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[Purpose]

CAD/CAM resin composites consist of a matrix resin and inorganic fillers treated with a saline
coupling agent. However, degradation of the methacrylate group occurs when water is absorbed. Additionally,
water ingress leads to hydrolytic breakdown of the bond between the silane and filler particles. This water-
induced degradation negatively impacts the restoration longevity and mechanical properties. While these
degradations have been reported qualitatively, quantitative details have not yet been revealed, especially in
silane coupling layers. In vitro high-resolution imaging produces an accurate model reflecting morphological
compositions. In silico homogenization enables identification of the main factor of physio-mechanical issues
at the macro-scale. Therefore, the combination of in vitro and in silico approaches may enable quantitative
investigation of the degradation of CAD/CAM resin composites by water absorption.

The aim of this study was to quantitatively evaluate how water absorption of the CAD/CAM resin
composites affect the matrix resin and silane coupling layer using in vitro high-resolution imaging and in silico

homogenization.

[Materials and Methods]
I. Investigation on the influence of water absorption on the bulk block and matrix resin

1. Water sorption test
Disk shaped specimens of Katana Avencia P block (KAP) and experimental matrix block (EMB) ( ¢
14 x 1 mm) were fabricated. EMB was manufactured at the same temperature and pressure as KAP,
excluding fillers. The water adsorption was measured according to ISO 4049:2019.

2. Three-point bending test
Using the bar specimens (14 x 4.0 x 1.2 mm) of KAP and EMB, in vitro/in silico three-point bending
tests were conducted to determine elastic moduli of before- and after-immersion groups.

3. Insilico homogenization analysis
KAP model consisting of spherical fillers and matrix resin was designed under the same filler contents
of KAP. In silico homogenization analysis was conducted with two immersion conditions.

II. Verification of the physicochemical change of the silane coupling layer by water immersion

1. Nano-scale observation of the surface morphological change
Bar specimens (7.0 x 4.0 x 1.2 mm) of Katana Avencia Block (KAB) were prepared. The specimens
under before- and after-immersion conditions were observed by scanning probe microscopy (SPM).
2. Investigation of the amount of hydrolysis of the silane coupling layer
After labelling the bar specimens of KAB with 1H,1H,2H,2H-perfluorooctyldimethylchlorosilane as
a fluoride marker, the amount of fluoride-labeled hydroxyl group was investigated by X-ray

photoelectron spectroscopy (XPS) by measuring the atomic percentage of Fls in the specimens for




before- and after-immersion groups.
In silico homogenization analysis
Nano-scale CAD/CAM resin composite models with seven different coupling ratios were designed.

Elastic moduli of each model were determined by in silico homogenization analysis.

II1. Prediction of the amount of degradation of the silane coupling layer in CAD/CAM resin composite blocks

1.

Three-point bending tests

Bar specimens (14 x 4.0 x 1.2 mm) of KAB were prepared. In vitro/in silico three-point bending tests
were conducted to determine elastic moduli of before- and after-immersion groups.

Reconstruction of the nano-scale model to reflect the filler shape

Images of KAB were acquired using scanning electron microscopy/focused ion beam with a cryo
preparation system. Acquired images were reconstructed to three dimensional model of KAB.
Prediction of the coupling ratio

In silico homogenization analysis was conducted to determine elastic moduli of before- and after-
immersion groups. By updating silane coupling ratio from 100% step by step, obtained elastic moduli
of each group were compared to those obtained in vitro. The silane coupling ratio was determined

when in vitro/in silico elastic moduli converged.

[Results and Discussion]

L
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III.

The water absorption values for KAP and EMB were 0.0183 and 0.0363 pg/mm3, respectively. The
amounts of elastic modulus reduction by water immersion for KAP and EMB were 1.0 and 0.3 GPa,
respectively. These results suggest that the matrix resin and other factors contribute to reducing the
elastic modulus of CAD/CAM resin composites because the reduction amount of EMB as the matrix
resin was only 0.3 GPa.

The SPM investigation revealed more degraded area in the specimen of the after-immersion group
than the before-immersion group. The Fl1s peak in the XPS spectra and the greater atomic percentage
in the after-immersion group than the before-immersion group suggests that hydrolysis in the silane
coupling layer proceeded during water immersion. In silico homogenization analysis showed that a
decrease in the elastic modulus occurred in conjunction with a decrease in the silane coupling ratio.
The model of CAD/CAM resin composites reflecting the nano-filler shape was successfully developed
using cryo-electron microscopy. /n silico homogenization analysis revealed that the elastic modulus
of CAD/CAM resin composites under 100% silane coupled condition was 11.0 GPa, while the elastic
modulus of KAB for before-immersion group was 8.2 GPa. These results suggest that the 100% silane
coupling in KAB was not obtained in the manufacturing process. Additionally, silane coupling ratio

of KAB decreased by 9.8% after 7 days water immersion.

[Conclusion]

Water absorption of CAD/CAM resin composites resulted in reduction of elastic modulus of matrix

resin and hydrolysis of the silane coupling layer. The in vitro and in silico approaches established in this study

were able to predict the silane coupling ratio of CAD/CAM resin composites, clearly demonstrating its decrease

by water absorption.
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