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Abstract: Titanium and its alloys are widely used as dental implant materials due to their excellent mechanical
property, corrosion resistance and biocompatibility. However, in clinical applications, titanium-based dental implants
often suffer from poor soft tissue sealing, allowing bacteria to invade and induce peri-implantitis, and leading to final
implant failure. To address these issues and effectively reduce the failure rate of implant surgery, researchers
worldwide have conducted extensive and in-depth studies. This article reviews recent advancements in surface
modification strategies for improving soft tissue sealing on titanium-based dental implants, with a focus on methods
for regulating surface chemical composition and constructing micro-nano structures. Additionally, it highlights the
existing challenges and future trends in this field, aiming to provide valuable insights for further research on soft tissue
sealing of titanium-based dental implants.
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Fig. 1 Oral microenvironment and soft tissue around titanium-based dental implants along with various surface modification techniques”
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Fig. 3 Soft tissue sealing and antibacterial effects promoted by layer-by-layer self-assembly metho

27-28.30]

(a) Schemetic diagram of TA-Ce-Mino coating design and SEM images showing topography of the coating!®”); (b) Hemidesmosome

detected by TEM'?*!; (¢) Immunohistochemistry staining results of expression of the hemidesmosome related protein laminin 53"
(d) Antibacterial efficacy of Ti-PEMs samples against P. gingivalis'
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Fig. 4 Schematic diagram of titanium-based coating prepared by electrochemical deposition and its

effect on promoting cell migration

[34]

(a) Electrochemical deposition model for modification of Col-I on Ti®**; (b1-b3) SEM images of 1L929 fibroblast cell reseeding
on (bl) untreated Ti, (b2) TiO, porous surface and (b3) coated Ti/Col-I (scale bar: 10 and 2 pm, respectively)*
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H B+ # Straumann 45K, BT L2 A
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P AR, Abdulla %1015 2 e R 4k R (A A
SEEG AR, FF SLA VERE R0 LR R Rl AR 3R 4T %
v, I SLA FHRT RS AbHE (1) R R T R 73 1N
1.63 M1 1.39 pm, RAE(RAKER S )5 418 10.08
F19.38 um, KU SLA B4 F) T2 i F e 74 2
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BERE . Roy 70 Ek3E4T SLA ALFE, B S fEAR R T
Ki 7% HGFs. RIJRSZEG45 R IR, SLA A H K14k Re e
#t HGFs LR AI3E 5 . 55 41, SLA Kb PRI ERRE (e dF
2 B /P 3L 5 (Extracellular Matrix, ECM)#H <3 X (U1
FEWEA. FEEA. Col-l MELER Bl )%
k. ECM 2454 HLMEEZ Ry, i ECM
MITE R, AT LA FhoAE 4 S 6 245 4 4 2R3 S 4200 T R AR
T GEH, R mPEAA R Pl EgR
R, SLA KbEEEKBE S L 3F 25 4 4 23 48 Bl S A
23514, Rausch 2SR FIHGIEFT SLA 324 5 il
6 R T AR RE BR R T, B FCAS (R RS B K
KX HGFs AEKRFMERISZm . o5 FR B, MREER
KIMAEKR HGFs BA MM A4 Es, 41
MO BEATLBE A, P O0E [ A 5 ) AR o1 HL, B A B
BN o=~ WUULBh S 1 7R AR RS B 3 T 1) 2 04 B 2 vy
TR ERR T . SLA vAH & W RS ek R I RE S &
SR B R E 1, (H 2 T 3 A 2 R s
FEAES B DL S AR KA SR AT A Rt — 2P i e -
323 [EAREAEL

AO & —Fh7E B P A 2 T ) 4% T 4% S A ER
YUK T T BEALG s Bl & TER
RER S, ZHIERRREER ISt g 15
BTN A 1% L UECHRER, DA R 500 R 4
N, RSN R, BRER M R A A TE A
W, B A AT 0 Fr 84T, TR AL ER
YN K % (TiO, Nanotubes, TNTs)a{ — % 1k £k 4 K FL
(TiO, Nanopores, TNPs) 71, 5@ i % T 2 25 (n
W BFTE). FARIEE), AT LAEgAE TNTs M TNPs
(A, I 5 Ak 26 T 2% /K 1k R kLR U770,

AO Kb B ERIEAARLE AR B AR R A P 7
B A B EMOR . Wang V92 0 85T AO 41
TNTs B 5 0] B3 S a g v P o 9 4h, fE& e T ]
DB SR, AR R ] A B A R AR
IS . TNTs BB AR EH 4, & BA 2t
R A A PR AOAE - Deng 251178 30 12 40 V HUE R,
TEERR S48 T R A P TNTs. B R B, P
Hi NI TNTs BE 2 35 B iR 55 3 B1/B4/B6.
LR A Col-I 3[Rk AN & A LRIk, feidk
HGFs 1% b A0 5 BA 4 Mgt A, AT B T4 2R
B (K 6(a)). Zhu ZE7OVERE R ] AO VELE Ak 2 T
2% TNTs, LA Bt R A mc i A 50U, e i 55 a6
H iz 5 Fe* 4 3] TNTs R, #E Fe-NC 44K
i o A AN 2 L S2 B8 IE B, Fe-NC 44K il GE B PR K E
s 241 AR A2 ¢ FE PR Rk, i b /0 BRORC AT 4 2 g 1) 4 21
BRI R RIE AN SEEG 3 — 2P HIE 5L, Fe-NC 44
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Kl AT DA @ Ik % T AR a3k 5 40 2H 23 R I SR T AR R
IR A N TTIR et o I = % ND N . A A Sl
(A 6(b)).

Wit AO VEFI K TNTs (B A A sk £ 1 5%
IR BORR R FE A #4441, TNTs Jhvr (K g K T SR Ak 2%
AT T APt i 2 sl e KR, B =0
PR K R T s e e VT T A A
Rk D @A R EA b, SO0 H95E A0 8 ¥
MEL, X R ERRSE 7~14 d. Hik, 2599t
AN /AR RE 14 d, B2 R B 408
1% 5B . AO 1] #5 1Y) TNTs R £ 25 90 B s i) [8] 4 K 22
14 d AL, MTTA B KA, (et st i,
Alécio %Mt AO VEEERR % T TNTs, FifijG
P IHRIEAE R BRI A, flSHAER I ER
) TNTs, /o H R ILIR-F2 I G #0245 TNTs 24T
3. pH 5.4 B, 58778 2 /E TNTs 9 1R 803 B L
pH 6.4 £ 7.4 I5FER, 259 0 RF SR RN [A]EE 30 d
(H 6(c)), FF I BIFI A M. Xiang 2507
KH AO VEFEERR A4 TNTs, 751 E R BT
RIS FH 28 TNTs. # 25 TNTs % M B2 DAk
AAEE BT A(ZnO Quantum Dots, ZnO QDs)7& i,
By 1E 25 ) DRI . 7E pH 5.5 BIBR MEA R, ZnO
QDs Al 5[y zn™, 5 EE I FEEH B
R RPTEAE FH, X 4 €0 ] 4 BRI R TR R A
95.1%(El 6(d)). AO EHEA B KAk Fr2H 2%} A
ML A, WA SCERYE H, TNTs B2 & 00%
MRS, MHIA RS 5 7% S IE g, M0 6] 44 A
W, TR AR KR A AR R, Rk, I AO
REEZELCATH R TNTs X4 7= A2 1 S i 52, 2
AR FC 75 B E AR 1 )
324 #GNEWL

MAO A& — M i 2R I o R, BEfS7EER
F kA 4 B R T b AT BE MR R 2R . pb Ak, @
TR AR R T RS TR R T R AL, K
Tl TESEAEWIE I TR D A BRI, FHFEAK
RPN EE ), A3 RERTHR R 2 i B
K 7(a)fE 7~ T MAO B it F2 e St R i B2,
Zhou 2R F MAO #4114 7 B FLBR 45 M sk %
TAT, 38 3 9% V0 VK 4 B A X 4% (R F- 2(Cellular
Communication Network Factor 2, CCN2)[# & 7E/>
FL ALY K ki (Mesoporous Silica Nanoparticles,
MSNs)H, g Ja K& CCN2 ] MSNs f#k 1 4k %
AL, fEEH CCN2 i$i% R F{(CCN2@MSNSs-Ti)
(B 7(b)). tRAMLIERH, SHAMEL, CCN2@
MSNs-Ti fE3E T 4 i 22 T ik, B0 N B AT
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(b) Soft tissue sealing efficacy promoted by Fe-NC@TNT®; (¢) Thirty-day cumulative average quantity of doxycycline
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