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[Abstract] Objective To explore effect on the remineralization of demineralized enamel surfaces with glycine-guid-
ed carboxymethyl chitosan (CMC)/amorphous calcium phosphate (ACP). Methods Remineralized solultion at different
stages were prepared: (Dreactive CMC/ACP (CMC/ACP nanoparticles treated with NaCl0), @reactive CMC/ACP+gly-
cine; transmission electron microscopy was used to detect the morphology of the remineralized solution particles. Twenty
teeth were randomly divided into two groups: group A and group B. Reactive CMC/ACP was applied to the enamel sur-
face of group A and group B was treated with reactive CMC/ACP remineralization solution containing glycine. Scanning
electron microscopy was used to detect the enamel surface morphology before and after remineralization, and nanoinden-
tation was used to detect the mechanical strength (including nanoindentation depth, hardness and elastic modulus) of
the enamel surface. Results Under a transmission electron microscope, the particles in the reactive CMC/ACP remin-

eralization solution were smooth, and the increase in particle size was approximately 100-300 nm. After the addition of
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glycine, the particles in the reactive CMC/ACP remineralization solution particles showed a linear ordered arrangement,
and microcrystals were formed in the solution 15 min later, with a crystal length of approximately 5-15 wm. Remineral-
ization in group A was granular and heterogeneous. In group B, the crystal morphology of the demineralized enamel was
homogeneous and ordered, similar to that of natural enamel. The nanoindentation depth of group B after remineralization
was smaller than that of group A, and it was closest to that of natural enamel, there was no significant difference be-
tween group B and natural enamel in terms of the hardness and elastic modulus of the enamel surface after remineraliza-
tion. Conclusion CMC/ACP nanoparticles treated with NaClO can rapidly and specifically form directional and or-
dered remineralization on the enamel surface of a model of glycine-guided rapid remineralization of enamel caries. The

surface structure of remineralized enamel is similar to that of natural enamel in terms of nanoindentation depth, hard-

ness and elastic modulus.

[Key words] hydroxyapatite; enamel caries; remineralization; carboxymethyl chitosan; amorphous calcium

phosphate; NaClO; glycine; nanoindenter
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Y DA T KR 2 il I 4 T L A A (L 1Y) EL A
{4 i one-way ANOVA, P<0.05 5 22 5+ A 5 11 2%
B,

2 % B
2.1 TEM #: ) F 7 L& 7 45 42
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a: CMC/ACP, the particle size of the nanoparticles was approximately 50-200 nm, and the edge was rough, (x 10 000); b: reactive CMC/ACP (1%

NaClO+CMC/ACP), and the particles were obviously smooth, the particle size significantly increased, approximately 100-300 nm, (X 7 000); c:

reactive CMC/ACP+glycine, the particles began to show linear and orderly arrangement, and the particle size was 400-600 nm, (X 60 000); d:

when glycine was added to reactive CMC/ACP for 15 min, microcrystals formed in the solution, and the crystal length was approximately 5-15

pm (X 25 000). CMC: glycine-guided carboxymethyl chitosan; ACP: amorphous calcium phosphate; TEM: transmission electron microscopy

Figure 1 TEM images of the morphological characteristics of the remineralized solution at different stages
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a: after acid etching, the natural tooth enamel
showed a typical porous fish scale appear-
ance, (X 4 000); b: after remineralization,
group A (1% NaClO + CMC/ACP) showed a
granular remineralization appearance with a
disordered heterogeneous remineralization lay-
er, (X 3 500); c: after remineralization, dense
and orderly enamel-like layers were formed on
the enamel surface in group B (1% NaClO +
CMC/ACP+Glycine), (X 1 200); d: further mag-
nification of the mineralized appearance of
group B, hydroxyapatite crystals completely
covered the enamel surface of the demineral-
ized enamel with order arrangement (X 10 700).
CMC: glycine-guided carboxymethyl chitosan;
ACP: amorphous calcium phosphate; SEM:

scanning electron microscope

Figure 2 SEM images of enamel surface morphology before and after remineralization
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20l Figure 3 Nanoindentation depth in each group
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Table 1 The hardness and elastic modulus of the enamel surfaces in the groups as determined by nanoindentation Xxs
Item Acid-etched enamel/GPa Group A/GPa Group B/GPa Natural enamel/GPa F P
Hardness 0.30 + 0.12" 0.42 + 0.08" 0.88 = 0.21 1.05 £ 0.12 31.729 <0.001
Elastic modulus 35.70 = 0.10" 41.50 + 1.70" 61.70 = 1.70 52.10 + 10.70" 22.359 <0.001

1): compared with group B, P < 0.05; there was no significant difference between group B and natural enamel in terms of the hardness and elastic modu-

lus of the enamel surface after remineralization; group A: 1%NaClO+CMC/ACP; group B: 1%NaClO+CMC/ACP+glycine. CMC: glycine-guided carboxy-

methyl chitosan; ACP: amorphous calcium phosphate
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