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[Abstract] In recent years, a new type of resin matrix

ceramic composite material has already been applied to restore
tooth defection as well as to manufacture crowns on implants. It
mainly includes two categories: Resin-based ceramic (RBC)
and polymer - infiltrated ceramic network (PICN). This paper
provided a review of the mechanical properties, aesthetic
characteristics, and clinical applications of resin matrix
ceramic composite materials. The results indicated that the
mechanical properties of resin matrix ceramic composite
materials were between resin composite and ceramics, which
were slightly higher than that of resin but significantly lower than
that of reinforced glass-ceramics and zirconia. The advantages of
such materials included their elastic modulus being close to that
of enamel, and better fatigue resistance compared to ceramics.
However, further optimization is needed in terms of mechanical
strength and fracture toughness. The transparency of resin
matrix ceramic composite materials was not as good as that of
reinforced glass-ceramics, and their color stability was between
resin composite and ceramics. In terms of clinical performance,
resin matrix ceramic composite materials have been mainly used
for inlays, onlays, and partial crowns currently, exhibiting
similar survival rates to ceramics in the short - term clinical
follow -ups. PICN may be more suitable for implant - supported
full crowns. More evidence is needed to support the long-term
clinical performance of these materials.

[Key words] Resin - ceramic composites;  Resin
composites; Ceramics; Mechanical properties; Translucency;
Survival rate

Fund program: National Key Research and Development
Program of China(2022YFC2410105)
DOTI:10.3877/cma.].issn.1674-1366.2024.02.002

I 10 48 3 1 i 3k 7 b B9 A RO AL Bk it
5 %] 16 (CAD/CAM) % %t F (LB AR 7 1 15 B 474
BB RE KRR ZE A, KT CAD/CAM A
MHFATHGEEMBLELH R R EN., UHE
A g % R R Rk B L R AR



PR T B AAF 5 2 L TR 2024 4F 4 A 55 18 %55 2 ] Chin J Stomatol Res (Electronic Edition), April 2024, Vol.18, No.2 81

FIHHR R FEEMERT R, RETFNER
PR, 2 RERBRAERSFHERTEIZ3%",
RAR KR SRR S Rk 92% ~ 95%, 10
T ETHXI% Y, (L HE T 0 It & B % AR
EGBIROFENA BT R ERBERYY Rt
K A 57 R, BB e A R B
XA RS F W AR AR g abh, R A g
) % An S AL 4 1 % o B A B 5 1k 95 ~ 200 GPa™,
BEHT A A0 ~30 GPa), AT H & B #&
FREMEELEERNTRALNBERT =, £
e Ay 1F T T A R BB B R, FE T TR T AL
REFEFRE",

AR B R 2 4L I F R A B R A %
FAMEEEZ AN, REAMBESTHES
PREA R R, e 5 T RALE i, B
AR B R R T A, B B R R A R 48 A
HEFHE GRS, BEW, W EMBEENA T
ok ERE AT AME BB A, EAKT
HERIINEEM M FEESRZL, BK B KT
BB AEF W AXEEAN Bl KA CAD/CAM
R 1 % 26 AR B 5 B R Bl JR R R IR

— M 1 % B AR H IR

LR R m A EM RFEREHENRRE
T XA R, B AR A — B W 2R R
A ME N EIRR AR e FUR A E LA
H Y 4 & 3 B (resin-based ceramic, RBC) F1 % &4
B % LW % (polymer-infiltrated ceramic network ,
PICN) # A 1,

(1)RBC: W KAk it 5t R B A MG A
B, m e 2 46 P B T AR A,
KL T CAD/CAM #y 7 v A% fig & & A1 £} 4 Paradigm
MZ100(3M ESPE, X &), 3t 2 % T 2100 A # B2 2 &

HERE AT R 3 3F K E A T &5 2 & Lava Ultimate
(LU,3M ESPE, # E ) B 7 Paradigm MZ100,LU #
42 80% (w) B B AL 2 - — A LB 40 K 1 R AR,
EMEEREE MR RABREEEGNAETFR
Fig — ¥ X 79 % BR B (urethane dimethacrylate, UDMA )
4R, L E AR T REAAS(E 1A~ 1B), H
AR GC /A & #a Shofu /A~ & 24 7| #F & T Cerasmart 1
Shofu Block HC, Cerasmart 5 LU % RBC #+ ¥} # #
ELA 18 % 90 K BURLEUR GEOBR < /N T 100 nm) ,
W CBEAR A R g 4 K B &7 (resin nano ceramic,
RNC)™ . B R Se it A 1 % 41 RHE ok 0 [ AL 2
LA TR B B AR BT B3R T UDMA £ i, %
Ao -H IR B AGRREH ™", B
FEmbEmERGTZMIHEYS, B 2016 FURERE
% % A RBC 7= i 9 & 5F 3 \ 7 377 , £ 4% Brilliant
Crios (Coltene, #; 4 ) . Tetric CAD (Ivoclar Vivadent,
%] % 2+ % ) #1 Grandio Blocs(VOCO, /£ [ ) %, &
# Grandio Blocks £ B4 & 1 86% (wt) , & T B a1
W_EA %M RBC &,

(2)PICN: PICN 72 3# 3 7 Al B 1 35 3 T Kk 45 9
AL RN % BELGRRE IR ENE6H4H",
Bt iE 5 & W 4 B = 4 B B M oAl B aE S,
BRGE € AR SO RN i T R o 3
# Vita Enamic(VE, VITA Zahnfabrik, /£ & ), £ £ &
UDMA fr = H 8 — ¥ 3£ 7 & B B (triethylene glycol
dimethacrylate, TEDGMA ) 5 Bk #9 & & 41 [ 14% (wt) |
5 % =18 K B B E 25 P 2 [86% (wi) [ 4 B % %
- (E 16~ 1D) . KA U % & B A1 PICN
WEEXRRERANAB B8 S FHERRE,
BB, A A R B A R A 142 o X PICN 09 [ % & 4
WG, NTIRF R E A F R eI A TS
ty 52 %o M PICN, i 4 3t A AL 8 0 R AT A F#E

1 FER M E LSRN RS2 A 334845 B R Lava Ullimate F EAHLHE £ B8 08 T4 B 207 4 5B B A F+40 89 3%
AT AR BT I R A Si0, K Ze0, AL 5 C: #1 4 HBE B R Vita Enamic 7 3 22 6 1 % PR 5 I8 2 0 7 2 0BS54 D: B C A+ AL

WA AT A R BT A E WA H 4 A Si0,.2r0, & ALO; i 4«



82 FPAE T BEAAF AR 2 A O TR 2024 4F 4 A 55 18 4555 2 ] Chin J Stomatol Res (Electronic Edition), April 2024, Vol.18, No.2

e 4 An Rt g KA 4 i% E N T R AT B E G 4 PICN
WO AN EEE R E RPN B MR A TR
PICN L A8 Li ™ @ g Kk A5
PICN # B & T 4 & # o & B IR E R T Ry &
Hy, FAEJE Ay BAR & 9B Y 1.79 #137.4 GPa, 37
T HE A F R R AT 4 20 R B R PR ARG 7, B — Il
R BL R BT %

2 FWR MG EEAMBESFERE L
ZAHTHES BEMEFEE™, BERFR RN
Ry ERTEFEZR, REEEHTHE., BE
KT & LU A1 Cerasmart f i 34 58 E vk & TH A4 4
MERVE, TEHETHEGWREREMLE T
2 i B AL 77 RO RCE B B SR ) ] e
WESF AR #EH(10~30GPa), LHEU
2 S 3 N\ T 3% Y Grandio Blocs % #7 & RBC & & , &
MR T EAAERRE, RNAEGN T W BE
FHEE b, 5ERHEEALL, B4 RBC # T 258 F
e FRTHEARHEEMANEHEE, {ERBC
A8 Eb PR AR B AL R B 2 M, AT AR OE
AL A2 P R L &™), Yamaguchi % ™3F
T SHEANKNIEERE MR K BT
THERETHEEINERHNEZRTEHEM A
WK 57 & Ao ST, U0 R R A IR 2 K
CAD/CAM RBC #F #F iy i 34 7 1 , X 2 B A p 5
FE B ol R A KA T B, HORKE TR AR
IR FAT N, LU B 1B B &y BB M3
48 K Cerasmart #¢ Brilliant Crios 4 1% , Grandio Blocs
A AKIIE o U R AR AR A E

PICN & AL By Hfl E 5 RBCEREEE
BoRABEGN T EMEREE Y HER
B AR (B R B AR I 5 2 R A AT BRI
WEHBRERM R M., AFH AN, X —FFHT
S HBEHRN SRR NEEMA X, BEEN
RPN HRRET RIS ZE, EEENES
HE WS ER @A N TR BRI b5
BN E W, B T B9 TR PICN ALAR B2 1K 47 2 — A
KEWEE, TSR LG RKEA, E5iEEN
PICN #+ B % 7 B #0789 #F %8 E & o Tkemoto &' T
2023 FHl & T — P B B E B EALEE E PICN, 25
i J¥ & 1k 346 MPa, & % & T Cerasmart 72 VE, iX &
A ARG R R A iy MDP 34K o] (R 3 (k4 B
BESHEMEZHNNFREE, HEFHENAHEELR
BAER . PICNWHEEEN T TG F AR

B, OPE G R EENELA S AT MM
ey T BB T B BT R R R A
I %k , Eldafrawy EIR R R E T AT A
T #E B BB PICN A #3755 dy 82 5 A7 Weibull 4 &
METFHRARERFARR SR METhEE F
B EEREEERE 2L E THE#AS ENT
KK WM Ly 4 1

I /K % Ly CAD/CAM #% flg 16 % & & A 44 oy 3
AAFEREBE LR, HEEEL R RIE
T HERE &M F i, RIE E oy Aok
AR NI M, HEREE G K A R R AL, AR b
o 1 AR R D T B AR AT B R T L AR B
THEAEGMES &M EZME, WIEERE M
BN E S T ARE A B, EATRBEEM
HEHBZEMRS . K, WL IEERS T
M RENAFHRPHGRNAR, TR
Y KA M DA RO TR R T A BR AR R, AT K
A M E AR R By AR T R A A A R R R R
FrR W E m Ak

3EFHR REMM AN EFHRN TR
MRAEXREE HRAEEMEEKRERATRKEE
ot — H AR E IR H KA sy oy £ & 7 A
Z = BT, XA R R A A AR £ 7 E W e
REZBRAFEUMHFER IR, FEREEZE
SAWEFBRNEZH R —  BFA+ENRS
#% (translucency parameter, TP) & 7= , TP 18 # & % ¥
HEFEEME . Sen &I B 5 4E R KU, LU B TP
R ER T VE, ZA R AN 0 E &L 8 4
ETHAWAKRPEN, ERNTH AR KT
T T o AT, B i R, TR W
KTPE T 5 H A Em iy A8 2 E[8.31%(wt) ]
Ak, B A R TP 1K T3 58 A 9 1 K A
B EHEBEEF @, A Ami 5 K XL I
PICN # 8y B € A4 2 M4 T RNC, B E T8 45 19 1
FRREMEMEE ., —B2023F W ARERE
REVBAMEMERELGM RN HERE R
T RE AN, EmE e TR,

= R E R AR R I R LR R L

it g 1 % 2 A AR ON I R R B R 2T 10 4F
WL, EEF R RGEAAE LB ERE, BA
% e KA R AR T A 1R A e AR KT 3R,
&2~ T CAD/ICAM # fis f % 2 & A oF b A T &
AL AN R A AE R, A T X PR B E



PR T B AAF 5 2 L TR 2024 4F 4 A 55 18 %55 2 ] Chin J Stomatol Res (Electronic Edition), April 2024, Vol.18, No.2 83

1 HF T ENH T 5 F1E(CAD/CAM) n T AT RHeY y 5 Mg

4k, i 58 )E i d A i 2 7
R 2 e ‘ - -
AR A (MPa) (HV) (GPa) (MPa-m")
PICN Vita Enamic . UDMA .TEGDMA B4 ALOHY K 140~16110% 195 ~2052" 30.0° 1.22~1.54""
Vita Zahnfabrik HREE
HtHE 2% Lava Ultimate | Bis - GMA, UDMA, Si0,.ZrO, %3 % 198 ~203"" 96~ 11425232 127168 1.56~1.90"
3M ESPE Bis-EMA .TEGDMA ik
Cerasmart ,GC Bis- MEPP, UDMA ., SiO,-glass,Ba- 176~228"%7"" 2 ~80*»:23% g 4.8 57 1.06~1.24
DMA glass 20 K F ke
Shofu block HC . UDMA . TEGDMA Si0,.ZxSi0, 158 ~ 166" 73 ~ 87l:3:37 8.257 0.97 ~1.15%"
Shofu
Paradigm | Bis-GMA .TEGDMA  # 48 Si0,.Zr0, 146" 103 14,17 1.50~1.92°"
MZ1003M ESPE i obr
Brilliant Crios | Bis-GMA \Bis-EMA, Ba - glass. Si0, 198" 73 ~78" 10.3" 1.55~1.27"%!
Coltene TEGDMA 9K AL
Tetric CAD Bis-GMA \Bis-EMA .  Si0, Ba-glass 274" 72 ~77" 10.21 -
Ivoclar Vivadent TEGDMA .UDMA
Grandio Blocs . UDMA .DMA SiO 4 kAL, 250~290" 135~ 146" 5.5 1.59~1.89
VOCO Ba-glass
& aw e Filtek Z350 XT. Bis - GMA, UDMA ., Si0,.ZrO, %7 % 119 70~784Y 5.3 ~ 6.3 1.394
3M ESPE TEGDMA .Bis-EMA ¥kt
K& f % VITABLOCS Mark K % Jit [ % (Si0,. ALO; . Na,0 . K;0. 139~169" 449 ~ 455 44.5~455" 1.36~1.45!
Il .Vita Zahnfabrik ~ Ca0O.TiO.)
WisE M35 TIPS e.max CAD Z R 42 %8 14 % (Si0,.Li,0 K0, 530" 452 ~731™ 58.0~110.0""  2.11°
% Ivoclar Vivadent MgO ,P,05.ALO;)
S % TIPS emax ZirCAD ., 3 mol% 4 % 2 0 ) % & & b4 (3Y- 850~ 1200 1506~1579"  201.4" 3.60~5.10"
Ivoclar Vivadent TZP)
T # R - - - 300~ 500" 40.0~100.0°"  0.65~2.50"
FARR - - - 50~ 100" 10.0~30.0" 2.20~3.40"

ECBERETESH. PICN ARG S EEE W% UDMA H 25 W 8 28 — W A F B 85 TEGDMA % = 2 Z 1 — F A 7 R 8L 85
Bis-GMA % W B A W ¥ L7 1 % 2 K H o B 5 Bis-EMA % 8 2L W B A = 7 2L 79 B2 B ; Bis-MEPP 4 XU B A 8 3 = W 227 JF BL B ; DMA
HZWERER, A RERE.

UR&ARGE R oy fn £ E L WERX EH AT H
TRERE, EEAEEEER TR L FE— %
S

1. PICN: B 7 7£ I JR £ B2 f 9 PICN 7 & £ &
H VE. & E VITA /8 X 2 3& 3 R € 7« 70 F 3
S A VT N S AN L I
FHWHERE, BB G R R EREVW VEE
HEAE Had REUREREBEEN AL ~3
EHEREFPERABRIVEENGCERR, £ Y
1K 93% ~ 97% T A D Bk W ) L B
SHRFHMAEERFENABER. —HIERK
R A, VE T W JK B2 2 48 Ja 7 R A T B AR
B, XTHRIFRBEEEREEH —F BENTI A
Y, FREAMNEGBRELSE, EFHAEA
WiE RFEEENE T 2R G HREAE TEIN L

BREEEH10~15mm, 2" F & 0.8 ~1mm,
1~ 1.5 mm™ ™, Gierthmuehlen 7 8 K 4 5 %8
R, HEELREN Il mmWPICNEFTATEAR
PR T M, LR R & T 2000 N, A oL 7T
RN —FRFOTET ., Kk, % K2 VE
MRFPRE KA FTEE R, TR 8L
HEEWMBRELARBRR M+ LA IR,
FAB RS K1 TIT K, Mine 218 1 & 428 MR 42
B, RGBT B S A B 1k 20 T A B PICN % @ 7= 4 Sl
WE, BEAH - PR THERLFEE
Mt Bt Ab B H MR R A HHEE T
BRHRT R AS

A T4 7 T PICN s R 5 0, e b
B L LEH % ,PICN g T M EEEE T &K
YRR (1 ~ 248 ) Wi JROT 207, & ok R 42 34 7R A 3



84 AR B BE A ST 2 (A TR 2024 4F 4 A %5 18 45585 2191 Chin J Stomatol Res (Electronic Edition), April 2024, Vol.18, No.2
2 CAD/CAM R 16 % 2 A RHAE B 5 15 & 3 i i R L F]
P e fé%ﬁ& b : ‘ KW/t K HE (%) - - A 777 e A] RS FHE
B HAE #KE EiE W& BE (A) (%) (%)
2016  Chirumamilla #7& Vita 45 7.1 TFIRE 7.1 24 ki & Gl A
& 53] Enamic HEFHZ) 96.8;
it e R A %
T :92.9
2018 Zimmermann ¥4 Lava 42 Tfh#E LQAEF 7.1 Tk 24 Pt & 85.7
&[5 Ultimate )
2018  Spitznagel Bk Vita 103 x 3.8 7 5 36 HE.84.8 k974
&7 o Enamic o824 A 95.6
2018 Lu%"™ =4 Vita 67 % TAFEF 15 TdkE 36 ki &8 97
Enamic #E)
2019 Tunac%™  #fk Lava 60 x x % LiRE 24 100 100
Ultimate
2019  Miura %' B (# Lava 60 547 Lk 1.6 12.8 LdkE 36 71.7 96.4
%% RPD  Ultimate (30 />
ET) Cerasmart & RPD
Block HC 2t )
KZR-CAD
2020  Spitznagel L Vita 76 x 6.5 % LiRE 36 92.7 93
elet Enamic
2020  Fasbinder BHAE  Lava 60 LdhE 1.6 LihE 1.6 60 k& 95
&lo) Ultimate
2020 Coskun %' # fk | & Cerasmart 30 x x x ZifE 24 100 100
ik
2022 Rocha%'  # {K . & Grandio 30 7 3.33 3.33 3.33 24 90 90
33 Blocs
2023  Deniz %' B Vita 12 T x x TdE 12 T4k 8 100
Enamic

£ :RPD 4 7 4% 36 ¥,

G % Ja A A At R A T R A LR
& ¥ 4 (functional implant prosthodontic score, FIPS)
AEBEHHEETEHALARE 277 2 Y a7 o
R Z K e R B A R HE

AU AT R, R R E AP A
VE, X THRENETEFSROEI RN EH
FEEEMEA, AWKk —FEFPICNGZ =& F
| & 45 B9 B R——"One-step No-prep” # 3% 1 , H 4F
RAETHAT T R ARZLEBEENET . Oudkerk
ST R R AR T Bl e 0 E TR B
BHATREEEBE 2FRMIT MR GERFETE
K 100%, Ry BB AHGEEANEXERE. 2
K—BAMEEE LG E FIEHF N

2. RBC:RBC % & & 16 & J7 W # #& j iF 5 PICN
MRA M. %I KA R KA, LU A K ok
FuE o B T HE A8 e Il PR OR ™, Fasbinder

19— T AL B R R 30 B, LU B kiR 69 5 4
HFEEBES%, HIE KRB RE & 7 3 & A 5
M %A, B8R 30 & £ F EK, Cerasmart
J Grandio Blocs # & Fn & #h (& 2 2 4 J7 s RT3
41, 5 CAD/CAM [ % 5 2 (A8 L, Miura %Y
TE] J M BA B I 58 U A T A I TR K BB A RHE O i
Bmek kR X AR A (B L) BB A M
BHEY I R R, 45 R R U T R L4 (removable
partial denture, RPD) 2t 7 6 & (k& 4 3 K e 8 AL
MEBHTEFRATBER, RE K ENHAM
% X ¥ A F A R M K 15 & RPD T B T
BROIEE RENURES T ERT A, H kK,
Schlichting % ™' — T FE AL 4t B X 36 & IR T H 4 LU
S5 _HmENBARHEEEREEEST VN EREE
F I R B E R, 3 AR 4 R R VAT A I K A7
B 2 4 5 H 84% (LU ) 1 100% (IPS e.max CAD), LU



PR T B AAF 5 2 L TR 2024 4F 4 A 55 18 %55 2 ] Chin J Stomatol Res (Electronic Edition), April 2024, Vol.18, No.2 85

FERI W — L4 Z 1 B 5 (restorable chipping)
A 5k W LA E & T P8 A7 (surface degradation) %8 77
ARG A AT,

Grandio Blocs . Cerasmart % RBC A+ K- # F T ##
MR EE L5 E . Salem &7 By AT HE M I K BF
R B 7~ Cerasmart M/ X FF A2 F KW F A A
90%, EGEMBHRAEN EXRBHEANEEE
7 o Schepke %y — Tl R A% 45 R M A ILLU &
AR G AR 14 WK B 80%,
KRG U R BEFLUS AL G LA H
MHEEZFAHK, BMAF T20I5FHH T LUK
A Fn A B AT . Schepke % 7 7E & 1 By 1K b
HRFRN, LUK RET RS 2K EERK,
T Bk R

L B PTIR L ARYE B AT O I K B AL X R AT R A
BUTRER PR E LA MR 5 SR B
450 B A 2 N 85.7% ~ 100% , 42 1115 B M F
58EM BB ERRMMN., HES I HITHK
WA R, B AW R F 5 E A%
¥ R BAE T AR Rl #E AKX, PICN A th
RBCHBTHEZAATAATAMMERSE A,
EAT 5 BB IE B 45 B X

= REHEZ

MIEMEZ M BFEEL ML EE W
BLEAFMHRNTEGMESEEZNE e T
SAMBERERTHEANFEE A SR
Fo NIFERAERE  MEEREZ MR
WL HAETHMEEES F AR E &0, B A
MEMBAAEENTE T M, B2, AINRBEE
AR E T EA A - SR, AR EEER
EMHHIE-E R E W — P RN T 2
TR T M £FHRTE, M IEMEELE MK
W EMTREAFHEE FEeREUENTA
eMEEEEZE, WRFRZTHE, B EEAT
KR BRI TG A, I E e K
PERAESEEMBEUNFEER, ZRELE XA
FENBEEWHFER G R EE R, T4
ANFHREBEERNHREETEERLAIERE
7o PICN 4tk RBC A1 B ¥ f B & T M AR 1K
FeaBa., A, BN ERARKERD , |
V7 H B, X T # A & b By CAD/CAM #4 Jis 1 %
G A MR B Z A K W Il R AT R R IR, £ I R
ENIEERFERTETAER T EFTANEEE S

i

% CAD/CAM B R UG EA# &, IR T % L
By R A ) 3, A2 AR R 3D AT IR, T 4
OB T SO R o, A TR R A AR R
SHEEMHE, BEMAME N _BRREHNEE K
3D AT F A B AR B £ E AR, 3D 4T E0 Ay A
REEAE SR I i B AR, B 1R AKX B
B H B, VarseoSmile Crown plus (BEGO, £ & )
AH—AMHAMER TRAGZNIDITHA R, A
TREIBEwAT HEIEE™, LhFEFE
BR B SR o EOR LR, T U 2k O A R 2R 1 R
AR, 18 B AT ¥ B Z g R B E YR, PICN 1R %
3D 3T B A R 3 B EH — E B BRSO
Sodeyama % ' ik 37 7T & T — ## ] 3D 4T B 4y PICN &
SR EEEMREEEE S RA T AR E
M, B BTN E TR A T o BOR M RO AR
BLRAHEREEGCEM SO NABY . 41,
Bl BT % 55 = % 3D 47 E7 PICN & &+ R 69 47 60 8
BWAE AT R, B AE X 8 le KRR,
FH— PR R EL RS EREANE,
FEZE P fEH 3 5 A A A b
EEREMER SRR E ImEN XERS B BAK
FOXCEEAR ERA AW XETRE ER

2 £ x o

[1] Pjetursson BE, Sailer I, Zwahlen M, et al. A systematic review
of the survival and complication rates of all-ceramic and metal -
ceramic reconstructions after an observation period of at least 3
years. Part I : Single crowns[J]. Clin Oral Implants Res, 2007,
18 Suppl 3:73-85. DOI:10.1111/).1600-0501.2007.01467 .x.

[2] Morimoto S, Rebello de Sampaio FBW , Braga MM, et al. Survival
rate of resin and ceramic inlays, onlays, and overlays: A
systematic review and meta-analysis [J]. J Dent Res, 2016, 95
(9):985-994. DOI: 10.1177/0022034516652843.

[3] Ruse ND, Sadoun MJ. Resin-composite blocks for dental CAD/
CAM applications [J]. J Dent Res, 2014, 93 (12) : 1232-1234.
DOI:10.1177/0022034514553976.

[4] Mundhe K, Jain V, Pruthi G, et al. Clinical study to evaluate the
wear of natural enamel antagonist to zirconia and metal ceramic
crowns [ J]. J Prosthet Dent, 2015, 114 (3) : 358-363. DOI: 10.
1016/j.prosdent.2015.03.001.

[5] Dal Piva AMO, Tribst JPM, Borges ALS, et al. CAD - FEA
modeling and analysis of different full crown monolithic
restorations [ J]. Dent Mater, 2018, 34 (9) : 1342 -1350. DOI:
10.1016/j.dental.2018.06.024.

[6] Zhang YR, Du W, Zhou XD, et al. Review of research on the

mechanical properties of the human tooth [J]. Int J Oral Sci,



86

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

e ] R A F 9T 2935 (L TR 2024 4F- 4 F %6 18 455 2 1] Chin J Stomatol Res(Electronic Edition) April 2024, Vol.18, No.2

2014,6(2) :61-69. DOI: 10.1038/ijos.2014.21.

Veselinova M, Diamantopoulou S, Paximada C, et al. In-wvitro
comparison of fracture strength of endocrowns and overlays in
endodontically treated teeth manufactured with monolithic
lithium disilicate and zirconia [J]. J Funct Biomater, 2023, 14
(8):422. DOI: 10.3390/jfh14080422.

Mainjot AK, Dupont NM, Oudkerk JC, et al. From artisanal to
CAD-CAM blocks: State of the art of indirect composites [J1.J
Dent Res, 2016, 95(5) : 487-495. DOI: 10.1177/00220345166
34286.

Spitznagel FA, Boldt J, Gierthmuehlen PC. CAD/CAM ceramic
restorative materials for natural teeth [J]. J Dent Res, 2018, 97
(10):1082-1091. DOI: 10.1177/0022034518779759.

Ling L, Ma Y, Malyala R. A novel CAD/CAM resin composite
block with high mechanical properties [J]. Dent Mater, 2021, 37
(7):1150-1155. DOI: 10.1016/j.dental.2021.03.006.

Skorulska A, Piszko P, Rybak Z, et al. Review on polymer,
ceramic and composite materials for CAD/CAM indirect
restorations in dentistry - application, mechanical characteristics
and comparison[J]. Materials (Basel), 2021, 14(7):1592. DOI:
10.3390/ma14071592.

Nguyen JF, Migonney V, Ruse ND, et al. Properties of

experimental urethane dimethacrylate - based dental resin
composite blocks obtained via thermo-polymerization under high
pressure [J]. Dental Materials, 2013,29(5) :535-541. DOI: 10.
1016/j.dental.2013.02.006.

Rexhepi I, Santilli M, D"Addazio G, et al. Clinical applications
and mechanical properties of CAD-CAM materials in restorative
and prosthetic dentistry: A systematic review [J]. ] Funct
Biomater, 2023,14(8) :431. DOI: 10.3390/jfh14080431.
Marchesi G, Camurri Piloni A, Nicolin V, et al. Chairside CAD/
CAM materials: Current trends of clinical uses [J]. Biology
(Basel), 2021,10(11):1170. DOI: 10.3390/biology 10111170.
Coldea A, Swain MV, Thiel N. Mechanical properties of polymer-
infiltrated - ceramic - network materials [ J]. Dent Mater, 2013, 29
(4):419-426. DOI:10.1016/j.dental.2013.01.002.

Furtado de Mendonca A, Shahmoradi M, Gouvéa CVD, et al.
Microstructural and mechanical characterization of CAD/CAM
materials for monolithic dental restorations [J]. J Prosthodont,
2019,28(2) :587-e594. DOI: 10.1111/jopr.12964.

Swain MV, Coldea A, Bilkhair A, et al. Interpenetrating network
ceramic - resin composite dental restorative materials [J]. Dent
Mater, 2016,32(1):34-42. DOI: 10.1016/j.dental.2015.09.009.
Ikemoto S, Nagamatsu Y, Masaki C, et al. Development of
zirconia - based polymer - infiltrated ceramic network for dental
restorative material[J]. ] Mech Behav Biomed Mater, 2024, 150:
106320. DOI: 10.1016/j.jmbbm.2023.106320.

Gautam C, Joyner J, Gautam A, et al. Zirconia based dental
ceramics: Structure, mechanical properties, biocompatibility
and applications[J]. Dalton Trans, 2016,45(48) : 19194-19215.
DOI:10.1039/c6dt03484e.

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Li K, Kou H, Rao J, et al. Fabrication of enamel-like structure
on polymer-infiltrated zirconia ceramics [J]. Dent Mater, 2021,
37(4):e245-e255. DOI: 10.1016/j.dental.2021.01.002.

Spitznagel FA, Horvath SD, Guess PC, et al. Resin bond to
indirect composite and new ceramic/polymer materials: A review
of the literature[ J ]. J Esthet Restor Dent, 2014,26(6) :382-393.
DOI:10.1111/jerd.12100.

Shembish FA, Tong H, Kaizer M, et al. Fatigue resistance of
CAD/CAM resin composite molar crowns [J]. Dent Mater, 2016,
32(4):499-509. DOI: 10.1016/j.dental.2015.12.005.

Lawson NC, Bansal R, Burgess JO. Wear, strength, modulus
and hardness of CAD/CAM restorative materials[J]. Dent Mater,
2016,32(11):e275-6283. DOI: 10.1016/j.dental.2016.08.222.
Yamaguchi S, Kani R, Kawakami K, et al. Fatigue behavior and
crack initiation of CAD/CAM resin composite molar crowns [J].
Dent Mater, 2018, 34 (10) : 1578-1584. DOI: 10.1016/j.dental.
2018.07.002.

Wendler M, Stenger A, Ripper J, et al. Mechanical degradation
of contemporary CAD/CAM resin composite materials after water
ageing[J |. Dent Mater, 2021,37(7):1156-1167. DOI:10.1016/j.
dental.2021.04.002.

Eldafrawy M, Nguyen JF, Mainjot AK, et al. A functionally
graded PICN material for biomimetic CAD - CAM blocks [J1.]
Dent Res, 2018,97(12) : 1324-1330. DOI: 10.1177/002203451
8785364.

Lucsanszky 1JR, Ruse ND. Fracture toughness, flexural
strength, and flexural modulus of new CAD/CAM resin composite
blocks [J]. J Prosthodont, 2020, 29 (1) : 34-41. DOI: 10.1111/
jopr.13123.

Ludovichetti FS, Trindade FZ, Werner A, et al. Wear resistance
and abrasiveness of CAD - CAM monolithic materials [J]. J
Prosthet Dent, 2018, 120 (2) : 318.e1-318.e8. DOI: 10.1016/j.
prosdent.2018.05.011.

Alamoush RA, Sung R, Satterthwaite JD, et al. The effect of
different storage media on the monomer elution and hardness of
CAD/CAM composite blocks[ ] ]. Dent Mater, 2021,37(7) : 1202-
1213. DOI: 10.1016/j.dental.2021.04.009.

Ling L, Lai T, Malyala R. Fracture toughness and brittleness of
novel CAD/CAM resin composite block[ ] ]. Dent Mater, 2022, 38
(12):€308-¢317. DOI: 10.1016/j.dental.2022.11.012.

Ducke VM, Ilie N. Aging behavior of high-translucent CAD/CAM
resin-based composite blocks [J]. ] Mech Behav Biomed Mater,
2021, 115:104269. DOI: 10.1016/j.jmbbm.2020.104269.

Fuchs F, Schmidtke J, Hahnel S, et al. The influence of
different storage media on Vickers hardness and surface
roughness of CAD/CAM resin composites [J]. J Mater Sci Mater
Med, 2023,34(3):13. DOI:10.1007/510856-023-06713-7.

Belli R, Wendler M, de Ligny D, et al. Chairside CAD/CAM
materials. Part 1: Measurement of elastic constants and
microstructural characterization[J]. Dent Mater, 2017,33(1) :84-
98. DOI:10.1016/j.dental.2016.10.009.



PR T B AAF 5 2 L TR 2024 4F 4 A 55 18 %55 2 ] Chin J Stomatol Res (Electronic Edition), April 2024, Vol.18, No.2 87

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Palacios T, Tarancon S, Abad C, et al. Saliva influence on the
mechanical properties of advanced CAD/CAM composites for
indirect dental restorations|[]J ]. Polymers (Basel), 2021,13(5):
808. DOI:10.3390/polym13050808.

Alharbi N, Teerakanok S, Satterthwaite JD, et al. Quantitative
nano - mechanical mapping AFM - based method for elastic
modulus and surface roughness measurements of model polymer
infiltrated ceramics [J]. Dent Mater, 2022, 38 (6) : 935 - 945.
DOI:10.1016/j.dental.2022.03.002.

Papathanasiou 1, Kamposiora P, Dimitriadis K, et al. In vitro
evaluation of CAD/CAM composite materials [J]. ] Dent, 2023,
136:104623. DOI:10.1016/j.jdent.2023.104623.

Niem T, Youssef N, Wostmann B. Influence of accelerated ageing
on the physical properties of CAD/CAM restorative materials [ J .
Clin Oral Investig, 2020, 24 (7) : 2415 - 2425. DOI: 10.1007/
s00784-019-03101-w.

Grzebieluch W, Mikulewicz M, Kaczmarek U. Resin composite
materials for chairside CAD/CAM restorations: A comparison of
selected mechanical properties [J]. J Healthc Eng, 2021:
8828954. DOI:10.1155/2021/8828954.

Hampe R, Theelke B, Liimkemann N, et al. Fracture toughness
analysis of ceramic and resin composite CAD/CAM material [J].
Oper Dent, 2019,44(4) : E190-E201. DOI: 10.2341/18-161-L.
Rodrigues Junior SA, Zanchi CH, Carvalho RV, et al. Flexural
strength and modulus of elasticity of different types of resin-based
composites [J]. Braz Oral Res, 2007,21(1) : 16-21. DOI: 10.
1590/s1806-83242007000100003.

Bahbishi N, Mzain W, Badeeb B, et al. Color stability and micro-
hardness of bulk - fill composite materials after exposure to
common beverages [J]. Materials (Basel) , 2020, 13(3) : 787.
DOI:10.3390/mal3030787.

Eweis AH, Yap AUJ, Yahya NA. Dynamic analysis of bulk-fill
composites: Effect of food-simulating liquids [J]. J Mech Behav
Biomed Mater, 2017, 74:183-188. DOI: 10.1016/j.jmbbm.2017.
06.004.

Daabash R, Alshabib A, Alqahtani MQ, et al. lon releasing
direct restorative materials: Key mechanical properties and wear
[J]. Dent Mater, 2022, 38 (12) : 1866 - 1877. DOI: 10.1016/;.
dental.2022.09.007.

Lauvahutanon S, Takahashi H, Shiozawa M, et al. Mechanical
properties of composite resin blocks for CAD/CAM [J]. Dent
Mater J, 2014,33(5):705-710. DOI: 10.4012/dmj.2014-208.
Belli R, Wendler M, Zorzin JI, et al. Practical and theoretical
considerations on the fracture toughness testing of dental
restorative materials[J]. Dent Mater, 2018,34(1):97-119. DOI:
10.1016/j.dental.2017.11.016.

Winter A, Schurig A, Odenthal AL, et al. Impact of different
layers within a blank on mechanical properties of multi-layered
zirconia ceramics before and after thermal aging[J]. Dent Mater,
2022,38(5) :el147-e154. DOI: 10.1016/j.dental.2022.03.009.
Soderholm KJ. Review of the fracture toughness approach [J].

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Dent Mater, 2010,26(2) : e63-e77. DOI: 10.1016/j.dental.2009.
11.151.

Ivancik J, Arola DD. The importance of microstructural variations
on the fracture toughness of human dentin [J]. Biomaterials,
2013,34(4) :864-874. DOI: 10.1016/j.biomaterials.2012.10.032.
Tuncdemir AR, Giiven ME. Effects of fibers on color and
translucency changes of bulk - fill and anterior composites after
accelerated aging [J]. Biomed Res Int, 2018: 2908696. DOI:
10.1155/2018/2908696.

Sen N, Us YO. Mechanical and optical properties of monolithic
CAD-CAM restorative materials[J]. ] Prosthet Dent, 2018, 119
(4):593-599. DOI:10.1016/j.prosdent.2017.06.012.

Lee YK. Influence of scattering/absorption characteristics on the
color of resin composites[J]. Dent Mater, 2007,23(1):124-131.
DOI:10.1016/j.dental.2006.01.007.

Noort V. Introduction to dental materials[ M |. 4th ed. Edinburgh:
Mosby/Elsevier, 2013.

Al Amri MD, Labban N, Alhijji S, et al. In vitro evaluation of
translucency and color stability of CAD/CAM polymer-infiltrated
ceramic materials after accelerated aging [J]. J Prosthodont,
2021,30(4):318-328. DOI: 10.1111/jopr.13239.

Paolone G, Mandurino M, de Palma F, et al. Color stability of
polymer-based composite CAD/CAM Blocks: A systematic review
[J]. Polymers (Basel) , 2023, 15(2) : 464. DOI: 10.3390/polym
15020464.
Chirumamilla G, Goldstein CE, Lawson NC. A 2 - year
retrospective clinical study of enamic crowns performed in a
private practice setting[]]. J Esthet Restor Dent, 2016,28(4) :
231-237. DOI:10.1111/jerd.12206.

Zimmermann M, Koller C, Reymus M, et al. Clinical evaluation
of indirect particle - filled composite resin CAD/CAM partial
crowns after 24 months [J]. J Prosthodont, 2018, 27 (8) : 694-
699. DOI:10.1111/jopr.12582.

Spitznagel FA, Scholz KJ, Strub JR, et al. Polymer - infiltrated
ceramic CAD/CAM inlays and partial coverage restorations: 3 -
year results of a prospective clinical study over 5 years[J]. Clin
Oral Investig, 2018,22(5) : 1973-1983. DOI: 10.1007/s00784 -
017-2293-x.

Lu T, Peng L, Xiong F, et al. A 3-year clinical evaluation of
endodontically treated posterior teeth restored with two different
materials using the CEREC AC chair-side system [J]. J Prosthet
Dent, 2018, 119 (3) : 363 -368. DOI: 10.1016/j.prosdent.2017.
04.022.

Tunac AT, Celik EU, Yasa B. Two-year performance of CAD/
CAM fabricated resin composite inlay restorations: A randomized
controlled clinical trial [J]. J Esthet Restor Dent, 2019,31(6) :
627-638. DOI:10.1111/jerd.12534.

Miura S, Kasahara S, Yamauchi S, et al. A possible risk of CAD/
CAM-produced composite resin premolar crowns on a removable
partial denture abutment tooth: A 3 -year retrospective cohort

study[J]. J Prosthodont Res, 2019,63(1) :78-84. DOI: 10.1016/



88

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

e ] R A F 9T 2935 (L TR 2024 4F- 4 F %6 18 455 2 1] Chin J Stomatol Res(Electronic Edition) April 2024, Vol.18, No.2

j-jpor.2018.08.005.

Spitznagel FA, Scholz KJ, Vach K, et al. Monolithic polymer-
infiltrated ceramic network CAD/CAM single crowns: Three-year
mid - term results of a prospective clinical study [J]. Int ]
Prosthodont, 2020,33(2):160-168. DOI: 10.11607/ijp.6548.
Fasbinder DJ, Neiva GF, Heys D, et al. Clinical evaluation of
chairside  Computer  Assisted  Design/Computer  Assisted
Machining nano - ceramic restorations: Five - year status [J1.J
Esthet Restor Dent, 2020, 32 (2) : 193 -203. DOI: 10.1111/
jerd.12516.

Coskun E, Aslan YU, Ozkan YK. Evaluation of two different
CAD-CAM inlay-onlays in a split-mouth study: 2-year clinical
follow-up[J]. J Esthet Restor Dent, 2020,32(2) :244-250. DOI ;
10.1111/jerd.12541.

Rocha Gomes Torres C, Caroline Moreira Andrade A, Valente
Pinho Mafetano AP, et al. Computer-aided design and computer-
aided manufacturer indirect versus direct composite restorations :
A randomized clinical trial [J]. J Esthet Restor Dent, 2022, 34
(5):776-788. DOL: 10.1111/jerd.12820.

Deniz D, Aktas G, Guncu MB, et al. A randomized clinical trial
of monolithic single-tooth crowns: 1-year preliminary results[J].
Int J Prosthodont, 2023, 36 (4) : 426 -435. DOI: 10.11607/ijp.
8269.

SIKIRY s Y 5k o e AR L 1 b VR p
far S5 ST B i T S B RV EE S BoRSE R () . i O
[E2pZR, 2022,57(9) :895-898. DOI:10.3760/cma.j.cnl12144-
20220721-00399.

Gierthmuehlen P, Riibel A, Stampf S, et al. Effect of reduced
material thickness on fatigue behavior and failure load of
monolithic CAD/CAM PICN molar crowns [ J]. Int J Prosthodont,
2019,32(1):71-74. DOL: 10.11607/ijp.5946.

Mine A, Kabetani T, Kawaguchi-Uemura A, et al. Effectiveness
of current adhesive systems when bonding to CAD/CAM indirect
resin materials: A review of 32 publications [J]. Jpn Dent Sci
Rev, 2019,55(1):41-50. DOI: 10.1016/;.jdsr.2018.10.001.
Lambert F, Eldafrawy M, Bekaert S, et al. One-tooth one-time
(1TIT) , immediate loading of posterior single implants with the
final crown: 2 - year results of a case series [J]. Int J Oral
Implantol (Berl), 2020,13(4):369-383.

Kunavisarut C, Jarangkul W, Pornprasertsuk-Damrongsri S, et al.
Patient - reported outcome measures (PROMs) comparing digital
and conventional workflows for treatment with posterior single -
unit implant restorations: A randomized controlled trial [J]. J
Dent, 2022,117:103875. DOI:10.1016/j.jdent.2021.103875.
Mainjot AKJ. The one step-no prep technique: A straightforward
and minimally invasive approach for full-mouth rehabilitation of
worn dentition using polymer-infiltrated ceramic network (PICN)
CAD-CAM prostheses [J]. J Esthet Restor Dent, 2020,32(2) :
141-149. DOI:10.1111/jerd.12432.

Oudkerk J, Eldafrawy M, Bekaert S, et al. The one-step no-prep

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

approach for full - mouth rehabilitation of worn dentition using
PICN CAD - CAM restorations: 2 - yr results of a prospective
clinical study [J]. J Dent, 2020, 92: 103245. DOI: 10.1016/j.
jdent.2019.103245.
Schlichting LH, Resende TH, Reis KR, et al. Ultrathin CAD -
CAM glass-ceramic and composite resin occlusal veneers for the
treatment of severe dental erosion: An up to 3-year randomized
clinical trial[J ]. J Prosthet Dent, 2022,128(2):158.e1-158.e12.
DOI:10.1016/j.prosdent.2022.02.009.
Salem MT, El - Layeh M, El - Farag SAA, et al. Clinical
assessment of different implant-supported esthetic crown systems
fabricated with semi-digital workflow : Two-year prospective study
[J]. J Esthet Restor Dent, 2022, 34 (8) : 1247 - 1262. DOI:
10.1111/jerd.12961.
Schepke U, Meijer HJ, Vermeulen KM, et al. Clinical bonding
of resin nano ceramic restorations to zirconia abutments: A case
series within a randomized clinical trial [J]. Clin Implant Dent
Relat Res, 2016,18(5):984-992. DOI:10.1111/cid.12382.
Schepke U, Filius D, Lohbauer U, et al. Dimensional changes of
CAD/CAM polymer crowns after water aging - An in wvitro
experiment [J]. J Mech Behav Biomed Mater, 2022, 128:
105109. DOI:10.1016/j.jmbbm.2022.105109.
Wang W, Yu H, Liu Y, et al. Trueness analysis of zirconia
crowns fabricated with 3 - dimensional printing [J]. J Prosthet
Dent, 2019, 121 (2) : 285-291. DOI: 10.1016/j.prosdent.2018.
04.012.
Baumgartner S, Gmeiner R, Schonherr JA, et al. Stereolithography-
based additive manufacturing of lithium disilicate glass ceramic
for dental applications [J]. Mater Sci Eng C Mater Biol Appl,
2020,116:111180. DOI:10.1016/j.msec.2020.111180.
Revilla-Leon M, Meyers MJ, Zandinejad A, et al. A review on
chemical composition, mechanical properties, and manufacturing
work flow of additively manufactured current polymers for interim
dental restorations [J]. J Esthet Restor Dent, 2019,31(1) :51-
57.DOI1:10.1111/jerd.12438.
Schweiger J, Edelhoff D, Giith JF. 3D printing in digital
prosthetic dentistry: An overview of recent developments in
additive manufacturing[ J]. J Clin Med, 2021,10(9):2010. DOT:
10.3390/jcm10092010.
Graf T, Erdelt KJ, Giith JF, et al. Influence of pre-treatment and
artificial aging on the retention of 3D - printed permanent
composite crowns [ J]. Biomedicines, 2022, 10(9) : 2186. DOI:
10.3390/biomedicines10092186.
Sodeyama MK, Ikeda H, Nagamatsu Y, et al. Printable PICN
composite mechanically compatible with human teeth [J]. J Dent
Res, 2021, 100 (13) : 1475-1481. DOI: 10.1177/0022034521
1012930.

(i H 1:2023-11-30)

(A SC % 4 - T18)



