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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
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LINEAR ATTENUATION
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BONE 0528

BLOOD 0.208

G. MATTER 0.212
W. MATTER  0.213

CSF 0.207
WATER 0.206
FAT 0.185

AIR 0.0004
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CT NUMBER

| uwto 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
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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 —

...................




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):
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Pixels and Image Matrices
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WINDOWING macE

CT NUMBERS GRAY SCALE
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SCAN FOV-RESOLUTION
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PIXEL SIZE

PIXEL SIZE = FOV (mm)/ MATRIX SIZE




PIXEL SIZE DEPENDS ON:
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MATRIX SIZE
FOV



VOXEL SIZE DEPENDS

+

FOV
MATRIX SIZE
SLICE THICKNESS Voxel 7,7,7
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'Voxel 0,00




COMPUTED TOMOGRAPHY
QUALITY CHARACTERISTICS
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Objects in the Body Imaging Procedure

Physical Contrast CONTRAST
A SENSITIVITY

Low —
(Soft Tissues, \.
Fluids, etc) \\ !
High—L

(Bones, Bullets, Barium, etc) Images
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Contrast Resolution

Ability to see a small object not easily distinguished
from background (NOISE)

« Effective mAs
mA * time / pitch
* Image thickness
» Patient size
* Reconstruction filter

* Viewing conditions




Anatomical

Image

Detail

DETAIL

[ ;;'\

B ngh Med Low

4\e ‘

1 Objects
sl Not Visible
Osb‘ject 1

Z0 N Objects
Deial) I Visible
Large :

Low Med High
BLURRING




Low

High

Object Contrast
—

E R R R N B

IMAGE

Low Med High

Objects
Not Visible

Objects
Visible




CT Slice Divided into Matrix of Voxels

Field Of View (mm)




Spatial Resolution

Ability to detect a small object easily distinguished
from background

* Display Field of View (DFOV) size

« Reconstruction filter (algorithm, kernel)
« X-ray tube focal spot size

* Image thickness (blurs edges of objects)
* Pitch (blurs edges of objects)

« Patient motion

* Image zoom | Voxel size = DFOV/512




COMPUTED TOMOGRAPHY
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CT Image Characteristics

Reference Sirnawls




CT Image Characteristics
Contrast Detail Noise

Reference Strnawls




CT Image Characteristics
Contrast Detail Noise

Same

Reference

Strawls



The Three Phases of CT Image Formation

DigitallAnalog
Scan Image Conversion
and and
Reconstruction Display Control

Data Acquisition
D_igltﬁal Image

. '-'.. a -’
2 ; | '
o 1> Scan
QL) | n _ >
, =

Matrix

- S”CQ Th. Window
FOV
Level

Filter
jor P I F
Major Protocol Factors < :




Factors That Determine Image Detail
(Sources of Blurring)

A’ Digital lmage
“ _’ l : ’
: ‘ : ’-
\ e Scan
@ | == Filtered
—» Data Back Projection
YL q
,..‘ - |
@ i &) Voxe Size

Px ch
>
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Strawls

Detector




Measuring CT Image Noise

Images
of
Water

(CT Number = 0)

Distribution
of
CT Numbers
within
ROI

Nomber of Pixols

v
X
&
L}
vvvvvvvvvv g e Y e O TeT P Ay T
0 + - 0 +
CT Number Values CT Number Valwes
«_ . Standard Deviation _ 4
Large

Small
Low Noise

High Noise
Noise Index




Effects of Recon Filters on Noise

Recon Filter Std Dev
Water Img
Soft 3.8

Standard 4.7
Lung 19.6
Detail 6.5
Bone 18.8
Edge 35.8

Bone Plus 27.0




Decreasing Noise

Produces Increasing Dose




X-ray Photons Interact With Tissue in A Voxel

! g
Ammh
- » g 8 1! ’ N -
Radiation Dose / mage Noise
determined by o - ,. determined by
: - -
Concentration ™ @ o | <. Number of Photons
of e o >o. per voxel
Absorbed Energy i
per voxel rd
Dose is increased Noise is reduced
by . Lo 4
increasing number increasing number

of photons. of photons.




CT Slice Divided into Matrix of Voxels

Field Of View (mm)

Voxel Size Controlled By




PIXEL SIZE

PIXEL SIZE = FOV (mm)/ MATRIX SIZE




PIXEL SIZE DEPENDS ON:

+

MATRIX SIZE
FOV



VOXEL SIZE DEPENDS

+

FOV
MATRIX SIZE
SLICE THICKNESS Voxel 7,7,7

-
'Voxel 0,00




Two Major Image Quality Goals

Low Noise

P

Large

Protocol Factors




Factors That Determine Image Noise

T Digital Image

4 Voxel Size
Determines
Number

of Photons

Concentration of Absorbed _
Photons and Energy S“e Th.

at Each Location FOV
In the Body Tissue

Matrix




Reconstruction Filter Kernels

Filtered

‘ Back Projection

Noise Reduction . Enhance Detail

l

~

}

Increased Reference Increased
Blurring Image Noise

(Effects exaggerated for illustration here)



Factors That Determine Image Detail
(Sources of Blurring)

S Digital Image
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Detector




Relationship of Radiation Dose to Image Detail
Lower Dose .- Higher Dose'l

When detail Noise Dose
is increased Increases ~ must be
by \ increased
Because of to
s decreased reduce noise.
voxel size




Effect of MA on Dose and Noise




Select MA for Body Size
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Fit MA to Body Attenuation

! 1
- '
—
.

“ Same Noise
(Photon Concentration)




Automatic MA Control

Scan

-
~~~~~
L T L

Automatic Adjust
to Keep
Constant Noise Level




Automatic Exposure Control
to Optimize Radiation Dose and Noise
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Body Attenuation

Reference
Noise Level




CT Image Characteristics

A :":‘a A‘ﬂ\

u .ll“v.\')
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Noise|

[ Detail

nsltlvlty Window
Width
__KV__J Pitch_JNslice Th.

Window
| Filter | Zoom

Major Protocol Factors




The Three Phases of CT Image Formation

DigitallAnalog
Scan Image Conversion
and R PRETI and
Data Acquisition ot Display Control
Y b
o —p Scan R —
§ :4 Data Back Projoction
.'-.’. o

. Slice Th. Window
e -

m Window

Major Protocol Factors

Beam Wid.




Distribution of Radiation Dose
Within the Image Slice

Dose in other areas
Generally lower dose will vary with
at the center. body dimensions,
composition, and
MA modulation.

Stnawls




Radiation Dose for Single Slice

Direct
in the path

Dose Profile

Dose

Strawts




COMPUTED TOMOGRAPHY
DOSE INDEX

R iﬁﬂ -Si = CTDI




Weighted
Computed omography ose 'ndex

(Approximate Average Dose in Slice)

Patient Body Acrylic Phantom
O

O O O
Dose in other areas
Gcn:l"a‘l’l.y lowctr dose e ) \ \
P OBEeeS body dimensions,
composition, and Dosimeters
MA modulation.

crol.,.,.. = 13 CTDI ., +2/3CTDI,,,,.,



Volume

Computed omography ose ndex
(Accounts for the Effect of Pitch on Dose)

crol,.... = CTDI,.,... »~ Pitch
Low Pitch High Pitch

More Concentrated __ Less Concentrated

Higher Dose Lower Dose I



Radiation Dose for Multiple Slices

' What is the dose?

One Slice

10 Slices

=

A. 4 rads
B. 4.4 rads
C. 40 rads

| D. 44 rads
CTDI......cca Sirnawls



Dose Length Product
Represents Total Radiation Energy

Deposited in the Patient Body

1‘ )

A\’ e ,/‘/
= lis
b

Scan Length

j‘-
.

DLP = CTDI, , X Length

vo, Cﬁ'?ﬂlj



Effective Dose

“Equivalent Whole Body Dose”
used for
Estimation of Risks

Calculation
3 T ¥
Anatomical Tissue
Region ' Weighting Factors

-



CT Dose Quantities

Effective Dose DLP

:
1 s
-
|
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-TK_V. Scan Length

ime
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Factors
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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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