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The aim of this study was to elucidate the mechanisms by which dentin
components are involved in the development and inhibition of dental caries.
First, in vitro multi-element cements were applied to the dentin of human molars, and the
anti-caries properties of the dentin were investigated using p CT, PIXE/PIGE, XDR, and XPS by
analyzing the distributions, concentrations, and chemical bonding of the elements.
An in vivo rat caries treatment model was developed using the in vitro methods, and the uptake of
multi-ions into dentin was successfully measured by p CT, PIXE/PIGE, Raman spectroscopy, and
time-of-flight secondary ion analysis.
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Figure 1. Preparation of an in vivo caries restoration model
All experimental procedures were approved by the Institutional Animal Care and Use Committee of Osaka University (No.R-02-007-0)
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Figure 4. (a) A shallow caries lesion (1/3 ~ 1/2 of dentin thickness) was observed
at 49-56 days of age (red arrow). (b) After caries removal and restoration, uCT
confirmed that the cement was filled without air bubbles. M : mesial D : distal
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Figure 5. Representative images of CRC and PRC samples obtained from optical
microscopy, nano CT, Raman spectroscopy, and PIXE/PIGE. (a) No change in mineral
density was observed in the superficial layer of the cavity dentin in either sample. (b)
Raman spectroscopy image (degree of crystallinity of HAp) demonstrated that an acid-
induced area of decrease in HAp crystallinity was observed in the PRC sample (white
area). (c) PIXE/PIGE image (elemental distribution of Ca) shower that in the PRC
sample, decrease in Ca ions was observed in the region where the Raman
spectroscopic analysis showed decrease in the crystallinity of apatite (white allow
head). E : Enamel D : Dentin M : Cement

Raman Spectroscopy TOF-SIMS

Figure 6. Representative images of CRC and PRC samples obtained by Raman
spectroscopy and TOF-SIMS. TOF-SIMS images were obtained from the yellow square
areas of Raman observation. No change in Ca or glycine was observed in the CRC
sample. F was incorporated into the dentin at a depth of 50 to 100 um (white allow
head), while Zn was observed in a limited area within 50 um (yellow allow head). In
the surface of the PRC samples, low levels of Ca and enriched glycine were detected.
Zn infiltrated at a depth of approximately 100 pm, but did not remain in the surface
area where F was incorporated.
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Figure 7. (a) Relationship between the estimated Ca loss and the integrated
ion concentrations that infiltrated into the Ca loss zone. It was found that the
greater the estimated Ca loss, the greater the incorporation of F and Zn ions.
However, the amount of F and Zn ions incorporated into the Ca loss zone did
not change after long-term filling. (b) The depth of F and Zn incorporation and
estimated Ca loss showed a positive correlation. Long-term filling did not
affect the depth of F incorporation, but Zn ions were incorporated into deeper
areas (one-way ANCOVA, *P <0.05). (c) Total incorporated F and Zn and
estimated Ca loss showed a positive correlation. The total amount of F
incorporated was unchanged after long-term filling, but Zn ions were
incorporated more (one-way ANCOVA, *P <0.05).
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