


“Beside the comfort of knowledge,
 every science is auxiliary to every
 other." 

Thomas Jefferson 

August 26, 1786 
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Scintillator: transparent material for detecting
 high energy photons (i.e. x-rays, gamma
-rays)

A high energy photon deposits energy in the atoms
 of the scintillator resulting in the release of lower
 energy photons that can then be converted to an
 electrical signal by devices called photomultiplier
 tubes (PMTs).

Detecting and Imaging Radioactive
 Decay (a nuclear process)
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Medical Imaging Modalities



Gamma Camera
planar nuclear medicine images (also known as scintigraphy)

Single-Photon Emission Computed Tomography (SPECT)
technetium-99m (140 keV gamma-ray, 6 hour half-life) 

Positron Emission Tomography (PET)
Coincident radiation detection through positron-electron interaction
fluorine-18 (positron emitter, 110 minute half-life) two 511 kev
 annihilation photons



Positron Emitting Isotope Half-life
(minutes)

Positron Emax

(MeV)

oxygen-15 (15O) 2.07 1.72

nitrogen-13 (13N) 9.96 1.19

carbon-11 (11C) 20.4 0.96

fluorine-18 (18F) 109.7 0.64

Isotope Half-live Photon energies (keV)
(photon abundance)

technetium-99m (99mTc) 6.02 hours 140 (89%)

indium-111 (111I) 2.83 days 170 (94%), 240 (90%)

gallium-67 (67Ga) 3.25 days 93 (37%), 185 (20%), 300 (17%), and 394 (4%)

iodine-123 (123I) 13.3 hours 159 (84%)



Matrix of 
photomultiplier 
tubes

NaI crystal 
scintillator

light guide

Circuit to 
determine X,Y 
of interaction

X

Y

SUM

Host 
Computer

parallel hole 
lead collimator













Need for a Detector Built for the Task



Breast-Specific Gamma Imaging (BSGI):
Functional imaging to complement mammography

Uses Tc99m-sestibibi 





System is being used in centers all
 across the US, from Seattle to
 Houston, CA to FL, and there are
 many in the North & Eastern
 states/cities- such as in NYC,
 Philadelphia, Pittsburgh,
 Washington, DC, Boston, Newport
 News, Raleigh

Lahey Clinic in Burlington, MA

Since the first camera installation
 about 3 years ago, there have
 been about 60,000 patients
 imaged with the Dilon 6800



Courtesy of Legacy Good Samaritan Hospital MDC

X-ray mammogram: The patient returned 8 weeks later reporting increased perception of 
dimpling. No palpable area noted in the clinical examination. 
Follow-up Ultrasound: Right breast - fibrocystic change with a large number of cysts. No 
discrete mass is found. 



Courtesy of Legacy Good Samaritan Hospital MDC

BSGI of right breast (two views)





 
 



Clinical SPECT



anesthetic effect on CBF

isoflurane ↑↑
chloral hydrate =
α-chloralose ↓
propofol ↓
sevoflurane ↓
pentobarbital ↓↓



Addiction research
Neuro-degeneration: 

 Alzheimer's Disease 

 Parkinson's Disease 

Brain inflammation (i.e. HIV, MS).
Stem cell trafficking
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Tc99m-MDPMovie of Multiple SPECT Projections



SPECT and Tracking Reference Frames



Motion Correction for 6 Degrees of Freedom

Three translations (tp):
 X

 Y
 Z
Three rotations (Rp):
 roll
 pitch
 yaw

  Mouse head pose parameters:
     translation tp, rotation Rp= Ry Rx Rz ( yaw, pitch, roll)
  Transformation from tracking coordinate system to gamma 

camera coordinate system RTG,tTG
  Motion of a point in gamma camera reference frame 

€ 

X(GRF;t) = RTG Rp (t)Rp
−1(t0) RTG

−1 X(GRF;t0) − tTG[ ] − t p (t0){ } + t p (t)[ ] + tTG



Computer Iterative Reconstruction of all 6 degrees of 
freedom on Simulated Data

Co57
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SPECT Reconstruction of Moving Phantom with Roll Change

phantom

correcteduncorrected

Co57
IR reflectors

Latest Results!



• Radiation therapy monitoring
• Prostate cancer detection
• Brain imaging AD, PD



Is America Falling Off the Flat Earth?
Authors: 
Norman R. Augustine, Chair, Rising Above the Gathering
 Storm Committee, National Academy of Sciences, National
 Academy of Engineering, and Institute of Medicine of the
 National Academies 





"I have never heard before such support for the physical sciences from a President of the
 United States.  But if the FY 09 enacted budget proves similar to FY 07 and FY 08 a "three
-peat,"  the future of  the physical  sciences will  be in jeopardy.   Opportunities will  be lost
 forever: for science, and our country.”

Dr.  Ray Orbach,  Director  of  the Department of  Energy Office of
 Science,  and  Under  Secretary  for  Science  commenting  on  the
 State of the Union Address.

The American Institute of Physics and two of its Member Societies, the American Physical
 Society and the American Association of Physicists in Medicine, have joined 50 scientific
 societies and associations, universities, and corporations in endorsing a letter requesting
 $300 million "to prevent  serious damage to vital  U.S. scientific efforts supported by the
 Department of Energy (DOE) Office of Science." 

Letter  sent  January  28th  by  the  Energy  Sciences  Coalition,  to
 which  AIP  and  several  of  its  Member  Societies  belong,  the
 President,  DOE and  select  members  of  Congress  requesting
 emergency funding.




