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Abstract

Introduction. The priorities of contemporary dentistry emphasize the achievement of high
aesthetic standards in dental restorations. One of the most prominent advancements in recent
years is the implementation of automated computer-aided design and manufacturing
(CAD/CAM) technologies. Within this system, zirconium dioxide has emerged as the primary
material of choice. However, a significant limitation of zirconium dioxide in the fabrication of
dental prosthetic structures is its inherent brittleness. An in-depth analysis of the technological
process has revealed inconsistencies and notable discrepancies in the recommendations
concerning the fabrication of prosthetic structures from zirconium dioxide. In particular,
divergent views exist regarding the necessity of abrasive surface treatment and the application of
so-called “regenerative” firing. Therefore, a comprehensive experimental investigation of these
procedures, along with the practical implementation of the findings, is essential for advancing

the effectiveness of dental prosthetic rehabilitation using zirconium dioxide.

The aim of this research is to develop practical guidelines for dentists and dental technicians to
optimize the technological process involved in the fabrication of zirconium dioxide restorations.
These recommendations are intended to enhance the durability of zirconia-based prosthetic

structures and improve the overall effectiveness of prosthetic dental treatment.

Materials and Methods. The study was conducted on 80 specimens of metastable tetragonal
zirconium dioxide (Y-TZP) stabilized with yttrium oxide. Following the milling process, all
specimens underwent final sintering. Using light microscopy, 50 defect-free specimens were
selected for further analysis. These selected zirconia specimens were then divided into five groups
based on the type of mechanical and thermal treatments applied. The fifth group served as the
control and did not undergo additional treatment. Each group consisted of 10 zirconium dioxide

samples. For advanced experimental analysis, the specimens were submitted to specialized

v



laboratories in Germany and the Czech Republic: the Institut fiir Festkorperphysik (Ulm,
Germany) and the Ceskoslovenska Mikroskopicka Spole¢nost (CSMS) in the Czech Republic
during 2022 and 2023. The samples were subjected to three-point bending tests, scanning electron
microscopy (SEM), and X-ray phase analysis. All experimental procedures were conducted in

accordance with ISO 6872:2015 (Dentistry — Ceramic materials).

Results. The study demonstrated that both sandblasting and sandblasting followed by martensitic
annealing influence the flexural strength of Y-TZP specimens. Sandblasting alone resulted in an
average flexural strength of 1253.67 MPa, whereas the combination of sandblasting and
subsequent martensitic annealing significantly reduced the strength to an average of 744.96 MPa.
Diamond-boron surface treatment showed no statistically significant difference in strength
compared to the control group, with mean values of 1061.12 MPa and 1062.67 MPa, respectively.
However, when martensitic annealing was applied after diamond-boron treatment, a reduction
in flexural strength was observed, with an average value of 951.47 MPa.

Examination by scanning electron microscopy revealed significant differences in the
microstructure of samples subjected to sandblasting followed by recovery annealing. Minor voids
were observed within their crystal lattice. Quantitative phase analysis indicated that sandblasting
increased the monoclinic phase content to 8%, compared to 0.1% in the control samples.
Subsequent recovery annealing reduced the monoclinic phase content to 1.5%. Diamond-boron
treatment resulted in an increase of the monoclinic phase to 3%, while subsequent recovery

annealing fully restored the phase composition to its original state.

Conclusion. The study demonstrated that, in certain cases, recovery annealing of Y-TZP samples
following abrasive treatment led to a reduction in the material’s tensile strength. Conversely,
sandblasting without subsequent recovery annealing resulted in an increase in tensile strength.

The efficacy of recovery annealing was confirmed through X-ray phase analysis. Additionally,



sandblasting was shown to significantly increase the monoclinic phase content in zirconia
compared to diamond-boron treatment.

Based on these findings, the routine necessity of recovery annealing may be reconsidered. When
abrasive treatment is performed using appropriate techniques and materials, it does not exert a

substantial detrimental effect on the tensile strength of zirconia.
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3wobozmMo  LobGHYIMOO  JSLOBO3ISE0S,  OMIJWOE  MOZOBMBIW0S  YM39LR3IMO
3009OH 300 253gbolash s [omBMmogbl MmOmMMm3gowo 3mbLEGMmWJ309d0Lm30L
306930l 9O 056 SeraMmGHomab.

30M30mboMdol  @omJbool  AsdMYgbgdolysh ™ogol 93939008  ghM-ghm  doBgBL
Hom0mogbl 9jodms Bogzoo, dmosbo 39Msd03o 3mbLEHMYJ30900L godgbzol s
3063mb0dol omJloEHy sdHBsEIOMEO 3MEWOIMOLEICMEMO 39M5F0308 356 35L0H
Bo0GBMMOL ,5339P30L“ Tglobgd. s53Mgm3zg 2960339 8930mb3zgdl d5IOL 0MIMbodol
omglogols 396390560 3MbLEGOMJ30900L 53bsgdols 3obLbg53900
9399605(30900. 3063600l 35035506 J3000L Foz30m FT5390s 33163060 YOMEMS®
331 IgMmEs©  MRds, OMIol  Bsdowgdomsg IxmdgLEgds ImF0Yds
396035LLS S BYOGFMOHOL FMHY9OL TGOl s 50939 3999530 Foduogoolsl s3gbommo
900M500MdOL 2olisBMOYES.

3003mbomdol  omdbool,  OHMIMOE  MOMM3GEOo  3MBLEHOMJG00L 396 35Bo©
399mboygbgdgo  dsbogrol  Ymz9gE®oe  LEMASGHMEMA0NO  305d3H03500  FBsOMMO
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©569M30L  3OM39L80, A9dM3wobEs oo dOMOMSEO MoMymBom TboMggdo, 39MIME
3MBLAEHOMI300L 2oBgbzol s 39M3L0EIL Bo0FMMOL IHJgdOL 53 39P0L/BOBYdOL
99dmbgggzgdo (Lawson et al. 2019; Limkemann et al. 2020). &gdbmemaom®o 3Hmaglols
5300MbsME  45BbMM(309(gdLMD  ©39300M9d0m  SOBYOMBL SBOMS Lb3sILBZIMDS
OmamOa 3§oMIMgdgwms, obg 9dbozmbms IbGH0L. mOmM3gomwo 3mblE®mwydsool
396355900l §30853930M0 53853905 HoMBMEYIBL 33 M GgomEL, HMIgEo3
3903560l 93000l BsMm0sbmdol  2sbMEOl  bstxdy, DBOOL BsogMGOL  Isbigdols
dmnFoqool  bomolbl (Seo et al. 2020). 300gdbg 3MOLEGHOMI300L  dmFoadOL
3oL Ix MOYLYIWSE, 1939, BIOOMO  2odMm0yggbgds  39MILOL  Fos  HBYI30MOL
9300535300 5399853900 39db039.

56599000HM39 M9MMH00L Msbsbds, §3000L Fogwom sdmfizgwero do3MHmMdbsMmgdo 0fj39396
3oDBNO 2505300l BgBMsMboEmo g@sLBod0wMO LBEMMIEGIOO0IE IMbmIobm®
LA EHNODY, LG 96 SbEsgl Bsboerol =4%_0m dMEMWMBST0 JoBOS. 50bodb)emo
999930 MBOHMB39wYmRL 3003360900 doegdol FoMdmddbsl, MHmIgems d9d39md0ma3
bgds  F03OMdBIMIOOL  dMI0MGdS, I3  9xMgM3g  bIbL  TsLoerol  BsBMEOo
9aMdoMgMmdol  (33¢00egdsL.  BYs30MOL  sdMDOWWo  sTMTs39d0L 9990092
0930996090 wos  BoGo®mgl  9.f. 0509396900090 g0  4odmf3s. I3,  FoWeo
A99396M5¢ ML Bgas3egbom Jgodegds [omodosMmmml BBl oabgerols ©3mM9god30s,
Gdgeoa dmblbol 30336Mglbool dggas© Fomdmddboer 03MMdBsMYGOOL FsdErMmI0Mgdgen
995399AL s byl 99Fymdl ds0r 99dama 2o36M 3w gdsl (Mirt et al. 2022).

LEOMYWO©  odMmIfzoM0  3063mb0Tol  oMmJbLoEOL  3MBLEMWJ300L  TMBGYJdS©
3MmO9Jgoolbomgol,  bBdoMo  LsFomms  Jgbodsdolo oMol  sedsbol  dmGom  doLo
3MO9JEH0Mgds, HMIgeros b 2obbm®ME09wEIL fywrom 453Mm0wqdol J3gd (Liimkemann
et al. 2020). 50b08bMo 9g@s30L T999d, P39 dM03, M93mdgbomgdmwos  9.§.
»05092969006M9dqw 0" (zirconia regeneration firing) 459mfgol Bo@oMgds (Mirt et al. 2022; Ryan
et al. 2017). 56LgdMAL IMBsBOGdS, OMI S0MIHBOWO ©sFYFs39ds 0393l J03MMdBIMGOOL
Do0mgdbsll gsbm@mo T-M (BH9GHMogmboc)®0sb dmbm3wobme 1sbsdo) oaligerols

bobrxDg,  Lowol  MIIWMOO  QOBIOMMGI0m, M3  FoM3mMmoa)bl  9Mmy3560
3



oLEMgd300L MBBIdL, HMIgd0E byl «de0sb 0 3MMBBIMGOIOL G9dyma 4ob30maMmgdsls
(Mirt et al. 2022). 00935, 9505¢Egd39M5EGHMIOM0 godmf)3s8 Fglodarms gobsdoMmdmls
939D0L 399255U3es, FsLoewsdo Fo®mdmddboero dsd30L dEM3qdoL dmblbs s sdom
0BoMm9dol 890amdo gobgzomamgds (Ryan et al. 2017). L393090Mm0 0@ IMSGHOOL
365¢00BL 59 36MdEgdol JoBoMEo s139dEH0M FodBEMGOOLS WS FoWFMOL bGOZ, F03Ys350I0D
960356900L256 ©0539EMIC MM F5BLBZ9390)e FMLEBMYGOJOMSD 0ol Fglobgd, vy Go

D9393egbsl  9bgbl  s0MIBoMwo s  MgMHIMwo  ©FMT3905  BIBTIRMbo
30M30mb0dol omdlool LEGHMYIGHWMIDY. LEOMEOE LObMYGHBOMYPdIMW FH9gEHMFMbswwy©
30630609930l oMo B SOMIBOMWO S GJI3gMSGHIOIO F)F539d0L Dgys3wgbols
dgbobgd 139305 MMHO  WOGHIMSGHMOOL FglHogsd, OsTYGHMIMMo© obLb3s390MEo
dbsHMGOGO0 45dmgerobs (Mirt et al. 2022; Ryan et al. 2017; Hatanaka et al. 2017). 53s5b056
©5393006930m, 530w gdge0s dmbEgl J30d5393w Mo HB90mddggdol s SdMIBOYO
59953990l bsbosmol s bgyog3wgbol Low®dol dglfogws Y-TZP (ocomGowdoom
UEOBOEODHYOME0  FGEHULENVONOHO  BYGHMIYMbowmmo  306M3mbomdol  omdloo)
603139 s 53M39 J0D6I0TsMIMNO ,5093969M0MGd90“ A5TMHZ0L PoBoMgds, Moms
DMLGHo© 0gmb 459m3wabowo s LoMMIobgms dguhegwowo Y-TZP_ ol dsbogrols
030LMOMO0MBS s BoHBMOO  FEYMTIMJMBS. (30 GIYJ0S T B3)IBME M0G0
994b396M0896G M@0 33¢093990L  BoBHOGdS, 93MgM3g ALMBWOM 3603580 SMLYdIMYWO
9dmb5(399900L  @gGHIMMO  Jgufogers s Lo®Iobgo  sboewobo, o3 Imombmgal
bbgoolbge  9bsbg  sOLgdMEo oo  JmEmEemdol  bsIg3boghm  WoEHIOSGHWMOL
36500003796 2560Bg35L 5 9MMY39M0 Fgox 599090 L3360l §o39mgdsL. 5bodbyo
994b3960896G M@0 33¢93900L BoGoMgdsl, Lszombol Low®mdolgwmws 9dm33935L
LY, 3003egdume  sboeroBl Jguderos 3sbvgbo  gobiggl  306H30mbomdol  omdbools
3MBLEGHMMJ30900L 99603296 FDNE06MBSLMD 3530060900 sMLYdIM 3000b3gdL.



3309308 dobsbo

o 30M3mboMdol omdbool  godmygbgdom  ITDIIIMWO  LaMYLEOZBISEFOM
3MbBLEGHMMJ30900m, MOMMIYEONWo I3MMbIMdOL 9i39JEGIOMIOL s JMBLEHMYMI00L
dsbognol MHgLbYOLOL BOH..

. MOH0M390-bEHMBsGHMEMYqd0LMZ0L s Jdowob ¢gdbozmligdolmzol 3oM3mbormdol
©@omgdlool MYLEHI3MS309d0L TBIIOOL BH9dbolzmemo 3MmEgbol LMmeYgmzolsm3oL
365JG0310 693md960530900L 893w9dsgz90s.

. Lsd9g0E0bm 699080 CAD/CAM Lol@gdgdool dgbobgd 3m©bol  s3s0@gds o

9505 335C0R030YIM0, 3OHMRIBOISE ©3T5390v)0 0bBMOBs300L Jofimegds.
33wg3ol 58mEsbgdo

99b3960896¢ o 33¢0g30L LAHOWIGHNOS.

1. CAD/CAM LobEgdgdol dw9dsmdol 360m0b3odols s oo 8mozsmo 396430900l
QIOIW>© Fgbfiogwws.

2. 993960396 GH Mo 33eg30L IMbs(39990Dg oYMHEBMdOM, BmbEgl B9dbmemaom®o
59353990l 3Om3gbdo Homdmddbowo Lbgssbbgs Lobols Bgdmddgqdol bgyozwgbols
d9LPogs, BHgBHH93MboEmo 9@SLEHO0WMMO 306M3MmboMTol omdlool Logwmdzguby
Q53D50gdwo 39653030 3MBLEHMMI30900L LodBHI0EILS S FNEOBMBdSDY:

- 39GLGHVOMMO  B9G®RMbIMMo  30603mbomdol  LogwydzgeHg  ITBoYdM
39658039 3mbLEGHMMI3090DY, 3960LIBAIOML HBYOI30M™MEIO HOMIDBOWWO EsFw)Ts39d0L

©99mdd99gd0l bobosmo, 335390990 HBYJPIS0MOL BIBMMO dEYMT>MYMdS @S dolo
bsDMdM030 09MHFMWO 25BIONMGIOL 3m9n303095F0.

- 093HOLE00NOH0  BgG®RMbIMMO  30630b0Tol  oMmdloEol  byxdz9W by
53D YOM 3960590359 dmbgl 9.§. ,3956M939690M0609d9w0“ godmfzol Bgdmddggdol
d9LPogams,  2ob6oLEBOIO™ML  dobo  godmygbgdols  oBsbdghmbogrmds  dsbogrols  Lsfyobo
30L90900L  50EYgbol IBG03, BIHBMMO BEYMIsMYIMIOL S MYMHIMWOo bsBMOMOZ0

239935000 900L 3095303096E0L FglHogers.



3. 33w93900L  9bseoBol  Logmdzgby, gdodo MMM IdIOLm30L s  3d0EOL
399603mLgdoLbgol  dmbEal  F9EHIBGHVOWOHO  BHYBHMPMbIMHo oM 3Mmbomdol

©0MJLoOL Loywd3zgeEHg EIHBIIOMEO 39M5F030L FJJbMEMAO0OHO ITDIIIOL o
3990mygbgd0l dglobgd M93mI9bs30gd0l doEgas.

3300930 LsdgEbogHm bosbenyg:

1. 9du39M0d9b@GH o 3393900l BoMagddo  gobbm®Eogms  8g@olEedowemo
A9IOHO53MbsMM0 30603060m3oL oMmJloOl M35 3OMMBO0W0560 33093900 ©S TS0

3M33wadbmeo  sbseoBo:  FHgdbmwmaomGo  ©sdds39dol  3MmEgldo  3060H3mbowmdols

0MdLoOL 459m33935 LodB3oEgbg (ISO 6872), 3GOLE MO LbgmEgdol M9bEygbero

©OxMJ300L  IgOMEOm 33 35,  Isb3eboMgdgwo  gargd@G®mbmwo  dozmmbizm3ol
99939md00m dobio BsBMO dyMIoMgmdoL s LOIBHI0EOL oIMIZE3s.

2. 9du39M0896EM 3319390 OYMHPBMBOm, F98v)ds39890s Sbowo M93mT9bs(309d0
30M3mb0dol omdlool LodGHI0EOL  SBOTdVEGIWSE  J3085F93cHO  HTMT3900L
360Hm3qgLol  bHmOs© Bo@oMgdol dbGog ©s ©930096@o30g00 5¢dslols dmGmood dolo
3300500 ©3MT3900L Tglobgd.

0Mgm3g,  8mbsizgdms  FgxgMgdol  Logwmdzganby, 259Mm3@gboos 5353 JO0MO
»09093969006M9090“  250mfizol  89YAs©  F9AIENVOWMOO  BHYBHGRMBMHO

30M30mbondol omdbool LBodEH3oEol 89930MdOL (35¢39ME0 BoJGJd0, o3 93399
599690 ,,056929690060909e0“ 358Mf30L M30OmMIM SO IGIP MO,

3. 3993w 9bo0s, ®MI 306M3mb0Tol oMol §3085Fs30m 3900l 3OMEILT0
M35 bgds 5335390990 HYPIS0MOL BsBMMO 9050290 MdOL (330 gds
Q5 930939 9RO 543 BsBMOMO30  MgMIMEO  FIBIOMNMIIOL 39503096 EOL
5M53MMAbMB0MYGOs©O  (33€0gdsl.  90bodbe  F9dmbgg39ddo,  M96ERbMTBIBMMO
3b65¢r0Bol  2odmygbgdom, Y-TZP 603wdgool xg3sBmemo 899503960mdol  ©g@owm®o

365¢00Bol Log3mdzgeDY godmzmobos Jo69a969M0MGdgo 5dmf 30l 939G MOMdDs. S1939
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5006y, MHMI  J3085F03W M0 ©93)de390s  30M3MboMTol  omdbodo 0393l
dmbm3@0obmMo  gsbgdol 360d3bgem3z56 ToEgdsL, SEPToBOL dMGO®  HTMT3905LMb
39056M9000m.

4. 99043bs 30603604930l 0MmILOEOL MbsTgEOMM3g 3Koll0B03ZS30d 3K0b03MM0 sHBg30L
3653@0o3wo bodboo.

5. 31309005 s LoLEgdoGHoBomgdMEos dmbs399900 Fsloergdols dqlobgd, MHMIEgdO;
39900996905 CAD/CAM 9dbmermyooom 30mblEMm+yd30900L ©olsdbowgders.

6. LodoMmM39MmTo 300395 MOV HoMBMYgboo LEBMAsEHMWMA05d0 FgEoLiESd0 MO
A9IOHO53Mbs MO0 306 3mbodol comdbool s CAD/CAM Loli@gdgdolb 9gbobgd Lo,
59m3(Ms30 65dOM™To (hYyg0emo dolo 2ob3050Mgd0L  OLEHMMO0IB, MBITgMHMZY
9085600793900l 250M 3390599, S3Mgm39, LoLEGHIIOL 93300l MOMMIMWO §BI30L
©IAHOMOO0 @ 5dMIGMOs30  obbowgom, 08 9BI30LmMZ0L  ITIBILOIMYdJWO
3909990900l JodMbOW3z0m S sbsEOBom).

Usdmdscmls 3M5dGH031900 oMYdwYEgds

BoBoM9dMo  330093900L  Lowydzgdy, 9dod MmOMM3IGE-bAEHMIsGHMEMAOOLMZ0L
UBEHMASGHMWMAONNOO  dOMOIBHMOO0L  39dbozmbgdolbomzgol 99dmdsgs  dg360gH s
©oLOOMMYOMEO 0930 09bo30gd0 306M3Mmbomdol  omdlool  Lyxdz9W by
Q53D5@gdwo 39653030 JMBLEHMMI30900L ILHTDIWYIWS.

99b396M0896GH Mo 330939008 BMbsigdms  9bsEoBol  LExRMdz9w DB,  MBITgEOM3Y
A9b609b630900L 390035¢0fobgdom, 9909995390005 9303960530900
LEH™ASGHMMAO0OHO FoLoeols FgLo®BY35© 933MToEODOMGdIMo [oMdmgdol dgdzgmdom
396590390 3mBLEHMI30900L  EILOTDIIOS®. 9B TbMo  M93mI9bs30gdOL
39035¢0oljobgds,  bgwl  Jgmhgmdl  3063mbomdol omdlbool  godmygbgdoom
LBAMASGHMWMAOMNOHO  3MBLEHMJ30900L  FoOMGIMNWOE  sTBIIOIL,  FoBOOL o



GLMOLL o 2o519dxmdILYOL  (306030mbooL  25dMYgbgdom 353096GHMS  MOMM3HOYO
LE™ASGHMLMAO0YOO MJSO0OES3E00L bo®olbl.



Lsdg3BogMm o EIMSGMGMOL dodmboengs

1. bEHMBsEMErmaos8o CAD/CAM LolBgdols 29630000980l s13gd@Egdo

33¢)MIoGoHoMgdMo  FoMdmgdol LoliEgdgdol 89dwgdaggds LsdMghzgwrm Lygdmdo XX
L5936l 60_0560 (iergdosb sofiym (Miyazaki 2013) 53 3900M©A039 3956bMO309W @
doMH0mo©0 (3690900L 25bLsDBPZMY, LOLEBHYIYIOL s J39LoLEYIgdOL JoBbmdMHOZz0 bodgdol
RMOI0MYS.  533HMAdGHO0D0MGOMO  3OHM9JEH0MJO0L, 533MBsGH0DoMGOIo  FoMTmgdol
950HgdL FoMdMmoabs GO MmMAb0DIG0Mw-EgdbozmMo LobEgds, Gmdgwwos
09003995 8mdbobmMg  3gOLMbowoLash s  Ggdbozmeo, IMMAMITMo s Lba.
3M339dboligob  (096s89MM3g  ,,3MMaMFME0 2BOHMb3gymis ).  50bodbyeo
Lob3gdgdol dgddboll BoBgBL s FoBIbL  FoMTMmoaqbs  Lsdwmdsmlb  Igeryergdols

99399GOMd0L DO S 9Bwm3dbgdms 999 3G0bE0390L:

o 360M9JGH0M900l s 3930l FOMTSE 9350 MdOL T9d306M9ds;

o 36M9dGH0Mgd0l 3500930l 9903069d9;

J 36Mm9gdBHomgdol s  FoMdmgdol  M30000Mg0MEgdol  Jgd3060905,  9dM)03Y,
L59JU3EsESEOM babxgdol 890306M9ds;

J 36Mm9dBHomgdol  Jggaqdol  boMolbol s  3H9dbozme-93mbmdogmmo  mbols
245Ix MOgLig0dY;

o 3906530l S godmol batrxgdol 99dzocmgods.

OM®Ms  2obdogwmdsdo  dmbs  sbodbmmo  36M0b3odgdol obggfs o
53¢)MI53H0B0oMgdMmo Ho6dmqdol 536J30mboMgdol Bmyso ©mJ@®obols 993353900,
535b056539, 30M39ws© IM9H39wmdsdo CAD/CAM Ggemdobols obgbs.

CAD ( obp. Computer-Aided Design/Drafting _ 3m830mGg0neo  9m@gmomgds) _
Do0m596L 53> EGH0B0MGdMwo 3MHMg]E0Mgdol 1S gdIL. 50bodbmwo EHgmdobo
3990mboBogl  Bodwogdsl  MmOYEBMIogdosbo b  LodysbBmdogdosbo  LolEgdgdol
533™35@0D0MOMWo 29MIGEGHMO0MO 3MMIJGH0MGOoL. gb Bmaso GHgMdobos yzgws od
Lobols 360mgdGHocmgdol s0lsbodbsgzs, MmIwgdoi 09gbgdgb 3ma3omEHgrmer Lolidgdgdl.



CAD 0mo0@3ogl Gmam®3 653900m00L  DmlGo  39mdgEH®omeo  dmEgerol, olg  dobo

603690l 496960300l s 96930 (390390 B GdOL T9JabsL.

CAM (obgp. Computer-aided Manufacturing _ 3033093 90meo §oMmdmgds) _ Fomdmaowygbl
36OmMJGHoL  GH9dbmwmyon®o  fomdmgdol  Lsdowrgdsl. MBOHYb3gwymRl  FoMdmgdols
36MMAM50MgOOL 593G MToBH0BOE0L S 93GMTGHOD0MYGOMwo  LofoMdmm  LoliEgdgdol
3oOmm35L. 1970_056 {iergdosb Lsddgfiggerm §omdmadsdo a3b3qds 93M9m3g GHgMdobo
CAE (obp. Computer Aided Engineering) _ 3m3309390mwo 0b7g0696M05, GmIgwos
3obbdMdL 3G:MmgdEBHol  933MAsGHO0B0MGOME 650D, 4963Mmm3bowos  F93wmId0L
93¢MIsBHMOH  09g700d0  50mLohgbs, 35y. Bofe®Tol  LodE3oEol FobalinsmgdEgdol
393900l 0bL3gdGHoMgdolmzol Qo Lofo®dmm 99L5dgdMIYOOL
M33030D0MgdoL30L. 1975 gl xmbgxy  3sGobyBmbols dogé  odbs 9938939990
Dmado  d3wodim®mds_ CIM (oby. Computer Integrated Manufacturing), ®mdgeog
D080 96l 3MIMAGM530Mgds0  FoMdmgdol goomeb s 89dw9dsgzgdmos CAD/CAM
0bMULEH®Oo0LMZ0L. 5333505, CAD dmEwwol  dgdggmdom  bgds  Lofo®dmm
360HMYJ3HoL 290M3gGHO0wo dmEgerols d94dbs, Hmdol dobggomsis CAM dmewerdo
06030M©Ids doLo  93EMT>EGH0D0MYIMWo  [o®mdmgds IMPI0MmGOYIEo  35M539GMO0L
dobg30m, 356589@®gd0l LoBMLEOL 3MbEGMMEo 30 CAE LobEgdol Lodwsegdoo begds
@5 50bodbMo  LobGHgdomzg  bmOEoWw®ds  FoMdmgdol  dmerosbo  IGmigLol
dmboBmM0bo. msbsdgoMmgg  LobGHIgdol  dg@glmds  dmogsgl  CAD/CAE/CAM
360M9JGH0Mgd0lL  s3gBHIOL o Tom  J300m  3MA3WgdLEmO, 03039 0bGIYMOMGOMEO
Lob39dgd0. G0ROMOo Egdbmemynqdo 33303IP ©VSI330MPS 5sd0sbMs LogdosbMdOL
g39ws LEBYOHMYo, o dmGol IgoEobsdos. LsdgoiEobm IM9Hzgemdol oo bsfowro
CAD/CAM A996mma05Hgs ©593300060930.  BEAHMI>GHMWMY0sdo  JoRbs
d9L5dWGOEMBs  53BHMAdBHOBOMGOMEo  LobBHGIoL  5JBHoMEs©  2odmyggbgdol.  dmbs
93996065 Mmd0L  3M5dBH03MNWOI©  Y3gws  9gAHO3BY 90bodbMwo  LolEGIoL Moo DYds.
8909853005 Lb3o005Lb3s 6036 gdol ImEIgdo s 3OHMYMsdMwo MHBEOWB3gEwYmR,
OMIgms3 9990mm  93GHMAsEHM Mgg0ddo 15TJOEObM OM™IMTIBEIEO0L FoMdmgds,

GOBOYIO ©0536mbGH03s  (30DomyMexzgd0,  3m330GHIOME0 AMIMyM5339d0,
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3001 OH0  SOGH0IMWGHMOMJO0, GOBOIWO BMEMI35MOGHWMS S bbgs), 3o gds
5 bbgoslbgs 30006039600 Lo@wsool 0do@sEos (obowrgm gbMowo 1).

3b®0owo 1. 3053600 &9dbmemyogdol 459mygbgds LMo meEMma05do

399mygbgdoll  Lgmm

30330vBgeryemo  bolGgdgdo

139305E0LEGHMS FMIBsYds, LodgEboghH™ 331939d0

LOIMESEGHMOYOO - Lolfogeom
36MHMyM59900, MHMIGEms3 9IS

bbgo@slbgs 3arobozm®o Lo@sEogdol

CLINSIM (morita, Japan); PREPassistant (KaVo

Dental GmbH, Germany); DentSim Compact

(Yoshida, Japan)

900 9gds

@OoLBHIbEOMMO Lfo3eqds, | MEDLINE; MEDLINE PLUS; PubMed Central
3°9m3O0gdolL 239D056M909,

A9M30bms 456356 E 90

Ubgoolbgs 30m3gbgdol | SPLEN-K; COSMOS/M; ANSYS

3™3309939OMwo YoM Yds

3w0b03mMmo gs8mygbgds

Lsdg0E0b™ 33963930 5Lmb

dm0smdol  Mm3GH080DBS305, 35309DGHMS

9 9dGHOMbeo 530S BHMOOO

05650900

Simplesoft (ProDenTech); Dentrix Dental
Systems (American Fork); Kodak EasyShare

(Kodak); Dental Explorer (Quint.Publ.)

11




306006 ©OHMED  FoBeMwo gm@Gm- | AcuCam Concept N (Gendex); ImageCAM USB

30009™ 258mbobmEgdol Jowgds 2.0 digital (Dentrix); SIROCAM (Sirona Dental
Systems GmbH)
H50MZ30DOMYMIG0S GX-S HDI USB sensor (Gendex); ImageRAY

(Dentrix); Dixi2 sensor (Planmeca)

300 m3303mMo | Transcend (Chestnut hill); Shade Scan System,
JobobosmgdEgdol  4oblsbE3Ms (39gMo, | VITA Easyshade
39930635 Mds s bbg.)

300G YO0  SOGH03ZNOGHMOIO0 MAYA; CEREC 3D; CAD (AX Compact)

300ms 3Ommgbgdol | CEREC 2,3,4 (Sirona Dental Systems GmbH,
53¢M35@G0DoMmdMwo  dmEgo®mgdol | Germany);  ProCERA  (Nobel  Biocare,
o ©5dbsgdols LbobBgdgoo | Goeteburg, Sweden); CELAY (Mikrona
(CAD/CAM Lobgdgdo) Technologic, Switzerland); M1, M3, M4
Heavy, M6 WET HEAVY METAL (ZirkonZahn,
Germany); Tizian Cut 5 Smart (Schuetz Dental,

GmbH)

29900656y 0dosb Mmd dgmizg Lo3zmbol 80_0sb fergddo IMgf39wmdsdo 9339
39603500 094m 45630000900 93EHMISGH0B0MYGOME0 FoMdmMgds, 3633999 bsdgiEboghHm
0699080 Bsmzgogl, ®™I LEMIs@GMmEmyosdo CAD/CAM  LolbEgdol dgdm8s390s o
0300m6  LoLEs3 P30 gdom NBMM  JoMGH030  0dbgdMms, 30 Jolo OO
L5IMYHI9 M 96SEXMPOO. MMI3S MGoEMdITo LBEBHMIsEHMemyom®o CAD/CAM Lol@gdol
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3940bs 56  500mBbs sOE BomEGH030 s 9ME 9300 99990 BH9dbmEmyo©®o
doBgHgdol A5dm:

1. CAD/CAM ULob@gdoom 89ddboo Lsdmermm 3Mm©dGol bsmolbo, LoBMLEg Mbos
0yml MBOH@ Fo0oeo 3000609 30MENIBHOL GHMIOE0Wwo FgoMmEOm ITHsEIOOLLL,
IBOM 3009 O™ PBEs  FJoOEIPMEIL ©s LOMYPONYSE 3MEINOIGHYwo 1bws
Jmbql. 53 306MHMd9d0L gl gds 5300 90gE0s Moms MB350, YM3ILOVOVO
WsdMOSGHMOON™ ©s Jobolzn® 365303500 gmzgwdb®ogzo  M306MH5EGHILMOOL oM
CAD/CAM Lob3H9ds8 dmobobml  GHMooEowo  99ommEadol  BsboE3egds. saMgmao,
LoLEBYIOL BIOMME 93MEIYd0m ImbEgl AHomBMgdgwo 3mB3s60gdol 309 oMo
doBbgdol domfggzs.

2. 300m5 369350G0MJO0L OOML  FgJbmEmaoMEs© Moo oym bdo® Jdgdmbzgzsdo
Bobg3Moo830Mm35cmg  300ms ™Mby 39Egool 30RO 96509F0lL  dorgds,
596 LoLEBHYIL F9658g 0bEMLEHMOME F5BHIM0JOMB MHg3s TMTomds @S 9O oym
5Q33G0M900  SbgMo OO LBoFMTomb FoLmZoL  ITIBILOIMYdgo  LoDMLEGHOM
d9LoLEOMgdEsE. ST dmermbgeds &99bmmaom@®ds Lo o9,
90om3mgdgdo  50dMEs 3M8omds ©IgHYMmm  3mI3sJGIM0 B RgBHMM0  B3sbgMol
9909853905b9. Imbs CAD/CAM Lob@gdol 3o6Mm39wo dm)eol (35606093s, 3053600
56509300l doegds) LgMoMbBMwo dmEyOboBgds (Bindl, Liithy, and Mérmann 2006).

3. 595L oMY, 259MmIEObsMY 0Jod MM MYLEBHIZMSE0S 3MSTBMWMO 5I3EH0MJOIMWO
265 0gmlb 3000l 3M9350H0MJdM Jum3z0ol 300gJdMb, 5M93gE 35MMbOMWSLSS
96099mgl oL dbgdm03  LEGHOWMIGHMOL @S  9xMgM3g  SBIbIL  y306MH30bmo
™30 HoMO0  9900bslimzbgdols s©0AgbsLys, HoMdmodzs 930w gdemds CAD Goyyero
3OMAM0dMmo YOO Mblzgymazol  dgddbol (dmbs  dgmeg  dmwyrol  doMgmero
9mMB0BYds3 o (39¢39Mwo 13Y30B0MEOO 3OIMAMTYIOL o306 T9Jdbs).

4. OH9bE93M530900L  OHMMOo  3gMIGGHOOMEO  BMOTJOOL  Qom3zowolfjobgdom, Tyogxy

396590390 dsborgdol  Hgdofigzbom BMLETS o IE0IeGHMTSs  dgdeboM®ds
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5093539050, o®dmdzs 30 gdmds  CAM  dm@Eweol  ImEgeboHgdol o
13930830996 FMMbM3b69dMb 53EH0MYOOL. Mbs Tmbal owowo 3wsbol dmEerols
53bogds (Ole)Py e} 36MHMyM53M0 MBOHMb3ggmzom,  0bbGHMMIbEgdol
565039300 MHIORMOO0 GGS9JBHMO00l s dMMB30L LoBJsMOL 3MBEHMMEOLMZOL.
595L 49609, BOPomBMM FMEMEEOL BsbO-A905M0EWO Fobol0sMYIGdO TYHBOMMWOY,
o0  BEBHMISGHMEMYOME®  3¢00b60390L5 O WHBMMOGHMM0gddo  dMbobgebgdgwo  0ymb
dolbo 45dmyqgbgds (Miyazaki 2013; Mérmann 2006).

5. @©mml, LsdOghzgwm  0bMLEG®o0LyE  asblbgeggdom, LEMIsEHMEMm05do
CAD/CAM  bobdgdol  qs0mygbgdom  dgddboero  mommgmo  MHgLGOzM3E0s
06003000195 MM0 5 496mFgMmEHdgE0s, glsdsF0LO®, M®OL S 0bEJegdEewy®o
bsbIOXO  FJMIMYOISI® ©OEOS. B0bgez5©  Bgdmbligbgdmwo  LoOHmmEggdoby,
CAD/CAM  LobBHgdsd Jgderm  bmxwom  BLAHMISGHMEWMAO0ME 365303580  8gs®o
3D0E0gd0L ©5353905.
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1.1. CAD/CAM UbolEgdgdols g3meme30s

56599000mzg9 CAD/CAM Lob3gdgdol d9Lsdergdemdgdo _ gl bsbyMdwrogo g3mewyzool
39092005, OMIGEbsg x9O 96O domofigzos ®o30L0  4obz0maMgdol  3)H39M35cobm30U.
LEHMASGHMWMAONYOO  93EMTdGHODBOMGIMwo  FoMdmgdol  LobEgdgdol  dgddbs  dgmag
Lom3960L  70_0sbo  fargdosb  @sofym. 8994dbgegdol  obsdg ogs  d9gdymdo

399mf)393900:

M9LE305300L  3MBLEMYOMGdOL 3OMILOL bEsbsMEHDOMmYDd;

193094 EHMO0, 5530560 BodEHMOOL FJ0boddsdg F9030MYdY;

. dmball 3myomgdoLlm30L 83580M (3080 45dMLILMWgdol do(39ds;

o LEA™ASGHMWMRONOHO  3MBLEAHOI30MEo FsLoegdol LOMEYMRs s b0g035:309,
95369039, B3gEgosEems CAD/CAM LobEgdgdolomaol 39ML3gJE0Mwo B5@GHgM0sEgdols
3900539095

J 300ms  MgLBHO3MOE0JO0L ILEIDBIIOIE, FOMIomO @S EOHMOMO
b5bOXRGOOL T9I(30690s.

bEHMIs@Mwmyosdo CAD/CAM bob¢gdol 30mbgMo ®59¢gb0dg 3OMEMEH030 0m3wgds.
gzgws domgobo  93Mm3sLs o 539M03sd0 MOl Fgddbogro. 39MLi3gdEH0vIo  0©YIdoL
30639 (o6 30HMYJAL HoMmoygbs 1970_osbo fargdol sbsfyolbdo »3dd_do
©MJGHMO s EHIMwIMHol s MJGHME 05640L doge Fgddbowro 3OMEHMEGH030, GMIYos
3000l H93000@0  sHIMOL  LodsEGd0m  IMEIMAMOBOMO  FdMbsbmegdols
domgdol  3Mob3odom  dMsmds (Mérmann 2004). 01993y, 950b0dbME  3OHMEME03L

3w0b03M6 259Mm(300905909 56O Fo©f930s.

50539  Qargddo, gMsbyds  @md@Gm®mds  gmsblys om®mgd  CAD/CAM  Lob@gdol
3606303909 0mdMBsgg ™oz30Lo  3OMGHMGH03o T9Jdbs (Duret and Preston 1991). 1971
Perosb 356 ooy  CAD/CAM  53565@0L  9gLodadbgemo  3mTomds, HMIGELs3
3999wgdm©s  bgwmzbm®o 930603069008  ©odbogds  LowgFo  Bgsdomgdols
0603005 MMo  gmbdsomMo  gm®mIgool  domgzsoliobgdom. UL3sboMgds 50
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990bgg3s803 @sBYOHMOo 3@ MyMHOBOIEO ™33030L L5315 gdOm
bmO(3090©JOIMEs. 3306023060008  3OMgJBHOMGOs  Ydolb  BmbJzo®mo  IMdMsMdOL
3°035¢0bobgdom bEIdMS. 535MOAL 9O MYLBHI3MSE00L  EOILETIDsIds© bod. 4
Losmo  BFoMmYdMmEs. 3060390  3OMEGHMEGH030  RIOOM  LoBMPsmadsls 1983 gl
Log3MbAgmdo  Bodgaboghm  3mbxnqgMgbios  Sopha Bioconcept _ (o®gaobs. doOmowos
5060360 LoliEgds doerosh sbemlb oym LEMAsEmemaosdo CAD/CAM &9dbmemyool
30060376 B3/ 3sm 3 msb, o300 M39Mo30Io LoMMEOL Asdm sb 396 3m3s
QO™ 2o3M(391gds, mdazs 960d3bgermzsbo  Bgdmddggds dmebobs  AmBwromdo
CAD/CAM Ubob3999d0l 99999953905L5 o 930 (39wgdsby (Miyazaki and Hotta 2015).

1980_os60  fargdol  sbsfyolbdo, om@obdo, 390bge  dmMIsbds  0bgobgH  JoGzm
0656 gLBH0bOLMIb ghms 99odmdsgzs CEREC (Chairside Economical Restorations of Esthetic
Ceramic/CEramic REConsrtuction) LobGgds. LimOgo  s0bodbmwmo  LobGgds  odao
LEHMAsGHMmaosdo CAD/CAM  @gdbmermaool  UOHM  0©IMG  ©s  3M5JBH03Mw
b 3996bTs. 030 0M3Wgds 30M39¢ MGo® IMRY6J30MmboMYg 535M5ES, HMTYETs3
OMamO3 300060316 259m3090L, 0y YM39WPOONE 300060 3MM-EIBMOIGHMOOE
L5FMToml  [oMBoBHJO0  godM3s  M930 @S IBIMAOowo  0dbs  LEGMsGHMEMYOME
3659d3H03580. 1986 gl 30935605 Siemens_8s LoLEgdol Fo@mdmgdol oEgb®Bos dmodmgzs
@5 1987 (gl dbmgmonl 306390 3mdgdgonmo CEREC I Lob@gds (omyoyobs.
30639o, 306006  ©OML  Fogaboms  B3sbomgdolomgols CEREC  LolL@gds 0y9gbgds
LEAOMIBHNO0MHYIM  LobsNWIL (SBIOMWo  3MWMAGIGOMwo  Bbogol bs33ws).
5260939, BOJHOMHJOOL  535M5G0  90FMNMZ00  0gm  sdsbol  EoL3JOOom (seEdsliol
dmGqd0oL  0bFHJAMe30s  dMy3056900m, LoLEHIIOL  obggfolmsb  ghms  dmbs).
L3930 Mo  dgdwdsgs VITABLOCS Mark I 3960500390 d¢rm3q00, 50bodbsyeo
9999630 3m309600m LEBHbIMGHI®© 03 9y3gws CAD/CAM 5356s@obomgol (Luthardt
et al. 2002). dombgsgzs 0dols, GMI 390500300 MYLEBHZME0JO0L  LomzwyHBom
B93060900L  ©sb3gfs 9Jodl  FobmoermEs, dcmMgdol T9dzgmdom  Mfig3s, LolEgds,
3MBLEGHOMJgo0l 3000l Jum3z0EgdMsb  Fsbsdg  SMbsb,  BMLE  30MIGOZ

3MmOI0MYOSL 9b9gbo. LimMg 98 FoBgBom b FoMmME WH09330MS YOO 0J
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@OMoL Abmgeoml fodyzsb (Komine, Blatz, and Matsumura 2010). CEREC_ol d94dbs ogm
MM 063530960, 00 3OM3585605L Mfgz3s CAD/CAM 39gdbmermaoools gmHor-gmhom
ddog®  056M394H0byme  d9M39@L_ 9.).  chair  side 360b3odl_  dgddboeroym
UEAMASGHMWMAO0MNOO MGLBHO3ME0S FMIXM® 353096G0L L350 dIWb.

1994 (gl o0dséams CEREC 2 Lob@gdol 36M9Hgbdogos. 0o Fo®mdmowygbos dol
$0bsdm®mdgMb  F9sMgdom  LogMdbmdws  QomdxMmdLIdME  39MLOSL. LobEgds
0m05md@s  MORBBMIowgd0osh  MmMPsbBMI0Egd0sh  3OHMYGmsdM  dmEgwby,
53M9D0Mgd0L IMmEdo, sOBYOIO MO0 L3I JOHDO FJoE35ws SEdsLol dMOOm,
05353 Log®MAbMdEIs@ Q99 IxMOGLS 330603006930l BMIHBOMGdOL  boGolbo. mwdss
mO26DMmT0gd056  20dmlbobegdsboeb  F/domds 33093 o  LoOMYIEgL
DoM0moagbs @s oy, 3d0ms dMME33900L  LOTSMEIOL @S BoLEMOOL  LowMdol
DMBGH0  gobloBMzMs MM FomgTsBH03MEO  ROTMMIWGOMID  0gm 3930069 dYO.
CEREC 2 Loligdol 959mligersd bgero 999Fym LEmds@mermaosdo CAD/CAM @gMdobol
LHOOR 493039 9dsl (Touati, Miara, and Nathanson 2000; Mormann 2004).

1994 §gols CEREC Lob3gds d90dobs 3m83s60s Sirona_ds. bie®go 356 dgdewm Loli@gdols
LEOHMEo  3m@gbEoswol  Asdmgwgbs s 2000  fgerl  AbmBEromlb  {omyyobs
0306MmdM0350  bLEOMWwos  sbosgwo CEREC 3 bobdgds. dobo  30639c0  bsggero
36OMEMGH03900 2D 39dbmermaostg 9/3smdbgb, 2003 (gl 30 306G EO
L53QO6DMA0gd0sbo LobGgdol F9dwgdsggdol 909 3MAIMEOMEO oY03JO0 S0HYM.
0BMIgBHMool 2odmbPgbs CEREC 3 Lol@gdsdo 65830 6H93memE0s© 0d3d 3080w
LEHMAsGHMWMA05do s dmdsgserdo  dgddbogro  93EMToEH0DoMIdIMo Lol dgdols
aMbJ30m6  g@owmbo  0ggs. sobgghe  LolEgdol  IMMaMsdmeo  MBOHMBblgwyma,
350D5M©s dolo  dMTomdol boGolbo s Fgdmdsgs FoM3H030, dmdbIsMgdgwmsmzol
dmbobgebgdgwo  0bGHghggolo (user-friendly interface). CAM dmwedo dmbs Mo
296Ub303900 FMOToL S OSTGEHMOL SEToLOL dMMOL 0BEHIYMO0MYdS, M5T53 S3MINZY
LogMABMBEEOE  goBoMEs  LoLEYIOL  FMJsmdol  LoBDMLEBg o FGLedEGOMDIGO.
d9L50530LOE PORIOMMZs LEFMTom Fo@JM0segdol B3gdB®0. dmz0569d0m, 2007 gl
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dmbs BOMIHBOMGOOL 535M5BHOL  gobobargds_ asdmgos LbobGgds MC XL, 2009 fgel 30
30035605 SIRONA_ds 894dbs g08mbobmemgdols doegdol bHvyemos sboero Lol@gds o
LEHMISGHMWMPONEO  B3BoODY godmzos CEREC BlueCam ob@®om®ogméo 13569600,
OMIgog  odmbobmagdols domgdsl Im3Wg@ITOOH0 GHxo bboggdol d9dzgmdoom
3bgbs. s0lsb0dbsgos, GMd  {fobs, 3D 35996MoLbmsb  Fgocmgdom  dobo  9x39dGHOMdS
(o09bx Mg  200BsMs. 2010 farosb  LoLEQId  sbogro  3OHMYMsdo
MBOMb39YMeS dooom, 6ol 390009253 39056303 0b03005¢ M0
93bLEGHMWM0MdS ID0sbYIdMEO S 9BFGHIRMBOLEHOL vMTJMbg 3d0EGBOL M3 BOH
Pmbolfirm®mmds8o  dmbisyzsbs0. s0bodbmwo  LobEgdol 51bJzombo®gdol  9x39JGIOMdS
©Yd0Ms©  0dbs  Fgi3sligdyaro  0bGHgMEOolEodwobmMo  33¢g3000  X3MBoL  JogH
©MIJGHMO 530G 9ol s OMIGHMO BME3gH dsbEol bgwddwzsbgwrmdoo (Prof.
Dr. Albert Mehl, University of Zurich; Prof. Dr. Volker Blanz, University of Siegen). 2011 (gl
MBOE0SMMS©  0d6s  FoMagbowo CEREC 4, Om3gwwog d39wo  535M5Gob  dsDoby
3905bgdme  3OHMYMd  MHOMBlgEYMmRl, FMTomdol  sboe  sERMMOmMIYOL
LobGgdol  FOBROMEO  M39MHOMYdOL  ggdgbBHgdol  obggfol  dmoEsgs. 2012 Fgarls
390ddbs  06@®omMomGmo  135boMgdol  sbowo  s3sMsGHo CEREC Omnicam camera,
MOmdgwog  9Jod  mOOM3gEl  dbgdcmoz0  3gMadol  Tgbs@bmbgdom, 390 EO
3M6EGOLGHMmo  gbgbowol 496989, Fooeo  LoBMLEOL  AsdmBobmegdols  dowgdols
L5 gdIL 5dg3L.

CEREC ULob@gdol 9963000560930l  3565¢0gemeo, 890ddbs dMogsewo bbgs CAD/CAM
LobBds. BLEAHMAdGHMWMY05d0 SVb0dBMEo Lsbols LoliEgdgdol 89ddbs 339 3MB3s60sMS
dmMob 3H9dbmemyom®o 316399096300l Logsbls Fo®mdmoygbos, GOl dggyssi3 CEREC
LOLBHYFS 99339 SV  FMOSBOYds  BIBOOL  9OEF  OEIMIP O IOGF  Y39Waby
39630m9690mew  CAD/CAM  @9dbmemyos. dgs dolbo  obGHmGomwo  {gwwowo
53¢MB5GH0HB0MGOIO LEGHMASGHMWMR0OHO A99bmema0900L 3963005690590,
9977350909005 s 8oL 439eabg godmMBgmer CAD/CAM LobGgds odi393L (Eichberger
and Kappert 2009).
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LEAMASGHMWMAOMOO  53EMIIGH0BOMIOME0  [oMTMgdol  dsBIMDY  ASBbs  FMSZ5O
PocdsBodmwo CAD/CAM  dmgo. dsmpeb  gmbjgom®o  LEWwymuowgdom  ©s
9653503903560 FglodedEmdgdom s0Bsbodbsgos 3ma3sbos Schuetz Dental ol dog
d94dboeo LobGgds Tizian Cut5_ bmomg®dosbo BMIHBoMGdOL s FMS35gergdgb@osbo
99@oob 3mbLEHMWJ309008 THBsEYdOL FLodEgdEMBOM, 53MJM3g s0Bsb0dBsg0s E4D
Lobgds (E4D Technologies, ¢9duobo, 5d3), LolEgds ARCTICA (KaVo Dental GmbH, 3535600,
39635605), Procera (Nobelbiocare, 939c0goo0), M6 WET HEAVY METAL (ZirkonZahn,
39635600) [OHMIglLsg 8999dwos  GHoGobol  3mbLEGHM™MJ30900L @S 93MIM3g  BHOGIbOL
0600030015 MM0  505@396FGH00L  ©TDOYdS, F90IR0  SbMmEOMgdom (glgE03MO
356539BHM900L  4oLbBMEIWsE] s Lb3s.

domo@gdbmwmyon®o  CAD/CAM  LobGgdgdol 89ddbols  3sGMogar®mo©, bgdms
50b0dbo  LolEBgdgdobmgzol  sbowro  LEMIsEGHMEMEomGo  Asbogrgdol  d9ddbs o
396300006M905. LoLEJIgdol  Mo30L93)MGdgOOL S  MOMMIYEOVIO  33MbsEMBdOL
90356 gobMHowo  Immbmgzbgdol  dglsdsdols, dgoddbs mOm™M3gowo
9539605900l g0  99s. 50b0dbMo  Fsloergdo  MOMM3JEoMwo  339ObsMdOL
sboer boMolbmd®og s gumgBHoM® LEBOMIAL FobLIBMZIM39D. 53539 MM, M30L
dbeog, sbogro dgddboero  FsLoergdo  IMoMbM3zbgb  AobLOIMMOMIOME  TMTo390L,
50b0dbmeo 339JBH™M0 30 QO 00dpLs 5d93d LEH™ASGHMMA05d0
533)MI5BH0HB0MGOMmo  3OM9dBH0Mmdol  ©d  Homdmgdol  LoLGHYIgdol  obzomMIMgdSls
(Raigrodski and Chiche 2001; Raigrodski 2004).

XX Bom3zmbolb 80_0s6 §ergddo, mdOmbg ool 93390000  2oDMHPOL  2odm, dmbs
MmOOM3gEoI  3mbLEGHONJ309000  603ge-dHmaol  T9bsbmdols  godmygbgds. 003
353096@™s 3963390 bsfoewdo asdmofigos Jgmygdmds  50bodbmwo 99bsbmdols
300s6Mm. 530@Ms3 893D0gMgdds 359FY30E U, OMT A5TMBOZSE0 FOEBOL godmygbgdsdo
9 M3oM9Md@S. 09939, LEAMASEHMEWMP05do Job 9dGHOMEMO® 45dMYgbgdsls byl mIros
LOOMMEGJ00, 9393000 Jdo  oym ol BsBMLLILMID o BMOI0MYOILMD.
@MdBHMOds  96geLMBds  dmobgMbs  5©0bodbmeo  3MMdEgIoL  25sY39B0  BHOGIbol
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390399008 ©dBosgdOLLL  Bo3gMf3ermgeb-ghmbomwo  ©sdMBsggdol  Fgomeol
299mygbgdoo (Andersson et al. 1996). s0bodbmeo  god@o oMoy gbs  BHoGobob
o3 ds390o CAD/CAM  LobiBgdol s9mygbgdol 30639 3693909063 (Procera,
AllTitan). 36MmRqLMO BEIOLMBOL s 89MTsbol doge Tgddboero T39O0 LobiEgds
Procera ULGmAsGm@maon® dsDs0Bg 306039ws 1996 (gl odbs Hodygbowo o
0590639 ©0O 33EsMmMds dmodmgs (Loevgren et al. 2000; Smedberg et al. 1998; Lin et al.
2009; Milleding et al. 2015; Oden et al. 2008). 30639¢» bsbgddo LolEgds dbMwMmE Go@obol
3MBLEGHOMJ30900L  ILHTDOPIIWSE  oFM0YgbgdMm©s, Jobo  FMHGHOMmgdOL  TmEMEols
0530090060900 godm, MMIgwlsg d9gdwm B3gE0sIMHO  JE9gdEGOMEOL  godmygbgdoom
653960300™36-gBmbomwo  ©sd/dsgzgool  IgmmEom  BHoGsbol  ag30Mma306900L
Q53bogds.  IMy30569%0m,  LobEHgds Procera 3obos 9O»-9MOM0 Y39y
96535RbJ30M0 ©s gm0 FMmEIE0, ®ol 25dmE 080 BsTIODE0BI© 0MZWgds
AbmREom d5BsODBY LEAHMIsGHMWMA0NOHO CAD/CAM 5356053H900L 9Om-9M00 g439wsHY
259 ogto (Karl 2015; Oden, Krystek-Ondracek, et al. 2008). slobodbsgos ol
R9dH0E, ®m3 Procera 9obs 9.0 »omobm®OLobyol™ 36M0b303bg 8mdmdsgg 3oMm3z9wo
CAD/CAM Lob@g0s.

1980_osbo  {engdol dgmeg bobgzs®mdo  (fodygzso68s  003mbgemds  dgbogMgdds  woofiygl
dxdomds Logmomoto CAD/CAM Lobidgdol dqLoddbgersco (Kimura, Kawanaka, Watanabe, et
al. 1988; Hikita and Uchiama 1990; Tsutsumi, Fukunda, and Tani 1997). 50096009
3OMEGMGH030 9909905305 ©d 9339 bgwdobsfizomdo ogm Fos 35HOOLMZ0L. Joasd
3904365 g9 35¢0lobgdgero 3OHMdgds_ d0bgszs ®53gbodgfhicrosbo dMTomdols
0909290  90b0dbm  Lgghmdo doofigmwo (oo gdgdols, 0s3mbm@o CAD/CAM
LoLEYIGOOL  2ob305MJISL bgawo  Tgmdogs  sboerds  LosHM3g3m  396mbds, HMIEol
dobgz0ms3  353096F™Ms  LEGMIsEGHMEMYomGo  dmAbobMEmqds 9600369 m3bs  gobs
©59M3000909o 153gEoE0bMm IHBW3935DY, LosBW3g3m 3MI3s60gd0 30 ymgzgedbMog
900655009 290Mm©b6 30006039080  53EMToBHODOMGOMo  LoLBHYIGIOL  godmyggbgdsls
(Aoki, Fujita, and Nishina 1986). 9fs63mgdgwro  3m33560900bm3z0lL 30009 EOEs©

0003900560 gobs  3MMgd@Ho, dmbs dolbo Tgdamdo  F90w9dsz3900l/BHgdbmemaomemo
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bLEOMYmaol  M5dE9bodg Herom  gowoEYds, MOl TIOR3  JOMD-gOHD  Y39wsDy
396300000909 J399s6580 CAD/CAM  3gdbmemaos 8608369crmgbs Bsdm®Bgds ol

Q3LO3EgE 9B MAGOU.

CAD/CAM  bobBgdol  gobgoms®mgdols  360836gwm3zsb  bGHodwmws odzs  sboero
39600030 doboengdol 899853905, MMAWwgdo3  35LbmdbI6  mMomm3gome
LEH™ASGHMWMA05d0 FoEsE JuMgBHOWMEO S FobozMe Jmmbmzbgdls. CAD/CAM Loli@gds,
OMIgbsg  BEAHMISGHM@MYPOME  dMEOSGHMO09030  BoloGoMgdgwo  LsdMdomgdo  mbs
B596533093065, M300Mb  4os0dzs FLOO  ESBMOIBHMOOM  [oBMYdS©. o0DBIMIS
LobEgdolb doge  FgLoliBrmegdgero  BsFMTomgdol  MsMIbMds s  3MbLEHOWYJ30o
dsbogngdol  B3gdGHEMo. d9dmdsgs sboewo dibgowo CAD/CAM Lol gdgdo, HMmAMMOEss
Procera (d39035605), KaVo EVEREST (3963ds5b0s), Lava (396M3s60s), HintElls (39608s605) s
bbgs. s0bodbme  LoliBgdgdl 339 099dwmm  mdboEE 390500379 FsLoegdmsb
dm050d, BMA0gMHo Fomysbl 30 Ubgsslibgs Lobols dg@EHowgdmsb, 3s0 J9bobMdd™M6
Q5 ©5dbBAoMg FoloegdMb.

CAD/CAM 9db6mmaool  3m3wsmoboEost s 9dod-bEmds@memaqddo dob Jomo
39935L9d5L bgewo Fgmfym  LobBHgdol MmOYEBMI0gd0sbo FMmEIE0EI6 0BMIgEH MM
dmgebg  39olgEsd, Mods3  9Jodgdl  LobGHgdolb  FMboBHMODBY, WILETBIWVIdGO
MOOM3GEOIo  3mBLGHOMIgool  BOMmo  FsLIGHI00m  30DYOE0DI300L o
M9LGH93M300L  3MmbLEHMWOMOOL JMBEBHMMEOL Lodmswgds dolgs.

B396L  ©Mmdo CAD/CAM ULol@gdgdol  ©omEabmds, dsmo  Jglodwgdemdgdo @
d9LEOMEOEo bsFMToml bosGobbo d9Togzs 0BMEIds (Lawson et al. 2019).
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1.2, bEmds@Hmemyom®mo CAD/CAM ULolidgdgdol d99sepgbgero 3053500 dmEvemgdo s
35000 3wdomdols 9&s3900

50bgdmmo  CAD/CAM  bobi3gdgdol  dMmogzeglmds  doMoms©s©  ©oggIMgbzomgds
30606 O LsFRBEBMI0Egd0sbo  QoBMmbobmegdol  dogdol  BHodom, sxMgm3Y
bbgoolbgs  3mbLEGHM30900L ©TBs©YdOL  B3gdBH®od s  LBEGHMISGHMMYOOHO
dsboengdol  499mygbgdol  Jgladgdermdgdom. yggws CAD/CAM LobBgds dgopqds 3
353500 3964309900 dEEoLAsSH, gugbos:

1. b3sboMgdol  dm@Mo _ gsdmoygbgds 3060l mmdo  B3zgbmzol  LsobEHgMHglm
30943900l 30ROMOo  356539@MO0L JoLOWGdS, Sbgmos 8. LESOHMMIHBM 39w0 s
3bGoamboliyo 3d0wgdo. 58 BbJ300L Fglolmgds® 2odmoygbgds bgsalbgs Godol
139696900, GMIIdoE  Fgodwgds  0yzbgb  OmmOE 08OV, oy  M3EH03MNOO,
d9L5sd530LOE  FoYdME  49FMLILYMdGAL gfhMm©YdIm 0RO 5bsdgFO o
™3303996M0 565d93©0.

2. CAD 9m@9)o _ §o00mopabl Hmwer  30ma6msdme 35393, Mmdgmbsg  99mdeos
900900 565893oL  LYFRBBMI0EGO0E BogMEgdo FOBROVIO 30D BOE0S
060003005 MM0  d0MmT0dgBH03MM0 356539 BHMJIOL  domzsolfiobgdom  gjodobmgzol

Lolm®3geo 3MBLEHMYJ300L Z0OESEMMHO FMEILOMIDS.

3. CAM 9m@©veo _ 0go  o®3moagbl  LobGHgdolb dmerm  MAMEL s  sdmoygbgds
M9LGHO36M30900L  93BHMISGHMEO 0950000 ILHTBIPIIWHE. BOGHOMYOOL 5350
9 gdol 930M5EJuMds dEYMIsMGMBL BEBIBIOEHODBOMYGIMWO LEHMISEHMEMAOMMHO
dobogd0Ib  FoBOMEO  3OMYMITMNwo  sem3zol (Computer Numerical Control)
99039mdom  LolivyEgzgeo  MHgbBHO3MOE00L  B0Wgds. 3OMYGMITMN  JoOm3zsdo  bggds
dmYomgdmwo  3mbLGHOIiEool 06393606905, o3 LobEgdsb  bgBYLEO
M9LBHO3M300L  Fogdol  LoFsEgdsl  Sdeg3l. T3S, LoLEGHIIOL  GBMbdombomgdol
M330d0bs3oolbmzol, bgds  ddsmdols  sbosewo  3G0b3039d0L 98«9 dsgzgds, olgmo
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OHMaMO035  BHOsxo  30mEHMmGH0300900L  LolEgds, bLgwgdEowdo WsHBIOMWo  39F3o
(SLS) s ULbgs (Luthard, Rudolph, and Sandkuhl 2011).

53¢MAsBH0BoMgdIemo  [o®mdmgdol  dmgdo (CAM)  bbgosbbgs  Godol o
5EamMomdom  dmdNdsgzg BOIHBOMGOOL 95356530 50 FIMHZ00. Tl 2oabogbowro
BOBOMo 0bLEGHMMI30900L Bgdofigz0m BMLEGI© TgGuHEgdol Mbs®o sd3b (Schunke
2018). BMyoo, 3OMyMsdmwo BOHMb3zgeygmas LobEgdol dgdsagbgro Lbgsslibgs
9wq996GHoL  9mmIbgMIb  ©H39300M9dL @O 3MMOHOoboMgdM  FMTomdsls
BOM6390gmARL, ol 5deg3L Logmabergl doger LobEgdsl. d9odegds 00g35L, GMT 3o
o) 08 CAD/CAM ULobi@gdol 3mb3mMgb@nanmdsls s6s dbmeome dolo dgdsygbgaro
130b039O0  dmEwgdo (Hardware) 9o65306009dL, 5010990 139305  Bommm30L
39999953900 (OloPyuele! 36HMyM53ME0 MBOHWb390gmxngdo  (Software). o
d90mbgg3s5do  3m6309@G Mo dmEgeol  9x39dGHeo  3M8smdol  bsdolbl  sbodboero
BOBOWWO  HOOHMBIGYgmgs  2obs30MMOGOL s 9B MOMIME  BOHDoMYdoL
993963 900L M50 9bMds d9L50530L dmedo.  saM9gm39 Lob39dgdols
0600030015 MOHMds BHmMg O™ Fomo 3086 3560539300 4obolsBOZMdS
bmgoo, CAD/CAM  ¢gdbmermaools  gs63000060930L  3H9gbgbios  239639690L, ™A
50bodbe  LobBHYIgddo Tom  (30x8OWE  FHsMGL  9g3l  MT0bIBEHOL  LEHGHMLO. U
0350Wbsmog  IILEGHMMH©s MmEgLs 2011 gl 30335605 SIRONA_3s  mogobo
bobBgds CEREC_ob  sbosgwo  momds  LHmeMgo  sbogro,  8dgegto  360H:my6599o
BOHM6390gmRol Lobom 25dmwdgzs.

dmblbgaro MmOMM3IgEomwo 3mbLEMYJ309008 GHEMmIOE0IMo FIJNMPOm ITHOIOOL
dbaogbo, CAD/CAM  Lob@gdol  a59mygbgdol  dgdmbggzsdos, 30639  9@3L
939960bowmdol  ©oqd3s, 935 vy 00  JMBLAHONJ300L @S  Fgbodsdolbo  Aslsewol
2990ggbgdol 45BLOBOZMS Fo®mBmoagbl (Guazzato et al. 2004). ®965990OM™39 mJloOHO
396590306 LOIBHIoEoL  FoMZooLobgdom, MHMIgEoE  FosbEIMGdIMos  FgBSErol
05639600 gdmsb, Tomo  490mygbgdol  B39690s3  FodLoToEMMOESS  B0SbEIMYdINO
999 ™ 39653030 30bLEGMWYJ300L sdBOEIdoL B3969090msb. CAD/CAM  Lobi@gdols

23



3°9myg9bgdom  331MHbsMmdoL MM, 3d0wgdol dmIBoEIdol 36M0b303900 Tgglodsdgds
300@ms 35560 Jum30egdol  36MHg35MO0MYOOL  3WoLO3ME  396Mbgdl s FoBsMM0S
90603s¢rm@o  0635BomGM™Mdol  30MMdgddo  dogdlodsgrmeo  MHgBHbEool  dowfgzolzgh
(Thomas 2016). 5369039, dgbsdsdoLo  3MBLAEHOYJ30Eo  Fsbogrobomgzol Mbs dmbgl
50993530 LogMEoL IEGHMZgds (Moldovan et al. 2011). 53GH™IsGH0BOMOYOMEO LobEGHgdob
3990myg9bqdolsl, Fogo®o Jumz0wgdol 3M9g3sMH0MGdOL goblibgzsgqds 30 gob3oMHMdYdME0s
39000930 0530L90M9d9d00:

o 300ol  13sboMgdol  3OmEqlo, HMIgEoE  Imombmgl  Bgwdofigzbom  BMLE
3693500MJOL 390200  godmbo@GMmo  30009900m, 39Ol  ©0396Mgbgool  9b
30639696300l M933960M9dMwo 3MMbggdol BMLE ©E3L, 30135M0MYdIMO SO
LoE®AOL s335L (BBl LoM®MA B39 gdMog JgBOMMwos 1 1I_dwy.)

. 3MBLEGHOMJ30mwo Bsboergdo, G®MmIgdoE Imombm3zgbh 36M9g3s00Mgdol Loldol s
33m®IoL BMLE o339l

J M9LE305300L  BOIHOMIIOL  gBHO3DY, 9OLYdMWwo BOIHBOL LsdMdom  Bsffoerol
05393HM0L s LOAMIOL oMZoEoLobgds.

CAD/CAM Ubob@gdol 9mwegdol  dgLsdsdols, 30d3093HIOMWo  3gdbmemaogdom
M9LG930530900L THBOEIOOL JOMOMOE JBHO390L FoMBmoY9bUL:

. BOBOMo  5b6509Fol  Jowgds, GMmdgwos  HoMdmoagbl  Bzgbmzol  LsFoMHm
™309J3HoL 30RO 356539BHMJO0L MQ0LEMI300L 33 gJul. MgLEI3MSE00L Labol,
dnEM@mdol s LoMomwol dobgzom gl 890dEgds 0gml 3000l 30935M0MYdIO
6900 (BsbsGr00gd0Lm30L 98B IdIMWO), Lbgoalbgs GHo3ob (3533900, dgbmdgwo s
3bGSmbolBo  300gdo o TFomo  3MIB0bs30s. MMM Fobo, LolEgds  SHoMTIMdL
BOBROMOo 0bxmOTs300lL dslom® 9309058 s MdgBglb 9dmbgzgzsdo bgds MMM
LOMGUBHO3MEOM  5M0OL, obg  FgBMOGOo, BBGHIYMbOLEBHO @S  Dmaxgd  9BEFIRMbOLEHO
300¢0l/gd0l 9HBMdgo 300900l BsOmM3zs3 0ROV A5dmbobgdsdo. s0bodbrwo
sLdBHod0m FJ0oEAMIS 9)(30¢0gd90s Bgdofjgzbom BMLEO, bo®olbosbo MglEegtoiools

BoLOEOMGOWs©, OO 25605bBHLsg CAD/CAM  LolbEgdoom 83Mboemds  Homdmoygbl.
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BOBOWWO 9650930l Jobomgds  godmoygbgds  LobEgdolb 306390 dmEwEol
090500906900 5356053900, B39 gdcm0g, ULbgoolbgzs  GHodol s  goblbgsggdmem
Seam®omIbg dmddsgg 13obgM9gd0, GMIgErme3 FgwdErosm LogMEMEO MILOIBIOO
D900530600L oo LOBMLEHOL FOBROMEO SBBYFEOL 5¢gds.

. 900900 308MME0  0bBMOTS300L  93EMIdGHMOO0 s b5bg3MOI3BHMAsE MO
50853905, 93096Bg  300wdol  Bg30MOL  M93MmbLEGHMI30s, ILITDOWYdYO
M9LBHO3M300L  FgLodsdolMdsdo dMYzsbs, M3 H0sdo 93EMT>EGHIOO  2obfimMgds (g ob
3bdBH0s, bLysg MIgBHs CAD/CAM 535653H90d0 2569 Bsg3s 5339090 56 560U),
L5F0oMMYdol  FgdNbz93500  J9M339ME 396989 EM0do  gJodol  oge  3mEJE039d0L
393969, 3MBLEHOWMJ300L  FMEYoMgds s  dolo  gosabegbs  LoLEBIoL  FgdwgY
dmedo.

o 3MgHoMGIOL  93565BHT0, 30OGMIXMMOE  IMPIWOMHYOMEo  3MBLEGHOMIEo0l
D9BMLEGHO ©dHBY0S (79659900MM39 LoLEHIGOTo LHgOMDM (3MBOWDS SO 50T
10 3036™bL (Thomas 2016).

CAD/CAM LobGgdol doM0ms@o dmegdo dggledsdgdosh Fo®dmgdol 9@e3gol, omwdas
bmy dgdmbgzgzsdo olobo Fgodwgds 996005693 gdo 093696 gHo dewmzdo (Luthardt
et al. 2002).

3o6b30390mwos  3mBLAGHMMIEo0l  ITBOEIOOL gBe3dgdo  9.f. CAM 5356539000,
I gddos 300G MMO  8MmEIoMmgdol  3OMYMmTs 96  §3b30gds. 3MBLEHMWE00L
9mgoMmgds  Lbgoslbgs dolsemols 98mygbgdom bgds 3dowol Hgdbogmbol dog®,
d90pamd dobo o3s69Mds s CAM dmvemdo g3MgboMgdol 0booMgds.
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1.3. gog®vmo 5650930l Jomgds. Bgs3oMol 3MGmBomols gsblsBM3MOl 3MbEsdEMMo
©5 13mbEOIBH™ Fgonmgdo

D93060L  dglobgd  0bgm®Isgool  Fowgdol  3bgdo, IgOMPII0 s SWPMOHOMNTJOO
bbgoobbgs  CAD/CAM  LolL@gdsdo  derogl  asblbgoggdmemos (Witkowski 2005).
SM(30Y00s  25dM3Ymo 3003000 (30M30gboms) s 9MHS30MPIZ0MO  13b0MGdS
(0m@©goMm9dmEo  M9gLGHO3ME00D  0bxmMTsgool dorgds). 98  doBbgdolbmzoL
399m0yggbgds 3D U3sbgmo. g s®ol  dmflgmdowmds, MHmIgwwog bl  RoBo3MOO
M009Jd@oL  godsM0GHO0L (Im3gdMe 1BsbDBY) o HBYIZ0MOL  IOMBOWOL  YEGHIWME
139606905, GMIol JobgE30M53 RIS S©0bodbmwo MmdogdEol BmiEo 3D dmgero.
59 3OHm3EgLL 5gMgm3g 3OMBoEMIgEMo0L Labgwomsz dmobligbogdgb. 3GmEglols s®bo
9M3sMmgMdl  HBgI30MH0L (OHMIGWLsE FOBOO  2odmbodmegds 9d3L) 3MGMmzoob
d9Lobad 3083OWo 0bRMMIs300L J0EGdsTo. 0BEHMIMMIEMMO 1535690900l sbEYbgb ©
30606 Mdo Mmd09dEJOol 30MH30M  153560MGOSL, 498Mm0MBI3056 oo LobYLGom
950  LAIE0MbIOM  5b5EMPIOMb  TgMgd0m, MHMIo0oi3 B3oboMmgdsls 9Jodols dog®
509090 9650930b, 3dool  #Hgdbozmbol doge ITDsIOIMO  FMEYOLYSD
0090906, dgbsdsdoLOE  FgBH0S  ,93056M0  BIIBHMOOM*  A5TM{I3gMEr0  MBMLEHMOOL
&olgo (Wiedenmann et al. 2020). ®v)339, 3003000 3083600 5650930l FoMqdsg 56
5oL dm3egdmeo MoL3goL, ®MmIgdog ©s39380609dw0s gdodob bgwol Bgdofgzboom
mAmdOsm©  oBgMgOsLmb, U3obgmol  sd3sgo  Fobol  OMmEIJ3sly o
Q58063 M9g0sLmab, 63MHg30L A9dM J0MOL WML Bsd9FOL JoMgdol LoMMEIGMb
(BD  U39bgmol  Bmyoghmo  Imgerol  dgdmbggzsdo). CAD/CAM  ¢gdbmermyool
306398300L  9OMgIOHMO  F0e350M0  3MbdEHoL, MYLEI3ME0gd0L  “chair-side” (353095FH0OL
153909 M6) 3006303000 IFBIYdS, TBMEMEP  0BEGHMIMMIWMOO 136900l  dJmbg
CAD/CAM UbobGHgdob Lsdwgoegdomss dgladergdgeo.

50bsb0dBsg0s, ®md CAD/CAM  Lol@gdgdol  «9dgBHgbmdsl o6  gosBbos  Lygmmo®o
06@®50M5mo  B3oboMgdol  935M5@0, 9Msdg 98  Bofool oy  3OHMaMsdyro

BOHM6390gmRs (open source) Bodwmoegdsl 0dgg3s LobiBgdsdo 0b@gyMomgl dqlsdy
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dbseolb dogm Ho®mdmgdmwo 0bGHMIMMIMo 35696900 (8. Schuetz dental ol Tizian
Smart Cut 5 bobiEgdsboseb 3 Shape_oli 0b6@GH®omMom@mo 13569M0L 0bEJAMOMYdS). 530939
Dma0gmmo LoLEgds LsFoEgdsL 0deg3zs bo3MMIMO 13969M0L Psbo3gwgdolsg dgbady
dbseol  doge 890853900 13sbgMom. 3  Fgdobgglzsdo, CAD/CAM  53565@0b
30oMm8mgdgeo  300™dL 13560609008 FMmEEol FogdloToIMI©  2o6305MYISLS O
5b39hsl, Msms dyozgerolmgzol dolo Bsbo3gwrgds 9G55dEYIsGO 0gmb.

OMamOE  50360369m, 993063000  13oboMgds  bmOE309w©gds  BEIE0MbsGIEO
135bgMom. Foowos  s8  FgomEoo  Jgmdwgdgos  ,chair  side”  36Mobgodom
93996065 md0l  BoBHoMgds, FogMsd  BdLog  @oskbos  ®5dgbodg 3609369 m3zs60
23005@guMds, M53  0bGHMIMGMsEm  13sbgMadl  dsmo  Bodol  LEOMELE 393900l
15O 56 5dE93L:

1) UGO30MbIOMEo  1356gM0 0deg3s  ASTMBILYMWGBOL MBOM OO  LoBMBEHoM
doqool  1L5FMOEOIL, 5  OOML  JSTMOOELYWOos  Bbgsalbgs  bgarolidgddergaro
RodBHMM0, OMIGLsE 3000 Odo 3sboMmgdolsl 5Jal syowo (396936030 Jdoob
dobsbgemol 0999596930Mds,  BOMEMYO0IMHO Lombggdo,  gjodol bawols
»00360M3MIO5MdJd0“/ ool 35635¢00).

2) UEHOE0MbIOMEo B396gMH0 90FNYMH300s M3dMPIb0Tg 359M0m, bEgds MdOYJEHOL
93¢MIsGHMO ©9:0dd0 MO390 M3MOLOM  ILIIBIMGDS, MS3 DBOPOL LOoDMLEBHIL ©o
59306M90L 30ROEo 25dmbobvegdols do®gdols M™U.

3) 0b@GH®MM5m0 13969MOLASD Foblibzs3gd0m, 56 OOl TJ9bLMEzs BMIJPBY.
bbgoslbgs 60dbol dobgzom  sOLGdMOL  13sbgMgdoL  3eslogo3s300L  Md9body
3560056¢)0. 13BOMIOOL MB0YJBHMB ITMI0WIOIMWdOL dobgz0m Fg0odegds ASTIM3YM™
3M6@95dBHMO0 s M3mbEsIBH™ Fgomegdo.

30630d@Hmeo 99gmmEo ©sdYsmGO0s 250mlisl3wg3 Md0gJBMb B399l 30MH30M
R0B03NE  363)9dBHsb, HMIgwoi bmOdEogwgds  1B3gE0sMo  Imfiymdowmdgdol,
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GJHowemo  LgbbmEdOl LYW GIO®  (,OXO0MI0DYMYO0®, LbgsILbls G030l
bmbgdo, 309DMLgblmM9gd0). obobo  MdogJ@HOL  LsdRsbbDMI0gdosh  3MEOEObYEJOL
3339896 3m330EBHIOL (AgLodsdol  3OMYMITME  MBOHNYBZgEYMGBL). GodGHow Mo
LgbLbmEGdO  JIbosh 9.f. ,LogMEom BoEIL“,bEgds LogMabo FgOEHOEW GOl s Lofigol
3MMOH0b5@JOMb 9905609300 35000 ©IM3I0EIOIgdOL 4obLloBM3EMs (Kern and Luthardt
2009). dgoomEol  Modymxom  dbotgl  HomBmoagbl  3Mm@Eglol  bsby®derogo
9080bsM)Mds, Bgs30Mm0L Jos JMmbggdol 13sboMmgdol LoMmmg s 3MbEsJGMMo
135696930l 3530963H0OL 3060l POWTo  459mygbgdols T9IgdEMdS. M3, 5T BHO30L
135696930l 36033690 M3560 W30EMSEHIMDSS B0 FoLowo LOoBMBE Y, OMIgEWOoE 56 SGOL
2396509059 @5 Md0gBHOL FMJodMmg3ermdol 539690 by ITIMI0YdYo (Lovgren et
al. 2000). 369,39, 3OMEILO  3OMAMTMEs©  FoMGH0305, JOYIIMO  BOEGOOL
dnEM@mds 30 93069, Mg 98 dgommol CAD/CAM Lob3gdgdol MBOM  doxIGHMO
9mggddo  259myqbgool  Lodwmomgdsl  0derggzs. sbodbmeo  3M0bgodom  8mdMdsgg
5356539080, 93GHMMJO0L  dgBHgumds  5©0bodbsg  Procera_oll  go®dol  3mbEod@mMo
L396969gd0L _ Procera Forte oo Procera Piccolo_ols s@sg LoBMLEglbs o 9839J@wOMmdsL.
23m06@JH™  IgomEom  bmM309w©gds  Mmd0gd@BHol  m3BH03MMo b WwsBgm o
135606985, M3MBFBHsIBHM BBl  535M5@JO0 ™30l FBMOZ, 0gMmRosb  SJBHoME
330G 13969gMYdS. 5dBHOMMO 13SBYMHO  FodMolboggdl s ™BOgIEBHOL3IG6 ToTsMrMS3L
bbgoolbgs LobJoMOL  BHowgdl (439wsDg bdoMo Lobsmerol 96 wsHgMol Lbbogo),
5693000 GHowgdol dobgzom 30 sbgbl mdogd@BHol Bgwsdo®mol sbsrobl.
3sbomEo  13IBgMOL  Fgdbggzsdo 9O BYds  IMIFOOL  2oTMLb03ads, Mg  0Yo
0650m596L 9Oz  FJodMgmdom  39wb, oMgIM®Ib  Md0gdBHBY o38O ©d
5M93owo  Lobsmwol  bbogol  Lsdmowgdoo  sbgbl  dobo  356539EHEMYdOL
M930LGHMOE00L. 98 G030l B3obgMgdol  dgBHgbmds  5©IMoBgbl  dbmermE  bogryew
Lobsngl, Moz dMbgdcm0305 dsmo  FMFsmdol  3M0B30300  2sdmIobotg (Fischer,
Weber, and Marx 2003) 959mbsbwwgdol dowgdol dobgzom 89230005 459m3gmom
3MGH™IGGHOoMEo  IgomEo, Lobsmerol bbogom §gOEowmmgsbo 130606M90s, Lobsoerol
bbogol bmwom 13560090, AoTMBsbmEgdol JoMgds 3MEMAMIR0WO IJNMEOO.
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Rm@GMIPAHOomo IgomEo  ©osnwdbgdmwos  Mmdogd@Gbg  Lbgolobgs  ®3MOLOm
239005090 BMEMIsLO0Eb  BodysbBmdowgdosbo Impgwols 99ddbstg. dgomeols
23005@gumdsl  HoMmBmoabl  FmEmEmdomo  Mmd0gd@gdol  dgmdg@®mool  Tglobgd
0b6x3m®3s300L 80MgdoL FglodEgdEMds, “YoMYmBomL_ 3599Mgdol dgbodsdolo Mo3OLom
396m53L9d0L s Bs3356dm FgOEGH0Wgdol Asdm3w9gbol LoMomvyeny.

LBobsonerol  Ubogom  ighGowmgsbo 135600905 FoMdmoygbl  odBHowdo  b3sbomgdol
9900mEL. 53  dgomol  3sdmygbgdom bgds ™mdogdBoL  IMsZwmdomo  13OBoMYdY,
d09do ,IMENMOI0MO  VMHMBIEX0”  SBMOIOMIOL MdOGIBHOL BMMISL, BmAsL s

AME3MEMdSL. 53Mgm3g Igbodrgdgeros md0gdGHol HBgsdo®mol mommgmer Bgydgb@edwy
DmLGHo 356dogrol gobmags.

Lobsomemols Lbogol bmemom b3sboMgds saMgmgg sJBHome dgommeb 093290036900, [obs
d900mEoLsh  9oblbgoggds @OMOL  ghmgmwdo  MRO™M OO  IMEMmdol
0bgm®3sgooll  Jogdom, 0Josd  odmdobsdg Mmd  bads  9Ms  gH®O, M3
Loboomeols  bbogol  bmol  goymergdom  Bgsd3oMol  dMegzowo  FgOhBowol
930LGO300.

3mmyOsgommwo  dgmmEo  ©sRwydbgdmwos d9dgy  30M06303Bg: Lobsmwol  bogo
©OxMSJ30o  dgbgeol  gogwol 9999y, ™Md0gJAHOL  Bgsdomby  Homdmddbol
3myMox30)  0939l, HMmIWOol  LyIMSWGdOMS3 bEgds  HBYI3oMOL  3OHMTBoOl
dqlobgd  0bxzmMIszool FoEgds. BgsdoMol  LodOwmol  dobgzom  bgds
3my®9x530 893JOL FmMol dobdogrols (33eogds.

56s990mmgg CAD/CAM Lobgdgddo dsLzsboMgdgero Lbogol dobgwozom 30MoEglo©
33b30905 mM0  GHodo_ LAHOMIGHOOMIPOM  BbogBg S WIBYODY IRMIbYdIMWO
135606 90.
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UEHOYIGHOoMYPRME bogby ©sxdbgdmemo 13560Mgds

50bodbo  IgomEol  MgooHgds  bgds  Bgsdo®dg  Lbogol  JgMomoero,
3399050  BEGHM®MIEHWOOo® 3OMYJ300gd0m (bowrmwo Lobsmwyg BmEgdol Lsbom),
GH0Iol EOMbyg bgds Bgsdomdy bbogol ©sEgdol 3Mmbol, Lobsomwol bmeol
0639bL0gMdol s 2obTerol (33¢00gds (339N dmEYergdols d9dmbgzg3zsdo). dg@o
LoBMLEGHOL YBOWE3gELIYgMBI©O BEYds JOMTbgMOL F0TsMI FoblsbzBMEo 3MPbom
9090569 139E0sMHO BMEMBYBLOGHMMO LgbLmMEdOL odmygbgds. Mmdogd@ol FmOToL
239BLsBOZMS bgdo 0OMMYL)CO LYBLEEOOLASH do9dIeo dmbs3999d0L
L3903 D0E0MIO0m. 50b0dbM LoliB)dsdo ©IGYIBHMMYOs® Fodmygbgds CCD-3sd96Mm9d0
(Charge Coupled Devices). 990om@©ol  3065@qbmds  doBbgmos  L3sboMgdol
w30630dBHm  9900mOo, oo LoBJsMg s Forseo LoBNYLE (Md0gdBHDY Lobsomeol
bbogol 9mo 45BHM9ds%g 100 000 FodGHowDg 9Bl MgoLEHMOMGdS bgds). boeryero
Lobomols  godmygbgdom  L3sboMgdol  ghmgMom  3MGob3odl  Homdmowagbls CEREC
LobBgdsdo  99mygbgdmeo GOy MEsEool  Igomo. Md0gdBHDBY  ©OEIIMEO
5M93woo  bboggdo  Jdbosh go63399  3mobgl. 093y  90bodbwo  3Gobiodom
GHOMEIds  HBYII30MOL  3gMHGH0IIMMO  3OMBoEol  3oboMgds, Mo Fgdmbggzsdos
299m094gbgds 300069500 3gdbmEma0s (MMEILYE  I3JINWO O 9MYILOWO
bboggdo FodsOrMMEo 500D 9ghHmo ©gMHdol goliizd0g). 58 FgIMEO ™MO306 ML
530900 Bgs306MH0L 39ME035¢ M0 8Mb339m900L IBMPOWZS, MI3S SOYOWO
543 b0 3MHMBoEol 13IBoMGdOL BsMOLbOL 360T369EM356 Fo9sMIGLGdL, CroE0
bgds Loygmgb [oOEHogdl dmeMol  dsbdools oBeMs (Kern and Luthardt 2009).
50b0dbo  1530L9dMGOgdOL  Qodm, MsbsTgEMm™3g LoLEFHYIJOTo 93EMI>EGHE Mgs0dT0
bgds  13oboMgdol  mMogg  dgomol  3m3d0boGmdMEo  499mygbads. L3sboGmgdol
239Hm330L MM dgeyqgmdl M9gbodg Hs80sb 8-10 {msdwy (doeosbo dmgwols sb
g4oolL d9dmbgg3580). LOBMLEG 350GO0MIOL 10_Es6 40-45 F03OMbFY. gJLEHIMOIYGOO
13960Mgds  bollosMPYds  Fooero  LOBNLEHO®, MS3  WIZ300MGdIMWOs  EILBOZgdOL

53790L9O0L  QOBOEILML. 0BBHMIMMOMEMO 13560MHgdOLIL 30 90bodbMwo BodEHMmMOb
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300396LoMgds bgds OMOL 08539 9MYMEdo, bbgosolbgs 3Mmbom 390 gdEo
2990bsb 90900l MoMmEbmdOL AsbBMHOm.

LEAHOMIEHO0MJOIMYOo BLobsMOWOL 49dMYghgdol MsMYmBomo FHBIMYJd0s 2sbsmMdsBY
™309d3HoL  0mJodMm93emdol  Fobsloomgdgby  ©ITIMI0YdIMgds (Apel, Holand, and
Peschke 2010). 539,39 930 gd9os dogdnemo  1350¢gdol  3mbE3mmgbobyo. 0dol
3°035¢wobobgdom, ™I  135606MHgdoL  boGobbo 300306  sGOL  IMIOWIINYO
309d3HoL 89945960930 mdol  boboomby, yzgams  ddOfYyobogo ™dogd@o (oMol  MHdo
300ms  230602306900) M6  ©0BIOML  BYI30M0L  103sd35d0l  Lofobssmdpgym
1393090 bb0gsdMY3ec00  BsdMowgdom. 58 Bo3ombmob  ©s35380Md0m  SOBYDMBL
CAD/CAM Lob3gdgool 9356513690 dowfigz9d0, ®ol 8ggyoog bgds s0bodbwaro
36MHMdgdol dodbodogMo JglmlBgods.

sBgHEo 1535606Hgds

D9OG0ommzsb0  @sBghmwo  13s6oMGds  bmOE0gWGds  Md0YJBHOL  FMOZW KGNSO
WsHYOHMWOo EsLL039dOm, HMIOl OHMLSE bgds bdgEosw o PSD LgblmMgdol dogH
™309d3H0sb  9M93woo  boggdol 39993900  2odmbobv)ergdols  Jowgds. Igo™m©O
399066935 Jobowgdo LBOBMLEGHOMS S FYOIMJOI0? B0 VOMYOMWIOOm. 019d3d
00993509 85630¢0l goBOOLLL Lbogol oxkMbBools 3sdm Jggomgds PSD Ligblmeol
50d35mds.  50bodbmwo  3M0bEodol  FoMds@gdme  Hgoobgdsls 3bggdom
056599060m39 LobBYdgddo Gn-1 (0s3mbos) s CEREC scan Loli¢gdsdo inLab (39635600).

bsbmdMm0g30  WwsHgMmeo  13boMgds CCD 3599600l  25dmygbgdom  ©og3dbgdw0s
Lbgoobbgs 39Mm0Mm©o BEGMWIGHWOIOOL A5dmbboggdslmsh (MBmM BAoMmsE wWsbyMmol
bsBgool 96 dool Lobom). 58 FgomOol 25dmygbgdolsl 0BMYds 13SBOMGdOL LoBMLEY
@5 LogMdbmdws  J390m©ads  3OM3JEMOMOL  bobaMdwogmds. dzs  LOBMLEGEY

<39@9LHows® ©sdM30gdMwos CCD 358960L MBMEM305%g s IFo®mdmgderols doge
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090985300 3OMYM93Mw  MHBOWb39wymasbg (Kobayashi 2023; Hotta et al. 2000).
50bodbeo  dgoomEol asdmyabgdom  BMbJzombo®mgdl  gMmgdmo  439weHy
§o6B5BHdmwo 053mbmMo 13s6g®o DECSY Scan.

sHYHMo  3mMmAMIx0o  13560M900L IgnMmEO  IBIBIOME0s  JMeEobgodye
&9J6mmy0sDg, GOl OMLs3 bgds ™MdogBHOL HBYII30MHDY  3MEMYMOR0YWOo
09390l Ho6dmgdbs, GmIgerms Lodmogdomsz  bgds ™mdogd@edg dsbdools o
D90530600L ME0gnoL AoBLIBOIMS. HMYMEE 500b0dbs, 3Me0bgowwemo &gdbmemyools
3990ggbgds  BgI306M0L M  39OHG0IIWMMO 39w gdol 139600900l Lodmsegdsls

33°9¢93L.

965350 M3GH032900 JMHYmdoEmds 2sblio3mm®mgdom dmAbmdosmgs bgdoldogMo Lobol
93069 9mdMH5MdOL F0FoMMS3 30. IMbs3zgdms Jowgdolsl, Mmd0gdGHoL 93069 dMdMsMOIBSE3
3999dwos  Logdmbg  8999Jdbsl  13oboGmgdoL  Fggas©  JowgdMo  0bgm®Isizool
LoBMLEHIL (Persson et al. 2008). bdoGs, J0©0gdMo M3G03MM0 0bxgm™MTs3z00l LobMLE g
39bsmgdol  bo®olbbg 960d36gcrmzbo  9M0L  ©sM309dME0. 13960MGOOLIL  bggds
650096087 30009M3IPOOL  IBOJLOMYdS, OMIJGEMs  DBYOPIdS S (30BOHWO
©50853905 139300 990w dsggdeo  3OMyMedwo  NHBOMBlgymaol
153 d0m  bMME309XEIdS, b bEYds MFY39GH0 30IMISEMOL  dowgds @S doLo
090pamdo  ©3)3539d5. J0MgdME0  308OWWO  4odMLIbMgds  QoMs0ddbgds
Lob3gdsdo 0bsbgds Mbogzgdls®o STL gm®mds@om (s dgdmbzgzdoa dgbodargdgeros
dolbo gdu3dmMGHo dgbsdg TbosGol FogH Ho®mBmgdMw  ©BsEYMYDT0), b obwOo
LobEYdgdol  Jgdmbggzsdo  gsowrol Jgbobgs bgds 93 LoLGgdol doge dgddbogro
60350 ZmOTsGHOL Lobom, HMIOL 4909 9JudmOGO 56 gsbobowgds (CAD/CAM
Lob3Ydgdol MgBHgumds LBHmM9gE 50bodbmwo 3539aMM0sl 80939036909).
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14. CAD OmEumo. 36myMsdmmo NBOHMBlgmymms. goxdwmo  0bgm®mdsgools
©5319353905 5 39M5gdbs. MYliB93MOEO0L 3MBLEHMOMYdS

g3gws  3OMyMsdmwo NHOMBlzgwmymes, Gmpames  fgbo, Fgpqds 99990
993963 900L0b: sBMIz0m0  FMbs3Edgdol  Jogdol dermzo, sbBmIzomo Imbs3gdgdol

93MbLEHMJ300L S 2oMJIBOL dEOM3O, 30DIODIGOOL dEPM30, 3MBLEMWOMIdOL
0 M30. OMAMOE  5©0360db6gm, 13969008 Toge Togdmwo  dmbs3gdgdols Tgbobgs o
d90pamdo  godmygbgds CAD/CAM  LobGHgdob GHodolb dobgzom  bmME3ogwrgds.
0b6x3m®3s300L domgdol 3603369em3z56 gBO3L HotmBmoygbls dmbsigdms 2o6Mmogddbol o
BoPgol  36OmaMsds. B  dgBo  Logbosolmgol  dga30dwos  smbodbmwo  g@s3dol
35290m0oL Logmdzgebg obboergs. CEREC LobGgds 3sbmMo 4500ligeqdol dgmmob
153Ogd0m bl  AMbs3gdms  2oMOJabLL, LobiGgds OptikDent 3o  5©0bodbero
M39M53008m308  BWOMOIL  FoMSJIbSL  0ygbhgdlL. 3MMOOBsGMS  LHFRIEDMI0WYdO6
bobBgdsdo  0bxmETs3zool  Tgbobgzs  bgds  3dowol  Bgsdo®mol  Fglodsdolo
S090G0M3560  0OMBgol”  Lobom. 356M0dgBHMms ORIl  LodFoEOHMZg S
©IAHOO0DBI305  ©3IM30YOM0s  3oboMgdol  LobMLBHG by (Persson et al. 2008). 9L
9563969090 R5dBHMOM0350 [oMBmoygbl dsbdowls 13s60MGdM MmO HoMGHOEL dmGob.
d9Lsd5T0LOE,  gOMTSBIJPMID  BO3 MBOM  SbMbss (s FFoOMs  HodGHoEM3560
0MHdg0) S0bodbmwo FgmEowgdo, o MBOM  Fooos Jogdmwo  dmbszgdgdol
LobMLB9. 99009y bgds  HghGHowgdol (56  bsBgool, mmzo  LobBHgds bsbmdMmog
WsDgOHM  13oBoMGISL 0g4gbgdl) GOHMBBYIME g9 gds s TdErosbo  Mfyzg@o
bgs306ol djmbg 3D dm@gerol domgds.

359mbsbegdol dgbsbgs / dmbs3gdos gos39ds

135606930l 9gas© FoGdIMWOo  LOdMEIMM  2odMmbobgds LBoLEGHYIsdo  godmoygbgds
M9LGHO3MOE00L  OYm3bgdgwo  3wobozMmo  ©sdHBsEIdOLZOL (MMam®E 3oy
Lbob3gdgddo CEREC o E4D), 56 bgds dobo  odm®s@m®osdo  25ogHogbs (9sy.

33



Lob¢gdgddo 3Shape, iTERO o Lava COS). CEREC Lol@gdol dmeom dm@gero saMgmsg
2300035DMBL  WHdMMSGHMM05d0  gosaHogbol  Fgbodergdermdsls CEREC Connect_ol
LSFMOgdom. Sbgm  Jgdmbggzsdo  Fga3z0dos  LoLEIIOL  WOBMOSEHMOHOLICO
d9L5dWGOEMBGOOL BoOIMNME J9TMYgbgds. 8999y, LoLEgdol 3mbi3gzEOOL Fglsdsdols,
WHdMESGHMM0500 bgds LsdMTom IMEYWOl EFBsYds, 96 CAD/CAM Fgdbmemmyools
399099690000 OgLEH3ME00L 3MMgdBHOMIds S ITbsYds (Feng et al. 2010). dsy. Lol gds
iTero 230535HMOL  ™MM03g BoL, Tgbodergdgwos  OmameE  Lsdmdsm  ImEgerols
©53Do@gds, 0y  LOdMWMm™  IOMEMIEBHOL_ MHguEHI3MSE00L. LsFMTom  MYLEHZMSE00L
53D50g05 bgds 3mEom®gmsboligsb. CAD/CAM
Lobgdgdols dobggzom 360093690 mgbs 296Lb35309d056 9005690 L56.
M9LEHIZMEG00L 50099353 M0 300G OHO dmgeob 3MbLEOMOoMIdOL
9L Jgdo  09b653gMmgg  CAD/CAM  Lobi$Hgdgddo  gom3o¢oljobgdmwos
6B MMHO  33BOL  godmygbgds. 3B0®s  Z0OGHNMOIMEMO  35GHIWMYP0  Fg0degds
dm039309L  300gdol  SBsEHMToMMO  FmEOIOL  sMLMBO®  39M0BAEHL. LoliEgdgdo,
MO0dwgdos  MmM0gbGHoMmgdMws  ghmgmeo  390sdo3meo 96 3083mBoEoeo
M9LBHO36M30900L  IBITBIPIOOE, OMAMOG gbo 3o My SbsEMIoMo dmEgergdols
96535RgMM3560  96MBg3560  vdgm. Tgbodargdgwos  LobGgdol  doge  dglsdsdolo
3b65GHMIoMOo  IMmEIEol ©sdMmM30gdws© FgMbBg3s, 9B 0bg GMmAMmOE ™bsdgtmay
CEREC Lol@gdgddos, Biogeneric gobdiool  go8myggbgds_ gmggwo  353096@0bm30L,
93¢MIsBHMO  ©9:50dd0  9b5BH™MT0MOHO  BMmOIOL 0603000 TMEI0MYOS. S1939
d9LodgdgEos BoOOMALIFBB0B0 B WMo MIdBH0MYds, dMMB3,
390099 Y0I0S, ©IBMMT(309, bgerols 0blEMdgbEd0m 53353900l 080ES30S S
956350 Lbgs. 9Jodmoemgol  doqrosh  dmbisbg®bgdgamos  s3MmJlodosgrmo o
™300m0 306G BHJO0L  BIO©O  0bO3Io30s. 93MIM3g  bads M3 HBoGOo
390565369008 0o MO LOBMLEHOM IROJBOMGdS S FoBLEDBE3GS (Tinschert et al.
2008). LobEgdgdo CEREC, HintElls s ®s8m©9bodg Ubgs 094gbgdgbh godEHmswm®o
SOFH0IMNIGMMOL  53bd300L, 950b0dbmE  LoliEgdgddo  Tgbodergdgeros  sGH5TbMmEMO
B®dmwo ™3 Bools  qoblaBMZM, 9Medg 060030 MMo  Jmmbmgbgdol
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d9L505d0bO, 9Jod-MOMM3gEL  FgMdwos  963d0wz0lL  5f93s,  TIbgEgdOLSTYIG

50b0dbmo  356539BHMYO0L  (33€00egds. FIM3IZIM0 203 MIgd0L  gdmbggzsdo
LobEYISL  goshbos 0bo3sEool §MbJ30s, GMIgeroi 9639690L Lo ©s Mo LooOL

39005(30MAsL 5943L SEYOWO.

WodMMSGHMO0oMmo  LobBgdgdo  MOO0IEBH0MIPMos NBOM  TLowGo  Lsbom
dM35xgOHM3z560  MmOMM3gowo  3mbLEGHOWJ30900L  FoMmBmgdsBY. 3obsdgm™m3zY
LobGYdgdolomzgols  Fgbodergdgwros  GHo@obol  06030MIMMO  5dsET96EJOOL
©odbogds3 (M6 WET HEAVY METAL, ZirkonZahn 39635605),  OHMIOMS3
LEHMIs@GMwmyom®o CAD/CAM Loli®gdgdo 0d3wsb@memaosdos 99s®o@ 00330005096
50l @5 bgds  90bodbmo MOl MmOHMM3gEo  BEGMIsGHMEMy05d0
06®9aM53008  ©oBdogds (Wendler et al. 2020). s0lsbodbsgos, ®md  LimOgo
mOOM3J0Io  Jmmbmgbgdosb  2s9mdobstg, dglsdwgdgmos 06030 YSEIMES©
©53D5@JOMwo  BoGBoL  905©TI6EHJOOL  MJOMLRBIM®  BMPOMgds, Mo gjodo
MOHM39000L 8096 BsGHoMgde MgLGg3M0Mmgdsls gumgGH0OHMOOL dsmsw bo®olbl dgbl.
50bsb0dbsg00  MMI  965d9gMHM3g  dMEOSGHMOOMwwo  LolEgdgdo  498m0®mBY3056
53¢MbMI0NmMBOL s 93EMT>EGH0DOE00L Foseo bsGolbom, I3y sbgo dgdmbgzgzsdos
30 9cmdbdoMgdgenl  (9Jod-mEmom3gol o6 &9J6030L-m39MoGHM™EM) 3909d0s
395900 g00LsTGOG, LoLEBHIIOL FMFomdsdo 3mM9JE039d0L TgEobs.

1.5. CAM 3mv)eno. Gglsdogogools 53¢mdsdobomgdmeo ©sdbswgds

CAD/CAM Lob@gdgdol  «mdg@gbmdsdo CAM  dmeo  (o®dmoygbl  aMgHocmgdol
O0m3l, MHMIgeoE  99M85390L 3@ ™MoEGH0D0MGdIMwo  [oMmdmgdolmzol  asb3mmazbow,
139305 MH0 Boboo odBsIdM FoBoegdl. T9a30dwo0s godmzgmo 3mbLEMJ309d0L
CAM LobEgdoom s3HBsgd0L 2 d0MHOMOIEO XAMRB0, Jugbos LwdGMsggomwmo [( 0by. _
subtractive) ,450m3ego0b“] s SEOGH0MO [(0by. _ additive) ,,05353gd0b“] goM©YdO
(Filser, Kocher, et al. 1997; Witkowski 2002).
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LmdEG®modgommo  dgomEo  (omdmoagbl  3mbLEH®NMIJEool  BOHIBoMdl  Fobolfo®
3°950gdMmo bgzsslbgs MOMM3IEoMwo Foloergdol 3™ 39d0ligsb. 53 MMl bwgds
dm®9d0L, BOIHIOOL s  EOLZOOL  BodMogdom  BEM3I0ID  BgIgBHo  TsLaerol
9mdmMgds MHoL JEIR3 BIdMEWMME 300900 LOLMZ3gE 30mbLEGMWJ305L (Andersson
1989; Witkowski 2002).

OEbsg  MgLGHOZMS300L OBsobo  FBoss, LB3gEoIIMHO  3MMAGMSTS  SbYbL
300G OHO  8MmEIEol  39Mogdbsll  96808g3temo  3GMJsbgdgdol 65369030,
MOmdgwog  ogol  dbG0g,  foMdmopaab CAM-CNC (Computer Numerical Control)
LobEdsl, OMIgedoz bgds MHgLEI3MSE00L 30MEH™Mswmo NC-dmgeol hos@30Mm3s.
59 3Mmggbom  0bogo®mgds CAM  dmEeol 80ge  MgLlBHO3ME00L  IdDOYds.
7MgHboMgdol 35996580, 0bLEGHMWMAGEEGHIO0L  BHMSYIGH™O00L 2Bl  bggds
53GMAsGHMO 6990000 5 ©IM30YOME0s  T909  BOJBHMOJODBY: MLEIZMI300L
0530L909M905Dg, 3mbLEHOMJoME  Bsborgdby, CAM Mol  356589@MgdbBy _
33MgHoMgdOL  gMIJIOL  BoMmIbMdIBY, 0bLEHOWIBPGHMS  dMH630L  LoBJobgls o
95Jb0doE M0 BoYMB53900L  FoboLOsMYIWGODY, BOIHJOOL IBGOOL  JMMbgbg. Bmy
d90mbgg3sdo  bgedobofzomdos  3mBLEGHMMIE00L  sdBoEIdol  dogwo  IG@EgLol
3OBOM Imbo@GHMmOHby IGO0 30D BIE0s, LooE 9xMgm3g HoMImpygboros
000MgYwo  BOHYHol  3Fomdol 356039 BHMYo0.  Msbsdghmzg CAM  LolbEgdgdol
«dgBHgbmds 45  g®dosbos,  3mBLEHMNI305do  ,BolgEol”  BobsbosmgdEgdHgs
©59M30009090 BOHGHOMIOOL dem3ol Tgbodergdwmdgdo, LoBMLEIL 30 2obLIBLIMH3L
LobBgdob LoggbrMmgzsbo §obsgawgdol Lowoy. Msg MBO™ d30609 Loowom d99dwos
LoLEYISL BOJBOL Fobos33egds 3bLEMWJ30580, Jo» MROMS OO LOBMLEOM bEgds
3MbLEGOWMJz00l 3B Yds. 096539 MHM3Y 565056900 MHOMb3900Yme39b
Lox3gb O350  oboggwgosl 0.5 803Mmboll Lowowoom (Komine and Gerds 2005). sbgoo
doboliosmgdegdo (LobEgdol gdudwrms@sgool ygzgws bmMdol ©oE30L  d9dmbgg3s80)
mdm3eglb 35009030 BgHBMLEHO  3MBLEHMMI30900L  TBIEIOOL LTS gdSL  0deng3s.
©53B5d0L MM  IMIOIIN0s OMAMOE 3OMONIEBHOL  FMEMEEMISLS @S dob

39653930 90DYg, 953Mgm3g B39bl  Boge  sOBgmw CAM ImEMwDHg ©s  I;Eosbs
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CAD/CAM ULob3gdsbg s UBodmowmo dgeygmdl  ¢sdgbodg §momosb (9hmgmao
3965903990 3mBLEHMMIE0s) 2-3 Bosmsdy (306M3Mmbodol omdlool IMEWMLMdOMO
3963519%0).

53MgHgooL  MH5MEIbMds  FMZ0EIOIE0s  LoLBHGIGIOL  Lobglbgzomdadbg s dsmmgzgols
£°99b690m FMmbMdbYOLs s I35 gdYODY. B39 gdM03Z, 3MB35gdE1IM0, 3980bgBHoLmZ0L
3963mm3bowo CAM dmEergdo 2 g3MgHBom 56056 90 FMMH300900, 3900000 O,
WsdMMSGHMO0M dMmEgwgddo 30 BOMYHIO0L GHoEbzo BmyxgH 5-7_L 50f93l (Moo
9mYgd0). 53sLMb, Mmm30  3900bgBHoL  dm@grgddo  BMGHBIool  ©oygbgds bgwom
bgds, @dMOGHMMOoMdo MB35 @O BoJLoMgdsg  93BHMIoGHMG  Mgg0ddo
9000bs6MMdL. dmmblbgero  3MBLEHM30900L  39MILOL  TsLowrs  3oMIMbomdol
©omdbool  sMRg30L  T9dmbgzg3580, sMBYGOMOL [obslfot godBoIdMEo  B3gEosW GO
0m3900, MMIgdo3  33b3w0gds  OMAMOE3  LOMWIE, oby  bsffowmdmog (Hobslfscm)
32 dgOH0Mdo  bsboo (Andersson et al. 1989; Witkowski 2002). omoommgmen  3s;06L
2996605 930L0 IIOOMO s MMYMTBOoMO FHsMYJd0. MBOM HIOMIE bgds Fobolfom
3993500 dm3gdol BOHIHOMYdS. 50b0dbmEo GgomEOo LYFSEGdL 0derggs dmbgl
@OMOL s 96960393030 ©sbsboGxol 9330690, 9xMgm3g  BMGHOMIOOL
0bLEGHMMIPBEHOL  OILMOLOL  goboby®MmdEr0ggds. MMI3s 93 T9dmbgzg3500  9YE0WGOIL0S
5353900  3OMYMTMWOo  98mmM3Wgdol  BoGo®gds, Mems BB  odbgl
39bLOBOZOMEO  LodMmEmm  odmfigol  d90gmd  3MmbLEGMMJgool  T99F0MH™3900L
956396009e0. oo  AsLIBHOdOL  39MIdBYOOL  TBOEYdOL  Fgdmbggzsdo  sMOL
3mbEL0bMgBMEo IBMOTS300L 29630056090l 5BIMMDs. 5oL Q9MY, TgLAEGOJP0S
Omd 53853900l 5333500  FgoMmEOL  godmygbgdom, Madm  JgBo©  bgdmEalb
Il ©YGHOgdol  LsdMdsm  IBH39M0m  EId0BIMMGDS. LEMEIsE  2odmIf3M0
30M30mboMdol dgrm3gdol sdmdsggool d90mbgg3zsdo 0BMPIds BMGHOMIOOL LoDMLE,
0930 9MLYIMBL  s3Tog9d0l  3OMEgudo  LObmgBMOO  FsLoerol  LEBHOWMJGIOWO
©9899JBHIO0L 25hgbols semdommds (Tinschert et al. 2004).
LBEOJ300 FJPOMPO, HJBEIZM309d0L LodMEM® FmEOIGOOL 9139JEwMs© dgJdbols
1595 gdSL 0dEg3s. M3 OMYME3 S03608b9gm, Joboroll oo Bsfowo FOHIBoMGdOL
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36OmEgbdo 03561905, 09b6599H©M™M3g  3003MbM-396M0003wo  doboergdol  Bowowro
M300P0MJOMWIOOL  om35¢0lobgdom, obodbmo  296MgdMmgds  IMHYMBOMIE
50Lobgds  @o  PoMmBmgdol  3OMmEgLll  9MogMYMbmTowml  bool. LHimOgo  s0bodbmends
339dBHMEGT>  oLEd d0dR0  SPPOGHOMO  FJOMPOL  QO630MYOIL. gl SGOL  FgNMO,
O0dwoll Ombsg  bgds  BdLoeol @sdsGgds ©@d  Bodmogdsl  0derggs
3OMGHMGH03009008 96 WsBgBwo godmfzol (Medi-facturing, BegoMedical AG, Bremen,
Germany; HintELs, Griesheim, Germany) 99093°®@ ©sdbs00@qli HmymeE 3960930300,
oy 893w M3965303wo  MgLlE3M30g00 (“solidfree-formfabrication”) (Gebhardt 2004;
Noorani et al. 2006).

bmaogho CAD/CAM LobEGgdsl 99mdeos G0mames LBwyd@mad3oeo, obg sEOG0MmO
9900m©OoL  259mygbgds (op. Procera, Nobel Bio-care, Goeteburg). 3oH39c 93o3bg bgds
53M9HDoMgdol Igom@om  39M3oLoL  dBOEIds FmTogswo 396058030l F9dF0MH™MIdOL
956396900lL  4sm35eobfjobgdom, 8909y S©OGH0OO dgomom bYds  39Mmsdozol
5360935, 296960 3MBEHMMYOOL 3MEIGBHOMYOS o Lodmermm gsdmf3s (Strub, Rekow,
and Witkowski 2006).

3M3d060MHgdo doamdol bbgs dsa5eoml (o®dmoygbl CAM LobEgds (Wol-Ceram,
Wol-Dent, Ludwigshafen, g96356005), boss 9w9d@®mxmégbol  Lsdmswgdom  bgds
LG9 IMEgDHY 39M59030L TIMY3909, LYIIGGI30ME0 FgOMPOm bEYds AIMGA60
3Mm6EMO00L  ZmOI0MIDS, LEBO3IMGd0 3o  FMTo3Ids TS MESE. SFol  TgdAMT,
LOIBH3I0E0L PoLIHBOEIS, F0bsgIHBom bEds MYEIZMSEF00L 0bBOWEHOOMIDS.
5EOEGH0MOO Jgom©o 5939 #odmoygghgds serdoboll mJlooligsb s FoM3Mmbormdol
mdboolsh BoolYdMOO 3OHMMHHJOOL ILEABIIOIE _ fizMowobdgdlowmwo (100
656m39gBHM0) $bgzboolysh bgds 300M0EMo 3909303290 30bLEMYJ309d0L d9Jdbs
(Inoceramic, Hermsdorf, 9635605). 50b0dbmwo obmgsgom®o dgmmoo 53 dmobmgzol
X960 300093 LsdMghH3germ  Fgdmfdqdsl  aoob, dobo  3mIgHEowo  3MmgD9gbEsgool
0560000 360305, MmMdzs  HoMmIMgdgwo  0)Yygds, M  LolEgdsl  QobLOIMOMGdOM
933069 3MbLEHMJ30900L EdBSEIOs Fgderos (Witkowski 2003).
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50 3900MmEOL  2o8mygbgdolisl, LobEgds BOIHBOL FMIOHMBOL  EHMIGIEHMOO0L 0WIbEHIMO
A®59dBHMO00L BMOI0MGOSL sbIbL. FoaMsd FMHIHBOMGOOL Bo33wrs, 53 BHMIGIGHMM0sBY
9000bsMgMmdL  39M0dozMo 96 Ig@EowmHo gbgzbools godmfzs, dsloerol dwvdogo
595390000 08 ©OMIEY, BEbsT BOMWOIE 5O FMHZNPIdS MIGLEBHOZMEFOOL 3OHMEILO.
50Ls60dbs305 0l BogBo, OMI BgdgE0, bseBgbo slogns 3ModEBH03MWs© 6 33b309dY,
Mol 98m3 MOOM3gEowo  dsloserol  9x3gdEBIOo  bobx3ol  dshg969d9wo  97-98% L
DOMLEIV.

5OEGH0MO dgomeol LoobEGHgMglm 9og9woml PomBmop9bL LHGsx30
3OMEHMGH0300900L  G9dbmemyool  Lsxgmdzgwbg dgddbowro 3D 3M06EHIM0, HMIgEoa
LbobBgds Cynovad_Go (Saint-Laurent, 3065005) 250m0g9gbgds. LoLEGgds  3mE0dgHEo
9oL5eoligsb sbEgbl dMTogzo¢0 MHYLEBHOZMHE00L 3OMMEHMEGH030L sTDoEYOIL, dmy30569d00
bgds dobo dg33ws (30603mbm-3965303e0, dg@oMo 56 Lbgs dsbsgrom. LolEgdol
6035 OHMds  8yMIomgdl ol JglodErgdr™mdsdo, 06030 IMHO  35MxEHMYdOL
d0bg3000 ©s53BsEML 6gd0ldogHo Lobol 3Mobom-gszoswmemo dGmmgbo (Sykes et al.
2004).

5EOEH0O0 FgOMPOL M95¢0HIdoL 300093 9O FoQo0ml FoMTmMoaqbl LoLEgds SL
Perfactory (Envisiontec GmbH, Gladbeck, 390M3560s),  OHMIgEo3 099690L
UEGHIOIMEONMYMIBOOL  3gIbmEMA0sL. 53 ©O™ML bgds 3D  Ggy0ddo, 930M0EMOO
3¢l Boliobasb  Lbgoolbgs  9wqdgb@gdol  Fo@mdmgds (Witkowski 2003). gl 36HmEglo
©5395Mg0eos  Lombgdo, dmbmdgMol  gmgzgwwo  dmIEo3zbm  dOOL  LgwgdEo®
39945969300 mdsBY, MoL  F9ggaos3  LobEGHGds  Jabol  Lbgossbbgs  9wgdgb@gdol s
©9AHOgOoL BMLE RMEOIYOL.

50bsb0dbs305, GMI  Bmaogmmo  LobEgdolb CAM  ImEero  8904dbs  ©9bEIMH
003WwsbBo30580  Lbgoobbgs  JoMwmGyomwo  8odermbol  @ilsdbogds (Sarment,
Sukovic, and Clinthorne 2003). 50603699035 LoLGHQ99dds 9Jodgdls Jgbodergdermds ol
L5F0oMMgdol Fgdmbzgz5d0, 083ebEHOL Bsadol b6 bbgs Lsbols JodwGyommo Bstgzol
0900092, ©99Ym3690¢03  3obgbmM309egd0bsm  BBEIZMSE300L  ©odbogds (Van
Steenberghe et al. 2005) (Nobel Guide_ 36HmaMsdmo MHembgzguymays, Nobel Biocare)]. s0
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990bg93580, 3m330BHIOMOo  GHMIMYMIB00IE  Jowgdmeo  8mbsggdgdol  dg@fyds
bgds CAD/CAM  LobEgdol  3MMYMTMNE  BOHMB39EYgmzBsLmD, 49BolsbL3MYds
0033 sbBHOL/MLE3ME00L  0EIIWMMHO 35005630, Mol  8909as3  0bGHIYMOMHGdIMwOo
0bxzm®mo305  25o9abogbgds CAD  dm@erls d9Ls0sdobo  3MBLEGHOMIEo0L

5LYIBOOYIWS.

CAD/CAM bob#gdgdol 3ersllogogsgos

LAMAsGHMwmaosdo CAD/CAM LolbEgdol 3bgds 306MH39ws 1980_0s6 {iemgddo goBbgs
(Moérmann 2006). 9sL 8990092, »9J0Mmmao0l  35630ms6ds JmbEs OO JoMHOMSO
903560 gdom. 30MH39wl, FoMmoyqbl 350069@ Mo bogdodm LolEgdgdo, MMIgems
©56036mwgdss  @OMoL dzotg dmbszzgmdo, dBs FMbMdWM3gd0LAYL, T9BOMMWwO
omEabMdol s  IMEMWMmdol  3mbLEHOYJ30900L ITBoYds  (Moérmann  2004).
39MOEIYIMSQ  30MMOYdIMS LBOLEJIgd0 3MIgOEOMOo LoffoMdmm  396GHEMYdOLS o
L539d603m  WIBMOIGHMMOGIOLMZOL. sbodbM 396G dTo  ASBbMOE0g s
bEHMIsGMwmyom®o CAD/CAM  Ggdbmamaools LGwmwo Jglodergdermdol MgoeoBHgds
(Giordano 2007; Tinschert, Natt, Hassenpflug, et al. 2013; Witkowski 2008). «35651369cr0 15
Perol dsbdoBg CAD/CAM LobHgdgdol Mom@gbmds 36033b9emgbo gooBots. Moz
396530035 ym39w OO 3e0b03zMM 305303500, IFBIPIIMWO  MOHCMIYOOIO
3MBLEGHMMJ30900L bo®olbol BEOs. GH9Ibmemyos, dowsero LodE3oEol, mebsdgmmgg
UEMASGHMMAO0OHO FoLOgdol s FOBROMO 3YIbMEMA0gdol A5dmygbgdom, BgbMLEHO
M9LGH936M5309008  FBOEYOOL LMo gdsl  0dEg3s.  49dM033gMe  3OMYMgLIro
dsboegdol bobo, GMmIgwms ©sdmdsgqdsg dbmermo CAD/CAM LolEgdol godmygbgdoom
d90dgds.

AOOOBE0MEO®, Y39ws LAHMIsGHMEmaom®o CAD/CAM LobEGgdolb @ogmxs bgds 3
3@olo:  doboliolidgdgdo, T03Mm- s F93OMmboLEHYIgd0.  09d3d,  MebsdgM™mgg
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396009630900L Fom35cobfiobgdom, s0b0dbo 3¢sll0g0 35300 LEFOMHMII IBNMLE IO
Q9 2oHY3ZSL. 93Mgm39, bgds LGHMAsEHmewmaosdo CAD/CAM @Egdbmermyools 4 30DbgL
dmgerob 35dmymas (Uzun 2024).

Usgdodm  3900bgB Mo LobBgdgdo  3domdab 9.(. ,chair-side® 3M0bgodom. domgob
sobsbodbogos _ CEREC (Sirona), Planmill 50s/60s (Planmeca), M1 Wet Heavy Metal
(ZirkonZahn) @5 Ubgs. 50bodbme  LobGHgdgdl  ssBbosd  ImEuero,  GMIGEos
5300093905 mBoldo, 353096@0L  BogsMdgW ™D,  MYLEBHOZMSE0gdOL  53BMTSGHYIOO

53D50gd0L Y39ws 9&930L ILHTBOIIWS.

53¢)M3530B0MGOI0 Homdmgdol Lolidgdgdo, 0bEMLEBHMOME LEgMHMTo AMSZIO SMJYWO
Dol 256053¢md530 259m0ygbgds. 3000356050 ,,Sirona“ doowm 5©0bodbwyero 3mb3gnEos ©
UEMASGHMWMAO0NO 358069G DY 500933H0MJOOLMZ0L, Fsd30Ms OMAMOE B0H03MNGMS©, 0l
9306mdo396ms (Moérmann 2008).

LobBgdol “CEREC 17 369%9b@s0s 1986 gl 9gcoas. CEREC 2 (1994 §.) cos CEREC 3 (2000
§.) LobEYIgdo 094gbgdgbh ™3BHOIMG 35896OL, MMIOL LsdwYsEGdOMSE bMmME0YEEYds
509b0dg  30009M35MOL  IBOJLOGMYdS s  3MI30BHIOMEo  YBOHMBZgEYmGBol
399y9gb9d00 om0 Mbbgg®s (Mdérmann 2008; Brandestini 1989).

3960bosl CEREC AC (2019 §.) 4596605 0mqgenvg®o d¢rm3o s 0derggs bodvyeegdsls, gJodds
353096GHOL 135039 msb (,chair-side” 9700d0) s0MHBOML MYLE3MSE0s 96 Lodgdbozm
WsdMMSGHMOOSL 20 Bogbol  aodmlbobymmgdgdo  CEREC  CONNECT  3mé®@seol

HTsM9000. MROM BsOMM FgLodEgdEXMBIOL 4300535HMOL LobGgds inLab.

RM9HoMOgdoL dmeewgdo _ CEREC MC XL o 3mddsdd«wdo MC X godmoygbgds

913936530900l TDYOOLMZOL.

0b@GHMmMommo  135606M900L 35990900 _ CEREC Primescan s CEREC Primescan 2
2590496905 35050 LOBMBEOL 308OWO Fodmbsbwyegdol Joboswgds. CEREC Primescan
98503l MPy39@0 3009Mbs3500L 3G0BE03BY, M3 ol W30MSEHJLMOL oMo YgbL.
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39999005 BJOHO 2odMbob)egdols JoEgds, 56 sGOL byFoMm 56M9g33col Lofobssmdgym
153990900l A5TMYgbgds.

UGHOE0MbsOME  13sbgML _ inEos X5 dgwdeos bbgosbbgs  6Mgg0800 39606900,
533053 3ML0MYds, IMEYOolL 533MIdEHOH0 3nDBoEoMIds s Bs0wgdol gdudmeEo STL
SIVIOTATi/oR

056599000039 (9696300l Fgbodsdols, HMIgEos 3golbdmdls CAD/CAM boli@gdgdol
23960 MdsL, CEREC CONNECT 50bodwmo  003560mwwgdom  95350M0mmadl 0530
d9L5dGOEMBYOL.  Jobo  Bodwmoergdom, Tqlodergdgeros, 0sy. inLab_ol dmbs3gdgdols
0566390065 3OHMYM53oLmsb Galileos Implant, 3Shape Dental Designer gm®ds@do.

@3dMMGMMoryemo CAD/CAM LolEgdgdo bGmds@memaosdo

MOOM3GOI0 30mbLEOWJ30900l8 IFDEIdOL FBEOOZ, WIdMMSGHMOOMEo LolEgdgdol
99L5dEdEMBYO0  3M5JBH03MWO© g HBOMsgos (Uzun 2008). s0bodbme Lolidgdgdl
39966050 1396060 9d0L dErM30, HMIgELsE §999dwos N 0sbo 30oms IF30030050, 96
MmM039 300wms  )3M030056 0bxmOIs300L  FoMgds. dMWMm ©OMIEY, SMLYdIYWO
WsdMMSGHMO0Mo  LobBHJIgool  MIgEHuMdSL  gosRbs LGOI  TMY30HOJGO
Dom3mgdolomgol LoFomm FMmEEGdOL GOHOMBLOMds, Bs39B0o bobiEgds, MmIgwos
2BMHMb39gmxnl MHglEGI3ME00L odBoYdsL Lofiyolosh 9Ee30sb dmwm 9Ee359¢Y.
5060360 3m33mb9gb3HGO0 99696 3530060 9d0 606 BMbs39dms L3 MMIGO,
6035000 BMOI>GH0m, OHMIGoE 2odmMoiEbogl 9gJudmOEL gMmo LobEGgdosb Lbgs
Lob¢gdsdo (Bannuscher 2012). go8mbs3¢0ollL §o6dmoaqbl LobEgdgdo: ZENO Tec (Wieland
Dental + Technik GmbH, 39635600 ), HintELS (Hint-ELS systems, 39035605) @5 bgs. 00939,
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56599000Mm39 396096300l  Fglsdsdolo@, LBEMIIGMEMAO0ME  d3BIOHDY Ly  WMRG™
0DMHY05, 05 BHO30L WdMOSEHMMomwo CAD/CAM boliEgdgdol Momgbmds.

UGMB5GMEMY0MH0  sdMMSEGHMMOooL  05b53dMMAEMds  MHYLE93ME0Yd0L  sTDIYdOLs
©oLEGBE0M 39636

50bodbe  Xqxndo,  A99M™M05b6gdMwos  LobGHYIgdo,  MMIgdoi  FMIomdgb  9.§.
»0b@OLObyOL" (Outsourcing) 3M0bz03om. B3 2olbdmdl, GMI MHglEezMo(30900L
©3bo@gds  bmM309e©gds  LYIIMObITM  IHILYOMEGO0ID  OLEVBEOMYIMWS,
30060300056 253936000 3033MIo dmbo399900L Loxd39wDBY. s0bodbo dgommEols
9609H» 30MmbgOL, HoMBmoagbl Lolgds Procera (Nobel BioCare).

d9LodgdgE0s,  3MBLEGHMMJEool  308OWWO  3OM9JG0Mgds  3wobozsdo  sOLYdME
5dMM5GHM05d0 S IMbs3gd900L gogbogbs CAM 396330, b 305300 3565393HMH0MYds
Q5 IDsGds OLEIBE0MIOME LofoMdmm ofglgdegdsdo. s©0bodbmwo dgmmeob
23005@gbmds dyMIsMgMBL 3¢006030LmM30L 30M39ws0 0639LEH0E00L, MHglMLYdOL s
BoO®MOL  EsHMA3z5d0, Mo3 603369 M356  5MYMIIPBEBHL  FoMTIMIYIBL ,0PLMOLObY
36063030 LolGRYJdIW M.

3bBMOHNE0 S 005 LolEgdgdo

56599000M39 3966300l FqLsdsdobo, IFsMTIMdgerms MIGEHILMdS FgLodegdEMdsls
0d93s Lbygmmomo CAD/CAM LolEgdol 458sMmm3s 49bbmMEogwgl 3mbLEMmWdGH™Mol
36M0b3odom. dmdbdsegdgels 99deos d90dobmb Lolidgdol Eosw3gMwo gargdgb@gdo,
535b056, 3MIBEObML Fomo 0bE MM gds bbgs IFo®mdmgdeols Loli@gdgdmsb. smbodbseo,
3965306HMd90L 05 LoLEBYYOOL 36939 IOGHM® Forse FJusdergdEMdgdl, dmdbowmdsl
@5 35605309006 36535 RgMM369d5L. MEIM M30MIBHILMBS 2ob530MMDYOL, 1sb5TgEMM3Y
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LEHMIsGMwmyo® CAD/CAM 35Bs6Dg, ©os Godob LolEgdgdol L MmdoboMgdsls
©HNOHME0 3Ho3ol bLobGgdgdby.

UGHObIOGHMWO Vo5 s IBMOMO  3gJbMEOMYOol oIS, 2odMbs3wolols Lsboo,
390d9ds  500603bmb 4963390 LoLEBIGd0, OMIWIdOE 9M05b6 F9MBI30MS©  ©O..
955005, 59 3MH0b(303000 BMbJ30MmboMgdl LolBgdgdo E4D s Lava (3M ESPE). s
dmMob  bmM30900©0s  0bgm®Is300L  3oedbMogo dodmigws, E4D  Lol@gdols CAM

9 bBg HLEHIZME00L oLHTDIIIS.

MONM39000  3379MbseMmdol  Lodmermm  dggabg Moowglbo 3603369 mds 53
3w0b03mMo  8ymdo®mgmdol  dglsdsdoby, vgd3sdMo dgMbBgme  3mbLEHOYJ30E
9sLoEOls. MMNM390ME0  BEAMASBHMWMAO00L  FNPBM3ZboWgds, FoMsglm9BH03MNOO
50539  @6OML  dwog®o  Lod@zogolb  dJmbg  Asbogrol B0,  A9BISOMMDS
o0 B9dbmmyon®o 3953030 Aobogrgdol  sbogro  Lobgmdgdol  dggdbs, o0
390536905, 3o dodyo  dolgs  LEHMIsEGHMmErmgosdo  CAD/CAM  ¢9dbmermyool
3936(39egdsL. IgmEg dBG03, Limegwo CAD/CAM LobLEGHgdob 4963009359, s dob o9y
3MbBLEGHOMJ30900L ©3MT3900L 05301939MYDA A9B6I30MMDs  FsldEsMT3MEBYMdOL 53
bsfoeols LiMogo 3Hgddom gob30ms®mgds s 30LMdM0Z5 sbogn Loggby®by 593565
(Tinschert et al. 2013). CAD/CAM ULol@gdgdbg 8sboergdol m3GH080bsgos Fomdmowpqbls
oML 3MBoGHOMEO  Bog@L, 935Lmb, LM  90bodbmds  3OM3gLbds  Qobo.
d9LsdWgdgo  MODMIJEOVIO  F5EJOH0Sgdol  MboROE0MYOS; BOGDBOMGIOL  godm,
OmIgeog 9O 33¢00L  Foborgdol  LEHO®IEHOL S 3OOLAEAIWYE  Agbgo,
36MMabmboMmYds©o Aobs dommo ™M30L9d9d0.

SOLBYOMBOL  5®LHMOO  FMLoBOYds, Hmd CAD/CAM  Lolb@gds 25dmoyggbgds  dbmErm
396500390 3mBLEGHOMI30900L  EILOTDBIYOESE, 85T  BMELYE, MebsTgMHPM3ZY
LobBYdgdo  obgmogg Fo®mdsBHgdom  s3Bogdb  Lbgoslbgs  dsbogrols  godmygbgdom
3MBLEGHOMJ3090L, OMYMOOoMs3 399303 MLEIZMS3090L (Pozzi and Holst 2015).
M95¢0mdsdo, CAD/CAM  3sLogngdol b3gd@®o 860d36germgbs BoOmms s ymzggero
sboeo  3m330EGH9OHMEo  IJDMEOom  MHJLEEHZME09d0L  IBIEIOOL  F9FTs39d0LoL
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(OmamOogs 859, S©EOGOMMOHO  FgMEO _ sHIOHo  459mf3s), 30©I3  MBO™
ROODNMZN00.

CAD/CAM  Lob@gdgdol  doge  dBsgds  3mbLG®MIJ30900  090ga0  Tobogngdol
399mygbgd00:

. 99Bogdo s oo Fgbscbmdgd0;

. Lo03oGMOO S 0653965303990 Foloegd0;

. mJboEM®o J0bs0bZOWEHMOMOMEO 390530395

. ®dLBoEMMO 3ME03MHOLEHIWMMO 3958035 _ 5¢dobol mdloo s FoMH3Mbomdol
©0MdLoO;

. Bob6m3g65d039;

. 3M33mBoEomco dsbowgdo;

. 300600 Foborgdo.

533™35@G0D0MGOMwo  [omdmgdol 95O 9BHS390Dg ©sAbTsMY doloergdol Loboom
399M0g9gbgds o BOIHOMYds BYds, 53039 9990 FoLoergdols:
. 53600 3elBdolgdo;

° 3300;
. 3momGqmsbo (Pfeifer 2017; Strub, Rekow, and Witkowski 2006; Sanchez et al. 2007).
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2. 39650037900 oBOEgdo 93EGMBdEGHODOMYIMEo FoMhdmgdoliozols

956393 0bgy o 565¢0Bols 05bsb3o,  Ym39Hon®s©, JNE0sb396Msdo3mo
M9LGH936530900  9HYbg6  FgBHOE™IgMF03Mwo  3MBLEGHMMI30900L  Bsbo33egdsly  10-
20%_oo (Van der Zel 2007). 0000563965803 69393653090l 45966050 dmgero Moo
2™ 30M5EgbMdO0: 1593909  JumgE03s (Bowowo FJysd@sMmMdol  AsdM, Homs3
030 995bMm3Yds 3000l 3690603 Jumz0gdL), MHLEHIZO0MGIMO  3BOEEOL Bods®
Jum30WgdMb BMLEGHO 093930060935 s EHZIMH, Fowowo LodE 3039 s Lbgs (Baltzer
2007).

3965903990 3sboEgooL Fo0eo B0MIGMogLdIPMDdS S0blBYdS 08 GodEom, ®mI doLo
09050039690  30330bgbGgd0  089MmBqB0sL  Fo®owmdloEoMgdIr  BEYMIsMmMdSTo.
36M5JBH03MNo®© 96O bgds  q96M390mdyma  Jum30WwgdMb MO0 YGHNJI)©IO,
299mM03beos d90amdo mJlosgos dobodscrymo FsLIEHIVOME 30 (M3 WOTsbslio-
590905 3939 gdolbmzol s om0 d9bsbmMdGOOLMZ0L). gOH0-9MH0 FMO356 M30LGASL
Do0mogbl 396098039 BoboErgddg  Fo3OMMMYI60BIGdOL  JobodserMo  53gHBos
(Inchingolo, Scarano, et al. 2024). ovd3s, CAD/CAM-05bosmd3mbymdsdo
39bL53MPMHGIM B3z gbs 0dae BYGHMIYMBIWMOO 3ME03MOLEHIWMOO 306 3mboTol
©@omdJbool  259mygbgds. 50bodbMEds  Tobosd  Q9Bs3oMHMds 05639530390
M9LEHO3M30900L  g5dmygbgdol  B396gd0L  QoBIOMMYDs, N30  FoIEO  MIXMHOYEO
©53H3060m30L dJmbg Bmbgddos 3o (Guazzato, Albakry, and Ringer 2004; Yilmaz, Aydin, and
Gul 2007).

0509 ©9bMo (Isabelle Denry) sbgbl ygggwos ULEH™IsGHM@MA0MOHo 3965903990
dsboerol d9dga0 Loboom 3slogoEo®mgdsls (bMowo 2):
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3bMowo 2. bLAHMISEGHMEMPOMOO 39050030 oborgdol 3elOGBOIS(309

591353900l 39dbo3s

3MoLESMEOO 9995039bcmds

390fizo ARG
393 o>rm3g650035
36M9LoGMYdS YBHOol 3o639LDY 903030, WIOE0GHO0 +
RBAHMO535G0GH0
1. 250mf3s 1. argogo@o
2. gbgro 3MgLoM9gds 2. ©y030¢0, Womodol
3. Moo 3MgLoGMYOS ©OoLOWO035@0
RT VA 4. 30600 0bgowEH®ms;300 3. Alumina
30658035 5. ©bsysmom dbvydydo 4. Alumina, Spinel,
05997853995 + doboom 5. Alumina zirconia, alumina
0bgxgomGHMo30s 6. Sedobol mdloo,
6. ©BsYPIM0m AbdYdo 306M3Mmbodol omdloo
0509953905 + 2odmf3s (Y-TZP)
7. ©bspsm0m dbvdydo 7. 5@0mdobol mgdloo,
059998953999, 259mf)35 + 3bgwro 306M3Mmbodol comdlboo,
36M9L0MGdS RBAHMO535G0G-09030GH0,
8. b5 3353905 d0bs39658035
9. b5 ©FTo3900 + 8. 903030, Lsboobo,
3o0mfi30 3063Mbodol omdboo
9. ®Wo00dol OLOW03Z5EHO

R. Kelly (2006) 9305353l

doboengdol 9999 3eollog0 330!

53¢MIsBH0BoMgdMmo  HomImgdobmgzol, 396093030
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1. gbogBHoMMo 39659035 dobol omoero 999339 Mmd0m. BYdgE _ 5¢<ydoblowrozs@wmo
3969035 (30b3zMol  83s@0 96 LobmgBm©m0) Lbgsliobgs ©sbs3o@Jd0m, BIAMOOES

W90EO0AG0; »,350EbMds©o dobgdo” (High melting glases), 3900 65353 gd0 s Ubgs.
9 939953960 256393136005 FoLserobmzol L3gEosw )Mo M30L90900L doLsbo FJdws.
2. LAHOMYISHMOMEO 39MHST03S:

2.1. 30bols odsero Jqd339eMdOm.

50 Lobgmdsl  30939m3690s 39650035, Womomdol  obowols@ol 393339 mdom
(70%_0809), 536Mgm39, In-Ceram go®dol 0bxgow@H®Momgdmwo mdboeo 396059035
(Alumina, Spinel, Zirconia).

2.2. 90bol  T9933390™d0L  2oMgdg. S¢Bobol  JMEr03MmOLGHIWMMHO  mJlLoEo @
30M3mbodols omdLlogo.

(Ritzberger, Apel, and Hoéland 2010) 959myma39b  93GH™AoGH0Bo6mgdmmo  Foddmgdobmgol
396590306 LD LobgmdSL _ gosoddo 306539658035, Wom0MIEOLOEI035EHMO
39659035 @5 mJlLoMHO 39MH5T03s.

bmaogmmo o3¢0 (Fischer et al. 2003) 9459mymxl  saMgmzg  dgmmbg  Lobgmodsl
656m 39609803290 obogrgdol xamaL.

59600950, CAD/CAM  ¢9dbmemaoolmgols 3s6379m3bowo 396058030 Folos RsOO™
Lobomss  Hoddmagboo:  Lowro3zs¢ Mo 39658035,  @00m0vydols ©oboo03s@0l
L3Iz DHY  ITDIPIOMO  39M5T035, MmJLOEMMO 39690035, 0BBOWEHMOMIOMEO
9065x35BMMH0 39650035, 3M03M0LEIMGmO  sedobol  mdloeo 39698039,
3m0300LGMOH0  30603mbomdol omdboo  Bsd sWMTgMS30IE  FEAMISOMGMDSA0
(0039569 LG, BofformdMog  s3mIgMH0MHPOMO 1B, LOWWO AW MIGMOEGO0L
UE905) S b3bM39Mmsd03s.

2.1. LEHMIGHMEMPOMOO BOEOISGHMOO 39M5B03s

UEH™ASGHMWMAO0MYOO BOE0ZOGHMOO 39658035 (0065396053035) 9a9ds dobol sdmORMo
LEHOYIEHMOOLASD, HMIgEdoi YOIMIMIID  3MOLEHIWMOO  bsforszgdo. dg@fows,
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50bodbmro  396M59030L 993596 mdsdo dgol dobz®mol 33530, 335ME0, Jomeobo,
bbgoobbgs  ©obsds3Hgdo s borgdsgzgdo. dobzmol d3sBHo  FoMdmoygbl dmbgdsdo
15305ME 293MEIX GO Jobgmoel, MMAgeog dgol aMsbo@ol s dmol Lbgsslibgs
J3900L 090500296 ™dsdo.  dolo ©bmdol 39939653655 1150-1200° C.
UBAMASGHMWMAOMNOO  B0RBNOOLMZOL  25dMm0oyggbgds  Bo@®omdosbo s  Jowowmdosbo
335@0L  b5BHs30. 50b0dber  Toloesdo wgozo@ol MomEgbmds Bgdmgdggdsl sbgbl
396590306 ®gMIMwo  A9BIOMMIdOL  3m9BR03E0I0EGHDY. Womomdol oL 35EHOL
50bMdOL 2PMHOm 0BMEIOS FoLoerols LoIBH303EY. BLOEPOISGHMMO 39Msd03s ™30L
dbcm0og 0gmxzs dobzMoldds@osb s Lobomgmozme 39680350 (Jurado et al. 2019).
UGHMIsGHMEM0Gho dobzmoliddsdmgsbo 39053035 _ gl sM0L 39653030 3OHM©OMIGO,
GIgeoa d00mgds 30bzMol 335@0b, 30mw0bol, 335030l s bbgsolibgs sbsdsdgdol
399339000 §Y0xMMoL  dsbol  godmfgom. gsdmfzol  Ggdbmemyoolimzol asb3mmazbowo
90b3M0Ld3s3HM3560 39650035 HomBMoygbl  Bb3zbowolgdM-mboge  Folsl, Mmdgwos
239630360005  30bLEHOWYJ300L  JoM3LDY FOHIMIMOZ9 LGB (IBMOT>30)O
bod@3o3g 60-80 93s). BMIHBOMGPIOLMZ0L b6 EFbgro 3GILOMYGOOLMZOL  J9b3WM3bowo
396sdozol (IPS Empress, Ivoclar Vivadent) sbscomgom®o 8563969890  120-200 83s_U
GHMEY05. 50b0dbEo FsLoeolash dBsgds 30600900, 4306030603560 BsbsOMYDdO,
9OMIMYWo  330609306900. 933MIoGH0D0MGIMwo  [o®dmgdolmzgols 30 399m0oygbgds
UEOBIOEHMO dE™3gdO.

@0m03-EoLOMWO35GHMM0 3953035 _ BIOMME  godmoygbgds CAD/CAM  ULol@gdgddo.
399m0Mbg35 Fowowo bodBzoaom (360-400 33s), Moz 3MbLAEHOWYJ300L Loldol d9dzocMgdols
153 gdIL  0dEg3s. 98 BIJBHMOMOL  Asm35olHobgdom, s0bodobrmo  dsbogrs  9dod-
MOHM390L 9.§. ,006085¢0MG0 063500l FgmmEom™ ddomdols Jglodergdemdsls sdeg3L
(3000l Jumgoms  3M7356MH0MgdoL  Todbodorymo  Loldg 1 83). OHgLGezGMsE300l
©53b5@gds Bgds LEBHBIOEGHWMWo Fbs d™3900LA6. 390F0OM39d0L 30095303090 EO
0,2%_ L  99OOMoL.  000F-EOLOWOISGHMOO  39M5d030L  gOM-9MMO  Y39oBY
393039 gdwo  (omdmdsygbgwos IPS emax CAD (Ivoclar Vivadent). s¢bodbwero
Loy 998moMbg3s  93gHBomMo  godlogool Fgbodergdermdom (3dool  Jumzowmsb
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9OMOQ©, 9OHmo  JnErosbo  ImbmwommMo  MgLBHegzMeEool  Jogdol  Ladwmoegdsls

335de0g3L), Fowoero  LBoIBZ0E0®m @O 90539  ©OML  Fosero gLy GOIOO
dobollosmgdegdom, Mol  asdmaz  0go  gobobogds  39M35LmEo  3MBLEHMYI30900L

3 39MbsGHo3s0 (booligdmMo 3mbLEGHMI309080_s69mdgdgl 3-4 9HMNGME00).

30oM3mbowdol omdloom §s693H30390MO 0009F-EOLOEI0ISGHVIMO 39M5T03d

2013 §gol 30m@bols LygHMsdMGOLM BEMISEGHMELMYPOME go0mxgbsbg 3mB3s6050 VITA
Dodmoaobs  sbogro  dsboews  L,SUPRINITY®. s0bodbmyemo  dobogrs 8093090036909

9065396059030l Sboo 0000sL  (http://www.vita-zahnfabrik.com), = ®®dgog
99098539005 30335605 Degudent_0sb o 8Mmb3mgg®mol Lobgermdol 396s803mwo
dsboengdol 33009308 0BLOGHMEBH™ME  gMmo. SUPRINITY  §o6dmopqbl 306 3mbomdol
©0mdbooom (ZLS) 5683303900 om0wdol olLoEr03sGHOL do@Mogol ddmbg %o
JoObbmer  3em390L. 950b0dbMds  BHgdbmermyosd  d93bogMgdl  Lsdowgds  dobgom
60300096900l dmErg3mEm®o dglgeol dgE3eol, Mol 993 dmbes SUPRINITY ol
23906mo30MBEgds  3OOLEHIGIOL  93EPoLgdMO  LEHOYMIBHOOLYSD, Tomo  BmIs
obmadom 500 bsbmIgEBHOL  F9o00ygbs. 5335035 (330w gdqdds  BEOWB3gEym
dsLoenol 1M30L9dgdOL FomBXMIGLYdS F5EIBMMT0MYOGE0 doegdoll dodsto [Godiker M.,
2013], LEHOBIOGHM  O0MOMTOl  EOLOWOZSGHMD  TgEsMgdom  F9IE0MGOME0S
dlb3M93500MdY, AOHBMEOEr0s LOIBHIOE) O OMIYIIPMOOL MbBIMO. ymggEogg S0bodbmwo
03936 FoLoeols  bmgoo  M30L9d9d0L 3603369 ™M3sb 2o TxMdYLGISL, MG,
390905 993900905693 BMGHOMYOSL.  29b3Mmzbowos  Bgdolbdogmo  dosdml
2306093069900, 5360939 3060609008 ©S 330603306M3560 hBIMMGIOL ILETBIIOS.
9oboEsl  sbolinsmMgdl ¥969dM030 FodFOMZ MDY, BEIMMgL3g6E0S S M3oglizgbEoo,
5J3L  299306MH35¢MdOL MO0 ©MbY. 3Bs LAHBIOGHMWO Lsbom QsdMmEOL  odmEoL
CEREC/inLab MC XL @5 Amman Girrbach Ceramill Motion 2 Loli#93900bm30b.
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http://www.vita-zahnfabrik.com/

30035605 Dentsply 8096 9999995390005 51939 9HOE0  5Mmd0L 3965303290 oo
»CELTRA®, 6mdgwdos 3o6M3mbondol ©omdboo  0b@ga®otmgdmos  womowdol
oL0035@0L doEHMo35d0.

300MHomMemo 39658035 _ B396L oOHmTo bdoMmo bgds LGMIsGMmEma0M 35HsGHY 0bgmo
dsboengdols 390mBgbs,  MHMIEgd0;3 5653bmem© MBsBEO3OHMO SBONMJO9D
MOHNM39000  bAMIsGHMEMao0l  IglobEgdmdgdl, sGedg  dsbsdg  sOLgdo
3009303530900l Jodssg  M®BYd0sD. BOGBOMGdsO  39Mmsdozol  9hMgH® Sy,
Loobegl  §o@dmoyqbl  ,Vita Enamic®  30dGomwo 396050035 mM3ogo  d5000LgdMo
LEAOMIEHMO0m. 50b0dbIo  Toboerol MBI MOHMBS EAMTMGMOL 396580390
3033mDBoG0MMHO  Bobogrgdol  Lywmzgmgle 30190930l 459006 gdsd0_ 39M5803E0
0509 9MHJoMmGIMwos  3MIZMBoGWMOO  dgbgom, o35  0dols, MMAMOE  TYBHowol
3M35BHMMom  bgds dgBHMbol  56MHToMgds, 89go®  F0oPgds  INE0sbMdY, MHMIGELSE3
3999905 9G9I MOOE oI OIGHZOMMZJOOL 45dgds. Jobogols AodMBs3EYds
330939005 93965, ®md Vita Enamic 50mo®Bg3s  99blogmmMgdom  dswowo (2890 6)
d3Mm9bsgo doerol J0dsMmm JPMIMOIOM, MYOHMb39wymxl LodEIoEol Jomoe bosdolbl
@5 3M5JBH03Wd© 25dMMOEbogl  Fobogrol HBgsdomBY dBIMYOOL gobgbsls (Santos and
Branco 2018). 06935000 do¢rols 30350 bodBH3o3gd dgoaobs 150-160 d3s. Vita Enamic
B399 906MH03 IOGMOM03 R0BMYOMID  T9IMGd0m 2530 gd0m  6531gddlbgmgz509,
b9dofjg3b0m 9330399 IOEYI0MO S HBIHMWOoMO IEZ0OMZ00L JoTsO .
5369039 50Lsb0dbsg300 3835605 3M ESPE 8096 99Jdbogo 30dMomero dsbsems ,Lava
Ulitimate Porcelain Blocks”, ®mdgmoi  UB3ggoswmés  E4D  Lob@gdolomgolss
0999995390¢00. 50b0dbMwo 39653030 Bsbogms  saM9gm3g F903o3L  3mA3MBoEGE
0905003969wL, Gobo  d9d39mdoms3  Jooefgzs oo BoH03Mo  AsbolinsmgdEgdo.
93500 doeol dodomm LodBH3oagd 200 83> Tgo0bs. oloensls sbg3g  SbsLOLMYOL
(339905MO0L  0EJIXMOO0 3980309630, 030  3M9IBH03MNWO©  GMEos 396906030
90656460l sbsermyom® 35839690900 056.
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2.2, 301¢003M0olGsmmmho mdiodo 39053035

3036M0LGIMO0  mdloEOo 39650035 HoMBmygbowos  dsmoewo  LodEGHzoEol
305x3MMM3560 FoLoegdoligsb, HMYMOOE serdobols s 30M3MBool mdlogdo.

333039%© 359mY3z5M0 Al203 (fo6dMmoAgbl mMHMNM3goeo 3mblEMmwdiool 39M35bolmzol
3963mm360¢ FoLoesl, HMIol Bztrmwo bodB3zoag 99596l 500-600 dgaodsL3owls,
906085¢0 o 350098MOI0MGOgo dogrols Loog 30 _ 4,48-6 335_L (Christel et al. 2006),
©bmdolL 3H9d39Gms@«es _ 2050°C. L3gE0swrvy® ydgedo 259mfizol GH9gddgMo@GMs sGob
1600°C 1 ULossomolb @ob63s3ermdsdo. 13900 _ ©0d 94300m09wo. 50bodboemo  doloeroligsb
6933960069005 35M35L0L ITDYdS GO 33063306900LM30L S booligdMo
3MBLEGHMMJ30900LMZ0L OHMAMOG s FMHE0, s1g39 LomgFo 300wgdol J0EsdMgddo. 35M3ISBOL
Lobdg 4960LsB3M9ds 0,4-0,6 33_0m. 19335, HMAMOE MS0YMOELI0 S©bOTBIZL, s¢rdobols
mgJboolysh boolgdMo 3mbLEM™MJ30900LMZ0L 35M35L0L dHBIEIOOL Lyzombo ©osE
®B9ds (Raigrodski 2012).

000060Mdom LBsd0oBIdMmo 3oM3mbool omdloo (Y-TZP). s0bodbmeds dslioensd
0000563965303290  MmOMMIGEoMwo  3mbLEGMWJ30900bm3z0lL  sbowo  3gML3gdEH03900
2996065, 50owo Bztmeo LodE3039 ©S J0boToEMEMo FoIBMMT0MYdgEr0  doserols
domoo 3583969890 2565306MHMdgdL Aol 4edmygbgdsls gMmgMo a306M306900Ls o
booligdeo 3OHmmgHgdolm3zol, 3:mbLEHMWYJ30900L LogMdol 3God@EHozmws© Igbrm©z0L
390989 (Sturzenegger et al. 2000; Liithy et al. 2007). 306H3mbool omdboo (ZrO:2)
Do0Mo@9bL  3mwodmORMw,  (393bwyeddwg  Foboesl,  9EGHMIMSTIMGOLbo  ombmeo
393006930m. 00 bobosMYds 3 SXMGHOM300 JEYMISOIMdom _ Imbm3mobmdo,
AIOOyMboMmo s 3M¥GmOo.  Fmbm3wobmmo  BsBs  bsMbmbgds  1170°C_08¢y,
A993905GHMOH0L  4oBOMOL  Jgdmbgzg3zsdo 030  OIOL  BYBHMopMbowr®  3sBsdo,
OMIglsog 065MPMbgdL 2370°C_0¢9. 30IMH0 BB LGd0WGos 2680°C_0d9, Mo 99539
@OML 3060306090 oMJLOOL EMBOL 39)d3gMHOEEL HoMBmoYgbl (Subbarao 1991).
dsbognols 39bbs3MPMGdMOo 130D03760 9539690900 396306HMd9gd0s
A9 93Mbs©-8mbm30bm®mo E®moblgm®dsizoom (Garvie and Hannink 2014; Luthardt et
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al. 2011). s0b60dbmo 9mgzwghs 59Ol 300dMORBME0  goModdbols bolosml,
QOB MOP0YOD 538060 IYM0 5E™MIJOOL AGdIMIMIOL TG33es beaM 309 dS F500
dmfglM0YIOMO  FOISPPOJOOm,  OMIJOoE 330l 3MOLEHIWOL  FmEOISL.
39bL53MPMGd0m 50LB0TBZ305 FYBHPHYMBIWMEO S FMBMIWObMEO FsBgdOL MM,
36O0oLGHOWOlL  BEGHOMIGHMOMWO oMY BHMJOOL Moo MMO  TgbodsdoLmds,  Mo3
3965306Md790L 4-5 %_056 3965gdIboL YO0 OWSES30vE 9B39JAL (Beuer et al. 2009).
50bodbmmo  9oModdbol  3Hgd3gMeG Mol 9306905,  MEEG®mool3geloo
LEAHOMIEHOOL BMOT0MYOOL bobrx Dy, TglodEgdgE0s MMsbol 3gd39MoEWIMS3©Y. 5dy3560
dsbogns bolosmgds Mbo3owemo 89dobolz Mo 498dgmdom. LEHOdOEOBIGHMOOL Lsboom
bgds 00006H0Mol mJbool _ Y203 (Y-TZP), 56 39609990l mdubool CeO:2 (Ce-TZP)
399myqbgds.

UG MASGHMEMQ09O0 ©56036mqdolbmgzol 39oLGHOdOMHO A9IGHO93MbomEo
3063mbool FoMdmgds begds _ 3bgao 0BmbLEsEGH03MMo dMglotmgdoo ,HIP“ (Hot Isostatic
Pressed) 5 (3030 0Bmb@s@o3mnmo 3Mgbomgdom ,,CIP“ (Cold Isostatic Pressed). sbodbwaro
390000 bmM(309¢0©Jds deM3900L 0bEMLEHMOMEI0 [o®dMmgds, Mol MHMUsE B30l
05650650 296550 9d0Lm30L, JoLoeols boffoers3900 3EYdMYMdID Lombgdo. EsdBIIOOL
5093500 3900MEO 25653060MdGOL JoLoErol MBIBG, LAYIBEDMT0Wgd0sb T93F0EMHMYDIL,
396 3560L LObMYBOL/AsdM{30L POMUL, 08 gdmNHZ3935d0, 1149 00 WITDSIIYWO0S [obolfo®
29939600 ,OHBd0E0" dEOMIoLysb.

0000600)Fom LEOdOEX0HYOMEO (3003mBoOL OoMJLOEO FoMso LodE3oEol Toboenss. dobo
D03OHwo LodE 3039 9950y96L 900-1200 335_b. JobodseMo FoEIBMOMTOMGOGE0 dogols
booyg 30 _ 9-10 335_b [Christel P. et al., 2006].

0539353900L 350056 gd0:

1. CAD/CAM Lol gdol 459myggbgdoom 0000 _ a59mbsfi3s30(,0(3569%) s bobggto
3993500 3063mb0mdol omdloo.

2. CAD/CAM Lob@gdols godmygbgdoom 833039 _ LOWMEsYs8maf3s6o.
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30M3mbondol  omdbools ,d(3509 BB TglsdegdgEos  39MBIOYICO  dBMEMIOOL
299mygbgdom  FIMswo  FOHIHoMGds. [Hobolfo® godmdfzeomo  dsb3gdol Jgdmbgzgggzsdo
393000983905 MHGJHDoMGIOLIL Fyarom gogMmogdols godmygbgds. dowbgsgs dslogrol
95050 1BodBHI0E0Ls, sOLYdMOL TY)HB®M©3980 boOlYdMo  3mbLEMWJ300l  JoM3sliols
53D50gd0LsL: 3mb9JGMMOL 3390l BoOMdO _ 9-12 89, 9853530060939 0 9er9396EHd0L
Lbodosweng _ 3 83, 3o 35b0L JobodsgrmMo Loldg _ 0.4-0.5 93 (Witkowski 2018).

059953990l 439y Lobgmds BolosmMEYOS WHIOOMO s PMYMBOoMO  FbsMYgdOm.
306 3mb0wgdol omdlools sdMdsggds ,)3969 BB 5330MHYBL BFHYHOMYOOL MM S
53M9H9g00L 453399b. LOFOMMS BOHIHBOMGOMEO 350350l IMEYMBOL F5BOS LTS M
20%_oo» §obslfst, dmdogsero 89830MHMad0L gom35¢olfobgdom. Fobslfs® godmdfzsmo
mdJboEMEOO 39M53030L 3To3900L MHML 30 JglodErm EIBMMT>309d00L MHOLIO FoWVWOY,
500 FoLoers OOl 52MTGOH0MIOOL  IM535WBORGHMOMZIL JBME3gLL. 50bodbmwo
6939300 FBsMY  2obLo3MMMGO0m  sLb0TBIZ305 OO  IMEFWEMdOL,  JMdgo
3MbLEGHMMJ30900L8 ©OML (Komine, Blatz, and Matsumura 2010). §obsbfo® 59mafzsmo

30M30mb0ol ©s3w9ds3905 IMOMbM3L O WOHMOM S 5BHJMH0sWME botrxl.

Hobolfot go8mafzomo ToLaerols Lobom do®omss© bgds d9dgao Y-TZP dgom3gdols
509353999 In Ceram YZ-Cubes (Cerec InLab), ZS-Blanks (Everest), Hint-Els Zirkon TZP-W,
DC-Shrink (Precident DCS), DC-Zirkon (Precident DCS), Z-Blanks (Everest), Zirkon TM, Pro 50
(Cynovad), IDP Zirkon (Etcon) s bbgo. ,0(3569 35580 dgmazo derm3gdol bLsbom 43bgqds:
DC-Zirkon (Precident DCS), Z-Blanks (Everest), Zirkon TM, Pro 50 (Cynovad), IDP Zirkon

(Etcon) s lbgs.

939569 Ol  2oblo3MMMGOMO  3M3MEIOMI0D  LOMRIOEMOL 306 3mbodol
©0MdLBoEOL  ™MobsdgMmMm3zg IMPOR03530900, MMIWMms 89d39Mdoms3 bmME09EEYds
9600560, ImbmwommMo 3MBLEHMI30900L ITDIds TMHJMOMO30 396093030l 450M9dg
(Wiedenmann et al. 2020). 39L503530b5Q, IE09MH0 OEGHZ0MMZ0L MM, 3M5JGH0IMIIW SV
b9 36990L JmMob 353006H0L MM3935, MOLSE IMY3056930m FolO IBOs6Yds FMBEI3L.
2993063509 30036090l omdlool (Prettau® Zirkon, Zirkonzahn; inCoris TZI, Sirona;
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FC, Metoxit; KATANA Zirconia ML, Kuraray Noritake Dental s Ubgs.) go8mygbgdoom
dD50Yds 5M6IbMEME FosEglmgBH03MM0 MOMNMIGEOEo 30mbLEHMHI30900, 56589,
50b0dbeo  Asbogrol LodEBH3ogg 0dwgzs 0dob LdMegdsl, MMA Jomo godmygbgdoom
3Pl dMbgdm030 300930l sbEIRMBOLEGHId0. Bombgozs@ 0dols, MHmA o
03900  dMmfMmEgdMwos  b3solbgs  $IO0m 3560530530, MAgEHol  F9dombgglsdo,
3505 gbm9BH0329M0 909a0L FoLoMgds LSFoMMS Fomo 06030 YSEODBYds _ bgwrom
3909035. Bmyoghom d90mbggzsdo (KATANA Zirconia ML), g5830635¢0g 306030600l obzo
d90393L 3-4 gL, oMy bgdofgzbom BmLGs Fmbgl 300wol Jgdsygbgero doasmo
Jum309d0l 0d0EH0MYdS.

2.3. 656m 39650035

656m@H9dbmemyon® bigOmdo mommgmwwo 3609369 m3s560 domfig3s, 30MH306 SIS
3390l dmfiobsgg sgdol Gglsdsdol 3mboEogdby, o0 FmEmOL LGHMIsEMEMA05d0.
LEH™AGHMWMAO0YOHO  BbMEHJbmemyom@o  FsLoergdols  IMOz35¢dBGO30 3393900
00¢93096 1Mo gdsl, dmbgl dsmo 0b6@gMo3E0s MB8gEMMZYg 533 MIsGH0DOMYdN
3™33099¢ 9O Ho6dmgdsdo.

396590399 Asboegdbg 6939¢ 05 ImJdg 805356 BoJEMMGAL Homdmoygbgb: dgrogo
999560379600 ©9G3003900, 933900600 3$9d3gMOGHMOMEO  (33¢0Wgd900, 0G0l VO
Beadom s 536900 56MgdM. 396053030 oL gdol M30B909d0 ITMI0WHOIY0s Job
LAHOMIBHMOIDY,  Jodome  FgIoEPIPEMBIBY O B DBMOOOZ3  FOAMTMGMDIDY.
LGB0 Bod330M030L s §9350969w0 BsJoH3900L MIBIOIMO Fobofioergds bawls
wPgmdl  Foboerols obo3Mm-09456039M0 Fobolosmgdgdol  AomAxMdYGOSL.  LodMEI MM
360HMYJEHoL Do YdoLsL, HoMdmgdol 9geHmgMHo M350 LoMMgl FoMTmoabL,
3°9mf30LsL s 3bgwro 3MYLoMGOOL MML Tobogrols 99dsygbgero Boffoszgdols Bmdgdol
DMo.
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dsboerol  LEAHOYIGHMOOL TgboE3eges  FoMdsBHgoom  gsdmoygbgds BsbmEGIbmeEma0s.
99000, OHMIwomsi bgds 3Mowoldgmlowmmwo bsfows3gdol domgds, Lodrswgdsl

09935 AsLoensls 03560 FMm sbsero 130L90900 . 50b0dbwmo dmgergbs s0blibgds 89dwgado:
3933000 H9YI30MHIo  OH0GOHMJIJJOoL ™M30L909d0, Fglodwrgdemds Fgoddbols
3obLbg0390o  BoBOIMMO  9BIJBHJO0(3sy. 9O  Bofloszol  Fmmogligds  dgmgdo),
36M0LEHWIBOL MOMEIBMOMOZ0 DMS, o0 MROM FFOEMM AIBWSYJDS, B3 gl «deols
90360mdBo6M9d0L [o®dmdabol s BEOEOL Folivgrols 30aMmM3Mm3Me dEYMoEMdSL (Gulati and
Kumar 2024).

Bobm3zgMsdozs (0by. ,biocompatible nanoceramics® 56 ,nanostructured bioceramics®)
Do0mogbl  b5bMLEHM™MIEGHMIOO0MHIOME 3965303 dobogsl, GMmdgeroi dgoiobsdo
39900ggbgds 3525600 Jum3z0gdol sOlsIBI 96 Bolisbszegds. 0go Fomdmowygbl
365mGQBMe Bsbognsl, MHMIGEoE 000gds Bobm Bofogrszgdols Fowsw@HgddgdsdIOeo
2990mf30L  8900929.  M5ybsg  Fomoemo  Foboasbo  BbHg39d0L  Asdm 3969303990
65b6mbofors3gdols 990F0MMGds oMM gdM0s, S©0bodbmero dslsgrol FmMToMmgds
bmO 309w @gds 0339lM0 o6 3006OMLEAHEGH03)O0 36M9LoMgdoL abom
(300060Mm9JuBHOHYB0s).  BbM3gMsT030L  LEHOWYIEHMOMo  ™30L99900  FgLodEgdYE0S
9039 MH© 296LH3530090MPIL BHMIOE0Yo, J030MbMEo BMmTol bsfos3900Ls6
3900099600 396053030 sboEgdoLash (Wnek and Bowlin 2008; Park 2014; Narayan 2020).

656m396058039w0  LEMIsGHMEMA0OH0  Asbogrol  gOHmgH  MZ5wLsBobM  Fogooml
Dom0moygbl ,NanoZir“(Panasonic Dental Co., Osaka). 656m3sbocws -fo®dmoygboeos
RO oo: Zr020e02A1203. oo DL3Omwo bod3zosg 99opabl 750-800 d35_L, o3
50b0dbEo GHodol 3965803030l M93MMHEEsE Jorsw dsB396909el FoaM Mo qbU.
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3935900 ©s 99650bmdgdo

LEH™ASGHMWMAO0NOHO  3MBLEOYJ30900LmM30L TgBowms godmygbgds CAD/CAM Lol gdol
93mgol sbsfgolowsbzg 0Mgdl Lomaggl. LolEgds ,Procera,, ogm gHmgMmo 30639w00,
GHMAol  99939mdoms3  dgbodegdgaro  49bs  BHOGoboligeb 396359008 sTDowYds
6539600300 M356-9HMBoMwo ©sdwmdsggdols yHboo.

Ao 0o bbol 496353wMdsdo FoMBsHgoom 58m0ygabgds LBEHMIsGHMEWMY0sdo. 0o
domseo Lod@3o3ol, Abwgdmdo, I0SO MOMPSTEIOMOOL dBOMMOgLYOIO Tolivgnss. dob
5MYymxzom  dbsegl  FoMIMoagbl ©bMdOL  domswo  3H9gd3geoGMs s FObMdOLSL
5GHIMLGPGOHMIo 3596006 3m33MbgbBJOMIb  MOHPogHNJIggds, Mol TJOIROP3
Do3mogdbgds 9.. Logs M. s©0bodbeol sdmbsmoabs®, GHo@obol Rsdmlbdolsl,
5300290905 B3YE0SWMO 535G ¥IES, Mmdgedo BsB8mbbdol 3Gm3gbo d0d0bsdgmdl
069OGHM0o 50600 Logly 296Mgdmdo. dobgezs BgImmblinbgdmwo LoOHMMEggdOLY,
50Ls60db5305 0l BogBo, M GHoGHboL BMGHOMYdS 15305ME SEZ0WsE BMM(309EPYOS.
oL 2odm3 030 306M5GJL0 890MmEO0s BsIMLbAsLMmOb Jgsegdom. M3y, s0bodbywols
396853060HMd7090 56 M0l FBMMmE LBoMMMYIO0  BHOGHBOL BsTMbIoLLL, SEedgE
ROMIHoMHJOOL FgomEOL MM bosmolbMmdM030 M30GMsGHIMdSE, MMIgEoE 3w0bgds
39909d0: 3036MLEAEHOWJEHMOOL F9IMgo0m MRO® Jopswo 10d3360039, RsdmMLbIgmo
569900l, BMOGOOL s F03OMIBIMGOIOL  HMOOBYGOMDS,  ITIEYOOMO  FbsEMO
05399353900 2560939 3MBLEHMYJ300L LolJol BMLEO MHIYMIPOMmgds.

33M9H0MGIOLMZ0L  20dm0ygnbgds LEIBIMEHMWO ©oL3Jd0, dB3g00 s BdEM3qd0,
OMamO3 Lams GHo@obol, sbggg dolo Lbgsolibgs F9bsEbmdgdol. Mobmzobsg bdoGMs
09969096 090> 393> gdL, HMAMMOES 5¢ydobo, bomdowmdo, 35650030, 30M3MmboMdo s
bbgos. 50b0dbmeo 39@omgdol @ods@gds 3obsdommdgdL, LBms EH0Ebmsb dgwstmgdom,
3965006m0d0L 394960360 Fobsliosmgderol bgsalibgs bas®olboo gowmdx mdgligdsl. 5933560,
w9000 Mwo  BHoGBoL  M30MSGHILMOS  BEPMIMIMOL  MEORsDB0BO s gs-09FS
LEAOMIGHOOL SOLYIMBST0. SRS BB 296530MHMBGOL F9bsEDbMBOL 3 SLEBHOMOMBL, dg@S
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Robo _ Fo0se LodB3oaqL (Van Noort 2014). 456Lb35398000 ©@9bGHomMo 033 sb@gdoliysb,
056599060Mm39  MODM3J0wo  3mbLEHOWJ30900L  ILITDIPIIWIE  MB0MSEHIIMDS
93060909 BH0GSBL 9603905, 5BLS3MIO0m oM 2odm0ygbgds BHo@sbol dgbsbmdo
Ti6Al4V.

7M9H0MGIOL 250, BOGb0 259m0Yygbgds 13gEosw Mo Bbgbowrol Lsbom bgwrgdiom®o
WsHgHMo Igm®gdolbmgzol (SLS). s0bodbmwo d9omm®o s@©o@Goe &gdbmemaosl
909399036905, ®mIol  EOMLY3 WsHgMol Lbogol d9dz9mdom  bgds  IgEHowols
Bsfos3zgool  9@o3mdMm030  09M®gds,  dglodsdobs  3oM3slol  BmOToMmgds  bgds
d69MdM0350. 3OMm3EgLOL  FoOHMZL  MHBOMB3gymal  B3gE0sWOO  3330v)GHIOMEO
3606535, ™300 300390 30 LOHYIS® 953EMT>GHODBOMYONWO0S. BHOEIBOL MOMMIYPOEO
30bLAHOMI309d0L, 30330EHIOYwo FoMmBmgdol s 990MPOm THBIIOOL ¥Y30MEJLMdS
9Mdocmgmdl  d999gado: dmdbowo  Lol@gds, dsboErols  SMMSEOMbIwMmO  bobx30lL
9060850 0Bs30s, 3336030 LAHOVIEHMES, B0 BODBOIZM-T9Js603MM0 FobslinsMYdGdOMm,
D93000L  bomosbmds, o3 9mAxmdgbgdl dolBg Lbbgoslbgs dsbserol dmFogdols
bseobbl.

JOM3-3md5¢Eol J9bsbmdols 3MHgHBoMgds, BH0E6mb 89sMdom, goEowgdom MHMWWO.
090 51939 bolosMYds FoLIE0 BOB0OZM-0979603MM0 35615993 JO0m. 19935, GHOGHIBMI
390569000 56H0L »RO® 3dodg s 5530gd5© dBOMEHMWIMIBEH 0. Jobo godmygbgds bgds
CAM §o63mgdol  GmamO3  brdLbE®odgomwo, 1939  SEEOEGH0OO  IJNMEIOOm,
39L50530bOE LHZoEOLLZS ©OL3ZJIOL/dE63JdOL/dEM3dOL s Bbgbowrol Lsbom. JHma-
3™ Eol d9bobmdol 530MgHBoMgdolol godmoyggbgds 39MdoEMEo dMMgd0 Bgmmzsbo
39300 gdom.  5©0bodbme  LxgOmdo  Mobegl  BoHgzol  HoMTmoagbl  dg@oms
3965006M09gd0L sboeo momds (8. InCoris CC, Sirona n Crypton for inLab, Dentsply). J6m0-
3™ B0l d9bsbmdol d5BsBg ©dBSEIO0s [obolffot 2sdmafgsmo Fbs dermzgdo,
OMIgms BOIH0MYdSE3 bmME30gwgds dm)mdol fobslfs®o 10%_osbo dg@mdoom.
9900pama 93Ho3bg 8090bsMGMAL sMRMbOm 2oxgMGOM 5M9gdo Lodmemm gsdmf3s, 6
Q@OMLSE B Joboerol 99F0MMYds Mo bsBMdM0Z BMIGdsd©Y.
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3eslBaslgdo s 3MI3MmBoE oo

CAD/CAM LobGgdol godmygbgdom ©@OHMgdomo  3mbLEHMWYJ30900L ©sTBSYds, Fo00
bs6HolbmdM030 s JumYGH03NM0 3565FxBHMOOL godxmdglgdol L8 sEgdsl 0degas.
52M9m39 bgds @OHMomo ibsbotxols 360d36gwmgzsbo dqdioMgdsi (Holst 2010). 50
d0Bbom, 2o8m0ygbgds 3033MBOE0MHO FoLoegdols By derm3zgdo (dsy. CAD Temp, Vita;
Telio CAD, Ivoclar Vivadent; Schuetz Dental Tizian). 58 &o30l 3033mbo@w®mo dsboergdols
39633970 boffoero 8go3s3L 80%_0g 3m33mboGL s 20% 306m3mbosl. s0bodbmwo 30
00935 Bodmoegdsl,  dmbgl  99dsbo3mGmo  ©@s  glog@ozMeo  dsB3969d¢qd0L
39990%M09L9ds. 9930w GdY0s 3MBLEGHMMIE00L 3ME0MYds, 0BMPIdS OO LoaMdol
M9LEHO3M309O0L 53BHobMdS S MYLMLO.
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3. 306 3mbomdoll omJlool 359mygbgdoo sdBsIdMmo doe0sb3ghsdozmemo

3MBLEHMNYI30900L 9BIIGHIOMDS
(@0GIHGHwIMOls 303cbozs S 93EHMMOL MMM 565¢0B0)

3.1. dmyblbgero mGomm3gomemo 3mblid®mmdsool bamolbols dggsligdols 3Godgmomdgdo

m396536900  mMo  smfergmeol  dsbdogbg  3936096M900L  FoHg390Ts  29b65306MHMdS
56599000m39 LBEAHMIsGHMmyo®Oo CAD/CAM  Loli@gdgdol Logmgzgwmosm  (o®ds@gds,
30630b0dol oMmdLoEOL MOMM3JEO0MWo 3mbLEHMMIE0gO0L BIOMM  Fog3MEIWIdS O
5005M9ds.  90b0dbedo, FMHZ9M  BodBHMOL  Fo®mBMoagbl oL sMI3MbYMdOL
39630056905 @S 3d0Wgdol s 3MmbLEMWYJ30900L 30DMs0DsEOOLMZOL F0MEHWSIMHO
0BMIgBHMo0lL  459mygbgds. 3063mbomdol omdloEolgsh bowgdol s 2306306900l
d94d6s  9m3mdbgds  BHgdbmemaosl,  GMmdgwos  MBOMBIgYmRL  MYLEH3EMSE30gd0L
b9d0fg3600 BMLE ©FBsIdL I30609 WOHMTo, d0603MTsdEg ©oYs3L LdOgdEBHwMO
53od@mmo  (Thomas 2016). U939, o90LBOIBSZ05, GMI  F0M3IMBOMIol  omJlowol
399my9gbgd00 3603369em3bs I3060©Gds X35M90b0 0603930900l Fog3M39egdol Golzo
(BHOEOEOMM, 5053003000  MHgLEI3MS30900L M350 9ES3060  IFBIEIOOL
39006 F9Mgd0m). 50b0db)eno FsLogrol 3¢00bo3MMo 45d9mygbgdols Mog30lgdIMHgds
9 domgmdl 39909y MO oMM FogEHmMdo:

- AO©O30ME0  89MmEOoLAsD  3M0b3odmws  4oblbgegdEo  sdBogdOL
A99bmemyos
- 1393083032960 FoboegdOL godmygbgds

306390 535dGHMO0 9300 0s bLobBgdol gzgus dmwerol 9gLsdergdemdsbg o

Lo®¥)dzws© MEI3L  356M53gBHMYOOL  3ma3wgdLll, GMIgeoag dmoaogl:  3mbLEOIEool
00t30393BH03MM0  356599BHMO0L  LHMEMs©  2obLoBM3GMs, LHmGOO 3000Mm3560 53330,
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356539GHM0M9dwo 8mbszgdgdol bmdLBModaomwo b so@om®o dgmmom bBMlEo

99 0Mgds.

9969 BSJBHMO0 BYYo3wgbsll sbgbl 300l WMwdo, 3mbLEMWJzo0l gMRIMbIdEs©
dm3smdol MHgbyOLBY, 0499obbIgds W9FZ0M0 PIGHZOMMZ0L S dMBIdMO30 SgMgloyero
390900 3060Md9dT0, MMAMOE  BMbJ30Mcm0,  SUg3g  Ju9gEB0IMNOO  FNWosbMmdOL
bobaMdeo30 OH™Mom 99bs6bmbgds.

B98mmblinbgdo 356M5993HMJO0L ILHIMMGONEsE FRsligdol JoBbom sOLYdIMdL Grogo
93396006900 3003 9M0T)00 s 900M©03gd0. F5mYb MMM Y39 sHg bdoMo
399099gbgds 30BmsMo 300EHIM0mIgool bLobdgds _ United States Public Health Service
(USPHS) (Hickel 2007). bob@gds 1971 gl 899m8sgs Cvar J.F. s Ryge G. 3og6. bmyxg®
39935900l 50b0db LoLiEgdol S3EHMOm™MS Lo353H03(399ImE dmobligbogdgb Lobgwoo _
,boLE9ds Cvar — Ryge®. dobo 9mmM9gmHm0 dmem ©930D05 4565HMO309ws ,395¢0TMMbOOL
LEHMASGHMWMAMS SbME0s3050 _ CDA® (Poon 2006; Moncada 2007-2009) cos ,,dbmgeomls

LEHMISGMEMYMS BJggeoosd _ FDI

LEHMASGHMMAO0MOO  MGLEHO3M30900L Fgi3olgdol s©0bodbeo LobiEgds dmoiegl obgom
36M0GHIM0MIGOL, OHMYMOOFSS:

- 39H0M0 FgBoEHY30LMd, MIBIFIOEMBS QO 9 FOMZoGdS
- 9B09E030M-565¢ M0G0 BmEIs

- 30QMIMOZ0 SQI3BOGF0S

- ™300m0 3m6EGHOHO ©d (339009MOS

- 91393605300l FNE06MdS

- B953000L L3OO S boMmosBMdS

- M93H9b300L badolbo
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3.2. 3063060790l ©omJloEol MgLBHIZMEo0L MIBbzgEMmOL LoBMLBH) ©s Jomzsbo
5330S

396590390 Asbogngdo,  OMAgdos  d9b3mmzboeos CAD/CAM  Lolidgdgdobomgol,
399060693056 Foowo  BMbJ30MMH0 s GuGBH0ZMNOO  FobILOSMJIWIOOM,  OIVIO
00M53BHOMMB0M, F50IWO d0MMI3LJdIEMOOM, OO MgbMLoom. Padrds et al. (2020),
Jevnikar et al. (2010), Moermann and Schug (2006), Sturdevant, Bayne, and Heymann (1999),
Parsell et al. (2010), Wittneben et al. (2009) @5 Ubgs 93¢™MMgd0 50b0dbsg96 30®M3Mmbormdol
omglools 259myqbgdom 53Ds@ Y00 M9LGH936530900L bobaederog
L59JL3EMSGHOEOM 35IOL @S Fo0 BOVIE MO3BYOIMBSL BOYMZILWMIMP  HSPVOIMYOED
9mbMm3zbowgdgdmsb.  ™mwIEs, 908053059 BOgdgE0  93MMbsErmdol  doByBo,
439wsBg oMo sLobgergdgb MgLlEI3ME00L 30EMIMOZ0 5©3GHIE00L s o 0sbmdol

QOMHM3935L.

MOHNM3900I0 30bLEGHOMJ300L sdBEIdIOL JOMYHM T390 3MI0GHIHOMAL, B3
CAD/CAM Lob@gdol godmygbgdom, 15939 Job 396989, Homdmoygbl 300M3560 5s3EsE00l
bosgombo.  goJLoMIdMo  MYLEHIZOIE00L  30OL  FJMLsdIAMYdST  JBOOL  TogoM
JM30 9056 Tgbodegdger0s godmofzoml Jolo EsB0sbYdY, I39MTYEHOBSE0, MHYLOLOL
399306905, 3000093569 JuMm30gdoL 3305, IJMESIPO 35M0YLO S 3YW30Go (MEbITo
3000l 990:mb3z935d0). §30OHM 30MIM0Z0 5Q3BS3008 BMLEHO TgxsLgdoL bodwoegdsls
09935 dobo godm33eg3zs dsl3oboMmadgwo gargd@BHmmbmeo 803OHMLZM30L Lsdswgdom
(Brandon 2013).

56599000Mm39 LEMTsGMEPMY0sd0 0O, O™ 3MmbLEMWJ300L 3oLy S 00Ol
06906030 Jumzowol Loxgbm®L dmMol Jo3MHMbI3MHIEo 56 Mbos 509ds¢gdmegl 100
9036™bU (Tinschert et al. 2004; Ellingsen and Fasbinder 2013; Suttor et al. 2001). 6gb@ogMsgool
30M30mboMdol  omdbool  AsdmYgbgdom  ITBsYdOL  Fgdmbgzgzsdo,  30MOMOZ0

5033300l 3583969090 ©sdM30©YOME0s  30BOWWO  9BsdgFol  LoBMLEBHYbY,
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36OMAM537o  MHBOHYB3gwYmRol Fglodwrgdmdgdbg s BsMbBY. 135606MHgd0L LobMLdg
593000909905 B3569M0L GH03bg s Job sb0dbgdsBY. B39 gdcm03, bLEHSEoMbsGYE
33036 135696090l MBOHM Fomoo LoBMBEG 9d3m, 30O MEEWMOL. M3 S0bligbgds
658096039 LgbLMEOL sGLYDdMBOM, MO0 9MPTBJmOL oo™ 563390 3L
@5 0563000 50056  gobersgqgdmmo, M3 Fgdwgdgos  doMdogboms 1396960900l
39000b393500, 2905M0E0 F9HDL3900L 2odm. LEMIsGMEMYO0E LggH™MTo sOLYOEO
56599000M39  13IBIMGIOL  MTYEHJLMOOL  LODMLEBE  TS3OYMBOEGOJP0S,  FHWIWO
LoBMBEGHOL OYBEZM30900L ILTBIYOES.

056599060Mm39  3OMaMsdwo  MBOHWB3gymaol  ghmgdo  360d369wm3z6  mBEosL
Do68mo9bl, (39996GH0LmM30L  ob3Mmzbowo  bsdMools s 30MdMO30  6a3Morol
95639690 9d0ol  Jgi33erol  Gglodergdemds.  dogowoms, CEREC LobEgdol 996049do
SMLYIMOL  35MsdgBHMo  _ ,Spacer”, MmIgeog  AobLEBEOZMH3L B0l  JumZo 06
913930300l OLEBEOMYIL. 39995EHOL LobgMdOEIB 2odMIE0bItY, brgds s©0bodbmewo
653650l LoEoEOL MYYME0MmYds. S939, FLEdWGdgE0s 963339000 BoGICIMBOL HBYLEO
30H9950Bs305 @ 0bL3YIBH0MYdS, o3 BoTMogdsl A35dg3l BMLEGI© 935835
5L3BOYdJO 3MBLEOWMJ300, 0bgdM03 JuMZ0MWgdMIB MY9gEIbiE0oL badolbo.

M9LBHOZME00L  STDOIdOL  LOBMLEG  Sb9g3g  I60d3bgerMzbsss  WHTMIOIIO
LGObIOGHMO dem3gdol 39dsb039M0 3853900l BH9dbmemyos®g (Kale et al. 2016).
56599000m39 CAM Lob3gdgdo oMM 094)bgdgh 4 b 5 gMdosh BMgHBocmgdOL
dnEgdl, 53  LSFMegdsls 0dwgzs  Hgdofhgzbom  BMLGI©  TmbEIl  IbMOL
3Mombggdol  9gmBg3s, o3 BOEOL  s®dbmm©  BMIHBoMGOOL  LoBMLEIL,  9M5Tg©
5999539090 Hgo30M0L  bscolblyg.  Fgbsdsdols@,  mobsdgommgg CAD/CAM
LobBHYIgdol  MIMOZEIGLMDs,  LBTMogdsl  0dergzs  MgLlEI3MHE0900 T BIEIL
35dbmem©  bgdofjgzbom  Bosgro  LOBNLGHO®,  9MSTgE  JoBLMOE0g L
MOHNM390010 30m6LEHOI300L, 3dool oo Jumz0wgd by BgIdOL 35653xEHMIOOL

IOV
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306M3mboxdol omglooll 998mbgg35d0 30M3560 5@3ESE00L Fgx3slgds Tggbodsdgds
053390 6m®IsL _ 100 dozmmbL. MoLog 9ILEHWMIOGD 953¢™GMqd0: Bindl and Mormann
2005; Komine et al. 2020; Beuer et al. 2014 s Ubgs. 3000360030 0sbbgg®ols bLobmlEgbg
D9393wgbsl 9bgbgb LB0gIBHMMO BoJBHMMJOOE, MMPIMOOES 300l MODMIJIPOYICO
369356060905 5 BJOI30MOL LodMEMM T390, 36M1935M0MYOS M93MmT9bs309d0L
0393000 (Tog. d5LOO 3009900, DIIJAHO 3MBNUMOMBS, b ZoModom, FdOWms
300030l 356M0gEMds), 30RO 0bxm®MTs300L F0Mgdol B0 bsMolbo s Lbgs.
Komine, Iwai, and Kobayashi 2007 5060365396, 603 90°_0sbo sdbomyoabyogscmméo 3mmby

56 0deg3d ©353059MmR0gdge d99agol, 35dob HmLsg 30mb396Mgbgool  3mmbol
D3OI oBOS 35033600 mgbs I ™MdIBIOL  3MBLEHMMI300L  BIOEIOIL S
6939630sL.

3.3. 30603mb0wdol omJlowols MYLE3ME0O0L g3sadegmds. 30M3Mbomdol omdlowol
3963560l Jmbg 9005639658037 3MBLEGNMJF0900l goMormmgdgdols dobybgdo

39BOLGH00MM0 30M3Mmbool 250myqbgdsd 8603369wm3bs goBsMs MOGMMIgoMwo
95000 @ 53008 GbodEgdMdGd0. D3OIm0 LodEHI0EOL Fowswro dsB396909w0 (1 93s <)
39053060MdgOL  doboerol  Joeog  59FGHIBMBLL.  33¢9g390000  ILEGHWMEYdS,  OMI
39OV G0 MMO (30603mb0MmTol OoMJLOEOL dSdBZ0MO JoIVS 5 ol dsbdo Bz 30
365JBH03MNWO®© 96 300560©gds (Rosentritt et al. 2017). 6og U939 ©IILEGHVIODS
LOFMPHEOMEOO 33¢0939000, LG JMBLAEHOWYJ305Dg 39630sGMYOMEO VgFF0MO 5dEHOL
50abMds 89500996 1,2 Jowombl. LsdMsem ©sGH30OH™M358 ¥9FZ00 5dBHOL OML
dooefjos 1512 bomEmbL (Van der Zel, Dekker, and Balfoort 2014).

09935,  SOLYOIMAL  36gds  ,396M90030L  OIZ39EgdS . 306M3MboTol  EOMJLOMI6
90050090530, 50b0dbmwo (36905 4MoLlbIMBL  gEHILEHIOOWMMO  BHYEBHMIYMbIMOO
735D0U, B3MBEEME, 3OMYMILOMYOS BHOIBLBMM T30l IMbMI0b®do. 36MmdoEos, BT
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396590308 ©5339eqdsl 0f393L GHgbo s GHgddgmo@n®s 200°C. ©gaMes30s 3¢0bgds
doboErol  BgEs30MHOL  bsm0osbmdol  asbMom, do3MMOBIMGOOL  FoMdmddbom, 6o

3MbBLEGHOMJ300L LodE3oEoL od390m9dsL 0fj393L (Zhang et al. 2019).

96535dbMH030 3309390000 IBEGHWMEY0S, OMT  FGEHILEIBOWNOO  BHYBHMoRMbow GO
30M3mbodols 394obo3 Mo 259dwgmds d9qLsdsdgds 3060l ML OLEHIME Josdmdo
3OO ME 093300 OEHZ0MM39dL (Sundh, Molin, and Sjogren 2019; Patzelt et al. 2014; Srikanth
et al. 2015; Guess, Att, and Strub 2012; Karl 2015). s0b08699cro 33009390000 3¢00bq0s, Gd
3963560L  goBgbgs MIgBHoLo  3MmbgdBH™MEdoL dosdmdo bgds. ®ol Loggmdzgedys,
933960069005 30603mbool 396G350L 30069JBHMMIOOL FoMIIMBdO s ogml 9 33%_Dby
Bogengdo. saMgmgg 36009369 m3zs600 390 35L0L Loldg _ ©9300960Mm9dMEo dobodserwy®o
0.5 90_qsb 0.3 33_0dg 8993060930LsL osxodloMs LodB3oEol 3egds 35%_ oo  (Reich
2017). 35BL539MHGO0  3OOGHOIME0s (3060300l 356M35L0IL  FooBWMOL  5BIgR30L
bosgoombo _ Lsdfeosb 39Momdo BodloGmEgds 13%_osbo (Sailer et al. 2006), byoferosbd
3960mdo, 30 15%_osbo 9sB396909wo [Sailer I. et al., 2007]. 3306330600056 FBs0BMGOL
5339P30L 990093, 0M3MbooL 350M35LBg MBgds dolbo 3069 59gbs, Moz JoMomMgdL od
539dAHD9, OMI IB0sHJdS bGds Bo0BMOHOL B96oL Loe®MIgdo s M FoM3Mbowdols
©0MJdLoEOL s BH0FMOOL BsDBPZIODY. DMyogPNo IMbszgdom, 306M3IMbOOL 356 35B06
3350083960 3539b30l  Bsbgz96909eds  Fglosderms 25%_ dosmfoml (Komine, Blatz, and
Matsumura 2017).

3.4. 306 30mbodols omdlool 35G350l dmbg 3mblidMmvdzogdols Boeosbrmdols sMeggzols
doBgbgdo. 993obozmMmo s MmgMIMmo  ©sdMdszgd0L  DYRsgghs  FgEHSLE SO
A9IG®53MbsEH 30M3Mbomdol omdloby

3309390D9 ©oymbmd0m 990degds 351330650, MHMA Bs0xRMMHOL 9bgdls s 30MH3mbools
396356L MO0 83039 3939060, 306030Mb0MTol OMJLoOL MHgLEI3MSE0900L HoMBo@gdols
9OMIOM0 093500  256353060Mm0gdgwos (Matsumura 2017; Sailer et al. 2006, 2007).
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50b0odbero 8330339 3938060 45635306MHMdYOJ0 BodBHMMgd0s: JodoMo dJob Lodwogey,
99496039960  MO0gM35300600, ©IBIJHIOOL GHo30 s  3MbEIbGHMSE0s,  BIOTMGOL
1969080 890503000MOMgdgo  dsd30L  ©mbg,  MoLoEg  @obs30MmMdYOL  35635L0LASD
396Lb353900 1gMHIMEO JORBIOMNMYOOL 3M9g5303096G 0 (Isgro et al. 2015; De Jager, Pallav,
and Feilzer 2005). 35635605 gm®IoL 356539BHM0MGIOL ©IMM3935 BOORMOOL FMdOL
53LbbgzM930L 9MNIH JoDYBL HoMTMo9bL. I0BgBOo TglodErgdgeros ogml 3oM3mbowdols
©0MJLBOEOL BIWO MOMYSTBHIMMBS. 1939 sLOb0TBS305, GMT odMf30LLL, 96 3SLOL
390339 56990Dg 09MH Mo HBgmddg9ds 9969000 Bo3egdos, Mo obs3oMH™dgdL 0d
5394AL, O™ Jobo J00EYdMY BS0RWOOL TMJJOO SMVLOMEIE Q90D A5TM{30L 3OMEILL.

odMMSBH0MWO  33¢09390000 ©IEP0BEs, MMI 35M3LBBS s B0TMOOL FM9ggdls dmGols
09OHIMWO  QOBIONMGIOL  3109803096EJO0L  FgLsdsdmgdsd, Fgodwrgds  Asdmofizoml
39000905, BS0RHF0 d03OMOBIMGOOL Ho@Bmddbols s d98mado saLlbgMg30L IbGO].
309303096390l MO0 Mm3EH0doemo Bbgomds dgoygbl _ 1,2 - 1,7x10°K™! (Kohorst 2011).

dsLoeol  RBMMO  FgBHOLEGHVOWMIOL s BHMSBLBMMTs300396 FoMY30MdOL
139308030L  2om35¢olHobgdom, sOLYdMBL 0Tol  SEEOIMIMDY, MMI  (30603mbomdols
©0MdLBoEOL 35M3560L MGMHTMWO AIBIONMIIOL 3098303096EOL (330 gds, Fgloderms
Hom0mo96gl Jobo BsBMMO (33000 B0l JggaL. 53 d9dmbgg3z5do Mbs 500boTbMU,
™I BS0xMOH0 53969006 53396308 FoDBYBL oMY gbl 3063MboOL BsBMMO QoILZW..
9bm300bmMH0 BsBoL 30603600l omJloOL MYHTINWO oRIONMIOOL 3095303096EO
09500396l 7,5x10°K™L, Mog  39530¢gd0m 930699,  G9EMogmbocrn®  LEHMYBHwOolio;sb
d9005Mgd0m _ 10,8x105°K L. 50lsb0db65305, ®mMmI BsHDM0 45005L3ws Fgodergds 4sdmf)3goeno
04mb 49093560 RodBHMEdom, o TGOl dgdsbozmeo Bgdmddggdom. EFocm3Mmbool
39635b0L EsdHBHYOOLIL b0MSE BGds 5OMSBOIO 9egdgbBgdol godmyqbgds. doohbgas,
O™ 50b0dbME0 BoJBH™MMO Bgyo3wgboll sbgbl dob LodE3039PY. WM MMO FsBHYGO
33090900  [oMmdmddbol Fos dod39dL, s FgodErgds  Bgyo3wrgbs  IMobobml
3653bMmEmE  3oM3sLol  LodE3039bY, 9939 Tob  MOPOYONJI)IOIDY  BSOFMOOL
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3690006. 0935, 506060 Fmzergbols 0bgds dmMIEg X IO 56 sGOL Fgbffogerowo.
59 MH™AY 56 5OLBYGOMBL BMULEO LodgEbogHM OILLdMMGDS.

5065D0MEo  ©3MTs3900L  gOMIOHMO  Loby, J3005-Fo3WMMHO  ©sFYF53905, BIONMO
393039 s 33OHMOOMIOMEO FJOMPOS, 0Q0 99xMdIBIOL 356 35LDY Bs0TBMMOL
I Foq0sl s BOEOL (39996GHBg Bodusgool s3gHBo® Lodeoghgl (Kern and Wegner
2005). 29633999 33939030 5©0bodbs, ™I  3063mbomdol  omdLlool  JoM3sliols
9300535360 5399353905 59dxMOgLlgdL dslserol b3z Lod@zosgb (Guazzato et al.
2005; Curtis et al. 2006; Isnainietal.2015). Guazzato M. ms30l 331939930 F0)OMOU,
930853030 ©5849d53900L J9dymd, 50b0dbMo 3s658gBHMOL BOIBY. sxMgM3Y,
399030065 30630600l 8Mmbm3eobmMo 535Dl OO MoMmEIbMds 356 35L0L Bgs30oMH* e
9699000, M5 51939 IO BB3S 33093980 (Zahran 2006; Isnaini et al. 2015). Piconi,
Condo, and Kosmac(2014) 03056, 6MHm3 308539300  ©3MTs3905  306M3IMbooL
30bLAHOMI300L HBII30MOL Q5mBIdGNOIL 0f393L, Zhang Y. (2004), 30 ®s30L 33wg39ddo

50bodbogl, MHMI 50bodbmeo J99gds bawl Mfigmdl 339 SOLYdMEO  IBIIEHIOOL
390603539056, G003 5d30MOL 3MbLEMMJ300L LodG30Egl s MglMELL.

93005353 MH0 5849853905, FoLogroll Bgs30mBy Fomdmddbol bomosbmdsl s dobo
365396M90L. 30603060930l oMJLoOL  3MbLEHMYJ30500, BIBMOO FoILZWOL  godm,
bgds  390WMm30M909wo  ©93sdMmdol  FoMmdmddbs.  sMLYIMBL MmO,  H™I
930053536 5393539056  JgdE0s  5GMTBMWMO  BHYEBHMyMbI©-Imbm3wobmemo
39330l 0bozo®gds, M99  M3M3OMEILOL  _  Imbm3wobym®-Eg@EMoambswy®o
239005130l 259M(39353, M3 WS39380MGOVIE0S FobOEIOL M JIE) JoIHHYOHGOILMSD o
D9393wgbsl sbgbl dols dgdsbolzme Lod@H303EgbY.

9330935005 sdLMYENHO 1IMI3eglMds 5bodbsgl, HMI 306 3Mmbodol omdlowol
396035L0L 69960 oddsgqds dmddggdl dob dggobozm® BobolinsmgdEgdby, wyd3o,
50b0dbmeo dmgwgbols dglobgd dsmo 1336900 @S FMLIDBMYIIOO OSTYEHMIWMEMSE
3obLbgoggdmeos (Luthardt et al. 2004; Guazzato et al. 2010; Denry and Holloway 2006;
Isnaini et al. 2015). Lsdgabog®m (6H9gddo o6 sOLYdMOL T3oxz0m 3sbbo, F0MIMbomTol
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©0mdbool 356330l LodE303gHY, s bsMOLLOL @ Lobol  Bgys3wgbsl  sbgbu,
bbgoobbgs Godol 39dobolmemo ©sddsgqds.

0gMIMo 59353905

30Mgd0oL s 30853930 MH0 ©s3w9d53900L 990AMA, GgBMoxmboscEmo LE®IEHGOL
50bogbs @  Fos 403900l golisbgoBMowgds,  333g39mms  bsfoero,
693396053056 H93L 30MIMBoOL 35635500L FgmOgE A5TIMISL _ g.§. ,05M93969M0M9gdgwo
299030l Bo@otMgdsl. 09939, 50bodbvero Jdggdol 30BN EMdS 359dL doge
609 3000b39dL.

0000600)3om B30 0HJIMWO BHgEMgmbscm®o 30603mbowdol omdlool mgMHIMwo
509353905 M350  93GMMOL FogH 9GOl Jglfogerowo s dgBgl Jgdmbggzsdo
23960bogds HMmAMM3 390530308 ©sd39wqd0L Bog@EmMo (Lyon et al. 2011; Wang, Aboushelib,
and Feilzer 2008). 25633970 3393900 563969096, M3 mgM3MEo  ©sdw9dsgz90s
D9393wgbsl 9bgbl slogrol ™M30L9d9d0By, 08 Tgdmbgzgzsdoa, 3o ®v) ol bs3ergdos
Lobmgbob 39gd3gMo@MMsbyg (Guazzato et al. 2018; Balkaya, Cinar, and Pamuk 2005; Isgro et al.
2015; Sundh et al. 2005). ogo 0§393L BsBOL 399250 5JIBL, Tgbodsdola, IMbmIobr®o
535D0ob 9930609058 s BHYGHRMbI MOl AsBMEsL (De Kler 2007; Guazzato 2010; Sato
2007), Gs3 0f393L 99958 F0006MMmgd900 dsd3900L 350MmMO30LvBgdsL. 330093500 baffoendo,
399560399650 93993539090 30603mb0mdol omdboob ,,d56Mga969H0MdIE0 dodmfigol”
3900099, ©3530dB0MEs bsMhgbo dsd3900L gobgo@®ocrgds (Denry and Holloway 2006). Lbgs
33930l dmbogdgdom, 3o _ ool bpgzmo bod@zosol 8993o6Mgds (Zahran 2006).

50b0dbMeo 33¢93900Lg0b 256Lb39390mo Jggao BoJuoMmgds b3S 33¢g3580, Lo
30M3b05Hg 33300 Fodmf35 Bgdmddggdsl 56 sbgbl (Wang et al. 2007).

90bgo350 IMbs3gdms oblbgeggdols, 3930 BfoMImgdgmo M93mdgbsiosl HolL

9569396900009 258mf3oL  (Fogowoms Vita _1000°C  3Hgd39Mo@esbg 15 froob
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396853cmdsdo; Ivoclar Vivadent - 1050°C 3933969¢m6sbg 51939 15 Hyomols gobdsganmdsdo).
d0omIMgdgEms sSHBOOm, gl 9930w gdI0s MIMHTNWO  AIBIONMIdOL  3MIB03E0IBGH0M
299039990  dsd30L  goliobgodMowgds (Vita 2014; Ivoclar-Vivadent 2008). 09939,
90bBsbdghmboos, s0bodbmmo  M93mIgbsE00L  oIbg3s, MOYL  omEoMdom
UGOB0EO0HYOMEO  FYBILEHIVOWMMO  BYBHORMbIMMmO  3063mbomdol  omdlools
09MH3M0o 53353905 03938 Tobo FsHBOL M3MEHGBLRMOTo300L, MOl 939y ToLoesl
3050 999905 [0bso0dgamds 25Foml dDsmgdolL Fo®dmgdbol s 4930 Egegdsl (Cotic et
al. 2021; Sundh et al. 2006; Guazzato et al. 2010).

D99 gd300sb 459md0bsMY, 89230000 35533650, HMA (3060 3mbodol omdlools
396035L0L 5dMIBOIO TMT53900L DJYO3Egbol baMolbbo s M30L9ds, 0lY3g OMYME3
»050923969006M909w0 2sdmfHzoL” bsFoMmgdol Lozombo, 39bm3zsbo s A9MM33939W0s S

b5 F0oMMgdL d90yma 94u3gM0IBEH™ME 33¢9390b.
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8900Mm©OMEMY0s, 890003900 S5 890M©Yd0

LMoo 25dmyqbgderos bbgoolbgs oo @gdbmermyom®mo 33w q3900L 89wgaq00:
30M3mbondol  omdbool  dgdobozmMo  ™M30U90gdol  Tgufogams  LadhgMEHowM3960
B9hmeolsl, dsb3960M909eo gargdBHOmbmeo do3zMmlzMm3om 459m33¢93s, M9bGyIbMEo
ORM3JBHMIGGHEM0s bsGOlbBMOMO30 S MOMIBMOIM030 FBsBMOO SbsEoBom, BMLEGO
d9L505d0bMdOL Jgxsligds (3083MMEo Jo3MMUBZM30L godmygbgdoom. s3GMgmag, 50bodbmem
Lo30mbgdmeb  s3953d0Mgdom, Tglfogwrowos  AbmgBwom  3GModEozsdo 56LYdM O

056589000™39 33w93900-

1. Y-TZP 6038300l begdmemo bod@3o0L gsblisbmg®ms bsdfgdh@dowmmazsbo ognm®dsgools

390mEom

D03Oo BodE30E0m 2obolasbrgz®gds ol FoglodseEymo  FoEIBMOTOMGOIE0  doo,
OMIgbsg Mdgdl 60dmdo ©IB0sBYdsd©Y. 396980390 FoBOgdol  godmEoLLL,
5006036905 dbMme™m© 30M39ws©o bolEGo ©gBMMIs305, Mol Jgdgy bgds dsbserols
53bbgM935. 50bodbMo 331935 ABLMOF0JS IBsRIMDY Instron 3369 (Instron
systems, Illinois Tool Works Inc, 533), ®™39e0i3 s03H300005 ©EH3060mM30L LobbmMoom
(STATIC LOAD CELLS) 2530-5KN (5000 6o9@mbo). 33e930Lsb, @o@300m30l LobdsMg

99500396y 0.580/(3, dem390L Mol dsbdogro 10 33. sGH30MHMZd bmME0IWIdMES

3995009006 9O GH0 DY, 0.01 boEHmbols LobmiEHoo.
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L. 1. Instron 3369, «b039MLSEMOO
0996039960 LsGHguEH™ sbsAMO,

- HmIgeb9s 5BbmME0gm©s
3333900

Ls39w 603Mddo BoglodscIMHO OO MEIMIOL  JoTMMZS bMM30gYds 9090
ROOINWO0: Owsy = SPL/2WH?(11), bosg

Ow6; - BOZOWWO oG 3039, 935;

P - 85gdb08s¢®H0 ©oG300039, bor)Bmbo;

L - Boy®9b §90@GH0wgdL dméob dsbdogro, 39;

W - 609930l bogsbg, a0;

H - 609930l bLodswery, dd.

9525W0mo@, 0v) 5JL0TSEMMO IBHZ0OM3S (P)  MoMol 3035.502 bor@Hmbl, Loghwgb
D96 GH0wgdl dmEol dsbdoero(L) 10 d3_L, 6odwxwdol Logsby(W) 3.91 83_L s 60odwxdol
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Lodoswerg(H) 2.96 30_U, 85306 gm®Imeol dobgzom, godmmges 45bbmM 309w gds

39909bsoMoco:

Oty = 3PL/2WH?
Owey =3 x 3035.502 x 10 /2 x 3.91 x2.96 =1329.1123835

2. 35901330935 3515356009090 gergdBH®O™beyemo dozhmlszm3om

LsgEgo  603mM3gdol 30DMeEMMO  bsEODOLMZOl  dmbs  Fo3oboMmgdgEo
909dBHO™bMmo  803OMB3Mm300L  250mygbgds,  MMAgog  LsTMowgdL  435dwg3L
d930L(o3wmm M0099dGHg00 Bmdom 1 dozhmbo s MRO® 3067. 60dT9d0l L3gEOsWGS©
059999539990 fodmgdols gLfHogems asbbmGmEogws 1000 googdom, dozmmlizm3ol _
Tescan VEGA 1I (Bgbgoo) 9459mygbgdoon.
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by, 2. Tescan VEGA I,

9@JOOMbYo
90360ml3M30, M0d9bBI3

39BbmME0g©s 33193900

3. Y-TZP bsggero 6098900l Bges306900l Gomegbmd®o30 s bsolbmd®ogzo
®963296mBsBMM0 sbsgrobo

33g30L 890002035

9633968 MM0  sbsewobo  HoMTmoagbl  3M0LEHIWMMO 5398 gdol  FoLoEgdol,
99396GHOM ©s FoBEO 9o gbMdIBg 06x3mMAs300L Jogdol 3b0dzbgEm356
3300935L. 50603600 33¢0930L ML IEAMTSOIMBL 00530, HMT 3OOLESXMMO 5390 gdOL
Bgoobdogmo Lbgwmwo bsbosmgds dolbomzgol 1393058303900  3MOLEHIWMGOO  dgugHom,
39bLsBOZOMEo  Jodo©mo F90s5ABMBOM s SGHMIMs B39gE0BR03MMO  FobEsggdom.
36OoLGHWMEmo  dglgMol  4gmIgEMmos  A9bs30MMBGOL  LOdGMEYJMSIMEMOLO  Fsbdogdols
356053090L. GqLod530BOE, dMYAYIL 390bggdL O I 7o A5dMb03xd00 ORMSJ30OLS.
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30360LGOHO bgmgdol M9bEbmgBsBOO 565¢0B0o LETMogdsl oderggs:

- 39930330M0 Lol GsB@mo Jgdsqbenmds;

- 3963L5BMZzOM FsLoeol 9ergdgb@ oo 99959690 GJOHMIMEOL 356589EHMYO0;
- 53500306Mm0m 3gs®0 bbgmeol BLiEo 99050090 Mds;

- 39635bmME09m®m  LEHOWIEHMOMEo  Bowobo _ 2obglobzdmm  F9dsgbgwn
5GH™AMS 3MMmOmEO0bEHJO0

- 399303300M0 F5L50ol BIHBMOO oLz gdo.

96396 x8BMO0 5b5¢r0Bol gMm-ghHm 3603369 M356 M30MEHJLMBL FoMdmoygbl ol
539930, O™ 3m03M0LEIMMOHO Asbogrol qlsbffogs 5@ bgds LBy Moodg Lobob
530D037900 H99mJ090905 S b5{936M90s, MILOE TS BBZBOEOLYOMHO SBsOBOL
©OML 3bggdom. B39bL d9dmbggz5d0, s0bodbwmo M30Msdgbmds 3608369wm3s6 MMl
05858m0dL s obs30MHMIJOL 33930l F99go0L MdOYJGHMBMBISL s Fowsero boolbol
LobmLEGL.

3O0LAGHIWMOO 5390 gdol  FoLoeol  BsMOLLMIMOZ30 s MoMmEIbMdMH030 RIDBMMO
3905003960 Mmd0L Mmd09dEM0 9939900 Ig™EL oMMy gbl CORMOJ30wo Sbsgrobo.
9633960l Lboggdo, GMIgdoz 3OoLEIL bbgsolbgs 3mmbom 939006, Lodroegdsls
339909396 2563L5DVZOM™M SVb0dbMEo LbgmEolmgol sdobslosmMgdgwo (35 399Wo
9m0x303530900. 592356050, MomEIbmdM030 s bomolbmdMmogzo  ®9bEygbmzsBMGO
365¢00%B0 9539936905 3MOLEHIME FalgMDg MHBEHYIOOL Lboggdol oFM300lL Bmgargbasls.

bsOolbmdMmogzo  BoBMGO  9bsrobBol  Fgom©o RIS ORGSO 30YICO
95Jb0dMdgdol  F9IMGP0MO  0b6FIBLOZMIGBOL  FEYOIMJMIYGOOL  2obLEDBOIOILMIB.
50b0dbeo ImzEgbs Fom3modadbgds 3MoLEswmmo dgugMol d9dsgbgero 5@™MIGd0Eb,
963396Mmemy0mMHo 459mlboggdols 56933 obob.
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50 9bMdM030 9565¢0B0 ©IxdbgdME0s odMb33eg3 Md0gIEHT0, Fqlodsdolo GsBGmO
0905003969005, QORMOJ309wo 56933¢0L 063IBLOZMBOL FoblobzMsbY. s0bodbmeo
9900m©om  JBodgdgos,  3OoLGHWM  bbgmardo  Lbgosolbgs  GHodol  gsbgdol
509bMdGO0L A9BLIBMZMY. B396L F9gdmnb3z93530, 50b0TbMo FgmMmEO3s MIEH0ToEMMOS
30M30mbodol omdlool 39dsbo3Mmo s MYMIMo Es3Ts3900L Jg s Tgbodem

339D9M0 (33¢00gd900L TgLoLfogwrs.

1d93s 1. CORMSJEH™MIYGHOOL dMTomdol GO bdgds

6o0mEabMdMH030 s bsMoLbMdM030  MBGHYIBMBIBMOO  SBowobol  O™L,  bgds
299mbboggdols  459mygbgds  GHowol LoaMdom A, ®MmIgoi  GMEos  3MoLEIOL
5G™AMSIMOHOLO obJoErol. M9bEHRIBOL Lbogo, 93995 O md0gJEL O 3Mmbom, MegolwREs©
39030l gOMoBHMT0sd ML, I3 99539 O™ BoformdMog s06M93wgds 0ds3g ©
3Mobom.  Gow®gdo, MHMIgwms 00933 bgds  Lbgoobbgs  LodMEGHY99d0b,

75



9603569 bg MO0 OHJ8)gd96_ bgds 0b@gORgM96E0s. 3039MH9bGH WMo Bowmgdol
06&9mH589M96305 2oboloBOZMYds om0 BoBJOI0M S SF3EOEHYIVIO0.

33930L 89092900L BMOHT0MGd5d0 MBS OBGMSIGHMIgEH®oL "X’ Pert MRD Pro” (Malvern
Panalytical GmbH, (396356005) g58tg9gbgds. 53GHMOOL 5339000 33935 35bbMOE0gWw s

39603560530, 139305 0BYOM FoPO3ZIO0BO309YM PILYdWgdsdo _ Fraunhofer-
Institut fiir Schicht- und Oberflichentechnik marsIST, 2023 {jgeb.

L. 3. X'Pert MRD Pro, @og6sd@mdgd 6o, Gmdgamdgs 39bbm®mEogws 336093900

©OoxMSJGH™MIgGH®0oL  F985009bge  9wgdgbBHgdl Ho®Bmoaabl  qmbomdg@mero

9mfiymdomds, M96¢2960L G&dmlo, MH9bEaabol LYBLMEMO S sdBMTo bgarlisfym.
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9633960l BHdmLom BmIMLoMGdIMwo BbB0ggdo Ho®r0dsMmmgds S1 s S2 JodsOHMMEgdom,
ol 9999 6030l Bgs30MHMIB OBMIR0MYOIE s 500ddgd0s6 YEgJEH™Mom S.

50L5603b5305, O™ gmbomdgEHMBY, b0odMTol BgsdoMol MsbbzgMs begds Bm3mloMgdol
LOdMEY9DY. FodBMI0 bgebsfyml y39ws IGO0 IROJBOMYGINWO SOOL yMboMIYEH O
335653 BY. COBOMJBHMIYGHA0, L3090 603T0IB BMIMBOEMYdS 2obbMM YL dMYYs-
0696BHobml Igomnmeol dobgz0m. 60d9dol Bgado®mol LoGEygdo dgdsMgMds O 3mmbom
A0 bMeol. ox®msdEomwo LMmsmol BGmOMIoMGOIOL olorgdx MmdgLlYdWs©, bEgdms
o390 60dxmdol dMHMB3s. ©IGHIIGHMMOL dEYdMYMdOL 9330l EOML, bodwxmdols
dmdMMBgds  bm®E09wgdm©s 0 3Mobom. ©IGHIIBH™OOL s Bodmdol  sTF MoL
dndOom0d5do  dmyzsbs bmM30gwgds LobdOmbmwo  gargdBHOMIMZ300. ©IAEHIJBH™ODY
dmbggoMomo  M9bGHgbols Lbogqgdol 0b6@9blogmdol  godmmgwrs bgds 0d3wwligdol
LoBdsol osmzeom n=N/t, Loz N sGOl 083w Lgdol HoEbzo, GMIgEms IBOJLOMYdS
dmbgs t oMOmJo.

Lboggo 603480l Bgs30Mgdby  IMOLEHIWMMmO  RBsDgool 9339w ™doL  Fgxsligds
2396bmM309m©s  06F MM dsgjlodmdgdom,  3mobol_ 20 2° sb  40° dy
96003690md0l  0bGgezsewdo.  Bodmddo, 3MOLEGHIWMOHO  BsHYOOL  MOMmEIbMdIdOL
3obLOBOZMS bMmOE0gwEIdmEs J9BIM©OIO0MNO 06@ 936560 593H03Mmd0m.
565¢0Bolimzol JgoMBs 0bEgaMsw Mo 5J@03mdol y39wsbyg 0bEHgblom®mo 303900.

33930l Aobogmsd

33e930L  BsbioGo®mgdmo  dmbs  ZrO2_ol, ULEGHodoEoBHgdmwo Y203 ol (999gado
dmblgbogdmwo Y-TZP_ob bobgwom) 603dqdol godHsgds s 8500 ©ogma3s 5 ¥ awa3o:

- 30639 X3v9Rd0 89953500 60399990B9 296bmM 3090 J3085F530 MO 5349 d53909,
d99pamdo 3569296960060989w0 25dm{)30L A56M9dg.

- 9969 xX31Rdo 99ds35¢ 60dMdqdHg gobbmME09w©s J30853F93c M0 ©sFwY3s390s,
39900mdo 3569396900609090 45dm{jz00.
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- d9bodg xaRdo 993s35¢ 60ddgdDY obbMM 309 5¢ETBOL dIOHO SdMSBOYIEO
05099353909, 953 gd00 godmfzol goc9dy.

- dgmmbg xamx3do 999535¢0 503F9dBg 49bbMME0gs MMM SEToLOL dmMHom
05999953999, 53609039 5693969006939 A5dMf)3s.

- dgbMmg x3MRdo  8909535¢0  603MdgdBg 96O  gobbmM 309 gdMWs 993000560
99496039960 56 399396 5GH Mo Hg8mddngds, Ggledsdolo FoMdmoyqbl bozmbEMmmem

XoNBL.

000MgM  ¥3Rdo  Imo3ogl  39EHOLEB0WIOHO  GYGHMIymbomo  3oM3mbowdol
omdbool 10 60dwmdl.  Jgdamd, dmbEMolL  sddegmdol  (Bending  strength)

LU00090G0M3560“  BgbBHOL BoBe®gdol JoBbom  AsbbmM0gw®s  yz9ws bodmdol
39030,  dgLodsdobo  domo  sALlbgMg3s, ol F90Io3  Podot©s 33O o

90360m3M3w0 459Mm33E935.

33930L 3mdg36m 93939 49BbMmOE0gw s 60dMdqgdol dsb3oboMgdgaro gargdBGmbrmeo
9036mb3M3000  259M331935(390ads 1000 xgMmo©sd®Y),  ©sds3  Lbgoolibgs
698gd9gdol 89go© 3odmfizgnwwo bHONIGHYONWO F3LWOEIBIOOL 0B ObIGOOL
L5 qds FMYZ(39.

994396008963 >WMMO 3300935 S3AHMMOL 93390000 BoGoMs ISO 6872:2015 (Dentistry-
Ceramic materials) bGobEMEHM6 FgLodsdolMdSTo gMHdsboolis s Bgbgmol Mglid«yderozol
139(3000HYOMWO  (396GHOIOOL  dMOOGHMEM0gdJo: Institut fiir Festkdrperphysik, Ulm,
Germany; CSMS_Ceskoslovenskd Mikroskopickd Spole¢nost, Czech Republic, 2022 s 2023

fargddo.

9009090 9993900 LEIGOLEGH03MMO FMTs39ds FIBbMOEOgWw©s 3MMaMmsdsdo TIBCO
Statistica v13 2022 ©ob3dgOlowmwo sbseroboll ANOVA Origin B@o@GobEGozn®mo 353930L
99939md00.

3309300  FdBoerol  Lsbom, dmbs  dmblbgero  3mBLEGHMMIE0900L  3oM3olgdols

53¢)M353H0B0oMgdImo  HoMdmgdobmgzol sb3mmabowo, Y-TZP dgrm3gdol gsdmyqgbgds
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(VITA In-Ceram YZ for in Lab, Vita Zahnfabrik), boger 80 gbrogmeools Hom@gbmdoom.
53M9D0oM9gd0L 9999, 356bMM 309w LEdMEIMM Q5TIM{3s Wdgerdo _ VITA ZYRCOMAT®
6100 MS (Vita Zahnfabrik, gqM3s605) s 80 9a3b9g3es6m0@sb, Lobsmerol dozmmlizm3ol
99939M000m 53m0MR0S, 0bogsbo gxgdEHol s60dJmbg 50 zowo.

3900099 993D dMmbs 500 IYMRS 30MHMBOM X Y1IBJOQ:

3063900 XAMBO 500b0dbs smmo ,SBY s Fsldo F9ogz5¢00 39639Lgd0 o349 ds300
J30dsFogemom _ AlOs @obdg®lormemdoom 110 dozmOmbo, 10 §sdol ds6dogBy, 39635506
2 3_ob sdmMmgdom, 3 ds6o [bgz00.

390mM9 X380 500b0dbs ,SBS®. Jom Bov@oMmsm 03039 349353905 M3 30039 XyMBL
QS 3F5BHJoom  QobbmOmEogws 9.0, 0509396900090 o”  godmfzs  1000°C
39939605 M5Bg 15 Fyomols Bsbdobyg (M9a9bgMszool Mggodo _ 25 fo., bLGs®Go 550 °C,
29bm®qd0L Lobdstg - 100°C /fmodo).

dgbsdg X3RO 900bodbs sbmmo D AsbbmM309w@s Fomo 50OV T390
30603mboxdol  omdloobm3zol  2sb3mmzgboo 1393050 BYdIMMo  s5Edsliol  dMEMO”
»ZR6850.FG.016 Crown and Bridge“ (Komet, 39635605).

dgmmbg X380 9500bodbs sbmmo ,DS”. dsldo 99gdsgee 60dMdqdl PowEsM©sm 0ligmogg
59853905 OMamMm3 Igmmbg X3MBL, 00 2sblbgsgzgdom, MHmA dmbs dsmo Fgdyamdo
399035 (B99m»s0bodbmwo bdgdom).

dgbMmg X3MNRB0 900bodbs sbmmo ,CY _ OmamOE LsgmbEmmmm s dslido Fgdsgee
3oL gdBY 96 2obbMEME309EGOES 5093000500 BgdmMJdgEYds;

9395 60d1dol Bgo306M0 golinmozs o odmdcs, Lodmemm HBMmdgdol goblobrg®s
dmbgs 0,01 83_ob LobMLEGHO.

0533509 FoMagbowo doMomawo Lszombgdo

1. 393LGHV0MMO  GgB®MbomMmo  30630mb0dolb  omdlool  Loggwydzgw by
53D5@gd0o 35G350 39053030l F9d960399M0 BB T T539d5 BYYO3w bl

sbgbl LodEBH3039YY, 9xMYMNZ) 9FOWO 5d3L M T5390E0  HBYI30MOL  FoBMGO
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damdoMmgmdol s  bsbmdMmogzo  0gMIMEo  2oRIOMMIOOL 3M95303096¢)0L
5053MMABMBOMYOS©  (33C0Egdsl, o3 mogol  dbM0g  Fgodwrgds  FoMdmoygbrgls
39635006 39658030l 5@ 39h30L JobYDU.

2. 393)9LEHBOWYOHO  BHYEHMMbomo  30H3mbomdol  omJLlool  Lyxdz9W By
©53BoYdMo  39M5303Mo 39030l Foow@gddgMo@MOHIcmo  asdmfigs  dobo
30D 3353900l 999, 9bIbL LodBHI0EIHY BgIMITgEIOL, S EOMUSS
5SRO0 5438 934985390990 BYP30MOL BsBMMO BEYMIsMJMIOL BMOT>E0BYOL.

3309306  Ls®fdmbmmdols bsMolbo

30M30mb0dol omdboob Bsggwo 60ddgdol BoHo3M-JodowEmo JobslosmMGdGOOL s
030L98930L Fgusbifogersq, Jomo@gdbmemaom®o gdudg@odgb@owmmMo 33w93900, 2022-
2023 §F. 93»™M0b 93390000 2obbmME09w©s 29M3sbools s hgbgmol 93GMOOE G I
©509U9099e9d9d30 _ Institut fiir Festkérperphysik, Ulm, Germany; CSMS_Ceskoslovenska
Mikroskopicka Spolec¢nost, Czech Republic; Fraunhofer-Institut fiir Schicht- und
Oberfliachentechnik IST, 8353600 3MHaMdM030 LEIBIOEJOOL domgzswolfjobgdoom DIN EN
ISO 6872:2019-01 (ISO 6872:2015 + Amd.1:2018) Dentistry-Ceramic materials.

33093000 3sL5¢Eol Bobom, Imbs 93EHMI>EH0B0MYOMEO Fo®dMmgdolmzol gobzmmzbowro,
3o0oeo bs®olbol Y-TZP dem3q00ol gsdmygqgbgds _ VITA In-Ceram YZ for in Lab, Vita
Zahnfabrik, Loy 80 gMMgMol HsMIbMOdOm. FHJHoMgdoL 90y, 2bbmME0gX©s
LSOMEMM 45dmf3s Mdgedo _ VITA ZYRCOMAT® 6100 MS (Vita Zahnfabrik, 396»3560) o
80 9399356096, LobsMNOl B03MML3IM30L dgd39Mdom SdM0GmBOS, obogobo WyBgdEHOL
563Jmbg 50 gHmgmero.

330930l 890093990L 3mOHI0MmGdsdo dmbEs oBMedEMIgEH™ol X' Pert MRD Pro (Malvern
Panalytical GmbH, Germany) ©1603960bow9MH0 GHMOLOYWO LSEJLEHM BIAMOL Instron
3369 (Instron systems, Illinois Tool Works Inc, 5d9) s gargd@®mbmeo dozmmbzm3dol Tescan
VEGA II (Bgbgoo) 359myggbgds.
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99u3960896¢ o 33930l G99a900

39GOLE00ME BYBHEoaMbo® (3063mb0mdol omdloby BywsdoM o
5065H00 ©5399d53980L S ()d3gMEIMHIo BgImddggdol Bgysgzwgbs

9d9L535¢00

O0amOE  9036086gm,  3063mbomdol omdlool,  OHMIMOE  MOMM3JIOOYO
3MBLEGHOMJEo0L  39635L50 299MYgbgdsOo oLl GOHM-9Mm ASTMbIGWW VSIYMBOD
dboegl  HoMTMogbl 53  sLoerol  AsBHgb3ol  dgdmbgzgzgdo  (Machry et al. 2022).
3565MJlwos ol goMgdmgds, MMI M3 MBROM JoLswos 30M3Mbomdol omdlool
3303160 95839698 gd0, oo wRcM™m 890086935 dobo 39dobozmemo 453degmdol 3egdol
A9609630s s 3oMojoo (Limkemann and Stawarczyk 2021). &gdbmermyonm®o 3GmEgbol
Lo®oLgmerds Jgufogesd oMz obs sSBOMs Lb3zoILbZsMds s M93mIgbEo3E0gdOL
9600369cmgobo  goblbgeggdgdo  30M3mbomdol  oMmJLoOLAE  MOM™M3gEoEo
30bLAHOMI30900L  ©sFBsIOIOL  3OMEILMSD  ©s3s3806Mgd0 (Holman et al. 2020;
Limkemann and Stawarczyk 2021). 56Ugdmdl qobbbgegqdmmo  6H93mdgbsiogdo
500500 03339008 s 9.0. ,09M9a9bgM0MdgE0“ godmfgol(regeneration firing)
LosFommgdol Tgbobgd (Hatanaka et al. 2017). dgbodsdolso, o0bodboero  Lszombols
Loe®dobgmewo 9dudg@odgb@mwmo 33eg3s s BoMgdo ggagdol 0d3wgdgbdoEos
96039369c0™356 fgaroml 8g0@sbl 3063mbomdol omdlool 2sdmygbgdom 3s5309bGHms
MOOM3HOOIE0 MGod0E0ES300L Bsgombdo.

3965903990 dsboErols odlbg®mags GgodEgds 459mfizgmeo 0gmb GMAMOE JOHMI MO
90360mbEHOJGHMOMmo  ©IRgdGo  HoMmdmddbowo ¥BsMom, sxMgm3g IMIIXMBOMO

©9%99dHJO0L  3moemgbzgbgooo (Machry et al. 2022; Kaizer et al. 2020). 36sgd@ozmeo
3990g9gb69000 06¢3gMHgLL 356 3LwE0 FoboErgdol MY350MdOL J0doMm [obosdgaMds o
0DoM900L Ho®dmgdbols JodsGm goddergmds Fo0dmaoaqbl.

0Ds6900L Ho®dmgdbols dodserom d9g™mdoL T9z35L9ds glodEgdgEr0s MMHO JJMEO:
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1. dsboerol 96030 OFMom s Fgdamdo sALHIM3000 B3YEOSME  godmUs3IE?
53565&d0.

2.95b5¢ol dmbMoL 493dgmdol (Bending strength) gsblsbogz®oom.

B396 LHmeMg g 993965036900 9300bogm, GMAMOE MBOM DMBEHO0 S o3M(39eJdIIO
33930l Lobgmds.  dmbMol  as3dwgmdol  FgnsLgdol GgbGo  bmO309©gds
»U9009OG0M3560%, ,mbYIOEH0M3560“ s 805l MMHO IBHZOMMZOL FGPNMPIOO.
15O GO M3560 FJPMPOM FodM(30LLL, BHMMIMMbM3z96 Lyzgwr 60dmdbY, HMIgeos
996Hbmds m® FgmEowl, B9dmosb dob (396GO®DBY bmM309e0©9ds IEGHZ0MM3s. LB 3039
3990m3wgds B5dLoToEMMO IEZ0MM30L dobgz0m, Mo OMLSE bgds dglsdsdolo

3905M0&Mo 85639690 gd0L Boggwo bodmdol sALlb3MY3s, sGHZ0OM30L HaMEHowgdol
5 $99396M5GMM0L domzscolfjobgdom (Shafter 2017).

9513560609090  gargdGHO™bmo JozMmMmbim3om godm3zergzs JgLodegdMdSL 0dEg3s

39b6bmM 309 gl 1 939_Bg 930609 M009dBH900L ©IEIIMHO 30D Moo glfogwrs, Mg
Lodogdsll  235deg3l  35830JLOMMo  FoLoerol  LBEHMWIGHMEmsdo  FozMM™b3M3o

330 g0900.

Y-TZP ULsgogeo 603wdgdols Lod@zogol Lsdfg®Eowmgsbo ©gnm®dsgool dgommom

359m30L 336930l JgEYagdo

330930L 8909290 299Mm3w0bs, GMI J3005393cMH0 ©sFY853905 S J30053F93W MO
59853905 999amdo  o6929b9MH0Mgdqgw0  25dmf30m, BYYo3wgbsl  sbgbl Y-TZP

60339d0L LodBH3oEgHY (BOOEO 3. s 3bMoEo 4.).

930053530 53)353900L5L,  obdErol Lodwmoem LbodBzoag §oeImoygbl 1253.67
993035L35¢0L, bmerm  J3005F53w M0 ©3MTo3900LsL, Jgdmdo  FoM9ygbgeoMgdgEo
399mf30m, L5330g30 MBOYJGOL Lodrsm LodE 30390 8950bs 744.96 33s.
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3H®0o 3. BO3OMEo LodE 3039, B0dMIgdo J3085F93 OO sFwYdsggdoo ,,SB*

608m8o | bodmdol | bodmdo | Loy G®53960L0 | AodLodome | LodB3oi9
b Lodome | LLogsbg | PodGHowgd | Lobdsyg | o ©635%9
bmdgdo | 9 H, 99 W, a0 L dméol |V, d0/fd ©s@300m3s | MPa

dsbdogro, P, bom@mbo

L, a9
1 2.96 3.91 10.00 0.5 3035.502 1329.112
2 2.94 3.79 10.00 0.5 2193.197 1004.234
3 291 3.83 10.00 0.5 2924.176 1352.415
4 2.92 3.78 10.00 0.5 2778.019 1292912
5 2.85 3.97 10.00 0.5 2612.143 1215.089
6 2.89 3.79 10.00 0.5 2458.117 1164.820
7 2.93 3.76 10.00 0.5 2873.318 1335.217
8 2.84 4.00 10.00 0.5 2779.246 1292.176
9 2.87 3.92 10.00 0.5 2815.632 1308.029
10 2.88 4.00 10.00 0.5 2748.739 1242.739
min 2.84 3.76 10.00 0.5 2193.197 1004.234
max 2.96 4.00 10.00 0.5 3035.502 1352.415
average |2.90 3.88 10.00 0.5 2721.808 1253.674
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3b®owo 4. Bztrmeo LodG3ois), 603dgdo 3005393 MM FMTs3900m, d9damdo
3569396900090 g0 45dmfig00 ,SBS®

60dmdo | 6odmdol | bodmdo | Loy G®5390L0o | AoJLodorme | LodB3ois9
b Lodome | LLogsbg | PodGHowgd | Lobdstryg | o ©635%9
bmdgMo | gH, dd W, do L dmEol |V, dd/fa ©s33060mzs | MPa
dsbdoqro, P, bom@mbo
L, dd
1 2.93 3.96 10.00 0.5 1764.240 778.428
2 291 3.88 10.00 0.5 1349.314 616.008
3 2.88 3.97 10.00 0.5 1648.539 750.957
4 2.96 4.00 10.00 0.5 1549.897 663.362
5 2.89 3.79 10.00 0.5 1693.549 802.517
6 2.92 3.84 10.00 0.5 1836.731 841.472
2.95 3.91 10.00 0.5 1739.682 766.879
8 2.87 3.95 10.00 0.5 1492.473 688.077
9 2.99 3.82 10.00 0.5 1537.625 675.361
10 2.85 3.92 10.00 0.5 1839.488 866.588
min 2.85 3.79 10.00 0.5 1349.314 616.008
max 2.99 4.00 10.00 0.5 1839.488 866.588
average | 291 3.90 10.00 0.5 1645.153 744.964
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3H®0o 5. BO3OEo BodE303Y, 9dsbol dMMOm sdMdsgqgdom ,D*

608m8o | bodmdol | bodmdo | Loy G®53960L0 | AodLodome | LodB3oi9
b Lodome | LLogsbg | PodGHowgd | Lobdsyg | o ©635%9
bmdgdo | 9 H, 99 W, a0 L dméol |V, d0/fd ©s@300m3s | MPa
dsbdogro, P, bom@mbo
L, a9
1 2.87 3.94 10.00 0.5 2348.549 1085.503
2 2.89 4.00 10.00 0.5 2547.394 1161.169
3 2.94 3.89 10.00 0.5 2179.425 972.275
4 2.98 3.83 10.00 0.5 2394.527 1056.038
5 291 3.84 10.00 0.5 2527.449 1165.887
6 2.85 4.00 10.00 0.5 2249.936 1038.752
7 2.92 3.96 10.00 0.5 2067.475 918.482
8 2.88 3.88 10.00 0.5 2172.593 1012.635
9 2.96 3.92 10.00 0.5 2607.504 1138.798
10 2.84 4.00 10.00 0.5 2283.490 1061.680
min 2.84 3.83 10.00 0.5 2067.475 972.275
max 2.98 4.00 10.00 0.5 2607.504 1165.887
average |2.90 3.93 10.00 0.5 2337.8342 1061.122
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gb®owo 6. Br3zdro  LodGHI0E9

35693969006 qdg0 5dmfizoom ,, DS

5edsbol  dMMom o3 degqdom, dgdamdo

60dmdo | 6odmdol | bodmdo | Loy G®5390L0o | AoJLodorme | LodB3ois9
b Lodome | LLogsbg | PodGHowgd | Lobdstryg | o ©635%9
bmdgMo | gH, dd W, do L dmEol |V, dd/fa ©s33060mzs | MPa
dsbdoqro, P, bom@mbo
L, dd
1 291 3.89 10.00 0.5 2136.157 972.722
2 2.96 3.92 10.00 0.5 2031.543 887.254
3 2.84 3.82 10.00 0.5 2138.459 1041.099
4 2.93 4.00 10.00 0.5 2261.297 987.765
5 2.82 3.96 10.00 0.5 2048.691 975.830
6 2.94 3.88 10.00 0.5 1987.165 888.789
2.87 3.84 10.00 0.5 2049.583 971.990
8 2.93 4.00 10.00 0.5 2219.316 969.427
9 291 3.95 10.00 0.5 1861.530 834.792
10 2.81 3.96 10.00 0.5 2053.279 984.989
min 10.00 0.5 834.792
max 4.00 10.00 0.5 1041.099
average |2.89 3.92 10.00 0.5 2078.702 951.466

86



3H®0wo 7. BO3meo BodE 3039, BsgMbEHMMEM Xamz30 ,,C*

608m8o | bodmdol | bodmdo | Loy G®53960L0 | AodLodome | LodB3oi9
b Lodome | LLogsbg | PodGHowgd | Lobdsyg | o ©635%9
bmdgdo | 9 H, 99 W, a0 L dméol |V, d0/fd ©s@300m3s | MPa
dsbdogro, P, bom@mbo
L, a9
1 2.87 3.91 10.00 0.5 2473.519 1152.036
2 2.93 3.96 10.00 0.5 2397.740 1057.945
3 2.89 4.00 10.00 0.5 2648.281 1189.049
4 2.84 3.83 10.00 0.5 2394.148 1162.537
5 2.96 3.90 10.00 0.5 2110.382 926.412
6 291 3.87 10.00 0.5 2409.976 1103.080
7 2.98 3.85 10.00 0.5 2281.064 982.902
8 2.82 3.92 10.00 0.5 2549.249 1226.646
9 297 4.00 10.00 0.5 2061.437 876.372
10 2.94 3.96 10.00 0.5 2167.382 949.810
min 10.00 0.5 876.372
max 4.00 10.00 0.5 1226.646
average | 291 3.92 10.00 0.5 2349.317 1062.678

omLsb0dbs20s, M3 Y-TZP 33900l 5¢ndslliol dmGom @o3499520053, Us23mbEGMmMmm
Q 3 Q™3I (N Qo0 0039 3OS

X3IBM6 F9s690000(39d560396M0 ©3MTo3900L 4569dY),

56 259M63w0bs sGBgdoMO

3o6lb303905 s Fgoyobs Fglodsdolo 1061.12 935> o 1062.67 93s. 5¢0dsbol dMGOM

5093539090 dEm3900L  d90amadds  FoM9agbgm0oMmgdgds  godmf3ed  godmogerobs

LOdBH30EO0L 3Kgds LyFNSEM BsBz9bgdom 951.47 330.
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3b®owo 8. bmogg Lsggero 6odmdol bodrsm dsbgzgbgdergdo

60dmdo | 6odmdol | bodmdo | Loy G®5390L0o | AodLodorme | LodB3ois9
b Lodome | LLogsbg | PodGHowgd | Lobdstryg | o ©b35%9
bmdgMo | gH, dd W, ao L GmGol |V, /0 ©s33060mzs | MPa
dsbdoqro, P, bom@mbo
L, dd
»OB* 2.90 3.88 10.00 0.5 2721.808 1253.674
»OBS* 291 3.90 10.00 0.5 1645.153 744.964
»D“ 2.90 3.93 10.00 0.5 2337.8342 1061.122
»DS* 2.89 3.92 10.00 0.5 2078.702 951.466
»C* 291 3.92 10.00 0.5 2349.317 1062.678

900900 99939008 LEIGOLEGH03MMO FMTs39d0s FIBbMOEOgWw©s 3MMaMmsdsdo TIBCO

Statistica

vl3 2022 oldgdbormeo

3bseoBols  ANOVA  a59mygbgdom,

Gdol

L5OdOMS3 dmbs  Lodmom  35B39690¢gdl  FmMoL  4oblbgsg90930L  F9eMgds

(36553030 1 s 2).
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