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ABSTRACT

Full digital workflow from impression taking to the prosthesis fabrication is possible without the use of intermediate
materials in the fabrication of fixed prosthesis. On the contrary, the digitalization of removable denture fabrication
will be almost performed in the dental laboratory side, but the digitalization of impression taking and occlusal
registration for removable denture treatment has not been fully realized. This article discussed current status and
prospect on the digitalization of removable denture treatment from the following viewpoints: impression taking,
occlusal registration, denture design and arranging teeth, framework fabrication, integration of denture components,
and denture duplication. In addition, the genuinely significance of “Digital Transformation (DX)” and ”Smart
Prosthodontics” were also discussed.

Key words:
Digital denture, Digital transformation, CAD/CAM, Impression taking, Occlusal registration

) TH A ) H, 2013 KT Bidra 5 13, THHED

I. FU®IC nkE, WEREE, DR, ARERICEEE2G A5

DTE B AV E 2 — 5 KRR DOEREER D M EEDS

WES ORIFREEBEICE 1T 2 7Y ¥ ULt ITH ZLE->TWwS, 2 a—F SR 2 > T4l
ZHRDbDRH 5. KRS, 77907V v PhED IR 2 B0E 9 2 5113, RERICET TERD Fiduze o
Wil PERIREL E DO B ty,  FIRIRIG D> & Al E B £ LW, WEER, ERATAREE 20 Tws ) L2 0
TINT Y I MEDTHRET, iRz ) 2 &% ORI TR 5?2, 137 LTE)THA)
, MMYEORELZBUETE 2, —J, FEEIRHFEIELE D, BHIBEP S WX, 77727 vy OBfER

Tl o R AR A e R B A BT Bl 1 IR S TR i 2 0 T
Department of Prosthodontics and Oral Rehabilitation, Graduate School of Oral Sciences, Tokushima University

251



252 H ik 258

16 % 2 %5 (2024)

F1 LIS THRRTFIY LT VT v —3 A7 L DR

HRREP R RS RIRENE RIREDR HEERRIRED R TRREP R RS
FEAKPHEMBEGRD EELN - KFHTER  EEOKENTEMBAGRO  EEKTEHSARBEGRDE
‘B8 RE BRDRE RE BRE
FEEECHERORE LtEEFTORT LGE REFEORE
SBIIR L THBE BORE LENRTDRAE
MBI L THE
2EIR  RREPRIRE KEEE HEE ks RIZEDR
FER - KT FEER - KFYSERBRD
smg FMBRORE RE
HERREOEE
FEM R ORER
4EE 35 HERE ey b

5EIE REERE
=P R AL

IYUTHREKICATE AIEASIOLYY ATEUIOEBHE3D AI@EUIOBHLEIY >

7=v2 (BN BN, IVYTAIEE FT14RIDIYVYT TYYIEL, TOBAT TTHE TOBRATE:

]
REAE HHVRIHEK LHREKREHRS, HH
) 12307 > b &

MARLL, Hk4) £ 1 2SBIfER

TN THHEER GIEZ NI EDE AL E L 22w
BHICBWTHITADZTHA I Z LIHEREIN S, L
7 LBIR R TH RO IR, WAEREOTY L
BIEFFIcTETVRVLEIRTH D, I Tofbmix
VEDAE R Z TR0 E ) &) BT
5.

ARETIE, BRIBED T ¥ MLOBUR & 51D
W Tk L 72\,

II. WoBTITILTYFr—

B In I 57vFvy—) LEbL’
b, Z2D% S IFMHETH (SEIKREN) 555D
DTHBY, RILILTFPILVLTFVvF Y —L ATFLLES
b 2 2R EWIER S AT L2 AN T 5

Z O IE, AR CHIRERS, ®éE
BRI N —bL 2 b D (2 2 TIRHIRRS - KA
FAE EIER) 27 Y2 MLl ¢, RREmEEE 20
WirgEE a2 —% (PC) FTHEB, CAD TA
T I %2 1T\, WHERTEEZ & OR&DEEDIE
Zixat L, CAM cHBULL, —HFEXE2EDT,
RIRBERZERTH2HDTHBY, Thbb, F=27
P A FTOHIRERS, WEFRIESEFTEED T, &
TETOEED—BH 5V IFEH %2 T 7Ll Tw»
ZICTER, KA —h—1%, HIRRE, RARSD
7ODOHHADEERMEL, oWz kb fEfEcT
2L R%EZLTCWED, ZOEFTETYIMEORET
70,

BTLOHTOr 79y 7))y P eEMEDRKER
B, 79907 v D% L OBAHE—DMET
SIEDTHETH 5203, R OLAIIEEEIR & AT H

HEEBAN BA
/ Intraoral scanner \
Y /
(s ) — »
¢ T i \ : I

Contact scanner \

:/ﬂ:v
"R \")

(4
. +4 \‘\
Sop="

WO ERERS

A A
. ERE

M1 F =744 FTOMETIRTDONRGDT Y Ml

MBI R D, I REEPHEEE R D 7
L—L7—7%&EDNUE=DO FoaryR—% v %
MHAGDHE S E VI BRIEBRIELE & 5,

. BEEERORRAT Y FICEITS
7YY IEDIRIR

1. BT (K1)

o S, MEHETHOMNSIRGD TV ¥ LBl L
TE, BURTIE, WERDITIETHIRES L, Bz
EL, ZN%ZTAZ by TAX X F =% ETTIYIL
t32% 2 0%\, AENRX v+ — (I0S) TiEEE
CPEN O HS, B %2 729 T 2558123 w Lo
POMEEZET S, —I%, 10S DiRGIZ, Ron
7= HiPH D {5 % B A b TR o ik % R



DX #EHED 7= D DRI © ZbhilA

I0SIc & 3
&7l - SERPROKRE

e BARIER

HEZENDRF v >

T aA-TnRFRE
Yr)wI2bhL—IC

& 2 BN EFREE
DAX v

iR, BRER

2¥v=27

CAD/CAMB &R
L& 3% ERE

LTRRMEL
xR R DML

R - REKEG

Fa

2 BERGDT Y8 ML

DT Y NALDEIR & 512D T 253

RS

CAD/CAM
Try-in denture
Hi

BREMOHRLIEE

a. THAMBEEBICIE 3 DRk Z RO AR, ESHMAETICEZ UG T 27 vy 7 A Y L%
bOBREKRIOMA N L —, AIRIREL Y v €y VI TORAGTRER2 BT 2 17,

b. ¥V a— v 8T k G RETAHE I~ I8 (@) BT EO G,

c. MR L — (P—v—4h) 12Xk 2HI%R - WATE.

(AF4vFvD) T270, #EO X 5 1B
IO B A ERADLEDMENKRELS Y, 7
L— LY — 7 QG I EE & 2 ATREME Y < 7%
2. X SICHYIEES T, TR M T H
378, HEROELALEIZWI EHXTEHL WL E X
N3, L, EEREEICE O TIZREEEE X TH
FEEIMEEVE VLI FELH S, 51T, 10S
ICKDHRIIMEHIRTH D, BHOHIR E SN 5iE
RIMMEASR TR\, L LERSHOEA 1T, %
FEFIR (R/ANVNEAIR) DIF ) 258U TH 3 L v
BRLHD™Y, WK EZGFEETH 20D Litk .
— 77, TRt SH O BEREER I ME IR D EARTH D,
ZD%H1E CAD ETHiilEZ2 T 2 038035 5.

10S DHIRIBD b 9 —> DRIEITE R KBTS T
b, ZOWTEHTLE L TifiE (FEH) 23
LAfER LA THS, BT THOEMEKR L, €k
BTHLZOREIREEL L™, BIRD I0S Tk dh 512
EOMIEHIRIITRETH 5 9 23, WEHIRIZSHOB
HETh A, fRFEE LTIE, 10SIT X 2 HIRFEED
EEHE(Y, Vg, 3, S 8T 29 ~ 7 7 % —obi%s,
AMEND~v—X v 7, BZREETDOTVF v —R_—
A DR, Artificial Intelligence (Al) (T X 2 RHE
EREVEZLND,

MR IR FLEE 72 51, 10S BIAFIC b T4 23 BARGT#HR
HLekI %R, ZRLTVIA Y —THREEERL
FL =2 v TR, BEDOA A TITL o TH

B DR % S Bk L, Photogrammetry 12 & -
THRIPIRZ T 2 FiETH o In i ¢ b
%1uu{

2, REHESE (K2)

BIFE DWCHRIR A D3 ) O A SR 23 4 8 b 1
X, H50IEHBE O ZNEZTEL T, BE
SEREZ IOS Tl T 52 2 LIk > T, BAH
R% PC LIcHBITE %, —J, HHEFPT A t)F—
D Cl @ &9 2 HBIR2IEA L Tow 2 a0 AL
R 23 e WA 7 1%, BUHIRG A TO R ABfR %
RRETER ., ZOBAICIIERSNEL 5, %
iE, YV a—v 7T P plvoclar ok FY v
ML —D X9 A E LT, REE R I Y
T2 EFHORNABEFRE L, Z0%RTY YL Tl
ff L 7z Try-in denture GRisRF I HUD A0 % FHRR,
HEVIFZNEHET S LIk 0T, BRI
Uz etz 5cE %, &rlx, 7YYL TH
TEHIR 2 B9, Z D7 —% 2w TREHIR LA
FEDEDI R DA L — 2R L7,

PRI, HEEZIR, CT Ik 38R, HiHk
Wi o7 — % & THE) & E O T — % OE
DEOLELREITL>T, BEKRE E ORIz /3
LTI AN O N BEfR%E PC L CHETE %
ZEiZmA),



254 H ik 258

16 & 25 (2024)

—

Direct manufacturing

i ing
EETARY(£E, PEEKEL)

rf

Indirect manufacturing

 exocad k=

IL—LT—HDFKE (CAD)

M3 7L—247—7 0l

A b oo - .

M4 104EM LR, 72V =09 =0 DT T AF v 787 —v
EERILTV L, ZNE X v A b CHEEL ZER]. 7Y
7 S IO DL ERE L T b,

3. JL—LT—-U8sDEUE

7L —LY = 75080 T Y 8 Lo E X
3T, Wyl FEET—8 o8O CAD V7 b
BT, 7L =L =0 DFHFAL VERET S, #
DIV—LT =7 FHAL Vv 2EHEI) VIR ERIET
)y CEIET 205k E, Ty I AR =TT A
Fo IR —vRBWEL, ZORY—vEF X ALL
TRIE7 V=07 =7 2 8UET 2 5 L35 5,
AR RICIE, SV Y TR TF Y v AER
CoCr&a&h o, Yrva=r, XV —7)
T —5 L% b v (PEEK), XY #—+R%— kg,
T7UVLBERZ EPHAREINTWS, ZXu7) v
T, LYY RBAHC D Selective Laser Sintering

Additive ing
EEBLE (SLMEE)

f———— Subtractive manufacturing
TIYIRTARIDIILY

ing
RE—2DIRTT )k

ARRTVIR
TO=VY (FrRH)

@

(SLS), Selective Laser Melting (SLM), VY v 7
& SLM DA 7)) v Pk & okEiEiEk b SRk
INTED, SHBEREGEDRIRICZ > T TH
5o,

X412 104D ERTIC7 V=207 =2 % ZRIL7 Y
YELETTAFy 7R = DX v AN CTEYEL 7%
WoarRBUIEG 2R3, B TOLRATEHMET
Hot. Ly, CAD 7—% % HBUL L ik 7e 24
BOMHGKEE 2135 7201213, CAM KD &MEHRTE
WCRESEINDS L9 T, CAD=CAM DY AT
LREWIEIER ) INIDEHET S 2 L2 BfRT
NETH 5,

4, FEFRKLCATEHES

Wl FERERE L Z oGO T =% %It
CAD Y 7 b Z 72Xk TRME, 7L—0FT¥A
v, NL#HP, HEmEEORGMTbNns, BifE
X, T —% WP o 2RI AR HGe ol
kIR, sEHE TE2RGHL T s, XA BN
R S L5 K 9 12> T 523, RN
T RTCOFGVPHELI NS LIk THAS
517,

AT IEY I T T wiuR, ALEHE % €
=8 — ETiroTh, BIEDOEREILZ DRAERIC
MRINTWE DT, MEZIfTONLIETTH 2.
Lo L, NLWHRNC B B R mz 63 L b+
WA ER L T 3 LIRS v, kR s RHE,
HRHE T, WARICGERSINERERAR LT
BonsEWo o, ANLEOPEFINECUHESFE
P L) 2 a2 M5 L T8Y, 20k %2



DX HEXED 72 & DRI : FHTEHED 72 7 MLDOBUR £ 5 I1I2OW»T 255

Dental arch/ edentulous region

| | | |
Conventional impression I Duplication of denture
(]
Master cast I
n Treatment denture
Occlusal rim ;'
L |
Wash impression
Byte registration

vs nnnnnn g

Digital laboratory

Sul:rtracti&{;I irﬂia"régfanuring

Placement of
rtificial teeth. @

| y of

5 IR O WIERED 72 7 AL,

DO~BIEFAXH DTS DOFIHICH YT 255 TH 5.

EDTE LR L -tk BHE, BBt T4 <
KoTWbEW), TDXKIR/)INID, E=F—
LD NTHRPFNCEATTE 2005 % 0FET, Zh
WU, F TR A e L HER S L 2 £ =
Y — FICHBINICER R TE, ZUht-> TALEPEI
oD RO E2{TH) 2L DTE S CAD VY
7 b DBHFEPRBIETH S T .

5. ZFEOIVIR—XY NOHE
R EEDOBAITIE, 7L —207—27, N,

BHRKLD=D>Da vy X—2 v Mo, 2iKE

pEb A7 < &b AT, |HEIKEDO —>Da v R—

F v Mg, CAD Tkt I Elio a v R —

v %, &9 CAMIcBWTHIYLT 20>THh %73,

EHRBROGE, UTOHENEZ6NS (X5),

O B NTHEZMHE ) 5E, MO NTHEEAT
% 2 %R E % CAD/CAM THIEL, Z0, A
DFCANLHZMA, BEI¥S. HD2WVLIIATLH
HMOREHDA Ty 7 A% FTHEWEL, N1 %
ZIUCHIA S dH LT, KoL Yy 2 LA
B, F—=F—RX—FDLLvF 4 A7 %28k 2D
TAAIHRIVVTL, BEETERT S,

@ ANLHH, JEHEIKEZZ2NZTNDT 4 A7 %M
TV U7 HH0IE=RL 7Y v ¥ THEIEL, 2D
%, NoFTHtT3,

@ WL BRI R o7 T 4 A7 T,
SEMR T A4 v 2 2D 20PET 2 REICAEbE TSI
Yy 7L, BMETEKT 5.

@ PO THEERAE CAD/CAM THEL, 2D
#%, FHREMIIC Nu:le coat (Yamakin, &4%1) 7
EORRD a—5 4 v IMEEA TS,

® =7V vy CEEMEE - EICEET 5.
HaREROLAICH, EKRER LML X 9 208

BErHadbe T, ZoWEO—Hd 2 0izeilE T

CINMLTED, Rt 2, ALHOKEARE 7L —

AT —0 DAV Ty 7 AZETEMEL, ANTHE 7

L—LT—=0%ZDA YTy 7 ATREL B, K

DL P Y R LIAR, T —F—A—FDT 4 AV

ZEIE, ZDOF 4 A2 %IV VL, BEREERT

% 20>.

6. RDESR

ek DRI IZEEL 7 7 2 71235 F e & L
L, ZOBEWOWTICL Y v RIBAT 2 & Cllff
LTE7, HalFEuEIC, WHoNy T4 2AF
F—TEEDAF v 2iT) HIEZREL, 615, 0E
BN & LTl ) A, HOZ N =Rt 7
VY THTOMNIBETES L LME L7229, EH
B, BEIEMELE L TREBINTZDDBEHICFICTA
3 k9, Hx oL Tk, FlfBET
HREFHFICHBIBEPEETCE 2 X9 Ik TH A,

IV. fRERc&T2
B Digital Transformation & (& (1X 6)

TEIMUICBEL T, TYINETFT VAT 4 —
X —3 a v Digital Transformation (DX) & \»9 &



e

256 H iR 2

iy
l:i*

Smart
product
delivery

el

Digital transformation(DX)
CAE(Computer-Aided
Engineering) 2 &® 7
KEEROEL, Ri#ib

6 . Smart Prosthodontics & 1

DR b Kb s, FY I MkIciE=
Bt 2. HBBEDS, WEORERS W, KM%
TYINET DN TP ¥ A ¥ — a » Digitization
THY, BB, ZoBET—YE2HOTEE
S E AN, 72t 213, CAD/CAMTY 77,
7 vy, #EBEWET % 2 LA Digitalization TH
%, HEEBBEDS, # o Digitalization %2 HEEICHE &
L, HigaREaRz B bL, HamicyEr 525
&9 &2 DX EMES gk RHGEIC B 1T 5 DX
&, BT —%, HEIT7— 25, REL, EY
7r—=%LtL, 77— BRI EPHER 2 ML,
Zhze b LI X ) ROklitk AR OBREL, B2 1
D EF2003DX L2 Th 9. DR, B
[, WBEMEDIER IR 2D, BHEHE BTl
¥—okbh, BiRE, A—FRr=a—1 I VICEHBRT
22L2V)DTHAS), £3I2T DI L% Smart
prosthodontics & FEA TIEFL V2P,

V. 8bbDic

BWIBFEO T ¥ M bIE, FEIE TR 2 RRE I
o TED, SRBRIFHIRES, KEHRE R EDOF = 7
A FCOEBEEEO TP IMMEBELTH A ). X
U &I TR L 72 Bidra & 2566 L 72851, Gtz
B3 2 EAGRER X, BRE2EkoTY ¥ ukics
WTRHEIZE ), bbby TzohTiEfIns 4
B, WFER, ERRATREMEZ MO TWw B A 12D v
T, HERIEED TP Y IMAIZEHRIBE DR D &
A xR (BB 1232 2 EonfRE 2D T
WBHEEZDL, FDO—HT, BHIBEDOLIBLD T
I 7Ry 7 26T B Z L HEZ SN, ChatGPT &

Smart
laboratory

16 % 25 (2024)

Digitalization

Smart a2 Ea—9 kg
chairside

Digitization
ERIFERERE

“a
Digital transformation(DX)
HRR, ATXLF-

4

Digitalization

#%ENCAD/CAM

ok REH2EOTwW s T ary Fr Iy =7
(Al 3@ e R ay Ty eEAHE 2 X iRz
Hyzvy=7nlt) o '7vry7r 7wy K
VT AR BEENDEDS LR,

I
MHEEOWBE T 7Y & LA bic TR 72 720 7 KR
BERER A OREgEI A, HERYHE DRI ), X

B\ 720 T 2 AR AIR B DR Y- b B T 1o <
HEHEL BT ET

X

1) HPEE, B % ik FhaRED 7 9 MO BLIR
LR, HAfEAES 2017 5 9 © 38-45.

2) Bidra AS, Taylor TD, Agar JR. Computer-aided tech-
nology for fabricating complete dentures: systematic
review of historical background, current status, and
future perspectives. J Prosthet Dent 2013; 109: 361-6.

3) Baba NZ, Goodacre BJ, Goodacre CJ, Miiller F,
Wagner S. CAD/CAM complete denture systems
and physical properties: A review of the literature. J
Prosthodont 2021; 30: 113-24.

4) Carlo P, Brugger R. Digital removable complete den-
ture—an overview. Current Oral Health Reports 2021;
8: 117-31.

5) Chebib N, Kalberer N, Srinivasan M, Maniewicz S,
Perneger T, Miiller F. Edentulous jaw impression tech-
niques: An in vivo comparison of trueness. J Prosthet
Dent 2019; 121: 623-30.

6) Russo LL, Caradonna G, Troiano G, Salamini A,
Guida L, Ciavarella D. Three-dimensional differences
between intraoral scans and conventional impressions
of edentulous jaws: A clinical study. J Prosthet Dent
2020; 123: 264-8.

7) BT, KRWIT, RIS KRR B 56
— LU, HAfifReE5 2016 5 8 & 18-23.



8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

DX HEXED 72 & DRI : FHTEHED 72 7 MLDOBUR £ 5 I1I2OW»T 257

I, ALK BB, #5227 e sin gt — ke
fERIF DRSS, HE: 74 v 7 v v AR ; 2005,
Matsuda T, Goto T, Ichikawa T et al. Digital assess-
ment of preliminary impression accuracy for eden-
tulous jaws: Comparisons of 3-dimensional surfaces
between study and working casts. J Prosthodont Res
2016; 60: 206-12.

Matsuda T, Goto T, Kurahashi K, Kashiwabara T,
Ichikawa T. Development of a digital impression pro-
cedure using photogrammetry for complete denture
fabrication. Int J Comput Dent 2016; 19: 193-202.
Matsuda T, Goto T, Ichikawa T et al. Part-digitizing
system of impression and interocclusal record for
complete denture fabrication. J Prosthodont 2016;
25: 503-9.

B AWK T, FRARHEER, KO, CAD/
CAM £ffii 2 s U 7o iR, HAfigk &6 2017 5 9
236-41.

WARENG, A, Ehivgch, N LS, MIHE—RE,
POhE, RRPRIL, ARREE Sy REE O TP vl
B 23R L © e —, HAfifkeEs 2022 5 14 1 17-24.
FEITgE9. CAD/CAM 7 v F ¥ — O, kLT
2017 ; 45 : 958-69.

Ichikawa T, Matsuda T, Ishida Y et al. Use of a poly-
etheretherketone clasp retainer for removable partial
denture: A case report. Dent J (Basel) 2019; 7: 4.
Yunizar MF, Watanabe M, Ichikawa T. Current devel-
opment status of additive manufacturing technologies
for fabricating removable partial denture frameworks:
a literature review. Int J Comput Dent 2022; 25:
57-70.

Liu L, Watanabe M, Ichikawa T. Robotics in dentistry:
A narrative review. Dent J (Basel) 2023; 11: 62.
Soeda Y, Komagamine Y, Kanazawa M, Hada T, Iwaki
M, Minakuchi S. Trueness and precision of artificial

19)

20)

21)

22)

23)

24)

teeth in CAD-CAM milled complete dentures from
custom disks with a milled recess. J Prosthet Dent
2022: S0022-3913(22)00642-4. Online ahead of print.
MAEA, BEttaics 23D 727 /8y — %1%
HLZzT27V7— 7 v Fr—0fFHE T
2023 ; 51 : 854-63.

Akiyama Y, Kanazawa M, Iwaki M, Hada T, Soeda Y,
Otake R et al. Fabrication of milled removable partial
dentures using a custom plate with prefabricated arti-
ficial teeth. J Prosthodont Res 2023; 67: 647-51.
Kurahashi K, Matsuda T, Ichikawa T et al. Duplication
of complete dentures using general-purpose handheld
optical scanner and 3-dimensional printer: Introduc-
tion and clinical considerations. J Prosthodont Res
2017; 61: 81-6.

BREEN, E E, WIHEEHEE . T Y 8 uBkER
2 FoCTRUE U 2B g AR & IRETAT,  HA
axik 2017 5 9 : 357-64.

Matsuda T, Goto T, Ichikawa T et al. Geometric
assessment of imaging methods for complete denture
form: Comparisons among cone-beam computed
tomography, desktop dental scanning, and handheld
optical scanning. J Prosthodont Res 2020; 64: 485-9.
Wi, Rl MMz %2 X2, Bl 2O, HHfifs
782017 59 1 159-62.

HH ARG I

ik

T 770-8504 {5 TIEAHKT 3-18-15

TR R AR A Be PR g 8 ~AIFE B P S v
e o By

Tel: 088-633-7346

Fax: 088-633-7461

E-mail: ichi@tokushima-u.ac.jp






