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Biomedical Imaging: Introduction and X-ray
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The electromagnetic spectrurr

Wavelength

1 1 | 1

* acontinuum of all electromagnetic wave~— &+ & &

arranged according to frequency and A aVNImTT

wavelength
« electromagnetic energy passes throl e s ————

16

space at the speed of light in the form ™ o o T G e
sinusoidal waves [ |

Important waves in the medical imaging technics:

X-rays are very energetic, and are used in X-ray machines to take pictures of
bones etc.

Gamma rays are the most energetic light waves found on the electromagnetic
spectrum. Gamma rays are used in radiation cancer therapy and some kinds of
diagnostic imaging such as PET scans.
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Biomedical Imaging: Introduction and X-ray
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Main interactions with matter:

o X-ray: Excitation and ejection of core atomic electrons, Compton
scattering (for low atomic numbers)

« Gamma rays: Energetic ejection of core electrons in heavy elements,
Compton scattering (for all atomic numbers), excitation of atomic nuclel,
including dissociation of nuclei
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Biological Imaging vs. The Eye

_ Eye Biological Imaging

Soatial resolution  ~0.1 mm ~1 nm
Temporal resolution ~100 ms ~20 ms
Sensitivity ~100 photons ~1 photon
Wavelengthrange 400 — 700 nm 133—-1m

Biological imaging can:
e watch processes too rapid to be perceived
* see objects too small for the eyes to see

» see radiations too faint for the eye or that the eye is not sensitive to
e see inside living objects
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ldeal Biological Imaging Technique

1 nm spatial resolution

1 ms temporal resolution

no ionizing radiation

endogenous source of contrast

IN VIVO — NO restraint or anesthesia
shows structure and function

see everywhere inside the body
low cost

ease of use
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Spatial Scales in the Central Nervous System

Autoradiography
Magnetic Resonance Imaging (MRI)
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Biomedical Imaging: Introduction and X-ray

HiStO ry Of Imaglng first electron microscope first commercial TEM

Knoll & Ruska (1932) Siemens (1939)

first microscope limiting resolution of light patent for confocal laser scanning confocal
Jensen brothers (159C microscope, Abhe and Zeiss (188 imaging, Minsky (1957) microscope, Aslund (1987)

1600 1700 1800 1900 1950 2000
A A M
first autoradiograms brain autoradiography
Lacassagne (1924) Sokoloff & Kety (1955)
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1.25 pixel/cm
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2.5 pixel/cm
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10 pixel/cm
RAD

Fluoro |
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“Resolution of different Imaging modalities

A

v PET
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CR-Mammo
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SPECT-CT

SPECT- low resolution
functional image

CT — high resolution
anatomical image

SPECT
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Biomedical Imaging: Introduction and X-ray

Classification of Different Imaging Methods

External signal:

« Ultrasound
« Conventional X-ray:
* Radiography
* Fluoroscopy
« Digital X-ray:
 Computed Radiography
» Direct Digital systems
» CT: Computed Tomography

 MR(l): Magnetic Resonance Imaging

Internal signal:
 Thermography (-), etc.

* Nuclear Medicine
 SPECT: Single Photon Emission Computed Tomography
» PET: Positron Emission Tomography
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Biomedical Imaging: Introduction and X-ray

German physicist

Wilhelm Conrad Rontgen

March 27, 1845 - February 10, 1923

Accidentally discovered X rays while experimenting with cathode
rays emitted from a Crookes tube,

winning the 1901 Nobel Prize in physics for this accomplishmen
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Ball races

Glass
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Flectron beatn Hays

Structure of an x-ray tube
with rotating anode

Cathode
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Biomedical Imaging: Introduction and X-ray

Special structure of high performance x-ray tube
for CTs

Rotation Cathode

4
- Motor
Ball Bearing _; \
Tion Anode

coils
Electron X-rays
beam
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Biomedical Imaging: Introduction and X-ray

R a d I O r a h Heated filament Electrons are accelerated
emits electrons by by a high voltage.
thermionic emission —

.-..-‘ o —

X .-—: W’lod tor
e heat dissipation
——— r—

i

il

x-rays produced when

§ %% high speed electrons

hit the metal target.

Screen support

X-ray film

Screen support

I
Lugs Exposad Foam padding
More Exposed
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X-ray Image contrast
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High Low

! e /Object penetration

Image

Material Effective Atomic Number Density (g/cm3)

Water 7.42 1.0

Muscle 7.46 1.0

Fat 5.92 0.91

Air 7.64 0.00129

Calcium 20.0 1.55

lodine 53.0 4.94

Barium 56.0 3.5
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D X-ray source

filter
«---- collimator

X-ray beam penetration

Body penetration
Reduces DOSE

Object penetration
Reduces CONTRAST

X-ray
generator — mawt
[TITA T o |
Control, Ul | | | | 2D oscillating grid

& X-ray film
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 Magnification and edge-contrast

Closer .-~

I
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| Filtering of x-ray

Without
prefilter

With
0.1Cu+1Al
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Fluoroscopy

X-ray source

filter
collimator

filter
scintillator

Image intensifier

optics
CCD ,camera”

Video signal
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Biomedical Imaging: Introduction and X-ray

Typical fluoroscopy equipment

Tube in TOP position

e . l-—]i i
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Video signal

CCD ,camera’
optics

Tube DOWN Image intensifier

scintillator

| R R EE 1 filter

collimator

X-ray source filter
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A ,dose reduction” technique

| 1sec |

Fluoroscopy

240 msec, 3 mA

Intermittent Fluoroscopy (1/sec)

60
FolRRERRNERE
d
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Surgery

Special mobile
fluoroscopy equipment
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D‘i'gital Subtractive
Angiography (DSA)==

Rotational
Angiography

3 D imaging

Simple
measurement
lavesting in your fibure =
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Biomedical Imaging: Introduction and X-ray

High performance fluoroscopy equipment
for angiography (Monoplane)
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Biomedical Imaging: Introduction and X-ray

High performance fluoroscopy equipment
for anglography (BI- plane)

':__:—-?___—____;_—ﬂ"-:"'___———-—'__
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Biomedical Imaging: Introduction and X-ray

Computed Radiography

Stimulable Phosphor Receptor

" Invisible
Latent Image
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Typical phosphor-plate reader and cassettes
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Dlrect Digital Radiography X e e
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Biomedical Imaging: Introduction and X-ray

General purpose direct digital radiography
system

= 4
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Biomedical Imaging: Introduction and X-ray

Direct Digital DSA with Flat-detector
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Biomedical Imaging: Introduction and X-ray

Flat detector

Direct digital x-ray detector for
high performance and high
speed fluoroscopy, angiography

[

=)

11

G I
I N\ _
Detection Layer Photodiode Array
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Conventional pulsed Grid Switch
fluoroscopy
mA mA
—»Time » Time
Ramping 'Imaging pulse Trailing Imaging pulse

B Switching Tube Current
I Radiation by High Tension Cables
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SpectraBeam filtration

Filters out low-energy non-contributing X-rays, reducing patient.dose

Patient Dose
Reduction (%) 100
\\

% \{“m Cu-eq MRC

40 \nm Cu-egq-MRC -
20 \

\\
50 20 90 110

X-ray Photon Energy(kV)
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Image quality and dose management

Conventional X-ray tube
MRC X-ray tube — 0.2mm Cu
MRC X-ray tube — 0.5mm Cu [ ] [ ] [ ]

Detector Dose » | | |Q2 | | |Q1

1000 500

Patient Dose ‘

X-ray tube power EE» 2000
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Biomedical Imaging: Introduction and X-ray

Image quality and dose management

Patient Dose
[cGY/min]
10 No Cu-eq
/‘_Conventional
/'.' 0.2 mm
: Cu-eq MRC
) 0.5 MM
A ‘ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII % I Cu_eq MRC
2 = : :
30cm water
0.2 0: 0,75 1
»( Same Image quality Detector Dose
[uGY/s]
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