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PFM K 30JIOTUIA CTAHIAPT PECTABPAIIIN Y XX CTOJITTI:
AHAJII3 PUHKY TA KJIIHIYHOI EOEKTUBHOCTI

OctporonoB JImutrpo ®eodaHoBuy,
KaHAMIAT MEIUYHUX HayK, aCUCTEHT Kadeapu CTOMATOJIOTII,

HepxaBHuil 3aknan «JIlyraHCbKUi 1ep>XKaBHUN MEIUYHUIA YHIBEPCUTET»
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MertanokepamiuHi pecrtaBpauii (porcelain-fused-to-metal, PFM) ynpomoBx O0inbliioi 4acTUHU
XX CTOMITTS 3aMMIIATMCS KJIIOUOBUM TEXHOJIOTIYHUM ITPOPUBOM B OPTONEAWYHIN CTOMATOJIOTII,
3a0€3Ieuyour ONTUMAJIbHE MOEAHAHHS MEXaHIYHOI MILIHOCTI METaJeBOro Kapkaca 3 eCTeTh4-
HUMM BJIACTUBOCTSIMHU CTOMATOJIOTIYHOI KepaMiku. Y LIbOMY JOCJIIXKEHHI I0JaHO KOMILIEK-
CHUM ICTOpUYHMI aHai3 CTAHOBJIEHHS MeTaJOKepaMiKM — Bif paHHIX MOPLEISTHOBUX «KaKeT»-
kopoHoK Y. JleHpga, 110 3akjajJu KOHLENTYaJbHUI (PyHAAMEHT KepaMiuHMX pecTaBpalliii, 0
(bopMyBaHHS JBOKOMIOHEHTHUX KapKAaCHO-KEPaMiYHUX CHUCTEM, $IKi BIPOMAOBX JECATUJIITH
BU3HAYaIM CTaHIApTH MpoTe3yBaHHA. OCOOMMBUIA aKIIEHT 3POOJEHO Ha HAyKOBO-TEXHOJIOTIY-
HUX IHHOBALISIX: PO3BUTKY KEPMETIiB, MOCIIKEHHSX Y rajysi CIUIaBiB Pi3HUX TMOKOJIHb, yI0-
CKOHAJIEHHI OIMAKOBMX Ta HU3bKOTEMITEPATYPHUX KEPaMiK, a TAKOX Ha IMOsIBi BUCOKOLIBUIIKIC-
HUX TYpOiHHMX HAKOHEUYHMKIB, 110 CYTTEBO 3MIHWUJIM MOXKJIMBOCTI KJIiIHIYHOTO TpernapyBaHHS Ta
CIIPUSIM MaCOBOMY BIIpOBaxkeHHIO PFM.

Okpemuit po3is OrIsiAy MPUCBIYECHO COLLAIbHO-EKOHOMIYHUM I PUHKOBIM 3aKOHOMIPHOCTSIM,
SIKi BIUTMBAJIA Ha IMHAMIKY MOMYJIAPHOCTI METATOKEPAMIYHKMX PECTaBpalliil y pi3Hi iCTOPUYHI Mepi-
onu. HaBeneHo cTaTUCTUYHI JaHi 3 BUPOOHUYMX ayAUTiB 3yOOTeXHIUHUX JIAOOpATOPili, 3BiTiB HALliO-
HaJIbHUX MEIWYHUX CJIYKO i CTOMATOJOTIYHUX acoLialliid, SIKi IeMOHCTPYIOTh TpUBaJle PUHKOBE
JOMiHyBaHHS MeTajokepaMiky 3 1960-x mo xiHng 1990-x pokis. ITokazaHo, SIK Tiepexin Big 071a-
ropogHux Au—Pd cniaBiB 10 eKkoHoMiuHimMx 6a3o-MeTaneBux cucreM Ni—Cr ta Co—Cr cnpu-
SIB 3MICIIEBJICHHIO TEXHOJIOTil, PO3IIMPEHHIO il JOCTYMHOCTI Ta IMiATPUMAHHIO BUCOKOIO 00CATY
BUPOOHMIITBA B Pi3HMX KpaiHax cBiTy. Pa3oMm i3 TMM mpoaHaii30BaHO MPUYMHU MOCTYMOBO-
ro 3HKeHHs1 yactku PFM y 2000-x pokax, 3yMOBJIEHOr0 aKTHBHUM PO3BUTKOM LIMPKOHIEBUX
MarepiaJjiB i IIOBHICTIO KepaMiYHUX MaTepialiB, 0e3 MeTaJaeBUX KapKaciB.

Y po6oTi y3aragpbHeHO Ccy4yacHi KJIiHiUHi JaHi 110J0 JOBrOCTPOKOBOI BUXKMBAHOCTI M YCKJIaZHEHb
METaJIOKEPaMiUHUX KOPOHOK, BKJIIOYHO 3 aHaIi30M JECITUPIYHUX JOCIIXKEHb, OLIIHKOIO TPilllU-
HOYTBOPEHHS OOJMIIOBAIILHOI K€paMiKM, BilllIapyBaHHS Ta ClelM@iKM MOBEIiHKMU Pi3HUX BUJIB
CIJIAaBiB IOPiBHSIHO 3 OKCUAHOIO Kepamikolo. Ilinkpeciaeno, mo PFM-pecraBpauii 30epiratoThb
BUCOKY MPOTHO30BAHICTb i HAMIWHICTh, a iXHi KJIIHIYHI Pe3yJbTaTU 3aIUILIAIOTECS KOHKYPEHTHU-
MU B KOHTEKCTi Cy4yaCHUX MaTepiaJlo3HABYMX TeHACHILIIM.

TakoxX poO3MISIHYTO CyYaCHUM TEXHOJOTIYHUI €Tal pPO3BUTKY MeTaJloKepaMiKu, 30Kpema iHTe-
rpauito CAD/CAM-texHouioriii (iHTerpoBaHi TCXHOJ‘[OFﬁ aBTOMAaTU30BAaHOIO MPOEKTYBAHHS I
aBTOMAaTHU30BAaHOTO BMPOOHWIITBA 32 TOMOMOTOI0 KOMITIOTCPHUX CHCTEM), LU(POBUX MPOTO-
KOJIiB TUIAaHYBaHHsI, aUTUBHUX TEXHOJIOTI (SLM — ceseKTUBHE JTa3epHe IUIABJICHHS) Ta iXHii
BIUIMB Ha TOYHICTb BUTOTOBJICHHSI KApKaciB, MIOBTOPIOBAHICTb PE3YJIbTATIB i ONTUMI3allilo 1abo-
paropHux mpoueciB. OMIsAn MiAKPECIIOE, 110, TONPH MOCTYIOBE 3MIllIEHHS PUHKY B 0iK BUCO-
KOTIPO30PUX IIMPKOHIEBMX CHCTEM, METaJIOKepaMikKa He BTpaTh/Ia KIiHIYHOI aKTyaJlbHOCTI: BOHA
TpaHC(OPMYEThCS, aganTyOUYUCh 10 Cy4acHOI LIM(POBOI CTOMATOJIOTII Ta BUMOT 10 (PYHKIIiO-
HaJIbHO1 HAAiliHOCTI MPOTE3iB.

CTaTTd KOMILUIEKCHO BUCBITJIIOE iCTOPUYHI, MaTepialo3HaByi, €EKOHOMIUHI Ta KJIiHIYHi acreKTh
PFM-texHoutorii, ¢popmyouu 1ijicHe 6aueHHs ii PO3BUTKY Ta I€MOHCTPYIOUM KJIFOUOBI YUMHHU-
KM, 110 3yMOBWIM €BOJIOLII0 pecTaBpalliiHUX MigXo[iB y cToMaTosorii. OKpecleHO IepcreK-
TMBHI HaIpsIMU TTOJANBIIMX NOCHIIXKEHb, OB I3aHi 3 YIOCKOHAJEHHSIM CIUIaBiB, ONTHUMI3alli€lo
HUGPOBUX BUPOOHUYMX METOMIB Ta OLIHKOIO JOBrOCTPOKOBOI e(PEKTUBHOCTI METaJIOKEPaMiKi B

YMOBaX 3MiHIOBAHUX PUHKOBUX 1 KJIIHIYHUX TTOTpEO.

Kmouosi cioBa: metanokepamika, PFM, ictopisg cromaTosorii, KepMeTH, TypOiHHUI HaKOHEY-
HUK, cruiaBu, pecraBpalii, CAD/CAM, anuTUBHI TeXHOJOTii, OpTONEANYHA CTOMATOJIOTIs.
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Beryn. Mertanokepamika — oOaMH i3
KJTIOYOBUX ICTOPUYHMX €TalliB PO3BUTKY
OpPTONEANYHOI CTOMATOJIOTII: TTOEAHAHHS
METAJIEBOIO KapkKaca ¥ OOJULIIOBAJILHOI
KepaMiKy Jajl0 YHIKaJIbHUN OajaHC Mill-
HOCTI Ta €CTETUKHU, 3aBISIKM YOMY CYTTEBO
PO3ILIMPUINCS MOKA3aHHS [JISI HETPSIMUX
pecraBpauiii. CdopMoBaHi B cepeauHi
XX CTOJIITTS TEXHOJOTIYHI MiAXOAX BU3HA-
YWJIM KJIIHIYHY OPaKTUKY Ha JECATWIITTA
Ta CHOPUSUIM PO3BUTKY J1a0OpaTOPHUX
METOJiB, MaTepialo3HaBCTBA U LUPpPO-
BUX TexHoJorii. Ll pobOota copsiMoBaHa
Ha CUCTeMaTHU3allil0 iCTOPUYHUX IXKEpel,
aHaJli3 KJIIOYOBUX BiX i MMOSICHEHHS TpaHC-
(opmariii npiopurteTiB y BUOOpPi pecTtaBpa-
LIMHUX MaTepialiB.

Marepiasim Ta Metomu. JlOCIiIKEHHS
BUKOHAHO Yy opMaTi CTPYKTYpOBAaHOIO
ICTOPUKO-aHAJIITUYHOTIO OIJIsIAy, 110 0a3y-
BaBCSI Ha LJIECHPSIMOBAHOMY IIOLIYKY
Ta BigOopi HaykoBux mxepen y PubMed,
Google Scholar, Web of Science Ta cne-
Liajgi30BaHMX MOHoOrpadisix, $Ki BHUCBIT-
JIIOIOTh  ICTOpUYHUIL po3BUTOK PFM-
TEXHOJIOTI, €BOJIOLIII0 CTOMATOJIOTIYHUX
CIJIaBIB i KepaMikK, iHCTpyMEHTaJIbHi iHHO-
Ballil, PMHKOBI TEHAEHLil Ta KIiHIYHI
pe3yabTaTu. Y BUOIp BKIIOYAIUCS PELEH-
30BaHi, METOOAWYHO HOCTOBIPHI [Xepena,
TOJi SIK POOOTHM 3 HEMOBHUMU abO CyM-
HiBHUMM JaHUMHU BUKJIOYaIucs. 3i0paHi
marepiaJim  OyJaM CUCTeMaTU30BaHI 3a
YyOoTUpMa HampsiMaMM: ICTOPUYHUI pO3-
BUTOK, MaTepiajo3HaByi iHHOBaIlii, COIli-
aJIbHO-€KOHOMIYHI YMHHMKM Ta KJIiHiYHa
e(eKTUBHICTb, 11O AAJ0 MOXJIMBICTb y3a-
raJbHUTU TEXHiIYHi XapaKTepUCTUKU CILIA-
BiB i KepaMiK, BUPOOHMYY CTAaTUCTUKY Ta
MOKA3HUKU JOBIOCTPOKOBOI BMXKMBAHOCTI
pecTaBpalliii. AHaJITUYHI MeTOIMu Iepeld-
0avajau TIOPIBHSJIbBHMMA aHaJi3, y3arajb-

HEHHS KJIIHIYHMX JOCJIIXKEHb 1 3iCcTaB-
JeHHs1 pesyabTariB PFM i3 cyyacHumu
O0e3MeTaJleBUMU CUCTEeMaMU JUIsT (pOopMmy-
BaHHSI KOMIUJIEKCHOTO YSIBJIEHHS TPO €BO-
JIIOLI0 Ta e(EeKTUBHICTh MeTaJoKepamiy-
HUX pecTaBpalliid.

Pesynbratu. Henpsimi  mertanmokepa-
MiuHi pectaBpauii (PFM) chopmyBanucs
K BIAINOBIAbL Ha IOTPeOy CTOMATOJIOTIL
MOEAHATU €CTETUKY KepaMiKy 3 MeXaHiu-
HOIO MIIIHICTIO MeTaly. ICTOpUYHI BUTOKHU
TeXHOoJIoril ciararTb KiHUg XIX cToiTTs,
ko Yapiuw3 I'. Jlena npeacraBuB mepiiny
MOPLEJISTHOBY XXaKeT-KOPOHKY — HOBAaTOP-
CbKY, ajie Bpas3juBy 10 TPilLMHOYTBOPEHHS
KOHCTPYKIIilO, IO HE Majla J0CTaTHbOI
BHYTPILIHBOI NIATPUMKHU [1].

VY nicagBoeHHMI nepion iHTepec JOCia-
HUKIB 3MICTUBCSI B OIiK KepamiKo-MeTa-
JIeBMX KOMMO3UTIB (cermet), sIKi 3aKjiaau
OCHOBY ISl TMOJAJIbIIOrO PO3BUTKY JBO-
KOMIIOHEHTHMX KapKacHUX cuctem [2].
XapakTepHO, 110 TEpMiH «MeTaJloKepa-
MiKa» BUHUK Y BIICBKOBOMY Marepiajao3-
HaBCTBi: pocaigHuibki nporpamu BIIC
CHIA (IToBitpsHi cunu  CHolay4yeHMX
[TaTiB AMeprKH) aKTUBHO (piHAHCYBaIU
CTBOPEHHSI TEIUIOCTIMKMUX KOMIO3UTIB, 1
camMe B LIbOMY CepeaoBulli chopmyBaocs
MOHSTTS, $KE€ Ii3Hillle MepeKo4yyBaao B
CcTOMaToJIorio [2].

[Hlupoke BOpOBaIXKEHHS HEOPSIMUX
pecTaBpalliii CTajJl0 MOXJIMBUM 3aBISIKU
MPOpUBY y cepi CTOMATOJOTIYHUX IHCTPY-
MEHTIB. Y cepenurHi XX CTONITTS iHXeHEPHU
3aCTOCYBaJId TIPUHLMIIM POOOTHU aBialliii-
HUX TYpOIHHMX JBUIYHIB 10 CTOMATOJIO-
rYHUMX HAKOHEYHMKIB, 10 MNPU3BEIO M0
ctBopeHHs B 1957 poui I>xonHom bopne-
HOM TMEPIIOTO BUCOKOLIBUIKICHOIO TYyp-
OiHHOTrO HaKOHEYHUKA, SIKU paguKaabHO
MIABUILIMB TOYHICTh MperapyBaHHI ¢
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(pbakTMYHO 3pOOMB MacoBe BUT'OTOBJICHHS
PFM-texHouorii peasibHuM [3].

[Ticnsa odiuiitHOI Tpe3eHTallil MeTano-
KepaMiyHOI KOPOHKH Ha MI>KHApOIHINI CTO-
MaTOoJIOTi4Hii BMcTaB1li B 1962 po1li TeXHO-
JIOTiSI IUBUAKO 3400YyJ1a IIMPOKE BU3HAHHS
Ta CTajla CTaHJApPTOM y IPOTE3yBaHHI [2].
AHai3 TEXHOJIOTIYHOI €BOJIOLII AEMOH-
CTPY€E MOCJIIAOBHUI PO3BUTOK MaTepialliB:
nepie nokoiHHS (1950—1960-T1i) 6a3yBa-
Jocsg Ha OjlaropogHux cruiaBax (Au—Pd),
gKi 3a0e3redyyBaid HaAiAHUIA OKCUIHUIA
1Iap, aje MaJii BUCOKY coOiBapTicThb [4];
npyre nokoJiiHHA (1970—1980-Ti) BipoBa-
auiao ekoHoMmiuHi Ni—Cr i Co—Cr cniaBu,
10 MiABUILWIM JOCTYIHICTH Ta 3MEH-
IIWJIA YacTOTy BiAllapyBaHHSI KepaMiKu
[4]. ¥V 1990—2000-x pokax ymoCKOHaJIeHi
OITaKOBI I HU3BKOTEMIEPATYpPHiI KepaMiKu
3a0€e3MeYnIv TIOJIIIIIEHY €CTeTUKY Ta CTa-
oinbHicTh [5]. Ludpona epa (2000—2010-
Ti) npuHecia CAD/CAM-dpe3epyBaHHS,
a CyJaCHUI eTan XxapaKTepu3y€eEThCs 3aCTO-
cyBaHHsIM SLM Ta agMTUBHUX TEXHOJIO-
T, 1o 3a0e3rneyyloTh BUCOKY TOYHICTD i
BiACYyTHICTb AedeKTiB AUTTA [5].

Y 1970—1980-x pokax BigOynocst 3ami-
LIEHHS TOPOTOLIIHHUX CILJIaBiB 0a30-MeTa-
JICBUMM aHajloraMu, 110 CTUMYJIIOBAJIO
3poctaHHs BupoOHuUTBAa PFM 1 3HU-
3UJIO 3aJIEXXHICTh JabopaTopiii Bif KOJIW-
BaHb ILiH Ha OjaropogHi Metanu. J[lo
KiHLs 1990-X pokiB yacTKa MeTajloKepa-
Miku pocsria mika: y 1997 poui B CHIA
72 % yciX BUTOTOBJIECHUX KOPOHOK OYJIN
PFM [6]. ¥ 1988 poii B AHriii Ta Yenbci
yactka PFM cranoBuna 62 % cepen ycix
KOpoHOK [7], a aHani3z NHS-3BitiB (Hawi-
OHaJIbHa CJIy>K0a 0XOpOoHU 310poB’sa Benu-
koi bpwutanii) 1997/98 poky 3acBimuuB
BUTOTOBJIEHHS moHad 1,3 MJH KOpPOHOK

IJIsl JOPOCJIOr0 HAaceJeHHsI, 3HayHa d4ac-
TUHaA SIKUX Oyja MeTajokepamiyHowo |[8].
VY nesgkmx KiliHiKax HanpukiHii XX CTO-
nittas PFM cranoBunu nonan 80 % ycix
KOpPOHOK [9].

ITonpu cTpiMKe 3poCTaHHS MOITYJsIpP-
HOCTi nupkoHito y 2000-x pokax, MeTayio-
KepaMika 30epirae 3Ha4HYy 4aCTKy PUHKY
B IMpakTUKaX, OPIEHTOBAHMUX Ha Mill-
HICTb, €KOHOMIUHICTh i TepeadadyyBaHiCTh
pesyabTatiB [10].

KitiHiyHi ~ pe3yabTaTé  MIKPECTIo-
10Tb J0BropiuHictb PFM. CucremaTuuHi
orngan (ikCyloTb TPUPIUHY BMKMBAHICTh
~ 97 % [11]. HocmimkenHs 3 10-pigyHUM
CIOCTEPEXEHHSAM JI€MOHCTPYIOTh BHUCOKY
cTtabinbHicTh KOHCTpyKLih Ha Co—Cr Ta
onaropongHux cniasax [12]. IlopiBHSIHHS
i3 LMPKOHIEBUMM pecTaBpallisiIMA MOKa-
3y€: S5-piuHa BMXKMBAHICTh IMILIAHT-OMNO-
pHux npotesiB ctaHoBwia 100 % g PFM
ta 98,1 % nna uupkonito [13]. JlomaTkosi
KJIIHIYHI JaHi IATBEPIKYIOTbh HU3BKY
yacToTy yckiagHeHb Yy PFM-kopoHOK y
5-piuniii mepcnexkTtusi [14]. doBrocrpo-
KOB1 aHaJji3u KJIIHIYHUX TIPaKTUK JTEMOH-
CTPYIOTb, 10 KOPOHKHM, 30KpeMa MeTa-
JIOKepaMiyHi, MOXYTb CJIYTyBaTU TOHAa
30—50 pokiB [15].

BucnoBku. MeTajiokepaMiyHi pecTaBpa-
i1 TPOAOBXYIOTh 3aJUIIATUCS BaXKJIMBOIO
TEXHOJIOTI€EI0 B OPTOIEANYHIA CTOMAaTO-
JIOTIl — IXHIM ICTOPUYHUIA BHECOK Ha-
3BUYAHO BeJMKWI. XOoua Ha Cy4aCHOMY
PHMHKY 1X 4acTka 3MeHIuyeTbcsi, PFM He
3HUKAE TMOBHICTIO, a TPaHC(HOPMYETHCH:
BOHM aJanTylOThCs A0 LU(PPOBUX MPOLE-
CiB, HOBMX CIUIaBiB i cydyacHMX Jabopa-
Topiii. Po3ymiHHS 1i€l TpaHchopmallil €
BaKJIMBUM JIJIST KJIiHILKXCTIB, HAYKOBLIIB Ta
BUPOOHMKIB.
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Ostroholov D. F. PFM as the Gold Standard of Restorations in the 20th Century:
An Analysis of Development, Market Dynamics, and Clinical Effectiveness

Porcelain-fused-to-metal (PFM) restorations remained a major technological breakthrough
in prosthodontics throughout most of the twentieth century, providing an optimal combination
of the mechanical strength of a metal substructure with the esthetic qualities of dental ceramics.
This study presents a comprehensive historical analysis of the development of metal-ceramic
technology—from Charles Land’s early porcelain “jacket” crowns, which laid the conceptual
foundation for ceramic restorations, to the emergence of two-component metal—ceramic sys-
tems that defined prosthetic standards for decades. Special emphasis is placed on scientific
and technological innovations: the evolution of cermets, research on successive generations
of dental alloys, advancements in opaque and low-fusing ceramics, and the introduction of
high-speed turbine handpieces that fundamentally changed clinical preparation capabilities
and facilitated the widespread adoption of PFM.
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A separate section of the review examines the socio-economic and market dynamics that
shaped the popularity of metal-ceramic restorations during different historical periods. Statis-
tical data from dental laboratory production audits and reports from national health services
and dental associations are presented, demonstrating the prolonged market dominance of met-
al-ceramics from the 1960s through the late 1990s. The transition from noble Au—Pd alloys
to more economical base-metal systems such as Ni—Cr and Co—Cr is shown to have reduced
manufacturing costs, expanded accessibility, and sustained high production volumes across
many countries. The review also analyzes the reasons behind the gradual decline of PFM use
in the 2000s, driven primarily by the rapid development of zirconia-based and fully ceramic,
metal-free materials.

The paper synthesizes current clinical evidence on the long-term survival and complications
of metal-ceramic crowns, including analyses of ten-year studies, assessments of veneering-ce-
ramic chipping, delamination, and the performance characteristics of various alloys compared
with oxide ceramics. It is highlighted that PFM restorations continue to demonstrate high pre-
dictability and reliability, with clinical outcomes that remain competitive within contemporary
materials-science trends.

The review also considers the modern technological phase in the evolution of metal-ceram-
ics, including the integration of CAD/CAM technologies (computer-aided design and com-
puter-aided manufacturing), digital planning protocols, and additive manufacturing methods
such as selective laser melting (SLM), along with their impact on framework accuracy, repro-
ducibility, and optimization of laboratory workflows. Despite the ongoing market shift toward
high-translucency zirconia systems, metal-ceramics retain their clinical relevance, evolving
and adapting to digital dentistry and the increasing demands for functional durability.

This article provides a comprehensive overview of the historical, materials-science, eco-
nomic, and clinical aspects of PFM technology, offering a holistic view of its development and
identifying key factors that have shaped the evolution of restorative approaches in dentistry.
Promising directions for future research are outlined, including alloy optimization, refinement
of digital manufacturing methods, and evaluation of the long-term effectiveness of metal-
ceramic restorations in the context of changing market and clinical needs.

Key words: metal-ceramics, PFM, history of dentistry, cermets, turbine handpiece, alloys,
restorations, CAD/CAM, additive technologies, prosthodontics.
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