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We'll take a look at: 
 
 X-Ray and CT 
 

 Visible light images 
 

 Nuclear imaging 
 

 MRI 
 

 Ultrasound 
 

 Image quackery 
 

 On the way 
 
 

 



X-ray 

Wilhelm  
Röntgen  
 
(1845–1923) 



X-ray 



X-ray 

Painless and harmless... 
guaranteed to be permanent 



x-ray  



X-ray orthopedic 

Knee replacement lumbar spine x-ray 

spurs 

normal 
discs 

degenerated 
discs 



X-ray mammography 



X-ray flouroscopy 

X-ray flouroscope receiver 



X-ray angiography 

Pseudoaneurysm of right branch of hepatic artery Liver metastasis 



X-ray angiography 

Normal coronary 
arteries 

Partial occlusion of 
coronary arteries 



X-ray angiography 

Filling of coronary arteries 

VIDEO 



X-ray flouroscopy 

1936 Nazi experiments with whole body flouroscopy 
 

VIDEO 



X-ray flourscopy 

With suitable contrast medium, 
x-ray flouroscopy is useful for  
many organ system studies. 

VIDEO 



CT 
X-Ray Computerized Tomography: CT 

Rotating 2-D fan-beam x-ray sources and image planes Back projection and summing of all the 1-D image lines 

Gathering data Analyzing data 



Hounsfield's original CT machine (1967) 

Modern CT machine 

CT 



CT 

Modern CT resolution First-gen (1975) commercial CT image 



CT 

CT brain scan mapping  
hemorrhagic stroke site  
and extent 



Axial CT study of normal abdomen Coronal CT study of chest 

CT 

VIDEO 

VIDEO 



X-ray diffraction 

Rosalind Franklin 



X-ray diffraction 



X-ray diffraction 

Watson & Crick's 
Double Helix Model 
(1953) 



X-ray diffraction 

normal strand of hair hair from breast cancer patient 

Ring identified 12/13 cancer patient, wth false positives 
in 3/20 controls. 



Early illustrations 

Galen 
(129-200AD) 

Turning from X-rays to images 
created in ordinary light... 



Early illustrations 

Vesalius 
(1514-1564) 



Microscopy 

1898 optics textbook 

Modern monocular microscope 
with multiple objectives 

The next 
step: 



Microscopy 

Biopsy 

Patch of tissue imaged: 0.003" x 0.004" 



Endoscopy 



Endoscopic exam of normal trachea 

Endoscopy 

camera location pass 1 pass 2 

VIDEO 



Other places to look 



Microscopy 

T4 bacteriophage 

TEM image of E Coli bacteria 

E Coli about one ten-thousandths of an inch long 
T4 one-tenth as large as E Coli host 



Nuclear imaging 

Nuclear Imaging 

Gamma camera 

SPECT (Single Photon Emission 
Computerized Tomography) 



Nuclear imaging - SPECT 

Thallium myocardial 
perfusion stress test 

Dark areas of the heart  
muscle have low perfusion 



Nuclear imaging - SPECT 

Lung scan: tumor cells 
are more active 



Nuclear imaging - PET 

PET: Positron Emission Tomography 

Radionuclide tracer:  FDG, a form of 
glucose. The more metabolically active  
the tissue, the more FDG will flow there. 



Nuclear imaging - PET 

There's hope for us people of a certain age! 

X-ray CT codes for structure, PET for activity  



Activity coding (radio-isotope tagged glucose- 
like 18F FDG) data overlaid on standardized MRI  
templates. 

Nuclear imaging - PET 
Brain scan: Test of an Alzheimer's regimen 
Treatment with Nerve Growth Factor NGF. 



Nuclear imaging 

Comparing the two nuclear imaging modalities: 



Combined PET/CT scan 



Comparison: CT alone vs PET/CT 

Axial CT image of lungs showing  
large mass in left lung Combined CT/PET image showing tumor 



Pseudoscience imaging 

And now for something 
completely different... 
 

The Psychograph: A phrenology imager 

Medical Imaging 
     Quackery 



Pseudoscience imaging 

Proper application 
of psychograph 
helmet 



Pseudoscience imaging 

'Nervo-Scope" delivers thermographic 
data at the level of hundredths of a degree 
along the spine. 
. 
No published replicated experiments 
to show any diagnostic value. 

Pseudoscience: system of thought  
claiming scientific validity but lacking  
a scientific evidentiary base 
 



Pseudoscience imaging 

 
 
Note: EMI is not acupuncture, 
which has proven therapeutic, 
if not diagnostic, value. 

EMI: Electro-Meridian Imaging 



Pseudoscience imaging 

Aura image: claimed to visualize  
"chakra spiritual energy." 

Kirlian photograph: high frequency 
pulsed contact film image claimed to 
visualize "life force" 



Ultrasound 

Bats navigate and hunt by echolocation 

Sonar works by echolocation 

Ultrasound 



Ultrasound 

mitral valve defect normal mitral valve image 



Ultrasound 

VIDEO 



Ultrasound 

Same baby pre- and post-partum 



MRI: Magnetic Resonance Imaging 

MRI 

Raymond Damadian showed in 1968 that Nuclear  
Magnetic Resonance (NMR) could be used to 
distinguish cancer from normal tissue (SUNY 
Downstate). 
 
First MRI (NMR) medical image: Paul  
Lauterbur 1973 (SUNY Stonybrook) 
 
 

VIDEO 



MRI 

Horizontal Plane MRI sequence: normal adult head 

MRI 

VIDEO 



MRI 

Magnet Chamber 



How MRI works MRI 

Gradient 
coils 

too  
low 

too  
high 

just 
right 



MRI 

Inflammation invisible on x-ray 
and CT can be identified in MRI 



MRI 

Functional MRI (fMRI): blood flow to a region of the brain increases the density 
of water molecules, thus increases contrast in MRI. 



MRI 

Fetal MRI revealing spina bifida 



Comparisons 

X-ray CT MRI 



Average increase in lifetime 
cancer risk due to CT scans is 
from 42.0% to 42.7% (Brig & 
Women’s Hopa 2009 study) 

Radiation Dosages 
Imaging Risks 
and Concerns 



Radiation dosage of various medical imaging procedures 
measured in equivalent number of chest x-rays 

Permissible annual radiation dosage for heath care workers: 500 chest x-rays (50 mSv) 
Dosage at which clear increased cancer risk can be proved: 1000 chest x-rays (100 mSv) 

Imaging risks and concerns 



Othe imaging modalitites 

EIT: Electrical Impedance Tomography 

SPECT images 

EIT images 



Microwave thermography 

normal breasts 

cystic disease 

Other imaging modalities 



Other imaging modalities 

normal retinal 
crossection 

retinal detachment 

OCT: Retinal Optical Coherence Tomography 



Imaging in Therapy: Robotic Surgery 

Imaging in therapy 



Future: Holography 

Virtual autopsy 

Coming: Imaging Modalities Currently  
              Under Testing and Certification 



Future: Holography 

After combined CT/MRI scan of brain, robotic surgery is linked to hologram in real time.  
Shadow is simulated to make scene lifelike to surgeon. 
 

Holographic robotic surgery 
 



Future: Automated detection of 
brain aneurysms 

Image to vessel shape 
classification by machine 
learning methods 



Future: automated aneurysm 
classification 

3-D reconstruction 
from MRI Geometric patch  

analysis 

Discovery of aneurysm 
within otherwise normal 
vasculature 



Future: Wireless capsule endoscopy  
Camera in a pill for endoscopy 



Future: Holography 

Interactive 4-D holographic manipulation 
 

VIDEO 



For a list of sources for these images and videos (url's, bibliographic references) 
please send an email to my address: 
 
                                            peterdscott@gmail.com 

Thanks! 


