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[ToLoTNTA ELKOVAC: VEVLKO XOPOAKTNPLOTLKAL

AvtiBeon

Acddela — Xwpkn SLAKPLTLKA LKAVOTNTA

@opufoc

Avixveuolpotnta
HeBObou armekoviong

AlayvwoTikn akpifela
nebodou amelkoviong
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AvtiBeon Ogpatoc-MNaxoc
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AvtiBeon Ocpatoc-YAko-MNMukvotnta-
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Evepyela

c=(11-12)/11

ALadpopeTIKEC eveEpyELeC OEoUNC emnpealouV
v avtiBeon, m.x. av z2>71

KOlL N EVEPYELOL TNC HEOUNC Elval

xapnAn (40keV) tote ta dpwtovia mov Ba
dlarmepacouyv to TuRpa Z2 Ba eivol moAv
Alyotepa pe amoteleopa avénon tTng avtiBeonc

Av n evepyela tnc 6€opnc eival vPnAn (80keV)
n dtadpopd TV ATOULKWV apLlBuwyv dev mailet
ONUOVTLKO POAO HE OTTOTEAECUO OL EEEPYOUEVEC
EVTAOELC VOl ELvall TTAPATTANOLEC KOl LELWHLEVN
avtiBeon.



AvtiBeon BEpaTOC OTNV ATTELKOVLON OKTLVWV- X

Alwadoporoinon tng €vraong tng S€ounC akTivwy X Petd tnv aAAnAemibpaon tTng LE To
TPOC €EETAON QVTLKELMEVO
Alapopéc oUoTAONG TOU AVTIKELUEVOU: AladopEC AToUKWY aplBuwv (Z),
TIUKVOTNTAC Kal taxouc (dtadopetikol Lotol, oklaypadlkeC ovoiec)

Mowotnta paouarog tnc 6éounc aktivwy X (keV, filtration):

-Altapopornoinon tng mdavoTnTac ToU PWTONAEKTPLKOU HOLVOUEVOU:
nototnta paopatog tnc deopng aktivwy X (keV, filtration). H
rmBovotnta Tou PwTOoNAEKTPLKOU QUEAVEL VLA XOUNAOTEPEC EVEPYELEC
dwtoviwv X

-Ataoponoinon tn¢ mdavotntog ckEdbaons Compton . H mibBavotnta
auTn avéavel ylo P nNAOTEPEC EVEPYELEC dWTOVIWY X



AvtiBeon aviyveutn swkovac (pAy, Pndlokot
OVLXVEUTEC)
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AvtiBeon Elkovac

H avtiBeon ewkovac eival to amotéAeopo Tov cuvduaopoU TNS avtiBeong
BEpatoc Kat TN avtiBeonc aviyveutn ewovag. H mnyn tng aviiBeong lkovog
elval n avtiBeon Buatoc.

Mewwpevn avtiBeon Auvénuévn avtiBeon
ELKOVOLG ELKOVOLC



Tovol tou ykpL-AvtiBeon Elkovalc

(L) = 2" emimeda kBavtiong [20, 2-1]
(rt.x. M n=8, 256 [0, ..., 255])
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Tovol tou ykpt — AvtiBeon Elkovac

Adapted from ref . 1
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[evikn AvtiBeon Ewkovac: Auvapko EUPOC
TOVWV TOU YKPL ELKOVOLC

Ala9€otpo duvauiko eupog: kabopiletal amo ta entneda KPAVILIONS TWV
TLLWV TOU YKpL L=2", 6Ttou n 1o BAB0o¢ Tou ELKOVOOTOLXELOU.

(Turikeg Tuec: 28 (256), 212(4096) kat 216 (65536) g.1.)

Evepyo Sduvapiko eUpog: kaboplleTol amo To EKAOTOTE HUEYLOTO Kol
EAAXLOTO TLULWV TOU YKPL ELKOVAG TIOU TIOLKIAEL ATTO ELKOVA OE€ ELKOVAL

‘Arg max]| f (m, n)]- Arg min| f (m,n)] ‘



Torukn AvtiBeon Elkovog

Torukn avtiBeon: n dta@opd TOu HLECOU TOVOU TOU YKPL METAEL TEPLOXNG ELKOVOC TIOU
OVTLOTOLXEL OE OUYKEKPLUEVO OVTLKELHEVO (oNpa, f), KoL LECOU TOVOU TOU YKPL TIEPLOXNG
TIOU avtlotolxel oto utoPfabpo tou (b).

Ce Y gim,n) - & ¥ gi(m, n)=F-b
|\If (m,n)ef Nb (m,n)eb
| |
7
O)
KavovIKOTIOLNUEVEG e f_;li C = f-b
ekdpdoelc avtiBeonc L' f +b 2 b



Nibervdmra Bapdvong
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Mewwpevn avtibeon wc amoteAeoua
QVETIAPKOUC XpNonc eVeEpyou OUVOULKOU
£UPOUC ELKOVALC

o B v

Entapkeic tovol ykpi(a). Avemapkng xpnon evepyou duvapikol eUpouc elkovac aAALwvouVv: (B) tTnv ecwTtepLKkn
dopn tneg padog kat(y) Tnv opxLteKTOVLIK Tou umoabpou



AcadeLla Etkovac-XwpLkn AtaKpLTikn
|[KovOoTNTO 2UOTALOATOC

H xwptkn Stakpitikn tkavotnTa AmeLKOVIOTIKOU CUOTNMATOS adopd OTO ULKPOTEPO
UEYETOC AVTIKELUEVOU TIOU TO OUOTNHLA UTTOPEL VAL ATTELKOVIOEL | OTN ULKPOTEPN
arnootaon PeTofL SUO AVIIKELLEVWV WOTE QUTA Va €ival avTIANITTA amno Tov
nopatnent we Vo SLAKPLTA OVTLKELUEVAL.

H acddela ewkovag eival n ENAelPn LkavotTnTOG TOU CUOTHHOTOC VO OITOTUTIWVEL
kaBopa (Le cadnvela) TIC akUES tnG etkovag, dSnAadn dtadopomolNoel apavpwong
VELTOVIKWV OVTIKELUEVWY 1 AETTTOUEPELEG TNE ELKOVALC.

H aocddela amoteAel ouvemnela tng aAAnAe€dptnong TNS XWPLKAC SLOKPLTIKAC
LKOVOTNTOC CUOTAMATOC Kol TNG HeTadopac avtiBeonc BEUATOC TOU ATTELKOVIOTIKOU
OUOTAMATOC.



Aocadela: peyeboc elkovooToLxeLou

Adapted fromref . 1
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Acadela akpunc (Zuvaptnon Atoocmtopac AKLLAC-
Edge Spread Function, ESF)
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AcadeLla ypopnc-2uvaptnon Atamopoc VPN G-
Line Spread Function (LSF)

w
H pétpnon adopd CUYKEKPLUEVN = :
SdtevBuvon ( oto mapadelypa 5
LETPNON KaTA Tov afova X, EKTLNCN g 0:2.
aocadELOC KATA ToV aova y). o]

©éon
EUpog Zuvaptnong AlooTtopag
Mpapupkng Mnyng (Evpog mou
aVTLOTOLXEL oTO Hulou Tou peyiotou
gvtaonc (Full Width at Half Maximum,
FWHM)

Adapted fromref . 5
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EKTLLLNON XWPLKNC OLAKPLTLKNC LKAVOTNTOC LEOW
LETAPOPAC XWPLKNC cuxvoTNTAC (EUYWYV YPOAUUWY
LLEYLOTNC avtiBeonc

I

A
AR

AT

AVTIKE(LEVO EAEYXOU XWPLKWV CUXVOTATWV

—i EUpoc {evyoug
I VPOpUNG: 2W
e .
T ——

XwpLkn SlakptLtikn tkavotnta: 1/2W
(Nycquist frequency limit);

H xwpLKn ocuxvotnta LETPATOL OF
nAnBo¢ leuywv ypappwv(lp)/mm)
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Yuvaptnon Metadopac Atapopdwonc
(Modulation Transfer Function-MTF)

[ > To 6pLo ™G XWPLKNAG SLAKPLTLKAG
LKOWVOTNTOG QVTLOTOLXEL OTNV TLUNA
10% MTF

h ¥
’ [LSF(x) exp{—i2mxu)] dx /
B
_‘:-¢ | =2
[0)

%: Fourier transform

MTFu) = |3| [.‘i]’[.\:]|‘ =

Xwpkn ouxvotnta fx (Ip/mm)

H cuvaptnon MTF meplypAdeL TNV LKAVOTNTA OTTELKOVLOTIKOU CUCTHOTOG VO OVaTtapayeL

oTtnV £€€060 TOU TN XWPLKA cuxvoTNTA ONUATWV (ELkOVWV) eloodou( {evyn YPOUHWY). 2€ KAOE
XWPLKN ocuxvotTnTa avtlotolxel pia Tl tng MTF. Tiuq MTF 100% onpaivel otL n elkova e€6dou Ba
dtatnpel tn ouxvotnta tou {eUyOoUC YPALLUWY Kol oL YpappeS Ba eival dtakptec. Tiun MTF 0%
QAVTLOETWC onpoivel 0TL oL Vo ypappeg dev eival Slakplteg. Mevikd n MTF pewwvetal 0co avéavel
N XWPELKI CUXVOTNTO, WOTIOU VO TIPOCEYYLOEL TNV OPLAKH) XWPELKH SLAKPLTLK LKOvVOTNTA.

2TouC PndLakolC avixVEUTEC N SLaKPLTLKN Kovotnta Kabopiletal ano 1o peyebocg elkovooToLxelou
(LEow TG e€lowonc Nyquist).



AcadeLo OploU WC ATTOTEAECHA N EMOPKOUC
XWPLKNC OLOKPLTLKNC LKOVOTNTOLC

Maotoypadikn pala os umofabpo Atmwdoug Lotou. MéeyeBog elkovootolxeiou: (a) 300 um, (b) 600 um
kat (y) 1200 pm.
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®opufoc Eltkovog

Aktlvoypadikoc BopuBoc (KBavtikog r otatlotikog 60pupog)

Oopufoc bounc N avatoulkoc 6opupoc ( mapouoia
AVETIOUUNTWY SOUWV ELKOVOC OE OXEON UE TO KALVLKO
epwtnUa). OdeileTal otnV EMUTPOLOAN AVATOULKWY SOUWYV,

AOYw TIPOPOALKNC YEWUETPLOLC.



AkTtivoypadikoc Bopufoc

O tuxaioc BopuBoc otnv amelkovion akTivwy X elval CUVETELA TNG
oUOoTAOoNG TNC ELKOVOC armo KBavta nAnpodopiac mou mapayovtal
Ao GOLVOUEVA TIOU £XOUV OTATIOTLKO XOPAKTHPA:

e Ekmoumnn 6€ounc e- amo tnv kaBobdo
 NMapaywyn pwtoviwv X amo tnv avodo
e aAnAenidpaon pwtoviwv X HE TNV VAN

e AMnAenibpaon pwtoviwv X pe Tov €mMOneSO aVLXVEUTN
£LKOVOLC

H napouoia tuyoiov BopuBou sival Lolottepa avTIANITA KATA
TNV OTTELKOVLON UOLKPOOKOTILKAL OLOLOYEVOUC TIEPLOXNC.



@opufoc-AloKkUpovon TOVWY TOU YKPL

ApPLOTEPO LOKPOOKOTILKAL OLOLYEVI G TIEPLOXN ELKOVOC. AgELA OL TOVOL TOU YKPL TTOU
Kataypadovtal Kato PKo¢ TS opl{ovTLlac YPAUUNG TapouolalouV ULKPES OLOKUUOVOELC
yUpw aro tn peon TR N mou avTumpoowTreVEL TO LECO TOVO Tou YKpL (A+-SQRT(N), yia
Poisson OTATIOTLKN KOTAVOLLR).

O BopuPoC ELKOVOC EKTLUATOL OE TIEPLOXEC ELKOVAC TTIOU “avapevovtal” va ival
OUOLOVEVEIC.

Oewpwvtag To BOpUBo WC TUXALO ONLLA TO OTIOLO UTTEPTIOETAL OTO TIPAYUATIKO ONUA, N

HEoN TN Tou elval undeyv, kat €toL N peon T 6&v divel mAnpodopieg yia tnv UTAPEN
Tou BopuBou. AvtBETwe, n Sltakupovon amoteAel LETpO ekTipnong BopuBou.



Aeiktec BopuPou eLkOVAC

[a TTANB0C N pETPNOEWY TNG EVTAONG O€ OUOIOYEVN TTEPIOXN, opilovTal Ol
aKOAOUBOI OEIKTEG:

o = \/ﬁ Turukn amokAlon
o= N Alokbpovon
COV = 28 2uvteleotng MetaBAntotntag
N
o N_ Ny Aéyogoriuarog mpog 86puBo
R \/T 3 (avIXVEUOINATNTA)
N

YT100£ToUpE OTI N OPYPN TNG OTATIOTIKNC KATAVOMNC Tou BopuBou gival Poisson (u=02).



OopuPoc-AvtiBeon Elkovac-
Aviyveuvolpotnta Aopwv

XaunAo, evoidueoo kal uwnAo etTitedo Bopuou

CAB == ‘SA — SB‘ Zr']ula LOTWV, Sa, Ss
AvtiBeon
S,—S
CNR,; = Cas A ’ A B’ = ~SNRA —SNRB‘ ON: TUTTLKN artokALon BopuBou

N O\
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Entineda @opufou:

YroAoyLoTikn

Topoypadpla

akTivwyv X
a B
4 [0}

2Tn opxlkn 512x512 swkova (o) €xeL mpootebel otatiotikoc BopuBoc oe 1000 (B), 10000 (y) ko
100000 (6) elkovooTolxeia Tt omoia €xouv emIAeVEL amo yevvnTpla tuxaiwv aplOpwv. H tpomomnoinon
TNG APXLKAC TLUNG AUTWV TWV ELKOVooToLlXeilwv dtakuvavenke 0,7-1,3 TNG apXLkNC TLUNG TOUC, TIAAL HE
XPNON YEVVATPLOC TUXOALWY apLlOpwV.

Adapted fromref . 1 30



Entidpaon tou mAnBouc pwtoviwv X oto
BopuBo ekovac

‘EkBeon X ‘EkBeon 10X
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Aviyveuvolpotnta Sopwv: avtibeon, xywpkn
SLakpLTLkn tkavotnta, 60puU0g
C ‘SA_SB‘

ENR,, ==

N N

=|SNR, — SNR,|

ON: TUTTILKN artokALlon 6opuBou

EnunpooBeTwe, TnG evdéoyevoug
avtiBeonc petaéL twv Lotwy, SA, SB,
Kot tou BopUPou on, to CNR
g€opTATOL KOL OTTO TN XWPELKNA
SLAKPLTLKA LKAVOTNTO TOU
OUOTAMOTOC OTELKOVLONC. ®

Size, C —

B

Contrast, C — >



[Molotnta ewkovoc: XwpLkn SLaKPLTIKN
Lkovotnta/Acadela - OopuBoc

(o) Tunpo Pndlakng aktwvoypadiag yovatoc v PnAng eukpivetac, (B ) Aqdn XanANG eUKpLVELOC
(avénuevnc acadelag kat (y) Andn avénuevou BopuBou.

OL peyeBUEVEC TIEPLOXEC OELYVOUV TNV TNV ATWAELX AETITOLEPELWV TNC ELKOVAC E(TE

Aoyw acadertoc n Adoyw BopuBou.

Adapted fromref . 7
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Mowotnta Amntetkovionc Mayvntikou
2 UVTOVLOUOU

Adapted from ref . 5

Avemapknc AvtiBeon XapnAn AtokpLtikn
Ikavotnta-Acddela



@opufoc Aopnc (avaloyikn paoctoypadio-
TopoouvBeon)

[Adapted from Helvie Radiol Clin North Am. 2010]

A B

Figure 1.

A, B - Cramal-caudal conventional mammography view (A) of a middle-aged woman
presenting with a palpable mass indicated by 2 metallic BB marker. Tomosynthesis 1 mm
thick image (B) depicts a circumscnbed mass (arrow). Five such masses were noted by DBT
at other levels, all proven to be cysts by ultrasound.
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Oopufoc Aounc (Yndlakn pootoypodlo-
topoouvBeon)

Figure 2: Mediolateral oblique views of |eft breast in 57-year-old woman recalled after mammographic screening because of a spicu-
lated mass seen only at mammography plus tomosynthesis. 4, Mammogram shows normal findings (score, 1). B, Tomosynthesis image
demonstrates spiculated mass (score, 3). An 8-mm invasive ductal carcinoma was diagnosed at histologic examination.

[Adapted from Per Skaane et al, Radiology 2013]
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