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Abstract Objective. , To evaluate the mechanical properties and biocompatibility of a 3 mol%
yttria-stabilized tetragonal zirconia polycrystal (3Y-TZP)-polymethyl methacrylate (PMMA)
biomimetic layered composite and to explore the feasibility of using this composite for ceramic
dental crowns. Methods The micro-morphology of 3Y-TZP powder was observed using scanning
electron microscopy and metallographic microscopy. The ball-milled 3Y-TZP powder was stirred
together with bacterial cellulose to obtain a homogeneous ceramic slurry. Uniform ceramic films
were prepared by tape casting. After stacking the ceramic films, the composite was finally
obtained through pressure-less sintering, silane coupling, and organic matter infiltration. The
microstructure of the composite was observed using scanning electron microscopy. The
mechanical properties of the composite were measured using a universal testing machine, and the
energy dissipation rate and impact toughness of the samples were evaluated through ball drop and
falling weight impact tests. The biocompatibility of the composite was investigated using CCK-8
assay, live/dead cell staining, cell adhesion assay, and Transwell cell migration assay. Results The
composite exhibited a distinct layered structure. As the thickness of the ceramic layer decreased,
the bending and compressive strengths of the material gradually decreased, while its impact
resistance was significantly improved. The maximum energy dissipation rate and impact
toughness can reach 75.8% and 44.1 kJ/m=respectively. No significant differences were observed
in the CCK-8 assay, live/dead cell staining, or cell migration assay results between the blank
group and the material group, and cells were able to adhere well to the composite. Conclusion

This study successfully fabricates 3Y-TZP-PMMA composite materials, which possess both



excellent mechanical properties and biocompatibility, demonstrating promising prospects for
clinical application.

Key words 3Y-TZP; polymethyl methacrylate; tape casting; layered structure; dissipation of
energy; ceramic dental crown
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3 mol% & 1L 2 F& 2 DU O % & A Ak 85 (3 mol% yttria-stabilized tetragonal zirconia

polycrystal, 3Y-TZP) ¥} K CEAEARRFAMEARTHUEAT) ;3 HIRNGERFE. 2,2-HE



S TR CEEERTR T A B A G R A T s YU 27 4E R0 BOR EMET ZRHEE R A T .
1.2 FEEFEMH

-2 [ 1 Eagle {2 75 55 97 3 (alpha modification of Eagle’s minimum essential medium,
o-MEM) . JERGEALIE . 555 RIEW. WA & (TR C2767-500ml.
C0203-100ml. C0222.C2015S, FifFFE = RAEMHARGR A O a4 i ($75: A5256701,
%[H Gibco A®]) ; CCK-8 k7 (#8%5: CKO04, HA DOJINDO (LW FHT) 5 98%ikHi
R 30%iL AL ETE . REREAL MBI KH-570. ZEEWm. T B ($8%5: 7664-93-9.
7722-84-1. 2530-85-0. 64-17-5. 75-65-0, [H 24 IRAIHIR A ; 4% % FEHEE. 0. 1%
SR Y O WEIR R 220 (phosphate buffered saline, PBS) (155 : BL539A. BL802A.
BL302A Jb sl =AM RHELA R AR o 7 RF (B5: HZK-FA210S, EE L H A F])
TEMAER (B5: FORMA3L1L, [ Thermo AF]D 5 EEFs{X (F45: Infinite 200Pro
M nona, kit Tecan Aw]) ; fHHHT R (F5: SEM 3200, &AEE{CETHARN
AIRATD ; EEEERER S GITW, i (F11) EERART; 56 SmME
(#45: DM600B, fE[H Leica AH]) ; X HLATHAY (5. Rigaku SmartLab SE X, [
ARHEAFD ; SMEME S : YM710TR, REVEMIBEIMESERATD ; MESH
) (A5 STA449F3, E[E Netsch A 7)) ; JIREIREAL (B4 5: 34 TM-10, 3£[E INSTRON
AFD s HBIERNL (B5: DYP-40 TF, FgHiit X aERARARD ;» HABMnHAE
T HE— R (LS. ZY-TB-X3, AT ERATD ; TEREN O
FYXQM, KRB RS HIRAFTD 3 &NIALUIEINL (85 STX-202 A, ILFHA}
fEEREARAFD .

1.3 ik
1.3.1 MRS %

120 g (19 3Y-TZP # KN 200 mL &7 7/KH, BB ) Ja BIAER B HEH
A 6 BUEARA 2 om MIEREEZR, Bl e R BREE BENAT 2ERENLT, LL 200 r/min % ER
BE 18 he BRERSRE, RiPERR ARSI BB AR, I 130 g BIHRIZF4ER, THE THL
WA HE & 1 LA 600 r/min (EETIRE 24 h BRI 43 225 (g Bkt AR SR A kIR LR m il —
TR WA, A hORHE T IR BRI L, AR TS RO 2.5 mm, BREEZ N 5 mm/s,
UREE RSy 450 mm, FEATEIR, 2R 40 °C, ZZKEFRIN 6 h, fFK3 2K 2RI
2 5KJF LI 110 pm . FEE, 5 R T D 3. L mm. 3.7 mm, BI] 45 2]



JERE53 59 150 pm. 210 pm FIHERRE . g AN [R] S5 2 PRV B D R 7 LR, 28 H e
1.3.2 3Y-TZP B EAELRH] &

K VR AE e A 30 (¥ AN [ J5E PR £ W R RS TN s e ML b B o) CH5 R 70 MPa) , R 1 miin,
W s e O B L, REATHERS, SRIMER S RO Ry 2.8 mm, EHES 5 HIRE L
JECE R EAREEAT I, B S BONFE e dl o 3R B R R T R ot A, N5 TR A o
JEd] CHEUR, 70 MPa) , R EIESEHA, BNFReds . bedi e RUE I R A R
(D3 1) P A 248 LA K TE IR S M IRV HOIR P e o IR P BEAE 22 1) J22 ) 43 14 50 75+ 100 pum.
1.3.3 3Y-TZP-X A4 F S (polymethyl methacrylate, PMMA) B4Rk &

Mo NIER ORIRIR S 30%id S EEBARILL 1:1) , KB EAESE R A2,
S A RETALTE 30 min J5, FREHRI 12 h, BUH JE 25 B TR B e A b pH A 2,
Mo IR EERAC R IGRATR (KH-570 fEFERIBA S oK CEEIARLE 1:10) , # bk
Ve BEAEZE B Tz h, A WEE 30 min JERIE 12 h, BEJEHETALE. FCH] PMMA TR %
W CRERNERR AR S 2,2-B%8 7 T EL 1:0.005) , HrEbEib oot 5 1 M EAE LI
NP, FAFAEETE 30 min; BHE K M EHERL S PMMA TSR EHCL A # 28 0F,
KA OB, S8 T 40 CCIEEMAE B 4d, T ZE 80 °CHUH /IR 12 h 58
BERE L KGRI L OIFINR S E MR, XS B S BT IB ST B, &
EEFKEAFBRERRIATG, BTHEMRT, RERGBEEME. BER RS,
PIEI AT 20 mm X 20 mm X 2 mm FIRE & 45 o
1.3.4 MHRIRAE

SAHE M (metallurgical microscope, MM) BG4 FH 440 B 3085 IS A X545 . 1
T AT (scanning electron microscope, SEM) FMGAHE AT 22 313t AR L 7 kV
IR EEFRAT o A F 3 A Fedie 1 FH R E 23 # A/ 30~800 °CHYIRE [ 10 °C/min T+ & 5
K 20 mL/min fI7E R3S . X SFELATH (X-ray diffraction, XRD) ¥dEfd X SHRAT45
ERMG . TR EARE, HEARANESHERERE (g/cm’) , AT ARK:

M3 P

Horp my B POKEREAE SRR TR, my BT BOKE KT RIBE, ms
SRR R TIRIGER PR, p S0 PR K % B 1 g/cm?.

135 AR



4 5 Bt i i 7 e B M LERAS, J1inEoy Wy BT E & 07, Y 1 mm/min.
2 I e B T RIS, SRR DTEIAC 20 mm. 58 5 mm. JE 2 mm #KTT 4,
MAAEEEE N 20 mm,  Jpm#J7 FoNEE T RS U7, INEGEE A 0. 1 mm/min.

EERRLG P, B R DI E K 20 mm. 8 20 mm. & 2 mm K54k, 45 F EAZ 0. 8 mm,
HFE 2.1 g BER A BE B R i 50 om Ab A7 BRI, £ F A8 L IC SR AN ot o 9 i i ) D o s
WyEEEEE, HEREEAERE (%) , EHETFARK:

fule o M s h _h
e FEROE = "h ! % 100%
0

Forbr, ho FORINERIREIR R L, ha RORANER I (RS HE B 5 1 1] 58 2
ARG, RS DIEIRK 20 mm. %8 20 mm. JE 2 mm KT, B B4 20 mm,
HLE 370 g (- BB Sk v i T B AR AR AR I, BRI R, BRI EMARTESE
RO . AR AL ORIF e 0 e B, MIRERE I s BB D 1N, AR5 ARG, B ol
Ao CRAER RN R, B RS e, A LR A5

mgh

Mttt =

Horbr, m@vkfE S, g/2ENE9. 8 m/s?, h 2 FEmBIRE RSO E R, L2
D AR .

13.6 EEMEARENEAESLE

R ERRARAEZ S (1ISO/EN10993-12) ARkl 4 5 A MRHZARIE: ¥4 sl = B K
KOFRR R LERE R, 4% 1 /10 mL AORRE LRI T-& 109064 M98 & 1% 5 3 A
a-MEM. ¥ MC3T3-E1 4HJf1 LA 2.5>1030/FLIK % BEHAD T~ 96 FLIR, BRI A) ik B 5
NEAL. MR 24 h L IR, XK IS o-MEM 59365, SIGA N
IR B SRR ORI, RS 3d B 1 kIEIREE. A TRESR 1L 4L TA R, FEE
SILEAT R IR, JH PBS Wil 2 ks 1% CCK-8 k7|5 a-MEM $5773% 1 1 9 [R4RA EhFi il
S, LI 100 pi, BT 37 °C. 5% COJE KT 2 hy A EER OGN 2 % FL7E
450 nm P NG EEE, PP A0 A B

IR E PrbrEA 2] (1ISO/EN10993-12) FrfEiil & EAMAENR IR : HE iR & E K H



AEFRI SRR, 1% 1 9/10 mL FPEREHLEIE T 10%06 4 75 . 1% 555 2 0L
o-MEM. 7 6 FLAR % FLH TSR BLAZ 24 mm (940 HE fr, B f5 4 MC3T3-EL 4 LA 1X 10°
AN/ FLR B RE R T IR b, AN S B 2 NI, dHAiBE 24 h 5 B g 373,
X8 o-MEM 85975, SCIRH IR NRE R BRI B 3d i 1 IR BEFRE 1. 4.
7d B, FEFREIRAR, PBS Beik 2 I 14 MR ST A 4% (5 100 5 150 BH S T A A R ( Caleein
AM (1000X) :PI(1000X) : &ZEmif=1:1:1000) , FFLIA 1 mL TAE#, 37°C

BEOLIEH 30 ming FEE TARW, PBS Wik 3 IRERRRE G448, 2R 2Ot MBS

W 2 A MR BLE AR 10 mm BBIFEAE S, & iR K S BT 24 fURE, 4Lk
#H 3 MNE AL FEF 5X10° 4> BMSC 41, & TEFFMTIE 24 he FERILNEEFRE,
F PBS Bt 3 I NN 4% 2% 5 F R v R [ 7 4B A 30 min, 37 25 81 € W 5 R H PBS ek 3
W Bl R FHPEE CBERL KA EE : IR FH 50%. 60%- 70%. 80%. 90%. 95%. 100%Z. [
VAR IRE S, 15 min, SRS ATRUT BRRGERE S 3 KA B 20, 78 20U T LS ON
R URTIENL P AT AR T M, 158 B 0 BE R T REAT I G AL B, >R 348 B 7 B A e 0
SO M LE R AL TH 11 280 PR TR 25 B Al PR AR5 000 o

K AR TN EAE 6 mm PETERER, ik m R KB A BON 24 FLIR, HHRE 3
M AL B Transwell Mz (FLA2 8 pm) , ZFRAMUAL S B T 5 EAaIEE TR AL 1) 24 FLARAL
s [ B EINNE 10%/6 745 L35 22 19% 75 -85 R 0FH) o-MEM R 7R3, [FIRHEFr 5X10°
A~ BMSC 4iifitl, JE4R 3d e 1 IREF R, S RITHE9R 1. 4 Td i, IR ILEE IR,
FITEHAETHUE Transwell /N, BT LEEA LT 2 /00K HEHERSREER NS
bR AT I, H NS NS 4%2% B RS R I, =5 & 15~20 min;
BUH/hE, FPBS BB b FERE 2K, FIK5min, DLEBRREEER: W FER
T CANBRIT AN RN 0. 1%45 f 58 S (oIl B IR Yty o8 78 e IR T, == iR 44 % 20 min,
Rt G, ARG phse N SR Bt 6, = BB/ LI, KA
BRI, WS AR AR R 1 R .

1.4 it

AHFF K GraphPad Prism 10. 048t 844 X6 s 56 b #E4T S it 20, Al B 15 DA
X s Kwo G L BCR AN G TE A 56 77 Wi a] LU SR MO AEAR t RS,
2 18] LR F B R R 7 200, A Tukey HSDIE AT G MG EL 4. P < 0. 05 N EFH



2.1 PHEIERAE
2.1.1 E#PE

SEM Elf% (& 1A Fi1 MM (& 1B) # i ek 28 5l 3Y-TZP Wik .

B 1 FfESEARESHEMET 3Y-TZP Bk KRR

Fig. 1 Microscopic characterization of 3Y-TZP powder under scanning electron microscopy
and metallographic microscope

7F: A:3Y-TZP powder X 50; B: 3Y-TZP powder X 20.

2.1.2 MR SREAERRIE

FEHRAE R HZA R E, SRR, SEM BB rkEEem (B 2AD , H
JE SRR, BSEERm (B 2AID o B ES T RS R (B 2B) , itEHE
NEAT WL & 20 6%, FEbe BRI AT LI I 737 X0 ) e S AG B T HUAH S5 AU 0 S T 2
fe, R A mAREN:, ERREGE A BB AL RO i ELRERETE PMMA, SEM & AT LA
MEH| 3 OE ki AN SRS G I AR, a5 (& 2CD ; Mkt is
BRACEE 5 FEEAT PMMA TEVE, WT DUV SI8E (057 Sk Fir 4 A AU 55 P A 2 TR
TogER (K 2CID o i XRD WAL R AT DUE HAER S R f5, o I 2k, A B
T A AR BRI, AL R [ N RS s, AR T UM (K 2D) . fEE
ITReEREF e, SEM BUR B R EAH N Es 308, shbasd, HIE 1 255 5104 50



pm (B 2E) ,75 pm (] 2F) , 100 pm (1 2G) LK EJZIREG R (B 2H) [P &EHELE,

B 2 MR EHER AU RAE

Fig. 2 Microscopic characterization of ceramic film and ceramic frame
7F: AI: Cross-section of unpressed ceramic film><500; AlIlL: Cross-section of pressed ceramic
film X 500;B: TGA of ceramic film; CI:3Y-TZP-PMMA Section (Unsilanated coupling) X5 000;
CII: 3Y-TZP-PMMA Section (Silane coupling) X5 000; D: XRD of 3Y-TZP before and after
sintering; E: Ceramic frame with a 50pm layer thickness X 500; F: Ceramic frame with a 75pm
layer thickness X 500; G: Ceramic frame with a 100 pm layer thickness X500; H: Non-layered

structure ceramic X500.

2.1.3 MRIERRE

PR AR R A B S R 2 R AL R, H =07 Ui R e B2 5, RIRLT
R VRN AE (B 3A) o EAMPRBEE M R LIS N, 2 RSO A RN, ALY
o EE A, R R i ok (18 3B



B 3 £ BREWEMEHIERRERAE
Fig. 3 Basic characterization of multilayer composite ceramic material
A: BRI 7 1A W A %2, B: ANR R RGBT % 2
7E: A: Shrinkage ratio of ceramic film in different directions; B: Density of composite materials

with different layer thickness.

2.2 J1FMERE

I AR AT RS AN A T A, UESEAHIE T B A R ARG R AR - B
HWEZE BN, SateE Rz (8 4A) 5kgimE (& 4B) B, HIYMK
TIIRIRGE I HORE bty X LEPALT AT & 2 R AR BT TN A IHER S /138 31857
b, VEERIRIFRIR I, BEE P RR R D, RERARHCR BN, H¥m TR
JRIRGE AL (B 4C) o 50 pm FRR IR SFRREEIICRIE ] T 75. 8%, VRHEM
WIG AT B 45 R EVEERIRIG LS AR, (B14D) , 50 pm P& 2 2 5 0 5 A ARk ) 1%
IEFIZ) 441 KI/m?. IXEEEEREIRAE M T ERE S A RHE R B RS S o 7 R R 3 4R
Tt



K 4 S&HEMEHERSSHS e
Fig. 4 Quasi—static mechanical properties and dynamic mechanical properties of composite
ceramic material
7E: A:Bending strength of composite material with different layer thickness; B: Compressive
strength of composite material with different layer thickness; C: Energy dissipation rate of
composite material with different layer thickness; D: Impact toughness of composite material with

different layer thickness.

2.3 ZREAMEEYMEBR LR

MC3T3-E1 4H/fuf¥) CCK-8 fMl &5 5 (B 5A) o, TEAH R IR 8] 25 (5535 1. 4.
7d) T, FHAMEEMEHRIRBEIAMTOEE TR E %R (P> 0.05) . K BMSCs
EMESSGMEIRE 1 d 5, SEM F] LLULSE 21240 f 1R 47 s 36 b 7E A4 LR T (& 5B)
MC3T3-EL 4T sEAn M g ot il (B 5C) #HE—BRM, 2 QAR RS 5
SEAR A LG 22 72 7 . Transwell SEER 2 R R (KB 5D) , #RMEA IR ZH 2 8] G it 2%
5t R APRIT MRS B M. IS 4 AR, 5 A BT AU B 4%
3Y-TZP-PMMA {jj 4 IR & AR B A B A H A= P AH 24k



5 ZREEAWREMERAEYRE Y
Fig. 5 Biocompatibility of multilayer composite ceramic material
7E: A: Results of CCK-8 assay; B: SEM image showing the injected cells adhered to the surface
of the composite material after 1 day X 1 000; C: Results of Live/Dead Staining 1, 4, 7 days after

cell inoculation X50; D: Results of Transwell assay 1, 4, 7 days after cell inoculation X 20.
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