paulo

Mammography is the most reliable test for early detection of cancer. recently, have seen an evolution in 
technology like Computed radiography (Cr) and digital radiography (dr). digital technology expands the 
range of X-ray spectrum use. the goal was to develop a specific methodology to reduce process time 
optimization of average glandular doses depending on the contrast to noise ratio of the image. We conclude 
that this method reduces the subjectivity of the optimization process, preserving the mammography 
equipment and support all the criteria of quality assessment described in international standards.

Contact: srpires@gmail.com
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Code: 375

RELATIONSHIP BETWEEN STOPPING 
POWER OF PROTONS AND CT NUMBER 

OF X-RAYS
Guilherme Franco Inocente; Renata L. Buschini; Gabriela V. Stenico; Joel Mesa Hormaza 

Instituto de Biociências de Botucatu, UnesP 

In conventional treatment plans in proton therapy, patients will often undergo X-ray Computed tomography 
(xCt). It is well known that there are remarkable differences between the interaction processes of protons 
and photons with matter. the most important parameter characterizing the energy loss of an incident 
proton is the stopping power, which is mean energy loss per unit path length in a material, which is a 
function of the electron density in the target. In this sense, it is necessary to define the electronic density 
distribution in patient body. the attenuation of x-ray beam is controlled by the linear attenuation coefficient, 
which is intrinsically inapplicable to get a description direct of proton reactions in target. In this work we 
calculated the stopping power of protons in different materials of radiological interest with two codes: srIM 
2008, which only consider elastic interactions and MCnPX v2.5, which also included nuclear non-elastic 
processes.

Contact: gfinocente@gmail.com
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Code: 696

PULMONARY FUNCTION ASSESSMENT 
USING A PORTABLE FORCED

Walderi Monteiro da Silva Junior1;  Bruno B Costa2; Edênia Lima Costa1; Tássia Virgínia 
de Carvalho Oliveira1; Valter J. Santana-Filho3; Raimundo C. S. Freire2; José F. da Silva4; 

Cid M. David5

1department of Physical therapy, tiradentes University, sergipe, Brazil; 2department of electrical engineering, federal University 
Campina Grande, Paraíba, Brazil; 3departament of Physical therapy, federal University of sergipe, Brazil; 4departament of 
Biomedical engineering, Catholic University of Brasília, distrito federal, Brazil; 5departament of Internal Medicine, federal 

University of rio de Janeiro, rio de Janeiro, Brazil

the purpose of this research was to analyze the pulmonary function in patients with chronic obstructive 
pulmonary disease (CoPd) using a new device of forced oscillation techniques (fot). the sample was 
composed of 24 individuals of both genders, aged between 50 to 70 years old. Group I was composed of 
12 healthy individuals and group II, 12 patients with clinical diagnosis of CoPd by spirometry data with 
feV1 <80% of fVC. the variables analyzed were: age, gender, body mass index (BMI), respiratory rate 
(rr), minute volume (MV), maximal inspiratory pressure (MIP), maximal expiratory pressure (MeP) and 
tobin index through manometer, respirometry and BMI of the patients. statistical analysis was performed 
using the student t test and chi-square test with p <0.05. there were statistically significant difference 
between group I and group II in the variables: fr, VC, MIP, Pe and Max tobin index. Patients in group II had 
an average of MIP, MeP decreased compared to group I showing respiratory muscle weakness; tobin index 
and respiratory rate were increased featuring increased work of breathing and decreased tidal volume that 
may be associated to biomechanical disadvantage presented by CoPd patients. We have concluded that 
mechanical ventilation of CoPd patients compared with healthy patients is altered. Key-words: Manometer; 
Ventilation; CoPd and pulmonary function.

Contact: walderim@yahoo.com.br



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil21

Oral - Instrumentação Biomédica

V 
sI

M
Pó

sI
o 

de
 In

st
rU

M
en

ta
çã

o 
e 

IM
aG

en
s 

M
éd

IC
as

Code: 832

AVALIAÇÃO DA DOR ATRAVÉS DA 
ANÁLISE DAS ONDAS-M

Alessandro Ribeiro de Pádua Machado; Oliveira, Iraides Moraes; Resende, Laise Oliveira; 
Pereira, Adriano Alves; Andrade, Adriano Oliveira

Universidade federal de Uberlândia

the aim of this study is to use electrical stimulation as a way of verifying painful stimulation with the 
m-waves responses and correlating the parameters. six male individuals, aged between 18 and 30 years 
participated in this research. each volunteer attended the laboratory for five days to make five identical 
tests on each day of the experiment. on all days of experiment, the volunteers attended the laboratory at 
the same time of day. this is to the subject keep in the same period of the circadian rhythm. the analysis 
of the M wave lower peak was conducted. electromyography is an important tool that has a great potential 
to assist or even be the main tool to quantify pain. It was concluded that increasing the stimulus intensity is 
directly related to increased pain. the results of this study provide significant clues for future experiments 
using the same biopotential for the objective quantification of pain.

Contact: alessandrorpmachado@yahoo.com.br
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Code: 838

AVALIAÇÃO DE TEMPERATURA LOCAL 
A PARTIR DA LIVRE EMISSÃO ACÚSTICA 

APLICADA À TRATAMENTOS UTILIZANDO 
ULTRASSOM DE ALTA INTENSIDADE
André Luis Baggio; Ebenezer S. Cavalcanti; Anonio Adilton Oliveira Carneiro 

Universidade de são Paulo 

 neste trabalho apresentamos um método para avaliar a temperatura local para uma possível aplicação 
em tratamentos com ultrassom de alta intensidade (hIfU). Métodos atuais utilizam técnicas ultrassônicas 
ou ressonância magnética nuclear para medir temperatura. neste método mostramos ser possível utilizar 
o próprio transdutor focalizado de alta intensidade para provocar um impulso mecânico que faria o tecido 
vibrar e as características do som emitido por essas vibrações poderiam ser relacionadas às propriedades 
mecânicas do tecido que são associadas com a temperatura. Para simular um tecido, uma gelatina foi 
preparada de modo a ter propriedades mecânicas similares a um tecido mole e um termopar foi inserido 
próximo ao ponto de excitação para servir de referência. Um transdutor ultrassônico focalizado foi utilizado 
para aplicar pulsos curtos de alta intensidade em um pequeno volume de modo a fazer vibrar uma pequena 
porção do tecido simulando o comportamento no tratamento de hIfU. o som emitido foi adquirido por um 
hidrofone, processado e a amplitude de um dos modos vibracionais livres foi relacionado com a temperatura 
e comparado com o esperado a partir dos módulos de young medidos para diferentes temperaturas. 
os resultados preliminares mostraram que é possível monitorar a temperatura de modo relativo a partir 
da emissão acústica. Com o aperfeiçoamento da técnica acredita-se ser possível oferecer um método 
alternativo para acompanhar o sucesso do tratamento envolvendo ultrassom de alta intensidade com a 
vantagem de utilizar o próprio transdutor de hIfU minimizando assim a complexidade da instrumentação 
envolvida atualmente, baixando os custos e melhorando o corregistro.

Contact: baggio@usp.br
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Code: 501

MASSIVE ANALYSIS OF SLEEP EEG 
SIGNALS USING COMPUTATIONAL GRID

Ney Lemke1; Diego Z. Carvalho2; Emerson L. de Santa-Helena3; Suzana V. Schönwald2; 
Guilherme Dellagustin2

1Universidade de Caxias do sul/CCet, Caxias do sul; IBB-Unesp; 2hospital de Clinicas de Porto alegre/neurology-Pulmonology 
sectors; 3Universidade federal de sergipe/department of Physics; 

this study presents a systematic analysis of Matching Pursuit decomposition of sleep eeG signals from 
obstructive apnea patients. Individualized amplitude thresholds are used for data collection. atoms in the 
frequency of spindles are collected using different dictionary sizes, with and without a frequency modulation 
function for signal description. Using atom parameters as input for a decision tree-based classifier, it was 
possible to obtain a classification according to apnea-hypopnea index group and see how atom parameters 
such as frequency and amplitude are affected by the presence of sleep apnea.

Contact: lemke@ibb.unesp.br
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SEGMENTAÇÃO DE IMAGENS DE 
NÓDULOS REAIS E SIMULADAS EM US 
DA MAMA ATRAVÉS DA REDE NEURAL 

ARTIFICIAL SOM
Karem Daiane Marcomini; Ribeiro, Patricia Bellin; Carneiro, Antonio Adilton Oliveira; 

Schiabel, Homero 

UsP 

this work proposes the development of image processing techniques, using mathematical methods, applied 
to 70 regions of interest of breast ultrasound images (20 simulated and 50 real) in order to reduce the speckle 
noise, and then delimit and determine the boundaries of lesions through the segmentation technique using 
artificial neural network self-organizing Map (soM). the result obtained using the segmentation technique 
was visually validated by a radiologist, and the sensitivities that were verified for real and simulated images 
were, respectively, 84% and 65%.

Contact: karem.dm@gmail.com
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UM FRAMEWORK PARA 
IMPLEMENTAÇÃO DE ANÁLISES 

CEFALOMÉTRICAS
Michele Fúlvia Angelo1; Mauricio Cunha Escarpinati2; José Amancio Macedo Santos1; 

Lucas Lima Batista1; Luis Bernardo Souza e Souza1; Raphael Silva Marques1

1Universidade estadual de feira de santana; 2Universidade federal de Uberlândia; 

this paper presents the development of a framework that contains the functions to implement the 
cephalometric analysis more used in the clinics of dental radiology. the purpose of this framework is to 
receive as input parameters the coordinates of the cephalometric points, the radiographic image and the 
cephalometric analysis chosen. and, after processing these data, calculate the straight lines, angles and 
bisectors and generate a report with all measurements and drawing of the cephalometric tracing.

Contact: mfangelo@ecomp.uefs.br
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REDES NEURAIS ARTIFICIAIS: 
DESENVOLVIMENTO E APLICAÇÃO DE 
ALGORITMO EM RECONSTRUÇÃO DE 

IMAGEM TOMOGRÁFICA
Renato Glauco de Souza Rodrigues; Abib, Gabriel; Gerra, Aline Ditz; Góes, Evamberto 

Garcia; Rodrigues, Renato Glauco de Souza 

Universidade federal do rio Grande 

neural networks with common topology of layers totally connected, without no major relationships with 
the tomographic image reconstruction problem, are great and very complex. We considered a new parallel 
and distributed method of tomographic image reconstruction on the basis of the geometry of the problem. 
an isomorphism between the Inverse radon transform, mathematical base for the tomographic image 
reconstruction, and a neural network partially connected, was found. simulated and experimental results 
had confirmed the validity of our method.

Contact: renatorodrigues@furg.br
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AQUISIÇÃO, PROCESSAMENTO E 
ANÁLISE DE RESSONÂNCIA MAGNÉTICA 

FUNCIONAL E ELETROENCEFALOGRAFIA 
APLICADA AO ESTUDO DA EPILEPSIA

Brunno Machado de Campos; Guilherme Côco Beltramini; Ana Carolina Coan; Roberto 
José Maria Covolan; Fernando Cendes

universidade estadual de campinas - UnICaMP

this work describes the methodology of the simultaneous acquisition of eeG (electroencephalography) 
and fMrI (functional magnetic resonance imaging) in patients with epilepsy, a promising technique which 
combines the high temporal resolution of eeG with the high spatial resolution of fMrI. Moreover each 
exam provides information about a different aspect of the brain function: while eeG measures electrical 
activity of synchronous neurons, fMrI measures hemodynamic response, which is correlated with neuronal 
activation. however there are some difficulties in the measurement and processing. We report the results 
obtained for 15 patients: 2 were discarded due to excessive head motion, 6 had no epileptiform activity, 1 
had incompatible result with the clinical history, and 6 had compatible results.

Contact: brunnocampos1@terra.com.br
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OTIMIZAÇÃO DO FILTRO BUTTERWORTH 
PARA IMAGENS SPECT COM TC-99M: 

ANÁLISE QUANTITATIVA E QUALITATIVA
Lucas Diovani Lopes Narciso; Casagrande, Saman; Marques da Silva, Ana Maria 

PUCrs/faculdade de física - núcleo de Pesquisa em Imagens Médicas (nIMed)

 filtered backprojection method (fBP) is large used in sPeCt images reconstruction. In fBP reconstruction 
the ramp filter is associated with the Butterworth smoothing filter. the optimization of this filter depends 
on many factors including the type of assessment adopted. aiming to ascertain the best values of free 
parameters of the Butterworth filter, there was an acquisition of sPeCt neMa IeC Body acrylic phantom 
with tc-99m. the images were analyzed without correction, with attenuation correction and with attenuation 
correction and scatter. Moreover, these images underwent variation in its cutoff frequency (fc) - 0.30 nq 
to 0.50 nq - and their order - orders 7 and 8.Was analyzed quantitatively the contrast, noise and spatial 
resolution and a qualitative analysis was performed by medical imaging specialists in nuclear medicine. no 
significant difference in the images with different orders was found, but the best parameters for the filter 
depends on the type of approach used. In quantitative analysis, the images without any correction and lower 
fc achieved the best results. In qualitative analysis, the images with attenuation correction and scatter and 
fc 0.36 nq and 0.40 nq are considered the best results.

Contact: lucas.narciso@acad.pucrs.br
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OTIMIZAÇÃO DE COMPONENTES 
PARA INTERFACE DE VISUALIZAÇÃO 

E MANIPULAÇÃO DE IMAGENS EM 
SISTEMAS DE TREINAMENTO DIGITAL EM 

MAMOGRAFIA
Ana Claudia Patrocinio; Isabela M. Miziara; Mariana Cardoso 

faculdade de eng. elétrica - Universidade federal de Uberlandia 

the digital mammgraphy is already reality in diagnosis centers in Brazil, but the transiction from hard copy 
to soft copy image reading is not an automated task. a system of training in reading digital mammography 
is already in use on UnIfesP.at a later stage should be made to these professional cases of actual 
mammograms and encourage them to training evaluation of cases, preparation of reports and use of 
digital tools to aid diagnosis as Cad (Computer-aided diagnosis) schemes. this work aims at developing a 
prototype training system through an interface whose tools for opening files and manipulating the images 
are being developed with greater portability and in ways that benefit the computational cost of processing 
and displaying images. for this project it was developed a prototype software that can open and manipulate 
images in tIff format. Using the programming language C# (C-sharp) and software development for 
Microsoft Visual studio 2010 has been possible to develop a code capable of opening images in tIff format 
with 12 bits of contrast resolution.the platform .net provides a set of libraries that allows the creation of 
any graphical interface in addition to being the basis for software development. In communication with the 
platform, the library Crownwood, Magic docking, performs the function of manipulating the components of 
the platform at run-time software, so the user can manipulate the position and size of the windows of their 
views of the images.

Contact: anaclaudia@eletrica.ufu.br;acpatroc@yahoo.com.br
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ANÁLISE SVD DE SISTEMAS DE 
IMAGEAMENTO DE ULTRASOM BASEADO 

NA RECONSTRUÇÃO INVERSA
Leonardo Geovany da Silva Zanin; Fábio Kurt Schneider; Marcelo Victor Wüst Zibetti 

Universidade tecnológica federal do Paraná

Ultrasound image reconstruction based on inverse problems has attracted attention of the ultrasonic imaging 
research community. different from standard beamforming techniques, this new imaging method seeks to 
solve a linear system g=hf for reconstructing the ultrasound image. In order to understand the behavior of 
this imaging system, it is important to analyze the matrix h. In this paper, we analyze the acquisition matrix 
using singular value decomposition, considering some important aspects in an ultrasound system, such as: 
the resolution grid of the image, the number of elements in the ultrasound array, and the physical size of 
the sensor array. this analysis provides some interesting insights in the understanding of some aspects of 
ultrasonic imaging system design when inverse reconstruction is used as an imaging method.

Contact: silva.zanin@gmail.com
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USO DO MÉTODO RMSE PARA 
IDENTIFICAÇÃO DE CARACTERÍSTICA NA 

ANÁLISE DA RELAÇÃO ENTRE TREMOR 
FISIOLÓGICO E IDADE

Bruno Coelho Calil; Andrade, Adriano O. 

Universidade federal de Uberlândia 

Physiological tremor is normally observed in any age group and some factors can make it become intense. 
this work made an analysis using electromyography to study a relation between physiological tremor and 
ageing. surface electromyography were collected from 10 subjects with age in the range of 20-29 years 
and 10 in the range of 70-79 years. through data analysis, it was observed, therefore, that there is greater 
stability in most of the characteristics in persons of the later group. Moreover, the application of rMse (root 
mean square error) is in accordance with the literature.

Contact: vccalil@ufu.br
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A COMPARISON BETWEEN A SUBJECTIVE 
AND A QUANTITATIVE METHOD OF 

MEASURING THE RES
Alexandre França Velo1; Matheus Alvarez1; José Ricardo de Arruda Miranda1; Diana 

Rodrigues de Pina2; Sérgio Barbosa Duarte3 
1Instituto de Biociências de Botucatu, UnesP - Univ estadual Paulista/departamento de física e Biofísica, Botucatu, Brasil; 

2Instituto de Biociências de Botucatu, UnesP - Univ estadual Paulista/departamento de doença trapicais e diagnóstico por 
Imagem, Botucatu, Brasil; 3Centro Brasileiro de Pesquisas físicas - CBPf/MCt, rio de Janeiro, Brasil; 

In present study we develop a computational procedure to treatment of mammographic phantom image 
which permit to quantify some visual property of digital images (dICoM). We selected a region of interest in 
the phantom to determining computationally the resolution of the system, and then comparing with those 
determined by three different radiologists. the main objective is to use an alternative method to determine 
the resolution of mammography.

Contact: afvelo@ibb.unesp.br
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COMPARISON OF MULTIPLE PHANTOMS 
IN MRI QUALITY CONTROL: SNR AND SU 

ANALYSIS
Arthur Felipe Nisti Grigoletto Borgonovi1; Ribeiro, Leandro2; Otaduy, Maria1 

1hospital das Clinicas; 2Iee - UsP 

In the present work signal to noise ratio (snr) and signal uniformity (sU) measurements from magnetic 
resonance images using different quality control phantoms were compared in order to verify the reproducibility 
of the results. Images from four different phantoms were acquired with a 3 tesla MrI scanner (Intera 
achieva, Philips, netherlands) using quadrature head coil and equipment body coil. spin echo sequences 
was used to acquire three different projections (axial, sagital and coronal) with the following parameters: 
tr/te = 550/30 ms, foV = 25x25 cm, acquisition matrix 512x512, slice thickness = 5 mm, Gap = 5 mm, 
9 slices. It was used a spherical Ge phantom (Ge, Milwaukee), head Philips phantom (Philips, netherlands), 
aCr phantom (american College of radiology, Usa) and nuclear associates 76-94 MrI-Multi Purpose 
Phantom (fluke Co., Usa). Images acquired were also reconstructed from raw data using a parameter 
called  guniformity correction h available in MrI scanner, which provides an image with improved sU 
adjusting the signal over the field of view. It was verified that the parameter  guniformity correction h really 
improves the sU over the field of view when quadrature head coil is used. Body coil acquisitions do not 
benefit from the use of the parameter. sU results have shown differences of 10% at the axial projection and 
snr results has shown a maximum variation of 100% between different phantoms at the same projection. 
these differences can be a source of error to determine if the system is in the conformity or not with the 
established limits of neMa standards Publication Ms 3-2008. the results demonstrate the importance of 
using well established parameters according to the phantom to be used and the necessity of using of the 
same phantom to analyze the reproducibility of particular equipment.

Contact: arthurborgo9@gmail.com



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil34

Poster - Controle de Qualidade

V 
In

st
rU

M
en

ta
tI

on
 a

nd
 M

ed
IC

al
 IM

aG
In

G 
sy

M
Po

sI
UM

Code: 423

A NON-SUBJECTIVE METHOD OF 
DETECTING MASSES AND NYLON FIBERS 

FOR QUALITY CONTROL
Matheus Alvarez1; Diana Rodrigues de Pina2; Sérgio Barbosa Duarte3; Alexandre França 

Velo1; Rafael Toledo Fernandes de Souza1; José Ricardo de Arruda Miranda1

1Instituto de Biociências de Botucatu, UnesP – Univ estadual Paulista/ depto de física e Biofísica; 2faculdade 
de Medicina de Botucatu, UnesP – Univ estadual Paulista/ fMB-depto de doenças tropicais e diagnóstico por 

Imagem; 3Centro Brasileiro de Pesquisas físicas—CBPf/MCt 

this work presents methods for detection of masses in the breast phantom images for quality control of 
mammography. the methodologies for both are based on discrete Wavelet transform (dWt) where the 
low frequency present in the x-ray image is suppressed, then morphological operations that result in a 
good location of these objects in the radiograph simulator of the breast are made to quantify the subjective 
evaluation of specialists in radiology and apply the results of tests in the daily Quality Control (QC).

Contact: exzagero@hotmail.com
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STUDY OF BONE DENSITOMETRY 
OF MONGREL DOGS COMPARING 

THE METHODS OF IMMERSION AND 
RADIOLOGICAL DENSITOMETRY

Dany Bruno Borella Dos Santos Grossklauss1; Joel Mesa Hormaza2; Marcos Antônio de 
Rezende2; Vladimir Eliodoro Costa2; Alfredo Lima3; Vania Maria de Vasconcelos Machado

1Universidade estadual Paulista “Júlio de Mesquita filho”; 2Instituto de Biociências de Botucatu/departamento de física e 
Biofísica; 3faculdade de Medicina Veterinária e Zootecnia de Botucatu/departamento de reprodução animal e radiologia 

Veterinária

Bone quality is related to the effects of skeletal factors that contribute to resistance, however, can not be 
judged by measures of mass, but rather by its density. Bone density (Bd) is a biophysical parameter of 
paramount importance, experimental clinic, because it assesses the process of bone mineralization. Calcium 
is the most abundant mineral in the skeletal system, and this is associated with several metabolic functions, 
such as bone growth. several pathologies in vertebrates are associated with bone structure that directly 
affect the locomotor system. Being an endoskeleton, the diagnosis of these diseases becomes abstruse in 
vivo. Physical characterization of the bone structure of healthy animals post mortem is a valuable tool for 
comparative diagnosis of animals in vivo. on this basis the project aims to evaluate, discuss and compare 
the methodologies of radiological density and immersion in water. Concomitantly, the immersion method 
(IM) is used to evaluate the effect of weight, sex, age and calcium content in bone tissue of the canine 
strain, correlating with the bone density of the right forelimb region of the humerus-radio-ulnar.

Contact: dbgrossklauss@hotmail.com
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A NEW BIOMAGNETIC METHOD TO 
EVALUATE GASTROINTESTINAL TRANSIT 
TIME AND GASTRIC EMPTYING IN SMALL 

ANIMAL MODELS
Caio César Quini; Daniel Bueno Xavier e Silva; Marcos Felipe Calabresi; Paulo Roberto 

da Fonseca; José Ricardo de Arruda Miranda 

IBB - Unesp

the motor activity of the gastrointestinal tract (GIt) posses an important role in transit and motility study. 
Many methods are used to evaluate the mechanical activity of the gastrointestinal tract. however, those 
methods are invasive, involve radiation or, regarding animal models, it is common to use a series of 
sacrifices in a controlled time interval to establish a temporal model. the biomagnetic methods constitute 
an interesting alternative for the study of the GIt properties for they are potentially non-invasive, free from 
radiation and safe. the sensor ones more important for that purpose they are the coil induction, hall effect 
sensor, fluxgate and the superconducting Quantum Interference device (sQUId). this paper presents the 
use of a new method in the gastrointestinal tract studies. the technique consists of the association of 
magnetic induction coils, working as magnetic sensors, with liquid or solid magnetic markers. Using this 
method, it is possible to obtain information regarding gastric emptying, orocecal transit and contraction 
activity in any region of the GIt with great accuracy and without the use of invasive techniques or by 
requiring the sacrifice of a large number of animals.

Contact: caioquini@hotmail.com
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TRANSMITÂNCIA ULTRAVIOLETA 
DE CÓRNEAS IN VITRO DURANTE O 

PROCEDIMENTO DE INDUÇÃO DE 
“CROSSLINKING”

Victor Antonio Cacciacarro Lincoln1; Ventura, Liliane1; Faria e Sousa, Sidney J. 2 
1eesC - UsP - dep. engenharia elétrica - lIo; 2fMrP - UsP - dep. oftalmologia 

o procedimento do “crosslinking” vem se tornando uma prática muito utilizada para o tratamento e 
prevenção de certas patologias oculares. o tratamento atual é dividido em 3 estágios: desepitelização da 
córnea; instilação de riboflavina a cada 5min, durante 30min; aplicação de radiação ultravioleta, com pico 
em 365nm à 3mW/cm2, durante 30min adicionais, combinado com instilação a cada 5min. o objetivo do 
estudo foi medir a transmitância ultravioleta através de córneas humanas In Vitro durante o procedimento 
do crosslinking, uma vez que é mandatório pela literatura que apenas 5% da luz irradiada chegue até o 
endotélio, causando danos para irradiações acima de 0,35mW/cm2. foram utilizadas 20 córneas humanas 
preservadas em optisolGs com média de 6 dias de captação e espessura média de 570µm. as córneas 
foram lavadas com soro e posicionadas em um suporte de acrílico. Uma fibra óptica conectada a um 
espectrofotômetro (UsB2000 ocean optics) foi posicionada abaixo da córnea próxima ao endotélio, alinhada 
e centralizada com o feixe de UV emitido pelo crosslinking. após a completa desepitelização da córnea, uma 
gota de riboflavina 0,1% foi instilada na córnea a cada 5min, totalizando 60min e 12 instilações. a emissão 
de UV (365±5nm, 3mW/cm2, 1.51mW, 5.405J/cm2, 8mm de diâmetro, 45mm de distância) foi iniciada 
após a sétima instilação. as medidas foram realizadas 4min depois de cada instilação, e o tempo médio 
para aquisição de cada espectro foi de 2s. os resultados mostram que a transmitância média da córnea 
sem riboflavina foi de 62%, já ao final dos 30min de instilação de riboflavina, obtivemos uma transmitância 
média de 32%, e na última etapa obteve-se uma transmitância média apos cada instilação, da sétima até a 
décima segunda, de respectivamente 30%, 28%, 26%, 24%, 22%, 21%. assim as transmitâncias obtidas 
estão acima do limite de segurança de toxicidade do endotélio assumidas, que é de 5%. sugere-se que o 
procedimento atual seja revisto para a rotina clínica.

Contact: victor.lincoln@usp.br
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ANÁLISE DO CONTROLE DE QUALIDADE 
APLICADO A ULTRASSOM MODO - B

Daniel Silva de Souza 

PUCrs 

the aim of this study is to analyze the importance of assessing quality indicators of ultrasound equipment. 
Because of this, it is necessary to apply quality control tests based on the aaPM standards checking the 
accuracy and reliability of equipment. Were analyzed four echographs considering for three of the four 
facilities examined all the tests were approved while for a two unit tests failed. Considering the results, 
equipment with longer use flunked the tests of vision and depht distance between vertical and horizontal 
structures. the Quality Control demonstrated the need for repairs on one of echographs showing possible 
errors that can directly influence the final report of the examination.

Contact: daniel@qualiphy.com.br



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil39

Poster - Controle de Qualidade

V 
In

st
rU

M
en

ta
tI

on
 a

nd
 M

ed
IC

al
 IM

aG
In

G 
sy

M
Po

sI
UM

Code: 812

DESENVOLVIMENTO DE EQUIPAMENTO 
PARA DIAGNÓSTICO DE CÂNCER DE 

PELE POR IMAGENS DE FLUORESCÊNCIA
Mardoqueu Martins da Costa1; Kurachi, C. 2; Bagnato, V.S. 2; Ventura, L. 1 

1escola de engenharia de são Carlos - eesC-UsP; 2Instituto de física de são Carlos - IfsC-UsP 

a mortalidade e morbidade devido a vários tipos de câncer podem ser reduzidos através de uma identificação 
precoce de células anormais. o Brasil, sendo um país com grande dimensão e localizado próximo da linha 
do equador, onde a incidência solar é extrema, apresenta um alto índice de câncer de pele, o principal 
tipo na população brasileira, e que provocou, segundo o Instituto nacional de Câncer (InCa, Brasil), cerca 
de 113.850 novos casos do câncer do tipo não-melanoma e cerca de 5.930 de casos do tipo melanoma, 
no ano de 2010. diante deste grande número de casos de câncer, algumas medidas devem ser tomadas 
para redução destes, como: ações preventivas e educacionais, e ainda, investimentos na área de pesquisa 
do câncer para uma detecção mais precoce, favorecendo um tratamento mais efetivo. a fluorescência 
por imagem é uma técnica que apresenta o potencial de aumentar o poder de discriminação de tecidos, 
podendo constituir uma importante ferramenta de detecção de lesões como câncer de pele. neste trabalho, 
apresentamos o desenvolvimento e aplicação de um sistema de fluorescência para diagnóstico de câncer 
de pele composto por iluminação à base de leds de alta intensidade, com uma banda de emissão entre 
400-460 nm para excitação da protoporfirina IX (PpIX), e filtros para visualização da fluorescência da PpIX 
na região do vermelho do espectro. Para a aplicação do diagnóstico por fluorescência, foi utilizado uma 
solução do ácido 5-aminolevulínico (15%) aplicada topicamente sobre as lesões e a formação/produção 
de protoporfirina IX (PpIX) foi monitorada, com o equipamento, de 4-6 horas após a aplicação. o sistema 
de diagnóstico desenvolvido, possibilitou o monitoramento da formação/produção PpIX e o estudo de uma 
modalidade relativamente nova de técnica não invasiva para o diagnóstico de câncer de pele por imagens 
de fluorescência.

Contact: mardoqueu.costa@usp.br
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ELETRÔNICA PARA MEDIDAS DE 
TRANSMISSÃO MEDIA DE LUZ VISÍVEL 

EM LENTES DE ÓCULOS
Marcio Makiyama Mello; Victor Antonio Cacciacarro Lincoln; Liliane Ventura 

departamento de engenharia elétrica/UsP

this work is part of a larger project to develop an equipment to test optical lenses, which is the development 
of opto-electronic system in order to investigate the category of lens (0 -4), for which is permitted a different 
percentage for transmission of ultraviolet and infrared radiation, according to Brazilian standard sunglasses 
lens. In this work, a device opto – electronics was mounted for measuring the average transmission of white 
light in ophthalmic lenses, thus, automatically recognize the category of the same. this system will in future 
be coupled to a system of ultraviolet measurement (UVa and UVB) for investigation of glass lenses. the 
transmission of ultraviolet and infrared radiation on glass lenses are standard requirements for certification 
of these lenses, since electromagnetic radiation with frequencies in the bands of ultraviolet light (100nm 
- 400nm), visible (400nm - 700nm) and infrared (700nm - 1400nm) can cause serious eye damage, and 
each component of the eye absorbs a specific amount of each radiation.

Contact: marcio.mello@usp.br
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ANÁLISE COMPARATIVAS DE 
PROTOCOLOS DE PROGRAMAS DE 

GARANTIA DE QUALIDADE PARA 
IMAGENS MAMOGRÁFICAS

Ana Claudia Patrocinio1; Camila Casedei Crespo1; Tassio Marques José1; Alexandre O. 
Medonça1; Eny Moreira Ruberti Filha2; Regina Bitelli Medeiros2

1faculdade de eng. elétrica - Universidade federal de Uberlandia; 2depto. diagnostico por Imagem - Universidade federal de são 
Paulo 

the goal of the program of quality assurance of radiological equipment is to produce quality images that 
allow for an accurate diagnosis. for this to occur is essential to ensure theimage quality generated by 
means of testing the quality control of mammography system, image processing and medical analysis. the 
quality is composed of a few parameters that need to be adequate, they are: spatial resolution, contrast 
resolution, noise and artifacts. the implementation of quality assurance program is a requirement of 
the relevant regulatory agencies in Brazil. health authorities recommend a set of systematic activities 
necessary for the production of images (some based on european standards and procedures) to ensure the 
successful diagnosis and minimize risks to patients, as well as the uniformity of the quality of radiological 
services provided to the population. this work was a comparative study of the recommendations of both 
the ordinance 453/1998 when the european protocol (european guidelines for quality assurance in 
breast cancer screening and diagnosis - eUref) of the measured parameters and tests to be carried out 
systematically in quality assurance programs. the study was conducted in three stages. first survey was 
conducted tests recommended by decree 453/1998 and the european protocol for the analog images, 
including tests performed on equipment provided by measurements made on films. In a second step 
we studied the recommended tests for digital images that are provided only at the european protocol. 
and in a third step was analyzed images collected from nine different diagnostic centers. By analyzing 
the concordance of two protocols for It is possible to observe a discrepancy of 44.4% of the equipment 
examined.

Contact: anaclaudia@eletrica.ufu.br;acpatroc@yahoo.com.br
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STUDY OF COMPUTER ALGORITHMS 
APPLIED IN DERMOSCOPIC IMAGES FOR 

DIAGNOSIS OF SKIN
Marco Antônio Rodrigues Fernandes1; Gabriel Pivetti2; Helio Amante Miot1 

1faculdade de Medicina de Botucatu- UnesP; 2Centro Universitário Católico salesiano auxilium de araçatuba-sP

this work studies the diagnosis method of malign melanoma based on the aBCd rule, it discusses the 
techniques of evaluation of dermoscopic images and it analyzes two groups of images of cutaneous lesions 
using digital processing of images with the softwares adobe Photoshop and IMaGeJ. the obtained results 
indicate that the method can be used for differentiation among the skin lesions as for the malignancy 
degree, and it can aid the dermatologist in the clinical routine serving with a second therapeutic opinion 
and minimizing the possible inherent mistakes of the visual evaluation of these lesions.

Contact: marco@cetea.com.br
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BREAST DENSITY BY DIGITAL IMAGE 
PROCESSING

Laura Leticia Palacios Perez; T. Rivera 

CICata legaria, IPn 

Breast cancer is a malignant tumor that originates from the accelerated proliferation disordered and 
uncontrolled cells with mutated genes. Breast cancer is more common in women, regardless of races 
or ethnic group; is the most common cause of cancer death among latin american women. In Mexico, 
this neoplasm according to the national statistics reported is the leading cause of cancer death in women 
since 2007. there exist three main techniques to detect breast cancer; breast self examination, clinical 
examination and mammography. Mammography is the most reliable study for the detection of breast 
cancer. this study is an image of the breast obtained through X rays and it is made with a specialized X ray 
equipment. In a study of mammography, it is interesting to know the average absorbed dose of radiation 
into the glandular tissue, known as mean glandular dose. Mexican official standard noM-229-ssa1-
2002, indicates that a cranio caudal view of a phantom to simulate a 4.2 cm compressed breast thickness, 
should not have a higher mean glandular dose to 3 mGy with a composition of breast tissue 50% glandular 
and 50% fat. Breast density depends on the amounts of fat and glandular tissue, (connective tissue and 
glandular) in the breast. the proportion of glandular tissue and determine the density varies with ages and 
patient physioanatomy. the aim of this study is to determinate breast density in a digital mammogram using 
digital techniques of image processing.

Contact: huahuita@yahoo.com
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AVALIAÇÃO DA INFLUÊNCIA DE UM 
ESQUEMA CADX NO DIAGNÓSTICO 

MAMOGRÁFICO: CLASSIFICAÇÃO DE 
NÓDULOS SUSPEITOS

Bruno Roberto Nepomuceno Matheus; Verçosa, Luciana Buffa; Schiabel, Homero 

departamento de engenharia elétrica - eesC - UsP; 

este trabalho tem como objetivo apresentar uma avaliação do uso de um sistema Cad de classificação 
de nódulos quando utilizado como uma segunda opinião a um radiologista. o programa utilizado nestes 
testes segmenta os nódulos e classifica os mesmos por contorno apenas, fornecendo ao radiologista a 
opinião em porcentagens de similaridades com as cinco classes de contorno definida no esquema BI-
rads (circunscritos, obscurecidos, microlobulados, mal definidos e espiculados). a opinião do radiologista 
é requisitada antes e depois da saída do sistema Cad ser apresentada. os resultados obtidos demonstram 
que não só a opinião do radiologista se altera com os resultados do programa como houve uma melhora 
considerável na classificação do radiologista.

Contact: bruno.matheus@gmail.com
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SEGMENTAÇÃO DE IMAGENS DE 
ENXERTOS ÓSSEOS UTILIZANDO OS 

ALGORITMOS WATERSHED E K-MÉDIAS
Thallys Pereira de Almeida1; Limeira Júnior, Francisco de Assis2; Batista, Leonardo Vidal1 

1UfPB/departamento de Informática; 2UfPB/departamento de Morfologia 

this paper proposes a new method of histological image segmentation for evaluation of the bone 
neoformation under bone graft repair. the method uses color-based segmentation in l*a*b color space 
combining watershed and k-means algorithms. the main goal is to decrease human interference and 
subjectivity.

Contact: thallys@gmail.com
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ANÁLISE ACÚSTICA NÃO LINEAR (ANL) 
DO PADRÃO VISUAL DE DINÂMICA 

VOCAL (PVDV) DE HOMENS ADULTOS
Debora Godoy Galdino; Lídia Cristina da Silva Teles 

Programa de Pós-Graduação em Bioengenharia – eesC/fMrP/IQsC – UsP

Introdução. o conceito de qualidade vocal se refere à voz saudável, ou seja, sem alterações nos formantes 
e ausência de ruído. Para avaliação da qualidade vocal, utilizamos escalas de avaliação da voz, escalas 
estas perceptivas auditivas e também acústicas e objetivas. a análise acústica da voz tem sido utilizada na 
prática clínica de forma a enriquecer o diagnóstico e tratamento de distúrbios da voz. atualmente, muito do 
que temos na área médica são devido às aplicações de abordagens lineares, ou seja, aqueles que levam 
em consideração proporcionalidade entre duas ou mais variáveis e nas quais essas relações são descritas 
por equações lineares. Cada vez mais as teorias não lineares têm sido utilizadas para a interpretação, 
explicação e previsão dos comportamentos de fenômenos físicos biológicos. objetivo. este projeto tem 
como objetivo estabelecer um banco de dados do padrão visual da dinâmica vocal, por meio da técnica 
de análise não linear de homens adultos e correlacionar estes achados com os dados da análise acústica 
clássica. Metodologia. serão analisados sinais de voz humana de sujeitos do sexo masculino de idade entre 
20 a 40 anos e que não apresentem queixas relacionadas à voz. Para avaliação perceptiva da voz, será 
utilizada a escala GrBas. dentre os parâmetros da análise acústica da voz adotados, teremos: freqüência 
fundamental (f0), Jitter, ou perturbação de freqüência, shimmer, perturbação de ruído e harmônico ruído. 
Para a análise não linear será adotado o programa anl do pacote tIsean. na avaliação qualitativa dos 
padrões visuais de dinâmica vocal, serão considerados três aspectos da configuração: número de laços; 
traçado das orbitas e convergência das orbitas.

Contact: debigs_usp@yahoo.com.br
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AVALIAÇÃO DA QUALIDADE DAS 
IMAGENS MAMOGRÁFICAS SIMULADAS 

SOB DIFERENTES PADROES DE 
IMPRESSAO

Rafael Eidi Goto1; S. R., Pires1; K. A. C., Daros1; L. B. N. C., Magnani2; R. B., Medeiros1 
1Universidade federal de são Paulo; 2fujifilm ndt sistemas Médicos ltda 

CIrs model 011a Phantom images generated at fujifilm fCr Profect one system were evaluated on 
monitors and on a printed image in hardcopy devices using two kinds of mammographic films. the goal 
of this work was to qualify these images under different processing and printed conditions based on 
objects detection. the images were also evaluated on medical monitor. the printed image evaluation 
shows both kinds of film (dI-Ml and dI-hl) were appropriate for mammographic printed images. some 
microcalcifications and masses were not detected using dI-Ml at default Cr console processing (P1) with 
lUt 53 in dryPix 4000. Using the edge enhancement processing (P2) the results were better at this same 
lUt. these results suggest the lUt and processing conditions should be selected carefully. the detection 
performance on monitor (3 megapixel and 500 cd/m² of brightness) was achievable for all evaluated 
images suggesting the radiological analysis should be preferred done on this kind of device.

Contact: rafael.goto@unifesp.br
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PROGRAMAÇÃO DE FPGA PARA 
ACIONAMENTO DE TRANSDUTORES 

MATRICIAIS EM UM SISTEMA DE 
ULTRASSOM DIAGNÓSTICO

Henrique Ferreira Lopes; Costa, Eduardo Tavares 

UnICaMP

 the activation of array transducers has strict time constraints, requiring fast and accurate excitation signals 
in each of their elements. fPGa has proved a good choice for this task, fast enough to meet the time 
requirements and flexibility in generating the excitation profiles in different configurations of ultrasound 
field generation. We have implemented fPGa programming for a 20 element ultrasound array transducer 
as part of a system under construction in our laboratory for research and teaching purposes. the system 
encompasses hardware and software and in this paper we describe how transducer elements are activated 
to produce several focusing and steering ultrasound wavefronts.

Contact: h071140@dac.unicamp.br
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ANÁLISE DE SINAIS DE CULTURAS 
NEURAIS ENVOLVENDO OS ESTÁGIOS 

INICIAIS ATÉ A FASE DE MORTE CELULAR
Suélen Moreira Marques1; Mauro Guilherme Guzo2; Ricardo Camargos Lopes1; Ariadne 

de Almeida Branco Oliveira1; Luiz Otávio Murta Júnior2; João Batista Destro Filho1

1Universidade federal de Uberlândia; 2Universidade de são Paulo 

this paper analyses electrical activity recorded during the maturation of embryonic hippocampal dissociated 
cultures, based on Multielectrode array (Mea) devices, starting from the culture deposition until its death, 
during 0-88 days in vitro (dIV). Classical spike analysis is applied to three different cultures, pointing out 
the evolvement of spikes and bursts. Particular attention is devoted to the last step associated with cellular 
death, for which unexpected raise of electrical activity amplitude is assessed.

Contact: sueletrica@gmail.com
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ON THE CLUSTERING OF MOTOR 
UNIT ACTION POTENTIALS BASED ON 

DIFFERENTIAL EVOLUTION ALGORITHM
Angela Abreu Rosa1; Alcimar Barbosa1; Adriano Andrade1; Slawomir Nasuto2 

1UfU; 2University of reading

the decomposition of electromyography signals is a very important tool to evaluate the nervous systems. 
Many techniques have been developed with this aim. although, there is no other related work that have 
used the evolutionary algorithm called differential evolution (de), which is a tool for efficient optimization 
and includes evolution strategies and Genetic algorithms. as is already known, for the process of eMG 
decomposition is required six steps: signal detection, data acquisition, signal filtering, detection or regions 
of activity, feature selection and data clustering. this work proposes the use of the de on the last step of 
eMG decomposition, data clustering.

Contact: angela_abreu@yahoo.com
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ANALYSIS OF PARTIAL CORRELATIONS 
BETWEEN LINEAR AND NONLINEAR 

MEASURES OF HEART RATE VARIABILITY
Mauro Guilherme Guzo; Murta, Luiz Otávio 

ffClrP - Universidade de são Paulo 

this study aims to investigate partial correlations between linear and nonlinear measures of heart rate 
variability (hrV) time series. hrV is an important carrier of autonomic nervous system (ans) physiological 
status and provides a sensitive estimation of physiologic conditions and early indicator for some diseases. 
although there are fundamental paradigmatic differences on linear and nonlinear models, both interpret 
hrV representing the same observable physiological dynamics, and therefore is expected to have partial 
relationships among their results. In linear model scope, a set of statistical measurements are considered 
in time domain, such as square differences in normal beats (sdnn), sdnn index, root mean square of 
successive differences in beat intervals (rMssd), number of pairs of successive beat intervals differing in 
more than 50 ms (nn50), nn50 proportion (pnn50) and hrV triangular index. Measurements in frequency 
domain allows quantification of hrV physiology in dynamic components, namely very low (Vlf), low (lf), 
high (hf) frequency band and their ratio (lf / hf). nonlinear models are based on the assumption that 
the behavior of a system is consequence of nonlinear combinations of autonomic nervous system parts, 
when responding to various physiological variables. We have evaluated detrended fluctuation analysis 
(dfa), hurst exponent, Poincarã© Plots measurements, symbolic dynamics and entropy measures. 
Correlations are investigated in pairs of linear and nonlinear measurement. hrV time series obtained from 
electrocardiograms of healthy individuals, patients with atrial fibrillation and heart failure were selected in 
this study to investigate existence of correlations between the various measurements and the validity domain 
ranges for such correlations. results obtained can help to elucidate the existing relationship different in 
different hrV model, and suggest some physiological and clinical validity domain range for correlations.

Contact: mguzo@hotmail.com
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DETECÇÃO AUTOMÁTICA DE MARCAS DE 
ROLO EM IMAGENS DE SIMULADORES 

RADIOGRÁFICOS DE MAMA
Amanda Barreto Cavalcanti1; André Fonseca Costa1; Leonardo Vidal Batista1; José 

Fernando Carvalho2 
1UfPB; 2aGeVIsa-PB 

Breast cancer is one of the most frequent death causes among adult women. one of the most effective 
prevention methods is periodical mammograms, in order to detect cancer in an early stage. the Certification 
Program of Mammography Quality from the Brazilian College of radiology requires that mammography 
services regularly check the quality of their mammographies, using a breast simulator, also known as 
phantom. this paper introduces a method to detect roller marks, a type of artifact, in phantoms, through 
analysis in the frequency domain.

Contact: mandy.cavalcanti@gmail.com
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TELEMEDICINE IN THE ACQUISITION OF 
KNOWLEDGE APPLIED TO HEALTH

Paulo Loncarovich

Unoeste and UnesP

telemedicine in medical education is currently defined as the use of information by electronic communication 
to the patient’s health and education of health professionals. It is characterized by the use of electronic 
signals to transfer information from one place to another, in order to improve access to data.

Contact: loncarovich@terra.com.br
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SENSOR NETWORK FOR ASSESSMENT 
OF ENERGY EXPENDITURE DESIGN 

BASED ON ANDROID
Leonardo Juan Ramirez Lopez1; Daniel Gustavo Goroso2; Linamara Rizzo Batisttella2 

1Universidade Mogi das Cruzes; 2Instituto de Medicina física e reabilitação da hCUsP

the society changes and worldwide nutrition transition are driving the obesity epidemic. Brazil has 
undergone a gradual increase in the number of overweight people, and these people needs a monitoring 
system of energy expenditure to self control - management during several physical activities under free-
living conditions, which medical staff requires for rehabilitation processes. the body sensor networks have 
numerous applications to health and wellness monitoring, for this fact, we used a sensor network composed 
of motion, temperature and heart rate sensor for assessment energy expenditure in free-livings conditions 
based on android platform which is a new generation of smart mobile phone platform that provides different 
services of interconnection with sensor network. our aim was to apply an energy expenditure model inside 
of mobile phone based on android to connect a sensor network and transmit prevention alarms to prevent 
cardiovascular accident. such information has the potential to improve changes to a healthy life.

Contact: leonardorami@gmail.com
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REPORTS OF CHEST X-RAY UNDER THE 
PRINCIPLE OF LEAST EFFORT

Leandro Zerbinatti; Lincoln A. Moura Jr 

fundação atech

Parts of the electronic health record (ehr) are written in free text. this practice does not promote the use of 
information for evidence-based decision making. Vocabulary standards and models are needed to promote 
semantic interoperability between clinical information systems. all clinical organizations may benefit from 
the extraction of semantic knowledge from free-text reports. In his “human Behavior and the Principle of 
least effort”, George.K.Zipf concludes that people act to minimize their work. the evidence of this theory 
is revealed through the statistical distribution of language. according to his theory, both the individual 
who is speaking and the one who is listening try to minimize the communication effort. a decrease in the 
speaker’s effort means a trend to use the smallest possible vocabulary, using words that are believed to 
be in the speaker-listener common knowledge. the listener’s effort decreases if the speaker uses specific 
words to describe specific objects. two thousand radiology reports, written in Portuguese, were used for the 
extraction of knowledge by identifying the words, n-grams and phrases of reports. the tokenization process 
identified that, despite the large number of tokens that appeared in the corpus (153,896), the number of 
words is much smaller (1,067). By taking away only 44 words, such as articles and prepositions (resulting 
in 1,023 words), there is a large decrease in the amount of tokens in the corpus (96,798). Care has been 
proven to Zipf’s law for the corpus used. this law provides an overview of few words we use to communicate, 
and is based on the principle of least effort. We identified that just over 100 words are responsible for the 
vast majority of words in the corpus (95.22%), whereas others have much fewer occurrences. this finding 
shows that, as expected, even in Portuguese, Zipf’s law works in a straight way.

Contact: lzerbinatti@gmail.com
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TRANSFERINDO VALORES DA CURVA 
ROC PARA O RETICULADO DE HASSE NA 

LÓGICA PARACONSISTENTE ANOTADA 
COM DOIS VALORES SISTEMA DE APOIO 
A DECISÃO E INTELIGÊNCIA ARTIFICIAL 

(MEDICAL PHYSICS EDUCATION)
Paulo Roberto Schroeder de Souza; Samaris Ramiro Pereira 

sociedade Brasileira de engenharia Biomédica 

abstract - this paper was prepared through an analog study between the quantitative and qualitative 
methods used in medicine where we apply the lattice representative of Paraconsistent logic annotations 
of two values (lPa2v). this new concept of medical decision support was one of the works developed 
during the research thesis which will clarify better this article. the proposal offered is the creation of a new 
theory applied to roC curves in the lattice lPa2v. What surprised this technique is the coincidence of the 
equivalence of paraconsistent logic with the textual names of health as false-positive and false-negative 
patients and no patients presented among other classifications. We will obtain an overview of the analysis of 
the outcome of the disease allowing a degree of evidence favorable or unfavorable in this study. Keywords: 
paraconsistent. lPa2v. roC. false-positive. false-negative.

Contact: schroeder@educaonline.eng.br
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TELEMEDICINE APPLICATION IN GENETIC 
COUNSELING

Paulo Loncarovich 

Unoeste - Universidade do oeste Paulista 

telemedicine in medical treatment is currently used for the use of information by electronic communication 
to the patient’s diagnosis and promote interaction among health professionals. In the environment of 
access to genetic geneticist during pregnancy is important because it directly facilitates the diagnosis of 
a fetal ultrasound, biochemical evaluation, data collection or family of a genetic or hereditary disease and 
previously diagnosed or suspected as malformation of a child earlier, the chromosome abnormality or mental 
retardation, growth retardation in children or other relatives also motivate the query. It is characterized by 
the use of electronic signals to transfer information from one place to another, in order to improve access 
to data. objectives - facilitate access to information and knowledge exchange among health professionals 
and patient care.

Contact: loncarovich@terra.com.br
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Sunday, April 17, 2011

17:30 - 18:30
Hall A
Opening Ceremony

18:30 - 20:30
Exhibition Hall
Welcome Party

Monday, April 18, 2011

8:30 - 9:30
Hall A
PSI-MO-A - Harmful Tissue Effects: Is there always a Dose Threshold? 
Jolyon Hendry
Chair: Ana Maria Marques; Co-Chair: Simone Kodlulovich.

9:30 - 10:45
Hall A
SS1-MO-A - Stereotactic Radiosurgery and Stereotactic Body Radiation Therapy
Chair: Timothy D. Solberg; Co-Chair: Cecília Haddad.
9:30  ss1-Mo-a-ka - Quality and safety in stereotactic radiosurgery and stereotactic Body radiation 

therapy: More can be done. Keynote: timothy d. solberg.
10:00  ss1-Mo-a-01 – (744) results of the dose Intercomparison at the rCP Phantom of Pelvis and 

head an neck Used for the Validation of IMrt technique at the Centro Control de Cancer. Vasquez, 
Jaider; arbelaez, Juan Carlos; Bobadilla, Iban; español, ricardo; Gaitan, armando; torres, luis 
felipe.

10:15  ss1-Mo-a-02 – (749) absolute absorbed dose rate in Water Measured in small radiotherapy 
fields. G. Massillon-Jl; d Cueva-Prócel; P dias-aguire; X dominguez-ojeda; M rodríguez-Ponce

10:30  ss1-Mo-a-03 – (743) Implementation of a 3d Quality Control system with anatomical Correlation 
to Intensity Modulated radiation therapy (IMrt). Vasquez, Jaider; arbelaez, Juan Carlos; Bobadilla, 
Iban; español, ricardo; Gaitan, armando; torres, luis f.

Hall B
SS1-MO-B - Image Quality and Dose in Computed Tomography
Chair: John M. Boone; Co-Chair: Eder Rezende Moraes.
9:30  ss1-Mo-B-ka - Image Quality Metrics for Computed tomography – Keynote: John M. Boone
10:00  ss1-Mo-B-01 – (517) optimization of the scan Protocol in the Measurements of Coronary artery 

Calcium. oliveira, larissa; Gottlieb, Ilan; Carvalho, fabrício; Pinheiro, larissa; Kodlulovich, simone; 
Mecca, fernando; lopes, ricardo.

10:15  ss1-Mo-B-02 – (524) evaluation of the Image Quality in Computed tomography: different 
Phantoms. silveira, Vinicius; delduck, rômulo; Kodlulovich, simone; oliveira, larissa; Mecca, 
fernando; silva, humberto.

10:30  ss1-Mo-B-03 – (529) optimization of Pediatric Ct Protocols: abdomen and Chest. thalis leon de 
Ávila saint yves; fernando augusto Mecca; simone Kodulovich dias.
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Hall D
SS1-MO-D - Functional Magnetic Resonance Imaging with High and Ultrahigh Magnetic Fields
Chair: Bashar Issa; Co-chair: Roberto Covolan.
9:30  ss1-Mo-d-ka - frontiers in Biomedical Imaging with Ultrahigh Magnetic fields – Keynotes: Kamil 

Ugurbil, Bashar Issa.
10:00  ss1-Mo-d-01 – (732) effect of the scanner Background noise on the resting Brain networks 

detected by fMrI. rondinoni, Carlo; antonio Carlos dos santos; Carlos ernesto Garrido salmon.
10:15  ss1-Mo-d-02 – (354) study of mdx Mouse by nuclear Magnetic resonance spectroscopy (Mrs). 

Cervantes, hJ; Bloise, aC; Bach, aBM; rabbani, sr. 
10:30  ss1-Mo-d-03 – (134) a tool for Converting & Correction of MrsI Images in to dICoM format. 

s.rabee Mahdavi; s.rabee Mahdavi; Bahram Bolouri; reza alinaghizadeh. 
Hall E
EP1-MO-E - Radiation Safety in Pediatric Radiology: what we can do as a Medical Physicist?
Charles Willis
Chair: Donald McLean; Co-chair: Denise Nersissian.

10:45 - 11:00
Exhibition Hall
Coffee Break

11:00 - 12:30
Hall A
SS2-MO-A - Quality Assurance in Radiation Therapy
Chair: David Followill; Co-chair: Laura Natal Rodrigues.
11:00  ss2-Mo-a-ka - the role of anthropomorphic Phantoms in Clinical trial Quality assurance: the 

radiological Physics Center’s (rPC) experience - david followill, a. Molineu, P. alvarez and G. 
Ibbott.

11:30  ss2-Mo-a-01 – (381) acceptance and Commissioning of the XVI system at Icesp, sao Paulo. 
rodrigues, laura natal.

11:45  ss2-Mo-a-02 – (606) tomotherapy dose rate analysis and Considerations for absolute Calibration. 
dany simard.

12:00  ss2-Mo-a-03 – (492) a risk Management approach to Credentialing of radiotherapy Centers 
for Clinical. Kron, tomas; haworth, annette; foroudi, farshad; Ball, david; hatton, Joan; Cornes, 
deidre.

12:15  ss2-Mo-a-04 – (109) statistical Process Control: Quality Control of accelerator Beam steering. 
able, C. M.
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Hall B
SP-MO-B – Joint IOMP/WHO/ALFIM/PAHO Special Session: Health Technologies - More than a 
Niche for Medical Physicists
Chair: Fridtjof Nüsslin; Co-Chair: Ruzica Maksimovic.
11:00 Introduction - fridtjof nüsslin.
11:05 Who Global Initiative for health technologies and the outcomes from the 1st Global forum on 

Medical devices - Pablo Jimenez, Paho.
11:25 Challenges to Implement the new technologies in latin american and Caribbean Countries - 

simone Kodlulovich, alfIM.
11:40 the role of the Medical Physicist in health technology assessment and Management - Cari Borrás, 

IoMP.
11:55 the need for health technology assessment Policies: the Brazil experience – deCIt 

representative.
12:05 health technology regulations and Medical devices registration in Brazil – anVIsa 

representative.
12:15 discussion with panel.
Hall C
SS2-MO-C - Nuclear Medicine Imaging
Chair: Cecil Chow Robilotta; Co-chair: Osama Mawlawi
11:00  ss2-Mo-C-ka - Quantitative emission tomography. Keynote: Cecil Chow robilotta.
11:30  ss2-Mo-C-02 – (683) a simple segmentation algorithm to Measure Gastric Contraction on 

scintigraphies. fonseca, Paulo; fanelli, rafaela; américo, Madileine; Ietsugu, Marjorie; Quini, Caio; 
Miranda, José ricardo.

11:45  ss2-Mo-C-03 – (751) establishment of a Brazilian database for assessment of neurodegenerative 
disorders. Kubo, tta; Cavalcanti, Jl; Machado, l; doring, t; Gasparetto, el; domingues, rC.

Hall D
SS2-MO-D - Radiation Biology and Physiological Modeling
Chair: Jolyon Hendry; Co-chair: Emico Okuno.
11:00  ss2-Mo-d-01 – (687) evaluation of Physiological time series with nonadditive approximate 

entropy rate. luiz eduardo Virgilio silva; luiz otavio Murta Junior.
11:15  ss2-Mo-d-02 –(172) nseCt applied to the assessment of Calcium deposition due to the Presence 

of Microcalcifications associated with Breast Cancer. Viana, rodrigo; yoriyaz, hélio.
11:30  ss2-Mo-d-03 – (150) Bradykinin B2 receptor is not required for tumor Growth regression by 

radiotherapy. dovales, ana Cristina Murta; scharfstein, Julio.
Hall E
EP2-MO-E-Innovations in Medical Physics Education
Chair: Raymond Wu; Co-chair: Marcelo Freitas.
11:00 eP2-Mo-e-ka - Innovations in Medical Physics education. Keynote: William hendee; slavik 

tabakov.
11:30 eP2-Mo-e-kb - emitel e-encyclopaedia of Medical Physics and dictionary of terms – Keynote: 

tabakov, s ; smith P; Milano f; strand s-e; lewis C; stoeva M.
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12:30 - 14:00
Lunch
Hall A
VARIAN Session: Varian Knowledge Circuit.

14:00 - 15:00
Hall A
PSII-MO-A - Novel Dosimetry Concepts based on Nanodosimetry
Hans Rabus
Chair: Barry Allen, Co-chair: Patrícia Nicolucci.

15:00 - 16:15
Hall A
SS3-MO-A - Intensity Modulated Radiation Therapy
Chair: Patrick F. Cadman; Co-chair: André Mozart de Miranda Vieira.
15:00  ss3-Mo-a-ka - IMrt Commissioning: how Close is Close enough? Keynote: Patrick f. Cadman.
15:30  ss3-Mo-a-02 – (577) Geometric accuracy evaluation of stereotactic Body radiation therapy 

through an end-to-end test. Mancini, anselmo; nascimento, José eduardo; neves-Junior, 
Wellington; Pelosi, edilson; alves, tatiana; silva, João; haddad, Cecilia.

15:45  ss3-Mo-a-03 – (594) feasibility of stereotactic treatment Planning through Indices of Conformity. 
fabio alves dos santos Junior; Cassio Queiroz tannous.

Hall B
SS3-MO-B - Computed Tomography Dosimetry
Chair: J. Anthony Seibert; Co-chair: Teógenes Augusto da Silva.
15:00 ss3-Mo-B-ka - effect of noise reduction algorithms on Patient dose. Keynote: J. anthony 

seibert.
15:30  ss3-Mo-B-01 – (227) study of the Ct dose Profiles in a Chest Phantom. oliveira, Bruno Beraldo; 

Mourão, arnaldo Prata; da silva, teógenes augusto.
15:45  ss3-Mo-B-02 – (337) dosimetry in Computed tomography Using a smart electronic detector. 

Magalhães, Cinthia M. s; souza, divanizia n, santos, luiz a. P.
16:00  ss3-Mo-B-03 – (575) estimation of Patient dose in Ct: an extension of Iaea Project in Brazil. 

delduck, rômulo; silveira, Vinicius; Kodlulovich, simone; oliveira, larissa; silva, humberto; Khoury, 
helen; andrade, Marcos; nader,alejandro.

Hall C
SS3-MO-C - Quality Assurance in Nuclear Medicine
Chair: Roger Fulton; Co-chair: Lorena Pozzo.
15:00 ss3-Mo-C-01 – (656) Preliminary results of QUanUM Implementation in Cuban nuclear Medicine 

services. Marlenin díaz Barreto; Consuelo Varela Corona; Gladys M. lópez Bejerano; adlin lópez 
díaz; leonel a. torres arocha; Marcos a. Coca Pérez.

15:15 ss3-Mo-C-02 – (717) Misalignment evaluation for Pet/Ct. fernandes, fernando de amorim; 
Boanova, luciane Guerra.

15:30  ss3-Mo-C-03 – (746) Parametric Characterization of non-Imaging Intraoperative Gamma Probes. 
Consuelo Varela Corona; norberto J. abreu; dayana ramos; aley Palau; Carlos f. Calderón.

16:15 - 16:30
Exhibition Hall
Coffee Break
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16:30 - 17:30
Hall A
ELEKTA Session: Advanced Technology/Integrated Workflow in Radiotherapy. Volker Steil.
Exhibition Hall
PO-MO – Poster Session
Chairs: Tania Furquim; Maurício Annés; Cássio Stein Moura.
Themes: X-ray Imaging (XI), Magnetic Resonance (MR), Ultrasound (US), Nuclear Medicine (NM), 
Physiological/Biological Modeling (IB), General Physics (GP).

17:30 - 18:30
Hall A
SS4-MO-A - Symposium on Image Guided Radiation Therapy
Chair: Habib Zaidi; Co-chair: Thomas Kron
17:30  ss4-Mo-a-ka - Molecular Pet-Ct Imaging-Guided radiation therapy treatment Planning. Keynote: 

habib Zaidi.
18:00  ss4-Mo-a-kb – adaptive radiation therapy. Keynote: tomas Kron, daniel Pham, Paul roxby, aldo 

rolfo and farshad foroudi.
Hall B
SS4-MO-B - Radiation Protection Programs
Chair: Madan M. Rehani; Co-chair: Elisabeth Yoshimura.
17:30  ss4-Mo-B-ka - Patient radiation exposure tracking – Keynote: Madan M. rehani.
18:00  ss4-Mo-B-01 – (662) Program of radiation Protection of Patients (argentina). rodolfo touzet; 

alfredo Buzzi; daniel andisco.
18:15  ss4-Mo-B-02 – (670) assessment of safety Culture in Medical Practices Utilizing Ionizing radiation 

I. abdus sattar Mollah.
Hall C
SS4-MO-C - Film Dosimetry for Radiation Therapy
Chair: Hans Rabus; Co-chair: Sérgio Faermann.
17:30  ss4-Mo-C-01 – (295) sensitometric Curves as a tool for evaluation of the off-axis softening 

effect I. dan epstein; alex tsechanski; sergio faermann.
17:45  ss4-Mo-C-02 – (481) sensitivity of film Measured off-axis ratios to film Calibration Curve Using 

radiochromic film. García-hernández, diana; lárraga Gutiérrez, José Manuel.
18:00  ss4-Mo-C-03 – (222) surface and Peripheral dose Measurements with Wedge filters for Photon 

Beams. lahooti, afsaneh; takavar, abbas; nedaei, hassan ali; allahverdi, Mahmood.
Hall D
SS4-MO-D - Magnetic Resonance Imaging and Nanoparticles as Contrast Agents
Chair: Bashar Issa; Co-chair: Ricardo Papaléo.
17:30  ss4-Mo-d-ka - Magnetic nanoparticles Contrast agents in MrI – Keynote: Bashar Issa, s. Qadri, 

I.M. obaidat,a.P. habeeb, r.W. Bowtell, y. haik.
18:00  ss4-Mo-d-01 – (658) Influence of Brain roI location for adC Maps Calculation for reference 

Values to be Used in the In Vivo Characterization of Brain tumors MrI Images. edna Marina de 
souza; Gabriela Castellano; eduardo tavares Costa.

18:15  ss4-Mo-d-02 – (369) hippocampal asymmetry in subjects: a structural Connectivity study Using 
dtI. Gravinatti, Milena Cristina; salmon, Carlos ernesto Garrido; santos, antônio Carlos dos; Iturria-
Medina, yasser.



63

Calendar of Events

18
th

 In
te

rn
at

Io
na

l 
Co

nf
er

en
Ce

 o
n 

M
ed

IC
al

 P
hy

sI
Cs

Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil

Tuesday, April 19, 2011

8:30 - 9:30
Hall A
PSIII-TU-A - Clinical Implementation of Volumetric Modulated Arc for Conventionally Fractionated 
and Stereotactic Body Radiation Therapy
Vitali Moiseenko
Chair: Cecília Haddad; Co-Chair: Tomas Kron.

9:30 - 10:45
Hall A
SS1-TU-A - Dosimetry and Quality Assurance for New Radiation Therapy Modalities
Chair: Vitali Moiseenko; Co-chair: Edilson Pelosi.
9:30  ss1-tU-a-ka - International traceability for radiation dosimetry - P.J. allisy-roberts; C. Borrás.
10:00  ss1-tU-a-01- (694) Initial experience of Patient specific Quality assurance for rapidarc using 

arcCheck at hope at Guatemala. Ixquiac Cabrera, Milton estuardo; Ixquiac Cabrera, Jorge 
Marcelo.

10:15  ss1-tU-a-02- (108) Comparison of rapidarc and Intensity Modulated radiotherapy treatment 
Plans. sathiyan, s.; ravikumar M; arthur l Boyer; Jason shoales.

10:30  ss1-tU-a-03- (765 - Poster) development of the dedicated Phantom system with rolled 
radiochromic films for VMat Qa. Park, Ji-yeon; lee, Jeong-Woo; Choi, Kyoung-sik; lee, Jung 
seok; suh, tae-suk.

Hall C
SS1-TU-C - New Dosimetry Materials and Technologies in Medical Applications
Chair: Oswaldo Baffa; Co-chair: Divanizia do Nascimento Souza.
9:30  ss1-tU-C-ka - future trends of ePr in Medical applications – Keynote: oswaldo Baffa
10:00  ss1-tU-C-01 – (433) long-lasting Phosphorescence scintillators for Use in radiological Protection. 

Zelia soares Macedo; amanda Barreto nunes; Jamille da silveira almeida; Carolina Melo de abreu; 
ronaldo santos da silva.

10:15  ss1-tU-C-02 – (478) radiation detectors Based on self-sustainable films of scintillator and 
Polymer. novais, s.M.V.; Jesus, f.a.a.; silva, e.s.s.; Macedo, Z.s.; schimitberger, t.; ferreira, G.r. 
and Bianchi, r. f.

10:30  ss1-tU-C-03 – (311) nanoparticle Increases dosimetry sensitivity of Magic-f to radiation therapy. 
Marques, tatiana; Guidelli, éder J.; schwarcke, Marcelo; Baffa, oswaldo; nicolucci, Patrícia.

Hall D
SS1-TU-D - Ultrasound Imaging
Chair: Paul Carson; Co-chair: Antonio Adilton Carneiro.
9:30  ss1-tU-d-ka - Ultrasound Imaging for diagnosis and Guidance of treatment emphasizing Breast 

Cancer – Keynote: Paul l. Carson.
10:00  ss1-tU-d-01 – (595) a Comparative study Using Both Coded excitation and Conventional Pulses in 

the evaluation of snr sensitivity and axial resolution in Ultrasonic a-Mode scan. tiago de Moraes 
Machado; eduardo Costa tavares.

10:15  ss1-tU-d-02 – (693) similarity Metrics Comparison in nonrigid registration in Contrast Ultrsound  
Images. luiz otavio Murta Junior; erbe Pandini rodrigues.

10:30  ss1-tU-d-03 – (582) analysis of different fluids by Ultrasound radiation force. almeida, thiago 
W. J.; Pavan, theo Z.; Carneiro, a. a. o.
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Hall E
SS1-TU-E - Experiences in Education and Training in Medical Physics
Chair: Slavik Tabakov; Co-chair: Paulo Costa
9:30 Presentation of the book MedICal PhysICs and enGIneerInG edUCatIon and traInInG – Part 

I. editors: s tabakov, P sprawls, a Krisanachinda, C lewis.
10:00 ss1-tU-e-02 – (434) Virtual Collaborative environment for nuclear Medicine training: a Pilot study 

- Brambilla, Cláudia régio; dalpiaz, Gabriel; Marques da silva, ana Maria; Giraffa, lucia Maria 
Martins.

10:15 ss1-tU-e-03 – (445) Medical Physics education in sergipe: history, Challenges and Perspectives. 
Maia, ana.

10:30  ss1-tU-e-04 –(284) development of a residency Program In radiation oncology Physics: an 
Inverse Planning approach. Khan, rao; dunscombe, Peter.

10:45 - 11:00
Exhibition Hall
Coffee Break

11:00 - 12:30
Hall A
SS2-TU-A - Symposium on New Radiation Technologies
Chair: Harald Paganetti, Co-chair: Cari Borrás.
11:00  ss2-tU-a-ka - Patient responses in a Phase 1 Clinical trial of targeted alpha therapy for Metastatic 

Melanoma. Keynote: Barry J allen.
11:25  ss2-tU-a-kb - Current Challenges in Proton and light Ion therapy. Keynote: harald Paganetti.
11:45  ss2-tU-a-01 – (133) a Beamline for Medical Imaging and therapy at sesame synchrotron. 

Keynote: feras ramadan afaneh.
12:00  ss2-tU-a-kc - assessment of new technologies in radiation Medicine: diagnostic and therapy. 

Keynote: William hendee.
Hall B
SS2-TU-B - Computed Radiography, Digital Radiology and Mathematical Image Manipulation
Chair: Kwan Hoong Ng; Co-chair: Ana Figueiredo Maia.
11:00  ss2-tU-B-ka - Will dr replace Cr? Keynote: Kwan-hoong ng.
11:30  ss2-tU-B-01 – (297) radioprotection in Interventional radiology. rodolfo e. touzet; oscar Peralta; 

daniel andisco.
11:45  ss2-tU-B-02 – (348) Characterization of digital Images Generated by X-radiation equipment 

Using different transducers: Computed radiography Vs digital radiography. hoff, Gabriela; da luz, 
renata Matos; dalenogare, Maiara oliveira; nunes, rafael Menezes and lykawka rochelle.

12:00  ss2-tU-B-03 – (447) simulated Intensity Profiles for Cylindrical objects in Magnification 
Mammography. Karla Palma-alejandro, Me Brandan, a Valdeolivas, t alieva, M Chevalier, e 
Guibelalde.

12:15  ss2-tU-B-04 – (325) Image Processing techniques to evaluate Mammography screening Quality. 
Clara Inês Quintana Zurro; Germán tirao; Mauro Valente
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Hall C
SS2-TU-C - Internal Dosimetry
Chair: Michael Stabin; Co-chair: Linda Viola Caldas.
11:00  ss2-tU-C-ka - dosimetric Quantities and Methods in diagnostic and therapeutic nuclear Medicine. 

Keynote: Michael G. stabin.
11:30  ss2-tU-C-01 – (344) Influence of Morphology on nuclear Medicine dosimetry Based on Patients 

Images. hadid, lama; Grandgirard, noe; Pierrat, noelle; desbree, aurelie.
11:45  ss2-tU-C-02 – (436) Primary and scattering Contributions to Beta scaled dose Point Kernels by 

Means of Monte Carlo simulations. Mauro Valente; dottsa. francesca Botta; lic. Pedro Pérez; dott. 
Guido Pedroli.

12:00  ss2-tU-C-03 – (220) estimation of human effective absorbed dose of 67Ga-dtPa-Gonadorelin 
Based on Bi. saeed shanehsazzadeh; afsaneh lahooti

12:15 ss2-tU-C-04 – (141) determination of human absorbed dose of 201 tl(III)-dtPa-hIGG 
Based on Biodistribution. alireza Khorrami Moghaddam; amirreza jalilian; Vali hayati; saeed 
shanesazzadeh.

Hall D
SS2-TU-D - Laser Applications in Medicine and Effects of Magnetic Fields
Chair: Elisabeth Yoshimura; Co-chair: José Ricardo de Arruda Miranda.
11:00  ss2-tU-d-ka - lasers in Medicine. Keynote: elisabeth Mateus yoshimura. 
11:30  ss2-tU-d-01 – (93) light distribution in Phantoms. sousa, M. V. P. ramos, a. l. o. Magalhães, a. 

C. saito, M. t. yoshimura, e. M.
11:45  ss2-tU-d-02 – (328) reproducibility of radiant energy Measurements Inside light scattering 

liquids. ana Carolina de Magalhães; elisabeth M. yoshimura.
12:00 ss2-tU-d-03 – (731) a Pilot study - acute exposure to low-Intensity, low-frequency oscillating 

Magnetic field: effects on Carrageenan-Induced Paw edema in Mice. tania Mateus yoshimura; 
daiane thais Meneguzzo; rodrigo Álvaro Brandão lopes Martins.

12:15 ss2-tU-d-04 – (685) treating the Problem of diagnostics of oncological Post-operative Condition 
by the Method of Chemiluminescenc. oliynyk, Iryna; hotra, Zenon; halay, oleg.

Hall E
SS2-TU-E - Status and Future Development of Education and Training in Medical Physics and 
Engineering
Chair: Maria do Carmo Lopes, Co-chair: Marlen Diaz.
11:00  opening. Maria do Carmo lopes.
11:10  ss2-tU-e-ka - IoMP project for model curriculum and assessment of Msc-level courses. slavik 

tabakov.
11:30  status in latin america. Maria ester Brandan.
11:50 status in Brazil. ricardo terini.
12:10 round table discussion. Paulo Costa (moderator).

12:30 - 14:00
Lunch

14:00 - 15:00
Hall A
PSIV-TU-A - Medical Physicists Board Certification: Looking Ahead
Raymond Wu
Chair: Fridtjof Nüsslin; Co-chair: Cecília Haddad.
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15:00 - 16:15
Hall A
RT1-A - Revised International Basic Safety Standards for Protection against Ionization Radiation 
and for the Safety of Radiation Sources (BSS)
Moderator: Pablo Jimenez.
Speakers: John LeHeron; Ruzica Maksimovic.
Hall B
RT2-B - International Collaboration Within the United States National Cancer Institute Sponsored 
Clinical Trials: The Need for Radiotherapy Quality Assurance
Moderator: David S. Followill.
Speakers: Milan Tomsej; Tomas Kron; Anna Maria Campos de Araújo.
Hall C
RT3-C – New Advances in Nuclear Medicine
Moderators: Cecil Chow Robilotta and Osama Mawlawi.
Speakers: Barry Allen; Habib Zaidi; Roger Fulton; Osama Mawlawi.
Hall D
RT4-D - Biological Effects of Non Ionizing Radiation: Ultraviolet Rays, Extremely Low Frequency, 
Radio-frequency and Magnetic Fields in MRI/MRS
Moderator: Kwan Hoong Ng.
Speakers: Emico Okuno; Jorge Skvarca; Alessandro Mazzola.
Hall E
RT5-E - Certification of Medical Physicists
Moderator: Raymond Wu
Speakers: Rena Lee; Tae Suk Suh; Shigekazu Fukuda; María-Ester Brandan; Valdemar Z. Gonzalez.

16:15 - 16:30
Exhibition Hall
Coffee Break

16:30 - 17:30
Exhibition Hall
PO-TU – Poster Session
Chairs: Ricardo Terini; Homero Lavieri; Regina Bitelli Medeiros; Elaine Evani Streck.
Themes: Medical Physics Education (ED), External Beam Radiotherapy (TT), Brachytherapy (BT), Radiation 
Safety (SR).

17:30 - 18:30
Hall A
SS4-TU-A - New Dosimetry Techniques for Brachytherapy and Total Body Irradiation
Chair: Larry DeWerd; Co-chair: Renato Di Prinzio.
17:30  ss4-tU-a-ka - Brachytherapy dosimetry. Keynote: larry deWerd.
18:00  ss4-tU-a-01 – (593) 153sm-edtMP absorbed dose evaluation for Under Bone Metastasis 

treatment Patient by Monte Carlo Method. Karimian, alireza; eghbali, Ziba; farrokhi, samad; 
Jabbari, Iraj; azarnoush, ali

18:15 ss4-tU-a-02 – (598) dosimetric Characterization of optically stimulated luminescence dosimeters. 
laura furnari; ana Paula Vollet Cunha; Camila Pessoa de sales; Gabriela reis dos santos; Marcos 
Vinícius nakaoka nakandakari; Cristian Mergen.
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Hall B
SS4-TU-B - Radiation Protection Optimization for Adults and Children undergoing Radiological 
Procedures
Chair: John Le Heron; Co-chair: Helen Khoury.
17:30  ss4-tU-B-ka - diagnostic reference levels in radiology. Keynote: John le heron.
18:00  ss4-tU-B-01 – (601) radiation doses in Pediatric Interventional Cardiology Procedures. Maria do 

socorro rocha da silva; Cari Borrás; helen Khoury; santiago raul arrieta; Juliana rodrigues neves; 
luiz felipe da silva andrade lima; alejandro nader

18:15  ss4-tU-B-02 – (674) radiation dose to Pediatric Patients In Computed tomography In sudan. 
abdelmoneim sulieman; hiba omer; hamid osman.

Hall D
SS4-TU-D - Innovations in Biological Imaging
Chair: Fridtjof Nüsslin; Co-chair: Cecil Robilotta.
17:30  ss4-tU-d-ka - Innovations in Biological Imaging and the Clinical Impact on Cancer diagnosis and 

treatment. Keynote: fridtjof nüsslin.
18:00  ss4-tU-d-01 – (626) X-ray fluorescence scanning of human teeth and dedicated Image 

Processing. rodolfo figueroa; díaz, alfredo; flores Marco; Valente. Mauro; tirao, Germán
18:15  ss4-tU-d-02 – (720) In Vivo Xrf scanning analysis of human nail. Iván Chavez; rodolfo 

figueroa
Hall E
Assembléia da ABFM

Wednesday, April 20, 2011

8:30 - 9:30
Hall A
PSV-WE-A - Cell Tracking and In Vivo Single Cell Imaging using MRI and Nanotechnology
Brian Rutt
Chair: Oswaldo Baffa; Co-chair: Jolyon Hendry

9:30 - 10:45
Hall A
SS1-WE-A - Novel Dosimetry Systems for Radiation Therapy
Chair: Geoffrey Ibbot; Co-chair: Laura Furnari.
9:30  ss1-We-a-ka - 3d dosimetry systems for advanced technology radiation therapy. Keynote: 

Geoffrey s. Ibbott, ryan l. Grant, david s. followill.
10:00  ss1-We-a-01 – (310) MrI Gel dosimetry: Uncertainties evaluation in 1.5t, 3t and 4.5t. Marques, 

tatiana; schwarcke, Marcelo; Garrido, Carlos e.; Baffa, oswaldo; nicolucci, Patrícia.
10:15  ss1-We-a-02 – (127) evaluation of the Pre-dose Influence on rad-hard epitaxial silicon diodes 

response in radiotherapy Photon Beam dosimetry. t. C. dos santos, J. a. C. Gonçalves, M. M. 
Vasques, W. f. P. neves-Junior, C. M. K. haddad and C. C. Bueno.

10:30  ss1-We-a-03 – (700) dosimetry of Cones for radiosurgery system. furnari, laura; sales, Camila 
Pessoa de; santos, Gabriela reis dos; silva, Marco antonio da; Menegussi, Gisela 
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Hall B
SS1-WE-B - Patient Dose Management in Radiology
Chair: Colin Martin; Co-chair: Márcia de Carvalho Silva.
9:30  ss1-We-B-ka - setting up a Programme for Patient dose Management in radiology. Keynote: C J 

Martin.
10:00  ss1-We-B-01 – (502) development of Gonads Protectors for Use in Pediatric radiology. sousa, 

Carlos h. s.; Menezes. Israel V.; Medeiros, dayanna o.; nunes, Miguel M.; Pinheiro, ricardo a. 
10:15  ss1-We-B-02 - (213) Method for reducing ovarian doses in Procedures of Uterine artery 

embolization (Uae). Marcia de Carvalho silva; felipe nasser; Breno B. affonso; eduardo Zlotnik; 
Marcos l. Messina; seleno Glauber de Jesus silva.

Hall C
SS1-WE-C - Monte Carlo Modeling
Chair: Gabriela Hoff; Co-chair: Mauricio Moralles.
9:30  ss1-We-C-01 – (755) a Comparison Between MCnPX and Geant4 Codes for Α-Particle 

Microdosimetry. elbast, Mouhamad; saudo, arnaud; Petitot, fabrice; franck didier; desbree, 
aurelie.

9:45  ss1-We-C-02  - (353) a Comparison Between MCnPX and Geant4 Codes for Α-Particle 
Microdosimetry. elbast, Mouhamad; saudo, arnaud; Petitot, fabrice; franck didier; desbree, 
aurelie.

10:00  ss1-We-C-03 – (343) Contamination Mapping with in Vivo Measurements and Monte Carlo 
Calculations. farah, Jad; leone, debora; Marzocchi olaf; navarro Juan fransisco; Perez, Begona; 
lucena, eder; lopez, Maria antonia; Breustedt Bastian; Broggio, david; franck, didier.

Hall D
SS1-WE-D - Nanotechnology for Biomedical Applications
Chair: Brian Rutt; Co-chair: Ricardo Papaléo.
9:30  ss1-We-d-01 – (491) fltC labelled, Magnetic nanoparticles Conjugated d-Penicillamine-anti-

Metadherin. Perihan Unak; ozlet akca; e. İlker Medine; Caglar ozdemir; serhan sakarya; suma 
timur.

9:45  ss1-We-d-02 – (309) attenuation of Gold nanoparticle in radiation therapy assessed by tld 
dosimetry. Marques, tatiana; Barbi, Gustavo; schwarcke, Marcelo; Baffa, oswaldo; nicolucci, 
Patrícia.

10:00  ss1-We-d-03 – (463) Photoactive Magnetic nanospheres for nanomedicine. V. f. Castro; a.a.a. 
de Queiroz.

10:15  ss1-We-d-04 – (254) size-Controlled y
2
o

3
:eu3+ nanoparticles for luminescent Probes. Maria de 

andrade Gomes; Mário ernesto Giroldo Valerio; Zélia soares Macedo.  
Hall E
EP3-WE-E - Professional Status of the Medical Physicists in Latin America and the Caribbean
Chair: Simone Kodlulovich; Co-chair: Slavik Tabakov.
Speakers: Cecilia Haddad, Maria Ester Brandan, Graciela Velez. 

10:45 - 11:00
Exhibition Hall
Coffee Break
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11:00 - 12:30
Hall A
SS2-WE-A - Treatment Planning for External Beam Therapy including Intraoperative Radiation 
Therapy
Chair: Milan Tomsej; Co-chair: Renato Assenci Ros.
11:00  ss2-We-a-ka - Challenges of treatment Planning with new technologies and treatment techniques. 

Keynote: Milan tomsej.
11:30  ss2-We-a-01 – (602) lévy Metric and the design of tCP Based Constraints for Plan optimization. 

francisco Cutanda henríquez; silvia Vargas Castrillón
11:45  ss2-We-a-02 – (489) Influence of high-density Inhomogeneities in stereotactic radiosurgery With 

6 MV. C. Mancilla; G.h. Píriz; e. lozano
12:00  ss2-We-a-03 – (608) Implementation of Intraoperative radiotherapy (Iort) on a Varian. Claudio 

s. Mancilla; Gustavo hector Píriz Monti; enrique lozano Quiroga; yolma aide Banguero Villegas; 
Carlos fernando Varón tobón; Cristián alejandro Parra Becerra

12:15 ss2-We-a-04 – (613) Implementation of Intraoperative radiation therapy technique: a Pediatric 
Case. Graciela alejandra Brito roco; Gabriel Zelada silva; Marcia García arencibia; Karen Goset 
Poblete; francisco ossandón; andrés Córdova Bernhart; alejandro Berlín rosenblut

Hall B
SP-WE-B - IOMP/IRPA Special Session: Radiation Protection of the Patient and beyond: Challenges 
for joint activities of IOMP and IRPA
Chair: Paulo Costa; Co-Chair: Helen Khoury.
11:00 Challenges for Cooperation between IoMP and IrPa in developing countries. fridtjof nüsslin, IoMP 

President.
11:20  IrPa - IoMP Cooperation in education and Qualification for radiation Protection. Kenneth Kase, 

IrPa President.
11:40 radiation Protection in the health sector -some Issues. robert Corbett, IrPa.
12:00 specific functions of the Medical Physicist and the radiological Protection specialist in Medical 

facilities. Cari Borrás, IoMP.
Hall C
SS2-WE-C - Instrumentation for Dose and Image Quality Assessment in Diagnostic Radiology
Chair: Donald Mclean; Co-chair: João Emílio Peixoto.
11:00  ss2-We-C-ka - applications of the Iaea dosimetry in diagnostic radiology Code of Practice. 

Keynote: donald Mclean.
11:30  ss2-We-C-01 – (320) Calibration of PKa Meters against Ion Chambers of two Geometries. 

ricardo andrade terini; José neres de almeida Junior; silvio Bruni herdade; Marco aurélio Guedes 
Pereira.

11:45  ss2-We-C-02 – (208) development of a Parallel Plate Ion Chamber for radiation Protection level. 
Bottaro, Marcio; Moralles, Mauricio; landi, Mauricio.

12:00  ss2-We-C-03 – (583) estimation of absorbed dose of human tissues during Bmd scan by tld 
Chips and Monte Carlo Method. Karimian, alireza; hajarizadeh, atefeh; abdi, Mohammadreza

12:15 ss2-We-C-04 – (488) a new Mammography dosimetric Phantom. Peixoto, João emilio; almeida, 
Cláudio; Coutinho, Célia; dantas, Bernardo
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Hall E
SS2-WE-E - Tomosynthesis, Digital Mammography and Dental Cone-Beam CT
Chair: Anders Tingberg; Co-chair: Denise Nersissian
11:00  ss2-We-e-ka - the role of tomosynthesis in routine Clinical applications. Keynote: anders 

tingberg.
11:30  ss2-We-e-01 – (567) Image Quality analysis in dental Cone-Beam Computed tomography. 

hoffmann, elias Cantarelli; Marques da silva, ana Maria.
11:45  ss2-We-e-02 – (718) subtraction of Mammographic Images Using a Contrast Medium. Maria-

ester Brandan1, y. Villaseñor, l. Benitez-Bribiesca, fe trujillo, h. Perez-Ponce, h. Galvan, e. Bargallo, 
I. rosado-Mendez.

12:00 ss2-We-e-03 – (597) enhancement detection of Microcalcifications in Mammographic film 
Images by denoising and Image Processing techniques. Karimian, alireza; yazdani, sepideh.

12:15 ss2-We-e-04 – (587) detection and Classification of Benign and Malignant Microcalcification 
Clusters With Cellular automata in Mammography Images. Moradmand, hajar; setayeshi, saeed; 
Karimian, alireza; sirous, Mehri; Khazaei targhi, hossein.

12:30 - 14:00
Lunch

14:00 - 15:00
Hall A
PSVI-WE-A - Current Motion Tracking and Motion Correction Technologies for Medical and 
Preclinical Imaging
Roger Fulton
Chair: Ana Maria Marques; Co-chair: Cari Borrás.

15:00 - 16:15
Hall A
SS3-WE-A - Brachytherapy Treatment Planning and Clinical Outcome
Chair: Victor Bourel; Co-chair: Yakov Pipman.
15:00  ss3-We-a-ka - Inverse Planning in Brachytherapy. Keynote: Victor Bourel.
15:30  ss3-We-a-01 – (548) dose Computation for a 103Pd stent source Used in Intravascular 

Brachytherapy by Monte Carlo Code. omid Kiavar; Mahdi sadeghi; Pooneh saidi; rozhin fatehi.
15:45  ss3-We-a-02 – (334) dose Computation for a 103Pd stent source Used in Intravascular 

Brachytherapy by Monte Carlo Code. omid Kiavar; Mahdi sadeghi; Pooneh saidi; rozhin fatehi.
16:00  ss3-We-a-03 – (460) evaluation Critical dose of rectum during hdr Brachytherapy. ramin Jaberi; 

Mina sarkhosh; Mahmoud allahverdi; ramin Jaberi; akbar adelnia
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Hall B
SS3-WE-B - Patient Doses in Interventional Radiology
Chair: Anna Benini; Co-chair: Lucía Canevaro.
15:00  ss3-We-B-ka - doses to Patients in Interventional Cardiology. Keynote: anna Benini, frants 

Pedersen, erik Jorgensen. 
15:30  ss3-We-B-01 – (676) evaluation of Patients-skin dose Undergoing Interventional Cardiology 

Procedure. oliveira da silva, Mauro Wilson; dias rodrigues, Bárbara Beatriz; Canevaro, lucía 
Viviana.

15:45  ss3-We-B-02 – (678) Investigation of doses to Cardiologists in hemodynamic Interventional 
Procedures. dias rodrigues, Bárbara Beatriz; oliveira da silva, Mauro Wilson; Canevaro, lucía 
Viviana; silva lima, ana luiza; Maurício, Claudia lúcia de Pinho.

16:00  ss3-We-B-03 – (466) evaluation of staff radiation dose in Cardiac Catheterization. abdelmoneim 
sulieman; hiba Joda; Mohamed hamadelneel.

16:15 - 17:15
Exhibition Hall
PO-MO – Poster Session
Chairs: Patrícia Nicolucci; Camila Pessoa de Sales; Ricardo Papaléo.
Themes: Radiation Dosimetry (RD), Dosimetry Materials (DM), Nanotechnology (ON).

17:15 - 18:30
Hall A
Closing Ceremony
Awards
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01
1 C1 - MODERN RADIOTHERAPY: MITIGATING RISK

Yakov Pipman - Chair (USA)

William Hendee (USA)

Derek Brown (Canada)

Ishmael Parsai (USA)

Maria do Carmo Lopes (Portugal)

Tim Solberg (USA)

the goal of this course is to review the experience and lessons learned from past events where harm has 
resulted in the course of applying radiation to patients.

the introduction and adoption of new technologies and radiotherapy techniques keeps accelerating and 
expanding. this is a good development in general since it implies that more patients have access to more 
effective treatment and a better chance at controlling their disease with fewer side effects. 

When patients enter into the radiotherapy environment they expect a significant health benefit in the 
treatment of a very serious disease. this environment is probably among the most complex that a patient 
may encounter. the complexity arises from the mixture of professionals that take part in the patient’s 
treatment, from the complexity of the equipment and the multiple types of equipment needed in the process, 
and from the crucial part played by software, hardware and communications, both electronic and human. 

In the last several years, with the increase in complexity of the equipment, and of the techniques that it 
allows, there have been many more documented cases of errors and accidents. In the most publicized 
cases, unintended but severe harm has occurred. analysis of these events showed repeatedly that various 
factors were involved and compounded. 

While these cases represent a very small fraction of the total number of patients that routinely benefit from 
radiotherapy, the high visibility of recent cases, the severity of the outcomes, and the fact that radiation is 
involved, has shined an intense light into our field of work. It is imperative that as a profession we use this 
opportunity and put into practice tools to reduce the risks much more than they currently are. 

We anticipate that participants will learn about the lessons from recent events and about some of the 
methods and tools that are being explored to reduce risk in the radiation therapy process. We expect that 
some of these will be adopted and put into practice.

April 16th
Saturday

8:00 – 9:00 registration
9:00 - 9:15 am Welcome
9:15 - 9:45 am Background on radiation therapy accidents –yakov Pipman
9:45 - 10:15 am recent Us radiation therapy Incidents and Public hearings – William hendee
10:15 - 10:45 am Break 
10:45 - 11:15 am definitions and an international consensus on language – yakov Pipman
11:15 – 11:55 am review of Iaea Incidents and summary of Published recommendations – derek Brown
11:55 am - 12:45 pm errors in radiation therapy - root Cause analysis, mitigation steps and outcomes - Us examples  – 

Ishmael Parsai
12:45  - 2:00 pm lunch 
2:00 - 2:30 pm Incident reporting systems: from local to national and international levels –Part 1- Maria do Carmo 

lopes
2:30 - 3:00 pm Incident reporting systems: from local to national and international levels –Part 2- Maria do Carmo 

lopes
3:00 - 3:30 pm Quality and safety - stereotactic radiosurgery and stereotactic Body radiation therapy – tim solberg
3:30 – 4:00 pm Break
4:00 - 4:30 pm new technologies - Prospective risk analysis – derek Brown
4:30 - 5:00 pm safety recommendations in radiation oncology: Where are We and Where do We Want to Be?- 

William hendee
5:00 - 5:30 pm Closing remarks – yakov Pipman
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01
1 C2 - ADAPTING TRADITIONAL CLINICAL MEDICAL PHYSICS TO DIGITAL RADIOGRAPHY

Charles Willis - Chair (USA)

J. A. Seibert (USA) 

Larry Filipow (USA)

digital radiography (dr) will ultimately replace conventional screen-film radiography. this workshop 
examines the impact of digital imaging technology on the Medical Physicist’s traditional roles, and describes 
new opportunities in clinical and academic service. Broad topics of discussion include Comparisons of 
Cr and dr, QC in the digital environment, and Professionalism. the new digital technology comes at a 
premium cost. two competing technologies, Cr and dr, have specific advantages in certain settings, but 
distinctions between the two are disappearing. tests for dr systems can be extrapolated from conventional 
radiography; however, some must be modified to be meaningful.  full-field digital mammography is an 
example of how conventional testing has been adapted to digital systems. When dr systems are integrated 
into a PaCs, specific accommodations are required to assure image fidelity from acquisition to display, 
and measurements based on pixel values are dependent on location in the imaging chain. the dICoM 
header contains a wealth of image information, and the Medical Physicist should know how to exploit this.  
reject analysis can be adapted to the digital environment. a Medical Physicist’s training and experience 
provides significant value during the conversion to digital operations. In-depth knowledge of the technology 
helps in the selection and purchase of appropriate dr systems. Knowledge of and adherence to radiation 
regulations permits proper and effective implementation via routine testing and commissioning of dr 
systems. Medical Physicists have a key responsibility for ensuring that clinical staff are properly educated 
as to how dr technology works and how to achieve “best practices”. dr can easily promote unnecessary 
radiation. the Medical Physicist can assist in maintaining oversight of dr practice and performance. for 
example, the Medical Physicist can help to establish regional diagnostic reference levels (drls) to achieve 
and maintain optimized image quality and minimized patient dose.

April 16th
Saturday

8:00 - 9:00 registration
9:00 - 9:15 am Welcome – Charles Willis - Ut M. d. anderson Cancer Center
9:15 - 9:45 am the cost of implementing digital imaging - larry filipow – University of alberta
9:45 - 10:15 am Cr or dr? does it matter? – anthony seibert – UC davis
10:15 - 10:45 am Break 
10:45 - 11:15 am a model for initial testing of dr systems - Charles Willis - Ut M. d. anderson Cancer Center
11:15 - 11:45 am objective measurements of dr performance in a digital environment - Charles Willis - Ut M. d. 

anderson Cancer Center
11:45 - 12:15 am assuring digital radiography image fidelity from acquisition to display - anthony seibert – UC davis
12:15 am - 12:45 pm ten things techs and radiologists don’t understand about dr (and the consequences) - Charles Willis 

- Ut M. d. anderson Cancer Center
12:45 - 2:00 pm lunch 
2:00 - 2:30 pm Professionalism in training technologists and radiologists - larry filipow – University of alberta
2:30 - 3:00 pm Mining the dICoM header - anthony seibert – UC davis
3:00 - 3:30 pm reject analysis in a digital imaging operation - Charles Willis - Ut M. d. anderson Cancer Center
3:30 - 4:00 pm Break
4:00 - 4:30 pm establishing regional drls for digital radiography - larry filipow – University of alberta
4:30 - 5:00 pm an american approach: MQsa for ffdM - anthony seibert – UC davis
5:00 - 5:30 pm Vendor-specific requirements for testing of ffdM - larry filipow – University of alberta
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01
1 C3 - PET/CT ACCEPTANCE TESTING AND QUALITY ASSURANCE AND 

QUANTITATIVE PET/CT IMAGING
Osama Malawi – Chair (USA)

Roger Fulton (USA)

Cecil Robilotta (Brazil)

the use of Pet/Ct imaging has consistently increased over the past few years primarily due to this 
imaging modality’s ability to merge functional and anatomical information in a single imaging session 
thereby improving the radiologist’s confidence in patient management and the medical oncologist in the 
assessment of a patient’s treatment response. these improvements however depend on whether the 
scanner is properly calibrated and tuned. In this regard, a quality control/assurance (QC/Qa) program must 
be performed at regular intervals to ensure the proper functioning of the equipment and to identify any 
degradation in performance before it has a significant impact on image quality. for a Pet/Ct system, this 
means that the operational integrity of the system is checked to ensure that all detectors and associated 
electronics are working properly.  In addition, some of the system calibrations should be checked at regular 
intervals. the purpose of an effective quality control program is to catch potential problems early before 
they become more serious and may require repeat scans of the patients.  the QC procedures become 
especially important if it is expected that the Pet system produces accurate quantitative values such as 
sUVs that some clinicians use along with the images for patient management. Pet scanner acceptance 
testing and accreditation are components of a Qa/QC program. In this session we will describe Pet/Ct 
scanner Qa and QC procedures and focus on acceptance testing of these systems as well as discuss 
accreditation criteria as per the american college of radiology (aCr). In addition the work of the aaPM task 
groups tG 145 and tG 126 will also be discussed and some of the challenges will be described. factors 
affecting Pet image quantification and current methods to mitigate these effects will also be described. the 
session will also include talks on basic physics of Pet/Ct imaging, data acquisition, and image generation 
as well as the emerging technologies in this imaging modality.

April 17th
Sunday

8:00 - 9:00 am registration
9:00 - 9:15 am Welcome and Introduction
9:15 - 10:15 am Pet/Ct basics - Cecil Chow robilotta – University of sao Paulo
10:15 - 10:45 am Break
10:45 - 11:45 am Pet Qa/QC and tG updates - osama Mawlawi -  Md anderson Cancer Center
11:45 - 12:45 am Pet/Ct quantification and artifacts - Cecil Chow robilotta– University of sao Paulo
12:45 - 2:00 pm lunch
2:00 - 3:00 pm Pet motion mitigation techniques - roger fulton - Westmead hospital
3:00 - 3:30 pm Pet acceptance testing - osama Mawlawi - Md anderson Cancer Center
3:30 - 4:00 pm Break
4:00 - 4:30 pm Pet accreditation - osama Mawlawi- Md anderson Cancer Center
4:30 - 5:30 pm Pet recent technology updates - osama Mawlawi- Md anderson Cancer Center
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01
1 C4 – RECENT ADVANCES IN RADIATION THERAPY: PLANNING, DELIVERY AND 

METHODS OF QA
Laura N. Rodrigues (Brasil) Chair

Timothy Solberg (USA)

Linda Hong (USA)

Volker Steil (Germany)

Bill Salter (USA)

the goal of this course is to present an overview of recent developments in radiation therapy equipment, 
associated hardware and software, methods of commissioning and Qa.

as a parallel subject, the implementation of new clinical procedures made possible by these new 
technological developments will be presented. an overview of similar procedures as offered in radiation 
therapy equipment from different commercial providers will be addressed. new treatment protocols and 
dose prescription regimens made possible by these technological advances will be addressed. 

as an illustration of the constant effort to keep these new treatment methods safe to patients, different 
methods of treatment delivery verification and its Qa: ePId, CBCt, and others, are addressed, illustrating 
the importance of assuring the safety of these highly sophisticated methods of treatment delivery. 
acknowledgment, analysis and evaluation of the dose contribution resultant from these setup verification 
methods will be addressed.

on other aspects of quality control and assurance, methods of quality control for the verification of the 
accuracy of treatment plans will be discussed.  safety methods and rigorous quality control procedures 
established which highly contribute to keeping possible errors to less that one tenth of a percent of all fields 
treated, are presented. In light of the high visibility recently placed on mistakes occurring in the field or 
radiation therapy, while we recognize that no mistake should happen during patients’ treatments, the very 
strong or large effort placed on Qa for treatment planning prior to and during treatment delivery by most 
institutions must also be emphasized. 

Keywords: new therapy treatment delivery methods, rapid arc, VMat, “true Beam”, frameless srs, sBrt, 
radiation therapy Qa.

April 17th
Sunday

8:00 - 9:00 registration
9:00 - 9:15 am Welcome
9:15 - 9:45 am stereotactic Body radiation therapy - timothy solberg (Ut southwestern Medical)
9:45 - 10:15 am frameless stereotactic radiosurgery - timothy solberg (Ut southwestern Medical)
10:15 - 10:45 am Break 
10:45 - 11:45 am VMat overview - Volker steil (University Medical Center, Mannheim)
11:45 - 12:45 am rapid arc overview - linda hong (Montefiore Medical Center)
12:45 - 2:00 pm lunch 
2:00 - 3:00 pm IMat overview - Bill salter (University Utah)
3:00 - 3:30 pm hands-on (I) - Brainlab
3:30 - 4:00 pm Break
4:00 - 4:30 pm hands-on (II) - elekta
4:30 - 5:00 pm hands-on (III) - Varian
5:00 - 5:30 pm hands-on (IV) - siemens
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Denise Nersissian (Brazil) – Chair

John M. Boone (USA)

Anthony J. Seibert (USA)

Paulo Schvartzman (Brazil)

Donaldo Mclean (Austria)

Cari Borrás (USA)

the bases of computed tomography (Ct) dosimetry use measurement methodologies of thirty years 
old. Beginning with axial to helical mode and more recently with the multislice detectors, these huge 
transformation on tomography equipment have been changed the way we must evaluate radiation dose to 
patient and how this affect the image quality.

this course intends to present the new trends of dose measurements, new phantoms for tomography 
dose, image quality control and the patient radiation dose registry. the standardization required by the 
american College of radiology (aCr) accreditation Programme and the image quality assessment in Ct of 
the International Commission on radiation Unit (ICrU) Program will be shown.

following these topics, physical and clinical bases of dual energy Ct and cardiac Ct exams will be shared 
and some discussion will take place in a round table at the end of the day course regarding all topics 
included. 

April 17th
Sunday

8:00 - 9:00 am registration 
9:00 - 9:15 am Welcome and Introduction - Paulo r. Costa (moderator) 
9:15 - 9:45 am Methods and Instrumentation of tG-111 - John M. Boone – UC davies
9:45 - 10:15 am new Phantoms for Ct dose / Image Quality assessment [tG-200] - John M. Boone – UC davies
10:15 - 10:45 am Break 
10:45 - 11:15 am radiation dose registry for Ct - anthony J. siebert – UC davies
11:15 - 11:45 am Ct dosimetry for the Pediatric Patient [tG-204] - John M. Boone– UC davies
11:45 - 12:15 am Ct accreditation in the United states: a model program - anthony J. siebert– UC davies
12:15 am - 12:45 pm results of a measurement free-in-air dosimetry: Iee/UsP experience [tG111] - denise y. nersissian - UsP 
12:45 - 2:00 pm lunch 
2:00 - 2:30 pm Image Quality assessment in Ct: the ICrU Program - John M. Boone – UC davies
2:30 - 3:00 pm Bases of dual energy Ct - denise y. nersissian - UsP
3:00 - 3:30 pm Cardiac Ct - Paulo schvartzman
3:30 - 4:00 pm Break
4:00 - 4:30 pm dosimetry for wide beam angles – donald Mclean - Iaea
4:30 - 5:00 pm high dose on head Ct: What had happen e how the Usa dealt with that – Cari Borrás 
5:00 - 5:30 pm discussion and questions – Paulo r. Costa (moderator), Cari, Boone, siebert
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Anna Maria C. De Araujo (Brazil) – Chair

Roberto Salomon de Souza (Brazil)

Zulma dos S. Casquilha (Brazil)

o Programa de Qualidade em radioterapia - PQrt do Instituto nacional de Câncer / rio de Janeiro, através 
de suas avaliações locais vem, desde 2000, atuando em todo o Brasil e constatando a escassez de material 
didático em português, para auxiliar os físicos no treinamento de seus técnicos em radioterapia. 

Com esse objetivo, o PQrt elaborou um curso de atualização, complementar ao treinamento básico mínimo 
necessário.  

o material didático desse curso é composto de um livro e um Cd, com 10 roteiros detalhados sobre 
práticas de oficina e de simulação. o nivelamento dos assuntos abordados tem como foco o conhecimento 
mínimo esperado para o Brasil de norte a sul. 

nossa proposta neste curso é apresentar todo esse material visando, principalmente, àqueles profissionais 
responsáveis pelo treinamento de técnicos em radioterapia (físicos e supervisores técnicos).

a apresentação desse material será enriquecida pela experiência profissional de técnicos que viajam pelo 
Brasil e conhecem suas diferentes realidades. 

Como esse material foi produzido também em espanhol, para ser disponibilizado para toda a américa 
latina e Caribe, esse curso pode ser interessante também para os colegas latinoamericanos.

April 17th
Sunday

8:00 – 9:00 registration
9:00 - 9:15 am Welcome and Introduction – anna Maria C. de araujo (moderator)
9:15 - 9:45 am objetivo e metodologia - anna Maria C. de araujo
9:45 - 10:15 am abordagem histórica – roberto salomon de souza
10:15 - 10:45 am Break
10:45 - 11:45 am equipamentos e acessórios – Zulma dos santos Casquilha
11:45 - 12:45 am oficina de Moldes – Zulma dos santos Casquilha
12:45  - 2:00 pm lunch
2:00 - 2:30 pm oficina de Moldes – Zulma dos santos Casquilha
2:30 - 3:30 pm simulação e Posicionamento – Zulma dos santos Casquilha
3:30 – 4:00 pm Break
4:00 - 4:30 pm simulação e Posicionamento – Zulma dos santos Casquilha
4:30 - 5:00 pm abordagem psicológica - anna Maria C. de araujo
5:00 - 5:30 pm encerramento - anna Maria C. de araujo
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SECOND MEDICAL PHYSICS WORKSHOP OF THE HEALTH TECHNOLOGY TASK 
GROUP OF THE IUPESM
DEFINING THE MEDICAL IMAGING REQUIREMENTS FOR A HEALTH STATION, 17 
APRIL 2011, PORTO ALEGRE, BRAZIL

Time Topic Main Speaker

8 – 8.30 a.m. registration

8.30 – 8.35 a.m. Welcome on behalf of the IUPesM Barry allen, australia

8.35 – 8.40 a.m. Workshop objectives Cari Borrás, Brazil

8.40 - 9.10 a.m.
Who/hQ Perspective on health technologies and radiation safety

(by video)

adriana Velazquez, 
Who and Maria del 
rosario Perez, Who

Part I: Medical and Public Health Needs

9.10 – 9.30 a.m.
review of medical equipment needs in Vanuatu, an island in the south 
Pacific

Barry allen, australia

9.30 – 9.50 a.m. the problem in mainland China yimin hu, China

9.50 – 10.05 a.m. discussion. recommendations for Part I

10.05 – 10.20 a.m. Coffee Break

Part II: Medical Imaging Modalities

10.20 – 10.40 a.m.
Clinical significance of medical imaging modalities in different health care 
levels

ruzica Maksimovic, 
Who

10.40 – 11.00 a.m. 
Medical imaging equipment characteristics at the health station level: 
overview

Bill hendee, Usa

11.00 – 11.20 a.m. technical specifications: X-ray units slavik tabakov, UK

11.20 – 11.40 a.m. technical specifications: Ultrasound units
Kwan-hoong ng, 
Malaysia

11.40 – noon discussion.  recommendations for Part II

noon – 1.30 p.m. lunch Break

Part III: Planning a Medical Imaging Department

1.30 – 1.50 p.m. Procurement - donated vs purchased equipment Cari Borrás, Brazil

1.50 – 2.10 p.m. Physical infrastructure: space, shielding, patient flow anna Benini, Italy

2.10 – 2.30 p.m. staff: Basic training and continuing education slavik tabakov, UK

2.30 – 3.15 p.m. teleradiology and networking sandra rocha, Mexico

3.15 – 3.30 p.m. discussion. recommendations for Part III

3.15 – 3.30 p.m. Coffee Break

Part IV: Operational Considerations

3.45 – 4.05 p.m. Quality control and maintenance programs Cari Borrás, Brazil

4.05 – 4.25 p.m. radiation protection: Personnel dosimetry and patient safety anna Benini, Italy

4.25 – 4.55 p.m. Patient referral to secondary and tertiary health care levels Pat Cadman, Canada

4.55 – 5.10 p.m. discussion.  recommendations for Part IV 

5.10 – 5.30 p.m. summary of recommendations. Conclusions Cari Borrás, Brazil
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IOMP/IAEA Seminar 
on Radiation 
Protection of Children 

IOMP/IAEA Seminar on  
Radiation Protection  
of Children 

Sunday 17th April 2011 Sunday 17th April 2011
08:00- 08:30 registration 
08:30- 08:40 opening (Iaea)
8:40 – 9:10 Iaea activities on radiation protection of children - Madan rehani (Iaea)
9:10 – 9:35 Image Gently: the Campaign and tools - sue Creviston Kaste
9:35 – 10:00 Medical Physics fundamentals for radiation protection of children in imaging - Charles e Willis
10:00-10:15 Break
10:15 – 11:30

With break

Ground realities, challenges faced, needs and how problems were solved in different countries: in 
radiation Protection of Children in Ct in Iaea Project (4 min each): Participants in the Iaea network 
- argentina, Bolivia, Brazil, Chile, Costa rica, Cuba, honduras, Jamaica, Mexico, nicaragua, Peru, 
Uruguay, Venezuela

11:30 – 12:05 Panel discussion: Challenges, means and solutions to protect children - Madan rehani, sue Creviston 
Kaste, Charles Willis

12:05 – 12:15 Conclusions and closing remarks
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Introduction Moderator: David S. Followill
radiation Physics, Ut Md anderson Cancer Center, houston tX, Usa

The Perspective from Europe Milan Tomsej
radiation oncology dept, ChU Charleroi (site Vésale), 
Montigny-le-tilleul, Belgium

The Perspective from Asia Tomas Kron
Peter MacCallum Cancer Centre Melbourne, australia

The Perspective from Latin America and the 
Caribbean

Cecilia Haddad
hospital sírio libanês, sao Paulo, Brazil

Questions/Comments All

RT1 - INTERNATIONAL COLLABORATION WITHIN THE UNITED STATES
National Cancer Institute Sponsored Clinical Trials:
The Need for Radiotherapy Quality Assurance

RT3 - NEW ADVANCES IN NUCLEAR MEDICINE

Introduction Moderator: Cecil Chow Robilotta
são Paulo University, são Paulo, Brazil
Roger Fulton
University of sydney, sydney, australia
Habib Zaidi
Pet Instrumentation and neurosciences laboratory, division of 
nuclear Medicine, Geneva University hospital, Geneva, switzerland
Osama R Mawlawi
Md anderson Cancer Center, houston, Usa

Questions/Comments All

Introduction and International Collaboration 
Within the United States National Cancer 

Institute Sponsored Clinical Trials: The 
Need for Radiotherapy Quality Assurance

Moderator: David S. Followill

Radiation Physics
UT MD Anderson Cancer Center

Houston TX, USA
The Perspective from Europe: Quality 

Assurance in clinical trials
Milan Tomsej

Radiation Oncology Dept
CHU Charleroi (Site Vésale)

Montigny-le-Tilleul, Belgium
Assessing different levels of technology in 

clinical trials: an Asia Pacific perspective
Tomas Kron

Peter MacCallum Cancer Centre 
Melbourne, Australia

The role of the National Cancer Institute/ 
Radiotherapy QA Programme in 

implementation of QA in Brazil and Latin 
America- Onsite and Postal Audits

Anna Maria Campos de Araujo 

National Cancer Institute
Sao Paulo, Brazil

Questions/Comments All

RT2 - INTERNATIONAL COLLABORATION WITHIN THE UNITED STATES
National Cancer Institute Sponsored Clinical Trials:
The Need for Radiotherapy Quality Assurance
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RT5 - CERTIFICATION OF MEDICAL PHYSICISTS

Introduction
Certification of Medical Physicists

Moderator: Raymond Wu
Barrow neurological Institute, st Joseph’s hospital, Phoenix, Usa

Education, Training, and Certification of 
Medical Physicists in Korea

Rena Lee, Tae Suk Suh
Korean society of Medical Physics, Korea

Certification System of Medical Physicists 
in Japan

Shigekazu Fukuda
Japanese society of Medical Physics, Japan

Clinical Medical Physicists Certification 
Process in Mexico: Latest Update

María-Ester Brandan, Valdemar Z. Gonzalez
Mexican federation of organizations for Medical Physics, Mexico

RT4 - BIOLOGICAL EFFECTS OF NON IONIZING RADIATION: ULTRAVIOLET RAYS, EXTREMELY 
LOW FREQUENCY, RADIO-FREQUENCY AND MAGNETIC FIELDS IN MRI/MRS

Introduction
Biological Effects of Cell Phone Radiation

Moderator: Kwan Hoong Ng
department of Biomedical Imaging, University of Malaya Medical 
Centre, Kuala lumpur, Malaysia

Biological Effects of Ultraviolet Radiation Emico Okuno
Institute of Physics, University of s. Paulo, são Paulo, Brazil

Biological Effects of Extremely Low 
Frequency Radiation

Jorge Juan Skvarca
Who expert advisory Panel on radiation, Buenos aires, argentina

Biological Effects of Magnetic Fields of MRI Alessandro Mazzola
hospital Moinhos de Vento, Porto alegre, Brazil
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Plenary Sessions - Monday, April 18

Session: PSI-MO-A

HARMFUL TISSUE EFFECTS: IS THERE 
ALWAYS A DOSE THRESHOLD?

J. H. Hendry

adlington, Macclesfield, Cheshire sK10 4JU, UK

the recommendations of the International Commission on radiological Protection (ICrP) in 2007 provided 
dose limits for stochastic effects and tissue reactions (deterministic effects) in occupational and public 
settings. further consideration was planned for two tissues, regarding cataracts in the lens of the eye and 
circulatory disease (heart disease and stroke). these tissues have long latency periods before expression of 
injury, more than 20 years for cataracts and 10 years for circulatory disease, which is one of the reasons 
for the elucidation of the full dose response relationships only recently. Current evidence indicates that dose 
thresholds for such injury in both tissues are likely to be low, with confidence intervals which include zero 
dose in some studies. Generally, uncertainty ranges are large if sample sizes are small, and heterogeneity 
of the sample and uncertainty in doses can increase the overall uncertainty but selection bias can reduce it. 
hence, evidence based on statistical uncertainty needs to be augmented by plausible biological mechanisms 
of the effects, which strengthens the arguments in favour of either the presence or the absence of a dose 
threshold. the lack of a dose threshold supports the pragmatic judgement to use a linear-no-threshold 
model, which is made for practical protection purposes regarding the stochastic clonal development of 
radiation induced cancers. for cataracts, there is no direct evidence that a single injured lens epithelial cell 
can give rise to a cataract, but there are plausible arguments that this might occur. for circulatory disease, 
the mechanism remains unknown, although again there are some plausible possibilities albeit not based 
on single cell responses. the presence of a dose threshold, or the lack of it, for these particular tissues is 
an important consideration for any long term risks associated with occupational exposures and successful 
medical procedures, and examples of these will be presented.

Contact: jhendry2002uk@yahoo.com
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Plenary Sessions - Monday, April 18

Session: PSII-MO-A

NOVEL DOSIMETRY CONCEPTS BASED 
ON NANODOSIMETRY

Hans Rabus

Physikalisch-technische Bundesanstalt, Braunschweig, Germany

Conventional dosimetric quantities like kerma and absorbed dose are well suited for quality assurance in 
therapeutic or diagnostic radiology. as the definition of these quantities involves averaging over macroscopic 
volumes, however, an elaborate system of auxiliary quantities (e.g. relative biological effectiveness) is 
needed to account for the effect of radiation quality. the latter is determined by the microscopic particle 
track structure, where the stochastics of radiation interactions occurring within target sizes in the order of 
the diameter of the dna double helix (i.e. a few nanometers) is decisive for the biological effectiveness. 
therefore, nanodosimetry aims to establish a concept of radiation quality building on measurable features 
of the track structure of ionizing radiation, such as the formation of ionization clusters in specified target 
volumes comparable in mass per unit area to a dna segment. numerical-simulation and measurement 
techniques have been developed to determine the probability distribution of the ionization cluster size 
(i.e. the number of ionizations produced within the target by a passing primary particle and its secondary 
electrons) for such target volumes. Comparisons to radiobiological data suggest a correlation between 
the probability for initial dna damage and track structure parameters derived from ionization cluster size 
distributions in nanometric water cylinders or equivalent gaseous nitrogen targets in a nanodosimeter. 
this correlation may provide the basis for establishing novel ionizing radiation quantities with an inherent 
biological weighting, in analogy to the physiological weighting implicated in the definition of the photometric 
unit candela. after a review of the basics of nanodosimetry, the paper will highlight a few examples of 
recent progress in nanodosimetric modeling and experiment; finally the potential of a nanodosimetry-based 
dosimetric concept built on the aforementioned analogy will be discussed.

Contact: Hans.Rabus@ptb.de
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Plenary Sessions - Tuesday, April 19

Session: PSIII-TU-A

CLINICAL IMPLEMENTATION OF 
VOLUMETRIC MODULATED ARC FOR 

CONVENTIONALLY FRACTIONATED 
AND STEREOTACTIC BODY RADIATION 

THERAPY
Vitali Moiseenko 

Vancouver Cancer Centre, British Columbia, Canada

Volumetric modulated arc therapy (VMat) is a novel form of optimization and delivery of gantry arc-based 
intensity modulated radiotherapy (IMrt). It allows dose delivery to a patient during gantry rotation while 
multileaf collimator leaf positions, dose rate and gantry speed are varied simultaneously. Certain benefits of 
VMat, such as less monitor units and treatment time compared to fixed gantry IMrt have been conclusively 
demonstrated. however, dosimetric advantages are debatable. overview of planning studies for a variety of 
sites will be presented. as any other novel technology, use of VMat requires understanding of its practical 
and fundamental benefits and limitations. this lecture will describe clinical implementation of VMat at the 
Vancouver Cancer Centre, from planning strategies to quality assurance. Benefits and challenges of clinically 
implementing VMat will be illustrated. specific examples of radiotherapy of prostate with simultaneous 
intraprostatic boost and whole brain plus metastases will be presented in detail. single-arc and two-arc 
solutions will be compared. stereotactic body radiotherapy (sBrt) using VMat for lung and spine will be 
discussed in conjunction with multimodality imaging, immobilization and image guidance. there are many 
practical challenges physicists and physicians face when implementing VMat. for example, lung sBrt 
patients are typically scanned with the arms down. this requires either excluding angles or accounting for 
attenuation through the arms. some special situations, solutions and practical guidelines will be presented. 
accurate dose calculation is paramount for sBrt. different methods available from treatment planning 
systems will be compared against Monte Carlo, the latter serving as the gold standard. advanced use of 
VMat accounting for organ motion requires gating or tracking. approaches put forward for this by vendors 
and researchers will be discussed.

Contact: VMoiseenko@bccancer.bc.ca
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Plenary Sessions - Tuesday, April 19

Session: PSIV-TU-A-a

MEDICAL PHYSICS BOARD 
CERTIFICATION: LOOKING AHEAD

Raymond K. Wu1, Edward S. Sternick2

1Barrow neurological Institute

a Constituting Panel was established in 2008 by the american College of Medical Physics (aCMP) to 
consider and formulate guidelines for certification of clinical medical physicists working in radiation 
oncology and diagnostic imaging throughout the world. the specific objectives of the Constituting Panel are 
to: (a) review the need for a standardized medical physics certification process in countries and regions 
throughout the world where certification opportunities do not currently exist; (b) develop international 
standards and procedures for a certification process; (c) recommend qualification guidelines for candidates 
requesting  examination for certification; (d) Provide assistance in arranging, controlling and conducting 
examinations for testing the competence of certification candidates; (e) Consider the logistical, financial 
and administrative requirements for implementing certification processes. the 16 member Constituting 
Panel includes liaisons from international medical physics organizations and additional individuals who 
have had significant experience with certification programs in their own countries. It is not the mission of 
the Constituting Panel to assume responsibility for direct operations of certification activities, but rather to 
serve as an expert consulting resource in support of these activities. It is anticipated that the consensus 
guidelines developed by the Panel will assist the international medical physics community in achieving both 
performance excellence and appropriate recognition for our many important contributions to health care.  the 
guidelines are well suited for the management, operations and sustainable improvement of medical physics 
certification programs. to implement the recommendations and move forward the certification initiative 
originated by many national medical physics organizations, eleven of them formed an organization called 
International Medical Physics Certification Board (IMPCB) in May, 2010. this followed the IoMP resolution 
to create a work group to assist with this initiative, the discussions in Munich during the World Congress 
2009, and several International symposia during the aCMP annual Meetings. the member organizations are 
aBfM, aCMP, aCPseM, CsMP, CsMPt, fMofM, hKaMP, IMPs, KsMP, laMP, and naMP1. several member 
organizations and other invited speakers will participate in the 90 minute session. In this Workshop, we 
describe how applying these approaches can facilitate medical physics performance enhancement in an 
increasingly complex healthcare environment. We also describe the current status of certification programs 
in several countries. a panel of participants will lead a discussion after the presentations. footnote: 
1the acronyms stand for associação Brasileira de fisica Médica, american College of Medical Physics, 
australasian College of Physical scientists and engineers in Medicine, Chinese society of Medical Physics, 
Chinese society of Medical Physics – taipei, federación Mexicana de organizaciones de física Médica, 
hong Kong association of Medical Physics, Iraqi Medical Physics society, Korean society of Medical Physics, 
lebanese association of Medical Physics, and nepalese association of Medical Physicists.

Contact: RayKWu@gmail.com
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Plenary Sessions - Wednesday, April 20

Session: PSIV-WE-A

CURRENT MOTION TRACKING AND 
MOTION CORRECTION TECHNOLOGIES 

FOR MEDICAL AND PRECLINICAL 
IMAGING

Roger Fulton 

department of Medical Physics, Westmead hospital, sydney, australia, and Brain and Mind research Institute, University of 
sydney, australia.

Motion of the subject during data acquisition in single photon emission computed tomography (sPeCt), 
positron emission tomography (Pet), x-ray computed tomography (Ct) and magnetic resonance imaging 
(MrI) causes blurring and other distortions of the reconstructed images. such distortions hamper accurate 
interpretation of the images in both clinical and research settings. Motion is a particularly severe problem 
when imaging pediatric patients and patients with dementia. In dual modality imaging techniques, such 
as Pet/Ct, the impact of motion in one of the modalities is compounded when those images are used in 
conjunction with the other modality. this paper reviews the status of current motion compensation techniques 
for these modalities, their limitations and the scope for future improvements. available techniques generally 
require knowledge of the motion that occurred during data acquisition, and motion correction is effected 
by modeling knowledge of the motion in the image reconstruction process. Information about rigid head 
motion for motion correction in brain imaging can be obtained relatively easily through the use of an optical 
motion tracking system, or data driven techniques in which motion parameters are estimated directly from 
projection or image data. however the non-rigid motion of internal structures due respiratory and cardiac 
motion is much more difficult to estimate, and effective compensation is more difficult. this paper reviews 
recent developments in motion tracking and motion correction for medical imaging, and presents case 
studies to illustrate the successful application of motion tracking and motion correction techniques in 
sPeCt, Ct, Pet-Ct, Mr-Pet and preclinical Pet imaging. It thus provides an insight into benefits that could 
eventuate from the wider adoption of these technologies in the clinical and research settings.

Contact: r.fulton@physics.usyd.edu.au
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Plenary Sessions - Wednesday, April 20

Session: PSV-WE-A

CELL TRACKING AND IN VIVO SINGLE 
CELL IMAGING USING MRI AND 

NANOTECHNOLOGY
Brian K. Rutt

radiology department, stanford University, stanford, Ca 94305 Usa

the field of cellular imaging is a newly emerging discipline of imaging research that has been broadly 
defined as the application of imaging techniques for the non-invasive and repetitive imaging of targeted 
cells and cellular processes in living organisms. Cellular magnetic resonance imaging combines the ability 
to obtain high resolution Mr data with the use of magnetic contrast agents for labeling specific cells, thereby 
enhancing their detectability. MrI has a number of characteristics that make it ideal for cell tracking.  MrI 
can produce images with high spatial resolution (tens of micrometers) and exquisite soft tissue contrast. 
MrI is noninvasive, nondestructive and 3d. Unlike histological analyses, which provide only a “snapshot” of 
the overall process, cellular Mr imaging can provide a more dynamic view of cellular events. In comparison, 
Mr imaging delivers faster results, requires fewer animals, is free from sectioning related artifacts and may 
provide a more complete picture of the overall biological process under investigation. superparamagnetic 
iron oxide (sPIo) nanoparticles represent a class of contrast agents used for cellular Mr imaging. sPIo 
contrast agents consist of a magnetite core(s) surrounded by a matrix material such as dextran. the 
presence of this magnetic label causes a distortion in the magnetic field and leads to abnormal signal 
hypo-intensities in t2 or t2* weighted images. areas containing sPIo labeled cells therefore appear as 
regions of low signal intensity on MrI images; creating negative contrast. In vivo single cell detection has 
been demonstrated. the development of a broad repertoire of sPIo contrast agents, as well as techniques 
for incorporating these labels into cells, has stimulated a variety of applications of this cell-tracking MrI 
technique, such as the tracking of t-lymphoctyes, macrophages, cancer cells, and stem cells with minimal 
impact on cell function  over a period of several weeks and over multiple cell divisions.

Contact: brutt@stanford.edu
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Session: SP-MO-B

JOINT IOMP/WHO/ALFIM/PAHO SPECIAL 
SESSION: HEALTH TECHNOLOGIES - 
MORE THAN A NICHE FOR MEDICAL 

PHYSICISTS
Pablo Jimenez, Simone Kodlulovich, Cari Borrás.

health technologies have a critical role in the prevention, diagnosis and treatment of illness and disease. 
Medical physicists have a key role in the safe and effective use of many health technologies, especially 
those involving radiation. however, access to health technology remains a challenge, particularly in 
developing countries. the World health organization (Who) has an on-going “Global Initiative on health 
technologies” to help make available the benefits of core health technologies at an affordable price, 
particularly to communities in resource-limited settings, in order to effectively control important health 
problems. Who held the first “Global forum on Medical devices” in Bangkok, thailand, in september 
2010 which brought together 500 stakeholders including: policy makers, professional, international, Un 
and nongovernmental organizations, funding agencies and users of medical devices. the International 
organisation for Medical Physics (IoMP) and the Pan american health organisation (Paho) participated 
both in the planning and the deliberations of the forum. the session will review some of the issues involved 
and consider the recommended actions resulting from the forum that should be taken for the improvement 
in availability, accessibility, appropriate selection, assessment, regulation, management, safety and use of 
medical devices. the role of the medical physicist in health technology assessment and the acquisition of 
radiotherapy and imaging equipment will be discussed. another aspect of the session will examine how 
professional organisations, such as IoMP and the latin american Medical Physics association (alfIM), can 
contribute to issues such as access to appropriate technologies and procurement of health technologies 
through direct programmes, such as donation of equipment, or through preparation of best practices advice, 
tools and guidelines on medical devices, in conjunction with international bodies such as Who and Paho, 
for integration into national health plans.

Contact: jimenezp@paho.org; simone@ird.gov.br; cariborras@starpower.net.
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Session: SP-WE-B-ka

CHALLENGES FOR COOPERATION 
BETWEEN IOMP AND IRPA IN 

DEVELOPING COUNTRIES
Fridtjof Nüsslin

IoMP President

In a recently signed MoU the IoMP and the IrPa set a framework for future cooperation. one important 
field where both organizations are specifically challenged to bundle their forces is radiation protection in 
the low and medium income countries. With the background of the lack of experts in radiation protection  
in those countries, at least for an intermediate time, joint actions in education and training may bridge the 
gaps. however, any form of cooperation requires to identify what these countries need. the domain of the 
IoMP, which represents the global medical physics community, is the radiation protection of the patient in 
health facilities. In accordance with the definitions of the roles and responsibilities of medical physicists as 
stated by the IoMP and Ilo and described in the new draft Basic safety standards (Bss) issued by Iaea 
& Who, medical physicists are ´professionals with education and specialist training in the concepts and 
techniques of applying physics in medicine´ (IoMP,Policy document 1, 2010). Medical physics education 
includes training in radiation protection of the patient and also, to some extent,  in staff and public radiation 
protection. some medical physicists also undertake further specific training in radiation protection and 
can fulfill the requirements to act as radiation experts in all aspects of radiation protection of staff and the 
public in health facilities. Interfacing matters between IoMP and IrPa will be discussed within the scope of 
the roles and responsibilities assigned to the medical physicists (MP) and the radiation protection officers 
(rPo) in the new Bss. Comparing the competences of MPs and rPos in health facilities understaffed in 
radiation protection it is considered more appropriate that MPs undertake the rPo duties rather than vise 
versa. In particular, with the background of the increasing incidence of cancers in developing countries and  
the enormous deficit of equipment and experts, IoMP & IrPa should cooperate to improve patient health 
care by recruiting and broadly educating medical physicists aiming to cover patient radiation protection and 
selected responsibilities of the rPo.

Contact: nuesslin@lrz.tu-muenchen.de
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Session: SP-WE-B-kb

IRPA - IOMP COOPERATION IN 
EDUCATION AND QUALIFICATION FOR 

RADIATION PROTECTION
Kenneth Kase

IrPa President

IrPa is an international association of radiation protection societies with about 17,000 individual members 
worldwide. Its goals are to be recognized as the international voice of the radiation protection profession 
and to promote excellence in radiation protection. radiation protection of patients, staff and the public 
in the medical application of radiation-producing devices and radioactive materials is of special interest. 
Consequently, IrPa is committed to partnering with IoMP to achieve excellent radiation protection in 
medical settings while making effective use of radiation technology for excellent patient care. Medical 
institutions and practices must realize the importance of proper education and training for the staff that 
operate and use radiological technologies and the importance of having a well-qualified radiation protection 
staff. these staff may be qualified radiation protection professionals or they may be medical physicists 
that have received appropriate education and qualification in the principles and application of radiation 
protection specific to the medical field. IrPa and IoMP can collaborate in education and training in radiation 
protection. radiation protection professionals and medical physicists can be instrumental in creating and 
enhancing a radiation protection culture in the institution. there is still a wide variation among countries in 
e&t methods as well as certification and recognition systems for radiation protection and medical physics 
professionals. IrPa societies are not universities and their e&t activities are not intended for an academic 
diploma, but for professional enhancement. however, IrPa can cooperate with IoMP and other international 
and regional organizations to assist the development of excellent education, training and qualification 
programs in radiation protection, particularly in the developing world. It is important for the continuation 
and continual improvement of radiation protection practices that we ensure the appropriate education of a 
new generation of radiation protection professionals and medical physicists.

Contact: kr.kase@stanfordalumni.org
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Session: SP-WE-B-kc

RADIATION PROTECTION IN THE HEALTH 
SECTOR -SOME ISSUES

Robert Corbett

IrPa

the rise of the role of radiation protection is evident in radiation therapy,  advanced radiological diagnostic 
capabilities and use of new radiopharmaceuticals.  the Iaea and the major initiatives directed toward 
radiation protection of patients. If radiation protection and excellent patient care are seen to be common 
threads in medical advances in all countries and regions, perhaps the societal dividend of excellent 
education, training and qualifications in radiation protection and medical physics can be understood and 
measured. the vision is to foster a strong, competent and well-respected radiation safety profession, 
whether specifically the qualified radiation protection professional or a medical physicist with qualifications 
as a radiation protection expert, resulting in an overall operational culture of safety, including radiation 
protection. this will result in a sustained protection of the health and safety of the patient, the medical staff, 
the public and the environment. an increase in stakeholder confidence and economic development leads 
to a positive societal dividend. In medicine, radiation protection leads to better diagnosis and treatment of 
disease. highly qualified medical physics, medical technology and radiation protection resources result in 
delivery of diagnosis and therapy services with high quality, efficiency and safety for patients and staff. 
Building competence comprises training and assessing the qualifications of personnel to develop and 
maintain appropriate levels of competence, the ability to apply knowledge, skills and attitudes to perform 
in an effective and efficient manner and to an established standard. radiation protection professionals and 
medical physicists are challenged to be aware of developing technologies and new clinical techniques, to 
analyze the potential radiation risks to patients and staff, to initiate necessary radiation safety training for 
medical staff, and to be involved in planning, dose measurement and optimization of the procedures to 
achieve appropriate diagnosis and treatment while maintaining appropriate dose control

Contact: rhcorbett@btinternet.com



92

Special Sessions

18
th

 In
te

rn
at

Io
na

l 
Co

nf
er

en
Ce

 o
n 

M
ed

IC
al

 P
hy

sI
Cs

Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil

Session: SP-WE-B-kd

ROLES OF MEDICAL PHYSICISTS AND 
RADIATION PROTECTION SPECIALISTS

Cari Borrás

federal University of Pernambuco, recife, Pe, Brazil

the International labor organization acknowledges the roles medical physicists and radiation protection 
specialists play in diagnostic and therapeutic radiology departments as health professionals.  although 
in some facilities the tasks may be performed by the same individual, there are significant differences in 
functions and responsibilities.  Medical physicists are involved in developing and/or reviewing the purchase 
specifications of medical radiological equipment and physics instrumentation (both hardware and software); 
they are responsible for their acceptance testing and commissioning, for the calibration of all radiation 
sources and for the evaluation of medical imaging equipment in terms of performance and image quality.  In 
medical imaging departments, they are also responsible for establishing patient diagnostic reference levels.  
In radiotherapy departments, they participate in the treatment planning process, performing or supervising 
the clinical dosimetry, periodically evaluating patient dose distributions and making in vivo dosimetry 
determinations.  other supervisory functions encompass patient and/or dosimetry accessory construction, 
applicator/catheter preparation, and maintenance and quality control programs, which include ensuring 
the interconnectivity and interoperability of networked equipment.  Medical physicists collaborate with their 
clinical colleagues by discussing clinical protocols and promoting/developing/participating in research 
projects.  radiation protection specialists prepare the license for the regulatory authorities; perform and/or 
review structural shielding calculations; advise on ancillary shields, survey meters and personnel monitors; 
verify equipment compliance with IeC safety features and/or equivalent national standards; check radiation 
warning signs, door interlocks and emergency controls; perform radiation safety surveys; establish dose 
constraints and operational limits; document staff and consultants’ qualifications; develop radiation safety 
QC programs; chair or participate in the institution’s radiation safety committee; impart radiation safety 
training courses; maintain inventory of radioactive sources and up-to date license-related documents; keep 
up on staff changes and qualifications, and liaise with the regulatory authorities.  Joint functions involve the 
participation in Qa and accreditation programs and the investigation of accidental medical exposures.

Contact: cariborras@starpower.net
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Educational Sessions - Monday, April 18

Session: EP1-MO-E-ka

RADIATION SAFETY IN PEDIATRIC 
RADIOLOGY: WHAT CAN WE DO AS 

MEDICAL PHYSICISTS?  
Charles Willis 

Ut Md anderson Cancer Center, Usa

Pediatric projection imaging differs from imaging of the adult patient. Children are smaller, more 
radiosensitive, and less compliant than their adult counterparts. their characteristics affect the way 
projection imaging is practiced and how dose is optimized. Computed radiography (Cr) and digital 
radiography (dr) have been embraced by pediatric practitioners in order to reduce dose and improve 
image quality. Unfortunately, dose optimization with Cr and dr has been hampered by a lack of definition 
of appropriate exposure levels, a lack of standardization in exposure factor feedback, and a lack of 
understanding of the fundamentals of Cr and dr technology. the potential for over-exposure exists with 
both Cr and dr. Both the society for Pediatric radiology and the american association of Physicists in 
Medicine (aaPM) recognize the promise and shortcomings of Cr and dr technology and have taken steps 
to join with manufacturers in improving the practice of Cr and dr imaging. a new standard for exposure 
factor feedback has been published by the aaPM and the International electrotechnical Commission. 
the alliance for radiation safety in Pediatric Imaging, better known as ImageGentlytM, hosted a summit 
of stakeholders to assess the condition of pediatric dr imaging and to initiate improvements. the 
american College of radiology will incorporate Pediatric digital radiography into its dose Index registry 
to collect data on the state of practice. the Us food and drug administration is supporting development 
of educational training materials on the safe use of dr equipment with children. the International atomic 
energy agency has published training materials on radiation protection of children. although the risks 
inherent in pediatric projection imaging with Cr and dr are low, efforts to reduce dose are worthwhile, 
so long as diagnostic quality is maintained. long-standing recommendations for limiting radiation dose 
in pediatric projection imaging are still applicable to Cr and dr.

Contact: Chwillis@mdanderson.org
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Educational Sessions - Monday, April 18

Session: EP2-MO-E-ka

INNOVATIONS IN MEDICAL PHYSICS 
EDUCATION 

William Hendee; Slavik Tabakov

all medical physicists are educators.  Many have specific teaching responsibilities for physicians, 
technologists, dosimetrists, graduate students and others.  But even medical physicists without specific 
educational responsibilities are teachers – if only by example in the clinic and in group discussions 
about patients.  to fulfill these responsibilities, medical physicists employ various electronic aids along 
with personal discussions of physics concepts and applications.  electronic aids vary from power-point 
presentations to sophisticated web-based modules that explain physics at different levels through the use 
of text, illustrations, animations, pop-ups, questions with answers.  radiologists-in-training must understand 
physics concepts underlying their profession, but they have little time for, or interest in, attending physics 
lectures.  further, young people are accustomed to acquiring information from the world-wide web rather 
than from lectures and books.  In recognition of this manner of learning, approximately 50 web-based 
modules have been developed on the physics of medical imaging.  the modules represent a collaborative 
effort of the american association of Physicists in Medicine (aaPM) and the radiological society of north 
america.  the modules follow the new curriculum for teaching radiologists developed by the aaPM and are 
accessible at no cost to radiologists and radiology residents.  they also are very useful as an introduction 
to medical imaging for medical physics graduate students.   each module requires about an hour to review, 
including a self-test at the end to assess the degree of assimilation of the material.  the modules have been 
very well-received, and have stimulated interest in developing similar modules for radiation oncologists-
in-training and for graduate students and residents in medical physics.  they also have served as a model 
for web-based modules on ethics and professionalism being prepared as learning aids for radiologists, 
radiation oncologists and medical physicists.

Contact: whendee@mcw.edu
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Educational Sessions - Monday, April 18

Code: 403 – Session: EP2-MO-E-kb

EMITEL e-ENCYCLOPAEDIA OF MEDICAL 
PHYSICS AND DICTIONARY OF TERMS 

S Tabakov1, P Smith2, F Milano3, S-E Strand4, C Lewis5, M Stoeva6, V Tabakova1

1King’s College london, UK; 2International organization for Medical Physics (IoMP); 3University of florence, Italy; 4University of 
lund, sweden; 5King’s College hospital, UK; 6aM studio Plovdiv, Bulgaria

eMItel - the e-encyclopaedia of Medical Physics and its Multilingual translator (dictionary) has been 
launched at WC2009 (www.emitel2.eu). this international project attracted more than 300 specialists from 
36 countries and grew to be the largest international project in the profession. the paper describes the 
development of eMItel and its effective use, plus its planned future development.

Contact: slavik.tabakov@emerald2.co.uk
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Educational Sessions - Wednesday, April 20

Session: EP3-WE-E-ka

PROFESSIONAL STATUS OF THE 
MEDICAL PHYSICISTS IN LATIN AMERICA 

AND THE CARIBBEAN 
Simone Kludovich1; Cecília Kalil Haddad2; Maria Ester Brandan3; Graziela Velez4

1alfIM; 2Brasil; 3México; 4argentina

In latin america and the Caribbean, the application of radiation in medical practice has increased 
exponentially in the different modalities. new technologies have been implemented in many institutions 
in the region not all with appropriate preparation. however, despite the fact that of the importance of the 
medical physicist in the hospitals, there is a lack of professionals with adequate academic formation and 
training. In most countries, the medical physicist is not yet legally recognized by the Ministry of health 
and/or Ministry of labour as a professional. also, many centers still fail to recognize the importance of the 
physicist in the service. In some medical fields, the national laws do not require a physicist as a staff of 
the hospital. the education programs are very different from country to country and as result the quality 
of the professionals are diverse and, consequently, the quality of the whole process involving diagnostic, 
treatment, the safe use of the radiation for the patient and for the professional occupationally exposed, is not 
the optimum. this session will present the professional status of medical physicists in laC countries. It also 
will review some requirements for a qualified medical physicist, the possibility to standardize the education 
programs, to verify all educational tools that could be shared in the region, to create an accreditation 
process that could enable the professional to work in any country of the region. also to establish an action 
plan in order to reduce the differences among the professionals in laC countries. It will be also discussed 
a more effective involvement of the alfIM member societies, including responsibilities and activities of 
each society in order to optimize this process. for alfIM projects it is essential to strengthen the support 
of IoMP, Who, Paho and Iaea. 

Contact: simone@ird.gov.br
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MEDICAL PHYSICS EDUCATION AND 
TRAINING IN ARGENTINA

Graciela R. Velez

hospital oncológico, Córdoba, argentina

argentina has one of the largest traditions in training medical physicists in the field of radiation therapy 
within latin america. however, only recently our country has faced the requirements of adequate academic 
background and formal training programs in this matter. as Mexico, Brazil or Colombia, argentina is one 
of the host countries eligible for training in physical aspects of radiation therapy. during the past four 
decades, national authorities worried on safe use of radiation, (Cnea and arn) have established by law, 
the requirement of hiring “specialists” in radiotherapy physics for all radiotherapy centers in the country. 
to strengthen this measure, the authorities implemented the issuance of a special course, 6 month long, 
very popular till today in all latam region. the situation for other areas of Medical Physics is quite different. 
nowadays, in a country like argentina, with 40 million inhabitants, the number of medical physicists involved 
in clinical practice in rt is about 90, while those involved in nM are no more than 5 and worse is the field 
of radio diagnostic with just 1 or 2 trained clinical MP professionals. no legal recognition of our profession 
from health authorities, or some kind of disrespect among peers at University, lack of legal framework and 
absence of appropriate strategies to establish a professional certification process contribute to make MP 
an unattractive profession. Measures to revert this situation have begun to be implemented, and nowadays 
argentina has 2 established Master degrees programs in Medical Physics and 3 formal training sites 
for clinical practices. Unfortunately, needs were faster and some undergraduates programs have arrived 
since 7 or 10 years ago to fulfill the necessity of the market. We are now facing the challenges to raise 
the legal recognition of Medical Physics as health profession and working together with other countries or 
international societies would help a lot to reach the goal.

Contact: grvelez@gmail.com
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QUALITY AND SAFETY IN STEREOTACTIC 
RADIOSURGERY AND STEREOTACTIC 

BODY RADIATION THERAPY: MORE CAN 
BE DONE
Timothy D. Solberg

University of texas, southwest Medical Center

stereotactic radiosurgery (srs) has been an effective modality for the treatment of benign and malignant 
cranial disease for 50 years. Increasingly, the stereotactic approach, ablative doses of radiation delivered in 
a highly focused manner to a target of interest, is being applied in a number of extracranial disease sites. 
stereotactic body radiation therapy (sBrt) holds significant potential for improving tumor control rates 
across a range of locations and histologies. Both srs and sBrt require specialized technology, meticulous 
procedures, and dedicated personnel. several recent high-profile medical radiation events have generated 
considerable attention within the media, and serve to remind the profession that close attention to ongoing 
quality improvement is a fundamental responsibility. these include: a calibration error on a radiosurgery 
linac that affected 77 patients in the U.s. in 2004-2005; identical errors in measurement of output factors 
affecting 145 patients in france between april 2006 and april 2007, and 152 patients in the U.s. between 
late 2004 and late 2009; a single incident in france in which the backup jaws for an aVM treatment 
with a small circular collimator were set to 40 cm x 40 cm; an error in a cranial localization accessory 
that affected seven centers in france, spain and the U.s.; and regular treatment planning and targeting 
errors (e.g., right-left transposition) on both linac and gamma devices. the purpose of this abstract is 
to: 1) discuss radiation error prevention efforts undertaken by the World health organization (Who), the 
International Commission on radiological Protection (ICrP), the national health service (nhs) and other 
organizations, 2) review reported errors in srs/sBrt commissioning, dosimetry and delivery, 3) Provide 
broad ranging recommendations (staffing, training, credentialing, resource identification, patient-specific 
quality assurance) for srs/sBrt processes and procedures that may be beneficial in understanding and 
reducing risks inherent to the modalities.

Contact: Timothy.Solberg@UTSouthwestern.edu
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RESULTS OF THE DOSE 
INTERCOMPRATION AT THE RCP 

PHANTOM OF PELVIS AND HEAD AN 
NECK USED FOR THE VALIDATION OF 

IMRT TECHNIQUE AT THE CENTRO 
CONTROL DE CANCER

Vasquez, Jaider; Arbelaez, Juan Carlos; Bobadilla, Iban; Español, Ricardo; Gaitan, 
Armando; Torres, luis Felipe

department of radiation oncology, Centro Control Cancer, Bogota, Colombia

abstract: the clinical implementation of a Intensity Modulatated radiation therapy (IMrt) technique is 
a hard work to physics group, however due to complexity and high quantity of parameter that must be 
taken into account, there are a good chance to introduce a systematic error at the chain of measurement 
which can be difficult to found by the same team that made the measurement as show by the results of 
the radiological Physics Center (rCP), this make clear the need for an independent check allowing the 
validation of a chain of measurement, the test consist in the same processes to irradiate a patient, is 
required to do a Ct of phantom, to define the target volume and the organ at risk, making the plan following 
a protocol with doses limits, perform the quality control, and finally delivery the plan in the phantom, we 
obtained satisfactory result with deviation at the absolute dose lower than 3% in all target and organ 
at risk, and a geometric match lower than 2mm. With these results we can conclude than our chain of 
measurements including the quality control system ensure the optimal performance of the IMrt technique 
for our clinical implementation

Contact: jaider_vm@hotmail.com



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil100

Scientific Sessions - Monday, April 18

18
th

 In
te

rn
at

Io
na

l 
Co

nf
er

en
Ce

 o
n 

M
ed

IC
al

 P
hy

sI
Cs

 -
 2

01
1 Code: 749 – Session: SS1-MO-A-02 

ABSOLUTE ABSORBED DOSE RATE 
IN WATER MEASURED IN SMALL 

RADIOTHERAPY FIELDS
G. Massillon-JL1; D Cueva-Prócel1; P Dias-Aguire2; X Dominguez-Ojeda2; M Rodríguez-Ponce3 

1Instituto de fisica, Universidad nacional autonoma de México, 04510 México df, México; 2hospital san Javier, 44670 
Guadalajara, México; 3Instituto nacional de Cancerologia, 14080 Mexico df, México

this work presents results of the absorbed dose rate in water measured with Gafchromic film (Md-V2-55), 
thermoluminescent (tld-100) and alanine dosimeters for small radiation fields (4 to 50 mm diameters) 
used in stereotactic radiosurgery (sr) and intensity modulated radiotherapy (IMrt). all dosimeters were 
vacuum sealed using food saver packets, mounted in a spring loaded jig and supported in the water 
phantom at 5 cm depth perpendicular to the radiation beam. firstly, all detectors were calibrated in terms 
of absorbed dose to water in a 60Co gamma-ray and a 6 MV X-ray reference radiation fields (10 cm x10 
cm) using a nIst calibrated ionization chamber. for the small fields, the measurements were performed in a 
Gammaknife unit, two linear accelerators; one for sr and one for IMrt treatments. the results suggest that, 
if a strict protocol is followed, the new radiochromic film, Md-V2-55, can be used to measure the absorbed 
dose rate to water in the small radiation fields within an combined uncertainty of less than 1.5%, besides the 
low cost of the system. While the tld-100 and alanine dosemeters, similar to the most ionization chambers 
available, are too large to measure the absorbed dose rate in a very small radiation field. Comparing to the 
Md-V2-55 measurements, the international code of practice, aaPM and Iaea protocols, subestimate the 
absorbed dose rate of up to 11% for the smallest fields. We thank Marc desrosiers and James Puhl for 
the alanine dosimetry measurements. We also acknowledge ana elena Buenfil Burgos and flor herrera for 
technical support. this work was partially supported by dGaPa-UnaM grant In102610 and Conacyt grant 
127409

Contact: massillon@fisica.unam.mx
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IMPLEMENTATION OF A 3D QUALITY 
CONTROL SYSTEM WITH ANATOMICAL 

CORRELATION TO INTENSITY 
MODULATED RADIATION THERAPY (IMRT)

Vasquez, Jaider; Arbelaez, Juan Carlos; Bobadilla, Iban; Español, Ricardo; Gaitan, 
Armando; Torres, Luis F

department of radiation oncology, Centro Control Cancer, Bogota, Colombia

abstract: the quantity and correlation of the information using a traditional 2d method to quality control 
in IMrt is poor and not specifically to determine the clinical quality of a treatment plan. the development 
of matrix array with better algorithms and the use of a single standard of images dICoM have allowed the 
implementation of news tools; we present the procedure to implement the Compass system using chamber 
array into a daily routine to quality control in IMrt plan, the compass has several solutions in one package, 
first allows the pre verification of Monitor Units (MU) and the absolute dose calculation in our tPs, second 
we can check the dose distribution at the organs at risks (oar) and targets defined in the plan using a 
independent algorithm, next using the detector system allows to evaluate the clinical impact at the dose 
distribution due to delivery of the planned treatment by the machine but in the geometry of the patient 
not in a phantom, finally the implementation of Compass reduce the time and optimize the quantity and 
correlation of the information with the quality of dose clinical delivery in the patients.

Contact: jaider_vm@hotmail.com
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IMAGE QUALITY METRICS FOR 
COMPUTED TOMOGRAPHY

John M. Boone 

department of radiology and Biomedical engineering, University of California davis Medical Center, sacramento, California, U.s.a.

Computed tomography (Ct) is entering its fifth decade as a clinical modality, however the methods by 
which medical physicists assess image quality on Ct images remain identical to those established in the 
first decade of Ct.  Prior to the digital Imaging Communication in Medicine (dICoM) standard and the 
widespread use of Picture archiving and Communication systems (PaCs), subjective visual evaluation was 
necessary because the only output of the Ct system was a film image.  Current access to digital Ct images 
suggests a necessary change. the International Commission on radiological Units and Measurement (ICrU) 
will be publishing new recommendations for quantitative assessment of image quality in Ct soon.  the 
Modulation transfer function (Mtf) in both the x-y and z dimensions is recommended for the assessment 
of spatial resolution, consistent with modern image science practice.  the three dimensional noise Power 
spectrum (nPs) is recommended for the assessment of image noise.  a cylindrical polyethylene phantom 
is specified in which dose to the center of the phantom is adjusted to a standard level (10 mGy), and the 
nPs is then computed at this standard dose setting.  these methods will allow medical physicists to make 
quantitative image quality comparisons between Ct scanner types and models, and also optimize Ct 
protocols for a number of imaging procedures.  the use of mathematically-rigorous quantitative techniques 
will reduce the subjectivity associated with visual assessment methods and allow higher precision in 
image quality measurement.  In addition, the complexity and cost of the hybrid image quality-dosimetry 
phantom will be considerably less than traditional phantoms, providing better accessibility.  software for 
the evaluation of Mtf and nPs will also be provided. overall, the transition from historically qualitatively Ct 
image assessment to quantitative metrics, grounded in state-of-the-art image science techniques, should 
enable more meaningful Ct scanner comparisons at the local, regional, and international levels.

Contact: jmboone@ucdavis.edu
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OPTIMIZATION OF THE SCAN PROTOCOL 
IN THE MEASUREMENTS OF CORONARY 

ARTERY CALCIUM
Oliveira, Larissa1; Gottlieb, Ilan2; Carvalho, Fabrício2; Pinheiro, Larissa3; Kodlulovich, 

Simone3; Mecca, Fernando4; Lopes, Ricardo1 
1UfrJ/CoPPe; 2CdPI; 3Ird/Cnen; 4InCa

the aim of this study was to evaluate the influence of the tube current applied for studies of calcium score. 
the research was carried out in a private clinic of rio de Janeiro, using a 64-slice MdCt scanner and 
an anthropomorphic cardiac Ct phantom. In all images, the agatston score, the volume and mass of the 
calcifications, and the noise for each current tube was determined. the average Ct attenuation number 
obtained for all tube currents was 261.6 ± 3.2 hU for the Caha density insert and -0.2 hU ± 2.0 for the 
water insert. the images obtained at lower tube currents were noisier and grainier than those obtained 
at higher tube currents. however no significant differences were found in the calcium measurements, 
which suggest a high potential of patient dose reduction, around 50%, without compromising diagnostic 
information.

Contact: larissaconceicao@yahoo.com.br
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EVALUATION OF THE IMAGE QUALITY IN 
COMPUTED TOMOGRAPHY: DIFFERENT 

PHANTOMS
Silveira, Vinicius¹; Delduck, Rômulo¹; Kodlulovich, Simone¹; Oliveira, Larissa²; Mecca, 

Fernando³; Silva, Humberto4

¹Institute of radioprotection and dosimetry, Cnen, rio de Janeiro, Brasil; ²nuclear Instrumentation laboratory / CoPPe – UfrJ, 
rio de Janeiro, Brasil; 3national Institute of Cancer – InCa; 4Copa d’or hospital, rede labs d’or, rio de Janeiro, Brasil

the aim of this work was to compare the simulators provided by the computed tomography manufactures 
with aCr Ct Phantom. also, the results of Catphan Phantom was compared with aCr Phantom. the image 
evaluation followed the protocol established by the manufacture of the phantoms. test of accuracy of 
Ct number of water showed a very large discrepancy for all simulators. for uniformity and noise test, 
the phantoms of Ge and siemens presented results with a very large disagreement in relation to aCr 
phantom. the results indicated that the simulator aCr was the most comprehensive and flexible for used 
in various scanners model. also was verified that some simulator did not present sufficient data to perform 
a completely image evaluation.

Contact: vinic_silveira@yahoo.com.br
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OPTIMIZATION OF PEDIATRIC CT 
PROTOCOLS: ABDOMEN AND CHEST

Thalis Leon de  Ávila Saint  Yves; Fernando Augusto Mecca; Simone Kodulovich Dias 

Brazilian army technological Center /Chemical, Biological, nuclear defense

the aim of this work was to optimize pediatric Ct protocols for abdomen and chest in a public hospital of 
rio de Janeiro. the relationship between image noise and radiation dose was investigated in computed 
tomography images using a water phantom and the alderson randon phantom. the Ct dose index was 
estimated using a Ct ionization chamber. Comparing the results obtained in this study with the values of 
CtdI100,air of the original protocol, it was verified a reduction of 17% and 23%, for abdomen and chest 
respectively maintaining the diagnostic image quality.

Contact: thalis09@yahoo.com.br
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FRONTIERS IN BIOMEDICAL IMAGING 
WITH ULTRAHIGH MAGNETIC FIELDS 

Kamil Ugurbil

University of Minnesota Medical school

In the last decade and a half, imaging of cellular processes in vivo has been identified as an indispensible 
capability for biomedical research. today, numerous different technologies are employed in pursuit of 
imaging processes such as organ function, intracellular chemistry, tissue perfusion, oxygen utilization, gene 
expression, and enzyme activity in intact animals and humans. In this effort, magnetic resonance imaging 
(MrI) has evolved as a powerful tool. MrI has proven to be rich in information content but inherently poor 
detection sensitivity, which impose a fundamental limitation on this methodology. In the last two decades, 
we have pursues ever increasing magnetic fields for use in MrI magnetic resonance spectroscopy (Mrs) 
to alleviate this limitation and also for extracting unique physiological information in humans, going first to 
4 tesla, and subsequently to 7 and 9.4t. a plethora of early experiments, particularly at 7t, demonstrated 
superior sensitivity and accuracy of functional brain imaging (fMrI) signals, detection of increased number 
of metabolites in spectroscopy, and improvements in several contrast mechanisms for anatomical imaging.  
In fMrI, these gains have ultimately resulted in unique applications such as robust functional mapping 
of elementary computational units in the human brain. similarly, ultrahigh fields have proven to rich in 
anatomical detail. these applications had to deal with complexities arising from damped traveling wave 
behavior of 300 Mhz rf, the 7t proton frequency, in the human body. these were managed through 
multichannel transmit capability on the transmit side while, on the receive side, they lead to significant 
gains in spatial encoding using parallel imaging. With these engineering and methodological solutions, 
human imaging at 7t and higher fields has been feasible not only in the human head but also in the 
human torso, where the challenges have been considered insurmountable until our recent work, leading 
to accomplishments such as coronary and kidney angiography without contrast agents and morphological 
imaging of the torso in high resolution and contrast.

Contact: Kamil@cmrr.umn.edu
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EFFECT OF THE SCANNER BACKGROUND 
NOISE ON THE RESTING BRAIN 

NETWORKS DETECTED BY fMRI
Rondinoni, Carlo1; Antonio Carlos dos Santos2; Carlos Ernesto Garrido Salmon1 

1faculdade de filosofia, Ciências e letras de ribeirão Preto / department of Physics and Mathematics, University of são Paulo, 
ribeirão Preto/sP, Brazil; 2faculdade de Medicina de ribeirão Preto / department of Medical Clinics, University of são Paulo, 

ribeirão Preto/sP, Brazil

resting state studies by fMrI are carried out in order to identify the brain networks responsible for the 
basal functioning of the brain, known as resting state networks (rsn). although considered to be in rest, 
subjects are unavoidably under a massive charge of environmental acoustic noise produced by the MrI 
equipment. our aim was to verify if the massive auditory information input can mask the ´real´ rsns. the 
functional volumes were acquired when 7 naive subjects (4 women) had their eyes opened under default 
ePI sequences or during soft-tone sequences (slew-rate reduction), as allowed by a Philips achieva 3t 
MrI scanner. the sound pressure level difference between the default and soft sequences reached 12 dB. 
experimental sessions consisted of two runs of 7 minutes each under two different levels of noise. the 
sequence of conditions was counter-balanced between subjects. the functional volumes were preprocessed 
in BrainVoyager and submitted to self-organizing group Independent Component analysis (sogICa). the 
influence of the higher noise level was evaluated by identifying the Bold components and comparing the 
functional volumes of the five representative resting state networks under each condition (random effects 
ICa). the results show that a lower level of noise may uncover functionally wider components. a t test 
showed that the high noise condition induced significantly higher Bold signal in the posterior cingulate 
cortex only. on the other way, lower noise levels induced higher Bold activity in the bilateral parietal lobule, 
bilateral superior frontal gyrus and insula. yet, the motor resting state network seems to be wider under low 
noise, reaching auditory areas in the temporal cortices and a oscillatory component on the thalamus was 
identified in the low noise condition. the results indicate that a compromise should be taken into account 
when studying rest, balancing between noise reduction and speed of acquisition.

Contact: crondi2001@yahoo.com.br
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STUDY OF MDX MOUSE BY NUCLEAR 
MAGNETIC RESONANCE SPECTROSCOPY 

(MRS)
Cervantes, HJ; Bloise, AC; Bach, ABM; Rabbani, SR. 

Universidade de são Paulo

aBstraCt: the mdx mice are used as animal model to investigate the pathogenesis of duchenne 
Muscular dystrophy (dMd) and frequently provide some important information about the dysfunctions on 
mutant metabolism. this paper combines high resolution 1h nuclear Magnetic resonance spectroscopy 
(Mrs) and statistical analysis to study the metabolic profile of samples from quadriceps of mdx and 
control mice at different ages. In the spectra there are 24 distinct chemical shift regions associated with 
several metabolites. the areas under each region were calculated and used in our analysis. the statistical 
distances and correlation matrix were analyzed in order to identify the key biomarkers metabolites 
that characterize the dystrophy progression in mdx muscle and effects of natural aging in control ones. 
for instance, carnosine, taurine and creatine were consistently decreased in mdx when compared to the 
control ones.

Contact: srabbani@if.usp.br
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A TOOL FOR CONVERTING & 
CORRECTION OF MRSI IMAGES IN TO 

DICOM FORMAT
S.Rabee Mahdavi; S.Rabee Mahdavi; Bahram bolouri; Reza alinaghizadeh 

Mostafa robatjazi

different magnetic resonance imaging (MrI) techniques is used for diagnosis of various diseases. 
Magnetic resonance spectroscopic imaging (MrsI) is a method to provide biochemical, functional as well 
as anatomical information. Use of this technique to determine clinical target volume is encouraging in 
radiotherapy. treatment planning and different volumes delineation in radiotherapy is based on the Ct 
images and for more accurate contouring Ct images are fused with Mr images. for using Mrs images 
in treatment volume definition they have to be converted to dICoM files in order to fuse them with MrI 
images. In this work a software tool is introduced to convert MrsI non-dICoM images into dICoM file which 
can be used for fusion in various software and standard diagnostic-therapeutic tools.

Contact: robatjazi@live.com
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THE ROLE OF ANTHROPOMORPHIC 
PHANTOMS IN CLINICAL TRIAL QUALITY 

ASSURANCE: THE RADIOLOGICAL 
PHYSICS CENTER’S (RPC) EXPERIENCE 

D. Followill, A. Molineu, P. Alvarez and G. Ibbott 

Ut Md anderson Cancer Center – radiological Physics Center, houston, Usa

Purpose: describe the rPC’s anthropomorphic phantoms, how they are used to credential institutions to 
use advanced technologies in the national Cancer Institute’s clinical trials and results of the credentialing 
process. Material/methods: the rPC has 4 Qa phantoms, h&n, pelvic, spine and thorax phantoms, to 
credential institutions, i.e. demonstrate the ability to deliver a specific radiotherapy treatment from imaging 
to delivery.  the phantoms are water-filled plastic shells with imageable targets, avoidance structures, and 
heterogeneities. they contain tld and radiochromic film dosimeters. the institution must treat the phantom 
like a patient; perform Ct simulation, develop a treatment plan, and deliver the treatment.  the phantoms 
are returned to the rPC; the dosimeters are analyzed and compared to the institution’s digital treatment 
plan.  any discrepancies are pursued to help institutions identify the origin and methods of resolution. 
results: as of 2010, the h&n, pelvic, spine and thorax phantoms were irradiated 950, 230, 58 and 272 
times, respectively. the failure rates were 20%(h&n), 22%(thorax), 17%(pelvis) and 38%(spine) using 
7%/4mm (h&n and pelvis), 5%/5mm (thorax) and 5%/3mm (spine) criteria. the failure rate has decreased, 
except for the spine phantom, from >30% to ~20%. acceptance criteria were established from a sampling 
of phantom results such that 90% of irradiations were expected to pass. the spine and thorax phantom 
also use 5%/3mm and 5%/5mm gamma index analysis, respectively. analyses of results show that if 
the criteria were universally ±5%/3mm, the failure rate would double (40%-60%). numerous reasons 
contribute to phantom failures from incorrect beam modeling to poor heterogeneity correction algorithms 
to large institutional Qa criteria. Conclusions: Using the rPC’s phantoms to credential institutions for clinical 
trials have identified numerous dosimetry discrepancies, when resolved, have improved the quality of care 
for patients. Work supported by Phs Ca010953 and Ca081647 awarded by nCI, dhhs.

Contact: dfollowi@mdanderson.org
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ACCEPTANCE AND COMMISSIONING OF 
THE XVI SYSTEM AT ICESP, SAO PAULO

Rodrigues, Laura Natal  

Instituto do Cancer do estado de são Paulo

this work describes the acceptance and commissioning of the first XVI system of the elekta synergy full 
installed at Instituto do Cancer do estado de sao Paulo (ICesP). this linear accelerator is provided with two 
high-energy photon beams and six high-energy electron beams, namely 6 and 15 MV and 4, 6, 9, 12, 15 
and 18 MeV respectively. the CBCt system is composed by a retractable X-ray source and amorphous 
silicon panel detector, which is mounted orthogonally to the megavoltage beam line of the linear accelerator. 
the acceptance and commissioning tests cover the following topics: the system mechanical safety; the 
geometric accuracy; the image quality; registration and correction accuracy. all safety checks (system 
interlocks and system touch guards) have been thus performed according to the document provided by the 
manufacturer and a perfect compliance has been found. In order to verify the agreement of MV and kV beam 
isocenters, a ball-bearing phantom was used: it consists of a steel ball located at the tip of a long PMMa 
tube which is coupled to a base plate locked at the end of the couch with a series of vernier adjustments 
that take into account the position of the steel ball in 0,01 mm increments in all three directions. for the 
image quality tests, a Catphan phantom was used and was scanned in the CBCt high-resolution mode. 
some selected and appropriate section for spatial resolution and low-contrast objects were then evaluated 
in the XVI viewing software. an agreement of 0,3 mm was found between the MV and kV isocenters. the 
registration and correction accuracy was also evaluated by using the Catphan phantom in conjunction with 
the software provided by the manufacturer. the deviations found in all 3 directions for the couch position 
were less than 0,5 mm when the accepted limit ranges within 2 mm. In conclusion, these tests will provide 
guidelines for the quality assurance program to be implemented into the IGrt systems at ICesP.

Contact: lnatal@usp.br
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TOMOTHERAPY DOSE RATE ANALYSIS 
AND CONSIDERATIONS FOR ABSOLUTE 

CALIBRATION
Dany Simard 

ChUM - hópital notre-dame

In this study, dose rate variations have been analyzed for a period of five months for two tomotherapy hiart 
(tomotherapy, Madison, WI) system. helical tomotherapy output is mainly characterized by a rotational 
dose rate variation and a drift with treatment time. It also frequently presents cyclic or random dropped 
pulses. Its dose rate can change with magnetron wear to an irregular drift with sometimes higher amplitude 
rotational variation. the purpose of this study is to evaluate the dose rate patterns impact for absolute 
calibration. a homemade application has been developed to analyze and store linac monitor chamber count 
readings during a morning output Qa with one of the recommended calibration plans. since the absolute 
dose is measured with an ionisation chamber in a phantom, monitor chamber readings are calibrated with 
this measurement. two parameters are evaluated for this data, the drift of the output and the standard 
deviation of the gantry rotation output variations (2σ). the absolute dose measurement obtained during an 
output calibration with this calibration plan was found to be mainly integrated in the central 65 seconds of 
a 220 seconds plan. It has been observed that the output sometimes drops when the ionisation chamber 
is exposed to the main beam, so it can bring forth calibration error. dose rate considerations during a 
calibration or a Qa were found important to understand what is going on and to take proper decisions when 
we obtain different calibration factors. It has also been found during this monitoring over a five months 
period that the percentage of drift and 2σ parameters are sensitive to tomotherapy units instabilities.

Contact: dany.simard.chum@ssss.gouv.qc.ca
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A RISK MANAGEMENT APPROACH TO 
CREDENTIALING OF RADIOTHERAPY 

CENTERS FOR CLINICAL
Kron, Tomas; Haworth, Annette; Foroudi, Farshad; Ball,  

David; Hatton, Joan; Cornes, Deidre

Peter MacCallum Cancer Centre

Background: Multicentre clinical trials rely on participating centers for quality assurance and compliance 
with the treatment protocol. If this is in question, not only the patient treatment but also the scientific 
question of the trial can be jeopardized as was recently reported by l Peters (JCo 2010, 28:2996). In order 
to ensure protocol compliance, credentialing of centers participating in clinical trials is commonly performed 
by clinical trials organizations. Methods: the transtasman radiation oncology Group (troG) has used a 
risk management approach for the design of the credentialing procedures for some of the more recent 
radiotherapy trials that involve complex technology. the process aims to identify risk areas that could affect 
the trial outcome. they are analyzed in terms of likelihood of occurrence, severity of impact on the trial 
question and detectibility. a matrix is then put together for the key issues to ensure that each is addressed 
in at least one of the elements of the credentialing process: facility questionnaire, contouring studies, test 
plans, set-up studies, dose verification in a phantom, and site visits/observation. this leads to a final sub-
set of credentialing elements which are proposed to the trial management committee for implementation 
for a particular trial. results: two recent trials where this process was followed are a study of adaptive 
radiotherapy for bladder cancer (troG 10.01) and a trial of hypofractionated image guided radiotherapy for 
early stage lung cancer (troG 09.02). the credentialing process for both trials includes site visits and an 
assessment of image guidance as key elements. Conclusion: a modified risk management approach was 
found to be an effective way to design a credentialing program for a particular clinical radiotherapy trial.

Contact: tomas.kron@petermac.org



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil114

Scientific Sessions - Monday, April 18

18
th

 In
te

rn
at

Io
na

l 
Co

nf
er

en
Ce

 o
n 

M
ed

IC
al

 P
hy

sI
Cs

 -
 2

01
1 Code: 109 – Session: SS2-MO-A-04

STATISTICAL PROCESS CONTROL: 
QUALITY CONTROL OF ACCELERATOR 

BEAM STEERING
Able, C. M. 

Wake forest University sM

objective: this study investigates the utility of statistical process control (sPC) methodology to detect 
changes in linear accelerator beam steering parameters prior to equipment failure (interlocks actuated). 
Methods: steering coil currents (sCC) for the transverse and radial planes are set such that a reproducibly 
useful photon or electron beam is available. sCC are sampled and stored in the control console computer 
each day during the morning warm-up. the transverse and radial - positioning and angle sCC for photon 
beam energies were evaluated using individual and moving range process control charts (PCC). data from 
oct-2009 (annual calibration) until two weeks following a beam steering failure on June 28th was evaluated. 
appropriate action limits were developed using conventional sPC guidelines and experience. results: PCC 
high alarm action limit was set at six standard deviations from the mean. low alarm indicators were: (1) 
nine points in a row on either side of the mean, and (2) two out of three points in a row greater than two 
standard deviations from the mean. transverse angle sCC for 15X and 6X indicated a high alarm on March 
13th and april 14th respectively. a downward trend in this parameter continued, with high alarm, until 
failure. transverse position and radial angle sCC for both energies indicated a high or low alarm starting in 
March or april. Conclusions: Quality control using sPC may have reduced machine down time by providing 
an early warning of changes in the beam steering process. Keywords- Quality control, quality assurance, 
statistical process control

Contact: cable@wfubmc.edu
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QUANTITATIVE  EMISSION TOMOGRAPHY
Cecil Chow Robilotta

Instituto de física, Universidade de são Paulo, são Paulo, sP, Brasil

Most medical diagnostic and some therapeutic procedures rely greatly on visual interpretation of 
images acquired with different techniques that show anatomical and/or functional information of the 
patient. one of these imaging modalities, emission tomography, which includes both Pet and sPeCt, is 
capable in producing quantitative physiological and metabolic information of specific organic systems or 
physiopathological processes. this is possible by extracting the radiopharmaceutical concentrations in the 
volumes of interest and inserting them in appropriate model of a particular process. however, this operation 
is hampered by factors related to the imaging system, to the patient’s characteristics and the moving 
organs, to the radiopharmaceutical path inside the body, to the interactions of radiation with the tissues 
and to the reconstruction and processing methods. efforts had been dedicated by several research groups 
to overcome some of these degrading factors, in order to produce figures with accuracy that may result in 
more efficient therapeutic conduct and benefit to the patients. hybrid system, as Pet/Ct and sPeCt/Ct, is 
one solution that contributed immensely in the photon attenuation correction and the precise localization 
of lesions or abnormalities, apart from the advantage of producing a combined anatomical and functional 
image. detecting systems with more sensitive and faster response and corrective processors enhanced the 
geometric resolution and counting capacity of modern equipments. Inherent motions effects, as respiratory 
and cardiac motions, can be reduced greatly by gating systems. reconstruction algorithms that include 
resolution recovery, attenuation and scatter corrections, as well as statistical considerations resulted in 
more reliable images for extraction of activities present in the regions being examined. development of 
radiopharmaceuticals with specific targets improves the modeling process and, consequently, the accuracy 
of the functional parameter. In this presentation, these problems related to quantification and some methods 
developed for their solution will be addressed.

Contact: cecilcr@if.usp.br
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THE EFFECT OF BARIUM SULFATE IN 
REDUCTION OF SUB DIAPHRAGMATIC 
ACTIVITY IN MYOCARDIAL PERFUSION 

IMAGING  
Mehdizadehtazangi, Alireza; Gheisari , Farshid 

assistant professor of Medical physics, shiraz University of Medicl sciences, shiraz-Iran

Background: the aim of this study was to investigate the effect of barium sulfate in reduction of sub-
diaphragmatic activity in technetium 99m sestamibi myocardial perfusion scan. Methods: this study 
included 15 patients (6 male, 9 female) randomly selected from whom referred for 2 days rest-stress tc-
99m myocardial perfusion scan. all patients underwent stress phase of scan , after stress phase a planar 
static scan(for 5 min) from abdominal area of patients obtained, after that all patients were given 80 gr of 
barium sulfate , solved in 200 cc water , with 100 cc room temperature water and second planar static 
scan(for 5 min) obtained from them. the effect of barium sulfate on sub cardiac activity was evaluated both 
visually and quantitatively. after obtaining two planar static images, an area of about 1404 pixels (mean 
1404.06 pixels) in left upper quadrant of abdomen, adjacent to inferior wall of heart in gastric area was 
selected in both images in same area of selection. results there was a significant reduction in the sub 
cardiac count per pixel in barium group compared to control group (p value < 0.001). Conclusion: the 
findings indicate that filling of the stomach with barium sulfate, as a low price, safe and worldwide available 
oral contrast, resulted in an improvement in the image quality by decreasing the adjacent gut activity.

Contact: mehdizade@sums.ac.ir
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A SIMPLE SEGMENTATION ALGORITHM 
TO MEASURE GASTRIC CONTRACTION 

ON SCINTIGRAPHIES
Fonseca, Paulo; Fanelli, Rafaela; Américo, Madileine; Ietsugu, Marjorie; Quini, Caio; 

Miranda, José Ricardo 

Unifeb - Centro Universitário da fundação educacional de Barretos

the scintigraphy is the gold standard for human gastric motility due its functional characteristics. In all 
quantification methodologies described for these purposes is evident that the segmentation of the image 
parts where the radioactive tracer is distributed is the main task. Usually this segmentation process is 
executed manually and, consequently, depends on user experience as technician, physician or researcher 
that make the quantification protocols low precision or even irreproducible. In this way, our aim was to 
develop a image processing algorithm for automatic quantification of gastric contraction. for the initial tests, 
scintigraphic images of a healthy volunteer that received 60 ml of 99mtc-labeled meal where processed 
to quantify the gastric contraction. all the images where processed on Matlab as follows: first we applied 
power transformation and threshold enhancement followed by low-pass fourier filter, which smoothed 
the image and reduced the background noise. this image was segmented by the application of Canny’s 
edge detector and thus dilated, eroded (to avoid truncated edges) and had its interior filled, respectively, 
resulting on a binary image of the tracer distribution used to determine the perimeter and compute inner 
area. Considering that as stomach contracts it modifies the meal distribution and consequently its area, 
we recorded the image area as a function of time and could access the gastric contraction profile with the 
same level of confidence of manual segmentation described on literature. When we computed the fourier 
transform spectra to determine the main frequencies that predominated on the contraction signal it was 
also coincident with the specialized literature. although it was only a preliminary study we could determinate 
the contraction profile and its frequency composition, which can be applied on several physiological studies, 
such as dyspeptic patients or to evaluate drug effects on the gastrointestinal tract, for example.

Contact: prfonseca@ibb.unesp.br
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ESTABLISHMENT OF A BRAZILIAN 
DATABASE FOR ASSESSMENT OF 

NEURODEGENERATIVE DISORDERS
Kubo, TTA1,2; Cavalcanti, JL1; Machado, L1; Doring, T2; Gasparetto, EL2; Domingues, RC1,2

1-Mutimagem Pet/Ct; 2-CdPI - Clínica de diagnóstico Por imagem

neuropsychiatry diseases have been studied in many different modalities of medical imaging. new 
quantitative tools are discoveries and applied every year to support clinical diagnosis. recent advances 
in voxelwise statistical analysis have promoted early diagnosis easier and more objective than visual 
inspection. the aim of this study was to develop a normal brain database from individuals of various ages, 
in order to define a pattern of glycolytic metabolism in the Brazilian_s brain to be used on MatlaB/sPM8. 
20 individuals, 10 women aged from 40 to 71 years and 10 men aged between 40 and 68 years were 
selected. these individuals had no history of neurological and neuropsychiatric disorders. neurological 
Pet image acquisition was performed 45 minutes after administration of fluorodeoxyglucose (fdG). all 
dICoM images were converted to the sPM (statistical Parametric Mapping) analyze mode and underwent 
five major steps of image post-processing. 1) realignment - to eliminate possible movement artifacts 
during the image acquisition, 2) space standardization - linear and nonlinear deformation to a standard 
anatomical space, 3) Binary Mask - to remove external signals from the brain caused by scattering, 4) 
smoothing - calculated the punctual averages with neighborhood and 5) evaluation and comparison of 
individuals (groups or individually). two patients with metabolic changes identified by two nuclear medicine 
physicians were compared with the database. the regions with high and less uptake could be identified by 
sPM. this database is constantly growing and can be used to compare the brain fdG uptake of patients 
undergoing neurodegenerative diseases. In a near future, we will be able to quantify alterations in uptake of 
neurodegenerative disorder in the Brazilian population aided by a Brazilian database.

Contact: tadeukubo@gmail.com
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EVALUATION OF PHYSIOLOGICAL 
TIME SERIES WITH NONADDITIVE 

APPROXIMATE ENTROPY RATE
Luiz Eduardo Virgilio Silva; Luiz Otavio Murta Junior 

ffClrP - University of são Paulo

this work describes generalizations of entropy-based complexity measures for complex physiological time 
series analysis that is consistent with tsallis nonadditive statistics. nonadditive statistics has proven to be 
suitable for modeling systems with long term memory, nonlinear and multifractal phase space. Most of the 
physiological systems present these features while ruled by weakly chaotic dynamics. Chaotic dynamics 
complexity is traditionally measured by entropy rate metric such as Kolmogorov-sinai entropy. While dealing 
with real time series, approximate entropy (appen) metric family showed to be appropriate to estimate 
complexity. surrogate data is a widely used technique to test null hypothesis in nonlinear model dynamical 
system. In this work, generalized nonadditive entropy rate is evaluated with respect to parametric entropy 
through surrogate data technique. this model was applied to heart rate variability (hrV) dynamics analysis. 
hrV is one of the most traditionally available physiological data that is known to be low dimensional 
dynamics. here we calculated differences in appen from hrV to surrogate data as a function of q entropic 
exponent. these analyses have shown a more detailed descripition when compared to classic entropic 
analysis. this method was evaluated in three datasets: normal individuals, patients with atrium fibrillation 
and patients with heart failure. results shown that, when we consider q entropic parameter in appen, it 
is easier to distinguish between different dynamics. the results indicate that this parametric analysis has 
potential in describing nonaddive entropy rates in short term time series.

Contact: murta@usp.br
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NSECT APPLIED TO THE ASSESSMENT 
OF CALCIUM DEPOSITION DUE TO THE 
PRESENCE OF MICROCALCIFICATIONS 

ASSOCIATED WITH BREAST CANCER 
Viana, Rodrigo; Yoriyaz, Hélio 

Instituto de Pesquisas energéticas e nucleares - IPen

In this paper we presented an application of the neutron stimulated emission Computed tomography 
(nseCt) which uses a thin beam of fast neutrons to stimulate stable nuclei in a sample, emitting 
characteristic gamma radiation. the photon energy is unique and is used to identify the emitting nuclei. this 
technique was applied in evaluating the calcium isotopic composition changing due to the development of 
breast microcalcifications. a particular situation was simulated in which clustered microcalcifications were 
modeled with diameters less than 1.40 mm. In this case neutron beam breast spectroscopy was successful 
in detecting the counting changes in the photon emission spectra for energies which are characteristics of 
40Ca isotope in a low deposited dose rate.

Contact: rodrigossviana@gmail.com
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BRADYKININ B2 RECEPTOR IS NOT 
REQUIRED FOR TUMOR GROWTH 
REGRESSION BY RADIOTHERAPY

Dovales, Ana Cristina Murta1; Scharfstein, Julio2 

1Ird/Cnen; 2IBCCf/UfrJ

recent progress in tumor immunology suggests that tumor cell killing by radiotherapy leads to the generation 
of anti-tumoral immunity. Mechanistic studies suggest that tumor cell death induced by irradiation favor 
engulfment, processing and antigen presentation by dendritic cells, ultimately favoring development of a 
tumor-specific t cell immune response that is critically required for tumor regression. a poorly explored 
corner of radiotherapy research is the relationship between tumor cell death, extravascular proteolysis and 
immunity. We chose to focus our attention on the kallikrein-kinin-system (KKs) based on evidences that 
kinins generated in sites of microbial infection activate dendritic cells via bradykinin B2 receptors (BK2r), 
thereby linking extravascular proteolysis to the cytokine circuits that steer Cd8+ t effector cell development. 
here we tested whether activation of the KKs could influence host resistance to melanoma in C57Bl/6 
mice subjected to local radiation therapy. to this end, we injected naive mice (n=5-8) into the thigh with 
B16 melanoma cells. after 7-10 days of tumor growth, the mice were submitted to local radiotherapy (8-15 
Gy), shortly after receiving a single-dose injection of (i) the B2 receptor antagonist hoe-140 (ii) captopril, 
inhibitor of angiotensin converting enzyme (aCe/kininase II). our results confirmed that radiation therapy 
has a pronounced beneficial effect, attenuating tumor growth and increasing survival as compared to non-
irradiated groups. however, we did not detect significant differences in host resistance in irradiated mice 
pre-treated with either hoe-140 or captopril. Given the difficulties to predict the time-window leading to 
extravascular proteolysis in irradiated mice, we repeated these experiments in mice genetically deficient 
in bradykinin B2 receptor (B2Kr). Consistent with the pharmacological studies, we found that irradiation 
therapy decreased tumor growth and increased host survival. Collectively, our results do not support the 
hypothesis that activation of B2Kr is required for tumor regression induced by local radiotherapy.

Contact: adovales@ird.gov.br
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IMRT COMMISSIONING: HOW CLOSE IS 
CLOSE ENOUGH?

Patrick F. Cadman

saskatoon Cancer Centre, saskatoon, Canada

Intensity Modulated radiation therapy (IMrt) has become an important treatment modality in modern 
radiation therapy facilities.  IMrt treatments involve a high degree of complexity in planning and delivery, 
therefore the quality of the patient’s treatment is highly dependent on local implementation and Qa. It 
is generally acknowledged that IMrt commissioning involves careful evaluation of the total rt chain 
including treatment planning, data transfer and delivery.  this is different from patient-specific IMrt 
Qa procedures which are intentionally kept as simple as possible but comprehensive enough to enable 
detection of gross errors before treatment begins. typically, commissioning involves a progression from 
simple tests, which reveal easily identifiable errors or inadequacies, to more complex tests representative 
of what might be expected in clinical situations.  Independent dose evaluation involving supplied phantoms 
containing dosimeters have also provided valuable feedback to institutions attempting to validate IMrt 
planning and delivery, however dose discrepancies have been significant. Currently, there is no common 
consensus regarding the level or nature of testing that must be performed to properly commission an IMrt 
system or what overall level of accuracy is acceptable or might be expected. there have been attempts 
to establish uniform guidelines for validation of IMrt techniques based on analysis of Qa results from 
multiple institutions (e.g. QUasIModo project in europe and aaPM tG-191 report). this multi-institutional 
approach assumes that the fundament underlying validation of the treatment planning and delivery systems 
at the participating institutions has been rigorous but not necessarily optimal. In this presentation we will 
look at available recommendations for IMrt commissioning. examples will be provided where suboptimal 
IMrt commissioning may result in patient specific Qa results that appear reasonable.  finally, a process is 
proposed to evaluate commissioning based on establishing the best parameters for specific combinations 
of planning and delivery systems.

Contact: pat.cadman@saskcancer.ca
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GEOMETRIC ACCURACY EVALUATION 
OF STEREOTACTIC BODY RADIATION 

THERAPY THROUGH AN END-TO-END 
TEST

Mancini, Anselmo; Nascimento, José Eduardo; Neves-Junior, Wellington; Pelosi, Edilson; 
Alves, Tatiana; Silva, João; Haddad, Cecilia 

hospital sírio libanês

the high dose delivery and the use of small margin around the tumor in stereotactic body radiation therapy 
(sBrt) require a high level of accuracy. the purpose of this study was to evaluate through an end-to-end 
test the total geometric accuracy of the sBrt technique used at hospital sírio-libanês. for this, a cubic 
plastic phantom with a radiopaque sphere embedded was imaged with a computed tomography scanner. 
these images were transferred to a treatment planning system for delineation of the sphere, used as a 
target, and definition of an isocenter with twelve beams, with different combinations of gantry and couch 
angles. a megavoltage cone beam computed tomography was used for positioning the phantom at the 
isocenter of a Primus-siemens linear accelerator where the planned fields were run and electronic portal 
images were simultaneously acquired. the overall process deviation was assessed by measuring, for each 
portal image, the misalignment between the central mark (the center of the sphere) and the beam central 
axis. the mean error measured was 0.67 ± 0.28 mm showing sufficient geometric accuracy of the sBrt 
approach employed at our institution.

Contact: anselmo.mancini@hsl.org.br
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FEASIBILITY OF STEREOTACTIC 
TREATMENT PLANNING THROUGH 

INDICES OF CONFORMITY
Fabio Alves dos Santos Junior; Cassio Queiroz Tannous 

a. C. Camargo hospital

Conformity is an important quality for a good radiotherapy plan. some indices published in the literature 
designed to quantify conformity of plans were reviewed here. Intended to compare stereotactic radiotherapy 
(srt) techniques, we choose four cases with plenty different characteristics and re-planned them on the 
iPlan rt dose using static conformal fields (sCf), dynamic conformal arcs (dCa) and intensity modulated 
stereotactic radiotherapy (IMsrt). Utilizing the van´t riet index, conformity number (Cn), we calculated and 
plotted the index against isodose levels, enabling to compare dose coverage and conformity to the targets. 
dCa proved to be the most conformal option on three of four cases, by the other hand IMrst cases have 
lower high dose and sCf was most often an intermediate option. Conformity number is in general a very 
good parameter to analyze qualitatively multiple plans but still presenting some issues.

Contact: fabiophysics@gmail.com
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EFFECT OF NOISE REDUCTION 
ALGORITHMS ON PATIENT DOSE

J. Anthony Seibert

University of California davis, department of radiology, sacramento, Ca 95817, Usa

recent radiation overexposures in computed tomography (Ct) head perfusion examinations and subsequent 
attention by the world media and press outlets have brought significant public attention to radiation dose 
for medical imaging procedures. Users of imaging equipment (technologists, radiologists, physicists) as 
well as manufacturers and government regulators have also been sensitized to these issues. Consequently, 
there is a significant effort being undertaken to reduce the patient radiation dose in several ways such 
as enhancing detector efficiency, optimizing acquisition factors (kV, mas, beam filtration), using technical 
capabilities such as pulsed fluoroscopy and last-frame-hold, and/or implementing noise reduction algorithms 
during acquisition or post-processing of the acquired data. this presentation describes noise reduction 
algorithms for all modalities, with a major focus on Ct.  Major methods for reducing Ct dose include 
automatic exposure control (aeC) to account for differing attenuation tissues (e.g. lung vs. soft tissue) and 
differing pathlengths (elliptical body shapes with longer lateral vs. anterior-posterior projections), and post-
processing using statistical iterative reconstruction techniques to reduce the impact of noisy projections 
on the final reconstructed tomographic images. significantly decreased patient dose can be achieved with 
these methods, in some cases by a factor of two to three times, with images that are diagnostically similar 
to higher dose acquisitions. however, technology can be misused as in Ct brain perfusion cases in which 
the “noise index” for aeC was improperly set too low with an unintended high radiation dose. Continued 
dose reduction and improvements in patient safety are achievable, but there are limits on how low a dose 
can be used to achieve an optimal result. appropriate and thorough training on the use and outcome of 
noise reduction algorithms is essential, and learning when to apply or to not apply them are keys to their 
safe and effective use for the optimal imaging of the patient.

Contact: jaseibert@ucdavis.edu
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STUDY OF THE CT DOSE PROFILES IN A 
CHEST PHANTOM

Oliveira, Bruno Beraldo; Mourão, Arnaldo Prata; da Silva, Teógenes Augusto 

development Center of nuclear technology (Cdtn/Cnen)

for optimizing patient doses in computed tomography (Ct), the Brazilian legislation has only established 
diagnostic reference levels (drls) in terms of Multiple scan average dose (Msad) in a typical adult as 
a quality control parameter for Ct scanners. Compliance with the drls can be verified by measuring 
the Computed tomography air Kerma Index with a calibrated pencil ionization chamber or by obtaining 
the dose distribution in Ct scans. an analysis of the quality of five Ct scanners in Belo horizonte was 
done in terms of dose profile of chest scans. Measurements were done with rod shape lithium fluoride 
termoluminescent dosimeters (tld-100) distributed in cylinders positioned in peripheral and central 
regions of a polymethylmethacrylate chest phantom. the peripheral regions presented higher dose values. 
the results contribute to disseminate the proper procedure and optimize the dosimetry and the tests of 
quality control in Ct.

Contact: boliveira.mg@gmail.com
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DOSIMETRY IN COMPUTED 
TOMOGRAPHY USING A SMART 

ELECTRONIC DETECTOR
Magalhães, Cinthia M. S1,2; Souza, Divanizia N2, Santos, Luiz A. P.1,2  

1Cnen/CrCn - recife; 2Ufs/ departamento de física

Computed tomography (Ct) examinations bring high doses to the patients due to the accumulated dose 
from the adjacent scan. a Ct dose descriptor which allows for the multiple-scan series is named multiple 
scan average dose (Msad). In general, the Msad is determined by submitting a film or an array of 
thermoluminescent dosimeters (tlds) to the irradiation from a multiple-scan series, however reading the 
dose information can take a long time because these methods are indirect. another approach to estimate 
the Msad can be accomplished with a single scan by measuring the Ct dose index (CtdI) using a pencil 
ion chamber. nowadays electronic semiconductor devices have been used as radiation detector because 
they have some advantages for dosimetry (e.g. high sensitivity, small size, and real time measurements). 
In this work a smart electronic detector is proposed to measure the CtdI and Msad: an array of high 
sensitivity photodetector type plus its electronic system embedded in an encapsulation like a pencil. the 
whole dosimetry system consists of an electrometer, the detector and a computer used to acquire the data. 
a Ct scanner was used for all irradiation assessments. the proposed detector was evaluated free in air 
and in a head phantom undergoing Ct examination in axial mode. for measuring the CtdI, the detector 
was positioned to take a single slice dose profile at the middle of its longitudinal axis. on the other hand, 
to obtain the Msad, the measurement was taken by scanning all the smart detector length. the results 
present two innovations: 1) the dose profile is directly plotted from the data of the smart detector indicating 
a more accurate method; 2) and consequently, both CtdI and Msad are measured in real time and in a 
more accurate, simple and fast way.

Contact: cinthiamsmag@gmail.com
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ESTIMATION OF PATIENT DOSE IN CT: AN 
EXTENSION OF IAEA PROJECT IN BRAZIL

Delduck, Rômulo; Silveira, Vinicius; Kodlulovich, Simone; Oliveira, Larissa; Silva, 
Humberto; Khoury, Helen; Andrade, Marcos; Nader,Alejandro

Institute of radiation protection and dosimetry

the aim of this work was to estimate the patient dose in routine procedures in Brazil and identify the 
potential of optimization in adults and pediatric procedures. the sample included ten hospitals distributed 
in different states of the country. In each hospital, the routine protocols of head, chest, high resolution 
chest, abdomen and pelvis were recorded. the values of Cw, Cvol and Pkl were estimated based on the 
nCw values provided by Impact. for the same procedure, significant differences in patient doses were 
verified between the hospitals and, as well, in the same de-partment. In some cases, the technical factors 
are so low that suggest a rigorous evaluation of the image quality. Problems also were observed regarding 
to the procedures records, the information about the procedure is insufficient. this study indicated the 
necessity of an implementation of an action plan that includes training program to operate the scanner 
in an optimized mode, to carry out the dosimetry and to evaluate the image quality. the large range of 
patient doses indicated that there are an expressive potential of patient dose reduction and optimization 
maintaining the diagnostic information.

Contact: romulo.sena@gmail.com
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PRELIMINARY RESULTS OF QUANUM 
IMPLEMENTATION IN CUBAN NUCLEAR 

MEDICINE SERVICES
Marlenin Díaz Barreto; Consuelo Varela Corona; Gladys M. López Bejerano; Adlin López 

Díaz; Leonel A. Torres Arocha; Marcos A. Coca Pérez

Centro de Control estatal de equipos Médicos

setting up quality management systems in nuclear Medicine services has been, for years, an aim for 
medical physicists in Cuba. In the last decade, we have walked with steady steps towards that direction, 
by setting up national standards and regulations by regulatory authorities. several research projects, 
involving both national and international  institutions, have been carried out with the objective of developing 
the necessary infrastructure as well as qualifying staff members, in order to ensure the improvement of 
quality assurance and management programs. since last year, the Iaea´s QUanUM document has been 
incorporated to the methodology for quality management audits in nuclear Medicine services in Cuba, 
together with the existing national guidelines and regulations. five audits, carried out in the first half-year, 
have shown that most of class a requirements included in QUanUM are fulfilled in all nuclear Medicine 
services. the previous could be explained by the fact that all those requirements were already included 
in the national standards. however, class B requirements referred to quality management systems are not 
followed well enough, and so much work is still needed in this area. 

Contact: marlenin@cceem.sld.cu
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MISALIGNMENT EVALUATION FOR PET/CT
Fernandes, Fernando de Amorim; Boanova, Luciane Guerra 

departamento de Medicina nuclear e Pet/Ct - hospital Mãe de deus

the combination of functional imaging of positron emission tomography (Pet) and computed tomography 
(Ct) in the Pet/Ct scanner provides accurate anatomical localization of metabolic abnormalities improving 
the tumor assessment and opening new exciting possibilities for target volume definition in radiation 
oncology. this image registration by hardware fusion became essential in cancer management but rarely 
validated or controlled. the aim of this work is to propose a procedure to misalignment evaluation as a part 
of quality assurance program. Methods: registration images of the Pet/Ct PhantomtM were obtained in 
four gantry conditions simulating different clinical situations. eight axial points and five sagittal and coronal 
points were elected on Ct and Pet attenuated corrected images (CtaC) to compute the target registration 
error (tre) in all axes. the mean tre (tremean) and mean vector length (trelentgh) were obtained. 
results: the maximum tre offset was 3,1mm. the tremean results obtained were under specification 
limits and trelentgh did not demonstrate significant errors between all gantry configurations. assessment 
results may be limited by the use of attenuation corrected images and visual localization of points for 
evaluation. Conclusion: the procedure proposed can be easily done and results were obtained to different 
clinical situations with mean errors £3mm. all offset results were less than Pet/Ct spatial resolution and 
inside manufacturer specifications.

Contact: fernando.fernandes@ufrgs.br
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PARAMETRIC CHARACTERIZATION OF 
NON-IMAGING INTRAOPERATIVE GAMMA 

PROBES
Consuelo Varela Corona; Norberto J. Abreu; Dayana Ramos; Aley Palau; Carlos F. Calderón 

CCeeM, MInsaP

In this work the neMa nU 3-2004 protocol is applied with the aim to test two gamma probes (sIG) that are 
use in Cuba, by devices designed for such purpose. these are sIG-0502 with detectors s1, s2, s3 and sIG-
0202 with s4 detector. results of eleven performance tests are shown, which are between normal ranges 
previously reported in literature and manufacturer manual. sensitivity and shielding effectiveness values, 
obtained in air were above 5cps/kBq and 99% respectively for all measured detectors. spatial resolution 
was better due to the extra collimator effect (15mm less at small detector). the recommended activity for 
each test is shown to all probes. the probe sIG-0202 (naVIGator) from one of institution tested resulted 
unfit for surgical procedures exceeding length of one hour, because battery must be replaced.

Contact: consuelo.varela@infomed.sld.cu
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MOLECULAR PET-CT IMAGING-GUIDED 
RADIATION THERAPY TREATMENT 

PLANNING
Habib Zaidi

Geneva University hospital, division of nuclear Medicine, Ch-1211 Geneva, switzerland

Pet is currently one of the most advanced molecular imaging modalities used in clinical diagnosis, staging, 
assessment of tumor response to treatment, and radiation therapy (rX) planning. the foundation of molecular 
imaging-guided rX lies in the use of advanced imaging technology for improved definition of tumor target 
volumes, thus relating the absorbed dose information to image-based patient representations. historically, 
anatomical Ct and MrI images were used to delineate the gross tumour volumes for radiotherapy treatment 
planning. the capabilities offered by modern rX units and the widespread availability of hybrid Pet/Ct 
scanners stimulated the development of biological Pet imaging-guided rX treatment planning with the aim 
to produce highly conformal radiation dose distribution to the tumour. one of the most difficult issues facing 
Pet-based rX is the accurate delineation of target regions from typical blurred and noisy functional images. 
the major problems encountered are image segmentation and imperfect system response function. Image 
segmentation is defined as the process of classifying the voxels of an image into a set of distinct classes. 
the difficulty in Pet image segmentation is compounded by the low spatial resolution and high noise 
characteristics of Pet images. despite the difficulties and known limitations, several image segmentation 
approaches have been proposed and used in clinical setting including thresholding, edge detection, region 
growing, clustering, stochastic models, deformable models, classifiers, and several other approaches. a 
detailed description of the various approaches is reviewed. Moreover, we also briefly discuss some important 
considerations and limitations of the widely used techniques to guide practioners in the field of radiation 
oncology. the strategies followed for validation and comparative assessment of various Pet segmentation 
approaches are also described. future opportunities and the current challenges facing the adoption of Pet-
guided delineation of target volumes and its role in basic and clinical research are also addressed.

Contact: habib.zaidi@hcuge.ch  
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ADAPTIVE RADIATION THERAPY
Tomas Kron, Daniel Pham, Paul Roxby, Aldo Rolfo and Farshad Foroudi

Peter MacCallum Cancer Centre, Melbourne, australia

Image Guided radiation therapy where imaging of clinically relevant structures is used in the treatment 
room to assist patient set-up intuitively makes sense to improve daily delivery of radiotherapy. however, the 
availability of high quality images allows more than patient positioning: in adaptive radiotherapy images are 
used to modify the treatment plan to ensure the treatment objectives are still met for the patient as he/she 
presents on the treatment day, not as she/he was at time of treatment planning. adaptive radiotherapy has 
many challenges, most notably the time constraints at treatment if adaption is to be performed in real time. 
at present these time restrictions prohibit contouring and replanning of the patient at the time of delivery 
and either off-line adaptive strategies need to be employed or a simple selection of the best plan for the 
day can be made from a number of pre-determined treatment plans. at Peter MacCallum Cancer Centre 
we have developed a protocol for on-line adaptive radiation therapy for bladder cancer where the volume 
and location of the target can vary significantly from day to day. Based on the planning Ct and five Cone 
Beam Ct (CBCt) image sets acquired in the first week of the patient’s treatment, plans are developed for 
a small, a medium and a large bladder as observed for the individual patient. the most appropriate plan 
is then chosen daily by the radiation therapy staff based on CBCts acquired directly prior to treatment. 
the program requires considerable logistic support and additional training for treatment staff and it is 
currently being tested if adaptive radiotherapy for bladder cancer is feasible in a multicentre clinical trial. 
the presentation will also review off-line adaptive strategies in particular in the case of lung cancer where 
functional imaging may have a role to play in the future.

Contact: Tomas.Kron@petermac.org
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PATIENT RADIATION EXPOSURE 
TRACKING

Madan M. Rehani

International atomic energy agency, Vienna, austria

It is now a fact that some individual patients are receiving radiation doses in excess of 100 msv from 
repeated diagnostic Ct examinations. It is also a fact that hair loss and erythema have been reported 
in the last 3 years in patients undergoing Ct scans. In the past, many countries laid emphasis on the 
establishment and use of diagnostic reference levels (drls) that have contributed immensely to the 
optimization process. drls cannot help handling the problem of multiple and unjustified exposures which 
in some situations account for as much as 50% of all examinations. the approaches utilized have been 
awareness and use of appropriateness criteria developed by professional societies. obviously, the current 
situation with high unjustified examinations indicates that this alone is insufficient. a compelling answer is 
to track lifetime radiation exposure (radiation history) of patients. the Iaea had launched a project called 
smart Card/smartradtrack few years ago. technology is advancing at a fast pace and some countries have 
recently reached the stage of tracking radiation exposure of patients instantaneously when the procedure 
is conducted in several dozen hospitals in the country connected by picture achieving and communication 
system (PaCs), and through slightly increased effort where conducted in another part of the country from 
where data can be transferred through PaCs. a large number of countries have this possibility restricted 
only to individual hospitals. some countries are advancing to a nationwide system. the image data transfer 
standards now involve radiation exposure indices with which major vendors are now complying. It is 
envisaged that existing bottlenecks will be taken care of in the coming years. While sub-national systems 
are a reality, and national systems a possibility achievable within a few years, the international systems 
are something that require political agenda. the call for action role that the Iaea is playing, besides being 
initiator and facilitator, is visionary towards achieving radiation protection of the patients in future.  

Contact: madan.rehani@gmail.com
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PROGRAM OF RADIATION PROTECTION 
OF PATIENTS (ARGENTINA)

Rodolfo Touzet1, Alfredo Buzzi2, Daniel Andisco2

1 Comisión nacional de energía atómica, Bs. aires argentina; 2 Univeridad de Buenos aires,facultad de Medicina, Buenos aires, argentina

after an initial period of conviction during 2004 and 2005 for installing an active discussion on 
radiation Protection of Patients inside the medical community, there were organized “working groups” in 
radiodiagnosis, radiotherapy, nuclear Medicine and on radiation protection of pregnant women. these 
groups began systematical activities, which received a strong institutional support of the argentine society 
of radiology, toward the implementation of a “Program of rPP “ that is being put nowadays into practice. 
the rapid advances which are present in Medicine today, both in equipment and work protocol, determine 
that _norms and regulations never arrive on time_ which is why it is paramount that health services have 
_systems of dynamic quality and continual improvement_ that can be adapted quickly to changes. the 
program has six main aims and targets to be fulfilled in successive stages: 1) to guarantee the Justification. 
target: development of the “Prescription Guide “ (achieved in 2006) 2) to optimize the radioprotection: 
target: development of a “ Manual of Procedures “ (In process of review) 3) to prevent potential exposures. 
target: design of a “Basic Quality system” for health services (achieved for radiotherapy and nuclear 
medicine) 4) to achieve a qualification of the professionals by means of a process of certification and 
recertification (In process) 5) to spread PrP’s criteria by means of chats, meetings and the use of the media 
and graphical means. (successfully fulfilled) 6) to achieve a control system to encourage good practice 
and correct deviations. target: to regulate the systematic control of medical equipment and the presence 
of specialists in radiation protection in health services. strategies to cope with different interests, main 
problems, failures and difficulties are described. the effective participation of the professional associations 
is a key aspect for the success of the national programme.

Contact: rtouzet@cnea.gov.ar
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ASSESSMENT OF SAFETY CULTURE 
IN MEDICAL PRACTICES UTILIZING 

IONIZING RADIATION I
Abdus Sattar Mollah 

Bangladesh atomic energy Commission

radioactive materials or radiation generators are used throughout the world for a wide range of peaceful 
purposes in areas such as the industry, medicine, agriculture, research, education, and others. radiation 
protection programme should be implemented through an effective infrastructure, which includes adequate 
laws and regulations as well as structured complex of experts and operational provisions and more 
importantly a safety culture shared by all those involved with protection and safety responsibilities from 
the workers up through to the management levels. a good safety culture can lead to a more effective 
conduct of work and a sense of accountability among managers and employees who should be given the 
opportunity to expand their skills by training. safety culture is important in the sense that it has an influence 
on behaviour, attitudes and values, which are important factors in achieving good safety performance. 
the safety culture in medical practices utilising ionizing radiation sources has been assessed using a 
performance indicator. a questionnaire was prepared using the established safety assessment protocols for 
conducting safety assessment for the various practices as a guide. the questionnaire covered the following 
areas: general safety considerations, safety policy at the facility level, safety practices at facility level, 
definition of responsibility, staff training, safety of the physical structure of the facility and the emergency 
plans. the analysis showed that the percentage levels of commitment to safety for the respective practices 
are as follows: radiotherapy, 52-85%; linear accelerator, 78%; brachytherapy facility, 76%; X-ray diagnostic 
facilities, 25-86%; dental X-ray facilities, 20-68%; and nuclear medicine practices, 45-88%. none of 
the practices was able to satisfy all the requirements that will ensure a 100% level of safety culture. 
necessary recommendations have been made to enhance the level of safety culture in the relevant medical 
practices.

Contact: mollah_as@yahoo.com
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SENSITOMETRIC CURVES AS A TOOL 
FOR EVALUATION OF THE OFF-AXIS 

SOFTENING EFFECT I
Dan Epstein1; Alex Tsechanski2; Sergio Faermann1 

1soroka University Medical Center department of nuclear engineering; 2Ben-Gurion University of the negev, Beer-sheva, Israel.

Purpose - In photon beams produced by linear accelerators, the quality of the beam changes along the 
beam axis due to different attenuation of the photons in the variable thickness of the flattening filter. 
Methods such as hVl and narrow beam measurements have been suggested to evaluate this softening 
effect; also Monte Carlo calculations were performed. In this work sensitometric curves have been used 
to evaluate the change of the beam quality at off-axis positions. the sensitometric curve method relies 
on the radiographic film’s response to low energy photons; this energy dependence is expressed as a 
shift ratio of the sensitometric curves obtained with the eC-l film cassette combination for different beam 
qualities. the shift is expressed by the increase in optical density as a result of the beam softening. Methods 
and Materials - the work was performed in a Varian Clinac 600c linear accelerator (6MV x-ray) and in a 
Varian Clinac 2100 (6MV x-ray). a Kodak eC-l cassette screen film combination was used.  due to the 
low number of monitor units that are required to obtain the sensitometric curves with the eC-l cassette 
screen film combination, the stability of the linac was checked for low MU irradiations. the readings of 10 
irradiations at each of the following 1, 2, 3, 5 and 10 MU were recorded. the sensitometric curves were 
obtained by irradiating the eC-l cassette screen film combination to a series of exposures. the cassette 
was placed in the path of the beam at the central axis and in three positions off the central axis. first, a 
full sensitometric curve was created in order to determine the linear range of the curve. afterwards, short 
sensitometric curves in the linear range were measured. on each position along the beam axis the amount 
of radiation deposited in the cassette screen film combination is different due to different attenuation at 
the variable thickness of the flattening filter. this was taken into account by measurements of the dose 
ratio between the central axis and each position off axis. the change of the beam quality was evaluated 
by the ratio of the exposure to  the film, expressed as log (MU), at the off-axis position and at the central 
axis for an optical density of 1.8. results -for the stability check of the linear accelerators, the deviation 
between ten repetitions for all measured MUs was less than 0.5% and therefore it can be assumed that 
the linear accelerators is stable at low MUs. the shifts of the sensitometric curves were clearly shown as a 
function of the distance from the central axis. as the distance from the central axis increases, the shift of 
the sensitometric curve is greater. the softening of the beam is evaluated by the ratio of the exposure units 
of the off axis curve and the central axis curve at optical density 1.8. as the distance from the central axis 
increases the exposure units ratio decreased and reached a maximum change of 4.4%. Conclusion - the 
sensitometric curve method is more sensitive to spectral changes than the tPr

20,10
  method and it follow 

the trend of the tPr
20,10

.

Contact: sergio@bgu.ac.il
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SENSITIVITY OF FILM MEASURED OFF-
AXIS RATIOS TO FILM CALIBRATION 

CURVE USING RADIOCHROMIC FILM
García-Hernández, Diana; Lárraga Gutiérrez, José Manuel 

Universidad nacional autónoma de México

oar of conical beams generated with a srs-dedicated linac were measured with eBt2 film and stereotactic 
diode. the sensitivity of the fWhM and penumbras 80-20% and 90-10% with respect to the characteristics 
of the film calibration curve fit was investigated. In all the cases, penumbras resulted to be more sensitive 
than fWhM. however, these differences were, in general, smaller than the differences found between eBt2 
reference values and the stereotactic diode measurements. the larger variation in oar parameters was 
found to depend on whether the fit intersected or not the origin. a 1d gamma-index analysis showed this 
difference can be important in all measured conical beams.

Contact: jlarraga@innn.edu.mx
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SURFACE AND PERIPHERAL DOSE 
MEASUREMENTS WITH WEDGE FILTERS 

FOR PHOTON BEAMS
Lahooti, Afsaneh; Takavar, Abbas; Nedaei, Hassan Ali; Allahverdi, Mahmood

department of Medical Physics, tehran University of Medical sciences, tehran, Iran

the wedge fields are often used in various clinical situations to obtain homogeneous dose distribution 
around target volume. the aim of this study is to measure and compare surface and peripheral dose in 
enhanced dynamic wedge (edW) and upper Physical wedge (PW) using thermoluminescent dosimeter 
(tld) and Gafchromic eBt film. to measure surface and peripheral doses, measurements were performed 
using 6 and 18 MV X-rays from linac. following exposure parameters were applied: source to surface 
distance (ssd) 100 cm, 5´5cm2, 10´10cm2 and 20´20cm2 field sizes for 15°and 30° wedge angles 
and 5´5cm2, 10´10cm2 and 15´15 cm2 for 60° wedge angle. all measurements were carried out and 
repeated by advanced Markus Plane-Parallel chamber (PtW-freiburg). Measurement of peripheral doses 
was performed at the distance of 5cm and 10cm outside the fields. surface doses on the central axis under 
dynamic wedge are more than that of the physical wedge and open field using the same exposure condition. 
the maximum surface dose produced by the physical wedge is nearly 24.5cGy and by the dynamic wedge 
is around 27cGy for 30Ú wedge in 20_20cm2 field size. Peripheral doses of dynamic and upper wedges 
are similar. surface and peripheral doses for 18MV beams are less than that for 6MV. GafChromic eBt 
lm provides precise measurements for surface dose in the high energy photons. agreement between lm 
and plane-parallel chamber measurements was found to be within _1% for doses in depth of maximum 
dose. there was 4% overestimate on the surface doses when compared with the plane-parallel chamber 
measurements for all eld sizes in photon beams. the two wedge systems produce significantly different 
surface and peripheral doses that should be considered when choosing a wedge system for clinical use.

Contact: afsanehlahooti@gmail.com
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MAGNETIC NANOPARTICLES CONTRAST 
AGENTS IN MRI

Bashar Issa, S. Qadri, I.M. Obaidat,A.P. Habeeb, R.W. Bowtell, Y. Haik 

United arab emirates University, al-ain, Uae

recent technical advances have enabled the design and synthesis of many types of nanoparticles with a wide 
range of applications in biomedicine, such as target drug delivery, hyperthermia, and molecular imaging. 
In Magnetic resonance Imaging (MrI) magnetic nanoparticles (MnP) and in particular superparamagnetic 
particles (sPM) based on iron oxides have been used as effective contrast agents (Ca) that enhance relaxation 
processes. the synthesis processes must produce monodisperse population of particles of predictable and 
reproducible size and physiochemical composition. the particle size and size distribution play critical role 
in defining the MnP ability to reduce relaxation times. the chemical composition and physical structure 
(e.g. the surface chemistry) will define the magnetization of the particle and therefore the strength of the 
interaction between the MnP and surrounding spins. We have concentrated in using MnP as both MrI-Ca 
and hyperthermia agent. for this multifunctional application the particles have to be stable and soluble in 
water at natural ph and physiological salinity, non-toxic, and with targeting ability. We use polymer coating 
to prevent the formation of large aggregates and also to aid in controlling the contrast ability. the latter is 
effectively done through varying the distance of closest approach of the diffusing spin from the magnetized 
core by varying the thickness of the coating layer. the hyperthermia ability is controlled by adding various 
elements such as Gd, Mn, and Zn to iron oxide with optimized concentrations. We present results for MnP 
synthesized using chemical co-precipitation with both longitudinal and transverse (t1 and t2) relaxation 
times quantified at different magnetic fields of 1.5, 3, and 7t. experimental data will be compared to 
theoretical models of relaxation and the role of different parameters such as diffusion coefficient, magnetic 
moment, coating layer, and particle size will be fully explained. We will also present computer simulated 
(Monte Carlo technique) relaxation data.

Contact: b.issa@uaeu.ac.ae
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INFLUENCE OF BRAIN ROI LOCATION 
FOR ADC MAPS CALCULATION FOR 

REFERENCE VALUES TO BE USED IN THE 
IN VIVO CHARACTERIZATION OF BRAIN 

TUMORS MRI IMAGES
1,2,3Edna Marina de Souza; 3,4Gabriela Castellano; 1,2Eduardo Tavares Costa 

1Center of Biomedical engineering, Unicamp, Campinas, Brasil; 2Biomedical engineering department, school of electrical and 
Computational engineering, Unicamp, Campinas, Brasil; 3neurophysics Group, Cosmic rays and Cronology department, Gleb 

Wataghin Physics Institute, Unicamp, Campinas, Brasil; 4Cinapce Program (Cooperação Interinstituicional de apoio à Pesquisa 
sobre o Cérebro), são Paulo, Brasil.

In diffusion-weighted magnetic resonance imaging (dWI), the contrast is determined by the random 
microscopic motion of water protons. In general, pathologic processes, such as neoplasic cell changes, 
tend to alter the magnitude of structural organization by destruction or reorganization of membranous 
elements or by a change in cellularity. these changes will also have an impact on proton mobility, which 
can be followed up by dWI. from dWI is obtained the adC (apparent diffusion Coefficient) map, which is 
a representation of the magnitude of water diffusion at the points of a given region of interest (roI). the 
purpose of this study was to assess the variation of adC values in different brain roIs of normal subjects, 
using a computer tool previously developed. the aim of this assessment was to verify whether adC values 
could be used to differentiate between normal subjects and patients with multiform glioblastoma (a high-
grade glioma) and meningioma. adC maps were calculated for 10 controls, 10 patients with glioblastoma 
and 10 with meningioma. for controls, mean adC values were calculated for 10 different roIs, located in 
the same places where the tumors were present in the patients. these values were then averaged over 
roIs and over subjects, giving a mean adC value of (8.65_0.98)x10-4 mm2/s. the mean adC values 
found for brain tumors were (5.03_0.67)x10-4 mm2/s for meningioma and (2.83_0.45)x10-4 mm2/s 
for glioblastoma. We concluded that the roIs used for computing brain adC values for controls were not 
essential for the estimation of normal reference adC values to be used in the differentiation between these 
types of tumors and healthy brain tissue.

Contact: ednafisicamedica@yahoo.com.br
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HIPPOCAMPAL ASYMMETRY 
IN SUBJECTS: A STRUCTURAL 

CONNECTIVITY STUDY USING DTI
Gravinatti, Milena Cristina; Salmon, Carlos Ernesto Garrido; Santos,  

Antônio Carlos dos; Iturria-Medina, Yasser 

Universidade de são Paulo

Magnetic resonance with diffusion tensor imaging(dtI) can provide a quantitative analysis of the magnitude 
and directionality of water molecules in a three-dimensional space reflecting the micro-structure of brain 
tissues. Bundles of fiber tracts in white matter provoke an anisotropic water diffusion allowing the tracing of 
nerve fibers using dtI what can be used for the calculation of a connectivity map and brain network analysis. 
the brain is considered a complex network with evidences of small-world attributes. the vulnerability 
indicates the importance of an individual node to network efficiency, thus is a very relevant parameter in 
the study of focal diseases. the aim of this work is to estimate the vulnerability of several brain structures 
in healthy individuals from Magnetic resonance data in order to define a control pattern. We evaluated 30 
controls (18-65 years old), right-handed, without symptoms or history of neurological diseases in a Philips 
achieva 3t machine with standard MrI protocol and a whole brain high resolution dtI sequence. six brain 
structures were chosen for roI analysis due to their importance in temporal lobe epilepsy: hippocampus(h), 
temporal pole superior(tPs), medial pole temporal(MPt), superior temporal gyrus(stG), middle temporal 
gyrus(MtG), and inferior temporal gyrus(ItG). the tractography and the individual connectivity matrix 
were calculated from dtI data and registrated with 3d-t1 images. the vulnerability of each subject was 
estimate from the local and global efficiency definitions. a lateralization index (lI) was used for asymmetry 
quantification of brain hemispheres. the mean vulnerability for each left (right) region was: h 3,3%(2,7%), 
stG 5,9%(5,8%), tPs 2,7%(2,6%), MtG 1,7%(1,6%), MPt 0,9%(0,9%), ItG 2,3%(2,3%). the highest 
lI value was 11,3% in h. this finding suggests a normal asymmetry connection pattern probably due to 
hemispherical dominance what is relevant for analysis of temporal lobe epilepsy patient connectivity.

Contact: milenacristti@hotmail.com
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INTERNATIONAL TRACEABILITY FOR 
RADIATION DOSIMETRY

P.J. Allisy-Roberts1 and C. Borrás2

1BIPM, sèvres; 2UfPe (Brazil), and IoMP past-representative on the CCrI

ever since the International Commission on radiation Units and Measurements (ICrU) encouraged the 
International Committee for Weights and Measures (CIPM) to establish reference standards for radiation 
dosimetry in 1958, the International Bureau of Weights and Measures (BIPM) – also founded by the Metre 
Convention in 1875 - has been running international comparisons to enable each Member state to compare 
their dosimetry, verifying that their results are compatible and traceable to the International system of Units 
(sI). the CIPM’s Consultative Committee for Ionizing radiation (CCrI) meets biennially to ensure that the 
comparisons are consistent with this aim and to make recommendations about collaborative projects and 
particularly the work of the Ionizing radiation department at the BIPM. all relevant international bodies are 
either Members or observers of the CCrI, which has three sections concentrating on x-ray, gamma-ray and 
electron dosimetry, radionuclide activity and dosimetry, and neutron fluence and dosimetry, respectively. 
the BIPM comparisons are held on an ongoing basis so that any national laboratory with primary standards 
can take part at any time to suit their own schedule, there being about 22 such laboratories. national 
laboratories holding secondary standards (about 30) can have their national standards characterized by 
the BIPM, as indeed can the Iaea, to facilitate the dissemination of dosimetry or activity measurements 
with appropriately small uncertainties. Most recently, the BIPM has established mammography dosimetry 
facilities for comparisons and calibrations; a travelling instrument for the measurement on-site of short-
lived radionuclides relative to the International reference system (sIr) for gamma-emitting radionuclides; 
and a travelling calorimetry for accelerator dosimetry as used in radiotherapy. In addition, a brachytherapy 
dosimetry transfer system is presently being trialed. however, the BIPM, having limited finances, closed 
its neutron facilities in 1996 as there are only six national laboratories with neutron facilities, which could 
conduct appropriate comparisons amongst themselves.

Contact: cariborras@starpower.net
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INITIAL EXPERIENCE OF PATIENT 
SPECIFIC QUALITY ASSURANCE FOR 

RAPIDARC USING ARCCHECK AT HOPE 
AT GUATEMALA

M.E. Ixquiac-Cabrera1, J.M. Ixquiac-Cabrera2

1 hope International radiotherapy Center/Medical Physics department, Guatemala, Guatemala; 2 Universidad de san Carlos de 
Guatemala, facultad de Ingeniería/departamento de física, Guatemala, Guatemala

rapidarc is a radiotherapy modality that optimizes more parameters than intensity modulated radiotherapy 
(IMrt), there for it is necessary to have a higher level of quality control of equipment and specific treatment 
plans for patients. the aim of this paper is to report the quality control made prior plans initiate treatment 
at the first radiation therapy center with rapidarc in latinamerica. Measurements were taken with a 4d 
phantom arcCheck and MapCheck software together with the IMrt phantom from IBa. the treatment plans 
were generated on Varian’s rapidarc optimizer, and delivered with a Clinac 2300Cd linear accelerator, 
also from Varian. the readings on the detector array are compared with the doses reconstructed to 1 
mm grid on arcCheck geometry based on the exported dose from the eclipse. Basic tests were carried 
out: linearity, consistency and ghost effect. and in the IMrt phantom the dose delivered was compared 
to that predicted by eclipse with an ionization chamber PtW Pinpoint. the reported treatments are brain 
(Glioblastoma) and prostate with seminal vesicles and pelvic lymph nodes, which were compared using the 
Gamma index criteria and dta with 5% dose threshold. the gamma evaluation result is 97.9% for prostate 
and 98.9% for the brain, by adopting the criterion of 3% and 3mm. similarly, the dta 3mm evaluation 
was 95.0% and 97.3% respectively. and the ionization chamber readings had a difference of 1.1% and 
0.5% for prostate and cranial respectively than the results predicted by eclipse. the evaluations show the 
great overlap between the predicted doses with those obtained in the phantom, so that assessments of 
treatment they give us great certainty. although the results are positive, it is advisable to restrict the quality 
assurance evaluations of treatment plans, rigorous methods should be applied to the daily quality control 
for accelerator parameters for reliability

Contact: mixquiac@hoperadiotherapy.com
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COMPARISON OF RAPIDARC AND 
INTENSITY MODULATED RADIOTHERAPY 

TREATMENT PLANS
Sathiyan, S*.; Ravikumar M*; Arthur L Boyer#; Jason Shoales# 

*Kidwai Memorial Institute of oncology, Bangalore, India, #scott & White Memorial hospital, temple, tX,Usa.  

the purpose of this study is to examine the plan quality and monitor unit with sliding window Intensity 
Modulated radiotherapy (IMrt) and rapidarc (ra) treatment plans using american association Physicists 
in Medicine tG119 test suites. the structure set includes multi-target (superior, inferior, center), prostate, 
head and neck and C-shape. Plans were performed with eclipse planning system with the plan goals 
specified in tG119. the plan results for multitarget shows that the d

99
 is greater than the plan goal for all 

the targets. the d
10

 is less than the plan goal for superior and inferior targets in both IMrt and ra plans. 
the plan results for prostate shows that d

95
 is greater than the plan goal for both IMrt and ra plans. the 

d
5 
is less than the plan goal for IMrt plan and almost equal to plan goal for ra plan. the d

30
 is less than 

the plan goal for bladder and rectum in both the plans. the plan results for head and neck shows that the 
d

99
 and d

90
 were greater than the plan goal for Planning target Volume (PtV). the spinal cord and parotid 

doses were less than the plan goal in both the plans. the plan results for C-shape shows that the d
95 

was 
greater than the plan goal and d

10
 was less than the plan goal for PtV. the dose to center core was less 

than the plan goal in both IMrt and ra plans. Both the IMrt and ra plans were met the plan goal for all the 
target and normal structures. rapidarc optimization and treatment planning requires more time than the 
IMrt plan. the monitor unit calculated by the rapidarc plan is less compared to IMrt plan, which reduces 
the treatment error caused by patient motion during treatment and integral dose.

Contact: ssathiyan@rediffmail.com
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DEVELOPMENT OF THE DEDICATED 
PHANTOM SYSTEM WITH ROLLED 

RADIOCHROMIC FILMS FOR VMAT QA
Park, Ji-Yeon1,2; Lee, Jeong-Woo3,4; Choi, Kyoung-Sik1,5; Lee, Jung Seok5; Suh, Tae-Suk1,2 

1dept. of Biomedical engineering, the Catholic University of Korea; 2research Institute of Biomedical engineering, the Catholic 
University of Korea; 3dept. of radiation oncology, Konkuk University Medical Center; 4research Institute of radiologic science, 

Korea University; 5dept. of radiation oncology, anyang saM hospital

to achieve easy and practical quality assurance (Qa) for volumetric modulated arc therapy (VMat), the new 
verification system using wrapped radiochromic films (Gafchromic eBt2, IsP, nJ, Usa) around cylindrical 
surface and ionization chamber was developed; the phantom allows to insert the rolled and the square 
films to measure the delivered doses along the arc trajectory and the axial planes, respectively. the central 
cylindrical body covered with films was inserted into another enveloping acrylic body of 5 cm thickness. the 
phantom structure can secure the enough effective measurement region providing the stable measurement 
and set-up condition. the analysis software geared toward the verification for arc therapy facilitates dose 
comparison between the delivered doses to film in rolled-out plane with the reconstructed dose matrix of 
calculated doses in erGo++ (version 1.7.6, elekta ltd., Crawley, UK). the amount of dose disagreement 
can be distinguished in polar coordinates by the gamma index (3 mm/3%) differentiating between over- and 
under-estimated doses. the film characteristics of flexibility, high spatial resolution, and dose integration led 
to sophisticated dose verification at each corresponding position. the verification system guided to notice 
what gantry angle principally causes the significant dose error in cylindrical coordinates. More significant 
dose error around critical organs was also estimated in patient anatomical geometry. as the modulated 
fields (dose calculation using the grid size of 2 mm and angular increment of 5°) of VMat (elekta synergy, 
elekta ltd., Crawley, UK) was delivered for prostate cancer, the specific positions not satisfying the gamma 
criteria were detected using our developed VMat Qa system. rolled-up and -out films on cylindrical 
phantom with the elaborate dose analysis enables adapted Qa for VaMt to detect critical dose error by the 
various dynamic factors.

Contact: jjfortunity@catholic.ac.kr
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FUTURE TRENDS OF EPR IN MEDICAL 
APPLICATIONS

Oswaldo Baffa

Universidade de são Paulo, faculdade de filosofia, Ciências e letras de ribeirão Preto, departamento de física e Matemática, 
ribeirão Preto-sP-Brazil

electron Paramagnetic resonance (ePr), also known as electron spin resonance (esr) or electron 
Magnetic resonance (eMr) is a technique for measuring unpaired electrons whose basis is similar in 
nature to that of Magnetic resonance Imaging (MrI), but usually operates at a higher frequency range, 
typically in the microwave region of the electromagnetic spectra (1 Ghz to 9 Ghz). esr was discovered 
in russia in 1945 and since then it is evolving in many areas of science. Medical applications of this 
spectroscopy include: free radical detection; oximetry; follow up of healing processes, as in bone and other 
tissues; detection and quantification of paramagnetic transition ions such as copper, iron and manganese in 
different tissues; radiation dosimetry, both in vivo and ex vivo using biological tissues, and with dosimeters 
that can be prepared for this purpose or can be fortuitous materials found in a radiological accident scene. 
the possibility of performing in vivo measurements presents a great challenge due to the characteristics of 
the interaction of the microwaves with biological tissues. a review of examples and future trends in each of 
these areas will be given with special emphasis in dosimetry of ionizing radiation.

Contact: Baffa@usp.br
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LONG-LASTING PHOSPHORESCENCE 
SCINTILLATORS FOR USE IN 

RADIOLOGICAL PROTECTION
Zelia Soares Macedo; Amanda Barreto Nunes; Jamille da Silveira Almeida; Carolina Melo 

de Abreu; Ronaldo Santos da Silva

federal University of sergipe/Physics department, são Cristóvão, se, Brazil

this work reports the development and characterization of a novel class of long-lasting phosphors, named 
cadmium silicate (Cdsio

3
). the long-lasting phosphorescence (llP) phenomenon, i.e., the persistent 

emission of light by a material after it has been exposed to ultraviolet light or ionizing radiation, is a useful 
property for applications in X-ray imaging detectors (image plate) and system for preventive detection of 
radiation. the material was produced by solid state reaction and characterized by X-ray diffraction (Xrd), 
X-ray absorption (Xas), X-ray excited optical luminescence (Xeol), thermal stimulated luminescence (tsl), 
optical absorption (oa) and time-resolved photoluminescence (Pl). this set of techniques allowed the 
determination of the crystalline structure, valence of the dopands, emission spectra, light output, lifetime 
and the possible role of the dopands (transition metals and rare earth ions) in the luminescence process. 
Cdsio

3
 presents monoclinic crystalline structure, belonging to the space group P21/c, which is not modified 

due to the presence of dopands in a concentration up to 2mol%. the dopands tend to occupy the Cd2+ 
site, with valences of 2+ or 3+. the change of valence gives rise to different kind of defects that affect the 
possible luminescence channels and, consequently, the emission lifetime. Cdsio

3
 presents intrinsic blue 

emission at 480 nm and a lower intense red emission at 590 nm, with llP of about 3 h in the visible region. 
for the doped and co-doped samples, the relative intensity of the bands and llP lifetime are changed, 
so it is possible to tailor this material at specific color and lifetimes, according to the application desired. 
the colors obtained were blue, green, pink, red and white, with lifetimes varying from minutes to hours. 
the use of this material as coating of ceramic tiles for use in radiodiagnostic rooms are being currently 
tested for large scale production in a ceramic industry of sergipe/Brazil. acknowledgements: CaPes, CnPq, 
faPIteC-se

Contact: zelia.macedo@gmail.com
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RADIATION DETECTORS BASED ON SELF-
SUSTAINABLE FILMS OF SCINTILLATOR 

AND POLYMER
Novais, S.M.V.1; Jesus, F.A.A.1; Silva, E.S.S.1; Macedo, Z.S.1; Schimitberger, T.2; Ferreira, 

G.R.2 and Bianchi, R. F.2

1federal University of sergipe/Physics department, são Cristóvão, se, Brazil; 2federal University of ouro Preto/Physics 
department, ouro Preto, MG, Brazil

In the present work, free-standing composite films made of scintillator materials dispersed in an optically 
transparent polymer matrix were prepared by casting method for the first time and characterized using 
radioluminescence (rl) and photoluminescence (Pl) techniques. the scintillators used were Bi

4
Ge

3
o

12
 and 

CdWo
4
 (BGo and CWo, respectively), which present high efficiency for b particles, X- and g-rays. their 

characteristic emissions with maximums in the blue region, as well as radiation resistances, make them 
suitable materials for application as radiation detectors in high energy physics and medical imaging. BGo 
powders were synthesized via shs method whereas CWo was produced via solid state reaction. Composite 
films were prepared by casting the scintillators and polystyrene (Ps) in chloroform under continuous 
magnetic stirring. samples with different weight percent (wt%) were prepared by fixing the mass of Ps 
used and varying the mass of the scintillator. rl (using b particles and X-rays as excitation sources) and 
Pl measurements were performed at room temperature and in all cases the intrinsic luminescence was 
present, peaking at 510 nm and 500 nm for BGo and CWo, respectively. It was observed that the higher 
the wt%, the greater the light yield. the efficiency of the CWo films was twice higher than that of the BGo 
single crystal used as reference, even with some attenuation of the radiation by the Ps. these results show 
that radiation detectors with large areas can be produced at low costs, which can be an attractive for the 
production of signaling and security devices. acknowledgements: CaPes, CnPq, faPIteC-se

Contact: zelia.macedo@gmail.com
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NANOPARTICLE INCREASES DOSIMETRY 
SENSITIVITY OF MAGIC-f TO RADIATION 

THERAPY
Marques, Tatiana; Guidelli, Éder J.; Schwarcke, Marcelo; Baffa, Oswaldo; Nicolucci, 

Patrícia

University of são Paulo

Purposes: evaluate dosimetric sensitivity enhancement of MaGIC-f gel with incorporated silver nanoparticles. 
Material and Methods: silver nanoparticles (agnP) with 150nm average size were synthesized in polyvinyl-
alcohol solution and incorporated to MaGIC-f gel by rehydrating process. silver mass-fraction of 0.5% was 
considered. Control samples with non-modified gel were also manufactured. Gel was stored in 5ml glass 
tubes. dosimetric sensitivity of gel with and without nanoparticles was evaluated to 250kV orthovoltage 
beam. field size of 10x10cm2, source-to-surface distance of 40cm and 10cm of acrylic below the gel 
samples were used. doses in a range between 0-10Gy were delivered to the gel samples. MrI relaxometry 
was used to perform dosimetry in a 3t clinical scanner relating the transversal relaxation rate (r2) of gel 
to doses. time-to-echo of 20ms, number of echoes equal 5, time-to-repetition of 3000 and pixel size of 
0.5x0.5mm2 were used. results and discussions: the signal of non-irradiated samples with and without 
agnP were (0.41±0.02)s-1 and (0.40±0.01)s-1 respectively, showing chemical and magnetic passivity of 
the agnPs before irradiation. a linear relation was observed between r2 and doses to both gel groups (with 
and without agnP), reveling no chemical interferences of agnP in polymer chains formed after radiation 
induced hydrolysis. however, gel sensitivity was increased in 42% when 0.5% mass-fraction of silver 
nanoparticles is embedded. sensitivity enhancement indicates that the number of long polymer chains is 
higher in gel containing agnP than in normal gel to same doses delivered. Conclusions: silver nanoparticles 
increase dosimetry sensitivity of MaGIC-f polymer gel due to raise of low energy electrons that are locally 
absorbed enlarging polymer chains.

Contact: tatiana.marques@usp.br
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ULTRASOUND IMAGING FOR DIAGNOSIS 
AND GUIDANCE OF TREATMENT 
EMPHASIZING BREAST CANCER

Paul L. Carson

the University of Michigan

traditional, new and investigational ultrasound imaging modes and processing will be mentioned briefly 
to aid selection and use of systems. Included will be B mode and harmonic imaging, speckle reduction, 
compound imaging, 3d imaging, flow imaging and quantification, contrast imaging, elasticity imaging 
and interventional guidance with fusion to other modalities.  Illustrations will be given of automated 3d 
ultrasound, with and without registration to mammography, 3d mammography, MrI, and/or optical imaging, 
for semi-automation for screening, diagnosis and treatment assessment. arguments will be given as to 
why good, coregistered ultrasound screening should be able to improve the sensitivity of mammographic 
screening while mitigating the usual increase in callbacks, why ultrasonic Ct should reduce callbacks from 
MrI screening, and why coregistered 3d mammography, ultrasound and optical imaging might provide 
similar screening effectiveness as the combination of mammography and MrI.

Contact: pcarson@umich.edu
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A COMPARATIVE STUDY USING BOTH 
CODED EXCITATION AND CONVENTIONAL 

PULSES IN THE EVALUATION OF SNR 
SENSITIVITY AND AXIAL RESOLUTION IN 

ULTRASONIC A-MODE SCAN
Tiago de Moraes Machado1; Eduardo Costa Tavares2 

1department of Biomedical engineering, school of electrical and Computer engineering, University of Campinas; 1,2Center for 
Biomedical engineering , University of Campinas – CeB/UnICaMP

In this work we have made a comparative study of backscattering of ultrasound conventional and chirp 
codified pulses. We simulate the interaction of these two different pulses with a computational phantom 
constructed with variable amplitude and phase scatterers following a Gamma distribution. We use the echo 
signal-to-noise ratio (esnr) metric of the backscattered signals from both coded excitation pulse (CeP) and 
conventional pulse (CP) for various scenarios, as well as the evaluation of the axial resolution (ar) of the 
system using both pulses. the computational phantoms were created with regular and variable scatterers 
spacing with amplitude and phase variation for three transducers: 2.25 Mhz, 5.0 Mhz and 7.5 Mhz center 
frequencies. the duration of the excitation CeP was 18μs with chirp frequency bandwidth varying from a 
multiplying factor of 3.7, 2.0 and 1.2 times the transducer bandwidth, respectively. the pulse compression 
was performed using matched (Mf) and mismatched (MMf) filters. the results for different transducers and 
phantoms are in accordance to the literature and have given an improvement of the snr for coded pulse 
above 20 dB (in average) over conventional pulse excitation. In addition, the axial resolution for both codified 
and conventional pulses are in the same range. for a 2.25 Mhz transducer, ars were 1.33λ, 1.18λ and 
1.38λ for CP, CeP/Mf and CeP/MMf filters. similarly, ars for 5 Mhz for all above three conditions were 
1.34λ, 1.14λ and 1.29λ, and for the 7.5Mhz transducer 1.31λ, 1.23λ and 1.38λ. our results have 
confirmed the increase in gain and very close agreement of the axial resolution. further research and 
development should be carried out in order to use the potentialities of CeP techniques in medical ultrasound 
imaging equipment.

Contact: machado.tiago@gmail.com; educosta@ceb.unicamp.br
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SIMILARITY METRICS COMPARISON IN 
NONRIGID REGISTRATION IN CONTRAST 

ULTRSOUND  IMAGES
Luiz Otavio Murta Junior; Erbe Pandini Rodrigues 

ffClrP - University of são Paulo

Contrast enhanced echocardiography is a noninvasive and low cost method for cardiovascular diagnosis, 
as the myocardial perfusion evaluation. the injection of a nontoxic contrast in the patient blood enhances 
the image contrast, resolution and makes it also possible to trace the blood tissue, unlike usual ultrasound 
images. to evaluate this perfusion, which is related to image intensity variation, a sequence of frames 
must be aligned to assure points correspondence over the images sequence. the registration allows 
also evaluating a displacement field, which conveys information about the heart mechanics. In this paper 
six similarity metrics for echocardiography images non rigid registration using block matching algorithm 
approach has been studied. the similarity metric provides a quantitative way to measure how much 
registering images regions are similar and its choice has shown fundamental influences in registration 
results. It becomes, therefore, an important issue to verify how it responds to intensity variation, as uniform 
or non uniform bright fluctuations, contrast changing, rotations and some block matching parameter choice, 
as searching window and region of searching size as well maximum image grey level. the metrics chosen 
for evaluation are: normalize Cross Correlation (nCC), Mutual Information (MI), difference entropy (de), 
difference Variance (dV), energy (e) and sum of square differences (ssd). results show that MI and nCC 
metrics are almost invariant to brightness variations, however, the MI is more dependent on number of bins 
in histogram than the other metrics. all metric fail when a rotation greater ten 10 degrees is present due 
to block matching algorithm. MI and nCC showed more robustness to contrast variations. although MI has 
shown good performance in evaluations, it has a higher dependence on number of bins in histogram. this 
study indicates MI and nCC as best similarity metric for nonrigid registration of contrast enhanced heart 
ultrasound images.

Contact: murta@usp.br
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ANALYSIS OF DIFFERENT FLUIDS BY 
ULTRASOUND RADIATION FORCE

Almeida, Thiago W. J.; Pavan, Theo Z.; Carneiro, A. A. O.

Universidade de são Paulo

acoustic radiation force has been used to examine the physical properties of materials in several areas. 
this force is used as a piston to promote non-contact mechanical perturbation to the medium. Vibro-
acoustography, for example, is a technique that uses two focused ultrasound beams, with slightly different 
frequencies, to create a low-frequency modulated force over a small region of interest. the sound emitted 
by this vibrating region is detected by a hydrophone. In this work, we present a new technique based on this 
kind of non-contact and modulated ultrasound radiation force to vibrate a magnetic target. the amplitude 
of vibration of the target is measured using a magnetic transducer. this technique was named as vibro-
magnetoacustography (VMaG) by Carneiro (2009). the aim of this work is to evaluate the viscoelastic 
properties of fluids. two confocal piezoelectric elements, with focus at 7 cm, were used to create concentric 
ultrasound beams. the interaction of these ultrasonic waves creates a modulated acoustic force on the 
target. this modulated force has a high frequency∆f (f+f2) component that promotes a static displacement 
to the target and a low frequency ∆f (f1-f2) component that vibrates the target. the low frequency used on 
this experiment was between 0 and 1000 hz. the magnetic transducer was built using a magnetoresistive 
sensor with resolution of 10 nt. the modulated acoustic radiation force was applied over a magnetic sphere 
target, of ndfeB with a radius of 1.36 mm, immersed in the fluid. this procedure allow to measure static 
and dynamic displacements of the magnetic target (ball) simultaneously. the apparatus was evaluated 
through measurements in water and oil. the results were within the expected and we can identify with this 
system the different fluids as well the viscoelastic parameters which were estimated fitting the response 
of the magnetic transducer using a special function that describes the vibration of a spherical target 
immersed.

Contact: thiagowja@yahoo.com.br
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VIRTUAL COLLABORATIVE 
ENVIRONMENT FOR NUCLEAR MEDICINE 

TRAINING: A PILOT STUDY
Brambilla, Cláudia Régio; Dalpiaz, Gabriel; Marques da Silva, Ana Maria; Giraffa, Lucia 

Maria Martins 

faMed - PUCrs, fafIs – PUCrs and faCIn - PUCrs

Purpose: this article presents the validation of a virtual collaborative environment design for personnel 
training in nuclear  medicine. Method and Materials: the development started with the identification of 
technological premises and organizational constraints in nuclear medicine services. the prototype was 
developed using Moodle platform. In order to improve Moodle basic configuration, a set of interaction 
functionalities to support the social constructivist methodological approach was developed. a pilot study 
was conducted with a sample of fifteen volunteers, all nuclear medicine professionals. Quantitative and 
qualitative data analysis obtained from a semi-structured questionnaire was conducted. results: the 
collaborative environment was validated and considered relevant for personnel training by a community 
of professionals engaged in nuclear medicine. the database materials, available in the virtual environment 
can be increased continuously according to the virtual community professional interests. suggestions for 
improvements and new features were proposed and will be included in further version. the prototype 
website is available online at http://marfim.lad.pucrs.br:58080/moodle/. Conclusion: the results showed 
that the virtual collaborative environment created into Moodle platform, based on social constructivist 
methodology, has pedagogical potential. We believe that the learning process improves when professionals 
interact and discuss about their experiences, using supporting materials and communication tools in a 
secure and access restricted environment. a training program to improve moderators actions is necessary, 
because the motivation skills needed in this kind of environment are different from those used on face-to-
face classes in traditional teaching. More studies are needed in order to analyze the effectiveness of this 
environment in continuing education.

Contact: claudinha.rb@gmail.com
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MEDICAL PHYSICS EDUCATION IN 
SERGIPE: HISTORY, CHALLENGES AND 

PERSPECTIVES
Maia, Ana 

department of physics, federal University of sergipe

the undergraduate course in medical physics at federal University of sergipe (Ufs) was created in 2000, 
as a bachelor degree, and the first class started in 2001. at the first years, the main challenge was to 
attract students that knew what a medical physics professional is. nowadays, after 10 years of permanent 
divulgation activities, this is not a problem anymore, although we still have _misplaced_ students for other 
reasons. since 2004, 72 students were graduated, which represents 36% of the students that initiated 
the course. this number is far from ideal, although it is a lot better than conventional physics bachelor’s 
degrees (at Ufs, only 12% of entering students finish the course). to improve it, it is necessary to motivate 
the students during the course and the challenge is to meet student_s expectation with course possibilities. 
the course is design to be a physics course with disciplines from other branch of knowledge, allowing 
a multidisciplinary professional actuation. however, the non-physics part of the course is small, limited 
for the course length and the necessity of a solid foundation in physics. therefore, the medical physics 
course is an academic course that needs to be associated to on-the-job trainings or post-graduate studies. 
other important challenge at the moment is to increase the job space for the medical physicists. for 
that, it is necessary to convince the health professional of the importance of medical physics activities 
for quality improvement. even though there are challenges ahead, the medical physics area in sergipe 
changed greatly in the last 10 years because of the Ufs course. the numbers of medical physicists working 
increased from two to more than twenty, including seven university professors. so, the medical physics 
course is continuously changing local situation and increasing the number of students interested in physics 
and working with it.

Contact: afmaia@ufs.br
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DEVELOPMENT OF A RESIDENCY 
PROGRAM IN RADIATION ONCOLOGY 

PHYSICS: AN INVERSE PLANNING 
APPROACH

Khan, Rao; Dunscombe, Peter 

department of oncology, University of Calgary &tom Baker Cancer Centre, Calgary, aB, Canada

over the last two decades, there has been a concerted effort in north america to organize medical physicists’ 
clinical training programs along more structured and formal lines. this effort has been recognized by the 
accreditation of around three dozen training programs by the Commission on accreditation of Medical 
Physics education Programs (CaMPeP). although accreditation has lead to more standardized and high 
quality clinical training the development of rounded professionals who can function at a high level in a 
multidisciplinary environment has not necessarily been recognized as a priority of a radiation oncology 
physics residency. In this report we identify, and discuss the implementation of, the essential components of 
a radiation oncology physics residency designed to produce professional clinical physicists. our approach 
is that of inverse planning, by now familiar to all radiation oncology physicists, in which objectives and 
constraints are identified prior to the design of the program. Inverse planning objectives go beyond 
those traditionally associated with residencies, i.e. clinical physics knowledge and critical clinical skills 
to encompass those other attributes essential for success in a modern radiation therapy clinic. these 
additional attributes include management skills and leadership, ethical behavior and professionalism, 
teaching and communication skills, and knowledge of error management techniques and patient safety. 
the constraints in our optimization exercise are associated with the limited duration of a residency and the 
training resources available. Without compromising the knowledge and skills needed for clinical tasks, we 
have successfully applied the model to the tom Baker Cancer Centre’s two year residency program. the 
program requires 3800 hours of overall commitment from the trainee, of which 6-10% is spent in learning 
and practicing non-technical “soft skills”.

Contact: rao.khan@albertahealthservices.ca
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PATIENT RESPONSES IN A PHASE 1 
CLINICAL TRIAL OF TARGETED ALPHA 

THERAPY FOR METASTATIC MELANOMA
Barry J Allen 

Centre for experimental radiation oncology, st George Cancer Care Centre, australia

targeted alpha therapy is based on the cytotoxic properties of the high linear energy transfer (~ 100 keV/
µm) and low range (20-80 µm) of alpha particles. Monoclonal antibodies are labeled with an alpha emitting 
radioisotope to form the alpha-immunoconjugate. our phase 1 melanoma trial with intravenous injections 
of up to 25 mCi of the 213Bi-cdtPa-9.2.27 demonstrated that alpha therapy could regress solid tumours 
without any adverse events1. the effect of key parameters such as melanoma inhibitory activity protein, 
age, sex, injected dose, lactate dehydrogenase, disease stage and treatment dose were examined. thirty 
nine patients with stage IV melanoma or in transit metastasis were treated with activities of 55-1035 MBq.  
no adverse events of any type or level were observed, so the maximum tolerance dose was not achieved. 
an objective partial response rate of 10% was observed for partial response, with 40% stable disease 
for 8 weeks and a median survival of 8.9 months. survival analysis showed MIa, disease stage, ldh and 
treatment effect to be significant prognostic indicators for survival. the lack of dose response is indicative 
of the importance of the tumour capillary permeability, without which alpha therapy cannot function2. 
references: (1) raja C, Graham P, rizvi sMa, song e, Goldsmith h, thompson J, Bosserhoff a, Morgenstern 
a, apostolidis C, Kearsley Jh, reisfeld r, allen BJ. Interim analysis of toxicity and response in Phase 1 trial 
of systemic targeted alpha therapy for metastatic melanoma. Cancer Biology & therapy. 2007 6:6, 846-52; 
(2) allen BJ, raja C, rizvi sMa, song ey, Graham P. tumour anti-vascular alpha therapy: a mechanism for 
the regression of solid tumours in metastatic cancer.  Phys. Med. Biol. 52 (2007) l15-l19.

Contact: Barry.Allen@sesiahs.health.nsw.gov.au



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil159

Scientific Sessions - Tuesday, April 19

18
th

 In
te

rn
at

Io
na

l 
Co

nf
er

en
Ce

 o
n 

M
ed

IC
al

 P
hy

sI
Cs

 -
 2

01
1 Session: SS2-TU-A-kb

CURRENT CHALLENGES IN PROTON AND 
LIGHT ION THERAPY

Harald Paganetti

Massachusetts General hospital, Proton therapy Center

the interest in proton therapy and Carbon ion therapy has increased significantly over the last few years. 
the rationale for using these beams instead of photon beams is the feasibility of maintaining the target dose 
while reducing the total dose to critical structures. alternatively, these modalities allow delivering higher 
doses to the tumor, while maintaining the total dose to critical structures. Proton and light ion therapy are 
being used on more and more patients. In order to fully utilize heavy charged particles in radiation therapy 
one needs to understand not only the benefits of precise dose painting but also the challenges that come 
with increasing dose delivery accuracy. In addition, the underlying biology differs from conventional therapy 
making dose no longer the only parameter to be considered in treatment planning. this presentation will give 
a short introduction into proton and light ion radiation therapy. the basic physics and delivery modes will be 
introduced. the clinical rationale for using heavy charged particles will be outlined based on a few clinical 
examples. next, we will discuss the uncertainties and limitations of precisely shaped dose distributions. 
the finite range of heavy charged particle beams in tissue affects the consequences of uncertainties in 
dose calculation and delivery. We will demonstrate the clinical significance of beam range uncertainties for 
static as well as moving targets. Current research projects to reduce uncertainties and to understand their 
magnitude will be summarized. heavy charged particle therapy requires radiobiological modeling because 
the dose-response relationship differs from traditional photon therapy. We will present how the biological 
effectiveness depends on treatment modality, beam configuration and dose and how this information is 
used in treatment planning.

Contact: hpaganetti@partners.org
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A BEAMLINE FOR MEDICAL IMAGING AND 
THERAPY AT SESAME SYNCHROTRON

Feras Ramadan Afaneh 

the hashemite University

Whether for diagnosis or therapeutic purposes, X-rays have many applications in medicine. synchrotron 
radiation sources open new perspectives. this has already been the case for a number of years in molecular 
and cellular biology where the scope of absorption and diffraction work has been greatly extended. this 
could also be the case for medical imaging and radiotherapy where the characteristics of the beam 
(collimation, stability, flux) allow new approaches in the energy range of radiological X-rays. such a source 
is built today in Jordan; known as sesaMe synchrotron facility. the design of the sesaMe light source 
is based on an electron storage ring with maximum energy of 2.5 GeV and a beam current of 400 ma. 
a beamline dedicated to medical imaging and therapy is proposed to be built at sesaMe facility. this 
beamline will cover medical imaging (angiography, tomodensitometry, microtomography, X-ray microscopy) 
as well as radiotherapy. one of the most important factors for the design is the high photon flux required for 
the various medical applications. this can be achieved through the combination of the storage ring and a 
superconducting multipole wiggler. special windows and apertures, mirrors and monochromators are also 
required to produce beam with high cross-sectional uniformity. this talk includes a description of the design 
features of the beamline as well as the insertion device. some applications that can be performed at this 
beamline will be discussed. experimental techniques proposed to be used in these applications will be also 
introduced in more detail and some recent results will be presented. Moreover the talk will show the efforts 
done by the Jordanian association of the Medical Physics (JaMP) and the Jordanian medical physicists to 
support building-up this beamline. all the aforementioned points make clear that the medical Imaging and 
therapy beamline at sesaMe synchrotron facility will be of great use to the medical sciences and will lead 
to valuable advances in medical imaging and therapy technologies. furthermore the beamline will give a 
major boost to Jordanian’s medical physics science community.

Contact: afaneh@hu.edu.jo
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ASSESSMENT OF NEW TECHNOLOGIES 
IN RADIATION MEDICINE: DIAGNOSTIC 

AND THERAPY
William Hendee

Medical College of Wisconsin

In the United states and in many other countries, new technologies must be proven to be safe and effective 
before they can be marketed and used with patients. for pharmaceuticals, this process is very time-
consuming and expensive, and involves clinical trials under carefully-controlled conditions.  for a medical 
device, the process is more complicated because the device and its clinical applications may change over 
the course of a clinical trial.  When this happens, data collected earlier in the clinical trial may be invalidated, 
necessitating the extension of the clinical trial beyond its anticipated completion date. also, a clinical outcome 
is often difficult to measure for a medical device because, unlike pharmaceuticals, many factors other than 
the device influence the outcome.  a better way to assess the safety and effectiveness of medical devices 
is needed.  among the devices needing an improved assessment method are new or improved technologies 
for medical imaging and radiation therapy.  recently the american association of Physicists in Medicine 
joined forces with the Morgridge Institute for research to form the Institute for the assessment of Medical 
devices (IaMd).  the IaMd intends to use an engineering paradigm for assessment of new technologies 
principally in medical imaging and radiation therapy. In this paradigm, a new technology, or an improvement 
in an existing technology, is analyzed from a physics and engineering perspective to identify and validate 
the potential advantages and disadvantages of the new technology compared with those of the displaced 
technology.  If the paradigm suggests and measurements verify that the advantages significantly outweigh 
the disadvantages, the technology is translated into the clinic under carefully-controlled conditions that are 
far less laborious than a randomized controlled clinical trial.

Contact: whendee@mcw.edu
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WILL DR REPLACE CR?
Kwan-Hoong Ng 

department of Biomedical Imaging, University of Malaya, Kuala lumpur, Malaysia

during the past two decades, digital imaging has supplanted screen-film (analog) radiography in many 
radiology departments. today, manufacturers provide a variety of digital imaging solutions based on various 
detector and readout technologies. Both computed radiography (Cr) and digital radiography (dr) output a 
digital x-ray image rather than traditional analog film. as of today the dr technology gives it a slight edge 
over Cr.  dr couples a flat-panel, thin-film transistor (tft) array or a charge-coupled device (CCd) array 
with an x-ray detector to capture the  image on a built-in phosphor or photoconductor plate. the captured 
image is then converted to digital signal and distributed to a workstation for subsequent reviewing and 
reporting. Cr works in a similar manner, except that the capture plate is not built in. It is contained within 
a cassette that the operator removes and transports to a reader for image readout and distribution to a 
workstation. Cr has been enjoying the advantage of lower cost and flexibility especially in portable imaging, 
however it still suffers labour-intensive workflow problem like the analog system. dr, though has a much 
higher start-up cost, enjoys an increase in productivity and  better image management. the prediction a 
decade ago  of the demise of Cr has not come true, rather the distinctions between Cr and dr are blurring. 
some innovation include wireless, portable dr units.  Meanwhile, some Cr  systemscome with  single-
exposure, cassetteless dual-energy imaging through the use of automated plate handling, built-in metal 
filters, and software that speeds up image processing. the merging of these two technologies is  compeling 
us to rethink our usage of terminology and also the need to think in terms of indirect digital capture versus 
direct digital.  advances in both dr and Cr may ultimately render the debate whether dr will replace Cr 
irrelevant.

Contact: ngkh@um.edu.my
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RADIOPROTECTION IN INTERVENTIONAL 
RADIOLOGY

Oscar Peralta1, Daniel Andisco2 and Rodolfo Touzet3

hospital Italiano de Buenos aires, servicio de diagnóstico por Imágenes; 2Universidad de Buenos aires, Carrera de física 
Médica; 3Comisión nacional de energía atómica

the problem of interventional radiology is that every day there are more specialists non-radiologists that 
use different technologies without having a suitable preparation and training in radiological protection. this 
determines an increase in the damages that are produced in the patient from erythema or radiodermitis 
up to ulcers that need surgery. the situation is more risky even for the patient and the operator when 
there are used equipments that are not designed neither prepared for interventional radiology. there was 
done a systematic work of control of the doses received by the patient and the operators during different 
practices of interventional radiology in the service of radio diagnosis of the hospital Italiano of the City of 
Buenos aires. the target of the work was to establish guidelines, reference levels and protocols of work for 
the radiological protection of the patient that they could be applied in other services, especially for those 
services led by specialists non-radiologists. the results were also used for designing the questionnaires 
of the program of re-certification. there was done the follow-up of different conditions of work in order to 
optimize the operative parameters minimizing the risks of radiation, reducing the doses of the patient and 
simultaneously that of the operators. the measurements of dose in the patient and the operators were 
done using ionization chambers and tld. the Program of work is part of the joint program of radiological 
Protection of the Patient coordinate by the argentine society of radiology and the argentine society of 
radioprotection.

Contact: rtouzet@cnea.gov.ar



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil164

Scientific Sessions - Tuesday, April 19

18
th

 In
te

rn
at

Io
na

l 
Co

nf
er

en
Ce

 o
n 

M
ed

IC
al

 P
hy

sI
Cs

 -
 2

01
1 Code: 348 – Session: SS2-TU-B-02

CHARACTERIZATION OF DIGITAL 
IMAGES GENERATED BY X-RADIATION 

EQUIPMENT USING DIFFERENT 
TRANSDUCERS: COMPUTED 

RADIOGRAPHY VS DIGITAL 
RADIOGRAPHY

Hoff, Gabriela1; da Luz, Renata Matos1,2; Dalenogare, Maiara Oliveira 1; Nunes, Rafael 
Menezes 1,2 and Lykawka Rochelle3

1Pontifícia Universidade Católica do rio Grande do sul/Grupo de experimentação e simulação Computacional em física Médica 
- GesiC, Porto alegre, Brazil; 2hospital são lucas da PUCrs/física Médica, Porto alegre, Brazil; 3afiM assessoria em física 

Médica ltda Porto alegre, Brazil

the aim of this work is to characterize the Cr and dr systems in Porto alegre city and surroundings 
areas. that way the data acquisition was performed in four different steps: (a) homogeneity and speed 
determination and heel effect, (b) image characterization, (c) signal-dose curve characterization and (d) 
effect of thickness and time regarding the IP exposure and the reading process on image resolution. Was 
presented a group of tests, easy to apply, for characterize a digital system. the dr system presented 
generally better image quality indexes than Cr systems. all the evaluated systems presented differences 
on evaluated indexes.

Contact: ghoff.gesic@gmail.com
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SIMULATED INTENSITY PROFILES 
FOR CYLINDRICAL OBJECTS IN 

MAGNIFICATION MAMMOGRAPHY
Karla Palma-Alejandro1, ME Brandan1, A Valdeolivas2, T Alieva3, M Chevalier2, E 

Guibelalde2  
1Instituto de física, Universidad nacional autónoma de México, Mexico City, Mexico, 2física Médica, depto. de radiología, 

facultad de Medicina, Universidad Complutense, Madrid, spain, 3depto. de óptica, facultad de Ciencias físicas, Universidad 
Complutense, Madrid, spain 

We present a user-friendly Matlab simulation interface tool to predict intensity profiles for magnified x-ray 
images of weakly attenuating cylindrical objects including phase contrast effects. Based on a previous 
monoenergetic formalism, we now consider polyenergetic x-ray beams to study the effect of the spectral 
description on the predicted phase contrast effects. We have found that, for weakly attenuating objects 
with diameters < ≈ 1 mm, detailed resolution in the spectrum description is not necessary. simulations 
are compared with images of cylindrical objects obtained under conditions found in a commercial 
digital mammography system. the magnification images of phantom fibers show weak but visible edge 
enhancement due to phase contrast. the polyenergetic simulations give an improved description of the 
data with respect to the effective energy monoenergetic assumption.

Contact: kdpa27@fisica.unam.mx
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IMAGE PROCESSING TECHNIQUES TO 
EVALUATE MAMMOGRAPHY SCREENING 

QUALITY
Clara Inês Quintana Zurro; Germán Tirao; Mauro Valente 

ConICet - faMaf

Mammography imaging proved to be the best non invasive method for breast cancer diagnosis but it requires 
that irradiation parameters to be set within Protocols recommendations (minimal dose delivering). this work 
presents a whole investigation about mammography image formation by means of validated Monte Carlo 
simulations along with further image analysis and mathematical processing. several image processing 
methods have been suitably introduced and investigated according to their capability for micro-calcification 
detection and quality evaluation. the obtained results suggest the feasibility of all the proposed methods. 
furthermore, it was possible to characterize the reliability of each one and to infer the corresponding 
advantages/disadvantages even obtaining an image quality evaluation as a function of several parameters 
configurations.

Contact: quintana@famaf.unc.edu.ar
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DOSIMETRIC QUANTITIES AND METHODS 
IN DIAGNOSTIC AND THERAPEUTIC 

NUCLEAR MEDICINE
Michael G. Stabin

Vanderbilt University, nashville, tn, Usa

Methods for diagnostic internal dose calculations in nuclear medicine are well established and standardized, 
however, anthropomorphic models have undergone a significant change, with the introduction of image-
based, realistic standardized models of human adults, children, and pregnant women, and models for some 
animal species as well. Methods for therapeutic dose calculations are still developing significantly, as more 
patient-specific methods are applied, and as observations about calculated dose quantities and observed 
biological effects are being challenged by new experimental findings. this talk will review the state of the 
art in diagnostic and therapeutic nuclear medicine, showing how measurements are made and applied to 
the best models to provide clinically relevant dosimetry information. Current challenges and theories of 
radiobiology will be discussed, to demonstrate what has been learned recently, and where future research 
will likely be focused.

Contact: michael.g.stabin@Vanderbilt.Edu
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INFLUENCE OF MORPHOLOGY ON 
NUCLEAR MEDECINE DOSIMETRY BASED 

ON PATIENTS IMAGES
Hadid, Lama1; Grandgirard, Noe1; Pierrat, Noelle2; Desbree, Aurelie1

1Institut de radioprotection et de surete nucleaire Irsn/drPh/sdI/ledI, fontenay-aux-roses, franCe; 2Institut Curie, Paris, 
franCe

In nuclear medicine, the absorbed doses currently available are based on standard mathematical models. 
these models have recently been replaced by the ICrP by computational phantoms, more detailed and 
realistic representations of human anatomy. however, both mathematical and computational models 
represent a fixed geometry. the objective of this work was to study the effect of patient morphology on 
absorbed doses using patient whole body Ct images. Patient-based absorbed doses were calculated for 
17 organs for 8 radiopharmaceuticals using the oedIPe software associated with the Monte Carlo code 
MCnPX. the results were then compared to the standard doses based on reference mathematical and 
the new recently published reference computational phantoms. In a second step, mass corrections were 
applied to the reference computational and mathematical phantoms and the differences with patient-
based absorbed doses were evaluated and analyzed according to the percentages of self-absorption. dose 
differences among patients can reach a factor of 3.4 due to differences in organ masses and topology. the 
maximum discrepancies between patients and reference phantoms are of the order of 400% and 100% 
for the mathematical and computational phantom respectively due to the anatomical differences and to 
the approximations previously used for electrons. the application of mass correction reduces significantly 
the differences only for organs with a percentage of self-absorption higher than 80%. finally, the ICrP 
biokinetic models for different radiopharmaceuticals were integrated into oedIPe software to allow an 
automatic assessment of absorbed doses for patients with various morphologies. the assessment of a 
specific dosimetry was therefore performed in a reasonable time, taking into account the changes in 
morphology of nuclear medicine patients. the results give an estimate of the variation in absorbed dose 
that may occur when standard phantoms are used to perform patient dosimetry.

Contact: lama.hadid@irsn.fr
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PRIMARY AND SCATTERING 
CONTRIBUTIONS TO BETA SCALED DOSE 

POINT KERNELS BY MEANS OF MONTE 
CARLO SIMULATIONS

Mauro Valente; Dottsa. Francesca Botta; Lic. Pedro Pérez; Dott. Guido Pedroli 

ConICet & Universidad nacional de Córdoba

Beta nuclides have proved to be appropriate for radioimmunotherapy. dosimetric performance of each 
radionuclide has to be carefully investigated and characterized. one usual and practical dosimetric 
approach is the calculation of dose distribution about a unit point source of any radionuclide of interest, 
which is known as dose point kernel. absorbed dose distribution results from the contribution of primary 
and scattering radiation. this work presents a method capable of performing dose distributions for nuclear 
medicine dosimetry by means of Monte Carlo methods. dedicated subroutines have been developed in 
order to compute separately primary and scattering contributions to the total absorbed dose performing 
particles transport up to 1keV or least. the suitability of the calculation method has been preliminary 
tested with monoenergetic sources and further applied to the characterization of different beta-minus 
radionuclides of nuclear medicine interests for radioimmunotherapy.

Contact: valente@famaf.unc.edu.ar
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ESTIMATION OF HUMAN EFFECTIVE 
ABSORBED DOSE OF 67GA-

DTPA-GONADORELIN BASED ON 
BIODISTRIBUTION RAT DATA

Saeed Shanehsazzadeh; Afsaneh Lahooti 

department of Biomedical Physics and engineering, school of Medicine, tehran University of Medical sciences, tehran, Iran.

Background: In this investigation, we estimated the effective absorbed dose to human organs, following i.v. 
administration of 67Ga-labeled gonadorelin -one of the gonadotropin releasing hormone (Gnrh) agonists- 
using biodistribution data from injected normal rats. Methods: four rats were sacrificed at exact time 
intervals (0.25, 0.5, 1, 2, 4, 24 and 48 hour post injections) and the percentage of injected dose per gram 
of each organ was measured by direct counting from rat data. the Medical Internal radiation dose (MIrd) 
formulation was applied to extrapolate from rat to human and to project the absorbed radiation dose for 
various organs in the human. results: from rat data we estimate that a 185-MBq injection of 67Ga-cdtPa-
Gnrh into the human might resulted in an estimated absorbed dose of 5.26 mGy to the whole body and 
the highest effective absorbed dose was in lung with 2.73 msv and the organs received the next highest 
doses were the bladder wall 1.59 msv, liver 0.80 msv and Bone marrow 0.52 msv. Conclusion: the 
biodistribution of 67Ga-cdtPa-Gnrh in rats showed high breast uptake and low muscle and blood uptake. 
these results suggest that it should be possible to perform early imaging of the breast anomalies and Gnrh 
receptors indicating potential malignant lesions.

Contact: sa27sh@gmail.com
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DETERMINATION OF HUMAN ABSORBED 
DOSE OF 201 Tl(III)-DTPA-HIgG BASED ON 

BIODISTRIBUTION DATA IN RATS
Alireza Khorrami Moghaddam 1*, Amir Reza Jalilian 2, Vali Hayati 3, Saeed 

Shanehsazzadeh 4

1: department of Biomedical Physics and engineering, school of Medicine, Iran University of Medical sciences, tehran, 
Iran. 2: radiopharmaceutical research and development laboratory nuclear sciences and technology, research Institute, 
tehran, Iran. 3: department of Physics, Mohammad Bagher University , sari, Iran. 4: department of Biomedical Physics and 

engineering, school of Medicine, tehran University of Medical sciences, tehran, Iran.

Introduction: We to estimate the absorbed dose in normal organs and inflammated tissue following i.v. 
administration of [201tl](III)-dtPa-hIgG by using biodistribution data in inflammation-bearing rats. Method: 
the percentages of injected dose per gram of each organ were calculated. the Medical Internal radiation 
dose (MIrd) formulation was applied to calculate the absorbed dose for various organs. result: the 
inflammated tissue to blood activity concentration ratios were about 19 and 23.3 at 24 and 28 hours 
post injection, respectively. a 185-MBq injection of 201tl-dtPa-hIgG into the human body, might result 
in an estimated absorbed dose of 14.4 mGy for total body and the highest absorbed dose was in the 
kidney with 1195 (mGy) and the second to the spleen were the liver, the lungs and adrenal which received 
250.5(mGy),58.64(mGy) , 56.44(mGy)and 36.4(mGy), respectively. Conclusion: biodistribution of [201tl]
(III)-dtPa-hIgG demonstrated significant inflammated tissue uptake and low muscle and blood uptake, 
allowing for imaging of inflammated tissues. Keywords: MIrd, Internal dosimetry, absorbed dose,201tl , 
Biodistribution

Contact: ar.khorrami@gmail.com
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LASERS IN MEDICINE
Elisabeth Mateus Yoshimura

Institute of Physics – University of são Paulo

since the discovery of the laser, various applications were developed in health sciences. Probably the 
best known and widely used is the laser surgery, which employs high power laser beams. however 
there are other important applications in various medical specialties, which will be covered in this talk. 
We will focus on the use of low intensity laser beams applied to therapy, due to the anti-inflammatory and 
analgesic actions and to the promotion of tissue regeneration. the mechanisms involved in these processes 
are not completely known, and we’ll present and discuss various hypotheses on the laser action, based on 
experimental and clinical studies.

Contact: e.yoshimura@dfn.if.usp.br
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LIGHT DISTRIBUTION IN PHANTOMS
Sousa, M. V. P. Ramos, A. L. O. Magalhães, A. C. Saito, M. T. Yoshimura, E. M.

Physics Institute, UsP, Brazil

one of difficulties in doing dosimetry of low level laser therapy (lllt) is to know the light distribution inside 
the illuminated tissue. this knowledge can be obtained with the use of materials that simulate the optical 
properties of tissues. the aim of this work is to evaluate materials to build solid phantoms. the phantoms 
were made of resin or paraffin. nanoparticles of alpha and gamma al2o3 and glass microspheres were 
added to the transparent resin to generate scattering. the light distribution is altered with the variation 
of scatterer concentration in the resin samples and with the sample thickness in the paraffin ones. the 
samples were illuminated with an he-ne laser (632.8 nm) and the transmitted light was detected with 
a CCd camera centered with the laser beam. the scattered light was measured with the same camera 
positioned perpendicularly to the laser beam. the images were analyzed with the software ImageJ. to 
analyze transmitted light we trace a profile perpendicular to the beam crossing the point of maximum 
intensity. this profile looks like a Gaussian curve. the maximum of transmitted intensity decreases and the 
width of the profile tend to increase when the concentration of scatterers or the thickness of the sample 
increase. the scattered light profile was analyzed through a line parallel to the beam traced in the image. 
In this profile the light intensity initially increases steeply, until reaching a maximum, and, far from the 
edges, it decreases exponentially. the maximum intensity of the perpendicularly scattered light and the 
corresponding position are dependent on scatterer concentration or on the quantity of paraffin between the 
laser and the point of observation. these simulators help to understand the light distribution, and can be 
used in clinical practice in order to optimize lllt and Pdt treatments.

Contact: marcelo_slcufc@yahoo.com.br
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REPRODUCIBILITY OF RADIANT 
ENERGY MEASUREMENTS INSIDE LIGHT 

SCATTERING LIQUIDS
Ana Carolina de Magalhães; Elisabeth M. Yoshimura 

Institute of Physics of são Paulo University

the aim of this project is to evaluate the uncertainty associated with measurements performed with laser 
beams in scattering liquids with optical fibers. two lasers with different wavelengths were used, 632.8 nm 
and 820 nm, to illuminate a cuvette containing lipovenos Plr, the scattering liquid. a mask at the top of 
the cuvette was used to control the positioning of a 250 μm optical fiber and the laser entrance point. 
the light energy was measured with an optical power meter; the integration time was 60 s, measured 
with a chronometer. there were no systematic errors associated with the integration time. two tests were 
done to evaluate the uncertainty associated with the positioning of the components of the experimental 
arrangement. to evaluate the uncertainty of the positioning of the cuvette, seven series of measurements 
with the optical fiber 5 mm far from the beam were performed. Between two series, the cuvette was 
removed from the holder, the liquid was mixed and the cuvette was put back in the same position. a second 
test was done to evaluate the reproducibility of fiber positioning and the relative positioning of mask and 
cuvette. three distances between the beam and the fiber were used: 4 mm, 5 mm and 6 mm, through the 
positioning of the fiber at three different holes in the mask. six series of measurements were performed; 
between two series the cuvette was removed from the holder, the liquid was mixed and the cuvette was 
put back in the same position. each series was done in a different order, permuting the three positions. 
the uncertainty associated with the positioning of the experimental elements was of the order of 7%. the 
variation of incident laser energy was also evaluated, resulting in 6.5% and 4.0% for the red and infrared 
lasers respectively.

Contact: anamagalhaes@usp.br
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A PILOT STUDY - ACUTE EXPOSURE 
TO LOW-INTENSITY, LOW-FREQUENCY 

OSCILLATING MAGNETIC FIELD: EFFECTS 
ON CARRAGEENAN-INDUCED PAW 

EDEMA IN MICE
Tania Mateus Yoshimura; Daiane Thais Meneguzzo; Rodrigo Álvaro Brandão Lopes 

Martins 

linfospin, são Paulo, Brazil

the purpose of this work is to evaluate the effects of oscillating magnetic field (Mf) on edema evolution in an 
animal model. Paw edema was induced in 32 female swiss mice by injection of 50 μl of 1.0 % carrageenan 
diluted in saline in the left hind foot pad. animals were randomly assigned into four experimental groups 
(exposed to different field frequencies) and two controls. Groups 1 (0 hz), 2 (3 hz), 3 (9 hz) and 4 (15 hz) 
were exposed for 60 s to an oscillating Mf (300 mt) in the 1st, 2nd and 3rd hour after the injection. Control 
groups (CGn and dCl) were not exposed to the Mf. diclofenac was administered to dCl group 1 hour after 
the edema induction. Paw volumes were determined every hour using a water plethysmometer. the results 
were graphed against time and, to evaluate the edema, the area under the curve (aUC) was measured. all 
groups receiving some form of intervention (1, 2, 3, 4 and dCl) revealed aUC values that were substantially 
lower than those of CGn group. dCl had the lowest reduction percentage (25.0 ± 6.1 %) and group 3, the 
highest (46.9 ± 4.0 %). Compared to dCl_s results, only groups 2 and 3 showed significantly lower aUC 
values. also with statistical relevance, group 3 showed lower aUC values than groups 1 and 4. according to 
this experiment, acute exposure to oscillating Mf yields positive results in the regression of carrageenan-
induced edema in mice, with indications that such effect depends on the field frequency.

Contact: tania.my@gmail.com
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TREATING THE PROBLEM OF 
DIAGNOSTICS OF ONCOLOGICAL POST-

OPERATIVE CONDITION BY THE METHOD 
OF CHEMILUMINESCENC 

Oliynyk, Iryna; Hotra, Zenon; Halay, Oleg 

lviv Polytechnic national University/department of electronic devices

to treat the problem of diagnostics of oncological diseases, the method of initiated chemiluminescence 
is proposed. the investigations performed give the reliable results under diagnostics of post-operative 
condition. studying three experimental groups: before medical treating; one month after operation; and one 
year after medical treatment (without relapses) it is established, that the second maximum on the kinetic 
curve of initiated chemiluminescence can serve as an indication towards an active process of oncogenesis. 
It is proved, that normally this second maximum is absent. analyzing the group distribution it is established, 
that the largest frequency of a given characteristics is connected with the group before medical treatment, 
rarely it can be found within a group of one year after medical treatment (without relapses). In the group 
of one month after operation this characteristic is absent or faintly expressed. this reveals a possibility to 
apply this method under monitoring of the quality of medical operation performed. since the given analysis 
is not expensive, it is proposed to implement it into mass investigations of oncological processes and, in 
particular, of post-operative conditions, to control the quality of medical treatment performed. also we 
propose to pay a special attention to a long-term medical examination of patients after operation, since this 
allows the timely exposure of possible relapses of oncological processes.

Contact: an.mola@yandex.ua
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IOMP PROJECT FOR MODEL 
CURRICULUM AND ASSESSMENT OF 

MSc-LEVEL COURSES
S Tabakov1, P Sprawls2, A Kirsanachinda3, E Podgorsak4, C Lewis5 

1King’s College london, UK; 2sprawls educational foundation, Montreat, nC, Usa; 3Chulalongkorn University, Bangkok, thailand; 
4McGill University, Montréal, Canada; 5King’s College hospital, UK

Introduction: the IoMP project for Model Curriculum for Medical Physics education aims to present 
guidance on the organisation of post-graduate (Msc level) courses. the project presents several models for 
this: modular, distributed, mixed, topical and e-learning. the advantages/disadvantages of these models 
are discussed from the point of view of specificity in the country. the aim of the project is to introduce 
criteria and method for IoMP Validation of Msc courses in Medical Physics. the paper will also introduce 
a new book with educational experience from 25+ countries. results: Based on assessment of many 
educational programmes from various countries, the project proposes indicative Msc curriculum outline 
with the following percentage of main modules in the course: (1) Basic modules: Basis of human Physiology 
and anatomy  ~10%, Basis of radiation Physics  ~10%, research Methods ~10%, radiation Protection 
and hospital safety ~10%; (2) optional modules: Medical Imaging Physics (non-Ionising)   ~10%, Medical 
Imaging Physics (Ionising)  ~10%, radiotherapy Physics   ~15%, Msc project ~ 25%. the indicative 
content of the modules is presented, forming a total number of contact hours. the latter varies (according 
to local University requirements) from c. 1200 to c. 350 (in case of high self-reading expectation). the 
delivery of this education is linked with the organisation of the Msc courses: staffing (local and external) 
and host University requirements. these are also linked with the requirement/method of IoMP Validation 
of the Msc course. Conclusion: the Model curriculum project will allow for a small country with limited 
expertise in setting a post-graduate course in Medical Physics to go forward. Validating the programme by 
an experienced body as IoMP etC will assure the local University that this programme is in line with the 
international standards. this will result in boost of our professional development.

Contact: slavik.tabakov@emerald2.co.uk
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BRACHYTHERAPY DOSIMETRY
Larry DeWerd

department of Medical Physics, University of Wisconsin, Madison, WI 53705 Usa

the use of Brachytherapy sources has increased for treatment of prostate, breast, gynecological cancers 
as well as other sites. the sources used are high energy and low energy and high dose rate as well as low 
dose rate. each of these types have their own characteristics. also a new technology using a miniature x-ray 
source, termed electronic brachytherapy, can be treated in the same manner.  the standard worldwide 
protocol used for dosimetry of Brachytherapy sources is the american association of Physicists in Medicine 
task Group 43. the air-kerma strength, or reference air kerma, for the source should be measured by 
the clinic, using a traceable calibrated well chamber. there are published consensus values for the other 
parameters of the source. a description of the primary standard for high energy, low energy, high dose rate, 
low dose rate and electronic brachytherapy sources will be discussed. Mention will be made of the tld 
measurements for the other parameters of the sources and the development of the consensus standard. 
the process establishing the origins and magnitudes of different uncertainties that can enter into photon 
brachytherapy treatment planning will be presented. a statement of uncertainty should always accompany 
the results of the dosimetric measurements and calculations. finally an awareness of the operation of the 
treatment planning system is important; an example of how a wrong value can be given will be presented.   

Contact: ladewerd@wisc.edu
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153SM-EDTMP ABSORBED DOSE 
EVALUATION FOR UNDER BONE 

METASTASIS TREATMENT PATIENT BY 
MONTE CARLO METHOD

Karimian, Alireza1; Eghbali, Ziba2; Farrokhi, Samad2; Jabbari, Iraj3; Azarnoush, Ali4 
1department of Biomedical engineering, faculty of engineering, University of Isfahan, Isfahan, Iran; 2Physics department, science 

faculty, Islamic azad University Central tehran Branch, tehran, Iran; 3department of nuclear engineering, University of Isfahan, 
Isfahan, Iran; 4Physics department, faculty of engineering, Islamic azad University dezful Branch

objective: Monte Carlo simulation is used to evaluate the radiation absorbed dose in treatment of cancers 
by using radiation therapy. In this research work to evaluate and assess the radiation absorbed dose in the 
metastasis bone and its normal surrounding tissues for treating bone metastasis by using 153sm-edtMP 
the eGsnrc has been used. this simulation code has some special advantages such as: possibility to use 
a Ct scan image to define the material geometry and source distribution which cause to achieve more 
precise and actual assessment. Methods: In this research, the Ct-create subroutine was designed and 
written to create geometry of the tissues as a three dimensional phantom. then a desirable volumetric 
distribution of 153sm-edtMP was considered inside the bone metastasis. then the designed simulation 
program in this research, was executed for 200 million particles of b- , in 3 different and dominant energies 
of 153sm means: 640, 710, 810 keV and gamma photons (103 keV) by considering all possible interactions. 
finally the 3d absorbed dose in different parts of under treatment tissue and its surrounding tissues were 
calculated by dosXyZnrc Code. results: In our study, the amount of absorbed dose in the minimum and 
maximum range were calculated for a metastasis bone (3.6 - 7.8 Gy), for the bone without metastasis 
(0.35 - 1.6 Gy) and for the muscle and lungs between the amounts 0.025 - 0.035 and 0.0005 - 0.004 
(Gy) respectively. Conclusion: our results showed in treatment the bone metastasis by using 153sm-edtMP 
the absorbed dose inside the metastasis bone is about 4-20 times more than the normal bone which justify 
that, this treatment method is very effective. furthermore, always we should consider that for treating 
cancer the amount of effective equivalent dose must be satisfy the conditions of international standards 
such as ICrP.

Contact: karimian@eng.ui.ac.ir
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DOSIMETRIC CHARACTERIZATION OF 
OPTICALLY STIMULATED LUMINESCENCE 

DOSIMETERS
Laura Furnari; Ana Paula Vollet Cunha; Camila Pessoa de Sales; Gabriela Reis dos 

Santos; Marcos Vinícius Nakaoka Nakandakari; Cristian Mergen

aBfM

In vivo dosimetry is becoming essential, especially for modern techniques and treatments with no 
standard set-up such as total Body Irradiation (tBI). We studied osl dosimeters to verify if their dosimetric 
characteristics are appropriated for that purpose. tests showed that osl response is, in the used range, 
linear with dose, with linear correlation coefficient of 0.9830 and 0.9995, for 6 MV and 15 MV, and 
independent of dose rate and energy, with a mean relative diference of 0.4% between 6 and 15 MV. 
Besides that it has a good reproducibility, mean relative error between the readings of 1.5%, although a 
signal fade, 2%, was observed in a few days. these dosimeters have a considerable dependence when 
used to dose measurements at huge distance, 20% of difference when compare measures at 100 cm 
and 290 cm. When used to measure output factor it presented response similar to other dosimeters, such 
as ionization chamber, with a mean relative error of 3%. Based on the results, we can conclude that osl 
dosimeters are good enough to be used for treatment dose verification since it be calibrated at the same 
distance.

Contact: camyps@yahoo.com.br
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DIAGNOSTIC REFERENCE LEVELS IN 
RADIOLOGY

John Le Heron

radiation Protection of Patients Unit, radiation safety and Monitoring section, division of radiation, transport and Waste safety 
(nsrW), International atomic energy agency, Vienna, austria

the concept encapsulated by diagnostic reference levels (drls) has been around for at least two decades. 
drls are a powerful tool in the implementation of optimization of radiation protection in imaging procedures. 
there is general consensus on the ground rules for drls, including: establishment of drls should be 
facilitated at the national or regional level as a result of consultation between the health authority, professional 
bodies and the radiation protection regulatory body; setting values for drls must take into account the need 
for adequate image quality, and values should be based on wide-scale surveys; and the quantities used 
should be easily measured. drls are specified for “typical patients” for common radiological procedures, 
with the underlying assumption that if appropriate optimization is occurring for the “typical patient” then 
it is also happening for other patients, such as larger or smaller patients. experience has shown that this 
cannot be assumed, and drls are needed for a range of patients. however the practice of radiology has 
changed markedly in the last two decades, including the advent of Cr and dr in radiography, flat panel 
detectors in fluoroscopy, multi-detector Ct, and a rapid increase in the use of image guided interventional 
procedures. drls need to be revised as technology and techniques improve or change. the impact of these 
developments on drls and their use will be discussed. notwithstanding the issues of keeping drls current 
and relevant, the level of use of drls currently varies widely around the world. Many countries have yet 
to introduce drls into their radiation protection framework and, for those that have, the level of utilization 
across the whole country is often low. the medical physicist has an important role to play to ensure that the 
use of drls as a tool for optimization of radiation protection becomes more wide-spread.

Contact: J.Le.heron@iaea.org
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RADIATION DOSES IN PEDIATRIC 
INTERVENTIONAL CARDIOLOGY 

PROCEDURES
Maria do Socorro Rocha da Silva1,2; Cari Borrás1; Helen Khoury1; Santiago Raul Arrieta3; 

Juliana Rodrigues Neves3; Luiz Felipe da Silva Andrade Lima1; Alejandro Nader4 
1Universidade federal de Pernambuco, recife, Pe, Brasil; 2Instituto federal de educação, Ciência e tecnologia de Pernambuco, 

recife, Pe, Brasil; 3Instituto de Medicina Integral Professor fernando figueira, recife, Pe, Brasil; 4International atomic energy 
agency, Vienna, austria

the increased number of interventional cardiology procedures in recent years is often responsible for some 
of the highest patient and staff radiation doses in medical imaging. the risk of stochastic and deterministic 
effects in children undergoing diagnostic and therapeutic interventional cardiology procedures is particularly 
worrisome given their higher radiation sensitivity. the purpose of this work was to estimate radiation doses 
received by 41 pediatric patients in a public hospital in recife, Pernambuco, Brazil, using a Phillips allura-
12 fluoroscopic system. twenty-five of them were less than 1 year old. of the 41 patients, 23 underwent 
coronary angiography; the rest were treated for congenital defects such as pulmonary stenosis. radiation 
parameters such as tube potential, tube current, pulse width, fluoroscopy time, and air-kerma rate were 
collected during each procedure. the total number of runs and images per run as well as cumulative 
reference air-kerma (K

a,r
) values displayed by the system were also documented. the results showed K

a,r
 

values ranging from 46.3 mGy to 1079.1 mGy, with a mean value of 295.8 mGy. the distribution of air-
kerma values on the patient skin were determined for four diagnostic and six therapeutic interventions, using 
calibrated radiocromic films and the peak skin values (K

a,e Max
) were derived, correcting when necessary for 

geometrical misses. the resulting K
a,e Max

 values ranged from 214.3 to 486.7 mGy, with a mean value of 
318.7 mGy. air kerma-area products (P

Ka
) were calculated from the recorded data, yielding a range of 2.3 

to 80 Gy.cm2 with a mean value of 17.1 Gy.cm2. no immediate deterministic effects were observed in any 
of the patients, a fact attributed to the resulting relatively low doses; however, the children’s radiation history 
has been documented, in order to assess future risks, especially if the procedures have to be repeated.

Contact: cariborras@starpower.net
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RADIATION DOSE TO PEDIATRIC 
PATIENTS IN COMPUTED TOMOGRAPHY 

IN SUDAN
Abdelmoneim Sulieman1; Hiba Omer2; Hamid Osman1 

1sudan University of science and technology, College of Medical radiologic science. P.o.Box 1908, Khartoum, sudan; 2ahfad 
University for Women. P.o.Box 167 omdurman, sudan

the use of pediatric Ct has been increasing rapidly with annual growth estimated at about 10% per year. 
Because of current and growing use of Ct and the potential for increased radiation exposure to children 
undergoing these scans. In sudan, there has been a remarkable increase in the number of Ct examinations 
being performed. the purposes of this study are to: (i) to measure the radiation dose and estimate the 
related risks to both  pediatrics and adults patients during Ct for chest, abdomen and brain and (ii) propose 
a local diagnostic reference level for abdominal Ct. a total of 80 patients were investigated. Ct scanners 
that participated in this study are helical Ct scanners (16 slices and dual slices). organ and surface dose to 
specific radiosensitive organs was estimated by using software from national radiological Protection Board 
(nrPB). for the pediatric group, the age was ranged between 0-10 years while the mean of weight was 
13.53 Kg. the dlPs were 320.58 mGy.cm , 79.93 mGy.cm, 66.63mGy.cm for brain, abdomen and chest 
respectively. the CtdIvol were 25.06, 3.48, 2.46,mGy for brain, abdomen and chest respectively and the 
effective doses were 2.05, 1.8, 1.08,msv for brain, abdomen and chest respectively. the study has shown 
a great need referring criteria, continuous training of staff in radiation protection concepts especially for 
pediatric. further studies are required in order to establish a reference level in sudan.

Contact: abdelmoneim_a@yahoo.com
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INNOVATIONS IN BIOLOGICAL IMAGING 
AND THE CLINICAL IMPACT ON CANCER 

DIAGNOSIS AND TREATMENT
Fridtjof Nüsslin 

Klinikum rechts der Isar, technische Universität München, Germany

Progress in cancer treatment is mainly influenced by the effectiveness of early cancer detection and 
the availability of reliable treatment methods. there are sufficient clinical data demonstrating that tumor 
curability correlates with the size, i.e. number of clonogenic cells at diagnosis. despite some encouraging 
results achieved with methods of molecular medicine such as blood analysis early cancer detection is 
the domain of imaging. several highly innovative imaging technologies are currently under development 
with the perspective of single molecule visualization. the light microscopy in the late 19th century already 
allowed spatial resolutions of ca. 200 nm i.e. close to the light diffraction limits. In contrast to traditional 
transmission microscopy techniques mostly based on light absorption the application of fluorescence dyes 
as biomarkers opened the large area of fluorescence microscopy with resolutions down to some 5 nm as 
achieved with the recently developed stimulated emission depletion (sted) technique.  With the availability 
of the femtosecond lasers another class of optical imaging methods has been introduced into biomedical 
applications, for instance raman scattering including Coherent anti-stokes raman scattering (Cars). the 
advantage of rs-imaging is that no contrast media interacts with the probe. first applications demonstrate 
the potential of rs imaging in the detection of specific tumor associated molecules at the cell surface. 
Beyond the conventional planar illumination technologies in optical imaging (oI) advanced processing 
methods and computer modelling allow now for 3d-visualization of objects at the molecular up to the 
macroscopic level. Multimodality imaging  by combining optical tomography imaging with Ct, Pet and Mr 
is another promising technique. however, what is the impact of that novel optical imaging methods on the 
clinical translation? three areas are outlined briefly: (i) the potential of oI in tumor surgery for distinguishing 
tumor from normal cells; (ii) oI is suitable to investigate in-vivo treatment responses of  radiation and 
drug effects at a molecular level and (iii) imaging of tumor growth and preclinical drug testing  by analysis 
of the biodistribution of tracer molecules (smart probes) in small animal models. In conclusion, optical 
imaging offers numerous applications in cancer research and is a fascinating field challenging increasing 
involvement of medical physics.

Contact: nuesslin@lrz.tu-muenchen.de
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X-RAY FLUORESCENCE SCANNING OF 
HUMAN TEETH AND DEDICATED IMAGE 

PROCESSING
R Figueroa1, M. Flores1, A. Díaz1, M Valente2, and G. Tirao2

1 departamento de Ciencias físicas, Universidad de la frontera, temuco, Chile; 2 ConICet & faMaf Universidad nacional de 
Córdoba, Córdoba, argentina

nowadays, X-ray fluorescence constitutes a useful and accurate technique, worldwide established for 
constituent elementary distribution assessment. actually, concentration distributions of arbitrary user-
selected elements can be achieved along sample surface with the aim of identifying and simultaneously 
quantifying every constituent element. Visualization of elemental distributions of biological sample is 
gaining importance in many disciplines of biological, forensic, and medical research. Images are prompt 
achieved (within few minutes) scanning with a specially designed robotic arm which performs step by step 
or continuous positioning. the scanning areas considered in this study are for samples up to 100 cm2 
along with variable spatial resolution capable of reaching 0.2 mm2 per pixel. Xrf spectra are detected 
at each position (x,y) in times of up to 1ms. dedicated image processing programs _ Matlab_ supported 
- have been developed with the aim of performing suitably automatic Xrf image analysis. furthermore, 
developed programs are integrated by means of dedicated graphic interface for user interaction. the 
integrated tool allows to process and analyze acquired Xrf images by means of different techniques 
including noise filtration, background subtraction, selective spectrum peak individualization, single/multiple 
element mapping and even image fusion. after preliminary tests, the whole Xrf scanning system has 
been used for different applications. this work resumes the main characteristics of the new portable Xrf 
scanning system. In addition, system performance is investigated for applications to human tooth obtaining. 
dental sample elemental spatial distributions are reported and discussion is presented regarding the use of 
this information for further correlation with the corresponding pathologies associated.

Contact: figueror@ufro.cl
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IN VIVO XRF SCANNING ANALYSIS OF 
HUMAN NAIL

Iván Chavez; Rodolfo Figueroa 

Universidad de la frontera

Knowing the elemental composition of human fingernails revealed the presence of certain elements in them, 
level: major, minor and trace. depending on their nature and concentration, could mean a contamination 
process, a metabolic disorder or related to a disease of the individual. Using the technique in vivo edfrX 
scan, for one or more of the detected elements, it is possible to determine different levels of intensity of 
characteristic X-rays along a longitudinal section of the nail or the entire nail and forming a two dimensional 
image of distribution that allows us to quantify the level of changes in the concentration of each element 
point to point. this research presents the results of elemental analysis on samples of human fingernails, 
identifying its elements and their spatial distribution and forming a 2d image allows us to quantify the 
level of changes in the concentration of each element point to point. this research presents the results of 
elemental analysis on samples of human fingernails, identifying its elements and their spatial distribution. 
for our analysis we used a mini X-ray tube (MtrX), a digital pulse amplifier and MCa (PX4), a solid state 
detector sdd (silicon drift detector), a robotic arm that positions the detector and the Mini -X on a point (x, 
y) of the sample. In addition, an electronic control software for mechanical scanning and image acquisition 
and processing Xrf, it allows you to select the step and acquisition time at each point and other related 
parameters. the elements found are s, Ca, Cu, fe, Zn, and Pb. and their spatial distributions point to 
point, vary over time and from individual to individual. the exposure time for a simple scan would not 
exceed 15 s and the dose delivered to the individual is calculated based on the alara criteria, being the 
order of 0.1mGy/s. the results of this research to conclude that it is possible to determine the elemental 
composition of human nails in vivo, and its spatial distribution.

Contact: figueror@ufro.cl
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MRI GEL DOSIMETRY: UNCERTAINTIES 
EVALUATION IN 1.5T, 3T AND 4.5T

Marques, Tatiana; Schwarcke, Marcelo; Garrido, Carlos E.; Baffa, Oswaldo; Nicolucci, Patrícia

University of são Paulo

Purpose: estimate uncertainties in MrI gel dosimetry experiments as a function of pixel-size and the 
number of averages assumed in the scans. Material and Methods: MaGIC-f gel was used to perform 
experiments in 1.5t, 3t and 4.5t resonance tomography. Gels were stored in 25ml glass tubes (2cm-
diameter; 16cm-length). a paramagnetic ion solution (0.2%naCl:0.3%MnCl4) was used around gel tubes 
in all scans to reduce magnetic susceptibility artifacts. relaxometry protocol uses time-to-echo of 20ms; 
time-to-repetition of 3000ms; 16 echoes. two pixel-sizes were evaluated: 0.5x0.5mm_ and 1x1mm_. 
standard deviations (sd) were evaluated in 12x12mm_ areas centered inside each gel tube. ratio between 
sd when no averages are applied and when n averages are considered during image acquisition was 
defined as rsd(n); n ranged from 1-4 and is proportional to total scan-time. rsd(n)

Contact: tatiana.marques@usp.br
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EVALUATION OF THE PRE-DOSE 
INFLUENCE ON RAD-HARD EPITAXIAL 

SILICON DIODES RESPONSE IN 
RADIOTHERAPY PHOTON BEAM 

DOSIMETRY
T. C. dos Santos1, J. A. C. Gonçalves1,2 , M. M. Vasques1, W. F. P. Neves-Junior3, C. M. K. 

Haddad3 and C. C. Bueno1,2

1Instituto de Pesquisas energéticas e nucleares IPen-Cnen/sP, Brazil; 2Pontifícia Universidade Católica de são Paulo PUC/sP, 
Brazil; 3hospital sírio libanês, sP, Brazil

In this work, we present the preliminary results about the evaluation of the pre-dose influence on the 
response of rad-hard epitaxial (ePI) diodes, processed at University of hamburg, for radiotherapy photon 
dosimetry using a siemens Primus linear accelerator. Comparative measurements were performed with 
two diodes: one (#44) non-irradiated and other (#45) which received a gamma pre- dose of 200 kGy from 
a 60Co irradiator. each device was housed in a PMMa probe and connected in the short-circuit current 
mode to the input of an integrating electrometer. all data was gathered in a PMMa phantom. the short-term 
repeatability was measured with photon beams of 6 and 18 MeV energy with dose-rates of 2,11 cGy/s 
and 3,70 cGy/s, respectively. the current signals induced in both devices are very stable, although it was 
not observed any improvement on the instantaneous stability of the pre-irradiated diode response. Indeed, 
the smallest coefficient of variation (CV) of 0.04% was obtained with the non pre-irradiated #44 device. 
the dose-response curves of the diodes, evaluated from 63 cGy up to 370 cGy, were linear (correlation 
coefficient ³ 0.99991) with the highest charge sensitivity achieved (5.0 μC/Gy) for the non-irradiated #44 
ePI diode. however, both diodes exhibit a similar energy dependence which might be attributed to the 
structure and small dimensions of the devices. some studies are under way to clarify the origin of this 
effect. the percentage depth dose profile (Pdd) and transversal dose profile (tdP) were also measured in 
PMMa with #45 diode. the results were in excellent agreement with those calculated with Colapse Cone 
Convolution and Pencil Beam codes using the oncentra MasterPlan® treatment Planning system (tPs).

Contact: thais_cavalheri@yahoo.com.br
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DOSIMETRY OF CONES FOR 
RADIOSURGERY SYSTEM

Furnari, Laura; Sales, Camila Pessoa de; Santos, Gabriela Reis dos; Silva, Marco Antonio 
da; Menegussi, Gisela 

aBfM

dosimetry of small fields, such as cones for radiosurgery, requires a lot of care in its implementation. the 
acquisition of curves of percentage depth dose (Pdd) and profiles for nine circular cones with diameters 
from 4 to 20 mm for 6 MV photons was performed. Measurements with four types of dosimeters: diode, 
pinpoint ionization chamber, diamond detector and film, were done. a comparison between the data 
obtained with the several detectors permitted to conclude that the diode is the detector more reliable. the 
effect of various methods to “smooth” the curves was studied and showed that there are methods that 
change very much the measured data. Interpolations were made in Pdd curves in order to eliminate the 
noise of small fields due to low signal in the detectors. the most important conclusion refers to the choice 
of suitable detector, in this case the diode, and to a careful handling of obtained data to not disturb or modify 
the results of the measurements.

Contact: laurafurnari@hotmail.com
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SETTING UP A PROGRAMME FOR 
PATIENT DOSE MANAGEMENT IN 

RADIOLOGY
C J Martin

health Physics, Gartnavel royal hospital, Glasgow  G12 oXh, scotland, United Kingdom

Imaging has become a crucial part of medical diagnosis for a wide range of conditions.  the exposure 
to ionising radiation from X-ray examinations carries an attendant risk, so as the number of imaging 
procedures rises, the potential number of patients who may develop cancer will increase.  an important 
factor in minimising patient doses is to ensure that the X-ray equipment is optimised and here medical 
physicists have a key role to play.  there are two elements to this service, performance testing of equipment 
and surveys of doses.  Performance tests should be carried out at the time of installation and periodically 
thereafter.  the introduction of digital radiography has allowed high quality images to be obtained with a wide 
range of exposure factors, and it is difficult for radiographers to recognise when higher doses are given, so 
establishing agreed exposure factors and ensuring that automatic exposure control systems are set correctly 
is essential.  Confirming the dose and imaging performance of the available options on fluoroscopy and Ct 
equipment is crucial and the information obtained on dose performance should be given to radiologists, 
so they can make informed choices in developing imaging protocols.  even if X-ray equipment is set up 
correctly, use may not be optimal in practice.  surveys of patient dose allow equipment that is giving higher 
doses to be identified, so that imaging protocols can be optimised.  setting of diagnostic reference levels 
(drls) in terms of measured dose quantities against which doses can be compared is important. these 
should be based on local equipment and practice, but take account of guidance from the Iaea and eC, and 
drls from individual countries.  the requirements for equipment performance testing programmes and the 
training of staff will be discussed. factors that need to be considered in the organisation of patient dose 
surveys and setting of diagnostic reference levels will be described.  

Contact: colin.martin@ggc.scot.nhs.uk
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DEVELOPMENT OF GONADS 
PROTECTORS FOR USE IN PEDIATRIC 

RADIOLOGY
Sousa, Carlos H. S.; Menezes. Israel V.; Medeiros, Dayanna O.; Nunes, Miguel M.; 

Pinheiro, Ricardo A. 

Copa d´or hospital

the use of radiology as a diagnostic tool has become a common practice and its benefits are undeniable. 
however, standards and techniques for radiation protection are underutilized in the name of increased 
productivity, convenience or lack of knowledge. Given that children have a longer life expectancy, the 
risks of stochastic effects compared to the risk in adults increases significantly. therefore, this study 
motivated by the recommendations of United nations scientific Committee of the atomic radiation efects 
- UnsCear, designed and produced tools for radiological protection for use in pediatric radiology, taking 
into account anatomy, dimensions and various ages. the raw material used in the study was a damage 
lead apron damaged, a X-ray machine and an ionization chamber. the results were quite satisfactory and 
the conclusion reached its goal. some minor issues were reported at the end of the work for a possible 
extension of this study to other projects.

Contact: radioprotecao@copador.com.br
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METHOD FOR REDUCING OVARIAN 
DOSES IN PROCEDURES OF UTERINE 

ARTERY EMBOLIZATION (UAE)
Marcia de Carvalho Silva1; Felipe Nasser1; Breno B. Affonso1; Eduardo Zlotnik1; Marcos L. 

Messina1,2; Seleno Glauber de Jesus Silva1

1hospital albert einstein, são Paulo, Brasil; 2hospital das Clínicas – fMUsP, são Paulo, Brasil

the procedure for uterine artery embolization (Uae) is the access and embolization of the uterine artery 
guided by X-ray. In previous work (CBfM 2009), was presented a methodology for estimating ovarian dose 
and entrance skin dose (esd) of patients undergoing Uae procedures. on that occasion, it was shown that 
the values were above those obtained by other authors in similar works. the calculation of entrance skin 
dose done separately for fluoroscopy mode and for arteriography mode showed that the arteriographys 
were responsible for the outcome of high dose. thus, actions have been proposed for dose reduction, 
including: change of frame rate/sec from 2 to 1 and efforts to reduce the number of sets of arteriography 
during the procedure. this paper aims to show the results obtained after these optimization actions. the 
methodology used was the same as the previous work. twenty four Uae procedures were accompanied, 
where the parameters of image acquisition were recorded for the calculation of the esd from the output 
of the X-ray tube. the ovarian dose estimation was performed by inserting a vaginal probe containing 
three tld chips. the results were compared with the previous work and there was a 57% reduction in 
ovarian dose and 30% of entrance skin dose. therefore, it was proven that the new protocol used allows a 
substantial dose reduction in patients.

Contact: marciacs@einstein.br
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VIRTUAL HUMAN PHANTOMS APPLIED 
TO RADIATION PROTECTION DOSIMETRY

Richard Kramer

department of nuclear energy, federal University of Pernambuco, Brazil

for a person after being exposed to ionizing radiation, the risk of suffering from radiation-induced detriments 
in organs or tissues is first of all dependent on the absorbed dose, which is the amount of radial energy 
absorbed per unit mass throughout the organ or tissue of interest. Consequently, the determination of organ 
and tissue absorbed doses in the human body is of primary concern in radiation protection for patients 
submitted to radiological examinations, for occupationally exposed workers and for members of the public, 
especially near nuclear installations. however, as human tissue cannot express itself in terms of absorbed 
dose, exposure models have to be used to determine the distribution of absorbed dose throughout the 
human body. a computational exposure model consists of a virtual representation of the human body, called 
phantom, plus a method, usually Monte Carlo, for transporting ionizing radiation through the phantom 
and for calculating the absorbed dose to organ and tissues of interest. early virtual phantoms were 
homogeneous slabs and cylinders representing the human torso. then, mathematical or stylized phantoms 
based on simple geometrical bodies like cylinders, ellipsoids, cones, tori, etc. were developed exhibiting 
already all important organs and a skeleton, but representing the human body still in a rather crude manner. 
Improved anatomical representation was achieved with the introduction of tomographic or voxel phantoms. 
Based on tomographic images of real persons, voxel phantoms are true to nature representations at least 
of the scanned individual. stylized phantoms are easily changeable but are poor representations of the 
human body, while voxel phantoms are excellent representations of the human body but difficult to change. 
the answer to the problem are so-called BreP (boundary representation) phantoms, which preserve the 
advantages of stylized and voxel phantoms and have recently been designed using 3d modeling software 
developed in the area of computer graphics and animated film.  

Contact: rkramer@uol.com.br
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ADULT HUMAN PHANTOMS AS A 
FUNCTION OF BODY MASS AND HEIGHT

Richard Kramer; V F Cassola; F M Milian; H J Khoury; C.A.B de O.Lira 

department of nuclear energy, federal University of Pernambuco

today, human phantoms used for absorbed dose calculations in radiation protection, radiology and nuclear 
medicine are constructed with an unprecedented degree of anatomical realism. this became possible 
by using software tools developed in the area of computer graphics, like non-Uniform rational B-spline 
(nUrBs) or polygon mesh surfaces which even allow introducing movements into the phantoms. applying 
these phantoms to real persons, patients in a radiodiagnostic department, for example, requests the body 
mass and the body height to be taken into account because these and other anthropometric parameters 
can have a strong effect on the organ and tissue absorbed doses. Based on anthropometric survey data 
for Caucasian populations, 36 adult human mesh phantoms, 18 in standing and 18 in supine posture 
with 9 phantoms for each sex and posture, are currently being developed at the department of nuclear 
energy at the federal University of Pernambuco in recife/Brazil. each group of 9 male or female posture-
specific phantoms has body masses and heights based on the 10th, 50th and 90th mass and height 
percentiles taken from the Caucasian survey data. other investigations were used to derive methods for 
organ and tissue scaling. this presentation will report on the standing phantoms for adult males and 
females. Preliminary dosimetric results indicate that organ and tissue absorbed doses change more or 
less linearly with body mass or height, which is of great advantage for the calculation of organ and tissue 
absorbed doses in X-ray diagnosis, for example, because data can be interpolated linearly for the patient’s 
body mass and/or height. the phantoms will be used in a future version of the popular software package 
Caldose_X, which is currently used by more than 1000 users in ca. 35 countries worldwide.

Contact: rkramer@uol.com.br
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A COMPARISON BETWEEN MCNPX 
AND GEANT4 CODES FOR α-PARTICLE 

MICRODOSIMETRY
Elbast, Mouhamad1; Saudo, Arnaud1; Petitot, Fabrice2; Franck Didier1; Desbree, Aurelie1 

1Institut de radioprotection et de sureté nucléaire (drPh/ sdI/ ledI) BP 17 - 92262 - fontenay aux roses Cedex, france ; 
2Institut de radioprotection et de sureté nucléaire (drPh/ srBe/ lrtoX) -BP 166-26702, Pierrelatte Cedex, france

Microdosimetry using Monte Carlo simulation is a suitable technique to describe the stochastic nature of 
energy deposition by alpha particle at cellular level. Because of its short range, the energy imparted by 
this particle to the tissue is highly non-uniform. Uranium uptake represents an occupational risk workers 
involved in uranium industry. the objectives of the present study were: (1) to study the effect of uranium 
localization over the specific energy imparted to the cell nucleus using MCnPX and geant4 codes for a 
simple cell model and (2) to assess the effect of voxel dimension to validate the use of a complex 3d 
voxelised geometry. to do that, the specific energy (z) deposited in the cell nucleus, the single-hit density of 
specific energy f

1
(z), the mean specific energy <z

1
>, and the frequency of hits received by the nucleus were 

calculated. our results shows that, when an alpha particle generated outside the cell, <z
1
> is higher by a 

factor 1.2 than when generated in cytoplasm localisation. this factor is about 2.3 higher than outside cell 
localisation. however, the hit frequency decreases rapidly from nuclear localisation to cytoplasm localisation 
(about 7 times lower). this interaction becomes low for the outside cell localisation (about 370 times lower). 
the study of the voxel size highlighted that the shape of the curve f

1
(z) obtained with MCnPX for less than 

1 µm voxel-size present a significant difference from the shape of non-voxelized geometry. When using 
Geant4, little differences are observed whatever the voxel size is. When a 3d voxelised phantom of cell is 
used, the error in deposed energy is about 12.4% using 1 µm voxel. this error decrease with decreasing 
voxel-size to reaches 1% using 0.1 µm voxel. however, the calculation time using Geant4 code is more than 
10 times higher than MCnPX code in the same condition.

Contact: mouhamad.elbast@irsn.fr
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CONTAMINATION MAPPING WITH IN VIVO 
MEASUREMENTS AND MONTE CARLO 

CALCULATIONS
Farah, Jad1; Leone, Debora2; Marzocchi Olaf2; Navarro Juan Fransisco3; Perez, Begona3, 

Lucena, Eder4; Lopez, Maria Antonia3; Breustedt Bastian2; Broggio, David1; Franck, Didier1

1Institut de radioprotection et sûreté nucléaire, Irsn/drPh/sdI/ledI, france; 2Karlsruhe Institute of technology, Germany; 
3Centro de Investigaciones energéticas, Medioambientales y tecnológicas, Madrid, spain; 4Instituto de radioproteção e 

dosimetria (Ird-Cnen), rio de Janeiro, Brazil

In the case of an internal contamination, in vivo counting is a very useful method that enables a precise 
measurement of the incorporated activity and its distribution in the body. however, when a complex 
contamination occurs, with very few information on the nature and activity of the radionuclides, it is difficult 
to establish a posteriori the activity distribution only by using spectrometry measurements. In this work, a 
new method has been implemented using both in vivo measurements and Monte Carlo (MC) calculations to 
optimize the contamination mapping. the method consists in separating the contribution of each potentially 
contaminated organ in the experimental counting rate. the contribution of each organ to the count is 
accounted through the MC simulation of the detectors_ counting efficiency by loading each contaminated 
organ alone. Using experimental counting rates and simulated counting efficiencies, the activity estimation 
in each potentially contaminated organ is feasible. to validate the method, a series of measurements 
was performed in collaboration with the KIt (Karlsruhe) and the CIeMat (Madrid). for these experiments, 
punctual sources (241am, 152eu) and the livermore physical phantom were used with different sets of 
radioactive lungs (238U, 235U, 241am, 152eu). the first results demonstrate the feasibility of the method 
and its efficiency in determining the activity distribution. the use of MC simulations proved to be very 
successful in separating the contribution of each organ. however, the activity estimate showed significant 
differences from the real values (up to 16%) and these call into question the modelling of the detectors and 
their positioning. future steps will focus on taking into account perturbation sources (old contaminations, 
new retention organs etc.) and on looking for the optimal positioning of the detectors to improve the 
estimation of the contamination and its distribution.

Contact: jad.farah@irsn.fr
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FLTC LABELLED, MAGNETIC 
NANOPARTICLES CONJUGATED 

D-PENICILLAMINE-ANTI-METADHERIN
Perihan Unak; Ozlet Akca; E. İlker Medine; Caglar Ozdemir; Serhan Sakarya; Suma Timur

ege University

In this study, silane modified magnetic nanoparticles were prepared after capped with silica generated 
from the hydrolyzation of tetraethyl orthosilicate (teos). amino silane (sG-si900) was added to this 
solution for surface modification of silica coated magnetic particles. finally, d-penicillamine (d-Pa)-anti-
Metadherin (anti-Mtdh) was covalently linked to the amine group using glutaraldehyde as cross-linker. 
Magnetic nanoparticles were characterized by scanning electron microscopy (seM), X-ray diffraction 
(Xrd), vibrating sample magnometry (VsM), and atomic force microscopy (afM). afM results showed 
that the particles are nearly monodisperse and average size of the particles was 40-50 nm. an aminoacid 
derivative d-penicillamine was conjugated anti-metadherin (anti-Mtdh) which results the increase of 
uptaking potential of a conjugated agent, labelled fluorescein isothiocyanate (fItC) and then conjugated 
to the magnetic nanoparticles. In vitro evaluation of the conjugated d-Pa-anti-Mtdh-fItC to magnetic 
nanoparticle was studied on MCf-7 breast cancer cell lines. fluorescence microscopy images of cells 
after incubation of the sample were obtained to monitor the interaction of the sample with the cancerous 
cells. Incorporation on cells of fItC labeled and magnetic nanoparticles conjugated d-Pa-anti-Mtdh was 
found higher than fItC labeled d-Pa-anti-Mtdh. the results show that magnetic properties and applying 
magnetic field increased incorporation rates. the obtained d-Pa-anti-Mtdh-magnetic nanoparticles-fItC 
complex have been used for in vitro imaging of breast cancer cells. fItC labeled and magnetic nanoparticles 
conjugated d-Pa-anti-Mtdh may be useful as a new class of scintigraphic agents. results of this study are 
sufficiently encouraging to bring about further evaluation of this and related compounds for fluorescent-Mr 
dual imaging.

Contact: unakp@hotmail.com
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ATTENUATION OF GOLD NANOPARTICLE 
IN RADIATION THERAPY ASSESSED BY 

TLD DOSIMETRY
Marques, Tatiana; Barbi, Gustavo; Schwarcke, Marcelo; Baffa, Oswaldo; Nicolucci, Patrícia 

University of são Paulo

Purposes:Quantify attenuation fractions (fatt) due to gold nanoparticles in x-ray radiation therapy beams 
using thermoluminescent dosimeters(tld). Material and Methods:Gold nanoparticles (aunP) of 45nm 
average diameter were used in this study. seven groups of lithium fluoride tlds, each one containing 3 
tablets of 3x3x0.9mm_, were pre-calibrated in a Cs-137 source and in 200kV clinical x-ray beam. different 
gold mass-fractions (0%, 0.08%, 0.17%, 0.25%, 0.33%, 0.42% and 0.5%) were casted in one surface of 
the tablets of each tld group. the dosimeters were positioned in an acrylic plate with small recess properly 
designed to fit 3 tablets each time and a 10cm-height acrylic block was positioned underneath the tlds 
to guarantee backscattering conditions. radiation fields of 10x10cm_ and source-to-surface distance 
of 40cm were set to delivery 2Gy to all groups. during irradiations, the surface of tld that contained 
aunPs was positioned towards the beam incidence. the fatt was calculated as the ratio between doses 
measured with tld tablets with and without aunP. PeneloPe Monte Carlo simulations were performed 
to determine fatt resultant from equivalent thin gold layers containing the same number of atoms of 
the experimental concentrations. results:experimental fatt varies between 1 and 0.87 in the range of 
aunP concentrations considered. to concentrations 0%, 0.08%, 0.17%, 0.25%, 0.33%, 0.42% and 0.5% 
the experimental fatt found were 1, 0.99, 0.98, 0.98, 0.94, 0.91 and 0.87 respectively. an exponential 
behavior of fatt with concentration of aunP was reveled in experiments when low concentrations of gold 
nanoparticles are considered. the fatt obtained by Monte Carlo simulations linearly varies from 1 to 0.92. 
Conclusions:attenuation measurements of aunPs in x-ray beam using tlds shows exponential behavior 
to gold concentration in contrast with Monte Carlo results to atoms evenly distributed at the surface. Both 
curves tend to agree excluding low concentrations.

Contact: tatiana.marques@usp.br
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PHOTOACTIVE MAGNETIC 
NANOSPHERES FOR NANOMEDICINE

V. F. Castro; A.A.A. De Queiroz 

Benedito José de Castro and Benedita dalva fortes de Castro

the purpose of this study was to explore the physics and biologic properties of polymer nanospheres carrying 
yfeal-Zns nanoparticles. Magnetic and fluorescent polymer nanospheres containing the photoactive and 
superparamagnetic yfeal-Zns nanoparticles were prepared by inter-facial polymerization of epoxidic 
polymer based on the ether diglycidic of bisphenol a (dGeBa). the microstructure and size distribution of 
the polymer nanospheres were determined by transmission electron microscopy (teM) and atomic force 
microscopy (afM). the fluorescence of the polymer nanospheres was observed using the epifluorescence 
microscopy. In-vitro experiments about the biocompatible properties of polymer nanospheres carrying the 
hybrid yfeal-Zns nanoparticles were accessed in mammalian cells (Cho). It was observed that the polymer 
nanospheres did not affect the viability of mammalian cells or the growth rate of cell culture. the biophysical 
properties of the polymer nanospheres carrying the hybrid yfeal-Zns ceramic indicated that this can be 
a highly versatile nanobiomaterial for therapeutic and cancer diagnosis. Keywords_ Quantum dots, Zns, 
Magneto fluid hyperthermy.

Contact: vfc_mg@yahoo.com.br



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil200

Scientific Sessions - Wednesday, April 20

18
th

 In
te

rn
at

Io
na

l 
Co

nf
er

en
Ce

 o
n 

M
ed

IC
al

 P
hy

sI
Cs

 -
 2

01
1 Code: 254 – Session: SS1-WE-D-04

SIZE-CONTROLLED Y2O3:EU3+ 
NANOPARTICLES FOR LUMINESCENT 

PROBES
Maria de Andrade Gomes; Mário Ernesto Giroldo Valerio; Zélia Soares Macedo  

federal University of sergipe/Physics department, são Cristóvão, se, Brazil

In the present work, eu3+ doped y
2
o

3
 nanoparticles were produced through proteic sol-gel technique and 

the adjustment of ph was tested in order to control the particle size of the powders. a strong correlation 
between the initial ph and the temperature of crystallization was observed, allowing the production of 
particles with controlled diameter from 4 nm to 50 nm. the samples were characterized by X-ray 
diffraction, high-resolution transmission electron microscopy, optical microscopy and photoluminescence 
spectroscopy in both absorption and emission modes. a blue-shift of the excitation peak corresponding to 
energy transfer from y

2
o

3
 host to eu3+ ions was observed as the particle size was reduced from 50 to 4 

nm. the suppression of a charge transfer band also resulted from the reduction of the particle size. the 
emission spectrum of the y

2
o

3
:eu3+ with particles of 50 nm was found to be similar to that of bulk material, 

whereas 4 nm particles presented broadened emission peaks with lower intensities. acknowledgements: 
CaPes, CnPq, faPIteC-se

Contact: zelia.macedo@gmail.com
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CHALLENGES OF TREATMENT PLANNING 
WITH NEW TECHNOLOGIES AND 

TREATMENT TECHNIQUES 
Milan Tomsej 

Medical Physics department, ChU Charleroi 

the introduction of new technologies in radiation therapy is principally aimed at improving the treatment 
outcome, by means of a dose distribution which more strictly conforms to the tumor (clinical target) volume. 
a highly conformal dose distribution allows for a dose escalation to the target volume without an increase in 
the radiation dose to normal tissues, or for a decrease in normal tissue dose without reducing tumor dose, 
or a combination of both. such refinement of the dose distribution actually delivered to the patient may be 
obtained through the following: (1)  providing technical solutions on the irradiation equipment to improve the 
dose distribution conformity to the target (beam intensity modulation combined or not with gantry rotation,  
multibeam approaches and hadrontherapy for example); (2) providing treatment planning tools to optimize 
the dose distribution for each of these new technical solutions (inverse planning approach), with in addition 
solutions able to consider biology into the treatment planning process; (3) providing the means to apply 
them accurately to individual patients  (image guided radiotherapy). the normal process when introducing 
a new or upgraded piece of equipment or software component in a radiation therapy department starts 
with planning. for instance, dose distributions obtained from intensity modulation radiation therapy (IMrt) 
may exhibit a less uniform dose distribution in the target than conventional approaches. therefore, ways of 
prescribing, dose reporting, normalizing have to change and move parallel with new treatment techniques. 
thus, new international radiotherapy recommendations or guidelines were more than welcome. Increased 
treatment Planning systems (tPs) complexity poses a challenge and requires understanding of its multiple 
functionalities, understanding of its limitations in anatomical modeling, adherence to the instructions for 
use of the system (avoiding changes in the way the tPs is used without proper testing and validation). the 
design and testing for software warnings and interlocks is becoming increasingly important.

Contact: milan.tomsej@gmail.com
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LÉVY METRIC AND THE DESIGN OF 
TCP BASED CONSTRAINTS FOR PLAN 

OPTIMIZATION
Francisco Cutanda Henríquez1; Silvia Vargas Castrillón2 

1hospital General Universitario Gregorio Marañón; 2laboratorio de Metrología de radiaciones Ionizantes (CIeMat).

Modern radiation therapy techniques require novel methods for the computation and evaluation of plans. In 
this work, we develop the concept of lévy distances between dose Volume histograms for the same volume 
of interest. It will be shown that lévy distance is a global property, with a clear geometric interpretation, and 
rigorous mathematical foundations. a direct application to tumor control probability variation is provided.

Contact: francisco.cutanda@salud.madrid.org
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INFLUENCE OF HIGH-DENSITY 
INHOMOGENEITIES IN STEREOTACTIC 

RADIOSURGERY WITH 6 MV LINEAR 
ACCELERATOR

G.H. Píriz, C. Mancilla, C. F. Varon, E. Lozano and Y. Banguero

Instituto nacional del Cáncer/Unidad de física Médica, radioterapia, santiago, Chile

the influence of high-density tissue inhomogeneity in small-diameter X-rays beam used in stereotactic 
radiosurgery with 6 MV linear accelerator has been investigated. We show the difference between dose 
calculated with an inhomogeneity correction factor and dose calculated without this correction in intracranial 
tumors. the correction dose magnitude depends on intracranial tumors locations. several planning systems 
neglect the disturbance on distribution of depth dose produced by the bone electron density; this produced 
systematic subdoses on the target. therefore, the Monitor Units must be corrected by independent 
calculations.

Contact: fisicamedica@incancer.cl
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IMPLEMENTATION OF INTRAOPERATIVE 
RADIOTHERAPY (IORT) ON A VARIAN

G.H. Píriz1, E. Lozano1,2, Y. Banguero1, C.F. Varón1, C.S. Mancilla1,2, C. Parra1,2 and P. 
Pacheco3

1 Instituto nacional del Cáncer/radioterapia, santiago, Chile; 2 Universidad de la frontera, temuco, Chile; 3 Universidad nacional 
Mayor de san Marcos, lima, Perú

the aim of this paper is to present the experience of the reference center from the network of radiotherapy 
of Chile in intraoperative radiotherapy. Is detailed the application system construction having a coupling easy 
on collimator linear accelerator. It also details the cost and the set up for measurements with corresponding 
Pdd curves and isodose curves. this technique was implemented in a Varian Clinac 21eX for beams with 
6, 9 and 12 MeV electron energy. the coupling system provides a good dose distribution both laterally and 
in depth for each energy. this provides a good coverage of treatment planning volume.

Contact: fisicamedica@incancer.cl
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IMPLEMENTATION OF INTRAOPERATIVE 
RADIATION THERAPY TECHNIQUE: A 

PEDIATRIC CASE
Graciela Alejandra Brito Roco; Gabriel Zelada Silva; Marcia García Arencibia; Karen 

Goset Poblete; Francisco Ossandón; Andrés Córdova Bernhart; Alejandro Berlín 
Rosenblut

Universidad de la frontera

In this work we present the process followed for the re-implementation of the Intraoperative radiation 
therapy (Iort) Program in the new linear accelerator elekta synergy Platform, recently installed in the 
radiotherapy Unit of the Clinica alemana santiago, Chile. Being the first institution in the country, since 
2003 with clinical cases of Iort reported(1). the technique was implemented for a critical case of a pediatric 
patient with no other suitable therapeutic approaches. In order to ensure that the treatment machine is 
approved for clinical use, in different clinical scenarios for this specific case, the following commissioning 
procedures were done: a dosimetric database for two electron energies (9 and 12 MeV) was constructed 
by measurements that characterized the electron beam. Both, Percentages of dose in depth (Pdd) and 
field profiles, were used to generate isodoses curves, at variable source surface distances (ssd). the 
measurements were made using hard docking system, with beveled (30°) acrylic cones of 6 and 8 cm 
width, and a range of ssd between 120 and 135 cm. subsequently, absolute doses were obtained on the 
central axis for each energy and ssd combination. finally, with all the data, we developed a software using 
MatlaB (v7.10.0.499), for rapidly obtain the desired monitor units of the treatment parameters (cone size, 
dose, energy and prescription isodose) defined intraoperative. (1) Goset K., rossi r., Camacho J., Córdova 
a. and sámchez-nieto B.(2004), Αradioterapia Intraoperatoria: Primer Caso de ChileΑ, lXXVII Congreso 
Chileno e Internacional de Cirugía.

Contact: tmgbrito@yahoo.com
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APPLICATIONS OF THE IAEA DOSIMETRY 
IN DIAGNOSTIC RADIOLOGY CODE OF 

PRACTICE
Donald McLean

International atomic energy agency

the Iaea published its International Code of Practice for diagnostic radiology (trs457) in 2007. this 
document is a complementary document to ICrU 74 and endeavors to bring a harmonizing approach to 
diagnostic radiology dosimetry using air kerma as the basic measurement quantity. the application of the 
document is seen both in the clinical and calibration work places and it is also an aim of the Iaea to bring 
these fields into a closer understanding of each other. recently a coordinated research project (CrP) at 
the Iaea reviewed the application of trs457 examining amongst other things, instrumentation, calibration, 
and clinical dosimetry protocols. of greatest interest were the applications to Ct and fluoroscopy dose 
estimation and their associated usage of pencil ionization chambers and kerma area product meters and 
their calibrations. It was found there is a wide range of calibration methods for both instruments, which 
have a direct impact on the clinical measurement and its uncertainty. there were also identified a number of 
areas in dosimetry that require ongoing investigation in diagnostic radiology and these included the areas of 
paediatric dosimetry, tissue and organ dosimetry, measurements of skin dose and dosimetric formalism for 
emerging technologies such as mammographic tomosynthesis as well as the impact of dICoM structures 
on dosimetric collection and accuracy. Many of these issues are currently being addressed through a 
new CrP. the preliminary results of this work reinforce the need of a harmonized basis for dosimetry that 
includes a sound knowledge of the capabilities of dosimetric instrumentation and calibration. this then 
builds a platform for meaningful assessment of patient dose and provides the tools needed for optimization 
processes in diagnostic radiology.

Contact: I.Mclean@iaea.org



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil207

Scientific Sessions - Wednesday, April 20

18
th

 In
te

rn
at

Io
na

l 
Co

nf
er

en
Ce

 o
n 

M
ed

IC
al

 P
hy

sI
Cs

 -
 2

01
1 Code: 320 – Session: SS2-WE-C-01

CALIBRATION OF PKA METERS AGAINST 
ION CHAMBERS OF TWO GEOMETRIES

Ricardo Andrade Terini1; José Neres de Almeida Junior1; Silvio Bruni Herdade2; Marco 
Aurélio Guedes Pereira2

1. Pontifícia Universidade Católica de são Paulo (PUC-sP); 2. Instituto de eletrotécnica e energia da Universidade de são Paulo 
(Iee-UsP) 

Kerma-area product (KaP or P
Ka

) is a quantity proposed to be independent of the distance to the X-ray tube 
focal spot and that can be used in radiological exams to assess the effective dose in patients. Clinical P

Ka
 

meters are generally fixed in the tube output and usually calibrated on-site by measuring the air kerma 
with an ion chamber and evaluating the irradiated area by means of a radiographic image. recently, a 
device was marketed (PdC, Patient dose Calibrator, radcal Co.), which is designed for direct P

Ka
 readings 

and easier calibration of clinical P
Ka

 meters with traceability to a standard laboratory. this work presents 
a metrological evaluation of two methods that can be used in standard laboratories for the calibration of 
this device, namely, against a reference 30 cc ionization chamber or a reference parallel plates monitor 
chamber. lower energy dependence was obtained when the PdC calibration was made with the monitor 
chamber. results are also shown of applying the PdC in hospital environment to the cross calibration of a 
clinical P

Ka
 meter from a radiology equipment. these results confirm lower energy dependence of the PdC 

relatively to the tested clinical meter.

Contact: jneresjr@gmail.com
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DEVELOPMENT OF A PARALLEL 
PLATE ION CHAMBER FOR RADIATION 

PROTECTION LEVEL
Bottaro, Marcio ; Moralles, Mauricio; Landi, Mauricio 

Iee-UsP/IPen-UsP

a new parallel plate vented ion chamber is proposed in this work. the application of this chamber was 
primarily intended to the measurement of stray radiation in interventional procedures, but the energy 
dependence of only 2.6 % obtained with the first prototype, in the range of 40 kV to 150 kV, allows its 
employment in other radiation protection applications. electric field calculations permitted the development 
of an optimized chamber model regarding effective volume and saturation voltage level, which conferred 
also a dual entrance window capability. Monte Carlo calculations were employed to match the required 
effective volume with the chamber dimensions. the Monte Carlo results revealed also that the influence of 
the conductive layers composition, which was neglected at the beginning due to its very small thickness of 
about 35 µm, has important contribution on the chamber response.

Contact: marcio@iee.usp.br
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ESTIMATION OF ABSORBED DOSE OF 
HUMAN TISSUES DURING BMD SCAN BY 
TLD CHIPS AND MONTE CARLO METHOD 

Karimian, Alireza1; Hajarizadeh, Atefeh2; Abdi, Mohammadreza2 
1department of Biomedical engineering, faculty of engineering, University of Isfahan, Isfahan, Iran; 2department of Physics, 

science faculty, University of Isfahan, Isfahan, Iran

osteoporosis is a disease that characterized by low bone mass and structural deterioration of bone tissue. 
dual energy x-ray absorptiometry (deXa) is the standard technique for diagnosis of osteoporosis. to evaluate 
the osteoporosis, BMd study is done usually on femur and or spine regions. the purpose of this research 
work is to evaluate patients’ organs doses during performance of dual x-ray absorptiometry by tlds chips 
and Monte Carlo method. the surface dose of cervix, kidney, abdomen region, thyroid and background were 
measured by placing 59 (tld-Gr 200) at various organs locations. In addition, the hologic explorer system 
(Qdr series), the patient body, x-ray source and radiosensitive tissues such as cervix, kidney, abdomen 
and thyroid were simulated by Monte Carlo method. then absorbed dose of the mentioned organs were 
assessed. for spine (femur) BMd scan in simulation, the absorbed dose of the cervix, kidney, abdomen 
and thyroid were 4.19 (5.88), 175 (3.68), 8.71(3.27) and 1.8 (µGy) respectively. for spine (femur) BMd 
scan by using tlds, the absorbed dose of the cervix, kidney, abdomen and thyroid were 4.5 (5.64), 162.17 
(3.99), 8.45 (3.55) and 1.95 (µGy) respectively. the relative difference between our simulation results and 
experimental data was less the 8%. therefore simulation study can be used instead of the experimental 
method for assessment the radiation absorbed dose especially for internal organs and inside the organs 
which is not easy available in experiment. furthermore our results showed, to reduce the danger probability 
during BMd scans, these scans should prescribe with more precision and sensitivity.

Contact: karimian@eng.ui.ac.ir
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A NEW MAMMOGRAPHY DOSIMETRIC 
PHANTOM

C. D. de Almeida1, C. M. C. Coutinho1, B. M. Dantas1 and J. E. Peixoto2

1 Institute of radiation Protection and dosimetry (Ird) rio de Janeiro, Brasil; 2 national Institute of Cancer (InCa), rio de Janeiro, Brasil

Breast phantoms produced with tissue-equivalent materials are used in an attempt to simulate, in terms of 
attenuation and density, the glandular and adipose tissues. In this work, a set of breast tissue-equivalent 
phantoms (Bte phantoms) with semi-circular shapes of different thicknesses and tissue compositions 
were produced aiming to simulate fractions of glandular tissue (glandularities) in the range of 0 to 100 %. 
such phantoms may be used to measure incident air kerma (Ki) and the glandular dose (dg) delivered to 
the patients undergoing mammography. aiming a characterization of the materials used to produce the 
phantoms, measurements of the attenuation coefficients to X rays at 17 keV were performed. the carbon-
hydrogen-nitrogen (Cnh) elemental composition and densities of the tissue equivalent materials were also 
determined so that the mass-attenuation coefficients could be calculated. Measured values of attenuation 
coefficients and densities of the breast tissue equivalent materials (Bte), as well as Cnh composition, were 
compared with values available in the literature. linear attenuation coefficients of adipose Bte materials 
for this photon energy agree with data presented in the literature but these coefficients for glandular Bte 
material are up to 22% lower than data presented by other authors. this indicates that ongoing actions are 
needed to improve the glandular Bte material composition. finally, it is suggested the use of Bte phantoms 
in the place of polymethylmethacrylate (PMMa) phantoms to select exposure parameters (kV, mas and 
target/filter combination) specific for each breast glandularity from 0% to 100 % in the optimization of 
doses in mammography.

Contact: joao.e.peixoto@uol.com.br
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THE ROLE OF TOMOSYNTHESIS IN 
ROUTINE CLINICAL APPLICATIONS

Anders Tingberg1,2

1Medical radiation Physics, department of Clinical sciences, Malmö, lund University, skåne University hospital, 205 02 Malmö, 
sweden; 2department of radiation Physics, skåne University hospital, 205 02 Malmö, sweden

tomosynthesis is a novel diagnostic method offering a quasi three-dimensional representation of an object. 
a number of low-dose projection images of the object are acquired from different angles. these images 
are reconstructed into a three-dimensional volume, from which individual thin slices can be studied. the 
influence of the overlapping tissue is suppressed and detection of lesions in the focus plane is enhanced. 
over the last decade, a number of scientific papers have been published to explore the possibilities of this 
new technique. even though the majority of scientific papers on tomosynthesis have focused on breast, 
the commercial introduction of dedicated breast tomosynthesis units has been slow, and it has only been 
available for purchase outside the Us for approximately a year. tomosynthesis has been available for general 
radiography for a few years, and especially for chest and skeletal imaging it is used in clinical routine in 
swedish hospitals. tomosynthesis has potential to significantly improve sensitivity and specificity in breast 
cancer screening compared to mammography. however, there are only a small number of clinical studies 
published which compare the performance of tomosynthesis and mammography in controlled settings. 
there are a few research groups that have started studies of tomosynthesis in a screening setting, but 
hitherto there are no papers published in scientific journals. a study comparing the sensitivity and specificity 
of breast tomosynthesis and conventional 2d digital mammography is running at skåne University hospital 
Malmö, sweden. Based on expected differences in cancer detection with the two modalities, it is estimated 
that 15 000 women have to be examined, for obtaining statistically significant results. Currently, over 1300 
women have been examined, and seven confirmed cancers have been detected. experiences from the 
ongoing study will be presented, together with results from supplementary studies.

Contact: anders.tingberg@med.lu.se
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IMAGE QUALITY ANALYSIS IN DENTAL 
CONE-BEAM COMPUTED TOMOGRAPHY

Hoffmann, Elias Cantarelli; Marques da Silva, Ana Maria 

PUCrs - Pos-Graduation student

office-based cone-beam computed tomography (CBCt) has been used in oral and maxillofacial radiology 
practice. this article presents the limitations and potentialities in the development of QC protocols adjustable 
to different dental CBCt models. this assessment was based on the analysis of image quality parameters 
in different equipments, using standard procedures and maximum values provided by Brazilian regulations 
for multi-slice detector computed tomography (MdCt). Ct number uniformity, noise level, high and low 
contrast spatial resolution were analyzed qualitatively and quantitatively in two equipments: i-Cat (Imaging 
sciences International Inc., Usa) and Planmeca 3d s (romexis, finland). different attenuating objects 
were developed through rapid prototyping using aBsplus deposition for data acquisition. Uniformity was 
measured in 5 regions (central, left lateral, right lateral, anterior, and posterior). lateral regions showed 
better results (5 hU) than posterior and anterior (15 hU), compared to 5 hU, maximum difference between 
Ct numbers. Measured noise in a water phantom was lower for i-Cat (6.3%), than Planmeca 3d s (11.9%), 
exceeding 10% maximum noise. low and high contrast, and spatial resolution were qualitatively analyzed 
using variable diameter holes and internal pattern visibility, produced by deposition. Image analysis showed 
that higher noise prejudiced low contrast resolution. Both equipments showed acceptable high contrast 
spatial resolution (1 mm). the main limitations for adapting MdCt procedures for CBCt quality control 
are: variety of gantry geometries; kVp and mas limited range regulation; foV differences; difficulties for 
using standard Ct phantoms; lack of QC specific regulation for office-based CBCt. the study showed the 
high potentiality of aBsplus deposition for phantoms prototyping with variable and complex geometries 
and different densities, representing a flexible tool for the development of QC models for image quality 
analysis.

Contact: elias.hoffmann@acad.pucrs.br
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SUBTRACTION OF MAMMOGRAPHIC 
IMAGES USING A CONTRAST MEDIUM

Maria-Ester Brandan1, Y. Villaseñor2, L. Benitez-Bribiesca3, FE Trujillo4, H. Perez-Ponce1, 
H. Galvan2, E. Bargallo2, I. Rosado-Mendez1

1Instituto de física UnaM, Mexico City; 2Instituto nacional de Cancerología, Mexico City; 3Centro Médico nacional sXXI, IMss, 
Mexico City; 4hrae oaxaca, Mexico. 

the subtraction of radiological images acquired with different x-ray spectra (dual-energy) permits the 
emphasized visualization of an element of interest in the object of study. the technique is based on the 
non-linear dependence of the x-ray attenuation coefficients with energy and atomic number. on the other 
hand, the administration of a contrast medium CM -generally iodine-based- to the patient during some of 
the images to be subtracted offers the possibility of differential emphasis of the highly attenuating medium. 
factors (other than biological conditions) that determine the image contrast are the x-ray spectra, the time 
when images are acquired and the subtraction procedure. this presentation reports results from a clinical 
protocol, carried out at the Mexican national Institute of Cancerology, aimed at optimizing the contrast of the 
CM in subtracted mammographic images of BIrads 4 and 5 patients. We present the subtraction of series 
of images, obtained under a single compression with a Ge senographe ds digital unit. Mean glandular 
doses were kept below 6 mGy. the procedure requires “mask” images obtained at two energies (called low 
and high), the injection of CM and the acquisition of series of images with the high x-ray energy. during 
the offline analysis, images are subtracted either in dual- or single-energy temporal schemes. subtracted 
images display the CM in vasculature and intersticial space near the lesion. the temporal series permits 
to obtain kinetic contrast curves. Preliminary results indicate different temporal patterns of CM uptake 
depending on the lesion being benign or malignant, and on the type of breast cancer. the optimization of 
the image subtraction technique will be discussed.

Contact: brandan@fisica.unam.mx
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ENHANCEMENT DETECTION 
OF MICROCALCIFICATIONS IN 

MAMMOGRAPHIC FILM IMAGES BY 
DENOISING AND IMAGE PROCESSING 

TECHNIQUES     
Karimian, Alireza1; Yazdani, Sepideh2 

1department of Biomedical engineering, faculty of engineering, University of Isfahan, Isfahan, Iran; 2electrical engineering faculty, 
Islamic azad University najafabad Branch, najafabad, Isfahan, Iran

Purpose: Breast cancer is one of the most prevalent cancers among women. Mammographic radiology, 
as one of the primary studies, is used for diagnosis of breast tumors and defects. Mammographic images 
have some instinctive limitations like weak distinction in splitting cyst from tumor, over- dependence on film 
development and print stages, a relatively high dependence on proficiency of specialist physician, etc. for 
this reason, improvement the quality of mammographic images is very important. Materials and Methods: 
the suggested plans in this study are design and implementation of two software packages where their 
input includes high- quality, intermediate and or even very low quality mammographic images based on 
specialist physician’s study while its output is composed of reduced noise and processed images that show 
the input images with higher quality and more details. In this study, mammographic images were initially 
converted into digital images and then to increase spatial resolution, reduce the noise, edge detection and 
consequently improvement of their contrast, two methods, means spatial and frequency domain methods 
were used. results: In this research work, 120 mammographic images have been used. the purposed 
algorithms, search for a defect such as pile or calcification in abnormal zones so it could be deemed as 
an index for cancer diagnosis. the designed plans in this study characterize the areas with pile and or 
defects so that specialist physician could explore these zones more accurately and sensitively. a number of 
successful experiments validated our suggested algorithm. Conclusions: through this research work, it is 
concluded that the frequency domain analysis is easier to implement as compared to spatial domain and 
also it is concluded that medical doctor diagnosis would improve and would be more accurate.

Contact: karimian@eng.ui.ac.ir
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DETECTION AND CLASSIFICATION 
OF BENIGN AND MALIGNANT 

MICROCALCIFICATION CLUSTERS 
WITH CELLULAR AUTOMATA IN 

MAMMOGRAPHY IMAGES
Moradmand, Hajar1; Setayeshi, Saeed1; Karimian, Alireza2; Sirous, Mehri3; Khazaei Targhi, 

Hossein3 
1nuclear engineering & physics department, amirkabir University of technology, tehran, Iran; 2department of Biomedical 

engineering, faculty of engineering, University of Isfahan, Isfahan, Iran; 3Isfahan Medical school, Medical University of Isfahan, 
Isfahan, Iran

digital mammography is one of the most suitable methods for early detection of breast cancer. existence 
of microcalcification clusters (MCCs) in mammograms is one of the earliest signs of breast cancer. 60-
80% of breast carcinomas reveal MCCs upon histological examinations. the high correlation between the 
appearance of the microcalcification clusters and the diseases show that the computer aided diagnosis 
(Cad) systems for automated detection/classification of MCCs will be very useful and helpful for breast 
cancer control. therefore, an intelligent classifier is required which can help radiologists to classify the 
suspicious areas and diagnose the breast cancer. this research work presents a new approach for 
classifying benign or malignant micro- calcification by using a high speed and low cost pattern classifier. 
the proposed classifier was built around a special class of sparse network referred to as Cellular automata 
(Ca). In the first step, the mammograms were de-noised. then, the mammograms contrast was enhanced 
by using wavelet-transformation. to select the suspicious areas, Morphological operations and threshold 
techniques were employed. finally, to classify benign and malignant micro-calcifications on binary images 
the Ca method was implemented. the suggested algorithm was tested on 47 mammograms, which were 
taken from digital database for screening Mammography (ddsM). the performance analysis of the Cad 
algorithm was done by receiver operating characteristics (roC) plot. also, the validations of results by visual 
inspection were done by expert radiologist. the output results of the suggested algorithm were compared 
with the reports of medical radiologist physicians and demonstrated the accuracy of about 94%. therefore, 
the suggested classifier was able to classify benign or malignant microcalcifications with a high accuracy 
amount and high speed. so, the suggested algorithm in this research work could be used for early detection 
of breast cancer.

Contact: karimian@eng.ui.ac.ir
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INVERSE PLANNING IN BRACHYTHERAPY
Victor Bourel

optimization in Brachytherapy is used since early 30s when the first rules were imposed to obtain best results 
with this technique. several decades later, with the arrival of Computerized treatment Planning, optimization 
possibilities had great development, particularly in treatments with hdr Brachytherapy equipments. Until 
2000 approximately all treatment Planning for these equipments used only forward optimization, which 
consists in determining dwell times for dwell positions necessary to give the required dose in some dose 
points; frequently this points are defined from catheters or applicators independently of patient anatomy. 
Incorporation of 3d images in Brachytherapy lead in last years the development of Inverse Planning. Inverse 
optimization is an anatomy-based dose optimization, this means the construction of objective functions and 
penalty functions from target volume and organs at risk. the main benefit of the Inverse Planning approach 
is that all dosimetric requirements (dose coverage, dose homogeneity, organs at risk protection, etc.) are 
simultaneously and automatically taken into account in the planning process. this is different from forward 
planning where the dose distribution is iteratively adjusted by modifying the dwell times or the source 
positions until an acceptable dose distribution is produced. different mathematical methods (deterministic 
and stochastic) have been used to solve the Inverse Planning problem in Brachytherapy. We can find in 
recent publications several systems (IPsa, hIPo, arM, IPIP, etc.), some of them have been commercially 
implemented. Publications comparing results between forward Planning and inverse Planning (specially in 
prostate and cervix) show a clear advantage for inverse planning in target dose coverage and organ at risk 
protection.

Contact: vbourel@speedy.com.ar
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IMPACT OF PHYSICAL DOSE RATE 
EFFECT ON THE LONG TERM RESULTS 

OF THE CF-252 BRACHYTHERAPY OF 
CERVIX CARCINOMA

E. Janulionis; V. Atkocius; K.P.Valuckas, V.Samerdokiene 

Institute of oncology Vilnius University,lithuania

Purpose : evaluate effect of dose rate on the long term results after combined radiation therapy for stage 
IIB and IIIB of cervix uteri carcinoma. Materials and methods : In the period of 1994-1999 375 pts with 
cancer of cervix uteri stage IIB and IIIB received combined radiation therapy: Co-60 external beam therapy 
and gamma-neutron Cf-252 brachytherapy. during this period  Cf-252 sources physical dose rate have 
reduced more than 4 fold. for isoeffect calculation the riabuchin formulae was used. results : obtained 
data shows that Cf-252 gamma-neutron brachytherapy provides excellent results: 5 and 10 year survival 
was 75% and 68% for stage IIB  and 56,6% and 50% for stage IIIB respectively. there was no statistically 
significant differences between overall survival for and 56,6% and 50%  groups of patients treated in 
period 1994-1996 vs 1997-1999. Conclusions : Clinical results looks like confirmed the rightness of 
riabuchin formulae.

Contact: ejanulionis91@gmail.com
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DOSE COMPUTATION FOR A 103Pd STENT 
SOURCE USED IN INTRAVASCULAR 

BRACHYTHERAPY BY MONTE CARLO 
CODE

Omid Kiavar;1 Mahdi Sadeghi;2 Pooneh Saidi;1 Rozhin Fatehi;3 
1nuclear engineereing faculty, science and research Branch, Islamic azad University, tehran, Iran; 2agricultural, Medical and 

Industrial research school, P.o. Box 31485-498, Karaj, Iran; 3Chemistery faculty, north Branch, Islamic azad University, tehran, Iran

Purpose: this study was designed to assess the suitability of a 103Pd-implanted stent for use in intravascular 
brachytherapy. Materials and Methods: the doses given to the intima, media, and adventitia are very crucial 
quantities in IVBt. the Monte Carlo method was used to determine the dose rate distribution, using MCnP5 
code. the stent source was modeled by a hollow cylinder of 1.7 cm length (2 mm diameter). scoring voxels 
consisted of contiguous annular disk shells with 0.1 mm spacing in the radial direction and 0.2 mm spacing 
in the longitudinal direction. results: In the plane containing the source axis, the Monte Carlo-generated 
doses in rectilinear coordinates are converted to polar coordinates. the dose rate constant [d

0
(r

0
,θ

0
)], and 

radial dose function [g
l
(r)] were generated from these values and listed in tabular format. Conclusions: 

these parameters can be used in future treatment planning system for IVBt. Keywords: Intravascular● 
brachytherapy● restenosis● stent● 103Pd● MCnP5

Contact: o.kiavar@gmail.com
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EVALUATION CRITICAL DOSE OF RECTUM 
DURING HDR BRACHYTHERAPYIN 

TREATMENT OF CERVICAL CARCINOMA
Mina Sarkhosh1, Mahmoud Allahverdi1,Ramin Jaberi2, Akbar Adelnia1

1tehran university of medical science, Medical Physics, tehran, Iran; 2Cancer Institute, radiation Physics, tehran, Iran

Purpose: the aim of this study was to assessment of actual dose delivered to rectum and compare with the 
calculation of treatment planning system (tPs). Materials and methods: We measured the dose delivered 
to the rectum by semiconductor diode detector (PtW/Germany) .the factors that influence diode response 
were investigated as well. Calibration factors of diodes vary with time weekly calibration was compared to 
investigate the influence of time on the accuracy of calibration. then 40 applications of patients with cervix 
carcinoma were evaluated. dose in rectum was measured by means of rectal dosimeter and compared 
to the calculated doses. results: We investigated the differences between measurement and calculation 
of dose in this research. the mean difference between the tPs _calculated dose and the measured 
dose was 6.5% (range -22 t0 +39) for rectum. the tPs-calculated maximum dose was typically higher 
than measured dose. Conclusion: the study showed that main reason for difference was due to patients 
movement and applicators shift in the time lapse between imaging and treatment .It is recommended that 
in vivo dosimetry should be performed in addition to computation. In vivo dosimetry is a reliable solution 
to compare planned and actual dose delivered to organs at risk (oar). Keywords: brachytherapy, in vivo 
dosimetry ,cervix carcinoma

Contact: parsemehr@gmail.com
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DOSES TO PATIENTS IN INTERVENTIONAL 
CARDIOLOGY

Anna Benini, Frants Pedersen, Erik Jorgensen 

Cardiac Catheterization laboratory, department of Cardiology, heart Center, University hospital rigshospitalet, Copenhagen (denmark)

there is growing concern about doses delivered to patients in interventional cardiology and more effort 
should be put in limiting the probability of radiation injuries and stochastic effects, with particular attention 
paid to children. In particular, repeated procedures on the same patient, might be in the range of deterministic 
effect. the aim of this study is to analyze doses, in order to increase awareness and discuss ways for 
optimization of the procedures and, when possible, limiting the fluoroscopy time (ft). the Catheterization 
laboratory (Cath lab) of the heart Center at the University hospital, rigshospitalet, in Copenhagen, is 
equipped with seven angiography units, of most recent Philips and siemens models. each angiography 
unit has a dose area product (daP) meter. a computerized clinical database of procedures is active as from 
1998, including daP values and ft. the Cath laB is well equipped with personal dosimeters, lead aprons, 
lead eye wears and lead glass shields, for the workers. data from more than 50.000 diagnostic coronary 
angiography procedures, more than 20.000 percutaneous coronary intervention (PCI) procedures, and more 
than 800 congenital heart disease procedures are available in the clinical database. data related to the 
diagnostic procedures and the PCIs are analyzed separately, taking into account: patients’ average age and 
gender, BMI, ft, daP value, operator (level of experience) and the number of lesions in case of PCI. doses to 
patients during PCI were statistically significantly related to body mass index (BMI) of patients and number 
of PCI lesions (PCI-complexity), as expected, but also to the different operators, and their experience levels. 
In addition, more than 800 congenital heart disease procedures; (circa 200 patients with more than one 
intervention) have been analyzed, dividing the patients into four age groups (1-364 days, 1-5 years, 6-11 
years and 12-18 years). In conclusions doses to patients during cardiac interventional procedures seem 
to be within the “expected” dose range. however, a few percent of patients receive relatively high doses. 
Patients’ BMI, procedures’ complexity and operators’ way-of-work are important factors; this last one, in 
particular, shows that there is room for improvement in the optimization of procedures and reduction of 
doses to patients and staff. anyhow, doses should always be evaluated in relation to the clinical results, 
but in this case the clinical evaluation criteria are not easy to define. doses to staff are monitored regularly 
without any major problem, due to the appropriate use of protection devices.

Contact: annabenini@hotmail.com
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EVALUATION OF PATIENTS-SKIN DOSE 
UNDERGOING INTERVENTIONAL 

CARDIOLOGY PROCEDURE
Oliveira da Silva, Mauro Wilson; Dias Rodrigues, Bárbara Beatriz; Canevaro, Lucía Viviana 

Instituto de radioproteção e dosimetria and Universidade federal do rio de Janeiro 

In interventional cardiology (IC) the coronary angiography (Ca) and percutaneous transluminal coronary 
angioplasty (PtCa) procedures are the most frequent procedures. since the 1990s, the number of IC 
procedures has increased rapidly; it is also known that these procedures are associated with high radiation 
doses due to long fluoroscopy time (ft), large number of cine-frames (Cf) acquired to document the 
procedure. Mapping skin doses in interventional cardiology is useful to find the probability of any skin injury, 
to detect areas of overlapping field and get a permanent record of the most exposed areas of skin. the 
purpose of this study was to estimate the maximum skin dose (Msd) in patients undergoing Ca and PtCa, 
and comparing these with the reference levels proposed in the literature. Patients’ dose measurements 
were carried out on a group of 38 patients at the hemodynamic department in four local hospitals in rio 
de Janeiro, Brazil, using Gafchromic_ Xr-rV2 films. In PtCa procedures, the median and third quartile 
values of Msd were estimated at 2.5 and 5.3Gy, respectively. for the Ca procedures, the median and third 
quartile values of Msd were estimated at 0.5 and 0.7Gy, respectively. In this work we used the Pearson’s 
correlation coefficient (r), and we found a fairly strong correlation between ft and Msd (r = 0.8334, p < 
0.0001), for Ca procedures. the 1Gy threshold for deterministic effects was exceeded in nine patients. 
the use of Gafchromic_ Xr-rV2 films was shown to be an effective method for measuring Msd and the 
distribution map of the dose. the method is effective to identify the distribution of radiation fields, thus 
allowing the follow up of the patient in order to investigate the appearance of skin injuries.

Contact: maurowilson@gmail.com
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INVESTIGATION OF DOSES TO 
CARDIOLOGISTS IN HEMODYNAMIC 

INTERVENTIONAL PROCEDURES
Dias Rodrigues, Bárbara Beatriz; Oliveira da Silva, Mauro Wilson; Canevaro, Lucía 

Viviana; Silva Lima, Ana Luiza; Maurício, Claudia Lúcia de Pinho 

Instituto de radioproteção e dosimetria and Universidade federal do rio de Janeiro 

In cardiac X-ray procedures, exposure levels of the involved staff are higher than in conventional radiology 
due to the use of long fluoroscopy times and high dose rates, among other factors. Interventional radiology 
requires the operator and assisting personal to remain close to the patient, and thus close to the primary 
beam of radiation. the purpose of this study was to quantify the levels of radiation doses of physicians who 
performed cardiac catheterization procedures, angioplasty and electrophysiological studies. staff radiation 
doses were estimated during cardiac interventional therapeutic or diagnostic procedures performed in 
departments of hemodynamic of three hospitals in rio de Janeiro, Brazil. to assess the physicians_s 
exposure, thermoluminescent dosemeters lIf:Mg, ti (tld 100) were used. Personal equivalent doses, 
(hp(d)), at the physician_s right and left wrists and left knee were estimated. hp(d) at the level of the chest 
and forehead were also estimated. In total, staff radiation dose was estimated for 59 coronary angiographies, 
16 angioplasties and 6 electrophysiological studies. the average values of personal dose equivalent (hp(d)), 
in msv, for main cardiologist in coronary angioplasty procedures are 0.43 (chest), 0.16 (forehead), 0.66 
(left wrist), 0.34 (right wrist) and 1.33 (left knee). for percutaneous transluminal coronary, are 0.37 (chest), 
0.13 (forehead), 0.48 (left wrist), 0.23 (right wrist) and 1.13 (left knee). one way to optimize the protection 
of staff is the implementation of basic and continuing training in radiological protection.

Contact: bbdrodrigues@gmail.com
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EVALUATION OF STAFF RADIATION DOSE 
IN CARDIAC CATHETERIZATION

Abdelmoneim Sulieman; Hiba Joda; Mohamed Hamadelneel 

sudan University of science and technology. College of Medical radiologic science, Khartoum, sudan

the objective of this study was to determine the patient and staff doses during cardiac catheterization 
procedures and to estimate the risks associated with this exposure in ahmed Gasim hospital in Khartoum 
Bahry- sudan. the measurements involved 50 operations. the dose received by the medical staff was 
measured using tld chips (lif: Mg, Cu, P). dose area Product (daP) was used to calculate the patients 
radiation dose. the main operator and the rest of the staff received 0.14 and 0.01 msv per procedure, 
giving rise to an estimated annual effective dose of 17.67, 6.3 msv per year, respectively. occupational 
dose to the cardiologists was much lower than the relevant statutory dose limits. the monitoring of radiation 
workers is not established properly. It is obvious that high patient and staff exposure is due to the lack of 
experience and protective equipments.

Contact: abdelmoneim_a@yahoo.com
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MAGNETIC MONITORING OF CARDIAC 
VALVES PROSTHESIS

Oliveira, Amanda Lopes ; Heimfarth, Tobias; Mulato, Marcelo 

University of sao Paulo

this work has the purpose of developing an experimental model for monitoring the behavior of cardiac 
valves prosthesis. our main goal is to detected failures before it compromises the patient that already has a 
prosthetic heart valve manufactured with a magnetic material attached in its leaflets, using an un-invasive 
method.

Contact: amanda.lopes.usp@gmail.com
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IMAGING REGULAR PHANTOMS 
THROUGH ACB TOMOGRAPHY

Fonseca, Paulo; Matos, Ronaldo; Stelzer, Murilo; Miranda, José Ricardo; Flauzino, Ellem 

Unesp - Univ estadual Paulista “Julio de Mesquita filho”

during the last decades much research effort has been done to produce a tomography system capable 
of detecting the electromagnetic properties of matter using non-invasively and contactless resources. aC 
Biosuseptometry, that developed originally to evaluate animals and humans gastrointestinal tract functional 
aspects, is now proposed to act as a tomography system based to measure the response of high susceptibility 
regular shaped phantoms. We employed a 13-channel aC Biosusceptometer coupled to a compensation 
coil and a driving system to dislocate the sample while its response to the excitation magnetic field was 
digitalized and stored on a computer. finishing the scanning task the signal was processed, resulting on 
sinograms that allowed us to reconstruct images using filtered backprojection on Matlab (Mathworks 
Inc.). for simplest geometries (one and two bars), it was necessary only one channel to reconstruct an 
acceptable image but we needed to employ multiple channels to reconstruct more complicated geometries 
(triangle and square). for all cases, the final image presented good signal-to-noise resolution and allowed 
us to determine the position and shape of the phantom, despite some distortions due the divergent behavior 
of magnetic field. In the future, these preliminary results can be expanded to more elaborated in vitro 
situations (irregular phantoms) or small animals.

Contact: prfonseca@ibb.unesp.br
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NEURONAVIGATION SOFTWARE 
FOR TRANSCRANIAL MAGNETIC 

STIMULATION
Souza, Victor Hugo de Oliveira¹; Rodrigues, Eduardo de Matos¹; Peres, André Salles 

Cunha¹; Baffa, Oswaldo¹; Amorim, Paulo Henrique Junqueira²; Moraes, Thiago Franco²; 
Silva, Jorge Vicente Lopes²; Martins, Tatiana Al-Chueyr Pereira³

¹departamento de física, faculdade de filosofia Ciências e letras de ribeirão Preto, Universidade de são Paulo; ²Centro de 
tecnologia da Informação renato archer; ³departamento de tecnologia, Globo.com.

transcranial magnetic stimulation (tMs) is a non-invasive technique used for cortex mapping, psychiatric 
diseases treatment and general brain studies. for tMs application it’s necessary to hold the stimulation coil 
on the subject scalp above the cortex region of interest. to avoid the subjective positioning and operator 
dependences, neuronavigation software have been used to precisely localize structures in the brain relative 
to the coil. these systems are composed by spatial tracker devices and algorithms that co-register the 
subject’s real position with his or her tomographic images. however, due to its cost and other issues, this 
technology is not widely accessible. In order to overcome these difficulties, we have adapted InVesalius 
medical imaging software so it could be used as a neuronavigator system, all the work being open-source, 
multiplatform and freeware. after these modifications, the software has become capable of communicating 
with three different tracking systems, two electromagnetic from Polhemus, IsotraK II and PatrIot, 
and one optical from Claron tech., model Microntracker MtC 3.5. InVesalius does the co-registration 
by capturing the fiducial points with a spatial localizer and the respective coordinates in the tomography 
images. the user interface is composed by four visualization windows: sagittal, coronal and axial slices, and 
a volumetric reconstruction, despite the control panel used to manage configurations. the software also 
allows the user to add markers above the image to support the coil positioning. these markers may assume 
several colors and sizes in the volumetric window to represent different operations. their coordinates can 
be saved and reloaded, and the data can be exported in asCII format, making possible to work with 
other programs and create functional brain maps. thus, the objective to assist tMs applications with the 
InVesalius neuronavigator was achieved.

Contact: victorhos@hotmail.com
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ANALYSIS OF THE BOLD RESPONSES 
ON EEG-FMRI ACQUISITION IN PATIENTS 

WITH EPILEPSY
Brunno Machado de Campos1; Ana Carolina Coan1; Guilherme Côco Beltramini2; Roberto 

José Maria Covolan2; Fernando Cendes1 
1department of neurology, state University of Campinas - UnICaMP; 2Gleb Wataghin Physics Institute, state University of 

Campinas - Unicamp

the technique of magnetic resonance imaging (MrI), characterized by high spatial resolution, associated 
with electroencephalography (eeG), characterized by high temporal resolution, can be a powerful tool to 
study neurological disorders, including epilepsy. electroencephalography is a mechanism to record electrical 
brain activity, using principles of electronics, physics and physiology. functional MrI (fMrI) relies on the 
different magnetic properties of blood depending on its oxygen content. the goal of functional imaging is 
to obtain images that are sensitive to brain function. to this end, we aim to understand the mechanisms 
of neural activity and the processes related to it. this paper describes the methodology of the combined 
eeG-fMrI method in a tertiary hospital, and assesses the results of 16 exams regarding their concordance 
with the clinical history, and clinical applicability of the technique. the results of the exams were analyzed 
statistically with the software sPM8. Bold responses were analyzed considering the clinical history of 
each volunteer. the studies that showed statistically significant activation areas consistent with clinical 
history were considered compatible (seven exams) while the studies with results not consistent were 
considered incompatible (one exam). six compatible exams were considered clinically relevant because 
they add information regarding the definition of the epileptogenic zone or epileptic syndrome. the studies 
with absence of epileptiform activity on eeG (three exams) or significant Bold activations (three exams) 
were considered null. two exams were excluded due to excessive head motion. eeG-fMrI is a promising 
technique that can be important to improve the understanding of neurological disorders, including epilepsy. 
the method may be used in the future as an important diagnostic tool for refractory epileptic patients as it 
may add information about the localization of epileptogenic zone or definition of epileptic syndrome.

Contact: brunnocampos1@terra.com.br
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INTERICTAL SPIKES LOCALIZATION 
USING EEG DISTRIBUTED SOURCE 

LOCALIZATION AND  SIMULTANEOUS 
EEG-fMRI

Danilo Mazieiro¹; Marcio Sturzbecher¹; Tonicarlo Velasco²; Eduardo Martinez Montes³; 
Carlos Ernesto Garrido Salmon¹; Draulio Barros de Araujo1,4,5

1department of Physics, ffClrP – UsP, ribeirão Preto, sP, Brazil; 2epilepsy surgery Center (CIreP), hC-fMrP/UsP, ribeirão 
Preto, sP. Brazil; 3Cuban neuroscience Center (CneUro), havana, Cuba; 4edmond and lily safra International Institute of 

neuroscience (els-IInn), natal, rn, Brazil; 5federal University of rio Grande do norte (Ufrn)

different reports have showed concordance between eeG source localization and eeG-fMrI in order to analyze 
where the interictal epileptiform discharges (Ied) are generated. this agreement is partial because both 
techniques show limitations and measure different physiological phenomena. several methods have been 
tested looking for a more accurate approach since this information could be important in the pre-operative 
evaluation of epilepsy. In this work we investigated the concordance between eeG source localization using 
distributed source model (dsM) and simultaneous eeG-fMrI of Ieds. three patients with temporal lobe 
epilepsy (tle) and different video-eeG lateralization (left, right and bi-temporal) were selected. the scalp 
eeG was recorded in a 32-channel system and fMrI acquisitions were in 1.5 and 3.0t Mr-scanners. In 
order to evaluate the wide spreading of the spikes, 3 time positions were chosen in the averaged spike using 
the maximum root-mean-square across channels. the Bayesian Model averaging was used for solving the 
eeG inverse problem in the time domain, reporting the primary current density. Conventional event-related 
fMrI analysis was performed from the timing of spikes defined by a neurophysiologist resulting in t-score 
maps. a lobar agreement was observed between both techniques in all cases. the fMrI activation shows 
more extensive area, except in the right tle case that was more restrict. the inverse solutions in different 
times illustrated certain propagation patterns of temporal spikes. the euclidean distance (ed) between 
the maximum values of primary current density and t-score were 42mm (left-tle), 29mm (right-tle), 
20mm (left, bi-tle) and 24mm (right, bi-tle). Previous studies using equivalent current dipoles (eCd) have 
reported average ed greater than 30mm between eCd location and the nearest fMrI voxel suggesting that 
dsM could be more appropriated. Indeed, the results indicate better eeG-fMrI concordance and suggest 
the use of both techniques as complementary tools in the pre-operative evaluation of tle.

Contact: danibeen@hotmail.com
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NUCLEAR TRANSVERSE RELAXATION 
TIMES OF WATER AND FAT IN NON-

ALCOHOLIC FATTY LIVE
Rocha Arruda, Eduardo¹; Elias Jr, Jorge²; Garrido Salmon, Carlos Ernesto¹

1-departamento de física, faculdade de filosofia Ciências e letras de ribeirão Preto, UsP, Brazil; 2-Centro de Imagens e fisica 
Medica, hospital das Clinicas de ribeirão Preto, fMrP-UsP, Brazil.

non-alcoholic fatty liver disease (nafld) is one of the most common causes of chronic liver disease. 
nafld is characterized by intracellular accumulation of triglycerides in hepatocytes, i.e. hepatic steatosis. 
Magnetic resonance spectroscopy (Mrs) is very precise and non-invasive method for lipid quantification in 
tissues. several studies has been used this technique for fat quantification in patient with liver diseases, but 
few works had estimated the nuclear transverse relaxation time (t2) of fat and water components. In this 
study we estimated these t2 values and fat content in the liver of patients with hepatic steatosis. Magnetic 
resonance Imaging was performed with a 3.0-t scanner (achieva, Philips) in 23 patients (46  10 years, 
9 females) with nafld in different stages. the Mrs data from a single voxel (3x3x3 cm³), positioned in 
a homogeneous region of the liver, were acquired using Press sequence (tr = 1600 ms, 2048 points, 
1.5 khz bandwidth, 16 averages) with multiple te (32, 45, 60, 80, 135 ms). the aMares algorithm in 
jMrUI software was used to determine the peak areas (water and Ch2-fat). the data was fitted to single 
exponential decay curves in order to calculate the t2 values. the t2 values of water (27.3 5.4 ms) showed 
little variation between patients, suggesting not influence of the disease in the magnetic micro-environment 
of the water molecules. these values are not noticeably decreased indicating no iron deposition. the t2 
values of lipid (68.4 14.1 ms) showed a wide variation among individuals as expected from the patient 
diversity. however no correlation (r² = 0.25) was found between t2 and fat content. only a tendency was 
observed indicative of that a high fat content helps to a more efficient relaxation mechanism. no correlation 
between both t2 values was founded.

Contact: duds-23@hotmail.com



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil230

Poster - Magnetic Resonance - Monday, April 18

18
th

 In
te

rn
at

Io
na

l 
Co

nf
er

en
Ce

 o
n 

M
ed

IC
al

 P
hy

sI
Cs

 -
 2

01
1 Code: 665 – Session: PO-MO-MR-04

METABOLIC CHANGES IN HUMAN VISUAL 
CORTEX CAUSED BY PHOTIC STIMULI 

USING 31P-MRS
1Barreto, Felipe; 2Silva, Elvis; 2Castellano, Gabriela; 1Salmon, Carlos 

1UsP ribeirão Preto;2Unicamp Campinas

the present work is a pilot study, where we attempted to assess variations of the main resonances present 
in a brain 31P-Mr spectrum (GPCh, PCh, b-atP, α-atP, g-atP, PCr, Pi, Pe, nad+nadh and GPe) with two 
different paradigms using visual stimulation. Mrs data were obtained with two identical 3.0t scanners 
(achieva, Philips, the netherlands), situated in the two institutions involved in the study. a surface-coil was 
used to acquire the signals from the occipital cortex. a non-localized sequence with an excitation adiabatic 
pulse, a noe pulse and decoupling was used. two paradigms were tested: short protocol - 3 blocks off 
and 2 blocks on (off-on-off-on-off) of 1.5 min each (3 spectra/block), tested on 7 healthy subjects; long 
protocol - same as the short one, but with each block lasting 5 min (10 spectra/block), tested on 7 healthy 
subjects. the visual stimulus consisted of a radial black-white checkerboard flickering at 8hz. spectra 
were processed using the jMrUI software. In both protocols there was an increase of GPCh and decrease 
of nad+nadh in on blocks compared to off blocks. the calculated PCr/Pi ratio was smaller in on blocks 
in comparison to off blocks (78% for the short protocol and 93% for the long protocol), indicating the PCr 
fast response to stimulation as an atP source for short periods. the other metabolites analyzed showed no 
significant variations between blocks. higher fields and more sensitive coils would be necessary to improve 
temporal resolution and detection of lower metabolic variations.

Contact: frbfelipe@gmail.com
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MATERIAL CHARACTERIZATION 
AND VALIDATION TO USE AS NON-

ANTHROPOMORPHIC BREAST PHANTOM 
ON MRI ACQUISITIONS

Hoff, Gabriela1; Matzenbacher, Viviane Isabel1; Nunes, Rafael Menezes2 and Frasson, 
Antônio Luiz3

1Pontifícia Universidade Católica do rio Grande do sul/Grupo de experimentação e simulação Computacional em física Médica, 
Porto alegre, Brazil; 2 hospital são lucas da Pontifícia Universidade Católica do rio Grande do sul/física Médica, Porto alegre, 

Brazil; 3 hospital são lucas da Pontifícia Universidade Católica do rio Grande do sul/faculdade de Medicina, Porto alegre, Brazil

the main objective of this work is to define a simulator for mimic breast tissues on signal intensity and/
or contrast for magnetic resonance images that can be easily manipulated. the purposed materials for 
simulator were characterized on t1 and t2 and the images generated were segmented. the t1 and t2, 
calculated by osirix and ImagJ software, were averaged and its values were compared to the t1 and t2 
published and validated. the fat pork and silicone has good results for the phantom. the segmentation was 
performed by two different persons and the variation on the volumes was calculated.

Contact: ghoff.gesic@gmail.com
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LOW CURRENT DETECTED BY MRI: A 
DISCUSSION ABOUT THE SIMULATED 

AND EXPERIMENTAL RESULTS
Danilo Mazieiro; Carlos Ernesto Garrido Salmon 

department of Physics, ffClrP – UsP, ribeirão Preto, sP, Brazil

several groups have been detected variations of Magnetic resonance (Mr) signal in vitro and in vivo 
experiments due to the existence of low electric currents. two main approaches have been used based on 
different effects: ampère’s law (magnetic effect) and lorentz force (mechanical effect). Both effects have 
been discussed separately in each methodology but they are present together in this kind of experiments. 
In this work we evaluated the influence of mechanical effect in a magnetic field sensitive experiment with 
low current phantoms. We carry out a comparison of Mr signal obtained in current phantoms formed by 
cooper wires and filled with solutions of equal magnetic permeability, nevertheless different viscosities 
(liquid and gelatin). By the wire was passed a squared wave pulse with 60 μa intensity in a 250 mhz 
frequency (2s off /on cycle). We acquired 400 dynamics single-shot ePI scans (tr/te =100/33 ms, 
resolution 0.9x0.9x4 mm) for each condition in a 3t scanner (achieva, Philips). theoretical simulation of 
magnetic field distribution on the magnitude and phase signal was made considering the wire position 
inside the voxel and the susceptibility effects. the minimum values calculated in simulation for different 
wire’s positions were 1% for magnitude and 5° for phase images, and the maximum values were 2% 
and 9°, for liquid phantom. these values cannot explain the signal loss detected in magnitude and phase 
images that were: 18 % and 11° (liquid); 2% and 8° (gelatin), respectively. We also simulated a condition 
that the wire had a displacement into the voxel when the current was turn on, obtaining 8% and 8° for 
magnitude and phase signals, respectively. the results suggest a small wire displacement due to lorentz 
force in magnetic field sensitive experiments. We conclude that the mechanical effect could be dominant in 
very low current and low viscosity phantoms.

Contact: danibeen@hotmail.com
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REPRODUCIBILITY OF FRACTIONAL 
ANISOTROPY IN A 3T MR SCANNER

María Margarita López Titla; Chirstian Estrada; Fernando Barrios; Sarael Alcauter 

Posgrado en Ciencias físicas, física Médica, Universidad nacional autônoma de México

the reproducibility of fractional anisotropy (fa) was estimated between two immediate acquisitions and 
between two acquisitions separated by 19 days in average in a sample of nine healthy volunteers. the 
Variation Coefficient (VC), repeatability Coefficient (rC) and Intraclass Correlation Coefficient (ICC) were 
calculated in a voxel-wise fashion for both short and long terms, and then averaged for white matter 
skeleton, whole brain and for the tracts defined by the John hopkins University tractography atlas. In white 
matter skeleton, for short term procedure: VC = 0.121, rC = 0.109, ICC = 0.750; long term procedure: 
VC = 0.144, rC = 0.128, ICC = 0.732. In whole brain, for short term procedure: VC = 0.088, rC = 
0.100, ICC = 0.997; long term procedure: VC = 0.196, rC = 0.117, ICC = 0.760. the CV value for left 
and right corticospinal tract was the minor value obtained for all tracts studied (in both short and long term 
procedure) and its ICC value was the major value obtained for all tracts, for short term procedure: VC (left, 
right) = 0.053, 0.061, ICC (left, right) = 0.998, 0.998, and for long term procedure: VC (left, right) = 0.115, 
0.136 and ICC (left, right) = 0.729, 0.724. the values obtained for the different coefficients show a good 
reproducibility for the fa in short and long terms. reproducibility in long term is slightly smaller than in short 
term procedures, evidencing the variability of biological effects.

Contact: mtaliesin@gmail.com
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EVALUATION OF BONE REGENERATION 
THROUGH ELECTRON SPIN RESONANCE 

SPECTROSCOPY - EXPERIMENTAL 
STUDY IN RABBITS

Angela Kinoshita1,2; Tatiana T P ,Sousa1; Gisele Blassioli Dalpino1; Leandro A Holgado1; 
Sérgio A C Guimarães1; Oswaldo Baffa2

1Universidade sagrado Coração; 2departamento de física – ffClrP - UsP

electron spin resonance (esr) is a spectroscopic technique that detects unpaired electrons, such as the 
ones present in free radicals. some of them are not naturally present in bone tissue, but can be induced by 
ionizing radiation. When a calcified tissue is irradiated, free radicals are generated, among them, the Co

2
-. 

this radical is stable and is present in the inorganic matrix of calcified tissues, hydroxyapatite. this paper 
presents the application of this spectroscopic technique for monitoring bone mineralization processes 
during the bone repair in animal model, induced by polyurethane Poliquil® in two forms, as an occlusive 
membrane and as a bone grafting. In the first experiment of Guided Bone regeneration (GBr), 18 rabbits 
underwent surgical procedure of craniotomy to create a defect 15 x 5mm in the skull. In the treated group 
(n = 9), two membranes were adapted, one in contact with the dura mater and the other, in the surface 
defect. In the control group (n = 9) the defect remained filled with clot. In the second experiment, 9 
animals underwent the same surgical procedure and the defect was treated with 50mg of polyurethane 
pellets in association with clot. after 30, 60 and 120 days post surgery, three animals from each group 
were euthanized and specimens containing bone defect prepared for analysis by microscopy and esr. In 
the first experiment of GBr, the esr and microscopic results demonstrate centripetal bone growth and 
advanced stage of bone regeneration in the treated group. In the second experiment, the esr spectrum of 
collected bone pieces presents the superposition of the spectrum of the biomaterial and the radical Co2- . 
the separation of the components was made using spectral simulation and the percentage of mature bone 
tissue in the defect region was determined through the comparison with the spectrum of the native bone.

Contact: angela.kinoshita@usc.br
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MAXIMUM LIKELIHOOD EXPECTATION 
MAXIMIZATION RECONSTRUCTION 

USING SELECTED PROJECTIONS 
IMPROVES IMAGE QUALITY IN 

MYOCARDIAL SPECT
Yasuyuki Takahashi; Noboru Oriuchi; Hiroshi Higashino; Keigo Endo; Teruhito Mochizuki; 

Kenya Murase

Gunma Prefectural College of health sciences

description of purpose; In tc-99m tetrofosmin/MIBI myocardial sPeCt, the tracer is actively taken up by 
the liver and the gallbladder, and that causes artifacts in the apex and the infero-posterior wall of the heart. 
Maximum likelihood expectation maximization (Ml-eM) reconstruction that excludes projections with high 
liver and gallbladder counts may reduce these artifacts. to validate this approach, we performed phantom 
and clinical studies. Materials and methods; the Ml-eM method can reconstruct sPeCt images from 
imperfect projection data. We modified the usual Ml-eM method to exclude projections with high liver and 
gallbladder accumulation that overlaps myocardial uptake. In the phantom study, the tc-99m concentration 
in the myocardium, the liver, and the gallbladder was set in the proportion of 1:1:2. as a control, all 
projection data were used and there was activity only in the myocardium. We compared pixel count ratios 
of infero-posterior (IP) and anterior (a) regions using images generated under the various conditions. In the 
clinical study, Quantitative Gated sPeCt with tc-99m tetrofosmin was investigated. the IP/a ratios of both 
methods were compared in 20 cases. results; for the phantom study, the IP/a ratio of the reference image 
was 87.9%. In the case of radioactivity in the myocardium and the liver, the IP/a ratio with all projection 
data was 90.7% but 87.5% using only the selected projection data. In the clinical study, the IP/a ratio of 
the improved average were 18.7%. In the one patient, overlapped high accumulation was observed in the 
projection data from rao30○ to rPo60○, and from lao30○ to lPo72○. the IP/a ratio with all projection 
data was 130.5% but only 113.6% using only the selected projection data. Conclusions; the Ml-eM 
reconstruction from selected projections reduces myocardial artifacts caused by high accumulations in the 
liver and the gallbladder of tc-99m tetrofosmin.

Contact: takahashi-yasuyuki2@gchs.ac.jp
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PRIMARY STUDY TO COMPARE 
RECONSTRUCTED CARDIAC SPECT 

IMAGES WITH RESOLUTION RECOVERY 
ALGORITHM TO CONVENTIONAL 

ITERATIVE ALGORITHM
Queiroz CC1,2; Machado MAD1,2; Menezes VO1,2; Ximenes AB1; Sousa CAC1; Oliveira 

Junior LJ1; Zarife AS1; Fernandes Filho F1; Okada MI1; Gamalho MM1; Rabelo Junior A1; 
Silva DC1,2

1fundação Bahiana de Cardiologia, salvador, Brasil; 2dancosi nuclear ltda., salvador, Brasil 

 abstract— the aim of this primary study is to compare the diagnostic quality of cardiac sPeCt images 
acquired with both standard acquisition time and half acquisition time, reconstructed with conventional 
iterative algorithm and resolution recovery algorithm, respectively. 10 myocardial perfusion images were 
acquired in a CardioMd gama camera (Philips): 32 projections, 25 sec/projection, 64x64 matrix size, for 
standard time acquisition. the same patients were imaged with half acquisition time (12 sec/projection). 
the images acquired with standard acquisition time were reconstructed with the iterative filter Maximum 
likelihood expectation Maximization (MleM) with 8 iterations, while those acquired with half acquisition 
time were reconstructed with a resolution recovery system developed by Philips (astonish). the images were 
evaluated by 4 expert physicians from the cardiovascular nuclear medicine facility of Fundação Bahiana de 
Cardiologia. the images were delivered to each physician as if they were from 20 different patients in order 
to make their perfusion diagnoses. the comparison between the images reconstructed by both methods 
showed a concordance of 82,5% (k=0,63). Key words: — astonish, reconstruction method, half acquisition 
time, resolution recovery.

Contact: cleiton@dancosi.com.br
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DEVELOPMENT OF ANTHROPOMORPHIC 
CIRRHOTIC LIVER PHANTOMS FOR 

NUCLEAR MEDICINE
Ferreira, Fernanda Carla Lima; Souza, Divanizia N; Cunha, Cledison J; Dullius, Marcos A; 
Almeida Neto, José R; Sousa, Allison H; Vieira, João PC; Passos, Rodrigo O; Rodrigues, 

Tânia MA 

Universidade federal de sergipe

nuclear medicine is a specialty that uses tools and procedures for radiopharmaceuticals and physiological 
study of invasive and noninvasive. In quality control tests generally used radioactive material inside the 
phantom for the evaluation and optimization of scintillation camera parameters for calibration of equipment 
for health professionals training with regard to the analysis of parameters and image reconstruction the 
capability of displaying images obtained through the injury. some of these phantoms, like the one Jaszczak, 
for example, are effective for use in procedures for quality control systems the sPeCt and Pet. In this study, 
we sought to develop three phantoms for use in quality control and professionals training, and could serve 
for analysis of liver cirrhosis scintigraphic obtained in sPeCt and Pet systems. the first anthropomorphic 
phantom developed represents a liver with advanced cirrhosis, which consists of three hemangiomas, the 
second has not signify a hemangioma and liver cirrhosis intermediate grade and the third one represents 
the lowest degree of liver cirrhosis in which is included three hemangiomas. for analysis, the image 
acquisitions were performed with matrix 64 x 64, 128 x 128, 256 x 256 and 512 x 512, a distance of 5, 10, 
15 and 20 cm between the surface of the phantom and detector energy window of 5, 10, 15 and 20% and 
count statistical of 100, 250, 500 and 1000 cpm. the results showed that the images obtained are similar 
to those with equivalent degrees of liver cirrhosis when such images were acquired with a distance of 15 
cm from phantom-detector matrix and 256 x 256. It is noteworthy that even with restrictions on choice of 
matrix, distance, energy window and count statistics, the images are satisfactory for the optimization of 
quality control and professionals training in nuclear medicine.

Contact: fernacarlaluan@gmail.com
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PHYSICS QUALITY ASSURANCE WITHIN 
AN ISO 9001:2008 NUCLEAR MEDICINE 

QUALITY FRAME
Francisco Cutanda Henríquez1; Silvia Vargas Castrillón2 

1hospital General Universitario Gregorio Marañón. 2laboratorio de Metrología de radiaciones Ionizantes (CIeMat)

Quality assurance in nuclear medicine departments is described in several international protocols, and 
should ideally be part of an integrated strategy of global departmental search of excellence. the nuclear 
Medicine department in hospital General Universitario Gregorio Marañón is running an Iso 9001:2008 
quality system comprising every aspect of its activities. Imaging quality assurance activities are one of 
several integrated processes. this work develops the results of this approach and the reasons for its 
advisability.

Contact: francisco.cutanda@salud.madrid.org
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PERFORMANCE OF THE PHILIPS GEMINI 
TF LYSO SYSTEM ACCORDING NEMA NU 

2 2001
Boanova, Luciane; Fernandes, Fernando; Borges, João 

hospital Mãe de deus

the performance measurements results for Gemini tf non-time-of-flight lyso Pet/Ct scanner are presented 
according national electrical Manufactures association (neMa) nU 2-2001 standards and compared with 
the neMa nU 2-2001 factory results. all performance values measured except the timing resolution (as 
expected due time-of-light capabilities) were similar for GeMInI tf time-of-flight scanners although the data 
from low-activity acquisitions were not corrected for the lyso background events because the reference 
values provided by manufacturer were based on neMa nU-2001. the maximum values of neC rates were 
achieved at clinical range. the results indicate that the scanner has very good overall performance and 
within manufacture specifications.

Contact: lboanova@terra.com.br
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DEVELOPMENT AND EVALUATION OF 
STANDARD OPERATING PROCEDURES 
(SOPS) FOR QUALITY CONTROL TESTS 

AND RADIOLOGICAL PROTECTION 
ACTIVITIES IN A NUCLEAR MEDICINE 

SERVICE
Krempser, Alexandre Rodrigues1; Soares, Alexandre Barbosa2; Corbo, Rossana3 

1Universidade federal do rio de Janeiro, Programa de engenharia Biomédica - PeB/CoPPe/UfrJ, rio de janeiro, Brasil; 
2Universidade federal do rio de Janeiro, Instituto de física - If/UfrJ, rio de Janeiro, Brasil; 3Universidade federal do rio de 

Janeiro, departamento de radiologia - fM/UfrJ, rio de Janeiro, Brasil

the quality management in nuclear medicine services is a requirement of national and international standards. 
the Brazilian regulatory agency in health surveillance, the Agência Nacional de Vigilância Sanitária, in its 
Resolução de Diretoria Colegiada Nº 38, requires the elaboration of documents describing the technical 
and clinical routine activities. this study aimed to elaborate, implement and evaluate standard operating 
Procedures (soPs) for quality control tests and radiological protection activities in the nuclear medicine 
service of a university hospital. Were developed 18 soPs involving tasks related to dose calibrator, gamma 
camera, Geiger-Müller detectors and radiological protection activites. the performance of its application 
was evaluated for a period of 6 months. Was observed reduction in 75% of reported operational errors 
and 42% of the number of reported incidents with contamination by radioactive material. the soPs were 
adequate and successful in its application. new procedures involving clinical activities will also be developed 
and evaluated. Keywords— quality management, nuclear medicine, standard operating procedure. 

Contact: krempser@peb.ufrj.br 
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LEVEL OF OCCUPATIONAL EXPOSURE 
DURING DAILY WORK IN A NUCLEAR 

MEDICINE DEPARTMEN
Schwarcke, Marcelo; Cardoso, Domingos; Ferreira, Nadya 

Universidade de são Paulo

Workers in nuclear Medicine department have a exposition geometry very complex. the source of irradiation 
is not collimated and irradiated for all direction, interaction with many structural tissue inside the body before 
could be detected outside. the professional who work in a nuclear medicine department this is exposure for 
all this condition and different energies. this work proposes a good approach to estimate the mensal dose 
level according the dose rate during our daily routine. to measurement the dose rate we used an ionization 
chamber Babyline 81 and choose the most frequent exams using 99mtc. a previous study was conduct to 
determine the most frequency exams made in the nuclear medicine department at central army hospital in 
rio de Janeiro and previous ambient monitory do determine place with higher exposure could be interfere 
in the measurement of this work. the renal scintigraphy with dtPa an average dose rate was (2.50 ± 
0.25) µsv/h, for renal scintigraphy with dMsa was (1.20 ± 0.25) µsv/h, for Bone scintigraphy using 
two different protocols was (2.63 ± 0.30) µsv/h and (3.09 ± 0.30) µsv/h. exposition during elution, dose 
preparing and clinical procedure was considering a critical moment in the daily routine of the employee. 
the dose rate obtained in this study demonstrated the professional cannot exceed the public dose limit 
in one day of our work routine and for the radioprotection department this is a good approach to make a 
radioprotection plan the nuclear medicine department.

Contact: mschwarcke@usp.br
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MEASUREMENTS OF RADIATION DOSE 
TO PATIENTS AND STAFF DURING 

THYROID SCAN
Mohamed Yousef, Abdelmoneim Sulieman; 

sudan University of science and technology, College of Medical radiologic science. P.o.Box 1908, Khartoum,

nuclear medicine staff members may receive a significant radiation dose during nuclear medicine 
procedures. the objectives of the current study are to (i) quantify and to evaluate both patient and staff 
entrance surface doses associated to selected organs by direct thermoluminescent dosimetry (tld) during 
thyroid scan procedure (ii) identify the dose delivered to the parotid, lenses and salivary glands during the 
thyroid scan. a total of 45 patients with thyroid goiter and the staff (technologist) were considered in this 
study. the mean patien’s surface doses for forehead was 0.10 mGy, salivary gland was 0.09 mGy and 
thyroid surface dose was 0.10 mGy per procedure. the staff radiation dose was 0.20 for hand, 0.08 mGy 
for the chest, and 0.07 mGy for the forehead. these results revealed that staff radiation doses were higher 
than those published in the literature. this may be attributed due to the high activity administered to the 
patient compared to the international protocols.

Contact: abdelmoneim_a@yahoo.com
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PROJECT OF AN APPLICATION TO ASSIST 
PRESCRIPTION AND DISPENSING OF 18F-

FDG DOSES
Adami, Cristina Quemelo; Wichert-Ana, Lauro 

Universidade de são Paulo

Introduction: Pet/Ct (Positron emission tomography/ Computed tomography) uses radiotracers of short 
half-life, and the fluorine-18, whose half-life is 110 minutes, is the most used in the form of 18f-fdG 
(fluorine-18-fluoro-deoxy-glucose). Moreover, in Brazil, most of the Pet/Ct centers purchase radiotracers 
produced in a different location from where it is used. due to the rapid decay of 18f-fdG and high costs 
from its acquisition and transport, it is helpful introducing a computer-based application that implements 
the logistics of using the radiotracer, making the prescription and fractionation of doses more quickly and 
efficiently. Methods: Via excel software (Microsoft®), was developed a spreadsheet, where the user enters 
activity, time and volume of the 18f-fdG multiple-dose vial received by the nuclear medicine department, 
as well as the mass of each patient, the factor activity/mass for a weight-based injected activity and the 
time set for each injection. the spreadsheet calculates the activity and volume to be prepared for each 
patient and the activity and volume available after each injection. the tool is being tested for three months 
in a Pet/Ct department in ribeirão Preto-sP. as this work is still in progress, the next step is to validate 
the tool and make it available to other Pet/Ct centers. results: experience with the implantation of the tool 
showed optimization of the use of 18f-fdG by planning ahead the fractionation of administered doses. the 
users opined that it improves the utilization of the radiotracer, may decrease the cost with acquisition of 
unnecessary additional doses, and potentially reduce the time spent with handling the radioactive material. 
Conclusions: Implementation of a system for calculation of doses involves optimization of: 1) costs to doses 
purchased; 2) amount of radiotracer administered to each patient; 3) exposure of the staff to fluorine-18 
radiation while handling 18f-fdG.

Contact: cris_fisicamed@yahoo.com.br
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EVALUATION OF EFFECTIVE HALF LIFE OF 
IODINE 131 IN PATIENTS UNDERGOING 

RADIOIODINE THERAPY
Clêdison de Jesus Cunha; Fernanda Carla Lima Ferreira; Marcos Alexandre Dullius; Susana 

Oliveira de Souza; Albérico Blohem de Carvalho Júnior; Divanízia Nascimento Souza

Universidade federal de sergipe

the main therapy performed in nuclear medicine is the radioiodine, which uses iodine-131 for treatment of 
patients with thyroid cancer, in order to end all remaining thyroid tissue possible that there were surgically 
removed and still treat the metastatic potential in existing other body organs. administration occurs through 
ingestion by the patient’s iodine-131 in liquid or capsule form. from this, the radioactive material will be 
distributed by the patient’s body, located mainly in the residual thyroid tissue. according to the standard 
Cnen - national Commission of nuclear energy, nn 3.5 - requirements for radiation Protection and safety 
for nuclear Medicine services, with activities in excess of 30 mCi is administered, the patient must stay in 
isolation for radiation protection. In this study, we sought to determine the mean effective half life of patients 
undergoing radioiodine therapy. We analyzed 20 patients during treatment, which measures the rate of 
exposure to one meter in height of the patient’s cervical region, were collected. It was also used a screen 
with a thickness of two mm of lead, where fees were collected with screen display (display only the cervical 
region) and without the screen (whole body exposure) in front of the patient. for this, we used a radiation 
detector Geiger Muller, brand MIr 7026, calibrated at den - UfPe, and considered the patient’s body as a 
point source. through the exposure rates were calculated activity accumulated in the body and neck of the 
patient. from the data, was drawn a curve showing the decay of activity in the patient’s body over time in 
both parameters measured. thus it was possible to find the contribution of the concentration of iodine-131 
in the patient’s body, besides the contribution of the cervical region to find the effective half life. With the 
average decay curve of activity versus time, it was possible to calculate the effective half life of iodine 131 
patients, yielding (13.2 ± 0.2) h.

Contact: cledison.cunha@gmail.com
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DOSIMETRIC EVALUATION DUE TO 
RADIATION IN THYROID ISSUED BY TC99M 

AND I131

M. Vásquez A; A. Rivasplata M; J. Vasquez D; D.  Rocha M; W. Garcia R

national University of trujillo, trujillo, Peru

Using the scheme MIrd and the representation Cristy-eckerman for the thyroid of an adult, one determines 
his dosimetric contributions of the emissions of the tc99m and of the I131. the results show: (1) the 
absorbed dose to the gland due to emissions of tc99m (pertechnetate) is 2,34 e-02 mGy/MBq, where 
92,3% of the dose corresponding to the local energy deposition due to electrons conversion (70,4%), auger 
electrons (4,2%) and 17,7% corresponds to self-dose due to gamma photons (15,6%) and characteristics 
radiation (2,1%). dosimetric contribution due to source organs of the biokinetics, except the thyroid, is 
7,6% significant value to be ignored. (2) the absorbed dose to the gland due to emissions of I131 (iodide) 
is 3,41 e +02 mGy / MBq, where 99,74% of this dose corresponding to the local energy deposition due 
to  beta emissions (90,12%), the conversion electrons (3,87%) and auger electrons (0,02%), and the 
remaining (5,73%) corresponds to autodosis due to gamma photons (5,53%) and characteristics radiation 
(0,2%). the contribution dosimetric organ biokinetics remaining source is negligible. Conclusion: there 
are significant differences in the estimated doses, due to local energy deposit of tc99m (pertechnetate) 
in the thyroid, with respect to the tax organ dosimetry biokinetics sources (except the thyroid) to ignore; 
While the contribution dosimetric organ biokinetics source for the gland is not significant when you use the 
I131 (iodide). so, depending on the radiopharmaceutical used and its biokinetics shall significance of their 
contributions.

Contact: marvva@hotmail.com
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3D DOSE VERIFICATION OF I-131 
DISTRIBUTION USING POLYMER GEL 

MAGIC-F AND NMR
Schwarcke, Marcelo; Marques, Tatiana; Gore, John; Brill, Randy; Nicolucci, Patricia; 

Baffa, Oswaldo

Universidade de sao Paulo

the polymer gel dosimetry is an efficient dosimeter for three-dimensional verification, in radiotherapy is 
useful for verification of complex fields and quality control of linear accelerators. In nuclear medicine this 
tool is little Known, some factors that contribute for this complexity of gel manufacturing and reading the 
information, but the gel is the only dosimeter capable to study a three-dimensional distribution of dose with 
higher resolution. this information is very important in the new nuclear medicine where the possibility of 
incorporate nanoparticle with radiopharmacy to increase the local dose. In this study we used a MaGIC-f 
polymer gel. the gel was irradiated using a 100.0 mCi source of an Iodine-131. to obtain the internal dose 
distribution around the source we made a phantom of gel where de source was positioned in the center and 
was irradiated during 3 hours and to verification the dependence of MaGIC-f to the dose rate, we exposure 
the gel in a geometry where variation the distance tube-source during a 12 hours of exposure. the gel 
exposure during 3 hours, the absorbed dose near source was 17.0 Gy and for external exposure the higher 
dose was 7.8 Gy and the gel no sensitized for low rate dose under 0.27 Gy/h. this study demonstrated the 
versatility to polymeric gel dosimeter using MaGIC-f to study the internal dose distribution and enabling 
of theory dosimeter calculation due Monte Carlo simulation or MIrd tables. this study demonstrated the 
versatility of polymer gel dosimetry using MaGIC-f as a detector to check the internal dose distribution and 
a new possibility of experimental verification for theoretical dosimetry using iodine-131.

Contact: mschwarcke@usp.br
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PATIENT’S RETAINED ACTIVITY 
IN NEUROENDOCRINE TUMORS 

TREATMENT WITH [177LU, TYR3] 
OCTREOTATE

Costa, Gustavo C. A.; de Sá, Lidia Vasconcellos; Pellini, Marcos Pinto; Albuquerque, 
João Calvino

Instituto de radioproteção e dosimetria

Cancer treatment is one of the main focus in medicine where nuclear medicine specialty has a important 
role using unsealed radioactive sources, projecting new perspectives of palliative treatment and even full 
healing. Workers involved in different procedures during handling are being exposed to radiation as anyone 
surrounding the patient. the treatment of neuroendocrine tumors using 177lu dotatate still does not have 
standard rules or procedures in Brazil and has being used in an experimental manner. this present work 
was performed to estimate the retained activities and to provide guidelines and rules aiming the radiological 
protection of the workers, caregivers and general public. the procedures were followed by using two types 
of radiation detectors, a Geiger-Müller and a naI scintillator, at different distances from the source. the 
measurements were taken in a public hospital at rio de Janeiro. the patients retained activity after 24 
hours reaches high values up to 70% of administrated activity and the hospitalization is recommended until 
the dose rate falls, at 1m distances, to 20μsv/h, corresponding to approximately 1850MBq (50mCi). If the 
patient is not hospitalized the dose constrain for the total treatment will be crossed and hit 6.8msv, above 
the brazilian limit of 5msv.

Contact: gustavo@ird.gov.br
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INFLUENCE OF ELEMENTAL WEIGHT 
OF HUMAN TISSUES ESTIMATED BY 

ICCT SOFTWARE IN ABSORBED DOSE 
CALCULATION 

Massicano, Felipe1; Possani, Rafael Guedes1;Cintra, Felipe Belonsi1; Massicano, Adriana 
Vidal Fernandes2 ; Yoriyaz, Hélio1  

1 Instituto de Pesquisas energéticas e nucleares (IPen-Cnen/sP)/Centro de engenharia nuclear, são Paulo, Brasil; 2 Instituto de 
Pesquisas energéticas e nucleares (IPen-Cnen/sP)/diretoria de radiofarmácia, são Paulo, Brasil 

therapeutic use of radiopharmaceuticals in nuclear Medicine has been well established and presented good 
success rates against many forms of cancer. the biologic effects of radionuclide therapy are measured via 
a physical quantity, the absorbed dose, which is defined as per unit mass of tissue. therefore, is of great 
important an accurate dosimetry to assess the potential effects of treatment and to confirm or contradict 
the treatment predictions. the most common method used to estimate the absorbed dose at organ level 
was developed by Medical Internal radiation dose (MIrd) Committee, called MIrd system. however, this 
method does not have adequate patient data to obtain a dose estimate accurate in therapy. In recent 
years, internal radionuclide radiation dosimetry system evaluated spatial dose distribution. this system 
is based in Monte Carlo radiation transport codes together with anatomical and functional information 
of the patient. the high accuracy is, at least in part, due the Monte Carlo method to allow human tissues 
to be characterized by elemental composition and mass density. thus, a reliable estimating of human 
tissues (elemental composition and mass density) must be obtained. according to schneider, Bortfield 
and schlegel the tissue parameters (mass densities (r) and elemental weights (w

i
)) can be obtained using 

hounsfield units provided from Ct images. Based on this, the nuclear engineer Center of IPen developed 
the ICCt software (Image Converter Computed tomography). It converts Ct images in tissue parameters 
(mass densities (r) and elemental weights (w

i
)). this work was intended to verify if the estimate values by 

software ICCt of the tissue parameter, elemental weights (w
i
), are plausible to estimate the absorbed dose 

with reasonable accuracy.

Contact: massicano@gmail.com
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THE CENTER OF ACTIVITY OF GASTRIC 
NUCLEAR MEDICINE IMAGES FOR 
EVALUATING FOOD DISTRIBUTION 

DURING GASTRIC FILLING AND 
EMPTYING

Moraes, Eder Rezende; Noccioli de Souza, Michele; Secaf, Marie; Troncon, Luiz Ernesto 
de Almeida 

df-ffClrP-UsP

the food accommodation on stomach after ingestion is the aim of study in some gastric diseases; the gold 
standard food distribution parameter is the proximal and total counts ratio on gastric nuclear medicine 
image. this ratio showed correlation with the center of activity localization on health and disease on gastric 
emptying cintilographic image. In this work were acquired 10 minutes dynamic images during and after 
ingestion of a milk shake like liquid meal of 437 kcal, followed by 10-12 30s static image, in each 5 
and 10 min to evaluate gastric emptying. the center of activity is equivalent to the center of mass on 
classical mechanics, with the pixel value corresponding to the mass value. the center of activity position 
was quantified between 0 and 1 by its position in a virtual image skeleton, obtained by image thinning. the 
lower value means that the food is concentrated at proximal stomach area. the milk shake was labeled whit 
72 MBq of technetium, bounded on phytate avoiding absorption by gastric mucous. 9 dynamic and static 
images of young volunteers were analyzed, age ranging from 21 to 33 and average of 27 years old. In 7 
dynamic records were possible recognize a center of mass localization minimum value region into the first 2 
minutes after milk shake ingestion, while 6 static records showed lower value on first two 30s accumulated 
images, accomplishing 0 and 5 minutes after ingestion, those images were recovered from the dynamic 
image. the higher proximal food concentration after ingestion is expected in normal subjects. the center 
of activity position has shown usefulness on food distribution on nuclear medicine image, even though its 
necessary increase the robustness for obtaining a more reliable quantitative parameter for food distribution, 
as food dispersion around the center of activity.

Contact: edermoraes@usp.br
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DEVELOPMENT OF CARDIAC SIMULATOR 
FOR USE IN NUCLEAR MEDICINE

Dullius, Marcos; Divanízia, Souza; Ferreira, Fernanda; Cunha, Clêidison; Fernandes, 
Ramon 

Universidade federal de sergipe - Ufs

a program of quality control in nuclear medicine services includes checking the efficiency of all equipment 
used for diagnosis and for therapy, as well as the scintillation camera. In this work we develop and evaluate 
the performance of two phantoms heart, an anthropomorphic static and another dynamic for quality control 
in scintillation cameras. the anthropomorphic static phantom was used to characterize and evaluate 
tomographic images of the heart at 180_ from right anterior oblique (rao - 45_), and the response of the 
processing system to different volumes of the left ventricle. the dynamic heart phantom allowed evaluating 
the ejection fraction of left ventricle of 30 %, 50 % and 70 % through tomographic images of the heart 
at 180_ from rao - 45_. the movement of the dynamic simulator was generated by a motor connected 
to a piston; the beating of the heart phantom is synchronized through an electrocardiogram simulator.. 
Moreover, the dynamic heart phantom was evaluated the influence of the heartbeat in the measurement 
of left ventricular ejection fraction (lVef). It was also possible to assess lVef by different arrays of image 
acquisition. additionally, it was established and held an intercomparison of lVef in different scintillation 
cameras. the results of quality control tests were satisfactory and can be used as parameters in future 
assessments. the new anthropomorphic static phantom was efficient to use in measurements of variations 
of left ventricular volume. likewise, the new dynamic heart phantom is efficient for use in measurements of 
left ventricular ejection fraction. therefore, the two new simulators heart showed effective for use in quality 
control of scintillation camera.

Contact: madullius@gmail.com
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LACK OF CORRELATION BETWEEN 
FREQUENCY AND AMPLITUDE OF 
POSTPRANDIAL CONTRACTIONS

Noccioli de Souza, Michele; Fernanda Walter Ibrahim, Maria; Secaf, Marie; E. A. Troncon, 
Luiz; Rezende Moraes, Eder 

department of Physics, faculty of Philosophy, sciences and letters of ribeirão Preto, state of são Paulo, Brazil

Meal ingestion induces peristaltic contractions in the human gastric antrum, which grind solids and propel 
contents to the duodenum (gastric emptying). abnormal antral contractions are found in disease, but the 
relationships between their frequency and amplitude in healthy people have not been much studied. We 
aimed at determining whether amplitude of antral contractions during gastric emptying in asymptomatic 
volunteers depend on frequency variations. eight fasted volunteers ingested a liquid meal (320 ml/437 
kCal) labeled with technetium-phytate. dynamic images (one frame/s) from the stomach were periodically 
acquired for 4 min using the high sensitivity collimator of a gamma camera. frames were summed in a 
composite gastric image, over which a region of interest was delineated perpendicularly to the antrum. 
the _activity versus time_ curve from counts in this region was normalized and filtered digitally. dominant 
frequency of contractions was obtained by spectral analysis using the fast fourier transform. amplitude of 
contractions was obtained manually by measuring the differences between counts corresponding to peaks 
and valleys of 3-5 consecutive contractions. average values for contraction frequency ranged 2.1_4.0 
cycles per min (median: 2.9 cpm). Values for contraction amplitude ranged 36-70 % (median: 41%). 
there was no significant correlation between frequency and amplitude values (coefficient of correlation: 
0.04; p>0.50). also, contraction amplitude in subjects with lower (< median) frequencies were similar 
to that for the remaining volunteers (50% versus 49%; p>0.50). We concluded that frequency and 
amplitude of postprandial contractions of the human stomach are physiologically regulated by independent 
mechanisms.

Contact: micmarley@gmail.com
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SPATIAL RESOLUTION LIMITATIONS DUE 
TO DIFFERENCES BETWEEN POSITRON 

EMISSION POSITION AND ANNIHILATION 
DETECTION LOCALIZATION

Pérez, Pedro1,2; Valente, Mauro 2,3

1anPCyt & seCyt (UnC); 2faMaf (UnC); 3ConICet (argentina)

since its successful implementation for clinical diagnostic, positron emission tomography represents the 
most promising medical imaging techniques. the recent great growth of Pet imaging is mainly due to its 
capability to trace the biologic pathways of different compounds within patient, assuming patient can be 
radio labeled with some Pet isotope. disregarding the isotope type, the Pet imaging method is based 
on the detection of two 511keV gamma photons being emitted at almost 180 degrees to each other 
as consequence of electron-positron annihilation. therefore, this imaging method is intrinsically limited 
by random uncertainties in spatial resolution related with differences between positron emission actual 
position an detected annihilation localization. this work presents a Monte Carlo approach for the study of 
the influence of this effect for different isotopes of the potential implementation in Pet.

Contact: pperez1@famaf.unc.edu.ar
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PET IMAGING PERFORMANCE OF LONG-
LIVED POSITRON EMITTERS: Zr-89 AND 
I-124 COMPARED TO F-18 USING GATE 

MONTE CARLO SIMULATIONS
Alzimami, Khalid1; Sassi, Salem2; Spyrou, Nicholas3 

1department of radiological sciences, King saud University, P.o. Box 10219, riyadh 11432, Kingdom of saudi arabia; 2 Joint 
department of Physics, the royal Marsden hospital nhs foundation trust, sutton, sM2 5Pt, UK; 3department of Physics, 

University of surrey, Guildford, surrey, GU2 7Xh, UK

the long-lived positron emitters such as zirconium-89 (89Zr) and Iodine-124 (124I) have recently drawn 
significant interest in using immuno-Positron emission tomography (immuno-Pet) in the detection of lymph 
node metastases in head and neck cancer and monoclonal antibody (mab) quantification. this study aims 
to evaluate Pet imaging characteristics of 89Zr and 124I in comparison to 18f-deoxyglucose (18f-fdG) 
using Gate Monte Carlo simulations. Monte Carlo simulations are increasingly used in nuclear medicine 
imaging to develop and optimise medical imaging systems and acquisitions. Geant4 application for 
tomographic emission (Gate; version 4.0.0) as used in this study is a relatively new Monte Carlo simulation 
package based on Geant4 dedicated to nuclear imaging applications. for this study, the siemens Biograph 
6 Pet scanner geometry, which consists of 24,336 lso crystals, was modelled using Gate. the scatter 
fraction (sf) and noise equivalent count rate (neCr) measurements were simulated by modelling the neMa 
nU-2001 scatter phantom uniformly filled with a solution of water and 89Zr, 124I or 18f. results, so far, 
have suggested that the 89Zr isotope seems to be a promising isotope for immuno-Pet imaging as its 
physical characteristics fulfil immuno-Pet imaging requirements in comparison to 124I isotope where 
sf and neCr figures are degraded due to prolonged positron range and the presence of prompt-gamma 
photons with an energy near 511 keV.

Contact: kalzimami@ksu.edu.sa
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NEUTRON ACTIVATION OF 
MICROSPHERES CONTAINING 165Ho: 

PRELIMINARY RESULTS
Squair, P.; Pozzo, L.; Ivanov, E.; Bezerra, L.; Villela, L.; Osso, J.

IPen - Instituto de Pesquisas energéticas e nucleares

Microspheres labeled with therapeutic radionuclides are widely used for treatment of many tumors in 
several countries. the internal radionuclide therapy can use a biodegradable device that provides structural 
support for the radionuclide of choice and causes the tumor reduction. the aim of this work is to assess the 
activation of polymeric microspheres which encapsulate 165ho, manufactured at the Biotechnology Center-
IPen/Cnen-sP. after activation, beta minus emission of 166ho (t

1/2
=26.8h, e

max
=1.84 MeV) can be used for 

therapeutic purposes. this study used microspheres samples (about 10 mg) with size raging between 20 to 
50 µm. the polymeric matrix used comprised of: Pdla, poly(d,l,lactic) containing holmium acetylacetonate 
(hoacac) prepared at 1000 rpm; Plla, poli(l,lactic) containing hoacac prepared at 500 rpm, with viscosity 
of 1 dl.g-1 and another sample of 2 dl.g-1; ultrahigh holmium microspheres prepared by a solvent evaporation 
process. the samples were irradiated with a neutron flux in a range of 0.9 to 1.1x1013 n.cm-2s-1 for 1 hour 
at the Iea-r1 nuclear reactor located at IPen/Cnen-sP. after the irradiation the samples were analyzed by 
Gamma spectrometry using an hPGe detector from Canberra in order to measure the 166ho activity and 
also the level of radionuclidic impurities. the highest specific activities of 166ho obtained were: 21.3 MBq.g-1 
for the ultrahigh holmium sample, 11.5 MBq.g-1 for Pdla polymer, and 5.8 MBq.g-1 for Plla polymer (the 
same for both viscosities employed). some undesirable contaminants were found in some samples, such as 
24na. new studies must be performed to assess the possible change in structural and chemical properties 
of these compounds due to the irradiation for potential future clinical use.

Contact: peterson.squair@ipen.br
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GROWTH OF TUMOR SPHEROIDS IN 
SUSPENSION: A PHYSICAL APPROACH

Osvaldo Eduardo Aiélo; Flávio Henrique Sant’Ana Costa; Diego da Cunha Silveira Alves 
da Silva; Marco Antonio Alves da Silva; Marcelo Campos 

UnIfeB

In this paper we investigate the growth of spheroids in suspension, especially the cell line eMt6-ro. We 
apply the dynamical Monte Carlo method formalism in a lattice-based cellular automaton and find good 
agreement with experimental data by means of growth curves, obtained from the literature. We also show 
singular characteristics of this approach, which are the distribution of waiting times and conformation of 
the cellular aggregate.

Contact: aiello@feb.br
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ANALYSIS OF PARTIAL CORRELATIONS 
BETWEEN LINEAR AND NONLINEAR 

MEASURES OF HRV
Guzo, Mauro Guilherme; Murta, Luz Otávio 

ffClrP - Universidade de são Paulo

this study aims to investigate partial correlations between linear and nonlinear measures of heart rate 
variability (hrV) time series. hrV is an important carrier of autonomic nervous system (ans) physiological 
status and provides a sensitive estimation of physiologic conditions and early indicator for some diseases. 
although there are fundamental paradigmatic differences on linear and nonlinear models, both interpret 
hrV representing the same observable physiological dynamics, and therefore is expected to have partial 
relationships among their results. In linear model scope, a set of statistical measurements are considered 
in time domain, such as square differences in normal beats (sdnn), sdnn index, root mean square of 
successive differences in beat intervals (rMssd), number of pairs of successive beat intervals differing in 
more than 50 ms (nn50), nn50 proportion (pnn50) and hrV triangular index. Measurements in frequency 
domain allows quantification of hrV physiology in dynamic components, namely very low (Vlf), low (lf), 
high (hf) frequency band and their ratio (lf / hf). nonlinear models are based on the assumption that the 
behavior of a system is consequence of nonlinear combinations of autonomic nervous system parts, when 
responding to various physiological variables. We have evaluated detrended fluctuation analysis (dfa), 
hurst exponent, Poincaré Plots measurements, symbolic dynamics and entropy measures. Correlations 
are investigated in pairs of linear and nonlinear measurements verifying numerical range and physiological 
conditions of existing statistical correlation. hrV time series obtained from electrocardiograms of healthy 
individuals, hypertensive patients and patients with Chagas disease were selected in this study to investigate 
existence of correlations between the various measurements and the validity domain ranges for such 
correlations. results obtained can help to elucidate the existing relationship in different hrV models, and 
suggest some physiological and clinical validity domain range for correlations.

Contact: mguzo@hotmail.com
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MONTE CARLO SIMULATION FOR TUMOR 
GROWTH BY USING EXTERNAL IMAGES

Diego da Cunha Silveira Alves da Silva; Osvaldo Eduardo Aiélo; Flavio Henrique Sant’Ana 
Costa 

UnIfeB

the tumor growth is a problem of great interest currently. from the standpoint of Physics it can be described 
as a stochastic process far from equilibrium. to examine this question is used analytical methods and also 
simulations. several studies have been carried out to better understand the process of tumor growth. 
however, a few works has been successful in bringing this knowledge for the clinical therapies. In this work, 
we tested a technique to integrate the results of Monte Carlo simulations with images collected externally to 
the computer program. such images can be obtained from medical examinations as X-rays, mammograms, 
etc. the procedure is performed as follows: a digital or scanned image of a tumor (in the early stages) 
is handled by the software that converts it into an array. this matrix, is read by the main program, and 
operates as the starting point for the Monte Carlo simulation. Using the dynamical Monte Carlo method 
with the initial condition supplied we can make forecasts with regard to the rate of growth that tumor and 
morphological data expected for the particular situation. a stochastical version of the classical Gompertz 
mathematical model was used to provide the dynamics of the system we analyzed. the procedure was 
successfully tested for two-dimensional images. In cases where the images could be read, without noise, 
by the technique is software applicable directly. however, when the initial imaging is compromised spots or 
composed of other structures beyond the tumor, we must to withdraw the undesirable parties with the help 
of the software for the treatment of images, before use in simulation.

Contact: aiello@feb.br
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EFFECT OF CONSTANT PHYSICAL 
ACTIVITY ON INDIVIDUALS LIVING WITH 

TYPE 2 DIABETES
Chukwuma, M.; DR. Helen K.; DR. E.O Alabi; Mr. Harison Nwabi

hanniru lab. /diagnostic Center

this paper evaluate the effect of exercise assistant on physical activity and resultant physiological and 
biochemical changes within 6 months in individuals with type 2 diabetes. a total of 50 inactive patients with 
type 2 diabetes were given proper exercise canceling and were randomly given an exercise assistant (n = 
25) or not (n = 25). exercise assistant, based on the trans-theoretical model, in additions to motivational 
theory and cognitive behavioral strategies into an individualized intervention to promote physical activity. 
Changes from baseline to 6 months were assessed in 1) physical activity (5-day recall, accelerometer, 
cardio-respiratory fitness, stage, and processes of change), 2) physiological changes (blood pressure and 
BMI), and 3) biochemical variables (hba1c, lipid profile, and fibrinogen). at the end, group variances were 
recorded for the change in minutes of adequate activity (P < 0.001) and 5-days activity counts (P < 
0.001) . experimental participants indicates an increase in 5-days activity counts and 5-days minutes of 
moderate activity (P < 0.001); the control group indicates no significant changes. subsequent experimental 
participants increased stage of change ( 2 = 22.6, P < 0.001) and in the grouping, differences were 
recorded for the changes in total exercise duration and peak gradient (P < 0.005), hba1c (P = 0.02), 
systolic BP (P = 0.02), and fibrinogen (P = 0.03). hence, exercise assistance enhance increased on 
physical activity and thereby improved glycemic control and cardiovascular risk factors in people with 
type 2 diabetes. hence, exercise assistance enhance increased on physical activity and thereby improved 
glycemic control and cardiovascular risk factors in people with type 2 diabetes. Physiological,Biochemical, 
type 2 diabetes,trans-theoretical model, motivational theory, cognitive behavioral strategies,accelerometer, 
cardio-respiratory,peak gradient,systolic BP, fibrinogen,glycemic,cardiovascular

Contact: hhmch@yahoo.com
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DENSITY VARIATION ANALYSIS OF BONE 
TISSUE IN THE RADIUS REGION OF 

MONGREL DOGS
Oliveira, Tiago Batista; Grossklauss, Dany Bruno Borella dos Santos; Oliveira, Anna Luiza 

Borges; Costa, Vladimir Eliodoro; Rezende, Marcos Antonio 

UnesP

the dog is among the animal most commonly used for studies of bone metabolism, evaluating treatments 
to prevent bone loss or restore bone mass. the dog bone is an excellent model for bone changes study 
related to age in humans. the adult skeleton of both species contain a similar fraction of compact bone 
tissue (80%), and has similar microscopic features, displays bone loss more rapid in females and show 
similar responses to factors that affect bone metabolism, such as hormones and immobilization. this study 
aims to determine the density variation in the longitudinal direction of the radius bone of mongrel dogs 
at different ages, masses and genres. for this study, were used samples of forelimbs of mongrel dogs 
obtained after death. the density determination was performed by immersion in water that is to determine 
the volume using the buoyancy of the sample. Buoyancy is defined as the force exerted by fluid on an object 
which is immersed and is equal in modulus, the mass of the displaced fluid. By immersing of the object in 
the liquid measuring the mass of the fluid displaced in the balance, which is the buoyancy. the displaced 
volume is numerically equal to the buoyancy. With the data of mass and volume can get the result of density. 
due to the longitudinal dimension of the bone assessed was expected that there would be some variation 
in bone density over the same. the presence in the bones of two different types of bone tissue, spongy and 
compact, and the variation in concentration of these along the bone are factors causing the difference in 
density.

Contact: tiagooliveira298@yahoo.com.br



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil260

Poster - Ultrasound - Monday, April 18

18
th

 In
te

rn
at

Io
na

l 
Co

nf
er

en
Ce

 o
n 

M
ed

IC
al

 P
hy

sI
Cs

 -
 2

01
1 Code: 648 – Session: PO-MO-US-01

SURFACE WAVE INSPECTION OF GEL 
DOSIMETERS 

Vieira, Sílvio L; Urban, Methew W.; Fatemi, Mostafa;  Carneiro, Antonio A. O. 

Instituto de física, Universidade federal de Goiás, Goiânia, Go, Brazil

Ultrasound radiation force vibrometry has been used to study the dispersive nature of surface wave velocity of 
the MaGIC polymer gel dosimeter. surface waves were created using pulsed radiation force. surface waves 
propagating outwards from the vibration center were monitored by an ultrasound transducer operating in 
pulse-echo mode at two locations along the propagation path. the propagation speed of the shear wave at 
each frequency was estimated by tracking the phase change of the wave over the distance it propagates. 
from the phase data of the surface wave, group velocity was estimated for the gel. the experiments were 
performed using two gel dosimeter phantoms of different absorbed doses varying from 10 and 20 Gy, 
while a non-irradiated phantom was kept as a control. to obtain knowledge about the irradiated volume, 
magnetic resonance spin-spin relaxation rate (1/t2) images were acquired and converted to absorbed dose 
distributions. the dose maps were compared, in a qualitative way, with dose distributions measured using 
ultrasound B-scan imaging. the results shown that surface wave ultrasound vibrometry can detect changes 
of group surface velocity in polymer gel dosimeter. It was also found that ultrasound B-mode imaging has 
potential to display absorbed doses distribution.

Contact: silviolvieira@gmail.com



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil261

Poster - Ultrasound - Monday, April 18

18
th

 In
te

rn
at

Io
na

l 
Co

nf
er

en
Ce

 o
n 

M
ed

IC
al

 P
hy

sI
Cs

 -
 2

01
1 Code: 550 – Session: PO-MO-US-02

A NEW ULTRASOUND CONTRAST FOR 
DOPPLER ULTRASOUND MEASUREMENT 

FROM STATIC AND DYNAMIC FLUID
Larissa Nathanna Gatto; Alexandre C. Bruno; Ricardo B. de Oliveira; Oswaldo Baffa; 

Antonio Adilton Oliveira Carneiro 

departamento de física, Universidade de são Paulo

doppler ultrasound is a very powerful tool to evaluate velocity and flux volume of dynamic fluid. Its principle 
of working is based on the detection of shifted frequency of the ultrasound echo reflected from structure 
in movement. the ultrasound beam should be continuous or pulsed. for clinical application, for example, 
the use of doppler ultrasound is very useful to evaluate the velocity and flux volume of blood. In this case 
the doppler signal is generated by the movement of blood cells into the flux. In this work, we present a 
new approach to generated ultrasound doppler image just from portion of volume labeled with magnetic 
particles. to verify this idea, continuous ultrasound doppler was evaluate in two different flux: one labeled 
with non magnetic microparticles (Glass beads) and the second one with ferromagnetic microparticles, of 
same size. an alternated gradient of magnetic field (200 hz, and 0.2 mt/cm) was applied to magnetized 
the sample. the doppler signal was acquired based on lock-in amplifier using the second harmonic as 
reference. the sample consisted of yogurt mixed with 2 % of microparticles as ultrasound spread and the 
flux was generated pumping this fluid into a silicone tube of 1 cm of diameter with speed of 10 cm/s. the 
amplitude of the doppler ultrasound signal from the flux with magnetic particles was much bigger than from 
the flux with non magnetic particles.

Contact: adilton@ffclrp.usp.br
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GASTRIC ASSESSMENT BY DIGITAL 
IMAGES PROCESSING OF ULTRASOUND 

IN LABVIEW PLATFORM: PRELIMINARY 
RESULTS

T Cordova1,2, A Hernandez1, GD Gutiérrez1, JG Villalpando2, D Rodriguez1, MA Hernandez3, 
S Solorio3, G Moreno1, M Vargas1, CR Contreras2, J. J. Bernal1 and M. Sosa1

1departamento de Ingeniería física, Universidad de Guanajuato, Campus león, Gto, México; 2facultad de Ingeniería en 
Computación y electrónica, Universidad de la salle Bajío,  león, Gto, México; 3Unidad Médica de alta especialidad, Clínica t1-

león, Instituto Mexicano del seguro social, león, Gto, México

spite ionization radiation dose undergoing per the patient’s, to date, the gold technique in gastric 
evaluations still is scintigraphy. Gastro images with ultrasound technique is controversial because of the 
stomach is a hollow cavity filled with gas in basal conditions or in fast state. fortunately, a stomach with 
food is recommended in gastric motility and gastric emptying assessment. such, a lack of air in stomach 
contributes in this kind of studies and in recordings of excellent images by ultrasound. In this study, a digital 
image processing of ultrasound gastric is presented. a whole automated routine and filters implemented 
are described in order to use this procedure in gastric peristalsis and gastric emptying evaluations. to date, 
10 volunteer have been measured about dominant frequency which one there are values lest that 3 cpm, 
although the behavior stomach activity is observed in dynamic graph, an analysis in frequency space is 
performed.

Contact: theo@fisica.ugto.mx, theocordova@yahoo.com
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OPTIMIZATION OF PEDIATRIC CHEST 
RADIOGRAPHIC IMAGES USING OPTICAL 

DENSITIESRATIO
Souza, Rafael Toledo Fernandes de; Pina, Diana Rodrigues de; Velo, Alexandre França; 

Alvarez, Matheus; Miranda, José Ricarda de Arruda; Duarte, Sérgio Barbosa 

Instituto de Biociências de Botucatu, Universidade estadual Paulista  “Júlio de Mesquita filho”, Botucatu, Brazil

the aim of this study is the optimization of radiographic images for the pediatric patients in the age range 
between 0 and 5 year of life, through optical density ratio (odr), considering that pediatric patients are 
over-exposed to radiation in the repeated attempts to obtain radiographic images considered of good 
quality. the optimization of radiographic techniques was carried out with the raP-PePP (realistic analytical 
Phantom coupled to homogeneous Phantom equivalent to Pediatric Patient) phantom in two incubators and 
one cradle. the data show that the clinical routine radiographic techniques generate low-quality images 
at up to 18.8% when evaluated by the odrs, and increases in doses up to 60% when compared to the 
optimized techniques doses.

Contact: rafael@ibb.unesp.br
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EVALUATION OF RADIATION DOSE 
AND IMAGE QUALITY IN COMPUTED 

TOMOGRAPHY IN RIO DE JANEIRO
Fernando Mecca Augusto; Simone Kodlulovich; Lariça Conceição 

Instituto nacional de Câncer

the aim of this work was to evaluate the dose index and the image quality in seventeen computed 
tomography scanners installed in radiology departments at the city of rio de Janeiro in order to analyze 
protocols and to evaluate the possibility of a patient dose reduction in routine procedures. the age of the 
scanners varied between 2 and 14 years old.

Contact: fmecca@inca.gov.br
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ENHANCEMENT OF CONTOURS IN 
DIGITAL IMAGES RADIOLOGICAL

Marcos Antonio Dias Lima; Mauro Rodrigues Foncesa 

sBeB

the central theme of this Cwork is to improve the quality and enhance the edges in digital images obtained 
from radiographs of the lungs. to effect these actions will be necessary to know the techniques of digital 
image processing and apply them on the digitized radiographs. the images obtained from equipment using 
X-rays can be distorted and obscure important parts that may be necessary for a more specific diagnosis. 
In an endeavor to improve the identification of areas hidden behind the ribs and highlight the edge of the 
pulmonary region, and strange shapes on X-ray normal, without the need to employ advanced techniques in 
artificial intelligence. Will apply this analysis techniques such as digital filtering, convolution, linear algebra 
and statistics, mainly in order to get the desired improvements, tests and discarding alternatives that we may 
not generate the expected results for each particular step. the final presentation will be the main external 
forms highlighted on the original image and a series of intermediate steps with specific improvements that 
could be used for other applications.

Contact: mdlima@hotmail.com
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DETECTION OF THE SMALLEST 
MICROCALCIFICATIONS FOR EARLY 

DIAGNOSTIC OF MAMMARY CANCER
Martinazzi, Elizandra; S.O.Kepler 

UfrGs/Institute of Physics

even though breast cancer is a cancer with relatively easy early diagnostic and has an appropriate 
treatment, it has high mortality rates in Brazil. this is in part because the disease is diagnosed only in 
advanced stages, but also because the whole information contained in the mammograms is not used by 
physicians and radiologists. there are many parameters to be considered in assessing the quality of a 
mammogram image. among these parameters are contrast, spatial resolution, the signal to noise ratio, 
and the efficiency of the applied dose. even with the improvement of the quality of radiographs, many 
structures, such as small microcalcifications, are not always identified by radiologists in the images. to 
determine the lowest detectable structures in digital mammograms, we made a numerical analysis of a few 
digital mammography using simulators, determining the spatial and intensity resolutions and studying the 
noise and its distribution. With this, we could determine the detection levels, quantifying the probability that 
any point is due to statistical noise or a real change in breast density. this is the first step towards early 
detection of microcalcifications. In our work it was possible to detect even the smallest microcalcifications 
of the simulator, 0.18 mm in diameter, with false alarm probability smaller than 1/1000.

Contact: elizandra.martinazzi@gmail.com
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DETECTION OF SPHERICAL PATHOLOGY 
SINGS IN CHEST RADIOLOGICAL IMAGES

Cerqueira, Rafaela; Silva, Lais; Maia, Ana 

departament of physics, federal University of sergipe, Brazil

nodules and calcifications in the lungs can be symptom of several diseases. therefore, chest images 
should allow the visualisation of these pathology sings, even when they are very small. this study aimed 
to evaluate the detection threshold of spherical pathology signs in chest images. for that, it was used an 
anthropomorphic chest phantom made of epoxy resin, chest human bones and human heart, which has 
gone through a preservation process called Glycerination. to simulate the lung, an artificial organ was made 
of foamed polyurethane with the insertion of the spherical objects made of aluminum and epoxy resin. the 
epoxy resin objects (diameters of 0.1, 0.3, 0.5, 0.8, 1.0, 1.5, 2.0 and 2.5 cm) were used for simulating 
nodules and were placed in the pulmonary hilum of the right lung. the aluminum spheres (diameters 0.1, 
0.2, 0.3, 0.5, 0.6, 1.0 and 1.5 cm) were used for simulating microcalcifications and were placed in the 
left lung apex. Images were obtained using conventional X-ray and computed tomography equipment. 
for evaluate the detection of pathology sings, different radiological parameters were utilized (45kV-76kV, 
80-6mas, in conventional X-ray equipment, for example). Besides, the entrance and exit doses were 
determinate, for allowing dose analysis together with image quality. the images, in almost all kVs, allow 
the visualization of nodules larger than 0.5 cm and all microcalcifications. the dose evaluation showed the 
procedure optimization at higher kVs, as expected. the results found prove the efficacy of the developed 
artificial lung for quantify the detection of pathology sings in radiological images. Besides, they call attention 
to the importance of performing quantitative quality image tests in routine quality control programs. the 
developed lung, associated with the anthropomorphic chest phantom, can be useful also for professional 
training.

Contact: rafaelatoff@yahoo.com.br
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EXPOSITION TECHNIQUES OPTIMIZATION 
IN COMPUTED RADIOGRAPHY AND 
COMPARATIVE ANALYSIS WITH THE 

SCREEN-FILM TECHNIQUE
Giovanna Tamiozzo Schmidt; Valnir de Paula 

Unifra

after the introduction of computed radiography systems in the radiodiagnosis services, in substitution to 
the screen-film system, it was noticed that this migration, despite the innumerous advantages, implied in 
the increase of radiation dosage to obtain images by the new system. this study aimed to optimize the 
exposition techniques in computed radiography systems and to evaluate the dosage increase percentage 
of skin entrance in relation to the previous system. the X-ray equipment used has single-phase generator, 
with a maximum voltage of 125 kV and maximum current of 500 ma. the scanner image is the Philips 
brand, model eleva Corado and the imaging plates are fuji brand. Was taken as reference examinations of 
the chest, paranasal sinuses, spine, knee and hand. for each technique, the tube voltage was increased 
to the maximum, without compromising the image contrast, so using and enjoying the lowest possible 
current-time product. after obtaining the exposure techniques that would allow images of good diagnostic 
pattern, ie with a minimum level of quantum noise and the lowest possible of radiation dose to the computed 
radiography system, we compared the levels of dose measurements with those that were practiced in the 
screen-film system. It was found that the percentage of high dose found even optimizing the techniques of 
exposure to the computed radiography system was significantly high, with percentage increases ranging 
from 50% (chest) to 150% (knee). It was concluded that the dosage increase percentage found, even with 
the exposition techniques optimization to the computed radiography system were significantly high, even 
exceeding the reference values recommended by the legislation.

Contact: valnirp@terra.com.br
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OPTIMIZATION STUDY OF DIGITAL 
PEDIATRIC CHEST RADIOGRAPHY 

PERFORMED
Murata, Camila H; Medeiros, Regina B; Lederman, Henrique M; Daros, Kellen A C 

federal University of sao Paulo

radiation protection is a concern in pediatric radiology since there is a greater chance for radiation induced 
effects for children. Chest radiography is the most frequent radiographic exam performed in the radiological 
centers and the pulmonary region is one of the more difficult to image when high quality is essential. 
this study aims to evaluate different operation conditions to promote the optimization of digital pediatric 
chest radiography performed with computed radiography (Cr) system, using an anthropomorphic pediatric 
phantom, quality phantom and termoluminescent dosimeters to measure the entrance skin dose (esd). the 
results suggest that the tube potentials between 60 kV and 70 kV with current-time product around 5 mas 
are optimal for imaging the range of attenuation in the phantom, for pediatric chest radiography. the esd 
in this condition is 0.28 mGy.

Contact: daros.kellen@unifesp.br
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RADIATION DOSE REDUCTION IN A 
NEONATAL INTENSIVE CARE UNIT IN 

COMPUTED RADIOGRAP
Teodoro Rivera; Alma S. Frayre; Patricia Torres; Enrique Gaona; Jesús Franco 

Centro de Investigación en Ciencia aplicada ytecnología avanzada Unidad legaria del IPn

the present study examines the prospect of dose reduction through optimization of radiographic parameters 
in relation to image quality. In order to practice radiation protection in neonates, determination of the 
entrance surface doses with thermoluminescent dosimetry (tld) for different preterm infants of 28 to 
34 weeks were developed. the sample consisted of 208 neonatal chest radiographic examinations of 12 
neonates admitted and treated in the Care Intensive neonatal Unit. tl results of the eds were compared 
with those dose values reported by diagnostic radiology levels (drls). radiographs were evaluated for 
satisfactory image quality. Chest and abdomen radiography to born children prematurely were covered in 
this study. entrance surface doses values measured for neonates in routine practice examination were 
higher than the drl of 50 _Gy proposed by the national radiological Protection Board (nrPB) as the 
reference values. results obtained suggest to radiation dose reduction in neonates could be possible if the 
high tube voltage techniques is applied. diagnostic reference levels for hospital have been proposed with 
optimized radiological techniques in relation to image quality and the proposed values are lower than the 
drl of 50 _Gy. Key Words: entrance surface dose, preterm infants, tld, intensive care

Contact: gaen1310@correo.xoc.uam.mx
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A DIGITAL SUBTRACTION RADIOGRAPHY 
BASED TOOL FOR PERIODONTAL BONE 

RESORPTION ANALYSIS
Homero Schiabel; E. B. Rodrigues; I. R. F. Rubira-Bullen 

eesC and foB - Universidade de s. Paulo

the aim of this paper is to describe an aided diagnosis scheme for periodontal bone resorption so that 
the dentist can make an early diagnosis of the periodontal disease and establish the best treatment 
plan to increase the success of healing. three ways of displaying the results are provided: qualitative, 
simple quantitative and colored-percentage quantitative views. a total of 72 pairs of in vitro radiographic 
images were used. the main procedure registers the images perspective projection aimed to align them in 
rotation and translation, followed by the application of a contrast correction technique. the results from the 
subtraction were evaluated firstly by the comparison between the actual and the digital sizes corresponding 
to the holes made by drills in phantoms. the mean error was 4.2%. the method was also applied to 
actual tooth radiographic images and it could detect clearly the effect of treatment of periodontal diseases. 
It is dependent on the reproducibility of the process of radiographs acquisition and digitization, but the 
calculated mean error allows to conclude by its better efficacy compared to usual procedures in this field.

Contact: homero@sc.usp.br
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QUALITY ASSURANCE OF CT IMAGE 
FROM THE SOFTWARES IMAGEJ AND 

EXCEL
Tukamoto, Gustavo; Brochi Marco Aurélio C.; Ghilardi Netto T.; Amaral Leonardo L. 

Clinics hospital of the ribeirão Preto school of Medicine, UsP, ribeirão Preto, Brazil

the objective is to automate the quality assurance of Ct image acquired (Philips Brilliance Ct Big Bore) 
using a public domain program, ImageJ, jointly with the Microsoft excel program. for this, we used a 
phantom that is divided into two parts: a PVC pipe filled with water with a diameter of 200 mm to simulate 
the head and a nylon cylinder of 300 mm diameter to simulate the body. In ImageJ, we developed macros 
that define the regions of interest (roI) and measure the average number of Ct and their standard deviation 
and also a macro to determine the diameter of the acrylic pin phantom head. the results are exported to 
Microsoft excel where they are automatically analyzed and compared with acceptance limits proposed by 
the equipment manual (Volume Brilliance Ct-1).

Contact: gustavotukamoto@gmail.com
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METHODOLOGY FOR QUALITY CONTROL 
OF INTRAORAL IMAGE

Rodrigues, Leonardo; Almeida, Claudio Domingues 

Programa de engenharia nuclear-Pen/CoPPe/UfrJ

this study aimed to develop a methodology for quality control of intraoral radiographic image by building a 
calibration curve obtained from the contrast with the image of a dental simulator which has four regions of 
X-ray attenuation. for that were performed different exposures and processing radiographic using ektaspeed 
radiographic films and Kodak and agfa processing solutions. from densitometric analysis was determined 
the standard technique of exposure and image processing. By this standard technique was constructed 
the calibration curve of the simulator to check the influence of deterioration of processing solutions in the 
quality of radiographic images. the results showed that for radiographic processing using Kodak solutions 
at temperatures of 20ºC and development time of 2.5min shows optical density levels similar to those 
obtained using agfa solutions with development time of 5 min at the same temperature. the calibration 
curve of the simulation showed a slope of 3.20, which corresponds to the value of standardized contrast to 
this study. the Kodak chemical solutions showed a loss of activity after a period of two weeks after being 
prepared. the ektaspeed film showed a 60% decrease in the contrast when processed in overused Kodak 
chemical solutions. for radiographic processing methodology applied the value of 1,68mGy of air kerma 
skin entrance proved to be effective for the visualization of anatomical parts of the simulator, and this value 
is below the reference levels of entrance skin dose in periapical examinations established in Brazil.

Contact: lrodrigues@con.ufrj.br
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USING A DEDICATED SOFTWARE FOR 
THE ANALYSIS OF THE HOMOGENEITY OF 

CR DIGITAL IMAGE RECEPTORS
Rita E. F. Corte1; Antonio C. Alexandre1; Fábio M. M. Ravanelli1; Eduardo T. Costa1,2; 

Francisco Haiter Neto3; Frab N. Boscolo3

1Center for Biomedical engineering, University of Campinas, CeB/UnICaMP; 2department of Biomedical engineering, school of 
electrical and Computer engineering, deB/feeC/UnICaMP; 3Piracicaba dental school, University of Campinas, foP/UnICaMP

the homogeneity of the receptors response of digital imaging systems is an important parameter to be 
evaluated regularly in a digital mammographic system, since many of the problems encountered in digital 
images are caused either by incorrect calibration as well as defects of the image receptors. the evaluation 
of this parameter is one of the procedures for quality control of digital imaging systems proposed by the 
european Guidelines for Quality assurance in Breast Cancer screening and diagnosis. aiming at improving 
the sensitivity of the tests of receptor homogeneity, it has been developed software for dICoM image 
processing that allows the user to analyze an image of a plain receptor, with the possibility of using a 
variable size region of Interest (roI). the software performs an automatic scan of the whole image and 
calculates the mean pixel value (MPV) of the whole image and MPV, standard deviation (sd) and signal 
to noise ratio (snr) for each roI. these data may be shown graphically allowing full view of the receptor 
response and identification of affected areas.

Contact: educosta@ceb.unicamp.br; rita@ceb.unicamp.br; alexandre@ceb.unicamp.br
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COMPARISON AMONG PRINTED ON 
PAPER, SCREEN-FILM AND DISPLAYED 

IMAGES UNDER QUALIT
Daros, Kellen A C; Silveira, Conrado F; Cañete, Luis A Q; Medeiros, Regina B  

federal University of são Paulo

laser paper print rather than laser film would be a significantly more cost-effective option production when 
it is used in radiology, but is necessary guarantee an acceptable diagnostic quality that guaranty the clinical 
image information and the longevity of the medical image data. In Brazilian radiological protection regulations 
there are any recommendations established for digital systems image registration. due to the a transition 
from analog to digital radiographies at hospital são Paulo (hsP), federal University of sao Paulo (UnIfesP), 
this study evaluated the clinical quality image to chest, lumbar spine, and abdomen radiographies based on 
the quality criteria recommended by the International atomic energy agency (Iaea), when these images are 
shown in a display and in a paper sheet. these results were compared with similar images assessment in 
sf system and between paper print and display image viewer. In all kinds radiographies studied the image 
printed presented degradation in terms of clinical quality when compared with analogic film used in sf 
system and when compared with display image at medical grade monitor.

Contact: daros.kellen@unifesp.br
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ASSESSMENT OF A COMPUTED 
RADIOGRAPHY SYSTEM IN THE 
NATIONAL CANCER INSTITUTE

Pinto, Vitor Nascimento de Carvalho; Viegas, Claudio Castelo Branco 

Instituto nacional de Câncer

according to the Brazilian national regulations is required to perform periodic tests for quality control (QC) 
in medical and dental radiology, in order to improve or maintain the level of use of tests, decreasing the 
frequency of false positives and/or negative for the diagnosis and improve the security point of view of 
radiation protection for staff and patients. With the inclusion of digital technology for imaging acquisition 
systems in radiology, it is necessary to establish QC protocols to evaluate these new systems to ensure 
its good performance. those new technologies have been implemented in the Brazilian national Cancer 
Institute (InCa) a computed radiography (Cr) system and digital displays. the first eliminates the need for 
the use of film and processing chemicals radiographic, slowing the rate of repeat examinations due to 
problems in processing, and the second, allows the evaluation of images digitally, eliminating the use of 
negatoscopes, enabling the optimization of the radiographic image varying parameters such as contrast 
and digital image processing. aiming for maximum performance integrating these two technologies were 
adapted from two papers in the literature, procedures for an adequate measurement of both systems. this 
study aimed to establish a QC protocol for Cr and digital displays to be used for routine quality assurance 
in the three hospital units of the InCa. the established protocol was tested and adjusted where necessary 
to address the feasibility of QC within the reality of the Medical Physics department of the InCa.

Contact: vitorif@gmail.com



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil277

Poster - X Ray Imaging - Monday, April 18

18
th

 In
te

rn
at

Io
na

l 
Co

nf
er

en
Ce

 o
n 

M
ed

IC
al

 P
hy

sI
Cs

 -
 2

01
1 Code: 142 – Session: PO-MO-XI-15

DAILY QUALITY CONTROL IN COMPUTED 
RADIOGRAPHY MAMMOGRAPHY USING 

THE MANUFACTURER PHANTOM
R.R. Jakubiak, P.C. Messias, C.M. Oliveira

technological federal University of Paraná/academic Physics department, Curitiba, Brazil

the quality control (QC) in mammography system involves a large amount in test tools, which imply in a big 
space for storage and a high number of exposure. this work describes a QC system using a phantom, fuji 
Computed radiography (fCr) one shot Phantom M Plus, that evaluates several parameters with just one 
exposure. the software offers tests with annual, semi-annual, quarterly, weekly and daily periodicity, and 
analyze the conformities of the mammography equipment, image plate and cassettes. Because of the high 
number of tests it was evaluated the daily test only for seven months in two mammography equipments. 
the test, through the software and its image, allows the analysis of ten parameters in QC. the evaluation 
of these parameters was realized by the average of the values provided by the software. only one of the 
evaluated items showed not conformity, but this was observed and the necessary corrections were realized. 
the monitoring of use of fCr Mammography QC software with the fCr one shot Phantom M Plus was 
realized and through this we can investigate that the quality program provided by the system is appropriate 
for the radiology services that has the fuji Computed radiography system

Contact: requi@utfpr.edu.br
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SECONDARY CALIBRATION TO REALIZE 
LUMINANCE MEASUREMENTS ON 

VIEWBOX USING LUXIMETER, BASED ON 
A CALIBRATED PHOTOMETER

Lykawka, Rochelle1; Matzembacher, Viviane Isabel2; da Silva, Maurício Nogueira Maciel1,2 
and Hoff, Gabriela2

1afIM assessoria em física Médica ltda., Porto alegre, Brazil; 2 Pontifícia Universidade Católica do rio Grande do sul/Grupo de 
experimentação e simulação Computacional em física Médica, Porto alegre, Brazil

Viewbox is an important device the help doctors to diagnostic medical image based on film as transducer. 
the luminance and illuminance conditions (intensity and homogeneity) may guaranty the best environment 
contribution to reduce errors on diagnostic. Many regulations around the world define constancy parameters 
different characteristics of viewbox luminance and illumninance that requires specific measurement 
equipment. however to realize the constancy tests you can use a luximeter submitted to secondary 
calibration. this work shows how to do the calibration and how to adapt this methodology to be used on 
these tests.

Contact: ghoff.gesic@gmail.com
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CHARACTERIZATION OF AN 
EPOXY MIXTURE TO BE USED AS 

MAMMOGRAPHIC PHANTOM
Coutinho, Célia Maira Campos1 and Hoff, Gabriela2

1 Instituto de radioproteção e dosimetria/ serviço de física Médica em radiodiagnóstico e Imagem, Cnen, rJ, Brazil; 2 Pontifícia 
Universidade Católica do rio Grande do sul/Grupo de experimentação e simulação Computacional em física Médica, Porto 

alegre, Brazil

this is a work under development. the purpose of this work is to execute the benchmarking of an epoxy 
mixture to be used on mammographic application. to do that, we perform measurement of dosimetric 
quantities and evaluation of the optical density on different configuration. the entrance and exit KerMa were 
measured with and without the phantom to define characteristic the transmission and the backscattering 
for the new material. that characterization is needed to confirm the use of this material for dosimetry 
measurements. We performed measurements of optical density, and contrast, and homogeneity study to 
evaluate its possibility to use this epoxy for image quality control. the preliminary data was collected in a 
screen-film system and all the quality control tests for the mammographic unit and processing equipment 
presented an acceptable quality and constancy indexes. some compositions were evaluated, for 100% 
fat tissue, for 100% glandular tissue, for 50/50%, for 25/75% and for 75/25% glandular and fat tissue 
respectively. the characterization shows that the epoxy developed on this work can be used for dosimetry 
(based on KerMa, transmission and backscattering data), presenting similarities to the epoxy Br12, 
Phantom Mama (a Brazilian phantom) and/or CIrs mammographic phantom, when the 50%/50% fat/
glandular tissue composition was simulated by mixing slabs of each material in the same proportion. 
however to image quality studies the material presents non-homogeneities, as was expected for epoxies. 
But it had good results in contrast and optical density results. We are planning make measurements on 
different mammographic equipments to have a complete dosimetric characterization and the observation 
of the image in different systems (including Cr and dr). We are planning to define the equivalence for 
simulates the mean breast as well verify the possibility to increase the homogeneity of the material. 

Contact: ghoff.gesic@gmail.com
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PHANTOM DEVELOPMENT FOR QUALITY 
CONTROL IN AUTOMATIC EXPOSURE 

CONTROL IN COMPUTED TOMOGRAPHY 
SYSTEMS

Capeleti, Felipe F.; Melo, Camila S.; Furquim, Tânia A. C.; Nersissian, Denise Y. 

Instituto de eletrotécnica e energia (Iee/UsP)

the technologies of computed tomography (Ct) are changing fast and clinical applications of this modality 
are increasing alarmingly, following concerns about individual and population doses. In this evolution, some 
devices were developed in order to reduce the dose received by the patient when submitted to a Ct scan, 
one of the most important was the automatic exposure control (aeC), which automatically adjusts the 
current in X-ray tube considering the attenuation of radiation in each anatomical region being irradiated. 
Currently, the aeC systems on Ct equipment are not tested on Quality Control test, so the development of 
a dedicated phantom was necessary. Based on the report 05016 from Keat (2005), an elliptical phantom 
for tests in the aeC systems was developed. this phantom was manufactured in acrylic and is 300 mm 
long, 61 mm in the lowest diameter and 439 mm in the largest diameter at end, and a holder to position 
it in a box over the Ct bed which allow this phantom be irradiated without interference of the attenuation 
by the material of the examination bed. tests on the developed phantom were conducted in a Ge Pet / 
Ct 690 Ct scanner. either the CtdI presented by the equipment as well as the X-ray tube current when 
decreasing thickness of the phantom has shown reduction, similar to Keat (2005). each manufacturer uses 
the aeC systems in a different manner to indicate the correction of the X-ray tube current with respect to 
image noise, thus, Quality Control testing methodology must be developed for each manufacturer. the tests 
realized at Ge, has shown that the phantom respond adequately to the aeC system and proved being a 
good resource which can be used in Quality Control of computed tomography regarding optimization dose 
studies.

Contact: fcapeleti@gmail.com
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MONTE CARLO SIMULATION OF X-RAY 
SCATTERING PATTERNS PRODUCED BY 

WATER
A. B. Ríos1,2,3, H. Somacal1,2 and A. Valda1,2

1 Universidad nacional de san Martín/eCyt, san Martín, argentina; 2 Comisión nacional de energía atómica/GIya, san Martín, 
argentina; 3 Consejo nacional de Investigaciones Científicas y técnicas, argentina

this work presents first steps in a feasibility study that aims at taking advantage of the material-related 
information contained in the coherently scattered radiation, particularly in connection to mammographic 
studies. at diagnostic energies, the coherent scattering of X rays by biological materials depends on the 
molecular structure due to interference effects. Consequently, there are significantly differences among 
scattering patterns produced by different biomedical materials, although they have similar electronic 
densities. When a scattering pattern is measured, both single and multiple scattering are detected; in 
addition, the single scatter component can be separated in single coherent and single incoherent scattering. 
In this work all these components were studied as part of the total scattering pattern produced by water. 
the study was performed on the basis of Monte Carlo simulations, varying the beam energy (from 12 to 75 
keV) and the water phantom thickness (from 0.5 to 10 cm). experimental form factor data were used for 
modeling the coherent-scatter cross sections. each photon history was analyzed and total detected scatter 
ratio, fraction of single scatter, and the ratio coherent to total scattering were calculated. spatial distribution 
for each contribution was analyzed from radial histograms.

Contact: betinarios@gmail.com
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DENOISING OF LOW-DOSE X-RAY 
IMAGES WITH A WAVELET TRANSFORM

Koichi Ogawa1; Masahiko Sakata1; Yoshiyuki Nyui2; Masahiro Fukushi2  
1hosei University, 2tokyo Metropolitan University

It is very important to reduce the x-ray dose to decrease the patient risk in radiographic imaging. But the 
x-ray dose is one of the major factors that determine the quality of images. low-dose images increase 
statistical noise, making it difficult to discriminate small lesions from the noisy background. to achieve a 
high quality image from low-dose x-ray images, we previously proposed a method. In it we used a wavelet 
shrinkage method that consisted of the following components: (1) pre-processing of an original image with 
a gamma correction, (2) translation-invariant wavelet de-noising method, (3) filtering of wavelet coefficients 
by a modified Bayesshrink method that is applicable to Poisson noise. In this paper we evaluated the validity 
of our proposed method in terms of a dose limit with a phantom photographed with the clinical conditions. 
the results of experiments showed that images acquired with 1/10 of the standard photographic dose 
represented the lower limit to our denoising method, and the quality of images processed with our method 
was higher than that with the conventional methods by 2~3 dB of the peak signal to noise ratio.

Contact: ogawa@hosei.ac.jp
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X-RAY TUBE OUTPUT MEASUREMENTS: 
AN EVALUATION BASED ON STUDY OF 

CASES
Hoff, Gabriela2; da Silva, Maurício Nogueira Maciel1,2; Lykawka, Rochelle1 and Anés, 

Maurício3

1 Pontifícia Universidade Católica do rio Grande do sul/Grupo de experimentação e simulação Computacional em física Médica, 
Porto alegre, Brazil; 2 afIM assessoria em física Médica ltda., Porto alegre, Brazil; 3 hospital de Clínicas de Porto alegre/setor 

de física Médica e radioproteção, Porto alegre, Brazil

Brazilian regulation (Portaria 453) defines periodic Quality Control tests to guaranty the constancy for 
radiological procedures. one of them is the measurement of the constancy on tube output. they give upper 
and lower limits for different wave rectification. this work proposes a discussion about the these limits 
defined for tube output measurement, each contradict the alara principle, and show the tube output 
measurements realized on x-ray equipment using different wave rectification, and high frequency. the 
experimental results presents equipment that generates tube output under the lower limit each means this 
equipment gives minor dose by mas, maintaining the image quality. this work discusses the necessity of a 
limit for tube output and suggests an evaluation of a group of testes (including image quality) to be analyzed 
together to this test. alone, it is just a reference of constancy for define the dose by mas (non-related to 
constancy of image quality) and an indicative of the useful life of the tube.

Contact: ghoff.gesic@gmail.com
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RECONSTRUCTION OF MATERIALS 
INSIDE A DUCT USING X RAY 

TRANSFORM
Teixeira, Alberto R. F.; Roberty, Nilson Costa 

Pen/CoPPe/UfrJ

this work presents a methodology for reconstruction of constants by parts functions. the paper focus in 
one application of this methodology for identify the different materials in a duct. the principle physics is 
based in attenuation of X ray when this through the duct. each element of the composed has a specific 
cross-section contributing with the loss of the intensity of X ray. In this study, was used the parallel and 
divergent beam for the cases of two dimension. In this case we need to know the source position in order 
to back project the rays accordingly in a divergent way. In three dimensions, the projections discontinuity 
determination problem is study by the projections images contour determination. each ray generates one 
algebraic equation. the experiment shows that with a single view it is not possible to obtain information of 
the materials, however, it is possible reconstruct the materials. When is used two views, there are enough 
information to reconstruct the materials inside the duct.

Contact: ateixeira@con.ufrj.br
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ISODOSE CURVE DETERMINATION OF 
PROSTATE FOR THE BRACHYTHERAPY 

TREATMENT USING MCNPX CODE
Juraci Passos dos Reis Junior; Artur Ferreira de Menezes; Maximiano Correia; José 

Antônio Carlos Canedo Medeiros; Ademir Xavier da Silva 

CoPPe/UfrJ

this paper presents a methodology for the determination of the isodose curves from a 2d array of data, 
post processed with MatlaB program, from a computer simulation using the MCnPX code and the MaX06 
phantom in permanent implants therapeutic procedures performed with brachytherapy low dose rate. With 
these results was possible to obtain the isodose curves for the four selected slices of the MaX06 phantom 
using the countour function of the graphical interface of the Matlab program.

Contact: passosjjrj@hotmail.com
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USING MCNP5 CODE FOR SIMULATION 
OF BETATHERAPY PROCEDURES FOR 

THE PTERYGIUM PREVENTION
Coelho, Talita1; Fernandes, Marco2; Yoriyaz, Hélio2 

1Instituto de Pesquisas energéticas e nucleares, IPen/Cnen, UsP; 2faculdade de Medicina de Botucatu/departamento de 
dermatologia e radioterapia, UnesP, Botucatu

Pterygium is the triangular growth of the fibrovascular tissue of the bulbar conjunctiva. Its initial treatment 
is surgical with a recurrence rate around 20-40% of operated cases. In order to prevent their recurrence, 
betatherapy with 90sr+90y applicators is the one that has shown better results, decreasing the recurrence 
rate to 20% or less. these applicators have high dose rate so special attention should be payed when 
planning these applications, always remembering that the lens (the critical region of the eye) must be 
preserved. Based on the above, we performed a simulation of a betatherapy application considering a 
90sr+90y applicator in the treatment of pterygium prevention using the MCnP5 code. the human eye has 
been modeled with all its main structures and characteristics and a plate of 90sr+90y was attached to the 
eye in the place where the pterygium was removed. the purpose of this simulation was to calculate the 
amount of dose that each region of the eye receive during an application of betatherapy. the results are 
plausible: the regions closer to the plate received greater doses than the farther ones. another important 
point observed is that the lens was preserved during the procedure receiving about 0.015% of the maximum 
dose that the sclera receives. With the results of this simulation has an effective and practical guide that 
may be inserted into the routine of medical physicists in order to facilitate and streamline their work.

Contact: tasallesc@gmail.com
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IMPLEMENTATION OF A 
THERMOLUMINESCENCE DOSIMETRIC 

LABORATORY FOR BRAZILIAN 
BRACHYTHERAPY SOURCES

Moura, Eduardo Santana; Zeituni, Carlos Alberto; Sakuraba, Roberto Kenji; Manzoli, José 
Eduardo; Souza, Carla Daruich; Rostelato, Maria Elisa C. M.

IPen-Cnen/sP; hospital Israelita albert einstein (hIae) – radiotherapy

this work describes the main characteristics of the dosimetric laboratory setup for experimental 
brachytherapy sources dosimetry to be implemented by the nuclear and energy research Institute - 
national nuclear energy Commission são Paulo (IPen-Cnen/sP) and a tld-100 dosimeters selection 
from a batch is also described. for the experimental dosimetric analysis, the thermoluminescence (tl) 
dosimetry technique was selected. It was applied tld-100 microcube shapes dosimeters and solid WatertM 
phantoms water simulators to the measurements. the absorbed dose data acquisition was conducted by a 
harshaw 3500 tld and a special oven for the dosimeters thermal treatment was projected. tld-100 batch 
selection was performed with a panoramic Cobalt-60 irradiator. dosimeters batch selection was performed 
after irradiations in a panoramic Cobalt-60 irradiator, establishing 5.25% as the lowest standard deviation 
for the reproducibility of tl responses. the tl response (arbitrary units) of the all selected dosimeters was 
lower than 8%. the tld-100 dosimeters reproducibility and others dosimetric processes and devices to 
acquire the source´’s dose distributions data were considered suitable for dosimetric studies with low dose 
rate brachytherapy sources.

Contact: edusantos_moura@ig.com.br
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HDR BRACHYTHERAPY SALVAGE 
FOR LOCAL PROSTATE CANCER 

RECURRENCE AFTER RT
R.G. Silva; A.P.E. Galerani; J.A.P. Setti; E.B. Alves; C.P. Neto; I.N.O.F. Horst; J.C.G. 

Pereira.

Clinirad - Curitiba/Pr - Brazil 

Purpose: the aim of this study was to evaluate the feasibility and safety of salvage high-dose-rate (hdr) 
brachytherapy for locally recurrent prostate cancer after external beam radiotherapy. Materials and Methods: 
We analyzed 10 patients between april and october 2010. after pathologic confirmation of locally recurrent 
disease, all patients were treated with 36 Gy in six fractions using two transrectal ultrasound-guided 
hdr prostate implants, separated by 1 week (three fractions each implant and at least six hours interval 
between the fractions. Using dose volume histograms, in all cases, the following dosimetric constraints 
were evaluated: prostate (V150/V100 ≤ 0,5 and V100 ≥ 95%), rectum (V75 < 1cc) and urethra (d10 < 
150%, d30 < 130% and V125 < 1cc). the number of needles implanted and prostate volumes were also 
registered. results: the mean values and respective deviations from the dosimetric parameters cited were: 
prostate (V150/V100 = 0,5±0,1 and V100 = 99,5±0,8 %), rectum (V75 = 0,9±0,3 cc) and urethra (d10 = 
137±0,1 %, d30 = 128±0,1 % and V125 = 0,2±0,1 cc). the patients, considering short-term outcomes, 
had not demonstrated genitourinary or gastrointestinal complaints and all of them exhibited Psa fall after 
the treatment. Conclusions: salvage hdr prostate brachytherapy after external beam radiotherapy appears 
to be a feasible and effective technique. Clinical results, considering long-term outcomes, will be published 
in further papers.

Contact: ricardo.goulart@ymail.com
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PRELIMINARY PROPOSAL FOR SOLID 
RADIOACTIVE WASTE MANAGEMENT

Carla Daruich de Souza; Roberto Vicente; Maria Elisa C. M. Rostelato; Carlos A. Zeituni; 
Kátia Fonseca; João A. Moura; Eduardo S. Moura; Osvaldo L. da Costa; A. Feher; Fábio 

R. de Mattos

IPen

the Brazilian national Cancer Institute estimate 489,270 new cancer cases will occur in the country in 
2010. the highest incidence will be, for masculine sex, of protate cancer (about 52 thousand cases) and 
lung cancer (except for non-melanona skin cancer). a multi-disciplinary team was created at Instituto de 
Pesquisas energéticas e nucleares - Centro de tecnologia das radiações (IPen-Ctr / sP) to develop a 
national 125-iodine source and start the installation for local manufacture. the seeds production in Brazil 
will enable to lower the treatment cost and make it feasible for more patients. 125-iodine is deposited onto 
a silver thread, which is positioned in the interior of a titanium capsule. to set up routine production it is 
necessary to make a radiological protection plan, specifying the radioactive waste management procedures. 
the purpose of this work is to offer an initial proposal to help the team administrate the solid radioactive 
waste generated from the production process. Management of radioactive waste generated by the 125-
iodine sources production should be done in the own laboratory physical space, since it has enough room 
for this. the solid waste will be handle weekly, in bags weighing 1.1kg/week. the collection system will be 
done with a resistant bag that will be handled by a member of the radiological protection team. the process 
will still include a sealing machine. the remaining activity in the bag is under discharge limits resulting in a 
simpler and safer planning. It should be clear that a policy of reduction and recycling during the process is 
vital, so that costs and unnecessary waste generation may be achieved.

Contact: carladdsouza@yahoo.com.br
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DEVELOPMENT OF AN IRIDIUM-192 SEED 
FOR OCULAR TUMORS TREATMENT

Mattos, Fabio R.; Rostelato, Maria E.C.M; Zetuini, Carlos A.; Moura, João A.; Moura, 
Eduardo S.; Karam Jr., Dib

Instituto de Pesquisas energéticas e nucleares IPen/Cnen-UsP

the Institute for energy and nuclear research, in partnership with the school of Medicine, created a project 
that aims to develop and implement an ophthalmic therapeutic treatment for cancer with iridium-192 
seeds. the school of Medicine treats many cancer cases in the sUs, and brachytherapy group of IPen has 
extensive experience in prototype sources.the seed to be manufactured will perform as follows: a core 
of iridium-192 is packaged inside small cylindrical seeds consist of a titanium capsule of 0.8 mm outer 
diameter, 0.05 mm wall thickness and 4 5 mm in length. the core is an alloy of platinum-iridium (20/80) of 
3.0 mm in length and 0.3 mm in diameter. the proposed method for making seeds provide chemical data 
the composition of the core and the coating of iridium-platinum alloy, the irradiation parameters of wire in 
the Iea-r1 nuclear reactor (IPen), the sealing of the seeds by laser welding with pulsed sources yaG, the 
source of the leak tests in accordance with Iso 9978, metallographic testing that will ensure the absence of 
cracks and / or porosity in the weld region, so that no radiation leak from seed, and to measure the activity 
of the source . after fabrication of the prototype of the seed, the evaluation will be conducted for use in 
cancer treatment in eyes. It is expected that treatment is available to serve a larger number of patients at 
costs commensurate with the Brazilian reality.

Contact: fabio.rmattos@terra.com.br
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RESPONSE-PROBABILITY CHARTS AND 
RESPONSE-PROBABILITY VOLUME 

HISTOGRAMS FOR RT
Ferreira B C 1; Mavroidis P 2; Lopes MC1,2 

1 I3n, Physics department, aveiro University; 2 department Medical radiation Physics, Karolinska Institutet and stockholm 
University, stockholm, sweden; 3 Medical Physics department, Portuguese Institute of oncology of Coimbra, Coimbra, Portugal

a new method for treatment plan evaluation and comparison based on the radiobiological response of 
individual voxels is proposed. a head and neck tumor case was selected to demonstrate the benefits of 
the method using Conformal radiation therapy (Crt) and Intensity Modulated radiation therapy (IMrt). 
response-probability distributions were obtained by calculating the response probability in every voxel 
using the linear-Quadratic-Poisson model. total probability of tissue response was calculated using the 
Poisson and the relative seriality models. the 3d physical and the 2 Gy converted dose distributions and 
the Bed distribution are shown and compared with the proposed methodology. response-probability 
volume histograms (rVh) were also derived and compared with common dose volume histograms (dVh). 
3d response-probability distributions are very useful for plan evaluation since their visual information 
focuses on the doses that are likely to have a larger clinical effect in a particular structure. the graphical 
display becomes independent of the prescription dose highlighting the local radiation therapy effect in 
each voxel without the loss of important spatial information. rVh are advantageous since by incorporating 
the radiobiological properties of each voxel they summarize the 3d distribution into 2d without the loss 
of information on the structure radiobiological heterogeneity. thus more clinically relevant radiobiological 
constraints could be defined and used in treatment planning optimization. the proposed method aims to 
complement quantifiers like the probability of tissue response. response-probability charts and rVh can 
differentiate more clearly different treatment plans than conventional dosimetric analysis. these measures 
become increasingly important when dose distributions need to be designed according to the microscopic 
radiobiological properties of tumors and normal tissues.

Contact: brigida@ua.pt
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EVALUATION OF RBE FOR IMRT FIELD 
USING MICRODOSIMETRIC METHOD

Hiroyuki Okamoto; Toshiyuki Kohno; Tatsuaki Kanai; Yuki Kase; Hidetoshi Saitoh; Jun 
Itami

department of energy sciences, tokyo Institute of technology

Microdosimetry has been developed for the evaluation of radiation quality, and single-event dose-mean 
lineal energy y

d
 is well-used to represent the radiation quality. In the cell irradiation experiments reported 

in the previous study, the rBe values of the human salivary Gland tumor cells for 200 kV X-rays, 60Co 
gamma-rays, and 6 MV X-rays were 1.000, 0.903, and 0.872, respectively, and it was found that relative 
Biological effectiveness depended on the photon energy. to investigate the radiation quality of the three 
photon beams, the y

d
 values were measured with the tissue-equivalent Proportional Counter (tePC), and 

the Microdosimetric Kinetic model was implemented to derive the rBe values from only the measurements 
of the yd values instead of performing the cell irradiations. By using this model, it was found that the rBe 
outside the field increased because of the low energy scattering photons. In IMrt fields, however, the tePC 
measurements are impracticable, because a monitor unit, which controls a Multi-leaf Collimator (MlC), 
doesn_t work at such an extremely low dose rate. to solve this problem, the pencil beam method of deriving 
the yd values by an analytical approach was proposed in this study. this model requires a scatter dose 
kernel and a kernel of the yd value. the two kernels were derived from the experiments, and verified by 
comparing with the film dose and the tePC measurements. By using these kernels, the changes of the rBe 
for the IMrt fields were evaluated. Consequently, the rBe in the high dose region was almost constant and 
unity. however, the rBe in the low dose region was approximately 2% higher, and the rBe outside the field 
was approximately 5% higher than that in the high dose region.

Contact: hiokamot@ncc.go.jp
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INITIAL EXPERIENCE OF PATIENT 
SPECIFIC QUALITY ASSURANCE FOR 

RAPIDARC USING ARCCheck at hope at 
guatemala

Ixquiac Cabrera, Milton Estuardo; Ixquiac Cabrera, Jorge Marcelo 

Medical Physics

rapidarc is a radiotherapy modality that optimizes more parameters than intensity modulated radiotherapy 
(IMrt), there for it is necessary to have a higher level of quality control of equipment and specific treatment 
plans for patients. the aim of this paper is to report the quality control made prior plans initiate treatment 
at the first radiation therapy center with rapidarc in latinamerica. Measurements were taken with a 4d 
phantom arcCheck and MapCheck software together with the IMrt phantom from IBa. the treatment plans 
were generated on Varian’s rapidarc optimizer, and delivered with a Clinac 2300Cd linear accelerator, 
also from Varian. the readings on the detector array are compared with the doses reconstructed to 1 
mm grid on arcCheck geometry based on the exported dose from the eclipse. Basic tests were carried 
out: linearity, consistency and ghost effect. and in the IMrt phantom the dose delivered was compared 
to that predicted by eclipse with an ionization chamber PtW Pinpoint. the reported treatments are brain 
(Glioblastoma) and prostate with seminal vesicles and pelvic lymph nodes, which were compared using the 
Gamma index criteria and dta with 5% dose threshold. the gamma evaluation result is 97.9% for prostate 
and 98.9% for the brain, by adopting the criterion of 3% and 3mm. similarly, the dta 3mm evaluation 
was 95.0% and 97.3% respectively. and the ionization chamber readings had a difference of 1.1% and 
0.5% for prostate and cranial respectively than the results predicted by eclipse. the evaluations show the 
great overlap between the predicted doses with those obtained in the phantom, so that assessments of 
treatment they give us great certainty. although the results are positive, it is advisable to restrict the quality 
assurance evaluations of treatment plans, rigorous methods should be applied to the daily quality control 
for accelerator parameters for reliability

Contact: mixquiac@hoperadiotherapy.com
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DEVELOPMENT OF THE DEDICATED 
PHANTOM SYSTEM WITH ROLLED 

RADIOCHROMIC FILMS FOR VMAT QA
Park, Ji-Yeon1,2; Lee, Jeong-Woo3,4; Choi, Kyoung-Sik1,5; Lee, Jung Seok5; Suh, Tae-Suk1,2 

1dept. of Biomedical engineering, the Catholic University of Korea; 2research Institute of Biomedical engineering, the Catholic 
University of Korea; 3dept. of radiation oncology, Konkuk University Medical Center; 4research Institute of radiologic science, 

Korea University; 5dept. of radiation oncology, anyang saM hospital

to achieve easy and practical quality assurance (Qa) for volumetric modulated arc therapy (VMat), the new 
verification system using wrapped radiochromic films (Gafchromic eBt2, IsP, nJ, Usa) around cylindrical 
surface and ionization chamber was developed; the phantom allows to insert the rolled and the square 
films to measure the delivered doses along the arc trajectory and the axial planes, respectively. the central 
cylindrical body covered with films was inserted into another enveloping acrylic body of 5 cm thickness. the 
phantom structure can secure the enough effective measurement region providing the stable measurement 
and set-up condition. the analysis software geared toward the verification for arc therapy facilitates dose 
comparison between the delivered doses to film in rolled-out plane with the reconstructed dose matrix of 
calculated doses in erGo++ (version 1.7.6, elekta ltd., Crawley, UK). the amount of dose disagreement 
can be distinguished in polar coordinates by the gamma index (3 mm/3%) differentiating between over- and 
under-estimated doses. the film characteristics of flexibility, high spatial resolution, and dose integration led 
to sophisticated dose verification at each corresponding position. the verification system guided to notice 
what gantry angle principally causes the significant dose error in cylindrical coordinates. More significant 
dose error around critical organs was also estimated in patient anatomical geometry. as the modulated 
fields (dose calculation using the grid size of 2 mm and angular increment of 5°) of VMat (elekta synergy, 
elekta ltd., Crawley, UK) was delivered for prostate cancer, the specific positions not satisfying the gamma 
criteria were detected using our developed VMat Qa system. rolled-up and -out films on cylindrical 
phantom with the elaborate dose analysis enables adapted Qa for VaMt to detect critical dose error by the 
various dynamic factors.

Contact: jjfortunity@catholic.ac.kr
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EVALUATION OF COLLIMATED 6 MEV 
ELECTRON BEAM PROFILES THROUGH 

XIO AND PENELOPE M
Alva, Mirko; Pianoschi, Thatiane; Alva, Mirko; Amaral, Leonardo; Oliveira, Harley; 

Nicolucci, Patrícia

Universidade de são Paulo

dose distributions determined by treatment planning systems and Monte Carlo simulation codes can differ 
significantly due mainly to differences in the calculation algorithms employed. Beam profiles for collimated 
electron fields were evaluated using Xio treatment planning system (tPs) and PeneloPe Monte Carlo 
simulation code and were compared to the profiles obtained with ionization chamber (0.1 cc/IBa). standard 
applicators were used for electrons fields of 10x10 and 15x15 cm2 and the comparison of the dose 
profiles inside the radiation field found maximum differences of 1.5% and 2.0%, between PeneloPe 
and ionization chamber and of 2.2% and 1.8% between tPs and ionization values, for each field size 
respectively. Maximum differences of 3.0% and 3.2% were found for the comparison of the beam profiles 
from PeneloPe and tPs values for each applicator respectively. for all comparison, the differences 
increased up to 10% for regions outside the radiation field (isodoses lower than 50%). to obtain collimated 
fields, the standard 10 x 10 cm2 applicator was used with additional blocks of cerrobend to produce fields 
of 1x1, 2x2, 3x3, 5x5, 7x7 and 9x9 cm2. the comparison of the beam profiles obtained using PeneloPe 
and tPs for regions inside the radiation beams showed maximum difference of 5.0 %, 4.3 %, 4.8 %, 4.0 
%, 3.4 % and 3.0%, respectively for each studied field. these differences increased up to 12% for regions 
with isodoses lower than 50%. decreasing the field size produces beam profiles with a Gaussian shape due 
to the lack of lateral equilibrium. the tPs curves did not showed a continuum behavior, presenting breaks in 
the profile curve due to the interpolation of data for the collimated fields. the results confirm the differences 
from simulated profiles with PeneloPe and tPs profiles. even tough these differences, the beam profiles 
showed similar behavior.

Contact: thatianealves@yahoo.com.br
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RADIOCHROMIC FILM RESPONSE TO 
CLINICAL ELECTRON BEAMS

Luciana Tourinho Campos; Luiz Antonio Ribeiro da Rosa; Delson Braz; Delano Valdivino 
dos Santos Batista 

Instituto de radioproteção e dosimetria

the characteristics of radiochromic films responding to 9 MeV therapeutic electron beams were determined. 
the analysis was performed with Gafchromic eBt films and Microtek scanMaker 9800 Xl scanner. the film 
dose response shows a nonlinear behavior and is expected to follow a polynomial of five degree. Conflicting 
with other works, the sensitivity of radiochromic film is bigger in the region of 100 to 200 cGy. the response 
over the scan field is not uniform. the variations due the film location in scanner bed are within 14%. the 
film response energy dependence, field size dependence and dose rate dependence are not important.

Contact: tc_luciana@yahoo.com.br
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SKYSHINE PHOTON DOSES FROM 6 AND 
10 MV MEDICAL LINEAR ACCELERATORS

de Paiva, Eduardo; da Rosa, L A R 

Ird/Cnen/MCt

the skyshine radiation is the phenomenon that occurs when primary photon beams are scattered in the 
atmosphere above the roof of a medical linear accelerator facility, generating an additional dose at ground 
level in the vicinity of the treatment room. With respect to the radioprotection this situation assumes an 
important role when the ceiling is designed with little or no shielding and there are buildings constructed 
adjacent to the radiotherapy treatment room. In literature there are few reported skyshine measured 
doses and with poor agreement with empirical calculations. In this work we carried out measurements 
of skyshine photon dose rates produced from several 6 and 10 MV medical linear accelerators. each 
measurement was performed outside the room facility, with the beam positioned in the upward direction, 
at an horizontal distance d

s

 from the target and for a 40 cm x 40 cm maximum photon field size at the 
accelerator isocenter. Measured dose-equivalent rates results were compared with calculations obtained 
by an empirical expression, and differences between them deviated from one or more order of magnitude. 

Contact: epaiva@ird.gov.br
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QUALITY CONTROL IN RADIOTHERAPY: 
METROLOGICAL EVALUATION OF THE 

CONGRUENCE OF LIGHT AND RADIATION 
FIELD IN LINEAR ACCELERATORS 

N.A. Guimarães 1, E.Costa Monteiro 1, C.R. Ponciano1 and R.S. de Souza2

1 Pontifícia Universidade Católica do rio de Janeiro (PUC-rio)/ Programa de Pós-Gradução em Metrologia, rio de Janeiro, Brazil; 
2Instituto nacional do Câncer (InCa)/Programa de Qualidade em radioterapia (PQrt), rio de Janeiro, Brazil

the objective of this work is to evaluate the metrological reliability of the light/radiation field size congruence 
parameter in linear accelerators at state of rio de Janeiro. this parameter assessment is a dosimetric 
quality assurance requirement. In this study, three different procedures were carried out in order to measure 
the irradiated field size on radiochromic films: (a) measurement of irradiated field size in rtQa and eBt 
Qd+ radiochromic films using a calibrated ruler with traceable accuracy; (B) measurement of irradiated 
field size in eBt Qd+ radiochromic films, using the calibrated ruler and an optical densitometer; (C) 
measurement of irradiated field size in rtQa and eBt Qd+ radiochromic films by means of a transmission 
scanner. the impact of the measurement uncertainty on the congruence parameter conformity, according 
to tolerance levels advised by the Iaea/tedoC – 1151, was investigated. despite the requirement recently 
published by the Brazilian national health surveillance agency, regarding the compulsory use of optical 
densitometer on the quality control tests, here represented by procedure (B), the rtQa film properties 
did not allow its optical density reading. the highest levels of measurement uncertainty were observed 
when congruence parameter were evaluated by procedure a, and the lowest levels were obtained with 
procedure C, with the best results using eBt radiochromic films. When the measurement uncertainty 
was considered for conformity assessment, only one of the linear accelerators (7.7% of the units 
evaluated) presented results in accordance to the acceptance limits by means of all the three procedures. 
Keywords: 1. Metrology. 2. linear accelerator. 3. radiotherapy. 4. Quality assurance

Contact: nilaguimaraes@hotmail.com; beth@puc-rio.br; salomon@inca.gov.br
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ANALYSIS OF DATA QUALITY ASSURANCE 
OF THE THREE LINEAR ACCELERATORS 

AT HC-FMUSP
Pássaro, Bruno Martins; Rodrigues, Laura Natal 

Most radiotherapy treatments are nowadays carried out by using external photon beams produced by 
linear accelerators. the maintenance of good quality treatments depends essentially on the stability of the 
accelerators and on the ability of local quality assurance (Qa) to monitor drifts in the beam parameters. 
one of the most crucial parameters is the output of an accelerator, defined as the absorbed dose per 
monitor unit (MU) at a given depth of a reference beam, measured in a water phantom. the aim of this work 
consists to evaluate and analyze the short and long-term stability of output factors as well as the other 
dosimetric parameters normally included in a quality assurance program in radiotherapy. the results of 
calibration factors of all accelerators were satisfactory and mostly within the limits established by tG-142. 
all output factor measurements were taken in reference conditions, i.e., field size of 10 x 10 cm2 with a 
source-surface distance (ssd) of 100 cm. the average calibration factors for the period of almost 3 years 
for the Clinac 600C and Clinac 6 eX was (0,995±0,006) and (0,993±0,008) respectively. for the Clinac 
2100Cd for 6 MV and 15 MV was (1,005±0,008) and (1,003±0,009) respectively in a period of almost 
5 years. the values of tPr

20,10
 of three accelerators are almost constant, within acceptable limits. the 

tPr
20,10

 values were obtained according trs-398 protocol. the average values of tPr
20,10

 for Clinac 600C 
was (0,666±0,006), for the Clinac 2100Cd for 6 MV and 15 MV was (0,666±0,003) and (0,646±0,0004) 
respectively and for Clinac 6 eX was (0,664±0,001). It can be concluded that a detailed study of output 
data and tPr

20,10
 from a quantitative point of view is extremely useful into a quality assurance program.

Contact: bruno.passaro@gmail.com
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USE OF TLDS IN QUALITY CONTROL 
FOR EVALUATION OF EDWF IN 

RADIOTHERAPY
Pinto, Vitor Nascimento de Carvalho; Souza, Roberto Salomon; Viegas, Claudio Castelo 

Branco;Viamonte, Alfredo

Instituto nacional de Câncer

the aim of this work was to determine whether the enhanced dynamic Wedge factor (edWf) could be 
evaluated using thermoluminescent dosimeters (lif:Mgti, tld-100) and, if so, incorporate it to the postal 
system created by the Quality Program in radiotherapy _ PQrt of the national Cancer Institute _ InCa/
Ms in Brazil. We performed two sets of measurements to determine the edWf in the central axis of the 
radiation beam: one set with ionization chamber (farmer PtW 30013 0,6 cc) and electrometer (PtW Unidos 
e), the reference set, and the other set with tlds. the measurements were performed for four field sizes 
(5 cm x 10 cm, 10 cm x 10 cm, 15 cm x 10 cm and 20 cm x 10 cm) and for five dynamic wedge angles 
(10°, 15°, 30°, 45° and 60°). the beam energy used were the energies available for photons beams (6 MV 
and 15 MV) from the Varian Clinac 2300 C/d linear accelerator at the hospital of Cancer I, InCa. after data 
acquisition, the results with tlds were compared with the edWf values obtained with ionization chamber 
and with a reference work (souza, r.s.; october/2005). due to the low percentual deviation (amongst ±3%) 
between the measurements performed with them and those with ionization chamber, we concluded that the 
assessment of the edWf is possible with tlds and could be used as a remote quality assurance system.

Contact: vitorif@gmail.com
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EVALUATION OF A CR SYSTEM FOR 
LINAC WEDGE FILTER QUALITY CONTROL

Silva, Luis Felipe Oliveira; Avelino, Samuel Ramalho; Cavalcanti, Ricardo Alessandro; 
Almeida, Cristina Duarte 

hospital Universitário de Brasília

the use of computed radiograph (Cr) system to physical wedge quality control (QC) has been investigated. 
the purposed QC consists in compare periodic with a reference wedged field profile measurement performed 
with fuji fCr Capsula Cr system. to test its suitability, repeatability and reproducibility of Cr dose response 
was investigated. ten measurements were carried out for each wedge (15, 30, 45 and 60_). this procedure 
was repeated one and two months later. Previous calibration was performed against ionization chamber 
(IC). In order to monitor the variations on wedged field profiles, measurements on three points (central 
axis, +8 cm and _ 8 cm) were carried out with daily Qa 3 (sun nuclear Corporation) device before Cr 
exposures using 100 MU and 100 cm ssd. further on, the method sensibility was tested simulating errors 
on wedge positioning. the cassettes were irradiated with 5 and 10_ collimator rotations for comparison 
with reference measurement. these Cr profiles deviations were compared with the profiles deviations 
obtained with a 0.15 cc scanditronix/Wellhofer IC. all Cr irradiations were performed with 1 MU and 100 
cm ssd. the imaging plate reading were performed right after irradiation and normalized on central axis. 
the Cr images (16 bits, dICoM form) were exported to ImageJ 4.3 software, which was used for dose 
evaluation. It was used a 6 MV photon beam (Primus linac; siemens) and field size 20x20 cm2 for all 
measurements. repeatability and reproducibility occurred on Cr measurements (standard deviations less 
than 0.8%). furthermore, the Cr system is similar to IC in the capacity to detect wedged field dosimetric 
changes. all the differences of distances to agreement found with Cr and IC were less than 1 mm and the 
relative dose differences were less than 1.5%. therefore, the fuji fCr Capsula Cr system can be used for 
physical wedge QC.

Contact: luis2004felipe@yahoo.com.br
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VALIDATION OF A CYLINDRICAL 
PHANTOM FOR VERIFICATION OF 

RADIOTHERAPY TREATMENTS IN HEAD 
AND NECK WITH SPECIAL TECHNIQUES 

Nicolas Morales Vargas; Gustavo Píriz M.; Marcia Garcia A.; Niurka Pérez R.

Universidad de la frontera, temuco - Chile

Verification of radiotherapy treatments in head and neck require, among other things, small-volume 
chambers and a phantom as to reproduce the geometry and density of the anatomical structure. In new 
documents from the ICrU, report no. 83, establishing the need for quality control in radiotherapy with 
special techniques such as IMrt. this paper builds a cylindrical acrylic phantom with standing water, 
containing seven measuring points in the transverse plane and free location (0-20 cm) in the longitudinal 
plane. these measurement points are constituted by cavities for the accommodation of the ionization 
chamber of 7 mm of mayor diameter (semiflex, Pin Poin with Build cup). the results of the validation of the 
phantom yielded percentage differences less than 1% in fixed beams and less than 2.2% in arc-therapy 
for tPs eclipse calculation. the preparation of this phantom, made particularly to verify the head and neck 
treatments, was simple and reliable for checking the dose in radiotherapy with fixed beams and/or special 
techniques such as arc therapy or IMrt, so that will be sent to various radiotherapy centers in the country 
for dosimetric verification in such treatments.

Contact: nimoralesv@gmail.com
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DESIGN AND EVALUATION OF AN 
IGRT SOFTWARE FOR DAILY TARGET 

ALIGNMENT
Muhammad Abdur Rafaye; Zafar Iqbal; Shahid Hameed; Khalid Iqbal 

shaukat Khanum Memorial Cancer hospital & research Centre, lahore, Pakistan

Purpose: to design and evaluate an IGrt software for organ motions estimation during the course of 
radiotherapy. Method and Materials: a fiducial marker technique, originally developed in the pre-conformal 
radiotherapy era, has been used with our homemade software. fiducial markers are implanted in the 
organs and orthogonal portals are performed daily before the treatment. the software does 2d-2d 
matching based on the fiducial markers for these orthogonal portals and calculates shifts (mm) in the 
superior-inferior (sI), left-right (lr) & anterior-posterior (aP) dimensions in comparison to the reference 
digitally reconstructed radiographs (drr). the interfraction motion in any direction is then calculated by 
using shifts in any dimension. Qa of this software has been performed using seed embedded styrofoam 
phantom. about 20 known shifts in different dimensions were stated for imaging and compared with the 
results calculated from software. results: an average difference of about ≈0.1mm has been calculated 
regarding the precision of this software. shifts optimization obtained from this simplified IGrt software has 
been used to rescale/shift the treatment position which allows minimizing the variation interfraction organ 
motion. Conclusion: assessment of this new software tool has been successfully tested for delivering IGrt 
to reduce the interfraction motion.

Contact: ma_rafaye@yahoo.com
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IMPORTANCE OF CUTOUT FACTOR IN 
RECEIVED DOSE IN TREATMENT OF 

KELOID
Teixeira, Alberto Ramon Ferreira; Peres, Leonardo da Silva 

Pen/CoPPe/UfrJ

the most effective treatment for keloid is a beam of radiation with electrons. In this case there is a need 
to bring the metal shield preventing scar with the most healthy tissues that are irradiated. these screens 
are specific to each patient. the non-use of a correction factor of protections (cutout factor) can lead to 
significant variation in dose received by patients. Besides the determining of cutout factor, is made in this 
work a comparison between the prescribed dose of 400 cGy to the patient [2] and the actual dose that the 
patient was to be spent with the protection. there is a region of criticality for treatments that combine low 
energy (less than 12 MeV), small size of field (smaller than 15x15 cm_) and ssd different of 100 cm. for 
treatments that combine energies greater than 9 MeV, field sizes larger than 10x10 cm _, especially for 
the cone 15x15 cm_ and ssd of 100 cm, even without the cutout factor, the dose is less than prescribe 
dose.

Contact: ateixeira@con.ufrj.br
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COMPARISON OF RAPIDARC AND 
INTENSITY MODULATED RADIOTHERAPY 

TREATMENT PLANS
Sathiyan, S*.; Ravikumar M*; Arthur L Boyer#; Jason Shoales# 

*Kidwai Memorial Institute of oncology, Bangalore, India, #scott & White Memorial hospital, temple, tX,Usa.  

the purpose of this study is to examine the plan quality and monitor unit with sliding window Intensity 
Modulated radiotherapy (IMrt) and rapidarc (ra) treatment plans using american association Physicists 
in Medicine tG119 test suites. the structure set includes multi-target (superior, inferior, center), prostate, 
head and neck and C-shape. Plans were performed with eclipse planning system with the plan goals 
specified in tG119. the plan results for multitarget shows that the d

99
 is greater than the plan goal for all 

the targets. the d
10

 is less than the plan goal for superior and inferior targets in both IMrt and ra plans. 
the plan results for prostate shows that d

95
 is greater than the plan goal for both IMrt and ra plans. the 

d
5 
is less than the plan goal for IMrt plan and almost equal to plan goal for ra plan. the d

30
 is less than 

the plan goal for bladder and rectum in both the plans. the plan results for head and neck shows that the 
d

99
 and d

90
 were greater than the plan goal for Planning target Volume (PtV). the spinal cord and parotid 

doses were less than the plan goal in both the plans. the plan results for C-shape shows that the d
95 

was 
greater than the plan goal and d

10
 was less than the plan goal for PtV. the dose to center core was less 

than the plan goal in both IMrt and ra plans. Both the IMrt and ra plans were met the plan goal for all the 
target and normal structures. rapidarc optimization and treatment planning requires more time than the 
IMrt plan. the monitor unit calculated by the rapidarc plan is less compared to IMrt plan, which reduces 
the treatment error caused by patient motion during treatment and integral dose.

Contact: ssathiyan@rediffmail.com
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GAMMA INDEX COMPARISON FOR 
CONFORMAL DOSE DISTRIBUTION 

OBTAINED THROUGH THREE DO
Alva, Mirko; Gonçalves, Leandro R.; Pianoschi, Thatiane; Amaral, Leonardo L.; Nicolucci, 

Patricia

departamento de física e Matemática de ribeirão Preto, Universidade de são Paulo, ribeirão Preto, Brazil

dose distribution for a conformal irradiation technique using small fields was obtained through MaGIC-f 
dosimeter, PeneloPe-Monte Carlo simulation and Xio treatment planning system (tPs). the gel was stored 
in a cylindrical phantom of 12 cm diameter, 18 cm height and 0.5 cm thickness. the phantom containing 
the gel was irradiated with 9 fields of 1 x 1 cm2 from a 6 MV clinical beam to a prescribed dose of 16 Gy. 
relaxometry from MrI of the irradiated phantom was acquired using a 3 t scanner and head coil, multi spin 
echo sequences with 16 echo times multiples of 22.5 ms and repetition time of 3000 ms. the transverse 
relaxation rate r2 (=1/t2) was calculated and the r2 maps were related to absorbed dose using a specific 
program developed in Matlab_, which provided the dose distributions. PeneloPe and tPs simulations 
were used faithfully reproducing the irradiation and geometry conditions as the experimental irradiation. 
the dose distributions obtained with these three tools were compared through Gamma Index using 3% 
and 3mm criteria. analyzing a central region of 1 cm diameter in the dose distribution obtained by the gel 
and PeneloPe code, 100% of the dose values pass the test under Gamma Index conditions, although for 
regions farther than 1 cm only 57% of the dose values pass this test. similarly, analyzing a central region 
of 1 cm diameter from gel and tPs dose distributions, 98 % of the dose values pass the test and 53% for 
farther regions. from the obtained results it can be concluded that the response of MaGIC-f gel agrees with 
the simulated and planned values in the central region. to improve gel response some studies are being 
performed to minimize the difference in region with high dose gradient and low doses so it can be used 
routinely as a dosimeter in clinical procedures.

Contact: mirko_alva@hotmail.com
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DOSE DELIVERED LINEARITY AT 
LOW MONITOR UNITS FOR A LINEAR 

ACCELERATOR
Fernanda Salheb Belletti; Milena Priscila Sereno; Marcelo Abib Valentim; Leandro dos 

Santos Baptita 

hospital aC Camargo

We present the linearity characterization of the dose delivered by a linear accelerator, model 6eX 
manufactured by Varian, used at aC Camargo hospital. the measurements were made totalizing 200UM, 
divided into segments of 1, 2, 5, 10, 20, 50, 100 and 200UM, for dose rates of 100, 400 and 600UM/min, 
using a farmer type chamber ionization of 0.65 cm3, exradin a12, in central axis of a field size 10x10cm2 
and at 10 cm depth in a water phantom, conected to an electrometer standard Imaging - CdX 2000B. 
each measurement was repeated three times and ionizations average of each segment normalized by the 
ionization average obtained with 200 MU. We found a deviation between ionizations for a segment of 1MU 
and 200MU of +(4.8 ± 0.1)%, +(4.6 ± 0.1)% and +(4.8 ± 0.1)% for the different dose rates of, respectively, 
100, 400 and 600UM/min. for higher UM number in each segment, the results were, respectively for dose 
rate of 100, 400 and 600UM/min, +(2.38 ± 0.05)%, +(2.15 ± 0.08)% and +(3.0 ± 0.3)% for 2UM and 
+(1.87 ± 0.05)%, +(1.59 ± 0.08)% and +(1.4 ± 0.2)% for 5MU, and less than 1.0% for 10UM or more. 
for these results it is observed that the dose delivered linearity is independent of dose rate clinically used 
for the linear accelerator Varian 6eX.

Contact: ferbelletti@gmail.com
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TOTAL BODY PHOTON IRRADIATION (TBI) 
DOSIMETRY WITH GAFCHROMIC EBT 

FILM
Lavor, Milton; Rubo, Rodrigo; Nakandakari, Marcos 

department of radiology - hospital of Clinicas - sao Paulo, Brazil

IntrodUCtIon / PUrPose and Method: In this work, were evaluated the possibility of the GafChroMIC 
eBt film for the dose measurements with the tBI treatment technique. the film samples were used for in 
vivo dose measurements on four tBI patients, and the results were compared with ionization chamber and 
tld’s. these samples had approximately 4.0x4.0 cm2, which were cut off from the same batch, and they 
were wrapped in paper to avoid the effect of ambient light. the irradiated films were measured using an 
optical densitometer PtW-densiX. In each strip were performed the analysis of four points to reduce the 
influence of variations dose in the film. first of all, film was calibrated using a tBI set up (ssd=330cm, 
dose rate=80UM/min). the relation between absorbed dose and film response was determined, and this 
relation was plotted as a calibration curve. resUlts: the film presents a good linearity and accuracy in 
the range of radiation dose 0.75 Gy and 2.0 Gy, and the linear correlation coefficient (r2) of the calibration 
curve is 0.996. the measured doses at central axis of the GafChroMIC eBt film samples were well, 
within -6.74% of the prescription dose. In comparisons with ionization chamber doses at central axis, 
there is a +1.41% maximum deviation. the agreement of measured doses between eBt films and tld’s 
were within -7.78% to +8.54%. ConClUsIons: Based on the linear dose response, accuracy and 
reproducibility of the GafChroMIC eBt film, we can conclude that the use of eBt films for tBI dosimetry is 
very suitable. furthermore, the film’s characteristics make this kind of radiochromic films easier to handle. 
the GafChroMIC eBt film is a practical alternative to tlds as an in vivo dosimeter in tBI radiotherapy.

Contact: miltonlavor@gmail.com
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PRELIMINARY STUDY OF THE 
INFLUENCE OF LOCATION ACCURACY 
OF THE ISOCENTER IN DOSE VOLUME 

HISTOGRAMS AND THREE-DIMENSIONAL 
CONFORMAL RADIOTHERAPY IN 

PROSTATE 
Nogueira, Paulo de Tarso Vianna Filho; Cesar, Dayane Lima; Sant’anna, Marcelo; 

Marcelino, Francisco; Jacinto, Alexandre 

hospital of Cancer of Barretos - fundação Pio XII

an important factor of the whole process of treatment is the precision in the location specified in the 
planning isocenter. the purpose of this study is to conduct a analyze of the influence of accuracy and 
efficiency in the isocenter localizations using data form dose volume histogram (dVh) in prostate conformal 
simulating a range of 5.0 mm in the directions In and oUt, UP and doWn, left and rIGht from the center 
of acquisition- represented . for or (organ at risk) bladder observed significant influence in the simulations 
with variations in the directions In / oUt - 15.6% (11.7 to 22.5) and UP / doWn - 16.2% (12.5 - 21.3), 
and the or rectum showed that the major influences was yourin the direction UP/doWn - 24.4% (21.9 to 
30.3). the dose to the PtV received 95% was 97.8 +/- 4.3% of the prescribed dose. the results show the 
importance of a protocol in radiotherapy department and use of accessories immobilization in reducing the 
error of set-up and the consequent possibility of reducing the target volume margins.

Contact: p.nogueirafilho@hotmail.com
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COMPARISON BETWEEN 2D AND 3D 
PLANNING IN TREATMENT OF ANAL 

CANAL CARCINOMA
Santos, Caroline Zeppellini; Santos,Gabriela Reis; Sales, Camila Pessoa; Marcassa, Julio 

Cesar; Campos,Alice; Nadalin, Wladimir

aBfM

BaCKGroUnd: Comparison of different planning techniques of anal canal (2d and 3d). Methods: 2d and 
3d radiotherapy planning were performed for 6 patients with anal canal cancer. Prescribed doses ranged 
from 30,6 to 36 Gy. for each patient dose-volume histograms (dVhs) and isodose distributions were 
calculated. the analysis covered the evaluation of the minimum and maximum doses in the planning target 
volume (PtV), the coverage dose in the PtV, maximum dose in the adjacent organs at risk (oar). resUlts: 
the analysis of maximum dose in PtV shows that the planning using 2d technique ranged from 40% to 
48% of the prescription dose and 3d planning ranged from 16% to 35%. the data of minimum dose had no 
correlation with the technique. the percentage volume of PtV receiving the prescription dose ranged from 
93% to 99% for 2d planning and 58% to 96% for 3d. ConClUsIon: the radiotherapy using 3d technique 
allowed a better preservation of organs of risks, but can provides a decrease in the coverage of PtV.

Contact: caroline.z@ig.com.br
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CONSTRAINTS AND COMMON 
TECHNIQUES IN POSTMASTECTOMY 

RADIOTHERAPY
Hiba Omer,  Hamid Osman; Abdelmoneim Sulieman

1ahfad University for Women. P.o.Box 167  omdurman, sudan; sudan University of science and technology, College of Medical 
radiologic science. P.o.Box 1908, Khartoum

over the past 50 years breast cancer has become a major health problem affecting as many as one in 
eight women during their lifetime. Mastectomy is one of the main options in the treatment of breast cancer 
patients in an aim to avoid metastases of the disease. yet, a successful operation does not eliminate the 
risks of local recurrence. Postmastectomy radiotherapy can significantly reduce these risks. this study 
intends to review and evaluate the challenges and complications which are sometimes associated with 
postmastectomy radiotherapy. Clinical and dosimetric trials are carried out using various techniques to 
optimize the treatments by maximizing the dose to the tumor and minimizing it to the healthy tissues at 
proximity. no one technique studied fulfilled these requirements. this is basically because the heterogeneity 
of the breast cancer means that the response to therapy and a systematic approach to treatment cannot 
be derived and treatment regions must be determined on a patient-by-patient basis. the accuracy of dose 
distributions is crucial to the quality of treatment planning and consequently to the doses delivered to 
patients undergoing radiation therapy. the successful radiation therapy depends on the stage of cancer.

Contact: abdelmoneim_a@yahoo.com
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INFLUENCE OF THE PRESENCE 
OF TISSUE EXPANDERS IN DOSE 

DISTRIBUTION IN POST-MASTE
Trombetta, Debora; Cardoso, SC; da Silva, AX; Facure, A 

CoPPe-UfrJ

a growing number of studies have shown that post-mastectomy radiotherapy has benefits associated 
with the patient_s survival. some models of tissue expander have a magnetic valve on its surface, and 
that constitutes heterogeneity in the radiation field, and could change dose distribution in the radiotherapy 
treatment of patients who have this type of prosthesis In this study we investigated the physical effects 
of the dose distribution in the vicinity of the metallic heterogeneity, through the determination of the dose 
Profile and the Percentage depth doses (Pdd), for water and in the presence of the heterogeneity, in order 
to check changes caused by the presence of the metallic artifact. the measure of these quantities was 
achieved through computer simulations by Monte Carlo, using the code MCnP. our results show that the 
presence of the metallic heterogeneity can modify the absorbed dose causing its decrease until 13% in 
the geometric shadow region of the heterogeneity. this difference isn_t acceptable for radiotherapy, as this 
difference is superior of the limit established by dosimetry protocols that accept under-dosing until 5%. We 
show also, that the dose profile suffers big changes, what can modify the prescript dose for established 
locals. these two facts give evidence of the importance of take into account the heterogeneity, in the 
treatment planning.

Contact: simone@if.ufrj.br
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EFFECT OF PHYSIOLOGICAL CONDITION 
AT THE DOSES TO ORGAN AT RISK (OAR) 

IN THE PROSTATE CANCER TRATMENT
Vasquez, Jaider; Arbelaez, Juan C; Bobadilla, Iban; Español, Ricardo; Gaitan, Armando; 

Torres, Luis F

department of radiation oncology, Centro Control Cancer, Bogota, Colombia

abstract. the Images Guided radiation therapy (IGrt) has revealed the importance and impact of the 
different movement volumes, using the rigid registration implemented in eclipse 8.9 treatment planning 
system (tPs) we have made a evaluation of the dose changes at the different volumes and the clinical 
impact in dependence of daily condition, we selected 5 patients with localized prostate cancer treated 
with Intensity Modulatated radiation therapy (IMrt) and IGrt. the initial results show a wide variation 
that can be up to 50% of the expected doses at the low dose region and 20% at the high dose region to 
the organ at risk volumes (oar), but the use of gold seeds implanted into the prostate to IGrt and good 
margin to expanded the Planning target Volumes (PtV) used to Clinical target Volume (CtV) ensure that 
under different condition the CtV dose is kept in over 95% of the prescribed doses. the dose dependence 
of the physiological condition put into consideration show the need for adaptative radiation therapy (art) 
using on-line correction to guarantees the correct doses to CtV; keeping the dose to oar within the limit of 
tolerance, however the current tPs are unable to made deformable registration limiting the interpretation 
to daily dose variation and unable to do evaluation of cumulative voxel dose.

Contact: jaider_vm@hotmail.com
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EVALUATION OF THE HETEROGENEITY 
CORRECTIONS IMPACT IN LUNG SBRT

Nascimento, José Eduardo Vaz; Neves-Junior, Wellington Furtado Pimenta; Mancini, 
Anselmo; De Chiara, Ana Cláudia Magni; Alves, Tatiana Midori Martins Telles; Pelosi, 

Edilson; Haddad, Cecilia Maria Kalil 

hospital sírio libanês

stereotactic body radiation therapy (sBrt) refers to an emerging radiotherapy that is highly effective 
in controlling early primary and oligometastic cancers at locations throughout the abdominopelvic and 
thoracic cavities, and at spinal and paraspinal sites. some protocols have been developed for this kind of 
procedure. In the special cases of lung, there are protocols in use that considers heterogeneity corrections 
and others that do not make use of heterogeneity correction. In this work, we recalculated considering 
the different tissue densities plans initially optimized without heterogeneity corrections to evaluate the 
dosimetric changes that occurs, like PtV coverage, dose to isocenter, dose to critical structures, and we 
calculated gamma function between the dose plans originated in the two conditions and performed the 
superposition between the calculated gamma function with the respective Ct slice in order to evaluate in 
what conditions occurs the major differences between the conditions of calculus considered. the results 
showed that relevant variations occur between the two situations of calculus. With the superposition of the 
image relative to g index and its respective slice Ct, we could visualize where the greatest discrepancies 
occurs. these data allow us to evaluate accurately the doses delivered to the target and organs at risk and 
compare different protocols, whether or not using the  heterogeneity corrections settings.

Contact: eduvan_rmm@hotmail.com
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OUTPUT ENERGIES OF PROTON BEAMS 
AFTER PASS THROUGH HETEROGENOUS 

TARGETS
Mesa, Joel; Tardelli, Tiago C.; Arruda Neto, João D. T.; Rodrigues, Túlio E.; Schelin, Hugo 

R.; Paschuk, Sergei A.; Denyak, Valery; Evseev, Ivan 

Instituto de BioCiências de Botucatu, UnesP - Universidade estadual Paulista, departamento física e Biofísica, Brazil.

In the recent years, the use of proton beams in radiotherapy has been an outstanding progress. Up to now, 
the Ct is a requirement for treatment planning in this kind of therapy because it provides the electron 
density distribution required for dose and range calculations. however, the use of Ct images for proton 
treatment planning ignores fundamental differences in physical interaction processes between photons 
and protons and is, therefore, potentially inaccurate. Proton Ct (pCt) can in principle directly measure 
the density distribution needed in a patient for the dose distribution. one important problem that should 
be solved is the implementation of image reconstruction algorithms. In this sense, it is necessary to know 
how the presence of materials with different densities and compositions interfere in the energy deposition 
by ionization and coulomb excitation, during its trajectory, as well as by nuclear non-elastic processes. 
the calculations were implemented for water targets with slices of other materials inserted in different 
positions. the study was conducted in two stages, in both srIM and MCnPX codes were used to perform 
all simulations of the interaction of proton beams with pencil beam shape, for energies in the range from 
100 to 250 MeV.

Contact: jmesa@ibb.unesp.br
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DOSIMETRIC CHARACTERIZATION 
OF IRRADIATION CONES FOR 

STEREOTACTIC RADIOSURGERY
Streck, Elaine Evaní*; Junges, Samira*; Dias, Telpo Martins**

*Pontifícia Universidade Católica do rio Grande do sul; **hospital de Clínicas de Porto alegre

In this work, the dosimetric parameters of a set of seven Brainlab cones for stereotactic radiosurgery 
and radiotherapy (srs/srt), varying from 10 mm to 30 mm in diameter, are evaluated. the dosimetric 
measurements were performed on a Varian Clinac-23eX linear accelerator operating at 6 MV with a 
CC01 scanditronix IBa PinPoint waterproof ionization chamber (0.01 cm3) in a scaditronix Wellhöfer, Blue 
Phantom. the chosen setup was 15 mm/s scanning speed and 600 UM/min dose rate with the primary 
collimator opened at 3.6 cm x 3.6 cm. Measurements were taken from 0 to 25 cm, 100 cm ssd, for the 
percent depth dose and from 3.6 cm to + 3.6 cm at a depth of 7.5 cm, 92.5 cm ssd, for the beam profile. 
as expected, the PdP values grew with the diameter of the cone, 3.9 % at 5 cm, and 1.6 % at 20 cm. 
the tPr

20/10
 showed an average value of 0.54 with a deviation of 1 %. the best values for flatness and 

symmetry were found for the 30 mm diameter cone, 1.9 % and 5.1 %, while the worst were found for the 
10 mm diameter cone, 13.6 % e 16.3 %, respectively. the average value for the penumbra considering 
all cones was found as 2.7 mm with a deviation of less than 0.3 mm. Values for field size showed an 
average deviation of 1.6 % to the real size. these results are in good agreement with the ones reported in 
the literature and show the challenge of small-field dosimetry, in particular when an ionization chamber is 
used.

Contact: streck@pucrs.br
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PDD’S RECONSTRUCTION OF THE 
LINEAR ACCELERATOR VARIAN 2100C 

FOR PHOTONS BEAMS OF THE 6MV AND 
10MV USING MCNP-4C CODE

Giglioli, Milena; Fernandes, Marco Antonio Rodrigues; Yoriyaz, Helio 

Ipen/Cnen

a great challenge in simulations in the area of radiotherapy is to character the source, since the equipment’s 
manufacturers don’t provide specifics information about this. this work presents an empiric method for 
characterization of the ray-X beams of 6.0 MV and 10 MV originating from a linear accelerator of the 
mark Varian model 2100C. the experimental values of the percentage of deep dose (Pdd) were used for 
reconstruction of the energy spectrum and analysis of the angular distribution of the beam simulated with 
Monte Carlo’s Method, using the code MCnP-4C. the results were shown solid could be used for the space 
reconstruction of the beam.

Contact: milenagiglioli@gmail.com
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PRESENT STATUS OF BORON NEUTRON 
CAPTURE THERAPY AT KYOTO 

UNIVERSITY RESEARCH REACTOR 
INSTITUTE

Yoshinori Sakurai, Hiroki Tanaka, Minoru Suzuki, Shinichiro Masunaga, Yuko. Kinashi, 
Natsuko Kondo, Koji Ono and Akira Maruhashi

Kyoto University research reactor Institute

Boron neutron capture therapy at Kyoto University reactor (KUr) started in 1974. Until the KUr-operation 
was stopped for the change from the high-enriched uranium fuel to the low-enriched one, two hundreds 
and fourteen BnCt clinical irradiations were carried out. In May 2010, the BnCt clinical irradiation was 
restarted simultaneously with the restart of the KUr operation, which was suspended for four years. after the 
restart, forty clinical irradiations have been already done as of Febrary 2011. together with developments 
of BnCt clinical irradiation, the preparation and improvement in the fields of physical engineering and 
medical physics were also done, for some systems supporting the clinical irradiation, such as irradiation 
system, dose estimation system, etc. the physical engineering and medical physics supporting BnCt were 
categorized the following four subjects; (1) the development and improvement of neutron irradiation system, 
(2) the development and improvement of dose estimation method, (3) the development and improvement 
of dose planning system, and (4) quality assurance and quality control (Qa/QC). In this paper, the current 
status of BnCt at KUrrI is reported, focusing mainly on subject (1).

Contact: yosakura@rri.kyoto-u.ac.jp
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PERSONALIZED RADIOTHERAPY 
TREATMENT FIELD AND PLANNING 

SYSTEM
Paiva Fonseca, Gabriel; Guimarães Antunes, Paula Cristina; Yoriyaz, Hélio; Tarso 

Dalledone Siqueira, Paulo; Furnari, Laura; Reis dos Santos, Gabriela 

Instituto de Pesquisas energéticas e nucleares

there are many radiosensitive epidermotropics diseases such as mycosis fungoids and the syndrome of 
s_zary, coetaneous neoplasics originated from type t lymphocytes. several studies indicate the eradication 
of the disease when treated with linear accelerators emitting electron beams with energies between 4 to 
10 MeV. however, this treatment technique presents innumerable technical challenges since the disease 
in general reaches all patient’s body, becoming necessary not only a very large field size radiation beam, 
but also deliver superficial doses limited to the skin depth. to reach the uniformity in the dose distribution, 
many techniques had already been developed. Based on these previous studies and guided by the report 
n˚. 23 of the american association of Physicists in Medicine (aaPM), the present study developed an 
energy scattering and degrading plates and made dosimetry (computational and experimental), supplying 
subsidies for a future installation of total skin electron therapy (tset) and develop several scatter plates 
through MCnP5 numerical simulations. the scatter plates will allow treatments in different source surface 
distance (ssd) according to the depth, extent of disease and the patient’s anatomy. as part of the plates 
design, first of all, the energy spectrum of the 6 MeV electron beam of the VarIan 2100C accelerator of 
hospital das Clínicas da faculdade de Medicina da Universidade de são Paulo was reconstructed through 
Monte Carlo simulations using the MCnP5 code and based on experimental data. once the spectrum is 
built, several materials were analyzed for the plates design based on radial and axial dose distribution, 
production of X-ray and dose attenuation. Using the repeated structures feature and an auxiliary software, 
voxels phantoms can be created using Magnetic resonance Imaging (MrI) and Computed tomography (Ct), 
simulating the dose distribution in the patient’s body including skin, creating personalized treatments.

Contact: gabrielpaivafonseca@gmail.com



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil320

Poster - External Beam Radiotherapy - Tuesday, April 19

18
th

 In
te

rn
at

Io
na

l 
Co

nf
er

en
Ce

 o
n 

M
ed

IC
al

 P
hy

sI
Cs

 -
 2

01
1 Code: 263 – Session: PO-TU-TT-30

DIFFERENCES BETWEEN COMPUTED 
TOMOGRAPHY EXAMS FOR DIAGNOSIS 

AND RADIOTHERAPY PLA
Elisane Michelon; Beatriz Colenci; Valnir de Paula 

Centro Universitário franciscano

this work focuses on the main differences encountered in Computed tomography procedures undertaken 
for radiotherapy planning and diagnosis. furthermore, specific information is given about conventional 
tomography examinations, focusing on three -dimensional radiotherapy planning for cancer in various 
locations. It is important to clarify that in order to enable the use of these images in the planning of 
the treatment, the position of the patient at the moment the examination is undertaken, and during the 
treatment must always be the same. therefore adjustments must be made to the conventional tomography 
equipment and to the protocol of image acquisition control, in order to achieve examinations which focus 
on radiotherapy planning. as well as clarifying the importance of these adjustments, some of the principal 
procedures for modifying the equipment are identified, simulating the environmental conditions of the 
treatment.

Contact: elisanemichelon@gmail.com
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ACCURACY OF THE INHOMOGENEITY 
CORRECTION IN THE ANALYTICAL 

ANISOTROPIC ALGORITHM
Baptista, Claudia; Schelin, Hugo; Soboll, Danyel; Denyak, Valeriy

federal University of technology - Parana (UtfPr) and Pelé Pequeno Príncipe research Institute (IPPP)

the aim of this study was to verify the results of an earlier work where it was concluded that the analytical 
anisotropic algorithm (aaa) has more accentuated problems in the calculation of the photon attenuation 
than in the photon scattering by inhomogeneities. our investigation shows that the aaa accounts more 
correctly the attenuation along the primary ray path than the scattered radiation in the inhomogeneity. the 
lowest accuracy was obtained in the points without absorption of the primary radiation by the inhomogenity, 
but with the largest contribution of the radiation scattered in it.

Contact: schelin@utfpr.edu.br
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EVALUATING THE USE OF FREE 
SOFTWARE TO QUANTIFY PATIENT 

SETUP ERRORS
Silva, Luis Felipe Oliveira; Avelino, Samuel Ramalho; Cavalcanti, Ricardo Alessandro; 

Nakashima, Juliano de Pádua 

hospital Universitário de Brasília

In order to verify patient treatment positioning, portal images are compared with digitally reconstructed 
radiographies (drrs) acquired in the treatment planning system (tPs). despite all technologies available, 
the traditional approach based on physician_s eye judgment is still largely used. the purpose of this study 
is to evaluate the use of ImageJ free software to quantify patient setup errors based on bone anatomy. the 
method to measure patient displacement tested in this study is based on matching two orthogonal images 
representing the actual patient positioning with images generated in the treatment planning (used as 
reference). an algorithm was implemented in an ImageJ macro to match the images and calculate patient 
displacement. the approach is based on point-to-point registration. Pairs of points, which correspond to the 
same locations of an anatomical feature, arbitrarily chosen by the user, need to be identified in the portal 
and reference images. In addition, a manual adjustment can be performed. the images are presented in 
different colors and segmentations can be made in order to facilitate visual inspection. the algorithm was 
tested comparing known with measured displacements. a head and neck and pelvic Ct scans were used 
to generate drrs in the theraplan Plus tPs. It was acquired reference images (planned patient positioning) 
and images with conjugated patient displacement of 2, 4, 6, 8, 10, 12, 15 and 20 mm in the s-I, C-C and 
l-r directions (representing the treatment patient positioning). all the measurements were carried out by 
3 observers. the maximum difference between the measured and the known displacements was 1.5 mm. 
It was not found significant difference among the observer_s measurements (maximum difference less 
than 2 mm). further study (with real portal images) is necessary before clinical implementation. the results 
showed that ImageJ free software can be used to patient displacement measurements.

Contact: luis2004felipe@yahoo.com.br
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ONLINE TEACHING RESOURCES FOR 
HELPING THE LEARNING OF MEDICAL 

PHYSICS IN BRAZIL
Thaís T. Tavares Rodrigues; Ricardo Andrade Terini 

Pontifícia Universidade Católica de são Paulo (PUC-sP)

this work is the result of an undergraduate research project concerning the Group of Medical Physics 
teaching research (GefIM) from PUC-sP, created in 2004, which objective is to develop and select online 
didactic resources to help the access and understanding of concepts in the field of medical physics to 
college students and professionals in Brazil. after the initial background studies about ionizing radiation 
applied to medical physics, a search were carried out on Internet for Brazilian universities that offer degrees 
in medical physics, identifying the most frequent specific disciplines in their curricula. there was also a 
survey of sites and instructional materials available in the Internet that address these topics, which have 
been selected with criteria based on correctness of information, clarity and appropriateness to the target 
reader, as well as to facilitate the possible visualization of concepts. a blog related to the project was 
created entitled “ensino de física Médica” (teaching of Medical Physics), where some search results have 
been reported. so far, 93 Internet sites were surveyed offering different kinds of online learning materials 
to address issues related to the area, including: informational texts (37%), videos (18%), simulations and 
others (45%). In the past year, the blog had 11 posts, which can be classified at least in three modules: 
(i) What is Medical Physics, addressing the knowledge area and job market; (ii) radiography, including its 
history and concepts, and a didactic experiment built by us, and (iii) Interaction of radiation with Matter, all 
including theoretical conceptual texts, explanatory videos, simulations, etc.. these features should facilitate 
learning for those who want to know the area of Medical Physics, adding visualization, interactivity, and 
applications of knowledge studied in academic disciplines. another goal of the project is to contribute also 
to the training of professionals in the Medical Physics field.

Contact: rterini@pucsp.br
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DEVELOPMENT OF DIDACTICAL 
EXPERIMENTS FOR THE STUDY OF 

COMPTON SCATTERING AND ELECTRON-
POSITRON PAIR ANNIHILATION 

PHENOMENA
Lagatta, Maurício Fernandes; Costa, Paulo Roberto 

Institute of Physics - University of são Paulo

the present work shows a reviewed approach with phenomenological focus of experiments related to 
Compton scattering and electron-positron pair annihilation, used for studying the interaction between 
ionizing radiation with matter. this study intended to develop didactical experiments to be reproduced at 
Physics or Medical Physics under-graduation laboratory classes. In Compton scattering experiment was 
possible to determine experimentally the electron rest mass. the result obtained was 0.513(8) MeV. In 
electron-positron pair annihilation experiment the maximum angular correlation obtained was centered at 
180°, as expected, with an angular width of ±2.6°. the geometrical approach of the phenomena showed 
it appropriate to better student’s comprehension.

Contact: mauricio.lagatta@usp.br
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MEDICAL PHYSICS EDUCATION IN 
MEXICO

María-Ester Brandan 

Instituto de física UnaM, Mexico City, Mexico

since 1997, Mexico’s formal education in medical physics rests on two programs at the Master of sciences 
level (2-year plus thesis). at UnaM, the national University of Mexico in Mexico City, the M.sc. (Medical 
Physics) curriculum is part of the Physical sciences Graduate Program (www.fisica.unam.mx/fismed) and 
includes academic/training collaborations with national institutes of health and other health services. thesis 
research areas span a range of physics applications in medicine and biology, such as radiation therapy 
and imaging, magnetic resonance, optical physics and radiation biology, among others. the present UnaM 
academic staff (30) includes researchers, professors and clinical medical physicists who teach courses 
and direct thesis in collaboration with (15) medical doctors from private and public health centers. a one-
semester clinical residency, consisting on rotations through health services in Mexico City, is one of the 
required activities. at UaeM, the state of Mexico University in toluca, the M.sc. program is offered by 
the Medical school (www.uaemex.mx/pestud/mae_doc/maestrias) and operates in partnership with the 
national Institute for nuclear research InIn. thesis deal with radiation physics, nuclear medicine and 
radiobiology. Until March 2011, 73 students have graduated from UnaM and 39 from UaeM programs. 
approximately 55% of the graduates have been hired as clinical medical physicists, and they represent 
about half of the medical physics workforce in the country. 20% of the graduates pursue a doctorate 
degree in medical physics or related area. these percentages are similar for both programs. about 10% 
of students come from other latin american countries. the UnaM program has been recognized by the 
national Council for science and technology (ConaCyt) as one of International Competence, the highest 
level of accreditation for graduate degrees, assuring 2-year fellowships to all registered students.

Contact: brandan@fisica.unam.mx
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CURRENT STATUS OF UNDERGRADUATE 
MEDICAL PHYSICS COURSES IN BRAZIL

Costa, Paulo R.1; Terini, Ricardo A.2; Freitas, Marcelo B.3; Watanabe, Érika Y.4 
1Universidade de são Paulo, departamento de física nuclear; 2Pontifícia Universidade Católica de são Paulo, departamento de 
física; 3Universidade federal de são Paulo, departamento de Informática em saúde; 4hospital alemão oswaldo Cruz, setor de 

física – radioterapia

Medical Physics (MP) teaching in Brazil differs of other countries, since there are a number of undergraduate 
courses providing this background for bachelor`s students. a survey was performed by Brazilian association 
of Physicists in Medicine (aBfM) and a Workshop on Medical Physics education and training was organized 
in order to understand the state-of-the-art of the current teaching methods and curricula. during 2009, 
electronic forms were sent to MP courses coordinators in order to obtain information regarding the status 
of each University. the requested information included: year of starting the offer of undergraduate MP 
course, number of openings per year, admissions policy, and others. during the Workshop (february 4-5th, 
2010), the current educational methods and ideal profile bachelors in MP were discussed at roundtables 
and by testimonies of employers, ex-students and postgraduate and residency program supervisors. the 
survey collected data from 8 out of 13 courses and it showed that MP courses open at least 360 places 
per year and have duration of 4-5 years. around 120 students had concluded these undergraduate courses 
in the last year, totalizing approximately 550 students graduated until 2008. as a result of the Workshop, 
the need for attention on improving the clinical experience during the undergraduate period appears as the 
main topic to be reinforced by the institutions. hospital training after concludes the undergraduate course 
is an important part of the education-training. the data survey and Workshop showed that undergraduate 
courses have accelerated the formation of staff for the MP field. differences on the provided scientific 
background for the students of different MP courses should be harmonized in order to provide similar 
information background and resources in each University. It should be done without interference in the main 
characteristics and natural specialization of each school.

Contact: pcosta@if.usp.br
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MEDICAL PHYSICS EDUCATION AND 
TRAINING IN JAMAICA

Voutchkov, Mitko; Milieva, Emilia 

University of the West Indies

Medical Physics education and training in Jamaica Mitko Voutchkov, emilia Milieva University of the West 
Indies, Mona, Kingston, Jamaica Medical Physics education at most universities is primarily offered through 
Masters level programs in Medical Physics or Medical Physics & Bioengineering. education in Medical 
Physics was first introduced in Jamaica in 2008 as a Bachelor of science (Bsc) degree at the University 
of the West Indies (UWI) Mona. the new programme was prepared in response to emerging needs of the 
country for medical physicists able to work and apply their skills in medical research laboratories, hospitals, 
regulatory authorities, industry and the private sector. Prior to this medical physicists in Jamaica had to 
be trained abroad. the Bachelor of science programme was carefully designed to ensure an adequate 
foundation in physics, mathematics and anatomy. specializations are chosen in the second year. Core 
program courses cover advanced general physics and Medical Physics/Bioengineering, while elective 
courses focus on computer applications, materials science and electronics. to assure that graduates 
possess practical problem-solving skills, all Bsc students are required to carry out 3 Project-Based 
laboratory courses and a final year research Project. Post-graduate education is essentially provided by 
the university approach, leading to a Masters degree, MPhil and Phd degrees in Medical Physics. entry 
requirements for the Msc and MPhil degrees include the Bsc degree in medical physics. the Msc degree 
requires a dissertation based on supervised research (25% of the total degree credits) and coursework. 
after completing a Msc or MPhil, students may apply to the Phd program. the overall Medical Physics 
programme is supported by grants from the University of the West Indies, Government of Jamaica and the 
International atomic energy agency.

Contact: mitko.voutchkov@uwimona.edu.jm
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PROFESSIONAL IMPROVEMENT 
PROGRAM IN MEDICAL PHYSICS 
APPLIED TO RADIOTHERAPY AT 

UNICAMP
Coelho, Rosângela F.1; Pereira, Márcio T.1; Costa, Eduardo T.2 

1Medical Physics division, Center for Biomedical engineering, UnICaMP, Campinas, sP, Brazil; 2 dept. of Biomedical engineering, 
faculty of eletrical and Computing engineering, UnICaMP - Campinas, Brazil

the Professional Improvement Program (PaP) in Medical Physics applied to radiotherapy at UnICaMP is a 
program of the faculty of Medical sciences (fCM), developed at the radiotherapy Centers of the Womens 
hospital Prof. dr. José aristodemo Pinotti - CaIsM and the Clinical hospital _ hC, under the supervision of 
physicists from the Medical Physics division (afM) of the Center for Biomedical engineering (CeB), both in 
the state University of Campinas - UnICaMP. the program is similar to a medical residency with students 
trained in service during 40 hours per week and has a total time of 3840 hours. the main efforts are to 
transmit knowledge and experience in the routine of Physicists in radiotherapy. In a Public Institution like 
UnICaMP, the radiotherapy Centers present some special characteristics which contribute for a good in 
job experience, like hundreds of patients a year, resources and professional experience in research, and 
a Medical Physics division that have workers with expertise in the fields of nuclear Medicine, radiology, 
radiation Protection and radiotherapy. In sixteen years the Program has formed 19 Medical Physicists, all 
of them were approved to be certified by the national Commission of nuclear energy (Cnen) as supervisor 
of radiation Protection in Medical Physics for radiotherapy and were readily absorbed by the job market. 
among them there are 11 specialists in Physics of radiation therapy by the Brazilian association of 
Physicists in Medicine (aBfM). this article presents the Program’s structure, difficulties , main results and 
prospects.

Contact: rosangel@ceb.unicamp.br
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MEDICAL PHYSICS EDUCATION AND 
TRAINING IN ARGENTINA

Graciela Velez 

hospital oncologico

argentina has one of the largest traditions in training medical physicists in the field of radiation therapy 
within latin america. however, only recently our country has faced the requirements of adequate academic 
background and formal training programs in this matter. as Mexico, Brazil or Colombia, argentina is one 
of the host countries eligible for training in physical aspects of radiation therapy. during the past four 
decades, national authorities worried on safe use of radiation, (Cnea and arn) have established by law, 
the requirement of hiring “specialists” in radiotherapy physics for all radiotherapy centers in the country. 
to strengthen this measure, the authorities implemented the issuance of a special course, 6 month long, 
very popular till today in all latam region. the situation for other areas of Medical Physics is quite different. 
nowadays, in a country like argentina, with 40 million inhabitants, the number of medical physicists involved 
in clinical practice in rt is about 90, while those involved in nM are no more than 5 and worse is the field 
of radio diagnostic with just 1 or 2 trained clinical MP professionals. no legal recognition of our profession 
from health authorities, or some kind of disrespect among peers at University, lack of legal framework and 
absence of appropriate strategies to establish a professional certification process contribute to make MP 
an unattractive profession. Measures to revert this situation have begun to be implemented, and nowadays 
argentina has 2 established Master degrees programs in Medical Physics and 3 formal training sites 
for clinical practices. Unfortunately, needs were faster and some undergraduates programs have arrived 
since 7 or 10 years ago to fulfill the necessity of the market. We are now facing the challenges to raise 
the legal recognition of Medical Physics as health profession and working together with other countries or 
international societies would help a lot to reach the goal.

Contact: grvelez@gmail.com
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EXPERIENCE IN MEDICAL PHYSICS- 
BIOMEDICAL ENGINEERING FOR 

RADIATION IN CUBA
Marlen Perez Diaz1, Maria Esperanza Hernandez-Diaz Huici1, Oscar Diaz Rizo2, Adlin 

López Díaz3

1 Center for studies on electronic and Information technologies (Central University of las Villas), Villa Clara, Cuba; 2 Institute for 
applied sciences and technologies, havana, Cuba; 3 “hermanos ameijeiras” hospital, havana, Cuba

the present work contains a review about the Cuban Programs for teaching Medical radiation Physics and 
Biomedical engineering in our country. they are described in details. the paper also includes the analysis 
about the status of the profession in Cuba and some relevant research results obtained in the last 10 years 
as a consequence of the parallel Medical Physics and Bio-Medical engineering development in the country. 
new professional development at present and the future of the profession are also described.

Contact: mperez@uclv.edu.cu
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TEACHING MEDICAL PHYSICS TO 
HIGH SCHOOL STUDENTS - THE NEW 

PERSPECTIVE OF PHYSICS
Aline Sá do Espirito Santo 

In the last decades, there was na improvement of the development and implementation of medical resources 
for diagnosis and treatment of several diseases, mainly cancer. one of the protagonist of this scenery is the 
radiation, applied in Medical Physics _ acting directly on the human being. thus, it is necessary to provide 
a gradual and sequential education about the intrinsecs concepts of the coexistence between human 
being and the radioative orbe in where he is in. Constructing knowledgement columns which underlie an 
identification of the nature concerning to its essence, phenomena, its relations of cause and effect and its 
several approaches, people introducted to the nuclear and Medical Physics will be able to identify facts 
and myths and, therefore, comprehend the conjustures and find solutions to future problems. Introductory 
lessons about nuclear Physics and Medical Physics were given to high school classes of a particular college 
at rio de Janeiro, and topics as the effects of radiation in the human organism, protocols and radiation 
protection were presented. Using slides during the six lessons, the topics broached allowed the student to 
form a critique analysis, leaching all information concerning to radiation, enabling a wide overview, which 
bounds are beyond catastrophes involving nuclear plants and bombings, and reach Medical Physics level. 
the subject wakened the students_ interest, and they suggested that there should be more lessons about 
topics closer to the surrounding reality, considering them as human beings and citzens. the students 
praised the business market for Medical Physics professional. the subjective analysis justifies the premisse 
that motivated this work _ it is necessary to modify in favor of the students_ world perception. this work 
is valid in its whole, wakenning the students_ new perspectives of life, everything related to it and the vital 
importance of nuclear Physics, essentially Medical Physics.

Contact: alinesah3@gmail.com
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ACADEMIC RESEARCH IN MEDICAL 
PHYSICS IN SERGIPE, BRAZIL

Divanizia do Nascimento Souza 

Universidade federal de sergipe

the essential aspects of a correct diagnosis in radiology and therapy in radiation oncology are related to 
radiation beam and image quality as well as to the radiological protection of patients and health professionals. 
In Brazil, in recent years, there has been growing concern about the methods used in these medical specialties 
with regard to equipment, as evidenced mainly by research conducted in post-graduation programs. the 
academic research in medical physics in the federal University of sergipe (Ufs, Brazil) is being developed 
since the beginning of years 2000, motivated mainly by the implantation undergraduate course in medical 
physics in this institution, which added research professors and students interested in this area. from 2003, 
some of the researches have culminated in masters dissertations; in the year of 2010 the first Phd thesis 
with subjects intrinsically related the medical physics had been published from such research developed 
at the Ufs. the results of these researches have enable publications in national and international journals 
and in papers presented in conferences. the motivation for some of these works has been the development 
of phantoms and methodologies to using in beam parameters evaluation of computerized tomography, 
conventional radiology, mammography, dental radiology and radiation oncology. as might be expected, the 
results of these studies have contributed to the encourage of adherence to programmes of quality control 
related to medical imaging and therapies with ionizing radiation in health care institutions, mainly because 
these surveys are also conducted in collaboration with medical physicists from sergipe and other states. 
Moreover, the improvement of national technology it is expected, enabling more affordable materials and 
equipment used for quality control in medical specialties related with medical physicists.

Contact: divanizi@ufs.br
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THE MEDICAL PHYSICS COURSE IN 
UNIFEB

Osvaldo Eduardo Aiélo 

UnIfeB

this paper presents the pedagogical project of the course of Medical Physics of the University Center of 
the educational foundation of the City of Barretos, Brazil. this project follows the rules established by the 
national curriculum guidelines for courses in physics. thus, this “case study” appropriately reflects the main 
features of the courses in Medical Physics in Brazil.

Contact: aiello@feb.br
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BSC IN MEDICAL PHYSICS AT THE 
UNIVERSITY OF CAMPINAS - UNICAMP

Covolan, Roberto J. M.1; Coelho, Rosângela F.2; Castellano, Gabriela1 
1neurophysics Group, Gleb Wataghin Physics Institute, UnICaMP, Campinas, sP, Brazil; 2 Medical Physics division, Center for 

Biomedical engineering, UnICaMP, Campinas, sP, Brazil

several medical physics university programs have started in Brazil in the last decade. they are mainly taken 
at the undergraduate level. at UnICaMP, we combined the teaching expertise of several units, including the 
Physics Institute, the Institute of Biology, the school of Medical sciences, and the Center for Biomedical 
engineering to create a course that starts with core physics, mathematics, computing and chemistry, then 
follows with specific courses in Medical Physics intertwined with advanced courses belonging to a strong 
Bsc in Physics, and concludes with a one-year traineeship at the university hospital. the UnICaMP Medical 
Physics undergraduate course began in 2003, lasts five years and has formed 67 students up to 2010, 
most of them have got stable working positions as Medical Physicists. this article presents the conception, 
structure and the first outcomes of this course.

Contact: covolan@ifi.unicamp.br
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RESIDENCE PROGRAM ON MEDICAL 
PHYSICS AT CLINICAS HOSPITAL, SAO 

PAULO UNIVERSITY
Rodrigues, Laura Natal; Furnari, Laura; da Silva, Marco Antonio; Rubo, Rodrigo Augusto; 

dos Santos, Gabriela Reis; Menegussi, Gisela

hospital das Clinicas - fMUsP

the main goal of the residence program on Medical Physics at Clinicas hospital is to provide a specialization 
course of 24 months. the candidate’s selection is made in 2 steps: a general examination with 50 
questions of multiple choice; the second step consists of a specific examination which doesn’t presuppose 
the candidates must have certain knowledge in the area. after this second written exam, an interview is 
promoted in order to evaluate other aspects not covered by the previous exams, including some ethical 
issues, the ability to deal with patients and the multidisciplinary aspect among other professionals in the 
hospital. the board committee also evaluates the curriculum’s candidates according to rules established 
by the residence’s Coordination (participation in scientific meetings, trainings performed during graduation 
in radiotherapy and scientific publications). the residence is thus directed to students, which concluded 
bachelor’s degree or a degree in physics, aims to train professionals skilled in radiotherapy area, including 
obtaining further qualified professional title offered by the Brazilian association of Medical Physics. the 
students attend lectures, seminars and the routine of the hospital. they also perform experimental work 
and develop a monograph to be presented at the end of the residence’s period. In the last 5 years, almost 
50 candidates have been attending to the selective process for only 2 available positions per year; the 
candidates come from different parts of the country, including students from the north, north-east, Central-
West, south and south-east regions. It should be noticed in the last 5 years that most of the approved 
candidates are students coming from Graduation on Medical Physics, especially in the sao Paulo state. for 
the last 10 residents, 20% were hired by companies in the radiotherapy area; the remaining residents were 
hired by hospitals, 20% have found jobs in the north-east region and 60% in sao Paulo state.

Contact: lnatal@usp.br
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THE IMPACT OF THE ICTP MEDICAL 
PHYSICS COLLEGE

S. Tabakov; P Sprawls; A Benini; F Milano; D Frey; L Bertocchi

King’s College london, UK

Introduction the Medical Physics College (MPC) at ICtP (the abdus salam International Centre for theoretical 
Physics) is running in trieste, Italy since 1988. the College attracts students from approx. 40 countries. 
for almost a quarter of century the MPC has educated 2500+ colleagues from the developing countries. 
Many of the participants are medical physics educators and this way many other colleagues benefit from 
MPC. results from the Medical Physics College 2010 the main subject of MPC is Medical Imaging. the 
effectiveness of the 2010 College (with focus on digital Imaging) was assessed with 3 Questionnaires _ 
collecting feedback on the College organisation, syllabus, knowledge transfer and suggestions. the results 
of these questionnaires showed significant effectiveness in increasing the knowledge of participants. In 
brief while the student_s estimate of their knowledge prior to the College was with a mean of 45%, after 
the College it was with a mean of 75%. Based on the feedback the curriculum for the College in 2012 was 
shaped. this approach to improve the Curriculum with the active participation of the students has been 
one of the successes of MPC. as in previous years the MPC 2010 initiated new activities - societies and 
educational courses. so far the College has initiated more than 10 Msc courses in various developing 
countries and countless short courses. to assist with this each participant receives full set of all teaching 
materials (incl. eMerald and eMIt e-learning and Power Point slides) from the College directors what 
has met the high appreciation of all College participants. Conclusion the Medical Physics College at ICtP 
has introduced successful educational models and has helped many colleagues (and countries) to begin/
stabilise the development of the profession. the feedback from 2010 will be presented together with the 
outcomes of the educational strategy.

Contact: slavik.tabakov@emerald2.co.uk
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RADIOTHERAPY QUALITY MANAGER AND 
MEDICAL PHYSICIST

Shigekazu Fukuda 

national Institute of radiological sciences

the certification system in Japan has a long history, which started from the certification of 70 medical 
physicists in 1986. due to the institutional constraint, however, the activities of medical physicist were 
not performed in clinical site but limited largely to the research and education. as a result, the number 
of medical physicists in Japan did not increase for a long time. since 2000, many accidents of radiation 
therapy have been revealed, many of which were due to inputting errors of parameters for planning system. 
to meet the societal safety demand for radiotherapy, Japanese organization of radiotherapy Quality 
Management (JorQM) was established in 2004 under the agreement among Japanese Medical Physics 
society (JsMP), Japan radiological society (Jrs), the Japan association of radiological technologies 
(Jart), Japanese society of radiological technology (Jsrt), and Japan society for therapeutic radiology 
and oncology (Jastro). JorQM certifies experienced radiology technologists and medical physicists as 
“radiotherapy Quality Manager” who is responsible for quality assurance of radiotherapy. Meanwhile, in 
2002, the qualifying standards for medical physicist were changed so that radiology technologist can 
obtain qualification for examine, because they worked for parts of medical physics practice such as Qa/
QC. since then, the number of medical physicists has increased steadily. In these surroundings, Japanese 
Board for Medical Physicist Qualification (JBMP) was established in 2009 under the agreement between 
Jrs and JsMP. In this presentation, the status of both JorQM and JBMP activities and relations between 
radiotherapy quality manager and medical physicist will be discussed.

Contact: sfukuda@nirs.go.jp
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FEEDBACKS IN THE IMPORTANCE OF 
PHYSICAL SCIENCE IN MEDICINE

Mara Fernanda Parisoto; Marco Antonio Moreira; José Tullio Moro 

Universidade federal do rio Grande do sul

his work came the development and implementation of a course that deals with the physics applied in 
medicine to make sense of the content of optics, electromagnetism, Modern and Contemporary Physics. 
the course was implemented for future physics teachers in high school. the main objective was to develop 
alternative materials that develop in students a meaningful learning rather than mechanically. to that end, 
we implemented and evaluated four times the material in order to seek to improve it, in order to promote 
more meaningful learning. Were applied pre-tests and post-tests (quantitative and qualitative) that were 
resolved by the participants in the courses. such tests were intended to provide indicative of meaningful 
learning. the course of 40 hours of application, was divided into five parts, each part began with a previous 
organizer, followed by a problem situation, then he made a brief lecture. these lectures were interspersed 
with experimental activities of easy and low cost, computer simulations, games, optical illusions, cartoons, 
exercises, concept maps, diagrams, debates, films, collages, followed by recording the same problem 
situation, the order to be able to make comparisons. this work is the description of the proposal drawn up 
and the search for finding indicative, through statistical analysis of feedback from mistakes and successes 
for the students, greatly influencing the learning of them. the relevance of this scientific and academic 
work is in the fact that he provide a discussion of new possibilities for teaching applied physics in medicine, 
using, as well, instructional materials to make lessons more meaningful, creating an interactive and creative 
learning that encourages, seeking applications electromagnetism, optics, Modern and Contemporary 
Physics in Medicine to improve the teaching of physics, as well as find out if the feedbacks are important 
for the teaching of Physics.

Contact: marafisica@hotmail.com
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ADULT PATIENT DOSES IN 
INTERVENTIONAL NEURORADIOLOGY

Helen Khoury; Neuri Lunelli; Cari Borrás 

federal University of Pernambuco

Interventional neuroradiological procedures are used to identify or treat neurological vascular problems. In 
general, these procedures require long fluoroscopic times and a significant number of angiographic images 
to visualize and evaluate the vascular pathology. this can result in high patient doses. the objective of this 
paper is to estimate the doses received by adult patients undergoing cerebral angiography and cerebral 
embolization in a large hospital of recife, Pernambuco, Brazil. the x-ray imaging system used in this study 
is a siemens artis Zee unit with a flat panel detector; relevant performance characteristics were tested and 
found to be in compliance with manufacturer_s specifications. data for a cohort of 21 patients, 23 to 63 
years old, was collected. the acquisition frame rate ranged between 1 to 3 frames per second with the total 
number of frames for a given run ranging between 10 and 43 frames. the total number of acquired images 
per patient undergoing cerebral angiography ranged from 37 to 448, with a mean value of 227 frames. for 
embolization procedures, the total acquired images ranged from 281 to 777 frames, with a mean value of 
450. the total air kerma - area product, generated by the system, was documented for each patient. the 
results obtained showed that for the angiographic procedures, the mean value is 549.2 mGy.m2, with a 
range between 223.88 and 1057.17mGy.m2. for the embolization procedures, the air-kerma area product 
values ranged from 278.45 to 1576.32 mGy.m2 with a mean vale of 801.1mGy.m2. the dose distribution 
on the patient’s head for a subsequent set of patients was determined using radiocromic film fitted in a 
rigid device, specifically designed to perform the dosimetry. the results and their clinical significance will 
be presented and discussed.

Contact: hjkhoury@gmail.com
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OCCUPATIONALLY DOSIMETRY DURING 
RADIOLOGY VETERINARY STUDIES

Ligia Hernandez1; Teodoro Rivera1 ; Manuel Arreola2, Lourdes Arias3, Rosa Elena 
Méndez3, Patricia Uribe3  

1Instituto Politecnico nacional/CICata-legaria; 2University of florida/shans hospital; 3Universidad nacional autonoma de Mexico/
fMUV-Pequeñas especies

this paper presents the experimental results of the measurements of the X-ray dose levels during veterinary 
radiology procedures. the radiation doses levels both primary beam and scattering radiation around of the 
x-ray source were measured. the dose at the resident’s chest over the x-ray shielding apron was from 0.38 
up to 0.6 msv for three residents and was undetectable in 18 occupationally exposed workers. radiation 
exposure to the residentsás whole body was effectively shielded by the lead apron. the mean dose over 
the apron of 0.48 msv was decreased to 0.05 msv under the apron by a factor of 10. the obtained results 
indicate that is extremely important the assessment of radiation doses involved in veterinary diagnostic 
radiology procedures, to protect occupationally exposed workers at the Veterinary radiology Clinics.

Contact: trivera@ipn.mx
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RADIATION DOSE REDUCTION IN A 
NEONATAL INTENSIVE CARE UNIT IN 

COMPUTED RADIOGRAPHY
Enrique Gaona; Alma S. Frayre; Patricia Torres; Teodoro Rivera; Jesus Franco 

Universidad autonoma Metropolitana-Xochimilco

the present study examines the prospect of dose reduction through optimization of radiographic parameters 
in relation to image quality. In order to practice radiation protection in neonates, determination of the 
entrance surface doses with thermoluminescent dosimetry (tld) for different preterm infants of 28 to 
34 weeks were developed. tl results of the eds were compared with those dose values reported by 
diagnostic radiology levels (drls). radiographs were evaluated for satisfactory image quality. Chest and 
abdomen radiography to born children prematurely were covered in this study. entrance surface doses 
values measured for neonates examination were higher than the drl of 50 _Gy proposed by the national 
radiological Protection Board (nrPB) as the reference values. results obtained suggest to radiation dose 
reduction in neonates could be possible if the high tube voltage techniques is applied.

Contact: riveramt@hotmail.com
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PATIENT DOSIMETRY DURING 
TRANSCATHETER EMBOLIZATION 

PROCEDURES
Javier Zeferino Serrano; Teodoro Rivera Montalvo; Jesus A Vazquez Valdez 

Centro de Investigacion en Ciencia aplicada y tecnologia avanzada-legaria del IPn

the purpose of this study is to evaluate the entrance surface doses and dose distribution using 
thermoluminescent dosimeters for patients who underwent the transcatheter embolization (tCe) procedures. 
Interventional fluoroscopy procedures may present deterministic and stochastic risk. digital angiography 
system from General electric (Milwaukee, Usa), was used for diagnostic angiography and tCe studies. the 
radiation doses of the patients were measured with lithium-fluoride thermoluminescent dosimeters (tlds,). 
a phantom physical was used. the skin dose distribution was measured tlds. the results of radiation dose 
measurement with the tlds during 39 tCe procedures were studied. the mean effective skin dose at the 
patient_s back behind the liver was 973 + 681 (sd) msv. the individual dose widely distributed, which 
generally increased as procedures became more complex with increasing fluoroscopic time and number 
of dsa acquisition. the maximum skin dose of 3543.2 msv was recorded in a patient with a small solitary 
lesion (diameter; 1.5 cm) in the left lateral segment of the liver. tCe was performed with a microcatheter 
advanced to the second segmental artery. the total fluoroscopic time was 53.4 minutes and 9 series of 
dsa was obtained in this particular patient. the thermoluminescent dosimeters (dtls) are easy-to-use for 
measuring the entrance surface dose and have advantages to provide the dose distribution of skin. this 
study indicated that the patient doses are in the range of hundreds of mGy, which might cause deterministic 
effect and further dose reducing techniques are needed.

Contact: riveramt@hotmail.com
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OCCUPATIONAL DOSE EVALUATION AT 
ACCELERATORS CYCLOTRONS FACILITY

Paula P. Nou Silva, Amanda J. Silva, Ivani M. Fernandes, Demerval L. Rodrigues, 
Christovam R. Romero Filho 

Instituto de Pesquisas energéticas e nucleares, IPen – Cnen/sP, são Paulo, Brazil

the purpose of this study was to evaluate the individual effective dose and the collective dose received 
by workers of accelerators Cyclotrons facility at the year 2007 to 2009. to carry out this survey it was 
necessary analyzes the radiological protection records and also reports examinations provided by radiological 
protection supervisor. It was verified that the highest annual dose received by the target group was 25.80 
msv, by the operation and maintenance group was 9.61 msv and by the radioprotection group was 11.23 
msv. during the studied period, no workers exceeded the effective dose of 50 msv, the maximum value 
for worker in a single year. In 2007 only one worker exceeded 20 msv, therefore it was observed that the 
average individual doses are beneath 10 msv/year, so the established value as generic restriction level of 
effective dose for the facility is being satisfied. In spite of the 18 MeV cyclotron implantation in 2008, it was 
verified a reduction of the average individual doses values. the constant training, regular use of dosimeters 
and implementation of procedures for reducing the doses were measurement that resulted in adequate 
control of exposure to radiation.

Contact: paulanou@gmail.com
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PERFORMANCE OF DOSE CALIBRATORS 
IN NUCLEAR MEDICINE SERVICES OF 

PORTO ALEGRE
Ruzzarin, Anelise; Xavier, Ana Maria; Iwahara, Akira 

Comissão nacional de energia nuclear

a programme for the comparison of activity measurements of radionuclides administered to patients in 
nuclear Medicine services, for the purpose of either diagnosis or therapy, is being conducted, since 1998, 
under the coordination of the radioprotection and dosimetry Institute of the Brazilian nuclear energy 
Commission, Ird/Cnen. In the present work, measurements of the activity of samples of 131I, 99mtc, 
201tl and 67Ga were conducted in the dose calibrators of the 11 nuclear Medicine services of the city of 
Porto alegre, rio Grande do sul, from 2004 to 2010. the results were analysed to evaluate the compliance 
with the Brazilian regulation. the performance of the activity meters in Porto alegre is shown to be good 
and improving, which contributes to the radiological protection of patients submitted to diagnosis or therapy 
with radiopharmaceuticals.

Contact: aruzzarin@cnen.gov.br
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ASSESSMENT OF PERSONNEL 
ABSORBED DOSE IN PRODUCTION 

OF FDG RADIOPHARMACEUTICAL BY 
CYCLOTRON

Karimian, Alireza1; Sadat Eshkevar, Sayyed Mojtaba2; Mirzaei, Mohammad3; Aslani, 
Gholamreza3; Shahvar, Arjang3 

1department of Biomedical engineering, faculty of engineering, University of Isfahan, Isfahan, Iran; 2department of nuclear 
engineering, faculty of advanced sciences and technologies, University of Isfahan, Isfahan, Iran; 3agricultural, Medical and 

Industrial research schools (aMIrs), nstrI, Karaj, Iran

Purpose: the cyclotron accelerators are used for production of medical radioisotopes. one of the most 
important problems which may encounter is, malfunction of a part of target or beam line which needs the 
bombardment to be stopped and repaired. In this research work the whole body absorbed dose of cyclotron 
personnel was assessed in different places of target room by Monte Carlo simulation during the repair after 
stopping the bombardment. Methods: the liquid target room and the maze of cyclotron by inserting 7 ICrU 
spherical body phantoms inside them were simulated by Monte Carlo method. the production of fdG was 
simulated by considering, bombardment of an enriched h

2
18o by 18 MeV protons at 16 μa beam current 

via 18o (p, n) 18f reaction. the activity of target, aluminum case beam-lines, switching magnet and also the 
produced neutron spectrums inside the concrete shields and aluminum cases were calculated to assess 
the accumulated absorbed dose for specific interval times. results: the accumulated absorbed dose inside 
the body phantoms which show the accumulated whole body dose, in different places of target room and 
maze were calculated. these data depend on the duration time of the bombardment and the passed time 
after the bombardment. according to the calculated dosimetry data, the correlation between the duration 
time of the bombardment and required time after stopping the bombardment to reach the absorbed dose 
less than 25 µsv/h, was calculated in the two conditions means existence of the target and not existence 
of it. Conclusions: our results showed the repair can be done immediately after 10 minutes stopping the 
bombardment if target has been ejected from target room. also the time sharing between the operators 
reduce the absorbed dose.

Contact: karimian@eng.ui.ac.ir
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EVOLUTION OF MAMMOGRAPHY 
CENTERS THROUGHOUT THE MONTHLY 
MONITORING PROGRAM OF THE STATE 

OF MINAS GERAIS
Oliveira, Marcio Alves1,2; Joana, Geórgia Santos1; Andrade, Maurício Cavalcanti1; Oliveira, 

Maurício1; Zapaterra César, Adriana Cacciari1; Nogueira, Maria do Socorro2; Peixoto, 
João Emilio3

1secretaria de estado da saúde de Minas Gerais; 2Centro de desenvolvimento da tecnologia nuclear – Cdtn; 3Instituto nacional 
de Câncer - InCa

the monthly monitoring of image quality in mammography is part of a pilot project of the state Program of 
Quality Control in Mammography (PeCQMamo) from Minas Gerais, which aims to maintain a quality standard 
by evaluating the radiographic image of a breast phanton. for this, the services participating in the program 
send monthly radiographic image to the Management of health surveillance in health services (GVsss). 
this study lasted 20 months began in May 2009 and included the participation of 24 mammography 
centers in the region of Belo horizonte/MG. Images were evaluated according to the manufacturers of 
simulators, such analysis from the clinics were classified as “according” and “no-according.” throughout 
the study, only one service showed the same percentage as 2009 to 2010, being 100% in both years. for 
others, the average growth rate of compliance was approximately 74%, the lowest value of 5% and more 
equal to 630%. thus, the monthly monitoring in mammography proved efficient, because all showed a 
significant improvement in image quality. But there’s much to do, because it_s a diagnostic method that 
requires a high quality image and, therefore, are required: proper equipment, correct radiological technique, 
knowledge, practice and dedication of the professionals involved.

Contact: m_alvesoliveira@yahoo.com.br
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RADIATION DOSE MESUREMENT DURING 
CONVENTIONAL AND COMPUTED 

UROGRAPHY
Abdelmoneim Sulieman1; Entisar Yousif1; Hiba Omer2 

1sudan University of science and technology, College of Medical radiologic science. P.o.Box 1908, Khartoum, sudan; 2ahfad 
University for Women. P.o.Box 167 omdurman, sudan

radiography has a major role of diagnostic method in medical field. Urography provides the radiologist with 
useful detailed information. however, it is the responsibility of radiologist and technologist to determine 
scanning technique factor that provide balance between image quality and radiation dose and share in 
keeping patient radiation exposure at lowest as possible. the objectives of this study are to: (i) measure 
and compare patient radiation dose form computed tomography urography  (CtU) and (ii) conventional 
intravenous urography (IVU) and evaluate the protocols used in CtU and IVU imaging procedure. a Ct 
machine (siemens-somatom emotion duo) was used for CtU, while a shimadzu X ray machinewas used 
for IVU. Patients radiation dose values (dlP) for CtU were 172± 61 mGy.cm,  CtdIvol 4.75± 2 mGy and 
effective dose 2.58±1 msv. Cancer probabilities  per  million were 520.12 for the pancreas and 30.96 for 
the testicles. Patients entrance surface dose (esd) values for IVU were 21.62±5 mGy, effective dose 1.79±1 
msv. radiation dose can vary considerably between scanners and between institutions. In this study the 
radiation dose is considered low compared with previous studies. a patient radiation risk for particular exam 
is proportional to the radiation dose delivered during the exam. this dose will depend on the size of patient, 
the type of scanner and the imaging protocol used. requests for Ct scanning must be generated only by 
qualified medical practitioners and justified by both the referring doctor and the radiologist.

Contact: abdelmoneim_a@yahoo.com



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil348

Poster - Radiation Safety - Tuesday, April 19

18
th

 In
te

rn
at

Io
na

l 
Co

nf
er

en
Ce

 o
n 

M
ed

IC
al

 P
hy

sI
Cs

 -
 2

01
1 Code: 633 – Session: PO-TU-SR-10 

RADIATION OUTPUT SPECTRA IN 
MAMMOGRAPHY: COMPARISON OF A 

CLINICAL STUDY FROM SIM
Taniguti, Lana Tahara; Alcântara, Marcela C.; Costa, Paulo R.; Furquim, Tânia A.C. 

Instituto de BioCiências - Universidade estadual de são Paulo “Júlio de Mesquita filho” - Campus de Botucatu

the present study aimed to evaluate the differences between simulation model estimations from experimental 
measurements. two simulation models were analyzed: one proposed by report n_ 147 of the national 
Council on radiation Protection and Measurements (nCrP 147) [1], and the other presented by robson 
[2], called as the parametric method. Both were tube potential dependent functions, whose difference was 
that parametric method requires a radiation output value to determine the equipment function. When this 
is possible, parametric method presented the lowest differences from experimental results, ideal to use 
in dose assessment. through experimental measurements, it was observed that all digital mammography 
radiation output values were higher than the analogic systems results, at any tube potential.

Contact: taniguti.lana@gmail.com
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ESTIMATION OF THE RBE OF 
MAMMOGRAPHY-QUALITY BEAMS USING 

THE PENELOPE CODE
Mario A Bernal*; Carlos E deAlmeida; Mariano G David; Evandro J Pires 

Universidade do estado do rio de Janeiro. *now at: Instituto de física Gleb Wataghin, UnICaMP

direct dna strand break yields due to the impact of 60Co and 28 and 30 kVp X-ray beams were determined. 
a B-dna geometrical model was used, which accounts for five organizational levels of human genetic 
material. direct simple, double and total strand break probabilities were determined in a liquid water 
homogeneous medium with 1.06 g/cm3 density. the spectra produced by the X-ray beams at various 
depths in the phantom were used to study the dependence of the damage yield on depth. the relative 
biological effectiveness (rBe) was also estimated using the 60Co photons as the reference quality. according 
to this work, the damage probabilities and thus the rBe are, within the uncertainties, similar for both 
X-ray qualities and are independent of the depth into the phantom. furthermore, the total strand break 
yield is invariant with respect to the energy of the incident photons. the rBe for low energy X-ray beams 
determined here (1.3 ± 0.1) is lower than previously published results derived from the microdosimetric 
properties of these radiation qualities. however, our rBe values are similar to those determined by Kühne et 
al., which used the same biological endpoint and reference quality as our study.  In addition, our rBe values 
and their dependence on depth are consistent with the results obtained by Verhaegen and reniers.

Contact: mbernalrod@gmail.com
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MONTE CARLO CONVERSION FACTOR 
FOR PATIENT DOSES DETERMINATION AT 

CORONARY ANGIOGRAPHY
Santos, William de Souza ; De Carvalho, Albérico Blohem Júnior; Maia, Ana Figueiredo 

Universidade federal de sergipe

Monte Carlo conversion factor for patient doses determination at coronary angiography examination 
Interventional radiology is a set of medical procedures which can be used for to diagnose and treat patients 
with cardiovascular problems. the doses in patients undergoing these procedures can be high, considering 
that, in most cases, the examination is long and complex. the aim of this study is to evaluate the doses in 
patients during coronary angiography examination using conversion coefficients (CCs) obtained by computer 
simulation using a radiation transport code, Visual Monte Carlo (VMC), and the voxel anthropomorphic 
phantom, faX (female adult voXel). CCs for equivalent dose (h) and effective dose (e) were normalized 
to Kema-area Product (KaP). normalized CCs values for h (msv/Gy.cm) in antero-posterior projection (aP) 
and postero-anterior (Pa) for 6 radiosensitive organs considered were: heart (4.328/0.243); pancreas 
(6.712/0.002); skin (8.227/8.094), liver (12.671/0.005), colon (8.031/0.028), stomach (21.790/0.005). 
the normalized CCs for e were 5.210 msv/Gy.cm and 0.795 msv/Gy.cm for aP and Pa projections, 
respectively. the results found in this study are important tools to dose and risk estimation in this kind 
of procedures. Besides, the discrepancy among aP and Pa geometries call attention to the necessity to 
accurately position the patient and to correctly conduct the procedure. the CCs values in aP geometry are 
consequence of the location of higher radiosentivity organs close to the entrance surface, without bone 
shielding, as, for example, colon, stomach and pancreas.

Contact: williathan@yahoo.com
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EVALUATION OF DOSE CONVERSION 
COEFFICIENT IN THE PHANTOM FAX 

SITTING AND STANDIN
Pereira, A. J. S.; De Carvalho, A.B.C; Santos, W.S; Santos, M.S. 

Ufs

exposure to ionizing radiation source can lead to serious health problems for workers, patients and even 
individuals from the public. the protection of individuals against the harmful effects of radiation is a major 
task in preventing health risks. order to assess this risk, it is often necessary to know the limits imposed 
on the dosimetric quantities such as equivalent dose (h) and effective (e). one way to perform a risk 
assessment to radiation in a patient or worker is through conversion coefficients (CCs) dose. the values 
of CCs are calculated using anthropomorphic simulators in standing position. however, in this study, these 
coefficients were estimated using a simulator at which one is standing and the other sit with the aim 
of evaluating the difference between the dose normalized CCs of e and h for the air Kerma (Kar). the 
simulators were exposed to a plane source of unidirectional monoenergetic photons in an anteroposterior 
(aP) geometry. We used the code VMC (Visual Monte Carlo) and the simulator faX (female adult voXel) in 
standing and sitting. CCs dose for photons of 100 keV normalized of e by Kar for the simulator standing and 
sitting were respectively 1.13 sv/Gy and 0.78 sv/Gy. the results of CCs of h by Kar (sv / Gy) for the organs 
that are critical for the simulator standing were: 1.27 (ovary), 1.40 (bladder); 1,13 (uterus); 1,19 (lung) 
and 1,28 (liver), and 0.51 (ovary), 0.49 (bladder), 0.48 (uterus), 0.94 (lung); 1.00 (liver) for the simulator 
sitting. the calculated results yielded variations of doses statistically significant, showing that for certain 
situations the use of CCs obtained in the sitting simulator provides smaller doses because in this geometry 
the irradiation area is smaller and more radiosensitive organs are more distant from the radiation source in 
relation to the source in standing position.

Contact: ariana_jsp@hotmail.com



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil352

Poster - Radiation Safety - Tuesday, April 19

18
th

 In
te

rn
at

Io
na

l 
Co

nf
er

en
Ce

 o
n 

M
ed

IC
al

 P
hy

sI
Cs

 -
 2

01
1 Code: 468 – Session: PO-TU-SR-14

THE INVARIANCE OF THE TOTAL DIRECT 
DNA-STRAND BREAK YIELD

Mario A Bernal*; Carlos E deAlmeida; Camilla Sampaio; Sebastien Incerti; Christophe 
Champion; Petteri Nieminen

Universidade do estado do rio de Janeiro. *now at: Instituto de física Gleb Wataghin, UnICaMP

the Geant4-dna Monte Carlo simulation toolkit was used to determine direct strand break yields induced 
by protons and alpha particles impacting on a B-dna geometrical model, including five organization levels 
of the human genetic material. the let of such particles ranges from about 0.4 to 200 keV/mm, at 5.0 
mm depth, near the center of the region of interest. direct total, single and double strand break yields were 
determined in a liquid water homogeneous medium with a 1.06 g/cm3 density. the energy spectra of single 
strand breaks (ssB), the number of energy deposition events and the ssB/event ratio were determined. It 
was found that the target-hit probability is independent of the type and energy of the involved particle, even 
if this particle is a secondary electron. such a probability is determined by the geometrical properties of 
the system. In addition, the total strand break yield and the number of energy deposition events required 
to reach a certain absorbed dose are nearly independent of the type and energy of the incident ion. on the 
contrary, the double strand break yield is strongly dependent on the let of the incident radiation.

Contact: mbernalrod@gmail.com
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DEVELOPMENT OF A SHIELDING 
TO PROTECT PATIENTS AGAINST 

PHOTONEUTRONS PRODUCED BY 
LINACS IN RADIOTHERAPY TREATMENTS 

Hugo Roque da Silva; Wilson Freitas Rebello da Silva Junior; Ademir Xavier da Silva

this work focus on radiological protection of patients submitted to radiotherapy, using high energy linear 
accelerators, in which their healthy tissues receive undesirable doses due to fotoneutrons. for that, a shield 
against the produced fotoneutrons was developed using the computer code Monte Carlo n-Particle version 
X (MCnP-X). this shield showed be positioned in a simple way, at the outside part of the linear accelerator_s 
head, reducing the doses. this shield was named external shielding. the simulation was performed using 
a computational model of the head of a Varian 2300 C/d linear accelerator, plus the external shield. In 
order to verify the effects of this shielding, the values of ambient dose equivalent. these values were 
compared with the accelerator operating with and without the external shielding. the results of this study 
indicated that the external shielding showed great efficiency in reducing the ambient dose equivalent due 
to fotoneutron, resulting in an average reduction above 60% for the various simulated configuration, without 
increasing the ambient dose equivalent due to the photos at the plane of the patient. It was concluded that 
the implementation of an external shield at the accelerator_s head increases the protection of the patients 
against undesirable fotoneutrons doses and may avoid new focus of cancer produced by the radiotherapy.

Contact: roque@cbpf.br
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PRELIMINARY SHIELDING 
CALCULATIONS FOR THE CYBERKNIFE 

ROBOTIC RADIOSURGERY SYSTEM 
CONSIDERING A STANDARD VAULT AND 

A TYPICAL GANTRY-BASED LINAC VAULT
Dalila Luzia Toreti; Clarice Cardoso Xavier; Fábio Gustavo de Moura 

rem Industria e Comercio ltda

the CyberKnife robotic radiosurgery system utilizes a six-degrees-of-freedom manipulator to position 
a 6 MV linac to treat lesions. the vault shielding design has to take into account this six-dimensional 
capability. this paper presents shielding calculations for a standard vault, with primary walls 200 cm thick, 
constructed specifically for a CyberKnife system, and for a vault that has originally been designed for a 
gantry-based linac, with secondary barriers 107 cm thick. after performing the shielding calculations for 
both vaults, the results showed that the standard vault walls 200 cm thick are adequate for secondary 
shielding, and for the gantry-based linac vault, of all 6 locations examined, 2 would require an additional 
shielding, of 9 cm and 4 cm, of concrete of density 2,4 g/cm3. this shows that the CyberKnife system can 
be installed in a vault originally designed for a gantry-based linac, with limited or no additional shielding, 
provided that there is no direct incidence of beams on secondary barriers.

Contact: dalilatoreti@hotmail.com
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BLACK GRAPE JUICE INTAKE OFFER 
PROTECTION TO LIVER AGAINST 

METABOLIC CHANGES FROM ACUTE 
GAMMA RADIATION EXPOSURE IN RATS

Fagner Chagas Rother1; Veronica V. R. Andrade2; Robson B. Freitas3; Edson R. Andrade4; 
Liliane F Bauermann3

1Universidade federal de santa Maria, departamento de fisica; 2Instituto de radioproteção e dosimetria- Ird; 3UfsM, 
Programa de Pós-Graduação em Ciências farmacêuticas; 4Centro tecnológico do exército. Ctex

exposure to ionizing radiation leads to toxic effects. research on food or drugs acting as a positive 
radiomodifier (protective) is of great interest to Public health and homeland defense issues. In this sense, 
the main focus of this work is to test the black grape juice (BGJ) (Vitis labrusca) as a positive radiomodifier 
against the biological effects from radiation exposure that characterize the acute radiation syndrome 
(ars). therefore, twenty male Wistar rats were divided into four groups, where two were whole body 
gamma irradiated using the cobalt irradiator facility at the Institute for energy and nuclear research (IPen), 
located at UsP, são Paulo, Brazil. the animals received 2 ml/body weight of BGJ or placebo twice per 
day (isocaloric solution of glucose and fructose) by gavage (intragastric probe) one week before and four 
days after irradiation with 6Gy of whole body absorbed dose when they were conducted to euthanasia. 
the parameters of liver function (albumin, ldh, ast and alt) were evaluated. results: levels of albumin 
was significantly increased (p > 0.05) in treated group compared with controls.. also it was observed 
a significant decrease in ldh, alt and ast enzymatic activities in BGJ treated groups. Conclusions: as 
elevated levels of albumin and decrease in ldh, alt and ast activities, can be indicative of liver protection 
by BGJ against radiation damage with extension to pathophysiological symptoms. results suggest that BGJ 
act as a positive radiomodifier supplement exerting some level of protection on liver function against whole 
body acute gamma radiation exposure. this evaluation based on liver-related enzymes can be added to 
such hematological analysis following radiation poisoning in order to improve the clinical protocol for on-site 
operations and mass casualties.

Contact: fagnerrother@gmail.com
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CHARACTERIZATION OF INDIVIDUAL 
PROTECTION EQUIPMENT AGAINST 

IONIZING RADIATION USED ON 
RADIOLOGICAL AREA OF PORTO ALEGRE 

CITY
Dalenogare, Maiara Oliveira 1; da Luz, Renata Matos1,2 and Hoff, Gabriela 1

1 Pontifícia Universidade Católica do rio Grande do sul/Grupo de experimentação e simulação Computacional em física Médica 
- GesiC, Porto alegre, Brazil; 2 hospital são lucas da PUCrs/ física Médica, Porto alegre, Brazil.

this work presents the integrity evaluation and transmission calculation of individual protection equipment 
- IPe (aprons, thyroid and gonads protectors, glasses and gloves). all the IPe has the integrity evaluated. 
Considering the 64 aprons, in use on the hospital, 60% presented tears and holes on the area of protection 
and were considered non-conform. they were immediately withdrawn from use and replacing with new. all 
the other was 100% conform for use. the IPe was assessed for transmission conformity through samples. 
the different types presented different mean value for the transmission data and different standard 
deviation.

Contact: ghoff.gesic@gmail.com
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COMPARATIVE STUDY OF TWO 
METHODOLOGIES FOR STRUCTURAL 

SHIELDING DESIGN OF IMAGIN
Taniguti, Lana Tahara; Costa, Paulo R. 

Instituto de BioCiências - Universidade estadual de são Paulo “Júlio de Mesquita filho” - Campus de Botucatu

the present study aimed to show which implications can be found in structural radiation shielding design 
depending on the calculation method adopted. two methods were analyzed: one that consider the sum of 
thickness contributions, and other that consider the sum of unshielded air kerma contributions. to compare 
the results a case analysis was done. a hypothetical radiographic room which contains an exam_s table and 
a chest bucky was considered. the thickness contribution method presented the highest results, reaching 
a maximum relative difference of 85% from nCrP 147_s results, and 57% from the unshielded air kerma 
contributions method.

Contact: taniguti.lana@gmail.com
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INTERNAL EXPOSURE BY I-123 AND 
Zn-65 IN A RADIOPHARMACEUTICAL 

PRODUCTION PLANT
Dantas, Bernardo Maranhão; Dantas, Ana Letícia; Lucena, Eder Augusto; Audino, Warner 

Fagundes; Araújo, Francisco; Vidal, Marcos V. Sales 

Ird-Cnen

Iodine-123 is used worldwide in nuclear medicine for diagnostic imaging of endocrinal diseases in adult and 
paediatric patients. It is produced at the Institute for nuclear energy (Ien-Cnen) since 1998 and supplied 
to various nuclear medicine centres located in the state of rio de Janeiro, Brazil. the Ien has increased 
its production in about 500% in the first five years in order to respond to the increasing demand from the 
clinics for the radiopharmaceutical Meta-iodine-benzyl-guanidine (MIBG). the production of MIBG as well 
as the annual maintenance of the cyclotron can lead to internal exposures of the workers by I-123 and 
Zn-65. such workers are routinely monitored at the Ird Whole Body Counter through in vivo measurements 
for the identification and quantification of such radionuclides respectively in the thyroid and in the whole 
body. the measurements are based on the detection of the photons of 159 and 1115 keV, emitted by I-123 
and Zn-65. this work presents and discusses the analytical techniques and procedures applied at the Ird 
whole body counter as well as the methodology adopted for the interpretation of the measurements to 
estimate the committed effective equivalent doses. It is also presented a general evaluation of the results 
obtained in the monitoring programme of the Production Plant. It is concluded that (i) the measurement 
techniques are suitable for routine monitoring of this specific group of occupationally exposed workers and 
(ii) the radiopharmaceutical production plant is safe in terms of radiation protection conditions since all 
incorporations detected so far represent only a small fraction of the annual dose limits established by the 
Brazilian regulatory Board.

Contact: bmdantas@ird.gov.br
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ESTIMATION OF IODINE-131 EXCRETED 
BY PATIENTS DURING THERAPY

Rodrigo Biancardi1; Silvia Maria Velasques de Oliveira1; Rossana Corbo2; Marcelo 
Mamede2 

1Ird/Cnen; 2InCa/Ms

Iodine-131 is used for ablative dose in differentiated thyroid carcinomas. for the treatment planning, urine 
bioassay may be  used to estimate the effective half-life of Iodine-131 for an individual patient. It has been 
studied four female patients (13.3±1.5 years old, 50±11 kg corporal weight) who received 107±15 MBq 
for tracer dose and 5.5±0.3 GBq for thyroid ablation. Urine excreted after Iodine-131 administration was 
collected for each excretion in the hospital and patient residences in individual recipients. the volume and 
schedule of excretions were registered in the patient file. the urine samples were measured by an sodium 
iodide cintillator well counter Genesys Gamma-1 calibrated with a reference source. after reading, the 
samples were discharged according to the Waste Management regulation in the country. Urine samples 
were collected until 95±46 h in tracer phase and 108±50 h in ablative phase, with volumes varying 
between 7.0±4.8 l and 7.8±5.1 l, respectively. Urine excretion rate ranged between 67±28 ml/h in tracer 
phase and 64±21 ml/h in ablative phase. Iodine-131 activities discharged in hospitals were 4.19±0.45 
GBq and below 0.5 GBq in patient residences. the analysis of urine activities of Iodine-131 excreted by the 
patients may contribute for more realistic modeling and management of radioactive waste regulations for 
nuclear medicine in the country, both in hospitals and patients residences.

Contact: silvia@ird.gov.br
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GENERIC USE OF A TECHNETIUM 
GENERATOR IN A NUCLEAR MEDICINE 

SERVICE
Zayda Haydeé Amador Balbona; Abmel Xiques Castillo 

CentIs

the Center of Isotopes of the Cuban republic manufactures a new technetium generator with more 
shielding than those belong to other producers. this paper has as purpose to evaluate the exposure to 
workers in a generic nuclear medicine service due to the use of this generator. Maximum conditions of 
exposure are considered like the use of the biggest activity by generator, a worker alone performances all 
the operations, 5 kinds of radiopharmaceutical reagent kits are labelled and 55 patients are attended by 
week. It is assumed the use of a shielding area for sitting the generator, a container with lead for generator 
eluate and syringe shields during the labelling and administration of patient doses. effective dose (e) and 
dose equivalent to hands (hp(0.07)) are calculated with the code Microshield version 5.03 by operation 
and 50 weeks by year, except when generator eluates are obtained. for this operation is applied a lineal 
correlation of the dose rate measured with an area dosimeter eBerlIne, model fh40f2, which was verified 
in the Cuban Calibration laboratory. It is demonstrated the use of a technetium generator from CentIs 
involves an acceptable low occupational exposure and lower than 3 msv of the effective dose and 8 
msv as hp(0.07). the administration to patient doses implies the 90 % of the e. there is an adequate 
correspondence between our results and the internationally reported data.

Contact: zabalbona@centis.edu.cu
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DEVELOPMENT OF TISSUE EQUIVALENT 
POLYMERIC COMPOSITES: PRELIMINARY 

RESULTS
Kimura, Bruno Hideki Fukushima; Costa,Paulo; Frimaio,Audrew 

Physics Institute-University of são Paulo

the methods used for determining the tissue equivalent chemical composition are based on the correct 
determination of the effective atomic number or the mass attenuation coefficient of the simulating material. 
the present work shows preliminary results of attenuation properties of six polymeric materials developed 
as tissue equivalent materials. these materials were developed using mass attenuation coefficient method 
and the preliminary evaluation of their properties were done by measuring transmission curves and 
transmitted x-ray spectra. the resulting transmission curves show that the material M1 is less attenuating 
than the other evaluated materials. the other five materials presented very similar behaviors

Contact: bruno_hidekilp@hotmail.com
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EXPERIENCE OF AN INTERNATIONAL 
GROUP IN RADIATION PROTECTION

Eduardo Medina Gironzini 

sociedad Peruana de radioprotección

on March 15th 2002 the international group radIoProteCCIon is created, with 11 people from 11 
countries, with the purpose of exchanging information about different topics on radiation protection. this 
group has been growing significantly. at the end of 2002 it had 179 members and now there are 1700 
people from 32 different countries are registered, mainly from latin america. the group or list of interest 
is a system of exchange of e-mail where people share issues of common interest. the purpose is to get 
several people involved in discussions on specific issues and to achieve the distribution of information to 
the whole group. In this case, the common interests are the issues of radiation protection. the group is 
mostly integrated by specialists in radiation protection who work in regulatory bodies, nuclear commissions, 
universities and entities where radiation is used in the industry, medicine, and scientific research. this 
group is opened for all the specialists in radiation protection that need to have a channel of permanent 
communication to improve the exchange of experiences and topics of interest in order to help technical 
problems and to be updated. the messages are in spanish but also can send messages in Portuguese or 
english. More than 3400 messages about congress advertisements, courses, workshops and national and 
international activities on radiation protection and related topics have been sent from this group. In addition, 
technical articles and news on the specialty have been spread. technical opinions and feedback have also 
been exchanged, promoting in this way the communication and cooperation among its members. today, the 
information on these issues is complemented by the personal blog about radiation protection. In this group 
many issues have been discussed, for example: Pregnancy and medical radiation, emergency response, 
occupational exposure, radiation protection responsibilities, lessons learned from accidental exposures, 
safety culture,...

Contact: medina@radioproteccion.org
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INVENTORY OF USED, DISUSED, WASTE & 
DISPOSED SOURCES IN KENYA

Shadrack Anthony Kiti1; R.Kinyua2 
1Korea advanced Institute of science & technology (KaIst) 373-1 Guseong-dong, yuseonb -gu 730-701 , daejeon republic of 

south Korea; email: ashadrack6@gmail.com; 2department of Physics, Jomo Kenyatta University of agriculture & technology, 
P.o.Box 62000, nairobi, Kenya

abstract. Kenya is committed to the peaceful applications of sealed and unsealed radioactive sources in 
medicine, industry, agriculture and training and research in order to achieve socioeconomic development. 
there are 4 nuclear medicine centers, 3 industrial radiotherapy facilities, 2 gamma irradiator facilities, 
one linear accelerator, 2 high dose radiation (hdr) Brachytherapy units, 5 industrial radiography units and 
many training and research facilities in the country that posses radioactive sources. the Kenya radiation 
Protection Board is a regulatory body established under Cap 243 of the laws of Kenya cited as the 
radiation Protection act which provides for the protection of the public and radiation workers from dangers 
arising from materials capable of producing ionizing radiation. the mission of the Board is to accelerate, 
regulate and expand the contribution of nuclear and irradiation technology to the Kenyan economy through 
promotion of nuclear and radiation safety culture. the use of radioactive material requires an adequate 
established inventory. the objective of this project is to establish and maintain a national inventory of sealed 
and unsealed radioactive sources in Kenya. a national inventory was done by sending a questionnaire 
and personal communication as well thorough countrywide inspection surveys by radiation Protection 
officers from the regulatory body where lead pot containers were carried in case of disposal of a disused 
source or spent source. advanced survey meters and automes radiation meters were used for radiation 
safety work, alarm meters were used to detect the threshold and source identifiers were used to identify 
unknown sources and their activities. a total of 130 radioactive sources (34 used, 20 disused, 39 waste 
and 37 disposed) including their JPeG images were identified and a national inventory established. Co-
60 recorded the highest activity of 11,000 Ci followed by Cs-137 with 400 Ci and Ir-192 with 40 Ci. an 
updated inventory for the next 5 years is recommended.

Contact: ashadrack6@gmail.com
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CALCULATION OF REACTOR PERSONNEL 
ABSORBED DOSE BY USING TLD-100H 

AND COMPARISON THE RESULTS WITH 
TLDs-700

Karimian, Alireza1; Mossadegh, Negar2; Shahhosseini, Elham3; Mohammdzadeh, Ahmad3; 
Sheibani, Shahab3 

1department of Biomedical engineering, faculty of engineering, University of Isfahan, Isfahan, Iran; 2department of nuclear 
engineering, faculty of new sciences and technologies, University of Isfahan, Isfahan, Iran; 3nuclear science research school, 

nuclear science and technology research Institute (nstrI), tehran, Iran

In this research, the experimental dosimetry simulation of 5MW research reactor personnel was examined. 
the absorbed dose of workers in the usual work conditions was measured by using the rando phantom and 
thermoluminescent dosimeters (tlds). for this purpose tlds-100h were placed inside some high risks 
organs of phantom such as thyroid, gonads,... due to measurement of the absorbed dose value of some 
sensitive tissues separately, and also put on the left breast (the place of pocket dosimeters) for whole body 
dosimetry. also tlds-700 were used for comparison the absorbed dose value of eyes and whole body with 
tld-100h results. the rando phantom was located 8 hours (daily work) in three areas, the control room 
that is a common area for workers and two other places, near the reactor pool and near the extracting 
samples place, that workers should be there for restricted times. the effective dose values of examined 
organs have been calculated by considering of tissues weighting factors(W

t
) either based on ICrP-103 or 

ICrP-60.the absorbed dose of the different organs are compared either with each other or whole body, 
based on each mentioned ICrPs, and also results based on both mentioned ICrPs compared either with 
each other or allowable dose threshold. the final tlds-100h result based on ICrP-103 are varied (μsv/
hr) as: Whole-body:30.6375-6.4375, thyroid:1.2232-0.2306, prostate:0.0850-0.0454, gonads:1.0009-
0.5109, breast:3.6765-0.7725, eyes:33.7382-7.0075. the variation of tlds-700 measured dose (μsv/
hr) of eyes and whole body were:53.4625-24.5 and 48.8375-23.4375 respectively. Comparison of ICrP-
103 and ICrP-60 reports showed different W

t
 for a specific organ. although variation of W

t
, increases 2.5 

times for remainders and breast, or decreases for some others, the results based on both of ICrPs are 
lower than allowable dose threshold. It is obvious that at the events like trapping of control rod or extracting 
sample, these values would increase.

Contact: karimian@eng.ui.ac.ir
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ESTIMATED INCREASE IN INCIDENCE OF 
LEUKEMIA DUE TO A TERRORIST ATTACK 

USING A RADIOLOGICAL DISPERSAL 
DEVICE (RDD)

Thalis Leon de  Ávila Saint  Yves; Edson Ramos de Andrade 

Brazilian army technological Center / Chemical, Biological and nuclear defense division

over the last decade, probably due to events at september 11th, 2001, the prospect of a terrorist attack 
using a radiological dispersal device (rdd - “dirty bomb”) and other forms of radiological use to force is 
cited as among of one the most serious terrorist threats. the causes of leukemia are not yet well-defined, 
but an association among additive factors seems to increase the risk of such morbidity. specific factors can 
be listed: (a) smoking; (b) ionizing radiation; (c) benzene and, (d) chemotherapy. results on a scenario-based 
simulation allow to infer that leukemia occurrence is more likely to occur earlier in younger people and this 
information can be useful for triage and mass casualty management. emergency response actions are 
sorely needed in cases of rdd. detecting, recognizing and locating radioactive material is of fundamental 
importance for solving the scenario. addictionaly, evacuation and remediation of contaminated areas must 
be included on the duty which equally must include future concerns about health and safety conditions not 
only to general public but for the responders. We conclude that the consequences of such an attack can be 
minimized by an appropriated response flow-chart regarding future concerns such as leukemia induction.

Contact: thalis09@yahoo.com.br
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RADIOACTIVE MATERIAL TRANSPORT: 
DEALING WITH PROBLEMS OF DENIALS 

AND DELAYS OF SHIPMENT OF 
RADIOACTIVE MATERIAL

Xavier, Clarice Cardoso; Sobreira, Ana Celia Freitas 

reM Industria e Comercio ltda.

the transport of radioactive Material is an activity well regulated for all modes of transportation on land, 
water and air, and, in Brazil, it is the primary responsibility of the nuclear energy national Commission 
(Cnen). this kind of transport is necessary since the radioactive Material produced at a site is used on 
another site, being, thus, a mandatory activity that precedes every use of radioactive material in medicine, 
industry, agriculture, and so on. Mainly because of the lack of knowledge by some individuals involved 
on the transport activities, some shipments are denied or delayed. Worldwide actions have been taken 
in order to identify the main causes of the denials and delays problem, and national focal Points have 
been established under the International atomic energy’s steering Committee on denials of shipment 
responsibility. a process for reporting a denial of shipment of radioactive material has been organized for 
the stakeholders to use, and an action plan has been implemented by the International steering Committee, 
which made evident that encouraging communication between nations and sharing experiences is the 
key instrument to ensure a decrease on the denial and delay problem, which has a goal of reaching an 
insignificant number until 2013.

Contact: claricexavier@hotmail.com
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DETERMINATION OF AIR KERMA 
FROM THE TECHNICAL FACTORS OF A 

RADIOGRAPHIC TUBE
Flávio Augusto Penna Soares; Maria Eduarda Fernandes da Costa 

Instituto federal de educação, Ciência e tecnologia de santa Catarina

the poor quality of radiographic imaging produced in radiology services causes a high rate of incident 
repetitions. among other reasons, this occurs because operators do not know the correct employment of 
technical factors and their consequences on the x-ray beam. the adjustment in x-ray beam production, 
according to patient characteristics and the requested study, usually occurs empirically. therefore, it is 
necessary to establish mathematical equations which relate technical factors for quality and intensity of 
radiation produced. simulations of different radiation spectra were taken from the variation of some technical 
parameters. In this first research, the anode angle, the voltage and its ripple were varied individually and 
calculated the expected values of air kerma for every situation. these data were generated using report 78 
spectrum Processor software from IPeM - United Kingdom. Individual equations were obtained to relate the 
air kerma to each of these variables, and an error minor than 2% was achieved. later, a general equation 
then was adjusted in order to obtain the air kerma from the voltage and its ripple. another equation has 
also been adjusted for angle and anode voltage. the error found between the result calculated by the 2 
variables equations and the simulated data is below 5%. the use of these equations allows more precisely 
estimation of factors influence in the radiation production. the same strategy can be used to find other 
variables correlation.

Contact: dudihh@hotmail.com
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EVALUATION OF DOSE AND EFFECTS OF 
IONIZING RADIATION ON THE SKIN

Turra, Cláudia; Schwarz, Ana Paula; Franco, Camila;  Roggia, Isabel 

this paper presents a study concerning the evaluation of radiation dose received in biological tissues and 
their consequent effects with respect to changing parameters of the skin. this study is important to identify 
the influence of ionizing radiations, since they are employed in large-scale on medical examinations, in 
contrast with the little available literature covering research on effects to the skin, both for professionals 
and patients that are constantly exposed. for this, pig ears were acquired as a model membrane, which 
were properly prepared in the laboratory after being exposed to different types of ionizing radiation, having 
undergone assessment of parameters before and after dermal exposures with different types of radiation. 
the parameters analyzed were ph, amount of water and oil in the stratum corneum, transepidermal water 
loss and amount of sebum present on each sample. What we have learned throughout this work is that 
all radiation exposure proved to be harmful to the skin, altering the analyzed parameters. however, it is 
expected that in future, a new study might be made, this time in vivo, in an attempt to found that the 
changes are even more significant, since changes in certain parameters are observed only after a certain 
interval time in living cells have been modified, which was not possible with the use of samples in vitro. 
therefore, it is evident the importance of continuing this study with respect to exposure time and dose 
applied, as well as the use of Individual Protection equipments - IPe.

Contact: claudiaturran@gmail.com
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METHODOLOGY TO TLD SELECTION FOR 
IMRT IN VIVO DOSIMETRY

Camara, Jurema*; Viegas, Claudio Castelo Branco+#;  Pinto, Vitor Nascimento de 
Carvalho+; Braz, Delson*

*CoPPe - UfrJ; +Instituto nacional de Câncer (InCa); #Universidade estácio de sá (Unesa)

thermoluminescent dosimeters mostly known as tlds are widely used for dosimetry in several areas of 
research and in radiotherapy quality assurance (Qa). In radiotherapy, a recent treatment method named 
Intensity Modulated radiotherapy (IMrt), stands out for bringing a more accurate dose delivered to the 
tumor volume while preserving the surrounding healthy tissues. the introduction of clinical practices 
more sophisticated requires a verification of dose distributions provided by the treatment planning system 
and uncertainties may arise during different phases of the treatment process. the ICrU has established 
that the total uncertainty of the process of radiotherapy should be less than 5%. this paper describes 
a methodology for selecting tld chips from new batch of unsorted detectors which will be used in a 
study of in vivo dosimetry for IMrt Qa. It was based on estimates of the average combined uncertainty 
desired for this purpose after all possible corrections (3%) and a statistical criteria for outliers exclusion. 
this commissioning process is necessary in order to reduce the uncertainties and obtain more accurated 
results. the 501 tlds harshaw lif-100 used in this study were submitted to five cycles consisting of 
annealing, irradiation and reading under the same conditions. the tlds were irradiated in the theratron 
780C Co-60 unit (theratronics) at InCa. the uncertainties of the readings and the individual chip sensitivity 
were considered and estimated. In according to the criteria established in this work, nearly 66 % of the 
batch were considered reproducible for use in IMrt Qa with in vivo dosimetry.

Contact: tld@inca.gov.br
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STUDY ON THERMAL NEUTRON 
DETECTION METHOD USING IMAGING 

PLATE AND ACTIVATION
Tanaka, Hiroki; Sakurai, Yoshinori; Suzuki, Minoru; Masunaga, Shinichiro; Maruhashi, 

Akira; Ono, Koji

Kyoto University research reactor Institute

at Kyoto University research reactor Institute, over three hundred clinical trials of Boron neutron Capture 
therapy (BnCt) have been performed using research reactor. on the other hand, we have been developed 
cyclotron based epithermal neutron source. to improve the quality of treatment, it is necessary to perform 
the detection of thermal neutron distribution in water phantom before treatment as quality control. Generally, 
the method of activation using gold foil/wire and germanium semiconductor detector is applied to detection 
of thermal neutron flux at several positions. however, the activation method using semiconductor detector 
takes some time to decide the thermal neutron flux. therefore, we propose the method using imaging 
plate and activation materials for easy detection of thermal neutron distribution in water phantom. to 
evaluate this method, the irradiation test was performed using cyclotron based neutron source. the output 
of imaging plate exposed by beta ray emitted from activated gold wire was good agreement with the results 
of activation method using germanium semiconductor detector.

Contact: h-tanaka@rri.kyoto-u.ac.jp
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INFLUENCE OF THE PRE-DOSE ON 
THE DOSIMETRIC RESPONSE OF RAD-
HARD EPITAXIAL SILICON DIODES FOR 

CLINICAL ELECTRON BEAMS
T. C. dos Santos1, W. F. P. Neves-Junior2, M. M. Vasques1, J. A. C. Gonçalves1,3, C. M. K. 

Haddad2, and C.C. Bueno1,3

1Instituto de Pesquisas energéticas e nucleares IPen-Cnen/sP, Brazil; 2hospital sírio libanês, sP, Brazil; 3Pontifícia Universidade 
Católica de são Paulo PUC/sP, Brazil

In this work the influence of the pre-irradiation on the dosimetric response of epitaxial (ePI) silicon diodes 
for clinical electron beams was studied using a siemens Primus linear accelerator from sírio-libanês 
hospital. three samples of ePI diodes were investigated: #44 - non-irradiated,  #45 - received a pre-dose 
of 200 kGy from a 60Co irradiator and  #35 – pre-irradiated with 200 kGy from a 1.5 MeV electron beam. 
all measurements were performed with the diodes unbiased and operating in the direct current mode and 
inserted into a PMMa phantom. the dynamic current response of the diodes under irradiation with electron 
beams within the energy range of 6 MeV up to 21 MeV was measured. for all energies, data showed good 
instantaneous repeatability of the diodes, the non-pre-irradiated one exhibiting a more stable behavior, 
characterized by coefficients of variation better than 2.8%. furthermore, the diodes exhibited a quite linear 
response, given by the charge versus absorbed dose, with charge sensitivities higher than 0.21 mC/Gy. 
as expected, the highest sensitivity was achieved with the non-irradiated #44 ePI diode. additionally, with 
the exception of the #35 sample, it was not observed a significant energy dependence of the devices. the 
percentage depth dose profile (Pdd) and transversal dose profile (tdP) were also measured in PMMa 
with all diodes. the results were in excellent agreement with those calculated with Monte Carlo code 
using the oncentra MasterPlan® treatment Planning system (tPs). the tdP was also evaluated with a 
commercialized array of 2d pixel ionization chambers MatriXX from IBa dosimetry®. the results obtained 
with the ionization chambers were in a good accordance with those acquired with the ePI diodes. 

Contact: thais_cavalheri@yahoo.com.br
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SILVER NANOPARTICLES COMPLEXED 
TO ALANINE FOR IONIZING RADIATION 

DOSIMETRY
Éder José Guidelli; Ana Paula Ramos; Oswaldo Baffa 

Universidade de são Paulo

alanine has been largely used as a dosimeter in radiotherapy treatments, because it is able to measure 
doses ranging from 1Gy up to kGy with the advantages of linearity, esr signal stability with time, and tissue 
equivalence to the ionizing radiation. however, alanine has poor sensitivity to low doses and photons with 
low energy (below 150 keV). In this context, many efforts have been made in order to increase the sensitivity 
of alanine, by mixing it with compounds of high atomic number. one way to overcome this hindrance 
would be the use of metallic nanoparticles since they can be positioned very close to the alanine molecule. 
this in turn would produce more free radicals in the alanine with the photoelectrons emitted by the metal 
nanoparticle. Moreover, the use of nanostructures would improve the homogeneity of the material, enabling 
the construction of low-size dosimeters for radiosurgery dosimetry. In this sense several samples of a 
hybrid nanostructured material containing different concentrations of silver nanoparticles complexed to 
dl-alanine were synthesized. UV-Vis spectroscopy, X-ray diffraction and electron transmission microscopy 
were used to characterize. results suggested an interaction of the amino radicals from alanine molecules 
with the ag+ ions onto the surface of the nanoparticles. this gives rise to changes in the structure and 
morphology of the nanoparticles as well as in the crystalline structure of the alanine. When used as a 
dosimeter, the alanine complexed with silver nanoparticles presented an increased sensitivity to low energy 
ionizing radiation. the gain in sensitivity depends on the concentration of silver nanoparticles in a non-linear 
regime. the linear dose dependence characteristic of pure alanine was kept.

Contact: ederguidelli@gmail.com
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STUDY OF SENSITIVITY AND LOWER 
DETECTION LIMIT (LDL) OF TLD IN 4 MEV 
AND 9 MEV CLINICAL ELECTRON BEAMS 

USING LIQUID WATER PHANTOM
Bravim, Amanda 1; Sakuraba, Roberto Kenji 1,2; Cruz, Jose Carlos 2; Campos, Leticia 

Lucente 1

1Instituto de Pesquisas energéticas e nucleares/Center of radiation Metrology, são Paulo, Brazil;2 hospital Israelita albert 
einstein/radiotherapy departament, são Paulo, Brazil

the major purpose of clinical dosimetry is to establish a quality control of the radiation beam in order 
to obtain an improvement in the quality of radiotherapy. this paper aimed to evaluated the sensitivity of 
thermoluminescent (tl) dosimeters comparing the performance of detectors produced by IPen, Caso

4
:dy, 

with dosimeters already used in radiotherapy dosimetry, lif:Mg,ti (tld-100) and micro lif:Mg,ti (tld-100) 
produced by harshaw. the dosimeters were previously separated in groups, each with 5 detectors, according 
to their tl individual sensitivities to 60Co gamma-radiation in air and electronic equilibrium conditions. the 
selected dosimeters were irradiated with 4 MeV and 9 Mev clinical electron beams, positioned at depth 
of maximum dose: 4 MeV - 1.0 cm and 9 MeV - 2.0 cm, with absorbed doses of 0.5, 1.0 and 5 Gy using 
a linear accelerator Clinac 2100C Varian. the field size used was 10x10 cm2 with 100 cm of source-
phantom surface distance according to recommended by the technical reports series nº 398 (trs 398) 
of Iaea (International atomic of energy agency). the Caso

4
:dy dosimeters are approximately 26 and  318 

times more sensitive than lif:Mg,ti and microlif:Mg,ti for 4 MeV and 24 and 259 times more sensitive 
than lif:Mg,ti and microlif:Mg,ti for 9 MeV electrons beams respectively. for both energies studied the 
dose-response of Caso

4
:dy, lif:Mg,ti and microlif:Mg,ti dosimeters presented linear behavior on the 

electron dose range from 0.5 to 5 Gy and the ldl of the Caso
4
:dy dosimeter is 20 and 25 times lower than 

lif:Mg,ti and microlif:Mg,ti for 4 MeV and 18 and 20 times lower than lif:Mg,ti and microlif:Mg,ti for 
9 MeV electrons beams respectively. Caso

4
:dy presents similar tl response behavior than lif:Mg,ti and 

microlif:Mg,ti dosimeters with higher sensitivity and lower ldl. this results indicates that Caso
4
:dy can 

be used successfully in radiotherapy dosimetry.

Contact: a.bravim@usp.br
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THERMOLUMINESCENT RESPONSE OF 
CASO4:CD

José Ribeiro de Almeida Neto; Jessica Santana de Oliveira; Fernanda Carla Lima 
Ferreira; Jamerson Silva de Albuquerque Junior; Divanizia do Nascimento Souza 

Universidade federal de sergipe

In the health sector, where ionizing radiation is its largest employment and therefore provides considerable 
amounts of exposure in terms of collective dose, is also where more research is conducted in order to 
enable the greatest benefit in using this type of radiation the lowest possible risk. this study evaluated 
the performance of a new dosimetric material, Caso4:Cd, in powder form, produced by crystal growth. 
this dosimeter is being tested for possible use for measuring exposure to beta radiation. the evaluations 
are performing at the Physics department of the Ufs for use as a thermoluminescent detector (tld). the 
detectors were developed as follows:: the material, after the process of crystal growth, it was granulated 
to obtain particle sizes between 75 and 150 microns; after that, it was heated to a temperature of 900° C 
for 6 uninterrupted hours in order to obtain better characteristics thermoluminescent; following, the whole 
compound was exposed to radiation from a beta source with absorbed doses between 0.5 and 50 Gy, then 
the material was separated into three batch, with the aim of measuring their ability to save information 
(absorbed dose). the first batch had measurement of the tl emission performed within minutes after 
exposure to radiation; the second batch was measured after one week and one month after the three 
weeks. the results showed, through graphics (tl x temperature), the dosimeter’s ability to accurately 
measure absorbed dose from beta radiation and the capacity to store information related to the radiation 
absorbed during these times intervals. now, the dosimetric characteristics are being produced for use in 
monitors with a badge and wristband.

Contact: neto.ribeiro@hotmail.com
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CHARACTERIZATION OF CASO4:DY TO 
GAMMA RADIATION DOSIMETRY

Roman, Jesus; Rivera, Teodoro; Azorin, Juan; Lozano, Ivonne; Calderon, Antonio 

Instituto Politecnico nacional/CICata-legaria

this paper reports the synthesis and thermoluminescent (tl) characterization of Caso4:dy obtained by the 
precipitation method. thermoluminescent Caso4:dy powder and teflon (Ptfe) were mixed in order obtain 
pellets with size f 4mm x 1mm and approximate weight of 23± 2 mg. samples of Caso4:dy were irradiated 
to a radiotherapy source of 60Co using a conventional technique for therapy. tl response of Caso4:dy 
showed a glow curve with two peaks centered at around 164 and 302 _C. tl phosphor showed a good 
linearity in the range of 0.5 to 30 Gy. fading of the tl information was 5.19 % in 37 days and presented a 
standard deviation of 4% for reproducibility.

Contact: riveramt@hotmail.com
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STUDY FOR DEVELOPMENT OF 
DOSIMETER USING STRUCTURED 

POLYMER
Fernandes, David Moreira; Fernandes, Marcos Antônio Rodrigues; Fratoddi, Ilaria; 

Russo, Maria Vitória; Uhle, Erika Bronze; Graeff, Carlos Frefderico de Oliveira

Unesp - Bauru

Polymetallaynes are well known for broad applicability in electronic and electro-optical devices [1] sensors 
[2] and biosensors [3], electroluminescence [4,5] and photovoltaic behavior [6]. In this communication 
the property of gamma rays detection for a Pt containing polymetallayne, Pt-deBP, with a defined chain 
length is reported. the samples were irradiated with 60Co gamma radiation at room temperature with 
radiation doses ranging from 0 to 90 Gy induced changes in the UV-Vis spectrum and in the fluorescence 
of Pt-deBP. the approach adopted was to dilute the polymer in the ChCl3 and toluene solvents in order to 
compare them in four different concentrations (0.05, 0.0375, 0.0200 and 0.01125mg/ml) to examine it 
before and after irradiation with sIeMens GaMatron device therapy equipped with 60Co source (~1.25 
MeV). the irradiation cause a modification in the hoMo-lUMo energy gaps, which is probably connected 
to morphological changes. also can observe the formation of a new band at low wavelengths, which for 
non-irradiated samples do not appear. then the sample will be tested in the Pt dimer in order to understand 
whether he is forming polymers minors. the procedure was realized with toluene for confirmation that is 
no modification in structured. In toluene was not observed a shift in test UV-Vis. these results indicate 
that the effect is associated to radical formation. radicals, which result from the solvent radiolysis, attack 
the polymeric chain, leading to structural alterations and absorption spectrum blue-shift. the number and 
reactivity of these radicals are dependent on the solvent type. larger shifts are observed for solutions with 
halogenated aliphatic solvents. so this effect is not observed with toluene, where halogen atoms are absent. 
such observations are relevant to obtain low-dose dosimetric systems, where the target sensitivity depends 
on the adequate choice of solvent and concentration.

Contact: davidfismed@yahoo.com.br
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THE ANGULAR DEPENDENCE OF TL 
RESPONSE IN SENSITIZED NATURAL 

QUARTZ OF SOLONÓPOLE
Cassola, Vagner F..; Nascimento, Samira R. V.; Souza, Leonardo B. F. 

departamento de energia nuclear / UfPe

this work is part of a study on dosimetric properties of sensitized solonópole Quartz, called Qss-100, 
used as a tl dosimeter for conventional radiological examinations. Qss-100 has a sensitivity 5 times 
greater than tld-100 with respect to X-ray beams with mean energies of 40 keV. the aim of this work was 
to analyze experimentally and computationally the angular dependence of Qss-100. at the Metrological 
laboratory of Ionizing radiation of den-UfPe, the angular dependence was measured by irradiating Qss-
100 dosimeters with a hf 420 Pantak tube, using rQr 5 X-ray beam quality and the results were compared 
with corresponding data calculate with the eGsnrc Monte Carlo code. Good agreement between calculated 
and measured responses was observed. the Qss-100 results showed no dependence for angles between 
-45° and 45°. additionally, the angular dependence was also calculated for radiation qualities rQr3, rQ7 
and rQr9 and again, the Qss-100 showed no dependence for angles between -45° and 45°.

Contact: vagner.cassola@gmail.com
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EVALUATION AND DETERMINATION OF 
QUALITIES FOR MAMMOGRAPHY

Aline Sá do Espirito Santo; José Guilherme P. Peixoto 

the development of studies concerning the quantity air kerma involved in mammography is being 
stimulated by the advisory Committee on Ionizing radiation _ CCrI/BIPM. By this mean, it is necessary the 
identification of the entrance quantities for the experimental proceedings. these quantities are substantiated 
on the radiation qualities, from which the quantities of practical use in radiological diagnosis, such as air 
kerma on the skin surface, air-water kerma product, Ct air kerma index and dose index for Ct, arise. the 
establishment of each quality is based on Brazilian and international norms and protocols, which provides 
reference values. to define the traceability conditions of clinical exams equipments, the qualities that must 
be defined includes the X-ray energy, the radioisotopes targets and the voltage to generate the X-rays. the 
work took place at the Brazilian laboratory of Ionizing radiation _ lnMrI, at the Institute for radioprotection 
and dosimetry _ Ird. to accomplish the study, a X-ray system, with maximum voltage of 60kV, 80ma 
current and 3.5kW power; X-ray wide beams and specific for mammography, the voltage supplied - which 
contributes for the X-ray energy _ of maximum value of 40kV for mammography; the Penelope software 
to generate the spectra and for simulation, based on fortran language, and the associated quantities 
_ rh45, Mo42 and 184W used as targets. this work aims to describe the technological progress that 
plays an important role on the air kerma determination in mammography beams. for such task, it is 
necessary to know the involved criterion for the standards definition and the establishment of the radiation 
conditions. this work fosters the establishment of analytical criteria concerning to the calibration conditions 
to homologate the entrance quantities and to assure that the used equipments are proper and safe. these 
criteria are crucial for the maintenance of life quality and for the researches development.

Contact: alinesah3@gmail.com
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OSL DOSIMETRY FOR QUALITY CONTROL 
OF RADIOTHERAPY CLINICAL BEAMS

Schuch, Franciely F.; Guidelli, Eder J.; Nicolucci, Patrícia 

University of são Paulo

Purpose: dosimetry using optically stimulated luminescence (osl) has potential application for quality 
control in radiotherapy. the objective of this work is to compare the dosimetric response of alumina (al

2
o

3
) 

dopped with silver nanoparticles and alumina dopped with carbon in order verify its possible application 
on in vivo dosimetry in radiotherapy procedures. Method and Materials: dosimeters with 0.5 cm diameter 
20 and 0.3 cm high were produced using pure alumina and alumina dopped with 0.1% ag nanoparticles 
and with 1% carbon. the dosimeters were irradiated using a 10 x 10 cm²  field from a 200 kV beam 
using a siemens stabilipan II radiotherapy clinical unit. a dose of  8 Gy was used on all the experiments. 
the response of the dopped dosimeters were compared to the response of pure-alumina dosimeters. 
results: osl signal curves revealed that the presence of a dopant material increases both the sensitivity 
and the signal-to-noise ratio of the dosimeter. Percent difference of the signal of the carbon tablet with 
respect to carbon-free tablets was found as 38%. the comparison of the tablets with ag nanoparticles 
with the tablets with and without carbon 8% and 46% differences were found respectively. the dopant 
acts increasing the number of traps in the luminescence process and the nanoparticles act increasing the 
radiation interaction probability. Conclusions: the analysis of intensity response curves of the dosimeters 
studied showed suitable characteristics for the application of these materials in radiotherapy. the prospects 
of this work are to study the doping process of the material to assess sensitivity and reproducibility in the 
dosimetric features of the dosimeters for its application on in vivo dosimetry.

Contact: franschuch@yahoo.com.br
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NANOPARTICLES AND 
NANOTECHNOLOGY IN PEDIATRICS 
INFECTIOUS AND OTHER DISEASES

Bajraktarevic Adnan ; Trninic Slobodan; Frankic Teodora; Bulic Belma; Gutic Jasna; 
Hasanovic Moamer

adviser Pediatrican Mr ph Pharmacologist

BaCKGroUnd: the smallest particles contain tens or hundreds of atoms, with dimensions at the scale of 
nanometers, hence nanoparticles. nanoparticles plays an important role in their toxicity and morbidity , it 
is useful to classify them based on their number of dimensions. nanoparticles present possible dangers, 
both medically and environmentally for children. Methods: Molecular nanotechnology is a proposed 
approach which involves manipulating single molecules in finely controlled, deterministic ways. Current 
problems for nanomedicine and aplication in pediatrics involve understanding the issues related to toxicity 
and environmental impact of nanoscale materials. resUlts: among diseases cuased by nanoparticles are 
leukemia (caused by viruses from the retrovirus and herpesvirus families), liver cancer (hepatitis virus), 
gastric ulcer (helicobacter pylori), nasopharyngeal cancer (epstein-Barr virus), kidney stones (nanobacteria), 
severe acquired respiratory syndrome (Corona virus), heart disease (Chlamydia pneumonia), juvenile 
diabetes (Coxsackie virus), pediatric obsessive-compulsive disorder (streptococcal bacteria), psychotic 
disorders (Borna virus), and prion diseases such as mad cow disease. dIsCUssIon: the approaches 
to nanomedicine range from the medical use of nanomaterials, to nanoelectronic biosensors, and even 
possible future applications of molecular nanotechnology. ConClUsIons: Very small particles, so-called 
nanoparticles, have the ability to enter, translocate within, and damage living organisms. Complex drug 
delivery mechanisms are being developed, including the ability to get drugs through cell membranes and 
into cell cytoplasm. efficiency is important because many diseases depend upon processes within the cell 
and can only be impeded by drugs that make their way into the cell.

Contact: bajrakm19@hotmail.com
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X-RAY SPECTROSCOPY APPLIED TO 
THE STUDY OF X-RAY TRANSMISSION 

THROUGH NANOMATERIALS
Roseli Kunzel; Emico Okuno 

Universidade de são Paulo

nanoparticles have become increasingly important in several biomedical applications such as x-ray 
imaging contrast agents, tumor treatment procedures and in the design of lead-free radiological protection 
devices. however, the effectiveness of such applications requires the evaluation of the dependence of x-ray 
absorption on the particle size of materials. In this study we compare the energy absorbed by nanostructured 
and microstructured materials as a function of the x-ray beam energy, material concentration and sample 
thickness. for this purpose, we used Cuo microparticles with a mean particle size of about 56 μm, and 
nanoparticles with size in the range 10 - 100 nm. these particles were incorporated separately into a 
polymeric resin in proportions of 5% and 30% relative to the resin mass. Plates with about 5 x 5 cm2 in area 
and uniform thickness were produced for each material. the x-ray generator was a Philips, model MG 450, 
with a W anode tube. Measurements were performed for beams generated in the range between 25 and 100 
kV tube voltages and transmitted through material thickness between 2 and 25 mm. data were registered 
with an amptek Xr-100t-Cdte detector. the 241am, 133Ba and 152eu sources were used for spectroscopy 
system calibration and efficiency determination. the primary and absorbed spectra were corrected for 
all possible partial interactions of the x-rays with the detector. results show that nanostructured material 
absorbs more radiation than the microstructured ones for both material concentrations in the resin. for 
example, for a 5% particle concentration and material thickness of (5.96 - 0.2) mm, the difference between 
air kerma values is about 16% for 25 kV, 8% for 40 kV and about 2% for 100 kV.

Contact: roselikunzel@gmail.com
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DELIVERY SYSTEM OF SILVER 
NANOPARTICLES BASED ON LATEX 

MEMBRANES: PRELIMINARY RE
Éder José Guidelli; Angela Kinoshita; Oswaldo Baffa 

Universidade de são Paulo

natural rubber latex (nrl) membranes have already been successfully used in drug delivery systems, to 
stimulate angiogenesis and tissue regeneration. In the same way, silver nanoparticles have also been used 
to accelerate wound healing. In this sense, a system containing silver nanoparticles embedded on nrl 
membranes would present an enhanced healing action. the present paper presents the preliminary results 
of the development of a delivery system of silver nanoparticles using nrl as a polymeric matrix: nrl-agnP. 
the synthetic process of silver nanoparticles and its characterization through teM micrographs and UV-Vis 
spectroscopy are presents. the teM micrographs revealed that the silver nanoparticles are spherical with 
diameter size around 30 nm. the UV-Vis spectroscopy of the aqueous solution where the nrl-agnP was 
immersed revealed the liberation of silver nanoparticles by the nrl membranes and the rate of releasing of 
silver nanoparticles was determined. the system is aimed for biological applications as a delivery system of 
silver nanoparticles with potential healing action, specially for dermatological cases.

Contact: ederguidelli@gmail.com
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HYBRID TIO2 NANOTUBES FOR 
APPLICATIONS IN MEDICINE

Faria, Henrique Antonio Mendonça; Queiroz, Alvaro Antonio Alencar de 

Universidade federal de Itajubá /laboratório de Biomateriais

the wide bandgap and large exciton binding energy of tio2 nanotubes may generate new interesting 
applications in nanomedicine after their surface modifications with Zns quantum dots. In this work, the 
hybrid tio2/Zns nanotubes were prepared. scanning electron microscopy (seM), transmission electron 
microscopy (teM), fluorescence spectroscopy and X-ray diffraction techniques have been used to 
investigate the structure, morphology and optical properties of the hybrid tio2/Zns nanotubes. the powder 
Xrd patterns of the tio2/Zns nanocomposites identified the anatase-phase tio2, while the Zns exhibited 
the sphalerite-phase. the prepared tio2/Zns nanotubes showed new optical properties concerning about 
the absorption, which is different from those of the tio2 or Zns. Compared with tio2 and Zns, it was 
observed a blue shift of the UV absorption band for the hybrid tio2/Zns nanotubes. the method of UV/
VIs diffuse reflectance spectroscopy was employed to estimate the band-gap energies of the synthesized 
tio2/Zns nanocomposite. the pure tio2 nanotubes shows high emission at 395 nm, corresponding to 
its bandgap of 4.2 eV (photon wavelength is about 300 nm). the value of band-gap energy decreases 
with increasing content of Zns. the sulphur from Zns appears to be able to dopping the tio2 nanotubes 
surfaces, decreasing the value of band-gap energy. In order to use the synthesized tio2/Zns for in vivo 
bio-cell labeling their emission spectra were obtained by excitation at 488 nm. the tio2 coated with Zns 
quantum dots (Qds) showed good bio-imaging capability on plant cells.

Contact: henrique.fisica@yahoo.com.br
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ULTRASHORT CARBON NANOTUBE 
BASED MULTIFUNCTIONAL PROBE AS A 

CONTRAST AGENT FOR PET/MRI
Papaléo, Ricardo M.1; Matson, Michael L.2; Wilson, Lon J.2; Catana, Ciprian3; Caravan, 

Peter3; Moore, Anna3; Medarova, Zdravka3  
1,3Pontifical Catholic university of rio Grande do sul, Porto alegre, Brazil; 2department of Chemistry, smalley Institute for 

nanoscale science and technology, rice University, houston, tX, Usa; 3a. a. Martinos Center for Biomedical Imaging, 
Massachusetts General hospital, harvard Medical school, Charlestown, Ma, Usa

We report on the synthesis and preliminary tests of a carbon nanotube based contrast agent for MrI and 
Pet. Ultra-short single wall carbon nanotubes (20-100 nm long) were impregnated with GdCl3 and 64CuCl2 
following a synthetic route developed at rice University. the resulting structure is of carbon nanotubes 
internally loaded with composite clusters of paramagnetic Gd3+ (content of 3% by mass) labeled with 
64Cu. such GdCu@us-sWnt nanoprobe can act as a dual probe for Pet/MrI due to the action of the Gd 
ions as t1 contrast agent combined with the b+ emission of 64Cu. the loading of the tubes takes ~4h and 
is compatible with the 12.5h half-life of 64Cu. the hydrophobic tubes were suspended in aqueous solution 
of 1% Pluronic® for the tests of the probe performance and for in vivo injections, at an initial concentration 
of ~3mg/ml. a phantom loaded with different concentrations of the probe was used to acquire t1 and t2 
maps in a 3t Pet/MrI brain system (siemens) installed at the Martinos Center. t1 and t2 measurements 
were also performed in a relaxometer of 60 Mhz both for dispersions of the probe in pluronic and in rat 
serum. It was seen that the probe shortens significantly the t1 and t2 of the solution in the test tubes and 
serum. the kinetics of the probe in vivo was studied using fisher 344 rats by injecting 1.1 ml of the probe 
and analyzing the t1 and t2 values of blood samples collected in subsequent times. the maximum effect 
was observed 2h post-injection. In ~4h, t1 and t2 values returned to their initial values. despite the good 
performance of the probe in vitro, preliminary in vivo tests on rats with implanted with glioma tumor cells 
indicated a weak alteration of the MrI signal, mainly in the liver. the low Gd concentration and low solubility 
of the pluronic-coated tubes are, at present, limiting their use for in vivo imaging. new amphiphilic coatings 
need to be tested to improve water solubility of the probe and increase the effective Gd content in vivo.

Contact: papaleo@pucrs.br
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DOSIMETRIC RESULTS OF QUALITY 
CONTROL ACHIEVED WITH 2D 

IONIZATION CHAMBERS ARRAY MATRIX
De Chiara, Ana Cláudia Magni; Neves-Junior, Wellington Furtado Pimenta; Alves, Tatiana 
Midori Martins Telles; Nascimento, José Eduardo Vaz; Mancini, Anselmo; Pelosi, Edilson 

Lopes; Haddad, Cecília Maria Kalil

hospital sírio-libanês

the dosimetric tests are essential to ensure the quality of radiotherapy treatment. Usually, theses tests are 
performed with ionization chambers. however, new measurement instruments provide practical tools for 
dosimetric analysis. the purpose of this work is to evaluate a series of 17 months of dosimetric quality 
control test results in three linear accelerators, performed with a 2d ionization chamber array. It was also 
evaluated the agreement between the dosimetry using this system with the traditional farmer ionization 
chamber setup in water. It was used the MatriXX evolution system within polymethylmethacrylate plates 
to compose the scattering material. the analyses of absolute point dose, symmetry and flatness were 
performed using omniPro-I´mrt software. since the measurements were not performed on the standard 
reference set-up, new tolerance levels were set. the results show that the quality control performed with 
MatriXX provides a practical, fast and precise evaluation method for the dosimetric parameters quality 
assurance of linear accelerators. the difference between the absolute dose measurements with the 2d 
array and the ionization chamber follows approximately normal distribution and are mostly within 2%, thus 
it can be concluded that the system used allows the verification of possible fluctuations in constancy of 
dosimetric parameters.

Contact: claudia.dechiara@gmail.com
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CHARACTERIZATION OF AN 
EXTRAPOLATION CHAMBER AS A 

PRIMARY STANDARD DOSIMETER FOR
Sibele Reis Reynaldo; Jhonny Antonio Benavente Castillo; Teogenes Augusto da Silva 

Centro de desenvolvimento da tecnologia nuclear

Patient therapy with beta or electron radiation fields requires high accuracy determination of absorbed 
dose in tissue. dose equivalent quantities are also looked for to be determined for radiation protection 
purpose in the case of skin or eyes human exposures due to accidents or in normal practices. due to the 
low penetration and high scattering in matter characteristics, beta radiation is not as simple as gamma 
dosimetry. reliable measurements start in primary measurements of the absorbed dose in tissue that 
is done by the only primary standard dosimeter available, an extrapolation chamber. the 23392 PtW 
extrapolation chamber is intended to be used as a primary standard dosimeter for beta radiation fields. 
Characteristics in terms of ionization current saturation, true null depth and response to air density changes 
were determined. results provided preliminary data to be used for appropriate corrections for determination 
of absorbed dose in tissue.

Contact: sirr@cdtn.br
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DEVICE PARAMETER ANALYSIS METHOD 
FOR DOSIMETRY IN RADIOTHERAPY AND 

RADIODIAGNOSTICS
Santos, Luiz; Carvalho, Leonardo; Silva, Malana 

Cnen/CrCn - recife

In this communication an innovative method for dosimetry in radiation fields used either to diagnosis or 
radiotherapy is presented. the method is based on the parameter analysis of an electronic device which 
works as an ionizing radiation detector. although not required, such a device is built of semiconductor 
material and has miniature size. this feature is suitable to provide an electronic equilibrium for dosimetry 
in radiation beams which the field size is narrow or small like in computed tomography or radiosurgery, 
respectively. there are several electronic components that can be used as particle detector: a bipolar 
junction transistor (BJt), Mosfet, photodetector, Zener, trIaC (thyristor for alternated Current) and others. 
to apply the parameter analysis method the user must have a minimum knowledge about the device chosen 
to work as a radiation detector. Generally, an electronic component has two terminals for input signal and 
two terminals for output signal, and its readout depends on a physical quantity which is named here as 
the radiation dose parameter (rdP), for example, current, voltage, resistance, capacitance, amplification 
factor, sensitivity for light photons, etc. actually, the method can be used with four, three or two-terminal 
devices since it is properly biased so that its rdP signal can be measured. In this work, a particle detector 
parameter analyzer (PdPa®) was developed at nuclear Instrumentation laboratory (lIn/CrCn-ne/Cnen) 
to bias several types of electronic components under radiation beams and simultaneously measure their 
rdP signal. selected results can show that it is possible to obtain a high correlation between rdP signal 
and entrance dose of radiation beams used to diagnosis and radiotherapy, r2=0.99986 and r2=0.9987, 
respectively.

Contact: lasantos@cnen.gov.br



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil388

Poster - Radiation Dosimetry - Wednesday, April 20

18
th

 In
te

rn
at

Io
na

l 
Co

nf
er

en
Ce

 o
n 

M
ed

IC
al

 P
hy

sI
Cs

 -
 2

01
1 Code: 429 – Session: PO-WE-RD-04

PERFORMANCE OF A RING-SHAPED 
MONITOR IONIZATION CHAMBER IN 
STANDARD RADIOTHERAPY BEAMS

Groppo, Daniela; Yoshizumi, Maíra; Caldas, Linda 

Instituto de Pesquisas energéticas e nucleares

Monitoring the X-ray intensity is very important in order to obtain an accurate dose delivery to patients. this 
accuracy is one of the most important points for the success of a radiotherapy treatment. therefore, a ring-
shaped ionization chamber was developed at Instituto de Pesquisas energéticas e nucleares to be used 
as a monitor chamber for X-radiation beams. this monitor ionization chamber is composed by a PMMa 
body, collecting electrode and guard ring made of graphite, and an entrance window of thin aluminized 
polyester foils. It has a central hole for the radiation beam. the main advantage of this kind of ionization 
chamber in relation to commercial monitor chambers is the changeless characteristics of the beam, since 
the radiation is not intersected directly by the chamber, due to its central hole. as characterization tests 
have been performed with satisfactory results using diagnostic radiology X-ray beam qualities, in this work 
the chamber was studied using radiotherapy qualities.

Contact: dpgroppo@ipen.br
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CHANGES IN DOSE DUE TO SCATTERING 
OF PARTICLES IN THE COLLIMATION 

SYSTEMS OF LIN
S. Agustín Martínez Ovalle 

Universidad Pedagógica y tecnológica de Colombia

the this work is evaluated possible changes to the dose delivered by an accelerator photon and an electron 
accelerator, the dispersion of these particles with the change in position, collimation systems used for the 
creation of fields in radiotherapy. the calculations are made in a Kds siemens linear accelerator operating 
at 18 MeV in the electron configuration and on a siemens Primus accelerator operating at 15 MV photons 
in the settings. In both cases studied the effect of scattering when one of the four jaws is brought to 
the position of the origin, and compared with the calculation when the jaws are forming a square field. 
We studied the profiles of these particles deposited dose in air and water phantom in the isocenter and 
comparing the two systems to analyze the effect of dispersion. Moreover, we investigate the spectrum of 
influence on the isocenter to study possible changes in energy that can cause this effect. Calculations 
were made with the code MCnPX 2.5, simulating in each case the geometry of each of the heads of 
the accelerators as specified by the manufacturer. Was carried out prior to the respective tuning yields 
measured depth in the hospital

Contact: segundo.martinez@uptc.edu.co
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EVALUATION OF THERAPLAN PLUS 
ALGORITHM FOR EXTENDED SSD SETUP

Barbosa, Diana; Avelino; Samuel; Duarte; Cristina; Silva; Luis Felipe; Nakashima; Juliano 

University hospital of Brasilia

there are radiotherapy treatments which field sizes larger than possible with usual source to surface 
distances (ssd) are required. a usual solution is the use of two adjacent fields with a moving gap. however, 
this setup can lead to a systematic underdose and it doesn_t avoid overdosed regions, since there is field_s 
superposition from a certain depth. this problem could be solved with the use of an extended source-
surface distance setup, substituting two fields for one. a concern about this setup is the dependence 
between Pdd and dose profile with ssd. the purpose of this study is to evaluate the dose calculation of 
theraplan Plus (tPP), Mds nordion, version 3.8, treatment planning system (tPs) for extended ssd. the 
evaluation was performed by comparing calculated and measured doses (used as benchmark). It was 
compared field profiles and absorbed doses calculated by the tPs with ionization chamber measurements 
for 140 cm ssd. It was measured half beam profiles (in plane direction) for the field 10x40 cm2 at following 
depths: 1.6, 3, 5, 8 and 10 cm. at these depths, it was measured central axis absorbed dose for different 
fields: 5x40, 8x40, 10x40 and 20x40 cm2. the measurements were performed with ionization chamber 
PtW with 0.125 cc in a water phantom for 6 MV Primus/siemens photon beam. It was delivered 50 MU for 
each measurement. the calculated field profiles for all depths did not present deviations greater than 3% or 
2mm distance to agreement. the tPP central axis absolute dose calculations had an excellent agreement 
for all fields_ sizes and depths (deviations less than 1%). the results show that it_s not necessary perform 
corrections on tPP, neither manufacture specific dose modifier. therefore, an extended ssd setup can 
safely be used for treatments with large field size (up to 56 cm).

Contact: samuel.fismed@gmail.com
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USE OF COMPUTED RADIOGRAPH FOR 
LINACS QUALITY CONTROL

Avelino, Samuel Ramalho; Silva; Luis Felipe; Duarte, Cristina 

University hospital of Brasilia

radiographic films have been a common tool for Quality Control (QC) tests for linear accelerators (lInaCs). 
the published protocols teCdoC 1151 (Iaea) and tG 40 (aaPM) propose the use of radiographic films 
to ensure that light and radiation fields are coincident and to verify gantry, collimator and couch rotation 
isocenters. however, digital images are available through new technologies (electronic Portal Image 
device - ePId, Computed radiograph - Cr), compromising the acquisition of these films. the aim of this 
study is show that Cr can be used for QC tests in a Primus/siemens linac. this study compared images 
obtained with X-omatV KodaK radiographic films scanned by a VIdar dosimetry Pro scanner, and digital 
images acquired with oncologic cassettes fUJI, fCr Capsule. Both used 35x43 cm2 cassettes and results 
were evaluated trough doselab 4.11 software. We first assessed gantry, collimator and couch rotation 
isocenter diameters. these tests were done according to teCdoC 1151 recommendations and setups. for 
conventional films measurements we used 50 MU for each beam position; for Cr it was used 2 MU. We 
also verified the coincidence of light and radiation fields for 10x10 and 20x20 cm2 collimators. finally, we 
compared the dosimetric field_s length. the rotation isocenter diameters results were as follow: Gantry _ 
0.54 mm (conventional) x 0.92 (Cr); UPPer CollIMators _ 0.37 mm (conventional) x 0.50 (Cr); loWer 
CollIMators _ 0.29 mm (conventional) x 0.20 (Cr); CoUCh _ 0.07 mm (conventional) x 0.06 mm (Cr). 
the light and radiation fields coincidence were the same for the two methods. no significant difference 
was found among fields sizes measured with films and Cr. together; the results show that there is an 
agreement between the conventional films and Cr for lInaCs QC tests. therefore, the use of Cr images 
for QC is valid and becomes a very simple method to replace conventional films.

Contact: samuel.fismed@gmail.com
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ABSORBED DOSE IN UTERINE CERVIX 
CANCER FOR BRACHYTHERAPY HDR

Andrea Velasco Vázquez; Teodoro Rivera Montalvo 

Instituto Politecnico nacional/CICata-legaria

In this work, absorbed doses measurements in high dose rate brachytherapy (hdrB) for uterine cancer 
using shielded applicators were obtained. radiation measurements were made using commercial 
thermoluminescent dosemeters of lithium fluoride doped with magnesium and titanium. dosimetric effects 
upon both single shielded ovoid dose distribution as well as single unshielded ovoid containing encapsulated 
192Ir were investigated. In order to verify the prescribed doses, the dosemeters were located at different 
distances from the ovoid surface to 5 cm. experimental results were compared with those calculated by 
the Brachy Vision treatment planning system. Measurements were performed within a shielded vaginal 
colpostats, thermoluminescent dosimeters (tld) using Manchester technique. the planar dose distributions 
around a high activity 192Ir were measured and normalized to catheter oriented transverse plane dose 
points using an ovoid 2.5 cm under the presence of tungsten shield. results showed that dose distribution 
on the transverse plane of the unshielded ovoid was most uniform. Meanwhile, dose distribution with 
shielded ovoid was anisotropy; this could be tungsten shielding effects.

Contact: trivera@ipn.mx
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HIGH ELECTRON BEAM DOSIMETRY 
USING ZIRCONIUM OXIDE 

NANOPARTICLES
Teodoro Rivera Montalvo1, Juan Azorín Nieto2, Manuel García Hipolito3

1Instituto Politecnico nacional/CICata-legaria; 2Universidad autónoma Metropolitana-Iztapalapa; 3Universidad nacional autónoma 
de Mexico/IMM

the aim of the present work is to determine dosimetric characteristics of high electron beam from 
linear accelerator (lInaCs) for clinical applications using zirconium oxide nanoparticles embedded in 
polytetrafluorethylene (Ptfe). the irradiations were carried out using high electron beams (2 to 18 MeV) from 
a linear accelerator (lInaC) Varian, ClInaC 2300C/d, for clinical practice purpose. the electron irradiations 
were obtained by using the water solid in order to guarantee electronic equilibrium conditions (eeC). field 
shaping for electron beams was obtained with electron cones. Glow curve and other thermoluminescent 
characteristics of Zro2 were conducted determined under high electrons beams irradiations. the tl 
response of the pellets showed an intensity peak centered at around 237_C. tl response as a function of 
high electron absorbed dose showed a linearity in a wide range. to obtain reproducibility characteristic, a 
set of pellets were exposed repeatedly for the same electron absorbed dose. the results obtained in this 
study can suggest the applicability of Zro2 pellets for high electron beam dosimetry, provided fading is 
correctly accounted for.

Contact: trivera@ipn.mx
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STOPPING POWER AND RANGE OF 
ELECTRONS MONOENERGETIC IN 

RADIOTHERAPY USING GEANT4
Anna Luiza Metidieri Cruz Malthez, Marcio Aparecido Muller, Vera Lucia da Silveira 

Nantes Button

Universidade estadual de Campinas

the study of interaction of radiation with matter is a field of great interest in the medical physics. the 
computational simulation tools as Monte Carlo have been used in this field. the Geant4 code is a toolkit 
that incorporates several physical processes and particles which allow its application in medical physics, 
in particular, in the area of radiotherapy. In this work we performed simulations of monoenergetic electrons 
in the energy range used in radiotherapy, and compared the results with results of range and stopping 
Power already published by nIst. the simulated results of stopping power of electrons were very close of 
published with a maximum percentage difference of 12% and the simulated results of range of electrons 
were very close of published, showing that Geant4 is appropriated to electrons simulations with energy in 
the range of radiotherapy.

Contact: annaluizacruz@gmail.com
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EXPERIMENTAL VALIDATION OF A NEW 
SKIN DOSIMETRY

Antunes, Paula Cristina Guimarães; Fonseca, Gabriel Paiva; Siqueira, Paulo de Tarso 
Dalledone; Yoriyaz, Hélio; Furnari, Laura; Santos, Gabriela Reis

Instituto de Pesquisas energéticas e nucleares

this paper presents a assessment of the skin dosimetry  in a voxel phantom of the transport code MCnP 
(Monte Carlo n-Particle) using a new methodology for the skin discrimination. this methodology proposes 
subdividing the skin voxel phantom volume elements discriminating it with thickness and localization 
similar to the real. therefore it was proposed a reproduction in the MCnP code of an experiment using 
anthropomorphic phantom irradiated with electron beams of the Varian 2100C linear accelerator of “hospital 
das Clínicas da Universidade de são Paulo”, looking up for a validation of the calculated data. from the 
comparison of experimental data with the calculated one it was verified the importance of the correctly skin 
discrimination to obtain more reliable calculated dosimetric assessments, more reliable and accurate

Contact: pacrisguian@usp.br
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ANALYSIS OF HETEROGENEITY 
CORRECTION OF THE PLANNING 
SYSTEM XIO-CMS IN IMRT PLAN

Lenadro Rodrigues Fairbanks; Marina Fontes Maciel; Gustavo Lazaro Barbi; Edenise C 
Bertucci; Leonardo Lira do Amaral; Harley Francisco de Oliveira

hospital das Clinicas de ribeirão Preto

radiotherapy that uses Intensity Modulated radiation therapy to the beams (IMrt) is a mode that employs 
nonuniform fluencies capable of generating isodose curves well conformed to the target volume preserving 
the adjacent regions. the human body has diverse structures with different electronic densities, such 
as bone, soft tissue, and air cavities. the complexity of the heterogeneity correction utilization in this 
mode is due to the small effects of the impact fields generated by the planning system, the presence of 
heterogeneous tissues and the high gradient of fluencies generated. the aim of this study was to analyze 
the heterogeneity correction of the planning system Xio-CMsin heterogeneous phantoms through the 
gamma function and the absolute dose at the isocenter. this study examined six IMrt plans in solid water, 
cork and aluminum phantoms using the criteria of 3% dose difference and 3 mm distance to agreement. 
the average value found for the gamma function was 97,04% approved of pixels, and none of the plans 
had more than 6% of the pixels fail by the gamma function criterion used. the largest percentage difference 
between the gamma function of aluminum and cork phantom and the gamma function of the solid water 
phantom, was 3.65% and 3.54% respectively, while the average for aluminum is 1.11% and for cork 
is 1.63% the average difference between the absolute dose calculated at the isocenter in the planning 
system and the absolute dose measured at the isocenter by 2d ion chamber array was 1.24%, the largest 
percentage difference of 3.43% shown for the aluminum phantom. thus, it is concluded that the planning 
system corrects the presence of heterogeneous tissues properly.

Contact: lefairbanks@yahoo.com.br
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CHARACTERIZATION OF ISO 4037 
RADIATION PROTECTION X-RAY BEAMS 

FOR MONITOR CALIBRATION
Geovani Pires Pena1; Ricardo Andrade Terini1; Marco Aurélio Guedes Pereira2; Silvio 

Bruni Herdade2 

1 Pontifícia Universidade Católica de são Paulo (PUC-sP); 2 Instituto de eletrotécnica e energia da Universidade de são Paulo 
(Iee-UsP)

In radioprotection, Geiger-Müller detectors are used mainly as hand-held radiation monitors. however, 
handling in different conditions may result in changes in their response. reliability of measurements can 
be achieved through periodic calibration of such equipment. this work is result of a project to develop 
a methodology to characterize Iso 4037-1:2000 standard X-ray beams, as recommended in Iaea 
radioprotection standards, at the Iee-UsP Ionizing radiation Metrology laboratory (lMrI). Characterization 
of radiation beams is usually based on parameters such as X-ray tube peak voltage (kVp) and half-value 
layer (hVl). for kVp determination, it was used a Cdte spectrometer, a positioning and alignment system, 
collimators and a constant potential X-ray emitting system. the detector was energy calibrated and had its 
intrinsic efficiency determined from measured spectra of X- and g-rays from am-241 and Ba-133 radioactive 
sources. subsequently, measured tube X-ray beam spectra were used as standards for determining the 
maximum energy of photons (since hνmax= e.kVp). this was done by a least squares method linear 
regression, applied to the higher energy end of measured spectra. the hVl thickness were determined by 
logarithmic interpolation of the Cu thickness corresponding to the air kerma rates immediately larger and 
smaller than half of the rate obtained without filtration. Measurements began by the Iso-narrow series, and 
the experimental spectra of the characterized beams were also determined. for hVl measurements, a 30 
cm3 ionization chamber was used distant 99.5 cm from the focal spot. for nominal kVp values of 40 kV 
and 100 kV, respectively, it was obtained 40.03(10) and 100.15(17) kV. for these voltages, obtained hVl 
values were 0.079(5) and 1.138(52) mmCu, with deviations from standards inside uncertainties. Project 
should continue with characterization of other series of Iso beams and development of a methodology for 
calibration of monitors based on GM detectors.

Contact: geovani_down@hotmail.com
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CALIBRATION OF RADIATION MONITORS 
AT DIFFERENT SOURCE-DETECTOR 

DISTANCES IN STANDARD 90Sr+90Y BEAMS
Antonio, Patrícia L.; Caldas, Linda V.E. 

Instituto de Pesquisas energéticas e nucleares, IPen/Cnen-sP

radiation protection monitors have to be calibrated in standard conditions and in terms of the radioprotection 
quantities. the Calibration laboratory (lCI) of the Instituto de Pesquisas energéticas e nucleares (IPen) 
offers calibration services of these kinds of monitors, in relation to beta radiation, since the 80_s; the 
measurements are taken at the calibration distances given in the source calibration certificate from the 
German primary dosimetry laboratory: Physikalisch-technische Bundesanstalt (PtB). however, there are 
instruments that do not allow their calibration at these reference distances, because absorbed dose rates 
in these conditions are not adequate. the objective of this work was to establish a procedure to calibrate 
the monitors with 90sr+90y sources at other distances. the inverse square law of the response of an 
ionization chamber was verified. a parallel plate ionization chamber developed at lCI was used in this study. 
Measurements of the ionization chamber were taken at different distances between source and detector, 
and the inverse square law was verified, allowing its application in the calibration of radiation monitors.

Contact: patrilan@ipen.br
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RELATION BETWEEN THE ABSORBED 
DOSE AND THE EXPOSURE INDEX LGM 

FOR COMPUTED RADIOGRAPHY
Silva, Thiago; Yoshimura, Elisabeth 

Institute of physics, são Paulo University

Computed radiography (Cr) is gradually replacing conventional screen-film system, using a storage-
phosphor image plate (IP) loaded into a cassette. Cr images can be stored and analyzed in a computer. 
the Cr system used for this study (agfa model 30-X with nX acquisition software) calculates an exposure 
index for each image called lgM (log Median), related to the absorbed dose to the IP. the lgM value 
depends on the average gray level of the pixels in the whole image, called scan average level (sal), which 
can also be obtained with nX program. the objectives of this study are to obtain a relation between the 
absorbed dose and lgM value, and to verify if it is possible to decrease the absorbed dose to the patient 
without compromising the image quality. the parameter used for evaluating the image quality was the 
signal to noise ratio (snr). a water phantom (32x16x32 cm3) was used to simulate a human chest, and 
was irradiated with an x-ray equipment, varying the voltage, current and additional filtration. two ionization 
chambers (radcal; volumes 6 cm3 and 180 cm3, calibrated for radiology beams) were used to evaluate 
the phantom entrance dose (6 cm3 chamber) and the phantom exit dose (180 cm3 chamber). for each 
irradiation one image of the phantom was made with the Cr system. according to the results it is possible 
to decrease the entrance dose without significant changes to exit dose, lgM, and snr. the snr study 
showed that for copper filters the rate of change of snr with the exit dose is higher than for aluminum. so, 
the use of large atomic number filters can be advantageous for improving the image quality.

Contact: thiago.rodrigues.silva@usp.br
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USING A TANDEM IONIZATION CHAMBER 
FOR QUALITY CONTROL OF X-RAY 

BEAMS
Maíra Tiemi Yoshizumi; Linda V E Caldas 

Instituto de Pesquisas energéticas e nucleares

X-ray beam qualities are defined by both the mean energies and by the half-value layers. Many international 
protocols use the half-value layer and the beam voltage to characterize the X-ray beam quality. a quality 
control program for X-ray equipment includes the constancy check of beam qualities, i.e., the periodical 
verification of the half-value layer, which can be a time consumable procedure. a tandem ionization 
chamber, developed at Instituto de Pesquisas energéticas e nucleares, was used to determine the hVl 
and its constancy for five radiotherapy standard beam qualities. this ionization chamber is composed 
by two sensitive volumes with inner electrodes made of different materials: aluminum and graphite. the 
beam quality constancy check test was performed during two months and the maximum variation obtained 
was 1.24% for the radiation beam quality t-10. this result is very satisfactory according to national 
recommendations.

Contact: mairaty@ipen.br
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CHARACTERIZATION OF A 
NEW IONIZATION CHAMBER IN 

RADIOTHERAPY BEAMS: ANGULAR 
DEPENDENCE AND VARIATION WITH 

DISTANCE
Silva, Jonas Oliveira da; Caldas, Linda Viola Ehlin 

IPen - Cnen/sP

a new double faced ionization chamber was constructed at the Calibration laboratory of IPen. It has 
different collecting electrode materials: aluminium and graphite. It was irradiated in standard radiotherapy 
beams (60Co and X-rays). the chamber response variation with distance and the angular dependence of this 
ionization chamber were evaluated. It was verified that the chamber response follows the inverse square 
law within a maximum variation of 11.2% in relation to the reference value. for the angular dependence it 
showed good agreement with international standards.

Contact: jonas.silva@ipen.br
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CALCULATION OF CORRECTION 
FACTORS FOR DOSIMETERS 

THERMOLUMINESCENT OF LITHIUM 
FLUORIDE (LIF-100) FOR USE IN 6MV 

PHOTON BEAMS
Giglioli, Milena; Gonçalves, Vinicius D; Fernandes, Marco Antonio Rodrigues; Yoriyaz, 

Helio 

Ipen/Cnen

since the beginning of its use, radiation has already presented harm, justifying the necessity of controlled 
use. In order to monitor its effects and even avoid them, dosimetry has arisen. for the purpose of ensured 
all the necessary safety and monitor areas where there is radiation use, a lot of devices able to identify 
and quantify many types of radiation were developed. however, some these dosimeters are more widely 
used today like ionizing chamber, chemical dosimeters, photographic dosimeters and thermoluminescent 
dosimeters (tld). When a group of tld is obtained with a quantity n of dosimeters, there is a variation of 
answer of these dosimeters when they are subjected to the same irradiations conditions, from this comes 
the importance of individual calibration of these, to select the dosimeters with close answers, reducing the 
uncertainties of the measures. therefore, this work presents the calculation of correction factors for the tld 
of lithium fluoride (lif-100) and shows how this factors can improve the tld’s readings.

Contact: milenagiglioli@gmail.com
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ANGULAR DEPENDENCE TESTS OF AN 
IONIZATION CHAMBER DEVELOPED FOR 

DETERMINING THE X RADIATION FIELD 
HOMOGENEITY

Lucio P. Neves1, Ana P. Perini1, Marcos Xavier1, Helen J. Khoury2 and Linda V. E. Caldas1

1Instituto de Pesquisas energéticas e nucleares - Comissão nacional de energia nuclear (IPen-Cnen/sP), sP, Brazil; 
2Universidade federal de Pernambuco, departamento de energia nuclear, Pe, Brazil

Pencil ionization chambers are widely, if not exclusively, used for computed tomography (Ct) dosimetry. 
some studies pointed for the possibility of using this type of ionization chambers in other radiation beams, 
showing that they can be extended for other types of radiation. as these ionization chambers have a small 
thickness, this work presents a new type of pencil ionization chamber, that was especially designed for 
determining the radiation field homogeneity. this ionization chamber has a 1.00 cm sensitive volume length, 
instead of the usual 10 to 15 cm of commercial chambers. In this work the operational characteristics of 
this new ionization chamber, as the angular dependency and the linearity of response, were evaluated. the 
results were all in agreement with the IeC 61674 recomendations.

Contact: lpneves@ipen.br



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil404

Poster - Radiation Dosimetry - Wednesday, April 20

18
th

 In
te

rn
at

Io
na

l 
Co

nf
er

en
Ce

 o
n 

M
ed

IC
al

 P
hy

sI
Cs

 -
 2

01
1 Code: 443 – Session: PO-WE-RD-20

PRELIMINARY CHARACTERIZATION OF A 
HOMEMADE IONIZATION CHAMBER FOR 

USE IN COMPUTED TOMOGRAPHY
Ana P. Perini1, Lucio P. Neves1, Marcos Xavier1, Helen J. Khoury2 and Linda V. E. Caldas1

1Instituto de Pesquisas energéticas e nucleares - Comissão nacional de energia nuclear (IPen-Cnen/sP), sP, Brazil; 
2Universidade federal de Pernambuco, departamento de energia nuclear, Pe, Brazil

In this work an ionization chamber was developed for use in dosimetry of computed tomography (Ct) 
medical equipment. the main difference between this Ct ionization chamber and commercial Ct ionization 
chambers is the material that it is made of. In the construction of this chamber only national low-cost 
materials were utilized. to evaluate the performance of this chamber several pre-operational tests were 
undertaken, as saturation curve, recombination loss and polarity effect that showed satisfactory results. the 
response stability (short- and medium-term stability tests) and stabilization time showed also good results, 
within the international recommendations. Besides the good results, this ionization chamber presents a 
simple design and it is made using only low-cost materials.

Contact: paulaperini@gmail.com
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OPTIMIZATION OF THE EVALUATION 
OF IMPORTANT PARAMETERS FROM 

THE STANDPOINT OF RADIOLOGICAL 
PROTECTION, FOR RADIOTHERAPY, 

THROUGH TLD USE
Giglioli, Milena; Fernandes, Marco Antonio Rodrigues; Yoriyaz, Helio; Gonçalves, Vinicius 

D 

Ipen/Cnen

the proposed methodology aims to optimize the evaluation of important parameters from the standpoint of 
radiological Protection, the ensure that factors calculated only during commissioning are assessed more 
frequently, even with the exhausting of physicists in hospitals. through this methodology, it was shown that 
irradiations with only few are able to evaluate several parameters in different positions and depths, making 
evaluation more practical and fast. the results showed that the thermoluminescent dosimeters used had a 
slightly higher deviation, however, can still be used for a initial assessment and if something is found wrong 
in this, another dosimeter more precise, but with more complex methodologies and time-consuming, would 
be employed, such as ionization chambers, for example.

Contact: milenagiglioli@gmail.com
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MEASUREMENT OF CHARACTERISTIC-
TO-BREMSSTRAHLUNG RATIO OF 

TUNGSTEN X-RAY SPECTRA
Paulo Roberto Costa; Adriana Hui So 

Physics Institute/nuclear Physics department, University of  são Paulo

the spectrum emitted by an x-ray tube has two components: the continuous radiation (bremsstrahlung) and 
characteristic radiation. It is known from studies over the past century that the continuous spectrum is a 
consequence of the Coulomb interaction that occurs between the incident charged particle and the atomic 
nucleus. But the characteristic portion was only understood later with the studies of sommerfeld and the 
atomic theory of Bohr, which says that the characteristic lines of the x-rays spectrum are consequences 
of the reorganization of the orbital electrons after the interaction with an incident particle. With improved 
computing power, the spectrum of x-rays has been studied extensively; computer models were developed 
to study the theoretical behavior of the beam. Moreover, spectral measurements has been performed 
and used in comparison with the theoretical results. however, issues such as the ratio between the 
characteristic lines and continuous spectra (CBr) are not considered, checking the discrepancy between 
theory and practice. this study aims to undertake a review of theoretical results of the relationship between 
bremsstrahlung radiation and characteristic lines (CBr), besides to analyze and compare these results with 
measured and published data.

Contact: pcosta@if.usp.br
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ENERGY DEPENDENCE STUDY OF PEN 
DOSIMETERS

Nonato, Fernanda Beatrice Conceição; Cescon, Claudinei Tadeu; Caldas, Linda Viola 
Ehlin 

IPen-Cnen/sP

after the calibration of fifteen direct reading dosimeters (pen dosimeters) with gamma radiation (60Co), they 
were tested with another gamma radiation source (137Cs) and with beta radiation (90sr+90y). the objective 
of this work was to study the gamma energy dependence and the difference in relation to the radiation 
type of these instruments. the results show that there is a very low energy dependence for 137Cs and 60Co 
beams. however, when the responses of the direct reading dosimeters for gamma (60Co) and beta (90sr+90y) 
radiations were compared, high radiation type correction factors were obtained.

Contact: ferbeatrice@gmail.com
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ENTRANCE SKIN DOSES 
MEASUREMENTS IN MAMMOGRAPHY BY 

THERMOLUMINESCENT TECHNIQUE
Laura Palacios Pérez; Teodoro Rivera Montalvo; J. Antonio Calderón Arenas 

Instituto Politécnico nacional/CICata-legaria

of the various techniques that can be used for personnel dosimetry, thermoluminescence dosimetry has 
emerged as a superior technique due to its manifold advantages over other methods of dose estimation. 
Various phosphors have been therefore investigated regarding their suitability for radiation dosimetry. In 
this paper, a dosimetry system based on thermally stimulated luminescence (tsl) from nanoparticles of 
zirconium oxide (Zro2) phosphors embedded in polythetrafluoretilene (Ptfe) was developed for entrance 
skin doses measurements (esd) in mammography. small Zro2 pellets of 5 mm in diameter and 0.8 mm in 
thickness were used. Measurements both per unit air kerma and absorbed dose were performed using a 
mammography unit model Glory elscintec. experimental results indicate a considerable potential for use in 
routine control dose measurements in mammography.

Contact: trivera@ipn.mx
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A COMPARISON OF THE IONIZATION 
CHAMBER AND THE OSL DOSIMETER 

FOR THE AVERAGE MAM
Hi-Rocky Ohtani; Yuka Kawamura; Kanako Shimotsu; Xiaoguang Lu 

tokyo Metropolitan University

Mammography is very effective in early detection of breast cancer. however, there are a lot of patients 
who have uneasiness to radiation exposure by mammography. the dose of radiation is shown by the 
average mammary gland dose, but it is difficult to calculate the dose of each patient because it needs the 
value of the ratio of mammary gland to fat for the calculation and the ionization chamber cannot be used 
while taking a mammogram. the optically stimulated luminescence dosimeter (osl) is a dosimeter using 
the luminescence effect of the aluminum oxide; especially the nano dots dosimeter is handy in a small 
disposable type. to calculate the average mammary gland dose of patient by using this, we researched 
correlation of the osl and the ionization chamber. each thickness of breast was measured by using the 
mamma phantom of 30, 50 and 70 % of the ratio of mammary glands. the ionization chamber and the osl 
were set up and irradiated at the same time. the average mammary gland dose was calculated by using the 
value of the ionization chamber and the half value layer calculated in advance, and the dose was compared 
with the value of the osl. the characteristic curve was obtained for the ratio of each mammary gland 
and the thickness of the breast. the possibility that patient’s average mammary gland dose is obtained 
simultaneously with the mammogram.

Contact: ootani@hs.tmu.ac.jp
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THE MEASUREMENT POSITION OF OSL 
DOSIMETER IN THE AVERAGE MAMMARY 

GLAND DOSE
Hi-Rocky Ohtani; Kanako Shimotsu; Yuka Kawamura; Xiaoguang Lu 

tokyo Metropolitan University

the average mammary gland dose (aGd) is effective for showing this exposed dose, but it is necessary 
to understand a glandular and the ratio of the fat. the optically stimulation luminescence dosimeter (osl) 
used the emission of light phenomenon of the aluminum oxide. We used this osl for every patient, and 
calculating the aGd. the correlation with the osl and ionization chamber was examined. the mamma 
phantom of the mammary gland 30%, 50% and 70% were used. Ionization chamber and the osl were 
installed and irradiated them at the same time. the measurement position of the ionization chamber set it 
in the upper section of the mamma phantom. the measurement position of the osl went with two ways 
of the upper and lower section of the mamma phantom. We compared the measurements in ionization 
chamber with the measurements of the osl. We are able to get a characteristic curve for mammary gland 
and fat ratio and thickness of the mamma. the result that the precision had better measurements of the 
osl nano dot dosimeter which we put in the upper section of the mamma phantom was provided. We can 
easily measure the mamma phantom which we put in the lower berth. the proofreading constant of two 
measurements to convert the value of the lower berth into the value of the upper section that precision had 
good. It showed possibility got the aGd of the patient from with mammography.

Contact: ootani@hs.tmu.ac.jp
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STUDY OF CALIBRATION FACTORS ND,W 
FOR IONIZATION CHAMBERS DEDAL 

TYPE WITH 0.60CC IN GAMMA RADIATION 
BEAMS OF 60CO

Willian Behling Damatto1, 2; Potiens, Maria da Penha A. 1; Santos, Gelson P. 1; Vivolo, Vitor1

1Instituto de Pesquisas energéticas e nucleares/Cnen; 2Pontifícia Universidade Católica de são Paulo

study of Calibration factors nd,w for Ionization Chambers dedal type with 0.60cc in Gamma radiation 
Beams of 60Co this work shows the partial results obtained in the research intitled “Improvement of 
quality control system to be applied at clinic dosimeter calibration (gamma radioactive source of cobalt-60) 
procedures at Calibration laboratory (lCI-IPen)” following the International atomic energy agency (Iaea) 
protocols, such us, Calibration of reference dosimeters for external Beam radiotherapy (technical reports 
series n_469), explaining that protocol is a new version (revised version) of absorbed dose determination 
in external Beam radiotherapy (technical reports series n_398). In this paper the calibration factors nd,w 
were studied for many different kind of clinic dosimeter systems. the calibration factors were obtained 
after each calibration procedures realized at lCI-IPen in the clients equipments. the Calibration laboratory 
of IPen perform calibrations during many years, for that it was assembled a data bank with the main 
calibration information. the studies was performed to determine de average value of calibration factors and 
their uncertainties for different kind of clinic dosimeters (manufacturers, models, etc.) used in control quality 
routines of clinics and hospitals. the results shows the variation of the measurements (calibration factors) 
for each kind of clinic dosimeter systems using ionization chamber with 0.60cc (dedal type), including the 
lowest and highest variations obtained. the lowest variation obtained in the calibration factors shows the 
better behavior of clinic dosimeter system, or better, it can operate with stable and safety measurements 
in control quality procedures.

Contact: will_bdamatto@ig.com.br
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FEASIBILITY OF EBT GAFCHROMIC 
FILM FOR MEASURING UNIFORMITY OF  

90Sr/90Y BETA RADIATION FIELD
JA, Benavente1; LC, Meira-Belo2; SR, Reynaldo2; TA, Da Silva1,2 

1Post-graduation Course in science and technology of radiations, Minerals and Materials - development Center of  nuclear 
technology, Cdtn / Cnen, Belo horizonte, Brazil; 2development Center of  nuclear technology, Cdtn / Cnen, Belo horizonte, 

Brazil

the goal of this work was to evaluate the uniformity of the radiation field from the 90sr/90y source of the beta 
secondary standard 2 (Bss 2) of the development Center of nuclear technology-Cdtn. the eBt model 
GafChromic® radiochromic film was studied as a detector with a scanMaker 9800Xl Microtek scanner 
and the doselab 4.11 program software used for the analysis of measurements. to characterize the eBt 
films in 90sr/90y fields, in terms of absorbed dose in air, small samples of radiochromic films were given 
0.1 to 5.0 Gy.  Calibration was done by establishing  a correlation between the absorbed dose values and 
the corresponding radiochromic responses. Beam uniformity was investigated by mapping the field with  
a sheet of eBt film irradiated with 0.8 Gy. results showed that the radiation field is uniform within 5% in 
the diameter of (12.0 ± 0.9) cm. from the isodose lines , it was observed that the center of the radiation 
field was shifted from the geometric center of the eBt film. finally, the use of the eBt radiochromic film is 
feasible for the 90sr/90y beta radiation dosimetry and it is a suitable technique for mapping and detecting  
inhomogeneous radiation fields.

Contact: jabc@cdtn.br
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THE CONTRIBUTION OF OSL DOSIMETRY 
IN QUALITY CONTROL IN RADIOTHERAPY

Fernandes, Renato; Mascarenhas, Yvone Maria 

Instituto de radiologia do hCfMUsP; sapra landauer; Universidade de Mogi das Cruzes

In 2011 Brazil will have more than 489,000 new cases of cancer. of these patients, a considerable contingent 
will be submitted to radiotherapy procedures. thus, efficient systems that guarantee the quality of the beams 
used in radiotherapy procedures are extremely important because collaborating with the overall success 
of treatment. this paper presents the use of osl dosimetry procedures in quality control in radiotherapy, 
making verification of the symmetry of treatment of radioactive fields emitted by linear accelerators. the 
use of osl dosimetry was compared to procedures performed daily, using ionization chambers. dosimeters 
of aluminum oxide doped with carbon (al2o3: C) were distributed on a map, with the delimitation of a field 
20x20cm arranged as follows: one in the center of the field, four equidistant distributed, forming a square 
10x10cm and 4 remaining distributed equidistant, forming a square of 20x20cm. this arrangement is 
similar to equipment used for checking the symmetry of radioactive fields using ionization chambers. the 
analysis of data obtained in the symmetry axis X made a variation of 0.2% in osl dosimetry while using 
the equipment provided with an ionization chamber, 0.1%. noting the y axis, the variation of data for osl 
dosimetry was 0.04% and ionization chambers, 0.1%. the use of osl dosimetry proved to be simple, 
accessible instrumentation and making a possible reinterpretation of the data obtained. however, the data 
suggest that a broad performing procedures using the osl dosimetry in order to seek a greater familiarity 
with the system, reducing the variation to the system used routinely.

Contact: renatoraiox@gmail.com
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USING RADIOCHROMIUM FILM IN 
DOSIMETRY ON IRRADIATION BLOOD 

COMPONENTS
Maria Fontes Maciel; Leandro Rodrigues Fairbanks; Gustavo Lazaro Barbi; Leandro F 

Borges; Harley Francisco de Oliveira; Leonardo Lira do Amaral

hospital das Clinicas de ribeirão Preto

Irradiation above of transfusion (hC) in immunocompromised patients in order to reduce risk of chronic graft 
versus host disease (GVhd-ta). It is imperative during the process that all hC are irradiated with a minimum 
dose of 25Gy. thus, a quality control program should be instituted. this study analyzed the radiochromium 
film GafChroMIC eBt2 as dosimeter for irradiation of hC. radiochromium films been segmented into 
multiple pieces of 1.5 X1, 5 cm2. the calibration curve was determined within apparatus Gamatron Co-
60, al 6 MV and al 15mV. In calibration, the films were irradiated in the dose range of 5 to 50 Gy. the 
response of the film to dose rate was performed with an interval of income from 50 to 500 cGy / min. 
optical densities of the films were collected in densitometer. subsequent analysis of the film, the bags were 
placed in an acrylic box of dimensions 30X20X30 cm3 dipped in water to be irradiated in parallel opposed 
fields with a dose of 33Gy isodose curve at 115%. thirty films were entered in a random way among the 
bags of blood. Upon completion, recording the optical densities for evaluation of absorbed doses. to validate 
the radiochromium films in the irradiation of blood, five of the dosimeter radtag _ was introduced. the 
GafChroMIC eBt2 film suggests low energy dependence in the energy range studied, little variation with 
dose rate and as important in quality control. low cost and is easily manipulated. thus, one can conclude 
that the film GafChroMIC eBt2 is a great alternative in quality control of the irradiation of hC.

Contact: lefairbanks@yahoo.com.br
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INTER-COMPARATIVE ANALYSIS OF 
THE MEASURES INSTRUMENTS OF 

RADIATION TIME AND DOSE IN DENTAL 
RADIOLOGY BEAMS

Marco Antônio Rodrigues  Fernandes1,2; Rodrigo Sanchez Giarola3; Marco Henrique Silva 
Fernandes2; Alan Silvestri2

1 departamento de dermatologia e radioterapia-faculdade de Medicina de Botucatu - UnesP – Botucatu-sP, Brazil; 2nucleata 
radiometria de araçatuba – araçatuba-sP; 3Instituto de Biociências de Botucatu – UnesP – Botucatu-sP, Brazil

the use of issuing equipments of the ionization radiations requests the constant evaluation of radiometric 
factors of the beams radiation seeking programs to guide the quality warranty of the procedures. In Brazil, the 
government organs they regulate the use, ownership and storage of radioactive sources, through appropriate 
resolutions, which request the constant performance of professionals of the several areas, especially 
specialists of the radiologic physics. these specialists use measures instruments that need calibration 
in laboratories that constantly is in warm demand of work, causing arrears in the calibration procedures 
and provoking difficulties in the service to the users that induce the handling of these instruments for time 
before even of they be submitted to the minimum necessary rehearsals. this work presents a methodology 
for inter-comparison of measures instruments of radiometric parameters of dental x-ray beams. the time 
and radiation dose and the energy of the ionization beam were analyzed, emitted by equipments of dental 
radiology of 50 kVp and 70 kVp, measured with two different instruments. they were appraised the tests 
of accuracy, constancy and stability of each one of the analyzed radiometric parameters correlating the 
two different measurement instruments. It is intended like this, to obtain solid data, also in the literature, 
that can guide the specialist users when of the urgent need of the use of such equipments when they still 
meet in elapsing of the sending process for calibration. the results obtained with the measures of inter-
comparisons can indicate the methodology presented as useful tool for activation of the specialist users 
service. however, the need of the submission from the instruments of measure of radiometric factors of 
the ionization radiation beam to the calibration procedures in international and authorized laboratories that 
present the necessary certificates for the recognition government institutions organs is emphasized.

Contact: marco@cetea.com.br
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COMPARISON BETWEEN CALIBRATION 
PROCEDURES OF CT PENCIL IONIZATION 

CHAMBER
Juliana Viegas Pereira; Teógenes Augusto da Silva 

Post-graduation in sciences and technology of radiations, Minerals and Materials. Cdtn/Cnen.

dosimetric quantities in computerized tomography (Ct) were defined with the aim to assess patient 
radiation doses for optimization purpose and for verifying the performance of the Ct scanners. Ct pencil 
ionization chamber used for dosimetric measurements must be calibrated under specific procedure. the 
aim of this work was to analyze the difference between the air kerma-length product calibration coefficients 
obtained by different procedures. Comparisons between two methodologies under study in Ctdn and 
IPen calibrations were done. since differences varied from 1.8 to 7.6%, procedures should be revised for 
corrections and additional comparisons must be performed before offering the Ct calibration service to the 
community.

Contact: jvp@cdtn.br; silvata@cdtn.br
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EFFECTIVE AND ABSORBED DOSES FOR 
CT HEAD EXAMINATION CALCULATED 

USING THE VOXELIZED PHANTOMS 
MASH AND FASH

Ferreira, Cássio Costa1; Folly, Walter1; Maia, Ana2; Vieira, José3,4 
1departamento de física do Campus de Itabaiana / Ufs; 2departamento de física / Ufs; 3Ift / Pe; 4escola Politécnica de 

Pernambuco / Pe

the voxelized phantoms Mash and fash have been used for calculating conversion coefficients (CCs) due 
a specific Ct head examination performed in a specific toshiba Ct scanner. the CCs have been determined 
in terms of computed tomography air kerma index calculated in free air (C100,air). this paper has also 
described the steps taken into account for simulating a toshiba Ct scanner. the x-ray spectrum was 
selected in according to concordance between calculated C100,c and measured C100,c. for 120 kV, the 
x-raytbc code has calculated the better C100,c value in relation to C100,c measured in toshiba Ct scanner. 
the deviation was equal to -6.05%. finally, the CCs for the voxelized phantoms Mash and fash have been 
presented and effective doses calculated for these phantoms were 6.1 and 4.6, respectively, smaller than 
effective dose obtained though the european guidelines on quality criteria for computed tomography.

Contact: cassio.c.ferreira@gmail.com
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DOSE DISTRIBUTION DOSIMETRY IN 
COMPUTED TOMOGRAPHY ABDOMINAL 

EXAMINATION: A PHANTOM STUDY
Juan Azorín Nieto1; Oswaldo A. Madrid González2; Teodoro Rivera Montalvo2; Juan 

Carlos Azorín Vega3 
1departamento de física, Universidad autónoma Metropolitana. 09340 México d.f., México; 2Centro de Investigación en Ciencia 

aplicada y tecnología avanzada. 11500 México d.f., México; división de Ciencias e Ingenierías-Campus león, Universidad de 
Guanajuato. 37150 león, Gto., México

radiation risks from computed tomography (Ct) examinations have been recently reported in many studies; 
due that, caution should be exercised in the patient scanning setting. to keep doses during Ct examination 
as low as reasonably achievable, it is important that the Ct scanning parameters are properly adjusted for 
each individual patient in order to minimize the dose delivered. locally made thermoluminescent dosimeters 
(tlds) were used for determining the absorbed dose and to measure Ct dose profiles. dose distribution 
in Ct abdominal examination in the simulated patients was evaluated. the scanning parameters of the 
single detector Ct were 130 kV, 90 ma, 1.1 sec/rot, a slide thickness of 3 mm and a 1.0 beam pitch. the 
increasing mapping doses along axis directions were also studied.

Contact: azorin@xanum.uam.mx
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ASSESSMENT OF ORGAN ABSORBED 
DOSES IN PATIENTS UNDERDOING 
TWO CHEST X-RAY EXAMINATIONS 

TCHNIQUES BY MONTE CARLO BASED 
SOFTWARES AND PHANTOM DOSIMETRY

Oliveira, Paulo Márcio Campos de; Squair, Peterson Lima; Lacerda, Marco Aurélio de 
Souza; da Silva, Teógenes Augusto 

Programa de Ciências e técnicas nucleares - departamento de engenharia nuclear - UfMG

X-rays diagnostics provides the highest dose contribution to the population due to exposures to manmade 
radiation sources. the knowledge benefits and risks of medical procedures with radiation are required and 
patient doses are also expected to be optimized without reducing the image quality. dosimetric studies of 
patients subject to radio diagnostic have got a special attention in Brazil although they are not required in 
Brazilian legislation. however, in several Brazilian clinics have been observed the use of techniques with 
lower peak voltage and higher electric charges values in spite the european Commission recommends the 
high voltages with low electric charge values exactly in order to reduce patient dose. these measurements 
in patients undergoing x-ray examinations cannot be easily established. alternatively experimental 
measurements with physical phantoms, ionization chamber and theoretical calculations with computational 
software are widely used. reliable methodologies for patient dose assessment are expected to be validated 
under many conditions. this work compare three methodologies used for evaluating the organ absorbed 
doses in patients undergoing chest x-rays at two techniques (80 kVp and 10 mas; 120 kVp and 2 mas); 
they are the PCXMC_ and Caldose_X Monte Carlo based software_s and experimental measurements with 
tl dosimeters in the anthropomorphic phantom. the experimental measurements showed the technique 
with high voltage was dose reduced by approximately 60% in the entrance skin (241.4 _Gy for the Pa and 
291.9 _Gy for the lateral exposure) in relation to low voltage technique (595.1 _Gy in Pa and 752.2 _Gy 
in lateral exposure) and the softwares showed similar dose reduction. the organs doses reduction was 
approximately of the 40%, shows the importance of adopting techniques which have high voltage values 
and low electrical charges, unlike usually found on chest x-rays in some hospitals and clinics in Brazil.

Contact: pmco@cdtn.br
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EVALUATION OF THE ATTENUATION 
FACTOR FOR DENTAL X-RAY BEAMS 

- EXPERIMENTAL MEASURES AND 
SIMULATIONS WITH THE MCNP-5C CODE
Marco Antônio Rodrigues  Fernandes1,2; Fernando da Cruz Pereira2; Natalya Gonçalves 

Kadri2 
1Centro Universitário Católico salesiano auxilium, araçatuba-sP, Brazil; 2departamento de dermatologia e radioterapia-faculdade 

de Medicina de Botucatu - UnesP – Botucatu-sP, Brazil

this work analyzes the attenuation factor (a.f.) of the X-radiation produced in equipments of dental 
radiology, comparing experimental measures with simulations computation using the code MCnP-5C. It 
also analyzes the viability of the use of theoretical simulations for evaluation of the acting of diagnosis 
X-ray beams of dental use seeking to beacon the quality control decisions demanded by the Government 
department sanitary for license of operation of these equipments. the attenuation of the radiation was 
verified for three different materials: acrylic, polyethylene and aluminum. radiation beams of equipments of 
dental radiology with 70 kVp and 60 kVp of energy were analyzed. the measure of the transmitted radiation 
dose by the attenuators was accomplished interposing one by one the plates, successively, and measuring 
the transmission to each thickness, that varied from 0,5 mm to 5,0 mm. for the aluminum, two groups 
of different manufacture were analyzed, a group of imported plates used in dosimetry, and other material 
of brazilian manufacture. the difference among values of a. f., obtained for both materials, it varied being 
2,8% to 7,8% for thickness among 0,5 mm to 2,0 mm. Comparing the curves of percentage of deep dose 
(Pdd) experimental with the simulated, a medium variation of 3,0% was verified for the brazilian aluminum, 
7,5% for the imported aluminum, 1,2% for the polyethylene and 2,6% for the acrylic. In all the materials, 
the difference between the simulated curve and the experimental increases with the depth.

Contact: marco@cetea.com.br
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EXPLORING THE PARAMETERS OF A 
WIDELY USED MATHEMATICAL MODEL 

OF X-RAY TRANSMISSION
Bürger, André A.; Costa, Paulo R.; Archer, B. R.

dosimetry laboratory

a group of 132 simulated x-ray transmission curves generated considering different applied voltages and 
total filtration were fitted with archer equation. Values for a, b and G equation parameters were obtained 
from these curves. these values were used to find an equation which describes their behavior as a function 
of the added filtration. the results for highly filtrated beams presented as exponential decays which tended 
to a Beer- lambert type formula when replaced in archer equation considering. thus, for highly filtered 
beams we can relate the linear attenuation coefficient μ(e) from Beer-lambert equation with a from archer 
equation. results establishing relationship between effective energy and b/a ratio were also obtained.

Contact: andre-burger@hotmail.com
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ANALYSIS OF THE PLAIN OF 70 KVP 
X-RAY BEAM USING THE MCNP-5C CODE
Marco Antônio Rodrigues  Fernandes1,2; Fernando da Cruz Pereira2; Natalya Gonçalves 

Kadri2 
1Centro Universitário Católico salesiano auxilium, araçatuba-sP, Brazil; 2 departamento de dermatologia e radioterapia-

faculdade de Medicina de Botucatu - UnesP – Botucatu-sP, Brazil

the work analyzes the dose distribution profile of originating from radiation dental radiological equipment of 
70 kVp energy. the experimental values obtained with the readings in the optical densit_metro of the images 
produced in radiological films are compared with the simulated plain with Monte Carlo’s Method using the 
MCnP-5C Code. the behavior of the plain of the beam, observed with the computer simulated rresults, it 
agrees with the distribution of the experimental values for the different reduction depths studied

Contact: marco@cetea.com.br
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PULSED FLUOROSCOPY AND CARDIAC 
CATHETERISM

Ferraz, Mariana Sacrini Ayres; Mühlen, Sérgio Santos 

Unicamp

Catheterism in medical procedures is responsible for high X-ray doses, both to patients and medical staff. 
aiming at the reduction of this dose, modern fluoroscopy equipment have been developed using pulsed 
X-ray. this study presents the results of measurements of occupational doses received during simulated 
medical procedures, both for pulsed and continuous fluoroscopy, and the calculations allowing to quantify 
the reduction caused by the use of pulsed technology.

Contact: mariana.saf@hotmail.com
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DOSE TO MEDIUM VERSUS DOSE 
TO WATER AS AN ESTIMATOR OF 

DOSE TO POST EMBOLIZATION AVM 
RADIOSURGERY

Luiz Flavio Kalil Telles; Bruno Nunes Melo da Silva; Ademir Xavier da Silva 

liga norte riograndense Contra o Câncer

the embolization is cutting off the blood supply to the aVM with glue introduced by a radiographically 
guided catheter. thereby, the target volume (PtV) has tissue inhomogeneity. the purpose of this study is 
to determine whether dose to medium, dm, or dose to water, dw, provides a better estimate of the dose to 
the aVM radiosurgery. Both the composition and the stopping power mass of the bone, brain and skin were 
used in the simulation. a difference of 13% was obtained when compared the simulated tMr in MC (dm) to 
the tMr calculated by tPs. We can conclude that it is more advisable to use the dm rather than the dw.

Contact: darker665@hotmail.com
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DEVELOPMENT OF TWO PHANTOMS TO 
BE USED IN TESTS IN MAMMOGRAPHY 
AND IMPLEMENTATION OF RQN-M AND 

RQB-M QUALITIES
Corrêa, Eduardo de Lima; Potiens, Maria da Penha Albuquerque; Vivolo, Vitor 

Instituto de Pesquisas energéticas e nucleares

this study presents the development of two phantoms to be used in tests in mammography, and the 
previous results obtained with them. these phantoms have been developed using Polymethylmethacrylate 
(PMMa). the first one, based on the international standard IeC 61267 (2005), has nine plates with 5 mm 
each, with a rectangular shape, and was used to the implementation of the rQn-M and rQB-M qualities. 
these qualities have been established in the X-ray system Pantak/seifert, from the qualities rQr-M, already 
established using al and Mo as additional filtration. the second one, based on the Iaea code of practice, 
trs 457 (2007), has a semi-circular shape, and can be used in scattering and absorption studies in 
mammography. this last phantom has some adaptation, when compared with that presented by the trs-
457. It also has 9 plates with 5 mm each, but additionally has one  plate used to fix  the check  source (90sr 
+ 90y) during the ionizing chambers stability tests, and another to position de ionizing chamber, during the 
tests, and three positioning pins, used to maintain the geometry of the arrangement. a test has been made 
using this last plate, to verify the scattering caused by it during measurements in mammography systems. 
results showed that the scattering caused by this plate is negligible, and also reproducible, which would 
not cause significant changes in the final measurements.

Contact: educorrea1905@gmail.com
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COMPARISON OF ANTHROPOMORPHIC 
AND GEOMETRY CHEST PHANTOM FOR 

DOSE MEASUREMENTS
Henriques, Laís; Cerqueira, Rafaela; Duarte, Valdyster; Maia, Ana 

federal University of sergipe, department of Physics, Brazil

entrance dose measurements in conventional X rays examination are often performed using a geometric 
acrylic phantom, which has no anatomic similarity with the human chest. More realistic phantoms, called 
anthropomorphic phantoms, are used almost exclusively for organ dosimetry studies or for image tests. the 
aim of this work was to evaluate the performance of an anthropomorphic chest phantom, developed locally 
for image quality tests, as a dosimetric phantom. the anthropomorphic chest phantom is made of epoxy 
resin, for simulating soft tissue, with human bones and glycerinated heart, and a pair of lungs of foamed 
polyurethane. the geometric phantom used has dimensions of 30 cm x 30 cm x 15 cm. Conventional X rays 
images were obtained in VMI equipment, Compact Plus model, at a posterior-anterior (Pa) view and focus-
film distance of approximately 1.8 meters. entrance surface doses were measured. the comparison was 
performed by image analysis and the doses, for different radiological parameters (45-76 kV, 6-80 mas). 
even though the images showed expected advantages of the anthropomorphic phantom, the doses values 
were similar for both phantoms and they behaved as expected, i.e., decreasing with increasing kV. all the 
doses values determined were lower than the national diagnostic reference level. so the anthropomorphic 
phantom is an excellent tool because its broadness, but the geometric phantom is good enough for simple 
dosimetric measurements in chest radiological images.

Contact: lais_msh@hotmail.com



Proceedings of the 18th International Conference on Medical Physics - april 17-20, 2011 - Porto alegre (rs) - Brazil427

Poster - Radiation Dosimetry - Wednesday, April 20

18
th

 In
te

rn
at

Io
na

l 
Co

nf
er

en
Ce

 o
n 

M
ed

IC
al

 P
hy

sI
Cs

 -
 2

01
1 Code: 591 – Session: PO-WE-RD-43 

DOSE DISTRIBUTION IN DEPTH IN 
ICRU TISSUE PHANTOMS AND WATER 

PRODUCED BY ACCELER
S. Agustín Martínez Ovalle 

Universidad Pedagógica y tecnológica de Colombia

this work is built head geometry of linear accelerators for clinical use: Varian Clinac 2100C, siemens 
Primus, elekta Inor, Varian Clinac 2100C/d operating at 6, 15, 6 and 15 MV respectively, according to 
manufacturers specifications.

Contact: segundo.martinez@uptc.edu.co
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AN OCCUPATIONAL DOSE DISTRIBUTION 
STUDY IN PET SERVICE

Ana Luiza Silva Lima Kubo; Cláudia Lúcia de P Maurício 

Ird - Instituto de radioproteção e dosimetria

Positron emission tomography (Pet) is a powerful diagnostic tool, especially for oncology. In Pet procedures, 
the hands’ exposition of the workers is potentially higher than the thorax, due to direct handling of the high-
energy photons radionuclide. as the dose distribution in the extremities is non-uniform, the conventional 
monitoring methods (dosimetric ring and bracelet) may underestimate the skin dose equivalent in the 
most exposed part of the hand, which usually are the fingertips. In this study, two Pet services had 
their workers monitored, during the tasks of preparation and injection of the radiopharmaceutical 18f-
fluorodeoxyglucose (18f-fdG) in patients, using chips of lif:Mg,Cu,P thermoluminescent dosimeters (tld-
100h). each employee worn tld sets attached on the wrist and fingers of the dominant hand, and on the 
thorax. the highest dose values were measured on the index finger, which received doses up to 0.4 msv 
in a single procedure of 18f-fdG dose preparation, and 0.27 msv in one injection. In a potential annual 
dose extrapolation, assuming this technician performs 840 Pet scans (preparation and injection), with 
these doses values, in one year, his skin dose equivalent on the index finger would be 564 msv, exceeding 
the annual skin dose equivalent limit of 500 msv. despite the hands_ dose distribution is very sensitive of 
how to hold the syringe, the dose near to the of index fingertip are always the highest, can be, respectively, 
4 and 12 times greater than in the position where dosimetric rings and bracelets are commonly used for 
routine individual monitoring. thus, extremity individual monitoring, in addition to the mandatory whole body 
individual monitoring with thorax dosemeters, are important tools for occupational dose optimization and 
should also be mandatory for Pet technician.

Contact: analuslima@yahoo.com.br
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PEDIATRIC PATIENTS EXTERNAL DOSE 
MONITORING

Rodrigo Biancardi1; Silvia Maria Velasques de Oliveira1; Rossana Corbo2; Marcelo 
Mamede2 

1Ird/Cnen; 2InCa/Ms

optimization of radiation doses is emphasized in pediatric patients with differentiated thyroid carcinomas. 
Patient external dose monitoring is an easy method to estimate effective half-lives for treatment planning. 
4 female patients were studied, 13.3±1.5 years old, 50±11 kg corporal weight, who received, in the tracer 
phase, 107±15 MBq, and for the thyroid ablation, 5.5±0.3 GBq of 131I-naI. after administration and before 
the first excretion, it was performed patient external dose monitoring in the therapeutic room or in the 
patient residence. Before each patient monitoring, it was measured the background radiation without the 
patient presence. local dimensions were considered for scattering. It was used sodium iodide cintillator 
detector positioned at 2 m in front of the cervical region of the patient. the measures were performed in 
dose rate mode. for the first patient, from 109 samples, effective half-lives were estimated in 12.4 h, and 
21.7 h for tracer and therapeutic phases, respectively. the insufficient time collecting in the tracer phase 
(56 h) didn’t allow to simulate the therapeutic phase (128 h). for the second patient, 15 samples collected 
in 169 h and 177 h for the tracer and therapeutic phase, respectively, indicated effective half-life of 23.9 
h for both phases. for the third patient, 23 samples, 75 h and 147 h after the tracer and therapeutic dose, 
respectively, indicated effective half-lives of 12.8 h and 16.9 h. for the fourth patient, 43 samples in 170 
h and 166 h after dose administration indicated effective half-lives of 23.4 h and 23.1 h for the tracer and 
ablative phases, respectively. although this methodology is easier applicable, it is necessary to minimize 
underestimation of residual patient activity, due to high background areas, lack of sensitivity of the radiation 
detectors used, and the collecting time to monitor the patient before discharge.

Contact: silvia@ird.gov.br
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ACTIVITY MEASUREMENT COMPARISONS 
FOR RADIONUCLIDE CALIBRATORS IN 

CUBA DURING 2007-2008
Oropesa Pilar1; Serra Rolando1; Hernández Aerulio1; Moreno Yecenia1; Iwahara Akira2 

1Centro de Isótopos. Cuba; 2Institute of radiation Protection and dosimetry. Brazil

the safe and effective use of the nuclear medicine procedures requires that the amount of radiation 
delivered to the patient be determined as accurately as possible. during those procedures, it is the 
amount of injected activity the measured and controlled value and the instrument employed for that - the 
radionuclide calibrator. the activity measurement comparisons in such devices are an important tool for 
demonstrating the uncertainty and traceability of the activity measurement values obtained at the end-user 
level in this field. In the paper, results of national comparisons of 131I and 99mtc activity measurements 
with radionuclide calibrators organized in Cuba in 2007-2008 are presented. the participants_ institutions 
are 11 hospitals and 2 laboratories of the Centre of Isotopes directly involved in radiopharmaceuticals_ 
production in the country. twenty of the twenty one reported results evidence an _acceptable_ performance 
of the participants, as determined by the 10 % performance criteria adopted. Concerning the proportion 
of acceptable results, an improvement was revealed in the participants_ performance regarding the 
one shown in such kind of exercises during the 2002-2004 years. on the other hand, the reasonable 
uncertainty estimates of the 131I and 99mtc measurements reported by the greater part of the participants 
reveal a qualitatively superior performance in 2007-2008 in relation to the performance obtained in the 
similar previously organized exercises. Moreover, the outcome of the bilateral comparison for 131I activity 
measurements between the national Metrology Institutes for radioactivity Measurements of Brazil and 
Cuba, the national Metrology laboratory for Ionizing radiation of the Institute of radiation Protection and 
dosimetry (lnMrI-Ird) and the radionuclide Metrology department of the Centre of Isotopes (CentIs-
dMr), respectively, is also presented. this bilateral exercise provides additional evidence on comparability 
of the CentIs-dMr measurement standards used to calibrate the 131I reference solution and samples 
employed during the national comparison. 

Contact: poropesa@centis.edu.cu
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OPTICAL RESPONSE AND ENERGY 
DEPENDENT RESPONSE OF THE ALANINE 

GEL SOLUTION PRODUCED AT IPEN TO 
PHOTONS AND ELECTRONS CLINICAL 

BEAMS
Silva, Cléber  Feijó; Campos, Leticia Lucente 

 Instituto de Pesquisas energéticas e nucleares/Center of radiation Metrology, sao Paulo, Brazil

the dl-alanine (C
3
h

7
no

2
) is an amino acid tissue equivalent traditionally used as standard dosimetric 

material in ePr dosimetry. recently it has been studied to be applied in gel dosimetry, considering that 
the addition of alanine in the fricke gel solution improves the radiation induced ferric ions production. the 
spectrophotomety evaluation technique can be used comparing the two spectrum wavelengths bands: 
457 nm band that corresponds to ferrous ions concentration and 588 nm band that corresponds to ferric 
ions concentration to evaluate the dosimetric properties of this material. the performance of the alanine 
gel solution developed at IPen has been firstly studied using spectrophotomety technique aiming to apply 
this material to 3d clinical doses evaluations using magnetic resonance imaging - MrI technique. In this 
work the optical response and energy dependent response of the alanine gel solution submitted to clinical 
photons and electrons beams were studied. different batches of gel solutions were prepared according 
to Mizuno and maintained at low temperature during 12 h to solidification. Before irradiation the samples 
were maintained during 1 h at room temperature. the photons and electrons irradiations were carried 
out using a Varian 2100 C Medical linear accelerator of the radiotherapy department of the hospital 
das Clinicas of the University of são Paulo with absorbed doses between 1 and 40 Gy; radiation field of 
10 x 10 cm2; photon energies of 6 and 15 MeV and electron with energies between 6 and 15 MeV. the 
obtained results indicate that signal response dependence for clinical photons and electrons beams for 
alanine gel dosimeter is better than 3,6 % (1σ) and the energy dependence response is better 3% (1σ) for 
both beams. this results indicates that the same calibration factor can be used and the optical response is 
energy independent in the studied dose range and photons and electrons clinical beams energies .

Contact: lcrodri@ipen.br
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DOSIMETRY STUDIES BY ESR IN 
PHYSICAL SIMULATORS OF PROSTATE 

TREATMENT
Alves, Guilherme; Baffa, Oswaldo; Guimarães, Flávio; Pavoni, Juliana 

departamento de física e Matemática, ffClrP-UsP, ribeirão Preto, sP, Brazil

radiotherapy of the prostate can be complicated by the presence o metallic prostheses in the femur 
and pelvis that could be in one side or bilateral. to study the effects of these implants on the treatment 
planning a phantom was designed to simulate a male individual. this phantom was built with realistic 
dimensions based on an adult human being. Polymethylmethacrylate (PMM) or acrylic, water and the 
metallic prostheses are the materials used. the phantom allows the use of a set of different femur and 
pelvis simulators, so that it is possible to compare the radiation in the region of interest with one side and 
two sides prostheses with a the non prostheses case. the evaluation of the dose will be performed with 
dl-alanine dosimeters and electron spin resonance (esr) spectroscopy. alanine has been widely used as 
a dosimeter in radiotherapy treatments, being able to measure doses ranging from 1Gy up to kGy with the 
advantages of linearity, esr signal stability with time and tissue equivalent. these dosimeters are placed in 
an insert made of PMMa that is positioned in the prostate region. the phantom construction was completed 
and now it is being evaluated with Ct to produce images for treatment planning. the esr dosimeters were 
also constructed and calibrated.

Contact: guigemeo@hotmail.com
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PRELIMINARY STUDY OF THE 270 
BLOOM FRICKE XYLENOL GEL PHANTOM 

PERFORMANCE FOR 3-D CONFORMAL 
RADIOTHERAPY USING MULTIPLE 

RADIATION FIELDS
Cavinato, Christianne Cobello; Souza, Benedito Herbert; Carrete Jr., Henrique; Daros, 

Kellen Adriana Curci; Medeiros, Regina Bitelli; Giordani, Adelmo José; Campos, Letícia 
Lucente 

Gerência de Metrologia das radiações, Instituto de Pesquisas energéticas e nucleares (IPen-Cnen/sP), sao Paulo, Brazil

the complex cancer treatment techniques require rigorous quality control. the fricke xylenol gel (fXG) 
dosimeter has been studied to be applied as a three-dimensional (3-d) dosimeter since it is possible to 
produce 3-d fXG phantoms of various shapes and sizes. In this preliminary study the performance of the 
fXG spherical phantom developed at IPen prepared using 270 Bloom gelatin from porcine skin made in 
Brazil was evaluated using magnetic resonance imaging (MrI) technique, aiming to use this phantom to 
3-d Conformal radiotherapy (3dCrt) with multiple radiation fields and clinical photon beams. the obtained 
results indicates that for all Mr images of the fXG phantom irradiated with 6 MV clinical photon beam 
can be observed clearly the target volume and in the case of coronal image can also be observed the 
radiation beam projection and the overlap of different radiation fields used. the fricke xylenol gel phantom 
presented satisfactory results for 3-d Conformal radiotherapy and clinical photon beams in this preliminary 
study. these results encourage the additional tests using complex treatment techniques and they indicate 
the viability of applying the phantom studied for routine quality control measurements and in 3dCrt and 
intensity modulated radiotherapy (IMrt) treatment planning.

Contact: ccavinato@ipen.br
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ALANINE/ESR DOSIMETRY APPLIED TO 
GYNECOLOGICAL RADIOTHERAPY

Rech, Amanda Burg; Guimarães, Flávio Silva; Oliveira, Harley Francisco; Barbi, Gustavo 
Lazzaro; Baffa, Oswaldo 

Grupo de ressonância Magnética aplicada, departamento de física e Matemática, ffClrP-UsP, ribeirão Preto, sP, Brasil

spectroscopy by electron spin resonance is an excellent method to detect and identify free radicals. this 
makes its use possible in analyzing the intensity of signals from free radicals originated by the irradiation of 
certain materials, such as alanine. the extensive range of linearity and the fact that alanine is a material with 
energy response equivalent to soft tissues are advantages of this method of ionizing radiation dosimetry. 
In this study alanine dosimeters will be used in teletherapy using pelvic phantom for the treatment of 
gynecological malignancies with doses of around 180 cGy. dosimeters will be inserted in the phantom 
cavity with properly prepared applicators to verify the effective deposited dose and compare it with the 
planning dose. radiotherapy clinical dosimetry is applied in situations that need an actual dose evaluation 
of the irradiated regions and organs. With this study it will be possible to simulate the deposited dose in 
the vaginal dome, since this region presents high relapse indices. Moreover, these studies are of great 
importance for future in vivo applications, having positive effects on treatment outcome.

Contact: amandarech@pg.ffclrp.usp.br


