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Research progress on the pathogenesis and precision intervention
strategies for peri-implantitis from a multi-omics perspective*

Huang Fei', Chen Na’
(1. Department of Stomatology, Pengzhou Traditional Chinese Medicine Hospital, Chengdu, Sichuan
611930, China; 2. Department of Implantology, Affiliated Stomatological Hospital of
Chongqing Medical University, Chongqing 401147, China)

Abstract: With the breakthrough development of multi-omics technologies, research on peri-implantitis has
shifted from traditional etiological analysis to the exploration of molecular network regulatory mechanisms. This
article systematically reviews the critical role of microbiome-host interactions in disease pathogenesis, revealing a
novel mechanism by which Porphyromonas gingivalis outer membrane vesicles activate the TLR4/NF-kB pathway
through miR-143 mediation. A machine learning model was established by combining the Microbial Risk Index
(MBindex) constructed through 16S rRNA gene sequencing with metabolite characteristics. The synergistic
regenerative effects of biomimetic drug delivery systems combined with photodynamic therapy and gingival
mesenchymal stem cell-derived exosomes are also discussed. These advancements provide a theoretical foundation
for establishing a "predict-prevent-personalize" diagnostic and treatment paradigm.
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engineering

PR A B R R AP A SR W WA A IRk AR ORI A T S I S R Bl P B
SiE, FEAR AL S B 22 N R AR HIR AL, o8 i AR S TRl (AR S 1R 98 ) A2 0 2R AL o) 2 B0 1 A

ek H : 2025-04-07
LT ¢ DU DA R B SRR H (No: 2022-JDXMO021)

« 36 -



4191

TR, G ZUIEIUA T AR R B S L BORS ol T BUR IS BT Sk

7/ N e ol U TR DA L N O
( Porphyromonas gingivalis) i 13 3% (1) 95 JiL (4% i 5o B¢
JRCEE TR W) T3 38 A E A 5 B, e ol R R AE A
T A (R I Rk A S T AR B A R JROR 4 e T
P, 5 26 3 BORM R R R LR B IR H AT I R
2 W7 T2 MR I e S N SRR R AL T
5 ¥ ME LAY 5 B A= W0 1B, EL 5 5| Ok 40 R T 245 1)
B AR, 2 S SR B R K R HE B AUF 5T A
I R WL Z TR 243 T BL A A, e W 2 -1 £ 8
YEFESEIE kA i E R B 22 WY AR5 R,
ZF i W bk P L BT 45 A ] S0 BRI ao A I R A
F18) & WL 35 A% 8] 45 T o Ja) Jey 359 48 i B 0wy A g i
A SCFR G LR R RO R R 5 1 43 AL R BIE O
&, B AR R WA - 1E E B AENLR 2R
Yy 35 W A XU 50 v i 1 1 L BT IR 9T R g K
AL R BT A R o T AR 12T
G TR(UBRNE /e 31 L6708 G

1 WEYA-BEEEIEFILEH

RREREIMREAN SR EYFEE

AT A O B 200 D A S I F S AIE S, b R A
Jil Bl 98 P (B 85 v 2 B A kB T 3 e e B A I
T 30 3 2% 5 J5 R HE microRNA-143 (miR-143) 45 4]
W, 2/ oy T RNA G 1 i 28 MOt PE 3 i A kA
i TR b B A0 M L RE S RS S Toll #E A2 1A 4
(Toll-like receptor 4, TLR4) mRNA [ 3'JE 4 fith X (3'-
UTR) , 75 5 H: mRNA [ i O 400 i) B e AR X Fh
1255 0 il 32 L 382 4% 981 47 5 0 TLR4/#% T~ kB (nuclear
factork B, NF—k B ) 155 5 18 [} 5 H 3476 | fik & NOD k¢
AR B 45 A 3R OC 2 A 3 (nucleotide—binding
oligomerization domain, leucine-rich repeat and pyrin
domain—containing 3, NLRP3 ) 48 %t /IMA ZH %% K 1 41 fifg
4~ & (Interleukin, IL) —18 . IL-6 I 8 3£ 5L A T - «
(tumor necrosis factor—o, TNF—a ) 25 4 5iE [N T 22 B BR
TR, AR 2 Y R E R 7 KU . O AR AR
5L DR S5 7R, 987 TLR4 3'-UTR [ miR-143 2%
B AT 58 4 BH T G R 45 O, AH N O R TR
PEWR AL 2 (923 +4.7) %" Zh ) S50 9 — PRS2,
Jey F8 E  BHA R 8 A £ miR-143 410 4 7] (LNA-
anti-miR-143 ) g 0% . 2 41 1l 8 1 40 i 0 A A
PO A TR IR VW TR Tl A 2H 2B T K RS R GA (R

1.1

P8 65% ~ 72%) , 3-8 11 microRNA-CT 4L 23 B i 7%
B W A FEUAH X B A1 68.296 . LA L 435 SR i 7 ¥ 1
1 1l TLR4/NF-« B 3 % W] fig 1 Sy BEL W7 A 4K )
4 T BT BRI RS o
1.2 REBERGERERFE

BE T 0T AR B 23 TR A 4 2R A A R, B
AR ) L 08 3 A2 X522 . 3 4 G T e A 10 5 o i
fiE o 38 S BOG A AR U BB R 43 B R A R X
S, R D B Ay 2 T G B R A LR (23 £04) 1%, =
A8 77 W) - 1%, TR (a—Ketoglutarate, a—KG )
E Jry TR A B2 R AR, OV 2 5K (42,7 £5.3) pmol™
o0 AR I AR 3 A DA AL AR e 1 R s D
KG 1E S BUM & B 4 7, i 5 B 40 A 56 19 4]
DNA w58 5E M 56 47 s (AN TL-6 J3 3 7 X)) % 4 5-
hmC &4 (340 3.8 £% ) , £ i M1 YA Ak ; @38 2o 41
il B S5 T IR — Lo B2 Pk (R AR 67% ), fife B HL %t
W I Ao 1) (R R A TR AR AR M ARG BRIl IR
W T AF 5% & B, AR IR VR 2 PR 3R I R /o -KG [
H 5B IEMH & (r=0.72, P <0.001) , 52X &
TAEREAE M4 53 Br 7 32 LU (B F0 rp 8 RE AR RE 1)
i £ T B 0.84 (B M Ry 82%, SN
79% ) 5 3X T AR 1 EE AR ) A8 A B I DR S P R
BLFE T (422 1.0 A BRI MEREME (E
A AR U Ao o (2= REAR R S HE>24 h)
it L L B 3HUARL 04 2 Ak S 240 g, B UUAE Dy AR A
47 11 7 A 00 R D T A5 A0 A I DR W A R T

2 BHEFEWIREWESR

JE T 1 SSOR 3 - 0 TE B e A B R
AR 2% 3 BT 48 7, TR AR S Ve W S- 7R 2
e U 7 T2 R 7S Al 3 I % i O LB (162 0) 55 R E
FHOCAR G 4 25 bR, Ik B AR Ak 5 I IR 4% 0 F5
B IEAH 5 (r=0.68 ~ 0.72) 5 38 3 16S rRNA 3 [K ]
J7- A6 S 1) Tl A= ) XU 46 %0 (MBindex ) #4513 4%
oo 5 SR 4 R I Bk B TR P gingivalis | 4 % 7 30
YN 1A T.forsythia FI 14 35 %5 W € 1 T.denticola ) 1) #H X
F B, 45 G A R AR 2 7 A AL A% 2= ) AR (R AL
ARMREL L) 7 2k 7 50 UF BA B H R B O S 4 T
PEfE (£ m ALl 0.89 , R K 85.7% , 45 -
1 83.29% )", Hif BE P B ST IR 52, MBindex (43 {H 20
(>2.5) [ 6 A H P & A= B v 14 &) L 46 1 XU

e 37 -



FpIE AR ek

4135 %

RO (HR =3.21,95% CI:2.34 ~ 4.41) , H %%
AE AN 52 4% 0 AU DAL 28 Can iz 4R B PR ) T4 (3¢ B
YEH P >0.05)", 53X Fh £ 21 24 A 3R W AR 52 B
TG A T A8 Sk A AR Ak T T TR T
O3 TR AR T Y H R (A R R 4 RIS T 3 A
9% 0 B PE Y S R T e I A R A T
F= A5 A B AR IE R ORE &R BRT AL, A T kR )
TR W B A T

3 BlFTaTT RE&

U AR K, bR A S L A 1 SR T 2 W B iR R G
WF9E RIS 3 e o A% S 20K e D v 4 VR e
RMEKEE R B RE L 2 W R B AFTE R B AL
I (6 h YRS >90% ) FIAILAM 5 B AN 2 45 ]
N e Rk 28 SRy BRI 5E T A T 2 Mol B 0k 24 &R
55« A L S A 9 K TBORE J8 a 3R T i 5C B pH
W) JO7 B¢ 24, 7 S8 A I PR B8 v B TR A v 2.1 A%
HL 97 £ 2 JRAT L pi 2R R (KR B R ) AR K
T (A E & KR H-2) , 1 H Bt AE Bl s 1
FH OB B AR BRUE T0 589% ) B4R 1) G T2 10 02, &
TR AR SR T O B0 3 2 AR g, A O A A R A
4 TiO A0 K A8 AT B 4 B & T AR A, S BRI 109 24
Py B (28 d FF SR , 3 1 52 0 s HL T K b
HELAA JE] 6] 48 2B R R AIR 679 3 46 3 Jie g T
CPURYL e PR I BB 25 R AL B E 1AL (H
IRAT B AAT T i J=5 750 245 400 e B 4 AN 2 FOE A
W) 07 A4 A8 A= W) R 2 P A R A T L — P Ak
DA o 1l R A AT A7k
3.2 temiEEfriE

RETE AT 52 R B, A 2ot 3 J1 )7 vk g ot
e (I ) 7 2R 3 b 4 (reactive oxygen
species, ROS) 1f B i J5L 44, B H 51 28 75 4 (singlet
oxygen, '02) & 77 3 K F 0.5, H 8= 0
FEINRE , FBEAUR B E (< 34D J)HP, L4
e, o ZAOL S e Y Bl a4 7 TR B L ORI
A A I 1/ 1 I LS A 3 I RO = R
$ETFE 0.92(N =635 nm) , I B 5 TLRO # 3 ] CpG
O A
oligodeoxynucleotide, CpG—ODN ) % B R G (LB RS
95%) , 5% BLOWUEE A I BL ] . OROS FL 1 08 4= 4

3.1

#% H B2 (cytosine—phosphate—guanine

I 5 ¥4 (SEM 58 718 411 B J5E 5 48 1 3 2k 3K 919% ) 5
@CpG-ODN il 1o &4 73 b 47 2 S 0 2K 11 88 3 fif I
TR SARANM , 55y TR 0 R EERS I 4.34%) ,
fie #F Thl A o W AL 6 K i R
(NCT04567844 ) h W14 8 s , RS IR Y74l 6 1~ H
Jii e PR B 2 7K 3R A 538 (3.2 £ 0.7 ) mm, B T
B AL TE 20 (1.1 £ 0.4) mm , ALK AT RE 5 )5 31
A PE T 20 M L ) b o O =R DU CD4 " FoxP3™ 44 i
7 LU 2.8 18 ) K e B AT 4 R T E 1 HES (K
W R LB ) AR R T L G
STk — R R R IR AT Y B
Bk — 928 F 9 " U )96 97 BT =

4 HUYEZRE

T i Al 1% 2 400 38R, ol e 1 S 6L 98 1) B 96 75 8
it Z Y RS 5 R AL P R . 2ol
I PR AF 5 I 2 1) 440 2 W] 28 il 2 v O R AR Ry B
I A o A B SR 4 (Can e 0HE R 45 R 48 EDC) il
AT 5T P BRSO R BEII TR BA 510 1) 2l 28 W
B, At 5t K2 10 s e e 2 S B 35 13 KR B
B 1 P 1R F 5% A R, W 3R 29T Oy R UE AF

2PN R E ML )RR K Il S0 B (clustered
regulatory  interspaced  short  palindromic  repeat,

CRISPR ) —Cas9 % %t 3% W15t 1% 2 4 £ A 7] 8 1) 3] 45
HRAEA L (W L1 . TNF-a ) , i 3 DNA I 3%
b B8 20 2R 116 W A I NF—« Bl 5 BE B80S, sh
S o H 5 AR Sk A N F SRk R AR 2% A
K AB T — 20 56 Uk H7E B AR AR SR 58 1A 45 Y
b2 5 SRR 2% B R R AL TR o R R A
A — R 2HL 20 BT 3 A I 4 3 T R A AT A A
JiL L P9 B A R A ) MR R IR R S A
BILAR R 7 o 28k (A 480w A 7 1 J) 0 0 iz A ) TR
RS AL, T VAL A ) - 1E 2 AR ML,
1 0 iz ot R L B T fiE AT 40 K SRS S (1) B R IV
QR AR WAl e i L [ - W @ S
¥, i R 92 2 W] 3 ZLAT TR 09 25 A 1A T R0 T 2
L S b AR B R BE R [ 58% , HLAIL I B B 3
B BRE L 20 TR 2 S W B R YT (W 1L-10 ) i
JLF CRISPR By 56 (A T2 25 A B (06 38 BT B K 11
AR B R TE ) © 7F 2 ) 5 B v Je 2R B[R] e 2R g
B ROk T it 2 2 A (IR R A A0

- 38



4191

TR, G ZUIEIUA T AR R B S L BORS ol T BUR IS BT Sk

A1) P A A A= T T AR IO AL, I JT 2 285 RS B 220 22 ¢
B2 R G ASE A SR A T )

5 R&

A SCLR IR T FOR A ) FEL R B & R AL IE S
A= W i 3 BV R e AR A R A e R
TR DG BEAE P o 2 IR I bk B R Ao A R A v
i 1% miR-143 #5400 ) 3 75 TLR4/NF- B i % , 7] i
o — 1] 3G 2 A 5 19 3R 0 5t %ﬁ%ﬁﬁ@%%%
M1 % Ak, R 9K 8l R 5 G N . BT £
%m%%ﬁ$%~ﬁ%%m&%ﬁﬁkrﬁw
B2 Wi 2 Gt W 35 52 T+ 7 B 0 L0 90 1 o o
FEIR YT R WS 7 I B B A B 2 R B
TR U S A U R R T R G g
I7 1 U3 2o 5] B 72 AR ROS FSOE [ A s, R
o S I R R AR SR I 5 N B A T R ) 3R
AL R A BRSO HE AR SR R G2, O
TR A D AT B0 B k. X BRI & B
A ST T~ 7B - AL 2 AR SR A T IR S
ﬁﬁgﬁvfmwﬂﬁﬁﬁ%%AﬁM&ﬂmm

S M AR L 1) 22 00 35 1% A 5 R I T TR R A

@HEUA%wMﬂFm B, LR AL T
a3 T SR T B0 S R BRI R ORI IR
RN FHE B3 T 5 1l

] 2

& £ X B

[1] la MONACA G, di GIORGIO G, PRANNO N, et al. Implant-
prosthetic rehabilitation of mandibular posttraumatic severe
dentoalveolar loss with a reconstructive staged approach: a
clinical report with 3-year follow-up[J]. J Oral Implantol, 2023,
49(6): 567-572.

ZEVE, MGEZR, ZEAMRE, 45 ML | M2 159 5 I 200 B A Ak AR O IR
A S 1 2 A A A8 R 2 e 1 3Rk B HLIG R ST
AP E PR EE 2, 2023, 33(4): 11-16.

AR e, FH, ERELL, 4% . Teach-back I I FREZE X 1 s Mty
SR TR T A ARG RS2 (0], vh A e RHEE 2, 2024,
22(9): 1559-1562.

GOLOB DEEB J, HA M, CARRICO C K, et al. Effect of implant

maintenance on incidence of peri-implantitis and early implant

[2]

[3]

[4]

failure: retrospective cohort study[J]. J Oral Implantol, 2024,
50(4): 328-334.

G OISR, SRANIR, S5 . PR AR ] 266 I8 R AL AR ] el ¢
GRS R ZR T[] PR 1 i PR 2K, 2024, 40(6): 351-354.
ZHANG X G, WANG Z F, HU L, et al. Identification of potential

[5]

[6]

genetic biomarkers and target genes of peri-implantitis using

39

bioinformatics tools[J]. Biomed Res Int, 2021, 2021: 1759214.
[7] JAMSHIDY L, TADAKAMADLA S K, CHOUBSAZ P, et al.
Association of IL-10 and TNF-a polymorphisms with dental peri-
implant disease risk: a meta-analysis, meta-regression, and trial
sequential analysis[J]. Int J Environ Res Public Health, 2021,
18(14): 7697.
[8] MOHAMMADI H, ROOCHI M M, SADEGHI M, et al.

Association  between  Interleukin-1  polymorphisms  and
susceptibility to dental peri-implant disease: a meta-analysis[J].
Pathogens, 2021, 10(12): 1600.

SREE, SRV . TN R R S AR IS A R R ] e 46
JAUBS: 119 91 42 R R B S 57 5 40 A ). 08 R B2 2, 2021, 30(5):
517-521.

[10] LIY,LU ZY, SUN H C. Impact of diabetes mellitus on the poor

[9]

prognosis in patients with osseointegrated dental implants: a
meta-analysis of observational studies[J]. Biotechnol Genet Eng
Rev, 2024, 40(1): 473-491.
[11] COSTA F O, LAGES E J P, CORTELLI S C, et al. Association
between cumulative smoking exposure, span since smoking
cessation, and peri-implantitis: a cross-sectional study[J]. Clin
Oral Investig, 2022, 26(7): 4835-4846.
[12] CHO Y D, KIM P J, KIM H G, et al. Transcriptome and
methylome analysis of periodontitis and peri-implantitis with
tobacco use[J]. Gene, 2020, 727: 144258.
VPR, B§2R28, X RO . AR IR 2H SCIB /A IR by FE il )
o PRI Ty R AR DG 2 5 28 Ji 5 s KUK 11
FRELSCHR ], KA B 24 2740, 2023, 39(7): 801-806.
YU P S, TU C C, WARA-ASWAPATI N, et al. Microbiome of

periodontitis and peri-implantitis before and after therapy: long-

[13]

[14]

read 16S rRNA gene amplicon sequencing[J]. J Periodontal Res,
2024, 59(4): 657-668.
[15] SOYSAL F, UNSAL B, ISLER S C, et al. Evaluation of salivary
stress markers and inflammatory cytokine levels in peri-
implantitis patients[J]. Clin Oral Investig, 2024, 28(5): 290.
DU 2R, . O FRSRPEAE S B BB R R A8 S B T bR 5 1
Ji Al T8 AR G 2 3% A ) By b A R T[], 4P B R S TR
2023, 20(4): 503-507.
MONIJE A, CHAPPUIS V, MONIE F, et al. The critical peri-
implant buccal bone wall thickness revisited: an experimental
study in the beagle dog[J]. Int J Oral Maxillofac Implants, 2019,
34(6): 1328 - 1336.
RAVIDA A, ARENA C, TATTAN M, et al.

[16]

[17]

[18] The role of
keratinized mucosa width as a risk factor for peri-implant
disease: a systematic review, meta-analysis, and trial sequential
analysis[J]. Clin Implant Dent Relat Res, 2022, 24(3): 287-300.

GOMEZ-POLO M, ORTEGA R, SALLORENZO A, et al.

Influence of the surface humidity, implant angulation, and

[19]

interimplant distance on the accuracy and scanning time of
complete-arch implant scans[J]. J Dent, 2022, 127: 104307.

de SOUSA L C, PEREIRA A L C, RIBEIRO A K C, et al.
Fabrication of digital complete dentures guided by facial

[20]



FpIE AR ek

4135 %

[21]

[22]

[23]

[24]

[25]

[26]

[27]

scanning with a device for recording the maxillomandibular
relation: a dental technique[J/OL]. J Prosthet Dent. (2024-03-04)
[2024-12-06]. https://doi.org/10.1016/j.prosdent.2024.01.025.
HkIEw, AT, BRED, 45 BCE BRI A AL VR A S AR A
LA SR F A TR TP R (0], A B S R,
2024, 21(1): 65-69.

AYYADANVEETTIL P, THAVAKKARA V,
KOODAKKADAVATH S, et al. Influence of collar height of
definitive restoration and type of luting cement on the amount of
residual cement in implant restorations: a clinical study[J]. J
Prosthet Dent, 2023, 129(1): 109-115.

FOUND A A, SHAH S, FOUDA M A, et al. Survey of screw-
retained versus cement-retained implant restorations used in both
education and private dental practices[J]. J Dent Educ, 2024,
88(8): 1029-1039.

EWEL, AR, TSR, 55 48 2T R A T 2 T
A RIVZ Rk B 22046 52 F B 2T (9], A0 11 R 27 2R 7, 2022,
40(6): 731-739.

VR, RO, 5. B IR T O BUR R (A B 2 B ML 0],
Wb har ek, 2024, 39(3): 59-64.

BARRENECHEA V, VARGAS-REYES M, QUILIANO M, et
al. A complementary mechanism of bacterial mRNA translation
inhibition by tetracyclines[J]. Front Microbiol, 2021, 12: 682682.
BAKHSHESHI-RAD H R, ISMAIL A F, AZIZ M, et al.

40

[28]

(29]

(30]

Development of the PVA/CS nanofibers containing silk protein
sericin as a wound dressing: in vitro and in vivo assessment[J].
Int J Biol Macromol, 2020, 149: 513-521.

WANG X G, CHEN X T, ZHANG Z X, et al. Asperuloside
prevents peri-implantitis via suppression of NF-xB and ERK1/2
on rats[J]. Pharmaceuticals (Basel), 2022, 15(8): 1027.

WANG Y, DENG J J, ZHANG T T, et al. A study on the use of
phase transition lysozyme-loaded minocycline hydrochloride in
the local treatment of chronic periodontitis[J]. ACS Appl Bio
Mater, 2022, 5(7): 3146-3157.

CHEN W L, ZHI M, FENG Z J, et al. Sustained co-delivery of
ibuprofen and basic fibroblast growth factor by thermosensitive
nanoparticle hydrogel as early local treatment of peri-
implantitis[J]. Int J Nanomedicine, 2019, 14: 1347-1358.

(5K5E dwit)

A5 AR K BRI . 2R T RIREAA ] B A L
il RORS T TSRS AT 2T R R D). Hh E B S 2 2R, 2025, 35(19):
36-40.

Cite this article as: HUANG F, CHEN N. Research progress on

the pathogenesis and precision intervention strategies for peri-

implantitis from a multi-omics perspective[J]. China Journal of
Modern Medicine, 2025, 35(19): 36-40.



