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[ Abstract]

The occurrence and progression of oral

infectious diseases are, in essence, a process in which oral

microecological imbalance leads to the formation of an oral
infectious microecosystem, which subsequently drives tissue
destruction. The oral infectious microecosystem is a pathological
ecosystem with self - maintaining capacity, formed within
infectious lesions through steady - state drift and structural
remodeling of the healthy oral microecosystem under continuous
perturbations from both intrinsic and extrinsic factors. It
constitutes the common microecological foundation for diseases
such as dental caries, periodontal disease, and pulpal and
periapical diseases. From the perspective of systems ecology,
this article deconstructs the oral infectious microecosystem into
three dimensions: Living organisms, space, and environmental
media. The living organism dimension encompasses microbial
components including bacteria, fungi, viruses, and archaea, as
well as the host cellular network. The spatial dimension includes
the surface chemical characteristics of heterogeneous
colonization interfaces, the habitat spectrum ranging from
open, semi-closed to closed systems, and the physiological and
pathological dynamic changes. The environmental media
dimension covers the physiological - pathological shifts in
parameters such as pH, oxygen partial pressure and redox
potential, temperature and fluid flow, nutrient substrates, and
mechanical environment. On this basis, this article
systematically analyzes the bidirectional interactions and
feedback coupling mechanisms among the three dimensions,
elucidates the ecological essence underlying the establishment
and maintenance of pathological steady states, and provides
perspectives for future research directions, aiming to offer a
theoretical reference for understanding the pathogenesis of oral
infectious diseases from an ecological standpoint.
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for advanced glycation end products, RAGE) £ & 3 7%
R EE 5, % 3 7F 1 A (reactive oxygen species,
ROS) 4 jk , F A 98 #F 26 B ¥ o (tumor necrosis
factor-a, TNF-a) . & %0 /> % 6 (interleukin-6,1L-6)
EREBRXETF, HARIKIE, T REH—FR
#t AGE % i, 0 ik IE KAR 18 31, 5 2k K 4 A 447
REFRRHBEERARNEEAT, TRESE
B Bk B BT J R TR % AR E TR
EahpWERFRD , BLrEEEAFHLERRE
%% 0.1 mL/min & L T (E % >0.25 mL/min) ; "
TG R P9 UR MU R A 5 pH %&b o i
¥ T, RB M ERAL S ik A BRE T,
SRS KA 2 3 ™

() % 1 #FHFE AR E O R RN
AATEAL WA BENFER, TECFERL
WA TR B0 7T R RN ST YT A, F AR L R AR B
FAEWER EEMANERST, LR EmKEM
AL S E K BN B S b SR Bk AL AR R Y
" T B AR OF T B BT Y R ) £k 4 4 0.076 Pas
TOREYEEFERSIHHRE ) F a7
B, BB P 3 3T B A £ 4 0.02 Pa, B 3 U4 8 T
5 0.06 Pa, %) 16 A IR A & oA, T % R B AR
RS EZFRE. FETERF R o T EEAAH
B E WA R A I, TR LA E KR
T A B B 5 L TR R SR Ay KR Y
Al XK BT ] e i N BROE, Y AR R SRR
o Rk AR B A AT

ERAEAGERERAST, DA FHETLR
EEAESBEXHRE. B, ERRET K,
o SR 2 T B LR T R R R 29K 5, O O AR Ok
HRAKENFE M ELE . BRI RN
T AR AR g B AR HR A LT R,
Tk R Fe R E R E A WEE K YT 7
BRRE LR, T RRYRBERT R BT %MK
RV RO BH BRI, B D A R R O E A AT
RN EEW CEAEUARERGET £S5, A
T A A R 3R AR A R e S R

ERENAAE RN TH - FERFHAL A
AL, EWET LB, FENRY THS T AE
BOF A8 B R R A T M R R, R
M TLERBEVRTOERTERE; ERFIR
B R, X — 1t AR B H 3 A BOm iR 0 RO E B T A
B R A T e R B E R A AR R U

Bl % B R A R A AR -3 6 R e RO
AR, EHAREZT L5 R e R 5 R
AYERMA TR, 55 MK E B WA ST
TR

ROV SN R A A3 R E
EEYEEM  IATE2RABARRESLS RE &4 HE
B MESERY, FEBEER T AR AHEE
FlEXNBHACLEGRERBETHELELF
',

= OO BEREMAESWHHRK G &L

AR O B AEASmGEEE D BEEME
AWHT FEEDH I~ 2K EPNEZ I Y
R EEDR, MR EMESRAERSE ST
BT, E5EBE ARSI HE, RAEBRBSHME
it E R EAAN,

LA Ao s o A AE SR B
ARSIt R ORI SR, WA BUR M N
B KHMBRMBENTKERAMESY . O E T AN
WEBRT R K HBIERE S ERE G TN
18 R R o B R AR L DA RS B R G e B LR
FHHELEERBEER, FE M REH K
B BE R G s A s R R ., KB
B EHRHERDITFFENERE S, W EEAEN
ERREEEATRT FRT @,

2GR REEMEREN N ZEFE:
YRENESEHE —FNBRE, £k S H 4
My Fa BRI A i 3 A4 JE 2 18] & 5 Y R A 3R IR R 08
XA I EREMEARERABRUERFN X
EXEET,

E R
wH KW KR AW
LEL) LES

ES it mARER eAEE 2k 3
pHEE A BE RERE RRRE
BRRA H) ET B HEER

B7 Ahk REEHSTFEMNTNZEES

(1) & w R-IR A R AE A B AE: A ar Ry R4
FHEFERRBARENRS B, FBRIE L, T
FHREEFREALEREMA AR, FHEpHELE



348 P AR T BE 2 AT 2 s (L 1) 2026 4F 10 J 55 20 4255 531 Chin J Stomatol Res ( Electronic Edition) , October 2026, Vol.20, No.5

BREEHIHAREERT EREUNT, HELE
B, R A B e e T AR W b SR
T B RORE G SR DAL R R e e RO K
HEmW, FRAEIEEAUARERMLE R ER
SRR F RS AT W L, TR A & a AR
WhiE ke BHEEE A, WA EpH A
18] A 1R A, B 3 A B R T U OB AR RO T R R R
wp T R W UE A SR E A R IR TR R 8 R
B R R VA RO B R R B — P RS
B E A A

FHEN RS BEEE, X R R £ o @ o
REEF, REKBRYT IERENRY &, 28T
MR RFHEFHELHES BN WRAE R
HRE AAHABENREHEA®RY " A0EEF4A
o3 B R L By S AR K IR T AR SRR AN
EHEAEREN WA BMAE I &
G B ST DT - AN P )
SEOABATRENRAFXRT RBBEAF
H-FRATER RN, EREMHEE S
W B B E YT, U AR 3 0k of A 1k N AR B AR
P4t H A KA B, m T AR A R R
KRR bR K R B IS B W, TR S B X
RFENRM TR MY, HHEEARER, B RX—
% BT T E AT

(QFFAN T -= B A B HFEN A
B RS ULT R LSRN DELFT A, E
TR ZESEMER, ERTE BARRE TN
FREABERTTREART W5 RT T &EF
W s FatafoR A, 7 WAEA T KHE TN
R, AR H Y D T B, i A A R
WRE;amE TR, BESRE RIKERER,
R R CFR Z LM ARG R
HEOR , BB T BN T AR AR R RE R X
—HBRY, REAFSREAFEERERR R
FHEAZEERTIERREFEMBENEE L
R,k EFAHRENELE MY AT RE
By B U R AR AR R B A R AR R — o
BERNERE R EEY, hEXRRELFET
A A (T BB AR AR, HL R A R R R E A A RE Y
HUAR A9, DL RCR & 8 A5 L IE oy 5] A B9 2T A B T8
RBE, HENFRSREERT R FEEH BRI

FEEMET A RBEFERFAFEHE . AT
WEMENERSSEFT(EETEHE MK BF

REA ZH R EFREDET WE T WY, ME
EHBERNBEAREER K ENpHE A2 5
BYREME MHEENRKAHE-FTERE”
W5 Ry K kR R EAS KT E N T
RERKRERE TEREFER S, ERAS K
AMTFORSF UK I R YR T 4 R
WU F 52 2 TH BT 5 S8R o 4 e e, BBk LB 5
B P HAIEABRS T ARSY, 52,35
ZHRBEETHRAZE, MEE—BEBR,EAX
TS Bt — S RBRETWERE,

(3) % I8 G5 M — A R AR & ELAF ¢ 5% B 45 M 3 2
R A KRB RRENENEE
He A B 5 4 32 P TR R AN (T AR RSN IR
W25 A B, B P9 g T R M AR
FREREHTELTEREREFHAZEN
HAEEMAD AR, ANRIE R e ki 5
FREER KBRS BB LR F
KEFWHAENRELPELESH,EFLERTH
W RBARUER — £ W BN BRI E =
Uy 32 TR 5] U 3R T R B AR MG L R K e v A
RG] S, M, AR E W RE L F A
LAY I BB A W AR AT TR A

i Y N & R P Uk
HEEHRERE, WAEDBRIM A REEFHET
REFFL A KM SR K BB M S DNA
TH R EREGNERFTRE,EENEEAH
HOR MR F & L AT ROk A E™, EE
BRAENZ, AR TEIHHREE, PREBTH
ARG R, TR AT R X — e
BB TR TR E Al A4
BEABMEEAT R EHAR, ERITEF R
Th17 41}, % % B F «B % 4 7 . B F B & (receptor
activator for nuclear factor-kB ligand , RANKL) % 5% 7
WER M, KRR ETHENTEERK,HE
FRKRFE MR, B hE - RRERRHITI
Fm AN, AR — SRS ok
EHY ARE, Z B X R R 4R E K,
ZHAEE R E A

(DEREENH L BEREFZRTEE
My 2k A 18] 09 o A AR A, X R KR B R BUR T ORI

HE-FHBEREFEUERERE S A B4
WH M & p B A, R R o R R AR



rf A R BE 2R RF Y A (L TR 2026 4F 10 1 45 20 %5:%5 591 Chin J Stomatol Res (Electronic Edition) , October 2026, Vol.20, No.5 349

BBBIRELEGTAKTAREE FRFENE
M EEXTRMAGRAKTARERE, VBE 4
WERGEHEFE A CAKRTUN AT LA AER
BEFE M AR, R 3R BT R BR 4E FT B AR B RO R
W, —HEHRWRWERENE, LA E.
HEMESHERGAHNEESTE-—SHEMNEY
JE, GRS, EERASTHWEAEMRE AT E K
TG RA I E LR ATRE W EMTE, R
AR Y 7 1 B TR R R OR A
HRE-AEEEB2ABREF. SHEEREH
BEAEERAREEW , ERHENTNAESMLRE
Gk, BB RH M SN DNA SRR 7 A 4y JiE 3 By
FEEME S BEREHRNETRE KB EFD
5w EN. ARFEFTE, LAEL R F EBR
FHEMMRAEENRETY WA E
Sk sh ik, 8 REBOR W 0y E A AT T
a0 A BURAE R
TH-AHEEEERANMEAEYL, TR
RERBERHTENEA2RGINH B & LB
BETRAKREREANFFIRTHERLZHLL
AL -8 ERERBHER U T EEE,
XA AT R A E R E R,
WA - ERZEAFREER DA I ERE
77 B RS IR A o AT R b otk B B DA B R
W E £ R OR A, B AME C5a R AR 5 Toll F % 1k iy
5 I T M RO B, R A OR B SRR M L R T
Houmm TR E Al T EENRE RRRE R,
— B HI B ERR AR, T p HUR B RE R B e R
WHEHIA G WA RS, 8 B0R & AR R
ATHURBENEEEROEZE R, HREHT
BRFE-RAEMRRE AN E R EES ., xk
BV, FERRAEREMAESTH LAWY
M7, TR R B ESFHNEE4,
(5) A AR A Bl B AF A Bl B 1F X A& T 40 W #
FEAM,TUR S A HEE RHEEETHINE
W, Rk E KRB EAENKTE M,
WEMEELEUEREAR G, O EAEWNE
MEAABHENMBEF AN DERT KELEER
1 A E R R AR R TR T R A B A B
¥ 12 AT W (Fusobacterium nucleatum) W % & & T 45
i 2 T B R A P E MBS B R A ey T
Wbk BT E B RREREABEE, L AE
R WAR R AT f kS 5 Y B BUR W R

PLIF N 4 K, KWE AR BOR M A 4 o 4L 3 R
B, RREWENGA, EHEAR ENF AN
B9 18 R F o

RFBUEEEURXRFEEEREFATE,
RXRHFRTTEEREREE R AR, FRK
WELER AR, HE U BT ARIE, LN
RURHNARE R, BN HREE, X —
HEERERBEF TR AN, LEENHEN R
EHEBHEAT LEUAFEY, ERFEEARE
by T AR Bl AR IR B S AR B IR B R
BARAEGR, EREFT W, EBERE 0
HEERH T ELEAMEA, THEWNFHERERTE
EAHFWEK, MRERFERBBORENR N E
My, YMEANIFERAA B AT R, S
R AL A BOR W AR

FEBEHEUBERRN A RE, OEMED
F EZ LuxS/ B R E 3 4 2(autoinducer-2, AI-2) & 4
SEHL B A AR R R AR R B A N A
HEFE,RWAL2ERE ZRREREE)E, hFE #E
BEAKFHENEFRALGRIERERK, EEH
MABT A RENBREAE Z W MB35 P
P, MEFEW RBEAEETHE=ZFE W, (E
K HE —B R R A RERI AL AR AR
Ao By R BOR A, X R — AR O B R
T AR ZRARE ",

DL _EFR AR B, A R T AR R 3R B f—
A EEM W E R E R K E B —F KRN
MR EBMEN, ZERELE, P ERAEHES
H&imn B R gl RENRFR D E30R
HHAHRHMUE THELITHRERS, X2
SHBHOERESER ERENEENS .

W4 E

KX ZHEBMEN, 0 BREHMAESE A
EEGE ZEEHENRIMNEE EHTHR,H
BHERERENRERAESRA A REE L,
BEHLAAEXRANFFRBRATHEREAKAEE M
", BEHAMNRSHAEER T ARES 5%,
FEEE L, RRAE L ERE R R E RN EM
B HAEENFFENTEE L, EOSHE A
- A A R IR By BB AR E G 3
HEHFI LS, TEZ b H BN E LA
B IE RGN, RRFFEHNET HREFOR
ERAS, XNEAFETHBBETER T AR



350 P AR T BE 2 AT 2 s (L 1) 2026 4F 10 J 55 20 4255 531 Chin J Stomatol Res ( Electronic Edition) , October 2026, Vol.20, No.5

BRRERF T ERRRMFIEEAEL KRN
FEEAH

BT G RBWF A G & R R R
FIME AR, =2 BN 20 EREMESER
— BB A GRS, U R = 4 B AR R AR U
T i %, B G R B 4 E AR A B T LT g,
RARXKEENRFINEL NIRRT B,

B 4% O JERR e R M B R S AT, B ST R
AN mE - A AR FEE ALE S
“BERS-TERRA-FERS 2RG N AT
Sy SRA, 7 RKRH 0 ER R E SRR S
BERRAEGATHEF K I ZE R,
EEREERAY ZENRMEFERALRERAR,
W=mMmNEERERAZFRRE, EEER
EMBEANBEHEREESRB PR = WA
AR KEMRBEr OEEBETE=R4EY
T, ERSNERFN AL RE L R KD
W= AR R, 0 B RALE R R BT 8 F 6
FU,EGSA¥BESATHRER FEHK
Ml EERFESENSHE AT IHRENESF
RARE, ZRATREMES R FNER,

SRMMAERE B, A THS 0B RKA
MNEREFERTNE TRMESRFAREHR T
S, R R AR A o B — e R B AR AR
o REMEARANESFETRE R ER-E R
IR K R AR BT S— W L AR, B
Hh U RS R s R E A F AT
AATHBESEE .

REEMIE P 1A 0 O A A 300
FEERMB BRI R Rk A R b
SCH 2B

5 % x W

[1] Song N 'Y, Park SY, Chung W Y, et al. Oral microbiome: A
gateway to your health [ M]//Microbiome, immunity, digestive
health and nutrition. Amsterdam: Elsevier, 2022: 3 -10. DOI:
10.1016/h978-0-12-822238-6.00025-x.

[2] World Health Organization. Global oral health status report:
Towards universal health coverage for oral health by 2030 [R/
OL]J. Geneva: World Health Organization, 2022-11-18. https://
www.who.int/publications/i/item/9789240061484.

(3] 2% SBpUu Azl Il R AT 2 A i s (M. dbat: A
R A, 2018.

[4]  Lockhart P B, Bolger A F, Papapanou P N, et al. Periodontal
disease and atherosclerotic vascular disease: Does the evidence

support an independent association?: A scientific statement from

(7]

(8]

[11]

[12]

[17]

the American Heart Association [J]. Circulation, 2012, 125
(20):2520-2544. DOI:10.1161/CIR.0b013e31825719(3.

Sanz M, Ceriello A, Buysschaert M, et al. Scientific evidence on
the links between periodontal diseases and diabetes: Consensus
report and guidelines of the joint workshop on periodontal
diseases and diabetes by the International Diabetes Federation
and the European Federation of Periodontology [J]. J Clin
Periodontol, 2017,45(2):138-149. DOI: 10.1111/jcpe.12808.
Lv M, Xu W, Wang T, et al. Host - microbiome - immune
disequilibrium in oral disease: Mechanisms, dysbiosis, and
precision therapeutics [J]. Front Immunol, 2026(17) : 1854213.
DOI:10.3389/fimmu.2026.1854213.

Marsh P D, Zaura E. Dental biofilm: Ecological interactions in
health and disease [J]. J Clin Periodontol, 2017, 44(S18) : S12-
S22. DOI:10.1111/jepe.12679.

Flemming H C, Wingender J, Szewzyk U, et al. Biofilms: An
emergent form of bacterial life [J]. Nat Rev Microbiol, 2016, 14
(9):563-575. DOI: 10.1038/nrmicro.2016.94.

Flemming H C, Wingender J. The biofilm matrix [J]. Nat Rev
Microbiol , 2010,8(9) :623-633. DOI: 10.1038/nrmicro2415.
Lamont R J, Koo H, Hajishengallis G. The oral microbiota:
Dynamic communities and host interactions [J]. Nat Rev
Microbiol, 2018, 16(12) : 745-59. DOI: 10.1038/s41579-018 -
0089-x.

EARR . FAAS AR LR b R e 5 N B R (7], Ak
FI s B2 24 4278, 2024, 59 (2) £ 119-123. DOI: 10.3760/cma. j.
¢n112144-20231207-00286.

Mark Welch J L, Rossetti B J, Rieken C W, et al. Biogeography
of a human oral microbiome at the micron scale [J]. Proc Natl
Acad Sci U S A, 2016, 113 (6) : E791 - E800. DOI: 10.1073/
pnas.1522149113.

Singh N, Anand A, Garg P, et al. Exploring the potential of
extracellular matrix modulation to modify oral biofilm architecture
[J]. Mol Biol Rep, 2026,53 (1) : 1359. DOI: 10.1007/s11033 -
026-12390-w.

Lin Y, Liang X, Li Z, et al. Omics for deciphering oral
microecology [J]. Int J Oral Sci, 2024,16(1):2. DOI:10.1038/
s41368-023-00264-x.

Shaiber A, Willis A D, Delmont T O, et al. Functional and
genetic markers of niche partitioning among enigmatic members
of the human oral microbiome [J]. Genome Biol, 2020,21(1) :
292. DOI:10.1186/s13059-020-02195-w.

Tuominen H, Rautava J. Oral microbiota and cancer development
[J]. Pathobiology, 2020, 88(2) : 116-126. DOI: 10.1159/00051
0979.

Hickman H D, Moutsopoulos N M. Viral infection and antiviral
immunity in the oral cavity [J]. Nat Rev Immunol, 2024,25(4):
235-249. DOI:10.1038/541577-024-01100-x.

Wong J, Manoil D, Nisman P, et al. Microbiological aspects of
root canal infections and disinfection strategies : An update review

on the current knowledge and challenges [J]. Front Oral Health,



R ] s BE A F ST 2 0 (R TR 2026 4F 10 H 55 20 4555 53 Chin J Stomatol Res(Electronic Edition) , October 2026, Vol.20, No.5

351

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

2021(2):672887. DOI: 10.3389/froh.2021.672887.

Zhang J S, Chu C H, Yu O Y. Oral microbiome and dental caries
development [J]. Dent J (Basel) , 2022, 10 (10) : 184. DOI:
10.3390/dj10100184.

Cho M Y,Eom J H,Kim J] W, et al. Site-specific oral microbiome
profiles in healthy young Korean women [J]. Sci Rep, 2026, 16
(1):23616. DOI:10.1038/s41598-026-60927-7.

Plachokova A S, Andreu - Sanchez S, Noz M P, et al. Oral
microbiome in relation to periodontitis severity and systemic
inflammation [J]. Int J Mol Sei, 2021,22(11) :5876. DOI: 10.
3390/ijms22115876.

Socransky S S, Haffajee A D, Cugini M A, et al. Microbial
complexes in subgingival plaque [J]. J Clin Periodontol, 1998,
25(2):134-44. DOI:10.1111/j.1600-051X.1998.th02419.x.
Al-Hebshi N N, Al-Alimi A, Taiyeb-Ali T, et al. Quantitative
analysis of classical and new putative periodontal pathogens in
subgingival biofilm: A case-control study [J]. J Periodontal Res,
2015,50(3):320-329. DOI: 10.1111/jre.12210.

Ghannoum M A, Jurevic R J,Mukherjee P K, et al. Characterization
of the oral fungal microbiome (mycobiome) in healthy individuals
[J]. PLoS Pathog, 2010,6(1):e1000713. DOI: 10.1371/journal.
ppat.1000713.

Falsetta M L, Klein M I, Colonne P M, et al. Symbiotic
relationship between Streptococcus mutans and Candida albicans
synergizes virulence of plaque biofilms in vivo[J]. Infect Immun,
2014,82(5):1968-1981. DOI: 10.1128/IAL1.00087-14.

Ingrosso G, Saldi S, Marani S, et al. Breakdown of symbiosis in
radiation -induced oral mucositis [J]. J Fungi (Basel), 2021,7
(4):290. DOI:10.3390/j0f7040290.

Lepp P W, Brinig M M, Ouverney C C, et al. Methanogenic
Archaea and human periodontal disease [J]. Proc Natl Acad Sci
US A, 2004,101(16) : 6176-6181. DOI: 10.1073/pnas.030876
6101.

Li CL, Liu D L, Jiang Y T, et al. Prevalence and molecular
diversity of Archaea in subgingival pockets of periodontitis
patients [J]. Oral Microbiol Tmmunol, 2009, 24 (4) : 343 - 346.
DOI:10.1111/5.1399-302X.2009.00514 .x.

Vianna M E, Holtgraewe S, Seyfarth I, et al. Quantitative analysis
of three hydrogenotrophic microbial groups, methanogenic
archaea, sulfate - reducing bacteria, and acetogenic bacteria,
within plaque biofilms associated with human periodontal disease
[J]. J Bacteriol, 2008, 190(10) : 3779-3785. DOI: 10.1128/JB.
01861-07.

Williams D W, Greenwell-Wild T, Brenchley L, et al. Human
oral mucosa cell atlas reveals a stromal-neutrophil axis regulating
tissue immunity [J]. Cell, 2021,184(15) :4090-4104.e15. DOI:;
10.1016/j.cell.2021.05.013.

Easter Q T, Fernandes Matuck B, Beldorati Stark G, et al. Single-
cell and spatially resolved interactomics of tooth - associated
keratinocytes in periodontitis [J]. Nat Commun, 2024, 15(1) :
5016. DOI:10.1038/s41467-024-49037-y.

[32]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Wang Z, Guo Y, Fan Y, et al. Remodeling mechanisms and
intervention strategies of the oral mucosal immune barrier [J].
Front Immunol, 2026(17) : 1815513. DOI: 10.3389/fimmu.2026.
1815513.

Tu Y, Ren H, He Y, et al. Interaction between microorganisms
and dental material surfaces: General concepts and research
progress [J]. J Oral Microbiology, 2023, 15(1) :2196897. DOI:
10.1080/20002297.2023.2196897.

Hao Y, Huang X, Zhou X, et al. Influence of dental prosthesis
and restorative materials interface on oral biofilms [J]. Int J Mol
Sci, 2018,19(10):3157. DO1:10.3390/ijms19103157.

Reise M, Kranz S, Heyder M, et al. Salivary pellicle formed on
dental composites evaluated by mass spectrometry: An in situ
study [J]. Molecules, 2023, 28 (19) : 6804. DOI: 10.3390/
molecules28196804.

Baker J L, Mark Welch J L, Kauffman K M, et al. The oral
microbiome: Diversity, biogeography and human health [J]. Nat
Rev Microbiol, 2023,22(2) :89-104. DOI: 10.1038/s41579-023-
00963-6.

Schneider T, Kélling-Speer I, Hellmann S, et al. Composition of
different herbal extracts and their impact on initial bacterial
colonization on enamel in situ [J]. Plants (Basel) , 2026, 15
(13):2101. DOI:10.3390/plants15132101.

Steinberg D. Dental chatter: Bacterial cross-talk in the biofilm of
the oral cavity [J]. Isr J Chem, 2015, 56 (5) : 273-281. DOI:
10.1002/1jch.201400143.

Ribeiro A A, Paster B J. Dental caries and their microbiomes in
children: What do we do now? [J]. J Oral Microbiol, 2023, 15
(1):2198433. DOI: 10.1080/20002297.2023.2198433.

Proctor D M, Shelef K M, Gonzalez A, et al. Microbial
biogeography and ecology of the mouth and implications for
periodontal diseases [J]. Periodontol 2000, 2019,82(1) : 26-41.
DOI:10.1111/prd.12268.

Rao P, Jing J, Fan Y, et al. Spatiotemporal cellular dynamics
and molecular regulation of tooth root ontogeny [J]. Int J Oral
Sci, 2023,15(1):50. DOI: 10.1038/s41368-023-00258-9.

Nanci A, Bosshardt D D. Structure of periodontal tissues in
health and disease [J]. Periodontol 2000, 2006 (40) : 11 -28.
DOI:10.1111/j.1600-0757.2005.00141 x.

Moutsopoulos N M, Konkel J E. Tissue-specific immunity at the
oral mucosal barrier [J]. Trends Immunol, 2018, 39 (4) : 276-
287. DOI:10.1016/}.it.2017.08.005.

Jaber Y, Sarusi-Portuguez A, Netanely Y, et al. Gingival spatial
in a
microbiota - dependent and - independent manner [J]. NPJ
Biofilms Microbiomes, 2024, 10(1) : 142. DOI: 10.1038/s41522-
024-00625-2.

Proctor D M, Fukuyama J A, Loomer P M, et al. A spatial

analysis reveals geographic immunological variation

gradient of bacterial diversity in the human oral cavity shaped by
salivary flow [J]. Nat Commun, 2018,9(1):681. DOI: 10.1038/
s41467-018-02900-1.



352

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

A ] R 2R F S 205 (R TR ) 2026 4F 10 A 45 20 %5 51 Chin ] Stomatol Res(Electronic Edition), October 2026, Vol.20, No.5

Kotsakis G A, Olmedo D G. Peri-implantitis is not periodontitis :
Scientific discoveries shed light on microbiome - biomaterial
interactions that may determine disease phenotype[J]. Periodontol
2000, 2021,86(1):231-240. DOI:10.1111/prd.12372.

de Campos Kajimoto N, de Paiva Buischi Y, Mohamadzadeh M,
et al. The oral microbiome of peri-implant health and disease: A
narrative review [J]. Dent J (Basel), 2024, 12(10) :299. DOI:
10.3390/dj12100299.

Vulovi¢ S, Todorovic A, Tolji¢ B, et al. Evaluation of early
bacterial adhesion on CAD/CAM dental materials: An in situ
study [J]. Odontology, 2025, 113 (1) : 101-110. DOI: 10.1007/
$10266-024-00944-y.

Tzimas K, Rahiotis C, Pappa E. Biofilm formation on hybrid,
resin - based CAD/CAM materials for indirect restorations: A
comprehensive review [J]. Materials (Basel) , 2024, 17 (7) :
1474. DOI:10.3390/mal7071474.

Dede M, Saygili S, Topcuoglu N. Assessment of surface roughness
and bacterial adhesion of occlusal splints fabricated with different
layer thicknesses, polishing techniques and build orientations
[J]. Polymers (Basel) , 2026, 18(12) : 1545. DOI: 10.3390/polym
18121545.

Mark Welch J L, Ramirez - Puebla S T, Borisy G G. Oral
microbiome geography : Micron-scale habitat and niche [J]. Cell
Host Microbe,2020,28(2) : 160-168. DOI: 10.1016/j.chom.2020.
07.009.

Peng H H, Huang P R, Young J D, et al. Physical attributes of
salivary calcium particles and their interaction with gingival
epithelium [ ] ]. Biomed J, 2021,44(6) :686-693. DOI:10.1016/
j.bj.2020.05.008.

Fives-Taylor P M, Meyer D H, Mintz K P, et al. Virulence factors
of Actinobacillus  actinomycetemcomitans [J]. Periodontology
2000, 1999,20(1) :136-167. DOI: 10.1111/j.1600-0757.1999.
th00161.x.

Peterson B W, Tjakkes G H, Renkema A M, et al. The oral
microbiota and periodontal health in orthodontic patients [J].
Periodontology 2000, 2024 (2024) : 12594. DOI: 10.1111/prd.
12594.

D’Ambrosio F, Santella B, Di Palo M P, et al. Characterization
of the oral microbiome in wearers of fixed and removable implant
or non-implant-supported prostheses in healthy and pathological
oral conditions: A narrative review [J]. Microorganisms, 2023, 11
(4):1041. DOI: 10.3390/microorganisms11041041.

Delli K, Spijkervet I K L, Vissink A. Salivary gland diseases:
Infections, sialolithiasis and mucoceles [J]. Monogr Oral Sci,
2014(24):135-148. DOI: 10.1159/000358794.

Nair P N R. Pathogenesis of apical periodontitis and the causes of
endodontic failures [J]. Crit Rev Oral Biol Med, 2004, 15(6) :
348-381. DOI:10.1177/154411130401500604.

Manji F, Dahlen G, Fejerskov O. Caries and periodontitis:
Contesting the conventional wisdom on their aetiology [J]. Caries

Res, 2018,52(6):548-564. DOI: 10.1159/000488943.

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

Marsh P D. In sickness and in health: What does the oral
microbiome mean to us? An ecological perspective [J]. Adv Dent
Res, 2018,29(1):60-65. DOI:10.1177/0022034517735295.
Zhang A, Yang J, Wang X, et al. Mechanisms of caries induced
by sugars: A narratives review from microbial metabolism to oral
ecological imbalance and public health strategies for caries
prevention [J]. Front Cell Infect Microbiol, 2026(16) : 1834886.
DOI:10.3389/fcimh.2026.1834886.

Marsh P D, Do T, Beighton D, et al. Influence of saliva on the
oral microbiota [ J]. Periodontol 2000, 2015,70(1) :80-92. DOI:
10.1111/prd.12098.

Aili M, Yu S, Wang X, et al. Functional effects of microbial
metabolites in dental caries [J]. Crit Rev Microbiol, 2026: 1-17.
DOI:10.1080/1040841x.2026.2719588.

Spatafora G, Li Y, He X, et al. The evolving microbiome of
dental caries [J]. Microorganisms, 2024, 12 (1) : 121. DOI: 10.
3390/microorganisms12010121.

Do T, Damé-Teixeira N, Naginyte M, et al. Root surface biofilms
and caries [J]. Monogr Oral Sci, 2017 (26) : 26-34. DOI: 10.
1159/000479304.

TRIR AT A, JA 2 2 10 I A A eI A 1 5 4 B g Tt
BRI LT AT B 22 2k, 2015,33(6) : 555-560.
DOI:10.7518/hxkq.2015.06.001.

Matoso F B, Montagner F, Grecca F S, et al. Microbial composition
and diversity in intraradicular biofilm formed in situ: New
concepls based on next - generation sequencing [J]. Mol Oral
Microbiol , 2024,39(5) :393-406. DOT:10.1111/omi.12463.
Marsh P D, Devine D A. How is the development of dental
biofilms influenced by the host? J]. J Clin Periodontol, 2011, 38
(S11):28-35. DO1:10.1111/j.1600-051x.2010.01673 x.

Teles F, Wang Y, Hajishengallis G, et al. Impact of systemic
factors in shaping the periodontal microbiome [J]. Periodontol
2000, 2021,85(1):126-160. DOI: 10.1111/prd.12356.

Mitova N, Lazarova Z. Microbial composition of carious dentin
and the impact of minimally invasive excavation techniques: A
narrative review [J]. Int ] Mol Sci, 2026,27(13) : 5648. DOI:
10.3390/ijms271356438.

Zhao Y, Zhong W J, Xun Z, et al. Differences in carbon source
usage by dental plaque in children with and without early
childhood caries [J]. Int J Oral Sci, 2017,9(12) : 6. DOI: 10.
1038/1j0s.2017.47.

Cai J N, Choi H M, Jeon J G. Relationship between sucrose
concentration and bacteria proportion in a multispecies biofilm
[J]. J Oral Microbiol, 2021, 13 (1) : 1910443. DOI: 10.1080/
20002297.2021.1910443.

Koo H, Falsetta M L, Klein M 1. The exopolysaccharide matrix:
A virulence determinant of cariogenic biofilm [J]. J Dent Res,
2013,92(12):1065-1073. DOI: 10.1177/0022034513504218.
Sanz M, Beighton D, Curtis M A, et al. Role of microbial
biofilms in the maintenance of oral health and in the development

of dental caries and periodontal diseases. Consensus report of



R ] s BE A F ST 2 0 (R TR 2026 4F 10 H 55 20 4555 53 Chin J Stomatol Res(Electronic Edition) , October 2026, Vol.20, No.5

353

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

[82]

[83]

[84]

group 1 of the Joint EFP/ORCA workshop on the boundaries
between caries and periodontal disease [J]. J Clin Periodontol
2017,44(S18) :S5-S11. DOI: 10.1111/jepe.12682.

Qin H, Li G, Xu X, et al. The role of oral microbiome in
periodontitis under diabetes mellitus [J]. J Oral Microbiol,
2022,14(1):2078031. DOI: 10.1080/20002297.2022.207803 1.
Lalla E, Papapanou P N. Diabetes mellitus and periodontitis: A
tale of two common interrelated diseases[J]. Nat Rev Endocrinol ,
2011,7(12):738-748. DOI:10.1038/nrendo.2011.106.

Villa A, Connell C L, Abati S. Diagnosis and management of
xerostomia and hyposalivation [J]. Ther Clin Risk Manag, 2015
(11):45-51. DOI: 10.2147/TCRM.S76282.

Ribeiro A A, Azcarate-Peril M A, Cadenas M B, et al. The oral
bacterial microbiome of occlusal surfaces in children and its
association with diet and caries [J]. PLoS One, 2017, 12(7) :
€0180621. DOI: 10.1371/journal.pone.0180621.

Di Fiore A, Montagner M, Sivolella S, et al. Peri-implant bone
loss and overload: A systematic review focusing on occlusal
analysis through digital and analogic methods [J]. J Clin Med,
2022,11(16):4812. DOI:10.3390/jcm11164812.

Ademi A, Topi S, Gugu M, et al. Oral barrier immunometabolism
in chronic low - grade inflammation: Molecular mechanisms and
systemic implications [J]. Int J Mol Sci, 2026, 27 (12) : 5356.
DOI:10.3390/ijms27125356.

Peng P, Cai J, Zhang L, et al. The subgingival microbiome in
periodontitis:  From  ecological ~ dysbiosis and metabolic
reprogramming lo precision interventions [J]. Front Microbiol,
2026(17) :1906205. DOI: 10.3389/fmich.2026.1906205.

Miller D P, Fitzsimonds Z R, Lamont R J. Metabolic signaling
and spatial interactions in the oral polymicrobial community [J].
J Dent Res, 2019, 98 (12) : 1308-1314. DOI: 10.1177/0022034
519866440.

Zhu Y, Wang Y, Zhang S, et al. Association of polymicrobial
interactions with dental caries development and prevention [J].
Front Microbiol, 2023(14) : 1162380. DOI: 10.3389/fmich.2023.
1162380.

Carrouel F, Kanoute A, Lvovschi V E, et al. Periodontal pathogens
of the interdental microbiota in a 3 months pregnant population
with an intact periodontium [J]. Front Microbiol, 2023 (14) :
1275180. DOI:10.3389/fmicbh.2023.1275180.

Chen X, Daliri E B, Tyagi A, et al. Cariogenic biofilm : Pathology-

related phenotypes and targeted therapy [J]. Microorganisms,

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

2021,9(6):1311. DOI: 10.3390/microorganisms9061311.
Li Y, LiuJ, Guan T, et al. The submandibular and sublingual
glands maintain oral microbial homeostasis through multiple
antimicrobial proteins [J]. Front Cell Infect Microbiol, 2023
(12):1057327. DOI: 10.3389/fcimh.2022.1057327.

Kim D, Koo H. Spatial design of polymicrobial oral biofilm in its
native disease state [J]. J Dent Res, 2020, 99 (6) : 597 - 603.
DOI:10.1177/0022034520909313.

An D, She M, Zhang Z, et al. Light-responsive nanomaterials for
biofilm removal in root canal treatment [J]. Chinese Chemical
Letters, 2025,36(2):109841. DOI: 10.1016/j.cclet.2024.109841.
Grover H S, Luthra S, Maroo S. Esoteric communiqué amid
microbes in an oral biofilm [J]. Eur ] Gen Dent, 2013,2(1) : 8-
12. DOI1:10.4103/2278-9626.106794.

Lv C, Wang Z, Li Z, et al. Formation, architecture, and
persistence of oral biofilms: Recent scientific discoveries and new
strategies for their regulation [J]. Front Microbiol, 2025 (16) :
1602962. DOI:10.3389/fmich.2025.1602962.

Chen X, Huang H, Guo C, et al. Controlling alveolar bone loss
by hydrogel - based mitigation of oral dysbiosis and bacteria -
triggered proinflammatory immune response [J]. Ady

Mater, 2025,35(3):2409121. DOI: 10.1002/adfm.202409121.

Funct

Lueyar T K, Karygianni L, Attin T, et al. Dynamic interactions
between Candida albicans and different streptococcal species in a
multispecies oral biofilm [J]. Microbiologyopen, 2023, 12(5) :
€1381. DOI: 10.1002/mbo3.1381.
Senthil Kumar S, Johnson M D L, Wilson J E. Insights into the
enigma of oral streptococci in carcinogenesis [ J]. Microbiol Molr
Biol Rev, 2024,88(2):€0009523. DOI: 10.1128/mmbr.00095-23.
Radaic A, Ganther S, Kamarajan P, et al. Paradigm shift in the
pathogenesis and treatment of oral cancer and other cancers
focused on the oralome and antimicrobial-based therapeutics [J].
Periodontol 2000, 2021,87(1):76-93. DOT:10.1111/prd.12388.
G CB, Xu$, Tran T, et al. AI-2 production in Fusobacterium
nucleatum is subspecies - specific and uncoupled from quorum
sensing [ ] ]. ] Bacteriol, 2026,208(8) :0022326. DOI:10.1128/
b.00223-26.
Niazy A A. LuxS quorum sensing system and biofilm formation of
oral microflora: A short review article [J]. Saudi Dent J, 2021,33
(3):116-123. DOI: 10.1016/j.sdentj.2020.12.007.

(Y f5 H 181 :2026-08-06)

(A S G 5 - T 18)



