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Research Education 

An Essential Role 
 in the delivery of quality healthcare 

 
Ideally Positioned for Innovation 
 Access to patients 
 Retrospective / prospective studies 
 Evidence-based medicine 
 Preclinical and translational research 
 Clinical pilot studies 
 Multi-disciplinary expertise 
 Immeasurable opportunity to identify 

unmet clinical needs 
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 A change that brings better performance1 

 A process that combines new ideas or methods 
 c.f., invention – creation of the idea or method 
 c.f., improvement – doing the same thing better 

(versus doing something different) 

1. ME Porter, The Competitive Advantage of Nations (1990). 

2. JL Bower and CM Christensen, Disruptive Technologies: Catching the Wave (1995) 
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Innovation 

Sustaining Innovation 
 Innovation within an existing market 
 - Evolutionary / Revolutionary 
 - Continuous / Discontinuous 
 - (expected / unexpected) 
 

Transformative / Disruptive2 

 Innovation that creates a new market 
and ultimately overtakes an existing market 

“The necessary 
ingredients… 

for every 
innovation that 

will come in 
your lifetime… 

are already 
here.” 

Bill Buxton 

Medical Physics  Innovations 

Physics of Cancer 

Advances in CT 

Proton Therapy 

Radiomics 

MR-Guided RT 

Patient Safety 

A Force of Innovation 
Membership:  8165 

Full Members:  5694 

International Affiliate:  189 

Junior / Resident:  464 

Student:  656 

 

Therapy Physics:  4519 

Diagnostic Physics:  1237 

Nuclear:  129 

Radiation Safety:  127 

Engineering:  110 

Magnetic Resonance:  86 

Ultrasound:  8 

Other or Undisclosed:  1894 

 

Mean Age (Full):  46 

Male:  6271 

Female:  1776 

 

PhD:  3541 

MSc:  2883 

BSc or BA:  176 

 

Changing the Status Quo 
 … is what we do! 
 

AAPM 2014 (Austin TX) 
 1,770 proffered presentations 
 330 Young Investigator submissions 
 ~2,400 meeting registrants 
 ~970 technical exhibitors 
 

 President’s Theme 
 Innovations in Imaging Dosimetry (SUN-E) 
 Research and Innovation in Rad Onc (MON-E) 
 Innovation in Medical Physics Education (MON-E) 
 Innovation in Medical Physics and Engineering (TUE-C) 
 Innovation in RT Planning (WED-A) 
 Innovations in Ultrasound Technology (WED-A) 
 Innovations in RT Delivery (WED-D) 
 Innovations in Multi-Energy CT (WED-E) 
 Innovations in PET Instrumentation (THU-A) 

Co-60 

Medical Physics Innovations 

DSA 

Spiral CT 

Tomotherapy 

IMRT 
VMAT 

3D Treatment 
Planning 

CBCT for IGRT 

MRIgRT 

Digital X-Ray 
Detectors 

Digital and 3D 
Breast Imaging 

CT Image Quality 
and Dose 

Image 
Registration 

Johns 

Mistretta 

Kalender 

Mackie 

Webb 

C Yu 

Fraass 

Mohan 

Jaffray 

Siewerdsen 

Wong 

Lagendijk 

Fallone 

Dempsey 

Balter 

Antonuk 

Rowlands 

Yaffe 

Boone 

Kessler 

Brock 

L Dong 

X Pan 

G Chen 

McCollough 

EXAMPLE      
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Co-60 

Medical Physics Innovations 
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Detectors 

Digital and 3D 
Breast Imaging 

CT Image Quality 
and Dose 

Image 
Registration 

Johns 

Mistretta 

Kalender 

Mackie 

Webb 

C Yu 

Fraass 

Mohan 

Jaffray 

Siewerdsen 

Wong 

Lagendijk 

Fallone 

Dempsey 

Balter 

Antonuk 

Rowlands 

Yaffe 

Boone 

Kessler 

Brock 

L Dong 

X Pan 

G Chen 

McCollough 

“The 
necessary 

ingredients… 
for every 

innovation that 
will come in 

your lifetime… 
are already 

here.” 
Bill Buxton 

EXAMPLE      

Teaching Innovation1 

 Intrinsic to physics and engineering curriculum 
  (c.f., medical school) → physics residency 
 Overcome barriers to creativity; lateral thinking 
 Individual and group dynamics; practice; be discontent 

Building a Culture of Innovation 
 Removing fear of failure 
 Structures and incentives to pursue new ideas 
 Innovation Rounds 

Supporting Innovation 
 Space,  Time, and Resources 

1. VJ Dzau et al. Acad Med (2013) 

Fostering Innovation 

VJ Dzau et al. Acad Med (2013) 

Space and Time 
Horror vacui – coincidence in (x,y,z,t) to mix and interact 
 Collisions 
  Co-location enables fortuitous, chance encounters 
 Cloisters 
  Team with singular focus on an idea – e.g., CBID (Hopkins) 
 Clusters 
  Interdisciplinary hub – e.g., Bio-X (Stanford) 

Resources 
 New Innovator Awards (41) 
 Pioneer Awards (12) 
 Director’s Transformative Research Awards (10) 
 Early Independence Awards (15) 
 

Fostering Innovation 

$123M in Y2013 

For Example 
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“The enterprise that does not innovate 
inevitably ages and declines. 
And in a period of rapid change… 
the decline will be fast.” 

Peter F Drucker, Innovation and Entrepreneurship 
(1985) 

Innovation is a Necessity – not a Nicety 

“… in many ways, the primary aim of 
academic medicine is to innovate across 
its different missions.” 

SL Kanter, Toward better descriptions of innovations, 
Acad Med (2008) 

 

“The first step in winning the future 
is encouraging American innovation.” 

President Obama 
2011 State of the Union Address 

1.2 mSv 

           

Technology 
Development 

Massive 
Computing 

Increased 
Cost 

Hybrid 
Imaging 
Systems 

Increased 
Regulations 

Simplified 
Devices 

Decreased 
Cost 

Single 
Organ 

Devices 

Competition 

Iterative 
Reconstruction 

Lower 
Dose 

Defeatured 
Devices 

Emerging 
Markets 

Innovation: Drivers and Inhibitors 

Graphic from Dr. Jim Thrall (MGH) 

(Some of  the) Key Areas of  Innovation 

for Medical Physics 

Physics of Cancer 
Mathematical models 
Biophysics 
Radiomics 

Data Analytics 
Individualized 
Predictive power 
from population data 

Low-Cost Systems 
Diagnosis and therapy 
Emerging markets 
Global health 

Image Analysis  
Segmentation 
Registration 
Knowledge extraction 

C Thompson 

(Cleveland Clinic) 

R Jeraj (U Wisc) 

J Dobbins (Duke) 

K Brock (U Mich) 

T McNutt (Johns Hopkins) 

IG Interventions 
Intraoperative imaging 
Systems integration 
Patient safety 

Dose 
Model-based reconstruction 
Task- / knowledge-driven 
Patient-specific dose 
Risk, public education 
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Measuring Innovation 

Strategic Allocation of Resources1 

 Priority to R&D with measurable return  
 An expanded research mission : 
 Advance scientific understanding 
 Improve in human health 
 Drive economic growth 

1. JD Zeints and JP Holdren, Memorandum for the Heads of Executive Departments and Agencies. (Washington, DC, June 2012). 

MJ Kalutkiewicz and RL Ehman 

Nature Biotech (2014) 
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Many Potential Metrics 
 – e.g., Patents 

 Knowledge creation, translation, and 
economic potential 

 Correlate with economic health 
 Policymakers looking to patent activity 

for strategic allocation 

Innovation… a Model 

Application-
Driven 

Translational 
Research 

(Louis Pasteur) 

Applied Research 
(Thomas Edison) 

Basic Research 
(Niels Bohr) 

Use / Application 
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Pasteur’s Quadrant 

 Basic Research 
 Applied Research 
 Translational Research 

Pasteur’s 
Quadrant 

Edison’s 
Quadrant 

Bohr’s 
Quadrant 

Forward Citations =? Consideration of Use 
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Donald E. Stokes 

1997 

MJ Kalutkiewicz and RL Ehman 

Nature Biotech (2014) 

The Hardest Part of Research 
 Finding the right questions 
 (solutions tend to be easier) 
 

Application-
Driven 

Translational 
Research 

(Louis Pasteur) 

Applied Research 
(Thomas Edison) 

Basic Research 
(Niels Bohr) 
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Clinical 
Service

ResearchEducation

Clinical 
Service

ResearchEducationClinical 
Service

ResearchEducationEducation Research 

Innovation…  
in the Medical Physics Enterprise 
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The Top 5 Ways Medical Physics has Changed Healthcare1 

 
 
Accelerators for Cancer Therapy 
 
 
Detection of Breast Cancer 
 
 
Nuclear Medicine 
 
 
CT Image Quality and Dose 
 
 
Medical Physics Moments in History 

Medical Physics Innovations 

1. J. S. Bardi, American Institute of Physics (2008) 


