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Doc Bruce Banner....
Genius Physicist...

Worked with Gamn¥g Rays....

!

Gamma Rays won’t
make you the hulk,
But we can use them
to treat tumors...

Mark Ruffalo
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e Headaches
e  Facial weakness

oto.wustl.edu surgery

Healthjade.net

Diagnostic Imaging
Magnetic Resonance Imaging
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How MRI Works

k

http://www.sprawls.org/resources/CTIMG/module.htm

Ca ptecgrou p.com

Siemens.com Iekta.com

Invented and developed by genius physicists (medical physicists)
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SO, WHAT ARE GAMMA RAYS
ANYWAY ?




Atomic orbital energy levels

Nuclear energy levels

Electron Proton

Neutron g
-

Unstable configurations of neutrons and
J protons leads to radioactive decay: one

atom becomes another
Broadlearnings.com
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Atomic Numbers
Co=27
ARULOnN o ] o f=parnticle Ni = 28
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Neutron . Radioactive
capture v decay
'l'm-gl:l L umpuund
nucleus
Prompt-
39Co 60*Co  gumma 60Co
radiation

Drecay
60*"Nj gamma 60 Ni
radiation
https://reactor.osu.edu/neutron-activation-analysis
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Excited Nuclear
Energy Levels

Lowest Nuclear
Energy Level

0.31 MeVW [ 99.88%

GAMMA RAYS
1.1732 MeV y /

From transitions

e

between nuclear
1.3325 MeV y energy levels

Oncologymedicalphysics.com
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But what are gamma rays, really?
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The Electromagnetic Spectrum

Radio Microwave infrared Visible Ultraviolet X-Ray Gamma Ray
| 1{:‘] 10° Frequency 191" {hertz)
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About the size of...
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Buildings Thickness
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Gamma Rays are Photons.
They are also electromagnetic
waves.

Just like visible light.

Gamma Rays have a higher energy
than visible light.

They penetrate deep into the body.

WE USE THEM FOR RADIATION
THERAPY.




BUT THERE IS ANOTHER WAY TO MAKE PENETRATING RADIATION

No, not with a wand...
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Brehmsstrahlung
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http://www.ilectureonline.com/
lectures/subject/PHYSICS/5/307

https://fineartamerica.com/featured/art-
of-electron-interacting-with-nucleus-.html

https://www.orau.org/health-physics-
museum/index.html

II eStVIfginiaumverSiWn Department of Radiation

SCHOOL OF MEDICINE Oncology




http://www.radiologyinfo.org




ONCOLOGYMEDICALPHYSICS.COM

Treatment Couch

Klystron/Magnetron

osutaeor

https://oncologymedicalphysics.com/introduction-to-clinical-linear-accelerators
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Achromatic

bending magnet X-ray target

Carousel with
scattering foils,

flattening filters Accelerating

Waveguide
Monitor ion

chambers

Collimator jaws Electron gun

Multileaf collimator Energy switch
(MLC)
Accessory holder
(not shown)
attaches here

Image courtesy of Varian Medical Systems
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No Intensity Modulation Intensity Modulation

Same Shape
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No Intensity Modulation Intensity Modulation
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Segmental IMRT — Step and shoot

MLC
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Courtesy of UNC
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Atomic Numbers

Xe=54
ALULron o Electron Capture | =53
' Te =52

B+ or
Meutron EC Radioactive
capture ‘ . v decay
Target Compound "
nucleus

Drecany
125mTe  gamma 125Te
radiation

https://reactor.osu.edu/neutron-activation-analysis
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JAMA Ophthalmol. 2014;132(6):691-696. doi:10.1001/jamaophthalmol.2014.86
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Atomic Numbers
lr=77
ARULOnN f=parnticle Pt =78
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Decay
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HDR Brachytherapy — treatment device

Indexer, multiple
channels
20 to 40 dep

manufacturer

nding on

Shielded housing 45" ube To patient

% Photodiode \ 5 1 55 >

Emergency hand
crank
Transfer tube

. Stepper motor £ s & joint Indesear
Source cable

tedl ] *F—— High torque

Emergency motor

Stepper motor to advance source in fixed increments (aka steps)
Source transit speed of 50 cm/s
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Radiotherapy process

CT scan, ' Treatment Quality

: Treatment
other images Plan Assurance

g

Medical physicists are involved in each of these steps, and more things behind the scenes
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Radiotherapy process

Dose | Invent

: : Invent QA
Imaging Calculation devicg Treatment

Devices | _Algorithms | | . Devices

Imaging
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Medical physicists are involved in each o these steps, and more things behind the scenes
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WVU Medical Physics — Mary Babb Randolph Cancer Center

Alf Siochi, PhD Josh Hack, MS  April Shorthouse, MS Mike Carroll, MS Denisa Goia, MS
Dir. Of Medical Physics Chief Physicist

Wheeling Hospital Schiffler Cancer Center: Brian Kurko, Ernie Butler, Amber Hines
Thomas Memorial: Chera Gainer; Princeton Community Hospital: Larry Hambrick
Berkley Medical Center: Harold D’Souza
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Manufacturer
Configuration
10.4x12.4

Lead added Y1 side & Linac
MLC closed leaves behind
Jaws

N WestVirginiaUniversity.
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Lead added
o side

Lead both sides &
Linac MLC closed
leaves behind Jaws

Department of Radiation X X X © . .
el Analysis done with DoseViewer.exe © Alf Siochi






ition of jaw symmetry with the machinist's dial indicator. 1
e right jaw,

FIG, 17.8, Quality tontral test for HOR remote afterloaders. A: Test phantom to check the accuracy of saurce
positioning, B: Autoradiograph of the lest phantom showing dwell positions. (Fram Aldrich JE, Samant 5. A
st phantom for HOR dashy quality conteal, Activity 19926282, with permission.)

s e s emne o ot . Khan, The Physics of Radiotherapy

€3 gantey rotation
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Gather Data to Model the Linac in
the Treatment Planning System
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CREATE, CHECK,
MODIFY TREATMENT
PLANS
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Mountaineer Advanced Radiotherapy Computing and Informatics Applications
(MARCIA)

o egs_view [AppdcmWaten3)

Regions

= MONTE CARLO
SIMULATIONS

Surface

ARTIFICIAL INTELLIGENCE
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MEDICAL PHYSICISTS DEPLOY NEW TECHNOLOGY
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WVU 2010-2016
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caINFONDRIAN

A smarter way
to check charts

With ChartAlert, we not only
automated the chart checking
process — we improved it.

MEDICAL PHYSICISTS ARE ENTREPRENEURS
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MEDICAL PHYSICISTS KEEP TRACK OF DATA / ’
- For Treatment 4 '
- For Research
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ARIA DOCUMENT EXPORT — ] by
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[_] All Documents ] Errors
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Solve Clinical Problems.
Reverse Engineer.
Develop and Deploy Solutions.

CLINICALLY MOTIVATED RESEARCH
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Tumor Motion from CBCT

Full Inhale ; e
ﬁ ! ; A
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Full Exhale Gantr;uaungle
Sort projections using the IHDA trace and reconstruct
Full Inhale and Full Exhale MV CBCTs.
| |
i
|
Diaphragm motion | Tumor motion
~W Determine Diaphragm to Tumor motion ratio
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CAREER PATHS

* ACADEMIA

* PhD, Research, Teach, Clinical Service

BE AN - CLINIC

& \ P 5 . ..
} * Academic departments, Hospitals, Clinics

(
) % *Industry

R *- * Device Manufacturers, Software Development

4. " *Public Service
i e/ *Regulatory (FDA, NRC), Research (NIH)
>

= & ¥ *Leadership Roles —in all areas
* And switching across careers.




Typical Pathway - CLINIC

*BS PHYSICS
*or STEM field with certain physics courses

*MS in Medical Physics

*2- Year Residency
*Therapy
*Diagnostic
*Nuclear Medicine

*BOARD EXAMS



Less Common Pathway - Clinic

*Doctor of Medical Physics

*Combines the MS medical physics and residency
Into one program

*VVanderbilt, UNLV, UTHS, Wayne State

*'NOT A PHD

*Professional degree, preparation for the clinic



Academic Career Pathway

*BS PHYSICS

*or STEM field with certain physics courses

in Medical Physics

*2- Year Residency
*Therapy
*Diagnostic
*Nuclear Medicine



Non-Clinical Careers

*Clinical Career Pathways are still beneficial

eespecially in applications and device development in
industry.

"'1 *But a residency and board exams are not needed in
many cases

*Non-clinical careers requiring or preferring board
@ certification still need to follow a clinical pathway

L




WHY BECOME A MEDICAL PHYSICIST?

*ALWAYS EXCITING, ALWAYS LEARNING
*NEVER A DULL MOMENT
* FIELD KEEPS GROWING AND CHANGING

*FILL AN IMPORTANT NEED

* An aging population means growing healthcare demands

*MAKE A DIFFERENCE

*Don’t just go to work and punch a clock
*Be part of a team that heals and cares
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QUESTIONS?




