http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202605.00093
BETRENA CRAFATIFE) PEEIIE 1Z SRR, biomedRxivilfa K APREAL. (T ARG R IFATHER A .

B TE L IS A L5 2 R BIR BT A T RISt

HARTA Y, PREME, mEjE
LIZREEZ R OB 2R, 7R 256600 2.7 N E 2Bk B R LE DR, II7R%EN 256600

WE. BE T ENOREEHSAFEERS, 8T TRPM7 3EE ~ DMP1-TNAP-ANK-ENPP1 fi& CE G, VAFS Rl S A HES ~ AR
BES NI ERT A - RERESHREABTAE - TARLE NS ~ K ~ TRZMHRT G R EETHER o AZLESE "5 mRHE -
VEEALH B KRB R B, Ml TS T O BEASAL T ST LFROmIE - 9T RENE, oM ESTFRER
HIRER, S SEEYIIRIMT RN R, NZAUEBT IR S RS (SR RIS S o SRR A AR YT R LR BT R Tk
S5HESEASAHEETEMEEE, BRI TEIREN EREREIEREZ ~ & R EAS UL ~ B R S -
TR PR T RIS ST B AR BHIER, FREa il S B BhR R T R m e FEREQIFT RS -

KB R EEAES BV EYAPEL PR
TE2RST R78

1318

R A B R A E AR, PR  FARRMEE RN, SHa R, SRERSF i am
IR o ARG E 4 B S0 T S B T IORER, R S M EE S SOF BRI %
O o AR (B FRA B MR EIEER BREERS  FAREERS) RIRHE L0k
LR, A Y - BRI S EOREN S, SR BT BN, B REER AT
W o IR 4 LA RSV ~ FERI - FRWE A NE, N T S B8R IS o FHRKE R L 50
2o T AMEELNE « B, SHIER AV SHREMIELE T, TR FRaRA S, BhF
TSRS, « BT (Magnesium ion, Mg®) 2AMLEHIET, 55 kNS - BT
B ~ (B SR I L B AR o AR R, Mg S B S R, e R & B2 5 0.5%
UFEAR, wioe) . TIEFARTLIG 10% (wioe) . ZA AR F (RS I HA o Mg FTE
HIISTE R BT ~ (RESUE SN, 7EF R R IR AR o H5h, Mg B 5 O IMEPRR - BRI
SRR E R INE B RGBS TR E BB T Mg 502 RO 0L, SRR % AR -

00093V1

w6 N
g RERIME /] RER A B MRBURODERE , A TENAEN TR ZRERN - Mg /K45 2 BUBERIRH A 4 2 R
N YIRS, ATRES I ANERIR B ~ BB LR R v S 0
2. NEg* W F (RBREH A% 1 S5 1 (LY L ]
S2.1 X Rl A1

1.1 Mg FEH B 4 BN A A

TR B e i ~ BRI R =B, Mg A B A R IR AR 2R R o AR
iR G, BRSO IR IR B, IR R T Mg & B4R RGR K RE LR D E] A (1.5%~2.6%
wi%) P T AREVEH, BEERBERAT LR, Mg* & BEE TR, HRATREEBARBAI K (4
0.5% wt%) " o X—EhEBMHEIRT, Mg A BEFER T U S R L P AR IS E A, SRB (L RIRT

BULAREERAT -

2.1.2 AL PSS L 0TI

BRI 2 AR oK R A BRI 52 AR FE A PH ES FiE7E ML RG] 7 (transient receptor potential cation channel subfamily
M member 7, TRPM7) EIEZEH, ZEEIERN Mg” BELZER KCHEEAR, HEIBEMTES A Mg IRE &% VIMHEX o i
FUUFSE, BORHAHHE HAT-7 (ameloblast cell line, HAT-7) H TRPM7 fIFA/KF TEF S, HAEFERHEN: TRPM7 BHE A
it o Mg® Fld S TRPM7 M- SRR Z AN WHGAE G, BRESERER A SR EKE, HSEARTE AN
HEP BB P OO K B AR G5 AE S o Mg R Z I, FBTE I (i R A AR, RICAT L ~ BEHTIEEL, &
HRhT TN - iz, WS FIEEICABANER K, SERIRT A2, SRENHTALZE AR EEE
{E R EEARLL o

EBEEE m L, E-mail: gaoyuguang@yahoo . com



mailto:gaoyuguang@yahoo%EF%BC%8Ecom

http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202605.00093
BETRENA CRAFATIFE) PEEIIE 1Z SRR, biomedRxivilfa K APREAL. (T ARG R IFATHER A .

2.2 W F AR E A
2.2.1 Mg W5 R S ThEg e

FARFEALSGBERNEET], B IR FEEE"™ - Mg TEF A B PRI 23 Pk ~ FIRMR" AHRFAE:
FEART LRI BT AR LRI X8, Mg IRIERETHRE; EET LRT AR, Mg RIS o
XIS Mg* ERATF AT RS EE ST RAEEMN, KB AN T ARSI E L™ - A5
faH, PR B R R B S B AT SR A SO RR MEY BARATLRE 1 RUMR R Y o

2.2.2 W04 RE I

FARFH S R 20T ~ ZEBHDEIEANSER, Mg EHTS5 RS FEEIIRE « H—, FARRER
ZEH 1 (dentin matrix protein 1, DMP1) j#i} TNAP-ANK-ENPP1 #ff ( (ZH413E%S H i BEEA RS (tissue-nonspecific
alkaline phosphatase , TNAP) -i#177£5% H & H (ankylosis protein, ANK ) -#M% 5 R £ W IR i / % BR — FiR
1 (ectonucleotide pyrophosphatase/phosphodiesterase 1, ENPP1) ) ISR (LIRS o %[5 5% OMLEIE T
HEICHUBEIRHR  (inorganic phosphate, Pi) 5 7CHLAMERRE: (inorganic pyrophosphate, PPi) FULLIE o AL HLE (LEIE
TNAP B R ZFTHE PPi %] ~ 4555w PY/PPI LB LU SIE LAY - Mg {E TNAP /& 1% O 45 Te e M 5 (k.
e LRI & EE T, RE T TNAP K% PPi HUBES] « BF7SKE, DMPL TG, REIINE R K280k
Mg 7K P IRFFTEE, (B PisK-FE3E T, PPiRFFAZS, X FEUX PYPPL LE, HTHMHIT L X327 DMP1 j#id
WEEF oM EE BT EEASE, RIS Mg ifa s, RIS TNAP A1 /KGN, T Mg¥5t=, TNAP
R IER TESE PP BN, BASIATARLEAREI AR « HZ, Mg @I Mid BeREBEkz K+ 2 &%
SE/MARIERIA, BT HUTEE AR R E H N B, AmH g T4E T, AT AR B E R ErITh6E
HAE™ o FRT, Mg #hFunl LRACT o AR (P AR (dentin sialophosphoprotein, DSPP) ~ Runt /2%
#KA T 2 (Runt-related transcription factor 2, RUNX2) ) AL A A RERE (MW KA KK T A (vascular
Zendothelial growth factor A, VEGFA) ~ #i#H (endomucin, EMCN) ) B3Ik, {3k B8 T 40 a) 5l A4 i 40 A o
%&lmﬁ] o AN, Mg RSB ARA T SBEIRFEY c Mg? 2, TNAP I UL OB EIER TIE, S80F
SARI AR, BElEFAREEARED « Mgyt BT e H ST AR A IEF 6, SEFATE RS WA
gﬁfk EERGRS, BN AR R 2, - REE A1 -

8 1. DMPI-TNAP-ANK-ENPP1#iiE e PR T ————
— ' : PPi
= DMPIRERE | (J . : ) a’ Pi
S MR @) || e pgen
— : o ) - =
o H P : 3
N : LapS B BIE | Q ERMTE:
S{ /ﬂiﬁﬁlﬂﬁ ‘_‘%ﬁg WEE \\ LNK ENPP1 l éﬁTNAPﬁE
o PPi _ EPi/PPiLL
- \ I ., e SER i L T
2. ISR R AR ) 5. RRZSHI TR
Acteen e
R r ERTEE
L O _. - TR ANKERE
-y — == b
1\@% /\[j st | Nt PIEIERF ! R
A EMEER-N A amsc FERRARS
HEME RSN WENRKE P — ENPP1ERZ
3. {BitREEF LTI E 4R 6. ET RSN (LRE
Coserr EMONT .y LT
| Runx2t VEGFA? [ - - e =
CMFON  mEEE NIE) - 1
EEFHE BXEE  BAxEA FHETHBS BRE ﬁ#ﬁﬂ?ﬁ FAEERS
I MITOVTVN pinE wRew it

K| 1 DMP1-TNAP-ANK-ENPP1 5% F A Fef LML E U R BB (TEE 4 H])

e ARBERERT AU AR FUAROIE T DMP1 JAYE S H ENPP1 ~ ANK MOKfREF TNAP H97E M » Mg E- -l TNAP AY
VEHEEE T, ERE PP SSUKE R EESIK A R EEE KT LEZLOIER - (DMPL N AREFEH
1, TNAP HAHPIEFF IR IEBEIREE, ANK A3 TR ESRH, ENPP1 ML H R FEREIRER/BEER —Balis 1, Pi AT
PUBERRIR, PPi ATCHLEERERREY, ATM2 AR AR K+ 2 RAE/ME, DSPP A AFTHERHE H, RUNX2 7 Runt
FHRELRFF 2, VEGFA NIMEHNEEKEF A, EMCN HNKEEH © )



http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202605.00093
BETRENA CRAFATIFE) PEEIIE 1Z SRR, biomedRxivilfa K APREAL. (T ARG R IFATHER A .

TRPM7 j#iE £ H X A G (LR VA EEZAER o TRPM7 JEiEEE H - SRR Mgz DAE B N EE T4,
TR E BRI FREREICH I SRR 2, SNEMERNIE Mg v IR E BT AR B4R 2 R ALP JEPER, R
TRPM7 BEf% 4% ERK/BMP2/Smads (Extracellular Regulated Protein Kinase/Bone Morphogenetic Protein 2/Smads, #HfZ4h
W E A S KA H 2/ Smads) 558, L& DSPP ~ DMP1 &5 AR, 5 259k TRPM7
SN DN el W N B il R A
2.3 W R ER
2.3.1 Mg* 53 FaRHIE 5 7 A AR R D B R Bk

FE RN A ST R & AT eI, S AT ~ FEENEREEE AR - Mg@EA &
B EYSSMA, REREMTIAR, BEFERT P ZEREEEERD « 1A, & RF e Mg il
7F R RO RGRR S 05, BEsR T RMPETS B, N RAS RS SR -
B & B o B LR D DI Re A, Mg rT BRI ~ L ST TENE o (RSMSEIGUESHE B IR E
1 Mg R (R B & A oy (L BE T, S5 AR BEIRES  (alkaline phosphatase, ALP) (&4, MNEEH (L4 TTEEL
0o ZFHEAAf (dental follicle cells, DFCs) {ENZFEFH AR ~ 54 & BA B AR B 40RO A Al (R 48R, H o mE
BmT RASNEENEER o TF7TEH, TRPMY AEEFLIX F77E B (RSP F M RS, Ho Mg i35 1 2 4
BRI R AT, TR RN B R0 S R IR AR B2 o (RIRE Mg (0.1mM) BEREHL TRPM7 MUIRATARS., BER
FF DFCs IR B b1, R AT HETHEL ~ ALPIESEAE ~ KB ERE (RUNX2 ~ B8 #
(osteocalcin, OCN) ) Fik Fif; (B4R Mg> P2 £ERE TRPM7 IIREZ, S5 DFCs HIMGFE 1% M T I ~ 1T R5HE 11U
500 o (ISR HIAY R, HRII R Z R ET Mgt DFCs SFRIMAMMA B FIEM, Mt BRI HI s T
B BRI ARINFTIOESE, XARL T Z AU LHIH 7 — KRR o mEE LE 2 o

. F i
Do — EMgERE
g Ve BT
s s NI OO
T

10.12201/bmr.202605.00093V1

bR
o ilich

&l 2 TRPM7 /5 Mg FHm VR s ARRE ~ BT A BT 4AE 2 DFCs f-FALE (FEE )
H: BERTZAREALETE TRPMY S84 Mg FIATR, B 4RI N BERE SIS T ERK/BMP/Smads %15 518
BE, FETIIREERH ~ B AR ERPIRE, R T RS ERN =Y AR o (TRPM7 R 32 AR A FHES
TiEE M ILFE RS 7, RUNX2 N Runt FHREE KK T 2, OCN N EHE, ALP NI ME#EREE, ERK/BMP2/Smads 4
RSN R H ISR E AL A E H 2/ Smads iBE, DSPP N AFUEREE H, DMP1 WA AFEREH1 )

2.3.2 Mg* N B 5 T A R R BRI

FRRNRE LIRS Mg R R A= UMK © InRITER, EF AR BT ORE T § i+ Mg» & B BEF(X,
HIF B FEREERE RGN ~ T URERE FIE™ o [N, B8 BN (LIhEes i, TERA B A%, TIEARERET
BURREIVIRSR, DFCs WIS ST EET] TR, FRHALMBERME, — P RAEm 5 a1k -

3. & B EMIMTBHE T (AREH LS B S50 0 R i e

T Mg REASURE TR R IER, SBEEYARIBINTA 5 R B O B R DI R UsA B 5338 5. - HED
EIF RIS BEEYM R EEA =K - E-REGEME, DEBEMHAGENEN, ERERIETZERER Mg, &
PHLAFES - FoRERTA B, EENEYTENEIERS 2L, B EIEEARTEIA Mg™, EAk



http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202605.00093
BETRENA CRAFATIFE) PEEIIE 1Z SRR, biomedRxivilfa K APREAL. (T ARG R IFATHER A .

HET RSB EIIRE® « FE=REE SR, XXM EhE ST (PO - 2R EHR%E) SE
RO TRAEVMG G, LML EINEESE TRV HERRE » fla0, Li St 7T —MassseEaIERMEZE
R E A VAR, HEEm e BUBIR ML GO T REBU AN LA FFBR AL R R IR A i, 5L
WA, DU 2 i i B F B 20 -

TR SEgS s — IR SE S B E YA R R TE ) » EFREAREE s sSisd, S BEY BN A TR
BUMTR AL, o SRR T, W RmR R - F SR U SRR o, B0 A S E Y AT
M54 GBR [ (Guided Bone Regeneration, GBR) IESE, HAEARE 31 HFHFHIE /NEAFEZ 00 TImARE HEY
IR AR o thAbh, BRI G B B, A G N A A T 885 AR RS T RIS #1789k E0E . B SEl
T smm EEF NG R AZRETEIIEREN, 2 KBTS EREEER, R T4k
I3 AR R FH P 3 IR0 o
4. 5518

Mg BN O SRR AN EG 5L, RS SRS IAH ~ TARBEE W ~ FE R LS R A iR - &
AV B EEE LR AT S Z80AEDR, EFREASBE SRR REFANAE S, T ERE
FEBTVRTREL T RIET T M o SR, XA H B ImiE 2P o IVEVLHIETST 2 5 TRARMAKE, X LU 4 = 5
PR EAE L B B RN S SRHE o ST ImPRERAL, BUCRBUEF B 5. RS BER BRI (a0 s
BN ~ B LAE) B, BT RETAFUBEME, mARET NG H AU o AN E B S AN 74
AR, TEREIFH G2 BN b, RGN ECRIAER ~ B AR TR R B 2 & AR AE Mg T T RS SR A =
P~ LR S AR A E R EA L] o Gt R Mg TR AR LR 45 PR LS, REHER B B S (E 5B
o Mg ARSI BT RFE R80T 5 i AR F $R R kR -

22 k-

[1] SALAZAR ROA A M, CASTRO A F, BARBARO A. Impact of heat on dental structures and DNA recovery in forensic
science: a systematic review[J]. Egypt J Forensic Sci, 2025, 15(1): 1-18.

2] ZARINFAR M, AGHAZADEH M, BAPAT R A, et al. Enamel Maturation as a Systems Physiology: Ion Transport and Pi
> Flux[J]. Cells, 2025, 14(22): 1821.

3] LI H, ZHANG D, BAO P, et al. Recent advances in functional hydrogels for treating dental hard tissue and endodontic
S diseases[J]. ACS nano, 2024, 18(26): 16395-16412.

4] STEIGER E L, MUELLI J R, BRAISSANT O. Effect of divalent ions on cariogenic biofilm formation[J]. BMC Microbiol,
© 2020, 20(1): 287.

BUKHARY S M N, OTHMAN H I, MANSOUR G. A comparative elemental and surface analysis of root cementum in

= severe periodontitis and healthy teeth[J]. Eur J Dent, 2026;20(1):130-136.
4\%6] ZHAO Z, L1 G, RUAN H. Capturing magnesium ions via microfluidic hydrogel microspheres for promoting cancellous
S bone regeneration[J]. ACS Nano, 2021, 15(8): 13041-13054.

7] NIZAMIM Z 1, XU VW, YIN I X. Metal and metal oxide nanoparticles in caries prevention: A review[J]. Nanomaterials,
S 2021, 11(12): 3446.
“[8] LIUY, SONG C, ZHANG L. LPS-induced mitochondrial damage via SLC41A1-mediated magnesium ion efflux leads to

the pyroptosis of dental stem cells[J]. Advanced Science, 2025, 12(42): e05666.

[9] ALI E T, MOHAMMED A N, KHUDAIRI A S. The extensive study of magnesium deficiency, 25-(OH) vitamin D3,
inflammatory markers, and parathyroid hormone in relation to bone mineral density in Iraqi osteoporosis patients: A
cross-sectional study[J]. Health Science Reports, 2025, 8(4): e70641.

[10] KOTHARI M, WANJARI A, SHAIKH S M. A comprehensive review on understanding magnesium disorders:
pathophysiology, clinical manifestations, and management strategies[J]. Cureus, 2024, 16(9): e68385.

[11] OOST L J, TACK C J, DE BAAIJ J H. Hypomagnesemia and cardiovascular risk in type 2 diabetes[J]. Endocr Rev, 2023,
44(3): 357-378.

[12] SHEN D, XU Y, HE C. Citrate improves biomimetic mineralization induced by polyelectrolyte—cation complexes using
PAsp-Ca&Mg complexes[J]. Advanced Healthcare Materials, 2024, 13(15): 2303870.

[13] LASOTA A, KUCZUMOW A, GORZELAK M. Contribution to knowledge on bioapatites: Does Mg level reflect the
organic matter and water contents of enamel?[J]. Int J Mol Sci, 2023, 24(21): 15974.

[14] SALIM R M, AL QASSAR S S S, QASIM A A. An in vitro study on the SEM analysis and microhardness of artificial
white spot lesions treated with magnesium gel and diode laser[J]. Rom J Stomatol, 2025, 71(2): 143.

[15] XU J, SHI H, LUO J. Advanced materials for enamel remineralization[J]. Front Bioeng Biotechnol, 2022, 10: 985881.

[16] K&D4R K, JUHASZ V, F6LDES A. TRPM7-mediated calcium transport in HAT-7 ameloblasts[J]. Int J Mol Sci, 2021,
22(8): 3992.

[17] HEGEDUS M, KOVACS Z, VASARHELYI L. Ribbon-like hypomineralization in human dental enamel[J]. Acta Biomater,
2025, 196: 281-292.

(18] fThis, SKEEHk. A 07 £ 0 LRI 283 e (0], TR EE 22001 %%, 2021, 37(10): 886-889.

[19] SALEM R M, ZHANG C, CHOU L. Effect of magnesium on dentinogenesis of human dental pulp cells[J]. Int J Biomater,
2021, 2021:6567455.



http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202605.00093
BETREN A CREFATIFE ) FEB A Z SRR, biomedRx i vl K ALRAEAL o ATAT NARE RVFAFE R .

[20] TANASKOVIC-STANKOVIC S, TANASKOVIC I, JOVICIC N. The mineral content of the hard dental tissue of
mesiodens[J]. Biomed Pap, 2018, 162(2): 149-153.

[21] RAHMAN M T, HOSSAIN A, PIN C H. Zinc and metallothionein in the development and progression of dental caries[J].
Biol Trace Elem Res, 2019, 187(1): 51-58.

[22] LIU J, ZHAO J, LI Z. Dentin matrix protein 1 regulates mineralization of MC3T3-E1 cells via the TNAP-ANK-ENPP1
axis[J]. J Nippon Med Sch, 2023, 90(3): 262-271.

[23] CURYLOFO-ZOTTI F A, BIM-JUNIOR O, LEME-KRAUS A, et al. Assisted mineralization ability of proanthocyanidins
in collagen scaffold and dentin[J]. Dental Materials, 2025;41(10):1313-1322.

[24] XIAO L, HURLEY M M. Pyrophosphate dysregulation and impaired FGF23/FGFR signaling contributes to impaired
matrix mineralization in bone marrow stromal cultures from sickle cell disease mice[J]. Biochem Biophys Res Commun,
2025, 738: 153152.

[25] WANG L, WANG X, WU J. Magnesium ions induce endothelial cell differentiation into tip cell and enhance vascularized
bone regeneration[J]. Adv Healthc Mater, 2025, 14(19): 2500274.

[26] FLEREE. & Mg2+{HEAREE ERK/BMP2/Smads 155 18 B (@ 7F A8 141 B 21 2 ot [ 3 LR B FRATL I 25 (D). M-
A7 BERER 2, 2020.

[27] CHANTADUL V, ROTPENPIAN N, ARAYAPISIT T, et al. Transient receptor potential channels in dental inflammation
and pain perception: A comprehensive review[J]. Heliyon,2025;11(2):e41730.

[28] NAKANOY, LE M H, ABDUWELI D. A critical role of TRPM7 as an ion channel protein in mediating the mineralization
of the craniofacial hard tissues[J]. Front Physiol, 2016, 7: 258.

[29] LUMBIKANANDA S, TIKKHANARAK K, PONGJANTARASATIAN S, et al. Osteogenic induction activity of
magnesium chloride on human periodontal ligament stem cells[J]. Int Dent J, 2025, 75(2): 1431-1440.

[30] ZUO D, L1 J, HUANG Y. TRPM?7 is involved in the regulation of proliferation, migration and osteogenic differentiation of
human dental follicle cells[J]. Front Biosci-Landmark, 2023, 28(5): 104.

[31] DEMEHIN O A, RYAN M, HIGGINS T. A comparison of marine and non-marine magnesium sources for bioavailability
and modulation of TRPM6/TRPM?7 gene expression in a Caco-2 epithelial cell model[J]. Nutrients, 2026, 18(2): 324.

ZHOU T, PAN J, WU P. Dental follicle cells: Roles in development and beyond[J]. Stem Cells International,
2019;2019:9159605.

_[33] ZHANG X, LIU J, HUANG L. Biodegradable magnesium stents prevent esophageal stricture formation through
C?) TRPM7-JNK mediated anti-fibrotic mechanisms[J]. Mater Today Adv, 2026, 29: 100697.
o[ 341 X, SRR, 2 IE B B BEAOK Z SLEIR B R R R AR A U BRI 0], L I fER 22, 2024, 33(1): 6-12.
§[35] ZHONGY, LIU C, YAN X. Odontogenic and anti-inflammatory effects of magnesium-doped bioactive glass in vital pulp
8 therapy[J]. Biomed Mater, 2024, 19(4): 045026.
¢36] LI Q, LIU J, LIU H. Multifunctional magnesium organic framework-based photothermal and pH dual-responsive
e mouthguard for caries prevention and tooth self-healing promotion[J]. Bioact Mater, 2023, 29: 72-84.
NYLAND B P, PEREIRA C P, SOARES P. Enamel erosion control by strontium-containing TiO,. and/or MgO. doped
£ phosphate bioactive glass[J]. Clinical Oral Investigations, 2022, 26(2): 1915-1925.
§r38] YAN Z-Y, ZHU J-H, LIU G-Q, et al. Feasibility and efficacy of a degradable magnesium-alloy GBR membrane for bone
o augmentation in a distal bone-defect model in beagle dogs[J]. Bioinorg Chem Appl, 2022, 2022(1): 4941635.
] BOBE K, WILLBOLD E, HAUPT M. Biodegradable open-porous scaffolds made of sintered magnesium W4 and WZ21
short fibres show biocompatibility in vitro and in long-term in vivo evaluation[J]. Acta Biomaterialia, 2022, 148: 389-404.

[40] CHEN Z, YANG D, WANG S, et al. The role of magnesium hydrogels in bone regeneration: a systematic review and

meta-analysis[J]. ] Mater Sci Mater Med, 2025, 36(1): 66.



	1. 引言
	2. Mg2+对牙体硬组织发育与矿化的调控机制
	2.1 对牙釉质的调控作用
	2.1.1 Mg2+在釉质发育中的动态分布特征
	2.1.2 矿化调控的核心分子机制

	2.2 对牙本质的调控作用
	2.2.1 Mg2+的分布规律与功能定位
	2.2.2 核心分子调控通路

	2.3 对牙骨质的调控作用
	2.3.1 Mg2+的分布特征与牙周相关功能关联
	2.3.2 Mg2+不足与牙周炎的关联性


	3. 含镁生物材料在牙体硬组织修复与防龋中的应用进展

