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1. Ceramics
(1) Feldspathic ceramics
(2) Mica—based ceramics
(3) Leucite reinforced ceramics
(4) Lithium disilicate reinforced ceramics
(5) Zirconia—reinforced lithium silicate ceramics
(6) Glass infiltrated alumina
(7) Oxide high performance ceramics

2. Polymer

3. Hybrid type
(1) Resin nano ceramic
(2) Hybrid ceramic

4, Metal

5. Additive manufacturing (3D printing)
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x|zt FHEZ| ASEl= HZ2| T FAL

>,
Mo
=
1ot

=

0
1o
;l_ii
K
oxl e
By
=

Hr
N
Lok

=

2T gAE 7le EER A AJZorA CAD/CAME ARg-o] F7F3tal 3l CAD/
CAM 7]&2 o] Ag2Ql A2 ¥ vlwsto] A2k A7k AMS-E= edd S 29573,
AU HAE AZE 7oA skl 1 ofyt CAD/CAMS] HE 2 Q8| A 23 ofe}
o] 11 & AFZorf A TR 33 AEmF 0] AR 7HsEHA HAUAL © Yot A 71AH
A, A SAAE B2 T-E o|F3UT ofo @A CAD/CAMOA AR 7Hsdt TEd A
250] ggstA Aol EAH] Tt o] =&oA= CAD/CAMO AHH= Arsd 2 9
Atoll tafA] FotR i @AY A= Bl thshA HeFstA Awi it iy,

1. M&

AgeA N AeH o= A 77 9 AR d&Ee A8l Ul 28], Az, 1
4 B, 7HEA BEES 22 o5E 9 BE AAE AFsen, o 8 =5, 4,
Al=te & gt Azsol AHE gtk 53] AZdde o529 dEETo] oy Au|Fel
S77F A EA At Azl tigt Bl ml-> EobATh AT AFA <l Ao A=k A
2 e W2 AlZte] WSty 7le iAol wom g WSl A 24E dA A
&}tk EA7E A ol M2 71e 9 ARl Hi 8571 S7H8EAL o8 AR Skt
HE2YoZ CAD/CAM Al2dlo] BJEH AT, CAD/CAM 7|&-2 AF A7k Hoket 4= 9l

D

gA

il
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Have] A 70 TUT AU 2RES AT + Yoke Pl Uk, EY AT ojg}
S 17}% 9] polycrystalline ceramice CAD/CAM 7|&& Es|AT A Zo] 7155t EA
AT, ole] FZ CAD/CAM A2 F23] Lasha Qi FAlols @A) CAD/CAMeA Ak
4 7Hsd st AR Eo| Al EAE0] YT, o] =Ro|AE CAD/CAM o AHEEHE A=
9 A FAto] A Yot AA SAIE A= Aol tfsfA] AwEuzt ik,

[ B2

¢ L. L.

CAD/CAM 7]&2 19504t} w==gokoll Al A7k AZEH AL 196030 53] A&
A AF el A 3”“*3] AFHUT. W A A= GA FEol AT AFAE AR A

PP EFAHLE Ad) AE3tol Tt A WAlo] HEE7| I3 CAD/CAM 7|
o =90l “01753‘ 4 dhofl itk A= 1977do] EojMoF Young I} Altschuler © 7
Y A7E £38 4 9= intraoral grid surface mapping system = 7N&s}7] ¢3t optical

instrumentationg A0 =2 A7 o] 1980 So] EAZ o2 X sHA oA CAD/
CAM 7]0] A=,

Dr. Duret & 197149 optlcal impression’ 0]%7% E38 Hx=E 298t CAD/CAM 7H
d4e =¢4stAT”. 1983dolE A CAD/CAM $EEL A&st4on 19854 119 French
Dental Association's international congress ©] :L——] AN2"E AfEHET, o7]A e 19
ohfe] TAR Fekes AT AelA) ok ARG, o2 ARE CAD/CAM device
ol Duret system< 2] Sopha Bioconcept systemo 2 &A|E %M single unit, full
coverage restorationg CAD/CAMC 2 A|ZE 4= 9lqich 28}, o] A|AEe Exlel uhi g}
=< HE 2o AYA s J3stale 2R

Dr. Mormann< A7]&&}¢l Dr. Marco Brandestiniol|Al XJo} &a AZHo| o3t AELS
dho} 198530 A A o2 0|8 7153t %9 23} CAD/CAM A|AEIQl CEREC system< 7H
WS, ol je BAHe A2 Ao Aeky £2S hssA st

Dr. Rekow = 1980t =4t u|daE gt A E2ET &4 CAD/CAM A|2ES AEs}
Ach, o] AL"S AT T E AfHE o83 ARE Een 55 BHIAE T 5
S AF G AdF oz 45HA £

ol 2o 2 Dr. Matts Anderssone 19834 spark erosiong 3 dojA Elely ZH 9
CAD/CAME o|&sto] FEZAE H|Yo] £EES A &6} 2™ o] Procera systemo|2t 42
of Ah”,

oj9o= B2 AF7HEY kg0l e o] AFAEY AFe Fd AFA A CAD/
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CAM systemo] §&=2 AT 4= Qo o]t CAD/CAM A|2"]2 3A subtractive
manufacturing (8%) ¥4} additive manufacturing (3D ZE) HAl0Z UE 4 =Y
ABIAE WA wHo] 28 olelrtd Hadl 3D TAY 7ol G Bl hy S 4
gole}, 3D ZRY PAL T FU Yo ALY 5 YA BAT Fohel FREE £
AR 4 o Aol dlonl B BEE 477 1Y 3 Hopoleh,

H 237] 23 CAD/CAM /\] o AHEHe 75 Are & AgYE FHoE HH6ql
o}, 283 o] A AA 7} 2 Y= FES HAs] Y8 A&Aed d1E 8 o =& BEA
2 AuAE e Al frsol 7*" A AEAX T ek, Azt €joj= CAD/CAM Al2H]
of ALE= YA Aolg FHA EE lost wax techniqued 93t djE& A3} 2o EH, 1

A FEES A% S5 HT A, 999 FHE 29T S| B E BYY ARE A
Foll BAI= o thoFat AF3Fol A3 o] g1 ey,

CAD/CAM & ARE2 71E9 AF2<Q AZe} vasto] Xﬂ” T 9 AF 230l g2
g B2 FEAA 2ol & HoAt o] 5o tigt HR7} £E3F Zo] Ao, o5 disf
2 ofastr] flajAd +-A CAD/CAM & +EA =7} TAds) & ﬁ‘ﬂ—i‘d S5 s AL A
= Ao] ARG Fasithy & 4 A

O
O

1. Ceramics

(1) Feldspathic ceramics

19854 9¢¥ 199, Zurich ATtjgtofA 22 CAD/CAM (CEREC 1)& o]&3to] A2t

= Qgol7t Ao A AR RLeH, o] i AHEE AFEE fine—graine feldspathic ceramic?!
VITA Mark I (VITA Zahnfabrik) o|cH? o] At B2o s "l 9 7+2S 93] 3|
AAET S QAR AE RYAY £ 18 P4 A RuE)E s,

olof 19918 CEREC (CEREC 1) E43td @M Z9] feldspathic ceramic &9l
VITABLOCS Mark II (VITA Zahnfabrik)7} 271%¢l.om o] o] 4 A= vls] o £ 7|4
A JAL HATy. o] Aty EE2L extrusion mouldlngolﬁ}t Egt O 2 A AR Q=T
7ha3He Alete EdA] 4 71 § =58 T 2Estel FHE WEollls Aol o
A A" 25 WAL Axg F A4 E]‘:“] o|= YutA 9l feldspathic ceramic I &
AFst AL AT

3tH VITABLOCS Mark [[= @t o 2 AZE E207 W 71z MAlo] SA|Eo] IL7}34
of BA Adeo] 7HeRAT =2 AujdE @71 FAZE At T olE Hest] A5
e £80 tilSS AAY Ex A4 9 By HAAQ WEE Holg £550] &
AFQH”, 3% & A2 Al A9 MAEE 7Hd VITABLOCS TriLuxe, H 749 52 741

b

ol
S
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VITABLOCS TriLuxe Forte, 128|3 ©& 2tdx|et fARE 23HE Yol JAHOZ A 3§
A3 VITABLOCS RealLife (VITA Zahnfabrik) 50| A|&o] £A|=0] glom Aujdos £
2 ANE Rth(Fig. la). EthE Am]|A 9 feldspathic ceramic =9 9|2 CEREC Blocs
(Dentsply Sirona)e] §1o™ VITABLOCSZ §-ASH Al &EekelS z+53 9ot CEREC Blocs
Ct w2 FUEE 7HA 53] g0y A&e] =4 =n, CEREC Blocs C PCx= A&=of whe} Al
MY F= 7= BHAZY E52=2 FAE ] 3len, CEREC Blocs C In &2 =9 4ot
A Fojof Bt WHd Fo2 FAH Qlo] mje AAAHI HwH A AR R AZE Ths
&t aFAtH(Fig. 1b). TS o] A7kA|= Sirona THe] AAF A|AES ARESIHA|TE 2| T2 Ak} 7]
SAHY] HYE 9l 20159 R E 7Y dE] AFEE= VITA classical AJ&E ol SHA| A4 A 7}
AHE At

0]4+9] Feldspathic ceramic & ¥ Au|4& Ho|H H[Y o] <l o], 2], AXF &Y

FekE Foll FHHAT FARY A2ES AY AEZ oAl goF AR Zgeoe 4
=2 e,

f-“-';f‘ vm‘a’l-‘-‘-' Tnd e v § f—

VITA - I
HLIHBU v L Realife W

Mark Il

‘ C€ o

Fig. la, VITABLOCS. (A) VITABLOCS Mark II, (B) VITABLOCS TriLuxe, (C)
VITABLOCS TriLuxe Forte, (D) VITABLOCS RealLife

(£4) https://www,vita—zahnfabrik, com

A B C
i o ’-i

Fig. 1b. Cerec Blocs (A) Cerec Blocs C, (B) Cerec Blocs C PC, (C) Cerec Blocs C In

(£4]) https://wwwl,dentsplysirona,com

(2) Mica—based ceramics
Mica "|Y|Ze B 9| silicate (phyllosilicate)E 7FA & ZatA Algyoln gjgF o=z
Dicor (Dentsply Sirona)7} Utk o]2] FAF 7Fs3t 3 i<l Dicor MGC(machinable glass
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ceramic)= 2 Aol 70% JER 45% ¢l Dicoro]l Hl3] 7143 Ao o FAHUR, o]
A= 7|AA AL tetrasilicic fluormica crystal ©] 48] 7|4 A2 H8 1HYFoz2
A8 FAATH?, Dicor MGCE VITABLOCS I W& GAKSH ¢JA4H2 A3} Hoxut ddd 7
oA He} £ T A mson Ha ARoIA ARz,

(3) Leucite reinforced ceramics

19984¥ CEREC inLAB (Dentsply Sirona)ol| AF¢E 4 = WiEH oz 715ty A2ty ol
Empress ProCAD (Ivoclar—Vivadent)7} &71=¢ith ol= & 7} Algtelel IPS Empress
(Ivoclar—Vivadent)9} GAFs 28 745,

200694l Empress ProCADE ©]¢] IPS Empress CAD7} SA|E 00, o]= A Hu]o oF
45%7F 1-5 um 27]¢] MFAH O o]RojA Slof oA Amo| Hls| 7|AF Aol & AFT
A} IPS Empress CADE IPS Empress®t 38 74 82471 225 A2 ghdo] th2g), 2
To] WA EFCE AFHIL I & &4 IS AXA €t o] EF2 ARA @Y Ao} 5%
o7 ZA H9lon, EdLo wgt Empress CAD HT (high translucency), Empress CAD LT
(low translucency) 2 Ui o]A a1, E3F thA o] EE9] Empress CAD Multi = tHFig. 2).

% 5.

Fig. 2. Leucite reinforced ceramics, (A) Empress ProCAD, (B) IPS Empress CAD(¥1%
EE HT, Multi, LT)

(£4) (A) http://www skillbond.com/laboratory/product.asp?strParents=552&CAT
ID=707&P 1D=3926

(B) http://www.ivoclarvivadent, com

(4) Lithium disilicate reinforced ceramics

Leucite reinforced ceramic Bt} © 738t &9l lithium disilicate CAD/CAM Ajzhd]
9] IPS e.max CAD (Ivoclar—Vivadent)= 20060 A2AE T I 2L JYRZ 4]
A (Fig. 3). o] 2L fg] Aol AgstE 7Hh 2 Wlo] o3 Aztd, ML
A-D ¥ bleach shadeol 3719 HIEH =7} o]& 7Fs3fct, E3F blue state 2F B&& pre—
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crystallized ® A2 AZ= =4 blue state= metasilicate?} lithium disilicate nuclei® T+
dEof glon A 29S & 4 de Aot I F 220K 24 W metasilicate7} &3
%2 lithium disilicate7t 2= HA S o]F o] ZPHt}, EI blue stated]| A A g A4
A HEPER oA "o, o] wo A2t oF 1Loum & 2719 ARE& 7HAH, ol AA F

59| oF 70%S 2R S,

Fig. 3. Lithium disilicate reinforced ceramics; IPS e. max CAD

(£A) http://www.ivoclarvivadent, com

(5) Zirconia—reinforced lithium silicate ceramics

2013W 0l £A|¥ VITA Suprinity PC (VITA Zahnfabrik), Celtra Duo (Dentsply Sirona)
= 10%9) A 237 Yo7} A7bH lithium silicate ceramic ©|th(Fig. 4), AZFYolZ 7}3}E] o]
A7 EAL Zolx1 ] AEL WolAA =& EYEE XY of& &L lithium silicate

248 HEe Heee 1Y § 722 94 4 9t
BJ ({)
J
¥ ol

Fig. 4. Zirconia—reinforced lithium silicate ceramic. (A) VITA Suprinity PC, (B)
Celtra Duo
(£A) (A) https://www,vita—zahnfabrik,com

(B) https://www.dentsplysirona,com

(6) Glass infiltrated alumina
Glass infiltrated ceramicse F 7}A] AF9] A27F A2 98 Y& Fxoly, tJxzxoez &
2 #4942 0|83t VITA InCeram (VITA Zahnfabrik)& S 4= 9lt}. 1993do] CAD/CAM &
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S8 A o] E52 A= ZHAolzhs YHoR AZEHed A 2EE 50 1 054
o w4 F27F EAHA 7R G5 Tt ol 8 2 71EY e Eolso £ o 44T

=

EZ0] rEojAty, o]gA ARE £ 2451, o7]9] lanthanium glass7t FFHTH 1
T EEL Yote Y 722 UYL I 9o AEAEES HY Y st SAHIE Fojgttt
E29] 28 Z%E InCeram Spinell, &Fu|t, |23 Yo} (VITA Zahnfabrik)7} 9thFig
5). Spinell 714 AJm|4e] £om] AN ke AAo] 2T, YEulte A9 AAE, &
FA, A 2k, A=FYote] e AujAel A= s FAF & st 7HEAE e
1A RAE] ARgo] 2HHGF P,

s

St

Fig. 5. VITA InCeram (%X ¥ <Zn|u}, spinell, A2 o})

(£4) https://www,vita—zahnfabrik, com

(7) Oxide high performance ceramics

712 o s Ay Arsd 2 A 4ES 23 Jon, 2 wdEo] ¢4 o He g
Aol gk, ol 2w dket A=l HEA Aletgo] B ARGHI Qinh w2 71A1A 44
Z ) FARNAE ARgo] 7HsEkAEE tlAl CAD/CAM Al A8S SajA T A2 3 4 Qi
< 540l At

a. Alumina based Polycrystalline ceramics

19939 A3 AUt chAA Akl Procera AllCeram (NobelBiocare)7} 2222 A
AR AT 7. A BAL WA AL olg AN PHOR AN T T oF 2009 £5
= BAs7] A8l SdjE 2712 tolE EAIR of7]o] aluminum trioxide7} 1Yo UF
i 29 o] BA 9P E F &4 S AX

2005 ¢ £A]E VITA InCeram AL cubes (VITA Zahnfabrik) 9A] §8&o] & ot4
A Fzxo]H VITA InCeram alumina I} A2} WA z}o)7} Tk, inCoris Al (Dentsply
Sirona) & HA] AlFo A= Utk(Fig. 6).
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A QL IPROCERA

k4

Fig. 6. Alumina based Polycrystalline ceramics, (A) Procera AllCerma (B) VITA
InCeram AL cubes, (C) inCoris Al

(EA)

(A) http://www_ bangkokdentalhome, com/dental—fees—crowns—bridges—procera. htm

(B) https://curaden—dentaldepot.ch/de/aluminiumoxyd—blocke/45954—vita—
in—ceram—2000—al-40— cubes—for—cerec—massen—155—-x—-19-x-39—-mm-—
packung—mit—2-stuck—inlab—mc—xl html

(C) https://www, pattersondental.com/Supplies/ProductFamilyDetails/PIF 92915

b. Zirconia based Polycrystalline ceramics

AzdYols o wet SAMEAL, ATAAL, dSAALS 7= 0FH A=y
o|th, Ceria (Ce02), magnesia (MgO), yttria (Y203)%59 ¢tA3s} AslES &3 A4S}y
o, FZolA AFAAG] FAR, GAEAA, ALl FAEQ partially stabilized
zirconia (PSZ)9} AWA A A o] FAE ] tetragonal zirconia polycrystal (TZP)7} Qlch, A
BASE GARAZ R v A oF 4% F=9 §u] F7F5 Hol ¥ 73} (transformation
toughening)2He TH4-& F3| 714129l & Fotet?,

3mol% yttriag 7HA= 3Y-TZP= 1990 FE XA o AHEEor EFHS 44
2 7HA FET2E Yo ASE e FHol Y. Wol A EHE 3Y-TZPRE REZo
2 2A%H E29] LAVA Zirconia (3M ESPE), Cercon (base, ht, xt), inCoris (ZI, TZI, TZI
C), CEREC zirconia (Dentsply Sirona), Procera Zirconia (NobelBiocare), InCeram YZ
blocks, VITA YZ(T, HT) (VITA Zahnfabrik), e.max ZirCAD (Ivoclar—Vivadent), Everest
7S (KaVo), zerion (etkon), Zeno Zr (Wieland—Imes) S°] 912™, DC Zirkon (Dental
Concept System), Everest ZH (KaVo) 2 €43 249 23 Yot 5 FHZE SA|HL Q)
tH(Fig. 7).
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Fig. 7. 3Y-TZP. (A) LAVA Zirconia, (B) Cercon (¥ZXF¥ base, ht, xt), (C) inCoris
(dzx¥ 71, TZI, TZI C), (D) CEREC zirconia, (E) NobelProcera multilayered full—
contour zirconia, (F) ¥Z5€ InCeram YZ blocks, VITA YZ T, HT (G) e.max ZirCAD, (H)
Everest ZS, (I) DC Zirkon

(&4) (A) https //www_ 3m.com/3M/en US
(B), (C), (D) https://www.dentsplysirona,com
(E) https://www.nobelbiocare, com
(F) https://www,vita—zahnfabrik, com
(G) http://www.ivoclarvivadent.com
(H) http://www.kavo—cadcam.com/Elements/Zirconium—dioxide—soft. aspx
(

I) http://www,biodental,com,ar/home/vita—in—ceram—yz/

Magnesiag ¢Hg3ete ASER 7FA = Mg-PSZe oA 714 ¢t A4 A dA&
M= 294 Azt olct, shA|qE Aol oYl thF Ao Q3 utrrt F He EA4o] 9
o] 3Y-TZPe| Hl3l| 7|AH gddo] Wo} de] AGEA= ¢ o}, AFLEE ZirMagnum
(DenZir AB)°] it}

Ceria® MR 3}el= ABIER 7= Ce—TZPE AL G35} AAYo| Adsts AL 7HAH?,
S 33 A= s Holthe o] A 713 o Yl 3715 A gFnue] Y% B2
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=
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%0,
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ﬁuf
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=2 o
ol X
5oy
o flo

gt g 7lese] AAMEHLE it A HAz =3y
ol ot At 1S Aol oYL, RHEY
Mg 2op Bl ZAE &3 9o AHHol AFaRE o= FAW FA
e =74 £t o]9 201599 £A]H Katana multilayer zirconia block; Katana
STML(super—translucent), UTML(ultra—translucent) (Kuraray noritake)= 47}x A9
(enamel, transitionl, transition2, body layer)&< 7FH 024 B2 A28 shto) &Y
T2 $#EE Ex framework & EFT & ok STMLE AXY X9 GdaEE A2kl A
S dANA AFREAR] HEF et g GAZORE HIE o] {3 Fotd s 2
& 4 QIEF st UTMLE 7H &2 BHREEEe B2 Y=g 7 AXE ddsEEo|
t Hlyojof AREETE, o]9fo %= translucencyE Z3HE o2 AlFE°] 1w priti multidise
ZrO2(pritidenta)= &< FEAL v 2 AR 55 9 vjyo]o] A&to] AHGH Al 7}
A 220 dtEW LS Mg 4= QIth(High translucent, translucent, opaque). Lava Plus
High Translucency Zirconia(3M ESPE)2] 7% pre—shadeS A5} Qo] AAAEL gyt
£ yehd £ 9t} Lava Esthetic Fluorescent Full-Contour Zirconia(3M ESPE): 7]&9]
An A Ao taf RS F7ietd S AAAYG fARE 28-S 7Hs5HA SFih(Fig, 8).
o|4Y pre—shade ¥ WIEHEE 73R AEFSS A4 Euto] opzt AZpA ol A 44 o}

A2 AT 4 ) th2e] HARY AR AZE 2 & Qe BaAel ARE AL 4 9tk

[
°
rir
A

m ok
>
=y
ox,
o
I
A

H1
N
AL Ho
_2

re
>

Mo

~a

“~pritidenta

Fig. 8. Pre—colored zirconia ceramics (A) Katana STML/UTML, (B) priti multidisc
7r02, (C) LAVA Plus, Esthetic
(£A) (A) http://www. kuraraynoritake,com
(B) http://www.pritidenta.com
(C) https://www.3m,.com/3M/en US
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T AR ZZ microwaved ©]83t] zirconiag AZd= o] ol AfEI Tt
19549 Von Hippelo] A& 22 microwaveg 0|43t ceramic?] A27HsAol thsl Gt
19689 Tinga 9 Voss ol o8 A2 A7k AIZHE e}, 1970,80ddhol o]of thgt A7} 7}
43151 o] F W A7 AT} HBE Y,

Conventional furnace o] H|3] microwave AZo] zt= 7b4 2 AH L w2t Ao ok,
A 23 Yok= microwave 7Fgel o3t A7 A oUAE Fodte] YRERE AA|F LR A&
HYA 7| B wE 2% Ago] 7hestr] wio] 7HE7FE AR g 49 S Ert wekA|
o o] WE &AL 7HssHA FP 00T o)A Y WE LEo) A5 B 42L&
&3} AlZg glon Z47He] oA BT 4 Qle FAAY anY Tt EY s+
A% 7Hdo] FHsItER BA O FANE oG PO EWMAR grain sized] F7HETH
densification ©] B && YRS Q2 3}=1| microwaveo] &3t WE 2% 9] A£2 orain
size®] Z£7}Hth densifications &3R5t HL A Ustl YA 27171 F+L5HL vt AAES
& 5 91 o8 B3 PAE BAS A& 5 Ak O AR microwaved] I3 24|
@ WA o] 7H53tERE furnace WY =5 A FASH] H3 ovA 225 £Y 4 ot
Aol Ak’ dH &3] AHLELE conventional low frequency microwaves ©]43F Wo
FoA ArEol AA7H oUAE afA o2 F4oHA] Zotal 49 ExFo] WS £AE
1 514t o]E HYsl7] Yo microwaveol| Z A S A7}3E hybrid heating ¥4

& & o] ABAY sinteringS & 4= QI 714 EE 24E 2 Yok,

o e & rr X
|o
()

of

2. Polymer

CAD/CAM A|2HloA HRE @ 7172 252 A2 A HAE F22E Y3 2AE 4A
ZE S AFshe Aol F MR dAl Fghe, BRA B A FEES AFs] AT &
wolrp!, tjEA o2 200090 EAE HEAE FH £Z¢ Paradigm MZ100 (3M ESPE)}&
A2zyot-4Ae7t Y& Z3dst= FR 7|5t FAEZAE AgolH, o] £5 FH ARE 7]
E bE G A& ARE Bt 52 VA Ads vyehdt, 22E &2 7Y 22 VITA
CAD—Waxx (VITA Zahnfabrik), Cercon base cast (Dentsply Sirona), Everest C—Cast
(KaVo) So] 9lom, oA £EES 93t AE 2= VITACAD-Temp (VITA Zahnfabrik),
Everest C—Temp (KaVo), Artegral imCrown (Merz), Cercon base PMMA (Dentsply
Sirona), TELIO CAD (Ivoclar vivadent)5©°| &A/Eo] ch(Fig. 9). ©] ¥ Artegral
imCrown (Merz)9] 7% ul2] A2td EEC24 WHFAL obd & 7HAL 3lon, 9
7 Pele AARY FARE BgE 7ML o] WS Bt FEE THEA ©r} Everest
C-Temp (KaVo)= A2 73t w2 Ik, B3l Y 2 A3 AFol A= HY
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g FZols 49 3D ZdFolEk: Vles T A4 #EES AFSIE A @4 IS4
oA AHEEE tEH Q] AE2 2 Nextdent C&B (Nextdent)7} At
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S M il
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Fig. 9. Polymer. (A) Paradigm MZ100, (B) VITA CAD—Waxx, (C) Cercon base cast, (D)
Everest C—Cast, (E) VITA CAD-Temp (monoColor, multiColor), (F) Everest C—Temp,
(G) Artegral imCrown, (H) Cercon base PMMA, (I) TELIO CAD, (J) Nextdent C&B

(£4]) (A) https://www,3m,com/3M/en_US
B), (H) https://www,vita—zahnfabrik, com
Q), (E) https://www . dentsplysirona.com/en—us
D), (F) http://www.kavo—cadcam.com
G) http://www, en. merzdental.de
1) https://www.ivoclarvivadent.us

J) https://nextdent.com/products/cb/

o~ o~ o~ o~ o~ o~

3. Hybrid type

AEHA Algte] 52 2 Av|AdT S84 HolAR AR 7] 4% AR s apda} 2
B2 A E Holn, A E vfEA7|= ZAE A 23 Sl 3 eHfE g E5Y
ok st go] Yojube Ewe] Felo] glojx 3 Walo] Hrke BAZL itk ole] && 24T} 4
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e Hole At o AT, & A48T didAY nhe EA ol gle 39 FHE 2
A 7] stolBElE Aty fRrEo] EAE Qt} tEF o2 2011d9] £AE Lava ultimate
(3M ESPE), Enamic (VITA Zahnfabrik), Cerasmart (GC) 5= & & Ut

o= =2 T

(1) Resin nano ceramic

Resin nano ceramic = #|Z 7]&e] +4tg &, A2FYo} nAl YA7F A7HE A=
t} 201199 &A= Lava ultimate(3M ESPE):= EAH] 80%2] ZEE 7IX= AEZAE A
oW, Fal= Wi 7)Y A2FYo} A7t YA e YieFe2HE 7T, 22 3 EA
¥ Cerasmart(GC)= FAH] 71%9] & 7= LU= HEAE FZlolth, I & Shofu
Block HC (Shofu), Katana Avencia (Kuraray Noritake) 5°] 2th(Fig. 10).

l >

amesre
Lava™ Ultimate
A1-LT/14L

il A
- AVENCIA
- Block
5 -

Fig. 10. Resin nano ceramic, (A) Lava ultimate, (B) Cerasmart, (C) Shofu Block HC,
(D) Katana Avencia

(£4]) (A) https://www,3m,com/3M/en_US
(B) http://www, gcamerica,com

(C) http://www.shofu.de/en

(D)

D) http://www.kuraraynoritake. com

(2) Hybrid ceramic
Hybrid ceramicZ Aty Y EHIY ZHE JFAI A= 201199 EA€
Enamic(VITA Zahnfabrik)2 FAH] 75% o th3A9] AAE Agte] 714 25%2 &4 &

4| (urethane dimethacrylate and triethylene glycol dimethacrylate)E& Z5A|7] A o|th
(Fig. 11).

VITA ENAMIC'

E) =

VITA ENAMIC.
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Fig. 11, Hybrid ceramic; Enamic

(£4) https://www,vita—zahnfabrik, com

4, Metal
T AE-FUE ¥4, HEhg, Hebg g0l 99808 AT 9o JEUE AgFu
UZSHE FA LA 9] v} A 2ol Wol AHGEH I Qitt, ¥ Aa4 Fa9 4¢ FAZLE &

glsto] AMEE T QA gtk WL F42 coron (etkon, non—precious metal alloy), Everest

Bio T-Blank (Kavo, pure titanium), inCoris CC (Dentsply sirona)So] 9t} (Fig. 12).

(v-‘ =

Fig. 12. Metal. (A) Everest Bio T-Blank, (B) inCoris CC
(£4]) (A) http://www_ kavo—cadcam.com

(B) https://www.dentsplysirona,com/en—us

5. Additive manufacturing (3D printing)

27| additive manufacturing ¥H-2 1980 I¥ g A7t AFEHew, 1981 Hideo
Kodama o 9|3 FH3Hd Eefmel AME o] &3t o] Aoz 2/ H, 1984Wl=
Alain Le Mehaute 9] 389 Z&A 3L go] stereolithography W& A5I9 L E3] A1H
S o AMPA BE0 2 F7FE R 4ttt dHAW 3F F Chuck Hullo] stereolithography
W] it E315 AlAste] S¢S weten, 1986l 3D ¥ ARl 3D SystemsE ZE
gtct, 1988 o EALA thdho] Carl Deckard: Selective laser sintering 7|&& 7J@s}41,
22 3o Stratasysd ZAAAFel Scott Crump: Fused Deposition Modelling B2 73

38
.41

277 3D YUY Wyloze T2E B AF| IAHHGIL, 20007k HojAof CAD
LZEfofot AASt AT £EES AT = QA Holoh

S Atee FHOE TR Y YT 9o 3D TAFY A9 AR BLHOE A
A4, B AFE G FHOR WANGT, Z, A7 L2 A9 F30] Hol £ F FFYL
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after 30 years of maintenance, JPC, 2004:31(9):749-57

11) Kim DW 2| 79, Socioeconomic disparities of periodontitis in Koreans based on the KNHANES IV, Oral Dis, 2014:20(6):551-9

12) AL ESAAIEYIR], EE2FSE2 0DB

18) 12,34 L ESHMAIY I, ZE2TSE2 0DB & FYplz|25, ARAZEA: IUALLUZEAL BHEX|E, 2011~2015,
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AR AWRY, ABAAA 5 2AADS W AZAAE 404 o4 604] vlgko] A
Wb XSt oleh 223 2040004 404mIRe) Aol At Azed F7hgol
7V 7 Uehgtom, vl 204) njekl 4 At S7h&ol A9 g BASATHE 2).
ol 204 Flute] A9 AAUY FoISTNAH thie] EHEA o] o] Uehd Avtet 22

"ot
2 = A = o & (F)
= 20114 20124 20134 20144 20150
o oAl 287,337 285,178 295,163 315,357 344,334
- (3.3%) (2 .8%) (2.4%) (2 5%)
101941 544,130 545,109 532,477 577,988 £21,009
- (6.4%) (5.1%) (4 .4%) (4.6%)
575,320 236,013 1,206,904 1,737,334 1,780,523
20_29H (104%)  (11.6%)  (13.3%)  (13.1%)
see o 1,124,689 1,139,783 1,569,015 2,139,193 2,099,278
dzmn | (134%)  (15.0%)  (15.4%)  (15.4%)
e a0agy G938 LE901S 2114951 2881317 2,714,072
=2 H- (19 8%) (20.4%) (20 6%) (20.0%)
o 5oy 799381 1963663  2,365.802 2,857,335 2,999,651
- (23.0%) (22 8%) (21.9%) (22.1%)
1,130,705 1,207,548 1,378,409 1,646,784 1,835,402
<
60_63HI (182%)  (12.3%)  (268%)  (13.5%)
— 722,616 816,158 936,163 1,086,438 1,208,367
(9.6%) (9.0%) (8.3%) (8.9%)

H 2 (ST AP ALY TR (2011E8~20151)

Agtato] 24 Y7 F &y vl

A7 AR E AHEH, 2AYY] B F Agbl= 20154 7]
. 54 Aof| wla] oF 51549 9(105.1%) F715t Ao2 UEgTtHE 3). &
= @_htﬂ | 571&(38.5%)°] 7}% w4t & AEH7F F7KE AL 201349 79
ZEY &

u>~ ol

oighgalo] el RYFE AUAA, ABABA AR 0|8
AT RYFHE ALAVIE BEE 28RS YHos qu & ofoltt, ol Ze AL
WA AR i e BE vIFS ABIRo] T ARE olofH, AT RS
FATE BT 2 £8E F Aolz AraT,
- & 20114 20124 20134 20144 20154
Z HgH| H 430,214 533,370 T4k, 280 30E,550 1,005,620
(O i10,0%) (38, 5% (21,4%) {10,9%)

H 3. (QlEEERh A dEl XZd| (20115~2015H)
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I XEEENRrEE
45
40
i 341
30 297
25
20
20114 201211 201311 201419 20154
— ==y
1. A 0SS x(es g 3
- 20114 20124 20134 2014 20154
= n EEEEet) n EBEESM) ,, sgEmew n SBEESW) o ER(EEST)
= 1040l 5.025 393 (0.9) 5589 367 (08) 5335 301 (0.9) 5183 321 (0.8 5402 313 (0.8
Bo4lol& 1.464 307 (16) 1.428 303 (16) 1.198 319 (1.8 1339 266 (1.2 1.381 279 (1.4)
HE =1 2560 386 (1.3) 2307 336 (1.4) 2262 279 (11) 2163 287 (12) 2381 297 (12)
[P 3465 402 (110 3282 898 (12 3083 322 (11) 3036 343 (11) A081 341 (10)
=0 10-20 | 678 4271 | (2.3)| 637 347 [(22) 701 |24.4 |(1.9) | 584 | 30.5 (2.1) ] 681 | 91.3 | (1.9)
30-30 1098 446 (1.8) 960 401 (18) 938 303 (1.8 904 a1 (1.8 744 342 (.7
4040 [1.066 369 (1.7)| 958 396 |(1.8) 1.04028.8 (1.7) 901 | 33.2 (2.1)| 961 3353 (1.8
50-50 1.183 41.0 (1.9) 1,067 38.4 (1.9) 1,014 33.4 (1.8) 994 321 (1.6 1.131 321 (1.8)
60-60 (1,023 348 |(1.8) 1,004 296 |(2.0)  B44 |31.8 |(1.8) | 917 (0.4 (1.7)| 9892 289 (1.7)
T 987 29.7 (2.0) 963 313 (20) 788 328 (2.2 &9 247 (1.6 903 281 (1.7)
ATy & 4812 394 (1.0) 4466 366 (1.0) 4306 29.7 (1.00 4182 322 (0.8) 4961 314 (0.9)
8u  (1.213/39.3|(1.9) 1,124/ 376 |(2.1) 1030|318 | (2.00 | 997 | 91.4 (1.8) [1.041) 346 | (1.5
S54E 8 1,406 41.2 | (1.7) 1,347 419 [(16) |1.297| 34.3 |(1.6) [1.247| 36.9 | (1.7) [1.308] 367 (1.7)
S0 1.528 405 (1.7) 1.383 370 (1.6) 1.344 303 (1.6) 1310 328 (1.8) 1.336 347 (1.6
=M 1539 408 (18] 1,378 345 (170 1310 31.4 (1.8 1308 1.4 (1.8 1.571 284 (1.5
A 1,606 345 (1.7) 1,406 32.7 (1.8) 1.366 24.5 (1.4 1306 28.0 (1.4 1.358 27.3 (1.5
= 4, 970155 xlafelz A 4

14) Michael marmot 2| 4%, Closing the gap in a generation: health equity through action on the social determinants of health, World health
organization, 2008:372(9650):1661-1669
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3. 27| S FHMO| 0|S= |22z Zofl olxl= S

2ALY FoAgR AL JaAu| A0 HIA 9@ HAS AT A B2 AFEC] #5389
e 5 5 A st dH 58S Adoh, 2, RAHAY EAR 255E, AFAY 5
we} o] HeE7 dekd £ &S s o I

7P WA, 2ALE iAol AE 20134 o] v|FF ALvE AAT A= A
A o)A} HlAHPL 1, 38.0%NA 32.0%2 7As AIE eI} o] 9oz =Sl of
AL A, A8, £255F FoAE SAALE Fouigt £ AT = YA AHlA
£ BT d4olA e A= 30tolA nl5E AT w FHo| wA YehgoH
a9 1), 2553 & ARMs L5580 2255 vSF AR Y] 2 £AE

°f
Urebdich, WH, AFER 8ol foju]gt Ak UehtA] eigheh(E 4), 5

we o M
iLJ

Bot AoH BAe 4 REFRA Aol Fol
245 WAT 5 Qo BAWE et ERIZE 4B £ FojTd o] AAH7 o
Ao 2ALY ARHof e A=t taomur% A Ay

A7) A2EAE AT, A AAR R SBABY HZ4o] HEHT o2 A A= o
A1 ul gl that ”01 AHZL Qi of AFolA AThel= H2A 9 24 Yotehs B
7 AHE 2AQY BEFe] A GeFeln AYAEI Aoz BuE FAY gL

AFABATE A FUIH AFUE U o ARILE LA, A% 3 A2 57
g yolgth BN B4 02 Bus At ot
zem VBATE A2 olFo|= @0l AUT FBo] ¥1, AU U AAAATE 1Y
& BRAAS ehi7] el @214 o= AEA] A4He DS B 7AA%E 4, o
W, A=sHe o] asie L}om Aao) ante Hejst] AN 2ALY Felgt
o

o dAme ARt A3 e BAS Telsh gk Aol dha Adle] A Baltt g &
N P Pt R e
5) AW Ap|EE Z0|AUEH|: Z0IHLAUTAL EHEX|E, 2011~2015,
6) 32! 9 3%, 0|53 oz H 8y wrlo

IE f| 74 0f] CHE 014, BH=EAALE| IR, 2016:22(1): 59-89

7) ¥201 Q| 3, BHAKN|S M 28, LIEEL 2015,

g) ote= MM X|1jo|Z20|8 EHS| YaS 0|X|= 2R 0l 23l S ¢, 2015:20(2):140-159

9) Beirmne 2| 23 Recall intervals for oral health in primary care patients, Cochrane database Syst Rev, 2007:17(4)

_A._I._L_A._l.
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operative dentistry: do innate ability and motivation matter? Eur J Dent Educ
2012:16(1): e187-94,

6. Kang—Wook Lee, Jin—Sil Hong, Kee—Wan Chang, Effects of full problem
based learning of dental students on self—directed learning, communication,
and problem solving abilities, Journal of Korean Academy of Oral Health 2016
December 40(4):277-284

7. AALE 9, =Y R golS B E a9l A EATS], 2011 441-449

8. Park, HJ, Impact of NHI Dental Care Coverage Expansion on Dental Service
Utilization: Focusing on the Insurance Coverage of Dental Scaling, Korea
University, 2016

9. Rosenstock IM, The health belief model and preventive health behavior, Health
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10, o|BA 9], AT m2H]RY] LA o] AFEY Fojgtof g A2AUT P9lo FFS
o= 89l = HAeHE], 2015:15(1):31-8

11, LA Ximenez—Fyvie® 1%, Comparison of the microbiota of supra—and subgingival
plaque, JPC, 2000;27(9):648—657

12. Axelsson P € 2%, The long—term effect of a plaque control program on tooth
mortality, caries and periodontal disease in adults, Results after 30 years of
maintenance, JPC, 2004:31(9):749-57

13. Kim DW €] 7%, Socioeconomic disparities of periodontitis in Koreans based on
the KNHANES IV, Oral Dis, 2014:20(6):551-9

14, AZRIAAE7HY, FEFFE2 O0DB

15, #1,2,3,4: AZEFAE7HY, BEATEL 0DB & AT 2R, FUAZEA: =1
AZFQYzEAL, BAERER 2011~2015,

16. Michael marmot €] 4%, Closing the gap in a generation: health equity through
action on the social determinants of health, World health organization,
2008:372(9650):1661-1669

17, A e 28, SUAZEA: SNAFFERAE BAEAR, 2011~2015,

18, 3 ¢ 3%, vSE YA EHYRA A et A4, FEAANTATH
2016:22(1): 59—89

19, &9l 9 3%, ZABAE A2, YaEHAL 2015,

20, &5 ASA, ARrolg =BT FFS A= 248 &3, TALT,
2015:20(2):140—159

21. Beirne 9 29, Recall intervals for oral health in primary care patients, Cochrane
database Syst Rev, 2007:17(4)
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from medical, dentistry to orthodontics
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Future with artificial intelligence -
from medical, dentistry to orthodontics

L AE - A9 24

Artificial Intelligence?] HAE of7|3t7] YajAe o AHL of7|5t= Aol 7 22L& A
2t Crick® DNATZE $A% 322 WAL w2 o3 1983d0f & H4Y3s}7] 93]
£ simulation = =2 WA €rh? =29 2= 49| neurond TR sH= 84 md S
o|-gsto] AlEd|olA 3 2 A}, oJafT 4= glA AHE F&5HA| Y= HF reverse learning’
GAE AAA HE A Atz FARI = Zolt), Thef HE o]t oha Hdly} Ebo] 2
OH, 52 #rhe S ofAH Hle e o= = dojrte HE Y s= ks Aol
AAE 8 o]F 0 learningdt W&ol tgt 7198 F7t, Z neuron? plasticity7} 7Fga}
Aol F85HA] B &S T Aol o] RS E2 Aa2 Y o]f]
oA 2HEE M-S AR A WA =Rl YS Hol AT, AFE IS AFAY Y=
FRAE ot Ao A Tuje] T EZ neural networkel A £ FTE WO =
AA =l

Neural networkE o]-&3st 7| g oju] 2= 7fdo]dct U&= 201095 E data mining
labollA A5 AFsAANT, 20008 %= 2SHE big data®] Ao tjet $27} F71sho]

1) Watson, James D., and Francis HC Crick, "Molecular structure of nucleic acids," Nature 171,4356 (1953): 737-738,
2) Crick, Francis, and Graeme Mitchison, "The function of dream sleep." Nature 304 5922 (1983): 111-114,
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data mining®|2h= ZoF7F 23S W A719A o A=E U=l neural network
T 1 AN& F e auut % neural networkd] 52 2~3749] Fo|gitt. 1 A=
pattern recognition, machine learning, artificial intelligence, data mining, computer
visions 9 #oFsE A= e A& 2 Ul B Holy Ao tiet B2 A7 MEE
o] & neural networks machine learning Eofo| A o]20] ¥ o] A ATt engineering®]
7P71& data miningol A= AAA 2 &2 4 e 0 WSS T2 ARSI

Neural network”} engineeringol|Al A AHSEA] ¢tar, A< w7}t glokar B o]
S= o231} At} vFR overfitting problem} vanishing gradient £A47} €A 2R &
%7 wjZolth, Vanishing gradient &A= HFE A4S E44 Uehbe ZA2A back
propagation®|t} reLUG S 2 4w, overfitting &A= A&A GAIZ EAeh, o] A
£ A%sty ot 2o ghaE Vst BEskE ste Aolth B AClAE Y AolAR
AAst AEEE sHA] Ferhd £R7F IS Aolth &2 v LA ofsigittd IR
A E ofsfigt Aol ofd Ao}, o] F7+ A AH3| Zrohf7|st AL of 2] Lol

AFA T AL FET ZopollAl AZHE AT, AY AAYat G4 AFH o] EH e w2k GPU,
T35 Yohe 2HY7I=Y Aol AE F7HsH] ARSI, AREY At £285 #ol7] 9
3 GPUAHES AREShe 710l be7] AFsigen, o] 7|&9 ¥y} FAlo ofg AL &
Aol AH&-8t= parallelizationo] ‘WA =Tk, HFE 729 Hsel o] 2 gt A4t £=9
H|oFy F7F2 &), $E2 +29] neural networkE A3 & 4= = o] upAEH AL

I @79 vl 12 A % 74 ground breaking Y AL CNNVo|t}, CNN image
classification® 3] U2 neural networko|th, o] FZ= dAEEH YA AA T layer
7t 2~37) &0l obd ot layerAtA 7k 24U (n x n)¢ HgolojA AL 4 gldeH,
computer architecture®] TAo 2 AAg 4 YA H Aolth o] neural network: image
classificationo] Al AR aE Hom I As dolA AHFE 339 AvtE FAEEr U
& #oFs " olghes olF ot FFAIRT olA0l 2F EdlE Wik Al 4% AFAEE Y

Azpol gict,

1. Medicine and AL : Q1Zx|%0] Ql7te] A AFnEL Lr}st

&g
ot OB el Al & 4 gtk ABABL oA = Faku Yk, 2R

3) Krizhevsky, Alex, llya Sutskever, and Geoffrey E. Hinton, "Imagenet classification with deep convolutional neural networks," Advances in
neural information processing systems. 2012.
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oz A, AE JEP‘Q—’F% 2L criteri % THote el w2 FEddie ZAH 7t
Eoh webA JFAE AL g E AFE 4 ol gl Aol F MAle 22 criteriaE

Fol= E6ta AARE A4 7HY) Ade] tigh SUARE won i A= A5 HA
£7oln 548 £ Qe dFEo| gREojgE Aok o3t REF REL AdFAFo
A 4 A AR ]El13 Aom, o]ZA W2 A AY £ YS AR q3H AF
As YAt oln| Aol A ARt ZHE oS53t dojo 31 RNN(Recurrent

>

Neural Network)< } Sh= Watson2 ojn] ¢F oA A& =25 Hojddor 9yt
2to] A S ZAet A AlA Y B2 HUSIA Ao AHEET, 234 o]m|AE o] &= A
&} 79 olo] CNNo| 35| A o|BR g2 7|Yg5°] & JIE Wil Utk Lung disease
9] Vuno, chest x—ray, mammography, pathologyolA Zd& Hol= AlA 100t A 17|
oto E Lunit59 L2utel 719% gl 0|9l = diabetic retina screening”(FW AR =
Mediwhale), skin cancer 5°| 12 2219 o]u]x] o]QJo & vital sign, EKGE £43}+= 9l
TATE et ool x HHlole & &85l ok T Ak it} HHojeE E4st=H <
TAEOl AHEEH, HRE £EE S FEHUL U A7 omr]7)4ard el &85
I 9l Q¥ AFe] EMRE Hige 2 stobgt A8 A risk factor7t 7|9 7ho] =kl
o g8H aEo|gitte AT oo’

[

2. Dentistry and A1, @ X &J3toA] ghieetnp ARG 9 L2t} 7] e 3}
OBSKOREA7} a8+ f25E53 X|of, WA A8 52 As22 #AdFE d3As= B4
g JE Adste Folh 4l A oehe] HAS AHuo WA, E A 42; AGE P W T4
S W1 o}, E3] 1 39X % 3D scanner$} 3D printer7t & FFS 7|A 1L T}, ol 1 &
217 JArA o 2 RS 4= Qltkal £ H 3D scanners AFEEC Z A 8= impression©] 2
Q8] FA 2 Aolth, o] HHEE o]§st BHAFoIY AAE HAQIstaL, ©|F 3D printing/
milling3}il itk FATA $& A= reference® A&stE 5& Y3 o] 7|¢ 2ol
Aok, wRZTgA = dYE AT A& st AE 3D scanner/printer® & 4= it} o] ¢
o] 3D scanning/printing 7]&°) 93] A H indirect bonding technique®} Alignere} 72
clinical technique®] ¢t}

4) Eddy DM, The Challenge, JAMA, 1990;263(2):287-290, doi:10,1001/jama,1990,03440020121046

5) loannidis, John PA, "Why most published research findings are false," PLoS medicine 2.8 (2005)

6) Gulshan, Varun, et al. "Development and validation of a deep learning algorithm for detection of diabetic retinopathy in retinal fundus
photographs." Jama 316,22 (2016): 2402-2410,

7) Weng, Stephen F_, et al. "Can machine-learning improve cardiovascular risk prediction using routine clinical data? " PloS one12 4 (2017):
€0174944
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(1) Indirect Bonding technique : X|0}S scandt $of HAFE ZL& 7| L0 Z o]AA 02 uj
"3t &, wiredt bracket WjEstL o]o] ME Z+7H9] bracketPAE jig(dF Y tray)E ©l
&3 71, jigE o8& AWl bracket ¥iEste WS uigtt}, o] o, jigE 7MY
o 2(AFENA) AFF T 3d printing® $& Tk ol WS AREHE AE Ly
2}9] OrapixA7b lth, E91S OrapixAt9) indirect bonding techniqued ©]-&3t bracket
positioning®] Aol A AFsgon 1 ZZEZS HEUY, I A= CAD-CAM
£ A3t indirect bonding techniqued YAIA S 2 ALEE 4= 9t AE20]9lth Suresmile
9] orametrix® A< FA pointZ bracket 232 1 oJE9A A LA 3 simulationd
T = Aol & EHolH, customized wiresS AlFHE. &, Y= Wz, oln] XokE
Hj e A BapAls Bo|u I ASHE 3| AL sl= Ao] ol Zobe] 221918 simulation
sto] 2| &5k Ao] 540l

(2) Aligner : Alignert= &3] EguAo=z 4aA ¢lo0, 3D scanner/printer?] &0

249 S vhE 4 S Aoz HYd & HHolu, ddFLE R nA
2ol7lole A7t FE3 Aol Aot o= tipping ©]€]of et AA9] 0.5mm bodily
movementE & 5 Ut AT Fo| ek Y A9}t U4} Hlolg 7} FolW BASE Au|AT}
Hel e AH LR sk Aligner7} vl o] Antwsy Yitol d 7Hs/do] Ao,

3. Orthodontic diagnosis : 17 T4 2ol= A5 A F 7HIE Y& 5 ok, At
A AR dental, soft tissue profileo]th, WA AF & panoramic view?] 7 olw] 7
%0 cephalometric views= @AE landmark®t 2| AL A Q| FH AHg o2 B4 F=

o], 2 o]Y3 landmarkE A5 2 HojFE= AF A5 =F9] naturex| 9] science reports
o A%t Dental, Soft tissue profile®] % @A AFA 5 7|&€2+ ©] AL A3
k4= Qloh 3 o= ket 3D scanner2 93 wh dental arch®] FEE= 3D, A o]
£ 98 CNNoJ| dimensionZ 3}t B 37}t neural network5-0] A¢tE o] glo}” of2)7}x]
CAD-CAM data®) learning & H|%| ¢ A2 Rtk SHA% CNNE 339 o2 F71A
713, A7t tigt & RNNZ 22 #HAo g 7RIt g zde] dadt nds ve 4
P& Ao B3t} u o computation speed7t S7FITHH, 32Hd ARE AIZHH O R ofs

8) Hennessy, Joe, and Ebrahim A. A—Awadhi, "Clear aligners generations and orthodontic tooth movement." Journal of orthodontics 431
(2016): 68—76

9) Li, Xiaowei, et al. "Changes in force associated with the amount of aligner activation and lingual bodily movement of the maxilary central
incisor." The Korean Journal of Orthodontics 46.2 (2016): 65—72.

10) Lindner, Claudia, et al. "Fully automatic system for accurate localisation and analysis of cephalometric landmarks in lateral
cephalograms," Scientific reports 6 (2016).

11) Socher, Richard, et al. "Convolutional—recursive deep learning for 3d object classification.” Advances in Neural Information Processing
Systems, 2012.
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Asol e Aotk A=A E BAS FATLE Adste 7= 93 AEE °]

5
23t TAXBA HAE &R TR S AASH= neural networkol 3t A7} 9t

4, Recent and future computation : o]u] AF3stHxol, AFA 52 HHAd= AFE &
o] wrHo] YA 288ttt HAEFE £EL Alan Turingo] 1 ©]2L A&3t o]#f exponential
SHA F7FekaL Q7] Wil |4t £ F7he HEEA] dojg Aol o wE AFAFTY &
Az o]Fod Aot} o|Fo] FA HFEZF AYETH I I S2& AETE o W
Zoltt,

8 2Fo+= image processing¥ta % & AAsted o S w0k ok A AY
o &= neural network® % Rt} computation speed2 =0]& Aol AA A5S =ol=
g Fasith= Aolth CPUL GPUC|| H3aA imaging processing@he 93t CNN accelerator
chip, vision processing unitg AEEL} mobile7] 7|9 F7Fsteh o]#dt unitS ZHzte] dQ
of met 2 F27F gebA ok gt} AT A5 WAL software?] e S| S B of
Yz} o]AlE 2+2+9] chip, & softwares hardwared] formattingdte A7k k. o] Zo] A
Abshe A& ol WHH QFA T WAool oA HFE F29 HIE ofFoUx Jithe
olth, #gl= CPU, HE2 & L= JId & wolt F29 Foo| ttes AS B 3l
ALA| = BEH, E3, imaging processing unit®] F7h= vHA| HFE | Al AEshes

Aol 3748 A% 2ohy 2 4 Unt,

> e o

|

c

5. In near future : 4 dimensional datag A2& ¢ Q= AFA 0] YeEFS ZojH, o]
Qs A=A HE9 29 At WE & de AdFATel Yepd Aotk 3 olgt <l
TA% Ardo] AXHA, 2e ity g A&7 U ¢ Uk AFASIA Z7E F
I ZHRE AYE AI7IE 7ol AYE dh dEEt EX o agAe 2L FHE UEd
t-2gl= o] AL oA E Eth Sun Microsystems Inc. o FEZFYA}F vkt IS
L Stanford medicine XA o]& 3t GHeF &S FHTh “dA9 98 ‘practice medicine’
o]Z] ‘science of medicine’o] oFYt}” o] AAZ wjgoA PR, hRE Jrre] EE3H
evidenceE 7|¥tOE 3t AGE, oiE 7HY e ELAE BYE= oi7lolth, k2 dFAE
o o3 AHHoZ =5
o

AFA50l ol i 47 4+ 9

Qo &=, practice medicine®] science of medicine® & 7}=,

=20 o #3kE Aol

12) Jung, Seok-Ki, and Tae-Woo Kim, "New approach for the diagnosis of extractions with neural network machine learning." American
Journal of Orthodontics and Dentofacial Orthopedics 149.1 (2016): 127-133,
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6. Far future : 9137459 7|2 o7] 5HeiA] Solg o718 @ Sk gk, ABA% RE
BLASE T A EAA, 2VE 83 & Aok IV, Slde LA Av s

ARt A5 019 9 AP A8 ASE A 1 0%E 140 B S5, Fe 3D
% A 2 Aolehe Rolth. v Ray Kurzweil& Sol89] =4 X178 2045902 1
900, oglo|z Hyie] AR 21717 717] Aol o]d A7k & RO it

l:l

7. Skepticism | B FAA wAHSAE f1AY, AU AFAFO] Ak HAwE
& JEHoR QAT 4 L7 A2 oK) 80%7F AlFAE7I? 10099 AIZHE £ wE 1
9 42 QAN B A7lAAE 287 49 Bolxwre gt

oz oRBAFe] AFHOR AALT S, ALY RE 7% AFABe] PAIIE
e, © 99 S AE ARY S A0 Ut 429 AU B 240N 2
Ao Y5 Aot gon AT ForA R Jojshe 5 SetlNE A2 At

A 12} 9 &27)8e] CEO°l7]% it o]9jof AFA o] AT = fle S4S AFES AYS
A 4 Aok Aot A A= ATl et d=, e o 7Zteet AF ud
< W2 YdE Ae L2 Aol s 2 Aol AT A2 @AY 2ol Ad=77|Y FF F
3ht2 T4 second opiniong We =72 AME Ao, Ak £ rapportE 345t
© A B 2ty AFA 5ol H 34 FE  Slvke AT 237} QlelE BSR4
01*—15i} st Al Sete AR AEA ol AHED O Al BAE & RE 5 U
Agke AL s dent

X‘Eh—} AR5 T 4 Ye FAFAFY M 2 Zo] drt, A ALE: Ad AFAFY

N

- AAE AT T oy & o] WA Y& HolHE ShEdte, &2 22 7
20 399 doltE BE, BYR ATIAE A3 Ak B slo] DeAoz A8
7] o2¢m ¥-8/do] Wo| ojXrh, AM I bigh WHY EMRE F&dte AFdE olAoF 7
i SL2 o4 AR B Be Yol e, 3 YRR 43R0
A B3
gelt QA Aol P Al AAZAE A & o] oot A2
EXZO] 7t2E 4 ot gutart ojAlEolA A o ol o §le WukE THEA, oMY
AR Y Aoksts EZR S A}*‘ AAe] 27]7F ok e} x—ray9 &A= AR ST
£ olth B2 ARAEL o FioA golzoln, 94
eural network—g— &3] ﬂzﬂg}ﬂ 2] ke ©0jo] AHEE 2wk ¢lth o|F3t BA|Z oFol

T
fru
1o
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off &t ofn 1o
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714584 714 3t QIR okof| A incisiono|Y suturer= AEE HoldS 4+ ok 3
u, B3R surgeryE &l §lof I vlgolu AL, 8= ARYE HoAd /A= A
o]4e] Alzte] AE Aol

AFA Tl Aot wgoll= oW FaFs 7AW, WA, B g ge B AdF
gl Y& 2 72 ZAT, oA A5 w9 A5 oetEt =A dAE &
=t A, medical #0FS] Aol BRI B At FFAQ HolHE £45te A5 uH, oA,
T3 Ag B Hof 5ol 9o 3D profiled AP R AT 4= Q1A ot ultrasounds
of AhEors AFASe] & 4 AA 2 Aolth, AL o]HT &of o]Fof FEH 7HeA o]
Ao}, HARE nA E3F T Aol A 2] ghow Q¥R e TE5H7] Y%t inputo] oA
FA3} o] Y3 T o]25S UFAFAA HEA1717] &olaf 238 5ol B 4% & 9l
the Aol o] A A AFAFY LS YZHE wE 4= Qi

o
°

r{uz

., 28

Al 47} AT B ARF7E ob e Ao AE A4S e ankE 4 FAEHL Qe
7Ie50] gAF o n#E HE Ao FAstth= Aot AUFX %—E}E] 3D printing7ZH4], %
& 2op7t o] MBS ofF Aolt}, o3t E3] 2|93t o]of FAlof WA ¥t o, ojH] F
Fo| A= AFFY =& §lo] implantE A& 5 A= 7IA7F Uk, 3D scanning® printing
& YA AR EHI glom, AT o8 22 P AT & 7 2o ks Ao
o}, ZAl wAsHY] W3l= Indirect bonding technique®} Aligner®Z th¥HE 4 it} AFA|5
o Ag7tA E&Ee O e 2 1, AFATS o1& 1A AL 7Pk vl 7Hsd
A Zoln, n o] nyATol= AFAFo] HEA] ZE Aotk HAe=E A 43 AHYE
o] o|I1= practice medicine®| A science medicine 2 29] W35l 520 93 A=

FE ol 2 FE HolA & Ao, SHAT S A5 Holl= o2 7kA] 3]9A % oA
= lon, oj2jgt FolEE Hol Wi vl Altto] o Wad Aog Helt

_I_:
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