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Beepenue. CepuitHoe 3HAONPOTE3MPOBAHME HE UMEET FOTOBbIX PELWEeHU ANA TaKUX PefKUX JOKanu3aLuii, kak Koctu
npepnneybs, NONaToyHas KoCTb W rpyauHa. B nocnepHee pecAatuneTve akTMBHO pa3BuBaeTcs HanpasieHue 3D-nevaty
VHAVBUAYaNbHBIX UMNNAHTATOB, NPEUMYLLECTBAMU KOTOPOTO ABNSIOTCA TOYHOE aHAaTOMUYECKOe COOTBETCTBME pe3eLnpo-
BaHHOMY CermeHTy, He6oMbluMe CPOKM U3rOTOBNEHNA U CTOUMOCTb KOHCTPYKLUN. ALAUTUBHbBIE TEXHONOTUM HAXOAAT BCE
6onbluee NPUMEHEHUE B OHKOOPTONEAMN.

Llenb nccnepoBaHua — npofeMOHCTPUPOBATL JOCTONHCTBA KAYECTBEHHO HOBbIX BUONOTNYECKM U MEXaHUYeCKU COBMe-
CTUMBIX UMNNAHTATOB, MCNONb3YEMbIX 1A 3aMelleHNA fedeKTOB KOCTel CNOXKHbLIX aHaTOMUYECKUX TIOKaNN3aLmni, Ha npu-
Mepe KNNHUYEeCKUX HabnoAeHNit 1 cnoco6CTBOBATL BBEAEHUIO 3TUX IHAONPOTE30B B KIMHWUYECKYIO NPAKTUKY.
Matepuansl n metopbl. OpraHocoxpaHsioLee neyeHne C UCNONb30BAHUEM UHANBUAYANbHBIX MMNNAHTATOB, NU3rOTOB/EH-
HbIX C NpUMeHeHneM TexHonoruu 3D-neyatu, npoBeAeHo 7 nayMeHTam C ONYyXoNAMU KOCTel: 3 — C NePBUYHBIMU ONyXONs-
MK KocTu (capkomamu) u 4 — c meTactasamu. Onyxonesoe nopaxeHue N0KaAU30BaNOCh B NeYEBON KOCTU B 2 ClyyasXx,
B IONATOYHOW KOCTU — B 2, B FPYANHE — B 2, B AUCTANbHOM CermeHTe Ny4eBoii koctu — B 1. [[poekTMpoBaHue MMNNaHTaTOB
NPOBOAMAN NO LAHHLIM MYNETUCIUPANBHON KOMNbIOTEPHOI TOMOrpaduu. [Ins nx U3roToBAEHWA UCNONBL30BANIN TEXHONOTUIO
npsmMoro nasepHoro cnekanus metannos (direct metal laser sintering, DMLS). B kauectBe matepuana npumeHsnu TMTaHo-
Bblil cnnas Ti6AL4V, cepTudULMPOBaHHbIN LN U3FOTOBNEHWUS MEAULMHCKUX UMNaHTaToB. CPOK NpOeKTMpOBaHMsA U Npo-
M3BOACTBA MMNNAHTaTa COCTaBNAN [0 3 Hep,.

Pe3ynbratbl. Mo AaHHbIM MOP(ONOTUYECKOTO UCCNEAOBAHMUA Y BCEX NALMEHTOB Kpail pe3eKLun onyxonu Gbli oTpuLaTeb-
HbIM. Bce 7 60/1bHbIX XUBbI. MIHTPaonepaLnoHHbIX OCNOXHEHUIT He oTMeueHo. Cpoku HabnofeHNs coctaBuam ot 1 o 8 mec.
3a Bpems HabMoAeHUA NPOrPecCUpPOBAHNA OCHOBHOIO 3a601€BaHNA He BbisiBNeHO. CpefHWe nokasatenu yHKLMOHaNbHbIX
pe3ynbraTtos no wkane Musculoskeletal Tumour Society score (MSTS) coctaBunu 80 % (o1 72 o 94 %).

3aknioyeHue. Pa3paboTka KayecTBEHHO HOBbIX OTEYECTBEHHbIX OHKONOTMYECKUX UMMIAHTATOB C NPUMEHEHWEM TEXHONO-
ruu 3D-neyatu ABNAETCA OAHUM U3 NPUOPUTETHBIX HaNPaBAEHUIA KOCTHOI NaToNoruu.
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Introduction. Routine endoprosthesis production does not have ready solutions for such rare locations as forearm
bones, scapula, and breastbone. In the last decade, 3D printing of personalized implants has been actively developing.
Its benefits are accurate anatomical compliance with the resected segment, quick manufacturing time, and low cost.
Oncoortopedics finds use of more additional technologies.

Aim. To show through clinical observations the advantages of qualitatively new biologically and mechanically compatible
implants used to replace bone defects in anatomically complex locations and to promote the use of such endoprosthesis
in clinical practice.

Materials and methods. Organ-saving treatment using personalized implants manufactured using 3D printing tech-
nology was performed in 7 patients with bone tumors: 3 with primary bone tumors (sarcomas) and 4 with metastases.
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Tumor lesions were localized in the humerus in 2 cases, in the scapula in 2 cases, in the breastbone in 2 cases,
and in the distal part of the radius in 1 case. The implants were designed based in the spiral computed tomography
data. For implant manufacturing, direct metal laser sintering (DMLS) was used. Titanium alloy Ti6Al4V certified for pro-
duction of medical implants was used as the material. Design and manufacturing took 3 weeks.

Results. Morphological examination showed negative tumor resection margin in all patients. All 7 patients are alive.
No intraoperative complications were reported. Follow up varied between 1 and 8 months. During follow up, disease
progression was not observed. Mean functional score per the Musculoskeletal Tumour Society score (MSTS) was 80 %
(between 72 and 94 %).

Conclusion. Development of qualitatively new Russian oncological implants using 3D-printing technology is one of the most
important areas in bone pathology.

Keywords: 3D printing, bone tumors, 3D printed implants
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BeegeHue

B Hacrosiiiee BpeMsi OpraHOCOXPaHSIIONIAsT XUPYPIUS
SIBJIIETCSI CTAHAAPTOM TEpaITMy OOJIBIIMHCTBA OOJBHBIX
CO 3JI0KAYeCTBEHHBIMM OITyXOJISIMH KocTeit. Ha mpotsckeHnm
XX B. B3IJISIIBI HA OITEPaTUBHOE JICYeHME JAHHOM MaTOJIOTUH
MpeTepre 3HauuTeIbHbIE M3MeHeHMs. 3aMellieHne nedex-
TOB KOCTEW OHKOJIOTMYECKMMU SHAONPOTE3AMM CTAIO BO3-
MOXKHBIM BO 2-11 1To10BrHE XX B. JI0OCTOMHCTBOM 3HIOIPO-
TE3UPOBAHVISI, B OTJIMYKE OT APYTHX METOIOB PEKOHCTPYKIINM,
SIBJIIETCSI OMHOMOMEHTHASI KOMITCHCALINST MMILIAHTATOM
MACCHBHBIX KOCTHBIX JIe(heKTOB TP COXPAHEHNH OIIOPOCTIO-
COOHOCTU U ABVKEHMI B CYCTaBE, UTO 0OECIIEUMBAET XOPO-
1IIee BOCCTAaHOBJICHHUE (DYHKIIMY 1 00Jice BEICOKUIA YPOBEHD
KayecTBa Xu13HU 0onbHOro. IloatoMy B HacTosiiee Bpemst
METOJIOM BBIOOpA 3aMelleHUsI OOIIMPHBIX Ae(heKTOB KOCTei
CJTyXXUT 3HIOMpoTe3upoBaHue [1].

B mocienaue necATuieTrs TOCTUTHYTHI 3HAYUTEIHHBIC
ycrnexyd B pa3pabOTKe METOOUK XMPYPTUUSCKMX BMeIlla-
TEJIbCTB ¢ TIPUMEHEHUEM Pa3HOOOPa3HBIX KOHCTPYKIINIA
SHIOIPOTE30B IJisi OHKoopToneaun. Ha ceromHsmrHmit
JIEHb B KIIMHWYECKOI MPAaKTUKE HET YHUBEPCAIbHON MO-
JIeJ T UMITIAaHTATa CJIOKHBIX aHATOMUIECKIX JIOKATM3aIIiA
WIN UX CETMEHTOB, TaKMX KakK JIOMAaTKa, KJIIOYMUIIA, ToJIe-
HOCTOITHBIN, JTy4e3aIsICTHBIN cycTaB, rpyanHa. CyIecTBy-
IOLIME MOJEIM YacTO He 00eCcneyrBarOT HEOOXOIUMbIE
(GYHKIIMOHAIBHBIEC PE3Y/IBTAThI, JaXe B CIyJIasx (hakTude-
CKHU M3JICYEHHOTO OCHOBHOTO 3abosneBaHus. OmHAKO I10-
WCKM MAEaTbHOIO SHIOIIPOTE3a, OTBEYAIOIIETO BCEM Tpe-
0OBaHUSM COBPEMEHHOM OHKOOPTOIICINH, IIPOIOJIKAIOTCS
U B HACTOSIIIEE BPEMsI, O YEM CBHIETEIILCTBYET MHOXECTBO
nyoaMKalUid B OTEYECTBEHHOM U 3apy0exKHOM TuTepaType
[2, 3]. [IpemMeTOM IIMPOKOIT TUCKYCCUM OCTAIOTCS BOIIPO-
CHI O IPENMYIIIECTBAX M HEAOCTaTKaX Pa3IMUYHBIX MaTepH-
aJIOB JUIS1 U3TOTOBJIEHMSI SHAOIPOTE30B. B mocneaHee ne-
CATWICTHE aKTUBHO pa3BUBaeTCs HampapiieHue 3D-1ieyatu
WHAIWBHUIYaJIbHBIX MMIIAHTATOB U3 TUTaHa [4].

AIIUTUBHBIE TEXHOJOTUM HaXOISIT Bce OoJibliiee
IMpUMEHEeHNE KaK B TPAaBMATOJIOTUM U OPTOIIEINHU, TaK
U B oHKoopToneauu. IIpsiMoe azepHoe crieKaHne METaJUIOB
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(direct metal laser sintering, DMLS) — TexHoorust amau-
TUBHOTO MPOU3BOACTBA METANIMYECKUX U3NETUIN — SIBJISI-
€TCsl OAHUM U3 CIIOCOOOB BOCIIPOU3BEICHUS JETAM T10 €€
KoMmIbloTepHOU Moaenu. [TopolikoBkIii MaTepuran noja-
eTcsl B pabouylo KaMepy B KOJIMYECTBAX, HEOOXOIUMBIX JIJIsT
HaHeceHUs | cios. CrienuaabHBIN BaJUK BBIPABHUBACT
MaTepuall ¥ yIajsieT €ro U3JUILKU U3 KaMepPhbl, IOCJIe Yero
Jla3epHasl TOJIOBKA CIEKAET YAaCTULIbl CBEXEro MOPOIIKa
MeXIy CO0OM M ¢ MPEAbIAYIIIMM CJI0EM COIJIaCHO KOHTY-
paM, orpenesieHHBIM 1 poBoii Momaenbio. [Toce 3aBep-
1LIEHYS BbIYEPUMBAHUSI CI0S1 ITPOLIECC MOBTOPSIETCS: BATMK
MOJAET CBEXMI MaTepuall 1 Jla3ep HAYMHAET CIeKaTh Clie-
IyIoLIUi cioi. JIocTOMHCTBOM 3TOM TeXHOJIOTUU SIBISIET-
Csl OYEHb BBICOKOE pa3pelleHUEe NeYaTh — B CPETHEM OKOJIO
20 MK.

K mpenmymiecrBam npuMeHeHuss 3D-UMIIJIaHTATOB
OTHOCSITCSI:

— ONTHUMAJIbHOE aHATOMUYECKOE COOTBETCTBUE UMILJIAH-
Tara;

— COKpallleHWE CPOKOB peaiM3allii MEePCOHAIU3UPO-
BAHHOTO MOAX0/a B JICYEHNHU MALIMEHTOB C OMYXOJISIMU
KOCTEH;

— COKpallleHUE BPEMEHM BBIMOJHEHUS BMEILIATEIbCTB
3a CYET TOYHOTO MPOECKTUPOBAHUS U UCTIOJIb30BAHUS
TexHosoruu 3D-medyatw 1Mo aHTPOIIOMETPUYECKUM
JIAaHHBIM, C UCTIOJIb30BAHUEM BbICOKOTOUYHBIX 111a0J10-
HOB JIJ151 BBITIOJIHEHUS PE3EKIMI U TTpeaorepaluoH-
HOTO IJIAHUPOBAHMUS;

— XopoIire (YyHKITMOHATBHO-3KCIUTyaTAlIMOHHEIEC ¥ 3CTe-
TUYECKUE PEYJIBTATHI.

C pa3BUTHEM aIIUTUBHBIX TEXHOJIOTUI 1 BHEAPEHUEM
WX B MEAULIMHCKYIO MTPAKTUKY B MMPOBOI JIMTEPAType BCE
yale BCTPEYaroTCs MyOIMKalMK, OMUCHIBAIOLIME OTBIT
BHEAPEHUSI MHIUBUAYATbHBIX UMILIAHTATOB C LIEJbIO pe-
KOHCTPYKIIMY KOCTHBIX Te(heKTOB IOCIIe yIaICHUS o0pa-
30BaHMI CJIOXKHBIX aHATOMUYECKUX JIOKaIu3auii [5].

OnHoI 13 aKTyaJIbHBIX IIPOOJIEM OHKOOPTOIICIUH STB-
JISTIOTCST BOIIPOCHI PEKOHCTPYKLIMY IPYAHOM CTEHKHM TIOCIIE
yIaJleHUsT OIyXoJjieii. AKTMBHO MAYT MOUCKHU PEeLICHUS
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IIPOOJIEMBI PEKOHCTPYKLIMK Ae(hEKTOB ITOCIIE YIAJICHHUS OITy-
XOJieii, BOBJIeKaoIMX rpyavHy [6, 7]. B Hactosiiiee BpeMst
CYILECTBYET ILMPOKUI CIIEKTP TEXHOJIOIMA U MaTEpUATIOB
BOCCTaHOBJIEHUS Kapkaca IpynHoil kietku. [1o MHeHuto
MHOTHUX aBTOpOB [8§—10], ero peKOHCTPYKLINIO HEOOXOINMO
BBITIOJTHSTH MPU pe3ekiinu 3 u bonee pedep.

B Hanyx KIMHUYEeCKUX HAOMIOAEHUSIX Mbl IEMOHCTPY -
pyeM, UTO UCITOJIb30BaHUE COBPEMEHHBIX PEKOHCTPYKTUB-
HBIX TEXHOJIOTMI U MaTepUagoB B COBOKYMHOCTU C TIIA-
TebHBIM IUTAHMPOBAHUEM XUPYPTUUYECKOTO BMELIATEILCTBA
MO3BOJISIET YCIIELIHO MPOBOAUTh PAAUKAIBHOE XMPYpPrUyec-
KO€ JIEUCHHUE.

Bo3MoxHOCTh Moadopa ONTUMAJILHBIX ITapaMeTPOB
Y TEOMETPUM UMIUIAHTATa METOJOM KOMIBIOTEPHOIO MO-
JeJIMPOBaHUSI CLIOCOOCTBYET 00Jiee LIIMPOKOMY BHEAPEHUIO
B COBPEMEHHYIO OHKOOPTOMNEAUIO PEKOHCTPYKTUBHOIO
3Tara Nocje pe3eKInii OIyX0JIe CIIOXKHBIX aHATOMUYEC-
KUX JIOKQJIM3ALAN.

Ilenp uccaenoBaHuss — MPOAEMOHCTPUPOBATH 1OCTO-
MHCTBAa KAYECTBEHHO HOBBIX OMOJIOTMYECKM U MEXaHUYEC-
KM COBMECTUMMBIX UMILJIAHTATOB, UCIIOJb3yEMbIX IS 3a-
MeIIeHHUs 1e(eKTOB KOCTEH CIIOXHBIX aHATOMUYECKUX
JIOKalu3aluii, Ha MpuMepe KJIMHUYECKUX HaOIoaeHUI
U CITOCOOCTBOBATh BBEAEHWIO 3TUX SHIOMPOTE30B B KJIU-
HUYECKYIO MPAKTUKY.

Xapakmepucmuka nayueHmos, BKIOYEHHbIX B UCCIe008AHUe
Characteristics of the patients included in the study
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Marepuansbi u metopbl

B oTnenenun KoMOMHUPOBAHHOTO JIEUEHUSI OITyXOJIei
KOCTEM, MSITKUX TKaHe 1 KOXU MeaulHCKOTO paanuo-
JIOTUYECKOTo HaydyHoro 1eHTpa um. A.@. [Ipi6a — punn-
anma OI'BY «HammoHambHbIN MEIUITMHCKAN NCCIICIOBATE b~
CKUIi1 IIeHTp pagmoniornm» MunanpaBa Poccuu ¢ 2020 .
OpPTraHOCOXPaHSIOIIEe JICUCHNE C UCITOIb30BaHNEM UHIN-
BUIyaJIbHBIX UMIUIAHTATOB, M3TOTOBJICHHBIX C IIPUMEHE-
HueM TexHonornu 3D-1euat, mpoBeaeHO 7 MamyeHTam
C OIMYXOJISIMH KOCTei: 3 — ¢ MEepBUYHBIMU OIYXOJISIMU
KocTu (capkomMaMu) U 4 — ¢ metacrazamMu. OITyxojieBoe
IMOpakKeHME JIOKAJIM30BaJIOCh B IJICUEBOI KOCTH B 2 CJTyJa-
sIX, B JIONATOYHOM KOCTU — B 2, B TPyIMHE — B 2, B IUCTAJTb-
HOM cermMeHTe y4yeBoil koctu — B 1. [TocieonepaurioHHoe
BelleHWE MALIMEHTOB OCYIIECTBIISIIOCH B COOTBETCTBUU
¢ KIMHUYECKMMHU PEKOMEHIAITUSIMY IIPH OHKOJIOTMTYECKOM
9HJIOMNPOTE3UPOBAHUU. XapaKTepUCTUKA OOJbHBIX, BKIIO-
YeHHbIX B MCClIefoBaHME, peacTaBieHa B Tadbuuue. [1po-
eKTHPOBaHNE UMILIAHTATOB IIPOBOIMJIN 10 TAHHBIM MYJTh-
TUCTITUPATBLHON KOMIbIOTepHOU ToMorpadun. Ilpu ux
M3TOTOBJICHUH MCITONIb30BaIach TexHomoruss DMLS. B ka-
YeCTBE MaTeprajia MPUMEHSIIM TUTAaHOBBIN crutaB TibAl4V,
CcepTUGUIIMPOBAHHBIN TSI M3TOTOBICHUS MEIUIIMHCKIX
uMIIaHTaToB. CpoOK IMPOEKTUPOBAHMS U IIPOU3BOICTBA
MMILIAHTATa COCTABISLI 10 3 HEll.

Cpok Ha00AeHus,

JInarso3 Mmec

OnUTeIMONIHAS TeMaHTHOHIOTEIMOMA HpaBOfI JIornaToy-

Hoit koctu, cT2NOMOG1, cragus IB b
Epithelioid hemangioendothelioma of the right scapula,

cT2NOMOGT1, stage IB

XoHIapocapkoMa MpaBoii JIOMaTOYHOI KOCTH,

cT3NOMOG1, cranus 1B 1

Chondrosarcoma of the right scapula, cT3NOMO0G1, stage 1B

Pak npaBoii MojiouHoii xkene3bl, pT2N2MO, cragus I1TTA 3
Cancer of the right breast, pT2N2MO0, stage I11A

Pak npaBoii mouku, T3aNOM1, cragus IV 2
Cancer of the right kidney, T3aNOM 1, stage IV

Paxk neBoit monouHoit xene3nl, pI2N1MO, ctagus 1B 1
Cancer of the left breast, pT2N1MO0, stage I1B

Pak muroBuaHoi xenesbl, pT4NOMO, ctanus I 8
Thyroid cancer, pT4NOMO), stage I

[MranTokIeTOUHAsT OITyXOJIb HUXKHEH TPETH ITPaBOM JIy4eBOM

Bospacr,
> Jlokaim3anus
ITamuent Iloa JIeT omyxomm
M JlomaTouHas
1 M 27 KOCTb
Scapula
M JlomarouHast
2 M 58 KOCTb
Scapula
3 X 39 TTneyeBast KOCTh
F Humerus
M TIneyeBast KOCTh
4 M 35 Humerus
X Ipynuna
> F 40 Breastbone
M Ipynuna
6 M >4 Breastbone
M JlyyeBas kocTh
7 M 37 Radius

KOcCTH (MpoBeieHO 3 Kypca JIeUeHUsT IeHOCyMaOboM) 9
Giant cell tumor of the lower third of the right radius

(3 courses of denosumab treatment were performed)

Ilpumenanue. M — myxccroii; 2K — ocenckuil.
Note. M — male; F — female.
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Ha puc. 1—7 nipeacTaBieHbI pe/i- 1 IOCCOIIepalliOHHBIE TOMOTPaMMBI, 3TaIlbl IPOCKTUPOBAHIS M MTHTPAOIICPALIMOHHBIC
PEHTIEHOTPaMMBbI M MYJIBTHCIIMPAIbHbIC KOMIIBIOTEPHBIC  3TaIlbl yCTAHOBKY MHAMBUAYAIGHBIX 3D-MMITIaHTaTOB.

Puc. 1. llayuerm []., duazHo3: snumenuoudHas eemaHeuo3Hdomesnuoma npasoli nonamoyHol kocmu, cT2NOMOG1, cmadus IB. Pe3ekyus cy-
CMagHO20 OMPOCMKA NPasoli 10NamMKuU ¢ yoaneHuem onyxonu u 3Hoonpome3suposaxue (2021): a — mynbmucnupasbHas KOMNbOMepHas momo-
2pacgpus u peHmaeHoepagus; 6 — npoeKMUPOBAHUE UMNIGHMAMA; 8 — 3Mansl YCMAHoBKU 3HAonpomesa; 2 — peHmeaeHozpagus npasoli nona-
moYHOU KoCcmu nocsae ycmaHosKu umniaHmama

Fig. 1. Male patient D., diagnosis: epithelioid hemangioendothelioma of the right scapula, cT2NOMOG1, stage IB. Resection of the articular
process of the right scapula with tumor resection and endoprosthesis (2021): a — spiral computed tomography and X-ray; 6 — implant design;
8 — endoprosthesis installation; 2 — X-ray of the right scapula after implant installation

Puc. 2. lMayuenm C., duaeHo3: xoHOpocapkoma npasoli nonamoyHoli kocmu cT3NOMOG1, cmadus IB. Xupypeuyeckoe nedeHue — Ikcmupnayus
npasoli 10namoyHol KOCMU € ONYX0Ibio U MomasnbHoe 3HAonpome3uposaHue npasgoli ionamoyHoli kocmu (15.04.2021): a — mynbmucnupans-
HAs KOMNbIOMEPHAsS MoMo2pagus U peHmeeHo2pagus; 6 — NPoeKMUpPOBaHUe UMNIGHMAMA; 8 — IMANLI YCMAHOBKU 3HAONPOmMe3a; 2 — peHmae-
Hoepagus npasol 1onamoyHol Kocmu nocsie yCmaHo8KU UMNaAaHmama

Fig. 2. Male patient S., diagnosis: chondrosarcoma of the right scapula cT3NOMOG1, stage IB. Surgical treatment: extirpation of the right scapula
with the tumor and total endoprosthesis of the right scapula (15.04.2021): a - spiral computed tomography and X-ray; 6 — implant design;
8 — endoprosthesis installation; e — X-ray of the right scapula after implant installation
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Puc. 3. MMayueHsm 3., QuazHo3: 2u2aHMOKAEMOYHAs ONyx0b AUCManbHo20 omdena npasol nyyesol kocmu. Kom6uHUposaHHoe neyeHue —
3 Kypca mepanuu OeHOCyMaboM, cezMeHMAPHAA pe3eKyus OUCMaabHO20 ceameHma npasol Jyyesoli Kocmu u 3HAONPOMe3upoBaHUE Jyye3d-
NACMHO20 CYCMAsa: a — MyJIbMUCNUPANbHAA KOMNbIOMEPHAA MOMO2PAGUA U peHmeeHozpagus; 6 — npoeKMUPOBAHUE UMNAGHMAMA; 8 — 3man
YcmaHosKu 3H0oNpomesa; 2 — peHmeeHo2pagpus ay4e3anicmHo20 Cycmasa noce ycmaHosKu UMnaaHmama

Fig. 3. Male patient Z., diagnosis: giant-cell tumor of the distal part of the right radius. Combination treatment: 3 courses of denosumab therapy,
segmental resection of the distal part of the radius and endoprosthesis of the radiocarpal joint: a — spiral computed tomography and X-ray;
6 — implant design; 8 — endoprosthesis installation; e — X-ray of the radiocarpal joint after implant installation
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Puc. 4. lTayuenm T., duazHo3: pak npasoli noyxku T3aNOM1, cmadus 1V, Hegppakmomus cnpasa (2020), memacma3s 8 npasyto nieyesyto KOCMe,
namosioauyeckuli nepesnom. Xupypaudeckoe edeHue — ceeMeHmapHas pe3eKyus NpoKCcUManbHo2o omoesna npasoli naeyesoll Kocmu ¢ 3HOoNpPo-
me3uposaHuem Npasoo Nae4yeso20 Cycmasa: a — MybMUCNUPAIbHAs KOMNbIOMeEPHAS MoMo2pagus u peHmaeHo2pagus; 6 — npoekmuposarue
3HOonpomesa; 8 — peHmaeHo2pagus NPago2o Nae4es020 Cycmasa nocie yCMaHosKU UMNAaHmama

Fig. 4. Male patient T., diagnosis: cancer of the right kidney T3aNOM1, stage IV, nephrectomy on the right (2020), metastasis into the right
humerus, pathological fracture. Surgical treatment: segmental resection of the proximal part of the right humerus with endoprosthesis of the right
shoulder joint: a - spiral computed tomography and X-ray; 6 — implant design; 8 — X-ray of the right shoulder joint after implant installation

Puc. 5. lMayuerm b., duazHo3: pak npasoii mono4Hol xenessl pT2N2MO, cmadus IITA. KomnnekcHoe neyerue (2017): padukanbHas Macmak-
momus cnpasa + noauxumuomepanus (4 Kypca 0okcopybuyuHa, yuknogocgara + 4 kypca doyemakcena, 17 Kypcos mpacmy3ymada + Kypc
nocneonepayuoHHol ducmaHyuoHHol ny4esoli mepanuu); 10KanbHbIl peyudus (2019). KombuHuposaHHoe nedyeHue 8 C8A3U € Npozpeccupo-
saHuem npoyecca (2021). Memacmas 8 npasyio nne4esyio Kocme. Xupypauyeckoe eyeHue — cecMeHmapHas pe3eKyus npoKCUManbHoz20 om-
Oesia npasoli nneyesoli Kocmu, 3HOONPOMeE3UPOBAHUE NPABO20 NJLYEBO20 CYCMABA: A — MYJAbMUCNUPATLHAS KOMNbIOMEPHAs momozpagus
u peHmeeHozpagus; 6 — npoekmuposaHue 3H0onpomesa; 8 — peHmaeHozpaghus npasoli nie4yesoli KOCMU Noce YCMAaHOBKU UMNAGHMAma

Fig. 5. Female patient B., diagnosis: cancer of the right breast pT2N2M0, stage ITIA. Combination treatment (2017): radical mastectomy on the right +
polychemotherapy (4 courses doxorubicin, cyclophosphane + 4 courses docetaxel, 17 courses trastuzumab + postoperative course of external
beam radiotherapy); local recurrence (2019). Combination treatment due to progression (2021). Metastasis into the right humerus. Surgical
treatment: segmental resection of the proximal part of the right humerus, endoprosthesis of the right shoulder joint: a — spiral computed
tomography and X-ray; 6 — implant design; 8 — X-ray of the right humerus after implant installation
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Puc. 6. llayueHnm W., duazHo3: pak nesoli MonoyHol xenessl, pT2NIMO, cmadus IIB. KomniekcHoe neveHue (2015), npoepeccuposarue 3a-
6onesarus (2021), peyudus 8 MA2KUX MKAHAX nepedHeli 2pyoHOl cmeHKU cesa, Memacmamuyeckoe nopaxeHue epyouHsl. Kom6uHuposaHHoe
NleyeHue — 12 kypcos noauxumuomepanuu. Cmabunusayus npoyecca (16.04.2021). Pesekyus 2pyouHsl ¢ KOMOUHUPOBAHHOU naacmukod,
3HOONpome3uposaHue epyoOuHsl: @ — MyAbMUCNUPAAbHAA KOMNbIOMEpHas momozpagus u peHmaeHozpagus; 6 — npoeKmuposaxue 3Hoonpo-
me3a; 8 — 3mansl onepayuu; 2 — peHmeeHo2pagus 2pyouHsl noce yCMaHosKU umMniaHmama

Fig. 6. Female patient I., diagnosis: cancer of the right breast, pT2N1M0, stage IIB. Combination treatment (2015), disease progression (2021),
recurrence in the soft tissues of the posterior thoracic wall on the left, metastatic lesions in the breastbone. Combination treatment: 12 courses
of polychemotherapy. Stable disease (16.04.2021). Breastbone resection with combination plastic surgery, breastbone endoprosthesis: a — spiral
computed tomography and X-ray; 6 — implant design; 8 — endoprosthesis installation; 2 — X-ray of the breastbone after implant installation

Puc. 7. llayuesm b., duazHo3: pak wumosudHoli xene3ssl pT4NOMO. Xupypauyeckoe nederue (25.09.2018) — mupeoud3Kmomus, cpeOuHHas aumgo-
duccekys. lIpoepeccuposaHue 3abonesarus (2020) — memacmamuyeckoe nopaxerue Kocmeli ckenema (8epxHeli mpemu negoli 6edpeHHol Kocmu,
DYKOAMKU 2pyouHsl). Xupypeudeckoe nedeHue (21.08.2020) — cezMeHMapHas pe3eKyus npoKCUMAanbHo20 omoena iesoli bedpeHHol Kocmu, 3HAonpo-
me3uposaHue mazobedpeHHo2o cycmasa (11.12.2020), pe3exyus 2pyouHsl ¢ KOMOUHUPOBAHHOU naacmukod, 3HOonpome3uposaHue 2pyouHsl + 1 Kypc
paduoiiodmepanuu (2021): a — MyIbMUCNUPA/IbHASA KOMNLIOMEPHAS MOMO2PAUA U peHMeeHo2paghus; 6 — npoeKMupoBaHue 3HOoNpomesad; 8 — 3ma-
bl YCMAHOBKU UMNIGHMAMA 2pYOUHbI; 2 — peHmaeHopaghus 2pyouHsI U NPOKCUMAIbHO20 omdesia 6edpa nocie YCmaHosKU UMNAGHMAma

Fig. 7. Male patient B. diagnosis: thyroid cancer pT4NOMO. Surgical treatment (25.09.2018): thyroidectomy, mediastinal lymph node dissection.
Disease progression (2020): metastases in the skeleton (upper third of the femur, manubrium). Surgical treatment (21.08.2020): segmental
resection of the proximal part of the femur, endoprosthesis of the hip joint (11.12.2020), breastbone resection with combination plastic surgery,
breastbone endoprosthesis + 1 course radioiodine therapy (2021): a - spiral computed tomography and X-ray; 6 — implant design; 8 — breastbone
endoprosthesis installation; 2 — X-ray of the breastbone and proximal part of the hip after implant installation
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Pe3ynbrarbl

ITo pe3ynbsraraM mIaHOBOroO MOPMOIOTrMIECKOTO MC-
CJIeIOBaHMS Y BCEX MALIMEHTOB KPail pe3eKIIMU OITyXOJIN
omnpenesieH Kak oTpuuare/bHblii. Bce 7 O0JIbHBIX XKHBBI.
MHTpaorepallnoOHHBIX OCIOXHEHMH 3a(pMKCHUPOBAaHO HE
obL10. B paHHeM mociieonepalilnoOHHOM IIepUOJe BO BCeX
CIIyJasix HaOJII0IaaI0Ch 3aXKMBJICHNE TIEPBUYHBIM HaTSIKe-
HueM. CpoKy HaOJIOAeHNS COCTaBWIIN OT 1 1o 8 Mec (cpemd-
HUI CpOK — 3 Mec). 3a BpeMsT HaOIIOIeHNS ITPOTPeCcCUpo-
BaHMSI OCHOBHOTO 3a00jieBaHUsI He oTMedeHOo. CpemHuit
ImokKazaTeab (yHKIIMOHAJIBbHBIX PE3yJIBTaTOB II0 IIIKaje
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3aknioyeHue

TakuMm 00pa3oM, OCTaIOTCSI OTKPBHITHIMU BOIIPOCHI IIPU -
MEHEHHUS TOTO WIM MHOTO BUJAA KOHCTPYKLUU, METOAA
(uxkcauny u MaTtepuana 3HIONPOTe30B. s peneHus
ATUX aKTyaJbHbIX MPOOJIEM OCYILIECTBIISIETCSI pa3paboTKa
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