H OYXIKH THc MAXTOI'PADTAC




? IAIAITEPH NMPOZOXH 2TH MAZTOTPADIA

Mepirmov 1:9 yuvaikec Ba appwoTNOEL UE KAPKLVO
TOU paotou

To TOCOOTO YUVALKWY ME KAKIVO TOU HAOTOU TTOU

£XoU puoLoAoyLkn pootoypota gtvat vPpnAo
>10%

~75% armno tic BloPiec dev delyvouv KapkKivo



DYZIKH THZ MAZTOTPADIAZ

2UO0TOON TOU HOoTOU

E¢aptnon amo ta kVp

Daopa ThC AKTWVoAoYIKNC SEOUNC
Migon

‘EAeyxoc tnC aktivoBoAiac okedbaonc
MeyeBuvaon



2Y2TA2H TOY MA2TOY

Table 1
Density and Attenuation Coefficient of Breast Tissue
Linear Attenuation
Density Coefficient at 20 KeV
Breast Tissue Type (gr/em?) (cm™)
Mammary tissue
Fibroglandular tissue 1.035 0.80
Adipose tissue (fatty) 0.93 0.45
Skin 1.09 0.80
Average breast (50% glandular, 0.98 0.62
50% adipose)
Lesion
Carcinoma 1.045 0.85
.Calcifications 2.2 125

—

©1992 RSNA



Nari eival TTpOKANGN N HOCTOYPAGIC
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Figure 7. Mean values of the linear attenuation coefficients for the three major types of breast tissue studied
(A, fat; B, fibrous; C, infiltrating duct carcinoma). p



EZAPTH2H AINO KVP

H peilwon tnc ditetodutikotnTac TNC
deounc mavtote PeATLwVEL TNV avtiBeon
aAAa avéavel tn 60on



0.5 S BN A e e S S e e e e e L

— calcification
------ infilirating ductal carcinoma

Subject Contrast

Energy (keV)

Figure 3. Graph depicts effect of x-ray energy on subject contrast for monoenergetic x
rays imaging a S-mm-diameter infiltrating ductal carcinoma in a 6-cm-thick breast.

©1993 RSNA



EZAPTH2H AMNO KVP

2tnVv KAwvikn mpaén ta kVp €xouv pikpn
entitbpoon otn oklaypadlkn aviiBeon kat
XPNOLLOTIOLOUVTAL KUPLWG YLaL:

"Mpocappoyn Tou xpovou £kBeonc
*Melwon tTNC KLVNTLKNC AoaPEeLOC



OAZMA AKTINOAOTIKH2 AEZMH2

To paopa tnC dEouNnc e€aptatal amo:
=" kVp
" To ouvbuaouo Tou UALKOU TNG avodou Kal Tou nBuou

Mo/Mo, Mo/Rh, Rh/Rh for GE

Mo/Mo, Mo/Rh, W/Rh for Siemens
Mo/Mo, Mo/Rh or W/Rh, W/Ag for Hologic
W/Rh, W/Ag, W/Al for Hologic DBT Tomo
W/Rh for Giotto

W/Rh for Fuji Sapire HD

W/Rh, W/Ag for Planmed

W/AI for Philips



AIAOOPOIMOIHZEIZ TOY OAXMATO2 THZ AEZMHZ

Relative Fluence

keV



Scatter ta Primary ratio: Scatter ta Primary ratio:
08-1.0 0.4-05
Uncompressed Compressed
A
Inappropriate compression Appropriate compression

Curved compression paddle: a0* compression paddia:
Increased scatter and decreased Uniform density across image.
density at chest wall.

Figure 9.9. A. Comprassion is essenfial for mammographic studies. A significant re-
duction in x-ray scatter and radiation doge, unilorm optical density across the film, and
improved visualization of anatomy are key reasons, B, Examples of poor (left) and good
{right} compression techniques. Older curved compression paddles are no longer rec-
ommended for use in mammaography. '

©1994 Williams & Wilkins

Meiwon

@ okedaong

@ VEWUETPLKAC A0ADELOC

Q@ erunpofoiwv

@ KWNTIKAC KOl YEWUETPLKNC aloAPELOC

@ okAnpuvonc tng 6€oung

@ doonc

Au&non Ttou mocootoU TNE XPNOLUNC SECUNG

Opolopopdo naxoc Tou Paotou



EAEMXO2 TH2 AKTINOBOAIA2Z 2KEAA2H2

To avtliokedaoTLlkO BeATiwvel kKata tepimov 40%
TN oklaypadlkn aviiBeon tng LKOVAC
H npwTtoyevnc deounc dtamepva to AA o€

nocooto 60-70%
To AA amoppoda to 75-85% tnC aktivoBoAiog

okedaong.



EAETXO2 TH2 AKTINOBOAIAZ 2KEAA2H2

[pappika AA

= Aoyoc AA = 4:1 or 5:1 pe mukvotnta 30-40 lines/cm.

" Ta cupPBatika AA €xouv Aoyouc= 8:1 ewc 2:1 (koL Ewc
43 lines/cm).

= H §oon avéavetal amo tn xpnon tov AA (Bucky Factor:
X2 to x3) pe 40% BeAtiwon tng ZA

" EoTlaopEVA VIO TNV anoduyn AMOKOTNC



EAETXO2 TH2 AKTINOBOAIA2Z 2KEAA2H2

YPnAnc 6téAevong kuPpeAwto AA - High Transmission Cellular (HTC) Grid
" EOTLOOMEVO

= Avénuevn 2-A anoppodnon tng aktvoPoAiac okedaong

= Avénon tnc ZA

*"H petakivnon tou mpemel va eivatl uPnAng akpLBeiacg kata tn SLAPKELA TNG
EKBeonC KoL aveEapTnTn AO TO XpOVOo £€KkBeonCg, EAEyXETAL OTTO
LLKpOETIEEEPYOOTH

" MMpaktikad €XeL ToVv i6lo Aoyo AA pe ta ypoppika AA



HTC GRID

CONVENTIONAL GRID (Linear)

Fiber Intarspace Material
Radiopaque Strip

h

o

Grid Ratio
I’-h/n

HIGH TRANSMISSION CELLULAR GRID

Air Interspace Material Radiopaque Strip

Grid Ratio
r=h/D

Figure 3. Details of the construction materials, and the calculation
of grid ratio r = h/D, are shown for linear and cellular grids

http://www.hologic.com/oem/pdf/W-BI-HTC_HTC%20GRID_09-04.pdf



CONTRAST IMPROVEMENT FACTOR

Typical % Improvement

4% 7%06 10% 18%6 ~—HTC vs UNEAR
1.80 \HTC GRID
1.50
T LINEAR GRID
NON-GRID
(normalized)
1.00 [

4cm S5cm 6cm 7cm

COMPRESSED BREAST THICKNESS

Figure 4. Contrast Improvement Factors for HTC and Linear grids are
shown as a function of compressed breast thickness

http://www.hologic.com/oem/pdf/W-BI-HTC_HTC%20GRID_09-04.pdf




METEOYN2H

avénon tng evepyol OLAKPLTLKAC LKOLVOTNTOC
avaloya LLE TOV tapayovta peyeBuvoncg

napaywv peyebuvong x1.5 — x2.0

EVEPYOC OLAKPLTLKA LKAVOTNTA TEPLYPADEL TN
HeyVEOuUvOoN HLOC AETITOUEPELAC OUOCXETLOUEVN TIPOC
TNV aocadeLd



©1994 Williams & Wilkins



METEOYN2H

MNicotpa

" | — rA

http://www.americanmammographics.com/mammopads.htm



METEOYN2H

Melwon tou evepyol BopuPou, meplocoteEpa
dwToOVLa ava TEPLOXN

[MTpoBOALKO KEVO PETOEU MAOTOU KOl OLVLXVEUTN
LELWVEL TNV aKTIVOPBoAla oKESAONC XWPLC
armoppoPnon MPWTOYEVWV PwTOVIWV

Muwkpn eotia= 0.1 - 0.15mm (xapnAd mA, peyaioc
xpovoc €kBeonc)

AU&énon dooncg (x2-x3)



E2TIA ANOAOY & ENM-OIAM MTF

©1994 Williams & Wilkins



AO2H AKTINOBOAIA2

‘OpLa. 60ooewv (FDA)
"3 mGy (pe AA)
Meon doon
Muia Anyn
4.5cm pe ocuuTmieon
Meon cuotoon



DOY2IKEZ APXE2 WHODIAKHZ MAZTOTPADIAZ

» Texvoloyiec
— Apeon aviyveuvon- Direct detectors
— Eppeon avixvevon - Indirect detectors
— Wnolomoinuevn pootoypadia (CR)
— Slit scanning technology
° XapaKTnpLoTKA PndLaknc ELKOVOLC
— MTF
— DQE
— Dynamic range



TEXVOAOYIEGC WNPIAKAG UOCTOYPAPIAG

“EMMEZOI” avIXVEUTEC

* Qwodopol kpuotaAlot (Csl otAAeg) emavw oe drataén dwtodlodwv apopPpng olALKOVNG UE
xpnon thin-film transistor (TFT) (GE)

~100 micron pixels, ~5 lp/mm

“AME2OI” avLYVEUTEC
e Apopdo oceAnvio (apeon petatponn)

e (TFT) flat panel technology (Siemens, Hologic, Giotto, Planmed)
= ~70-85 micron pixels , ~7 Ip/mm

* Direct optical switching technology (Fuji Aspire HD))
= ~50 micron pixels , ~10 Ip/mm

Wnolonmotnuevn aktwvoypadia (Fuji, Carestream, Agfa and Konica)

~50 micron pixels, ~10 lp/mm

Slit scanning technology (Philips)

~50 micron pixels, ~10 lp/mm




H2HMAZIA NMOY EXElI TO METE©O2 TOY PIXEL

Otav peltwvetol to peyeboc tou pixel

"BeATLWVETOL N XWPLKNA SLOKPLTLKN
LKOLVOTNTA

"Avéavetal o 6opupoc
*Mewwvetol o Aoyoc onupatoc/6opupo



TEXNOAOTIA WH®OIAKQN ANIXNEYTQN - FFDM

“Apeon ” METOTPOTTA:

“Eppeon ” METATPOTTAH: . - .
Csl yetatpotri) + aSi UTTOCTPWHA KATAYPAPNG el T G el ISR (Aol L G falal i

X-Ray @wTtévia l
HAekTpoOIo ~

X-Ray @wtévia

UAIKS .
Selenium
K-edge
Fluoresence |
Sl l o
l s
HAekTpovia é
ATtToppo@nTIKO ©
UAIKS o
HAekTp6dI0
2UCOWPEUTAG

Yneiaka
Asgdouéva

Yneika
osdouéva

Jill Spear, GE Women’ s Healthcare




AOMH TOY ANIXNEYTH CSI

Support layer

oo i (sl crystals

Fluorescent

light —

r—-

——— Photocathode

—

Elecurons
Figure 3. Cross-sectional diagram of the input
screen shows the CslI:Na crystal needles, which serve
as the optical guide to the photons, preventing scatter-
ing of light photons across the needles and thus im-
proving spatial resoluton.

©2000 RSNA, Wang, J, Blackbyrn, TJ, RadioGraphics 2000; 20:1471-1477



ATTENUATION CURVES:

A-SE AND CSI

Mass Attenuation Coefficients for Csl and Se

180 T
160 -
140
120 -
100 -
80 -
60
40 -
20 -
0 =

o0 10 20 30 40 50 60

keV

cm2/g

Se




WHOIOMNOIHMENH AKTINOTPA®IA (CR)




FUJI CR DIGITAL MAMMOGRAPHY

ClearView-CSM

H gndrakn mwvakida dtaBalstal kat amo tic dvUo
NMAEVUPEC

~50 micron OLAKPLTLKN LKAVOTNTO
~10 lp/mm
XapunAO KOOTOC

Movadec paotoypadiac CR = Carestream, Agfa and
Konica



Kanal

photodetector

Fuji - Dual Side Readout

laser beam

«—— Protective
layer

optical Phosphor
guide %ﬂirror layer
Transparent
I emission » support

optical
guide

e photodetector

Image courntesy: Doug Pfeiffer 223

©Kanal, K, Digital Mammography Update: Design and Characteristics of Current Systems, 2009 AAPM
Annual Meeting




SLIT SCANNING TECHNOLOGY

= Philips MicroDose
= Atya pnyxavnpoto 284 Maptiog 2012



PHILIPS MICRODOSE

" Yapwon HE oxtopoeldn 6eoun

" Mpo & peta dtappaypata fabouc
= Katapetpnon pwtoviwv

* 50 pkpa

= ZwVOELONC avixvevutnc (opnvoeldec oxnua
NPOC TNV €0TLA)

" Méeon 6oon ~50% twv Aoumwv cuoTNUATWY



SLIT SCANNING TECHNOLOGY

X-ray tube

| ,
1
:
§ Object o ©O© {>
: ‘ @
-~ Collimator 2 X;’ .
i N I—V_
1
- Detector A
i ¥ holes
Moving parts ’ s~c an r;\o;°“
¢ Slit Scanning Technology = X-ray generates electron-hole pairs creating a short electrical signal

(multi-slit)

http://incenter.medical.philips.com/doclib/enc/fetch/2000/4504/577242/577260/593280/593431/8477093/Photon_Cou
nting_White_Paper.pdf%3fnodeid%3d8477094%26vernum%3d1



[MTOIOTHTA EIKONA2 FFDM

* MTF
*» DQE
* Dynamic Range



MODULATION TRANSFER FUNCTION (MTF)

" Mpodlopilel Tn duvaTtoTnNTA TOU AVLXVEUTN VO
HetapePeL e akpifela Tg OLOKUUAVOELC OTNV
KOTOVOLLN TNC ELOEPYXOUEVNC OLKTLVOBOALOC OTLC
OLOKU LLAVOELC TOU EEEPYOLLEVOU ONUATOC Kol KT
ETLEKTOLON OTNV ELKOVOL



MTF (%)

100

80

60

20

—— Hologic Selenia " ase
w— o dak MinR-2000 =  Screen-filn

GE Es=antinl = Csl
— Fuji CR
= CR
2 3 4 5 6 7 8
Spatial Frequency, Ip/mm

www.hologic.com/dat
a/W-BI-CR_11-06.pdf



OMOIQMA OPIAKH2 EYKPINEIA2




DETECTIVE QUANTUM EFFICIENCY (DQE)

DQE =

SNR (signal-to-noise ratio) otnv €€060 Tou aviyveutn
SNR otnv elcodo Tou avixveuTn

O ouvteleotng nov kabopilel Ttnv mootnta twv FFMD



a-Se exploits X-ray energy best: Higher DQE leads to better image quality

1

o9

0.8

JN |-

Proc. SPIE 4682, 21-29, 2002

Proc. SPIE 3659, 120-130, 1999

|

Csl-asi, 62 uGy
— SIF 82 PGy

aSe-asSi, 50 uGy

2 3 <3 5

(=]

7 =] =

Spatial frequency/(LP/imem)

http://www.medical.siemens.com/

10



DQE

—~ E€aptatal armo:
— Xwpkn dtakpttikn tkavotnta (lp/mm)
— kVp
— Eotia
— HBpol
— Opolwpa eAeyyou



DQE WHOIOMNOIHMENHZ AKTINOTPA®IAZ -CR

Hologic Selenia
w— K odak MinR-2000
GE Essantial

e Fufl CR

DQE (%)

0 1 2 3 -1 S 15 T 8
Spatial Frequency, Ip/mm

Figure 3. Dose efficiency as shown by the Detective Quantum Efficiency for Fuji
CR, compared to screen-film (Kodak), cesium iodide (GE), and selenium detectors

(Hologic)

www.hologic.com/data/W-BI-CR_11-06.pdf



AYNAMIKO EYPO2 - DYNAMIC RANGE




Meplopiopoi Tng paocTtoypaiag (EMNM- @iAg) Adyw TwV ATTEIKOVI(OMEVWYV ICTWV

3.0 Agpac

Aéppa

Optical Density
N N
o )

=
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ASEVLKOG LOTOG

10 100 1000 10000
Relative Exposure

Mahesh M Radiographics 2004;24:1747-1760
RadioGraphics

©2004 by Radiological Society of North America



H XapakTnpIoTIKR KAMTTUAN TNG paoToypa@iag EM-@IAp & TNG yn@lakng

' Digital (Wide Latitude) .

o Em—n Film_ | __ . __ . ./
:<_Screen->! !
| : ,
- I MopatnpeloTe Tn
= | . Stadpopd oto
c | l gVPOC EkBeoNC
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Mahesh M Radiographics 2004;24:1747-1760
RadioGraphics

©2004 by Radiological Society of North America



ANTATTOKPIZH ANIXNEYTQN

~50mAs ~100mAs ~200mAs
©2004 by Radiological Society of North America, Mahesh M Radiographics 2004;24:1747-1760



AO2H AKTINOBOAIAZ 2THN FFDM

Ta cvotnpata deiyvouv tn 60on aktivoBoAiac mavw
oTNV E€LKOVO
= Méeon 60on adeva < 300mGy
" Avadepetal oti¢c DICOM nmAnpodopLeC TNG ELKOVOLC
= Adon elcodou kat/n neon dion adeva

= Ol KOTOLOKEVOOTEC XpNoLpomolovv StadopeTkoUC alyopilBuouc
UTTOAOYLOMOU

= Dance
=\Wu & Barnes
=U.S. Method



TEXNIKEZ NTAHPO®OPIEZ TIA THN TOMO2YNOE2H

DIGITAL BREAST TOMOSYNTHESIS (DBT)




BREAST TOMOSYNTHESIS

Figure 3: Tube Head Swings Taking Muitiple Exposures in a Few Seconds

Tomosynthesis acquisition geometry showing the motion of the x-ray source.

http://www.hologic.com/data/WP-00007_Tomo_08-08.pdf



-7.5°

+7.5°

http://www.hologic.com/data/WP-00007_Tomo_08-08.pdf




TO

MO2YNOE2H

Digital
mammogram

A%

A 'f . 'i;.;

Tomosynthesis
slice (@ 30 mm

Tomosynthesis
slice (@ 47 mm

Figure 6. The 3D Nature of Tomosynthesis is shown above. The digital mammogram on the left shows 1
calcification. Slices from the tomosynthesis reconstructions, shown in the 2 rightimages, show that one
calcification is at 20 mm height in the breast, and another at 47 mm.

©www.hologic.com/data/W-BI-001_EmergTech_08-06.pdf



TOMO2YNOE2H

Infiltrating lobular carcinoma and muftifocality not seen well in the
conmventional digital mam mogram (left image) are clearer in the slice
from the tomosynthesis data set {right image)

http://www.hologic.com/data/WP-00007_Tomo_08-08.pdf



TOMO2YNOE2H

Mamm ograp hically occult cancers {left image) is visible with tomosynthesis (right image)

http://www.hologic.com/data/WP-00007_Tomo_08-08.pdf



DQE TOMO2YNOE2H

* H péon 600N O0To LAOTO QVOMEVETAL Va Elval Ttepimou n dla tnv

Jndlakn paotoypadia (< 300 mRad)

» Amnautel tepimov 15 - 50 ekBeoelc emo
KaAn armodoon ToU CUCTHUATOC O€ Yo

» Aev ypnoluomoleitatl AA yeyovog mou

LEVWC XpELaleTal oLaitepa
LNAN €kBeon

LELWVEL TN 600N (X2 — x3)



HOLOGIC DBT DOSE

2D: 1.2 mGy
3D Tomo: 1.45 mGy
Combo*: 2.65 mGy

*Combo: 2D and 3D tomo of the same breast view
(e.g. MLO)
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CHARACTERISTICS: HOLOGIC DBT BREAST TOMO

FDA (HMA)

= MpoAnyn
= Atayvwon
" Bloyia



HOLOGIC DBT

DiAtpa

* Rh: 2D

= Ag: 2D

= Al: 3D tomo

EAgyxoC MuUKvVOTNTAC
= Oyt

Xwpic AA otnv tomo

Xwpic MAG otnv tomo



HOLOGIC DBT

XwpLKN SLaKPLTLKA LKavoTnTa
=> 3 |p/mm (45 degrees)

Ouoilwpa (mpodraypadec)
= 4 fibers

= 3 speck groups

= 3 masses

= Can scroll up/down through 3D stack is assessing
phantom scores



HOLOGIC DBT

Pixel binning

=3D tomo, ta pixels “evwvovtal” og opadec 2x2 (140 micron pitch)
3D tomo mnedio aktvoBoAnong

=18x29 cm

AvaocuvBeon

=1 mm thick

= AplOpoC Topwy (mayoc mieopevou pootov / Imm => 40 — 80)
Avayvwon

*1mm TOMEC

=15 npoPBoAec (aviyvevon kivnong)



HOLOGIC DBT

2D: pwat FFDM ewkova (cc, MLO)

3D Tomo mode: 15 ewkovec oe dtadbpopun 15 polpwv HE
avaouvBeon Topwyv 1yxtA.

Combo mode: yia pia mpoBoAn (nmx.MLO), AnPYn TUTLKAG
E£LKOVOC KOl TOMWV (< 3 mGy)

ANy n topwv oe omotadnmote npofoAn



XAPAKTHPI2ZTIKA: HOLOGIC DBT

Avtopatn tonoBetnon touv AEE

Metpa tnv evtaon o€ 2 KUPEAEC amo
dtataén 70 (5 x 14 pe peyebog 1 sq.cm.)



KALVLKEC MEAETEC

= 2D vs. 3D vs. Combo
= 3D kat 3D Combo avéavouv tnv evalcBnoia

= 3D kat 3D Combo peLwvouV TO MOCOOTO CUUTIANPWHATLKOU EAEYXOU

=3D Combo > 3D Tomo > 2D



