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ELECTROMAGNETIC RADIATION SPECTRUM N
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[Inyn: “The Essential Physics of Medical Imaging”, 3 Edition



AKTIVOBOAia X

E=hv; h=4,135x10 exp{-15} eV
Diagnostic X-ray energy spectrum 10-150 keV

A=clv (c=2,997925x10exp{8}

Diagnostic X-ray wavelengths:

0,1 nm(12.4 keV) - 0.01 nm (124 keV)

(visible light wavelength spectrum 400 (violet)-650 (red) nm)

X (and v) rays interact with atoms and have the potential to
liberate electrons from the atoms that bind them, resulting
In 1on pairs (negatively charged electrons and positively
charged atoms or molecules) (ionizing radiation).

X and vy rays are the same, but with different spectral characteristics.
A X- and y- ray of the same energy are the same. :



AKTIVOOIAYyVWOTIKN ATTEIKOVION
(MpoBoAIkry ATTEIKOVION)

2TOX0GC TNG AKTIVOJIAYVWOTIKNG QATTEIKOVIONG Eival N avattTapAdoTaon
TNG E0WTEPIKAG AVATOMIKAG OOMNG TOU avBpWTTiVOU CWHPATOC ME TN
xprion okTivwv X. H amekovion Twv douwv Paciletar oTnv
aAAnAeTTidopaon TNG akTivoBoAiag X pe TNV UAN (avBpwTTivo cwua) Kal
TNV KATaypa®n tnG.

AvaAoyikiy KaTaypa®n
2UCTNMA EVIOXUTIKAG

Mnyn akTivwyv X ESeTalopuevog TIVOAKISAG-PIAN)

Yneiaki Karaypaen:

- 'EMMEONG HETATPOTTAG
(Computed Radiography-CR)
- Apeong petarpotrig (Digital
radiography-DR)



[Inyn akTivwyv X: Auxvia

MeTartpotréag EvEpyeiag:
HAekTpikh — KivnTiky — H-M (1%), O¢ppodtnta (99%)
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Auyxvia : KaBodoc - Avodocg
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ETridpaon 6 oto yEyeboc mediou Kail oTn
XWPIKN OIAKPITIKA IKAavVOoTNTA

Large anode angle Large anode angle Small anode angle
Small filament length Long filament length Long filament length

Projected
Focal Spot

2

H ywvia 8(o€ ouvdIaouo PE TO EUPOG TNG OEOUNG NAEKTPOVIWY
eTTnNpEeadel 1o pEyebog trediou (field coverage) kai To paivopevo
(evepyO) pEyeBOG eaTiag, ONA. TN XWPEIKA JIAKPITIKI IKAVOTNTA.



2XNUa Kal uEyebocg Tediou akTIVOBoAiag
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H d¢éoun 1Tou kateuBuveTal TTpo¢ TNV €¢od0 TNG Auxviag (TTapdBupo) €xel peyaAo
gUPOC Kal OTTAITEl JIANOPPWON WS TTPOS TO PEYEBOC KAl TO OXAMA TNG, WOTE Va
OTOXEUEI TNV TTEPIOXN EVOIAPEPOVTOGC Kal OXI TTAPAKEIMEVOUGS 1I0TOUC (ETTITTAEOV DOON).

H d€oun ouvnBwg diapopewvetal pe diappdayuara Baboug TTou ouvodeuovTtal Atro
ouoTnUa @QWTEIVOU TTediOU TTOU ETTITPETTEI TOV  AKPIB €VvTOTIoONO TOU TreEdiou
aKTIVOBOAIOG. 5



T1 oupyPaivel otn advoodo ?

Ta nAekTpovIa TTPOCTIITITOUV OTO OTOXO TNG AVOOOU HE EVEPYEIQ:
E=e-V(mx yia V=100kV, E=100keV)

AANNNAeTTIOpOON TWV €™ hJE TouG OOMIKOUC AiBoug Tou oTOXOU
TTapAyel ewTovia X e OUO unNxaviououc:

(a) AkTivoBoAia TTEdnong (B) XapakTnpioTIK akKTIVOBOAia

QKTIVOBOAia
[

aKTIVOPBOAia = NAEKTPOVIO
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[Mapaywyn akTivwv X he akTIvOBoAia TTEdN0ONG: ZUVEXEC
PACHA AKTIVWYV X

O@eileTal o€ emPBpaduvon Twy e atrd To NAEKTPOOTATIKO TTEdIO TOU TTUPVA KAl TNV
apxn dlatipnong TnNG evépyelag (aAAnAemdpaoceig Tutrou Coulomb)

m.X. E{: MEPOG TNG apXIKAG KIVNTIKAG evépyelag Tou €1 kal E; 6An n apxikA KivnTIKA
EVEPYEID TOU @,

H €vraon tng mmapayopevng dE0PNG OKTivWY X AGyw TTEdNONG €ival avtioTpo®n
ouvaptnon TNG evépyelag (o1 aAANAETIOPACEIC TIOU TTapAyouVv akTivee X
XOUNAOTEPNG evépyelag €ival Tro  TMOavES), HE ATTOTEAECHA N TTOPAYOMEVN
QKTIVOBOAia X va gival TTOAUXPWHATIKE).

. . . E, . a
Distant interaction Close interaction

Evtaon aktivov X (N x E)
/
[ ]

\Ea

0 10 20 30 40 50 B0 70 B8O S0 100 110
Energy (kaV)
E

Impact with nugleus: Max E
f(E):kXZX(Emax_E) 12




T1 eival ouvexEc paopua ?

H akTiviki atrootacn aAAnAeTTidpaong aTtro Tov TTUpnva r

KaBopilel TNV TTEPINETPO 21T, TTOU AVTIOTOIXEI OTNV TTIBavOTNTA
QAANAETTIOPAONG TWV TTIPOCTTITITOVTWY NAEKTPOVIWV KAl TOU TTUPNVA.
KaBwc¢ 1o r augdvel kal n moavoTnTa aAANAETTIOPACNC KAl ETTONEVWG
Kal TO TTARB0C TwV TTAPAYOUEVWY AKTIVWYV (PwToViwv) X JE TOV
MNXQVIOPO TTEdNoewG (bremsstrahlung).

H katavoun Tng moavoTnTag auTtng (apiOpou euToviwy) wg
guvapTnon TNG EVEPYEIAG TOUG, AVTIOTOIXEI OTO ACUA TNG
TTapayouevng akTivoBoAiag X.

A
- E
n
| => Ny, o
; n,E,
|:1 I n3E3
Otrou NI 10 TTARB0C TWV PWTOViwy X I >

evépyelac hvi E, E; E; o)
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[Tapaywyn XapakTnPEIoTIKAC aKTIVOBOAIaC

Ogciletal oe aAAnAemdpdoeic (Tuttou Coulomb) Twv TTPOCTTITITOVIWY
NAEKTPOVIWV ME TA TPOXIOKA NAEKTPOVIA, HPE ATTOTEAEOUA TNV ATTOUAKPUVON
TPOXIOKWY NAEKTpOViwV Kal TN Onuioupyia eAeUBepwyv BECEWYV, O OTTOIEC
KAAUTTTOVTAI ATTO - ECWTEPIKWYV OTIRAdWYV

H evépyeia TNG XapakTnpPIoTIKAG OKTIVOBOAIAC X TTOU EKTTEUTTETAI AVTIOTOIXEI
oTn SIAPOPA TWYV EVEPYEIWV OUVOEDNC TWV NAEKTPOVIWV PETACU YEITOVIKWY
N uN evepyelokwy oTIBAdwWYV. (H evépyela €TTionNg auTtr PTTOPEI JE PETOPEPDOEI
o€ GANO TPOXIOKO e- TO OTT0I0 £TCI ATTOUAKPUVETAI ATTO TO ATOHOo, Auger e-)

Tungsten Energies Shells
e 0.5 keV

3 keV
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EvEpyelec auvdeong TPOXIAKWY

NAEKTPOViwV Tou atépou Bohppapiou.



T1 geival ouvoAIKO @Acua akTIvOBOoAiag ?

[ pa@IKr) avatrapacTaon Tou TTANB0oUC TwWV TTAPAYONEVWY QWTOVIWY X
yia KGBe evépyela yia OAO TO EUPOC TWV EVEPYEIWV TS OEOUNG
2UVIOTWOEG TOU PACHATOG: OUVEXEGS Ao (aKTIVOBOAia TTEdNONG)
YPOMUMIKO @ACHA (XOAPAKTNPICTIKN

"Evraon axtivov X (N x E)

XopoaKTnpLoTiKi) aKTIvofoiia
4 (otoifdde L)

/ Axtivoporia [IEonong

XopaKkTnpLoTiKi) akTivofoiio
(ctopada K)

Méyotn
Evépyern

20 40 60 80 100 120
Evépyewa (keV)

akTIvOofoAia)

(1) daocpa oTo KEVO

(2) ®daocua PJETA ATTO TO
EVUTTAPXOV QIATPO

(3) daocua PETA ATTO TO
TTPOOOETO PIATPO
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daopa akTivwy X: eTTidpacn QiATpou

To @iATpo TNG Auyxviag kaBopilel TOV
ApIBUO PWTOVIWY XOUNAWV EVEPYEIWV
(“uahaka”  o@wrtovia, E<25keV) 1ng
OEONNG TTOU QATTOPPOPWVTAl ATTO TO
owHda  Tou 0aoBevolug  Xwpic va
OUMBAAAOuUV  oOTnv  aTtrelkdvion, &vw
TTapaAAnAa  augavouv 1 000N
(avemmOuunTa).

Ta TTEQICOOTEPA ATTOPPOPWVTAI ATTO TO
EVUTTApYXoV @iATpo. 1o TNV €CAAeiyn
TwV UTTOAOITTWV XPNOIUOTTOIEITAI
ECWTEPIKO PIATPO.

Ta @iIATpa amroppoPouVv EWTOVIa OAwV
TWV  EVEPYEIWV aAAG  TTEPIOOOTEPA
PWTOVIO  XOMNAWV  EVEPYEIWV  ME
ATmroTEAECMA TNV €AATTWON  TOU
TTANBoUG Twv pwToviwv X (Moocoétnta)
KAl TNV aug¢non NG MEONG EVEPYEIQC TOU
¢aoparog (E,., 01aBepod) (Moi1éTnTa).

Number of photons

YV

Characteristic L-shell x-rays

Bremsstrahlung x-rays

~——— Characteristic K-shall x-rays

® Maximum
energy

T T T T T v T T I ! 1
20 40 60 80 100 120
Energy (keV)

srranntrrr s | ANAEAAN NN pppap———

...........
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AANNAETTIOpOON akTIVOBOoAiag-UANG

PWTONAEKTPIKO Q@AIVOMEVO: TO TTPOCTIITITOV PWTOVIO ATTOPPOPATAI
TTANPWG, OO0V hv> EB, yeTagEpovTac OAN TNV EVEPYEIQ TOU O€ £va
NAEKTPOVIO ECWTEPIKAG OTIBAdAC TOU ATOMOU. TO NAEKTPOVIO
EKTTEUTTETAI WG PWTONAEKTPOVIO KAl TO ATOMO IovideTal.

© PHOTOELECTRON

[

@//9/6\ )
A
\fé@ @}é b

[MBavoTNTa PWTONAEKTPIKOU QaIvVOUEVOU (N oTToia eEKPPACETAI OTTO TOV

avTioTOIXO OUVTEAEDTR ££0OBEVNONG) ¥ VIO E 4 roviou (1/E €Xp{3}T
kot T yia Z (Z exp{3,5) T

ATtToTeAEl TNV KUpiapxn AAANAETTIOpaON o€ XAUNAEC EVEPYEIEC KA VIO UAIKA

uynAou Z %



AANNAeTTIOpaONn akTIVOBOAiIaG-UANG

Qaivopevo Compton: QwTOVIO OXETIKA XAPNAAC evépyelag aAANAETTIOPA ME
NAEKTPOVIO ECWTEPIKAG OTOIBAdAC TOU ATOMOU KAl EKTPETTETAI ATTO TNV TTOPEIA
ToUu (aveAaoTIK) oKEDAOT). TO TPOXIOKO NAEKTPOVIO ATTOPPOYPA HEPOG TNG
EVEPYEIAG TOU QWTOVIOU KOl EKTTEUTTETAI WG NAEKTPOvVIO Compton. To ATouo
lovietal. To okedAlOUEVO PWTOVIO OuveyiCel va KIVEITAI OTO PECO HE AAAN
d1eUBuvaon Kal XaunAdTEPN EVEPYEIQ.

COMPTON ELECTRON ©)

W\z/ b /

ANGLE OF
DEFLECTION

/\ :
| i ?\33 ; S
\9 ' CJ /9 SCATTERED X-RAY

[MBavoTnTa okEdaong Compton (n otroia eKQPACETAI ATTO TOV AVTIOTOIXO OUVTEAEOTH
e6ao®evnong) T via Egyroven T

Kal ‘L yia >= Ecproviou
270 OlayVWOTIKO EUPOC EVEPYEIWV TTPAKTIKA Oev eCapTaTtal atro T0 Z aAAG aTTd TNV
TTUKVOTNTA TWV NAEKTPOVIWV YUpw atTd ToVv TTuprva. Kupiapxo @aivouevo oTo
OIaYVWOTIKO EUPOGC EVEPYEIWV.



AANNAETTIOpOON aKTIVOBOAIaC-UANG

Qaivopevo Thomson: wTovio XapnAng evépyeiag (~ <10 keV) aAAnAetmidpd
ME NAEKTPOVIO CWTEPIKAC OTOIRBADdAC TOU ATOMOU (] HE OAA TA NAEKTPOVIA TOU
ATOPOU OUVOAIKA, @aivouevo Rayleigh) kal eKTpETTETAI ATTO TNV TTOPEIQ TOU
(eAaoTikK) okEdaon). Kard Tnv eAaoTIK okédaon 1o X QWTOVIO aAAalel
d1eUBuvon aAAG n atTwAela evépyelag ival apeAnTéa. Aev ouuaivel 10VIOPOG
TOU artopou. 2ta 70 keV povo €va TIOAU  HIKPO  TTO0O0OCTO  TWV
OQAANAETTIOPACEWY TWV OKTiVWV X o@eilovtal oTnV €AAOTIKR OoKEDAON Kal
OUMBAAoUV Kupiwg aTnV odiXAwaon Tou akTivoypa@ikou @iAu (fogging)

o
\0 Scattered
photon

[

Incident
photon
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AANNNAeTTIOpOON aKTIVOBOAIOG-UANG OTO €UPOG
QKTIVOOIAYVWOTIKWV evepyelwy 10-150 keV)

A

T e T T T T T T T e T T N interaction

- U .
o
e <N . g Photoslectron
o = . A
. A .x- ___..-"" .-\.
B J - ‘i}a"\fr, . N Absorption
ﬂuwmﬂw Haridl |

P Kecharacteristic x-ray

C | i' Huclwﬁ% ‘\‘W '! .i L — K transition)

e x_,{x.fx"ﬂfﬁx'xx“xﬁw,ﬁﬁ}_

&
9 o o, ; M E:=E;

S . "/ Rayleigh scattering
L1 .r'l. r_'l.
~, . e f#‘::'
D 2 p o~

N T A G i S LS T Recoil electron

Incident Complon scattering

x-ray  with incident energy, E,

photons \A. Eq<E,

[Adapted from: J A Siebert & J M Boone, J Nucl Med Technol 2005]




AANNAeTTIOpaON akTIVOBOAIaG-UANC (EKTOC EUPOUC
OKTIVOOIAYVWOTIKWV evepyEiwY >150 keV)

Aidupog yéveon: QWTOVIO UWNANG evepyelag (KATWOAIO Eg ooy >
1,022 MeV) eCaUlAwveTal TTapAyoviag €£va NAEKTPOVIO Kal  €va
mmoditpovio. Ta mrolitpovia {ouv oAU Aiyo kai eéapavilovral, apou
Emopaocouv ue éva aAAo e~ tn¢ uAng, oxnuarifovrac 2 ewrovia
evépyeiag 0.511 MeV.

(agloTroinon Tou QPAIVOUEVOU OTNV ATTEIKOVION TTUPNVIKAC IATPIKAC)

Xory photon

[MBavoTnTa d1dUMOU yéveong (N oTToia ekppadleTal aTTO TOV AVTIOTOIXO

ouvTeAeoTn €008Evnong) T via E ioviow T (Epuwrovios >>)
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[Toia akTIvOBOoAia aCIOTTOIEITAl VIO TN TTAPAY WY
£IKOVOC?

Ta @aivoueva TToU €ival oNUAvTIKA OTO AKTIVOOIAYVWAOTIKO €UPOG

EVEPYEIWV Eival TO PAIVOPEVA QWTONAEKTPIKO KOl Compton.

1. To @WTONAEKTPIKO PpaIvOuEVO Oev TTapAyEl akTIVOBOAia X
(apaipeon ewToviwv X atrd TN TTPOCTTITITOUCA OETUN).

2. To Compton ouvodeveTal ammd okedaldopevn akTIVOBOAIa X, n
OTToIa OPWG €ival AVETTIBUUNTN YIa TN TTapaywyn €iIkovac, Aoyw
AavBaopévng TTAnpogopiac we TTpog Tn BEon.

22



Alagpopa ecacBivnonc (1)

To PWTONAEKTPIKO TTAPEXEI TTANPOPOPIa TWV PWTOVIWV X TTOU OEV PTAVOUV OTOV
QVIXVEUTN €IKOVAG.

H okédaon Compton TTapExel @wrtovia X, ANyOTEPO EVEQPYNTIKA, TTOU TTPOEPXOVTA
atrd AaBog B€on (d1euBuvaon)

2TOV QVIXVEUTH EIKOVOC PTAVOUV QWTOVIQ X TTou dev €Xouv AAANAETTIOPACEl PE
TO TTPOC ATTEIKOVION QVTIKEINEVO (TTPWTOYEVHC aKTIVOoBoAia).

TTPWTOYEVING
Complete Penetration
Generates Image

Total .\bsorplion
Causes Patient Dose
“‘ﬁ“
Scatter Interaction™
Distorts Image |
Causes Patient and Staff Dose

QWTONAEKTPIKO

Compton

23



Alagpopa ecacBevnonc (2)

soft
tissue

A

Ol TOTIKEG BIAPOPES TNG TTPWTOYEVOUG OKTIVORBOAiIag kal aAAnAemidpdaocewyv
QWTONAEKTPIKOU (kai Compton) @aIVOMEVWY, OATTOTEAOUV TO ORUA TTOU
KOTAYPAPETAI ATTO TOUG AVIXVEUTEG EIKOVAG OTNV AKTIVOOIAYVWOTIKI).

O1 aAAnAetmIdpacelc ouppaivouy o€ eTTITTEOO ATOUOU AAAG KaTaypAaovTal 24
MOKPOOKOTTIKA (TT.X. YEITOVIKEG TTEPIOXEC TOU PIAY ) OTOIXEIQ AVIXVEUTH).



[ POUUIKOC OUVTEAEOTNG £CA0BEVNONC
aKTIVOBOAiag X: UNIKO/TTAXOC UAIKOU

O1 TpoavapepBEVTEC uNXaviouoi aAANAETTIOpaoNS pwToviwyv X Kal UANG o€
ETTITTEOO ATOMOU, Eival UTTEUBUVOI yIa TNV JAKPOOKOTTIKN €&aoBEvnon NG

EVTAONG TNG TTPOCTTITITOUCAG OUOIONOPYPNG OEOUNG OTO TTPOG QATTEIKOVION
QVTIKEIYEVO.

dN =—uNdx = TdWN:—dex =

:
N, 0 o
|nNﬁ=—yx — N :Noe_“X % _f

O YPOUMIKOC OUVTEAEOTNC €CaoBEvnonG M €XEl HOVADEC AVTIOTPOPOU
UrfKoug, Kal ekppadlel Tn mlavoTnTa e€aocBévnong evog pwroviou X avd
HOVAdA MNKOUC TOU UAIKOU. 2TO €UPOC OKTIVOOIAYVWOTIKWY EVEPYEIWV

(10-150 keV) o1 ynxaviopoi TToU CUMMETEXOUV Eival TO (pror])\sKTleo
kKal okEdaan Compton.

dx




Madiko¢ ouvteAeoTNC ecacBEvnong (U/p)

To u(Z,pe,E) cival ouvaptnon Tou arouikou apibuou Z , TnG TTUKVOTNTAG
e-Kabwcg Kal NG evépyelag E TG TTPOCTTITITOUCOG OEONNG OKTIiVWY X
g€ auTo.

Mass Attenuation Coefficients for Soft Tissue

Alaipgeon ToU U JE TN TTUKVOTNTA
TTAPEXEI TO OUVTEAEDTH) pchu(r]g

£€a0BEvnong Pe HOVADEC H

10

3

1

Total

7 |

E \\ Photoelectric |
0.03 o . [ 3 I
Rd} leigh Compton N
0.01 -
= “Pair
production - '
= |

D..OO1 ’\\

10 100 1000 10000
Energy (keV)

L]
[

<
—

Kai 1o y Kal 1o u/p ekppalouv Tn
OUVOAIKNA TTBavoTnTa £€acB£vnong,
TTOU OQEIAETAlI O OAEC TIC ETTIMEPOUG
AAANAETTIOPACEIG.

Mass Attenuation Coefficient (cm?/g)

o
(=]
o
[

26



H apxn Tn¢ aTreIkoviong JE OKTIVEC X

100 T
5
-§ 10F
8
=
S
S 1
& .
= Cortical bone
—

01 1 L

0 50 100 150
Erergy (keV)

O YPAUMIKOS OUVTEAEOTNG £€a0BEVNONG TOU 0OTOU €ival TTOAU
MEYAAUTEPOC TOU YPAUMIKOU CUVTEAEOTN £€a0BEvNONG TOU JOAAKOU
|I0TOU.
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[TpofBoAIk) ATTeEIKOVION (O1001A0TATN
QTTEIKOVION)

A —-—— X-ray source —= . e _
JII'
=D rl 00D
____'||..'4,__ } MeyéBuvan
I: rF 1 >+ WL SID
— O 50D
| |
| :II-'. oI
| 1
| _ Ii i
! |q..!..'..-...-..|..|..| 1
T~
]
r— 0D at point Z
i . 1 f_OID SID-S0D SID - Acdgeia
F o S0D soD s0D AKHOV

H atreikovion ye aktiveg X agopa otn diEAeuon TNG dE0UNG TTOU TTAPAYETAl
atrd 1n Auyvia akTivwy X HEow Tou acBevoug Kal TRV TTPOCTITWON TS OTOV
AVIXVEUTH €IKOVAC. To orjua TTou KataypAgeTal €ival avaAoyo TNG OXETIKAG
e€aoBéviong (dlagpopd ecacBevnong) Katd unkog tnG d1adpoung (X) Kues
QKTivag TnNG 0éoung o€ KABe B€an TNG IkOvag (£).



[TapaueTpol TTOU £TTNPEAOUV TNV TTAPAYWYN
AKTIVWYV X
1. YANKO avodou (< ZXE)

2. Y@nAR taon Auyviag (exposure « exp{kVp}2)
3. 'Evraon pgupartog Auyviag (mA)

4. Xpovog £kBeong (s)

5. @iATpa d€ouNC aKTivwy X

6. Kupartopop®n yevvnTpliac uypnAng taong
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daoua akTivwy X: emTidpaocn uwnAng taong

YwnAnR taon €mdpd oTn MEYIOTN
EVEPYEIQ TOU OUVEXOUGC (PACHATOC
E, .x ME ETTOKOAOUBO TNV TpOTTOINON
TOU EVEPYEIOKOU TTEPIEXOMEVOU TOU
(Mo1étnTa) (OTO OXMA Ol OTIKTEC
YPOMMES AVTIOTOIXOUV OTN HEON
EVEPYEIQ TOU PACHATOG) .

O apiBuodc pwrtoviwy (évraon-
Moo OTNTA) TNG dEOUNG Eival
avaAoyog Tou (kVp)? (eppadd
KQMTTUANG)

Eav n uwnAnf t1aon (kVp) civai
MIKPOTEPN TOU KATWPAIOU TWV
XOPOAKTNPIOTIKWY, Ol XOPOKTNPIOTIKEG
ecapavilovral (BA. aoua 50 kVp).
Eav gival TrTavw atré auto TOTE Ol
XOPOAKTNPIOTIKES EPPavifovTal TTAVTA
oTnv idla 6€an (BA. eacpa 100 kVp).

Increase KVp

Number of photons

100 KVp

Energy (keV)

I |

80 100
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daoua aktivwy X: TTO1I0TNTA 0E0UNG

[ 1=1,/2
0 fr it AR

<>
HVL

A% — X
=18

H troiétnta tn¢ déoung e€captdtal atmmd Tnv uywnAr 1don Kai 10
TTAXo¢ Tou @iAtpou. Afoun uywnAng upéong evepyelag (“‘okAnpn’)
e€aoBevei AMiyotepo KaTd TN d1IEAEUCT) TNC ATTO TNV UAN.

NMAXOZ YTOAIMNAAZIAZMOY

H troiotnta tng d€oung ek@pAdletal o€ TTAXOG KATTOIOU UAIKOU
(ouvnBwg Al) TTou €gival IKaVO va MEIWOEl TNV Eviaon TG OEOUNG
OTO MIOO TNG APXIKAG TNG TIUNG. To TTAX0OC auTO KOAEITal TTAXOG
uttodiTAaclacpou (Half Value Layer — HVL)

Etropévwe pu-HVL= 0.693
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ETidopaocn uynAng tTaong aTnv aTreikovion

60 kV - 50 mAs 70 kV - 50 mAs 80 kV - 50 mAs

32



ddaoua akTivwy X: eTTidpacn Eviaong PEUPOTOC
KAl XpOVou €KBeaonCg

O apIBu6C pwToviwy X TToU TTapAyovTal KOTA
TN dIAPKEIa TG aKTIVOBAANONG gival eUBEWC
AVAAOYOG JE TNV EVTaon PEUPATOC TNG AuXViag
(mA) (TTARB0¢ e TTou TTITaxUuvovTal ATTO TNV
KaBodo oTnv avodo).

Increase mA

600 mA ) : / :
O apIBuog pwToviwy X TToU TTapAyovTal KATA

TN dIAPKEIQ TNG AKTIVOBOANONG Eival EUBEWG
QAVAAOYOG TOU XPOVOU aKTIVOBOANoNG (Ms £€wg
min).

O apIBuoC pwToviwy X TToU TTapAyovTal KATA
TN dIAPKEIa TNG AKTIVOBAANONG ival avaAoyog
TOU YIVOUEVOU TouG (MAS)

Number of photons

P

H péyioTtn evépyeia, KaBwg Kal N popen Tou
EVEPYEIAKOU QPAOUATOC OV aAAader (BA.

UL L OTIKTEG YPOPUEG).
0 20 40 60 80 100 S YPaUES)
Energy (keV)

H xapakTnpIoTIKr akTIVOBOoAia gival avecapTntn
TNG €VTAONG TOU PEUPATOG TNG AuXVviag, aAAG n
Evraon TG aAAadel. 33



ETridpaon gopTtiou (MAS) TNV ATTEIKOVION

70 kV - 25 mAs 70 kV - 50 mAs 70 kV - 80 mAS
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ETridpaon Tou apiBuou pwToviwv oTn cuoTaon




AvixveuTeg EiIkovacg otnv NpofBoAikn ATreikovion
ue AKTiveg X

1. O «IOTOPIKOG» AVIXVEUTNG
(aKTIVOYPAPIKO PIAM)

2. TexvoAloyiec Yneplakwy
AVIXVEUTWYV
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AVTIOIOXUTIKO Ola@payua

XpnolJoTrolgiTal yia NV
ueiwon TNG  okedalopevng
OKTIVOBOAIQC n oTtroia eival
ONMAVTIKN YIa TTAaxo¢ Aobevr)
> 10cm.

EmiTpéTTel 1 dIEAEUON
OKTiVWV X TTOU N KaTteubuvon
TOUG eival TTapAAAnAn T1Tpog
TIC AwPIOEC TOU DIAPPAYMATOC
(MOAUBDOG).

Meiwon 1t™ng okedalOpeEVNG
akKTIvOBoAiag auiavelr Tnv
avTiBeon €1KOvVaG.

- Grid

L?\fllvaKiESa-(pl)\p

XpAoiun (TTpwToyeVvhG) akTivoBoAia
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[TapaueTpol avTioIaXuTIKOU Ola@PAYNOTOC

i

>

d

Aoéyogr =h/D, (5<r <16)
MukvoTnta Awpidwyv (lines/mm) = 1/ (D+d)

AlaTTEPATOTNTA TTPWTOYEVOUG akTIVOoAiag = D/(D+d) - 100

[TapaAAnAo EoTiaopévo AI0OTAUPOUPEVO




Aoun akTIivoypa@Iikou QIAY

Ta oTmIK& QwToVIa TTPOCBAAOUV TO PIAY KOl avTIOPOUV XNMIKA HWE TOUC
KOKKouGc AgBr (kar Agl) tou @IAg. Katd Ttnv e€p@avion Tou OQIA,
QTTOMOKPUVOVTAl 01 KOKKOol AgBr (kai Agl) tTou dev avtEdpaoav, Evw Ol
uTTOAOITTOI “paupilouv” TO PIAY OTA oNUEIa TTOU ETTEOPACE N AKTIVOPBOAIQ.

= E W
T o

N MPOCTATEUTIKN ETTIOTPWON HHEs
PwToYPaAPIKO YOAAKTWHA
2TPWHA OUYKOAANCNG il g
Bdon
b folit AN
PwToypPaAPIKO YOAAKTWHA RS YNy B :
| [MPOCTATEUTIKN ETTIOTPWON i
®IAy BITTARG eTTiOTPWONG KéTown Kai TTAGYIa yn 2 @IAp

OI0POPETIKOU OXNMATOS KOKKWV.
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Otk MNukvoTnTa

‘Evraon ‘Evraon diepxouEvou
TTPOCTTITITOVTOG PWTOG
PWTOC

lo I,

OD =logq I/ I

DAy e.g. 10% diéAeuon (adiapdveia) : OD = 1
1% diéAeuon (adlagaveia) : OD =2
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EvioxuTikn TTIvakidoa

O pOAOGC TNG EVIOXUTIKAG TTIVOKIOOC €ival n METATPOTI TWV
ewToviwvy X 0 OTITIKA @PWTOVIOQ MPEOW TOU @QAIVOUEVOU
PWTOUYEIQC Kal €I0IKOTEPA TOou @OOopIoHOU, KaBWC Kal n
gvioyuon Tou onuaTog.

‘ (MpooTrirrouca déoun) ‘

\
¢ { \
Bdon (240 pm) ) - Xeray
> photons
EvioxuTikn \

> TIVOKIda < &\(-) k- p\i‘}k\ Fil

- - ATl — > m
AvTavokAAOTIKA emi@aveia (25 ym) P 4}/ . \{/ A \[// 2 Screen phosphor

RN — oW —— layer

ZTPWHA pWapopou (100 to 400 pm) N R e RN Y

MpooTaTeuTikd oTPpWUA (20 um) S

(@1Ap)
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optical density

XAPOKTNPIOTIKN KOAMTTUAN QIAY

----------- 2.0 above base

______ <—0.25 above base and fog
0
3 6 9121518212427 30

log relative exposure

Méon avrtiBeon civar n kKAion oTo
Xpnoiuo eupog OD Tou QIAU
Y = (OD, 4-ODq 55)/ (IogE; o-logE, 55)

EUpog (Xprioiuwv €eKBECEWYV) Eivai
10 (logE; o-logE, 55)

‘Ek@eon (Exposure): n TrooortnTa
TWV IOVIWV TIOU €XOUV TTPOKANOEI
atrd Tnv O€oun oTn oToIXEIwdN pada
agpa.
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XApaKTNPIOTIKN KAUTTUAN QIAU:
euaioOnaia/TaxuTnTa- EUPOC

3.5
A B 35¢
3.0 A S A B
> | Latitude A / /
g 2.5 / / %2'5 :3
;20 / & 20f 1
—_— [ T
S 15 - ® &
2 818 5
o =10+B+ = : =
O 10~ / / OD=10+B+F 8— 10k %
W
05 [ 4 ] 0.5F |
00 | — il | N ol [ 00! . l el ) i PR |
01 03 10 3.0 100 30.0 0.1 0.3 1.0 3.0 10.0
Exposure (mR) Exposure (mR)
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AvTiOeon paoToypPAPIKNC ATTEIKOVIONG

Optical Density

4.5
40
3.5
3.0

2.5

2.0 =

15
1.0
0.5

0.0

XApaKTNPIOTIKN KAUTTUAN QIAU:

Radiographic contrast

10

30 100 300

Incident air kerma(uGy)

Skin line

Adipose

Adipose/
Glandular

Dense
Glandular

1000
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MacoToypa@IiKn ATTEIKOVION JE OKTIVEC X

45



ATTEIKOVION TOU JAOTOU PE OKTIVEC X:
MaaoToypagia

B REAST A NATOMY Attenuation of breast tissues

—
o

infitratng ductal carcnoma

8 ADIPOSE/FATTY
B LeasT DENSE
B HYPOINTENSE (DARK
B FIBROGLANDULAR
TISSUE

® Ouct

Glandular

o
()
{

o
N

o
-
.-
-
- -

. MIGHER DEN !
8 MuscLE
B HiGHER DENSTY

Linear attenuation coefficient (cm')
o
W
7

o

20 30 510 ‘ 7‘0. 100

Energy (keV)
H avixveuon Tou KapKivou TOU JAoToU, £XEIl IDIQITEPEC ATTAITAOEIC, KABWGC
ol JlIAPOPEC TOU YPOUMIKOU OUVTEAEOTH) €Ca0BEvnong Twv dIa@OPWY
IOTWV TTOU QUVAVTWVTAlI OTO POOTO €ival MIKPES Kal OlapOoPOTToIoUVTal
KUpiwg o€ xaunAéc evepyeleg (15-35 keV). H evépyela tng d€oung
OKTiVWV X TIPETTEl VO PUOUIOTEI WOTE va OTOXEUEl Of XAMNAOTEPEC
EVEPVYEIEC.
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AlQuOpPPWaOnN PACHUATOC UE XPNON ECWTEPIKWV

QIATP
Mo target ~ UnfiRered spectna

Pae

Paoua Mo xwpic eEWTEPIKO PIATPO YIa 2
Taceig (25 kai 30 kVp).

Mo tangetl — 0 030 rrm Mo Tiler

Pdopa Mo pe eEwTePIKO PiATPO Mo
yia 2 tdoeig (25 kai 30 kVp).

Mo target — 30 kVp

30 -==wd5x10 J

= Q.030) mm Mo

x 10 pholonsfimm
"

Pdopa pe e§wrepika @iAtpa Mo 4 Rh
yia 1don 30 kVp.

To @iATpo Rh tTTapayel edoua pe
uWnAOTEPN HEON EVEPYEIT KAl
ETTOPEVWG MEYOAUTEPN DIEICOUTIKOTNTA
aTtré Tov ouvduaouo Mo/Mo, kai gival
QATTOOOTIKOTEPO YIA TNV ATTEIKOVION
MOOTWYV PE HEYAAO TTAXOG
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ECEAICN TEXVOAOYIWV ATTEIKOVIONC TOU JAOTOU UE
QKTIVEC X: avaAoyikn/wneiakn, 2d-2.5d

oYoFo
G

Figure 1. Breast Images Obtained with Film-Screen vs Digital

A traditional film-screen mammogram on the left, compared to a sharper,
more detailed digital mammogram of the same breast, at right.

Reprinted with permission from University of Maryland Medical Center. The
Breast Center. Available at: http://www.umm.edu/breastcenter/digital_mam
mography.htm. Accessed July 21, 2011.*#

A B
[Meplox€c  evOIOPEPOVTOC  CUMPBATIKAG TTAQyIaG
MaoToypa@IKAG ANwng Kal Todng (1mm) ouoThuaTOg
Topoouvleong . (A) uTttowia kakorBeiac (BEAog), (B)
emPePaiwon €mMOETIKOU KAPKiVOU, AOYW OKTIVIKWV
TTpooekBOAWV. (adapted from: Mark A. Helvie, Radiol Clin
North Am. 2010 September ; 48(5): 917-929)



ECEAICN TEXVOAOYIWYV ATTEIKOVIONG TOU
puoTou ps aKTlveg X: 2d-2.5d-3d

Adapted from joint AAPM/COMP Meeting August 2011
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[Hopdptnuo |
‘ExOeon

‘ExOeon:. 10 dBpoicpo dAmv TV nAektpikov qoptiov (AQ)
OA®V TV 10VIOV TOL 1010V TPOCT OV, OV E£yovv TapayDet
LEGO GE EVOL GTOLYELMOTN OYKO agpa nalac Am.

X =AQ/Am

[IpobndBeon: Ola ta optia va £YOVV GTAUOTNOEL
TANPOG.

OpiCetar povo yia aktivoPoiriec X Kot y 6ToV aEpa,
evépyelog < 2 MeV.

Movéadec: 1 C/kg (SI) , 1 R (Roentgen) = 2.58 x 10“ C / kg
' (IoAond povadw)



[Tapdptnpo Ii
Amoppopmuevn Aoon

Exppdler 10 mocO g evépyewng (AE) g 1ovriCovoog
aKTvoPoAiag mov £xel uetadobel oe £va VAIKO GTOLYELDOOVS
waCac Am.

D=AE/Am

Movadec: 1 Gy (gray )=1J/kg) (SI)

1 rad = 100 erg/g)
(mohod pLovaoo)



