2 NMOVTLKEC XPoVvoAoyiec otnv €EAEN TNC YITOAOYLOTIKNAC
Topoypadiog

® 1924 - poBnuatikn Bswpla TopoypadLknc avakatookeunc dedopevwyv
(Johann Radon)

e 1930 - kAaooikn topoypadia (A. Vallebona)

® 1963 - Bewpntikn Baon tnc Y.T. (A. McLeod Cormack)

® 1971 - 1°S epmnopkoc aéovikoc topoypadoc — CT (Sir Godfrey Hounsfield)
® 1974 - 1°S CT 3nS yeveac

® 1979 - Nobel price (Cormack & Hounsfield)

e 1989 - CT povng Topng

® 1994 - dttoptkoc eAtkoeldng CT

® 2001 - 16-topwv eAkoedne CT

® 2007 - 320-topwvVv gAlkoeldne CT
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CT 2"S yeveac

X-RAY
TUBE

Nertr) 6éoun Bevtaiwag (3°-10 °) — ——» TRANSLATION

MoAAarAot avixveutég v oelpa (linear detector array)

To oUotnua Auyvia-Avixveutég akolouBoUv S O

ouvduaoTikn Kivnon (Metatornion — 2tpodn) INCREMENTS

ArtattoUvtal AlYOTEPEC YPOAULKEG LETATOTILOELG AOYW | WSy

TOU aUENHEVOU apLlOpoU aVLXVEUTWV.

O xpovoc Anync eivat ~20sec.

ﬁ ‘

To ovotnpa Avyvio-aviyveutec otpedetal kotda 30 °

HeTatL SladoyLkwy set YPaUULKWY LETATOTILOEWV.

Ot StadoxLKEC peTatomioslg emavaloppavovtal 6

bopéc. '

MULTIPLE
DETECTORS




CT 2"S yeveac

Neray Tube

Detector Array
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CT 2"S yeveac

Scan |
X-ray Tube e
Aemtry 6éopun PeviaAiag (3°-10 °) .?
MoAAartAot aviyveuteg v oglpa (30-60)
AplOuoc aktivwv 600 JI7
AplOuoc npofoiwv 540

H aktwvoBoAia tou okedaletal oto i6lo eminmedo e avto
TWV AVLIXVEUTWV Kataypadetal, eVw N okeSA{OEVN EKTOC
TOU Ted OV TWV AVIXVEUTWV XAVETOL.

£ uns

& Narrow Fan Bean

Detector Array



CT 3" yeveac

MoAAol avixveuTeg ev oslpad, 300-700, o€ oXNUATLOMO
TOEO0U.

O xpovoc¢ cdpwonc eival ~2sec.

H 6éopn Twv aktivwv X £xel To oxnpa BeviaAlag kot
‘KatevBOUvVeTOL TTPOC i TOEOELST) VPO AVLXVEUTWV.
Agv UTTAPXEL LETATOTILON TOU CUCTAMATOC AuVia-
OVLXVEUTNC, LOVO oTtpodr).

Detectors




CT 3" yeveac

o K-ray tube

. i
- A:// ___——Filter
- \ Collimator
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CT 3" yeveac

o H 3" yeved atovikwv topoypadwv pEPeL LeyAAn eEEALEN
OTOV TOMEQ TOU CUOTHUOTOC aviXxveuonc.

o MoMAAoi, ev oelpd, avixveuteg, UPNARG SLAKPLTLKAG
LKOVOTNTOG TIOU ETILTPETEL TNV Kataypadr Twv mpoBoAwv
BevtaAilog mou €xouv SLEPOEL Ao EYKAPOLEC TOUEC TIOU
KAAUTITOUV OAN TNV tepLdEPELA TOU

o 0O xpovog ANPNnc Kol ovoKATOOKEUNG Uiag TOUAG eivat
ULKPOTEPOC TWV 2Ssec.

o O xpovog Tou armaltteltol yia tnv eneepyaocia elkOvVag iva
ONMUOVTLKA UELWUEVOC OXETLKA LE TOUC a€oVIKOUC 1S kot 216
YEVEAC.




CT 3" yeveac

Third Generation 1974

Fan-shaped x-ray beam.
960 detectors opposite the x-ray tube.

Complete 360 degree rotation Rotate/Rotate
movement.

One rotation = one slice.

Second data acquisition could be made as the tube
and detectors move in the opposite direction.

oo

x)
- N —

A
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Time reduced to 1 sec per slice.

g

CT scanner 3rd Generation.mp4




CT 4"S yeveac

OL aviyveuTeg bev meplotpedovrtal, oxnuatifouv SaktuAlo yupw
aro Tov acOevn.

H Auxvia aktivwv X mepLloTpEPETOUL CUVEXWC.

AOYW TNG LELWHEVNG KLvNoNG, N TTOAUTTAOKOTNTA TOU GUOTHLOTOC
LELWVETOL.

O otaBepo6¢ SAKTUALOC QVIXVEUTWV ATIOLTEL HEYAAUTEPN YWVLA
amodoxn¢ (acceptance angle), To omoio cuvemnayetol
neploocotepn okedalopevn aktivoBoAia, o oXEon HE TOUC
a&ovikoU 316 yevedc.

MeyaAUTtePOG aplOUOC avIXVEUTWVY Kol NAEKTPOVIKWY CUVOETEWV
yla tnv emitevén tng idLag SLakPLTIKAG LKAVTOTNTOC KOl ETUMES WV
d00N¢ He Toug aéovikoug 3N yeveadc.

Detectors

Source



CT 4"S yeveac

4th Generation Scanner
2TaBepOC SAKTUALOC AVIXVEUTWY YUPW Ao Tov e€stalopevo. H Auyvia eivat to Stationary Datector

LOVO KLVOUUEVO TUAMO TOU CUCTAMATOC OKTIVOBOANONC , EKTTEUTOVTOC Uit
Sd€oun BevtaAlog peyaAng ywviog wote va ‘KaAurtel’ 0An tn Statoun Tou
g€etalopevou.

ApPXLKEC eKOOOELC: 600 QVIXVEUTEC

Katorveg ekbooelg: €wg 4,800 aviXVEUTEC

Melovektnua : H aélomoinon twv aviyveutwv dev eival amodotikn, SLOTL Alyotepo
TOU % TWV OVLXVEUTWV XPNOLUOTIOLOUVTOL OE KABE XPOVLKN OTLYUN.

O amaLTOUEVOC XPOVOC VLo Ol TOUN LELWVETOL QKON TIEPLOCOTEPO.
Arntodevyovtal ta ring-artifacts (artifacts SaktuAiou) tng 31 yevedg

Tube Rotates Within Ring or Fixed




CT 4"S yeveac

Large Fised Detector
e N i

Neruy Tube i
'} Active Dietector
“ & Vlements
(|
|

i\
(4!

Fourth generation CT scanners

Fan beam

Static detectors all
round gantry

Only tube rotates

Avoids ring artefact
problems of 3rd
generation scanners




Differences between 3rd and 4th generation scanners

3rd generation

*Tube — detector relation is
fixed

*Highly collimated detectors

*Less scatter and noise

*Have good low contrast
resolution

4th generation

*No

*Cannot be done as this
decreases ray sums &
projections

*Wide aperture of detector
increase scatter detection &
noise which decreases density
resolution

*Have high spatial resolution.
Due to overlapped
measurement and more
closely placed .narrow
equivalent ray sums



CONVENTIONAL AND
SPIRAL/HELICAL CT
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Slice Thickness: Multiple Detector Array Scanners

x-ray beam x-ray beam
[ collimators

Detector Pitch & Collimator Pitch

Pitch is a parameter that comes to play when helical scan
protocols are used.

In a helical CT scanner with one detector array, the pitch is

Detector Pitch & Collimator Pitch

*» In a helical CT scanner with one detector array, the pitch is

determined by the collimator (collimator pitch),

table movement (mm) per 360-degree rotation of gantry

Detector Pitch & Collimator Pitch

+* Pitch fundamentally influences radiation dose to the patient,

image quality, and scan time.

slice thickness N N X ) Colli itch = . . g : : X
determined by the collimator (collimator pitch). ‘ piteh = collimator widch (mm) at ocenter +» For single detector array scanners, a pitch of 1.0 implies that
. 5 . the number of CT views acquired, when averaged over the lon.
penumbra Single and Multiple detector arrays scanner have different q g s
definitions. . axis of the patient, is comparable to the number acquired with
D ik table movement (mm) per 360-degree rotation of gantry o '
etector pitch = detector width (mm) adjoining axial CT.
single detector multiple delac!o!
x, £ ¥, x
Q Shahid Younas Lecture 7 C-? Shahid Younas  Lecture 7 C—:) Shahid Younas  Lecture 7 (_:'_) Shahid Younas  Lecture 7

Detector Pitch & Collimator Pitch

<+ A pitch of less than 1.0 involves over-scanning may result in
some slight improvement in image quality and a higher

radiation dose to the patient.

++ pitches greater than 1.0, and pitches up to 1.5 are commonly

Detector Pitch & Collimator Pitch

Cc -—1 r— collimation ‘-I r— C

Collimator Pitch=T/C £\
=\ g e
; A\ [l
Detector width= T/D /,\ v
/e )
T
] -

D~/ k— getectorwidth — -0

Detector Pitch & Collimator Pitch

¢ Scanners that have multiple detector arrays require a different

definition of pitch.

Collimator pitch =

Detector pitch
N

Detector Pitch & Collimator Pitch

For scanners with four detector arrays, detector pitches running
from 3 to 6 are used. A detector pitch of 3 for a four-detector
array scanner is equivalent to a collimator pitch of 0.75 (3/4), and
a detector pitch of 6 corresponds to a collimator pitch of 1.5

(6/4).

used.
multiple detector array single detector array
For a multiple detector array CT scanner with four detector arrays, a collimator pitch of
1.0 is equal to a detector pitch of 4.0. N =Number of detectors used
X X X X
o Shahid Younas Lecture 7 o Shahid Younas Lecture 7 (%0 Shahid Younas Lecture 7 %0 Shahid Younas Lecture 7

CT Dose Measurement

CT Dose Measurement Methods

CT Dose Measurement

CT Dose Measurement Methods

«+ Compton scattering is the principal interaction mechanism ten 10 mm slices <+ The MSAD is the dose to tissue that includes the dose " . . s
” «+ Same as previous but a correction factor is needed,
in CT, so the radiation dose attributable to scattered " y— total attributable to scattered radiation emanating from all
\
sation s consi ; ; ‘ e iacent s _ . 1
radiation is considerable, and it can be higher than the one 10 mm slice :/,.‘. scatter adjacent slices. Dose (helical) = Dose (axial) X - -
radiation dose from the primary beam. § o total /( ! Collimator pltch
° . 2 ] : 8
rimal . «+ The MSAD is defined as the average dose, at a particular
primary ) v )( primary 2 p
«+ The multiple scan average dose (MSAD) is the standard for 5 scatter . \ depth from the surface, resulting from a large series of CT = Time X Current
3 p g ( ) AN S¢ 7 . P = g Dose (fluoro) = CTDI dose x
determining radiation dose in CT. slices. mAs of CTDI measurement
position along torso
x X, x X
Q_) Shahid Younas Lecture 7 S0 ] Shahid Younas Lecture 7 Q_) Shahid Younas Lecture 7 [ S0




= Helical CT Scanner




Helical/Spiral CT

Start of
spiral

Path of continuously
scan

rotating x-ray tube
and detector

0 T
Direction of \
continuous 0 B

patient
transport

2-4 slice

8-16 slice

16-32 slice

32-64 slice




CT machine

Rotating direction

Motorized table

Motorized table



HELICAL CT

+ A technique where by the patient is transported
continuously through the gantry while data are
acquired continuously during several 360 degrees
scans.

«Also k/a spiral or volume CT.

# Pitch: relation of table speed to slice thickness
Pitch= Table feed * time per rotation of 360
oo

Pitch= Table feed ,if it is a 1 sec scan.

Spiral

Pitch =1 Pitch =2

Advantages of helical CT

» Increased speed a study.

» Exact continuity of images.

» Less slice misregistration.

» Less motion artifact.

» Need for less contrast medium.

» Availability of volumetric data.

Adjustment in reconstruction algoriti

» Interpolation algorithm

Estimation of a unknown value between known values is
called interpolation.

Estimation of a unknown value beyond known values is
called extrapolation.

Multislice CT (MSCT) or Multi-detector
CT (MDCT)

» Uses multiple parallel detectors instead of a single
detector array.

» And hence greater volume of patient is scanned in a
single rotation

Single-Slice Multi-Slice

Slip-ring technology

Advances of spiral CT over
conventional CT

Slip ring device
More efficient tube cooling
Increased milliampere capability

Smoother table movement

4 Is one of the important parts of spiral CT machines.

1 Serves as a connection of the gantry rotating part and
the fixed portion of the power line and the signal line.

Software adjustment for table movement

Efficient detectors

Interpolation

< Pitch: relation of table speed to slice thickness

Extropoloted, D Pitch= Table feed * time per rotation of 360

collimation
At N
¥ 4 Pitch= Table feed ,if it is a 1 sec scan.

//' Interpolated, C

/ﬁ.m., A

Spiral

Pitch =1 Pitch =2

Advantages of MSCT over single slice

P Same acquisition in shorter time.

P Improved z-axis resolution.

P Reduced artifacts.

P Increased coverage per rotation.

> Reduced overall tube loading.

P More information available for the radiologists.

P Possibility of new applications.




