°648e AT 11 2= 2 4% & West China Journal of Stomatology 2025-10 43(5)

RERR SRR B R KL O R B A
BB AR5

PAEAR RPA ReER FTaR? Fiad KHF KRIEA
LY KFH»FAFEE IAFE, A 610065;
2.9 KFEREDEFHATRFRL TS, mA 610065;
3.0BEERGEABAEESRT BEROREST S BROERRBGRERFTPS
W KF T O REE R EMR LTI, RAE 610041; 4.9 ) KFEALFREFIZ, RHF 610065

[HE] H#H WEERE (CSO) E&@Mk%j‘t,ﬁwﬂlﬂ PERE, PP LR DRS00 B8 R 5 U Ak T ) I T ) o
Fik RATEE TR S, ol il & fk s (NaBH,) ﬂtuﬁia%#*fﬁ%mcso il 5 4 2 i b vk
CSO-T#Efh (CSO-300, CSO-400, CSO-500, CSO-600). MiFHHH FRAEE (SEM) . X HLEATHL . X 5
LOCH T RGN . FAMELLAMRIBOGTE . LLAMAR AR S A TR, SEBOGHAE: B f A 1B AR RE i Rl il
MR EREEE (CSO-500, 500 png/mL) HEATIGLESE50 . SR FH v 43 90 4438 S i AR 43 B R i (8 00 i 4 45 g
FEH, MTT ¥k M Calcein-AM/PIIT /BEAM i G (A6 I DA Xk A 0 I8 AR B AN A Y 20 B AR 2k o B KA T 74
S F O EERIA I TA L, M IRIMDEEERE. A SEM. BEIEAX . 0 Gt FCRE BE PR AN A1 RHMA S 5
SRR . BR O EAAEMBEEUE T CSO MY B AR HIFE, #5E TOCRIGEE, WY T RAFIYIE
ZLAMR R G ARBE TT o BRFE RS 19 CSO RS AR M Ml I A 7E A G R AR L, B R -1k, 487216
MURERE , JF HAAOGRIN SRR H M #4518 ”““ﬁﬁkﬁaﬂjzré@@M@E%Eﬁ%wmfﬂc S
BEINRE, B S LN RIS G/, AT A RORY T = RO BRI OB 5 H
BN B A 2T 1B SO A Rl TR ORI R A R A DS , A H T ‘mi_ilJPP
T AN T JE I B A Y I RCR

[REIA]  THREIb;  RERES; e R AJA 5
[PEISZFES] R783.1 [XEA#RER] A [doi] 10.7518/hxkq.2025.2025004 RHERE PR

Defect modification of calcium silicate and its application in oral bacteriostasis and tooth remineralization

Hu Yuanyuan', Zhang Shuyan', Zhang Jianhua', Luo Hongrong’, Li Yunfeng’, Zhang Jing’, Chen Xianchun'

1. College of Polymer Science and Engineering, Sichuan University, Chengdu 610065, China; 2. National Biomedical
Materials Engineering Research Center, Sichuan University, Chengdu 610065, China; 3. State Key Laboratory of Oral
Diseases & National Center for Stomatology & National Clinical Research Center for Oral Diseases & Dept. of Orthog-
nathic and Temporomandibular Joint Surgery, West China Hospital of Stomatology, Sichuan University, Chengdu
610041, China; 4. College of Architecture and Environment, Sichuan University, Chengdu 610065, China

Supported by: National Key Research and Development Program (2022YFB3804500); National Natural Science Foun-
dation of China (52473312)

Correspondence: Zhang Jing, E-mail: zjing428@163.com,; Chen Xianchun, E-mail: chenxianchun@scu.edu.cn

[Abstract] Objective Calcium silicate (CSO) is mod-

[Behs B 2025-01-03; [EEIEHA] 2025-02-27
[(BEETE] BRI AT% (2022YFB3804500); [EF [ RFME ified to give it photothermal antibacterial properties. Its
R (52473312) application potential in tooth mineralization and oral anti-
[E—1EE] W, i+, E-mail: 2022223090012@stu.scu.edu.cn
[BEEE] K, AR, WA, E-mail: zjing428@163.com; P
W, %%, W1, E-mail: chenxianchun@scu.edu.cn neering modification strategy, a series of CSO-T samples

bacterial is evaluated. Methods Based on defect-engi-
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(CS0O-300, CSO-400, CSO-500, CSO-600) was obtained by introducing oxygen vacancy into CSO through thermal re-
duction using sodium borohydride. The samples were tested using scanning electron microscopy (SEM), X-ray diffrac-
tion, X-ray photoelectron spectroscopy, ultraviolet near-infrared absorption spectroscopy, and infrared thermography. The
powder samples with the best photothermal performance and the most suitable material concentration (CSO-500,
500 pg/mL) were selected for subsequent experiments. High resolution transmission electron microscopy was used to an-
alyze the microstructure and morphology of the sample, and MTT assay and Calcein AM/PI live/dead cell staining were
used to evaluate the toxicity and compatibility of the sample to human oral keratinocytes. Escherichia coli and Staphylo-
coccus aureus were selected for photothermal antibacterial experiments to evaluate their in vitro antibacterial perfor-
mance. SEM, energy dispersive spectrometer, and micro Vickers hardness tester were used to evaluate the ability of mate-
rials to induce in vitro remineralization of detached teeth. Results Oxygen vacancies changed the crystal type and lat-
tice spacing of CaSiO,, broadened the light-absorption range, and gave it a good photothermal conversion ability in re-
sponse to near infrared. /n vitro experiments showed that the modified CaSiO, could promote the formation of hydroxy-
apatite on the tooth surface, thereby promoting the remineralization of teeth and improving the teeth hardness. Moreover,
it had photothermal antibacterial properties and no cytotoxicity. Conclusion Defect-modified black calcium silicate has
multiple functions, such as promoting tooth remineralization and photothermal bacteriostatic. When combined with the
infrared luminescent toothbrush, it can simply and effectively treat tooth enamel erosion and oral bacteriostatic diseases
caused by the excessive consumption of carbonated beverages and other daily bad living habits. This combination is ex-

pected to achieve the synergic treatment effect of tooth remineralization and oral bacteriostatic through daily cleaning is
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expected.
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Fig 1 Sample of CSO with oxygen vacancy defects after synthesis
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Fig 3 XRD spectra of CSO and CSO-T samples

2.4 MOEHE GG

FE 5 UV/VIS/NIR W Ot 3% WL 5A. €SO,
CSO-300 Fll CSO-400 1L FE 58 A0t [ N A7 i /N i)
LN IRE ST, AR T 21 A1 X 8l LT 6 Y6 W i g
J1. HHZ T, CSO-500 Fl CSO-600 & Bi Hi 8 =
LA WCRE 77, BRI 7R 3 £ A0 IX Bl ff 45  5i

B R R 2SI A - BRI 2
S SN, O CSOT R ey .
o B O A =n St 32 : 3 % >
KRS 4 PR XPS-Si, BEI UL K 4G, BREE
130 000 oSy 130 000[=55300 130 000 CSG0
" —O:ScanA —Oi:ScanA
o S| Backgnd El Backgnd
f‘ & [~ Envelop, f‘ I Envelope
—cew | = = =
——(CS0-500 A ‘AL
2 CSO-400 0556 554 532 530 538 0556 552 532 530 538 07556 552 532 530 538
i B 4itrhigleV C ZE5 RV D i higlevV
= | CSO-300 130 00055550 130 00055500
_0 e
—CSO 0, Ca,, Si, —Oi:Sc —OlZScanA
L 5| Backgnd 5| Backgnd 5
12001000 800 600 400 200 0 J;E_E“"el pe Q_En"el"p
A 254G BV il bl
0 0 0
536 534 532 530 528 536 534 532 530 528 108 106 104 102 100 98
E 545 RkleV F ZEERE eV G Eaiic Y

A: CSO. CSO-300, CSO-400, CSO-500. CSO-600 i XPS )t 4xili; B: CSOM O, XPSJtilf; C~F: CSO-300. CSO-400, CSO-
500, CSO-600 19 XPS 3L, Hr1 O, Scan Ah O, HUBHFLE R, Backgnd WL, Envelope H4Lk; G: CSOFICSO-T 1 Si,,

XPS ik

€l 4 CSOMICSO-T## 5 Y XPS AETE 4T

Fig 4 XPS spectra of CSO and CSO-T samples
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Fig 5 Absorption spectra and photothermal conversion curves of CSO and CSO-T samples
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Fig 8 Antibacterial performance of CSO and CSO-500 against E. coli after NIR processing at different powers
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