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[ Abstract)

mineral loss beneath a relatively intact surface. Because mature

Early enamel caries is characterized by

enamel lacks ameloblasts and endogenous regenerative
capacity, therapeutic goals should extend beyond surface
mineral deposition to subsurface mineral recovery, restoration
of crystal orientation and hierarchical organization, and durable
mechanical function. Recent strategies based on calcium -
phosphate ionic or pre-nucleation clusters, amorphous calcium
phosphate precursors, amelogenin-derived peptides, and other
organic templates have improved precursor stabilization and
the regulation of ordered crystallization. Tooth - surface
functionalization, wet adhesion, pH -responsive release, and
targeted antimicrobial systems are also promoting a transition
from the simple combination of anticaries and remineralizing
functions toward their spatial and temporal coordination.
Nevertheless, most available evidence has been obtained from
simplified in wvitro demineralization or monospecies biofilm
models, while repair remains largely confined to micrometer -
scale surface layers. Robust evidence is still lacking for mineral
recovery throughout clinically representative subsurface
lesions, reconstruction of enamel rod/interrod architecture and
resistance to recurrent acid

interfacial ~continuity, and

challenge, wear, and fatigue. Nonselective antimicrobial
interventions may additionally disrupt oral microbial ecology.
This expert perspective summarizes advances in surface mineral
deposition, subsurface repair, structural and functional
reconstruction, and antimicrobial and ecological regulation,
while examining the major barriers to clinical translation. Future
studies should employ clinically relevant subsurface caries
lesions and multispecies biofilm models, integrate lesion -
responsive activation and durable material retention with

selective virulence control, and establish an evaluation
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framework linking mineralization depth, structural continuity,
and long-term function. The central objective of enamel caries
prevention and remineralization is to restore mineral within deep
subsurface lesions and rebuild an enamel - continuous,

hierarchically organized, and durable structure without

compromising oral microbial homeostasis.

[Key words] FEnamel; Dental caries; Biomimetic

mineralization; Early carious lesion
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g It A T M R AR, BTk 3 AR Rk B
2B, (D20 MEEZA KA EREZAHE
Rz eEAFANER, IR EENERESE
T AR R (R R ERRZNE) .
Q)m#AB - EREAES ER, GERFLEKIFR
ERERES, RAWRGET LEEFGERERE
T B R BT A R

7 #i JT A 96% AL 3% KT 1% A AL .
H B REEM TR HEB KA 4K & (50 ~ 70 nm,
FE20~35mm, KEFFFMBALE), HARHEF
HAREZA~6 um B R AT, fiAE 5 6 JT & 1K o
60" KA BT HA RO HR E AR ER,
o JFAEE 3 ~ 6 GPa, A E 70 ~ 115 GPa™, 3
HMEAKEEMERM, 574 &8 K Mg”.CO" F
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R F R T ERR S TR T RO F
FHE, OEZEKNRREL D ETRFENEER
',

2 EMBRET AT LB REMAMANR
5 ¢ F #1447 (early caries lesion) & — 4™ Il JR — i 32
FUWB A, 1M PURE TR R 6 AT
BERRAS. ZRERA BRI FEFFMEN
% B T i # (subsurface demineralization) , Bl & 4 Jit
TRFERETHPHES TENELEEZT.

EHBREBRLELEYE—TRIEF
AJr R 5 o B B, b A i 7 8 &k b B 8
wro, FMETLBEFEET L “HET L7
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ZHERS. BWMEHNKZE T HAHE"H
BLCEREXEMETHAYT WA EWER T,
WMARSLENFTERX Lo T M E £,
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L ANKET WARELETT WK . ZHET
ERETERLRE RIS HRAE T EEL,
RAeBEERERT WA, AABEEAHRIKR
€ T0 5 F% Bk B 45 (casein phosphopeptide -amorphous
calcium phosphate, CPP-ACP) , 8 B ft. 7z B £ R &
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By W AR BL L o 2025 48, Luo % 3 — 25 | Fl b #2
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AR REBRE. FHERS T ATEFHTHRE
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R E S LT, B E[(2.30£0.38) GPal M K&
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Ft ML B B (RNase) & [ 00 B AR R,
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TR, C8 %1 & 43R T, 8DSS R #4588 8 A7
W BAZ 3 2R IE VT B ALY T T A R AKCRE i, $R
MEHE. LR REATRE-FY Rg by
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144 3£ B L & T & 4 9 K K (polymeric micelles,
PMs) # , JF DL SAP {4 47 , 1 7 PMs@NaF-SAP & % .
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A0 NaF , 2 7| 30 %] 40 B 85 E B2 4 JE D R, 9 1 ot v
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(reactive oxygen species, ROS), H L-# 4 % 5 H,0,
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KRR GG TE oMM, BRI
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