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X-Ray Discovery

X-ray was discovered by a German

scientist Roentgen 100 years ago.

This made people for the first time be
able to

4

» But it's superimposed

> And we couldn't view soft
tissue
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DIFFICULTY IN DISTINGUISHING BETWEEN
HOMOGENOUS OBJECTS OF NON-UNIFORM
THICKNESS.
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2-TISUE DIFFERENCE SENSITIVITY
5%-10%
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Blood 0/208
Gray matter 0/212
White matter 0/213
Cerebrospinal 0/207
Water 0/206
Fat 0/185
Air 0/0004
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CT ADVANTAGES

CCT

Advantages of CT:

1. Three-dimensional image
free of superimposition

Cramal Girdemonstrating
ventnecies andrcalciiiea timor;
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LIMITATIONS OF CT
|

m UNABLE TO DIFFERENTIATE
BETWEEN TISSUES WITH SLIGHT
CONTRAST DIFFERENCES < 1%.



Comparison of MRI and CT

* Appearance of images

* MRI visualizes more soft
tissue detail without MR
contrast media
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CT DATA AQUISITION
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A look Inside a rotate/rotate CT

Detector
Array

and
Collimator
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Multislice CT
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now aoes CT
Work?



Concept of X-ray Attenuation

An X-ray beam passing through
the body is attenuated

Incident X-ray

0 -:.:_.'-'.‘

i [ 5]
R ocoinininiaiaint i

Absorption by the tissue is proportional to the density

MORE ATTENUATION LESS ATTENUATION
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How does CT Work?

X-ray generation

Data acquisition
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How does CT Work?

_l,

X-ray goes through
collimator therefore collimation
penetrate only an axial

layer of the object, called

Detector




How does CT Work?

s Patient is placed in the
center of the measurement
field

s X-ray is passed through the
patient’s slice from many
direction along a 360° path

s The transmitted beams are
captured by the detectors
which digitizes these signals

* These digitized signals
called raw data are sent to a
computer which create the
CT image




I The attenuation values are transferred to the computer
where they are coded & used to create a slice image




CT Broke the Barrier
Jr

For the first time we could

SIEMENS
view:

- Tomographic or “Slice”
anatomy

- Density difference
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History of Computed Tomography

| 1963 - Alan Cormack developed a mathematical method of
reconstructing images from x-ray projections

e My name is Godfrey Hounsfield

e | work for the Central Research
Labs. of EMI, Ltd in England

e | developed the the first clinically

useful CT scanner in 1971




CT .

X-ray Tube
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fan beam projection
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2"d generation: rotate/translate,
narrow fan beam

+

m Incorporated linear array of 30 detectors

m More data acquired to improve image
quality (600 rays x 540 views)

m Shortest scan time was 18 seconds/slice

m Narrow fan beam allows more scattered
radiation to be detected (~10 degree)

m 6 Liner movement & 6 rotary movement
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3d generation: rotate/rotate, wide fan
beam

+

m Number of detectors increased substantially (to
more than 800 detectors)

m Angle of fan beam increased to cover entire
patient

— Eliminated need for translational motion

m Mechanically joined x-ray tube and detector
array rotate together

m Newer systems have scan times of %2 second
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4th generation:

rotate/stationary

+ Designed to overcome the problem of ring
artifacts

Stationary ring of about 4,800 detectors




individual
detector
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DATA AQUSITION
GEOMETRIES

m CONTINUOUS
m STATIONARY



CONTINUOUS

Changes and Advances
in CT Systems

» First generation scanner:
—One or two detectors
—4-1/2 minute scan

» Second generation scanner:

—30 or more detectors
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CT Generations & Design

+ IS used to label CT tube-detector
designs
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SEQUENTIAL-SLICE BY SLICE
SCANNING




5th generation:
stationary/stationary

+

Developed specifically for cardiac tomographic
Imaging

No conventional x-ray tube; large arc of tungsten
encircles patient and lies directly opposite to the
detector ring

Electron beam steered around the patient to strike
the annular tungsten target

Capable of 50-msec scan times; can produce fast-
frame-rate CT movies of the beating heart



5th generation

— DATA ACQUISITION SYSTEM
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Helical/Spiral:




6th generation: helical

m Helical CT scanners acquire data while the table
IS moving
m By avoiding the time required to translate the

patient table, the total scan time required to
Image the patient can be much shorter

m Allows the use of less contrast agent and
Increases patient throughput

m In some Instances the entire scan be done within
a single breath-hold of the patient



Spiral / Helical

/\ table translation

+

[

helical x-ray tube
x-ray tube rotation path around patient




Helical Scan Principle

_l,

Scanning Geometry

X ray beam

Direction of
patient
movement

Continuous Data Acquisition and
Table Feed



Slip-ring Technology

| Power is transmitted through parallel sets of conductive rings
Instead of electrical cables

£ Continuous Gantry Rotation
K Prerequisite for Spiral CT

Non Slip-ring Scanner Slip-ring Scanner



What iIs Spiral Scan? -- just
466C99

[] Continuously rotating tube/detector
system

[] Continuously generating X-ray

[] Continuously table feed

[] Continuously data acquisition
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Spiral (helical) CT i

Volume acquisition may be preferred to serial CT

L

* dose saving:

* reduction of single scan repetition (shorter examination times)

* replacement of overlapped thin slices (high quality 3D display) by the
reconstruction of one helical scan volume data

* use of pitch > 1
" no data missing as in the case of inter-slice interval
* shorter examination time

* o acquire data during a single breath-holding period avoiding
respiratory disturbances

* disturbances due to involuntary movements such as peristalsis and
cardiovascular action are reduced



7t generation: multiple
detector array

When using multiple detector arrays, the collimator
spacing Is wider and more of the x-rays that are
produced by the tube are used In producing image
data

— Opening up the collimator in a single array scanner
Increases the slice thickness, reducing spatial
resolution in the slice thickness dimension

— With multiple detector array scanners, slice thickness
IS determined by detector size, not by the collimator



Detector array

1 Tube Amods




4 detector arrays detector array







TRANSMISSION
+

RELATIVE TRANSMISSION=I0/1



ATTENUATION

+

Exponential Attenuation of X-ray

Ni: input intensity of X-ray
No: output intensity of X-ray
L: linear X-ray attenuation
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Attenuated
= more




What are we measuring?

« The average linear attenuation coefficient, 4, between
tube and detectors

« Attenuation coefficient
reflects the degree to
which the x-ray
intensity is reduced
by a material

X-ray tube

attenliation <

L

O detector



Projections

« 2D views - ‘projections’ at angles all the way round the
patient

— sample p at each
detector to generate

a projection

— rotate tube and

detectors a small il
amount and repeat .3 13

the measurements

[T

attenuation
——

detector
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SCANNING
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FOV:
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DISPLAY FOV vs SCANNING FOV

+

m — AREA OF MEASUREMENT
DURING SCAN
m - DISPLAYED IMAGE

m CAN BE EQUAL OR LESS OF



SCAN FOV

DETECTORS




SCAN FOV-SMALL

SFOV

DETECTORS




SFOV - HEAD







TOO SMALL OF SFOV —
OUT OF FIELD ARTIFACT




SCAN FOV-RESOLUTION
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T MOST SCANNERS PIXEL
SIZE

1 TO 10mm



EXAMPLE:

.
e FOV=40 CM= 40 X 10 MM=400 mm

e MATRIX= 512 X 512 = 5127

W

400/512=0.78 mm
0.8 mm




X-Y Voxel Size

5312

pixels

512 pixels



PIXEL vs VOXEL



PIXEL SIZE DEPENDS ON:

+

m MATRIX SIZE
m FOV



VOXEL SIZE DEPENDS

m FOV
m MATRIX SIZE
m SLICE THICKNESS

Voxel7.7.7

-
'Voxel 0,00




GRAY SCALE DISPLAY MONITOR
RESOLUTION IS RELATED TO THE
SIZE OF THE PIXEL MATRIX

m 64 X 64

m 128 X 128

m 256 X 256

m 512 X512

m 1024 X 1024
m 2048 X 2048



MATRIX
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PIXEL MATRIX
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What are we measuring?

« The average linear attenuation coefficient, g, between
tube and detectors

« Attenuation coefficient

reflects the degree to X-ray tube
which the x-ray
intensity is reduced
by a material
;= g N\
attenliation < ;
\ )
M-
O detector

EAMM 2003 10



SCAN FOV
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RECONSTRUCTION




CT NUMBER

nto CT number




CT Number

» Pixel bit-depth of 212 = 4096 values
* Contrast scale

HU = Constant (1, — Pyoter) / Myvater

— CT number for water = 0 at all energies
— CT number range —1024 to +3072

* CT number affected by kVp

— Reduce kVp, increase contrast



Computed Gray Scale and CT Numbers

TISSUE TYPE AND CT NUMBERS
TISSUE TYPES CT NUMBERS APPEARANCE
Cortical bone +1000 White
Muscle +50 Gray
White matter +45 Light gray
Gray matter +40 Gray
Blood* +20 Gray
CSF +15 Gray
Water 0 (Baseline)
Fat -100 Dark gray to black
Lung -200 Dark gray to black

Air -1000

Black

AV AIteIodinated cContracLmediais present,

REelalive attenuation (Siiades ol gray) Is DAsen on

qu'Jmu IS (HoURSHeld unis):



LINEAR ATTENUATION

COEFFICIENT (cm)
= BONE 0.528
= BLOOD 0.208

m G. MATTER 0.212
= W. MATTER 0.213

m CSF 0.207
m WATER 0.206
m FAT 0.185

s AIR 0.0004



Pixels and Image Matrices
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Pixels and Image Matrices
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CT#vs BRIGHTNESS LEVEL
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Typical CT Numbers

Air -1024
Lung ~ =700

Fat ~-120to ~-80
Water 0+/-5
Brain ~ 40

Soft Tissue ~40to~ 100

Bone 200 to > 600
Metal > 1000 —

...................
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CT # OF CYST
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Narrow (high) contrast Wide (low) contrast

* Window widti (VW) s Window level (VL) or-window center:

= Range ol Gl numbersidispiayed = Determines Gl numberto beinthe
dS SHades ol grdy’ Center-oiwindowawidin
SONOIS Image CuniiEss = Controls image “Ensiy;
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http://web.sapmed.ac.jp/radiol/brainCT/animation.gif







