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Abstract

BACKGROUND: Drug coating on implant surface can effectively enhance dental implant osseointegration and reduce the difficulty of implant restoration.
OBIJECTIVE: To review the effects of different drug coating on implant surface on osseointegration.

METHODS: The first author searched PubMed, VIP, Wanfang and CNKI databases for relevant articles published from January 1986 to July 2020. The search
terms were “implant, osseointegration, surface coatings, systemic drugs, carrier” in English and Chinese, respectively. Finally, 67 articles were included in result

analysis after screening and summarizing.

RESULTS AND CONCLUSION: Drug coating on the surface of dental implants can promote the local release of bone binding of dental implants through the
carrier, and significantly enhance osseointegration intensity and success rate and maximum load of implant, especially reducing the risk of implantation failures
rates by osteoporosis. However, we need to solve some problems before this new coating technical is applied to the clinic: the reliability of the combination

of carrier materials and drugs, drug release rate and release amount difficult to control, high initial sustained release concentration of local target tissue and
difficult to maintain long-term stability and biocompatibility after implantation. Therefore, in the face of the complex oral microenvironment, as well as the
influence of many factors of the patient’s physical condition, it needs to be further verified in clinical trials in the later stage, so as to play a positive role of drug

coating technology in the field of oral implantation.

Key words: materials; implants; dental implants; drug loading materials; systemic drugs; coating; osseointegration; osteoclasts; osteoblasts; review

Funding: the National Natural Science Foundation of China, No. 81660179 (to LJ); the Science and Technology Program of Guizhou Province, No. LH[2016]7257 (to LJ)
How to cite this article: HUO H, CHENG YT, ZHOU Q, QI YH, WU C, SHI QH, YANG TJ, LIAO J, HONG W. Effects of drug coating on implant surface on the

osseointegration. Zhongguo Zuzhi Gongcheng Yanjiu. 2021,25(22):3558-3564.

0 5| Introduction

M A AR F KT 048 S A 1 I p B R & IR0 38 5%,
AL B B REBRAR T . EMATE. BRBIRE. R
EHEHLSME, BHARME EHABEAG LT HHL
25 XMW, MR R 8 4R E R ARG B B F
BEECEAQTES, HARRAA 1% 2% ) EF B THE
RREA BRI FHAHEAK D, BobdTEF 2R FF
BMEMTR. FREMNES S G WRRAIEF ARG T2
SR RESRE T, PERRT ZEEH QIR
F B R, SRR R AR R @R B T A A
AR EERE, ARETREMTREHHERTEEE,
Hoop F) R AP AR RO B 2 oy AT ARG D Re bR R AL S R I%
ARFP AR K G R,

B A8 i AP AR A B 7 2K 25 4 I B B AU B E AP ALK
B BB 4Eath ) AR TR A REFHERIE,
A4 g el 0. Rl b RESFHRA A E
W I8 B 4 B B AR Sk AN K AT B A 8 2 Ak
ERraft KT o T BRAF—TB T A%, Bk, L
FAT AP AR 2 BAR R ) K K 2 Wik BT A AR B B B 4
SRR TR IR B B R AT 4R A

1 E#RF5E Data and methods
11 BRKE % —EHm Rt ANUE 2020 451 £ 7 A VA
“implant, osseointegration, surface coatings, systemic drugs,
carrier” h & Sk 15, vACFRAIIR, B es A, RE, RGN,
BAR” AP b 445, £ PubMed., 4. B, fmM IR A
T E 1986 4 1 F £ 2020 47 A LA KA ELE,
12 NEARE
NI OS5 ARBABAREMAXGLE; @5
B AR W AP AR E A A BB R G LF; BF —4R
ML UL R RAABSE LR R AR FE.
HERRFRAE: EHMART, ARMKE. AXMEERTLXL
£
1.3 HRHEEN ARBA KD, AR P 228 HARA X
#k, WA ANE R, B AANBHERATE G LG RA LN

N 67 B SAREAT AT A B3, SUhkAe & AAZ B L 1.

T ZEHLE: PubMed,
ey TiT R ERE

K& Bk . implant,osseointegration,
surface coatings, systemic drugs, carrier

TSR, HaE, W2 RGEEAY, ]

> i
\/
S T T,
R B A AT NI SRR DL
IR 228 BRI 1 H (A e 2 0 R 161
; > i

AR 67

E1 | xEkieZREE

2 258 Results

2.1 SEAMEE AT ANBRRIEBREAT F44
BREBMOA T X, TMLREAE 2 2 o3/ By 3R 3 £) o fe
K, LR EB| I M EREFG B, AmEKE 98
TRRE, REZGHAMAAE., Bt 584Kk
B REYRDBEGY T REGRIA X, Barw A
O IRARN B 455 . —RARN KT B oA,
211 HBERRE ABKREIBARABRE. B =45,
& B BARRAF M. FEN, EATEEEAR, 4
EAE R IR BAEM T AR A R G . Sk AR - BIRE
HRREEE,

2 B R G LR A Cay(PO,)(OH),, -5 AL A /2 4 32
REFAEFTREL, wTEAWEL, BRE. THFHE. F
HFHAL E EEALET RIZAOEEIGE S, RARZIY
FAMBAR, &S 2R FFag LY. B AsR
GBREMAREZ 5 ABAE R 8L, ML R,
MARBEEFRORK, FRAREFR@EAFEELRSH, Eid
BEIRB P TR MBRBREA AN THMHBE AL
B, BHREEBRE TS LA ENAMMERRSMEL,
e R RAE. AR, IR, BERRAN. IR RA TR e ATH
&% iz 1,

BB Z 45 % —FPAEBELL ) 1.5 G4 BEERAS, 4 o ABFe B
0, B-BER A5 AN T AN, o BB 45 A FAEE
tLEMFe B G EMIERE, KAGRB LE5ET, B

Chinese Journal of Tissue Engineering Research | Vol 25 | No.22 | August 2021 | 3559



Review

$b B- R 45 B HAE A ARG B LA A TR AL, 2B
BRER ZAG 9L M R e B AR G, MR L & TH B AR
RAE, BB THEZER M, MELLBRE A B- SR =
B BA LA BRARTREEAMR M. BRGHFEH 5k
F, R A L RREEGMFR RS T 555
AR B, By KTl 244 B & My 34 4555
i B R

212 ZRMARMARET AR SHMBERG AT
o N FHMBATT REARL, AIRE ZFAAKRE TH
A MBS A TR R, BALLO & M B £ =4,
ARAR LKA 1B BAT 69 BEAG A 5l Ao A A AR 2k BLAT 2 04 B2 )
BB, & AT AP S| R AR R B 28 B T894k, Mo BLxt
o v el S AR — R IEIRAE R, FoA T 0GR g KR
REFE T ARG R % 64eh4h, HAEEWT Hh RAEKE,
T LA FR A F R E M T AR S M E B F, MMt K2
W B, RB|EHGROR. REAFREAN, FIRFEREA
ik H &) B RE, BRBRER LM (L ER
) B ETRE R @M. JUTR T F T hds 4| &k F Fofk
ik F,

213 mEE TRELFTARXEZMBE TS THRESIE,
ML ARCBT 2&, hARARGOTROMER RIFHA
ARG, TR, IR RME, TMUTAEFRE a0
oA, I AFP B AT e mit e g gh . FEm B, 2 A
FAALT IR RIFHEAGEM S Diettt. A, T2
HABEHFEo0AEYEN, BB T AREEEE R THER
EGVE R, P VA AR ) BAP S5 M e GRS ) T 1 AR R
MRS mcthdpehis s . Bk, 2RBESAE. &
T 0 2 BB A FL 4 B g4, e s
FRABHERRR. HEFHRALENE FAmEEFHHE
BIAER, & ERGRBEFHIREREOT RLEE, Amifl
Bk Ak 1,

214 RAMmBAR RILR - BERCBRERMBGREIA T
HE M EARN R, BRGNS, &
YT bk, JF M= Ah It OB, T =AM
PR HE RSN, AR5 # & R IR K BT K, T oA
TR T BB EANAR. RILR - BACHRERDMIKZ
Gt REAER G S A TR SRR K GMIER B,
B A RBARENE., BB EMEOREAKE T, £%
MRk RA b MBEHATA G TR E. ARILH] AR,
R B RAIRE (BB, BE ) A A, THRIEAIKIR
BiA R i & AR B ik 2 RIK - BA LR
Rk U8, BB 88 K Q9 4FAL A Fe L0 4R B B) A BRMLIRE,
g7 AR P AR A A pH AR e RILER - AR LRt
RMWOR 5 R4S SRR, IR R G ARIE B B 40 4R B8R
A TACT K AR, R A SRR, AmiEdE
B, bRk R B0 BRERAS IR B AR L L 95 e e A
Mg B2k 1070,

3560 | PEHRTIEAR | 5525% | 58228 | 2021F8H

215 AYH-TRIR KB TAEY S TRERER—A
L AARARE B 69 E R, VR AN R B . IR BT
MR F MR, A5 Fmassht. 3. o0, 1RotF 4
&y HREHYLE LA RES, XEAMNHST OIS K.
R, HgEas .

% pReEMARRT W RAER . RRBRM, A RIFHAEY
A mE&Z R, P H AR - AR - RITARBRE S
b B EG . F4EBEEOF @R AR A
JRA 3, FAHARAEN G $5 B 542 S AT MK B B ta JR 50, Am
RAPHAR ) BB 42 ik, A A T AR AT AT 60 A0 1S
M, KRR - H AR - R ITARBR S KT EF LA E 440
R BAERMAER P b &5 ik AIF BB LR
s AR &G 1 BB R TA AR R @ 6 A AR Bt
B, AR RAEFERJRR BT AR B kiR B ek b5t ), R
ARG B m RO AR Y, 2RIEEGFRERR
1, BB, FTRALESLBER.

HEEEROEMRKY THA R RM. HIEM. BRI
YLl A WA S A B, BT Xy T B HEGR, TH
HFEHER AR 2HNEHEBIK. AHREAN, RBEEFHEE
EAEBOQLOTEZORIRELZ T BT, S5
BHEOEMITE S FHARAES 255 AT OER BT &
Bt T3 B AL ARG 2 HEB OB, AR eE
s Afe ) B,

2.2 MEHISIRIYERRBYZSYD

221 wCRAEER OB AT BT 9 3 ARIUBEER 3 24 e R B BR
AR, RWERGT BRI FRMBG EZER G, R
BRokek ek Eo9 2N RR TR BB T AR E & ELL,
I £ AT R, FHRET @B 10, AR
WM g

vt SR P BR R AE SRS P B M R ARG Sy, LIV & PO
FFR K TPk R B T VALK 53% 8978 Bk, I K AT
AR Z RAAATLE R Bvd R BB BB L 21d, £F
JRBMNE T BB 28,V v R B BRI B ST AR A ALK
BEHEH R, RETLEAFEIM. PYOF V@it KR
IRE v R R BOR AT R AR SE e, B R AN KR HbdR
448 (0, 8, 80, 800 mg/L »dk sfs ) AFALIREG B 4hAR, £ 7
HEEWETL, 13 E vk R B BR EAT ALK T OA B 2 £ 8 R
sEAl . 3G hnAb MR R 45 A9 456, JAKOBSEN 5 ¥ B K4k 4
ZIFhdh, BITBRF AT EF el B R R AT B KM
R, EAARK L RBBRAKINRER 2D, - R
ARG AR B IR E L, ERANB AL T R D,
L- AR BB BB BR, eRBBRIREMURE T M
B, ¥mT BSHRBREHR, W LR E E R R
269 345,  ABTAHI 5 P IR T 16 4] 2 ok R B 8RR B AT
ARG TR, 1B REBEFHREAATE, 4RESA
NEELS REBEMBAARTIRBEAMARE £F, R EMA
A% EERE Y. LRIRERENEH AR, BB



RHEARAZRY, MIERAE L L, kB8 A 2
B 9, T WU BR 2k AR K MEAR B RIS R IR B R B, B g
RBEBRARENA TG REE E 2 G RRIEIE,
222 M45E MA5ER AT BRI 3 REZREZ
—, W TR mi s, T AEVER TARE @i e
Medt iR, MARARE mieiE i, HAAEIKE B F B A
B BB VE R B ssl, B EATAE BT SE T
K, AL AF an A5 64 B BN B AR A R 45 B T ARG
WA SEAE R, R4S, PRAER R B RO b Bh A R A PP
HUANG 4 B9 234 52 7T 45 2 iR B e B 3r A 2 R, Tk
BERRERBENFT RARTERE /MRS EBRLE, R
AREHEELAES 2 HEARKET N, BEAE/ARYKE
ABRBFLG AT ESBERTHALAETE 2 0B, i
e L 3ANAFNEARR BT EE. A RMEM. B - A
ARERRE . AR GIMAE M, EREAESHEEFTH
EEXAEZE 2 R R R ALK B B T 2 E 3377 R,
FafdE, R ERA, ARNAEE R — PR B R
B89 T & 3 0 3% B A BT 4GB - FPARARLE A, R CHEN 5B
FERH AR F AT My skib, EAHIKRE A RESE
Fatfe £ £ D3, HMAA TR, KRNI ZIEREN, B
# eds  Aatf & & D3 45 LA AR B B AR S AT 4 A
FaRENELAES 2R, BB, 51
Mg AR R B R B TR ERERE, FLEAAIK
E. BATARR P ) R K INEAT R 662 By 31 L ) T F AP AL A,
K % HARE i 2h M BE A ) BRI AR 2R
223 FxHs FTE5ETRFHELE AT HE,
RSP EINEMERFEAAER . RIS E AR A
TAXTT VAL AR 40 _E AR TR o R ERE e e
e Famit, B ABERT @I LM E 2K B RS S
WA MR AR TR, TEEHMMEAREKTEY, 7
R It B ROKE, R AR, Bk P,
HARMANKAYA % B9 44 B 50 3E 52, & &5 3000 BT 8§ i
BRAN K R ATARAR B B B B T, B TS BB AN R A4S B et
HAKBLA Tk B ER AW, RFHFEHA RENE,
MU 5 B0 4 355 50 F) BT S B B AN PR B A F — Bk
BAPAEARST B E ARG A AR B B3 E T AR, SF BT vAg SRR
JE SN R Bk A, TR AR AR B T SRt B R A £ A AR
XIS TA — R iR . AR FHEHAERN, AR -
BECBRERMABARRBREEES, PTHEQHEANY RS
WEXRBEFTFHRT A F LM, B HmERIEE
R 2, E I Rl I E S S0 AU Y,
2.3 (BHBEERIERNAY
231 BRERAG  BRERAD M 45 L EREUAR B T RS 5B
LHLRTT K AT M LE A, PRBE R a6 T HARE . S8 A,
AAF ISR P

FBEBAAS MRS Ve A A EBBIR, mEARL
BT 0 A& Fe 58 B 4 AR 69 4B AR AR A S A T AR

%R R TR B A AT Y. BOSE & UV SR BB 45 Ao AT AP AL
KBS T o, BARFHZiE T 3D TP AR A &L F
A 25% #) —BAARGI R E , R AR S LR AR R &
BATRBRAS R E, WARAER R LR F o R T, BFER4S
HREF T AR R BATR R, 442 T B AR I St
TR ss., aTH. BAZTALTESETRE, VEHR
IR FAR R B R AL B TR A AR B W EAEA, Z4e PRADO
W R BAS IR B AR R IR A AR ALAR 45 KR
2L 3B 4G AR S ARARARNAR K & B I, 4880 M B s BB 4540
FHAVAR 4B ARER MR I6 T7 AL R T IR A6 T A A 2 5 F 2t
BB4H, EL kARG 4G4 b BR AL IR 4 A AV AL ARAE N 6 B BT IR
FPALFEAL AR 5, 45 RUCBABRERAS /R 2 Ak i ) 34 BR- A
PARAB AR AR SR L B 34 T 48 0 AR A B i I R, 125
B - AR AT AR, RAPERE R R, B, BRERSA
BEFARAR R @ R AR IR S R TR S, BEEATR
B R AL AR 4B AR AR AL TR G AP AR S At BB 4 R S it
E 5, THROFHRGBIRE . RERE. SB5EEEMRE
Fot R EMF R EAX.
232 TRFMRHE FTRFWAEZTRFRI IO
¥4k g R EE, BAHRSERET L. oEERGER, F
B 9T i 45 R E 5 AR X 6 KB, ARE RO T A BB A,
RAGNT 8 R B F 1 phnsdaa 2han . Foh, TRFMnE
R —RBAREER Y, DF T TR EA A
B A, =TRSO E G p KR 2 B R AR BOAE A
TANG % " 4% Wk & B ik £ il 1438 B 20 K H R ITAR
B ERRE e RIMAI S BIE L, RIS EZIMRE] TR F
BRI F TR BT AR R TR B AAR 3 % A VE B AR, T AN
KA 2 BB IR B AH F AR F IR R 7R B G AR ARAR T B 242
R K R AT A BIE, BAR AT AR 5] 7K
FIRF BB ERE, BT AR SFHIR G KA. YU
5 W R R A R B8 TR F IR E / B EAS R B kAT
AN RRE R, 4 B EWEE| AT IKF IR E FAE
R A Z A BARMUM, AR B TR FIRREREAS
BHRMEL, W FRF IR E CRET G LML, RA
BB AN AR I EAGRE R A, ST RT RIS E
LAVATR BB AS IR B B n B E I E T AR T 45 A, Rk
4b, ARDURA % U % 30 9 3k 3 B 8k & AL B fr i Au SR8 A0 £
WEERVOHEALTRAETHAL, RIATHRR. TR,
J B R 438 A B N R A BRI Y, 3T B AR
Jk g .2 R —FEAT 24 R
233 %A ZDAAKET %A £ DXME=8, HLEH
BX 1, 25 Z# 44 % D[1, 25-(OH),D,] T A 4AE A T A A 4m
fo k@G A F D AR, ALHF T RAFT W R ERA, FH
BRM, HEHELAES 2HLSHLALAHEER Y, 4%
AEZ DB ZAMMMARTELL AN THm, LMEHSZS
FE 638 e, - AR AR K R 3 A g A 405 FRETWURST 2 Y
FRIE G 2 BIARGIRE A, 44 ZE DEZ BN E K,

Chinese Journal of Tissue Engineering Research | Vol 25 | No.22 | August 2021 | 3561



& ik

mANE Yk & D B EHAARIS 5T N RIF RAFOY B 454,
FAEFAKBEFARMAEGRERAZ, LR K
5 A NAELFAS A AR LR T T AR BAG D ENS
B, BRB bt h P MBEHAKRAT ™. %A
FAKRF P, FMASNARR T FHALATES 2
R B ARAPARAR 38 TR AP AR 25 A0 37 ok BT, AR AR ALK
JEL BB g VE A AT B)GE L. TENG 5 B btk K TAE
Mo AN 3 AP ALK, BPATREZE. B AKX ARG 24,
FHELRAEEG 2/ FAEHE, 3SNMABLRIN, FEELAR
8 2 AL 3G B BB R P AR bt B AL EIRARGG AR, M
HFHELAZO 2 GABAIREHRALAES 2HAKR
FiE, A KR FHFRLRRE, WEREATEXE, B
LAF S meteR, AMEFEF. BES BERTE
Y, B R FHRALEIRG G A, TR T AR E—agu
BRGIEEF K, ETAAAY LA RAF6AFT%.
2.4 {BHBER / MHISIRIIEREYZY)
241 FHAMIT FEMTERAGR LR TR I2E A Y
ARG R, AR K FRAMITA B AR R AR G ARER S, T
BIFRREFHALAEES 2. T NEAKRTFEF—427945F
) RN AR E A EA, TR AR AR S e AR R 50,
LIU 25 © B 73 it KR w9 SR E AL F AR T A4 A
RHE) ZBAARIR EAPAAA T, SR BT ERINTIE KR,
AR I ik FEW, RIRTH R B M AR AZA 269K,
BRFRETTEA TEHESLAES 2 A RE, £
PR R I BT AN F L, & T Bg B Ffed 44,
BlAY, A TS FARMITIRE 6938 o % T B oA AR T 454,
FANG % B R KRR | A #AT 00, @it e s s
RAEAHARRE AR FRAT | BEBR B R EFAANBRE
A, 4R RAR A FAERAIT IR 3G e, ARFP AR BB 2
RN R A%, (AR FRXZLAFE—FHR. Ad, R
89 1V BTN FARAIT 64 By 31 5L ) ST R B RS e A AR R 45
4-. DUNDAR % ™ f£ £ dp § X SAKA HEAT 4 B 04 I K I,
FARMIT IR E AT AL F — AP AR AR R . B AR E A
B RGF EF, ERIURILEIZAR T .
242 FREAS FRBARZEA T RE KRNI,
TALRE G AE LB — A ) ST, R B R e A0 Th AE
Fadp b B e h Y, @A R E RO How B ARG
XEFREAPHE. SEfotast B A RGAREER,
BHAERBRBAR, m4iSE RS Ltk sOR #4E,
KE TR EE. TAO 5 & KA w5 ik E A AL
AR EIARSE . 48, BRBRREABRGRE, ¥TRSK
AR R B QT BT R A A el il A, ER RSB S AR
AL R EAAART 455, 124 10% F REARR B 6 A AL
HRECR BHF. BB, LIN S 35 %R R#GE AR F R4
R BEAPHARFNE JTRAN AR, ARIL T AR RANGG 2548,
B R G A EE LT AR AP AR T I E 4. KA
ZHAO % “7 i@ stk i 2B K I, KA HORBALE S &0 T R

3562 | DEAHRTIEAR | 5525% | 58228 | 2021F8H

BRAR | FRALIT | BEBER G IR EFABARE £ 0133 T 2%
&, MR RAEAAAARRE BT AR R mie, &
W7 NI ( KEEMARE, VEEBRE ), FHRHEAK
B FEAk IR B A B R IR A, TALE| S EREGHR, B
B IRA B AT AR ARARE 45 SR BAR R A, B R 6 S s AR
RABFZ G REZE, 258 ER T AR % R E feth o
PR BT TR £ &4, PrvAsh i RIAE A Bof e v L
FIE.

3 pESREE  Conclusions and prospects

L L PTiA, AKAPAEAR R B PR R R A R HAT AR E
SR R BERR, R RA) ZXE, RS RN ER
R, FARE T YR BRI BARE NGRS XipH
By RIS S R, AT e AR B BB R, B
FREG T ARG FLRLESREBF AR R AR K
RAEF, LEBRY T HRFAEIH RO E R L A%, B
sb, BApiR R At AR E o BRI BTN SR T
BZ—, MEMFFATAREFRARG b 237, F2 84
0 A M FHE B T AR R mR BAR R, SRS T AR ALK
K iR JE 3R B BB AL AR RS R 64 ELARR AR AL
w0 B BT 2 X A A A R B AR K E A T 16 RIE & FIRAR
AT R BRGS0 F i, BB E
H5BRE, BERAGRSOMSEERRE, AR AR
AVARE 6 2 A be. KAFE R ME R, Fit, @4
Jeth O BEMIRE R B H GRRILE Z REWHh, LAEE
Bt —F 06 RREE b R —iE, ARALEE R B AL
O s AP ALAR IR GG B R BT

EETUEK: TR EA R, BAE. A, 720, B8, BA4.

WmEF. B, BRI, BT
BRI AXFHLT “BE O AAF L (81660179) AT A

AT RIA B (B4 LH [2016]7257)” 4458h. FiAtER B, 2% %
HEA Bt LFN & Fo st B 5 B R Gt AT B ALARE,

FIFEMZT: L FhLELFY, ERAMAAXLFREILF R
AR BZAF R,

B ZAAET (RAASERBEESHIREIL) (PRISMA
Feih ).

NEEE: LFHRATO2EH bR 2|5 LN R ARITIAEE,

MEINE: XFZADFATIFEEREST, FATIFBUAG LEH
SHFLAETS.

XER: LFHRATLE S &SRS RBRALE T AR X W
B,

FHGRENARR: X R — B AT, RE (it THTH0
“EL-ET AR - AR XL F 407 o3k, AL AGHAT,
AAFRAVAEF L B a9 K T RIA R, AERY R, R AHFE
TR P R, TR FN. AR, 3760, k. BRI LK, TH
ZEI RG], AERSFOH AR CIETEERE,

4 %k References

[1]  POZzZI A, POLIZZI G, MOY PK. Guided surgery with tooth-supported
templates for single missing teeth: A critical review. Eur J Oral Implantol.
2016;9 Suppl 1:5135-153.



(2]

(3]

(4]

(5]

(6]

(71

(8]

[9]

(10]

(11]

[12]

(13]

[14]

(15]

(16]

(17]

(18]

(19]

[20]

CHRCANOQVIC BR, ALBREKTSSON T, WENNERBERG A. Reasons for
failures of oral implants. J Oral Rehabil. 2014;41(6):443-476.

DE MEDEIROS F, KUDO GAH, LEME BG, et al. Dental implants in patients
with osteoporosis: a systematic review with meta-analysis. Int J Oral
Maxillofac Surg. 2018;47(4):480-491.

DEREKA X, CALCIOLARI E, DONOS N, et al. Osseointegration in
osteoporotic-like condition: A systematic review of preclinical studies. J
Periodontal Res. 2018;53(6):933-940.

POKROWIECKI R. The paradigm shift for drug delivery systems for oral
and maxillofacial implants. Drug Deliv. 2018;25(1):1504-1515.
VALLET-REGI M, BALAS F, ARCOS D. Mesoporous materials for drug
delivery. Angew Chem Int Ed Engl. 2007;46(40):7548-7558.

JEONG J, KIM JH, SHIM JH, et al. Bioactive calcium phosphate materials
and applications in bone regeneration. Biomater Res. 2019;23:4.
SADAT-SHOJAI M, KHORASANI MT, DINPANAH-KHOSHDARGI E, et

al. Synthesis methods for nanosized hydroxyapatite with diverse
structures. Acta Biomater. 2013;9(8):7591-7621.

RUIXIN L, CHENG X, YINGJIE L, et al. Degradation behavior

and compatibility of micro, nanoHA/chitosan scaffolds with
interconnected spherical macropores. Int J Biol Macromol.
2017,;103:385-394.

SZCZES A, HOLYSZ L,CHIBOWSKI E. Synthesis of hydroxyapatite
for biomedical applications. Adv Colloid Interface Sci. 2017;249:
321-330.

REHMAN F, RAHIM A, AIROLDI C, et al. Preparation and characterization
of glycidyl methacrylate organo bridges grafted mesoporous silica SBA-
15 as ibuprofen and mesalamine carrier for controlled release. Mater
Sci Eng C Mater Biol Appl. 2016;59:970-979.

BALLO AM, BJOORN D, ASTRAND M, et al. Bone response to physical-
vapour-deposited titanium dioxide coatings on titanium implants. Clin
Oral Implants Res. 2013;24(9):1009-1017.

BERINGER LT, KIECHEL MA, KOMIYAY, et al. Osteoblast biocompatibility of
novel chitosan crosslinker, hexamethylene-1,6-diaminocarboxysulfonate.

J Biomed Mater Res A. 2015;103(9):3026-3033.

WU S, ZHOU Y, YU Y, et al. Evaluation of Chitosan Hydrogel for Sustained
Delivery of VEGF for Odontogenic Differentiation of Dental Pulp Stem
Cells. Stem Cells Int. 2019;2019:1515040.

RODRIGUEZ-VaZQUEZ M, VEGA-RUIZ B, RAMOS-ZURIGAR, et al.
Chitosan and Its Potential Use as a Scaffold for Tissue Engineering in
Regenerative Medicine. Biomed Res Int. 2015;2015:821279.

AHMED TA,ALJAEID BM. Preparation, characterization, and potential
application of chitosan, chitosan derivatives, and chitosan metal
nanoparticles in pharmaceutical drug delivery. Drug Des Devel Ther.
2016;10:483-507.

ZHANG Z, TONGCHUSAK'S, MIZUKAMI Y, et al. Induction of anti-tumor
cytotoxic T cell responses through PLGA-nanoparticle mediated antigen
delivery. Biomaterials. 2011;32(14):3666-3678.

GUIMARAEES MR, LEITE FR, SPOLIDORIO LC, et al. Curcumin abrogates
LPS-induced pro-inflammatory cytokines in RAW 264.7 macrophages.
Evidence for novel mechanisms involving SOCS-1,-3 and p38 MAPK.
Arch Oral Biol. 2013;58(10):1309-1317.

CHUNG MF, CHIA WT, LIU HY, et al. Inflammation-induced drug release by
using a pH-responsive gas-generating hollow-microsphere system for the
treatment of osteomyelitis. Adv Healthc Mater. 2014;3(11):1854-1861.
XUE B, ZHANG C, WANG Y, et al. A novel controlled-release system

for antibacterial enzyme lysostaphin delivery using hydroxyapatite/
chitosan composite bone cement. PLoS One. 2014;9(12):e113797.

(21]

(22]

(23]

(24]

[25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

KORN P, SCHULZ MC, HINTZE V, et al. Chondroitin sulfate and sulfated
hyaluronan-containing collagen coatings of titanium implants influence
peri-implant bone formation in a minipig model. J Biomed Mater Res A.
2014;102(7):2334-2344.

CHEN H, GIGLI M, GUALANDI C, et al. Tailoring chemical and physical
properties of fibrous scaffolds from block copolyesters containing
ether and thio-ether linkages for skeletal differentiation of human
mesenchymal stromal cells. Biomaterials. 2016;76:261-272.

KOOLEN M, LONGONI A, VAN DER STOK J, et al. Complete regeneration
of large bone defects in rats with commercially available fibrin loaded
with BMP-2. Eur Cell Mater. 2019;38:94-105.

SUN B, ZHANG M, SHEN J, et al. Applications of Cellulose-based
Materials in Sustained Drug Delivery Systems. Curr Med Chem. 2019;
26(14):2485-2501.

LI EC, DAVIS LE. Zoledronic acid: a new parenteral bisphosphonate. Clin
Ther. 2003;25(11):2669-2708.

LIU J, PATHAK JL, HU X, et al. Sustained Release of Zoledronic

Acid from Mesoporous TiO(2)-Layered Implant Enhances Implant
Osseointegration in Osteoporotic Condition. J Biomed Nanotechnol.
2018;14(11):1965-1978.

PYO SW, KIM YM, KIM CS, et al. Bone formation on biomimetic calcium
phosphate-coated and zoledronate-immobilized titanium implants

in osteoporotic rat tibiae. Int J Oral Maxillofac Implants. 2014;29(2):
478-434.

JAKOBSEN T, BECHTOLD JE, SOBALLE K, et al. Local delivery of
zoledronate from a poly (d,l-lactide)-coating increases fixation of
hydroxy-coated implants. J Orthop Res. 2017;35(5):974-979.

ABTAHI J, HENEFALK G, ASPENBERG P. Impact of a zoledronate coating
on early post-surgical implant stability and marginal bone resorption in
the maxilla-A split-mouth randomized clinical trial. Clin Oral Implants
Res. 2019;30(1):49-58.

KISHIMOTO H, NOGUCHI K, TAKAOKA K. Novel insight into the
management of bisphosphonate-related osteonecrosis of the jaw
(BRONJ). Jpn Dent Sci Rev. 2019;55(1):95-102.

LIUY, ZHENG G, LIU L, et al. Inhibition of osteogenesis surrounding the
titanium implant by CGRP deficiency. Connect Tissue Res. 2018;59(2):
147-156.

MELELEO D,PICCIARELLI V. Effect of calcium ions on human calcitonin.
Possible implications for bone resorption by osteoclasts. Biometals.
2016;29(1):61-79.

HUANG L, LUO Z, HUY, et al. Enhancement of local bone remodeling
in osteoporotic rabbits by biomimic multilayered structures on Ti6Al4V
implants. J Biomed Mater Res A. 2016;104(6):1437-1451.

CHEN M, HUANG L, SHEN X, et al. Construction of multilayered
molecular reservoirs on a titanium alloy implant for combinational drug
delivery to promote osseointegration in osteoporotic conditions. Acta
Biomater. 2020;105:304-318.

GALEA GL, PRICE JS, LANYON LE. Estrogen receptors’ roles in the
control of mechanically adaptive bone (re)modeling. Bonekey Rep.
2013;2:413.

HARMANKAYA N, KARLSSON J, PALMQUIST A, et al. Raloxifene and
alendronate containing thin mesoporous titanium oxide films improve
implant fixation to bone. Acta Biomater. 2013;9(6):7064-7073.

MU C, HU Y, HUANG L, et al. Sustained raloxifene release from
hyaluronan-alendronate-functionalized titanium nanotube arrays
capable of enhancing osseointegration in osteoporotic rabbits. Mater
Sci Eng C Mater Biol Appl. 2018;82:345-353.

Chinese Journal of Tissue Engineering Research | Vol 25 | No.22 | August 2021 | 3563



Review

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

(46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

ELKASABGY NA, ABDEL-SALAM FS, MAHMOUD AA, et al. Long lasting
in-situ forming implant loaded with raloxifene HCl: An injectable delivery
system for treatment of bone injuries. Int J Pharm. 2019;571:118703.
PROKOPOWICZ M, SZEWCZYK A, SKWIRA A, et al. Biphasic composite
of calcium phosphate-based mesoporous silica as a novel bone drug
delivery system. Drug Deliv Trans| Res. 2020;10(2):455-470.

BOULER JM, PILET P, GAUTHIER O, et al. Biphasic calcium phosphate
ceramics for bone reconstruction: A review of biological response. Acta
Biomater. 2017;53:1-12.

BOSE S, BANERJEE D, SHIVARAM A, et al. Calcium phosphate coated
3D printed porous titanium with nanoscale surface modification for
orthopedic and dental applications. Mater Des. 2018;151:102-112.
PRADO RFD, ANKHA M, BUENO DAG, et al. CaP Coating and Low-Level
Laser Therapy to Stimulate Early Bone Formation and Improve Fixation
of Rough Threaded Implants. Implant Dent. 2018;27(6):660-666.
HUANG J, LIN D, WEI Z, et al. Parathyroid Hormone Derivative with
Reduced Osteoclastic Activity Promoted Bone Regeneration via
Synergistic Bone Remodeling and Angiogenesis. Small. 2020;16(6):
€1905876.

TANG J, YAN D, CHEN L, et al. Enhancement of local bone formation

on titanium implants in osteoporotic rats by biomimetic multilayered
structures containing parathyroid hormone (PTH)-related protein.
Biomed Mater. 2020;15(4):045011.

YU X, WANG L, JIANG X, et al. Biomimetic CaP coating incorporated
with parathyroid hormone improves the osseointegration of titanium
implant. ] Mater Sci Mater Med. 2012;23(9):2177-2186.

ARDURA JA, PORTAL-NUREZ S, LOZANO D, et al. Local delivery of
parathyroid hormone-related protein-derived peptides coated onto a
hydroxyapatite-based implant enhances bone regeneration in old and
diabetic rats. J Biomed Mater Res A. 2016;104(8):2060-2070.

VAN DE PEPPEL J,VAN LEEUWEN JP. Vitamin D and gene networks in
human osteoblasts. Front Physiol. 2014;5:137.

CHEN J, DOSIER CR, PARK JH, et al. Mineralization of three-dimensional
osteoblast cultures is enhanced by the interaction of 1a,25-
dihydroxyvitamin D3 and BMP2 via two specific vitamin D receptors. J
Tissue Eng Regen Med. 2016;10(1):40-51.

NASTRI L, MORETTI A, MIGLIACCIO S, et al. Do Dietary Supplements
and Nutraceuticals Have Effects on Dental Implant Osseointegration? A
Scoping Review. Nutrients. 2020;12(1):268.

MANGANO F, MORTELLARO C, MANGANO N, et al. Is Low Serum
Vitamin D Associated with Early Dental Implant Failure? A Retrospective
Evaluation on 1625 Implants Placed in 822 Patients. Mediators
Inflamm. 2016;2016:5319718.

FRETWURST T, GRUNERT S, WOELBER JP, et al. Vitamin D deficiency in early
implant failure: two case reports. Int J Implant Dent. 2016;2(1): 24.

ISOBE K, WATANEBE T, KAWABATA H, et al. Mechanical and degradation
properties of advanced platelet-rich fibrin (A-PRF), concentrated
growth factors (CGF), and platelet-poor plasma-derived fibrin (PPTF).
Int J Implant Dent. 2017;3(1):17.

CHEN J,JIANG H. Clinical Application of Concentrated Growth Factor
Fibrin Combined With Bone Repair Materials in Jaw Defects. J Oral
Maxillofac Surg. 2020;78(7):1041.

3564 | DEHRTIEAR | 5525% | 55228 | 2021F8H

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

XING H, WANG X, XIAO S, et al. Osseointegration of layer-by-layer
polyelectrolyte multilayers loaded with IGF1 and coated on titanium
implant under osteoporotic condition. Int J Nanomedicine. 2017;12:
7709-7720.

IZQUIERDO-BARBA I, SANTOS-RUIZ L, BECERRA J, et al. Synergistic
effect of Si-hydroxyapatite coating and VEGF adsorption on Ti6Al4V-ELI
scaffolds for bone regeneration in an osteoporotic bone environment.
Acta Biomater. 2019;83:456-466.

KIM J, KIM SK, HEO SJ, et al. Bone Formation of Titanium Implant
Surfaces Treated with Submicron Poly(lactide-co-glycolide)/
Recombinant Human Transforming Growth Factor- B2 Particles by the
Electrospray Method: An In Vivo Study. Int J Oral Maxillofac Implants.
2019;34(6):1404-1412.

HAIMOV H, YOSUPOV N, PINCHASOQV G, et al. Bone Morphogenetic
Protein Coating on Titanium Implant Surface: a Systematic Review. J
Oral Maxillofac Res. 2017;8(2):e1l.

TENG F, ZHENG Y, WU G, et al. Bone Tissue Responses to Zirconia
Implants Modified by Biomimetic Coating Incorporated with BMP-2. Int
J Periodontics Restorative Dent. 2019;39(3):371-379.

XU R, SHI G, XU L, et al. Simvastatin improves oral implant
osseointegration via enhanced autophagy and osteogenesis of BMSCs
and inhibited osteoclast activity. J Tissue Eng Regen Med. 2018;12(5):
1209-1219.

LEE H, LEE H, NA CB, et al. Effects of Simvastatin on the Viability and
Secretion of Vascular Endothelial Growth Factor of Cell Spheroids
Cultured in Growth Media. Implant Dent. 2018;27(4):480-487.

LIU X, ZHANG Y, LI S, et al. Study of a new bone-targeting titanium
implant-bone interface. Int J Nanomedicine. 2016;11:6307-6324.
FANG W, ZHAO S, HE F, et al. Influence of simvastatin-loaded implants
on osseointegration in an ovariectomized animal model. Biomed Res
Int. 2015;2015:831504.

DUNDAR S,BOZOGLAN A. Evaluation of the effects of topically applied
simvastatin on titanium implant osseointegration. J Oral Biol Craniofac
Res. 2020;10(2):149-152.

MARX D, RAHIMNEJAD YAZDI A, PAPINI M, et al. A review of the latest
insights into the mechanism of action of strontium in bone. Bone Rep.
2020;12:100273.

TAO ZS, ZHOU WS, HE XW, et al. A comparative study of zinc,
magnesium, strontium-incorporated hydroxyapatite-coated titanium
implants for osseointegration of osteopenic rats. Mater Sci Eng C Mater
Biol Appl. 2016;62:226-232.

LIN G, ZHOU C, LIN M, et al. Strontium-incorporated titanium implant
surface treated by hydrothermal reactions promotes early bone
osseointegration in osteoporotic rabbits. Clin Oral Implants Res.
2019;30(8):777-790.

ZHAO B, LI X, XU H, et al. Influence of Simvastatin-Strontium-
Hydroxyapatite Coated Implant Formed by Micro-Arc Oxidation and
Immersion Method on Osteointegration in Osteoporotic Rabbits. Int J
Nanomedicine. 2020;15:1797-1807.

( THESRHE: GW, ZN, TXY)



