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Medical Physics 3.0 in Design 

Medical Physics 3.0 

• Given new mandates in healthcare of value-based, personalized, 
and evidence-based practice, Medical Physics 3.0 aims to redefine 
and reinvigorate the role of physics in modern medicine by growing 
and building upon the unique skills of medical physicists. 

• MP3.0 defines a standard and promotes a culture for physicists to 
engage proactively and meaningfully in medicine, and to take a 
scientific approach in quantification of benefit in value-based care. 

• Understand how physicists can practice scientific rigor and 
innovation in their developmental work. 

Key Attributes of Scientific Excellence 

•Scientific relevance 

•Scientific innovation 

•Scientific rigor 

 

Much of this talk was obtained from federal guidelines, e.g., 
from NIH and FDA. 
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Who am I?  

• Academic medical physicist  

• the A. N. Pritzker Professor at the University of Chicago 
• Radiology, Medical Physics, and the College 

• Research 
• NIH Grant-funded lab - CAD, quantitative image analysis, 

radiomics, machine learning, deep learning 

• Ph.D. students, undergrads, post-docs, senior researchers 

• Education 
• Teach in our CAMPEP-accredited Ph.D. program 
• Advise graduate, undergrad, medical students… 

 

 

Who am I?  
• Administration 

• Prior Director, CAMPEP-accredited Ph.D. program 
• Vice-Chair of Radiology for Basic Science Research 
• Chair and/or member of various university committees, etc. 

• E.g., Co-chair of Committee on Appointments and Promotions 

• External Memberships and Leadership Roles 
• Member of RSNA, and Fellow of AAPM, SPIE, AIMBE, IEEE 
• National Academy of Engineering 
• Editor-in-Chief, SPIE Journal of Medical Imaging (JMI) 
• Prior President of AAPM; Current President-Elect of SPIE 
• Grant reviewer for NIH and other funding agencies 
• Scientific Advisor/Consultant to various companies (e.g., QI) 

 

 

Three key aspects 
•Why you want to do the work? 
• significance  
• scientific premise 

•What you want to do? 
• creativity and innovation 

•How do you want to do it? 
• rigor 

• Note that this 
applies to many 
components in a 
medical physics 
career.   

• I will focus here on 
research. 
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Research Chain –Many Opportunities within 
AAPM to become more Involved in Research  

Identification of an issue (problem) 

Collection of examples (cases) 

Investigation and potential solutions:  equipment,  algorithm,  protocol 

Validation of the research finding 

Translation to clinical care:  FDA clearance. clinical testing, clinical use 

Research Chain –Many Opportunities within 
AAPM to become more Involved in Research  

Identification of an issue (problem) 

Collection of examples (cases) 

Investigation and potential solutions:  equipment,  algorithm,  protocol 

Validation of the research finding 

Translation to clinical care:  FDA clearance. clinical testing, clinical use 

• Need a better image (detector) 
• Need lower dose 
• Need better RT alignment 
• Need better radiologist 

interpretations (CADe, CADx) 

Research Chain –Many Opportunities within 
AAPM to become more Involved in Research  

Identification of an issue (problem) 

Collection of examples (cases) 

Investigation and potential solutions:  equipment,  algorithm,  protocol 

Validation of the research finding 

Translation to clinical care:  FDA clearance. clinical testing, clinical use 

• Patient cases 
• Examples of errors 
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Research Chain –Many Opportunities within 
AAPM to become more Involved in Research  

Identification of an issue (problem) 

Collection of examples (cases) 

Investigation and potential solutions:  equipment,  algorithm,  protocol 

Validation of the research finding 

Translation to clinical care:  FDA clearance. clinical testing, clinical use 

• New detector material for higher 
sensitivity  

• New CT reconstruction 
• Novel radiomics & deep learning for 

CADe or CADx 
• New contouring algorithm for 

precision treatment 

Research Chain –Many Opportunities within 
AAPM to become more Involved in Research  

Identification of an issue (problem) 

Collection of examples (cases) 

Investigation and potential solutions:  equipment,  algorithm,  protocol 

Validation of the research finding 

Translation to clinical care:  FDA clearance. clinical testing, clinical use 

• Testing with phantoms 
• Statistical evaluation 

(bootstrapping) 
• Independent evaluation 

Research Chain –Many Opportunities within 
AAPM to become more Involved in Research  

Identification of an issue (problem) 

Collection of examples (cases) 

Investigation and potential solutions:  equipment,  algorithm,  protocol 

Validation of the research finding 

Translation to clinical care:  FDA clearance. clinical testing, clinical use 

• FDA clinical study  
• Clinical testing with clinical 

collaborators 
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Key Attributes of Scientific Excellence 

•Scientific relevance 

•Scientific innovation 

•Scientific rigor 

 

Much can be obtained from federal guidelines, e.g., 
from NIH and FDA. 

Scientific Relevance:  Significance and Premise 
• Is there a strong scientific premise for the project? 

• Is the research scientifically/medically significant? 

• Scientific premise is NOT scientific significance 

• Why are you proposing the research? What is the rationale? 
• Has to be clear to more than other medical physicists. 

• What is the importance of the problem or the critical barrier to 
progress in the field that is being addressed? 

• Know the state of existing knowledge 
• Literature Review;  Gaps that the project is intended to fill 

• Potential contribution of this research to the scientific fields and 
public health 

• We do not do “homework problems” but address real problems 

Scientific Premise 

• The research that is used to form the basis for the proposed 
research question(s) 

• Retrospective consideration of the foundation for the application 
rather than a prospective analysis should the aims be achieved. 

• Describe the general strengths and weaknesses of prior research 
(published or preliminary data) critical to the support of the 
application 
• Information gaps 
• Rigor (or lack of) in the previous experimental designs 
• Incorporation of relevant biological variables 
• Authentication of key resources 

• Don’t reinvent the wheel! 
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Scientific Relevance:  Significance and Premise 

• Example: 

• Literature shows that radiologists using quantitative aids 
improves their diagnostic performance.   

• However, literature also shows that no such methods have 
been introduced into the imaging of DISEASE X.   

• You have or know of quantitative methods that could be 
customized to analyse the ultrasound presentation of 
DISEASE and you can demonstrate your expertise to do such 
methods. 

Scientific Innovation 

• Are the concepts and methods novel to the field? 

• Is there innovation in the study design and outcomes? 

• Does the application challenges and seeks to shift current 
paradigms? 

 

Scientific Rigor 
• Scientific rigor is the strict application of the scientific 

method to ensure robust and unbiased experimental design, 
methodology, analysis, interpretation and reporting of 
results – includes full transparency in reporting experimental 
details so that others may reproduce and extend the findings 
• Are there strategies to ensure a robust and unbiased 

approach? 
• Is there rigorous experimental design for valid robust and 

unbiased results? 

• Scientific rigor in methods of data collection and statistical 
evaluations & comparisons 
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Scientific Rigor 
• Relates to the strict application of the scientific method to 

ensure robust and unbiased experimental design, methodology, 
analysis, interpretation, and reporting systems 

• Robust results are obtained with solid, well-controlled 
experiments capable of being reproduced under well-controlled 
conditions using reported experimental details. 

• Consider methods to reduce bias. Examples: 

• Define terminology in advance 
• Use independent blinded assessors 

• Bootstrapping 

 

Biological Variables need to be included and 
addressed 

• Critical factors that affect health or disease, such as sex, age, 
weight, and underlying health condition. 

• For example, sex is a biological variable that is frequently 
ignored in animal study designs and analysis, leading to an 
incomplete understanding of potential sex-based differences 
in basic biological function, disease processes, and treatment 
response. 

Role of Medical Physics within state-of-the-art 
biomedical research  

Medical 
physicist 

Computer 
scientist 

Statistician 

Genomic 
Biologist 

Clinician e.g.,  
Precision 
medicine; 
imaging-
genomics 

Attitude: 
Similar to 
when x-rays 
were first 
discovered. 
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Medical Physicists as Research Leaders:  
Examples in Imaging and Radiation Therapy 

•We should be leaders in big data, radiomics, & 
machine learning (including deep learning) 

•While we may not have the expertise to develop 
new deep learning networks, we do have the 
expertise on how to innovatively use this new 
“tool”. 

•However, we have to demonstrate our leadership 
through the key attributes of scientific excellence 
(relevance, innovation, and rigor) 

 

Medical Physicists as Research Leaders:  
Examples in Imaging and Radiation Therapy 

•However, we have to demonstrate our leadership 
through the key attributes of scientific excellence 
(relevance, innovation, and rigor) 

•Example:  deep learning with ultrasound images 
•Garbage in, garbage out 
• Limits on data augmentation (physics of imaging) 
•Understanding of the potential clinical tasks 
•Collaboration with computer scientists 

 
 

Medical Physicists as Research Leaders:  
Examples in Imaging and Radiation Therapy 

•However, we have to demonstrate our leadership 
through the key attributes of scientific excellence 
(relevance, innovation, and rigor) 
•Example:  Computer-based treatment planning 
•Garbage in, garbage out 
•Understanding of the limits of IMRT (physics of 

RT) 
•Understanding of the potential clinical tasks 
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Opportunities with in AAPM to become more 
Involved in Research in Precision Medicine 

• Join a committee, subcommittee, working group, or task 
group under Science Council 

• Approach a speaker in one of the scientific sessions to start a 
potential collaboration 

• Introduce the three aspects of scientific relevance, 
innovation, and rigor into your clinical research projects 

 

 

 

Key Attributes of Scientific Excellence 

•Scientific relevance 

•Scientific innovation 

•Scientific rigor 

 

THANK YOU 


