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B ctatbe 06CyxaaloTcs BO3MOXHOCTU MPUMEHEHUS
HOBOWV rMOPUOHOM KOMMBIOTEPHON TEXHONOMMU (bIOXH
(Fusion) ona nccnenoBaHWin MblLLEYHO-CKENETHOW cucTe-
Mbl, MpedycMaTpuBaloLLMe COYETAHHOE MCMONb30BaHME
peHTreHorpadumn, cuuHturpadumn, KT, MPT ¢ Y3WN.
PaccmatpumBaloTcs BONpOCkl COYETAHHOMO MCMOSIb30BaHUS
Fusion ¢ meTogmkamu LOMMAEPOBCKOrO KapTUPOBaHUS,
KOHTPACTHOr0 ycuieHusa v anacrorpaduu. HarnagHo npo-
[EMOHCTPMPOBaHbl NpPenMyLLecTsa MeToamkmn Fusion npu
nccnenoBaHMM PasnyHbIX OTAENIOB MbILLIEYHO-CKENETHOM
cuctemsl. MNposoaunack oueHka BO3MOXHOCTEN TEXHOJO-
rum Fusion Ha annapate My Lab Class C (Esaote), ocHa-
LLLIEHHOM MOAYNEM BUPTYaslbHOM HaBUraumm ois Uccnepo-
BaHWsI Ta300€PEHHOr0, KOJIEHHOO, MJIEYEBOr0 CYCTABOB.
MpoBoaunock cnusiHue n3obpaxeHunii LMGPOBOro peHTre-
Horpadudeckoro, MCKT n MPT y 16 nauueHToB ambyna-
TOPHO 1 nepea nnaHNpPyemMor onepaumen, a Takke B pea-
GunMTauMoHHOM nepuoae. HarnsaHo npounntocTprpoBa-
Hbl BO3MOXHOCTU TexHonorum Fusion npu uccnegoBaHum
KancynbHO-CBSI304HOr0 annapara pasnnyHbiXx CyCTaBOB U
OKOMOCYCTaBHbIX OTAENOB.

Kniouesble cnoBa: ¢bioXH, BUPTyasibHas CoOHorpadus
B pEXMME peanbHOro BPEMEHU, BUPTyasbHas HaBUraums,
Fusion Y3W, anactorpacdusi, MbllLie4HO-CKNeneTHas cuc-
Tema.

* k%

Diagnostic capabilities of a new hybrid computer tech-
nology named Fusion in musculo-skeletal applications
which provides a combined use of X-ray, scintigraphy,
CT, PET, MRI with US are discussed in the issue. Questions
of combined use of Fusion with Doppler, contrast enhance-
ment and elastography are reviewed. Advantages of the
Fusion technology in examination of different parts of mus-
culo-skeletal system are clearly showed. Diagnostic capa-
bilities of Fusion technology using US-device My Lab Class

C (ESAOTE) with a special virtual navigator module was
studied for hip, knee, shoulder joints. Combination of X-ray,
MSCT and MRI images before planning surgery and after,
and in rehabilitation period were performed in 16 patients.
Possibilities of Fusion technology in evaluation of different
joint’s elements was carefully illustrated.

Key words: fusion, real-time virtual sonography, virtual
navigation, Fusion US, elastography, musculo-skeletal sys-
tem.
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BeepneHue

HoBble TexHonoruu, npegycmatpuBaolLme coye-
TaHHoe ucnonbdosanne KT, MPT n Y3W, ctann Bce
LmMpe NPUMEHATLCS B TPABMATOIOMMN U CMTIOPTUBHOMN
mMeauumHe. MNpocToTa u OOCTYNHOCTb MeToda Y3WU,
OTCYTCTBWE JIy4EBOW HArpy3Kku, NpoBeaeHe AMHamm-
4eCKMX PYHKLMOHAbHbIX MPOO B peasisHOM BPEMEHM
1N BO3MOXHOCTb CUHXPOHU3aLMN C M300paxkeHnsaIMm
MPT nnn KT obecneunnv BO3pacTaloLLMA MHTEpPeC
K npumMmeHeHnio dbioxxH Y3WU (Fusion Y3W) npu ncene-
[0BaHMM MbILLEYHO-CKENIETHOM CUCTEMBI.

®bloxH (Fusion) — 310 06LLEE HA3BaHWE TEXHOO-
M1, BHE 3aBMCUMOCTU OT (UPMbI-NPOVN3BOANTENS,
Ha annapartax KoTopbIX OHa npeacTtaeneHa. OHa Mo-
XEeT Ha3blBaTbCA HaBUrALMOHHBbIM Y3W, ¢dbioxH Y3U
(Fusion US) nnu BupTyanbHON KOMMbIOTEPHOM COHO-
rpaduen B pexume peasibHOro spemMeH (real time
virtual sonography — RVS). Bce aT0 Ha3BaHUss OQHOIO
N TOrO X€e MeToAa OJAHOMOMEHTHOrO CIUSHUS U30-
OpaxeHuiA, NONYY4EHHbIX C MOMOLLIbIO TPAANULMOHHOTO
PEHTIEHOBCKOrO MUCCneaoBaHunsl, peHTreHoBckom KT,
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MPT, cumHturpadum unnm MIT ¢ paHHbiMu Y3WN.
B03MOXHOCTN HOBOW METOOVKM B CIIOPTUMBHOM Meau-
LUMHE 1 TPaBMaTonorMm eLe TOfbKo M3ydarTcs. Ho
yXe nepeble Nyonnkauumn OoKasbiBaloT, 4TO 00beau-
HEeHVe pa3HbIX METOA0B BU3yann3aumm MOXeT Npeao-
CTaBUTb HOBYIO M BECbMa MOJSIE3HYIO OMarHOCTUYE-
CKylo uHdopmaumio. lNpenmyllecTsa CAUSHUSA KU30-
OpaxeHuii pa3Hbix METOAOB BU3yann3aumm no3Bons-
I0T NpeofoneTb WX OrpaHMyYeHUs: CO CTOPOHbI
Y3 - cBa3aHHbIe C Yy30CTbio NnoJis 0630pa, a co CTo-
poHbl KT-MPT - cBsiI3aHHbIE C HEBO3MOXHOCTbIO MPO-
BeOEHVS nccnenoBaHnin B peasibHoM Bpemenn. Kpome
TOro, HOBasl TEXHOJIOMMSt MOXET AaTb NyyLlee NoHMMa-
Hue Tonorpadunyeckon aHaToMumn, oobema 1 xapakre-
pa MnoBpexXAeHNs TKaHel, YTO 0COBEHHO BaXHO Mpu
nccnegoBaHMn NauMEHTOB C NATONOMMEN MbILLIEYHO-
CKeJNIeTHOM CUCTEMBI.

MepBbIt 3KCAEPUMEHTAsbHBIA OMNbIT MCNOL30Ba-
Hua rmbpugHor TexHonorum Fusion KT/Y3U Obin
anpobupoaH L. Crocetti n coaBT. ona npoeeneHust
ovoncunin N pagmMmo4acToTHOW abnaumMm Ha neyeHu
Tenat. bbino nokasaHo, 4To TexHonorus Fusion obec-
neynBaeT BbISIBIEHWE B MNeyvyeHn Oosbliero yucna
04aroB, YeM Kax/bli1 U3 MeTOLO0B B OTAeNbLHOCTH [1].
B nocnenytoLmx paboTax yxe obcyxaanmcb npenmy-
lecTtea paboTbl C 9XOKOHTPACTHBIMM MpenapaTamMu
npu Y3-HaBuraumm. 310 NO3BOAWIO0 NPOBOANTL Anar-
HOCTUKY 04aroBbiXx 06pPa30BaHUI NeYeHN Y NauNeEHTOB
C npoTmsornokadaHuamu K KT ¢ KOHTpacTupoBaHMEM
[2, 3]. B panbHeiwem 6bin HaKoMIeH 3HAYNTENbHBIN
MaTepurasn no NCnosib30BaHMIO BUPTYanbHON COHOrpa-
$un gnsa BbISBNEHNS 0O0bEMHbLIX 00Pa30BaHUii B Neve-
HW 1 noykax [4-7]. Joka3zaHa NO3nTUBHAsA POJib BUP-
TyanbHOM COHOrpacdun BO BPeMs BbINOJIHEHUSA Pas3-
JINYHBIX MHTEPBEHLMOHHBIX NPOLLEAYP B renatosiornm

1 OHKoyponoruun. Mpun ncnonb3oBaHumn Fusion noBbl-
LWAeTCs TOYHOCTb MO3ULIMOHNPOBAHNS OUMOMCUNHONM
nrnbl 6e3 O0MONHUTENIbHOrO0 PEHTIeHOBCKOro o0ny-
YeHns naumeHTa, apPeKTUBHOCTb MPOBEAEHUNS YPEC-
KOXHOW paano4acTOTHOM abnsaumm ans nedeHus ony-
XOnewn neyveHn, noyvek, NpuLebHOM NyHKUMOHHON Bu-
oncuu NpeacTaTenbHon xenesbl [8—12]. B Helipoxu-
pypruv MMelTCs NepcnekTnBbl NpuMeHeHus Fusion
ONs HaBUraLmm BO BPEMS onepaunmn, 3aMeHsst UHTpa-
onepaumoHHyto peHTreHockonuio [13]. CoobliaeTcs
0O BO3MOXHOCTAX NpumMeHeHust Fusion gns MOHWUTO-
pvHra nevyeHus neputoHeanbHOM GOPMbI Pacnpo-
CTPaHeHHOoro aHgomeTpuosa [14].

Mcnonb3oBaHue Fusion B TpaBmaTtonorum eue
TONbKO M3ydaetcs. MimeeTcs Bcero ogHa nyonmnkaums
C MajbiM YUC/IOM MNaUMEHTOB MO YCTAHOBMEHMIO
aHATOMUNYECKMX MapPKepPOoB NPU NCCNea0BaHNN KONEH-
HOro, NJIEYEBOro, rOJIEHOCTOMHOIO CycTaBa M OTAENb-
HbIX KPYMHbIX MbIlwL, [15]. B ¢BS3K € 9TMM Ham npea-
CTaBNSIETCA MHTEPECHBIM M3Y4NTb BO3MOXHOCTU TEX-
HOIOrMM BUPTYaslbHOWM HAaBUraumm Npu NccneaoBaHnm
KPYMHbIX CYCTaBOB M W3Y4MTb OCHOBHble 00s1acTM
NPUMEHEHWNS 3TOM METOAMNKN B TPABMaTOIOrMN 1 Op-
Toneaun.

Mbl NPOBOAMAM OLEHKY BO3MOXHOCTEN TEXHONO-
run Fusion Ha annapate My Lab Class C (Esaote)
OCHaLLLEHHOM MOAYIEM BUPTYasIbHOM HaBUraumm ans
nccnenoBaHus Ta3obeapeHHOro, KONEeHHOro, naeye-
BOro cycTaBoB. [poBoamnoch cnvsHue naobpaxe-
HUN umMdpoBOro peHtreHorpaduyeckoro, MCKT
n MPT y 16 naumeHTOB aMBynaToOpHO 1 nepen, ninaHn-
pyemMol onepaumein, a Takke B peabunntaumoHHOM
nepuoge.

OCHOBHbIe MPUHUMMBLI PaboTbl C TEXHONOruen
Fusion MPT/KT n Y31 B Poccum 6b1nv onncaHbl B ny6-
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nukaumax A.B. 3ybapeBa n coaBT. [7]. B Hux Gbiin
pPacCMOTPEHbI BO3MOXHOCTU TEXHONOMMN BUPTYasb-
HOW coHorpadum Npu NpesonepaumoHHOM Uccneno-
BaHWM NALMEHTOB C NEPBUYHBIMUN 1 BTOPUYHBIMIN Ory-
XONSIMW MEeYeHU 1 noyek [7].

Ons npoBeneHust noboro BUPTYasbHOrO HaBura-
LMOHHOI0 UCCNefoBaHns He0bXoaMMO COOTBETCTBY-
lowee obopynoBaHMe, KOTOpoe 0ObIYHO BKOYAETCS
B cneumdukauunio Y3-ckaHepa. Mpu npoBegeHun ca-
MO NpoLLefypbl BOKPYr NauneHTa co3gaetcs cnaboe
MarHuTHoe none. HeGonbLLOM MarHUT pacnonaraeTcs
pSAaOM C NAUMEHTOM, a MUHMUATIOPHbBIA MarHUTHbIN
CeHcop Kpenutcs Ha Y3-patynke, 4to obecneynsaeT
pacno3HaBaHWe MNo3numMM JaTyinka B MPOCTPaHCTBE
OTHOCUTENBbHO Tena nauneHTa, UCNob3ys NPUHLMMN
GPS-HaBurauum (puc. 1).

B namate Y3-annmapata 3arpyxalTCs AaHHble
noboro ny4eBoro nccnegosaHus B popmate DICOM.
Mo HaweMmy OnbITy AAs yNyylWeHNs HaBuraumm npu
Fusion B namsaTb annapaTta HeoGxoouMMO 3arpyxatb
DICOM maccue 3D-paHHbIX. COBPEMEHHbIE anropuT-
Mbl ckaHnpoBaHus MCKT 1 MPT no3BonsoT nosyyaTtb
TOHKME (B TOM 4nUcne 1 cyoMUnIMMeTpoBbie CPe3bl),
6narogaps KOTOPbIM CTAHOBUTCS BO3MOXHbIM MOMy-
YyeHre N30TPOMHOro N306pakeHnst, YTO CO34AET OAM-
HaKOBOE MPOCTPaHCTBEHHOE pa3peLleHne BO BCEX
HanpaefeHUsIX NPU MyAbTUMIAHAPHBIX PEKOHCTPYK-
umax. Bolbupaetca onpeneneHHblli Tomorpadpuyec-
KU cpe3 1 Takom xe cpe3 nonayyawT npu Y3WU,
NCMosb3ys penepHble To4kK. [ocne aToro n3obpaxe-
HUS MOMEYAIOTCA Kak 3KBMBAJIEHTHbIE U MPOBOANTCS
nx aBTomMartmyeckoe cnusiHne (puc. 2, 3). Hanee
moboe M3MEHEHNE NMonoxeHus Y3-gatyumka aBToma-
TU4eckn nameHsietT u npoekumio MPT/KT naobpaxe-
HUsA. CTOUT OTMETUTb, YTO TexHonorusa Fusion moxeTt
MCMoNb30BaTh B NPOLECCE CBOEV paboThl BCe npeun-
mMyLiecTa Y3U: cocyamctbin pexxum (LLAK/3K), axo-
KOHTpaCcTUpOBaHME 1 CoHoanactorpaduio. 1 atn oo-
NONHUTENbHbIE METOONKM MOXHO “HaknagbiBatb” Ha
Ny4eBoe n3obpaxeHune.

Benyuwium npenmywiectsom Fusion B TpaBmaro-
JIOrnmM ABASIETCS BO3MOXHOCTb NPE0A0SIEHNSI OCHOB-
Horo HepocTatka Y3M - y3koro nons ob3opa. 3a
CYeT COBMELLEHMS ABYX METOAUK NpU MCMNOSb30Ba-
Hun Fusion pacwupseTcs obnacTb BU3yannsauuu.
Yny4lwaeTcs npoCTPaHCTBEHHOE BOCMPUATUE BHY-
TPUCYCTaBHbIX CTPYKTYP M BCErO KancynbHO-CBA30Y-
Horo annaparta. Wcnons3oBaHue Fusion nomoraet
B MNOHMMaAHWM MbILWEYHO-CKENETHON aHaToMuu
N XxapakTepa TPaBMaTUYECKMX MOBPEXOEHUN Un
MOHUTOPMHIA MNOCNEONEePaALMOHHbBIX WU3MEHEHWUA.
Hanpumep, ons nccnefoBaHUs KOHTPOAS MOM0Xe-
HUS TpaHcniaHTata MeAManbHOro yaepXmBaTens
HagkoneHHuka (MPFL), HegocTynHbIx ans Y3-Buaya-
NM3aLMK1 B CBA3U C BHYTPUKOCTHBIM PACMOSIOXKEHNEM

Puc. 1. ¥3-cuctema My Lab Class C (Esaote) ans npose-
LEeHNA BUPTyanbHOM Hasurauum. MarHmTt, cospatroLlmi
rnoJsie, pacrnonaraeTcs Ha creuvanbHOM yaepxuBaTene Hag,
KyleTkon. Ha gatuvke npukpenneH MarHUTHbIA CeHcop,
y/IaBAMBAIOLLMIA MOJIOXEHME AaTyMKa B MPOCTPAHCTBE.

dparmeHTOB TpaHcnnaHTaTa. lcnonb3ysa npemmylie-
ctBa Fusion-TexHONormm BO3MOXHO MOL PasHbIMU
yrnamu B peasnbHOM BPEMEHW OLLEHUTb MONOXEHne
BHYTPUKOCTHbIX OMOAErpaanpyemMbix BUHTOB U CBS-
304HOrO annaparta, HanoXutb M300paxeHne Kpo-
BOTOKa B 30He orepaumn, OUEHUTb 3MaCTUYHOCTb
TKaHen N QYHKUMOHANBHOE HAaTSXEHWE CBA304YHOro
annaparta (puc. 4). KoHeuHo, ans paboTbl TpebytoTcs
HaBbIKM OCBOEHMUS U CNeumnanbHbie 3HAHUS MbILLEY-
HO-CKeNeTHON pagnonornu.

C nomouubto Fusion MOXHO yBUOETb paHee Heno-
CTynHble ans ocmoTpa npu Y3W kpectoobpasHble
cBs3KM. [ns yoobCTBa UX HaXOXAEHWS NOCe Cnus-
HUS M306pPaxeHNn MOXHO YCTAHOBUTb Kypcop Ha
30HY CcBSI3kM Ha MPT-n3obpaxeHnn 1 asTomatmye-
CKM CUCTEMA Pa3MECTUT ToUKY Ha Y3-n3obpaxeHuu,
YTO NOMOXET BM3yann3aumm CBA3KU. Tak, y nauneHT-
K1 nocsie apTPOCKOMMYECKOW PEKOHCTPYKLUMN Nepea.-
Hel KpecToobpa3Ho CBA3kM ObINo NpoeeaeHo Fusion
ONS OLLEHKM MOJIOXEHUA TpaHCniaHTara, ero aHarto-
MUYECKNX TOYEeK PUKCALMN N KOHTPOASA MONOXEHUS
¢ukcaTopos. B cBa3u ¢ rnybokuM 3aneraHnem ceas-
KW M M309XOreHHOCTbIO C OKPYXaloWUMN TKaHAMU
npu o6bi4HOM Y3W yCcTaHOBUTL PacnosioxeHne CBs-
31 HEBO3MOXHO, Torga kak Fusion onpenensiet To-
norpaduio CBA3KM N0 Mapkepy (puc. 5).
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Puc. 2. YnbtpasBykoBas BupTyanbHas HaBuraums Fusion MPT/Y3W Ta3obenpeHHOro cycraBa MaumMeHTKu ¢ BypcuToMm
NnoAB3A0LLHO-rpebeLlkoBo CyMkn. Ha 000ux M306paxeHnsx B BEPXHEN YacTu PUCYHKA BMAHA YBENMYEHHAs B pa3mMepax
noAB3aoLWHO-rpebelukoBas cymka. Ha Y3-n3obpaxeHnn BUOHbI ABE MONOCTM C @H3XOrEHHbIM copepxumbim. Ha MPT-
n300paxeHnn B NPOM3BOSILHOM Cpe3e BuaHa aHanornyHas obnactb.
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Puc. 3. YnbTpassykoBas BUpTyanbHas HaBuraums Fusion MPT/Y3W nnevyeBOro cyctaBa Ha YPOBHE CYXOXWUMS NoaonaToy-
HOWM MbILULLbI.
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Puc. 4. YnbrpassykoBas BuUpTyanbHas HaBuraumst Fusion MPT/Y3W koneHHoro cycrtaBa MauMEHTKW MOCSe YCTaHOBKU
TpaHcnnaHTaTa MeananbHoro yaepxmsarens HaakoneHHka (MPFL). PenepHblie TOUYKM yCTaHOBEHbI B 30HE BHYTPUKOCTHBIX
6uoferpagmpyemMbix BUHTOB. @ — COBMELLEHNE C PEXMMOM LIBETOBOrO OMNMJIEPOBCKOro KapTnpoBaHus. Ha kocononepey-
HOM cpe3e Yyepe3 HaZKONEHHUK M MbILLENIKOBYIO 30HY 6eAPEHHON KOCTU BUAHA UMMNIAHTMPOBAHHAs CBA3Ka C HaMYMEM
YCUJIEHHOIO KPOBOTOKA B HEl; 6 — COBMELLEHNE C PEXMMOM anactorpadun. BuaHel anacTtuyHble BONOKHA COOCTBEHHOM
CBSI3KM C 30HON BbICOKOM 31aCTUYHOCTN COOTBETCTBYIOLLEN MMMNAHTUPOBAHHOW CBSA3KMN.
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Puc. 5. YnbrpassykoBas BupTyanbHas HaBuraums Fusion MPT/Y3W koneHHOro cycTaBa naumMeHTKy Nocne apTpockonumye-
CKOVi PEKOHCTPYKUMN NepeaHeit KpecToobpasHoii CBA3KM A1st OLEHKWN MOJSIOXEHWS TpaHCchnaHTaTa. PenepHble TOUYKM ycTa-
HOBJIEHbI B 30HE YCTAaHOBEHHbIX PUKCATOPOB. B rnybokux oTaenax cycrasa no Mapkepy BUAHA UMMNIAHTMPOBaHHas CBA3Ka

B BUOe rmnepaxoreHHon JINMHUN.

Ncnonb3oBaHue cocyamcToro pexmnmMa COBMeCTHO
¢ Fusion, Ha Haw B3NS4, NnepcrnekTMBHO A5 AMarHo-
CTVKM aKTMBHOCTM NpoL,Eecca Npyv peBMaTongHom ap-
TpuTe [16]. Kak n3BeCTHO, Hann4mMe yCuneHHoro Kpo-
BOTOKA B CMHOBMANbHbIX Pa3pacTaHnsx npu peesmaro-
WOHOM apTpuUTEe HanpPsMyto KOPPeNnpyeT co cTtaamen
aKTMBHOCTM 60s1e3HN. A 3DDEKTUBHOCTL NEYEeHUs
HanpsiMyio 3aBNCUT OT CBOEBPEMEHHOCT BbISIBNIEHUS
aKTMBHOW cTagum 6onesHn. MNMosToMy KOMOUHMPYS
COCYOMCThIA pexum B npouecce padoTel ¢ Fusion
y NaUMEHTOB C NpU3HaKaMm peBMaTonagHOro apTpuTa,
MOXHO MONY4UTb LEHHYIO MHPOPMALMIO O COCTOSIHUM
NepapTUKYNSPHBIX TKaHEN U TManMHOBOrO XPSLua,
a Takke OTCNexmBaTb AMHAMUKY npouecca Ha GoHe
Tepanuu.

Bbicokass 4yBCTBUTENBbHOCTb COBPEMEHHbIX A0rM-
NAEPOBCKUX TEXHONOMMIA Ofs BU3yanm3aumm Kanw-
NSIPHOr0 KPOBOTOKA MOXET MCNOMIb30BaTbCH B TEXHO-
norun Fusion Y3WM B koMnnekce ¢ OaHHbIMU Cepoit
WwKanel Npu TeHauMHonatuax. belno gokasaHo, 4To
YCUNEHME CTEMEHN BaCKynsipu3aumm B CYXOXUIum
KOpPPEenMpyeT CO CTEMNEHbIO BbIpaXXEHHOCTM 60N1IEeBOro
CUHAPOMA W OrpaHnYyeHnemM GrUsan4eckom akTMBHOCTH
[17]. NoaTomy [n9 OUEHKM akTUMBHOCTU npoLecca

Ned 2016

M MOHUTOPWHIa Ne4eHnsi MOXHO MPUMeEHsTb Fusion
y NauUMeHTOB B peabunntaumMoHHOM nepuoae.
MepCcnekTMBHBLIM TakXe B TPABMATONOMMnN SBASIET-
csa BbINoSHEHME Fusion B pexume anactorpadun.
NpumMmeHeHne anactorpadun AN UCCNefoBaHUd
MbILUEYHO-CKENIETHON CUCTEMbI MOKa €Elle TONbKO
n3yyaetcs, a obnactb coemelleHus ¢ Fusion Y3U
BooOLle elle He uadydyeHa. CteneHb gedopmaumm
HOPMaNbHOM N NATONIOMMYECKON TKaHM B OTBET Ha
KOMMPECCUIO UK CXaTue JIerko MOXHO MOBOAMTb
BO Bpems Fusion. MIHorga HeM3MeHeHHas 1 NOBpPeX-
OEeHHaa TKaHM MMeloT OOUHAKOBbIe axorpaduyeckme
xapaktepuctuku npy Y3 n npm MPT. 3a cyeT oTeka,
KPOBOUSNUSHNIA, MYKOUOHOW AereHepaumm 30Hbl Ya-
CTUYHbIX Pa3pPbIBOB CYXOXWAWIA TEPSIOTCS U3 BUAY,
TOrga Kak 30Hbl Pa3pbiBOB B pexume anactorpadun
MMET Opyrne XapakTepucTUKu no MAOTHOCTM MO
CPaBHEHUIO C 30HAMWN OEreHepaTMBHbIX U3MEHEHNI
[18-21]. CoBMelLeHME C pexmmMom anactorpadpun
no3BosiseT auodepeHumpoBaTb MNIOTHOCTb HEACHbIX
naTonorn4yecknx 30H npu Fusion n BbISBNATL Oaxe
HebonblUMEe Pa3pbIBbl, HTO MOXET KapAuHalbHO N3-
MEHWUTb TaKTUKY JleyeHnst 60JSIbHOrO B MOJIb3Y KOHCEp-
BaTMBHOIO NleyeHus, a Takke 06onee TOYHO Chpor-



HO3MpOBaTb UCXof 3aboneBaHus. Ota MHOOPMaUUs
WUrpaeT BaXHYO POb MPU MJAHWPOBAHUN TaKTUKU
JIeYEeHUs!, HO ee He Bcerga BO3MOXHO MOoJy4nTb Npu
pyTnHHOM MPT-nccnegosaHunn.

Onactorpadusa Takke MOMOraeT OLeHKe MpoTs-
XEHHOCTN BOCMaNUTENbLHOro npouecca. Ham npeg-
CTaBNSeTCH NEPCNeKTUBHLIM MCMNONb30BaHMe Fusion-
anactorpadum nocne MPT ona nosbiweHns OOCTO-
BEPHOCTW OMArHOCTUKN 1 ans 605ee TOYHOrO BbisiB-
JIEHNS1 COCTOSIHMS KarncynbHO-CBS304HOro annaparta
nnedesoro cycrtasa. C nomoubio Fusion-anacto-
rpacdum onpenensaloT nokannusaumio, xapakrtep, gop-
MYy, MPOTSXKEHHOCTb U MYOMHY MOPaXeHUs1 CYXOXMW-
NN BpawlaTeNbHON MaHXeTbl Mjevya, npoBOAdAT
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onddepeHLMPOoBKY 3acTapesibix Pa3pbiBOB C 30HAMMU
MYKOWOHOW [ereHepauun, BbISBASIOT MNPU3HaKN
M CTaAMio XMPOBOM MHOUBTPALMM MbILLL, Y NaUMEH-
TOB C 6015MUN 1 ANCHYHKLMEN NNeYeBOro cycTasa.

N3MeHeHNs MNOTHOCTHLIX XapakTePUCTUK TKaHeWn
OonepexarT BO BPEMEHM M3MEHEHUS 9XOMEHHOCTU
TKaHeln B B-pexnme, 4T0 MOXET MCMOb30BaThCA NMpun
MOHUTOPWHIEe JIEYEHUS TPaBMaTUYECKUX MOBpexXae-
HUIA. TTpn KOHTPONIBHOM UCCNEA0BaHUM Y NAUNEHTKN
C YaCTUYHbLIM NMOBPEXOEHNEM CYXOXWUIINGA HALOCTHOWN
MbILLLLbl, NPOLIEALLEn KypC KOHCEPBATUBHOMO fleye-
HUS, onpenenseTca yMeHbLUeHne oTeka, yy4lleHne
MUKPOLMPKYNSALMM TKaHEN, 4TO BO3MOXHO OLEHUTb
npu Fusion B pexume conoctaeneHus (puc. 6).

Puc. 6. HYacTnyHbIn BHECYCTABHOM Pa3pbiB CyXOXWN-
NS HQOOCTHOM Mblwubl. Cpesbl yepes cyxoxunve
M HaAOCTHYIO Mblwly. a - Y3-usobpaxeHue
B B-pexuvme go nevenHns. BuaHbl MacCuBHbIE KanbLn-
uKaTbl M HEPOBHOCTb KOHTYPOB MJIEYEBON KOCTU
B 30He pa3pbiBa; 6 — yepe3 1 mMec nocre KoOHcepsa-
TMBHOIO neYveHns nposeaeHo Fusion MPT/Y3W, koTo-
poe nokasano, YTO MMEETCS MONOXKUTESNbHBIN 3D hEKT
nedyeHuns. bonee poBHbIE KOHTYPbLI MJIEYEBON KOCTU,
ncye3HoBeHne gedekra.
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Puc. 6 (okoH4aHue). B — ynbTpasBykoBas BuUpTyanbHas HaBurauus Fusion MPT/Y3W nnedeBoro cycrtaBa Ha ypOBHE
HaZOCTHOWM IMKM C BU3yanuaaumen HagoCTHON Mblwubl. COBMELLEHME C PEXMMOM anactorpaduv ans onpeaeneHns yHk-
LMOHANIbHOI0 COCTOAHMSA HAAOCTHOM MblILLLpIl. Pexinm Fusion-anactorpadun No3BOASET BbIABUTb 30HY BbICOKOW 31aCTUYHO-
CTWN, COOTBETCTBYIOLLYIO XXMPOBOW TKaHW NO MIOTHOCTWN HaL, 3N1aCTUYHON HAAOCTHOM MbILLLLEN.

B psine paboT, NOCBSALLEHHbIX MPUMEHEHMIO Fusion
B apTpOJIOrMun, 3TOT METO, PEKOMEHAYIOT AJ19 NPOBE-
OEHUS MHTEePBEHLUMOHHbIX Npoueayp, B HacTHOCTU
ONs NpoBefeHNs NHLEKLNIA B KPECTLLOBO-NOAB3A0LU-
HOE COYNIEHEHME, MEXMNO3BOHKOBbIE ((aCEeTOYHbIE)
cycTaBbl, Npu 6Gokagax B HepBbl rMybokoro 3anera-
HWUs1 (HaNpUMep, CPaMHOro HepBa) NPW KynMpoBaHU1
6onesoro cuHapoma [22, 23]. TexHonorma aBTomaTtm-
4ecKoro nosnuUmMoHMpoBaHusa mrmel npu Fusion Y3U
B peX1Me peanbHOro BpeMeHn adpdekTnBHa npu ou-
OrcUKn OMyxoJier UM MPU CIIOXHBIX MHTEPBEHLMOH-
HbIX npoLenypax.

KoHTpacTHoe ycunenve npu Fusion Y3U moxet
ObiTb Takke 3PPEKTUBHO B OMArHOCTUKE, OLEHKE
NPOTSXXEHHOCTU NOPAXEHUS N NPU MOHUTOPUHTE fie-
YEeHUA OMnyXosiel MbILLEYHO-CKENETHON CUCTEMBI,
NOABEPrLINXCS NYYEBOW WIN  XMMUOTepanumu.
Hannune paHHero KOHTpacTMpoBaHWS B apTepuasib-
Hylo $a3y B 06pa3oBaHMM yKa3blBAET Ha MPU3HAKK
3/10Ka4E€CTBEHHOCTU U Ha Hanu4me pesnayasnbHOWn
onyxonu, ecnu nposogunace Tepanud. B cBasn
C 3TUM VHTEpec NpPeacTaBaseT CONOCTaBAEHNE Yiib-
TPa3BYKOBOro M Jly4eBOro M300paxeHus ornyxosewn
ON9 OTCNeXUBaHNSA OUHAMUKN.

Ned 2016

Mbl TaKke cornacHbl C UccnemoBaTtensmMm, KoTo-
pble CYATAIOT, YTO FTMOPUAHYIO TEXHOSIOT IO PEKOMEH-
nyetcs NpuMeHaTb anst obyvyeHuss Y3U MblweyHo-
CKENIETHOW CUCTEMbI OS YAy4lleHUs naeHTuduka-
UMM aHaToOMMYeckmx OOBbEKTOB Ha aTane nocnegu-
niomHoro obydeHus [24]. Jlydwee noHMMaHue
naTtofsiorM4yeckoro npouecca M aHatomMuM CcycTasa
OOCTUTHYTO NPW HENMOCPEACTBEHHON paboTe C TEXHO-
norven Fusion camummn optonegamn. B npouecce
rmépuaHOro UCCeAOoBaHUsl Bpay-CneumanncTt one-
pupyeT BupTyanbHeiMu MCKT- nnu MPT-gaHHbIMU
B peanbHOM BpPeMeHW, NPOBOAS MO MHTEPECYIOLLEMY
00bekTy Y3-OaTtymkom 1 nccneays MMeHHO Te y4acT-
KW, KOTOPblE MHTEPECHbI C MO3NUUIA XMPYPrnUYeCcKom
TakTUKN. OTO OOMKHO obecneynTb Oonee TOYHYIO
OMarHocTuky, Belbop Hanbosiee oNTMMasibHOro METO-
[a nevyeHnsi, TO4HOe NpeaonepaumoHHoe niaHnpoBa-
HME N COKpaLleHne NPOAOIHKUTENIbHOCTU apTPOCKO-
NMYeCcKon onepawmn, a COOTBETCTBEHHO M yNyyLleHne
pe3ynbTaToB NIeYEHNS.

B nocnepgHee Bpems BCe LIMpe ONis nevyeHus Ts-
XENbIX MOBPEXAEHUN, NPUOBPETEHHbIX WX BPO-
XIEHHbIX 3a60NEBAHNA CYyCTABOB NPUMEHSIOT 3HO0-
npoTe3npoBaHne. HanbonbLuyo rpynny OCAOXHEHWI
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Puc. 7. PeHTreHoBckasi HaBurauus B pexxume Fusion Body Mark tazobeapeHHoi 061act y naumeHTKN noce peaHaonpo-
Te3MpoBaHUs NeBoro Ta3obenpeHHoro cyctaea. Mpu ¢uctynorpadum Ha peHreHorpamMme BWUIEH 3aTek KOHTpacTa
B MOJIOCTb remMaTomMbl. CoBMeLLEeHME AaHHbIX NPKY Y3-CKaHNPOBaHNMN NO3BONSET YTOYHUTL TONOrpadumio NoaoCcTy reMaTombl

Ha NeBOon 4acTun PUCYHKa gnga acnmpaunmn coaep>XxXmmoro.

cpeay NaumMeHTOB, MEPEHECLUMX 3HO0NPOTE3MPOBa-
Hue Ta306epPEHHOr0 1 KOJIEHHOrO CyCTaBOB, COCTaB-
NAOT UHPEKLMOHHbIE OCNIOXHEHUS, Nocneonepaum-
OHHblE CBULLM, FEMATOMbI, a A5 NJeYeBoro cycra-
Ba — WHPUUMPOBaAHWE, UMMNUOXMEHT U PaspbiBbI
BpaLLaTenbHorM MaHxeTbl. MeTon uMdpOoOBON PEHT-
reHorpadum B NOCNeonepaLmMoHHOM NEPUOAE ABNS-
eTca “30M0TbiM CTaHOAPTOM” OMArHOCTUMKM PaHHUX
N NO3OHUX OCNOXHEHMI Hapsaay CO CUMHTUrpaduen
n apTporpaduren, Ho He gaeT nHpopmMauum o0 CoCTo-
AHUM MATKUX TKAHEN W CYXOXMJIbHO-CBSA30YHOIO
annapata. B cBolo o4yepeab aAmarHocTMyeckas
ueHHoctb MCKT 1 MPT B nocneonepauyoHHOM ne-
pPUOAE OrpaHnYeHbl NosBAEHNEM apTedakToB OT Me-
TaNMYEcKO 4YacTM KOHCTPYKUMM 3HOONpOoTesa.
O HeobxoaMMOCTM KOMIMJIEKCHOTO UCCneaoBaHns Ta-
KMX NaLMEHTOB A1 KOHTPONSA Pe3ybTaToB SHO0MNPO-
Te31MpoBaHUs € BkYeHnemM Y3W ynomMmuHanocb BO
MHorux pabotax [25-28]. OgHako y3koe nosne 063opa
npu Y3W orpaHnynBaeT npuMeHeHne 3Toro Metoga
npu 3HA0NPOTE3MPOBAHUN KPYMHbLIX CyCTaBoB. [lpun
MCNONb30BaHMM TEXHONOrMM Fusion MOXHO n3bexarb
9TUX HEOOCTATKOB W N3B/EYb MPEMMYLLIECTBA 3a CYET
COMOCTaBNIEHNSI HECKOJIbKUX JTy4eBbIX METOJ0B OAHO-
BPEMEHHO BO BPEMSI UCCNeaoBaHus. YNbTpa3BykoBas
HaBuraums Fusion Body Mark (Esaote) ¢ ncnonb3osa-

HVYEeM PeHTreHorpaMMbl 06neryaeT Tonorpaduyeckyto
NloKanuMsaumio 3ateka, Hanpumep y naluveHToB C Mno-
cneonepaLmoHHbIMU reMaToMamu (puc. 7).

3aknoyeHue

CoBepLueHCTBOBaHNE apPTPOCKOMMUYECKON TEXHWU-
KW, NPOrpecc B 3HA0MNPOTE3MPOBAHNN TPEBYIOT BbICO-
KOrO YPOBHSI OMArHOCTUKW. ITOT YPOBEHb MOXET
obecneynTb MynbTUMOOANbHbIA noaxon, npu Fusion,
MeToAuKe, coeauHsaoLLel B cebe BCe NpenmMyLLecTsa
JIY4EBBLIX METOOAMK M PaCLUMPSAIOLLENA AMarHoCTMNYe-
CKMA TOPU3OHT KaXaoro Metoda B COBOKYMHOCTU.
Haw onbIT npumeHeHus metogmku Fusion nokasan,
YTO y METOAA ECTb CBOS HYMLLA B TPABMATONOM N U Op-
Toneann. Metopn TpeOyeT AanbHehWero mn3y4yeHus
ONs BHEOPEHUS €ro B NPakTUKy NPodUibHbIX Megn-
LLMHCKUX LIEHTPOB.
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