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AHTponomopcHU MoAaenu Ha MreYHa Xre3a 3a obpa3Ha AMarHoCTUKa,
Ga3vMpaHa Ha PeHTFeHOBM b4

AHTpONOMOPMHUTE (PAHTOMU Ha MIeyHa Xres3a ca KOMMTbPHU U (PU3NYECKU MOoAenu
(Hape4yeHun (aHTOMK), peanuUCTUYHO UMUTMPALLM aHaTOMUYHUTE W PaaMOrNorMyHn
XapakTEPUCTUKM HA TbKaHWTE Ha YOBeLLKaTa MSievHa >xnesa. Te3nm mMogenu ce cuyutaTt 3a
OTNIMYEH MHCTPYMEHT 3a pa3paboTBaHe, CpaBHSABaHE, XapakTepuanmpaHe 1 oNnTMMn3npaHe Ha
HOBM M CbLLECTBYBALLN METOAWN 3a CKPUHMHT U ANarHOCTMKA Ha MbpaaTa, 3a peanvsvpaHe Ha
BUPTYanHu KNMHUYHW U3CreaBaHNs KaTto No TO3U HavvH ce enuMuHupa HeobxogmmocTTa oT
NpoBeXAaHe Ha CKbMW U OTHEMALLW BpEME KITMHUYHU U3NUTBAHUS C y4acTMe Ha XEHW, KakKTo
N 3a pa3paboTBaHETO W ONTUMU3NPAHETO Ha KIWHWYHW MPOTOKONM W anropuTtMu 3a
PEKOHCTPYKLMSA Ha obpasu.

Llenta Ha Ta3n o630pHa cTaTus e Aa npeacTaByn UCTOPUYECKO MbTyBaHe, CBbP3aHO C NosiBaTa
Ha aHTPOMOMOPMHMTE MOAENM Ha MIevyHaTa Xresa, cneunanuanpaHu 3a PeHTreHOBMU
NPUNOXEHNs, TAXHOTO pasBUTUE M YCbBbPLUEHCTBAHE Mpe3 roAuHWTE OO0 HacToAWwms
MOMeHT. PasrnexxgaT ce KakTo KOMMITbPHU, Taka 1 (ou3ndeckm Moaenn Ha MreyHa xresa u
TEXHU KOHKpPEeTHW npunoxeHus. KomnoTbpHUTE Mogenu ce paspaboTBaT rnaBHO 4pes3
MaTemMaTuU4eckm OpMynuMpoBkM W 4Ype3 ob6bpaboTka Ha NaAUMEHTCKM MEOULMNHCKM
n3obpaxeHusi. MatemaTnyeckMTe MOAENN Ha MIIEYHA Xre3a ce CbCTOAT OT MaTeMaTUYecKo
onMcaHne Ha TbKaHWTE Ha rbpaata. Pasrmexgar ce neT OCHOBHUM MaTeMaTU4ecku
aHTponoMopdHM Mofena Ha MrieyHa >knesa, pa3paboTteHn OT umscregoBatenu oT: (a)
YHuBepcuteT Ha [NeHcmnnBaHug; (0) MNMaTtpeHckn yHuBepcuTeT; (B) AreHumsiTa no riekapcrearta
n xpaHute Ha CALL (FDA), (r) npoekta OPTIMAM, (e) komnanuaTa General Electric. Bropuat
noaxon e 6asnpaH Ha NauWeHTCKU AaHHK, npu konTo 3D KOMNITbPEH MoAeN Ha MIevyHa
Xnesa ce peanu3anpa 4pe3 CcerMeHTUpaHe Ha MnauueHTCKn obpasn, nornyyYyeHn 4pes
KOMMIOTbPHA TOMorpadus Ha rbpaa. BropuaT nogxoa rapaHTupa MHOro BUCOKa CTEMeH Ha
aHaATOMWYEH 1 PaamnoNorMyeH peanu3bm Ha nonyyvyennsa 3D mogen v reHeprpaHun nnaHapHu
peHTreHoBn U Tomorpadckn obpasu.

dusnyeckarta peanusaumsi Ha aHTponoMopdHM ¢aHTOMKM 3anodBa CBOSI Nporpec cnen
pas3BMTUETO Ha TexHonornnte 3a 3D nevat u BbBEXAAHETO UM 3a U3MNon3BaHe B MeuLmHaTa
npes nocnegHutTe rogvHW. Teanm TeXHONorMn nNpefocTaBsaAT Bb3MOXHOCT 3a M30op mMexay
pasnuyHn TexHukn 3a 3D npuHTUpaHe M HOBW MaTepuann C XapakTepUCTUKM (NNBTHOCT,
efleMeHTapeH CbCTaB, PEHTTeHOBU CBOWCTBA), NOAOOHN Ha Te3n Ha YOBELUKUTE TbKaHW, B
pe3ynTtaT Ha KoeTo ce peanusupa ycreweH 3D dusndeckm mogen Ha ropga. lNonarat ce
OFPOMHM yCcuNusa 3a paspaboTBaHETO Ha HOBW Marepuanu, nopagu orpaHuveHusTa Ha
HanNM4HUTE NO OTHOLLEHWNE Ha XenaHUTe PEeHTreHOBM CBOMCTBA. Te3n yCunusa ca cBbp3aHu C
noaroToBKaTa Ha TeCcToBM OBEKTU OT Te3n Matepuanu 1 NbiHOTO UM XapakTepusmpaHe no
OTHOLLEHNE Ha eNneMEeHTHUS CbCTaB U PU3NYHUTE UM CBOWCTBA. B Tasn ob3opHa ctatus e
fageH oOwwupeH nperneg Ha MaTtepuanuTe, M3Non3saHW MNpyv NPOM3BOACTBOTO Ha
aHTponomMmopdHM moaenun. TexHukuTe ,oTnmBaHe”, 3D NpUHTMPAHETO N UKOHOMUYHUTE
noaxoau, 6asnpaHn Ha MacTUNEHOCTPYNHN MPUHTEPU U XapTUEHU MaTepuanu, ca OCHOBHUTE
MeToaM 3a Ccb3faBaHe Ha (pu3myeckn aHTpornomMopdHM MoAenu Ha mriedHa xnesa. Cpen
n3bpoeHunTe, TexHonornmte 3a 3D nevaTt NnpenocTaBAT OTNIMYHA Bb3MOXHOCT 3a Cb3faBaHe
Ha peanucTUYHN PU3NYECKM MOLENM Ha rbpaa. AHAaTOMUYHUAT U PaaMONOrMyeH peannusbm
Ha aHTPONoMOpdHUTE U3MYECKM aHTOMM Ha rbpaa, 3aedHO C Bb3MOXHOCTTa 3a
HeorpaHu4eHa eKkcno3uuus no BpemMe Ha BaXHW OMArHOCTUYHW 3ajayuv, M npesBpbliaT B
KINOYOB MHCTPYMEHT Ha BCAKO OTAENeHne No peHTreHonorns u pagmornorus.
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The advent of anthropomorphic three-dimensional breast phantoms
for X-ray imaging

Anthropomorphic breast phantoms are both, computational and physical, anatomically and
radiologically realistic models of the human female breast, and are considered an excellent
tool for development, comparing, characterizing and optimizing of novel and existing breast
screening and diagnostic modalities. Their role in objective assessment of diagnostic task
performance of breast imaging systems without conducting high cost and time-consuming
clinical trials, as well as in developing and optimizing clinical protocols and image
reconstruction algorithms is tangible increasing.

The aim of this paper is to present a historical journey from the advent of the breast
anthropomorphic models used with X-ray modalities, their further development and realistic
improvement, to current achievements. Both computational and physical breast models are
considered as well as their role and use in interesting X-ray breast imaging applications.
Computational phantoms are mainly based on mathematical formulations and patient medical
images. The mathematical breast models consist of mathematical description of the breast
structures. They represent in a complex way the external breast shape, mammary duct
system, Cooper’s ligaments, pectoral muscle, vessels, skin, mammographic texture, and
breast abnormalities. Five basic breast models are discussed: (a) UPenn anthropomorphic
breast model; (b) UPatras anthropomorphic breast model, (c) FDA anthropomorphic breast
model, (d) OPTIMAM anthropomorphic breast model, (e) GE anthropomorphic breast model.
All these models use a combination of solid-geometry and voxel based techniques to create
a 3D anatomically realistic breast model, which is the main tool for generating synthetic
mammograms that resemble real ones. The second approach is the patient-based approach,
where 3D breast is created from segmented clinical datasets acquired by breast Computed
Tomography (BCT). A key step in generating of such breast models is the development of a
methodology which concerns processing of the BCT slices and classification of breast tissues
into adipose, fibroglandular and skin tissues. The second approach guarantees a very high
degree of realism, however patient BCT data are not widely available.

While attempts to create computational anthropomorphic phantoms dates with the rise of 3D
medical imaging, the design and the realization of anthropomorphic physical phantoms had
been pushed out only when the 3D printing technologies have been developed and introduced
to the medical community in recent years. This technology provides the possibility to select
amongst different 3D printing techniques and new materials with characteristics (density,
elemental composition, X-ray properties) similar to these of human tissues, thus resulting in
successful 3D printed radiological model of the breast. Enormous efforts are placed towards
the development of new materials, because of the limitations of the ones currently available
in terms of desired X-ray properties. These efforts are related to sample preparation and full
characterization in respect to elemental composition and physical properties. An extensive
review of materials used in manufacturing of anthropomorphic models is given in this review
article. Molding techniques, 3D printing and low cost paper-based approaches are the main
methods for creation of physical breast anthropomorphic models. Among them, 3D printing
technologies provide an excellent opportunity to create realistic models of the breast by using
a number of printing materials with physical and X-ray characteristics similar to these of breast
tissues.

The anatomical and radiological realism of the anthropomorphic breast phantoms together
with the possibility for unlimited exposure during important diagnostic tasks is transforming
them into a key instrument of every Radiology Department.
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KomnioTbpHM aHTponoMopdHM MoAenn Ha MneYvHa Xkrne3a, 6asMpaHm Ha
NauMeHTCKU AaHHWU, 32 UH-CUJTUKO U3cneABaHUA C KOMMNIOTbPHA ToMorpadus,
TOMOCUHTE3 U Mamorpadus

BupTyanHute knnHnyHmn nscnensanunsa (BKW), npegHasHayeHn 3a TecTBaHe Ha HOBU TEXHUKK
3a CKPVHUMHI M OMarHOCTUKa Ha MreyHaTta resa ca KOMMoTbpPHO-6a3npaHn TEXHUKU, KOUTO
BKMOYBAT MOAenMpaHe Ha KOMMOHEHTUTE Ha udanata Bepura, HeobxoguMmo 3a TakoBa
n3crnedBaHe: reHepvpaHe Ha MoAen Ha MIedvyHa Xnesa, BKIIYUTENHO MHOXECTBO
peanuCcTU4YHN MOAENW Ha rPbAHW Jie3nMn, MOLENN Ha M3TOYHUK Ha PEHTreHOBO ITbYeHue,
reomMeTpusi Ha CKaHMpaHe, LEeTEeKTOop 3a undgpoBo nsobpaxeHne, YoBeLwkn HabnwaaTtenu. 3a
Te3u NPoyYBaHUA HaAN-MOAXOOALM ca ANTUTANHN (PaHTOMM Ha MbpAa, KOMTO ce U3MNon3ear 3a
nognomaraHe Ha copTyepHust N xapayepeH AnsarH Ha ypeabu 3a obpasHa guarHoctuka Ha
rbpAaarta, HanpMMmep ONTUMU3NPAHE Ha TEXHMKU 3a noflydaBaHe Ha Mamorpadcku obpasm u
obpaboTkaTta MM, a CbLO M anropuTMK 3a PEKOHCTpyMpaHe Ha Habopa OT npoekuuuTe,
paspaboTBaHe Ha npoueaypu 3a KOHTPON Ha KayecTBOTO. B TO3M KOHTEKCT ,aHTpono-
MOPHUTE" KOMMIOTBPHN (PaHTOMM Ha MieyHaTa Xrnesa ca U3KMIYMTEeNHO HeobxoauMMU.
Tasn Hay4yHa cTtaTtusa npegcrtaBa 150 yHUKaANHWM KOMMOTbPHU (paHTOMa Ha MSieYHa XXresa,
nofnydeHn OT naumeHTCKn obpasnm OT KOMMITbpHA TOMorpadus Ha rbpda C BUCOKA
pasgenutenHa cnocobHocT. KNMHUYHOTO M3cnenBaHe e peanuampaHo Ha creuuanuanpad
komnioTbpeH ckeHep B UC Davis (KanudgopHus, CALL). Bcekn Bokcen OT MONyY4eHOTO
OopuUrMHanHo nsobpaxeHue e knacuuumpaH KaTo NpuHagnexatll Ha egHa oT TpUTe OCHOBHU
TbKaHW Ha MIleYHaTa Xnesa: Xnesucta, MacTHa U KOXHa TbKaHW. 3a KnacudgukauusaTa Ha
BCEKM Cpe3 OT nauMeHTCKUTe [aHHM € paspaboTeH noriyaBTOMaTUYEeH anropuTbm,
peanu3vpad Ha MATLAB. Tosu anroputem e BanuaupaH 4pe3 CpaBHEHWE C PbYHO
cerMeHTMpaHe Ha XnesucrtaTa TbKkaH B MOAenuTe, n3BbplUeHa oT ABama uscnegosatenu. OT
cb3gageHute 150 komnoTbpHU Mogenu, 60 ca NOANOXEHN Ha anropuTbM 3a KOMMPECcUs u
ca npegHasHayeHu 3a BKWM 3a mamorpadus n TomocuHTE3. ANropuTbMbT 3a KOMMNpecus
Mozenvpa KoMnpecusaTta Ha rbpgaTta no Bpeme Ha Mamorpadus 1 n3nonssa koeuumeHTnTe
Ha enacTMYHOCT Ha TbKaHUTE Ha MlevHaTa Xrnesa, Tbi KaTo ce JoNnycKa HerlHaTta enactuyHa
Aedopmaums. AnNropuTbMbT € peanusmpaHd Ha C++, BbBeJeHO e napanenHo nporpaMmvpaHe
¢ MPI. CpegHaTa CTOMHOCT Ha MacaTta Ha Xrneauctata TbKaH B reHepupaHus koxopTt oT 150
HeKoMmnpecupaHn KOMMKTbPHM MoAerNna Ha MreyHa xnesa npeacrasnssa 12,3%; cpegHuaT
AnameTbp Ha rbpaaTa, OLeHeH B LeHTbpa Ha Macarta, € 105 mm. Bbnpeku mankute pasnuku
MeXay OBEeTEe pPbYHM CEerMeHTauuu, noriydeHata CermMeHTaums Ha Xresucrta TbkaH He ce
pasnuyaBa OT Ta3u, NnoryyeHa 4pes noflyaBToMaTuyHa knacudukaums. Pasnukata mexay
MacaTta Ha nesucTaTa TbkaH npeanm wn cneg Komnpecusita e cpegHo 2,1%. 60-Te
KOMMApecupaHM KOMMIOTbPHU MoJena uMMaTt cpefHa xnesucrta maca oT 12,1% wu cpegHa
KomnpecupaHa gebenmHa ot 61 mm.

"eHepupaHnTe Mogenun Ha MriedHa xnesa ce cbxpaHssat B DICOM ¢annose B ny6rMyHOTO
XpaHunuie Ha ZENODO 3a n3crieqoBaTencku uenm
(http://doi.org/10.5281/zen0do.4529852, http://doi.org/10.5281/zen0do0.4515360). B Te3un
MoZenu, BOKCenuTe Morat Aa ce npeactaBsaT ¢ eAHa oT crnegHuTte ctomHocTu: O - Bb3gyx, 1
- MacTHa TbKaH, 2 - Xne3ucta TbkaH M 3 — KOXHa TbKaH. Te3an mogenu ce usnonssaT
WMHTEH3MBHO ¢ nNnatdopma 3a BKW 3a nonyyaBaHe Ha 2D vnn 3D obpasu Ha rbpaa, Kakto u
3a OueHKa Ha norbfiHaTa fos3aTa M KaTo MOAEeNU 3a Cb3fdaBaHe Ha aHTPONoMOpPdHU
dom3nyeckn daHToOMK.



http://doi.org/10.5281/zenodo.4529852
http://doi.org/10.5281/zenodo.4515360

JokymeHmu Ha 0oy. 0-p uHxc. KpucmuHa CmaHumupoea bausHakosa, MY-BapHa

Dataset of patient-derived digital breast phantoms for in silico studies in breast
computed tomography, digital breast tomosynthesis, and digital mammography

Virtual clinical trials (VCT) for breast imaging are computer-based techniques which
involve modelling the complete breast imaging chain (radiation source, acquisition
geometry, digital breast model, digital imaging detector, human observers) including
multiple realistic models of the breast anatomy and breast diseases, for the in silico
reproduction of digital mammography, digital tomosynthesis, breast Computed
Tomography (BCT) examinations.

For VCT studies in breast imaging research, digital breast phantoms have been proposed
to assist the software and hardware design of imaging systems, for example, optimizing
image acquisition techniques as well as image processing and image reconstruction
algorithms or in comparing the performance of different imaging systems for breast
dosimetry or for quality control procedures. In this context, “anthropomorphic” digital
breast phantoms are highly required.

The aim of this paper is to present a dataset of computational digital breast phantoms
derived from high-resolution three-dimensional (3D) clinical breast images for the use in
virtual clinical trials in two-dimensional (2D) and 3D X-ray breast imaging.

For this purpose, uncompressed computational breast phantoms for investigations in
dedicated BCT were derived from 150 clinical 3D breast images acquired via a BCT
scanner at UC Davis (California, USA). Each image voxel was classified in one out of the
four main materials presented in the field of view: fibroglandular tissue, adipose tissue,
skin tissue, and air. For the image classification, a semi-automatic software was
developed. The semi-automatic classification was compared via manual glandular
classification performed by two researchers. A total of 60 compressed computational
phantoms for virtual clinical trials in digital mammography and digital breast tomosynthesis
were obtained from the corresponding uncompressed phantoms via a software algorithm
simulating the compression and the elastic deformation of the breast, using the tissue’s
elastic coefficient. This process was evaluated in terms of glandular fraction modification
introduced by the compression procedure. The generated cohort of 150 uncompressed
computational breast phantoms presented a mean value of the glandular fraction by mass
of 12.3%; the average diameter of the breast evaluated at the centre of mass was 105
mm. Despite the slight differences between the two manual segmentations, the resulting
glandular tissue segmentation did not consistently differ from that obtained via the semi-
automatic classification. The difference between the glandular fraction by mass before
and after the compression was 2.1% on average. The 60 compressed phantoms
presented an average glandular fraction by mass of 12.1% and an average compressed
thickness of 61 mm.

The generated digital breast phantoms are stored in DICOM files. Image voxels can
present one out of four values representing the different classified materials: 0 for the air,
1 for the adipose tissue, 2 for the glandular tissue, and 3 for the skin tissue. The generated
computational phantoms’ datasets were stored on the ZENODO public repository for
research purposes (http://doi.org/10.5281/zen0d0.4529852,
http://doi.org/10.5281/zen0do.4515360). The dataset will be used for developing a
platform for virtual clinical trials in X-ray breast imaging and dosimetry. They will represent
a valid support for introducing new breast models for dose estimates in 2D and 3D X-ray
breast imaging and as models for manufacturing anthropomorphic physical phantoms.
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B4-03. Bliznakova K, Dukov, N., Feradov, F., Gospodinova, G., Bliznakov, Z., Russo,
P., Mettivier, G., Bosmans, H., Cockmartin, L., Sarno, A., Kostova-Lefterova, D.,
Encheva, E., Tsapaki, V., Bulyashki, D., Buliev, |., 2019, Development of breast
lesions models database, Physica Medica (IF: 3.12), 64, pp. 293-303., DOI:
10.1016/j.ejmp.2019.07.017

ba3a gaHHu ¢ KOMNKOTHLPHU MOoAeJiIn Ha TYMOPHU 06pa3yBava Ha MIeYyHa Xxrne3a

Tasn Hay4yHa cTaTusa NpeacTaBs pa3paboTBaHETO U TEKYLLIOTO CbCTOsIHME Ha 6a3a AaHHM
C MoAdenu Ha ne3nmnm Ha MrnevyHa »nesa. basata ganum MaXIMA mma 3a uen aa
npefocTaByM Ha u3cnefoBaTeNnMTe KakKTO CEerMeHTUpaHu, Taka M MaTeMaTUdecKu
KOMMIOTbPHO-6a3npaHn Moaenun Ha Ne3nn Ha rbpaaTta ¢ peanucTudHa opma.

basaTta gaHHu cbabpxa pas3nuyHn 3D o6pasn Ha rpbaHU Ne3nn ¢ HenpaBunHa gopma,
cbOpaHM OT PYTUHHU nNperneanm Ha nauMeHTM unuM  cneumanuanpaHn  Hay4vHu
ekcrniepumeHTU. basata gaHHM CbLWO Taka CbAbpXa M300pakeHus Ha Modenn Ha
MaTtemaTuyeckm MopenupaHu TymopHu obpasyBaHus. C uen oTaensHe Ha TYMOPHM
o6pasyBaHusa OT ob6pa3sn Ha nauneHTn, e paspaboTeH anropuTbM 3a cermeHTMpaHe Ha 50
nauneHTckn msobpaxeHuss ot 3D mamorpadumss ¢ TOMOCWUHTE3, KOUTO MauMeHTU ca
ANarHoCTUUMpaHM CbC 3nokadectBeHu/oobpokavecTtBeHn Haxogkn. OcBeH ToBa ca
aobaBeHn 3 ckaHMpaHu C KNMHUYEH KOMMIOTbPEH ToMorpad MacTekTOMUU, KakTo U neT
KOMMIOTbPHM TOMorpadum Ha usno tano. ObpasanTe OT TOMOCUHTE3 Ha Ibpaa ca
nony4yeHu ot (a) AnekcaHgpoBcka YHuBepcutetcka 6onHuua, Codus, Benrapus, kbaeto
Giotto Tomo, IMS (http://www.tomosynthesis-giotto.com/ ) e B ekcnnoataumst u (6) ot
YHuBepcutetcka 6onHuua B JlboBeH, benrnsa, uanonsearnku Siemens Mammomat
Inspiration (https://www.healthcare.siemens.com/). MacTektomunTe Ha rbpgaTa ca
CKaHMpaHW Ha KOMMTbpeH ToMorpad 3a uganoto tano B YMBAIJT ,Ceseta MapuHa” rp.
BapHa, cbc Siemens Somatom. AnropuTbMbT 3a CErMEHTUpPaHe Ha ne3nn BKo4Ba
nopeavua oT onepauun 3a obpaboTka Ha NbpBOHa4YanHUTE obpasv M npunaraHe Ha
TEXHMKaTa npoBfayBaHe OO0 HanW-Onu3kma cbcegeH BOKCEN, C  MUHMMAIHO
B3aMMOAENCTBME OT CTpaHa Ha noTtpedbutena. MaTtematnyecknte MogenmpaHm
KOMMIOTbPHM NE3nn Ha rbpaata, KakTo U cneunduyHn napameTpy Ha anroputbma npu
npunaraHeTo My KbM [afdeH MauMeHTCKM Habop CbLUO CbXxpaHeHu B 6asaTa OaHHM.
MaTtematnyeckoTo mogenupaHe e 6asnpaHn Ha MeToga Ha ,CrnydanHUTe pasxogkun®.
basarta gaHHu ¢ pa3nuyHu obpasn, HapedeHa MaXIMA, npe3 2019 cbabpxka 50 mogena
Ha Ne3nn Ha MrieYvHa Xrnesa, NoflydeHn 4Ypes CermeHTUpaHe Ha naumeHTCcku obpasu Ha
MIT€YHMW Xne3n OT TOMOCUHTE3; 8 Modena, Nony4YeHn Ypes CerMeHTUpaHe Ha KOMMNIDTbpPHA
TOMorpadgus Ha udano Tano n mactektomuun; n 80 mogena, 6asmpaHm Ha MaTeMaTUYECKN
anroputbM. Bcekn 3anuc B 6asata gaHHM € nogkpenex ¢ noaxoasuwa nHpopmaums.
MpeactaBeHn ca OBe MNPUNOXeHUst Ha paspaboTeHaTa Gasa gaHHU: ,BMbKBaHe" Ha
nesunTe B KOMMOTbPHUTE PAHTOMW Ha MIIEYHa Xrfe3a M MEeTOA4 Ha reHepuvpaHe Ha
Mamorpadckm obpasmn ¢ pasnuyHn Mogenn Ha nesun, cenektTmpaHm ot 6asara gaHHu. U
B [BaTa cClnyyas ce [AEeMOHCTpupa npunaraHeTo Ha MHOXEeCTBO CLEeHapuuM M Ha
HeorpaHuyeH bpown criydam, KOMTo MoraT a ce M3non3BaT 3a No-HaTaTbLUHO COPTYEPHO
MoAdenvpaHe W u3cnegBaHe Ha METOAM 3a CKPUHWHI U AMarHoCcTuKa Ha rbpaara.
Cb3pageHnaTt nHtepgenc Ha 6asarta gaHHu e yeb-6asmpaH, yaobeH 3a notpebutens n e
cBOOOOHO AOCTBLMNEH NPE3 MHTEPHET.

PaspaboTteHata 6a3a faHHM e CryXXW KaTo U3TOYHUK Ha [JaHHM 3a uacrnegoBaTenuvre,
KOUTO paspaboTBaT HOBM M ONTUMU3NPAT CbLLECTBYBALLM METOON U CBbP3aHUTE C TAX
TEXHUKN 3a CKPUHMHI 1 OMAarHOCTMKa Ha MrevHara Xxresa.

7


http://www.tomosynthesis-giotto.com/
https://www.healthcare.siemens.com/

JokymeHmu Ha 0oy. 0-p uHxc. KpucmuHa CmaHumupoea bausHakosa, MY-BapHa

Development of breast lesions models database

This paper presents the development and the current state of the MaXIMA Breast Lesions Models
Database, which is intended to provide researchers with both segmented and mathematical
computer-based breast lesion models with realistic shape. The database contains various 3D
images of breast lesions of irregular shapes, collected from routine patient examinations or
dedicated scientific experiments. It also contains images of simulated tumour models. In order to
extract the 3D shapes of the breast cancers from patient images, an in-house segmentation
algorithm was developed for the analysis of 50 tomosynthesis sets from patients diagnosed with
malignant and benign lesions. In addition, computed tomography (CT) scans of three breast
mastectomy cases were added, as well as five whole-body CT scans. Fifty-eight sets of clinical
images from patients diagnosed with lesions and breast cadaver images were collected in the
database. Images from tomosynthesis were acquired from Alexandrovska University Hospital,
Sofia, Bulgaria, where a Giotto Tomo, IMS (http://www.tomosynthesis-giotto.com/) is in
exploitation, and from the University Hospital of Leuven, Belgium, using Siemens Mammomat
Inspiration (https://www.healthcare.siemens.com/). The breast cadavers and the whole-body CT
scans were implemented at the University Hospital “Saint Marina” in Varna, using Siemens
Somatom CT system.

The segmentation algorithm includes a series of image processing operations and region-growing
techniques with minimal interaction from the user, with the purpose of finding and segmenting the
areas of the lesion. Examples are given for lesions extracted from digital tomosynthesis, low
resolution CT dataset of whole body and a CT dataset of breast cadavers. Mathematically
modelled computational breast lesions, also stored in the database, are based on the 3D random
walk approach. Additionally, 3D averaging followed by 3D dilation and 3D erosion operations are
applied in order to obtain solid lesions.

One of the major challenges in the creation of the MaXIMA Shared Database has been the large
variety of medical images that would be used as sources for extracting real lesion shapes.
Therefore, as a first step, we collected samples of different medical images with the basic objective
to create an overview of the potential variety of the medical data to be collected. The preliminary
analysis of the variety of the initially collected imaging data determined the way of organizing the
storage and its size: i) Storage place — a remotely accessible dedicated server is used for the
storage of the computational breast lesion models, ii) Database architecture — the structure of the
storage space is additionally indexed, allowing filtered searching and execution of queries, iii) User
interface — a web-based user interface was chosen for connecting and querying databases
remotely. The MaXIMA Imaging Database Application uses client-server architecture, where the
data from the Server application is extracted, computed and delivered to the Users in an
appropriate format via client applications. Further, the organization of the Maxima database is
relational — the information is stored in tables interconnected by fields containing connection
information

The MaXIMA Imaging Database currently contains 50 breast cancer models obtained by
segmentation of 3D patient breast tomosynthesis images; 8 models obtained by segmentation of
whole body and breast cadavers CT images; and 80 models based on a mathematical algorithm.
Each record in the database is supported with relevant information. Two applications of the
database are highlighted: inserting the lesions into computationally generated breast phantoms
and an approach in generating mammography images with variously shaped breast lesion models
from the database for evaluation purposes. Both cases demonstrate the implementation of
multiple scenarios and of an unlimited number of cases, which can be used for further software
modelling and investigation of breast imaging techniques. The created database interface is web-
based, user friendly and is intended to be made freely accessible through internet after the
completion of the MaXIMA project.

The developed database will serve as an imaging data source for researchers, working on breast
diagnostic imaging and on improving early breast cancer detection techniques, using existing or
newly developed imaging modalities.
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MU3cnenBaHe Ha HAEKCa Ha NnpeyvynBaHe Ha matepuanu 3a 3D nevar
3a cb3faBaHe Ha m3nyeckn haHTOMM HA MNeYHa Xne3a, noaxoAasiwm 3a
uscrnenBaHe Ha pa3oB KOHTpacT

3D komMnIOTbpHUTE W U3NYECKM MOLENM Ha MIeyHa Xnesa ca Heobxogumu npwu
NPOTOTUNUPAHETO M TECTBAHETO Ha HOBWM OBpasHM AuarHocTuku. [Jokato peguua HayyHu
rpynn n3nonssaT KOMMIOTbPHU MOAENN Ha MIEeYHa Xre3a C pasfiMyHO HMBO Ha CIOXHOCT,
TakunBa, paspaboTeHn BbB (PM3MYECKN BapuaHT NoyTu nunceaTt. TexHonorndata 3a 3D nevat
€ e[lHa OT Bb3MOXHOCTUTE 3a peanuanpaHe Ha Takma (baHTOMW, HO Npean a ce u3nonssa
e HeobxoanmMo fa ce M3BBbPLLM OLEHKa Ha MHAEKCa Ha norfnblaHe, B 1 Ha geKpeMeHTa Ha
MHOEeKca Ha npedynesaHe, &, KONTO Ce U3non3ea B u3crnenBaHnaTa ¢ oa3oB KOHTPACT.

Llenta Ha TOBa Hay4yHO u3crnegBaHe e fa ce pa3paboTm npouegypa U CbOTBETHUTE
eKCrnepuMeHTanHn u3MepBaHMsi C MOHOXPOMATUYHO fbYyeHMe C pasfnnyHa eHeprus, 3a
oLeHKa Ha OTHOCUTenHaTa CTOMHOCT Ha & NO OTHOLWIEHWe Ha Tasn Ha TbKaHUTe Ha rbpaaTa,
3a matepuanu 3a 3D npuHTupaHe. N3cnenBaHu ca aaHageceT matepuana 3a 3D nevar:
wecT cdoTtononumepHn cmonu B TevHa dopma (Black, Clear, Flex, Gray, Tough and White),
wect TepmonnacTnyiHn Huwkn (ABS, Hybrid, Nylon, PET-G, PLA n PVA). Te3n maTtepuanu
ce u3nonseaT c ABe TexHonornn 3a 3D neyaT: mMogenupaHe ypes3 OTnaraHe Ha pasToneH
matepuan (FDM) wn ctepeonutorpacguma (SLA). lpoekTupaHn n peanusvpaHn ca Tpu
CTbnanoBuaHn haHTOMa C HapacTBall, pa3Mep Ha BUCOYMHATA Ha CTbNanoTo, Heobxoanmm
3a usamepBaHe Ha 8. Kato pedepeHTeH maTepuan e W3non3eBaH nonuMeTurnMeTakpunar
(PMMA), Tpn nnoun Bcska ¢ gebenunHa 1 cm. [NonyyaBaHeTo Ha nnaHapHW obpasu e
n3BbpLUEHO Ha NnHKUATa ID17 Ha EBponerickaTta nHpacTpyKkTypa 3a CUHXPOTPOHHO JTbYeHNne
ESRF, NpeHobbn, ®paHuusa 3a Tpu eHeprumn Ha ¢oToHHUS nby: 30 keV, 45 keV, 60 keV.
O6pasute ca 06paboTeHn C Len n3BnNuYaHe Ha HanpeyHoTo Ka3oBo n3MecTBaHe AQ(X,Y).
MpeonoXeHMaT MeToq 3a OUEeHKa Ha OTHOCMTEernHaTa CTOMHOCT Ha © MO OTHOLUEeHME Ha
TbKaHWUTEe Ha rMbpaaTta ce OCHOBaBa Ha anropuTbma Ha lMaraHuH 3a eQHO pascTosiHUe Mexay
o6nbyeHMs 0BekT U aeTekTopa 1 AonycHaTh XMnoTesn 3a (a) MOHOXPOMATUYHO U3MbYBaHe,
(6) cbeTosiHME Ha Bnm3ko norne, (B) XOMOreHHocT 1 (r) cnabo nornbliaHe Ha obnbyYeHus
obekT. Kato pedepeHTHM maTepuannm C M3BECTHO CbOTHOWeHue O/B ca u3nonsBaHu
Xnesncra, MacTHa U KOXXHa TbKaHu Ha rbpaaTa. BbBeaeHa e npoueHTHa pasnuka Ad, ¢ uen
OLeHsIBaHe MpuUrogHocTTa Ha MaTtepuanuTe 3a neyaT KaTo 3aMecTUTENnuM Ha TbKaHu.
TovHocTTa Ha MeTtoaa (okono 4%) e oueHeHa Bb3 OCHOBa Ha nriekcurnac M HawumnoH,
N3MOM3BaHN KaTo 3naTeH cTaHaapT.

PesynTtatnte nokassart, Ye 3a u3crneaBaHUTE eHEPrnm Ha peHTreHoBo NbyeHne ABS e fobbp
3amecTuTen Ha macTtHaTta TbkaH, a PET-G 3a cumynupaHe Ha koxarta. lNnactmacute Hybrid,
PET n PVA nmat npeuynsalum cBoncTBa, 65113km 4o Te3n Ha nnekcurnaca. Tosa npegnonara,
Yye Te3n maTtepuanu ca NnoaxoasLm 3aMeCcTUTENM Ha NAEeKCUrnac, KOMTo ce 3a A03MMETPUYHN
n apyrm uenn B obpasHata guarHocTuka. Pasnukata Ad cunHO 3aBMCWU OT U3nonssBaHaTa
eHeprus. PVA v Hybrid moraTt ga ce cuntat 3a nogxogsiLim 3a Bb3nponssexgaHe Ha xresaTa,
0COBEHO NpW eHeprum Ha MOHOXPOMAaTUYHO PEHTIEHOBO NbyeHne oT 45 keV n 60 keV.
[MonyyeHuTe pesynTatu ca NnaHWpaHW Aa ce M3Non3BaT B peanusaumsita Ha (OuU3nMdecku
haHTOM Ha rbpaa, nponaseneH yYpes TexHonornata FDM, nsnonasankn ABS, Hybrid n PET-
G Kkato 3amMecTUTeNnM Ha Xnesucrtata W KOXHaTa TbKaH, W BTOpU aHTOM 4pes
cTepeonuTorpadckaTta TexHonorus cec cmonu Flex, Tough u Black.
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Investigation of the refractive index decrement of 3D printing materials for
manufacturing breast phantoms for phase contrast imaging

3D breast modelling for 2D and 3D breast X-ray imaging would benefit from the availability of
digital and physical phantoms that reproduce accurately the complexity of the breast anatomy.
While a number of groups have produced digital phantoms with increasing level of complexity,
physical phantoms reproducing that software approach have been scarcely developed. One
possibility is offered by 3D printing technology. This implies the assessment of the energy
dependent absorption index B of 3D printing materials for absorption based imaging, as well
as the assessment of the refractive index decrement, d, of the printing material, for phase
contrast imaging studies, at the energies of interest for breast imaging.

In this work we set-up a procedure and performed a series of measurements for assessing
the relative value of & with respect to that of breast tissues for several 3D printing materials.
The twelve 3D printing materials were six photopolymer resins in liquid form - Black, Clear,
Flex, Gray, Tough and White- and six thermoplastics filament - ABS, Hybrid, Nylon, PET-G,
PLA and PVA. These low cost materials are available for two different 3D printing
technologies: Fused Deposition Modelling (FDM) and Stereolithography (SLA); they have
been selected for their high resistance to heat and to mechanical stress. We designed three
step-wedge phantoms with an increasing size of the height of the step for measuring their X-
ray refractive index decrement. Hence, nine sample thicknesses for each material were
printed. In addition, we analysed three polymethylmethacrylate (PMMA) slabs, each of
thickness 1 cm, as a reference material: the expected refractive properties of PMMA were
derived from the CSIRO website.

We acquired 2D maps of the monoenergetic X-ray transmitted intensity I(x,y,zo) at a single
distance zo between object and detector. These intensities were normalized to the intensity
lo(x,y,z0) acquired without the object in the field. The I/l maps were processed in order to
derive transverse phase shift A@(x, y) maps, under suitable simplifying assumptions and nine
values of Ag for each material were assessed at three photon energies (30 keV, 45 keV, 60
keV). The image acquisition was performed at the beamline ID17 of the European Synchrotron
Radiation Facility (ESRF, Grenoble, France), with the horizontal beam normal to the step
wedge area (H x W).

The method proposed in this work for assessing the relative value of & with respect to that of
breast tissues, for twelve 3D printing materials is based on the single-distance, non-iterative
phase retrieval Paganin algorithm under the hypotheses of (1) monochromatic radiation, (2)
near field condition, (3) homogeneity and (4) weak-absorption of the object. Breast glandular,
adipose and skin tissues were used as reference materials of known ratio &/f. A percentage
difference Ad was introduced to assess the suitability of the printing materials as tissue
substitutes. The accuracy of the method (about 4%) was assessed based on the properties
of PMMA and Nylon, acting as gold standard.

Results show that, for the above photon energies, ABS is a good substitute for adipose tissue,
and PET-G for simulating the skin. The plastics Hybrid, PET and PVA have refractive
properties close to that of PMMA. This suggests that these materials may be a suitable choice
for replacement of PMMA, a commonly used tissue substitute for imaging and dosimetry
purposes with homogenous and unstructured phantoms. There is no preferential candidate
among all the printing materials investigated to replace the glandular tissue. The difference in
Ad are strongly variable with the energy. PVA and Hybrid can be considered suitable for
reproducing the gland, especially at 45 keV and 60 keV.

We plan to realize a breast phantom manufactured by Fused Deposition Modelling (FDM)
technology using ABS, Hybrid and PET-G as substitutes of the glandular and skin tissue and
a second phantom by Stereolithography (SLA) technology with the resins Flex, Tough and
Black.
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MaTtepuanu ¢ HuUcka nnbTHOCT 3a 3D oTneyarBaHe
Ha pusnyeckn cpaHTOMM Ha MNeYHa Xxnesa

daHTOMUTE Ha MIeYHa Kresa ca OCHOBEH UHCTPYMEHT 3a OLeHKa U3MNpaBHOCTTA Ha TEXHUKUTE
3a obpasHa AmarHocTuka Ha rbpaata. Te CbLo Taka ca 6e3ueHHU Npyu TecTBaHe M OueHKa Ha
HOBM METOAM 3@ CKPUHUHT Ha rbpaa, 6asvpaH Ha peHTreHOBW NTbYEHNS KaTo Hanp. KOMMTbpPHA
ToMorpadgua, Tomorpadua ¢ ABe U noBevye eHeprum n asoBO-KOHTpacTHa mMamorpacdus. B
OHELIHO BPEME ca Ha pasrnoriokKeHne caMo orpaHuMyeH 6pon HanuuHm omsnyeckn aHToOMK Ha
MI1eYHa Xrnesa 3a Tasu Lern.

Llen Ha ToBa nscrneaBaHe e ga ce onpedenaTt kKoedUUMEHTUTE Ha 3aTUXBaHE M NpedynBaHe Ha
Habop oT matepuanu 3a 3D neuvat kato cmonu, PLA, ABS, HainoH v gpyrm un aa ce cpaBHAT C
Te3M Ha TbKaHWUTE Ha MbpaaTa: MacTHW, XINEe3UCTUN N KoXaTa.

3a ga ce NocTUrHe Tasm Len, ca MogenupaHy CTbnanoBnaHn haHToOMK U crief, ToBa NPOn3BeaeHN
C nomMoLyTa Ha aBe TexHonorum 3a 3D npuHTuMpaHe: ctepeonurtorpadus (SLA) n TexHonorust Ha
MOZenupaHe 4pes3 oTnaraHe Ha pastoneH martepuan (FDM). Ot nscnegesanute 21 matepuana,
cegemMHageceT ce u3nonsear ¢ TexHonornata 3a 3D npuHTMpaHe. MNbpBUTe cegem matepuana
(ABS, Brick, Hybrid, Nylon, PET-G, PLA n PVA) ca TepmonnactnyHn nonumepwu, n3nonssaHu ot
TexHonornata FDM. Jecet matepuana (Black, Clear, Flex, Gray, NDBase, NDC + B, NDCast,
NDSG, Tough, White) ca nonumepHun cmonn B TeyHa ¢opmMa U Cce M3Non3BaT CbC
cTepeonuTorpadgckata texHonorus. 3a aa ce Banuanpar NMMHENHUTE KoeULNEHTM Ha 3aTUXBaHe
OT eKcrnepuMmeHTanHuTe namepsaHua Ha nuHuaTa ID17 Ha EBponenckaTta MHpacTpykTypa 3a
CUHXPOTPOHHO NbueHne ESRF, MpeHobbn, ®paHuma u ga ce n3vmcnum AeKpeMeHTbT Ha MHAEKca
Ha npeyvynBaHe &, € M3BbPLLUEH XMMUYEH aHanm3 Ha eneMeHTHUA CbCTaB Ha u3bpaHn matepuanm
C nomoLuTa Ha enemMeHTeH aHanm3atop EURO EA3000, CHNSO.

Mony4yeHn ca pPEeHTreHoBM nnaHapHM n3obpakeHus Ha CTbnanoBuaHWTe aHToOMKM 3a Tpu
doToHHN eHeprun - 30keV, 45keV n 60 keV. EkcnepumeHTanHute gaHHM ca AOMbIIHUTENHO
o6paboTeHu ¢ uen, nony4yaBaHe Ha NMMHENHUTE KoehUMEHTN Ha 3aTUXBaAHE Ha Te3N MaTepuanu.
M3BbpLUEHO e cpaBHEHWE C TeopeTudHuTe AaHHW, oT 6asaTta gaHHu Ha NIST, 3a nuHenHuTe
KOedUUNEHTN Ha 3aTUXBaHe M MHAEKCUTE Ha NpedvynBaHe 3a TbKaHUTe Ha MreyHaTa xnesa. 3a
LenuTe Ha CpaBHEHWETO Ca M3YUCIIEHW KaKTO OTHOCUTENHaTa pasfnuka Mexay nMHENHUTe
KOoedUUNEHTM Ha 3aTUXBaHE Ha BCEKN ABa MaTepuana, Taka u OTHoCMTeNnHarta pasnuka mexay &
Ha cblUMTe OBa MaTepuana. 3a ga ce Hamepu noaxogsiia KoMOuHauust oT Tpu pasnuyHu
Martepuana C NMHENHN KOe(UUMEHTUM Ha 3aTMXBaHe CbOTBETCTBALWLM HA Te3n Ha MacTHara,
Knesncta N KoXXHa TbKaHW, ca reHepMpaHn BCUYKN Bb3MOXHW NOApeAEeHM KOMOMHaUUN OT Tpu
mMaTepuana, T.e. Tpunnetn ot 21 u3cneaBaHn maTepuana (M Boga), KOUTO Ca CpPaBHEHU C
pedepeHTHNS TpuUnneT OT rPbAHM TbKaHU (MacTHa TbKaH, Xresa, koxa). 3a Aa ce OueHu
CTeneHTa Ha CXOACTBO MexXAy TpMnneTuTe ot Matepmani n pedepeHTHUS TPUNET Ca U3YNCTIEHN
KBagpaTHUTE rPeLLKu.

OT nscnegBaHnTe matepuany noBe4ETO CMOMN, HanmNoH, xmbpua, PET-G noka3saTt koeuumneHTn
Ha 3aTuMxBaHe, ONM3KM OO0 Te3n Ha xresucrata TbkaH, gokato ABS nokassa abcopOUMOHHM
XapakTepucTuku, 6nmskn 4o Te3n Ha MacTHaTa TbkaH. [1py oueHka Ha 06pasun, NoNyYeHN B PEXNM
Ha (pa3oB KOHTpaAcCT ce oka3Ba, Ye ABS, koMOMHMPaH C mMaTepuanu Ha ocHoBaTa Ha cMona 3a
npeacrtaBssHe CbOTBETHO Ha MacTHaTta W Xnesaucrtata TbKaH, € nobpa KomOuHauus 3a
Cb34aBaHETO Ha PM3nYecKn haHTOMK 3a TE3N U3CnedBaHus.

Te3an pesyntatm moratT ga ObaaTr M3MNON3BaHW 3a MNPOEKTUPAHE U KOHCTPyMpaHe Ha HOB
dunandeckn aHTporiomopdeH PaHTOM Ha bpaa € NogobpeHM aHAaTOMUYHU U PagnoNornyHU
XapaKTEPUCTUKK, NpeaHa3Ha4vYeH 3a YyCbBbpLIEHCTBAHE HAa MeToamM 3a obpasHa gnarHocTuka.
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Suitability of low density materials for 3D printing of physical breast phantoms

Breast physical phantoms are a basic tool for the assessment and verification of performance
standards in daily clinical practice of X-ray breast imaging modalities. They are also invaluable
in testing and evaluation of new X-ray breast modalities to be potentially established, e.g.
breast computed tomography, dual-energy breast CT and phase-contrast mammography and
tomography. Nowadays, there is a lack or there are only a limited number of breast physical
phantoms available for this purpose.

The aim of this study is to explore a range of 3D printing materials such as resins, PLA, ABS,
Nylon etc., to determine their attenuation and refractive properties, and to finally compare
them to the properties of the breast tissues: adipose, glandular and skin.

To achieve this goal, step-wedge phantoms were computationally modelled and then
manufactured using stereolithographic and fused-deposition modelling technologies. From
the studied 21 materials, seventeen were used by the 3D printing technology. The first seven
materials (ABS, Brick, Hybrid, Nylon, PET-G, PLA and PVA) are thermoplastic polymers used
by Fused Deposition Modelling (FDM) printing technology. Ten materials (Black, Clear, Flex,
Gray, NDBase, NDC + B, NDCast, NDSG, Tough, White) are polymer resins in a liquid form
and are used with stereolithography (SLA) technology. In addition, paraffin, double silicon,
PMMA and gelatine were used in the study. In order to validate the linear attenuation
coefficients from measurements at ID17, ESRF and to calculate the refractive index
decrement 6, elemental composition analysis of selected (in regards to their absorption
properties to the reference breast tissues) materials was performed using the elemental
analyser EURO EA3000, CHNSO.

X-ray images of the phantoms were acquired, using monochromatic beam at synchrotron line
ID17, ESRF, Grenoble for three energies—30 keV, 45 keV and 60 keV. Due to the small beam
height (7 mm), the maximum thickness of the sample (4 cm) and the large air gap of 11 m,
the influence of the beam width and the scattered radiation on the data was calculated to be
negligible (much less than 1%). The incident air kerma was set to values that guarantee good
quality of images and low photon noise (1 Gy per image). The distance between the undulator
and the detector (FReLoN camera) was 155 m, while the distance between the object and the
detector was set to 11 m, for propagation-based phase contrast imaging. Experimental data
were further processed to obtain the linear attenuation coefficients of these materials.
Comparison with theoretical data for the linear attenuation coefficients and the refractive
indexes for breast tissues was performed. Theoretical data were taken from the NIST
database. For comparison purposes, both the relative difference between the linear
attenuation coefficients of any two materials and the relative difference between & of the same
two materials are computed. Further, in order to find three materials with linear attenuation
coefficients relating to each other as those of adipose, gland and skin, we generated all
possible ordered combinations of three materials, i.e. triplets out of the 21 studied materials
(and water) and compared them to a reference triplet of breast tissues (adipose, gland, skin).
To estimate the degree of similarity between the triplets of materials and the reference ones
(adipose, gland, skin), the square errors SE, and SEs.

From the studied materials, most of the resins, Nylon, Hybrid, PET-G show absorption
properties close to the glandular tissue, while ABS shows absorption characteristics close to
these of the adipose tissue. For phase-contrast imaging, it turns out that the ABS combined
with resin-based materials to represent the adipose and glandular tissues, respectively may
be a good combination for manufacturing of a phantom suitable for these studies.

These results can be used for the design and the construction of a new physical
anthropomorphic phantom of the breast with improved anatomical and radiological
characteristics dedicated for advanced mammography imaging techniques implemented at
higher photon energies.

12



JokymeHmu Ha 0oy. 0-p uHxc. KpucmuHa CmaHumupoea bausHakosa, MY-BapHa

B4-06. Dukov, N., Bliznakova, K., Feradov, F., Buliev, I., Bosmans, H., Mettivier, G.,
Russo, P., Cockmartin, L., Bliznakov, Z., 2019, Models of breast lesions based
on three-dimensional X-ray breast images, Physica Medica, (IF: 3.12) 57, pp.
80-87. DOI: 10.1016/j.ejmp.2018.12.012

Mopenu Ha ne3umn Ha MneYvyHaTa XxJne3a,
6a3VIpaHVI Ha TPUU3MEPHU PEHTreHOBU M306pa)KeHVI$I Ha rbpaa

PakbT Ha rbpaaTta e Han-4eCcTo ANarHOCTULMPaHNAT pak U BogelaTta npudmnHa 3a CMbpT npu
XeHuTe B cBeTa, AnarHoCcTuumMpaHn ¢ pak. NsuncnntenHnte Mogenu 3a pak Ha rbpgaTa ca
Ba)kHM 3a pa3paboTBaHETO Ha HOBU METOAM U TEXHMKM 3@ ANArHOCTMKA Ha rbpAaarta, KakTo u
3a Cb3JaBaHe Ha aHATOMUYHO W pPagUOSIOTMYHO peanuCTUYHKM Mogenn Ha rIbpaa,
npegHa3HayYeHn 3a 4O3MMETPUYHN Lenn. Tbi KaTo 0OMKHOBEHO Ce M3MNoN3BaT ronsm 6pown un
pasnMyHn MoLenn Ha TYMOpHM obpasyBaHus Ha rbpaaTa, CbLUECTBYBA CUHA HEOBXO0AUMOCT
OT pas3paboTBaHe Ha METOAM 3a reHepupaHe Ha Mogenu C HenpasunHa opma,
npeacraBsLm 3110Ka4eCTBEHUTE TYMOPM.

Taaun Hay4Ha pa3paboTka NnpeacTaBs MeTo[ 3a Cb3gaBaHe Ha KOMMIOTbPHU MOAENM Ha Ne3nn
Ha rbpga ¢ HenpaBuiHa hopma OT (a) NnaumMeHTCckn obpasm Ha MIEYHM XKne3m OT TOMOCKHTES
n (6) obpasn Ha MacTEKTOMUM OT KIIMHUYEH KOMMIOTbPEH Tomorpad. 3a Tasm uen ca
n3nons3esaHn 4 ot HanuyHute 50 naumeHTCKn obpasn OT TOMOCUHTES3, C AMArHOCTULMPaHK
nesumn. M3nonseaHu ca Giotto Tomo, IMS (YHuBepcuteTcka GonHuua AnekcaHapOBCKa,
Codms, bvnrapus) n Siemens Mammomat Inspiration (YHuBepcutetcka 6onHuua B JlboBeH,
INboBeH, benrus). bpoAat Ha cpe3oBe BbLB Bceku ceT Bapupa ot 40 go 60, kaTo BCeku cpes
uma gedbennHa 1 mm.

Pa3paboTeHNsT anropuTbM BKIOYBA LLIECT OCHOBHM 06paboTkM BbpXY BCAKO e4HO ToMorpadcko
n3obpaxeHue: (a) HopMmanuampaHe Ha UHTeH3uTeTa; (6) HamanaBaHe Ha Wwyma; (B) BuHapusauus
Ha obnactta Ha nesusATa; (r) nNpunaraHe Ha MOPMOMOrMYHW onepaumm 3a AOMbIIHUTENHO
HamansiBaHe Ha HMBOTO Ha apTedakTuTe; (O) npunaraHe Ha TexXHUKaTa ,MpoBnayYyBaHe A0 HaW-
Onunskns cbcedeH BOKcen“ 3a CerMeHTupaHe Ha nesusaTta; U (e) cb3gaBaHe Ha kpaeH 3D
KOMNIOTbPEH MOAEN Ha Ne3vsi. ANropuTbMbT € NoSlyaBTOMATUYEH, TbiA KaTo MbpBOHAYANHUAT
n3bop Ha obnacTTa Ha nesausita U HayarnHuTe TOYKM (3apoauwuTe) 3a npunaraHe Ha meToda
,MPOBra4yBaHe A0 Ham-6nuakus cbceneH Bokcen“ ce M3BbpLIBaT MHTepakTMBHO. B MATLAB e
pa3paboTeH copTyepeH UHCTPYMEHT, N3MbIHABALL BCUYKN HEOOXOANMMW CTHMKU.

MeToabT € TecTBaH M BanuaupaH 4Ype3 aHanuanpaHe Ha nauueHTCKM obpasu C HanuyHu
nesnn. PeanunsnpaHn ca fBa Buha Banvjauus Ha anroputbMma: (a) Ypes cpaBHsiBaHe Ha
CerMeHTUpaHuTe TymMOpHM obpasyBaHMs OT anroputbmMa C Te3u, CerMeHTUpaHu OoT
eKkcrnepTuTe peHtreHonosun; (6) cpaBHsiBaHe Ha ,ground‘ TymopHO obpasyBaHue C TOBa,
Nosly4eHo cried npunaraHe Ha anropMTbMa 3a CerMeHTUpaHe BbpXy CPe30Be OT MPUMOXEHO
BMPTYarnHO TOMOCUHTE3HO 13crefBaHe C KOMMITbPEH MOAEN Ha MeYHa Xnesa v BrpageH B
Hesa ,ground“ Tymop. TpumMa peHTreHono3m ¢ onuT oT noseye oT 15 rogmHu B obnactta Ha
MamorpaduaTa yyactTBaxa B NMbpBUS BUA OUEHKA. Te ca OT Tpu pasnnyHu GonHuum B ABe
pa3nuyHn avpxaen Ha EC. WM3nonasaHo e npunoxeHneto RadiAnt DICOM Viewer.
3akno4YeHNETO UM € Ye Ne3nnMTe ca OOCTaTbyHO 3a40BONMUTENHO ovepTaHu. Mpu BCUYKM
cnyyaum, TyMOpHUTE 0OpasyBaHWA, NMOMyvYeHU C MPeanoXeHust anropuTtbM ca no-mMarsnku no
obem oOT Te3n, nonyyvyeHn ot ekcneptute. KoeduumeHtTnte Ha Dice 3a anroputbm-
PEHTIEHOSOr U PEHTIEHONOr-PEHTreHoNor NokassaT CXo4HU CTOMHOCTMW.

Opyr n3bpaH cnyyan Ha Tymop Gelle BbBedeH B U3UMCNUTENEH MoAern Ha rbpaata 3a
peKkypcMBHa oueHka Ha anroputbma. OTHocuTenHata pasnvka B obema mexay ,ground”
TYMOPHOTO o6pasyBaHune 1 To3u, NofyYeH OT BUPTYarnHOTO TOMOCUHTE3HO nacrnensaHe € 5%,
KOeTO [eMOHCTpupa 3a[OBOMUTENHOTO MpeAcTaBsHe Ha NpennoXeHus anropuTtbm 3a
cermMeHTMpaHe Ha ne3un. PaspaboteHuaTt codTyepeH WHCTPYMEHT € M3Mnon3BaH 3a
Ccb3gaBaHe Ha MOAENu Ha pasnNU4YHU rPbAHU NE3Nn, KOUTO crief ToBa ca CbxpaHeHn B 6asa
AaHHWN 3a U3non3BaHe OT uacnegosaTenu, paboTtelum B Tasm obnacr.
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Models of breast lesions
based on three-dimensional X-ray breast images

Breast cancer is by far the most frequently diagnosed cancer and the leading cause of
cancer-related death among women worldwide. Breast cancer computational models are
important for the development of new breast imaging techniques, as well as for realistic
models for X-ray breast dosimetry. As a large number of different breast cancer models
would be normally used, there is a strong need to develop a method for generating
patterns of irregular formations, typically in the case of malignant tumours.

This paper presents a method for creation of computational models of breast lesions with
irregular shapes from patient Digital Breast Tomosynthesis (DBT) images or breast
cadavers and whole-body Computed Tomography (CT) images. For the purposes of the
creation of an algorithm to segment tumour data from patient images, we used 4 out of 50
sets from DBT of patients diagnosed with lesions. The four tomosynthesis sets were
acquired with Giotto Tomo, IMS unit (Alexandrovska University Hospital, Sofia, Bulgaria)
and with Siemens Mammomat Inspiration (University Hospital of Leuven, Leuven,
Belgium). The number of tomosynthesis slices in these sets ranges from 40 to 60, each
reconstructed tomosynthesis slice having a thickness of 1 mm.

The proposed approach includes six basic steps after the initial anonymization: (a)
normalization of the intensity of the tomographic images; (b) image noise reduction; (c)
binarization of the lesion area, (d) application of morphological operations to further
decrease the level of artefacts; (e) application of a region growing technique to segment
the lesion; and (f) creation of a final 3D lesion model. The algorithm is semi-automatic as
the initial selection of the region of the lesion and the seeds for the region growing are
done interactively. A software tool, performing all steps, was developed in MATLAB.

The method was tested and evaluated by analysing anonymized sets of DBT patient
images diagnosed with lesions. Two types of assessment were applied: i) by comparing
the segmented tumour masses after automatic tumour segmentation to the one outlined
by expert radiologists; (b) comparing a ground-truth tumour volume with the one obtained
after applying the segmentation algorithm on a synthetic volume, obtained from virtual X-
ray tomosynthesis study with a computational breast with this ground-truth tumour model
introduced. Three radiologists with an expertise of more than 15 years in the field of
mammography participated in the first assessment type. They were from three different
hospitals and from two different EU countries. Three cases of irregular breast cancers
were stored in a notebook, supplied with the RadiAnt DICOM Viewer application. The
experienced radiologists concluded for a quite satisfactory delineation of the lesions. In
addition, for three DBT cases, a delineation of the tumours was performed independently
by the radiologists. In all cases the abnormality volumes segmented by the proposed
algorithm were smaller than those outlined by the experts. The calculated Dice similarity
coefficients for algorithm-radiologist and radiologist-radiologist showed similar values.
Another selected tumour case was introduced into a computational breast model to
recursively assess the algorithm. The relative volume difference between the ground-truth
tumour volume and the one obtained by applying the algorithm on the synthetic volume
from the virtual DBT study is 5% which demonstrates the satisfactory performance of the
proposed segmentation algorithm. The developed software tool was used to create
models of different breast abnormalities, which were then stored in a database for use by
researchers working in this field.
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BanuaupaHe Ha codTyepHa nnatcdopma 3a 2D n 3D ¢a3oBo KOHTpacTeH obpas:
npeaBapuTeniHa CybeKkTuBHa OoLeHKa

MeTogbT 3a nonyyaBaHe Ha Pa30BO-KOHTPACTHM obpasu e mMeTon, KOUTO M3Non3Ba pasnuyeH
noaxopn 3a nosflyvyaBaHe Ha o6paswn B CpaBHEHME C TPaAULMOHHUAT MEeTOoA Ha noryyYyaBaHe Ha
peHTreHoBM obpasn M e Aokasan, Yye yBenuyaBa BMOAMMOCTTA Ha BbTPELLUHUTE CTPYKTYpU B
obnbyBaHNTE 006eKTU (Hanp. GMOMOrMYHM TbKaHW), CbCTAaBEHM OT €NEMEHTU C HUCBbK aTOMEH
Homep. Pa30BUAT KOHTPACT U3MNOMN3Ba Pa3nNMKUTE MEXAY MHAEKCa Ha NpeYvynBaHe Ha pasnuyHuTe
mMaTepuanu, 3a ga nogobpu BMOMMOCTTa Mexay Te3u CTPYKTYpu, KOMTO Ce MnpoekTupart B
nnaHapHuTe peHTreHoBM oOpa3n. AganTupaHeTo M U3NOM3BaHETO Ha Tasn TexHUKa 3a
ANarHoCTvKa Ha mredvHa xnesa obaye e CBbp3aHO C MHOMO cneumdu4eH ceTbn, Nnopagu Koeto
Han-0o6pPUAT NOAXOA Ce OKa3Ba WM3MONi3BaHETO Ha KOMMIOTbPHO MoAenvpaHe U cuMmynauusa Ha
npouecnte Ha dopmupaHe Ha as3oBO-KOHTPACTHO M300paxeHue. Pesyntatute OT Tesu
cuMmynauumn nognexar Ha AeTansiHo ekcnepuMeHTanHo BanvanpaHe.

B Ta3u paspaboTka e npeacraBeHa n cybekTMBHO BanuanpaHa usnocTtHa codtyepHa nnatgopma
3a nosiyyaBaHe Ha CUHTETUYHW NNaHapHU 1 ToMorpadpckm ha3oBO-KOHTPACTHU n3obpaxeHus oT
aHTpPONOMOPdHM KOMMIOTHLPHU MOAENU Ha MIeyHa Xnesa. 3a Tasu uen ca npoeKkTupaHu
KOMMNIOTBPHO U PU3MYECKN peanusvpaHu TpU aHTPONOMOPdHM MoAeNia Ha MIieyHa >Knesa,
HaNM4YyHM KaKTo B U3YUCNUTENHA, Taka 1 BbB husmdecka popma. Mogenute ce xapakrepuanpar
C pasnMyHO HMBO Ha CMOXHOCT: ABa (baHTOMa, MMUTUPALLM KOMMpecMpaHa MreyHa xnesa ca
peanuampaHm ¢ MHOXeCTBO cdepu ¢ paguyc mexgy 6 mm n 13 mm 3a eamHus padtom u 0,925
mm un 7,94 mm 3a BTOpus haHTOM, OOKATO TPETUSAT haHTOM € reHepupaH CbC codTyepa
BreastSimulator v npegctaBnsBa HekKoMnpecupaH Moaen Ha mredHa xnesa. OT usmyecknte
MOZenu, ABa ca cb3gageHn ¢ nomowta Ha 3D npuHTUpaHe: NBbPBUSAT MOAEN Ha KOMNpecupaHa
rbpda U MogenbT Ha HekomnpecupaHa rbpaa. Koxarta e npuHTMpaHa OT enoKcugHa cMona,
chepute ot Grey cmona, a NPOCTPAHCTBOTO B TAX € 3aMbJfIHEHO C XMBOTMHCKA Mac. TpeTtuart
dusundeckn paHToM e paspaboTeH B YHuBepcuTeTa Ha JIboBeH u e ¢ gebenvHa 58 mm, kato
KOHTENHEPBT M chepuTe ca NPUroTBEHM OT NIIEKCUrnac, a 3anbnBalmsaT Matepman e Boja.
PaspaboteH e ceTbn 3a nofyyaBaHe Ha (a30BO-KOHTPACTHW un30bpaxeHuss Ha
nscnegosarenckata uHdpactpyktypa ID17 B ESRF, peHo6bn. M3nonssaHm ca nuvHenHa
nnatgopmMa u BbPTAWA ce nnaTtgopma, Ha KOATO ca NOCTaBeHW PaHTOMUTE MO BpeMe Ha
obnbyBaHeTo. B TOMorpadckn pexnm, BbpTtawaTa nnatgpopma ce BbpTh C ANCKPETHA CTbIKa OT
20, kaTo Ha BCAKO 3aBbpTBaHe ce nonyyasa Npoekumns Ha paHTomMa. TpuTe dusndeckn aHtToma
ca CKaHupaHu npu peHTreHoBu eHeprumn ot 60 keV. [detektopbT € FReLoN 2k CCD kamepa ¢
pa3mep Ha nukcena 47 uym x 47 ym, noctaBeH Ha 11 m pasctosiHue oT haHTomMUTE. M3nona3saHu
Ca OBe HACTPOWKM 3a NoflydaBaHe Ha EKCrepUMEHTaNHUTE NPOEKUUN: NAaHapHMU N PEXUM Ha
TOMOCMHTE3. 3a TOMOCUHTE3, € pa3paboTeH anropuTbM 3a PEKOHCTPyMpaHe Ha MnonydeHuTe
NPoeKkunn, KaTo anropUutTbMbT € CbobpaseH CbC CneunduyHUS eKCnepUMEHTaneH ceTbn.
PeanunsupaHa e cumynaums Ha ekcrnepumeHTa OT CUHXPOTPOHHATa fIMHUS.

CvmynupaHn 1 ekcnepuMeHTanHo NonyYeHu nnaHapHu U TpuMepHuM obpasu ca CpaBHEHM MO
OTHOLLUEHME Ha Bu3yanHaTa Bb3nponsBOANMOCT Ha TecToBuTe 06ekTn. Pesyntatute nokasear, ye
haHTOMUTE, XapakTepmnsanpaLLm ce C N0-OnNpocTeHa CTPYKTypa, AEMOHCTpUpaT OTANYHO BM3YyasHo
CXOQHO Bb3npomsBexgaHe Ha O0eKTUTe B eKCrepuMMEHTanHUTE U CUMMYNaunoOHHM MPOEKUUN,
KaKTO 1 CXOA4HO yBeNuYaBaHe Ha KOHTpacTa Ha KOHTypuTe Ha getannuTte. No-gebenuat dpaHTom
AEMOHCTPMpa NO-HUCKO BM3yariHO CbBNageHue Mexay AsaTta Tuna nnaHapHu obpasu, nopaam no-
ronamata gebenvHa n no-Bucokata eHeprusa Ha nagalloTo PeHTreHoBO nbyeHune. PesyntaTtute
OT NMpOYy4YBaHeTO e ce U3non3eart npu NPOEKTUPaHETO Ha HOBO EKCNepUMEHTANHO u3cnensaHe,
KOETO Le ce npoBede Mpu No-HUCKa eHeprusi, Kakto U 3a nogobpsisaHe Ha MoAdenvpaHeTo Ha
(ha30BUSA KOHTPACT Ype3 n3non3BaHe Ha TexHMkn MoHTe Kapro.
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Validation of a software platform for 2D and 3D phase-contrast imaging:
preliminary subjective evaluation

Phase-Contrast imaging is a technique that uses a different approach compared to the
traditional imaging and has proven to increase the visibility of internal details in objects
(e.g., biological tissues) composed of elements with low atomic number. Phase Contrast
exploits the differences between the refractive index of different materials to improve the
visibility between these structures in two-dimensional X-ray images. However, the
adaptation and use of this technique for diagnostics of the breast is related to a very
specific setup; therefore the best approach for investigation turns out to be the use of
computer modelling and simulation of the processes of phase-contrast image formation.
The results of these simulations are subject to detailed experimental validation.

In this work, a comprehensive software platform for obtaining synthetic planar and
tomographic phase-contrast images from computer-based anthropomorphic breast
models is presented and subjectively validated. For this purpose, three anthropomorphic
breast models available in both computational and physical form have been designed and
physically implemented. The models are characterized by a different level of complexity:
two phantoms simulating a compressed breast were realized with multiple spheres with a
radius between 6 mm and 13 mm for one phantom and 0.925 mm and 7.94 mm for the
second phantom, while the third phantom was generated with the BreastSimulator
software and represents an uncompressed breast model. Of the physical models, two
were created using 3D printing: the first compressed breast model and the non-
compressed breast model. The skin is printed from epoxy resin, the spheres from Gray
resin, and the filling material is animal fat. The third physical phantom was developed at
the University of Leuven and is 58 mm thick, with the container and spheres made of
Plexiglas and the filling material being water.

A setup has been developed to acquire phase-contrast images of the ID17 research
infrastructure at the ESRF, Grenoble. A linear platform and a rotating platform were used,
on which the phantoms were placed during the irradiation. In tomographic mode, the
rotating platform is rotated in a discrete step of 2°, with each rotation obtaining a projection
of the phantom. The three physical phantoms were scanned at X-ray energies of 60 keV.
The detector is a FReLoN 2k CCD camera with a pixel size of 47 um x 47 ym, placed 11
m away from the phantoms. Two settings were used to obtain the experimental
projections: planar and tomosynthesis mode. For tomosynthesis, an algorithm was
developed to reconstruct the obtained projections, and the algorithm was tailored to the
specific experimental setup. A simulation of the synchrotron line experiment has been
implemented.

Simulated and experimental planar and three-dimensional images were compared in
terms of visual reproducibility. Results showed that phantoms characterised with more
simple structure produce subijectively similar experimental and simulation appearance in
terms of object reproduction and similar edge effects. The thicker phantom demonstrated
lower visual coincidence between the two types of planar images, due to higher thickness
and higher energy incident beam. The results of this study will be used in the design of
new experimental study, to be conducted at lower incident beam energy as well as
improving the modelling of phase contrast imaging by using Monte Carlo techniques.
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XubpugHa cumynaumoHHa nnardgopma
3a BUpTyasiH1 uscneaBaHuUs ¢ peHTreHoB (ha3oB KOHTpacT

EOWH OT HaumHWTEe 3a nonyyYaBaHe Ha PEHTrEeHOBU (Pa30BO-KOHTPACTHU N306paxeHns e
4ypes nsnonasaHe Ha abcopbumoHHn n gudpakumnonHHm pewweTkm (GB-PCI — grating-based
phase-contrast imaging). [letannHoTo cumynmMpaHe Ha BbIHOBUTE npouecn obave npu
GB-PCI e n3uncnmutenHo BpeMeeMko, nopagu BUcokaTa NnepuoanyHOCT Ha peLueTKuTe,
KOeTo npegnonara, 4Ye Te He ca MNPakTU4eCKU MNPUIIOXKMMU MNpU HEeoBXOAMMOCT OT
reHepupaHe Ha ronsM ceT OT AaHHMW.

ToBa Hay4yHO u3cnegBaHe UuUenun paspaboTBaHETO Ha nnatdopma 3a XubpuaHo
MoAenupaHe, KOMOMHMpaLLla aHanuUTUY4HM M EMNUPUYHN BXOAHM AaHHM 3a no-O6bp3a
cumynaums Ha GB-PCIl obpasn. B GB-PCI, o6ekTbT, kOUTO TpsAbBa aa ce obnbun, ce
noctaesa B obnacT, cbabpXxawa BUcokodecToTeH mopen. CpaBHEHMETO Ha Moaena,
nonyyeH OT pas3MecTeHust 00eKT, C OpUrMHanNHUS TakbB MO3BOMSABa NOSly4YaBaHETO Ha
n3obpaxenunsa Ha npegasaHe (Tr), audepeHunanHa dasa (dP) n TemHo none (DF). Tpu
BMOa peLLeTKM ce M3nons3ear 3a cb3gaBaHe Ha GB-PCl obpasu. PeweTtkata Go cb3naBa
WHOMBMAYANHN KOXEPEHTHU bYW, KOUTO MHTepdepupaT B paBHMHATaA Ha LeTeKkTopa.
PeweTkata G1 nHgyumpa nepmoanyHo ¢a3oBO M3MECTBaHe B PaMKUTE Ha (PpOHTa Ha
pPEeHTreHoBaTa BbilHa, Cb34aBankn Mogen Ha ,MBULUM® C BUCOK MHTEH3UTET Ha pa3cTosiHue
d, (Tan6oT pasctosHue). CTbnkaTta (p2) Ha TpeTaTa peweTtka G2 cbBnaga c nepuoa Ha
wabnoHa Ha MHTEH3UTETa W 4pe3 CTbMNanoBUOHO MPEMUHABAHE Ha Tas3n pelleTka
MOAEenbT MOXe Aa 6bae pekoHCTpyupaH. ChllecTByBalLMTE CUMYNALMOHHM NNaTdopMm
Ce OCHOBaBaT Ha YUCMEHW METOAM 3a pas3npocTpaHeHue Ha BbIHW. Bmecto ga ce
MoAenupaTt B3auMOLEWCTBMATA Ha BbNHWUTE, TyK € MNpeasiokeHo ga ce uanonssar
namepeHn o606LLEHN NOKa3aTeNn 3a reHepupaHe Ha npegaBaTeniHu 1 andepeHumantm
cdasoBn 0b6pasn ¢ ronemmn 3putenHn noneta. EkcnepmmeHTanHnTe gaHHM ca nonyyYeHu
ype3 GB-PCI, pasnonoxeHa B YHuBepcuteTa Ha JlboBeH (MoSAIC). U3TOYHUKBLT €
peHTreHoBa Tpbba, pabotewa npu 40 kVp. PeweTtknute (Go, Gi, G2) MMaTt HOMUHAMHK
nepuoan ot cboTBETHO 73 um, 3,90 um n 2 ym un pabotHn umuknm ot 0,3, 0,5 n 0,5.
M3non3BaHn ca Tpu cumynaunoHHu ¢aHtoma: PMMA cdepa ¢ pagmyc 0,805 cm, un
BOKCenHnTe mogenn Ha 3D npuHTMpaHO Cbpue U XMBa MULIKA, CKaHupaHwu Ha PCT
(SkyScan 1278, Kontich, benrusa). ®usmnyecknte BapnaHtu Ha obekTute crneq ToBa ca
ckaHmpanu n Ha GB-PCI cuctemara.

3a PMMA cdepata € ycTaHOBEHO TSICHO CbOTBETCTBME MEXAY CUMyrnaumsatra wu
ekcnepumeHTa. CxoOCTBO MeXAy CUMyNMpaHW W eKcnepumeHTanHum obpasun ce
Habnogasat u 3a 3D npuHTUMpaHoTOo cbpue. [AdudepeHumanHute as3oBu U
abcopObuMOHHN obpasn Ha MUK TPBbOEH KOLW, W3NOM3Banku CUMyraumoHHaTa
nnatgopma, CbOTBETCTBAT Ha BbHLUHUA BMA Ha €KCNEpUMEHTarnHo nonyyeHuTe obpasu.
CTpyKTypuUTE Ha KOCTUTE, MEKUTE TbkaHu u 6enogpobHUTe TbkaHu B Te3n obpasu ca
MHOrO CXOA4HW. Pa3nunyHnTe CTbNKM HA CUMYNALMOHHUS anropuTbM, KakTo U MeToauTe 3a
n3mepBaHe Ha 0606LeHMTe NokasaTenn, ce obcbxxaaT NoapobHO, Taka Ye TexHMKaTa aa
MOXe NeCHO Aa ce nepcoHanuaupa 3a gageHa cuctema. lNnatdopmata npegnara 6vp3a
M TOYHa anTepHaTMBa Ha CUMYMauUMOHHUTE MNAaTOPMK 32 YUCIEHO CUMyIMpaHe Ha
pa3npoCTpaHEHNETO Ha PEHTreHOBM BBbJIHU Npy HannyHa npotoTunHa GB-PCI cuctema.
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A hybrid simulation framework for computer simulation and modelling studies
of grating-based X-ray phase-contrast images

Clinical studies performed using computer simulation are inexpensive, flexible methods
that can be used to study aspects of a proposed imaging technique prior to a full clinical
study. In grating-based phase-contrast imaging (GB-PClI), full wave simulations are,
however, computationally expensive due to the high periodicity of the gratings and
therefore not practically applicable when large data sets are required.

This work describes the development of a hybrid modelling platform that combines
analytical and empirical input data for a more rapid simulation of GB-PCIl images with little
loss of accuracy. In GB-PCI, the object to be imaged is placed in a region containing a
high frequency intensity pattern. Comparison of the object-disturbed pattern with the
original pattern enables the construction of transmission (Tr), differential phase (dP) and
dark field (DF) images. Three gratings are used to create and measure the intensity
pattern. The first grating Go creates individually coherent beams, which constructively
interfere at the detector plane. The G1 grating induces a periodic phase shift within the X-
ray wave front, creating a high intensity fringe pattern at a fractional Talbot distance d.
The pitch (p2) of the third grating G2 matches the intensity pattern period and by stepping
this grating, the pattern can be sampled and reconstructed.

As the technology relies on wave interference effects, most simulation platforms are based
on numerical wave propagation methods. Instead of modelling the wave interactions,
measured summary metrics are applied in order to generate transmission and differential
phase images with large fields of view. Experimental data for the model development were
acquired using a grating-based phase contrast system in the molecular Small Animal
Imaging Centre of the University of Leuven (MoSAIC). The source is a Varian X-ray tube
(Varian Medical Systems, California, USA) operated at 40 kVp for a system design energy
of 27.7keV. The gratings (Go, G1, G2) have nominal periods of respectively 73 um, 3.90
pum and 2 um and duty cycles of 0.3, 0.5 and 0.5. Accurate sample modelling is also an
important aspect of image simulation studies. Analytical models can be implemented with
precision, however relevant models of sufficient complexity and realism have not been
described. Therefore in addition to a simple analytical model, two voxel models based on
MCT data were considered when comparing simulation data to experimental results. The
simple object was a PMMA sphere with a radius of 0.805 cm. The two complex models
were: a 3D printed heart and a living mouse, scanned first scanned on a uCT (SkyScan
1278, Kontich, Belgium) and then imaged using the GB-PCI system described above.
Realistic transmission and differential phase images were obtained with good quantitative
accuracy. For a simple object like the PMMA sphere, close agreement between simulation
and experiment is found. Further, the result for the printed heart demonstrates that similar
images are produced for more complex shapes. After registration, the simulated data
matches the experimental data with similar contrasts. Finally, differential phase and
transmission images of a mouse chest using the simulation framework match the
appearance of the experimentally acquired datasets. Imperfect registration of the uCT and
GB-PCI data causes some geometric variations, however, importantly the bony, soft
tissue and lung field structures within these images are closely matched.

The different steps of the simulation framework, as well as the methods to measure the
summary metrics, are discussed in detail such that the technique can be easily
customized for a given system. The platform offers a fast, accurate alternative to full wave
simulations when the focus switches from grating/system design and set up to the
generation of GB-PCI images for an established system.
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BanugupaHe Ha codTyepHaTa nnatdopma BreastSimulator
3a KOMNITbpPHA TOMorpadua Ha MreYHa Xxnesa

Llenta Ha nscnenBaHeTo B Ta3u CTatus € Aa ce Banugupa coTyepHOTO NpUIioXeHue
BreastSimulator 3a reHepupaHe Ha 3D HekomMnpecupaHu MOOENN HA MMleYHa Xresa, 3a
BUPTYyanHW u3cneaBaHna Ha KoMmnwoTbpeH Tomorpad (KT), cneumanuaumpaH 3a
ANarHOCTMKa Ha MneYvHa xnesa.

3a Tasn uen ca cb3gageHu ocemM aHTPONOMOPEHU KOMMIOTbLPHU PAHTOMKU Ha MNevHa
Xrnesa c npunoxeHueto BreastSimulator, ¢ xneaucrta TbkaH B gnanasoHa ot 10% no
35%, pasnuyHu pasmepu, U peanMcTUYHN aHaTOMUYHN XxapakTepuctTukn. 360 peHTreHoBM
NpoeKUMM Ca reHepupaHn Npu cumynupaHe Ha KOHycHo-nbyeB KT ckeHep, crnea KoeTo
TOMOrpaMmnTe Cca pPEeKOHCTpyMpaHu C anropyutbmMa Ha ,00patHata npoekums”.
Cumynaumara e HanpaBeHa 3a 5 MoHoeHeprunHu (27, 32, 35, 43 n 51 keV) n 3
NoSIMEHEPrMNHN pPeHTreHoBM cnekTbpa. lMauueHTckn KT obpasm Ha mreyHa xnesa,
nonydeHun ot aa pasnuyHu KT ckeHepa 3a ropaa B MeguuuHckua LeHTbp [denBuc Ha
Kanudophuinckna ynnsepcutet (UCDMC) n B MeamumHcKkmMst LEHTbP Ha yHMBeEpcuTeTa
Panbayn (RUMC), ca nanonssaHu 3a Lenute Ha cpaBHEHMETO. [JaHHMUTE, NOSTyYeHM CbC
ckeHepa RUMC, Bknto4yBaT 8 ceTa nauneHTCkM aHHW, AokaTo Te3un cbe ckeHepa UCDMC
ca 180. KonuyectBeHaTa oOLueHKa BKIOYBA M34YMCMIssBAaHE Ha Mnokasatensa [ oT
crnekTpanHusa aHanua Ha moliHocTTa (S(f) = a/ff) Ha cumynupaHn n peanHy ToMorpamu.
Mogenute Ha MreyHa Xrnesa ca BanuaupaHu Ypes cpaBHeHME Ha [3 nokasatens c B oT
nauneHtckn KT gaHHu 1 Takuea, Nyb6nukyBaHun B nutepatypara.

Pesyntatute nokassart, Ye CUMyNMpaHUTE NPOEKLMM Ha KOMMIOTbPHM MOLENW Ha rbpamn
uMaT pasnmyHa CTOMHOCT Ha [ koeduumeHTa, HO 3a gadeH MOAen Ha rbpaa mma
orpaHuvyeHa Bapvaumss B [3 CTOMHOCTUTE 3a pPasnUYHW aHOAHW HanpeXeHus.
YBenunyaBsaHeTo Ha gebenvHata Ha Tomorpadckma cpes Boau OO0 yBenundaBaHe Ha 3
CTOMHOCTUTE 3a BCEKM MOAEN Ha rbpaata nopaau yBenuyaBaHe Ha aHaTOMUYHUTE
CTPYKTYpM, CBbp3aHu C no-ronamata gebenuHa. Te3n pesyntatn ca B CbOTBETCTBME C
AaHHUTE OT nNuTepaTtypaTa, KbAeTo yBenudeHneTo Ha 3 e ot 1,96 go 3,15 n ce Abmku Ha
yBenuyaBaHeTo Ha gebenuHata Ha cpes3a (ot 0,23 mm Ha 44 mm). [etannHorto
CpaBHEHWEe Ha CTOMHOCTUTE Ha B Ha CUMyNMpaHW U pearnHu Tomorpamu, nokasea, 4ye
reHepupanute ¢ BreastSimulator dbaHTOMM Ha MMeyHa >xnesa Mmat CTOMHOCTU Ha J3,
OnM3kn [0 CTOMHOCTTA Ha [, uM34ucreHa OT pearnHuTe NauMeHTCKM Tomorpamu,
N3noni3BaHM B TOBa Mpoy4yBaHe, U ca B obxBaTa Ha CTOMHOCTUTE Ha [, AOKNaABaHW B
nutepatypara. [NybnukysaHute gaHHn oT KT Ha rbpga OT OTHOCUTENHO ronsiMa rpyna
nauyneHTn nokassat B nokasaten mexagy 1,86+0,38 n 1,96+0,46. YBennyaBaHeTO Ha
pesoniounaTa Ha Bokcena uma obpateH edekT BbpXxy 3. AKO napameTpuTe pasmep U
pasgenuTtenHa crnocobHOCT Ha Moaena Ha rbpgata ca gobpe m3bpaHn v 3agageHw,
CTOMHOCTUTE Ha 3 HamangaBaT C HaMansaABaHETO Ha XXrne3uctaTta TbKkaH Ha rbpaaTa.
CodbTtyepHuar nakeT BreastSimulator € OUEHEH NONOXWUTENHO 3a reHepupaHe Ha
KOMMIOTbPHM MOAENWN Ha MIleYHa Xnesa, NoaxoAasiwiyM 3a TecTBaHe Ha ToMorpadcku
TexHUKU. [leMOHCTprpaHo e, Ye Te3n Mogenu Morat [a Bb3npoussexgaT peannucTtuyHu
aHATOMMWYHWN CTPYKTYpPU, KOETO NpaBu TO3W M3CNeaoBaTeriCKM MHCTPYMEHT LEHEH B
n3crneaBaHusl, CBbpP3aHM C MO-HATaTbLIHOTO pa3BUTWE, TeCTBaHeE U ONTUMU3UPAHE Ha
TexHukaTta 3a KT 3a mnedHa xnesa.
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Evaluation of the BreastSimulator software platform for breast tomography

The aim of this work is the evaluation of the software BreastSimulator, a breast X-ray
imaging simulation software as a tool for the creation of 3D uncompressed breast digital
models and for the simulation and the optimization of computed tomographic (CT)
scanners dedicated to the breast.

Eight 3D digital breast phantoms were created with the software application
BreastSimulator with glandular fraction in the range 10% to 35%. The models are
characterised by different sizes and modelled realistic anatomical features. X-ray CT
projections with 360 angular views were simulated for a dedicated cone-beam CT scanner
and reconstructed with the FDK algorithm. X-ray projection images were simulated for 5
mono-energetic (27, 32, 35, 43 and 51 keV) and 3 poly-energetic X-ray spectra typically
employed in current CT scanners dedicated to the breast (49, 60, or 80 kVp). Clinical
breast CT images acquired from two different clinical breast CT scanners at University of
California Davis Medical Center (UCDMC) and at Radboud University Medical Center
(RUMC) were used for comparison purposes. The data acquired with the UCDMC scanner
are relative to 180 breasts. The reconstructed slices have different dimensions with a
voxel size of 0.20 x 0.20 x 0.35 mm?. The data acquired with the RUMC scanner include
CT scans of eight different real breasts. The number of projections is 300 over 360 degree
and the tube voltage was 49 kVp. The reconstructed slices have different dimensions with
a voxel size of 0.27 x 0.27 x 0.27 mm3. The quantitative evaluation included calculation
of the power-law exponent, B, from simulated and real breast tomograms, based on the
Power Spectrum (NPS) fitted with a function S(f) = a/f®. The breast models were validated
by comparison against clinical breast CT and published data.

It is observed that the simulated projection images from computer breast models show a
different value of the B coefficient, but for a given breast model, there is limited variation
in the B values for varying energy of the X-ray beam. As regards the change in 3 deriving
from a different choice of the slice thickness in the CT reconstruction, it was shown that
there is a slight increase in B with the slice thickness increases. The increase of the
thickness of the reconstructed slice results in an increase of the (3 values for each breast
model and setup as expected due to the increase of the anatomical structure related to
the higher thickness. These results are in agreement with the data from literature where
an increase of the 3 value from 1.96 to 3.15 was due to the increase of the slice thickness
(from 0.23 mm to 44 mm).

The detailed comparison of B values calculated from simulated and real images shows
that created breast phantoms with the BreastSimulator have 3 values close to the 8 value
calculated on the real images used in this study and are in the range of the B values
reported in literature.

Increasing the voxel resolution has the opposite effect on B. If the parameters breast size
and resolutions are well chosen and set, 3 values decrease with the decrease of the breast
glandularity. Published breast CT data from a relatively large cohort of patients indicate
an average 3 exponent between 1.86+0.38 and 1.96+0.46.

The software package BreastSimulator was evaluated to generate breast models suitable
for use with breast CT imaging. The breast phantoms produced with the software tool can
reproduce the anatomical structure of real breasts, as evaluated by calculating the
exponent from the power spectral analysis of simulated images. As such, this research
tool will contribute considerably to the further development, testing and optimisation of
breast CT imaging technique.
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UmnnemeHTUpaHe Ha ¢pa3oBO-KOHTPACTEH TOMOCUHTE3 Ha rMbpaarta
Ha CUHXPOTPOHHA UHpPACTPYKTYypa

3D mamorpadusa ¢ TomocuHTe3 Ha mriedHa xrnesa (DBT — digital breast tomosynthesis) e
obewaBaly TpumamepeH (3D) meTon 3a CKPUMHUHE Ha rbpaa, MeTon KOMTO BeYye ce M3nonsea
B eXeJHeBHaTa KNWHUYHA npaktuka. NpoyyBaHnATa nokaseaT, Ye msnons3saHeto Ha DBT
3aegHo C gurutanHaTa mamorpadusi € CBbp3aHo C yBENMYaBaHe Ha CTEMEHTa Ha OTKpMBaHe
Ha TyMOpHK obpa3syBaHus. EQnH oT meToanTe 3a yBenMyaBaHe Ha KOHTpacTa Ha TYMOPHUTE
obpa3syBaHusi C HUCKA NITbTHOCT M Ha 1 MuKpokanumdgukatute B DBT e upes nanonssaHe Ha
ha30BO-KOHTPACTHN MPOEKLMOHHN N306pakeHnsi, BMECTO TakuBa, MOSTyYEHN B PEXUM Ha
3atmxBaHe (abcopbumsi) Ha PEHTrEHOBN NTbYN.

OcHoBHaTa uUen Ha ToBa u3cregBaHe e fda ce pa3paboTu ekcnepumeHTaneH ceTbn 3a
peanu3upaHe Ha (a30BO-KOHTPACTEH TOMOCMHTE3 Ha CUMHXPOTPOHHA MHMPacTpyKTypa u
npunoxat, ONTUMMU3MPaT U Banuaupat anropuTtmu 3a 06eMHM PEKOHCTPYKUUW Ha MIlevHa
Xnesa OT NPOoeKUMU, NOSyYeHn B NNMHeEH ,in-line“ bazoBo-KOHTpacTeH pexum.

Pa3paboTeH e 1 NpunoXxeH ekcnepmMeHTaneH ceTbl, CbCTOSL, Ce OT e4Ha NIMHENHA 1 eaHa
BbpTAWaA nnatcopma, Kato BbpxXy nocrnegHata ce nocTtaBAT o00ektute 3a obnbyBaHe.
EkcnepMmeHTUTE Ca OCbLLECTBEHM Ha CUHXpPOTpoHHaTa nuHusa ID17, European Synchrotron
Radiation Facility, lpeHo6bn, PpaHums. M3TOYHNKBT Ha PEHTIEHOBO fTbYEHNE CE HamMMpa Ha
pasctosHue 153 meTpa ot obekTa, AokaTo AeTekTopbT, komTo € CCD kamepa e nocTaBeH Ha
11 meTpa o1 obekTa. [pun BCSIKO 3aBbpTBaHE Ha BbpTALLaTa nnatgopmMa ¢ ANCKPETHa CTbIKa,
ce nonyyaBa (as3oBO-KOHTpPACTHa MNpPoekumna. TOMOCUHTE3 e peanu3vpaH C MpoeKLuuu,
peructpupaHn B obxeata -32° oo +32°.

Yetupute dusmnyeckm mopena 3a obnbuBaHe ce pasnuyaBaT MO CHOXHOCT, BKMOYEHU
TEeCcTOBM 00eKTn U maTtepuanu 3a TaxHaTa uspaboTtka. Tpu OT nsnonssBaHuTe aHTOMU ca
HanpaBeHW OT enokcngHa cmona, nonumetunmetakpunat (PMMA) n napadrHOB BOCHK, KaTo
TecToBUTEe OBEKTM ca MbIIHW UMUHOAPUYHU KyXWMHW, BOAHW cdepun ¢ gmametsp 0,8 cm,
Bb3AyWHN MexypyeTa. YeTBbpTuaT paHTom e komepcuaneH, CIRS mogen 020 BR3D,
npeacTaBnsisall, neT nnoyu, nogpedeHy enHa BbpXy Apyra, C Uen CuMmynuvpaHe Ha
KoMnpecupaHa ropaa ¢ gebenvHa 5 cm ¢ TbkaHeH cbeTaB oT 50% xne3ncta—50% macTHa
TbkaH (CIRS Inc., Norfolk). LleHTpanHaTa nnoya cbabpxa TecToBM 0OeKTU, cumynupaLim
MUKpOKanumdmkaTn, BfakHa u TYMOpHUM obpasyBaHus. [poekummnTe ca ¢ pasmep Ha nukcena
47 uym x 47 pm. TomorpammTe ca PEeKOHCTpyupaHu CbC COBCTBEHW anroputMmn cbeC n 6e3
npunaraHe Ha puUNTpaunsa BbpxXy OPUrMHaNHNTE NPoeKLnn.

N3cnenBaHeTo ycTaHOBM, Ye NOAOOPEHMETO Ha KOHTYPUTE HA pasnMyHUTEe TECTOBU 06eKTH,
HabnogaBaHo B NPOeKUUNTE, Ce 3anasea 1 B TOMOrpammTe 3a BCUYKU (DaHTOMM: C XOMOreHHa
N CbC CUIHO XeTeporeHHa cTpykTypa. Mpu BR3D e ycTaHOBEHO, Ye TECTOBUTE 0BEKTU, KOUTO
He ce BMXOAT Ha NpoekuunTe, ca Aobpe BM3yanuavMpaHu B Tomorpamute. B gonbnHeHue, e
YCTaHOBEHO, Y€ MHAEKCHT Ha NoJobpsiBaHe BUAMMOCTTA Ha KOHTYpa, U3YNCIEH 3a TECTOBUTE
06€eKTN, € MHOro Mo-BUCOK B TOMOrpaMuTe, PEKOHCTPYMpPaHM OT MPOEeKLUn, KOMTOo ca Gunm
npeaBapuTenHo unTpupaHy, OTKOMKOTO B MnaHapHWTe obpasn U Te3an OT TOMOCUHTES,
PEKOHCTPYMPaHU C OPUrMHANHUTE NPOEKLNN.

[Mo-HaTaTbLWHN N3cnenBaHNA ce nrnaHunpart 3a BanngupaHe Ha pe3yrnrtatute 4pes n3rnorns3paHe
Ha MaCTeKToOMUMN N NO-HATaATbLUHO YCbBbpPLUEHCTBAHE Ha anroputMmnTe 3a PeKOHCTPYKUUN C
uen, I'IOD,O6pFIBaHe Ka4yeCTBOTO Ha (*)BSOBO-KOHTpaCTHI/ITe o6pa3|/|.
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In-line phase-contrast breast tomosynthesis: A phantom feasibility study at a
synchrotron radiation facility

Digital breast tomosynthesis (DBT) is a promising three-dimensional (3D) X-ray imaging
modality already used in daily clinical practice for breast cancer screening. Several studies
have shown that the addition of DBT to digital mammography is associated with a
decrease in recall rate and an increase in cancer detection rate. One approach to increase
tumour and microcalcification contrast in tomosynthesis images is by using phase-contrast
projection images in the tomosynthesis setup instead of images acquired in attenuation
mode.

The major objective of this work is to adopt, apply and test developed in-house algorithms
for volumetric breast reconstructions from projection images, obtained in in-line phase-
contrast mode. An experimental setup was developed, consisting of one linear and one
rotating platform, and the objects to be irradiated. The experiments were performed at the
ID17 synchrotron line, European Synchrotron Radiation Facility, Grenoble, France. The
source of X-ray radiation is located at a distance of 153 meters from the object, while the
detector, which is a CCD camera, is placed 11 meters from the object. With each discrete
step rotation of the rotary platform, a phase-contrast projection is obtained. The angular
arc of the tomosynthesis is £32°.

Four physical phantoms of varying composition, complexity and test object were used in
the study: (a) PMMA phantom - a homogeneous PMMA sample in the form of a slab of
size 6 cm x 6 cm x 4 cm through the smallest face of which four air-filled cylindrical holes
(diameter of 1 mm) were drilled vertically; (b) paraffin phantom - a homogeneous paraffin
slab of size 6 cm x 4 cm x 2.5 cm, containing three water spheres (diameter of 0.8 cm),
placed at different depths in the slab; (c) epoxy resin phantom with air bubbles - a
rectangular polystyrene flask with size 6 cm x 4 cm x 2 cm filled with an epoxy resin
mixture and then shacked in order to produce a large number of air sacs of different sizes;
and (d) CIRS model 020 BR3D -five slabs stacked together to simulate a 5 cm thick
compressed breast with tissue composition of 50% glandular-50% adipose (CIRS Inc.,
Norfolk). The central slab of the stack contains details simulating microcalcifications, fibers
and masses. The projection images had a pixel size of 47 ym x 47 ym. Tomosynthesis
images were reconstructed with standard shift-and-add (SAA) and filtered backprojection
(FBP) algorithms.

It was found that the edge enhancement observed in planar X-ray images is preserved in
tomosynthesis images from both phantoms with homogeneous and highly heterogeneous
backgrounds. In case of BR3D, it was found that features not visible in the planar case
were well outlined in the tomosynthesis slices. In addition, the edge enhancement index
calculated for features of interest was found to be much higher in tomosynthesis images
reconstructed with FBP than in planar images and tomosynthesis images reconstructed
with SAA. The comparison between images reconstructed by the two reconstruction
algorithms shows an advantage for the FBP method in terms of better edge enhancement.

Further investigations will be devoted to the validation of the presented findings by imaging
ex vivo breast samples and elaboration of the current SAA and FBP algorithms to improve
reconstructions of objects from phase-contrast images.
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ToMoOCHHTe3 Ha Mne4Ha Xrnesa, peanuanpaH ¢ anropuTbm
Ha MHOXeCTBEeHa NPOEeKLUUA 3a CTauMOHapeH AeTeKTop

TOMOCUHTE3BT Ha MIleYyHa Xfe3a e peHTreHoBa ToMorpadcka TexHuKa, Mpu KOSATO ce
N3non3saT cepusa OT HUCKO-O030BN MamMorpaddCkm NPoeKUMnN Ha MievHaTa xresa, nonyyeHn
npy o6 bYBAHETO M OT peHTreHoBa Tpbba, 3aemalla pasnuyHyM No3nuUMM BbpXy Abra OKOSo
rbpaaTa.

Llenta Ha ToBa n3cnegsaHe € Aa npoyyun BanuaHoOCTTa Ha U3NOSI3BaHETO Ha anropnTbMa Ha
MHOXecTBeHaTa npoekuua (MPA- multiple projection algorithm) 3a peanuaupaHe Ha
TOMOCWHTE3 Ha MIledHa Xnesa, KaTo 3a uenta ce M3nonssaTt NpOeKUNOHHN n3obpaxeHus,
Nosly4yeHn oT PM3NYECKM aHTPONOMOPMEH PAHTOM B KITMHUYHKN YCIOBUSI.

B ToBa uscneasaHe e nsnonasaH pusmyecknat paHtom CIRS-BR3D (CIRS Inc., Norfolk, VA),
c Bapupawm gebenvHn mexgy 3 cm n 6 cm, KaTo TO3n PaHTOM MMUTMpPA KOMMpecupaHa
rbpAa u ce xapaktepusnpa Cc XeTeporeHHa CTpyktypa. PaHTOMBbT € CbCTaBeH OT MNOMYKPbIu,
enHakBo gebenu nnoun ¢ pasamepun 100 mm x 180 mm n gebennHa Ha Bcsika egHa oT Tax 10
mm. [Mnounte ca wm3paboTeHn oT cmec Ha ABe cmonun. Cmecta e ekBMBarieHTHa no
abcopbLUMOHHM XapakTEPUCTUKN HA TbKaHUTE Ha Mne4vHarta nesa n cboreeTcTBa Ha 50/50
CMeC OT Xne3ncTa U MacTHa TbkaH. PasnnyHmn TectoBn 06ekTn, Hanogobssawm dubpn un
nesuu ca BHeApeHn BbB (paHToMa.

Peanunsnpanu ca net Buga ekcnepvMeHTanHu u3mepBaHusi, BCAKO OT KOUTO Ce CbCTOM OT
nnaHapeH mamorpadcku obpas, n Habop oT 25 npoekuumn Ha chaHToMma, MONyyYeHu npwu
poTauMs Ha peHTreHoBaTta Tpbba Mo Agbra ¢ ronemuHa 500. O6pasuTe ca nonyyYeHn Ha
Mamorpacdcka cuctema Siemens Mammomat ¢ W/Rh aHogHo-cbunTbpHa KOMOMHaumMs.
[eTekTopbT € amopdeH ceneHoB AEeTEKTOP C pa3Mep Ha nukcena 85 uym. ANroputTbMbT 3a
pPeKOHCTpyKuMs, 6asmpaH Ha MPA e mognduumpaH 3a YHaCTUYHO N30LEHTPUYHO BbPTEHE, NpU
KOeTO AEeTEKTOPBT € CTauMoHapeH. 3a cpaBHeHME, € pa3paboTeH 1 anropuTbM Ha obpaTHaTa
npoekuus (BP-backprojection) 3a Tasu reomeTpusa Ha nony4yaBaHe Ha Mamorpadyckm obpasu.
EdektuBHOCTTAa Ha anropuTMuTe € OLeHeHa 3a [BeTe PEKOHCTPYKLUMMK, 3axpaHBaHW OT
unTpupaHn n HeduNTpMpaHu npoekuun. [1Ba OCHOBHWM noKasaTensa: CuUrHan-wym u
dyHKUMATa 3a pasnpocTpaHeHne Ha aptedaktn (ASF), ca oueHeHn 3a BCekn 0BEKT n Bug,
n3mepBaHe.

CpaBHeHneTo Ha pekoHcTpyupaHuTte ¢ BP n MPA Tomorpamu, nokassa 6nunsko npeacraBsHe
3a OBaTa PEKOHCTPYKUMOHHW anropuTbma, 6e3 3HauuTenHu pasnukm B OTKpMBAHETO Ha
pasnuyHMTe TECTOBUM ODEKTW, TEXHWUAT pasMep, KakTo U BU3yanHoOTO MpeAcTaBsHe Ha
CTPYyKTypuTe B cpe3oBeTe. Pesyntatute nokassat, ye MPA pabotn no-6bp30. 3non3saHeTo
Ha UNTpUMpaHW MpoeKkuun e npudrHa 3a noryvyaBaHe Ha no-gobpu TomMorpadCcku
n3obpaxeHusi B CpaBHEHME C Te3U, NoNnydYeHn OT HeUNTPUPaHU NPOEKLIUN.

YBenuyeHata gebenvHa Ha paHTOMa € NpuUYMHa 3a OrpaHUYEeHO OTKpMBAHE Ha TECTOBUTE
o6ekTn, ocobeHO Te3an C no-manbk pasmep. B Tesn cnydau, cpesoseTe, NOsydyeHW C
dunTpupaHn npoekuun nossonssat no-gobpa Bu3dyanu3auus nopagu OTCTpaHeHaTa
HacrnoXeHa TbkaH B CpaBHEHWe C nnaHapHuTe obpasun. PasnuyHaTta nogpeanba Ha nnoyute
BbB (paHTOMM C efHakBa AebennHa nokassaT HE3HAYMMO BIIUSIHWE BbPXY KAa4eCTBOTO Ha
peKoHCTpympaHn pyHkumn. MPA anroputbMbT € ehekTMBEH BbB BPEMETO anropuTtbm U e
HaMb/IHO CbBMECTMM C W MOXe YCMewHO Aa ce WU3Mnon3Ba B KIMHUYEeH TOMOCUHTe3. B
CpaBHeHVe ¢ MamorpaduaTa, TOMOCUHTE3BLT MOoKa3Ba NPeauMCTBO NP BU3yanusMpaHe Ha
nes3nmn N Apyrn mamorpadcku xapaktepucTMkM ¢ ManbK pasMep, KakTo U npu aHTomMu C
ronama gebenvHa n ¢ TectoBu 06ekTu (nesmn) B NbTHa cpeaa.
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Breast tomosynthesis using the multiple projection algorithm
adapted for stationary detectors

Breast Tomosynthesis (BT) is a limited angle X-ray tomographic technique for imaging the female
breast. Developments in this field during the last decade resulted in BT being presently introduced
in routine everyday clinical practice. Nowadays, research is performed towards optimizing the
image acquisition process as well as the post-acquisition aspects, including reconstruction, image
processing, and analysis. The aim of this study is to investigate the validity of using the Multiple
Projection Algorithm (MPA) for Breast Tomosynthesis (BT) using real projection images acquired
with phantoms at a clinical setting.

The phantom used was the CIRS-BR3D (CIRS Inc., Norfolk, VA), characterized by a
heterogeneous background mimicking a compressed breast. The phantom is composed of semi-
circular, equal-thickness slabs with dimensions of 100 mm x 180 mm and thickness of 10 mm
each. The total phantom thickness varied between 3 cm and 6 cm. The slabs are made of two
tissue equivalent plastic materials that are swirled together to create a heterogeneous structure
with absorption characteristics corresponding to 50/50 mixture of glandular and adipose tissue.
One of the slabs contains objects that simulate different breast lesions, such as masses, fibrils
and uCs, grouped in two Regions of Interest. Five sets of measurements were acquired. The
acquisition protocol involved a combined measurement of a 2D mammogram followed by 25
tomosynthesis projections performed for each phantom configuration. A Siemens Mammomat
Inspiration System (Siemens AG, Healthcare, Erlangen, Germany) with W/Rh anode/filter
combination was used and the 25 projection images were acquired within an arc length of 50°.
The system is equipped with an amorphous selenium detector (239 mm x 305 mm) with a pixel
size of 85um. To acquire the images, the source was rotated around the phantom, while the
detector remained in a stable position. Source to detector distance (SDD) was 650 mm, while
source to isocenter distance (SID) was 603 mm.

A reconstruction algorithm based on the MPA was adapted for partial isocentric rotation using a
stationary detector. For reference purposes, a Back Projection (BP) algorithm was also developed
for this geometry. In total, twenty volumes were reconstructed by applying the filtered and non-
fitered MPA and BP. The evaluation was performed on the twenty in-focus reconstructed planes
and the five 2D mammograms. Evaluated features included the six semi-spherical masses and
eighteen pCs belonging to three groups, with sizes between 400 ym and 230 um features.
Contrast to Noise Ratio (CNR) and Artifact Spread Function (ASF) were evaluated for each
feature. The performance of the algorithms was evaluated, in combination with pre-filtering of the
projections, in comparative studies that involved also a comparison between tomosynthesis slices
and 2D mammograms.

Evaluation of tomosynthesis slices reconstructed with BP and MPA showed close performance
for the two algorithms with no considerable differences in feature detection, size and appearance
of the background tissue with the MPA running faster the overall process. Filtering the projection
images prior to reconstruction, using optimized filters for each case of different low or high-contrast
features, is important and results in images with better quality. The anatomical background was
suppressed and the features especially those of small size, were much better visualized. Further,
increased thickness resulted in limited detection of the features of interest, especially the smaller
sized ones. In these cases, the filtered BT slices allowed improved visualization due to removed
superimposed tissue compared to the 2D images. The different breast-like slab arrangements in
phantoms of the same thickness demonstrated a slight influence on the quality of reconstructed
features.

The MPA which had been applied previously to reconstruct tomograms from projections acquired
at synchrotron facilities, is a time efficient algorithm, and is fully compliant with and can be
successfully used in BT clinical systems. Compared to 2D mammography, BT shows advantage
in visualizing features of small size and for increased phantom thickness or features within a dense
background with superimposed structures.
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Martepuanu 3a 3D npuHTUpaHe Ha aHTponomopdHU chaHToMU: CUMynaymMoHHO
uscrnenBaHe

M3nonssaHeTo Ha aHTPONOMOpPMHN haHTOMM HaMMpPa BCE MO-LLUMPOKO NPUNoXeHne npes
nocrnegHuTe roavHn B MeauumHata. AHTponomopdHuTe aHToMM mMoraT ga O6baaTr
KnacuumuupaHm Kato KOMMOTbPHM U dm3myecku. [lpouecbT Ha Cb3gaBaHe Ha
du3myeckn aHTponomopdeH (aHTOM 3a wu3cneaBaHUss C  PEHTIEHOBU JTbUn €
npoabimkKUTENeH, Oopu u C u3non3saHe Ha 3D TexHomoruuTe 3a NPUHTUPaHe.
TpagvunoHHO, ToBa € wuTepaTuBeH npouec, kouTo BkMw4ysa 3D npoektupaHe, 3D
NPUHTUPaHe ¢ JageH matepuan/maTepuanu, CkaHupaHe ¢ peHTreHoBa ypeaba u oueHka
Ha pesynTtaTtuTe. MI3non3sBaHeTo Ha KOMMNITbPHU CUMYSaumMn 3a BUPTYyasiHO nscrnegBaHe
Ha npurogHocTTa Ha gageH 3D maTepuan 3a cb3aBaHeTo Ha (pnsnyeckn pagmnonorndeH
aHTOM MOXe 3HauUTENHO Ada pefyumpa KakTo BpeMeToO 3a u3crnegBaHeTo, Taka U
pasxoguTe 3a Matepuanu.

Llenta Ha ToBa npoyyBaHe e fa ce onpegenu ganu HanudHute 3D matepuanu,
N3non3BaHu ¢ TexHukata 3a 3D npuHTUpaHe - MmogennpaHe Ypea oTraraHe Ha pasTomneH
matepuan (FDM), ca nogxoasawm 3a cb3gaBaHeTo Ha PU3NYECKN YETUPU-KOMIMOHEHTEH
aHTpornoMmopdeH PaHTOM Ha rbpaaTta, NpeAHas3HadYeH 3a M3cneaBaHus C PEHTreHOBU
nbun. 3a Tasu uen e cb3gageH YeTUpPU-KOMMNOHEHTEH KOMMOTbPEH MOAEN, CbCTOSL, ce
OT MacTHa TbKaH, XIe3ncTta TbKaH, Koxa M ne3nn. NMbpBOU3TOYHMKBLT Ca MaUMEHTCKU
AaHHM Ha bpaa, CKaHMpaHa Ha MarHUTHO-pe3OHaHCeH Tomorpady). Bb3 ocHoBa Ha
YeTUPU-KOMMNOHEHTHMUS MOAEN ca Cb3dadeHM OBa KOMMOTbPHW MOAena Ha MIedHa
Xrnesa: a) eANHNAT CbAabpXKa BOKCENU C €NIEMEHTHUSA CbCTaB Ha peanHUTe TbKaHW Ha
rbpaaTa, gokaTo 6) BTOPUAT CbabpXXa BOKCENW C eIEMEHTHMS CbCTaB Ha MaTepuanuTe
3a 3D npuHTMpaHe, KOMTO ce nnaHuvpa ga 6baaT M3NonN3BaHM Npu OoTneyYaTBaHETO Ha
domsnyecknst aHTpornomopdeH mogen. Tean Mmogenu ca UAEHTUYHU, pasnukaTa e, Ye BbB
BOKCENUTE, CbOTBETCTBALLM Ha XNEe3nUCTa, MacTHa TbKaH, KOXa 1 fe3unst oT NbpBuUs Moaen
Ce NnocCTaBs BbB BTOPUS KOMMNIOTbLPEH MOAEN EfIEMEHTHUSA CbCTaB Ha MaTepuana 3a 3D
neyaTt, KOMTO LWE Ce U3MNOM3Ba Aa pennmkmpa Te3nm TbKkaHu. [eHepupaHn ca CUHTETUYHN
Mamorpadckm obpasn Ha Te3n KOMMITbPHU, KOUTO 0Bpa3mn ca OLuEeHEHO CyOEeKTUBHO OT
pPEeHTreHonor n O06eKTUBHO 4Ype3 CpaBHEHME Ha NNHEeWHW Npodunn Ha egHu U CbLun
obnactn ot mamorpadckute obpasun. B ToBa npoyyBaHe ca M3MNON3BaHU HAWIOH 3a
Xnesucrtarta TbkaH, Koxa 1 nesust n ABS kaTto matepmnan 3a MacTHaTa TbKaH.

Pesyntatute nokasear, 4ye HawnoH u ABS pobpe npenctaBAT xapakTepPUCTUKUTE Ha
nornblaHe Ha PEHTreHOBM bYW Ha >Kne3uctaTa M Ha MacTHaTa TbKaH, CbOTBETHO.
CpaBHeHMeTo Ha npodunuTe, B3eTU Npe3 CUMyNMpaHUTe nnaHapHu obpasn, nokassa
OTHOCUTENHO A06pPO CbBNAgEeHME C MakcuManHa pasnuka ot 15%. CpaBHEHMETO CbLLO
Taka nokasea, Yye npu mamorpadcknsa obpas Ha moaena ¢ maTepuanute, CTpykTypaTa Ha
nesusTa He e fobpe NnpeacTaBeHa B CpaBHeEHMe ¢ obpasa Ha Moena C peanHuTe TbhKaHu.
CnepoBaTenHo e HeobXxoAMMO AOMbIIHUTENHO M3cnegBaHe Mo OTHOLEHME Ha
mMaTepuana, noaxodsu, 3a npeacTaBsHE Ha PaauONIOTMYHUTE XapaKTEePUCTUMKM Ha
nesusTta.

ToBa un3cneaBaHe nokasBa e(EKTUBHOCTTA Ha MPeasIoKeHUs1 NOAXOA MO OTHOLUEHWE
HamMansBaHETO Ha pa3xoauTe 3a maTepuanu u Bpeme, CBbp3aHn C NPOM3BOACTBOTO Ha
aHTPONOMOPMHN paanonorMyHn aHToMm Ha rbpaa.
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Suitability of 3D printing materials
for printing anthropomorphic phantoms: A simulation study

The use of anthropomorphic phantoms finds an increased application in the last years:
from their use in virtual studies to assessment of new imaging technologies and
reconstruction algorithms. In general, the anthropomorphic breast phantoms may be
classified into computational and physical phantoms. The process of creating a physical
X-ray anthropomorphic phantom is lengthily, even with 3D printing technologies.
Traditionally, this is an iterative process that involves 3D printing with a given
material/materials, scanning at an X-ray facility and evaluating the results for suitability.
However, making use of software tools for virtual studies to assess the appropriateness
of a given 3D printing material for the physical production of X-ray anthropomorphic
phantoms can greatly reduce the time and costs involved.

The purpose of this study is to define whether the available low cost 3D printing materials
used with fused deposition modelling (FDM) printing technique, are suitable for the
production of a four component breast anthropomorphic phantom dedicated to X-ray
imaging studies. The study is entirely original and will result in a developed methodology
for studying different 3D printing materials, to be used with other 3D printing materials and
anthropomorphic phantoms.

A four component object consisting of segmentations of adipose, gland, skin and lesion
tissues was created from an MRI image set. The obtained segmentation data is then
combined into one three-dimensional object. Based on that object two matrices are
created with: a) a matrix with the elemental composition of the real breast tissues and b)
a matrix with the elemental composition of the 3D printing materials that are planned to
be used in printing the physical anthropomorphic breast model. These models are
identical, the difference is that the content of the voxels corresponding to the glandular
tissue from the first model is replaced by the elemental composition of the 3D printing
material that will be used to replicate the glandular tissue and saved in the second
computer model. Similarly for the other tissues. Then, an in-house developed software
was used to generate mammography images, which were subjected to both visual
assessment by radiologist and comparison of line profiles taken through the generated
planar mammography images. In this study we used nylon to represent the X-ray
properties of the gland, skin and lesion and acrylonitrile butadiene styrene to represent
the X-ray properties of the adipose tissue. These materials are suitable for 3D printing.

The results showed that these 3D materials well represent the X-ray absorption
characteristics of both glandular, adipose and skin tissues. The comparison of profiles,
taken across the simulated planar images shows a relatively good match with a maximum
difference of 15% between the line-integral images. The comparison also indicates that in
the projection image of the breast phantom with the 3D printed materials, the lesion
structure is not well represented. Therefore, further investigation on suitable materials for
representing the lesion characteristics is needed.

Through a simulation study of 3D materials and their comparison by means of subjective
and objective evaluation with the X-ray behaviour of real breast tissues, this approach
turns out to reduce the cost and time related to manufacturing of anthropomorphic X-ray
breast phantoms.
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MeTop 3a cb3pgaBaHe Ha hM3N4eCKM pagnuoniornyeH paHTom Ha rspAaa ¢
nomMoLyTa Ha MacTUINIeHOCTpyeH NpuHTep: NMpeaBapuTenHu pesynrtaTu

B Hawwm gHu TexHonornnte 3a 3D neyaT npegoctaBaT 4oOpn Bb3MOXHOCTM 3a Cb3jaBaHe
Ha oM3MYeckn aHTponomMopdHM daHToMU. HacToawoTo npeaBapuTesiHo npoy4vBaHe
n3crneaBa Bb3MOXHOCTTA 3a Cb3faBaHe Ha (puanmyeckn aHTpornomopdeH ¢aHToM Ha
rbpaa Cc NoMoLTa Ha MacTUNEHOCTPYEH NPUHTEP N OBUKHOBEHA OhUC XapTus.

B ToBa npoyyBaHe e u3nonssaH pa3TBop Ha kanueB noang (Kl) B gectunupaHa sBoga
nopagn HuUckata My LeEeHa, NecHO pasTBapsiHe W JIeCHO MNocTaBsHE B KaceTaTa Ha
npuHTepa. Taka Nosy4eHOTO MacTunNo MMa HeobxoouMMmMTe CBOMCTBA 3a 3aTMXBaHe Ha
PEHTFEHOBUTE bYW, MpU NPemMuUHaBaHeTO MM npe3 ¢aHTOM, u3nedataH C Hero.
CermeHTupaH cpe3 OT MarHUTHO-pe30oHaHCHa ToMorpadus Ha nauMeHTcka rbpaa e
oTnevyartaH BbpXy HAKOMKO Nnucta obrkHoBeHa oducHa xapTusa (80 g m™2) ¢ nomollTa Ha
HanMyHMa B TbproBckata Mpexa wmactuneHoctpyeH npuHTep HP  Officejet 5510.
MpuHTMpaLwaTa kaceTaTa € HanbJIHEHA C BOAEH pa3TBOp Ha kanues 1nog 600 mg Ha 1 ml,
KOSITO CMeC cred ToBa Ce CMecBa CbC CTaHOApPTHO MacTUio B CbOTHOLWeHue 1:1.
CerMeHTMpaHuAT cpes € oTnevaTaH B YeTupu komnnekTa (1-4), BCEKM OT KOUTO Ce CbCTOU
OT AeceT nucta xapTusa. NeTnaT KOMNNEeKT € CbBKYMHOCT OT BCUYKM YETUPU KOMMIIEKTA.
[ebennHaTta Ha xapTuaTa e 0,1 mm, gebenuHarta Ha komnnektn ot 1 o4 e 1 mm, a Ha
KOoMMnekT 5 e 4 mm.

lMnaHapHu n3obpaxkeHns OT BCEKM KOMMIEKT ca Nosly4eHn Ha peHTreHoBa ypeaba npu 40
kVp, 60 kVp n 80 kVp. OueHeHun ca napameTpuTe: MUHUMArHa, MakcMmarnHa u cpegHa
CTOMHOCT Ha cuBoTo. CybekTMBHaTa OUEHKa € WUu3BbplUeHa Bu3yarHO, [AoKaTo
obeKkTMBHaTa OLEHKAa € M3BbpLIEHA 4Ype3 CPaBHEHUE Ha U3YMCIIEHUTE CTOMHOCTM Ha
OTHOCUTESTHUA KOHTPACT.

CybeKkTMBHaTa OueHKa Mnokasa, Yye KOHTpacTbT Ha komnnektn 1, 2 n 3 3a cblute
HaCTPOMKM Ha aHOOQHOTO HanpexeHne € 6nmMcbk no cTorMHOCTU. KOHTpacTbT Ha
peHTreHoBus obpa3 Ha paHTOM 5, cb3gadeH yYpe3 nogpexgaHe Ha BCUMYKM OcTaHanm
KOMMMNEKTN, € Han-BMCOK B CpaBHEHME C APYrUTe KOMMMEKTU, JOKATO KOHTPacTbT Ha
Habop 4 e Han-HUCBK cpen KoMnnekTute. B nocnegHus crniydyam Bb3MOXHOTO 0BSICHEHNE
€, Ye KOMMMEKT 4 e nocnegHUaT oTneyaTtaH KOMMMEKT U BbPXY JIMCTOBETE € OTIIOXKEHO
no-mMarsnko Kofm4ecTBO Kanves noama.

ToBa npeaBapuTENHO NPOy4YBaHe Mokasa, Ye NPeanoXeHUSaT NoAxXo4 € noaxoasiy 3a
pa3paboTBaHETO Ha aHTPONOMOpPMHM un3myeckn ¢aHTOMM Ha MInedHa Xrnesa 3a
n3cnegBaHus C PEHTreHOBM Nbyu. 3a Cb3gaBaHETO UM He M3UCKBA creunann3npaHo
obopyaBaHe. [lo-HaTaTbLHO M3cnegBaHe € CBbP3aHO CbC Cb3daBaHETO Ha MbrleH
LXapTUeH" haHTOM 1 BanMampaHeTo My 3a NPUNOXEHUs ¢ gurMtanHarta mamorpadus.
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An approach for development of a physical breast phan-tom for X-ray imaging
using an inkjet printer: Preliminary results

Anthropomorphic physical body phantoms turn out to be a valuable tool for evaluation,
calibration and quality assurance of radiology equipment. Physical shape, composition
and radiological equivalency are essential requirements for these phantoms. Nowadays,
3D printing technologies provide vast possibilities for production of anthropomorphic
phantoms. Recently, simple printing on paper sheets was explored to produce realistic
phantoms that are less expensive and do not require a specialized equipment. The current
preliminary study evaluates the feasibility of an approach to create a physical
anthropomorphic breast phantom using a conventional inkjet printer and plain office paper.

Several X-ray contrast substances can be used as ink additives in order to achieve X-ray
attenuation. In this study, we use a solution of potassium iodide (KI) in distilled water due
to its low price, easy dissolution and easy insertion into the printer cartridge. A segmented
slice from a patient breast MRI was printed on several sets of plain office paper (80 g m-
2) using the commercially available inkjet printer HP Officejet 5510. The ink cartridge was
filled with aqueous solution of potassium iodine 600 mg per 1 ml and mixed with standard
ink in a ratio of 1:1. The segmented image was printed in four sets (1-4), each one
consisted of ten sheets of paper, while all of the sets were printed with a single cartridge
without refiling. Additionally, we created a fifth set by stacking the previous four sets. The
thickness of the paper was measured and confirmed to be 0.1 mm. The thickness of sets
1 to 4 was measured 1 mm, while set 5 was 4 mm thick in total.

Each set was x-rayed at 40 kVp, 60 kVp and 80 kVp. Regions of Interest (ROIs) were
assigned on the X-ray images to evaluate several parameters such as minimum,
maximum, and average grey value. Subjective evaluation was visually performed, while
objective evaluation was performed through a comparison of calculated values within a
given set and for the ROI between the different sets.

Subjectively, the contrast of sets 1, 2, and 3 for the same voltage settings appears similar.
The contrast of the X-ray image of phantom set 5, created by stacking all the other sets,
was highest compared to the other sets as expected, while the contrast of set 4 was the
lowest amongst the sets. In the latter case, a possible explanation is that set 4 was the
last printed set and eventually less quantity of the potassium iodine was deposited on the
sheets. When comparing the dynamic ranges in terms of values for each set and ROI, as
expected, the dynamic ranges for the ROIs of set 4 were less than the corresponding
ranges of the remaining sets, while the dynamic ranges of the ROls in set 5 were greater
than those of the remaining sets.

This preliminary study showed that the proposed approach is suitable for the development
of realistic physical breast phantoms for X-ray imaging research. Further work is related
to the creation of a complete “paper” phantom and its evaluation for use in mammography
imaging.
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CodTyepHO npunoxeHue 3a U3BNIMYAHE Ha onucaTenu oT MeAULMHCKM obpasu

Pa3paboTBaHeTo, KOHTPOMBLT U ONTUMU3NPAHETO Ha HOBWM MOAANHOCTM 3a MNosflyvyaBaHe
Ha peHTreHoBM 00pa3n Ha MreyHa Xnesa moraT ga ce Bb3Mnosi3aBaT OT KONMYecTBeHa
OLEHKa Ype3 M3BMUYaHe Ha onucaTtenu oT m3obpaxeHusTa. Llenta Ha Tasu Hay4dHo-
nscneposartericka pabota e ga ce paspabotu copTyepeH NHCTPYMEHT 3a U3BMNMYaHe Ha
XapaKTepucTmkM (onucatenu) oT MegULMHCKN obpasmn Ha MreyHa xnesa.

KbMm codTyepa ca 3anoxeHu cnegHuTe nsnckBaHus: (a) coptyepsbT Aa nputexasa Habop
OT MHCTPYMEHTUN 3a paboTa ¢ nnaHapHu u Tomorpadckm obpasu; (6) Tpsbea ga 6vaaT
BKMIOYEHN OOLIN XapakTepuCcTukm (onucatenu), geduHupaHn B nuTtepatypaTta, (B)
anroputMmuTe TpsibBa Aa 6baaT BanuaupaHu CpsiMO U3YUCIIEHUS C APYrn COPTyepHU
naketn un (r) (rpacpunyHmnaTt) notpebutenckm nHtepdenc Tpsidbea ga 6vae MHTYUTUBEH.
®yHKUMMTE 3a onucaTenu, KOUTO NOHACTOSILLEM Ca BKITOYeHM B codpTyepa ce nsnonssat
Han-4eCTO 3a aHanu3 Ha mamorpadcku obpasu u ca obobuieHn B criegHUTe rpynu: (a)
XucTtorpameH aHanus; (6) dopakraneH aHanus; (B) cnekTpaneH aHanus; (r) matpuua Ha
CbBMECTHOTO Bb3HMKBaHe Ha cuBoTo HMBO (GLCM - Grey level Co-occurrence matrix),
(o) maTpuua Ha pasnukuTe B HMBaTa Ha CMBOTO Ha cbcegHute nukcenu (NGTDM -
Neighbourhood grey tone difference matrix).

MHCTpyMeHTHLT € peanuampad Ha MATLAB. KogupaHeTo Ha BCUYKM XapaKTePUCTUKKU, C
U3KNYeHMe Ha (pakTanHua aHanua, aHanmMsa Ha ChnekTbpa Ha MOLWHOCTTa M
CTaTUCTUYECKUTE XapakKTEPUCTUKKN, € BannaupaHo no OTHOLUEHWE Ha JaHHUTE, HalUyHU
B AOKymeHTa Ha IBSI. KogmMpaHeTo Ha cTaTUCTUYECKUTE XapakKTEPUCTUKN € BanuampaHo
c 6bubnunotekata pyRadiomics, AokaToO aHanM3bT Ha ChNekTbpa Ha MOLWHOCTTa €
BanuampaH cnpsamo IDL kopga, nybnukyBaH OT rpynata Ha Xwunge bocmaHc ot
YHuBepcuteTa Ha JlboBeH.

MHCTpYMEHTBHT no3BonsiBa MNOMyaBTOMATUYHO M3BMMYaHe Ha o6nactm OT WHTepec,
naduncnsasaHe u obpabotka Ha o0WO 23 pas3nuMyHM onucaTens oT MfaHapHU W
ToMorpadpckm obpasun. [IBa cnyyas OT npakTukata unocTpupaTt noriesHocTTa Ha
pa3paboTeHnss codpTyep: (@) xapakTepUCTUKUTE Ha ABOMKa Mamorpadckm obpasu Ha
nsiBa MU AsiCHa rbpaa, nonydeHn c¢ mamorpadpcka ypeaba Siemens Inspiration ca
N34YMCNEHN N CPaABHEHM NOMEXAY U, U (6) BanuanpaHe Ha HOB U3NYECKM paanonornyeH
MOZEN Ha MIeYHa xres3a cnpsiMo pedepeHTHU CTOMHOCTM OT NauMEHTCKU Mamorpadckm
obpasau.

B nbpBOTO NpoyyBaHe C MHCTPYMEHTa ce oueHuxa 88 mamorpamu (nsiBa U gdcHa rbpaa
Ha BCeKM naumeHT, 2 x 44 obwo), n3bpaHn ga 6bOAT B KpaHWO-KaydaneH uarnesq, C
KomnpecupaHa gebenuHa Ha rbpgarta, Bapupawia ot 50 mm go 59 mm. Onucatenure,
na3sreyeHn ot 44 gsonkn mamorpadckm obpasu, nokassaT MHOro G6nmM3kuM pesyntaTw,
KOUTO pes3ynTaTM ca MHOro BaXHW pedepeHTHUM CTOMHOCTU 3a YCbBbLPLUEHCTBAHE Ha
MOZeNu Ha U3NYECKU TPbAHN (PaHTOMMU.

BTopuaT ekcnepuMeHT nokasa, 4Ye HOBO-NpearioXeHUAT pusndeckn paHTomMm Ha rbpaa
(baHTOMBT L2) m3rnexga no-Henogxosiw, OT OpUrMHaNHMUA (aHTOM, CbAbpXKall
nnekcurnacosu ccepun (L1). To3n ekcnepnmeHT Nokasea, Ye aHann3bT Ha onucartenuTe
MoXe Oa Obade MOLEH MHCTPYMEHT B npoueca Ha nopjobpsiBaHe Ha pusmyeckute
aHTomMKn. CopTyepbT ce pasnpocTpaHsaBa cBOOGOAHO.
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Radiomics software for breast imaging optimization and simulation studies

The development, control and optimisation of new X-ray breast imaging modalities could
benefit from a quantitative assessment of the resulting image textures. The aim of this
work was to develop a software tool for routine radiomics applications in breast imaging,
which will also be available upon request.

The following requirements were put forward: (i) the toolbox should address the whole
spectrum of 2D and 3D breast imaging techniques; (i) common features defined in the
literature should be included, (iii) the algorithms have to be validated, against
computations with other software packages, and (iv) the (graphical) user interface (GUI)
has to be intuitive, attractive and time-efficient for common applications. The features
currently included in the toolbox are often used for analysis of mammographic images as
reported in literature: (a) Histogram analysis — mean value, skewness, kurtosis, (b) Fractal
analysis; (c) Spectral analysis and power law; (d) Grey level Co-occurrence matrix
(GLCM) - GLCM Energy, GLCM Contrast, GLCM Correlation, GLCM Homogeneity, (e)
Neighbourhood grey tone difference matrix (NGTDM) - NGTDM Coarseness, NGTDM
Contrast, NGTDM Busyness, NGTDM Complexity, NGTDM Strength.

The tool was implemented in MATLAB. Most of the computations were preliminary
performed and tested in MATLAB. The coding of all features, except the fractal dimension,
the power spectrum analysis and the statistical features, was verified against the data
available in the IBSI document. The coding of the statistical features was validated versus
computations performed with the pyRadiomics library, while the power spectrum analysis
was validated by replicating experimental results using the IDL code published by the
group of Hilde Bosmans, Leuven Belgium.

The tool allows semi-automatic extracting of ROls, calculating and processing a total of
23 different metrics or features in 2D images and/or in 3D image volumes. Computations
of the features were successfully verified against computations with other software
packages performed with test images. Two case studies illustrate the applicability of the
tool — (i) features on a series of 2D ‘left’ and ‘rightt CC mammograms acquired on a
Siemens Inspiration system were computed and compared, and (ii) evaluation of the
suitability of newly proposed and developed breast phantoms for X-ray-based imaging
based on reference values from clinical mammography images.

In the first study, with the tool we assessed 88 mammography images (left and right CC
pairs of each patient, 2 x 44total) selected to be in cranio-caudal (CC) view, with
compressed breast thickness ranging from 50 mm to 59 mm. Measurements for features
extracted from the set of 44 pairs of mammograms of left and right breasts demonstrate
very close data. Obtained results could steer the further development of the physical
breast phantoms.

The second experiment showed that a newly proposed physical breast phantom (the L2
phantom) seemed inferior to the original sphere L1 phantom used for the texture analysis
characteristics. This experiment indicates that radiomics analysis may be powerful tool in
the process of improving the physical phantoms.

A new image analysis toolbox was realized and can now be used in a multitude of
radiomics applications, on both clinical and test images.
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10.17512/pjms.2021.23.1.09

YnpaBneHcKM npeausBMKaTenicTBa Npyu U3NbIHEHMETO Ha Hay4YHO-
uscriegoBaTesiCKu npoekTu no speme Ha COVID-19

Mmob6anHaTta naHgemusi, ob6aseHa ot C30 Ha 11 mapT 2020 r., n3BEAHBX U3NPaBN BCUYKM
PbKOBOAUTENN Ha MPOEKTM WU3NPaBEeHM Mped  HeovakBaHM Npean3BuKaTencTsea.
OrpaHnuntenHnte naHaemumyHn mepku nped 2020 r. Hanoxmxa NOBTOPHO MfaHWpaHe W
pa3cpoyBaHe Ha MHOIO TEKYLLM NPOEKTHU AENHOCTU. [1pn Te3n yCnosus pPbKOBOAUTENUTE Ha
NPOEKTU ca NPUHYAEHN Aa B3emMaT 6bp3n peLleHuns, pasnonaramkm ¢ HecurypHa nHgopmauus
N Henpeackasyemo obaelle.

Llenta Ha Ta3n pa3paboTka e fa ovepTae AENHOCTUTE MO ynpaBfieHne Ha pUcka, CBbp3aHu C
YCMELUHOTO M3NMbJIHEHNE HA Hay4YHO-U3CregoBaTEeNICKM NPOEKTU, KOUTO Ca CUITHO 3acerHatu
OT naHgemuyHata cutyaumsa. MeTtogonormsita BKOYBA CpPaBHUTENEH aHanmn3 Mexay
nnaHMpaHu n peanuavpaHn ENHOCTM MO TEKyLM Hay4yHM npoekTn. Bpeme, OogxeT n obxear
Ca OCHOBHWTE TPWU OrpaHNYEHNsI NP U3MBIIHEHNETO Ha BCEKM €OUH NPOEKT. AHanM3MpaHu ca
neT OCHOBHW Tpynn AEWHOCTU: ynpaBlieHMe, Hayka, obpasoBaHue, pasnpoCTpPaHeHue wu
NPOn3BOACTBO. YNPaBfEHCKATE OEMHOCTU Ce pas3fdensaT Ha: nnaHupaHe; paboTHU cpeLuw;
OTYEeTN; HaAbMAEHNE U KOHTpON. HayyHata AEWHOCT BKIOYBA: KOMMIOTLPHU CUMynauuu;
pa3paboTka Ha xapayep; M3MepBaHUS N EKCNEPUMEHTHN; TpaHCMEp 1 aHanu3 Ha pe3ynTaTuTe;
nposepka Ha pesyntatute. ObpasoBaTtenHuTe OEMHOCTU ca KnacuduumpaHm B cnegHute
Kateropum: Kypcose; yuyunuua 3a obyyeHue; mMobunHocT. [loBevyeTto OT AeMHOCTUTE Mo
pas3npoCTpaHeHNe Ha M3CneaoBaTENCKUTE NPOEKTU TPAAULMOHHO Ce M3BBbPLUBAT OHMNaMH n
MoraT pga ce o0606WwAaT kato: nybnukauuwn; KoHdepeHuun; Meguu;  OoneTUHW.
Mpon3BoACTBEHUTE AENHOCTM Ce pasfensaT Ha: 3akynyBaHe Ha obopyaBaHe; MOHTaX Ha
obopyaBaHe; pa3paboTBaHe Ha NPOLYKTU.

MpeactaBeHn ca pesyntaTuTe OT M3MNbIAHEHWETO HA NPeanoXeHUTe u3cnenoBaTencKu
AENHOCTM KaTo anTepHaTMBa Ha NnaHWpaHuTe MO BpeMe Ha nangemuata. Pesynrtaturte
nokasear, 4ye rnobanHarta M3BbHpPEAHa CUTyauusi MMa HaW-ronsiMo Bb3OENCTBUME BBLPXY
AENHOCTUTE NO NPOeKTa, CBbP3aHM C Hay4YH EKCNEPUMEHTHN, cneaBaHa OT paboTaTa B Mpexa
n MOBMNHOCTTa Ha YneHoBEeTe Ha npoekTa. EguHcTBeHaTa rpyna oT AeNHOCTU, U3NbhHMNA
uenuTe cn 6e3 OTKIOHeHWe BbB BpeMeTo, brogxeT n obxeat, ca ynpasreHCKUTe AenHOCTH,
KOUTO BKItOMBAT nnaHupaHe, paboTHW cpelum, oTyeTn, HabnwogeHne u KoHTpon. [okato
apyrm nybnvkyBaHu NpoyyBaHusl NPeacTaBAT KadeCTBEH U KONMYECTBEH aHanu3 Ha pucka,
AbiKalw, ce Ha naHgemusaTa, Tasun pas3paboTka npaBu Kpadka Hanpen, kato npegnara
nfaHMpaHe Ha NoaxXoAsLM OeNHOCTM Ha pucKa, Npoueaypu 3a ynpasrieHMe U AeNHOCTU 3a
eNMMUHUPaHE Ha sIBMEHUSTa, KOMTO Brxa NOBNUANM HEraTUBHO Ha U3NBIIHEHNETO Ha LenuTe
Ha nNpoekTa.

N36opbT Ha anTepHaTMBHa OenHOCT TpsibBa ga 6bae cbobpa3eH C OCHOBHaTa uen u
nocTuraHe Ha KparHuTe pe3ynTtaTu OT npoekTa. AKO € HeobBX0AMMO U YMECTHO, MOXe fa ce
N3BbPLUM NOBEYE OT e4HO AENCTBME, 3a Aa Ce 3aMEHM NNaHMpaHaTa AeNHOCT, cTura aa € B
pamMkuTe Ha BpemMeTo, obxBaTa M OGromKeTa Ha npoekta. PUHAHCMpawMTe opraHuM3aumm
TpsibBa fa ocuUrypsaT No-ronsima rBKaBOCT NPU onepaTUBHUTE pasxoau U NPEXBbPIISHETO HA
cpeacTBa OT edHa KaTeropus B Apyra, 3a Aa Nno3BOndAT Ha NPOEKTHUTE ekunu ga n3sbpLuBaT
anTtepHaTMBHM aenHocTu. [NpenBua nocnegHuTe oYakBaHus, Ye NaHgeMmUATa We NPOoAbIKU
Nno-AbNro, eKMNbT Bb3HaAMEpPsiBa a akTyanumanpa nNpoyyYBaHETO B Obaelle C HaTpynBaHETo
Ha noBeYe MHOPMaLUS 1 ONUT C TeYEeHNE Ha BPEMETO.
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Management challenges in implementing scientific projects
during COVID-19 pandemic

The global pandemic declared by the WHO on 11 March 2020 suddenly made all project
managers face unexpected challenges. Project managers have been urgently forced to
imply changes in order to carry out the planned projects’ activities. The restrictive
pandemic measures in 2020 have necessitated re-planning and rescheduling many
ongoing projects' activities. Under these conditions, project managers have been forced
to make rapid decisions, having uncertain information and an unpredictable future.

The aim of this work is to outline the management and risk management activities related
to the successful implementation of scientific projects, which have been severely affected
by the pandemic situation.

The methodology includes a comparative analysis between planned and implemented
activities on running scientific projects. Time, budget and scope are the main three
constraints of the project used in the assessment. Five main groups of activities are
analysed: Management, Scientific, Educational, Dissemination and Production.
Management activities are divided into the following: planning; work meetings; reports;
monitoring & control. The scientific activities include: computer simulations; hardware
development; measurements & experiments; transfer & analysis of results; verification of
results. The educational activities may be classified into the following categories: courses;
training schools; mobility. Most of the dissemination activities of the research projects are
traditionally carried out online. These are summarised as follows: publications;
conferences; media; newsletters. The production activities may be divided into the
following: purchase of equipment; installation of equipment; product development.

The results of the implementation of the proposed research activities are summarized as
an alternative to the planned ones during the pandemic. The results show that the Global
Emergency has the greatest impact on the project activities related to scientific
experiments, followed by networking and project members’ mobility. The only group of
activities that have fulfilled their goals without any deviation in time, budget and scope are
the management activities, which include planning, work meetings, reports, monitoring
and control. While published studies present qualitative and quantitative risk analysis due
to the pandemic, this work goes a step forward by suggesting risk response planning,
management procedures and activities to reduce threats to the project’s objectives.

The choice of an alternative activity should be in line with the main goal and achieve the
final project results. If necessary and appropriate, more than a single action may be
performed to replace the planned activity, as long as it is within the time, scope and budget
of the project. Funding organizations should provide more flexibility in operation costs and
funds transferring from one category to another in order to allow project teams to conduct
alternative activities. Given the latest expectations that the pandemic will last longer, the
team intends to update the study in the future with the accumulation of more information
and experience over time.
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Biological Engineering Conference EMBEC 2020, IFMBE Proceedings, 80, pp.
544-552. DOI: 10.1007/978-3-030-64610-3_62

EkcnepumeHTanHa Banupauusa Ha hnsnyvyeckn paHTOMM Ha MIeYHa Xnesa,
npeaHasHauveH 3a TectBaHe Ha 2D n 3D meTtoam 3a o6pa3Ha guarHocTuka

CbBpeMeHHUTE NPUNOXEHUS Ha aHTpPonomMopdHUTE haHToOMM B obpasHaTa guarHocTuka
BKNIOYBAT M3MOM3BAHETO UM B €XEOHEBHM KIMHUYHW 3adaun, KaTo OLEeHsiBaHe Ha
Ka4yecTBO Ha peHTreHoBMTe obpasu, OoueHka Ha Ao3aTta, ONTUMU3MPaHe Ha KIMHUYHU
npoTokonu. PeanucTMYyHO M TOYHO MNpeAcTaBsHE Ha aHTponoMopdHUTE aHTOMMU
03Ha4aBa, Ye Te3n haHTOMM UMUTMPAT BbHLUHATa hopma U/Unu BbTPELLHUTE CTPYKTYpW
Ha MoJenupaHaTa YoBellka TbkaH U opraHu. CBoicTBata Ha haHTOMUTE 3aBUCHAT OT
CBOWCTBATa Ha M3MNON3BaHNTE TbKaHHN 3aMeCTUTENMN.

AHTpONOMOpdHUTE (paHTOMK ca MOLENN Ha peariHn Unn BUPTYyariHM 4acTu Ha TAnoTo,
opraH Unu TbkaH, NpeaCcTaBeHn OT eKBUBASIEHTHM HA TbKaHW MaTepuanu, KOuTo umar 3a
uen ga ocurypaTt peanucTu4HO U TOYHO NpeacTaBsHe Ha TAXHaTa aHaTOMUS U CBOMCTBA.
LlenTa Ha TOBa npoy4yBaHe € [da Ce OUeHUM eKCNepuMEeHTanHO MpUrogHocTTa Ha
mMaTepuanute 3a 3D npuMHTUpaHe Npu cb3gaBaHeTo Ha husmyeckn paHTOMM Ha rbpaaTa,
BKIMIOYUTESTHO M TakMBa Ha fnesuun, KOMTOo a ce U3nonssaT npu onTMMU3aLMOHHN 3a4a4uu.
3a Tasn uen cbc codpTyepHOTO npwunoxenune BreastSimulator ca npoekTupaHu Tpu
KOMMIOTbPHM MOAESa Ha MfieyHa XJe3a, CbCTaBeHU OT KOXa, XKIe3ncTo AbpBO, MAaCTHU
obpasyBaHusa n nesumun. Koxarta e mogenupaHa kato nonyumnuHabp ¢ paguyc 50 mm um
BUcovnHa 43 mm. JbrmkuHaTa Ha Xkne3nctoto Abpeo e 40 mm, gokaTto AgnameTpuTe Ha
XIe3ncToTo AbPBO Bapupart OT 2 mm npu rpbAHOTO 3bPHO A0 0,2 mm B KpauLiaTta Ha
pasKfIOHEHUSITA Ha XNe3ncToTo AbpBo. MacTHMTe obpa3yBaHus ca Te3un, CerMeHTUpaHn
OT ekuna Ha npod. lNpeagpar bakny, YHuBepcuteT Ha [leHcuneanusa. ObemuTte Ha
obpasyBaHuATa ca Cb3gafdeHn 4pe3 pPbYHO CerMeHTUpaHe Ha MacTHM obemu oT
TOMOrpamMmm ¢ BUCOKa pasgenurenHa cnocobHocT. CermeHTMpaHmMTe MacTHU obpasyBaHus
ca 205, 6asupaHn Ha 619 Tomorpadckmn cpesa Ha ckaHupaHaTa rbpaa. Bnocneacteue
KOMMOHEHTUTE Ha Te3n paHToMmn ca 3D npuMHTUPaHM C NOMOLLTA Ha ABEe TEXHOMNOIMMM 3a
3D nevat un pasnuyHu maTepuanu 3a nedaT: PLA, ABS cuBa u npospayHa cmona.
M3nonseaHu ca kakto FDM, Taka n ctepeonntorpadcku TEXHUKK 3a neyat. dusmyeckute
haHTOMW Cca CKaHupaHM Ha Mamorpadcka ypenbdba, KoATO MO3BOMABa MiaHapHa
mamorpadgusa n 3D mamorpadus ¢ TOMOCUHTES.

O6pasunTe ca oueHeHn OT ONUTEH peHTreHonor. Pesyntatute nokasear, 4ye obpasute ot
TOMOCUHTE3 Ce XapakTepusanpaTt C no-g4obbp peann3bm B CPaBHEHME C MNIaHapHUTE
Mamorpadyckm obpasun. MNo-HaTtaTbluHaTa paboTa Bko4vBa NnogobpsiBaHe Ha KAa4eCcTBOTO
Ha 3D npuHTUMpaHe Ha TYMOPHU OOpasyBaHWA, KaKTO WM KONMMYECTBEHA OLEeHKa Ha
nosnly4YeHnTe pesynraTtu.
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Experimental evaluation of physical breast phantoms
for 2D and 3D breast X-ray imaging techniques

Today’s use of the anthropomorphic phantoms in Diagnostic Radiology is a routine part
of every Radiology Department, as well as research groups working in this field. They are
used in clinical daily tasks, such as image quality and dose evaluation, optimization of
clinical protocols, as well as in active research. Realistic and accurate presentation of
anthropomorphic phantoms means that these phantoms mimic the outer shape and/or the
internal structures of the modelled human tissue and organs. The properties of the
phantoms depend on the properties of used tissue substitutes.

Anthropomorphic phantoms are models of real or virtual parts of the body, organ or tissue,
represented by tissue-equivalent materials that aim to provide a realistic and accurate
representation of their anatomy and properties. The aim of this study is to evaluate
experimentally the suitability of 3D printed materials in the production of both, physical
breast phantoms and abnormalities, to be used in optimization tasks in breast imaging.

For this purpose, we designed three computational breast models, composed of skin, duct
tree, adipose compartments and lesions with the software application BreastSimulator.
The skin was modelled as a semi-cylinder with radius of 50 mm and a height of 43 mm.
The length of the glandular tree was 40 mm, while the diameters of the branches varies
from 2 mm at the nipple to 0.2 mm at the end of the branches. The adipose compartments
are those segmented by the team of Prof Predrag Bakic, University of Pennsylvania.
Compartments’ volumes were created by manual segmentation of adipose volumes from
3D reconstructed CT images from high-resolution tomographic images. The segmented
adipose compartments were 205, extracted from 619 reconstructed breast image slices
of the scanned breast. Subsequently, the components of these phantoms were printed by
using two 3D printing technologies and different printing materials: PLA, ABS Grey and
Clear resin. Both FDM and stereolithography printing techniques were used. The physical
phantoms were scanned at a mammography machine, which allows 2D and 3D
mammography (tomosynthesis) modes.

The images were evaluated from an experienced radiologist. The results showed that
tomosynthesis images are characterized with better realism compared to 2D
mammography images. Further work includes improvement in the printing quality of
tumour formations as well as quantitative evaluation of the obtained results.

13



JokymeHmu Ha 0oy. 0-p uHxc. KpucmuHa CmaHumupoea bausHakosa, MY-BapHa

[7-06 Bliznakova, K., Okkalidis, N., Dukov, N., Zikopoulos, S., Bliznakov, Z., 2020,
Application of 3D printed anthropomorphic phantoms for research and
educational purposes in digital radiology, 8" E-Health and Bioengineering
Conference EHB 2020, art. no. 9280163, DOI: 10.1109/EHB50910.2020.9280163

MpunoxeHune Ha 3D npuUHTUpPaHN aHTponomMmopdHU daHTOMU
3a uscnepoBaTericku 1 obpasoBartenHu uenu B Paguonorusita

B PagnonorusTta, TpumepHusaT (3D) nevaT ce nsnonsea 3a Cb3gaBaHETO Ha aHTPONOMOPHU
TbKaHHM MoAenu, nNpegHasHadYeHu 3a KOHTPOSN Ha KayeCTBOTO Ha PEHTreHOBUTE CUCTEMM,
ONTUMU3NPAHE Ha NPOTOKONW, NNAaHNPaHE Ha fieYeHne, KakTo 1 3a ePeKTMBHO 0byyYeHne Ha
peHTreHoBn NnabopaHTn U PEHTTEeHOMNO3MN.

Ta3sn paspaboTka e okycrMpaHa BbpXy M3n4ecKUTe pagnonornyHn gpaHtomm. dusnyeckmte
Mozenu ca 06eKkTn, NPoM3BeaeHN Ype3 TEXHMKA Ha OTNMBaHE Unn TexHnka Ha 3D npuHTUpaHe
C HULIKOBWM MaTepuanu, Taka 4Yye ga ce Npou3BedeHUAT pusnveckn mogen ga npurexasa
CBOWCTBA, BKIOYUTENHO U PEHTTEHOBM TakmBa, NOOOOHM Ha Te3nM Ha YOBELUKM TbKaHW.
[On3anHbT Ha aHTPONOMOPMHN PU3MYEeCKM MoAenu MOXe Aa Bapupa OT aHTPONOMOpPMHU
daHTOMW, HanpaBeHW OT €AMH XOMOreHeH MaTtepuar 40 MO-CrOXHU CTPYKTYPU, CbAbpKaLln
pasnuyHu getannu. Llenta Ha ToBa nscnenBaHe e Aa Nnpoyyun peanns3yemocTTa Ha Cb3aBaHe
n nanonssaHeTo Ha 3D aHTponoMoOpdHW MOLENV Ha YacTu OT rPbOHUSA KoL, rrasata u
MbPANTE KaKTO 3a U3crnegoBaTesniCcku, Taka u 3a obpasoBaTenHn JENHOCTH.

3a Tasum uen ca npoekTupaHu u npuHTUpaHm ¢ 3D npuHTEp TpuM nepcoHanuaMpaHn
aHTPONoMOpPMHN dhaHTOMa C NOMOLLTA Ha METOA, NPU KOUTO CEe KOHTPOSiMpa CKOpPOCTTa Ha
eKkcTpyaupaHe Ha HuwkaTa Ha 3D npuHTepa 3a mogenupaHe Ha pastoneHo otnaraHe (FDM)
B 3aBMCUMOCT OT XayHcdhung eguHmumte. Tasm TeXHONOrns 3arpsisa niacrmacoBaTa HuLLKa
[0 TouKkaTa M Ha TomeHe M MNOCTENEeHHO ce u3rpaxaa Mojena 4Ypes3 HaHacsiHe Ha Matepuana
cnown no crnon. 3D npuMHTEpPBLT, M3Non3BaH B ToBa uacnensaxe, e Multoo MT2-B ¢ o6em Ha 3D
nedat 500 mm x 500 mm x 600 mm, gokato asa E3D V6 Hotends ¢ gwo3u ¢ gnametsp 0,4
mm 1 0,6 mm ca n3non3BaHn KaTo cMcTeEMa 3a ekcTpyaupaHe. dunameHTbT OT NONUMIeYHa
kncennHa (PLA) n cmec ot 50% PLA n 50% rpaBumeTtpuyeH npaxoobpaseH Kambk ca
N3MNOS3BaHN 3a pensimkaums CbOTBETHO HA MEKUTE TbKaHW U KOCTHUTE TbkaHu. COBCTBEHO
COPTyepHO NpUNoXxeHue 3a KOHTPOS Ha npoueca Ha 3D neyart e paspaboteHo B MATLAB.
TpuTte aHTponomopdHn dbaHToMa ca 6asmpann Ha naumeHTckn KT gaHHW. Benykn haHTOMM
ca obnbyeHn ¢ paguorpadcka cuctema Canon Medical Systems npu pasnuyHu ycnosus:
aHOAHO HanpexeHue, Bapupallo B ananasoHa ot 40 go 120 kVp, aHOQEH TOK X BpeMe Ha
ekcnosvums - Bapupawio B pamkute Ha 0,1 go 12 mAs. OueHkaTta e m3BbplUueHa 4pe3
CpaBHSABaHe Ha 4o3aTa OT Pas3fMYHUTE EKCMO3MLMK, KOHTpACcTa Ha pasnUYHUTE CTPYKTYpU U
NPOUIHMUTE FIMHUN HA CUBUTE CTOMHOCTU, U3MEPEHUN OT Nofy4yeHnTe obpasu.

CpaBHeHMETO Ha peHTreHoBuTE OOpasn nokasBa, Ye KoraTto aHOAHOTO HanpexeHue W
BPEMETO Ha €eKCno3uuusa ce nogabpKaT MOCTOSIHHW, ce nocTura no-gobpo kavyecTBo Ha
obpasa C no-HUCbK aHogeH Tok. KoraTto ce u3nonssa MNO-BUMCOKO aHOOHO HarpexeHue,
KayeCTBOTO Ha peHTreHoBUTe obpasn ce Brolwasa B CpaBHeHUE C 0bpasuTe, NonyyeHn npm
MO-HUCKO aHOAHO HanpexeHue. [lo-BUCOK aHogeH TOK AaBa Mno-Aobbp KOHTpAcT Ha
aHTOMHUTE CTPYKTYpW, HO 3a CMeTKa Ha no-Bucoka pJosa. MsnonssaHeTto Ha
aHTPONOMOpHU (PaHTOMU € OTNNYHA BB3MOXHOCT 3a ONMTUMU3MpaHe Ha [os3aTta KaTo
dyHKUMA OT TMNa 1 pa3Mepa Ha TbKaHTa, KOSTO ce 06nbyBa.

ToBa npoy4yBaHe AeMOHCTpUpa Bb3MOXHOCTUTE HA aHTPONOMOPMHUTE PU3NYECKN MOogENU
Aa ce usnonasart npy obydyeHneTo M OBy4yeHMEeTO Ha pPEeHTreHOBM nabopaHT, KakTo u
Oboewma noTeHUman 3a MpoBeXOaHe Ha W3CcnegoBaTenckM npoydBaHus nopagm
Bb3MOXHOCTTA 32 HEOrPaHNYEHU EKCNO3nLNN.
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Application of 3D Printed Anthropomorphic Phantoms for Research
and Educational Purposes in Digital Radiology

Three-dimensional (3D) printing is nowadays a necessary tool in many medical
applications. In radiation medicine, this technology is exploited to manufacture
anthropomorphic tissue models dedicated to quality control of systems, protocol
optimization, treatment planning as well as to effectively train X-ray technicians and
radiologists.

This work is focused on the physical phantoms. Physical models are objects produced
using a molding technique or 3D printing technique with materials having X-ray images
similar to those of human tissues. The design of anthropomorphic physical models can
range from anthropomorphic phantoms made of single homogeneous material to more
complex structures containing a variety of details. The goal of this study is to investigate
the feasibility of manufacturing and using 3D anthropomorphic models of parts of the
chest, head and breast for both research and educational activities.

For this purpose, three personalized anthropomorphic phantoms were designed and
manufactured using a method that controls the filament extrusion rate of a Fused
Deposition Modelling (FDM) 3D printer, also known as Fused Filament Fabrication (FFF).
This technology heats a plastic fiber until its melting point and gradually builds the model
by applying material layer by layer. The 3D printer used in this study was Multoo MT2-B
with a printing volume of 500mm x 500mm x 600 mm, while two E3D V6 Hotends with
nozzles with diameter of 0.4 mm and 0.6 mm were used as an extrusion system. The
polylactic acid (PLA) filament and a mixture of 50% of PLA and 50% of gravimetric
powdered stone were used for the replication of the soft tissues and the bone tissues,
respectively. An in-house software application to control the printing process was
developed using MATLAB computer programing language. The three anthropomorphic
phantoms are based on patient CT data. All phantoms were scanned with Canon Medical
Systems radiography system at different imaging conditions: anode voltage varying within
the range from 40 to 120 kVp, anode current x exposure time product varying within 0.1
to 12 mAs. The evaluation was performed by comparing the dose of the different
exposures, contrast of the different structures, and the profile lines of grey values taken
from the images.

Comparison of the X-ray images shows that when the anode voltage and exposure time
are kept constant, better image quality is achieved with lower anode current. When higher
anode voltage is considered for imaging the breast phantom the quality of the X-ray
images is getting worse, compared to the images acquired at lower anode voltage.
Further, the image received with higher anode current has better contrast of the phantoms
structures, however this is achieved at the expense of higher dose. This case shows
again, that using anthropomorphic phantoms is an excellent opportunity for optimizing the
dose as a function of the tissue type and size that is irradiated.

This study demonstrated the possibilities of anthropomorphic physical models to be used
in training and education of X-ray technicians, as well as future potential for carrying out
research studies due to possibility for unlimited exposures.
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Pusnyeckn aHTponomMmopcpHu paguonornyHu paHToMmu Ha rbpaa:
HauyunHu 3a cb3paBaHe

OcHoBHaTa (PyHKUMA HaA paguorornyHuTe uandeckn GaHToMM € gda  uMmuTupar
pagnonorMyHoTO NoBeAEHWE Ha peariHuTe TbKaHW, KOrato ca MW3IOXEeHW Ha PEeHTreHOBU
nbyn. Taka Te moraTt Aa ce M3non3BaTt B eKCepuMeHTanHu TectoBe, BMECTO Aa BKMOYBaT
naumeHT N No TO3M Ha4YMH Aa CTMMynupaTt uscrnegBaHudTa u pasBuTMETO B obnactTa Ha
AnarHoctnyHaTta paguonorus. Llenta Ha ToBa npoyyBaHe € Aa U3nonssa Tpy TEXHOMOorMu 3a
cb3gaBaHe Ha PM3n4eckm (baHTOMM Ha MIeYyHa Xre3a U Ja OLEHU TEXHUS aHaTOMUYEH n
pagnonorMyeH peanv3bM Bb3 OCHOBA Ha MOMyYEeHUTE PEHTreHoBM npoekuun. XKeHckata
rbpAa ce CbCTOM OT XMe3ucTa TbKaH OT TybynoaneeonapeH Tun, CbeguMHUTENHa TbkaH n
APy BUOOBE He-XNne3ncTa TbKaH: NMMMA@HA, MacTHa TbKaH, KPbBOHOCHM CbAOBE M HEPBMW.
AHaToMMsiITa Ha rbpgata MOXe [a Cce MoAenupa npeumsHo, Kato ce u3nonssar
MaTeMaTU4eCKn MOLENnM Ha OTAENHUTE CTPYKTYypU Ha rbpaaTta, WM NauMeHTCKu
n3obpaxeHus. Bb3 ocHoBa Ha Te3n Mogenu, CblLecTByBaT TPM OCHOBHM noaxoda 3a
Cb3[aBaHeTO Ha (pu3Myeckn aHTponomMopgHu aHTOMM Ha rbpaa: (a) oTneyaTBaHe Ha
oTOernHuTe CTPYKTYpPU Ha rbpaaTa OTAENHo, nocrefBaHo oT crnobssaHe Ha Lenvs aHTomMm,
(6) oTnevaTBaHe Ha MoJena Ha rbpaaTa KaTo usano u (B) n3nonssaHe Ha MacTUNEHOCTPYeH
NPUHTEP N XapTUEH HOCUTEN.

MbpBMAT Noaxon (a) M3MCcKkBa HaNMMYMETO Ha KOMMKTbPHU MOLENN HA OTAENHUTE CTPYKTYPU:
KOXa, XXnesaucrta M MacTHa TbkaH, nesmn. Te morat ga ce reHepvpar 4Ype3 MaTteMaTuyecko
onMcaHne unu 4Ypes CEerMeHTMpaHe Ha NauMeHTCKM MeguumMHckn obpasun. Becekn mogenvpaH
KOMMOHEHT ce 3anucBa B pasnuyeH dgann n ce npeobpasysa B STL dopmat 3a 3D nevar.
N3nonaeaHn ca aBe TexHonormm 3a 3D nevat: ctepeonutorpadcka (SLA) cbc cmonm 3a
npeacTaBsiHE Ha KoXaTa, >Xfesuctata TbKaH M nesnun U MoaenupaHe ypes oTfiaraHe Ha
pasTtoneH matepuan (FDM) ¢ ABS Huwka 3a macTHMTE 0bpasyBaHus.

BTopusaT nogxopn (6) e cBbp3aH ¢ n3paboTBaHETO HA aHTPONOMOPMHN PU3nyeckn daHToMm
Bb3 OCHOBa Ha MeamuuHckm obpasm ot nauueHTckn DICOM dhannose 6e3 npunaraHe Ha
cermeHTMpaHe. MeToobT ce OCHOBaBa Ha XayHcung eguHuuuTe OT KOUTO 3aBUCU
CKOpOCTTa Ha ekcTpyaupaHe Ha PLA dwunameHTa, 3a ga ce nonydnm HeobxoammoTo
KONMMYeCTBO eKCTpyaupaH punameHT.

Tpetuat nogxop (B) € cBbp3aH ¢ n3paboTBaHETO Ha (PU3NYECKN aHTPONOMOPIHN PaHTOMM
Ha rbpaarta 4pe3 M3non3BaHe Ha XapTua 3a oUC neyaT U MaCTUNEHOCTPYEH MPUHTEP.
N3nonseaH e Kl, nHxekTnpaH B NpyHTEpHaTa KaceTa Ha MacTUNEHO-CTPYEH NPUHTEP.
Pesyntatnte nokassaTt, 4e TYMOPHUAT MOAEN Npu NbpBUSA noaxos (a) ce Bmxkaa aobpe Ha
PEHTreHoBU M300paxeHns Ha paHToMa 6e3 Boga. Toa obayve He e peanucTudeH paHTom,
Tbil KaTO Bb3AyXbT HE NPUHAANEXN KbM BMAOBETE rpbaHa TbkaH. Mankute kanuudukatm
n3rnexgaT MHOro peanuCcTU4YHKU, KOeTo npeanonara, Ye To3nM MOAEN MOXe Ada ce M3nonasa
yCrewHo 3a u3cnegsaHvss ¢ ABe eHepruun. [TbpBoHavanHata oueHka Ha ¢aHToma,
npoussegeH ¢ BTopus nogxond (6), nokassa paguoOrnorMyHO MpPaBUITHO NpeacTaBsAHe Ha
rpbAHUTE TbKaHW B OTrevyaTtaHus Moden Ha rbpaaTta. [Mo-HaTaTblWHO YCbBBbPLUEHCTBAHE €
HeobxoOuMMO 3a oOTnevyaTtBaHeTO Ha ne3nun Ha rbpagaTta. XapTueHuaT daHToM (B)
AEMOHCTpUpa peanucTU4eH B1a Ha xresucraTta TbKaH B Nory4eHus peHTreHoB obpas. Tosu
noaxod W3NCKBa MNpPOEKTUpaHe W peanusaums Ha kKanubpupall aHTOM 3a OueHka Ha
CBOMCTBaTa Ha CMeCTa, U3nofi3BaHa 3a oTrnedarBaHe Ha rbpauTe. HactodwmTte ycunusa ca
HaCOYEeHM KbM KONMYEeCTBEHA OLleHKa Ha n3crnenBaHNTe NOAXOAN.
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Physical Anthropomorphic Breast Phantoms for X-ray Imaging Techniques:
Manufacturing Approach

The purpose of physical anthropomorphic phantoms is to assist the development, the
optimization, the calibration and the quality evaluation of imaging equipment based on
novel or existing imaging techniques. In this way, they can be used in experimental tests
instead of involving real patients and thus pushing research and development in the field
of Diagnostic Radiology. The purpose of this study is to exploit three technologies for
manufacturing of 3D breast phantoms and assessed their anatomical and radiological
realism through specific X-ray imaging examinations.

The female breast consists of glandular tissue of the tubuloalveolar type, connective tissue
and other non-glandular tissue types: lymphatics, adipose tissue, blood vessels and
nerves. Breast anatomy may be modelled precisely using either mathematical models of
the breast structures or patient diagnostic images. Based on these computational models,
three main approaches are exploited in manufacturing physical anthropomorphic breast
phantoms: (a) printing the different breast structures separately, followed by assembling
the complete breast phantom, (b) printing the breast model as a whole and (c) paper-
based breast phantoms.

The first approach (a) requires the availability of computational models of the different
breast structures: breast shape and skin, glandular and adipose elements, as well as
breast lesions. These models can be generated either by a dedicated computer program
to produce mathematical breast models or by segmenting them from patient medical
images. Each component of the mathematical breast model is saved in a different file and
processed to STL format for 3D printing. Further, two 3D printing technologies were
exploited to print the elements of the breast model. Stereolithography (SLA) was used to
print the external shape, glandular tree and lesion, while fused deposition modelling (FDM)
with ABS filament was exploited for the adipose compartments.

The second approach (b) is related to fabrication of anthropomorphic physical phantoms
based on patient medical DICOM images without performing any internal segmentation
process. The phantom is produced by extruding estimated amounts of filament covering
the whole printing area for every layer. The method is based on reading the Hounsfield
Unit value from each pixel and based on this value, the PLA filament extrusion rate is
controlled to produce the required amount of extruded filament.

The third approach (c) is related to fabrication of physical anthropomorphic breast
phantoms by using office printing paper and a conventional inkjet printer. We used Kl that
was injected into the printer cartridge of our ink-jet printer.

Results showed that the tumour model in the first approach (a) is well seen in X-ray images
of the phantom without water. However, this is not realistic phantom, since air does not
belong to the breast tissue types. The small calcifications appear very realistic, suggesting
that this model may be used successfully for dual-energy studies. The initial evaluation of
the phantom produced with the second approach (b) shows correct representation of
breast tissues in the printed breast model. Further work is related to the development of
new methodology for printing breast lesions within these breast models as well as a new
methodology to decrease the effect of filling pattern on X-ray images. Finally, the paper-
based phantom (c) demonstrates realistic appearance of the glandular tissue on the
obtained radiography image. This approach requires the design and realization of
calibration phantom for assessment of the properties of the mixture used to print the
breast. Current efforts are focused on the detail quantitative comparison between the
investigated approaches.
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MHTerpupaHa coTyepHa cuctemMa 3a peructpupaHe Ha NauMeHTU C UHCYNT BbB
BapHeHcka obnacrt: NMpoekTupaHe n NbpBOHa4YarHa peanusauus

[Hec, EBponenckata Komucua mHBectMpa MHOro B Cb3faBaHETO M NOAObPXaHETO Ha
pPErmcTpM He camMoO Ha WMHMEKUMO3HW, HO U Ha XPOHMYHM 3abonsaABaHus, 3a Aa ocurypm
ePeKTUBHO YyrpaBrieHMe Ha Jfle4YeHMeTO Ha MaumMeHTUTe U MNpouecuTe 3a nraHupaHe W
yrnpaBneHne Ha pecypcute, HeobxoaumMm 3a NeYeHneTo Ha naumeHTuTe. [lokasaTencreo 3a
ToBa e OpoAT Ha KOHKypcuTe Ha EC, nybnnkyBaHu npes nocrnegH1Te ABe rogvMHu No nporpama
Xopu3soHT 2020 ,3aopaBe, aemorpadCckm NMPOMEHN U BNaroCbCTOSAHME®, KAKTO U ronemMusT
O6pon bmHaHcupaHu MalabHn npoekTn B Tasn obnact. [JokaTto OT BTOpaTa nonioBuHa Ha 20-
TM BeK B 3apaBHMTE cuctemm Ha 3anagHa Eepona, CALU, KaHaga wn AscTtpanua ca
WHBECTUPaHM MHOrO CpeacTBa B Tasn Nocoka, B bbrirapmna Bce oLle He ca NoSIoXKeHU yecunus
3a Cb3JaBaHe Ha HaUMOHANHW PErucTpy Ha Hamn-3HaudmmuTe 3abonsBaHWsA Ha Gbnrapcko
HaceneHve. EOVMHCTBEHUAT CbLECTBYBaAL, PEerucTbp Ha LWWMPOKOPasnpocTpaHeHa rpyna
XPOHUYHU 3abonsaBaHusa e HaumoHanHMsa pakoB permcTbp, cb3ganeH npes 1952 .

B Ta3n Hay4HO-u3cnegosartencka paboTta e npeanoxeHa MHOBaTMBHA NPOTOTUMHA CUCTEMA,
6asmpaHa Ha Windows, 3a Hy>auTe Ha perucTpmpaHe Ha naumeHTn ¢ MHCYNT BbB BapHeHcka
obnact. PeanuanpaHaTta cuctemMHa apxuTeKkTypa ce OCHOBaBa Ha 3BEe3[4eH MoAesl, CbCTosAL,
ce OT LeHTparneH OCHOBEH MOAYS, CbOTBETCTBALL, Ha OCHOBHWUA MaHes 3a 3anvc Ha AaHHK 3a
WHCyNTa 1 JoNbiAHUTENHM Moaynun. OCHOBHUTE XapaKTEPUCTUKM Ha Ta3n CMCTEMA BKIOYBAT:
OCHOBHa gemorpadcka MHdopmauma 3a naumeHTa, UCTtopust Ha 3abonsiBaHETo, CBbpP3aHa C
NPeavLLHN MHCYNTK, pe3ynTaTh OT NbpBOHAYaNHUTE Nperneau n n3cneaBaHnst Ha naumeHTa
1 OT NNaHupaHu nocrnensally npernean, 4aHHW 3a pUCKoBU (hakTopu 1 CbobLLeHNE 3a CMBPT.
3a cb3gaBaHeTo Ha codTyepeH wuHcTpymeHT STROKE Registry 3a cbbupaHe Ha
MHpopMaLms 3a NaUMEeHTUTE C UHCYNT ca NOCTaBEHW CreaHUTe U3UCKBaHWS: @ Hanuune Ha
cucTema 3a ngeHtTudukaumsa n aBTeHTnkaums; e Eanksbt ga 6bae 6bnrapcku; ¢ OpraHmsaums
Ha permcTbpa, No3BoNsBaLLA NpuUaraHETO Ha HOBU 3anvcy, U3TPUBAHE U akTyanusmpaHe Ha
onepauunTe 3a 3anMcu Ha UHCYNTK; ® IHTerpnpaHe Ha onumm 3a TbPCEHE N OTHETU U EKCMOPT
Ha fgaHHu B .XIs, .pdf chopmaTtn unn eksmsaneHT; e Busyanusauusa Ha Tabnuum; e Tun Ha
CbAbpXaHWETO B nonetata Ha perucrbpa: TekCT u rpaduka; e beanpobnemHa pabota ¢
yBernvyaBaHe Ha 6posi Ha permcTpupaHute cnyyam B 6asute gaHHW.

CodtyepbT e paspaboTeH Ha C#, a 3a 6a3n gaHHm e um3nona3eaH Microsoft SQL server
npunoxexHne Ha Visual Studio. lNMoTtpebutenute mmart notpebutencko mme v napona.
YyBCTBUTENHUTE NNYHKN AaHHM He ce cbbupat nogobHo Ha pernctbpa MONICA. OueHkaTa e
HepasgenHa 4acT OT pasBUMTMETO Ha cucTtemMarta, KaTo € Hal-Bede HacodyeHa KbM
dyHKUMOHANHOCTTa Ha cuctemaTa. [NpouenypuTte 3a TeCTBaHe BKOYBAXa BCUYKM YNeHOBE
Ha ekuna, KOMTO TecTBaxa cucTemMaTa 3a yCTaHOBSIBaHe Ha NPaBWUITHOTO N DYHKLUNOHUPAHE,
cnegeHe Ha npobnemu, cBbp3aHuW C ynpasrieHneTo Ha GasaTta fJaHHM M crabu mecTa B
copTyepHua naket. MHcCTanMpaHeTo Ha cuctemaTta BkNoyBa obydyeHue un obyyeHue Ha
nepcoHana Ha ekuna, Kakto n TexHmyecka nogapwvxka. STROKE Registry e npegHasHayeHa
3a M3Mon3BaHe M3KIYUTENHO OT YNEHOBETE Ha eKuna Ha MNpoeKkTa 3a u3cnenBaHe Ha
enngemuornoruaTa Ha 3abonsBaHeTo BbB BapHeHcka obnact. Tosa We cb3gage conuaeH
obemM OT AaHHM, 3a da MoraT enuaeMmonosnTe OT ekuna Aa umaT NpeanocTaBKkyM 3a
ocurypsiBaHe Ha afekBaTHa HaBpPEMEHHA rpuxa 3a naumeHTuTe ¢ Tean 3abonsasaHus.
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Integrated Software system for registering of patients with stroke in Varna
Region: Design and initial implementation

Nowadays, European Commission is investing a lot in the establishment and maintenance
of registers not only of infectious but also of chronic diseases in order to ensure effective
management of patient treatment and the processes for planning and managing the
resources needed to treat patients. A proof of evidence is the number of EU calls
published the last two years under the program Horizon 2020 “Health, demographic
change and wellbeing” as well as the high number of funded large scale projects in this
field. While a lot of funds have been invested in the health systems of Western Europe,
the USA, Canada and Australia since the second half of the 20th century, efforts have not
yet been made in Bulgaria to establish national registers of the most significant diseases
of the Bulgarian population. The only existing registry of a wide-spread group of chronic
diseases is the Bulgarian National Cancer Registry established in 1952.

In this work, a newly integrated, windows-based prototype system is proposed for the
needs of registering data of patients diagnosed with strokes in Varna region, Bulgaria. The
implemented system architecture is based on a star model, consisting of a central core
module, corresponding to the main stroke data record sheet and additional peripheral
units. The main features of this system include: basic demographic patient information,
disease history related to previous strokes, results from patient’'s exams and tests initial
and from scheduled follow ups, data for risk factors and death report.

The following requirements were settled down for the creation of a software tool, the
STROKE Reqgistry, for collection of information for stroke patients: e Availability of
identification and authentication system; e Choosing of the software language to be
Bulgarian; e Organization of the registry to allow new entries, deleting and update of stroke
records operations to be applied; e Integration of options for search and reports and data
export in .xls, .pdf formats or equivalent; e Visualization of tables; e Content type in the
registry’s fields: text and graphics; e The software must be able to ensure smooth
operation with increasing the number of registered cases in the databases (~ 1000 for
patients with primary stroke annually).

The software is developed under C#, while for databases we used Microsoft SQL server
application of Visual Studio. Users have a user ID and authentication is accomplished by
user’s password. Sensitive personal data are not collected similarly to MONICA registry.
The evaluation is an integral part of the system development. The scope is to ensure the
system functionality. Testing procedures involved all team members, who tested the
system to determine its proper functioning, monitoring of problems related to database
management and weak points in the software package. The installation of the system
included training and education of the team staff, as well as, technical support.

The current system is intended to be used exclusively by the project team members to
study the disease epidemiology and management effectiveness in Varna region. This will
create solid record volume in order epidemiologist from the team to have prerequisites for
providing adequate timely care for patients with these diseases.
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['7-09 di Franco, F., Sarno, A., Mettivier, G., Hernandez, A.M., Bliznakova, K., Boone,
J.M., Russo, P., 2020, GEANT4 Monte Carlo simulations for virtual clinical
trials in breast X-ray imaging: Proof of concept, Physica Medica, 74, pp. 133-
142, DOI: 10.1016/j.ejmp.2020.05.007

GEANT4 MoHTe Kapno cumynauum 3a BAPTyanHU KIIMHUYHU n3cneaBaHMA Ha
MeToAum 3a obpa3Ha AMarHocTuka Ha rbppaara: NoTBbpXxkAaaBaHe Ha KOHUenuuaTa

BuptyanHute knuHuyHn uanuteanua (BKW) ca in-silico cumynaumm Ha MeauuuHCKu
n3cnenBaHus, KOUTO M3MNON3BaT KOMMIOTbPHW MOAENM Ha NauueHTu U CUMynMpaHu
ycTponcTBa. Te ca npefHa3Ha4yeHu a reHepupaTt KINUHUYHO EKBUBANEHTHU JAaHHW, KaTo
ce npeogonssa NpobnemMbT C ronemMuTe BpeMeHa U pasxoam 3a U3nbiiIHEHWE Ha edHO
KNMUHWUYHO Mpoy4BaHe, Npu KoeTo e HeobxoaMMO BKMOYBaHe Ha nonyrnauusa naumMeHTu, a
OTTaM N BB3HWKBAHETO Ha €BEeHTyanHW eTu4HU npobnemm n pUcKoBe, CBbP3aHU C
NOHU3NpALLMTE ITbYEHNS.

B Tasn cratma e npencraseHa nnatdgopma 3a BKW, cneunanuampaHa pna reHepupa
peHTreHoBM Mamorpadpckm n Tomorpadpckn obpasn Ha mreyHa xnesa. lNnatgopmara 3a
BUPTYanH KIMHWYHW n3cneaBaHus nsnonssa cumynauum Ha Monte Kapno, 6asupaHu Ha
GEANT4 n koMnoTbpHN MOOENV Ha MieYvHa xnesa, Cb3gageHn OT NauneHTCcKkn obpasu,
XapakTepuaupallm ce C BUCOKa pasgenurernHa cnocobHocT. lNMaumeHTckuTe obpasn ca
HabaBeHW Ype3 CKaHMPaHUS Ha MIEYHM XKNEe3M Ha KEHW Ha cneumanmampaH KOMNITbPEH
TOMorpad, KOMTO € M MbPBUAT NPOTOTMN Ha ckeHep Ha rbpaa B UC Davis, CALL.
OcempeceT n oceM KOMMIOTbLPHU daHTOMa Ha MbpAa ca Ha pasnosioXKeHNe, KaTo BCUYKM
Te ca 6e3 nesun. CneunannsanpaHnTe CKEHepu Ha rbpaa Bb3Npou3BexgaT ¢ ronsma
pasgenuTenHa cnocobHOCT aHaTOMUATa Ha HekomnpecupaHaTa repaa. CkaHMpaHeTo Ha
TakbB TOMOrpad e peanusmpaHo 4pes 500 npoekunun, permctTpmpanmn Npu 3aBbpTBaHETO
Ha U3oLeHTpuYHaTa cuctema peHTreHoBa Tpbba — getektop B Kpbr oT 0 oo 360 rpagyca
okono obekta (rbpaaTta), npm 80 kV aHogHO HanpexeHue. [leTekTopbT € 6asupaH Ha
cumHTMnatop Varian Paxscan 4030CB petektop ¢ nnocbk naHen. 3D Tomorpadckute
obpasn ca pekoHcTpympaHu oT ekuna Ha UC Davis ¢ nomowta Ha anroputbma Ha
dengkamn B maTpuua 512 x 512 ¢ pasamep Ha Bokcerna B paBHuHaTa, Bapupauy ot 0,194
mm go 0,427 mm, n gebennHa Ha cpesa, Bapupawa mexay 0,191 mm wn 0,237 mm.
PaspaboTteH e anroputem Ha MATLAB 3a knacuduumpaHe Ha BOKCenuTe Ha nonyvyeHns
CKaHupaH ob6eM KaTo: Bb3ayX, MacTHa TbKaH, Xrne3ncTta TbkaH unu koxa. lNposegeHun ca
pa3nu4yHu in-silico nacneaBaHus, CBbp3aHu C reHepupaHe Ha nnaHapHu (Mamorpadgus)
Tomorpadckn (KT) obpasu npu pasnuyHn aHogHu Hanpexenusa ypesd Geant4 MC ver.
10.3. [MnaHapHuTe o06pa3nM OT KOMMKTbPHUTE MOAENM Ha rbpaa W TPUMEPHU
pasnpegeneHna Ha norbfHatata [03a B XKNe3uctaTa TbKaH ca reHepvpaHu 3a BCEKU
KOMMIOTbPEH MOoAen 4pe3 cumynaumsa Ha mamorpadcka ypegba mn KT, v cnep ToBa
CpaBHEHW.

HekomnpecnpaHn BOKCENM3NPaHU TFPbAHWU MOAENM ca MONyYeHM OT CErMeHTMpaHu
nauueHTckn obpasun. KomnpecupaHuTe BepcuM Ha OUTMTANHUTE MIEYHM XKnesu ca
reHepupaHu ¢ NOMOLLTa Ha anropuTbM 3a KomnpecupaHe. MoHTe Kapno cumynauusTa
“ma crnocobHoCTTa ga reHepupa u npocrneassa ~10° dpoToHa/cek ¢ moMoLLTa Ha CbPBbLP,
obopyaBaH ¢ 16 sapa un TaktoBa Yectota 3,0 GHz. BKM nnatdopmaTa we ce nsnonssa
3a ONTUMU3NPAHE Ha Ou3aliHa Ha CKeHepu, CPaBHEHME MeXAdy pasnUyHM OM3alHU Ha
CKEHEPU M MeXOy pasnu4yHM MOLAnHOCTM UMM MPOTOKONW 4Ype3 u3nons3BaHe Ha
KOMMNIOTbPHUTE MOAENU Ha MIedyHa >nesa, 6e3 HeobxoouMMOCT OT CKaHMpaHe Ha
AENCTBUTENHN NALMEHTU, KaKTO € NpU TPAaULMOHHNTE KITMHUYHU U3NUTBAHUS.
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GEANT4 Monte Carlo simulations for virtual clinical trials in breast X-ray imaging:
Proof of concept

Virtual clinical trials (VCT) are in-silico reproductions of medical examinations, which
adopt digital models of patients and simulated devices. They are intended to produce
clinically equivalent outcome data avoiding long execution times, ethical issues related to
radiation induced risks and huge costs related to real clinical trials with a patient
population.

In this work, we present a platform for VCT in 2D and 3D X-ray breast imaging. The VCT
platform uses Monte Carlo simulations based on the Geant4 toolkit and patient breast
models derived from a cohort of high resolution dedicated breast CT (BCT) volume data
sets. Eighty-eight digital breast phantoms were derived from clinical breast CT images of
healthy breasts acquired using the first prototype BCT scanner at UC Davis. These BCT
scans reproduce with moderately high spatial resolution the anatomy of the
uncompressed breast. The tomographic acquisition utilizes a rotating gantry that acquires
500 projections equally spaced over 360 angular range, at 80 kV. The detector is a
scintillator based Varian Paxscan 4030CB flat panel detector. The 3D volume datasets
were reconstructed by the UC Davis team using a variation of the Feldkamp FBP algorithm
into a 512 x 512 matrix with an in-plane voxel size ranging from 0.194 mm to 0.427 mm,
and slice thickness ranging between 0.191 mm and 0.237 mm. A Matlab routine (vers.
R2019a) was developed in order to classify voxels into the four main materials within the
scanner field of view: air, adipose tissue, fibroglandular tissue or skin. DM and BCT in-
silico examinations have been replicated via the Geant4 MC simulation toolkit ver. 10.3.
Projection images of the breast and three dimensional glandular dose maps are generated
for a given breast model, by simulating both 2D full-field digital mammography (DM) and
3D BCT examinations.

Uncompressed voxelized breast models were derived from segmented patient images.
Compressed versions of the digital breast phantoms for DM were generated using a
previously published digital compression algorithm. The Monte Carlo simulation
framework has the capability of generating and tracking ~105 photons/s using a server
equipped with 16-cores and 3.0 GHz clock speed. The VCT platform will provide a
framework for scanner design optimization, comparison between different scanner
designs and between different modalities or protocols on computational breast models,
without the need for scanning actual patients as in conventional clinical trials.
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MpoekTupaHe u peanuanpaHe Ha yeb-6asupaHa nnarcgopma 3a nognomaraHe Ha
Hay4YHU n3cnegBaHusl, CBbp3aHu ¢ oGpa3Ha AMarHocTMKa Ha MreYHaTa Xxnesa

B pamkute Ha EBponenckns npoekt  MAXIMA  (hitps:/maxima-eu.com/),
n3crnegoBaTenuTe OT KOHcopuuyma paspaboTmxa KOMNIOTbPHM MOLENM Ha TYMOPHM
obpasyBaHus, 6a3npaHn Ha MaTeEMATUYECKN ONMUCAHUS U CETMEHTUPAHM OT NaLMEHTCKU
obpasn. Te3an mogenu cera ce usnon3satr B obpasoBaTenHM MeponpuaTUS KaTo
esponerickns kypc EUTEMPE-NET (https://eutempe-net.eu/), kakto u B npoyyBaHus,
CBbp3aHn ¢ pa3paboTBaHETO U ONTUMMU3MPAHETO HA HOBW TEXHOSOMMWU 3@ CKPUHUHI Ha
MrievyHaTa xnesa. 3a peanuanpaHe Ha cyOeKkTMBHATa OLeHKa OT PEHTreHoro3uTe Ha
pes3yntatute OT Te3u MpoyyBaHWUs, € HeobGXOAMMO M3MON3BaHETO Ha chneumanuavpaH
coptyep. TakbB copTyep He e NybnnyHO AOCTbNEH U OBUKHOBEHO ce pa3paboTBa 3a
HY)XOUTE Ha eKkuna OT u3cnegoBaTenu KaTo BKMAYBaA rpaduyeH notpeduTencku
NHTEpPdENC C BB3MOXHOCTM 3a MOKa3BaHe Ha HSAKOMKO permoHa OT OLEHSBAHOTO
Mamorpag)cko nsobpaxeHue.

Taaun Hay4yHa cTaTud npeacTtass yeb-6asnpaHa nnatgopma, paspaboTeHa cneyunanHo 3a
peanuanpaHe Ha NPoyyYBaHWs 3a OLEHKa Ha Mamorpadckm n Tomorpadckn obpasm Ha
mMrneyHata xnesa. bekeHa paspabotkata e 6asmpaHa Ha ASP. NET u C#, pgokato
nHTepdencoT e peanusunpar nog HTML, CSS n JavaScript. lNpunoxeHneTo e narpageHo
¢ MVC apxutektypa. To3um apxXuUTEKTYpeH MOAEN pas3gens MNpUuroXeHMeTo Ha Tpwu
B3aMMOCBbpP3aHM KOMNOHEHTa — MoAen, usrnea n koHtponep. basata gaHHM cbabpxa
(a) peHTreHoBM 06pasu, (6) BbNpocK 3a oueHka 1 (B) pesyntaTu OT OLEHSABAHETO Ha BCEKU
notpebuten. B nocnegHua cnyyam pesyntatute ce ekcnopTtupaTt B excel dannose.
O6pasute ca ¢ pasmep 250 mm x 250 mm n npeacrtaensiBat obnactn ot MmamorpadCcku
obpasn. Te ca nonyyeHn 4pe3 MNpPoOM3BONHO u3OMpaHe Ha TakmBa obnactm ot
MamMorpammTe, KOUTO CbAbpXaT 34paBa TbKaH U TYMOPHA TbKaH 1 ca pasgeneHn B Tpu
KaTeropuun — (a) HopmanHu, (6) c neauun un (B) cumynmpanun. PeanHunte nsobpaxeHuns ca
NaumeHTCKN, MNonydeHn 4pe3 aurntanHa mamorpadusi, OoKaTo CcumynupaHuTe ca
Ccb3aaneHn cbe CoOPTyEepHOTO NpunoxeHue BreastSimulator, koeTo B3ema nNoa BHUMaHUe
N KOHKpPEeTHUSA mamorpad)Cku anapar.

lMnatcpopmata € npoekTupaHa C WUHTYMTUBEH rpadudeH uHTepdenc. Bbnpocute,
HeobxoayMu 3a OLLeHSBAHETO Ce BbBeXAaT OT noTpebuTtennte n ce cbxpaHssar B 6asaTa
AaHHU Ha npunoxeHuweTto. B cblwarta 6a3a gaHHW ce cbxpaHsaBaT M pesynratute oT
OLEHABAHETO M U3MOn3BaHUTe obractv OT MauUMEHTCKM U CUMYNMPaHW MaMOrpamu.
CobaobpxaHveto Ha 6asata gaHHM MoXe Ada ce akTyanusumpa. [NpoektupaHaTta yeb-
6a3unpaHa nnaTgopmMa e TecTBaHa B CneumanHo npoyysaHe 3a oueHKa Ha peanuiamMa Ha
reHepupaHuTe CUMynMpaHn mamorpadcku obpasm OT KOMMIOTbPHU MOAESNN Ha MIEYHHM
xnesun. NnatdopmaTa e oueHeHa OT PEHTIEeHON03M KaTo MHTYUTUBHA, flecHa 3a paboTa
n yoobHa 3a notpebutens B cpaBHEHWe C NpeaxofeH Noaxon, KOUTO BKIYBaA OTAeneH
wabnoH Ha power point presentation 3a oueHkaTa Ha Te3n obpasu. [natdopmarta we
ObOe [onMbfHUTENHO akTyanusvMpaHa W Wwe 6bae wu3nonssaHa B pyTMHHATA
nscnegosaterncka pabota Ha nabopatopudaTta, KakTo u wWe 6bae cnogeneHa c Apyru
n3cnenoBaTerncKku rpynu.
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Design and Implementation of a Web-Based Platform to Support Research
in X-Ray Breast Imaging

Within the frame of the EU project MAXIMA (https://maxima-eu.com/), scientists prepared
models of tumours, which were both mathematically modelled and segmented from
patient images. These models are now used in education activities such as the European
course as well as in feasibility studies related to development and optimization of new
breast imaging technologies. For subjective evaluation of results, a dedicated software
may be exploited. Such software is usually in-house developed by researchers and
includes a graphical user interface with possibilities to display several ROls from
mammography images for evaluation purposes.

This paper presents a web-based platform dedicated to evaluation studies in X-ray breast
imaging. The backend development is based on ASP. NET and C#, while the frontend is
implemented under HTML, CSS and JavaScript. The application is built with MVC
architecture. This architectural pattern separates the application into three interconnected
components — Model, View and Controller. The database is comprised of images,
evaluation questions and results from the evaluation of each user. In the later case, the
results are exported into excel files. The selected images are with a size of 250 x 250 mm
from digital mammography. The images are obtained by selecting regions of interest
(ROIs) with size of 250 mm x 250 mm from the mammograms, which contain healthy
tissue and tumour tissue and are separated in three categories — (i) healthy, (i) with
lesions and (iii) simulated. The real images are patient images acquired with a digital
mammography unit using common acquisition protocol, while the simulated images were
created with a dedicated software tool BreastSimulator, which takes into account the
specific mammography unit as well. Simulated images were generated for the geometry
acquisition similar to the Siemens Mammomat mammography unit at which the patient
images were obtained. The platform is designed to own simple and intuitive graphical
user-friendly interface. Questions to be evaluated are entered by the users and stored in
the application database. In the same database, two other features are kept as well: the
results of the evaluation and the regions of interest taken from patient and simulated
mammaography images. The content of the database is subject to modification, as well as
further addition of data.

The designed web-based platform was tested in a particular evaluation study, which
concerned the realism of the generated simulated mammograms from computational
breast models. The new approach in evaluating images was estimated to be more
convenient and faster compared to our previous experience. The platform was evaluated
by our radiologists as intuitive, easy to operate and user friendly compared to the previous
experience which was related to sending the images for evaluation and asked them to fill
a separate template for their evaluation. The system will be further updated and will be
exploited in the routine research work of the laboratory as well as will be shared with other
research groups.
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ApantupaHe Ha paguorpadckm meToa B TbMHO norne
OT MULLM KbM YoBeLKn 6an apo6: CumynaumMoHHO uscnenBaHe

CKOpOLUHM NPOYyYBaHMA BbPXYy MOAENM Ha MULLIKWM EMOHCTpMpAT NoTeHumana Ha peHTreHoBuTe
CHUMKM Ha 6sn gpob B TbmHO none (DF-dark field). AnBeonapHata MUKPOCTPYKTypa NpUYnHSBa
pasceriBaHe C ManbK brbfl, KOETO Ce BU3yanuanpa [obpe Ha pPEeHTreHOBUTE CHUMKMA B TbMHO
none. Janu DF nsobpaxeHusata pabotaT 3a YyoBelwkn 6enn opobose BCe OLLE HE € NPOYYEHO U
YCTAHOBEHO, TbWl KaTO YOBELUKATE anBeonu ca Mo-rofieMM U HacTPOMKUTE Ha anroputMu U
anapaTu 3a MULLK M300paXxeHns1 BEPOSTHO Lie TpsibBa ga 6baat agantupaHu.

Tasn paspaboTka n3cneasa noteHumana 3a npunoXmMMoCT Ha TEXHONOrMATa Ha TbMHOTO Mofe B
yoBeLkn 6enn gpoboee. KoHTpacTtwT Ha DF, nonyyeH ot mogenu Ha 6enun gpoboBe 3a MULLKK U
4yoBeK, € n3cneasaH ¢ NOMOLLTa Ha YMUCIEHN CUMYNaLMM Ha pa3npoCTPaHEHNE Ha PEHTreHOBUTe
BbJTHUM, MPU KOUTO cuMynauun 6enute apoboBe ca mogenvpaHn kato obem, NbneH cbe cepu.
M3nonaeaHu ca Tpu gmameTtbpa Ha ccepata: 39 um, 60 ym n 80 um 3a muwmn mogen n 200 pm,
300 pm u 400 ym 3a 4voBelwkn mogen. B cumynaunoHHWss mogen, peHTreHoBaTa BbflHA €
MozenvpaHa kaTo AByMepHa matpumua (X,y) OT CNOXHM BbITHOBU OYHKLMM U OLIEHEHA B Pa3fnyHn
nosvumm B cuctemata. B cumynauunoHHata nnatgopma, nrockarta BbfiHa B3aMMOAENCTBa MbpBO
c obekTa (T.e. benogpobHusa mogen) n pasosarta pelietka G1, nocneaBaHO OT pa3npoCcTpaHeHne
B CBOBOOHOTO npocTpaHcTBO A0 abcopbumoHHaTa pewetka Gz, KbOeTO (OCPeOHEeHUNAT)
WHTEH3UTET Ha MMKcena ce 3anucBa B AeTekTopa. YUpes guckpeTHO TpaHcnvpaHe Ha Gp, ce
nony4aBsa WHTEH3UTETa U ce Ccb3dasaT npoekuun. Ypes Pypue npeobpasoBaHue ce M3BnM4Ya
cpeaHuAT Mmoaen KaTto yHKUMs Ha nosmumsaTa Ha G2 (Xaz).

HacTtponknte Ha cuctemaTta, NpunoXeHu 3a MogenupaHe Ha peakuuaTa Ha 6enute gpobose Ha
MULLKK, Ca B3€TM OT NPOTOTUMN Ha UHTEPdEPOMETPUYEH CKEHEP, U3MOMN3BaH B €KCNEPUMEHTUN C
6ennte gpoboBe Ha MUKW, HacTponkuTe 3a cumynaumm Ha nsobpakeHus Ha 4voBellku 6enu
apoboBe, cbyeTaBaT W3MCKBAHWUSATA 3a MHTepEepoMEeTPUs M KOHBEHUMOHANeH PEeHTreH Ha
rPbAHMSA KOLW MO OTHOLWIEHWE Ha €Heprnst Ha PEeHTrTeHOBUTE NMbyYu U pasmep Ha nukcena. 3a
BanuamMpaHe Ha CUMMyNauvoHHMS MoAen, pes3yntaTute OoT cumynauuMuTe Ha MuUlkn Bsxa
CpaBHEHM C eKCMepUMEeHTanHM SaHHW, NonyyYeHn ¢ nomolita Ha npotoTunHata Gl HacTporika
(Carestream Health, CALl), wHcTanupaHa B n3cnegoBaTeniCKMa LEHTbP 3a Marnku >XMBOTHU
(MoSAIC, KU Leuven). DF curHanbT B CUMynupaHus MWLM MOAEN € B CbOTBETCTBME C
pe3yntaTtute oT ekcnepumeHTanHute DF gaHHu. Pe3syntatute nokasBaT CUNHO HamansiBaHe Ha
KoeduuneHTa Ha nuHenHa andysnsa nNpyv NpemMuHaBaHe OT MULLIM KbM YoBeLlkn 6enoapobHu
MoZenu. YCTaHOBEHO €, Ye CUMYNUPaHUAT NUHEEeH KoedUUMEHT Ha AMdy3us 3a cpeaHu
avameTpu Ha anseonute e (1,31£0,01).107" mm™, 120 nbTM no-ronsiM OT TO3M Ha YoBellKaTa
6enoapobHa TbkaH: (1,09+0,01).107" mm'. Bbnpeku ToBa, Tbil KATO YOBELLKUAT rPbOeH KoL €
0KOMo 15 MbTu NO-ronsaM OT TO3M Ha MULLIKUTE, oBLWMAT edbekT Ha DF B yoBewknTe 6enn apobose
ocTaBa 3HauuTeneH. Bbnpekn 4ye ToBa MoXe Aa ce ThIKyBa kaTo 3aryba Ha YyBCTBUTENHOCT Npwu
onuT 3a npunaraHe Ha DF obpas kbM YoBeLLkn 6enn gpobose, ToBa BCbLLHOCT € Aobpa HOBUHA.
AKO KOoeMUMEHTBT Ha NuMHenHa Audpysns Ha 4YoBewkaTa GenogpobHa TbkaH Gelle Tonkosa
ronisaiM, KOfkoTO To3u Ha 6enute gpobose Ha muwknte, DF KOHTpacTbT 6u Bmn HacuTeH camo
cnepq 2 cm 6enogpobHa ThkaH 1 61 61MNo HEBBL3MOXHO Aa ce pasrpaHuMyaT pasnuyHuTe obnactm
UNn naTonormyHn crtagmm Ha OGenua gpo6. CnegoBaTenHo ToBa Npoy4vBaHe npegnonara
npunoxmnmoctTa Ha DF oBpasuTe 3a yoBelwkn 6enn 4poboBe 1 Ye HAaCTOALMAT MHTEPEC KbM Tasmn
Tema e nobpe 0bocHOBaH.
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Translation from murine to human lung imaging using X-ray dark field
radiography: A simulation study

Recent studies on murine models have demonstrated the potential of dark field (DF) X-
ray imaging for lung diseases. The alveolar microstructure causes small angle scattering,
which is visualised in DF images. Whether DF imaging works for human lungs is not a
priori guaranteed as human alveoli are larger and system settings for murine imaging will
probably have to be adapted.

This work examines the potential of translating DF imaging to human lungs. The DF
contrast due to murine and human lung models was studied using numerical wave
propagation simulations, where the lungs were modelled as a volume filled with spheres.
Three sphere diameters were used: 39 um, 60 pm and 80 um for the murine model and
200 pm, 300 um and 400 um for the human model. In the simulation framework the X-ray
wave was modelled as a 2 dimensional grid (x,y) of complex wave functions and evaluated
throughout different positions in the system. As the DF signal depends on microscale
variations, fine sampling of the wave function is necessary. The index ‘s denotes the finely
sampled grid, without index refers to pixel sampling. In the simulation platform, a plane
wave interacts first with the object (i.e. the lung model) and the phase grating G+, followed
by propagation in free space to the attenuation grating G2, where the (averaged) pixel
intensity is recorded by the X-ray detector. By stepping Gz, the intensity pattern is sampled
and a stack of NGz projections is created. Via a fast Fourier transform, the average pattern
as a function of the position of G2 (xaz2) can be retrieved. The wave function at the detector
is given by:

Y (X Yor Xgo) = [F l{f{'ﬁn(xs:ys) -O(x,,y,) - Gl(KSaYs)} : ﬂd(us?vs) 'F{Pgauss.(iu (XSZ‘YS)}}]
: GQ(Xs:ys~X(;2)

System settings applied for murine lung response modelling were taken from a prototype
grating interferometry scanner used in murine lung experiments. The settings simulated
for human lung imaging simulations combine the requirements for grating interferometry
and conventional chest radiography in terms of X-ray energy and pixel size. To validate
the simulation model, the results from the murine simulations were compared to
experimental data acquired using the prototype Gl setup (Carestream Health, USA)
installed at the small animal research centre (MoSAIC, KU Leuven).

The DF signal in the simulated murine model was consistent with results from
experimental DF data. The results showed a strong decrease in the linear diffusion
coefficient when going from murine to human lung models. The simulated linear diffusion
coefficient for medium alveoli diameters was found to be (1.31£0.01).10™"" mm-", 120
times larger than those of human lung tissue ((1.09£0.01).10~"® mm'). However, as the
human thorax is typically a factor 15 times larger than that of murine animals, the overall
DF effect in human lungs remains substantial. While this could be interpreted as a loss of
sensitivity when trying to apply DF imaging to human lungs, this is in fact good news. If
the linear diffusion coefficient of human lung tissue were as large as that of murine lungs,
DF contrast would be saturated after just 2 cm of lung tissue and it would be impossible
to differentiate between different regions or pathological stages of the lung. This study
therefore suggests the applicability of DF imaging for human lung and that the current
interest in this topic is well founded.
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®dusmnyeckn paHTOM Ha MIieYHa Xrnes3a, npeaHa3Ha4yeH 3a Mamorpadcku
uscnenBaHus

M3cnegBaHna nokaesaT onNuTM 3a cb3fgaBaHe 4pe3 3D npuHTUpaHe Ha peanucTUyHU
PU3MYEeCKn aHTPOMOMOPPHMU (PAaHTOMW Ha MIieYyHa Xnesa, Cb3gageHu OT NauMEHTCKU
n3obpakeHnsa n matemMaTU4ecKkn onucaHnd. Tean pusnyeckn Mogenn ce U3nonasar u 3a
obpasoBaTenHn uUenu B KYpCOBe 3a eKcnepTu Mno MeguumHcKka (usnka, Kakto U B
o0y4yeHneTo Ha peHTreHoBuTe nabopaHTn. EgUH ocHoBeH Npobnem npu n3nonssaHe Ha
3D npuHTUpaHeTo e CBbp3aH C BCe OLLe rofieMuTe orpaHUYeHns, KOATO Hanara camaTta
TEXHOMOIMMs MO OTHOLLUEHME Pe3onioundaTa Ha u3nevataHus Mogen n marepuanure, ot
KOMTO MoraT fa ce cb3gagaT aHTpornoMopHN domsndeckn paHTomu.

Tasn HayyHa paspaboTka npeacTaBs anropuTbM 3a Cb3gaBaHe Ha aHTPOMNOMOPMHU
dun3MyeckM MOAENU Ha MIeYyHa Xres3a, npedHa3HayYeHn 3a W3NOoN3BaHEeTO MM B
eKCcnepuMeHTanHu uscnegBaHna C peHTreHoBu nbyu. PasrnegaH e npouechbT Ha
npoekTupaHe 3a Cb3daBaHETO Ha NpeactaBeHuss puandeckn ¢aHTOM M nogxon 3a
oueHsiBaHeTO My. KomBuHauma oT maTepuanu: npo3payHa cmorna, cmea cmona n PLA, n
MeTOAMN 3a NMpUHTMPaHE - MoLenupaHe 4Ypes oTnaraHe Ha pastoneH matepuan (FDM —
fused deposition modelling) n crepeonutorpadus, ce uanonssat 3a HUNYECKOTO
Cb3gaBaHe Ha (haHTOM Ha MnedvHaTta xrnes3a. Cb3gageHuaT aHTOM € BanuaupaH 3a
MamorpadgCckm MNpUNoXeHnsa, 4dpes uanonssaHe Ha cobctBeH cogptyep ([7-03) 3a
N3BNMYyaHe Ha onucartenun ot mamorpadckn obpasn. B getannu, cbagageHnat aHTom e
OLlEeHEH Ype3 13non3BaHe Ha ABa ceTa pPeHTreHoBM obpasun Ha (paHTOMa, KaTo BCEKU CeT
CbOTBETCTBA Ha EKCNEePUMEHT, HanpaBeH C ABe aHoLHM HanpexeHua: 22 kVp n 28 kVp.
Bcekn eguH ceT cbabpxa 10 mamorpadckm obpasu HanpaBeHu ¢ haHToMa Npu eaHn u
CblUM YCNoOBWA, C LEN HamansBaHe Ha kBaHToBMS Wym. OGpasute ca MNonyyYeHu C
aurutaneH mamorpadcku anapart Siemens, BKIOYBaALL PeLenTop ¢ pa3Mmep Ha nukcena
0,085 mm x 0,085 mm.

OueHkaTa e wu3BbpweEHa C BbTPEWHO pa3paboTeHo CoTyepHO MNPUMOXeHne,
npegHasHa4yeHo 3a W3BMMYAHE Ha XapakTepucTukm (onucatenn) OT PEHTrEeHOBU
n3obpaxenunsa (r7-03). BanuampaHeTo ce OCHOBaBa Ha CpaBHEHWE Ha UW3BMEYEHU
onucaTenu OT eKCnepuMeHTanHMTe M300paxxeHns 1 OT NauMeHTCKU MaMorpamm: CKIOHEC
(n3kpuBaBaHe), kurtosis (ekcuec), cdpaktaneH n yectoteH aHanu3, GLCMContrast u
GLCMEnergy. 3a nsuncneHusita Ha Te3un onucaTtenm € n3nonssaH pernmoH c pasmep 128
x 128 nukcena un 50% npunokpyBaHe Ha pervoHuTe. BCuukn permoHn ce reHepupar
aBTOMaTU4HO B 06nact oT Mamorpadckms obpas ¢ TbkaHM Ha MNievHaTa Xxnesa.

CpaBHEHNETO NMoKa3a CXOACTBO MEXAY XapaKTEPUCTUKUTE, U3BMEYEHM OT NaLMEHTCKUTE
n paHToMHM Mamorpadckn obpasun. OT M3cneaBaHUTE XapaKTEPUCTMKK, MOMyYEHN OT
ABarta ceTa obpasun Ha daHToMa, T.e. npu 22 kVp n 28 kVp, nsnonassaHeto Ha 28 kVp ¢
npeanoxeHnss (paHTOM CbCTaBeH OT XNEe3UCTO AbpPBO, OTNeYaTtaHo OT CuMBa CMONa;
MacTHa TbKaH, oTneYyaraHa oT npo3payHa cMosia u Koxa, otrnedataHa ot PLA - nokassaTt
6nn3ku pesynTtaTtu 3a onucaTenuTe 4O Te3n OT NaumeHTCKMTe Mmamorpadckn obpasu.
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Physical Breast Phantom Dedicated for Mammography Studies

Recent advanced research in the field of 3D printing materials and technology for printing
phantoms dedicated to X-ray breast imaging showed the attempts to produce realistic
anthropomorphic breast phantoms from patient images and computational breast models.
These are also used for educational purposes in courses for medical physics experts as
well as in the training of X-ray laboratory technicians. A major problem with the use of 3D
printing is related to the nowadays large limitations imposed by the technology itself in
terms of the resolution of the printed models and the few suitable 3D printing materials for
the production of anthropomorphic physical phantoms.

This paper presents a simple methodology for creation of anthropomorphic physical breast
phantoms dedicated for X-ray breast imaging. An overview of the design process used for
the creation of the presented phantom and evaluation approach is given. A combination
of materials (Clear resin, Gray resin and PLA) and printing methods (fused deposition
modelling and stereolithography) are used for the manufacturing of the breast phantom.
The phantom was subjected to an evaluation aiming at its suitability for studies with digital
mammography technique. In particular, the created phantom was evaluated by using two
sets of phantom images, taken using 22 kVp and 28 kVp, which are compared with real
mammograms. The images are acquired with a Siemens digital mammography unit
featuring a detector with a pixel size of 0.085 mm x 0.085 mm.

The evaluation has been carried out with an in-house developed tool dedicated for feature
extraction from X-ray images (I'7-03). The comparison of the images is based on extracted
statistical parameters — namely skewness, kurtosis, fractals, PSA, GLCMContrast and
GLCMEnergy. For the calculations of the features, we used regions of interest of size 128
128 pixels and 50% overlap of the regions. All regions are placed “inside” the projected
breast, excluding skin, muscle and background.

The conducted comparative evaluation the created physical phantom and the patient
mammograms shows similarity between features extracted from their mammography
images. From the studied features extracted from mammography images obtained from
the two phantom sets of images (taken at 22 kVp and 28 kVp), the use of 28 kVp with the
proposed phantom - glandular tree, printed from Gray resin; Adipose compartments,
printed from Clear resin and container, printed from PLA - showed close results to these
from patient mammography images.
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AHTponomopdeH hnsnyecku haHTOM Ha rbpaa 6asmpaH Ha NaLMEeHTCKN AaHHU OT
KOMMIOTbpPHa ToMmorpadusa Ha rbpaa: lNpeaBaputenHu pesynrtaTtu

OcHoBHO npegn3BnKaTesiCtBo Npun U3rotBAHeE Ha (*)I/I3I/I‘-I€CKI/I MoJerim Ha MJ1e4yHa XKresa
3a eKcnepmmMeHTarnHm nicrieaBaHna ¢ peHTreHoBu b4y € U3NoJsi3BaHeTo Ha noaxoaALlmn
MaTtepumarnun, ot KOUTO Aa obaoaT HarnpaBeHu pa3iiM4yHnTe TbKaHW Ha rpaaTa, ocobeHo B
TUNNMYHNA eHeprmeH anana3oH, n3noJyi3BaH B Mamorpacbmma.

B Tasu paspaboTka ce npeanara HOB noaxod 3a u3paboTBaHe Ha peaniMCTUYHWU MO
dopma, pasmep, U cnocobHOCT Aa NornbwaT peHTreHoBu Nbyun 3D usndeckn mogenu
Ha MreyHa xnesa. [logxoabT enMMUHMpPa HeobxoauMMOCTTa 3a CcerMeHTaumsa Ha
OoTAEenHUTe TbKaHW Ha rbpaaTta yYpes OUMPEKTHO MMUTUPaHe Ha paguo-NiabTHOCTTa Ha
BCEKW BOKCEN OT TOMOrpamu, nosiydeHun ¢ komnioTbpeH Tomorpad (KT). PaspaboTteH e
MeTOo[, KONTO NO3BOMsiBa U3MNOMN3BaHETO HA NPOMEHSIMBA CKOPOCT Ha eKCTpyaupaHe Ha
npuHTMpawaTta HuWKa 3a cb3gaBaHe Ha 3D daHTtomm ¢ 3D npuHTep, 6asuvpaH Ha
MoJenupaHe 4pes3 oTnaraHe Ha pastoneH maTtepuan (FDM). B ocHoBaTa Ha meToga e
n3umTaHe Ha XayHccuinng eamHmumTte oT Bceku nukcen oT obpasa B DICOM cganna, kato
B 3aBMCMMOCT OT CTOMHOCTTA Ha BOKCerla ce KOHTPOnMpa CKOPOCTTa Ha ekcTpyaupaHe Ha
HUWKaTa. Taka ce nosiydyaBa HeOOXOOMMOTO KONMMYECTBO EKCTpyAMpaHa HULIKa Ha
CbOTBeTHaTa no3vuma BbB (paHTOMa. ToBa MO3BOMSBaA Cb3daBaHETO Ha (PU3MYECKU
paHTOM caMO C efHa HuLWKa, T.e. pasnuUYHUTE BMOOBE TbKaHM BbB (paHTOMa ca
peanuanpaHn ¢ N3Non3BaHeTo Ha eAHa HULIKa, HO KONIMYECTBOTO Matepuarn, OTIIOXEH 3a
AafeHa TbkaH e pasnuyHo. 3D npuvHTEpPBT, U3NOM3BaH 3a Cb3gaBaHEeTO Ha (hmsnyeckns
daHTOM B Ta3um paspaboTka e mogen T-Rex 2, a HiWwkaTa e nonuMmneyHa kucenunHa (PLA).
3a M3TOYHMK Ha JaHHM € U3MNoN3BaH CeT OT nauMeHTCKn obpasn Ha efHa nauueHTka,
YNATO IbpAa € CKaHuMpaHa Ha crneunanuanpaH KOMMnTbpeH Tomorpad. dusmyeckuart
aHTOM e CcKaHupaH Ha KnuHuyeH KT n nonyyeHuTe ekcrnepuvMmeHTanHu ToMorpamum ca
CpaBHEHW C OpUrMHaNHUTE NauMeHTCKn Tomorpamu. PasmepbT Ha TomorpamuTe e 512 x
512 nukcena, a paamepsbT Ha nukcena 0,85 mm x 0,85 mm. AHogHoTO HanpexeHue e 70
kVp.

CpaBHEHMETO Ha TOMOrpamMu nokKa3Ba SsCHa nNpuUnIMKa Mexagy nauneHTckuTe u
eKcnepumMeHTanHm (aHToOMHM Tomorpamu. CpaBHEHMETO Ha pPasfMyHN  NIMHENHU
npocounu B3eTU npe3 Tomorpamute 4pes codtyepa Imaged nokasBa 3Ha4UTENHU
npunvkn mexay Tsx. [llokasaHo e, 4Ye PU3nNYeckUaT paHTOM TOYHO MoAenupa pasnuyHuTe
BMOOBE TbKaHW B rbpaTa U MOXe [a ce cyMTa 3a HEMHO peanucTUYHO NpeacTaBsHe.

O6eKkTMBHOTO BanuaupaHe Ha cb3gageHus aHToOM ce peanu3npa Ypes3 CpaBHEHWe Ha
64 xapakTepuCTUKM, U3BMNEYEHN OT BCEKM 0Opa3s 4pe3 M3Non3BaHEeTO Ha anroputbma
KAZE, pemoHcTpupanku obelaBawim pesyntatn. Pesyntatnte ot ToBa npoyyBaHe Lie
ce u3nonasaTt npu pa3paboTBaHETO Ha HOBM mandeckn cbaHTomm 3a KT Ha rbpaaTa u
no-cneunanHo npu onpegensiHe Ha Obaeuw, ekcnepuMeHTaneH CceTbn 3a To4Ha
nosmmeTtpua Ha KT Ha rbpaaTa.
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Anthropomorphic Physical Breast Phantom Based on Patient Breast CT Data:
Preliminary Results

Computational and physical anthropomorphic breast models have become a commonly
utilized tool used in research for new breast imaging techniques, such as breast
tomosynthesis, breast CT, and phase-contrast breast imaging. Related to physical breast
phantoms, a major challenge and requirement in the field of X-ray breast imaging is the
use of materials exhibiting similar X-ray absorption coefficients to those of breast tissue,
especially in the typical energy range used in mammography.

We propose a novel approach for the fabrication of realistic in shape, size as well as in X-
ray absorption properties 3D physical breast models. The approach eliminates the need
for segmentation of breast tissues by directly mimicking the radiodensity of each voxel in
a computed tomography (CT) image. This is done through a recently published study that
enables the use of variable filament extrusion rate when creating 3D phantoms with fused
deposition modelling printers. This is done by reading the Hounsfield Unit (HU) value for
each pixel in the DICOM image, and then controlling the filament extrusion rate to produce
the required amount of extruded filament in the respective position in the phantom. This
allowed us to fabricate the different types of tissues in the phantom more realistically in
terms of radiodensity. The FDM printer used to produce the phantom was model T-Rex 2
(Formbot, China) with printing dimensions 400 x 400 x 470 mm. The filament, polylactic
acid (PLA), was chosen due to its suitable printing characteristics and acceptable HU
range simulation. The filament was obtained from PrimaFilaments, Sweden.

The main source of data is the computed tomography (CT) scans of real patient breasts.
In particular, we use the CT image of a real patient’s breast to produce a model through
the suggested approach. We then validate the fabricated physical breast phantom by
obtaining a CT scan of it and comparing the latter to the original CT image of the source
patient’s breast. Computed tomography images of the fabricated physical phantom were
acquired with a Siemens unit featuring a detector with a resolution of 512 x 512 and pixel
size of 0.85 x 0.85 mm. The tube voltage was 70 kVp.

Side by side comparison of CT scan slices shows similarity between the original and the
phantom’s CT scan is clearly visible. We use the profile plotting functionality of Imaged to
visually verify the properties of the phantom. The function produces two-dimensional
graphs of pixel intensities (column averaged) along a set of lines from the image. The
column-wise similarities are visibly significant, which validates the phantom fabrication
procedure. In the context of computed tomography, the phantom accurately models the
various types of tissues present in the breast and may be considered to be a realistic
representation of the source patient breast.

In order to objectively verify the properties of the fabricated phantom numerically, we
extracted a vector of 64 features from each of the images through the use of KAZE, a 2D
feature detection and description algorithm in nonlinear scale spaces. We further
compared the feature vector from each image with all other feature vectors, using cosine
similarity as a metric. Our numerical verification and evaluation procedure, comparing the
KAZE feature vectors of the images, achieved promising results as well. Results of this
study will be further exploited in the development of a dedicated phantom for breast CT
studies and specifically in setting a future experimental setup for an accurate breast CT
dosimetry study.
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AﬂrOpMT'bM 3a Cb34aBaHe Ha (bI/I3VI‘IeCKI/I Moesin Ha Jie3uun 3a NpunoxeHus,
CBbp3aHuN Cc o6pa3Ha ANAarHoCTukKa Ha MIrie4yHaTta XKre3a

KomMmnoTbpHUTE 1 M3MYECKUTE MOAENM HA MIleYHaTa Xres3a ca Krnto4OBUM MHCTPYMEHTMH,
N3Non3BaHu Npu pa3paboTBaHETO M ONTUMMU3NPAHETO HA HOBU TEXHWUKWN 32 CKPUHWUHT Ha
rbpAaTa, HOBM peanucTUYHU TECTOBM 0BEKTU 3a OO3MMETPUS Ha rbpaarta, Kakto v npu
pa3paboTBaHETO Ha PEKOHCTPYKLMOHHU anropuTtMn n anroputMm 3a nogobpsisaHe Ha
n3obpaxenuneTo. Npun paspaboTBaHETO, TECTBAHETO U ONTUMU3NPAHETO HA HOBU METOAM
N TEXHWKN 3a CKPUMHUHI U OMArHOCTUKA Ha rbpAaTta 4YecTo ce pasuvMTa Ha BUpTyarHu
KNWHWYHKU n3cnensanus. Tesnm macneaBaHnsa obayvye M3McKBaT ronsiM 6pon peHTreHoBM
N306paxXeHns1 Ha MNEYHU Xnesu, CbabpXKawy peanucTUYHO NosiBsABaLLM ce NnaTosiormn.
ToBa npegnonara cb3gaBaHETO HA Bb3MOXXHO HaN-MHOIMO N Bb3MOXHO Han-peariucTUyYHu
dM3n4ECKM MOAENM Ha Ne3nn Ha rbpaara.

LlenTa Ha ToBa nscrneaBaHe e a ce cb3gaze anropuTbM 3a NPou3BeXxaaHe Ha pasnuyHn
un3MyYeckn Mogenu Ha Nne3nm Ha MIleyHa >xrnesa, ¢ nogpobHO onvcaHue Ha eTanuTe,
HeobXxoauMM 3a TAXHOTO pa3BuTue. B Tasn paspaboTka, U3TOYHWUK 3a MoAenupaHe Ha
KOMMIOTbPHM MOLENN Ha Ne3nn ca NauUEeHTCKM AaHHU U TakMBa, reHepupaHu 4pes
MaTtemaTuyecku anroputMmn. B nbpBMSA criydam ce M3nonsBaTt nauueHTCcku obpasu oT
TOMOCMHTE3 Ha rbpAa M KOMMTbpHA Tomorpadusi Ha mactektomun. [Npunara ce
cermMeHTaumsa Ha TYMOpHUTe obpasyBaHund B Te3n obpasn n cerMeHTUpaHuTe cpesoBe ce
nogpexaat B 3D matpuua. BbB BTOpUs cnyyam ce n3nosniasa MmatemaTmyeckm anroputbm
3a Cb3aBaHe Ha TyMOpHU obpasyBaHus C HenpaBuiHU opmu. ToBa ce M3BbpLUBA Ha
ABa eTana: e M3Mnon3BaHe Ha anropuTbMa Ha CrnyyYyanHUTE pasXxOAdKM 3a Cb3daBaHe Ha
NMbpBOHaYanHuTe Andy3noHHM POpMU, peanuampaHn unu 4Ype3 bpayHoBO ABmxeHue,
UnnM 4Ypes3 npoBnadBaHe A0 HaW-OMM3KMSA CbCEAEH BOKCEN, ® Cb3JaBaHe Ha CONMUAOHM
TYMOpPHU hopMu Ypes npunaraHe Ha 3D omnTbp n MopdosiorMyHu onepauuun. B getannu,
NbpBOHAYanHuUTe ANAQY3MOHHM MOOENUN ca M3rMageHW 4Ype3 npunaraHe Ha crnegHute
meToaun 3a obpaboTka Ha 3D nsobpaxeHus: ocpegHaBaHe, gunartauum, Mopdonorm4yHo
OTBapsiHe 1 3aTBapsiHe, NOcneaBaHO OT OKOHYAaTENHO narnaxagaHe.

CnepgBawimTte CTbNKM BKNoYBaT NpeobpasyBaHe Ha KOMMIOTbPHUS MOAEN Ha nesusata B
STL dopmart, konTo ce 3apexaa B codptyep 3a 3D neyat 1 noanexun Ha AonbrHUTENHA
nocrneasalla obpaboTka. ToBa MOXe Aa BKNOYBA UK U3rnaxgaHe Ha NoBbPXHOCTTa Ha
TYMOPHUSA MOAen, unu npeopasmepsBaHe. Cnea Tasun CTbrka, TYMOPHUTE 06pa3yBaHNs
ca npuHTMpaHu ¢ nomowta Ha 3D npuHTepa Creatr n coptyepHust nHCTpymeHT Simplify
3D. O6wo neT pasnuyHn TyMOpHM 00pa3syBaHMsa — YeTUPU MaTeEMaTUYECKN MOAeNNpaHn
Tymopa 1 eQuH, Nofny4eH OT CerMeHTUpaHn AaHHu Ha naumeHTa. Cb3gageHunTe nesum ca
noctaBeHn B ABa U3NYECKM TPbOHU aHTOMa, YUUTO MPUHTUPAHU KOMMOHEHTM
BKMOYBAT KOXa, >XMNEe3UCTO AbpPBO M MacTHa TbkaH. MartepuanbT, u3nons3eaH 3a
n3nbnHeHneTo nm e PLA. Te3an mogenu e ce uanonaeaT 3a pa3paboTBaHe Ha HOBWU
MeToaum 3a obpasHa gMarHOCTUKa Ha MrieyHara xnesa.
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An Approach for Printing Tissue-mimicking Abnormalities
Dedicated to Applications in Breast Imaging

Breast computational and physical models are key instruments used in the development
and optimization of new breast imaging techniques, new realistic test models for X-ray
breast dosimetry, as well as in development of reconstruction and image enhancing
algorithms. The development of new techniques for detection of breast cancer often relies
on virtual clinical trials. These trials however require vast number of X-ray images of the
breast containing realistically looking pathologies. Therefore, an important element of the
model is the realistic presentation of the lesion. For this purpose, as many as possible and
as realistic as possible physical models of breast lesions are needed.

The goal of this study is to create a methodology for manufacturing various breast
abnormalities, with a detail description of the stages needed for their development. The
procedure can be performed either with computational tumour models from patient data
or from computational tumour models from a mathematical algorithm. Computational
tumour models, based on patient data are from digital breast tomosynthesis and computed
tomography of breast mastectomy. The 3D computational models are created by
segmenting the tumour mass from the patient images and stacking the data into a 3D
matrix. The mathematical algorithm used to create tumour formations with irregular
shapes is carried out in two stages: (a) use of random walks for creation of the initial
diffusive shapes, realized by either a Brownian motion or by Nearest neighbour random
walks, (b) creation of a solid tumour shapes by applying a 3D filter and morphological
operations. In details, the initial diffusive models were smoothed by applying the following
3D image processing methods: averaging, dilations, morphological opening and closing
followed by final smoothing.

Besides the difference in obtaining the input data, the follow up steps are identical. These
steps involve processing the data from either the mathematical or the patient models to
STL files. The STL file for a given tumour model is then loaded in a 3D printing software,
where some additional post-processing can be performed. This can involve either
smoothing the surface of the tumour model or resizing. Smoothing of the tumour model
might be needed in the case where the 3D data are from patient data with poor resolution
for example.

After the lesions are transformed to STL format, they are printed using the aforementioned
LeapFrog 3D printing system which includes the Creatr 3D printer and Simplify 3D
software tool. A total of five different tumours — four mathematically modelled tumours and
one obtained from a segmented patient data. The created lesions were placed in two
physical breast phantoms, composed of the following printed components of the breast:
skin, breast tree and fatty tissue. The material used for their implementation was PLA.
These models are to be used for development of new breast cancer detection
technologies.
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7-15 Yanita Chernogorova, Turgay Kalinov, Nikolay Dukov, Kristina Bliznakova,
Alexander Zlatarov, Nikola Kolev, Zhivko Bliznakov, Transforming Scientific
Results into Educational Materials-Added Value of a Research Project, TEM
Journal, 11(1), pp. 120-124, ISSN 2217-8309, DOI: 10.18421/TEM111-14,
February 2022.

TpaHccdopmupaHe Ha pe3ynTaTuTe OT Hay4YHO-U3cnegoBaTernickata 4EAHOCT B
obGpas3oBaTenHM maTepuanu

MNpe3 nocrnegHWTe TOAMHM SICHO ce HabniogaBa TeHAEHUMS KbM  LUMPOKO
pasnpoCTpPaHeHNe Ha Hay4yHW pe3ynTath U MOCTUXKEHWUs 4pe3 crnodensHeTo UM nop
dopmata Ha o6pasoBatenHu Matepuanu. [lpunaraHeTo Ha pesyntaTute oOT
N3crneagoBaTenickute NPOeKTU B 0BYyYEHMETO U pasBUMTUETO HA 3HAHUSITA Ha CTYAEHTW,
MIaam uscrnenoBaTenu 1 y4eHn Hocu JobGaBeHa CTOMHOCT KbM pe3ynTaTuTe OT Hay4YHuUs!
MPOEKT.

Tasu paspaboTka nma 3a uen ga gonpuHece 3a rnodanHusa npouec Ha cBoboaeH AOCTLN
A0 Hay4YHW MaTepuann 4pes3 CrofeniiHe Ha onuTa Ha wuacnegoBaTernickaTta rpyna
.,MogennpaHe n cumynaumm B meguumHata“ ot MeamuuHckm yHuBepcuteT — BapHa B
cucTeMaTU3npaHeTo Ha pesynTaTtuTe OT TPU u3cnenoBaTernCku NpoekTa, NpeBpbLLaHEeTo
nM B obpasoBaTesiHM pecypcu U NPUNoXeHNeTo UM B MIHOBATUBHMN OBYYMTENHN KypCOBE.

HayyHute pesyntatm OT TpU Hay4yHO-U3CneoBaTesiCkKM NpoeKkTa, W3NbfHABaHM B
nepunoga 2012 — 2021 r., KOUTO ce OKasaxa LOCTaTb4yHO MHOBATUBHU M TOBA € NpuyMHa
Aa ce BbBegaT TpPU U3USANO HOBU OUCUMMNNNHW B y4eOHMA nnaH Ha CTyAeHTUTe no
MeguumHa n O6uwecTBeHO 3gpaBeonasBaHe B MeguumHcku yHuBepcuteT - BapHa.
[MpoekTnTe ca cBbp3aHn C pa3paboTBaHETO HA HOBU TEXHUKM 3a CKPUHUHI U MarHoCTuka
Ha MneyHaTa Xnesa M BbBexgaHeTo Ha pobotmampana xupyprus B YMBAJT ,CeeTta
MapuHa“ BapHa. OcHOBHUTE pe3yntaTu OT Te3u MNPOeKTU ca HOBU CcoPTyepHU
NPUNOXeHUs, HOBU XapAyepHu NPOTOTUMNN, HOBO TbProBcko obopyaBaHe, HOBM METOAM U
mMeTogornormn. Tasu paspaboTka 3acdara CTyAeHTU oT 6akanaBbpCKUTE U MaruCTbpCKU
nporpamun B MeguumHckn yHuBepcuteT — BapHa, nocewasaliy pasnnuyHm AUCLUNITUHN
kato: ,3D npuHTMpaHe B wMeauuuHaTa“, ,[lpunoxeH cuMmynauuoHeH codTyep B
3gpaseonasBaHeTo u ,BbBeaeHue B poboTusmpaHaTa xmpyprms“ 3a yyebHaTta 2020-2021
r. CTygeHTUTe ca BKNHOYEHU B nNpakTudecko obyyeHne c npoayktu n obopyasaHe,
pa3paboTeHn unn npugodbutn no Tesm HayyHu npoektu. o aHyapu 2022 obwo 78
CTYQEHTM ca B3enn yyacTue B Te3n QUCUUNIIMHM CbC CreaHoTo pasnpenenexune: 16 8 ,.3D
npuHTUpaHe B MeauuuHaTta®, 16 B llpunoxeH cumynauuoHeH codTyep B
3apaBeonasBaHeTo” n 46 B Kypca ,BbBeaeHne B poboTtusmnpaHata xupyprmus“. U tpute
ANCUMNNNHK Ca HOBOCBL34aAEHMN U ce npoBexaaT 3a NbpBu NbT npes yyedbHata 2020-
2021 .

Pesyntatute nokaseaT, Ye KOHCONUAMPAHETO U CUCTEMATM3MPAHETO Ha pe3ynTtaTuTe oT
Hay4HM NPOEKTU Ca U3TOYHUK HA MHOBATUBHM ODOy4MTenHM MaTtepuanu, Kouto (a) morat
Aa O6baat NoOBTOPHO u3nonssaHu; (6) moraTt ga 6baaT cnogeneHn M OOCTbMHU B
XpaHunuuwe ¢ oTBopeH pgoctbn. CBOGOOHMAT AOCTLM A0 HAY4YHM MOCTUXKEHUA €
avnroroguwHa uen Ha EBponencknaTt Cbo3 n Cbio3bT OTHOBO AEMOHCTpPMpPa TOBa Ype3
CbXMBSBAHETO Ha EBponenckoto wm3cnegoBaTesicko MNPOCTPaHCTBO KaTto Hoo
€BPOMNencko n3cnegoBaTencko NpPOCTPaHCTBO.
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Transforming Scientific Results into Educational Materials -
Added Value of a Research Project

In recent years, there has clearly been a trend towards widespread dissemination of
scientific results and achievements by sharing them in the form of educational materials.
The application of the results of a research project in the education and knowledge
development of students, young researchers and scientists, brings an added value to the
outcomes of the scientific project.

This work aims at contributing to the global process of free access to scientific materials
by sharing the experience of the research group “Modelling and simulations in Medicine”
from the Medical University of Varna in systematizing the results of three research
projects, their transformation into educational resources and their application in innovative
courses.

The scientific outputs of three research projects running in the period 2012 - 2021 were
sufficiently novel and this was a reason to introduce three completely new topics for the
students of Medicine and Public Health education in the Medical University of Varna. The
projects are related to the development of novel breast imaging techniques and the
introduction of robotic surgery at the University Hospital of Varna. The main outcomes of
these projects are new software applications, new in-house developed and commercial
equipment, new methods and methodologies. This work concerned BSc and MSc
students at the Medical University of Varna, involved in different disciplines: “3D printing
in Medicine”, “Applied simulation software in Healthcare” and “Introduction to Robotic
Surgery” for the academic year 2020-2021.

Students were involved in practical training using products and equipment, developed or
acquired under scientific projects. A total of 78 students participated in the disciplines, with
the following distribution: 16 in “3D printing in Medicine”, 16 in “Applied simulation software
in Healthcare” and 46 in “Introduction to Robotic Surgery”. All these three disciplines are
newly created and run for the first time in the academic 2020-2021.

The results showed that consolidation and systematization of project results are a source
of innovative training materials that (a) can be reused; (b) may be shared and accessible
in an open access repository. Free access to scientific achievements is a long-standing
goal of the EU, and the Union is once again demonstrating this through the revitalization
of the European Research Area as the New European Research Area.
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[7-16 Bliznakova, K., Mettivier, G., Russo, P., Buliev, |., 2016, Contrast detail
phantoms for X-ray phase-contrast mammography and tomography,
International Workshop on Breast Imaging IWDM 2016, (LNIP 9699), pp. 611-
617. DOI: 10.1007/978-3-319-41546-8_76

PuUsnyeckn moaenum Ha MreyHa xxrnesa 3a peHTreHoBa (pa30BO-KOHTpacTHa
mamorpacpus u Tomorpacus

¢a3OBO-KOHTpaCTHaTa Mamorpacbvm n TOMOFpa(bVIFI Ca HOBM anTepHaTMBM Ha MamorpacbcxaTa
TexHuka. PeHTreHoBaTa q’)a3OBO-KOHTpaCTHa TeXHWKa ce OCHOBaBa He CaMO Ha 3aTUXBAHETO Ha
PEHTreHoBUTE b4y, HO N Ha NPOMAHA HaA TAXHATa cbasa, KOEeTO € CBbp3aHO C ed)eKTVITe Ha
D,I/I(*)paKLI,I/IFI M npeyvynesaHe no BpemMe Ha pa3rnpoCTpaHEeHNETO UM B TbKaHTa.

Llenta Ha ToBa m3crieaBaHe e CBbp3aHa C MPOeKTUpaHeTo U PU3NYECKOTO Mpou3BeXaaHe Ha
m3nyeckn aHTOMM Ha MIeYHa knesa, NoaXoAsiluM 3a eKCrnepUMeEHTanHW M3cnefBaHusi c
PEHTIrEHOBM b4YM B abCOPOLMOHEH pPeXMM 1 B TakbB Ha pa3oB KOHTpacT. OT ocobeH MHTepec e
Aa ce u3cneaeBa BMOMMOCTTA Ha AeTalnyM C MarbK KOHTPAcT UM pasnuuyeH pasmep BbpXxy
n306paxeHnsi, Mony4YyeHn 4Ypes gurMtaneH mMamorpad M Ha CUXPOTPOHHA MHAPACTPYKTypa C
N3TOYHUK HAa MOHOXPOMATUYHO NbYEHME, NPU HACTPOWKN Ha ceTbna, NO3BOSISBaALLA NOSyYaBaHe
Ha peHTreHoBn obpasn B pexnm abcopbuMoHEH 1 ha3oB KOHTPACT.

3a Tasu uen ca mM3nonsBaHu TpuM PU3NYECKN (haHTOMa, HanpaBeHW OT napaduH C BrpageHu
pasnnyHN TECTOBM OBEKTM C HUCKA MITbTHOCT U CrefoBaTenHO HUCHK KOHTPAcCT: (a) XOMOreHeH
napaguHoB aHToM ¢ pasmepn 60 mm x 40 mm x 25 mm ¢ Tpu BOAHU cdhepn, NOCTaBEHN Ha
pasnnyHn BUCOYMHN BbB (haHToMa, (6) hbaHToM ¢ 12 HannoHOBK HULWLKK ¢ anameTpu mexay 0,08
mm un 0,4 mm, BrpageHu B napaduHoBa nnoya ¢ pasmepu 60 mm x 60 mm x 20 mm, n (B)
napadguHos ¢paHToM (60 mm x 60 mm x 28 mm), NbneH ¢ BogHu cepw.

PeHTreHOBM npoekumm Ha TpuTe dusndeckn caHtommn ca nonydeHn ¢ GE Senographe SD
avurutaneH mamorpad, BKIoYBaLly eTeKTop ¢ pasmep Ha nukcena 0,1 mm x 0,1 mm 1 HanbNHO
aBTOMaTM4yHa ekcnoauuusi. HanpexeHneTo Ha peHTreHoBata Tpbba e 28 kV (Mo/Rh). Tpute
aHTOMa CbLLO ca 06NbYeHM Ha CMHXPOTPOHHaTa nuHusa ID17 ESRF, MpeHoOBb, npu eHeprus
Ha peHTreHoBus nby oT 25 keV.

CpaBHeHneTo Ha 0b6pa3uTe nokasa, 4Ye Te3un, NofyvyeHn B peXxnm Ha as3oB KOHTPACT, CbAbpxaT
noseye BMAMMU geTannm oT obpasuTte, NonyyYeHn unm B pexmnm Ha abcopbumst Ha CUHXPOTPOHA,
Unu ¢ gurntanHua mamorpacd. AHanu3bT 3a O U Y npeanonara, Ye napadgpuHbT MoXe ga 6bae
noaxogsu, maTepuan 3amecTuTen 3a NpPou3BOACTBOTO HA MacTHaTa TbKaH 3a ()aHTOMWU,
npegHasHaveHn 3a NpunoXxeHnsa ¢ ha3oB KOHTPACT.

HabniogasaHo e, 4Ye Bcuykm obpasu ca Bu3yanHo cxogHn. CpaBHEHMETO Ha CbOTBETHUTE
nMHEeNHN npodmnn, B3eTU npe3 cpegHaTa cdepa, obade, nNokassa ycunBaHe Ha CurHana B
Kpauwata Ha Te3an cdepu npu obpa3ute, MOMy4eHM Ha CUHXPOTPOH B CpaBHEHME C
mMamorpadckms obpas, nonyveH Ha gurutanHua mamorpad. Nonaute oT a3oBO-KOHTPACTHUTE
edekTn ca B nogobpsiBaHETO Ha rpaHMLMTE MeXay pasnuyHuTe TbKkaHu. ETo 3awo ce BbBexaa
crneumdunyHa CTOMHOCT (KOHTpacT Ha pbba) u ce M3nNon3Ba 3a KONMYECTBEHO onpeaensHe Ha
edekTa.

Mpwn BTOPUS haHTOM 06pa3bT, NOMYyYEH B pEXNM ha30B-KOHTPACT, Ce XapakTepuampa C rofnsiMo
nogobpeHne Ha KOHTpacTa Ha HaWNOHOBUTE HULLKM B CPaBHEHWe C ABaTta obpasa, NnonyyeHu C
Opyrute aBa mMoganHocTu. 3a xeTeporeHHusi napadmHoB haHTOM, BUOAMMOCTTA Ha geTannure,
KOUTO CbabpXa CbOTBETHUS 0bpas, T.e. chpepute Ha BogHa OCHOBA, Ca MHOro nogobpeHu B
pexunm Ha ba3oB KOHTPACT B CpaBHEHME C 0Opa3nTe, NonyyYyeHn B abGCOpOLIMOHEH peXnM.

Pesyntatute we 6baaTt msnonssaHu npu paspaboTBaHETO Ha cneumanunsvpaH (usnyecku
¢aHTOM 3a nscnenBaHus ¢ ha3oB KOHTPACT.
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Contrast detail phantoms for X-ray phase-contrast mammography and
tomography

Phase-contrast (PhC) mammography and tomography are emerging alternative
approaches to the absorption based mammography, digital breast tomosynthesis and
breast computed tomography. Indeed, X-ray PhC imaging is a technique that is based not
only on X-ray attenuation but also on the X-ray phase change related to diffraction and
refraction effects during X-ray propagation in the tissue.

The aim of this investigation is related to the design and fabrication of suitable phantoms
for X-ray breast imaging in absorption and phase-contrast modes, and to their test in a
series of imaging studies with coherent monochromatic X-rays and with an incoherent
polychromatic source. Of particular interest is to investigate the visibility of low-contrast
details of different size on images obtained at conventional mammography unit, and at a
monochromatic synchrotron radiation source, in absorption based and phase contrast
imaging setups.

For this purpose, three physical phantoms made of paraffin as a bulk material with various
low contrast features were used: (a) a homogeneous paraffin phantom of size 60 mm x
40 mm x 25 mm with three water spheres placed at different heights, (b) a phantom with
12 nylon wires with diameters between 0.08 mm and 0.4 mm embedded in a paraffin slab
of size 60 mm x 60 mm x 20 mm, and (c) a paraffin phantom (60 mm x 60 mm x 28 mm)
filled with water spheres.

Images of the physical phantoms were acquired with a GE Senographe SD digital
mammography unit featuring a detector with a pixel size of 0.1 mm x 0.1 mm and fully
automatic exposure. The tube voltage was 28 kV (Mo/Rh), the source to detector distance
was 660 mm, while the incident exposure depended from the phantom thickness. The
three phantoms were also imaged at the ID17 ESRF, Grenoble, with energy of 25keV.

Comparison of images showed that images obtained in a phase-contrast mode have more
visible details than the images acquired either in absorption mode at the synchrotron or at
the conventional X-ray mammography unit. Analysis for & and p suggests that paraffin
may be a suitable material for the manufacturing of tissue-mimicking phantoms dedicated
to phase-contrast applications.

It was observed that the images acquired with the dedicated mammography unit and the
one acquired at the ID17 in absorption mode are similar in their visual appearance. The
evaluation of the corresponding profiles that were taken across the middle sphere,
however, shows signal enhancement at the edges of these spheres in the case of the
synchrotron beam compared to the conventional radiographic image. The benefits of the
PhC effects are obviously in enhancing the borders between the different tissues. That is
why a specific figure of merit is introduced (the edge contrast) and used to quantify the
impact.

For the second phantom it was observed that the image, acquired in a PhC mode is
characterized with great nylon wire contrast improvement compared to the two images,
obtained with other two modalities. All nylon wires were very well visualized. Finally, for
the heterogeneous paraffin phantom, the visibility of the features, i.e. the water based
spheres in the paraffin phantom and especially the edges are much improved in a PhC
mode compared to the images acquired in the absorption mode, which demonstrate
similar visual appearance. Results will be exploited in the development of a dedicated
phantom for phase contrast imaging.
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8-01 Sivo Daskalov, Kristina Bliznakova, 2021, Network-Constrained
Regularization in Computational Biology and Medicine, Scripta Scientifica
Medica, [S.l.], v. 53, n. 4, p. 31-38, Dec 2021, ISSN 1314-6408

MpachoBO ynpaBnsiBaHa perynapusauus B usumcnurenHara 6uonorus mn
MeAuLMHaTa

N3uncnutenHata Owuonorusi, pasnuuHUTe AMarHOCTUYHM O0Opas3HM  MOOanHOCTM,
KNWHWYHUTE pe3ynTaTh Ha NauMeHTUTE 4YeCcTo BKo4BaT paboTa C BUCOKO-pasMepHU
AaHHu (p >> n). PerpecnoHHuTe MeTogu C neHanuMsaums 4ecto Ce U3nonssBaT BbpXy
TakMBa OaHHUW, Tbi KATO Te MoraT Aa M3BbpLUBaT ePeKkTnBHO M3bop Ha onucartenu. NMo-
cneumanHo, perpecCMoHHUTE METOAN C NeHanM3aums CbLLO NO3BONSIBAT Aa ce moaenupar
BPb3KM MeXAy NPeaukTopu, KakTo YecTo Ce CriyyBa Npu aHanuM3MpaHe Ha onucatenute
AaHHKU. 3a cbXaneHue rofiiMoTo pasHoobpasune OT TakMBa MeToau B NnutTepaTyparta Boau
A0 3aTpyaHeHus npu n3dopa Ha Han-noaxoasaLmns 3a gageH Habop OT AaHHM.

ToBa nacnegBaHe € OKyCMpaHO BbPXYy pasfiMyHN PErpeCUOHHN METOAMN U NOTEHUMANHN
NPUNOXEHUA B N34ncnuTenHaTta éuonorna n MeguumnmHCK1TE nacneaBaHus. PasrnegaHu
ca crnegHuTe OCHOBHWM perpecnoHHn metogun: Ridge, Lasso, Elastic Net n Grace.
[1eMOHCTPUpPaAHO € TAXHOTO NPUIOXEHNE NpU pellaBaHe Ha NpobnemMmn B MeanUUHCKUTE
na3cnenBaHusl, KakTo U B eXXeiHEBHATA NpakTuUKa Ha Hay4YHO-n3cnegoBaTenckara rpynaTta
no MogenupaHe 1 cumynaumm B meamuunHaTta kbM MY — BapHa. PerpecuoHHuTe metoam
Osixa ycnewHo, M3MoNn3BaHW 3a OnpefensHe Ha XapakTepPUCTUKUTE Ha HanuyHuTe
mMaTtepuanu ¢ TexHonormite 3a 3D neyat. Bb3 ocHOBa Ha TaXx 6saxa npon3BeaeHn HOBU
un3MyYeckn MOAENM C NPUNOXEHUs B PeHTreHoBaTa AuarHoctuka. [lpunoxeHue Ha
rpadoBoO-ynpasnisiBaHaTa perynapusauma 3a onpeaensHe Ha Bpb3kaTta Mexay reHotuna
Ha nauMeHTa 1 NnekapcTBeHMst OTrOBOP € pasrfiegaHo B ctatudara.

Network-Constrained Regularization in Computational Biology and Medicine

Computational biology, diagnostic modalities, clinical patient results often involve working
with high-dimensional data (p >> n). Penalized regression methods are often used on
such data, as they can perform feature selection effectively. In particular, network
penalized approaches also allow to model relationships between predictors, as often
occurs when analyzing omics data. Unfortunately, the wide variety of such methods in
literature leads to difficulty in choosing the most suitable one for a given dataset.

This work focuses on a variety of regression methods and potential applications in
computational biology and medical research. The following basic regression methods are
briefly discussed: Ridge, Lasso, Elastic Net, and Grace. Their application in solving
problems in medical research as well as in everyday practice of the Modelling and
Simulation research group at Medical University of Varna is demonstrated. Regression
methods were successfully used to define the characteristics of the available materials
with 3D printing technologies. Based on these, novel physical models were manufactured
for X-ray imaging research use. Application of network-based regularization method was
reviewed to be suitable for defining the relation between patient’'s genotype and drug
response.
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calibration phantom for X-ray imaging studies, Scripta Scientifica Medica,
[S.L], v. 53, n. 1, p. 15-20, May 2021, ISSN 0582-3250 (Print), ISSN 1314-6408
(Online)

KaﬂMSPaUMOHeH cbusmecxw mMoagen, 633MpaH Ha MaCTUINEeHOCTPYEH NPpUHTEep 3a
ni3cneaBaHuA € peHTreHOBU Nb4u

3D aHTponoMopdHMTE MOOENN Ha YOBELUKM ThbKaHW Ce NpeBbpHaxa B OCHOBHO WM3MCKBaHe 3a
npoBexgaHe Ha BUPTyanHW KIVHWYHW M3cnedBaHusa. EAHO OT HacToswuTe HanpasBneHus B
nscneposarenckata paborta, BKMOYBaALLA PEHTIEHOBU NbYuM, € pa3paboTBaHETO Ha U3NYECKN
Mogenn Ha aHTponomopdHu mogenu ¢ 3D npuHTMpaHe. [pyn TasuM TexHuka ce uanonssar
crneundunyHn martepuanu, C Len noflydaBaHe Ha KOMMe Ha TbKaHUTE Ha YOBELUKOTO TAMO C
XapaKkTepucTMKKN, NoAOOHN Ha PaaMonorMyYHUTE XapakTepuUCTMKM Ha TbkaHuTe. Llenta Ha ToBa
nscneaBaHe e fa ce cb3gage KanubpauuvoHeH u3anyecku aHTOM, 4pe3 KOWTO ga ce
peanusupaT pasnnuyHn pU3MYecKn ModeNn Ha MneYHa xresa npy pasnnuyHn BXOOHU eHepruu.

duanyecknaT mMogen, npegHasHadveH 3a kannbpaumsi, ce CbCTon OT 22 KBagpaTHU obekTa un e
peanuavpaH ¢ noMoLlTa Ha MacTUNEHOCTPyeH NpuHTep. CmecTta 3a MacTMoTo NpeacTaensasa 5
ml npuHTEpHO MacTuno n 3 g kanuee rnogua (Kl), kato nony4yeHata cMec ce U3nosn3ea 3a MbJfHEHE
Ha KaceTaTa Ha MpuHTEpa W 3a oTneyaTBaHe Ha MoAena BbpXy OOBUKHOBEHa ouC XxapTus.
EkcnepumeHTanHuTe peHTreHoBu 06pasn Ha uU3Myecknst Mogen ca noslydeHn Ha peHTreHoBa
ypenba SEDECAL X PLUS LP+, npn aHogHo HanpexeHue u Tok oT 45 kVp n 125 mA. Ot
obpasunTe e n3umcneH KoepUMeHTbT Ha 3aTMXBaHe Ha NevyaTauwaTa CMec, KOMTO KOePULMNEHT e
CpaBHEH C KOoe(UUMEHTUTE Ha MacTHaTa W >Kneaucta TbKaHM OT MIeyHaTa nesa 3a
n3non3BaHaTa eHeprusi Ha PEHTreHOBOTO NTbYEHME.

®uanyecknat mogen bele otnedataH Ha gecet ouc nUcTa, U NOAPEOEHN eOUH BbpPXY ApYr.
MonyyeHnaT koedULMEHT Ha 3aTMXBaHe Ha nevartawata cmec 6e oueHeH NnogobeH Ha TO3u Ha
)Kresuctata TbKaH Ha MNeYHaTa Xnes3a 3a U3noni3aBaHata eHeprusi Ha PeHTreHOBOTO NMbYeHue.
MonyyeHaTa cmec, OT NpuHTEpHO MacTuno u Kl, e nogxogsuwia 3a npeacraBsaHe Ha XxnesucraTta
YacT Ha rpbgHaTta TbkaH. MeTogbT MMa NoTeHUMan Ada Ce W3Nof3Ba 3a Cb3gaBaHe Ha
aHTpornomMopdeH buranyeckn Moaen Ha MreYvHa xnesa.

Development of an inkjet calibration phantom for X-ray imaging studies

3D anthropomorphic models of human tissues have become a requirement for conducting realistic
virtual studies. One of the current directions in the research of X-ray imaging is the development
of physical models with 3D printing techniques using specific materials aiming to obtain replica of
the human body tissues with similar radiological characteristics. The aim of this study is to create
a calibration phantom for establishing the X-ray properties of different cartridge infills and their
suitability to represent the X-ray properties of different breast types.

A physical calibration model consisting of 22 objects was designed and printed by using an inkjet
printer. A mixture was obtained from 5 mL printer ink and 3 g of potassium iodide (KI), which was
used to fill the printer’s cartridge and to print the model on a set of plain office paper. Experimental
X-ray images of the physical model were acquired on radiographic system SEDECAL X PLUS
LP+. The obtained attenuation coefficient of the printing mixture was evaluated and compared to
the breast tissue coefficients corresponding to the used X-ray energy.

The physical model was printed on ten office sheets and stacked above one another. The obtained
attenuation coefficient of the printing mixture was found very similar to that of the glandular tissue
of the breast for the used X-ray energy. The obtained printer ink-KI mixture is suitable for
representing the glandular part of breast tissue. The method has the potential to be used for
creation of a realistic physical breast model.
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TpumepHU Moaenu Ha TYMOPHU o6pa3yBaHUs Ha MrieYHaTa Xxne3sa,
npeAHa3Ha4YeHU 3a U3cneaBaHNUA C PEHTFEHOBU NbYM

PakbT Ha Mne4vHaTa xnesa e Han-4ecTo ANarHOCTULMPAHUAT paK M BOAELLA NpUYMHa 3a
CMBPTHOCT, CBbp3aHa C paK Cpef XXeHuTe Nno ceeTa. Bbnpekn TeXHONOrMYHMSA Hanpeabk
N BbBEXAAHETO Ha AurMtanHata mamorpadusi, HauMoHanHUTe nNporpamMmm 3a CKPUHUHT,
CAD cuctemuTe B KNMHUYHATa PYTUHA, CKPUHUHIBT U OMArHOCTUMLMPaAHETO Ha pakoBM
obpasyBaHusa, ,CKpUTM“ B MNNAbTHUA NApeHXMM Ha rbpaarta, Bce oOule ocTaBa
npegusBukaTenHa 3agaya. 3a uenute Ha paspaboTBaHeTo, ONTUMU3UPAHETO MU
TECTBAHETO Ha HOBU METOAN N TEXHUKM 3@ CKPUHMHT 1 UArHOCTMKKN Ce U3MON3BaT LLUMPOKO
KakTo pn3n4ecku, Taka U mMaTemMaTU4eCcKM OnucaHus Ha TYMOpHU obpasyBaHus. Tasu
cTatva NpeacTaBs MeToauTe, M3MON3BaHW Mpu reHepupaHe Ha MOAENW Ha TYMOPHU
obpasyBaHMA Ha rbpAata M THAXHOTO M3MNON3BaHe B ONTUMM3ALMOHHM 3aJauu.
MogenunpaHeto Ha 3D nesunm Ha rbpgata BKNKYBA [Ba OCHOBHM noaxoaa: (a)
CEerMeHTMpaHe Ha ne3unm OT naumeHTCKn wun3obpaxeHusa wu (6) wm3nons3BaHe Ha
MaTeMaTuyecko moaenupaHe. TpuMepHN n3obpakeHns Ha MnevHaTa xnesa moraT Aa
6baat nonyyeHn 4vpes 3D Tomorpadus C TOMOCMHTE3a UM KOMMNIOTbPEH Tomorpaq,
cneuvManumsvMpaH 3a CKaHWpaHe Ha MnauMeHTCKa rbpha, KakTo M Ha MacTeKTOMUW,
CKaHUpaHW C KnNuHW4YeH Tomorpad. Te npeacTaBnsaBaT BXOAHW [OaHHW 3a MbpBUS
anroputbM, (a), 6asupaH Ha MeToda 4pes3 nposfadBaHe OO HaW-6MM3KMS CcbceeH
Bokcen. MaTtematmnyeckoto mogenupaHe (6) ce ocHoBaBa Ha reHepupaHeTo Ha 3D
NpPOM3BONHO TpacupaHe B NpeaBapuTenHo AeuHMpaHo NpocTpaHcTBO. PasrnegaHu ca
NPUNOXeHus, Kato Hanpumep paspaboTBaHe Ha Gas3a JaHHM C nes3uu, M3nons3saHe B
Npoy4BaHus 3a oNTUMU3NPaHe Ha NnapameTpuTe Ha MeToaa TOMOCUHTEe3. MogennpaHuTe
nesuu ot GasaTa AaHHM Ce OKa3BaT MHOro Mofes3Hu B creuvanuMsMpaHuTe KypcoBe 3a
oby4yeHne Ha ekcnepTy No MeanunHeka umsmka.

Three dimensional breast cancer models for X-ray imaging research

Breast cancer is by far the most frequently diagnosed cancer and the leading cause of
cancer-related death among women worldwide. Despite technological advances, such as
the digital mammography, the national screening programs, the introduction of the
computer-aided design systems in clinical routine, screening and diagnosing of cancers
hidden in breast dense parenchyma still remains a challenging task. The development,
optimization and testing of new methods make an extensive use of both physical and
computational cancer models. This invited paper addresses the methods used in
generation of models of the breast cancer and their use in emerging X-ray breast imaging.
Modelling of 3D breast lesions includes two basic approaches: (a) segmentation of breast
lesions from patient images and (b) using mathematical modelling. Three-dimensional
breast images may be obtained from breast tomosynthesis and breast cone beam CT
modalities, as well as, cadaver samples scanned at CT. These are input for the algorithm,
which is based on a region growing method for segmenting the breast lesions.
Mathematical modelling is based on the generation of 3D random walks in a predefined
space. Selected applications include database development, use in studies to optimize
the parameters of breast tomosynthesis and use in training activities. Modelled lesions
from the database have turned out to be very useful for training of the Medical Physics
Experts.
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MeTop 3a MoAgenupaHe Ha fie3nn Ha MJiedHa Xxre3a

PakbT Ha rbpgaTta e Ham-4ecTO CpeLLaHOTO XeTeporeHHO 3I0KayecTBeHO 3abonsiBaHe
npwv xxeHuTe. HoBUTE TEXHONOIMM Ca CBbP3aHu C BUPTYasnHu KNMHUYHW U3CneaBaHus, npu
KOUTO € HeoBX0AUMO HanmMymeTo Ha ronsm 6pon obpasn C peannucTUYHO M3rnexaalum
naTtonornyHn obpasyBaHWdA, KOETO npeanonara Bb3MOXHO HaW-peanucTudHn U
pasHoobpa3Hu modenu Ha nesuu. Llenta Ha ToBa u3cnegBaHe € ga cb3gane M oueHu
METO4 3a reHepupaHe Ha peanucTtuydHn 3D KOMMITLPHW MOLENM Ha TYMOPHMU
obpasyBaHusa c HenpaBunHa dopma. [peanoxeH e anroputbM, CbCTOSL, Ce OT ABe
OCHOBHU CTbMNKW: (a) cb3gaBaHe Ha Oudy3eH Tymop, peanusnpaH 4ype3 bpayHoBo
ABWKEHME, UNn Ypes nposrayBaHe 4o Han-6nm3kms cbeeneH Bokcen, (6) cb3agaBaHe Ha
conuaHa TymopHa ¢opma. PeHTreHoBM Npoekunm Ha KOMMKTbPHUTE MOAENN Ha Ne3unn
ca reHepupaHu Ypes n3nona3saHe Ha copTyepHoTo npunoxenme XRAYImagingSimulator.
PaspaboteH e ckpynt Ha MATLAB, ¢ KONTO peHTreHoBUTe MpPoeKkLMn Ha Cb3gadeHuTe
TYMOpPU Ce BMbKBAT B MauMEHTCKM mMamorpadpckum obpasun, xapakrepuavpawim ce 6e3
nesvn. PeannambT Ha Taka NonyyYeHnTe mamorpadCcku NPoeKkUmMn Ha MreyHaTa xrnesa e
OUEeHeH cybeKkTMBHO W O6eKTMBHO. Bbnpekn 4ve nomnyvyeHute npoekuum C TYMOPHMU
obpasyBaHusa uarnexgaTr peanucTtUyHO, KOMEHTapuTe Ha paguonosnTe ca CBbp3aHu
rmaBHO C NogoOpsiBaHE Ha KOHTpacTa Ha Ne3nnTe, KakTo M 3a U3rMaXKaaHe Ha TEXHUTE
KOHTYpu. OueHeHnTe O0BEKTMBHU NapamMeTpu ca B rpaHULMTE Ha CTOMHOCTUTE 3a Te3u
napamMmeTpwu, 4OoKnaaBaHu OT ApYrn nscnegosaTenu.

An approach of modelling of breast lesions

Breast cancer is the most common heterogeneous malignancy in women. Development
of new screening and detection systems relies on the virtual clinical research, which insist
availability of a large number of images with realistic looking pathologies. For this purpose,
as realistic as possible models of the breast lesions are needed. The goal of this study is
to create and evaluate a methodology for generation of realistic 3D computational models
of breast tumours with irregular shapes and import them into real mammographic images.
The methodology for the creation of breast masses with irregular shapes consists of two
major steps: (a) use of random walks to create the initial diffusive tumour shape, which is
realized by either a Brownian motion or by nearest neighbour random walks, (b) creating
of a solid tumour shape by applying a set of 3D filters, as well as morphological operations.
X-ray projection images of 3D breast lesions were generated by using an in-house
developed XRAYImagingSimulator software application, capable to simulate the X-ray
transport through the computational tumours. Anonymized planar and free of breast
abnormalities patient images obtained with Giotto Tomo IMS system, were used. By using
a MATLAB script, the projection images of the created tumour were mapped to the real
mammography images, which are free of lesions. The realism of the projected breast
masses on 2D projection images was evaluated both subjectively and quantitatively. While
the realism of the shapes on the image is quite promising, the comments were mainly to
improve the contrast appearance of the abnormality as well as to smooth the tumour
outlines. The evaluated objective parameters were well within the ranges of values for
these parameters, reported by other researchers.
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O6paboTka Ha TPMMEpPHU 06EKTU, CerMeHTUPaHN OT MeOULMHCKN 0Opasun

B Tasn paspaboTtka e npeactaBeH MeToq 3a nosiydaBaHe Ha pasnnyHuM TYMOPHM
obpasyBaHus, CErMeHTMpaHn OT MaUMEHTCKM MeauuMHCKM obpasn. 3a Tasu uen ca
N3NON3BaHM NaUWEHTHU AaHHW OT ABe OonHuuM — YHuBepcuTeTcka 6onHuua J1boBeH,
JlboBeH, benrns n YHuBepcutetcka 6onHuua ,AnekcaHgposcka“, Codus, bbnrapus.
KnuHnyHuTte gaHHM ca nog popmata Ha Tomorpadyckm obpasu, Nnosiy4eHn CbOTBETHO OT
Mamorpadgckute ypeabu Siemens Mammomat Inspiration n Giotto Tomo [IMS.
KnMHMYyHMTE OaHHM ca aHOHMMM3WPAHW, KaTO €AMHCTBEHO € 3anaseHa TexHuMYecka
WHdopmauusi, Heobxoamma 3a no-HaTaTbWHaTa obpaboTka Ha obpasute wu
nocrneasawuTe cumynaumu.

[MpunoxeH e MeTo 3a NOSTlyaBTOMATUYHO M3BMMYaHE Ha TYMOPHM 0bpa3syBaHnda OT Te3un
obpasn n npencraBsHETO UM KaTo BokcenHa 3D maTpuua. M3nonssaHu ca Habop ot
NoBTapsALWM ce MOPGONOrMYyHM onepauun BbPXY TPUMEPHUTE TYMOPHU MOOENN:
annatauusa u eposunst, Kato B pesynTtaT Ha ToBa ca nosiydeHn 30 HOBU pasnnyHU rpbaHU
nesunn. MsnonseaHn ca pasnuyHn CTPYKTYPHN eNeMeHTU: NMNHUA U OMaMaHT C pasfimyeH
pasmep npu MMNIEeMeHTMpaHeTo Ha Te3n onepauun. MNpunaraHeTo Ha MOPdONOrNYHM
onepaunn Bbpxy MbpBOHAYarHO cerMeHTupaHuTe obpasn Bogu A0 MoaudUuLMpaHe Ha
nocrnegHvTe U Cb3fgaBaHe Ha TYMOPHU MOAENN OT HOB BUA.

Processing of three-dimensional objects segmented from medical images

This paper presents a method for obtaining different tumour formations segmented from
real medical images. For this purpose, patient data from two hospitals are used - Leuven
University Hospital, Leuven, Belgium and Alexandrovska University Hospital, Sofia,
Bulgaria. Clinical data are in the form of tomographic images obtained from Siemens
Mammomat Inspiration and Giotto Tomo IMS machines, respectively. Clinical data are
anonymized, only technical information necessary for further image processing and
subsequent simulations is retained.

A method was applied to semi-automatically extract tumour formations from these images
and represent them as a voxel 3D matrix. A set of surface morphological operations on
the three-dimensional tumour models was used: dilation and erosion, resulting in a variety
of 30 novel breast lesions. Different structural elements are used: line and diamond of
different size in implementing these operations. The application of the morphological
operations is achieved on the segmented images, lead to modification of the latter and
create tumour models of a new kind.
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Cb3paBaHe Ha aHTponomopdHU hr3nyeckn haHTOMM Ha MNeYHa Xne3a,
npeaHasHayeHU 3a peHTreHOBU U3cneaBaHus

Tasn ctatna npeacraBs NbfieH anropuTbM 3a Cb3faBaHe Ha (PU3NYecKn aHTPONOMOpPKHN
MOZEeNN Ha MreyHa xrnesa ¢ TexHonorns 3a 3D nevart. [MbnHata nocrnepoBaTenHoCcT OT
aencteus obxesawa: (a) lMnaHupaHe — NpousBeXaaHeTo Ha AageH aHTOM OOMKHOBEHO €
NPOBOKMPAHO OT KOHKPETHa Hy)Xda M Bb3 OCHOBa Ha TOBa CTPyKTypaTa, CbCTaBbT Ha
daHTOMa, pasMepbT W pas3nUYHM  APYrM  XapakTepucTuku, KouTo Morat pda 6baar
MOZEeNnvpaHu, ca npegsapuTenHo onpegernenu; (6) KommnombpHO modenupaHe — OTHacs ce
A0 MoJenvpaHe Ha aHaToMudaTa Ha rbpgarta, hopmaTta u pasmepa 0, XNesnctoto AbpBo,
nurameHTuTe Ha Kynbp, nMMmdHaTa n KpbBOHOCHaTa cMcTema v apyrvm rpbaHu obpasyBaHus;
(B) PasdensiHe Ha mbkaHu — cermeHTauus Ha 3D obpasa, c¢ uen oTgensiHe camMo Ha
Xnesucrtata TbKaH U Koxa; (r) M3znaxdaHe Ha rnoebpxHOCMMa — 3a NpemMaxBaHe Ha
apTedakTuTe Ha BOKCeNusauuaTa; (4) ekcropmupaHe Ha noebpxHocmume Ha obekmume —
3D npuHTepute 0bukHoBEHO paboTaT ¢ dhannoBe, ONMCBALLM NMOBbLPXHOCTUTE Ha 0DeKTUTE,
KouTOo Wwe 6baaT oTtneyataHu (Hanp. .STL), cnegoBaTenHo BOKCENU3MPaHUAT OBeKT ce
npeobpasyBa B MOBBLPXHOCTU W BMOCNeACcTBME ce ekcnoptupa BbB dopmat .STL; (e)
lNosuyuoHupaHe u nodpexdaHe Ha Hocewama KOHCMPYKUUs — TOBa e npeaneyvyaTHa CTblka,
KOATO rapaHTuMpa npaBuiiHMS nevat Ha 4vactute Ha mogena. (k) 3D npuHTMpaHe —
AENCTBUTENHOTO NPUHTUPAHE Ha dhaHToMa; (3) PuHasiHa obpabomka — NOBBLPXHOCTUTE Cce
obpaboTBaT OOMBLITHUTENHO MEXaHW4YHO, 3a Ja Ce OTCTPaHAT HOCELLUTE KOHCTPYKUUK; (M)
Banudupa+He — npousBegeHnTe pmnanyeckn paHToMn ce TecTBaT B KOHKPETHU PEHTIEHOBU
npunoxeHns. [leMoHCTpupatr ce NpuMMepV OT HayYHO-U3CreAoBaTEesICKUTE MPOEKTM Ha
JNNaBopaTopusiTa No KOMMIOTBLPHU CMMyNauun B MeguumuHaTa.

Design and Fabrication of Anthropomorphic Phantoms for X-Ray Breast Imaging

This paper presents a complete procedure for manufacturing of realistic physical three-
dimensional phantoms with the available 3D printing technology. The complete sequence of
actions for manufacturing of physical breast phantoms for X-ray breast imaging consists of
the following basic steps: (a) Planning — manufacturing of a given phantom is usually provoked
by a specific need and based on that, phantom’s structure, composition, size, and different
other features, which can be modelled, are preliminary defined. (b) Computer modelling — it
refers the modelling of the breast anatomy, shape and size, breast duct system, Cooper
ligaments, lymphatic and blood system and other breast formations. (c) Tissue separation —
image segmentation applied to the 3D breast volume in order to separate only the glandular
and skin tissues; (d) Surface smoothing — to remove the voxelisation artefacts; (e) export of
the object surfaces — the 3D printers commonly work with files describing the surfaces of the
objects to be printed (e.g. .STL), therefore the voxelized object is converted to surfaces and
subsequently exported in .STL format, (f) Positioning and support structure arrangement —
this is a pre-printing step, which assures the correct printing of model parts. (g) 3D Printing —
the actual phantom formation. (h) Finishing — the surfaces are further mechanically processed
to remove the support structures. (i) Validation — the manufactured physical phantoms are
usually imaged at clinical X-ray conditions and the images compared to results from
corresponding virtual studies. Examples are demonstrated from recent work in the Laboratory
of Computer Simulations in Medicine.

41



JokymeHmu Ha 0oy. 0-p uHxc. KpucmuHa CmaHumupoea bausHakosa, MY-BapHa

8-07 Ts. Dikova, Dz. Dzhendov, K. Bliznakova, D. Ilvanov, D. Pavlova, Application of
3D printing in manufacturing of cast patterns, Proceedings of the 7t
International Metallurgical Congress, Metallurgy, Materials and Environment, 9-
12 June 2016, Ohrid, Republic of Macedonia, pp. 1-6, ISBN 978-9989-9571-8-5

MpunoxeHune Ha 3D NpUHTUpPaAHETO 3a MoAeNM Ha KOPOHKM B AAIGHTasNIHaTa npakTuka

W3cnepoBatenckata uen Ha Ta3u paspaboTka e [fa ce Hanpaswu nperneg Ha
NPUNOXeHNeTo Ha TexHonormnte 3a 3D npuHTMpaHe 3a NPou3BOACTBO HA MOAENWU Ha
KOPOHKW B [eHTanHata npaktuka. AOWTUMBHWUTE TEXHONOorMu ce XxapakrtepusupaTr C
narpaxgaHe Ha obekta ype3 gobaBsHe Ha maTepuana cnow no crnow. Te npegnaraT
peouua npegumcTea npen TpaguMUMOHHUTE METOAM: FeCeH, KOHTponvMpyem W
cpaBHUTENHO 6bpP3 Npouec; n3paboTka Ha 0BEKTN CbC CrOXHA reoMeTpusl; HAMa HyXKaa
OT CITOXXHO MHCTPYMEHTanHo obopyaBaHe; MoXe fa nony4var xxenaHaTta popma, pasmepu
n ceouctea. O6cbxagaT ce Bb3MOXHOCTUTE Ha cTepeonutorpaguaTa (SLA),
MoAenuMpaHeTo Ha pastoneHo otnaraHe (FDM), mHoro-cTpynHoTo mogenupaHe (MJM) n
CENEeKTUBHOTO Na3epHo cnHTepoBaHe (SLS) 3a Nnpon3BOACTBO Ha NONMMEPHN MOLENN Ha
KopoHkn. OB0OLLEHN ca npeguMmcTBaTa U HegocTaTbUMTE HA pasnNUYHUTE MNevaTHU
npouecu. CpaBHaABaT ce reomeTpuyHata TOYMHOCT M Ka4yeCTBOTO Ha MOBBLPXHOCTTA Ha
OTNIMBKUTE, M3paboTeHn MO pas3nuyHn TexHonornn. Habnwgaesa ce, Yye pasmepute Ha
BCUYKM Npobu, oTneyaTaHW B paMKUTE Ha NPOYy4YBaAHETO, ca MO-Masnku OT Te3n Ha
BupTyanHute 3D mogenu, He3aBMCMMO OT M3MoOM3BaHaTa TEXHOSOMMS Ha MnpuHTepa.
OTHOCHO Ka4yeCTBOTO Ha NMOBBLPXHOCTTA - HaW-rofiiMa e rpanaBocTTa Ha NOBbLPXHOCTTA
Ha npobata, cb3gageHa ot FDM npuHtepa B cpaBHeHne ¢ SLA n MJM npuHTepuTe.
MpaBunHMAT M300p Ha TEXHOMOMMYHUTE NapaMeTpy Ha obopyaBaHETO € BaXeH 3a
nony4aesaHe Ha 3D oTnevyaTtaHu MogenNu C BUCOKO Ka4eCTBO U MUHUMAnNHN aedopmauuu.

Application of 3D printing in manufacturing of cast patterns

The aim of the present paper is to review the application of 3D printing technologies for
manufacturing of patterns for investment and sand casting. The additive technologies are
characterized with building the object by addition of the material layer by layer. They offer
a number of advantages over the traditional methods: easy, controllable and relatively
quick process; manufacturing of objects with complex geometry; no need of complex
tooling equipment; the desired shape, dimensions and properties can be obtained. The
possibilities of stereolithography (SLA), fused deposition modelling (FDM), multi jet
modelling (MJM) and selective laser sintering (SLS) for manufacturing of polymer patterns
for investment and sand casting are discussed. The advantages and the disadvantages
of different printing processes are summarized. The geometrical accuracy and the surface
quality of cast patterns, fabricated by different technologies, are compared. It was
observed, that the dimensions of all samples printed within the study were smaller than
that of the virtual 3D models, irrespective of the printer technology used. Concerning the
surface quality - the largest is the surface roughness of the sample created by the FDM
printer compared to the SLA and the MJM printers. The correct choice of the technological
parameters of the equipment is important for obtaining 3D printed cast patterns with high
quality and minimum deformations.
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Mnosaws., pp. 98-101

Tpvm3mepHV| TYMOPHU MoAeNnin Ha MIeYvyHaTa Xre3a 3a n3cnegsaHmda Ha HOBU
MeTo4M 3a o6pa3Ha ANarHoCTukKa

B AHewHo Bpeme paspaboTBaHeTo Ha peanucTuyHu 3D cumanyveckn n n34ncrnMTenHu
MOZEenn Ha TyMOpM Ha rbpAaTta ¢ HenpasuiHa oopMa e CneLHo n3nckeaHe. Hannumeto
Ha TakvBa MoJenu € MOLEH MHCTPYMEHT B pa3paboTBaHe Ha HOBW TeXHOMNoOrnu 3a
npeumsHo onpegensHe Ha rpaHuuMTe Ha Te3n pakoBu obpasyBaHus. [pynata no
OMOMEONUNHCKO WHXEHEepPCTBO KbM TexHudeckns yHuBepcuteT BbB BapHa (TUV)
npucbCTBA B Ta3n 061acT KakTo B MogenMpaHeTo, Taka U B CUMynaumnaTa Ha KOMNIOTbPHM
paHTOMM Ha MSeYHa Xresa U TEXHWUKN, BasmpaHn Ha PEHTreHOBU by 32 CKPUHUHT U
ANarHoCTMKa Ha rbpgaTta. 3a fa HanpegHe no-HataTbK B MOCTUraHeToO Ha cBouTe
WHOBATUBHU W Npean3BUKaTeNHN Lenn, eKMnbT CU CbTPYAHMYM C eKCnepTu OT BOAELLn
n3crnegoBaTeniCkKM MHCTUTYUUM B CbOTBeTHaTa obnacT: Katonmyeckun yHMBepcuUTeT Ha
JlboBeH n YHuBepcuteT Ha Hanonun ®egepuko Il. ToBa cbTpygHMYECTBO e npeacTtaBeHo
B pamkute Ha npoekta MaXIMA, ¢ ocHOBHa uUen fa NOBULIM MU3CrenoBaTesiCkua u
MHOBaUMOHeH kanauuteT Ha TUV B obrnactra Ha M3YUCIUTENHOTO MoAerMpaHe Ha
TYMOPW Ha rbpaaTa 1 U3noriaBaHeTo UM B NPOYYBaAHUSA HA MOOEPHN TEXHUKM 32 CKPUHUHT
1 [MarHocTvkKa Ha MnevHara xnesa, basupaHun Ha peHTreHoBO NbYeHune. [peanoxeHMeTo
», 1 hree dimensional breast cancer models for X-ray Imaging research® nony4u ogobpexue
oT EBponenckata kommcusa u puHaHcupaHe ot nporpamarta Horizon 2020. NpoekTsbT
MaXIMA nonyun Bucoka oueHka ot M3nbnHutenHaTta areHums 3a nacnegsanunsa (REA),
KoeTo e ©OescrnopeH 3HaK 3a 3Ha4MMOCTTa Ha ToBa u3cnegBaHe. ToO3W [OOKYMEHT
npeacTaBsa OCHOBHUTE Lenu, paboTHM NakeTu 1 NaHMpaHn u TEKYLLN N3cnenBaHuns.

Three dimensional breast cancer models for X-ray imaging research

Nowadays, the development of realistic 3D physical and computational models of breast
tumours with irregular shapes is an urgent requirement. The availability of such models is
a powerful tool for the development of new technologies for precise definition of the
boundaries of these cancers. Biomedical engineering unit at the Technical University of
Varna (TUV) is present in this area both at modelling and simulation of computational
breast phantoms and X-ray breast imaging techniques. To advance further in achievement
of its innovative and challenging goals the research team has collaborated with experts
from top research institutions in the relevant field: the Katholieke University of Leuven and
the University of Naples — Federico Il. This collaboration is presented within the MaXIMA
project, with a main objective to increase the research and innovation capacity of the TUV
in the field of computational modelling of breast tumours and their use in studies of
advanced X-ray breast imaging techniques. The proposal “Three dimensional breast
cancer models for X-ray Imaging research” had the European Commission approval and
funding by the Horizon2020 programme. The MaXIMA project was highly evaluated by
the Research Executive Agency (REA), which is an indisputable sign of the significance
of this study. This paper presents the main objectives, Work-packages and planned and
ongoing research and meetings.

43



JokymeHmu Ha 0oy. 0-p uHxc. KpucmuHa CmaHumupoea bausHakosa, MY-BapHa

8-09 N. Dukov, F. Feradov, K. Bliznakova, E. Encheva, Y. Gluhcheva, D. Bulyashki,
R. Radev, 2016, Computational breast cancer models created from patients
specific CT images: Preliminary results, Vol XIX, ISSN: 1311-9427, Medicine
and Dental Medicine, Hay4Hu TpyaoBe Ha Cbto3a Ha yvyeHuTe - [nosams, pp. 106-
109

KomnioTbpHU MOoAenu Ha fie3aMmu Ha MIeyYHa Xrnesa, cb34aAeHU OT NaLUeHTCKU
obpa3u oT KoMNTbLPEH Tomorpadp: NMNbpBU pesyntaTtn

PakbT Ha rbpaoata ocTaBa Hanl-yectata npuyuMHa 3a CMbPT Npu XeHn nog 70-roguwiHa
Bb3pacT. Bbnpekn 4ye CKPpMHUHIBT B OHELHO Bpeme € obvyanHa npaktuka, CTaHgapTHUTE
WHCTPYMEHTM 3a Takasa npoueaypa B HSKOW Clydaum Ha pak Ha rbpAaata He ca TONKoBa
edeKTUBHWN, KOSKOTO ce xenae. NoCTosAHHO ce pa3paboTBaT HOBM NOAXOAMN 3@ Bb3MOXHO MO-
pPaHHO OTKPUBAHE W AMArHOCTUKa Ha TYMOPHM obpasdyBaHus. Te3n HOBU TEXHWUKU U3NCKBAT
obWwKnpHa oNTUMKM3aLMs Ha NapaMeTpuTe, KOATO Ce M3NbIHABA Han-g4obpe ¢ KOMMTbLPHO
6asmpaHm mogenu. OCHOBHA LIEN HA M3CNeaoBaTENCKMA €KUM € Cb3gaBaHEeTO Ha USNOCTHa
06asa gaHHM C KOMMKTbLPHM MOAENM Ha TyYMOpPHM o6pa3yBaHMs Ha rbpaarta 3a uenute Ha
pa3paboTBaHETO, TECTBAHETO W ONTUMU3UPAHETO HA HOBUM TEXHUKM 3 CKPUHWMHT W
ANarHoCTMKa Ha MreyHaTa resa. Tasu ctaTua goknagea 3a noflyaBToMatuyeH nogxond 3a
CerMeHTMpaHe Ha pakoBa TbkaH. Pa3paboTeH e anropuTbmM, NpUoXeH Bbpxy 2 ceTa obpasu
Ha NauneHTKn, nonyyeHn npu knNuHUYeH KT Ha uano tano. CkaHMpaHeTo e HanpaBeHO Ype3
N3noni3BaHe Ha CTaHOapTeH NpoToKon: obpasu ¢ pasmep 512 x 512, 16 dbuta pasgenutenHa
cnocoBbHOCT Ha HMBO Ha cuBoTo. [lebennHaTta Ha cpe3oBeTe € 3 MM 3a ABaTa ceTa obpaau,
aokato 6poaT Ha cpes3oBeTe € CboTBETHO 177 1M 134 3a nbpBUA U BTOpUS ceT obpasu.
AnropuTbMbT 3a CEermeHTupaHe e 6asnpaH Ha aganTUMBEH NparoB METOA 3a CEerMeHTMpaHe
Ha nesusaTa, nocnegsaH oT Habop OT MOpPdOMOrMYyHM onepauuun, C LUen nonyvyaBaHe Ha
conugeH no gopma Tymop. ToBa NOCTaBsA OCHOBAaTa 3a Cb3aBaHE Ha MOBeYe KOMMIOTbPHU
MOAENN Ha TYMOPHW obpasyBaHMsl Ha rbpharta, KOUMTO We ce M3Non3eaT KaTo OCHOBa 3a
MOAENUpaHe Ha peanucTuyHM mMatemaTudeckn mogenu. locturHatute pesyntatu, KOUTO
OCBEH 3a MpUnoXeHue B M3CNenBaHus, CBbp3aHW C rbpaarta, ca obHagexgasawu n 3a
obpasoBaTerniHv 1 oby4nTenHu Lenu.

Computational breast cancer models created from patients specific CT images:
Preliminary results

Breast cancer remains the most common cause of death for women below seventy years of age.
Although, screening nowadays is a common practice the standard tools for such procedure in
some cases of breast cancers are not as efficient as desired. New approaches are constantly
being developed to detect and diagnose the cancerous formations as earlier as possible. These
new techniques require extensive optimization of parameters which is best performed with
computer based models. Our main objective is the creation of comprehensive breast cancer
computer database for the purposes of developing, testing and optimizing new X-ray imaging
techniques. This paper reports on a semi-automatic approach for segmentation of cancerous
tissue extracted from patient specific CT datasets and the creation of solid breast cancer models.
The algorithm is applied on patient CT image sets obtained in clinical CT. The acquisition was
made by utilizing a standard protocol that provides images of size 512 x 512, 16 bits grey level
resolution. The thickness of the slices is 3mm for the two set of images, while the number of slices
is 177 and 134 for first and second image sets, respectively. A segmentation algorithm is
developed based on adaptive thresholding method for segmenting the lesion, followed by a set of
morphological operations aiming at solid tumour presentation. Next is to create more
computational models of breast cancers, which will be used as a base for the modelling of realistic
mathematical models of breast cancers. The achieved results, which apart from applications in 3D
breast imaging research, are also encouraging for educational and training purposes.
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8-10 D. Ivanov, S. Boncheva, K. Bliznakova, 2016, Feasibility study of the
suitability of several low density materials for the production of X-ray
physical breast phantoms, Vol XIX, ISSN: 1311-9427, Medicine and Dental
Medicine, Hay4Hu Tpynose Ha Cblo3a Ha yyeHuTe - [nosaus, pp. 119-122

Mpoy4yBaHe Ha NPUrogHOCTTA HA MaTepuanu ¢ HUCKa NTbTHOCT 3a Cb3AaBaHeTo
Ha pu3nyeckn Moaenu Ha MIieyHa Xresa 3a uscnegBaHUA C PEHTreHOBU Nbyu

Cb3gaBaHeTo Ha PU3MYECKM MOAenu Ha aHTPOnoMOpdHW (hbaHTOMW, € CBbP3aHO C
Hemarnko TPpygHOCTW, CBbP3aHW C HMBOTO Ha pa3BUTUE Ha TEXHOSorMuTe, NoAXo4sALLM
mMaTepuanu, npeumsHocTTa Mpu cb3gaBaHeTO Ha aHToOMUTEe, Tuna Ha codTyepHus
Moaen u T.H. ToBa 0GsACHsIBA M CUITHO OrpaHnyeHust 6pon aHTponomMopdHN hnanyHK
daHTOMM (KakTO HanuyHW, Taka M B Npouec Ha Cb3daBaHe) 3a peHTreHoBaTa obpasHa
anarHocTuka. JlormyHa e cepuosHata Hyxaa OT NO-HaTaTblUHW U3CneadBaHus Wt
TEXHOMOMMYHN YyCbBbpPLUEHCTBaHUA. [lpn eauH OT Han-HOBMTE MeToauM Ha obpasHa
ANarHoCTMKa Ha rbpaa, T.Hap. KOHTpAcTHO-baszoBa Mamorpadusa, BCe Olle He e
pa3paboTeH hunanyeckn Moaesi, KOMTo MakcumanHo gobpe aa oTpassiBa npedvynsailiute
CBOWCTBA Ha pearnHa rpbaHa TbkaH. EOQHa OT rmaBHMTE Lenn Ha HacTosAwus Tpya e
WMEHHO Cb3[daBaHEeTO Ha U3NYECKM MOAENM Ha MreyHa >xrnes3a C MOoAXOAALUU
MaTepuanu, xapaktepmsmpawiM ce C MIbTHOCTU, MakCcumanHo OnuM3kM [0 Tasn Ha
KOMMOHEHTUTE Ha rpbaHaTta TbkaH. CrnegHuMTe maTtepmann ca n3non3BaHn B HAaCTOALWMSA
Tpya 3a n3paboTkata Ha KOMMOHEHTUTE Ha MINeYHaTa Xxnesa: (a) XXnes3mcToTo ObPBO U
KoXaTta ca npuHTupaHun ot cmona unu nnekcurnac (ABS, PLA), (6) macTHa TbKaH e
npeacraBeHa OT napaduiH, rmyuepon, XenaTuH, JOMaLleH canyH W XUBOTUHCKa Mac.
Cb3gageHn ca copTyepHn MOAENN Ha MeYHa Xres3a, YacTUTe Ha KOMTO ca MPUHTUPaHU
ypes3 cTepeonuTorpadcku MeTog U MeToda Ha MoAenupaHe ¢ oTnaraHe Ha pasToneH
Matepuan. ®aHTomuTe ca obnbyeHn ¢ gurutaneH mamorpady, mogen ,Helianthus”, B

OKLU-1, rp. Jo6puu.

Feasibility study of the suitability of several low density materials for the
production of X-ray physical breast phantoms

The creation of physical models of anthropomorphic phantoms, however, is known to have
some difficulties related to the state of technology development, suitable materials,
precision in their creation, type of software model, etc. This explains and severely limits
the number of anthropomorphic physical phantoms (both available and in the process of
creation) for X-ray imaging. The serious need for further research and technological
improvements is logical. In one of the newest methods of breast imaging, the so-called
phase-contrast mammography, a physical model has not yet been developed that best
accounts for the refractive properties of real breast tissue. One of the main goals of this
work is created precisely on physical models of a mammary gland with appropriate
materials, characterized by a density as close as possible to that of the components of the
breast tissue. The following materials are used in this work to represent the various parts
of the breast: (a) the glandular tree and the skin is printed from resin or plexiglass (ABS,
PLA), (b) the adipose tissue is represented by paraffin, glycerol, gelatin, household soap
and animal weight. Software models of a mammary gland were created, the parts of which
were printed using a stereolithography method and a material deposition modelling
method. The phantoms were irradiated with a digital X-ray technique for mammography
examinations, model "Helianthus", in DCC-1, Dobrich.
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r9-01 K Bliznakova, 2018, Chapter 57: Software phantoms for X-ray radiography and
tomography from Handbook of X-ray Imaging: Physics and Technology, edited by
Paolo Ruso; 1393 Pages, CRC Press, https://www.crcpress.com/Handbook-of-X-
ray-Imaging-Physics-and-Technology/Russo/p/book/9781498741521, ISBN
9781498741521 - CAT# K267462017.

MnaBsa 57: KomnoTbpHU Moaenu 3a peHTreHoBa paauorpadusi u Tomorpadus

Tasu rnaea e yact oT kHurata Handbook of X-Ray Imaging, cbcTosia ce oT 68 rnasu, HanucaHu
Ha 1419 cTpaHuumM OT ekcnepTu B cBosATa obnact. [maea 57 e 26 cTpaHMuM U ce OoTHacsa Ao
CbCTOSIHMETO HA KOMMIOTbPHUTE (OAHTOMM, W3MNON3BaHW B PeEHTreHoBaTa paguorpadus u
Tomorpadusd. PaspaboTBaHETO HA HOBU TEXHMKM M MPOLIEOYpPU 3a NOosiyYaBaHe Ha PEHTrEeHOBU
obpasn B 2D n 3D pexum, KakTo M eTanbT Ha TAXHOTO ONTUMMU3MpaHe, M3UCKBa asza Ha
NPoeKkTMpaHe, 3a Aa Ce OLEHNAT KOHLEeNnuMn 1 uaeun, npeau Te Aa 6baat OTHECEHN KbM eTan Ha
npoTtoTun. Han-nogxogsawmsaT nogxon 3a TOBa € Ype3 M3MNoSi3aBaHe Ha Pu3nveckn aHToMu.
Yecto obave HanuyHute usmyeckn gaHToMu He obxBaluaT ronsamoTo pasHoobpasne Ha
yoBellKkaTa nonynauus, pasHoobpasneTo oT opraHu (MO OTHOLLEHWE Ha pa3Mmep, Maca, opma,
MECTOMONOXEHNE, CbCTaB), KAKTO Y TOYHOCTTA, C KOSITO OPraHnTe U TbKaHWUTE ca NpeacTaBeHn U
npounssegenn. OT gpyra ctpaHa, 3D KOMMITbPHUTE MOAENN HA YOBELLUKOTO TS0, OpraHn, TbKaHu
WNN TEXHM YacTu ocurypsisaT bBKABOCT, BpeMeEBa e(eKTMBHOCT, MPEeuu3HOCT, M3bAreamnku
HEHY)XHOTO M3naraHe Ha nauvMeHTa Ha MOHWU3MPALLO STbYEHME M Ca MHOrO MONie3HW, Korato
eKCMepPUMEHTanHN UM NaumMeHTCKM AaHHN He CbLUEeCTBYBaT.

B Ta3n rnasa BHMMaHMeTo € Haco4eHO kKbM 3D KOMMIOTbPHU MOAENM, U3NON3BaHU B U3cneaBaHus
C PEHTrEHOBU ITbYX: OCHOBHW KOMMOHEHTW, CIIOXHOCT M 00N NpUMoXeHus B AMarHOCTUYHaTa
paguonorus. lNocnegHnte ABe geceTuneTus ce xapakrtepusupaTr ¢ AMHaMUYHO Cb3gaBaHe Ha
TakmBa COPTYEPHU aAHTPONOMOPMHM (PaHTOMU: KaTo ce 3anovHe OT dpaHToMu, HasvpaHu Ha
NpoCTW KBagpaTHu ypaBHeHns (npe3 1964 r.), 0o BokcenHu (Tomorpadckn) haHTomu, 6asmpanmn
Ha naumeHTckn obpasm o1 3D meanumnHcku nscneasanms (okono 2000 r.), 4o Han-HOBUTE Mogenu
Ha YOBELLUKOTO TAMNo, 6asupaHy Ha yCbBbpLUEHCTBaHa MaTtemaTtuka, kato B-cnnaH (NURBS) n
MHOMObIbIHN NONUroHn. 3a Aa ce obxBaHe pas3HOOOpa3neTo OT MHAMBMAMW, Npe3 roauHuTe ca
paspaboTeHun peguLa KOMNTHPHU PaHTOMM 3a LSO TAM0 OT HOBOPOAEHM A0 Bb3PAaCTHU, MbXe
N XKEHW, BKMOYMTENHO BpeMeHHN XXeHn. Tean baHToMK, CbYeTaHU CbC CUMyaunm Ha TpaHCnopT
Ha NOHM3MpPALLO NMbYeHMe npes uanaTta Bepura 4o nonyyaBaHe Ha MeguunHckn obpas, oTBapaT
roniemMmn Bb3MOXXHOCTU 3a BaXXHM NPUMNOXKEHWS, KAaTO HanNnpuMmep oueHKa Ha Ago3aTa, nofnyveHa npwm
TecTBaHe 1 ONTMMM3NpaHe Ha HOBM MeToau 3a obpasHa gMarHoCTuka..

B rmaBaTta e BbBeAeHa knacudmkaumsa Ha KOMMTbPHUTE MOAENN HA YOBELLKN TbKaHW, OpraHu,
cucTteMa oT opraHu. PasrnegaHun ca nogpobHO OCHOBHUTE METoAM 3a TAXHOTO MoaenupaHe —
ype3 maTemMaTU4ecko OMnMcaHWe, W3NON3BaHe Ha MaLWEHTCKM U300paxkeHuss unu xubpuaeH
noaxon. lNpeacraBeHoO € MaTeMaTU4ecKo OnvcaHWe Ha Han-4ecTo CpeLlaHUTe MOBBLPXHUHW,
KOWTO Ce M3NoN3BaT 3a MOAenMpaHe Ha YoBeLLKN TbkaHu. PasrneaaHn ca KOHKpeTHU NpuMepu 3a
MOZENUPaHe Ha opraHuM 4Ype3 BCEKM eanH OT MeToamTe, onucaHu B rmasata. O6o0uweH e
€NTEMEHTHUAT CbCTaB Ha YOBELLKUTE TbKaHW, KOETO € yaoBGHO Aa ce nonasa KaTo CNpaBOYHMK.
PasrnegaHy ca KOMMNIOTbPHUTE MOAENN Ha USAMO TANO M TEXHUTE MPUMOXKEHMA B PasfnnyHUTE
nnaHapHM M Tomorpadcku mMeToau 3a obpasHa AmarHocTuka. PasrmemaHm ca KOMMIOTbPHU
MOZENW Ha MIleYHa Xresa, rnaea, rpbAeH KO N TEXHUTE KOHKPETHU MPUIOXKEHNS.

KomMmnioTbpHUTE haHTOMM MoraT ga 6baat moamduumpaHn 4vpe3 gobaBsaAHe Ha MOAENU Ha
pas3fiMyHn NaToNorMmM NN Bapuawmm B HopmanHata aHatomus. CumynupaHeTo Ha obpasu oT Tesu
dhaHTOMM NO3BONSABA MbIIEH KOHTPON BbPXY hakTopu, KOUTO MoraT A4a NoBAussT Ha paboTaTa Ha
anroputTMuTe 3a n3obpaxxeHus, KaTto WyM, KOHTpacT, AebenvHa Ha cpesa, pa3Mep Ha nukcena,
reoMeTpUYHO U3KpUBABaHE W pasnuyHu Apyrn apTedaktn. 1o To3M HauvH NoBedeHWeTo Ha
paspaboTBaHUs anropuTbm MOXe Aa 6bae BHUMATENHO OLIEHEHO.
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Chapter 57: Software Phantoms for X-ray Radiography and Tomography
Handbook of X-Ray Imaging

This chapter is part of the Handbook of X-Ray Imaging, consisting of 68 chapters, written
on 1419 pages by experts in their domain. Chapter 57 is 26 pages and concerns state of
the art in computational phantoms for X-ray radiography and tomography.

The development of new X-ray 2D and 3D imaging techniques and procedures, as well
as their optimization stage, requires a design phase to evaluate concepts and ideas that
could be taken forward to the prototype stage. The most common way to do this is by
using physical phantoms. Often, available physical phantoms do not encompass the large
diversity of human population, the variety of organs (in terms of size, mass, shape,
location, composition), as well as the accuracy to which the organs and tissues are
represented and manufactured. On the other hand, 3D computational models of the
human body, organs, tissues, or their parts provide versatility, time efficiency, precision,
avoiding unnecessary patient exposure, and are very useful when scan data does not
exist.

In this chapter, the attention is drawn to 3D computer models used in X-ray imaging
research: main components, complexity, and common applications in Diagnostic
Radiology. The last two decades have been characterized with a dynamic creation of
software anthropomorphic phantoms for X-ray imaging research: starting from phantoms
based on simple quadratic equations (in 1964) to voxel (tomographic) phantoms, based
on patient images from 3D medical examinations (around year 2000), to the newest
human body models, based on advanced mathematics, such as non-uniform rational B-
spline (NURBS) and polygon meshes. To cover the variety of humans, a number of whole-
body computational phantoms from new-born to adults, both male and female, including
pregnant women, have been developed over the years. These phantoms, combined with
simulations of radiation transport through the whole imaging chain, result in many
important applications, such as estimation of the dose received from medical imaging
procedures and optimization of imaging techniques.

Classification of computer models of human tissues, organs, organ system is introduced.
Basic methods for their modelling — through mathematical description, using patient
images or a hybrid approach — are reviewed. A mathematical description of the most
common surfaces used to model human tissues is presented. Specific examples of organ
modelling using each of the methods discussed in the chapter are given. The elemental
composition of human tissues is summarized, which is convenient to use as a reference.
Full body computational phantoms and their applications in planar and tomographic X-ray
techniques are reviewed. Computer models of the mammary gland, head, thorax and their
specific applications are discussed.

Computational phantoms may be modified by adding models of various pathologies or
variations in the normal anatomy. Simulating images from these phantoms allows
complete control over factors that may affect the performance of the imaging algorithms,
such as noise, contrast, slice thickness, pixel size, geometric distortion, and various other
artifacts. In this way, the behaviour of an algorithm under development can be carefully
evaluated.
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1. Dukov, N., Bliznakova, K., Okkalidis, N., Teneva, T., Encheva, E., Bliznakov, Z.,
2022, Thermoplastic 3D printing technology using a single filament for
producing realistic patient-derived breast models, Physics in Medicine and
Biology, 67(4), art. no. 045008, DOI: 10.1088/1361-6560/ac4c30

MeTop 3a cb3aaBaHe Ha h3anyecku aHTponomopdeH Moaesn Ha MNeYyHa Xxrnesa,
6a3upaH Ha 3D TexHonornA ¢ oTnaraHe Ha pa3ToneH Matepuan
M U3non3BaHe Ha efHa HULLKA

ToBa HayyHO u3cnegBaHe onvcBa HOB MeTod 3a MNPOM3BOACTBO Ha OU3NYECKH
aHTPOMNOMOPMHN (PaHTOMM Ha MIleYHa >Xre3a OT KIMWHUYHWM [aHHW Ha nauueHTu C
nomotyTta Ha 3D npuHTep, ¢ TexHonoruaTa Ha MoAenvpaHe Ypes oTnaraHe Ha pasToreH
maTtepuan (FDM). 3a nbpB/M NbT ca M3MNOM3BaHU MauMEHTCKM obpasn OT MarHUTHO-
pe3oHaHceH Tomorpad Ha rbpaa, kouto obpasmn ca cermMeHTMpaHu cpes no cpes C uern
KnacuuuupaHe Ha TbKaHUTE Ha MacTHa, >XMe3ucra, KOXHa TbkaH U TYMOPHU
obpasyBaHUsA, KaTo MO TO3M HAYMH Ce MoriyyaBa YeTUPU-KOMMNOHEHTEH KOMMITbPEeH
MoAen Ha rbpAaa. Ha Bceku BOKcen OT Taka MoryvyeHus MoAen Ha MrevHa Xxnesa e
npuceoeHa cneundundHa XayHcdumng ctomHoct (HU), xapaktepHa 3a obpaswn oT
KoMnoTbpeH Tomorpad. HU cTonHocTuTe 3a 4yeTnpute TbKaHM Ha Mojera ca B3eTu OT
eKkcrnepuMeHTanHM AaHHW, MOMyYeHW MpU CKaHMpaHe Ha MaACTEKTOMUM Ha KITMHWYEeH
KOMMIOTbPEH ToMorpad.

[OTOBMAT KOMMNIOTbPEH MOAES Ha rbpAda € U3MNOoN3BaH KaTo M3TOYHUK 3a Cb3JaBaHe Ha
aHTponomMmopdeH nsnyeckn moaen Ha repaa, ¢ nomowta Ha 3D npuHTep. M3nonssaHa
e FDM TexHonornata camo ¢ eavH ounameHT OT NofiMMiedHa KucenuHa. PusnyeckmaT
MOZEN € CKaHMpPaH Ha KNUHUYEeH komnioTbpeH Tomorpad Siemens SOMATOM Definition.
M3BbplleHa e KonuMyecTBeHa W KayecTBeHa oueHKka Ha (uanyeckuss mogen u
crnefoBaTeniHO Ha MeToda 3a HeroBoTO NpPou3BoACTBO. CpaBHEHMETO Mexay M3bpaHu
TOMOrpadpCkm M3006paxeHna OT KOMMITbPHUA U (pusndeckna ¢aHTOMM Ha rbpaaTa
AEMOHCTpMpPa BU3yariHO CXOACTBO MEXAY YeTMpUTE TbKaHU: MacTHa, XXNe3ncra, KoxHa
TbKaH U TyMOpHWM obpasyBaHusa. Pa3paboTeH e BbMPOCHUK, CbhAbpXally ToMorpadgcku
obpa3n oT pABaTa aHToMa 3a LuenuTte Ha CyOeKTMBHOTO OLeHsiBaHe OT Tpuma
peHTreHono3n. Pe3yntatnte OT TOBa OLEHsIBAHE MNoKa3axa BUCOKA CTeneH Ha
peanucTMyHO ToMorpad)cko nNpeacTaBsHe Ha MogenvpaHuTe KOMMOHEHTW Ha rbpaarta.
N3mepennte HU cToMHOCTM Ha oTnevyataHuTe CTPykTypu ca B obxsaTta Ha HU
CTOMHOCTUTE, W3MNON3BaHW B KOMMOTbPHUA ¢aHToM. OcBeH TOBa, W3MEpPEHUTE
u3myeckn napameTpu Ha paHTOMa Ha rbpAaaTa, Kato Hanpumep Terrno U JIMHENHU
pa3mMepu, ca B NbJTHO CbBMNajeHne CbC CbOTBETHUTE TakMBa OT KOMMIOTbPHUA MOAEN.

ToBa mnscnegBaHe 3aBbplUM YyCMewHo ¢ pa3paboTBaHETO U AEeMOHCTPUMPAHETO Ha HOB
meTtoq, 6asvmpaH Ha FDM TexHonorMss ¢ eauH HWULWIKOB MaTtepwuar, KOMTo meToq e
noaxodslw, 3a Cb3gaBaHETO Ha uU3MYeckn GaHTOMMU W KOMTO wumuTupa [obpe
NPOCTPAHCTBEHOTO pasnpefenieHne Ha pasfiMyHUTE FPbAHU ThKaHU U 3aTUXBAHETO Ha
peHTreHoBuTe nNbyn. MetoobT MOXe Oa 6bae yCnewHo M3non3BaH B CbBPEMEHHU
NpUNoXeHuns 3a obpasHa AnarHocTuka Ha rbpaaTa.
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Thermoplastic 3D printing technology using a single filament
for producing realistic patient-derived breast models

This work describes an approach for producing physical anthropomorphic breast
phantoms from clinical patient data using three-dimensional (3D) fused-deposition
modelling (FDM) printing. The source of the anthropomorphic model was a clinical
Magnetic Resonance Imaging (MRI) patient image set, which was segmented slice by
slice into adipose and glandular tissues, skin and tumour formations; thus obtaining a four
component computational breast model. The segmented tissues were mapped to specific
Hounsfield Units (HU) values, which were derived from clinical breast Computed
Tomography (CT) data. The obtained computational model was used as a template for
producing a physical anthropomorphic breast phantom using 3D printing. FDM technology
with only one polylactic acid filament was used.

The physical breast phantom was scanned at clinical CT. Quantitative and qualitative
evaluation were carried out to assess the clinical realism of CT slices of the physical breast
phantom. The comparison between selected slices from the computational breast
phantom and CTslices of the physical breast phantom shows similar visual X-ray
appearance of the four breast tissue structures: adipose, glandular, tumour and skin. The
results from the task-based evaluation, which involved three radiologists, showed a high
degree of realistic clinical radiological appearance of the modelled breast components.
Measured HU values of the printed structures are within the range of HU values used in
the computational phantom. Moreover, measured physical parameters of the breast
phantom, such as weight and linear dimensions, agreed very well with the corresponding
ones of the computational breast model.

The presented approach, based on a single FDM material, was found suitable for
manufacturing of a physical breast phantom, which mimics well the 3D spatial distribution
of the different breast tissues and their X-ray absorption properties. As such, it could be
successfully exploited in advanced X-ray breast imaging research applications.
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Cb3paBaHe Ha hm3nyeckn aHTponomopdHu haHTOMM Ha rbpaa
3a uscneaBaHus ¢ gurutanHa mamorpadus U TOMOCUHTE3

LlenTa Ha TOBa wu3cnenBaHe e rMpoekTupaHe, Cb3gaBaHe U uscnegsaHe Ha 3D
NPUHTUPAHW, aHaAaTOMUYHO pearnMCTUYHU MOENVM Ha MIleyHa Xnesa 3a Luenuvte Ha
Mamorpaguata u 3D TomocumHTe3. 3a Tasm uen ca peanusvpadHn 3D daHTOMMKU,
CYMynMpaLun 3gpaBu MEYHU Xnesn, Yypes TEXHOMOrMsaTa Ha pasToneHo oTnaraHe Ha
HuwkoB matepman (FDM), ¢ pasgenutenHa cnocobHocT Ha cros ot 0,1 mm n 100%
NIBbTHOCT Ha 3anbfBaHe, nsnonssankn 3D NpuHTEpP € ABOEH eKkcTpyaep. KomnioTbpHUTE
MOZenn Ha MreyYyHa Xnesa ca usbpaHu ot 6asarta JaHHU C aHTPONOMOPIHN KOMMIOTHLPHM
moaenu, aenosunpaHa Ha ZENODO v poknageana B [B4-02].

Tpn dusnyeckn aHToma ©Osixa oTnevartaHn C M3MNON3BAHETO Ha MNONMETUNEH
TepedpranaT (PET), akpunonntpun 6ytagueH ctupeH (ABS) n nonvmneyHa kucenuHa
(PLA). MatepmnanbT ABS ce nanonsea kato 3amMecTuTen Ha MacTHaTa TbkaH, fokato PLA
unn PET ce uanonseaT 3a penfikupaHe Ha Xnesucta M KOXHa TbkaHu. dusmyeckute
daHTOMM Cca CKaHupaHun B TpU UeHTbpa 3a obpasHa AWarHOCTUKa C HanuyHK
Mamorpadgckm ypenodu, BKIIOYUTENHO U HA TakMBa C TOMOCUHTES.

AHaTOMMYHaTa TeKCTypa Ha Cb3gagdeHuTe (paHTOMM e oueHeHa Ype3 napameTbpa 3 oT
crnekTpanHua aHanu3 Ha noryyeHuTe ekcrnepumeHTanHn obpaswn. Mamorpadckute
obpasn n Te3n 0T TOMOCUHTE3 AEeMOHCTpUpaT TekcTypa, nogobHa Ha Tasm B obpasn ot
naumneHTCKn nsobpaxeHus, KOeTo CyGeKTUBHO AOKa3Ba Ye TO3M MeTo Ha Cb3[aBaHe Ha
dusmyeckn GaHToMM MOXe Ada Bb3npomsBexga Mo NnoaxoAsl HayuH KresucTaTa
CTPYKTYpa Ha TEXHUTE KOMNITbPHU haHTOMKN. CTOMHOCTUTE Ha 3 napameTpuTe, OLLEHEHM
B Mamorpadckute obpasmn Ha uandeckute paHTomu, Bapupat mexay 2.84 n 3.79. 3D
oTneYyaTaHUTe MOAENN Ha MIIeYHa XJre3a ca cb3gageHu ¢ nomowita Ha ABS, PLA n PET
HULLKM 32 NPUHTUPAHE.

Mawmorpadpcknte o6pasm n Te3Mm OT TOMOCUMHTE3 [OEeMOHCTpupaT peanucTuyHu
aHaATOMMWYHWN TEKCTYPU, KOETO NpaBun Ta3n TEXHONOrMA 1 paHTOMUTE, NPOU3BEAEHN Ype3
Hes obeLlaBalLm 3a KIMHUYHN NPUITOXEHMS KAaTO KaYeCTBEH M O3UMETPUYEH KOHTPON Ha
mMamorpadckuTe ypeaobw.
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Fabrication of 3D printed patient-derived anthropomorphic breast phantoms
for mammography and digital breast tomosynthesis:
Imaging assessment with clinical X-ray spectra

The goal of this study is to design, fabricate and characterize 3D printed, anatomically
realistic, compressed breast phantoms for digital mammography (DM) and digital breast
tomosynthesis (DBT) X-ray imaging.

We realized 3D printed phantoms simulating healthy breasts, via fused deposition
modelling (FDM), with a layer resolution of 0.1 mm and 100% infill density, using a dual
extruder printer. The digital models were derived from a public dataset of segmented
clinical breast computed tomography scans. Three physical phantoms were printed in
polyethylene terephthalate (PET), acrylonitrile—butadiene—styrene (ABS), or in polylactic-
acid (PLA) materials, using ABS as a substitute for adipose tissue, and PLA or PET
filaments for replicating glandular and skin tissues. 3D printed phantoms were imaged at
three clinical centres with DM and DBT scanners, using typical spectra. Anatomical noise
of the manufactured phantoms was evaluated via the estimates of the B parameter both
in DM images and in images acquired via a clinical computed tomography (CT) scanner.
DM and DBT phantom images showed an inner texture qualitatively similar to the images
of a clinical DM or DBT exam, suitably reproducing the glandular structure of their
computational phantoms. B parameters evaluated in DM images of the manufactured
phantoms ranged between 2.84 and 3.79; a lower B was calculated from the CT scan.
FDM 3D printed compressed breast phantoms have been fabricated using ABS, PLA and
PET filaments.

Digital Mammography and Digital Breast Tomosynthesis images with clinical x-ray spectra
showed realistic textures. These phantoms appear promising for clinical applications in
quality assurance, image quality and dosimetry assessments.
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OueHka Ha cpefHaTa XxJre3ucTta gosa npym mamorpadus, TOMOCUHTE3 U
KOMMNIOTbLPHa ToMorpadumsa ¢ nanonssaHe Ha aHTponoMmopdHu cpaHTOMMU
Ha MneyYyHaTa Xnesa

Llenta Ha Ta3u Hay4YHO-u3cnegoBaTtencka paboTta e Aa ce OoueHWN OTKIIOHEHMETO, KOeTo
ce nonyyaBa Mexny cpegHaTa xnesucta go3a (MGD — mean glandular dose) B
XOMOreHHUTE MOLEeNnu Ha rbpaa M gosata B aHTPOMOMOPMHUTE rPbOAHU KOMMIOTbPHU
MoZEenu Npu ToMocuHTe3. B gonbnHeHune, Aa ce nony4y Nnpeacraea 3a pa3npeaeneHmeTo
Ha >xnesucrarta gosa npu gurmtanHa mamorpadpus n 3D mamorpadus: TOMOCUHTES U
KOMMITbpPHA TOMOrpadumsi 4pe3 M3non3BaHe Ha KOMMTbPHM MOLENM Ha rbpan C
peanucTMYHO pasnpeaeneHne Ha Xxnesucrata TbKaH.

3a Tasu uen e msnonasaHa codptyepHa nnatcgopma 3a MoHTe Kapno cumynaumm Ha
Mamorpadgusi, TOMOCUHTES 1 KOMMIOTbPHA ToMorpadus, n ca OLEHEHN pa3npeneneHneTo
Ha Xrne3nctata gosa B 60 KOMNIOTbLPHU aHTPONOMOpPdHU haHToOMKU. Te3n dhaHTOMM ca
NnoslyYeHn OT NauMEHTCKM obpasn Ha MITEYHM >KMEe3Wn, CKaHUpaHU 4pe3 KANHUYEH
crneunanmampaH ckeHep.

Pesyntatute nokaseaT, Yye koeduuneHTUTe Ha npeobpasyBaHe: g ¢ s T, 6asnpaHu Ha
MOZEN Ha XOMOTreHHa rbpaa, BoaaT 4o no-ronsima xnesucta gosa (MGD) ¢ 18% npum
TOMOCUMHTE3 B cpaBHeHne ¢ MGD, oueHeHa u4pe3 aHTPoONOMOpPdHM daHTOMMU.
CTaHOapTHOTO OTKIMOHEHUE Ha pa3npeneneHmneTo Ha XneaucraTa gosa npu KOMniTbpHa
Tomorpadus € ¢ 60% no-marnko, B cpaBHEHME C MaMorpadCcKoTo nscrnensaHe n 55% no-
HUCKO, OTKONKOTO nMpu TOMOCUHTE3. [lukoBaTa xnesucta gosa e 2,8 nbtn MGD npu
Mamorpad)cko macrnenpaHe, kKato To3n cdaktop Hamansaea 4o 2,6 n 1,6 cboTBETHO NpU
TOMOCUHTE3 N KOMMIOTbPHA Tomorpadus. KoedpmuneHtute Ha npeobpasyBaHe, KOUTO ce
n3nonseaT 3a u34yucngBaHe Ha cpepHarta xnesucta gosa (MGD), ca 6asupaHu Ha
XOMOreHHM MOLENN Ha MIieYyHa Xnesa, u Te BogaT 4o yBenudasaHe Ha MGD c 18%, B
cpaBHeHne ¢ MGD, oueHeH 4Ype3 aHTponomopdH paHTOMN. CbOTHOLLEHNETO MEXAY
nukoBaTa xnesucta gosa n MGD e 2,8 npu mamorpacdusaTa. ToBa cboTHOLWeEHME € ¢ 8%
N 75% No-BMCOKO OT CbOTBETHO NPX TOMOCUMHTE3 U KOMMNIOTbPHA ToMorpadus.
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Comparisons of glandular breast dose
between digital mammography, tomosynthesis and breast CT
based on anthropomorphic patient-derived breast phantoms

The purpose of this work is to evaluate the bias to the mean glandular dose (MGD)
estimates introduced by the homogeneous breast models in digital breast tomosynthesis
(DBT) and to have an insight into the glandular dose distributions in 2D (digital
mammography, DM) and 3D (DBT and breast dedicated CT, BCT) X-ray breast imaging
by employing breast models with realistic glandular tissue distribution and organ
silhouette.

For this purpose, a Monte Carlo software for DM, DBT and BCT simulations was adopted
for the evaluation of glandular dose distribution in 60 computational anthropomorphic
phantoms. These computational phantoms were derived from 3D breast images acquired
via a clinical BCT scanner.

The results showed that g ¢ s T conversion coefficients based on homogeneous breast
model led to a MGD overestimate of 18% in DBT when compared to MGD estimated via
anthropomorphic phantoms; this overestimate increased up to 21% for recently computed
DgNbst conversion coefficients. The standard deviation of the glandular dose distribution
in BCT resulted 60% lower than in DM and 55% lower than in DBT. The glandular dose
peak — evaluated as the average value over the 5% of the gland receiving the highest
dose —is 2.8 times the MGD in DM, this factor reducing to 2.6 and 1.6 in DBT and BCT,
respectively. Conventional conversion coefficients for MGD estimates based on
homogeneous breast models overestimate MGD by 18%, when compared to MGD
estimated via anthropomorphic phantoms. The ratio between the peak glandular dose and
the MGD is 2.8 in DM. This ratio is 8% and 75% higher than in DBT and BCT, respectively.
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MoHTe Kapno Mogen 3a oueHKa Ha cpegHaTa Xne3sucrta o3a
npu mamorpadus c orpaHM4YeHO none Ha obnbuYBaHe

Llenta Ha Ta3u Hay4HO-u3cnegoBarterncka paboTta e Aa ce xapakrepuanpa 3aBuCcUMocTTa
Ha HopManuaupaHarta xnesucta gosa (DgN — normalized glandular dose) oT pasnu4yHu
Moenu Ha MrievHaTa Xxnesa u napameTpu 3a npuaobusaHe Ha obpasuTe No Bpeme Ha
TOYKOBa Mamorpadgus (C orpaHMyeHo rnore Ha obnbyBaHe) 1 ApYyryn YCoBUA Ha YaCTUYHO
obnbyBaHe Ha rbpaaTa, KakTo U Ja Ce OUEHAT anTepHaTUBHU MpeasioXeHn no-paHo
CBbP3aHn C Jo3aTa nokasaTenu 3a 1031 MeTo KaTto obpasHa guarHoCTUKa Ha MnevHarta
Xrnesa.

3a Tasn uen ca u3nona3eaHu cumynaumm Ha MoHTe Kapno ¢ XomoreHHu mogenu,
UMUTUPALLN KOMNPECUPAHN MAEYHU XMe3n N C aHTPONOMOPMHN MOAeNn, Cb3aafeHn oT
naumeHTckn obpasn. OueHeHn ca TpW pasnNU4YHU nokasaTtens, CBbp3aHu C Jo3aTa, 3a
TOYkOoBa Mamorpacdumsa, KoMTo crnea ToBa ca cpaBHeHM C (@) ctaHgapTHaTta DgN, (6)
HOpManusvpaHaTta Xrnesucrta Aosa camo 3a OUPEKTHO obnbyeHaTa 4vacT OT rbpaaTta
(DgNv) n (B) DgN, nonyyeH ot npounsseneHnetTo Ha DgN 3a ob6nbyBaHe B NbIIHO Nose u
CbOTHOLLEHMETO Ha MNIOLLTa Ha cpeaHaTa BUCOYMHA Ha obnbyeHaTta rpAaa KbM usnarta
nnow, Ha repaata (DgNM). Kak Te3n nokasaTtenu BapupaT B 3aBMCUMOCT OT pa3mepa Ha
noneTo, Koeto ce 0bnbyBa, AebenuHata Ha obnacTTa Ha NeTHOTO (ToykaTa), eHeprusaTa
Ha PEHTreHOBUTE Nbyu, MAOLWTa U NO3UUMATa Ha NETHOTO, dhopmaTa MU pasMmepa Ha
MIieyHaTa >xresa M reomeTpusita Ha mMamorpadckata ypeaba e xapakrtepusmpaHo 3a
XOMOTEHHMS1 KOMMITBbPEH MOAEN Ha Mbpaa.

Pesyntatnte oT 1031 MO4en ca CpaBHEHU C Te3n OT aHTPONOMOPIHUTE KOMMOTbPHU
Moaenu, n nokasear, Ye DgN npu ToukoBa mamorpadusi Moxe Aa Bapupa 3Ha4uTesnHo B
3aBMCUMOCT OT NfoLlTa Ha rbpAaaTta. Bbnpeku ToBa, pasnukaTa B gebennHaTta Ha repaaTa
MexXay TOYKOBO KOMMpecupaHaTa 30Ha W HekomnpecupaHaTa obnact He BbBexaa
Bapunaums B DgN. [lokato ToukoBaTta koMnpecupaHa obnacTt e m3usno B obnacrtrta Ha
rbpaaTta M camo KOMMpecupaHaTa YacT Ha rbpaarta € AUMPEKTHO obnbyeHa, HemHaTta
nosmumnsa U pasmep He BbBexgaTt Bapuauma B DgN 3a xomoreHHMa mogen Ha rbpaaTa.
KakTo ce o4akBa, DgN e no-Hucka ot DgNv 3a Bcu4ikm o651act Ha YacTu4HO obnbyBaHe
Ha rbpgara, ocobeHo koraTto ce B3emaT npensua obrnactute Ha TOYKOBa KOMMPECUS B
paMKUTE Ha KITMHUYHO M3MNO0S3BaHMA unanasoH.

Tean pesyntatm ca 3HauyMMu 3a pa3paboTBaHETO Ha HOB AO3MMETPUYEH Moaen Ha
MreYyHa xnesa (3agadva, noeta OT AMepuKaHcKkaTa acouuauus Ha dusnuute B
MeauumHaTta u EBponenckaTta pegepauma Ha opraHnsaummTe No MeanumHcKka guamka),
TbUW KaTo gaBaT npegcrasa 3a ToBa kak DgN, DgNv n DgNM ce gbpxaT npu pasnvyHu
reomeTpun Ha nony4aBaHe Ha obpasuTe N pasnuyHU NapameTpun Ha Mmogena.
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A Monte Carlo model for mean glandular dose evaluation
in spot compression mammography

The purpose of this work is to characterize the dependence of normalized glandular dose
(DgN) on various breast model and image acquisition parameters during spot
compression mammography and other partial breast irradiation conditions, and evaluate
alternative previously proposed dose-related metrics for this breast imaging modality.

For this purpose, we used Monte Carlo simulations with both simple homogeneous breast
models and patient-specific breasts, three different dose-related metrics for spot
compression mammography and then compared the results for (a) the standard DgN, (b)
the normalized glandular dose to only the directly irradiated portion of the breast (DgNv),
and (c) the DgN obtained by the product of the DgN for full field irradiation and the ratio of
the mid-height area of the irradiated breast to the entire breast area (DgNM). How these
metrics vary with field-of-view size, spot area thickness, X-ray energy, spot area and
position, breast shape and size, and system geometry was characterized for the simple
breast model and a comparison of the simple model results to those with patient-specific
breasts was also performed.

The results show that the DgN in spot compression mammography can vary considerably
with breast area. However, the difference in breast thickness between the spot
compressed area and the uncompressed area does not introduce a variation in DgN. As
long as the spot compressed area is completely within the breast area and only the
compressed breast portion is directly irradiated, its position and size does not introduce a
variation in DgN for the homogeneous breast model. As expected, DgN is lower than DgNv
for all partial breast irradiation areas, especially when considering spot compression areas
within the clinically used range. DgNM underestimates DgN by 6.7% for a W/Rh spectrum
at 28 kVp and for a 9 x 9 cm? compression paddle.

As part of the development of a new breast dosimetry model, a task undertaken by the
American Association of Physicists in Medicine and the European Federation of
Organizations of Medical Physics, these results provide insight on how DgN and two
alternative dose metrics behave with various image acquisition and model parameters.
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PaspaboTBaHe n BanuauMpaHe Ha NPOTOTUNHA ONTUYHA cucTemMa
3a BanuaupaHe Ha npouecu B peHTreHoBaTa obnact

MpunaraHeTo Ha peHTreHoBa Ha30BO-KOHTPACTHA TeXHWKa MOXe Aa nodobpu 3HAUMTENTHO
KOHTYpUTE Ha TbKaHWUTE, KaTO MO TO3N HAYMH OCUTrypsiBa NO-BUCOK KOHTPACT MeXAay TAX.
ToBa Hay4HO-M3CneaoBaTeNcko NpoyyBaHe Lenun paspaboTBaHe U TECTBAHE HA NPOTOTUN
Ha TakaBa TEXHWKA, HO peanu3npaH B onTuyHaTa obnacr.

MpoTOTUNBT Ce CHCTOM OT U3TOYHUK Ha CBETSIMHA, NPOCTPAHCTBEH MOAYNaTop U CEH30p
3a cbopmupaHe Ha obpas. MoHoxpomMaTnyHa BuaAMMa CBETMINMHA ce hopmupa OT nasepeH
avoa, nocrnegsaH OT NPOCTPaHCTBEH (UNTBLP, crnen KOUTo PUNTPUPAHOTO NbYEeHUe ce
Haco4Ba kbM DLP-unn DLP3010 Ha Texas Instruments, paboTely kKaTto NpoCcTpaHCTBEH
moaynatop. MogensT Ha obekTa, hopmumpaH OT KOMMOTBbPEH cCOPTYeEp, Ce NpeaaBa KbM
DLP-uynna ypes HDMI nntepdenc. CeHsopbT 3a dopmmpaHe Ha obpas e MTOP031 n e
NnocTaBeH Ha onpefernieHo pascTosiHue OT MPOCTPAHCTBEHUS ModynaTtop. To3u CeH3op
npuemMa gudpakumMoHHaTa KapTuHa, KOATO ce uudpoBu3Mpa WM MNpexBbPSis KbM
KOMMIOTbpa 4pe3 cepueH uHTepdenc oT uudpoBa cuctema, 6GasmpaHa Ha FPGA.
CeH30pbT € ¢ pasamepn 5,70 mm x 4,28 mm n 2592 x 1944 akTMBHM NMKcena, n3nosi3aBaHn
3a (popmupaHe Ha obpa3s B peanHo Bpeme. [JaHHUTe 3a eaHO n3obpaxkeHue ce nonyyasat
3a no-marnko ot 14 s.

PaspaboTteHn ca gBe codpTyepHu npunoxeHus Ha C++ 3a nogapbXka Ha NPOTOTUMHOTO
YCTPOWCTBO: (a) 3a nony4yaBaHe Ha obpasu n (6) dopmupaHe Ha ha3oBna 0OEKT, KONTO
ja 6bae obnbyeH.

MpoTOTUNBT € TecTBaH YCMEeLWHO 3a Cb3gaBaHe Ha AMPaKUMOHHM M306paxkeHust Ha
crnepHuTe o6ekTU: Henpo3payHa NeToNTbyKa, NPo3payeH LUBENLIAPCKM KPbCT, pasfinyHm
pEeLWeTKN, KakTo U ne3unm Ha rbpaute. [lpoToTunbT Wwe O6bae OOMbIHUTENHO
YCbBBHPLUEHCTBAH 32 ONTUYHA KOMMIOTbPHA TOMOrpadusi.
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Development of in-house optical system dedicated to validation
of processes in X-ray imaging

Phase-contrast imaging is an imaging technique, which provides an advantage over the
traditional X-ray imaging by improving the contours of the tissues, thus providing higher
contrast between tissues. To advance in this filed, the researchers from the Laboratory of
Computer Simulations in Medicine are building a custom optical setup to generate
diffraction pattern corresponding to the phase contrast data, but in the optical range.

The prototype consists of light source, spatial modulator and image sensor. The
monochrome visible light is formed by a laser diode, followed by a spatial filter selecting
the lowest transversal Gaussian mode from the laser radiation. The filtered radiation is
then directed to a Texas Instruments DLP-chip DLP3010 operating as a spatial modulator.
The object pattern, formed by PC software is presented on the DLP-chip via HDMI
interface. The image sensor MT9P031 placed at a certain distance from the spatial
modulator accepts the diffraction pattern, which is digitized and transferred to the PC via
serial interface by FPGA-based digital system. The digital image sensor is with size of
5.70 mm x 4.28 mm and 2592 x 1944 active pixels used to form the image in real time.
Data per one image are obtained for less than 14 s.

Two software applications were developed under C++ to support the prototype device: (a)
for image acquisition and (b) forming the phase object to be irradiation.

The prototype was tested successfully to produce diffraction images of the following
objects: a non-transparent five pointed star, a transparent Swiss cross, various gratings,
as well as breast lesions. The prototype will be further extended into an optical computed
tomography.
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