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Abstract

Oral implantology, a sophisticated field dedicated to the restoration of missing teeth through the
integration of artificial implants, plays a pivotal role in reinstating both the functional and aes-
thetic aspects of the dentition. The intricate success of implantation hinges upon the nuanced in-
teractions occurring between the implant and the surrounding tissues. These interactions encom-
pass multifaceted processes, such as inflammation, vascularization, bone bonding, and soft tissue
healing, among others. In recent years, growth factors, recognized as proteins capable of orches-
trating cellular proliferation, differentiation, and tissue repair, have garnered substantial atten-
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tion within the realm of oral implantology. This paper presents a comprehensive review of the ap-
plication of growth factors in oral implantology, delving into their diverse species, intricate me-
chanisms of action, specific applications, and the unfolding trajectory of their development.
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1 =i

.- Al

HERRE AL —FE WA DB EEOR, IR EAE ZRRR. ARMARE NI 87
FEHREAL. FRPRER, UG T AEEORIN . L2 TAEMEZEN R, ERET RN
IS T I JE R U B i 2 — (1] AP TR R 4IRS . 390 MR AL, ARt
AL AR EZEMR], NHERMEF AR CH s s, A SCE RSB A RKR 77 DA+
IR, % e B SR Bl iR 5%

2. EKETFHMEFIERIF

ARKETR-RZIRENEONR, @5 MMRRIZALSE, BUSHRARESESER, N
MGG . A MHZUEE . LE DA s W AR R R B A KR (EGF) 3], et 4t
A K F(FGF) [4]. BIE&AKRAEE A 2 (BMP-2) [5]. ML/MMRATA A KK F(PDGF) [6]. ML A K
¥ (VEGF) [7]+ & 4K+ 2 (PRGF) [8]5F5F .

2.1. REXEKEFEGF)

REAERKE TR FEREEZIK, BREORIN 5L AR EAE K. £ Y, EGF
T4 HAZ R (EGFR)BTE 2 M5 58 ES, 55 Ras/RafMAPK. PI3K/Akt 55, M3k I 5 40 3%
FAFMEE, (et F RS AR B AR @ 4191 EGF I ] @it #0288 K 7 ORI, AR 5
RAERSL, FET A ARG M ER, P BRIV o EGF (R 55 P 4 J B 2 e ¢
RS AR K [10].

2.2. pRAFHELRRRAE KB F(FGF)

JRET A A PR T — A 2 A R B B SR, R 4 ML 5 L A I A A il S i R A SR A E 11
FEL M, FGF JHIL 5 H 32 ABes (s 5l es, HEsh s w A i A s ar 4R 240 e i e s An 40, et
HHLMBALA N EA[12]. MAh, FGF J&—Fpom R A e fedE 8 5, RS RIB0RT I8 M, 2L
TR M, SRS R A AE TR, et A IERE[13]. FGF21 IEAEXSHTIOREMZLE]
Bl 2 EEAERI[14].

2.3. M/MRETESEKEF(PDGF)
PDGF & i I /INOFH A 40 = AR ) — 2L B 5 [ 15, AR BRI 2345 07 )5 gt Lo 82 o DAL /A 8 T

ik
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Hok, BG4S PDGFp k44, et B LU A 4 I 22 0 A %[ 16]. PDGF
FiEH 5 AR FIR(AA. AB. BB. CC 1 DD)ZHi. PDGF-bb & 414 i M & s i) PDGF, {1
FA E R FE R R A TR IEE EAERI[17], 4% FDA HLu T2 & SR e 16 RS IR 51
&Pk s IR T [18]. E A, PDGF @it 5 HZ R4 4, % Ras-MAPK. PI3K.
BMP-Smad1/5/8-Runx2/Osterix %5 % 215 SB[ 12] [19], A IE T 20 A ) 6 5 A0 356 3R (R wcRR, A TG o i
Fofo R A ) BBl L ) A A AE[20]

BESAEER-2 (BMP-2)

BMP & 258 RAME % VI SR A K, bR 5 2 1) /& BMP-2 #24. BMP-2 21&
HE MSCs BB 046 375 S5 I U S B AR KA1 [21], A BMP-2 (thBMP-2) C) 32 37 F 1B F AR A
[22]. fERERIMES, BMP-2 it 5HZ4A4E G, s BMP-2/Smads 5 5, HESSHHME 510
R R A 23] BMP-2 AMUERERTE TR, B VA5 R -4, TR 5 A g A2
g AR LEE24].

2.5. IEARKE4%KEF(VEGF)

FEFRG SRAESRES, WEERZRZ LR ERZ —. VEGF it L 4 i B E R K 12 —[25].
FE L ERE T A, 5N VEGFE, AT DRI DR LA A2 i, (23T RO T B, AT B8 4
N DS I BREVE A FSCERD IR T DASR I AR SO s il R AL A B e B T R 7] DB RN IX I i, S5
SFUIRES, B IEAZUARSEAENAR IR AL, BRI AR G A E A

2.6. X KHEFIL#KE(PRGF)

&S E KR T 0 2 (Platelet-Rich Growth Factor, PRGF) & —#h & 4 #8245 BRI I /NG [ 44 4 1 AT
AW, BT E /NI (PRP) ) — R AT A #0[26]. PRGF i & 4 H 3 Ml b i i /NIRRT AE KB T-, 6
E—FE SEYTEEY R M, AR AR, e, B, k. BABRUIR S R A E
HIIRER27]. &SRB T M3 (PRGF)LE A v s (k8 A e, il dn M s s A o4k . i
FPURGAER . B GA I DL A B 45 & TR R RS E S 2 TR, N DS MEF
ARG T —FEY IR R R, BT B 7T S8 PRGFE KN A B T 32 Al T A 1 i ah A
UNCNIORS G PR

2.7. {ERHLEI

FAELAR 5 B AL B 45 5 DA SRR A ol Rl ok 2 B AL A ) A R CRAE A L A BRDD O R 3K . R
EAE AR, AR TR SIS RS R SR X, R TR R E SR AEN, /MR
PDGF S5 20 i X1~ 15 S AH ML B A s, (ki @& . )5, IL-1. IL-6. TNF-a 52 R 153
FAEANI [ G HERS . AR BE AR, WE AR T EHSUEK, VEGF Ml PDGFs {£ 3 A 5
FAER20] (2970 R AELAR AN B AR S AR A R P W 2R U RE N SR X . RS, £ BMP-2. Wnt
SERCH BT IR, R AL AR O B R T T B A EA (301 E I ERE R, AR i
A LA AT . (et 4R ARG P S8, M R O, (et AR SR A e

3. £ KEFEOEREMESRHRENA

U A TR B S DI T A K L S A LR, T AR I R AR I — i R rh R
HEEMEM . N IR PR AR AP A i A A AR -
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3.1. EFAERBEEFN

AT S AR Bl RS2 A AR TR R ) S S 22— SRR A K 5 A A
MRS &, TTLLEE B VA MRIMIA S, RS, IREEEE ), I D EME T ARSI
FEIEFRAIM B, & EH B SARE T WA EEAM N . BARPRERT DU A AT B A R
WHEA S WG - R R E MBS, T U AT &RKEREYB1]. A RET 5 EAE 0L &7 E
WA S ai A RGO Hr s OE T AR BRI B Sk o R R R TR T
FINE AP T2 A R B R A R [32] o 38 2 ) AW ARL 2R T e P T DA v BT 4 240 M1 4 i
(ISR, ik ECAE bR X3P 78 o G B . RS % 5 BETH I B R R AR K B 1 AN 32 A A 5 1
T, B RN XIS (S o RN 75 25 S AL D 7 5 A MR RHE £ 1 A K TR RO
AR BTG RA B T SCBL M R 5 S E A N, (e ARG SR . AN IR S, AT 38 i 4
e ARE T 5EMAPRO N F ST IS A B T & I A . E PR H A E B R, H
FRZ R A KE T EEE W A RKETRGS, BOE A R RIS S, TS A
AWM RIT DR S @ S, B R A PR B TAEMIMORL, T REEE R TR KR
BRI TN P 3 AR T VAR IR A KR T, BRI RUR .

3.2. {RAFARAFE

AKETF, JUHE PDGF il BMP-2, #) 20 F AR Tt B 4 F 2L . PDGF 38 i 30 i 40 A
PISGFE AL T A s, RS E TR R S A2 . FERAEAARJE Bl 51N PDGF, A7 ek 2 A 1 38 5 A i B 1)
e, RS FEEHANSE ). HElAVE 2050878 PDGF ¥ 57FH A] 38 5 Ff o (9 20058
Chiantella ¥ rhPDGF-BB 5 it 4= R MR W RRLE &, 178 55 B A M R AE K 7 R IR R, DA
e b BT R R R K . RS AR R G R AF, B4 AR B A 2R E [33]. Kao RT SRH
thPDGF-BB + -TCP 597 MR 3 7 R it (>4 mm) B3 25 B, UG 5 5. IR ARG 2245 R BoR i 5
X B A RL, VA thPDGF-BB + B-TCP 097 7 B4R 1 22 414 [34]. PDGF A A% 6 1 T Ffie 446 )
FEl B B4R, Chang PC LUEE T8 B B 85 4 iA 4% 77 PDGF-B % [A(Ad-PDGF-B)Fl H #:4# | rhPDGF-BB
X IF PR AR IR A R SR ATAS I R, 45 B R T T 2 RE AR 0 B A4 L SRR BORT . Homr &
Ad-PDGF-B &R B 4f[35].

BMP-2 £ EH#EZS 5B BINAERKRE T, 75 FiE DX 35 S AR A48 M i i i i ok, ek
B PTAR . SRT, H AT FE R B, 24 BMP I8 B 4 oo B S0 B iy, 22568 i = AE AR R [36] [37],
FEAL 3 A AC R B R, 7 S A A K R T IR R MR TR )R BMP-2 ] SR VF 2 AN R OB, i
AE B, BCE I S BUE RIS, JEAF(38]. —LeF SR Y] BMP-2 H SR K T A RE(L HE
HAER9]. B, e A SR AEKEFRIEKRE R ZRETEN . HArARM, Ak BMP2 &AL
WEWEN 1.5 mgmL (BFIEN 4.2~12 mg), X2 HATIERIAER FH W E40]. HATF 2R SR
BMP-2 7EFHE H 8 FH AT DA BOG SR FE AR . Teng F % A0K BMP-2 JURTEREERE5(CaP) ik 2 b, A )E
WG T A4 (DBBE MK I, {8 BMP-2 REG8 L2185 & MBS, 7R 4M S50 FAH 225 0E S AR
AT ARG 0 A R i) B (41 ] 5K 58 S P AR AR AE SR A R AR SR T 257 | thBMP-2 2R R, W]
TR N BT [42] — LR F0 N D108 F 25k R A% 346 J7 V2R MG o iy % 9 4F 1l A BMP-2 () BL4b DNA
(cDNAYRJHE & SR AL, BMP-2 W] DAFEAZFAL™ A o X BT 0T BLJRZ> BMP-2 BRI, 390 BMP-2
RS JRS [A][43] Kolk A ZEEUHL T rthBMP-2 A A K PR 7 Gt SE P R (19 228 (R 844 (pBMP-2) 7 K BT il
B TR ST A5 (CSD)YHH (B R AR ROR, 25 R, pBMP-2 53 (1) B F A o P A 18 E e A% 52 , 1T thBMIP-2
S E AR RSB, . DRk, JE DRI 3 nT e T i AR B B [44]
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® 4K A F I (Plasma Rich in Growth Factors, PRGF){E N & IML/MR L 3% (PRP) H B B AR M AT A=
Y, Wr 2 T METRT[45], —Leit g REKRY], PRGF fEAREIEIG R 5 5 4 R & IR AF
RS R G 5 A T A AR R, IEXS TR AR S I SORE P I R EF IR [27]. SR, B AT —
SERF S0 PRP S HAH AT A Pt i s ol Bl B 5 OBV E R R MR BE . G0 Attia S 588158 1 PRP XS
AT 11.3~15.1 45 5 PR 0 B 26, 45 5 R PRP (148 A B A A [46] . Huang Y %5 K PRP
AL ANR - FTIR(PPPYAN R AL, I8 8 23 230 AR ot PPAk AR A4 (R 0 B0 P 58 — B B AR RE 178
S5 IR, PRP 41, PPP ZHAIN HEAH EA AR P AR AT HA AN — BA%R e 14 [47]. DRk, PRP R H AT
B I SR AR LTI R S ) 17 TG € 18

3.3. (RFEMESERENEREARE

I A R AR A 5 A FE R AN AT Bk () — 3K . VEGF. PDGF Z52E K[R8 i 3k P Bz 41 it ) 185
FAANMAE AR, 360 T A B a0 g, AR AR pE e R MEAVE IR . RAFI M RN B T ik
WY AN RE I B S AR BRES o 0 20 Rk 10 S8 38 (11 i S P PR JBOT T S XU R Bh 25 R
Rl FRPUSS 2 F B3 S5 I A B o 3 A AL 8 2 A e 22, b i S i A A P 1 B i A 48] [
WM 38 e A KBRS 0L 3 AR BT B B TR X R R TR I AR AT 2% . Huang B %5253 U AL 2
7~ BMP-2 fll VEGF165 2H -G8 FH G N 1 52 J5CH o (R R 4 Jo 161 PR 1 T8 G E 3 i 1 PR AAR PR A 12 [49]
W R A A TR 5 i AR A DR 3 )3 38 A E B R P [F) (2 R R AE[50] . Jiang J 4545 BMP-2 4. VEGF
24, BMP-2 + VEGF 41 K ER 18] 78 o1 T-4H M 12 i 8% 4 8 Al Ja, 4&Fh T B-TCP B8 B¥537 14 R &R BN
BMP-2 + VEGF 440 ALP Ji& P45 i1, S5 AE /I E4F, 7~ BMP-2 F1 VEGF B A BcE & 71[51]. Schorn
L SE{EM% FAUE N R R # & + rhBMP-2 + VEGF {2 #E R4 8 B = B B R, ORI T gl A
BMP-2 [52].

BAR LA AR R T F A, (Hd RAEF VEGF AR T B E M. Kim HY A ATFR T —MAEKE T
BERG, WA FE RO P E S EIRAESHTR T VEGF BBO - AR . g5 RE e,
R VEGF 34 T 0 A AR e, MA@ B AR A i, BRITAS R T8 FRAE (53] BRthsdE
W B A K R 5 AL A A A R DA — 63 1) B TR AR A P M B TP T R — P AT (i 4H & 77 50

EGF Al FGF 484K IR0 T F s B A 23 i[RI B A S5 AR FH o EGF a0 b e 4 e 1y 38 5 AN
TR, MEOEEBNIESE . EMETFARS, EGF R0 R H B R 0 1 s B, b g X,
PRI 2R RAE ) KK A2 % . Pansani TN 858 W70 1R BTH 2 KA K T (EGF) AR (T1) 2 0 2 #R A%
YR, 25 oK EGF HIME 1 5 KRR £ 2 20 B ARG B AN I, 308 i T oS B A R 1 AR A 2
HI[3].

3.4. BBERRBIIER N KR T HE B %

PN SN A AR A 45 I R R L — AR N . 3 B 1) SORE AT BT IE B ) 49 [X 45 1 95 S AR R
SRR F B FE IR S W] REXT i 4 A= AR SR o AR IR IR R AT DA 4% 98RE SN, S FE I
RAEN TR, WA IE, A B THERRE RN R, (RdEfG, Rl a7 Pk i & B 2 7w
BRI L. Froum SJ Z5 2@ %t /2 155 PDGF HITCHUE SAEMIIEST 170 0052 Ak 174 & [l 48 5
e AP AR A EAT GBR R, FRHETT 2 & 10 FRIBEVITT AL, 4R EREH PDGF 15 30 T Fe 14 &
Bl 98 () B A AT IR [54]

4. EKEFEOEMEMIRKRNARTR

Wt 25 A O 2 A A AN W 5 JR DA I I R 75 SR 0 ORI, AR TR 8 10 i AU 1 i PR
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R AT SR R AERKE T IR E T HEMEFARERTBG NIRRT R 7 ATErR
AHIHLIE .

4.1. RFEEREERENBALE

A AR PR A 1 A R AT P PR 82 A B8 4 2 AR R i ) B ) o e S P A s 5 . 204k
AL RS A 2t R, AR T REMS AL AR A A B AL 2 BRI S i, D> TR A AV E K,
Zp HE AR BB 2 T8 N 18]

4.2. ieMEGEES

AR PR A AR 0 A R — DAL A 1 S A R I 5 0 B A T A
JREIGTE R, A IR T REAS (e S8 B U 2 [ SRS &, IR RN S AN B 74 RS, 4 i Ao
TR E A7 5,

4.3. MpIFHRENLRE

AR T (R A R A A AR R AR AORE A AR o B, S PR AR R S E S BT e
AR WAL, ERE T AT CLE A G IR AR S5 IF ORI RS, 9 i R AN 2 TR R

4.4. IRMENREE

AR T (0 S AT e R 0 AR A SRV B o 6 T SR AL . SR AT S PR T T R
B RUBRRR LA A SR AR e R &, AR T S B A R s A TR I R, MR 2 R
Refig 2 T D s PR AR .

4.5. HERNOEEF SEMEARN#ME

FEK TR T I S B D I 2 5 A M R IR BE A o BEASAEIRD R TR . 32 DR G o A1 40
VTR RO, R AT 0K T 2 BB YT TR, T — 2B 4 e T B 2 R A B A
BT KT
5. &g

LiEpmd, BAATEZH R e fn AE R AR - S aia . fedt s 42084 iR fiE
R B R FZ A TS, (B MG SRRURERENERRETAE. EKRET 5508
rE I BT SR AE T AR S A BRI EH A, O DR A 1R IR Bt TR B2 AL, BEE BT
AWHRN BT B AR A A R IO N DR — 2D 3 e L E AR T AR B B R S AR I AFE L 4
JERMEIRTT RN RYEH, )T REE AR E I e, AR BRI .

SE 3k
[1] Zhao, R., Yang, R., Cooper, P.R., et al. (2021) Bone Grafts and Substitutes in Dentistry: A Review of Current Trends
and Developments. Molecules, 26, Article No. 3007. https://doi.org/10.3390/molecules26103007

[2] Oliveira, E.R., Nie, L., Podstawczyk, D., et al. (2021) Advances in Growth Factor Delivery for Bone Tissue Engineer-
ing. International Journal of Molecular Sciences, 22, Article No. 903. https://doi.org/10.3390/ijms22020903

[3] Pansani, T.N., Basso, F.G., Souza, L., ef al. (2019) Characterization of Titanium Surface Coated with Epidermal Growth
Factor and Its Effect on Human Gingival Fibroblasts. Archives of Oral Biology, 102, 48-54.
https://doi.org/10.1016/j.archoralbio.2019.03.025

[4] Nagayasu-Tanaka, T., Nozaki, T., Miki, K., et al. (2017) FGF-2 Promotes Initial Osseointegration and Enhances Sta-

DOI: 10.12677/acm.2024.143801 1002 I IR = =23t e


https://doi.org/10.12677/acm.2024.143801
https://doi.org/10.3390/molecules26103007
https://doi.org/10.3390/ijms22020903
https://doi.org/10.1016/j.archoralbio.2019.03.025

TR, XU

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[25]

[26]

bility of Implants with Low Primary Stability. Clinical Oral Implants Research, 28,291-297.
https://doi.org/10.1111/clr.12797

Agrawal, V. and Sinha, M. (2017) A Review on Carrier Systems for Bone Morphogenetic Protein-2. Journal of Bio-
medical Materials Research Part B: Applied Biomaterials, 105, 904-925. https://doi.org/10.1002/jbm.b.33599

Nevins, M., Giannobile, W.V., McGuire, M.K., et al. (2005) Platelet-Derived Growth Factor Stimulates Bone Fill and
Rate of Attachment Level Gain: Results of a Large Multicenter Randomized Controlled Trial. Journal of Periodontol-
ogy, 76, 2205-2215. https://doi.org/10.1902/j0p.2005.76.12.2205

Hankenson, K.D., Gagne, K. and Shaughnessy, M. (2015) Extracellular Signaling Molecules to Promote Fracture Heal-
ing and Bone Regeneration. Advanced Drug Delivery Reviews, 94, 3-12. https://doi.org/10.1016/j.addr.2015.09.008

Alsousou, J., Ali, A., Willett, K., ef al. (2013) The Role of Platelet-Rich Plasma in Tissue Regeneration. Platelets, 24,
173-182. https://doi.org/10.3109/09537104.2012.684730

Lange, K., Herold, M., Scheideler, L., et al. (2004) Investigation of Initial Pellicle Formation on Modified Titanium
Dioxide (TiO,) Surfaces by Reflectometric Interference Spectroscopy (RIfS) in a Model System. Dental Materials, 20,
814-822. https://doi.org/10.1016/j.dental.2003.10.010

Schoichet, J.J., Mourao, C., Fonseca, E.M., et al. (2021) Epidermal Growth Factor Is Associated with Loss of Mucosae
Sealing and Peri-Implant Mucositis: A Pilot Study. Healthcare (Basel), 9, Article No. 1277.
https://doi.org/10.3390/healthcare9101277

Turner, N. and Grose, R. (2010) Fibroblast Growth Factor Signalling: From Development to Cancer. Nature Reviews
Cancer, 10, 116-129. https://doi.org/10.1038/nrc2780

Majidinia, M., Sadeghpour, A. and Yousefi, B. (2018) The Roles of Signaling Pathways in Bone Repair and Regenera-
tion. Journal of Cellular Physiology, 233, 2937-2948. https://doi.org/10.1002/jcp.26042

Tonnesen, M.G., Feng, X. and Clark, R.A. (2000) Angiogenesis in Wound Healing. Journal of Investigative Derma-
tology Symposium Proceedings, S, 40-46. https://doi.org/10.1046/j.1087-0024.2000.00014.x

Luo, Y., Ye, S., Chen, X., ef al. (2017) Rush to the Fire: FGF21 Extinguishes Metabolic Stress, Metaflammation and
Tissue Damage. Cytokine & Growth Factor Reviews, 38, 59-65. https://doi.org/10.1016/j.cytogfr.2017.08.001

Cecerska-Heryc, E., Goszka, M., Serwin, N., et al. (2022) Applications of the Regenerative Capacity of Platelets in
Modern Medicine. Cytokine & Growth Factor Reviews, 64, 84-94. https://doi.org/10.1016/j.cytogfr.2021.11.003

Ronnstrand, L. and Heldin, C.H. (2001) Mechanisms of Platelet-Derived Growth Factor-Induced Chemotaxis. Interna-
tional Journal of Cancer, 91, 757-762.
https://doi.org/10.1002/1097-0215(200002)9999:9999<::AID-1JC1136>3.0.CO;2-J

Caplan, A.L. and Correa, D. (2011) PDGF in Bone Formation and Regeneration: New Insights into a Novel Mechanism
Involving MSCs. Journal of Orthopaedic Research, 29, 1795-1803. https://doi.org/10.1002/jor.21462

Margolis, D.J., Bartus, C., Hoffstad, O., et al. (2005) Effectiveness of Recombinant Human Platelet-Derived Growth
Factor for the Treatment of Diabetic Neuropathic Foot Ulcers. Wound Repair and Regeneration, 13, 531-536.
https://doi.org/10.1111/j.1524-475X.2005.00074.x

Andrae, J., Gallini, R. and Betsholtz, C. (2008) Role of Platelet-Derived Growth Factors in Physiology and Medicine.
Genes & Development, 22, 1276-1312. https://doi.org/10.1101/gad.1653708
Kaigler, D., Avila, G., Wisner-Lynch, L., et al. (2011) Platelet-Derived Growth Factor Applications in Periodontal and

Peri-Implant Bone Regeneration. Expert Opinion on Biological Therapy, 11, 375-385.
https://doi.org/10.1517/14712598.2011.554814

Gillman, C.E. and Jayasuriya, A.C. (2021) FDA-Approved Bone Grafts and Bone Graft Substitute Devices in Bone
Regeneration. Materials Science & Engineering C-Materials for Biological Applications, 130, Article ID: 112466.
https://doi.org/10.1016/j.msec.2021.112466

Kowalczewski, C.J. and Saul, J.M. (2018) Biomaterials for the Delivery of Growth Factors and Other Therapeutic
Agents in Tissue Engineering Approaches to Bone Regeneration. Frontiers in Pharmacology, 9, Article No. 513.
https://doi.org/10.3389/fphar.2018.00513

Spagnoli, D.B. and Marx, R.E. (2011) Dental Implants and the Use of RABMP-2. Dental Clinics of North America, 55,
883-907. https://doi.org/10.1016/j.cden.2011.07.014

Kim, R.Y., Oh, J.H., Lee, B.S., e al. (2014) The Effect of Dose on RhBMP-2 Signaling, Delivered via Collagen
Sponge, on Osteoclast Activation and in Vivo Bone Resorption. Biomaterials, 35, 1869-1881.
https://doi.org/10.1016/j.biomaterials.2013.11.029

Yang, Y.Q., Tan, Y.Y., Wong, R., ef al. (2012) The Role of Vascular Endothelial Growth Factor in Ossification. /n-
ternational Journal of Oral Science, 4, 64-68. https://doi.org/10.1038/ij0s.2012.33

Masuki, H., Okudera, T., Watanebe, T., ef al. (2016) Growth Factor and Pro-Inflammatory Cytokine Contents in

DOI: 10.12677/acm.2024.143801 1003 I IR = =23t e


https://doi.org/10.12677/acm.2024.143801
https://doi.org/10.1111/clr.12797
https://doi.org/10.1002/jbm.b.33599
https://doi.org/10.1902/jop.2005.76.12.2205
https://doi.org/10.1016/j.addr.2015.09.008
https://doi.org/10.3109/09537104.2012.684730
https://doi.org/10.1016/j.dental.2003.10.010
https://doi.org/10.3390/healthcare9101277
https://doi.org/10.1038/nrc2780
https://doi.org/10.1002/jcp.26042
https://doi.org/10.1046/j.1087-0024.2000.00014.x
https://doi.org/10.1016/j.cytogfr.2017.08.001
https://doi.org/10.1016/j.cytogfr.2021.11.003
https://doi.org/10.1002/1097-0215(200002)9999:9999%3C::AID-IJC1136%3E3.0.CO;2-J
https://doi.org/10.1002/jor.21462
https://doi.org/10.1111/j.1524-475X.2005.00074.x
https://doi.org/10.1101/gad.1653708
https://doi.org/10.1517/14712598.2011.554814
https://doi.org/10.1016/j.msec.2021.112466
https://doi.org/10.3389/fphar.2018.00513
https://doi.org/10.1016/j.cden.2011.07.014
https://doi.org/10.1016/j.biomaterials.2013.11.029
https://doi.org/10.1038/ijos.2012.33

EE, XIES

[27]

[30]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Platelet-Rich Plasma (PRP), Plasma Rich in Growth Factors (PRGF), Advanced Platelet-Rich Fibrin (A-PRF), and Con-
centrated Growth Factors (CGF). International Journal of Implant Dentistry, 2, Article No. 19.
https://doi.org/10.1186/s40729-016-0052-4

Solakoglu, O., Heydecke, G., Amiri, N., et al. (2020) The Use of Plasma Rich in Growth Factors (PRGF) in Guided
Tissue Regeneration and Guided Bone Regeneration. A Review of Histological, Immunohistochemical, Histomorpho-
metrical, Radiological and Clinical Results in Humans. Annals of Anatomy, 231, Article ID: 151528.
https://doi.org/10.1016/j.aanat.2020.151528

Anitua, E., Orive, G., Pla, R., e al. (2009) The Effects of PRGF on Bone Regeneration and on Titanium Implant Os-
seointegration in Goats: A Histologic and Histomorphometric Study. Journal of Biomedical Materials Research Part A,
91, 158-165. https://doi.org/10.1002/jbm.a.32217

Zavan, B., Ferroni, L., Gardin, C., et al. (2017) Release of VEGF from Dental Implant Improves Osteogenetic Process:
Preliminary in Vitro Tests. Materials (Basel), 10, Article No. 1052. https://doi.org/10.3390/ma10091052

Park, S.Y., Kim, K.H., Kim, S., ef al. (2019) BMP-2 Gene Delivery-Based Bone Regeneration in Dentistry. Pharma-
ceutics, 11, Article No. 393. https://doi.org/10.3390/pharmaceutics11080393

Larsson, L., Decker, A.M., Nibali, L., ef al. (2016) Regenerative Medicine for Periodontal and Peri-Implant Diseases.
Journal of Dental Research, 95, 255-266. https://doi.org/10.1177/0022034515618887

Inchingolo, A.M., Malcangi, G., Ferrante, L., ef al. (2023) Surface Coatings of Dental Implants: A Review. Journal of
Functional Biomaterials, 14, Article No. 287. https://doi.org/10.3390/ifb14050287

Chiantella, G.C. (2016) Horizontal Guided Bone Regeneration in the Esthetic Area with RhPDGF-BB and Anorganic
Bovine Bone Graft: A Case Report. International Journal of Periodontics & Restorative Dentistry, 36, E9-E15.
https://doi.org/10.11607/prd.2242

Kao, R.T. and Lynch, S.E. (2011) Stability of Recombinant Human Platelet-Derived Growth Factor-BB-Regenerated
Periodontal Defects: Sixty-Month Clinical and Radiographic Observations. Clinical Advances in Periodontics, 1, 132-141.
https://doi.org/10.1902/cap.2011.110038

Chang, P.C., Seol, Y.J., Cirelli, J.A., et al. (2010) PDGF-B Gene Therapy Accelerates Bone Engineering and Oral Im-
plant Osseointegration. Gene Therapy, 17, 95-104. https://doi.org/10.1038/gt.2009.117

Nantavisai, S., Pisitkun, T., Osathanon, T., et a/. (2020) Systems Biology Analysis of Osteogenic Differentiation Be-
havior by Canine Mesenchymal Stem Cells Derived from Bone Marrow and Dental Pulp. Scientific Reports, 10, Ar-
ticle No. 20703. https://doi.org/10.1038/s41598-020-77656-0

Beederman, M., Lamplot, J.D., Nan, G., ef al. (2013) BMP Signaling in Mesenchymal Stem Cell Differentiation and
Bone Formation. Journal of Biomedical Science and Engineering, 6, 32-52.
https://doi.org/10.4236/jbise.2013.68 A1004

Stiel, N., Hissnauer, T.N., Rupprecht, M., et al. (2016) Evaluation of Complications Associated with Off-Label Use of
Recombinant Human Bone Morphogenetic Protein-2 (RhBMP-2) in Pediatric Orthopaedics. Journal of Materials Science:
Materials in Medicine, 27, Article No. 184. https://doi.org/10.1007/s10856-016-5800-8

Kim, S.J., Shin, H.S. and Shin, S.W. (2010) Effect of Bone Block Graft with RhRBMP-2 on Vertical Bone Augmenta-
tion. International Journal of Oral and Maxillofacial Surgery, 39, 883-888. https://doi.org/10.1016/1.ijjom.2010.05.004

Shen, J., James, A.W., Zhang, X., et al. (2016) Novel Wnt Regulator NEL-Like Molecule-1 Antagonizes Adipogenesis
and Augments Osteogenesis Induced by Bone Morphogenetic Protein 2. The American Journal of Pathology, 186,
419-434. https://doi.org/10.1016/j.ajpath.2015.10.011

Teng, F., Wei, L., Yu, D., et al. (2020) Vertical Bone Augmentation with Simultaneous Implantation Using Deprotei-
nized Bovine Bone Block Functionalized with a Slow Delivery of BMP-2. Clinical Oral Implants Research, 31, 215-228.
https://doi.org/10.1111/clr.13558

Zhang, Y., Hu, L., Lin, M., et al. (2021) RhBMP-2-Loaded PLGA/Titanium Nanotube Delivery System Synergistically
Enhances Osseointegration. 4CS Omega, 6, 16364-16372. https://doi.org/10.1021/acsomega.1c00851

Virk, M.S., Conduah, A., Park, S.H., ef al. (2008) Influence of Short-Term Adenoviral Vector and Prolonged Lentiviral
Vector Mediated Bone Morphogenetic Protein-2 Expression on the Quality of Bone Repair in a Rat Femoral Defect
Model. Bone, 42, 921-931. https://doi.org/10.1016/j.bone.2007.12.216

Kolk, A., Boskov, M., Haidari, S., et al. (2019) Comparative Analysis of Bone Regeneration Behavior Using Recom-
binant Human BMP-2 versus Plasmid DNA of BMP-2. Journal of Biomedical Materials Research Part 4,107, 163-173.
https://doi.org/10.1002/jbm.a.36545

Kawase, T. (2015) Platelet-Rich Plasma and Its Derivatives as Promising Bioactive Materials for Regenerative Medi-
cine: Basic Principles and Concepts Underlying Recent Advances. Odontology, 103, 126-135.
https://doi.org/10.1007/510266-015-0209-2

DOI: 10.12677/acm.2024.143801 1004 I IR = =23t e


https://doi.org/10.12677/acm.2024.143801
https://doi.org/10.1186/s40729-016-0052-4
https://doi.org/10.1016/j.aanat.2020.151528
https://doi.org/10.1002/jbm.a.32217
https://doi.org/10.3390/ma10091052
https://doi.org/10.3390/pharmaceutics11080393
https://doi.org/10.1177/0022034515618887
https://doi.org/10.3390/jfb14050287
https://doi.org/10.11607/prd.2242
https://doi.org/10.1902/cap.2011.110038
https://doi.org/10.1038/gt.2009.117
https://doi.org/10.1038/s41598-020-77656-0
https://doi.org/10.4236/jbise.2013.68A1004
https://doi.org/10.1007/s10856-016-5800-8
https://doi.org/10.1016/j.ijom.2010.05.004
https://doi.org/10.1016/j.ajpath.2015.10.011
https://doi.org/10.1111/clr.13558
https://doi.org/10.1021/acsomega.1c00851
https://doi.org/10.1016/j.bone.2007.12.216
https://doi.org/10.1002/jbm.a.36545
https://doi.org/10.1007/s10266-015-0209-2

TR, XU

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

Attia, S., Narberhaus, C., Schaaf, H., et al. (2020) Long-Term Influence of Platelet-Rich Plasma (PRP) on Dental Im-
plants after Maxillary Augmentation: Implant Survival and Success Rates. Journal of Clinical Medicine, 9, Article No.
391. https:/doi.org/10.3390/jcm9020391

Huang, Y., Li, Z., Van Dessel, J., et al. (2019) Effect of Platelet-Rich Plasma on Peri-Implant Trabecular Bone Volume
and Architecture: A Preclinical Micro-CT Study in Beagle Dogs. Clinical Oral Implants Research, 30, 1190-1199.
https://doi.org/10.1111/clr.13532

Al, S.A., Eimar, H., Abdallah, M.N., et al. (2015) Anti-VEGFs Hinder Bone Healing and Implant Osseointegration in
Rat Tibiae. Journal of Clinical Periodontology, 42, 688-696. https://doi.org/10.1111/jcpe.12424

Huang, B., Yao, Q., Huang, Y., ef al. (2018) Combination Use of BMP2 and VEGF165 Promotes Osseointegration and
Stability of Titanium Implants in Irradiated Bone. BioMed Research International, 2018, Article ID: 8139424,
https://doi.org/10.1155/2018/8139424

Luo, T., Zhang, W., Shi, B., et al. (2012) Enhanced Bone Regeneration around Dental Implant with Bone Morphoge-
netic Protein 2 Gene and Vascular Endothelial Growth Factor Protein Delivery. Clinical Oral Implants Research, 23,
467-473. https://doi.org/10.1111/1.1600-0501.2011.02164.x

Jiang, J., Fan, C.Y. and Zeng, B.F. (2011) Experimental Construction of BMP2 and VEGF Gene Modified Tissue En-
gineering Bone in Vitro. International Journal of Molecular Sciences, 12, 1744-1755.
https://doi.org/10.3390/ijms 12031744

Schorn, L., Sproll, C., Ommerborn, M., ef al. (2017) Vertical Bone Regeneration Using RhBMP-2 and VEGF. Head &
Face Medicine, 13, Article No. 11. https://doi.org/10.1186/s13005-017-0146-0

Kim, H.Y., Park, J.H., Kim, M.J., et al. (2021) The Effects of VEGF-Centered Biomimetic Delivery of Growth Factors
on Bone Regeneration. Biomaterials Science, 9, 3675-3691. https://doi.org/10.1039/D1BM00245G

Froum, S.J., Froum, S.H. and Rosen, P.S. (2015) A Regenerative Approach to the Successful Treatment of Peri-Implantitis:
A Consecutive Series of 170 Implants in 100 Patients with 2- to 10-Year Follow-Up. International Journal of Periodon-
tics & Restorative Dentistry, 35, 857-863. https://doi.org/10.11607/prd.2571

DOI: 10.12677/acm.2024.143801 1005 I IR = =23t e


https://doi.org/10.12677/acm.2024.143801
https://doi.org/10.3390/jcm9020391
https://doi.org/10.1111/clr.13532
https://doi.org/10.1111/jcpe.12424
https://doi.org/10.1155/2018/8139424
https://doi.org/10.1111/j.1600-0501.2011.02164.x
https://doi.org/10.3390/ijms12031744
https://doi.org/10.1186/s13005-017-0146-0
https://doi.org/10.1039/D1BM00245G
https://doi.org/10.11607/prd.2571

	生长因子在口腔种植中的应用
	摘  要
	关键词
	Application of Growth Factors in Oral Implantology
	Abstract
	Keywords
	1. 前言
	2. 生长因子的种类和作用机制
	2.1. 表皮生长因子(EGF)
	2.2. 成纤维细胞生长因子(FGF)
	2.3. 血小板衍生生长因子(PDGF)
	2.4. 骨形态发生蛋白-2 (BMP-2)
	2.5. 血管内皮生长因子(VEGF)
	2.6. 富生长因子血浆(PRGF)
	2.7. 作用机制

	3. 生长因子在口腔种植中的具体应用
	3.1. 选择合适的递送方式
	3.2. 促进骨组织再生
	3.3. 促进血管生成及改善软组织愈合
	3.4. 减轻术后炎症反应及应用于种植体周围炎

	4. 生长因子在口腔种植的临床应用前景
	4.1. 促进更快及更稳定的愈合过程
	4.2. 优化种植体骨结合
	4.3. 预防并发症的发生
	4.4. 拓展种植对象的范围
	4.5. 推动口腔医学与生物技术的融合

	5. 结论
	参考文献

