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Medicine’s Great Challange

See Into the Human Body



Medical Physicists
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The Medical Image is a Window
into the Human Body




The Medical Image is a Window
Iinto the Human Body

There is No Perfect Window
It is All About Visibility 5 ‘



What Determines
Medical Image Quality
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The Imaging Modalities

What is Different? What is Similar?
Radiography

Computed Tomogra?y ;
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Medical Imaging
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It All Begins With Imaging
The Expanding Role for Medical Physicists




Analyzing & Controling
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Physical Characteristics of Objects
Effect on Visibility

Contrast
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Contrast

Physical Growth of Cancer

Effect on Visibility
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Physical Characteristics of Objects
Effect on Visibility
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Objects in the Body
Physical Contrast
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Computed Tomography
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Viagnetic Resonance Imaging
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Physical Growth of Cancer

Effect on Visibility
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Image Quality
Is About Visibility
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Physical Characteristics of Objects
Effect on Visibility
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EFFECTS OF BLUR
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Line-Pair Test Objects

Used to measure the effect of blurring
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Blurring
Reduces Visibility

Blur

Image




Gamma Camera Relative
Image Detail

— Comparing the Modalities

Mammography
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HIGH NOISE LOW NOISE
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Effect on Visibility
Size (Detail)
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X-Ray Image Noise

(Ideal)

Image of Anatomy

Acquired
Image

Quantum
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Image Noise

(Deviation from the Mean Value)

High Noise
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Low Noise
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X-Ray Receptor Sensitivity

Speed
1200 800 400 200 100 so Mammography
l I I |
Radiography
Diiital Siot
Fluorosco
Py DSA

_HLC

Normal

1uR 10uR 100uR 1mR 10mR 100mR
Receptor Sensitivit
P y Qy/’mam(}




Visibility of Low Contrast Anatomy
Limited By

1 g e
NOISE b

‘ P / Electronic

/ Receptor/Display
Structure

X-Ray Reduced By
Beam (_BLUR )  Digital
_ _ rocessing
Receptor Exposure (Pixel Size)

Sprawls




Physical Characteristics of Objects
Effect on Visibility
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Image Quality Characteristics
That Affect V|S|b|||ty
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Image Quality Optimization
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Role of Medical PhyS|C|st
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IMAGE QUALITY
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X-RAY BEAM PENETRATION
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Optimum Photon Eneregy
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Optimum Photon Eneregy
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FACTORS AFFECTING
THE X-RAY SPECTRUM
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Relative Exposure

Moly/Moly Spectrum
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Relative Exposure

Moly/Rhodium Spectrum
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Rhodium/Rhodium Spectrum
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Computed Tomography
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CT Image Characteristics
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The Three Phases of CT Image Formation
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CT Slice Divided into Matrix of Voxels

Voxel Size Controlled By




Factors That Determine Image Detail

(Sources of Blurring)
Digital Image
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X-ray Photons Interact With Tissue in A Voxel
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Two Major Image Quality Goals

Low Noise

Protocol Factors




Factors That Determine Image Noise
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Effect of Matrix Size on Image Noise

Small

Large Voxels

Low Noise High Noise

The same radiation dose for both images.
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Decreasing Noise

Produces Increasing Dose
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Factors That Determine Radiation Dose
to Patient

Concentration of Absorbed
Photons and Energy
at Each Location
In the Body Tissue
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CT Image Reconstruction
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Reconstruction Filter Kernels
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Measuring CT Image Noise
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Effect of MA on Dose and Noise




Fit MA to Body Attenuation

Same Noise
(Photon Concentration)
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Automatic Exposure Control
to Optimize Radiation Dose and Noise
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CT Dose Quantities

Effective Dose
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Effective Dose

“Equivalent Whole Body Dose”
used for
Estimation of Risks
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