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HekoppekmHoe nodassieHue cuzHasna om 800bl

HekoppeKTHas paboTa TeXHOMOr M NoAaBNeHKs C1UrHasa oT BOAbI BOIM3M Me-
TaNNIOKOHCTPYKLMIA OOYCNOBNEHA M3MEHEHMEM Yrna OTKIIOHeHWst CMIMHOB B NoChe-
noeatenbHocTy FLAIR. Huke npepcTaBneH npumep HapylueHus paboTbl TeXHOMOrn
nofasneHns curHana ot Boabl (puc. 5).

a 6
PucyHok 5 — MPT 20/108H020 MO32d, UMEemMCcs MeEMASIOKOHCMPYKUUA Ye/IlOCMHO-1Uuue8ou
obnacmu, FLAIR VI 8 akcuasibHot NiocKocmu: HeKOppekmMHaa paboma mexHos102uu
NnooagsieHus Cu2HAna om 800bl: a — 2UNEPUHMEHCUBHbIL CU2HA OM JIUKBOPA 8 NePeOHUX
pO2ax 6OKOBbIX Xe/1yO0UKO8 NO CPABHEHUIO C 300HUMU POamMU (esmele CMpesku),
6 — 08yCMOPOHHUL 2unepMUHMeHCUBHeIL CU2HA/T OM JIUKBOPA 8 NpoeKyuU 106Hol 0onu
(3es1eHbIe CMPEsIKU), Xemas Cmpesika — No0agneHHsI Cu2HAm 0m JIuKeopa

Huke, Ha pucyHKe 6, NPOWIIIOCTPUPOBaHa HEKOPPEKTHas paboTa TexHo-
NOTUU  CENEKTUBHOMO BO30YXKAEHMA CUTHANOB OT CBOOOAHOW »makocTn (Water
Excitation Technique), B pe3ynbTaTe KOTOPOW He 6blN NOJABNEH CUTHAM OT KUPOBOM
TKaHW, a Takxe Obln ocnabneH curHan ot ABMXKYLLENCA B apTEPURAX KDOBY B PEXMME
3D-spemanponeTHol aHrnorpadum (3D Time of Flight, ToF).

a 6

PucyHok 6 — MP-aHeuoepagua cocyoos wieu 8 pexiume 3D ToF: a — akcuasnbHeil cpes;
6 — MIP-pexoHcmpykyuA
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2.NOAABNEHUE APTEQAKTOB OT METAJIJTIOKOHCTPYKLIUA

Moaxoabl K NogaBneHnto apTedpakToB OT METaNOKOHCTPYKLUMWA NpeAcTaBnsioT
CODOV KOMIMNEKC MePOMNPUATAIA, BKIOUAIOWMIA N3MEHEHNE NMPOTOKONA CKaHUPOBa-
HVISt U HAaCTPOMKY NapaMeTpOB MMMYSbCHBIX MOCNe0BaTeNbHOCTEN B 3aBUCUMOCTM
OT BW/1a BO3HUKAIOLNX MCKaXeHNI n3obpakeHus (Tabnmua 1). OHM MoryT ObITb Npu-
MeHeHbl Ha obom MP-ToMorpade, ofHaKo AnA NPUMEHEHWS Ha NPaKT1Ke cnemyet
3apaHee COOPMMPOBATL NMPOTOKOSBI (MPY HEOOXOAUMOCTY NPUBEKas annivKaTopa
N/vinv MeAULIMHCKOTO GU3KKA).

Tabnmua 1 — OCHOBHble NoAXObl K NOAABNEHMIO apTEDAKTOB OT METAINIOKOHCTRYKLINI

Buabl aptedakToB PyuHble meToapl CHUXeHWs apTedaKToB (CTaHAAPTHbIE)

[oTepa n ycuneHve curHana MpoTokonbl cnnHosoro 3xa unn FSE (TSE, RARE), TonwmHa cpesa,
MaTpuLa, napannenbHblii COop AaHHbIX U Ap.

HekoppekTHoe STIR nnwn Dixon-TexHonorusa
XunponogasneHve
HekoppeKTHoe noaasneHne HenekapTtoBo 3anonHeHne k-npoctpaHcTea (Hanpumvep, PROPELLER
CUrHana ot Bofbl FLAIR)
[eomeTpuyeckme ncKaxeHna PaclumpeHve nonocsl NPOMNycKaHWA NpueMHuKa (B COBOKYMHOCTM

C APYrMMY METOAMKaMM)

[pyrve apTedakTbl KombuHaLmsa MeToaoB KOppeKLmn

Kpome Toro, CyuecTBytoT roToBble MPOrpaMmmHble pelleHns, nocTaBnaemble
B KauyecTBe AOMONHUTENBbHOW OMUMKU 1 NMPUMEHUMbIE ANA KOPPeKUMN BCEX TUMOB
apTedakToB. JTW pelueHUs OyayT pacCMOTPEHbl OTAeNbHO B pasdene 2.2 AaHHbIX
pexKomeHaauui.

2.1. «PyuyHbie» meTOAbI
2.1.1. lposedeHue uccredosaHus

lccnepoBaHue cneayeT NPOBOAWTL Ha TOMOrpade C UHAYKUMEN MarHUTHOMO
nons He bonee 1,5 Tn.

XoTA BbIOOp annapara 3aTpyaHWTeNbHO Ha3BaTb METOAOM NOAABMEHNS, BaXKHO
OTMETUTb, YTO HEOAHOPOAHOCTb MarHWTHOrO MO, Bbi3BaHHASA HanMUMeEM MeTanna,
NpPAMO NPOMOPLIMOHANbHA BENMUMHE MHAYKUMMW. [1o3TOMy ToMorpadbl ¢ nonem 1,5 Tn
1N MeHee ABNSIOTCA NPeAnoYTUTENbHBIMI B CPaBHEHWI C annapatamu 3 Tn [4], [7].

Huke Ha pucyHke 7 NpefcTaBfeH NpuUMep NpossneHusa apTedakTos OT M-
MMaHTaToOB Ta30beApeHHbIX CyCTaBOB Ha ToMorpadax C pasHoW MHOYKUMER MarHnT-
Horo nons [8].
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a 6
PucyHok 7 — MPT npedcmameneHoU xene3el y nayueHma nocsie 08yCmopOHHez0
momareHo20 3HOONPOME3UPOBAHUA MA3obedpeHHbIX Cycmasos: a — Ha momoepacpe 3 Tr;
6 — Ha momoepagpe 1,5 Tn

[laHHbBII NpUMep HarnaaHO MoKa3biBaeT MPenMyLLeCTBO CKAaHUPOBaHNA MNa-
LUMEHTOB C METASINOKOHCTPYKLIMAMM Ha TOMOrpadax C MHAYKLMEN MAarHUTHOrO Nnons
He 6onee 1,5 Tn [8].

[pumeyuaHue: B mo xe epems, K020a peds udem O NPOPaMMHbIX aneopum-
Max nodassieHua apmegakmos om memasnaa (MAR — Metal Artefact Reduction), Ha
momozpage ¢ bonbuiel UHOyKyuet moeym OelMb NOJIyYeHsl U306paXeHUA fydue-
20 Ka4ecmed, mak Kak 4em 8ellie omHouleHue «cuzHan/wym» (SNR) uzobpaxeHud
(3 Tn no cpasHeHuto ¢ 1,5 Tn), mem 6onee kayecmeeHHoe U30OpaxeHUe Mbl MOXEM
nosyyume ¢ nomowsio MAR. [lodpobHee 06 OaHHbix anzopummax — 8 pasdesne 2.2
«[poepammHeie pewieHuUs 0718 Koppekyuu apmegpakmaoss.

2.1.2. [lpumeHeHue cNUHOB020 3xa

[na CHWXeHWA MOWAAN WCKaXEHUA Ha M300pakeHUAX pekoMeHayeTcs
MCNONb30BaTbh MOCNeNOBATENIbHOCTM CMMHOBOrO 3Xa (SE), GbICTPOro CrmMHOBOrO
axa (FSE) nnu TypbocnuHosoro axa (TSE). Ha pucyHke 8 npenctaBneHbl npumMepsl,
[NEMOHCTPUPYIOLIME X NPeNUMyLLECTBA MO CPABHEHWIO C MPaAMEHTHBIMU 3XoMnocne-
JOBaTENbHOCTAMM.
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a 6

PucyHok 8 — MP-momozpammbl HUXHUX KoHe4HocmeUl 8 obiacmu 6edpd, KOpOHATbHAA
NI0CKOCMb CKAHUPOBAHUS, UHOYKUUA MazHUmHo2o nosia 3 T. CocmosHue nocne
MemasnnoocmeocuHmesa oudgusa npasoli bedpeHHol kocmu: a -T2 BU Ha ocHoee
CnuHo8020 3xa (FSE); 6 —T2 BV Ha ocHose epadueHmHozo 3xa (GRE)

[laHHbIN MPUMEP AEeMOHCTPUPYET CYLIECTBEHHOE CHVBPKEHVE Miolaan ap-
TedakTOB MpU MCMOSb30BaHUKM MOCNEA0BaTENBHOCTEN CMMHOBOrO 3Xa (puc. 8, a)
MO CPaBHEHWIO C rPafieHTHON 3X0NOoCe[0BaTeNbHOCTLIO (puc. 8, 6). B aaHHOM cry-
uae NosABMAETCA BO3MOXHOCTb OLIEHWTL JIMHUIO NEPEeNoMa 1 Npunexatlyto obnacTb.

MMpumeyarue. BvinadeHue cueHana 8 8ude XApakmepHoz0 «0b/aka» HuU3-
Kol UHMEeHCUBHOCMU, OKpyXaioweeo Memasnaudeckul npomes, onocpedyemcs
T2-OechasuposaHuem. Vicnonw3ogaHue WIT Ha OCHOBE CNUHOB020 3Xa NO380JAem
3pekmusHO CHUXame apmegpakmel, npumeHas 180°-UmMnynec C yibMpakopomKum
spemerem 3xa (TE). Takum 06pasom, nociedosamesibHoOCMu Ha OCHO8E CNUHOB8020
3xa obecneyusarom C8oespeMeHHOe nepepokycuposaHue 0egazupyoujux CNUHO8
U yMeHblieHuUe cmeneHu 3amyxaHus T2-0egazuposaHus, mem cameiM CHUXAA NOMepPIo
cueHana [9].

2.1.3. Beibop HanpasneHus paz08020 U YaCMoOMHO20 KOOUPOBAHUS

BBMay TOro, YTo MPOCTPAHCTBEHHbIE OLIMOKM PEerncTpaumm He OKa3biBaloT
BIVSHNA Ha $a30BOe KOOMPOBAHME, ONEPATOP MOXKET U3MEHWUTb HanpaBneHus ¢a-
30BOrO W YacTOTHOrO KoamnpoBaHus (phase- 1 frequency-encoding direction) B Ha-
cTponkax UMM ¢ uenbio CMeWeHns apTedakToB B HaNpaBNeHUM, B KOTOPOM NCKaxe-
HVe He nepekpbiBaeT 06acTb UHTEpECa.
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ﬂ,aHHbIVI noaxon cnedyet NpMeHATb MHOMBWOYabHO ANA KaXXAOTO NayeHTa,
B 3aBNCMOCTW OT Lesin ncciefoBaHnA.

2.1.4. PacwupeHue nosocel NnponycKaHus NpueMHUKad

O6nacTb Bokpyr VIMW xapakTepur3yeTcs BICOKOM HEOAHOPOAHOCTHIO MarHUT-
HOTO MOJIA, YTO MPUBOANT K OLLINMOKaM TOKANM3aLMU UCTOYHMIKA CUTHaNa, T.e. BO BPEMSA
00paboTKM CUrHana 3T UCKaxkeHUa OyayT «CABUraTb» U30OpakeHve OT ero peasnb-
Horo nonoxerus. WM knacca CNMHOBOIO 3Xa MOTyT ObiTb OMTUMU3MPOBAHbI MyTEM
PaCLIMPEHNA NOMIOCH NPOMYCKaHWA NpueMHmKa (bandwidth). 1o no3sonseTt ymeHb-
WWTb apTedakTbl 3a CUET yBENMYEHWUA paboyelt Harpy3kM rpaameHTa CUMTbIBaHWA
1, KaK CNefCcTBre, permcTpaumnm CUrHana Ot NMKCeNen 3a npemenamm 30Hbl nHTepeca [6].

B 3aBMCMMOCTW OT MOAENU WUCMOMb3yeMoro Tomorpada 1 yCTaHOBNEHHOTO
NPOrpaMMHOro obecrneyeHna 3TOT MapPaMeTP MOXKET M3MEHATbCA Kak Hampamyo
B napameTpax MM (Hanpumep, Ha annapaTtax GE, Hitachi), Tak 1 kocseHHO (Ha annapa-
Tax Philips napametp bandwidth MoxeT ObITb M3MEHEH KOPPEKTUPOBKOW 3HaUEHNs
BOJHO-KMPOBOrO CABMTA).

Pe3ynstaT npuMeHeHrA Takoro Noaxofa OAHOBPEMEHHO CO CHUMXEHWEM TOI-
WMHbI Cpe3a NpeAcTaBneH B Clefytolwem nogpasgene 2.1.5. Hago otmeTuTb, 4To npm
3TOM OyfeT CHWKEHO 3HaueHwue SNR.

2.1.5. icnonb308aHue moHKuUX cpe30o8

MPOCTPaHCTBEHHAA HEOAHOPOAHOCTb MArHWTHOrO MoAs BOAW3M MEeTanu-
UECKOro 0ObEKTa MPUBOAUT K HEKOPPEKTHOW PErncTpaLmnm NnooKeHUs npeLeccu-
pYIoLLMX NPOTOHOB. Ha MP-1306paKeHnsax 3TO NPOSBASETCA Kak reoMeTpuyeckoe
ncKaxkeHue. JaHHbI 3pdEKT MOXKET BbiTb YACTUYHO CIAXKEH CHUMXEHUEM TOMLMHbI
cpe3oB. OfHaKo CrefyeT yunTbiBaTh, UTO B pesynbTaTe ByaeT yBenvueHo obliee Bpe-
MS CKaHUPOBAHMA U CHUXKEHO 3HaueHne SNR.

PUCYHOK 9 IEMOHCTPUPYET BO3MOXHOCTM ONTUMM3aLmm MP-npoTokona ans
NaLVEHTOB C METANTOKOHCTPYKLMAMK C MOMOLLbIO ABYX NMOAXOAOB (Moapasaenbl 2.1.4
n2.1.5).
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a 6

PucyHok 9 — MP-momozpammsl HUXHUX KoHe4Hocmel 8 obiacmu 6edpd, KOpOHAbHAA
NI0CKOCMb CKAHUPOBAHUS, UHOYKUUA MazHUmMHo2o nosia 3 T. CocmosHue nocne
MemasnnoocmeocuHmesa ouadgusa npagol bedpeHHoU Kocmu (8ciedcmaue nepesioma
duacpuza npagoli bedpeHHOU Kocmu) Npu pazIuyHoU WuUpUHe NOIOCk NPONYCKAHUA
NpUeMHUKA U mosiwjuHe cpesa: a — 162 [u/nukcesne, monuuHa cpesa — 5 mm;

6 — 976 [u/nuKcesnb, MonwUHA cpe3a — 2 Mm

TakM 0BPa3oM, M3MEHEHME HECKOMBKMX MapamMeTPOB B COBOKYMHOCTW Mpu-
BOAMT K YMEHbLLIEHWIO MAOWAAN UCKaXEeHWS, Aenas BuU3yanu3aumio obnactv nHtepe-
ca bonee NHPOPMaATUBHON.

2.1.6. YsenuyeHue pasmepa mampuuybi

AHaNOMMYHBIN CHUKEHWIO TONLLMHBI Cpe3a 3hdeKT obecneumBaeT v yBenmnye-
HVie pa3mepa Matpuupl. [prn 3TOM yMeHbLIAeTCA pa3mep BOKCENs U, Kak CrefiCTBUe,
CHWPKAeTCA BNUAHME NMOTEPU BHYTPMBOKCEBHOMO CUrHana.

13MeHeHVe JaHHOrO NapamMeTpa UMMybCHOW NOCe]0oBaTeNbHOCTY CriedyeT
NPUMEHATL B AOMOSHEHNE K BblLIENepeUnciIeHHbIM NOAXOAaM.

2.1.7. CHuxeHue nosis 063opa

CHuxeHue nona o63opa nyTem 1M3meHeHusa napameTpos MMM (Yacto BCTpeya-
toTcA rotosble pellenus — reduced FOV, rFOV) - elle oanH JOCTYMHbIN CrOCcob CHU-
31Tb N1oWaAb apTedakTos [6]. B 4aCTHOCTW, MPUMEHUTENBHO K AUddY3MOHHO-B3BE-
WeHHbIM 1300paxeHuam (DWI) npu BbinonHeHun MPT npeactaTenbHoW »Kenesbl
rFOV MOXeT CyleCcTBEHHO YyULlINTb BU3yanu3aumio opraHa. Himke, Ha pucyHke 10,
NpeACTaBeH NpUMepP NCMNONb30BaHWA JAHHOTO NOAXOAA.
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a 6 B

PucyHok 10— MPT npedcmamensHoU xenesel y nayueHma ¢ 3Ho0onpome3om s1e8020
mazobedpeHHO20 Cycmasd, akCUAIbHAA NJIOCKOCMb CKaHUposaHus. Ommeyaemca
apmegakm om s1e8020 maszobedpeHHoeo cycmasa: a — 12 BU; 6 — VK[ kapmul (EP-DWI);
8 —VIK[] kapmei (rFOV DWI). Pucyrok uz cmameu [10]

Ha T2 BW-1306parkeHUsAX OTMeUYaeTcA rMMNOVHTEHCUBHDBI Y4aCTOK B TPaH3W-
TopHOW 30He (TZ) cnpaea (benas ctpenka, puc. 10, a). MNpu noctpoerun VKL Kap-
Tbl BM3yanu3auma NpeanonaraeMoro nNatonornyeckoro yyacTka 3aTpyaHeHa BCnea-
CTBMe apTedaKTa OT SHAOMPOTE3A NIEBOro TazobepeHHOro cycTtasa (puc. 10, 6, benas
cTpenka). VK[ kapTbl C ymeHblleHHbIM FOV MeHee nofsepKeHbl BAUAHNUIO apTedak-
TOB UCKAXKEHWA 1 NOTePU CUrHana v, Kak CneacTsre, AEMOHCTPUPYIOT 3HaUMTENbHOE
yryylleHne Br3yanm3aumnmn 3oHbl nHTepeca (puc. 10, B).

2.1.8. cnonw3osaHue pexumos STIR u Dixon 0515 KoppekmHou pabomel
mexHo/102UU XUponooddssieHus

My HEOOXOANMOCTU MOMYYEHUs N300PaKEHNI C MPUMEHEHMEM TEXHOMOT N
NofaBNeHNA CUrHaNa OT XKpPa PeKOMEHIYETCA UCMOMb30BaTb MNOCIeA0BaATENIbHOCTD
Short Tau Inversion Recovery (STIR) — HBepPCKS-BOCCTaHOB/EHME C KOPOTKNM Bpe-
MeHeM penakcaumn T1 BmecTo meToda Fat Saturation (FatSat) B CBA3M C BbICOKOW UyB-
CTBUTENBbHOCTbBIO MOCNEAHErO K HEOAHOPOLHOCTU MAarHUTHOTO NONA.

MpurmMepsl MCcnonb3oBaHws FatSat u STIR, Habnogaemele OTAMYNA UX NPUMEHE-
HWA B NPUCYTCTBUM METasINa NPeACTaBeHbl Ha pucyHke 11.
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a 6
PucyHok 11— MP-momoepammel Mano2o masd, akcudnbHas NI0CKOCMb CKAHUPOBAHUS,
n1esbili maszobedpeHHbIU Cycmag Nocse MomasbHO20 SHOONPOME3UPOB8AHUA (CMPESTKU):
a - npumereHue nocsiedogamernsHocmu FatSat; 6 — ucnone3osarue STIR-umnynscHoU
nocnedosamensHoCMu

OTmeTnm, uto NpuMeHeHure STIR Takxke npuBoauT K cHpkeHuto SNR. [1na go-
CTVPKEHMA nyywero 3HayeHna SNR pekomeHayeTCA B KauecTBe AOMOMHEHNA MPUMe-
HATb TexHonoruo Dixon (2-point uan multi-point Dixon techniques), koTopas 6onee
CTabunbHa B Cilyyae apTedakToB OT METaNNa, YeM YaCTOTHO-M30MpaTenbHble METOADI
HacblleHus xupa [11]. Hegoctatkamum Dixon ABNAIOTCS OCTaToUHble apTedakTbl Ha
rpaHnLe «MeTan/KocTb» 1 6onee NPOAOIKUTENbHAA PEKOHCTPYKLMS.

Ha pucyHke 12 npenctaBnenbl MP-1306paxeHs naumeHTa nocse MeTanfioo-
CTeOCKHTe3a bepeHHO KOCTH C UCMoMb3oBaHWeM metofa Dixon.

a 6 B

PucyHok 12 — MP-momozpammel HUXHUX KoHe4Hocmel 8 obnacmu 6edpa, KOpOHAsIbHAA
N/I0CKOCMb CKAHUPOBAHUS, UHOYKUUSA MazHUMHo2o nosia 3 T. CocmosHue nocre
MemannoocmeocuHmesa oudgusa npasol bedpeHHol Kocmu (8c/iedcmesue nepesioma
ouagu3za npasotl bedpeHHoU kocmu). Paboma Dixon-mexHonoeuu: a — T2 BV Dixon;

6 — T2 BV FSE ¢ FatSat, umetomcs apmegakmel 8 npoekyuu memaouagusa
u duagpusa bedpeHHol kocmu (cmpenku); 8 — FSE STIR
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MpenmyLLecTBo Dixon-TeXHONOMKN TaKkKe COCTOUT B TOM, YTO 33 OHO CKaHM-
pOBaHWe YAAETCA MOMYUYNTb TOMOTPaMMbl BbIBPAHHON B3BELIEHHOCTYM C KMPOMOAa-
BneHnem 1 6e3 Hero. Takxe, B oTnnune ot STIR, Dixon MOXHO NPUMEHATb C KOHTPACT-
HbIM YCUNIEHMEM.

2.1.9. MapannensHeili cOOp OAHHbIX

MapannenbHbili coop aaHHbIX B MPT (Parallel Imaging) — 310 meTon c6opa aaH-
HbIX, MO3BOASIOLNIA YCKOPUTL CKAHUPOBaHME 3a CUET COKpalleHna ymcna dasa-Ko-
OMPYIOLLVX UMMYNbCOB. [Py 3TOM NOBbILIAETCA MHGOPMATUBHOCT 30OPAKEHMI 3a
cYeT nofasneHua apTedakToB MarHUTHOW BOCMPUUMUYMBOCTH, OAHAKO CeayeT yun-
TbIBaTb, YTO CHUXAETCA 3HauYeHue SNR 1 BO3MOXHO noaeneHue aliasing-apTedakTos.

TexHonorvs napannensHoro cbopa AaHHbIX NpefcTaBneHa GONbWMHCTBOM
BEHAOPOB B KayecTBe OTAE/NbHbIX WMMMYbCHBIX MOC/AefoBaTeNlbHOCTeN: Siemens
(MSENSE), GE (ASSET), Philips (SENSE), Hitachi (RAPID) n Canon (SPEEDER). 5tv no-
CNefoBaTeNbHOCTU CNeayeT BKIIOUYUTL B MPOTOKON ANA NaUWMEHTOB C METASINTIOKOH-
CTPYKLMAMN.

OTaenbHO cneflyeT ckasaTb O MeTofe NapannenbHoro cbopa aaHHbIx GRAPPA.
B oTnnumne ot nepeuncnenHbIx Bhille B JaHHOM Cllydae CHavana 3anonHaeTtca k-nmpo-
CTPaHCTBO, a TONbKO NOTOM OMNPefenaTca KOIGOUUMEHTLI B3BELLIEHHOCTW A1 pa3-
HbIX KaTyllek. Takol noaxof No3BonseT 1u3bexaTb noasneHus aliasing-apTedakTos,
xapaktepHbix ana SENSE [12].

OTMETUM, UTO NPUMEHEHWE TEXHONOTMM NPeANonaraeT UCNoMb30BaHNe He-
CKOMbKMX MpUEMHbIX PY-KaTylwek C 13BeCTHOM MPOCTPAHCTBEHHOW OpUEHTauUMeNn.
OcobeHHOCTH NCMOMb30BaHNA KOHKPETHOMO PELLeHWs ClefyeT YTOUHUTb B COMpo-
BOAUTENBHOW AOKYMEHTALMW UM Y NPOU3BOAUTENA.

2.1.10. Hedekapmogo 3anonHeHue k-npocmpaHcmea

Eule oaHMM HanpaeneHviem 60pbObl ¢ apTedakTamm ABNAIOTCA METOfb], OCHO-
BaHHbIE Ha anbTEPHATMBHbLIX CNOCOHax 3anofHeHUA k-MPOCTpaHCTBa (HedekapToBO
3amnonHeHne k-NpocTpaHCTBa). boNbWWHCTBO NPOV3BOAUTENEN UMEIOT COBCTBEHHbIE
Toprosble HaseaHWA WM, oCHOBaHHbIX Ha AaHHOM meTofe: PROPELLER (GE), BLADE
(Siemens), MulitVane (Philips), RADAR (Hitachi) n JET (Canon). B cnyuae goctynHo-
CTV 3TUX PeLLeHN, CneflyeT BKMOUYUTb 1X B MPOTOKOST CKaHMPOBaHWA ANA NaLMEeHTOB
c M.

K HegocTaTkam MeETOa MOXHO OTHECTU CHUMXeHMe 3HaveHKna SNR.

Ha pucyHke 13 npefcrasner npymep npumerHenusa PROPELLER ana nosbiwe-
HVIS KauecTBa AVGOY3MOHHO-B3BELLEHHbIX M300PaKEHNI
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PucyHok 13 — MPT npedcmamesnsHoU xenesel y nayueHma ¢ 3Hoonpome3om s1e8020
mazobedpeHHo20 Cycmasd, akCUanbHas NIOCKOCMb CKAHUPOBAHUS, C NPUMEHEHUEM
PROPELLER Ha momoepacpe 1,5 Tn: a — T2 BU; 6 — MIKL] kapmei (EP-DWI); 8 — VIK/] kapmel

u3 PROPELLER-DWI. PucyHok u3 cmameu [8]

Y 71-neTHero nauyveHTa Ha T2 BM apTedakT OT aHAONPOTE3a N1EBOro Ta3obe-
[OPEHHOrO CyCTaBa He B13yanm3npyeTca Ha AaHHOM YpoBHe (puc. 13, a), B TO Bpema
Kak Ha K[ kapTax (EPI-DWI) — 6onee 4yBCTBUTENBHOM NOCNEA0BATENBHOCTM — OTMe-
YaoTCA BbIpaXKeHHble NCKaxkeHMs (puc. 13, 6). MNpy NCNonb30BaHWW APYroro pexmnma
ckaHnpoBaHua (PROPELLER-DWI) oTmeuvaeTcsa 3HauMTeNlbHOE CHUMXEHWe Mnowaan
apTedakTa (puc. 17, B).

DTOT »Ke NOAXOA aKTyaneH AnAa ciydan, koraa B pexknme FLAIR 13-3a Hannuna
METaINIOKOHCTPYKLMIA B 0ONACTN CKaHMPOBAHWA, HE MPOUCXOAUT NOAABNEHNUA CUTHA-
na ot nukeopa [13]. MpumeHerne PROPELLER no3sondaeT CHU3NTL BAMAHME MeTanna
Ha n3obparkeHne (puc. 14).

a 6

PucyHok 14 — MPT 2on08H020 Mo32a, umeemca memarniokoHcmpykuua Y710, 8 akcuanbHol
nnockocmu: a — FLAIR Ml 6 — PROPELLER FLAIR [14]. Ommeyaemcs CHUXeHue apmepakmos
8 Npoekyuu 6asungapHol apmepuu nocse ucnonesosaHus PROPELLER FLAIR
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TakMM 00pa3oM, MCMOMb30BaHME «PYUYHBIX» METOAOB [/18 CHUPKEHUs apTe-
GaKTOB OT METANNIOKOHCTPYKLMIA B COBOKYMHOCTU AaeT OOMbline BO3MOXHOCTM A1
CHWPKeHVs nnolaan apTedakTa Ha M300paXKeHWsAX, YBeNUUMBas AVArHOCTUYECKYIO
LUEHHOCTb MCCNefoBaHMA.

OnvcaHHble Bbille METOAMKI MOTYT ObITb MPYIMEHeHbI Ha Nlobom MP-Tomorpade.

2.2, lporpaMmHble pelleHna Ana Koppekumn apredpakToB

MOMUMO KOPPEKTUPOBKM PYTUHHOTO MPOTOKONA UCCNeA0oBaHWA, pelleHrem
3afauu BU3yanu3auum naumeHToB ¢ VIMM mMoxeT GbiTb NMprMeHEHe rOTOBBIX MPO-
rPaMMHbIX MPOAYKTOB, MPeAHa3HauYeHHbIX ANA NOAaBNEHMA apTedakToB OT MeTanIo-
KOHCTPYKUMI. Kak NpaBmio, OHWM NOCTaBAAIOTCA B kadyecTse onuyun K MP-Tomorpady
1 NpeacTaBnalT coboin Habop WM ¢ npeayCcTaHOBNEHHBIMU NMapamMeTpamy, a TakKe
nporpaMMHoe obecneyeHie ans NocToopaboTKM.

OAHMM 13 MEepBbIX peLleHWn nodaBneHna apTedakToB B MAOCKOCTM M30-
bpaxeHua asnaetca View Angle Tilting (VAT), npenctaBneHHoe B8 1980-x rogax.
Ero paboTa OCHOBBIBAETCA Ha BKAOUEHWM AOMONHUTENBHOTO FPAAVEHTHOTO UMMY/lb-
Ca B MOMEHT CUMTBIBAHWA CWUrHana, Yto MO3BOMAET 3HAUMTENBHO CHU3WUTL BAUAHME
HEOAHOPOAHOCTH MarHWUTHOTO MOSA, OAHAKO, MPUBOAMT K Pa3MbITUIO FPaHKL] Ha 130-
HpaxkeHun. Hambonee pacnpocTpaHeHHBIMW Ha CEFOAHALIHNIA AieHb ABNAIOTCA TakuMe
TexHonoruu, kak SEMAC (Slice Encoding for Metal Artifact Correction — KomneHcauua
MarHWTHoro aptedakTa C KOaMpoBaHuem cpesa, Siemens) v MAVRIC (Multiacquisition
Variable-Resonance Image Combination — kOMBMHaLMA 1300paxeHnii C nepemeH-
HbIM PE30HAHCOM MpPU MHOXeCTBEHHOM 3axBaTe, GE), B Tom umcne ncnonb3youmne
metoq VAT. AHanoruuHble pelleHna npeanaraioT v apyrme npou3BoaUTENN: Hanpu-
mep, O-MAR (Philips), HIMAR (Hitachi).

CnepyeT OTMETUTb, YTO 3GOEKTMBHOCTb AaHHbIX PeLIeHWU B 3HaYUTENbHON
CTeneHW 3aBWCUT OT NMpUMeHAeMbIX PY-KaTyllek, YTo MPUBOAMT K CHUXKEHUIO Kade-
CTBa U300pakeHNA AN Takmx obnacTel, kak nneyo nnuv begpo. [Ana pelweHvs 4aHHON
npobnembl GE npeanaraet rubpuaHbii metog MAVRIC-SL.

C NpakTUYeCKoW TOUKM 3peHNd, MPUMEHEHME YKa3aHHbIX MPOrPamMMHbIX pe-
WeHWN B ObLEeM Cydyae He OTIMUYAETCA OT PYTUHHOMO UCCNEeAOoBaHWA — onepaTop
JOMXeH 100aBUTb COOTBETCTBYIOLLYIO MOCNEA0BATENBHOCTb B MPOTOKON MCCNefoBa-
HWA 1 CKOPPEKTUPOBATL MOSIOXKEHME CPE30B, NOC/Ee Yero OyaeT BbiNONHEHO CKaHW-
pOBaHwme C NpumMmeHeHrem Heckonbkmx MMM (Hanpumep, STIR, T1, T2 1 PD) 1 noctobpa-
60TKa M300paXKeHWI.

Ha pucyHkax 14-16 npefcTaBneHbl NpuUmepsbl, AeEMOHCTpUpPYoWme 3bdek-
TVBHOCTb NMPEeACTaBNEHHbIX TEXHOMOMWI B CPAaBHEHUN C TPAANLMOHHbBIMU METOAaMM
BM3yanm3aLmm.
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a 6

PucyHok 14 — MP-momozepammel KoneHHo20 Cycmasa nocsie momaneHo20
3HOonpomesuposaHus, T1 BY, kopoHansHsle nnockocmu: a — 6e3 SEMAGC;
6 — c ucnosbzosaHuem SEMAC. PucyHok uz cmameu [15]

Kak BuaHoO, npumeHeHue SEMAC no3Bonnno CHW3WUTL niowadb aptedakTa
BbIM3aZEHVA CUrHana B ABa Pas3a W yayulnTb BU3yanu3aumio natepanbHOro 1 me-
[NanbHOrO MbILLENKOB.

a 6

PucyHok 15 — MP-momozpammel nneyegoeo cycmasay nayueHma nocse momansHoU
apmponsiacmuku, KOCOKOPOHAsIbHbIe niockocmu: a — PD BY, 6e3 MAVRIC; 6 — MAVRIC IR.
PucyHok uz cmameu [16]
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cnonb3osaHmve MAVRIC no3sonnno ynyuywmnTb BM3yann3aumo neprunpoTes-
HOro oTeka (pucC. 15, 6, enTble CTPENKM) U OTeKa MArKWX TKaHEN C BOBNEUYEHUEM Ha-
[OCTHOW ¥ 1enbToBUAHON MbilL (purc. 15, 6, 3Be3004KM). TakKe onpeaenseTca Hanwm-
yle CBULLIEBOTrO XOAa (KpacHble CTPENKM).

a 6

PucyHok 16 — MP-momozpammel HUXHUX KoHeyHocmel 8 obniacmu 6edpa. CocmosaHue nocse
MemannoocmeocuHmesa oudgpusa npasol bedpeHHol Kocmu (8c/iedcmeaue nepesioma
ouaguza npagotli 6edpeHHOU KOCMU): @ — KOPOHA/ILHAA NJTIOCKOCMb CKAHUPOBAHUS
PD FSE BV 6e3 MAVRIC; 6 — kopoHaneHas nnockocms ckaHuposaxus PD MAVRIC-SL

AHanornuHo ciyyato, NpeacTaBneHHOMY Ha pPUCyHKe 15, npuMep Ha pUCyHKe
16 nemoHCTprpyeT 3dPeKTUBHOCTL NpumeHeHna MAVRIC — ymeHblieHWe nnowaam
apTedaKToB.

HecmoTpsa Ha BblleonucaHHble NpUMeEpPbl cnefyeT OTMETUTb, UTO MCMOSb30-
BaHVe MPOrpamMmHbIX METOAOB MOAAaBNeHUA apTedakTOB OT METaNNOKOHCTPYKLMNA
He NUWEHO HefOCTaTKOB. B nepByio ouepefib, 3T0 00YCNOBNEHO HEBO3MOXKHOCTHIO
TOHKOM HAaCTPOWMKW MapameTpoB CKaHWPOBaHWA (B TOM ymcne Habopa MMMYIbCHbIX
NoCNeAoBaTeNbHOCTEN) B OTIMUME OT «PYUHbBIX» METOAOB, OMMUCAHHbBIX B pazaene 1.
Kpome Toro, HekoTopble (HO He BCe) MPOAYKThl YBEANUMBAKOT AINTENBHOCTDL CKaHW-
POBaHMA U CHUXKAtOT 3HaueHme SNR.

Takm 0bpa3om, MpUMeHeHe NPOrpamMMHbBIX PeLEHN ANa KoppeKkuun ap-
TedakToB ABNAETCA SOPEKTUBHBIM MHCTPYMEHTOM, JOMONHAIOWMM «PYYHbIE» METOAbI
KOppeKUMM NPOTOKONA.
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3. KNMHNYECKUE MPUMEPbI MOAABJIEHUA APTEOAKTOB

B OaHHOM pa3fene CO6paHbI KIMNHNYeCKme npumMmepbl npuMmeHeHrna onncaH-
HbIX MOOXOAO0B K NMOAaBleHNIO apTe(])aKTOB oT MeTaJ’IJ’IOKOHCprKLI,I/IVI, pasgeneHHblie
MO 30HEe HTepecCa 1 TUMy MniaHTaTa.

3.1. AnarHocTtuka KOCTHO-CyCTaBHOVI CNcTemMbl

B cBA3W C pacTyuleli NOTPEOHOCTBIO B ANArHOCTUKE OCNIOKHEHNIA, CBA3AHHBIX
C 3HAonpoTesnpoBaHmemM, MPT cTana BaXHbIM MHCTPYMEHTOM Mped- 1 NoCTonepa-
LIMOHHOTO KoHTpOoNA [7].

B HacTosuee Bpemsa BONbLIMHCTBO OPTONEAMYECKNX KOHCTRYKLIWIA, MCMOSb-
3yeMblX B apTPOCKOMMUYECKOM XMPYPIUK, M3rOTOBNEHO 13 TUTAHOBbLIX CNNaBoB. Cnefo-
BaTeNbHO, MO CPABHEHWIO CO CTapbIMU METANNOKOHCTPYKLMAMM 13 heppoMarHUTHbIX
MeTasnoB (TakMX Kak HeprKaselolas CTafb U KOOanbTOXPOMOBLIV CM/1aB) TUTAHOBbLIE
MMMNI3HTaThl BbI3bIBAIOT MEHEE CEPbe3HbIE NCKAKEHMS Ha U300paxkeHusx. HecmoTtpsa
Ha 370, Npobnema nofasneHus apTedakTos oT VIMW Ao cux Nop akTyanbHa B NpakTu-
Ke Bpaya-peHTreHonora.

MPT nossonseT 0gHOBPEMEHHO BLIABMATL MATONOIMIO KOCTeW (Hampumep,
Mo TUMY «CTPeCCOBOrO» MepenioMa) U OKPYKAoLMX MAFKMX TKaHEeW, a UMEHHO: CU1-
HOBWTbI, OCTEONIUTUYECKME N3MEHEHWS, TEHAOBArNMHNTDI, OYPCUTI, MepUnpoTe3HbIe
00pa30BaHNA, MHOEKLMOHHbBIE OCOXHEHWS, UMMUHAXMEHT-CUHAPOM 1 Ap. [aHHble
M3MEHeHVst He MOTYT ObiTb B MOMHOW Mepe OLeHEeHbl C MOMOLLbIO PeHTreHorpadun
N KOMMbtOTEPHOM ToMorpadum [17].

3.1.1. Busyanusayus umniaHmupyemozo MeduyUHCKo20 usoenus
ma3obedpeHHO20 cycmasa

Mpobnema BK3yanv3aummn NaUMEHTOB NOC/E SHAONPOTE3MPOBAHWA, MO OLieH-
KaM 3KCMepToB, OyAeT CTaHOBUTLCA BCe OOnee akTyanlbHOWM BBU/Y TOTO, UYTO KOMYe-
CTBO OMepaLmii No 3ameHe CYCTaBOB, B YaCTHOCTM Ta300e1peHHOTO, C KaX[ibIM rOfIOM
Bo3pacTaeT [18]. MPT B coueTaHun ¢ MeTofaMn ymeHblieHusa apTedaktos ot MM
MOeT OblTb 3GDEeKTUBHBIM AN OLEHKM Ta30beApeHHOro CycTaBa nocfe apTponna-
CTUKMW.

Hwke Ha pucyHke 17 NpeacTaBneH npymep HacTPOMKM MMMYbCHOM nocne-
[0BaTeNbHOCTY A1 OLeHKM Ta300elpeHHOro CycTaBa Noc/e TOTallbHOro 3HAOMPO-
Te3UpPOBaHUS.
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a 6

PucyHok 17 — MP-momozpammel 1eg020 mazobedpeHHo20 Cycmasa nocsie momasnbHo20
3HOONPOME3UPOBAHUS, KOPOHA/ILHAA NJTOCKOCMb CKAHUPOB8aHusa T1 BU:
a— 6e3 mexHono02uli CHUXeHUA apmegakmos, 6 — c mexHosnozuet SEMAC

3.1.2. Busyanuzayusa umniaHmupyemozo MeduyUHCKo20 u3denus
KOJ1eHH020 cycmasa

OcTaToyuHyto 60sb B TeueHWe rofa nocse ToTanbHON apTPOMNIACTUKK KONEeH-
HOro CyCTaBa OTMeYatoT A0 28 % MaumMeHTOB, MOABEPraloWMXCA JaHHOMY OMnepaTB-
HoMy BMmewwaTenbcTBy [19]. MPT no3sonseT NpoBeCTM MOMHYI0 NOCTONEPaLMOHHYIO
OLEHKY KOCTEN 1 NEPUAPTUKYIAPHBIX TKAHEW, a TakKe onpeaenuTb 3Tronoruio 6o-
NEeBOro CUHAPOMA.

Ha pucyHke 18 npeactasneH npumep B13yanmn3aumm KONeHHOro CycTaBa no-
C/le ero 3HAONPOTE3MPOBAHNA.
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B r

PucyHok 18 — MP-momozpammel 71e8020 KONEHHO20 CyCmasa nocsie apmponidcmuku,
€aummarsnsHas NII0CcKocme ckaHuposarus PD BU TSE. [pumereHue Memoouk NO CHUXeHUIO
apmegakmos: a, 6 — ysenuyeHue WUpUHsl NO0Ce! npuemMHuKa om 150 0o 600 [u/nukcers,
8, 2 — 0ONOJIHEHUE NPOMOKO/A CKaHUposaHuA mexHosozuel SEMAC
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Ha puicyHke 18 nokasaHo, Kak Npu yBENMYEHNN WNPWHBI MOAOCH MPUEMHIKa
ot 150 lu/nukcens (a) no 600 lu/nmkcens (6) oTMevaeTcs ymeHblieHve apTedakTa oT
metanna. JononHeHune texHonornen SEMAC (g, 1) ynydwaeT BUANMOCTb Ha rpaHmue
"koCTb-UMnnaHTatT" (cTpenkn) [20].

3.1.3. Busyanusayus umniaHmupyemo2o MeOUuYUHCKo20 u3oenus
nJsie4eg020 cycmasa

MpoBeneHne nocneonepaumoHHon MPT nneyeBoro cyctaBa MOXeT ObiTb
none3Ho AnA OLEHKU COCTOAHUA POTALIMOHHON MaHMeTbl, CyCTaBHOM ry6bl (labium
glenoidale), CyXOXWbHO-CBA3OUYHOrO anmnapata, pPaHHel AMArHOCTUKK  UHbeK-
UMOHHbIX OCNOMHEHWI, OLEHKN OObema XUAKOCTU B CybaKpoMMansHoW, CybaensTo-
BUAHON 1 [PYrMX CUHOBMANbHBIX CYMKaX, a TakKe MoCTONepPaLMOHHbIX GUOPO3HbIX
M3meHeHun [21].

Ha pucyHke 19 nokasaHbl npumepbl MP-Tomorpamm na oueHkn noctonepa-
UMOHHbIX OCIOKHEHWI NOCNe TOTaNbHOrO SHACMPOTE3MPOBAHWA NIeYeBOro CycTasa.

a 6
PucyHok 19 — MP-momoepammel nne4esoeo Cycmasa nocsie momaneHo20

3HOONPOME3UPOBAHUA, KOCOCA2UMMAIbHAA NIOCKOCMb CKaHUposaHus PD BU:
a - 0o npumeHeHus MAVRIC, 6 — nocne npumereHus MAVRIC [16]

Ha pucyHke 19, a, OTMeUaeTCA HenonHaA BM3yanmn3auna CyxOXUnmna HagocT-
HOM MbllLbl BCneacTaue aptedakta. MAVRIC (puc. 19, 6) NO3BONAET OLEHUTD MHTAKT-
HOE CYXOXMME HAAOCTHOM MbILULbI (KeNTble CTPenKK), LeENOCTHOCTb AENBTOBMAHON
MbILWLbL. Takxe BU3yanu3upyeTca nepudeprueckinii octeonns B obnactu rneHomaia
(TpeyronbHble CTPeNKM) 1 CUHOBUT (3BE3[0UKM).
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3.1.4. Busyanuszayus umnaaHmupyemo2o MeouyUuHCKo20 u3denus
20/1eHOCMONHO20 CycMasa

Bce yvalie Ans neveHus NaLMEHTOB C KOHEYHOW CTaAinel 0CTe0apTpO3a rone-
HOCTOMHOrO CyCTaBa NPUMEHAETCA TOTallbHasA apTPOMIacTMKa B Ka4eCTBE anbTepHa-
TVBBI apTpoae3y. Ho HeCMOTPs Ha MOCTOAHHbIE YYYLIEHWS KOHCTPYKUWW U [13ail-
Ha VMMMNaHTATOB, @ TaKKe COBEPLIEHCTBOBAHME XUPYPrMUeCcKMX MOAXOAOB BCE e
MMEIOT MeCTO MOCTOMNEPALIMOHHbBIE OCNOXHEHWA [22]. TT03TOMY aKTyanbHOCTb TOUHOM
JMArHOCTUKM 3TUONOrUN 60N 1 AUCOYHKLMM NOCNE TOTaNIbHOIO SHAOMPOTE3MPOBA-
HVISt TONEeHOCTOMHOIO CyCTaBa CoxpaHaeTtca [23]. PeHTreHorpadusa v KoMnbloTepHasn
ToMOrpadua He BCeraa AatoT NMosHbI OTBET M3-3a OrPaHUYeHHON CroCOOHOCTM And-
bepeHUMPOoBaTb MArKME TKaHM (MblLLbI, Cyxoxunus n ap.). MPT B coueTaHun ¢ nof-
XOfaMn MO NOAABNEHMIO apTEDAKTOB OT METANNIOKOHCTRYKLMIA ABNSAETCA Haubonee
ONTUMaNbHbIM METOLOM MOCTONEPALIMOHHOW NarHOCTVKK [23].

Huke, Ha pucyHke 20, NpeacTaBneH NpUMep AMarHOCTUKU OCNIOKHEHWI NO-
Cne apTPOMNacTUKK roNeHOCTOMNMHOMO CyCTaBa.

a 6

PucyHok 20 — MPT npagoeo 2oneHocmonHo2o cycmasa, 18 mecayes nocie momasnsHo20
3HOONPOME3UPOBAHUS, AKCUASIbHASA NJIOCKOCMb CKaHUuposaHus PD BU:
a - 6e3 mexHono2uli CHUXeHUA apmepakmos, 6 — ¢ mexHosoaueti SEMAC
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Ha naHHbIX Tomorpammax (puc. 20, 6) oTMeUaeTca YaCTUYHbIN pa3pbiB (CTpenKa)
CyXOXWUnua 3aaHe 6onbliedbepUOBO MbllWUbl (MMENUCH »Kanobbl Ha bone3HeHHoe
nofoLIBeHHoe CrbaHwe, paspbiB Obin NOATBEPXAEH MHTPaoNepaUroHHO) [23].

3.2. lnarHocTnKa 3ab6oneBaHunii YeNnoCTHO-NNLIEBOI 06n1acTu

PacTyuiee ynucno nokaszaHuin kK MPT 0bnacTtv ronosel v Len (Hanpumep, yka-
3aHHble B KNMHWMYeCKMX pekoMeHaaumax MuHWUCTepCTBa 34PaBOOXPaHeHna Poc-
cnickon Qepepaumnm 2020 . «Pak pOTOrNOTKWY) CONMPOBOXAAETCA YBENMYEHNEM
umca NMauMeHToB C MPUCYTCTBYIOLWMMM B POTOBOW 1 YeMOCTHO-NIMLIEBOI 0ONaCcTAX
METAMUYECKNMIN KOHCTRYKLMAMN: 3yOHBIMU UK OPTOMNEeANYECKMMM UMMIaHTaTamu,
3yOHBIMY KOPOHKaMK1, MOCTaMu, MIoMbamm 1 3yOHbIMIU MpoTe3amu. Bce oHM nmetoT
B CBOEM COCTaBe MaTepwansbl, KOTOpble MOTyT UcKaxaTb MP-n3obpaxkeHue [3].

Huxe npenctaBneH nprmep MCNonb3oBaHWA anropuTMa KOMNEeHCaUum apTe-
GaKTOB OT METANOKOHCTRYKLNIA B UentoCTHO-NMLEeBOM obnactu (U10).

a 6 B r

PucyHok 21 - lModasneHue apmegakmos om memasnnokoHcmpykyud 8 Y/10.
MP-momozpammel 20/108HO20 MO32d, AKCUAIbHAA NJIOCKOCMb CKaHUpo8aHus, 12 BU:
a—mampuua 256x256, mosiuuHa cpesa — 5 MM, LUPUHA NOJIOCkI NPONYCKAHUA
npuemHuUKa — 66 [u/nukcesns; 6 — mampuya 320x320, monuuHa cpesa — 5 Mm;

8 — Mampuya 384x384, monwjuHa cpe3a — 3 Mm; e — Mampuya 512x512, monwuHa cpesa
- 2,5 Mm, wupuHa nonocel nponyckanua npuemHuka — 200 [u/nukcene
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TakMM 06Pa30oM, C MOMOLLbIO KOMMIEKCHBIX M3MEHEHWI NMapamMeTPOB CKaHW-
POBaHWA Ha M300paKeHUN [EMOHCTPUPYETCA 3HAUUTENIbHOE CHUMKEHME MnoLaan
apTedaKToB OT METANNOKOHCTPYKLMN B YS10.

Ha pvicyHke 22 npefctaBneH npumep paboTsl MporpaMMmHbIX metoaunk 8 Y10,
a UMEeHHO CHUXeHWe apTedakToB OT UMMIaHTaTa C NOMOLLbIO MPOrPaMMHbIX METOAOB.

B

PucyHok 22 — MP-momozpammel 4emtocmHo-nuuesoti 061acmu (yposeHs mena A3vika),

aKCUAIIbHbIE NIOCKOCMU CKAHUPOBAHUA: d — UMNY/IbCHAA nocnedosamesnsHocme GRE;

6 — UMNY/ILCHAA NOC1e008amMesIbHOCMb FSE; 8 — NOKA3AHbI pe3yibmamel NPUMEHEHUA
mexHosnozuu MAVRIC

3.3. MarHUTHO-pe30HaHCHaA ToMorpadua NpeacTaTeNlbHON Xenesbl
Y NaLMeHTOB C UMMIAHTUPYEMbIMN MEAVNLMHCKUMMN N34eNNAMN
Ta3o6efpeHHbIX CYCTaBOB

SHOONPOTE3bl Ta300€APEHHbIX CYCTABOB ABMSIOTCA UCTOUHMKOM BbIPAXKEHHbIX
NCKaXeHN Ha ANdPY3MOHHO-B3BELLEHHBIX 1300parkeHnax (DWI), urpatowmx knto-
YEBYIO POMb MPW OLEHKe npeacTaTenbHon xenesdbl No cucteme PI-RADS (Prostate
Imaging and Reporting and Data System) [18], [24], [25], [26].
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DWI npeacTaTenbHol »ene3bl 0OblYHO MOJyYaloT C MCMOMNb30BaHUEM MO-
cnefoBaTeNbHOCTM CninH-3xa (SE) ¢ axonnaHapHbiM cunTbiBaHWeM (EPI), Tak Kak 370
3ddekTMBHO No BpemeHu. OgHako SE EPI uyBCTBMTENBHA K HEOAHOPOAHOCTAM NONA
BO, BO3HMKalOLWMM B TOM UMC/e 13-3a UMMIAHTATOB. STU OrpaHuueHrsa MoryT ObiTb
NpeofoneHbl NyTeM NpuMeHeHUa bonee KOPOTKOro TE, a Takxe NOAXOAOB, Nepeymnc-
JIeHHbIX B pa3gene 2 [27].

Ha pucyHke 23 npogemoHcTprposaHa pabota PROPELLER B gmarHocTvike
pakKa NpeacTaTeNbHOM Xenesbl.

a 6 B
PucyHok 23 — MPT npedcmamesibHoU xesesbl, akcUuasibHas NioCckoCMs CKAHUPOBAHUA:
a—- T2 BW, ommeyaemca cunouHmeHcugHsIl y4acmok 25 X 15 mm 8 30He TZ (¥);
6 - VIK[] kapmeol EP-DWI, umeemca y4acmok oeparudeHus ouggy3uu, 00HAKo moyHas
UHMepnpemayus 3ampyoHeHa, 8 — VIK/] kapmel PROPELLER-DWI 6e3 uckaxeHu( [24]

B AaHHOM cnydae y MyXKumHbl 74 neT (ypoBeHb npocTatocneumduyeckoro
aHTureHa PSA — 7,3 Hr/mn) 30Ha orpaHudyeHHomn Anddysunmn KoppenvpyeT C AaHHbIMM
Ha T2 BW. Pe3ynbtaThl G1ONCUMM AaHHOTO ydyacTKa MOATBEPAWUAM HanMume 310Kaye-
cTBeHHoN onyxonu (MuncoH 3 + 4). Takum obpazom, oNTYMK3aLmMa NPOTOKONA CKa-
HVPOBaHMA MOMOIa BPavy-PEHTreHONOry 06paTUThb BHYMAHKE Ha MOAO3PUTENbHbIN
YUaCTOK, YeTKO OnpefenB ero 3/10Ka4yecTBEHHOCTb.

CHueHue apTedakToB OT Pa3NNUHbIX METANNOKOHCTPYKLMI Ta300eApeHHbIX
CyCTaBOB MOXET B 3HaUMTENbHOWM CTEMEHM NOMOYb BPAYy-PEHTrEHONOry NPOBECTM
KauecTBeHHOe AMAarHOCTUYECKOe UCCNefoBaHWe, Kak NpeanuchiBaloT KnMHnyeckmne
pekomeHaaumny MuHmnctepcTsa 3apaBooxpaHens Poccuickon Qepepaumnm 2021 T.
«Pak npefcTaTenbHOM »kenesbi.
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3AKJTIOYEHUE

[laHHble MeToaMYecKune pekoMeHaUMW paccMaTpUBaloT BUAbl apTedakTos
OT METaNNOKOHCTPYKLUMIA Npu BbiNoAHeHM MPT, dusnueckmne ocHOBbI 1 CMOCODbLI X
YMEHbLUEHNA Ha M300paKeHUAX. bblN MOAPOOHO OMMCAHbI «PyYHbIE» 1 MPOrpPamMm-
Hble MeTofbl 6opbObl C apTedakTamy, a Takxe bonee AeTanbHO PasobpaHbl KNMHKYe-
CKve Cilyyau, YacTo BCTpevalolmecs B MpakT1Ke Bpada-peHTreHonora. Kpome Toro,
npencTaBneHbl NpUMepbl HACTPOEK MPOTOKON0B MPT-CKaHMPOBaHMA, NPUMEHeHMe
KOTOPbIX MOMOXET Bpady-peHTreHoNory B MHAVBWAYaNbHOM NNaHWPOBaHUW UCCe-
[OBaHMA.

Mpw HanpaBneHun nauneHTta ¢ MM Ha MPT Heobxoavmo TulaTenbHoO nna-
HVPOBaTb NpoLeaypy CkaHUpoBaHWA. CrieflyeT NOMHWTL O BEPOATHOCTH NOABNEHNA
apTedaKTOB B 30HE WMHTEPECa, a Takke NpeanpPUHMMAaTb MePbl ANS X CHUXEHWA,
B npoTrBHOM Cilyuae AvarHOCTUUYeCKasa 3HaUYMMOCTb UCCNe0BaHNA MOXeET OblTb CHU-
XeHa, B pe3y/bTate yero noTpebytoTcsa AONONHUTENbHbIE pecypChl. ABTOPbI AaHHbBIX
MeTOAMUYECKNX PEKOMEHAALMI NpeanaraloT 3abnarospemeHHoO GopMUPOBaTL MPO-
ToKOoNbl MPT-CKaHMpOBaHWsA, UTOObI B Cllydae HeOOXOAMMOCTH He TPaTWUTb JONONHN-
TeNbHOe BPems, YTO OCOBEHHO aKTyanbHO B YCIIOBUAX CKATOro pacnmcaHua npuema
NaLueHToB.

lcnonb3oBaHKMe AaHHbIX METOANYECKUX PEKOMEHAALIMIA MO3BOMMUT NOBLICUTb
KauecTBO BbINONHeHWA MPT-MccnenoBaHui, 3a CYET yBENMUYEHNA UAarHOCTUYECKON
LUEeHHOCTW UCCNeoBaHNIA Y NALUMEHTOBR C METANNOKOHCTPYKLMAMM.
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NPOTOKOJIbl CKAHUPOBAHWA

MpunoxkeHue

Tabnwua .1 - MPOTOKON CKAHWMPOBAHWA ANA NALMEHTOB C METANNIOKOHCTPYKLMAMM

NO3BOHOYHWKa [28]

MapameTpbl
MNMNYNbCHbIX

nocnegoBaTenbHOCTEN

TR, MmcC
TE, mc
ST, MM
Distance factor, %

Pedokycnposka yrna
HaknoHa (RFA)

FOV, mm

Pixel size, Mm
Bandwidth, l'u/nvkcen
Averages

Turbo factor

Invertion time, mc
Number of slices

Phase encoding
direction

Acquisition time, MVH:C

Coronal
STIR

4350

44

20

150

320
1,0%1,0

504

F>>H

2:03

Sagittal
T2

3000

300
0,7%0,7

507

H>>F

4:53

36

Sagittal
T

500

7,7

300
0,7%0,7

507

H>>F

4:29

Axial
T2

3000

90

225
0,5%0,5

587

A>>P

2:41

Sagittal
T1
(Dixon)
612
11
4
10

150

300
0,8%0,8

303
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Tabnuua .2 — NpOTOKON CKaHMPOBAHWSA ANA NALMEHTOB C METANINTOKOHCTRYKLIMAMM
Ta3obenpeHHOro cycTasa [28]

MapameTpbl Coronal Coronal Sagittal Axial Axial

MNMNYbCHbIX STIR T2 T STIR T
nocnepoBaTenbHOCTEN (Dixon)
TR, mc 4570 4000 550 4000 463
TE, MC 36 58 73 31 11
ST, MM 4 4 4 7 5
Distance factor, % 0 50 10 25 25
Pedokycnposka yrna 140 150 180 150 135
HaknoHa (RFA)
FOV, mm 300 220 200 180 180
Pixel size, Mm 1,2%1,2 04*04 0,6*0,6 0,5*0,5 0,6*0,6
Bandwidth, Mu/nvkcen 501 391 434 449 391
Averages 1 2 2 3 1
Turbo factor 9 15 3 11 3
Invertion time, mc 160 - - 150 -
Number of slices 29 20 29 27 33
Phase encoding R>>L R>>L A>>P A>>P A>>P
direction
Acquisition time 512 2:36 3:34 3:54 3:56
(min:sec)
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