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« The material used in this talk are largely quoted from the
web. Unfortunately the sources of some pictures are
unknown to the speaker and hence proper citations are
not given to these pictures.

* These slides are for in-class use or internal reports only.
Please do not replicate or arbitrarily distribute.
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» Biomedical Imaging
— Radiological Imaging: Physics & Modalities
« X-Ray Imaging
« Gamma-Ray Imaging
— Magnetic Resonance Imaging (MRI)
— Ultrasound

— Optical Imaging

Department of Optics and Photonics, National Central University



What is Medical Imaging?

Seeing inside the living body
without cutting it open.
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Why Biomedical Imaging?

Medical Imaging Small Animal Models
— Diagnoses ) — Disease Mechanism
Genetic

— Treatments H I — Drug Development

— Cures omology — Genetic-based

— Preventive Measures Health Cares
A el

- System
Feedback Requirements
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Imaging Tasks — High Resolution
— Cardiac Imaging Preclinical — High Sensitivity

— Tumor Imaging Applications — Economy

— Skeletal Imaging — Simple Configuration

— Brain, Lung, etc.

¢ Pinhole SPECT
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X-ray Radiography X £ @R
X-ray CT (Computed Tomography)  * X %= "a%7k #F 4

Ultrasound « AZH A

MRI (Magnetic Resonance Imaging) °* &= ®

Nuclear Medicine Imaging . 1""*‘ FER

— Planar T 5 B 2\

— PET (Positron Emission Tomography) — I+ U Fh

— SPECT (Single Photon Emission — H k3 ﬂ‘éc&ﬂL
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Optical Imaging o kB

— Microscopy & Endoscopy — s & P AR

— Bioluminescence — 4 Lk

— Fluorescence — Fk



What is What?




Radiological Imaging

Optimal Compromise between
Clinical Utility and Radiation Dose



Discovery of lonizing Radiation

1895 Wilhelm Conrad Rontgen
— discovery of X-ray

1896 Antoine Henri Becquerel
— research on natural radionuclide (uranium)

1898 Marie Sktodowska Curie
— discovery of radioisotope of radium

Classifications of lonizing Radiation

Particulate Radiations: o, B*, B~, p, n, and heavy ion
Electromagnetic Radiations: y-rays & X-rays



Biologic Effect of lonizing Radiation

Indirect Action Direct Action
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(Bushberg et al., The Essential Physics of Medical Imaging, p. 756)



Chronic Low Level Exposure Risk

 Annual average radiation exposure per person
from natural occurring sources ~ 300 mrem

* One chest X-ray ~ 0.25 mGy (25 mrad)
(1 Gy =1 J/kg)

Risky Business !!

Things that increase your chance of death by One in a Million

Smoking 1.4 cigarettes Drinking % liter of wine 1 hour in a coal mine

Pollution from living 2 days in New York City Traveling 30 miles in a car

Flying 6,000 miles by jet Cosmic radiation from living 2 months in Denver

One chest X-ray Living 2 months with a cigarette smoker

Drinking Miami water for a year Eating 100 charbroiled steaks

(http://www.radcon.arizona.edu/training/BRPC-CH.pdf)



Biologic Effect of lonizing Radiation

Acute Radiation Syndrome
(1000 rad ~= 40000 chest X-ray at once)

Dose (rad)

Hematopoietic
Syndrome

200-1000

Gastrointestinal
Syndrome

> 1000

Central Nervous
System Syndrome

> 2000

Time of Death

3-8 weeks

3-10 days

< 3 days

Organ/System
Damaged

Bone Marrow

Small Intestine

Bramn

Signs &
Symptoms

Decreased number of stem
cells in bone marrow,
mcreased amount of fat in
bone marrow,
pancytopenia, anemia,
hemorrhage, infection

Denudation of villi in small
intestine, neutropenia,
infection, bone marrow
depression, electrolyte
imbalance, watery diarrhea

Vasculitis, edema,
& meningitis

Recovery
Time

Dose dependent, 3 weeks to
6 months; some mdividuals
do not survive.

None

(http://www.radcon.arizona.edu/training/BRPC-CH.pdf)




X-Ray & Gamma-Ray
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X-ray Imaging
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Beer's law:  I(x,y)=1, exp[—j u(x, y,z)dz]

B o ulx,y,z) 54 F %R %8 (linear attenuation coefficient )




Camera unit

X-ray beam

Film plate

www.cancerpublications.com




Tomography — from 2D to 3D

reconstruction algorithm
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(http://www.digitalscanservice.com/tomography.php)




X-ray Computed Tomography (CT)

Axial slice Coronal slice
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Spiral CT video




Find a tumor before it gets BIG
— Functional Imaging

Imaging tracer selectively
taken up by organ of interest

Radiopharmaceuticals Fluorescence agents




Nuclear Medicine Imaging Basis
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Planar Imaging by a Gamma Camera

Computer & display ——»

Energy discrimination
& positioning electronics

Photomultiplier tubes ——»

Light guide——»
Scintillator ——=

Collimator——» \\_
/4/- —
Patient —» gléi

FIGURE 4 Fundamental components of a conventional gamma camera.
Most gamma cameras have a collimator, a scintillation crystal, a light
guide, an array of photomultiplier tubes, radiation shielding, energy
discrimination and positioning electronics, and a computer and display for

acquisition, processing, and display of data and images.

FIGURE 7 Scintillation-detector components. Displayed are compo-
nents of a scintillation detector of a gamma camera, including scintillation
crystal, light guide with masking, circular-face PMTs, magnetic shielding
of PMTs, and signal-processing electronics.

Zeng et al., “Single-Photon Emission Computed Tomography,”
in Emission Tomography, Wernick and Aarsvold eds., Elsevier
Academic Press, pp. 130-131, 2004.




Single-Photon Emission Computed
Tomography (SPECT)
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Positron Emission Tomography (PET)

Coincidence
Processing Unit

Sinogram /
Listmode Data
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Positron Emission Tomography

18F-FDG




Multi-Modality Imaging
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Magnetic Resonance Imaging (MRI
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Magnetic Resonance Imaging (MRI)
Upright MRI Scanner

Open MRI Scanner
for Image-Guided Surgery

© Sam Ogden




MRl vs. CT




Functional MR

Blood-oxygen-level-dependent (BOLD) Effect
Regions in brain with neuronal activation:
oxyhemoglobin ~, deoxyhemoglobin (paramagnetic)




Ultrasound

Mechanical wave propagates in medium
Human auditive frequency range: 20 Hz ~ 20 kHz
Medical Ultrasound: 1 MHz ~ 10 MHz

Diagnostic Ultrasound Basis
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Medical Ultrasonic Imaging




Optical Imaging - Microscopy

Hooke Microscope
circa 1670

Qil
Lamp  Water
- Flask
/

.
Focusing Screw

Objective

- H&E (haematoxylin and eosin) stain:
Ea i Figure 1 Cell nuclei are blue-purple, red blood cells
Holder are red, other cell bodies and extracellular
material are pink, and air spaces are white.

Living Cells in Brightfield and Phase Contrast

(a) Deer tick # . (b) Helminth trematode % & ~ = f (C) & F ¢ % F 3




Optical Imaging
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Fluorescence Imaging

Principle of Excitation and Emission

= Ultraviolet (UV) ;
and Visible
Light Emitted
Blue—
Light

Exciter
Filter

Fluorescent
Specimen

ABNORMAL NORMAL Multicolor with GFP and RFP



Confocal Fluorescence Imaging

Detector

Confocal
pinholes

Objective

Mol Focal plane

(http://www.bio.brandeis.edu/marderlab/microscopyB.html)



Confocal Fluorescence Imaging

(IV administration of e
10% fluorescein ’
sodium)




Significance of Small-Animal Imaging

Mice models, in particular, have following advantages:
— Low maintenance cost

— Rapid breeding cycles

— High genetic homology with humans

— Well-developed methodology for genetic manipulation

In vivo imaging enables longitudinal studies:
— Reduce the number of laboratory animals used

— Reduce intersubject variability
Imager Prerequisites

— High Sensitivity

— High Resolution




Comparison of Medical Imaging Modalities

Cells Glands/vessels Organ structure

X-ray CT
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Figure 1 from Quantitative in vivo cell-surface receptor imaging in oncology: kinetic modeling and paired-
agent principles from nuclear medicine and optical imaging
Kenneth M Tichauer et al 2015 Phys. Med. Biol. 60 R239 doi:10.1088/0031-9155/60/14/R239
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Summary

Medical imaging is a powerful tool for medical diagnoses,
treatment planning, and therapy evaluation.

Mouse models of human diseases are important in
biomedical research to study disease mechanisms and
Investigate potential therapies.

Design and development of new small-animal imagers
that measure the biological processes at better
sensitivity and spatial resolution remain an expanding
research area.

GOAL: to permit diagnosis before symptoms appear and
provide individualized, genetic-based therapy.



