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Effect of toothpaste with different components on toothbrushing wear resistance of

micro-hybrid/nano-filled resin composites

Seon-Mi Byeon', Jung-Eun Park’, Kyeong-Seon Kim? Tae-Hwan Kim', Chung-Cha Oh’,
Seung-O Ko*', Min-Ho Lee'’
' Department of Dental Biomaterials, Institute of Biodegradable Materials, Institute of Oral Bioscience, School of
Dentistry, Jeonbuk National University, Jeonju, Korea
’Department of Dental Hygiene, Jeonju Kijeon College, Jeonju, Korea
’Department of Oral and Maxillofacial Surgery, Institute of Oral Bioscience, School of Dentistry, Jeonbuk National

University, Jeonju, Korea

The purpose of this study was to observe the surface morphology and roughness of micro—hybrid and nano—filled
resin composites and compare wear resistance by conducting a toothbrushing wear test with toothpastes with
different abrasive ingredients, Two types of resin composites containing micro—hybrid fillers (7100 Restorative, Filtek
7250) and one type of resin composite containing nanofillers (Filtek 7350 XT) were used. For the toothbrushing
wear test, 90 resin composite samples with a diameter of 10 mm and a thickness of 1 mm were prepared, A force of
2 N and 100,000 cycles of brushing were performed using a pin—on—disk wear tester, The toothpastes used in the
test were classified into 4 groups according to the abrasive ingredients (hydroxyapatite, calcium carbonate, sodium
bicarbonate, and zeolite—M), After the toothbrushing wear test, the surface morphology of the samples was observed
using an optical microscope and a scanning electron microscope (SEM), and the surface roughness was measured
using atomic force microscopy (AFM). Relatively large filler particles (micro size) protruded from the surface of the
micro—hybrid resin composite groups, and small crater—shaped defects were observed, The surface roughness values
of the groups that performed the wear test with toothpaste containing zeolite—M were significantly higher than the
other groups (P<0.05). The surface roughness value was significantly (P{0.05) highest in the group where the nano—
filled resin composite was wear—tested with toothpaste containing zeolite—M, However, regardless of the type of
toothpaste, the surface roughness showed low values of less than 0.1 um, The surface appeared uniform and smooth
compared to the surface of micro—hybrid resin composites, Finally, the nano—filled resin composite showed relatively
higher wear resistance than the micro—hybrid resin composite. This means that wear resistance during brushing may

indicate the durability of the material in the clinic,
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Table 1. Components of the resin composites used in this study

Product Classification Resin Matrix Filler (Total filler content) Manufacturer
. ) o ) Zirconiafsilica: 0.01-3.5 pm
Z100 Restorative  Microhybrid filler Bis-GMA, TEGDMA 3M ESPE, USA
(66.0 vol%)
. ) o ) ) Zirconiassilica: 0.01-3.5 um
Filtek Z250 Microhybrid filler Bis-GMA, UDMA, Bis-EMA 3M ESPE, USA
(60 vol%)
) Silica: 20 nm, Zirconia: 4-11 nm
) ) Bis-GMA, UDMA, TEGDMA, . o
Filtek Z250 Nano filler ) zirconia/silica nanocluster: 0.6-10 um ~ 3M ESPE, USA
PEGDMA, Bis-EMA
(63.3 vol%)
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Table 2. The compositions of the toothpastes tested in the study and their main ingredients according to the

manufacturer
Product Filler (Total filler content) Manufacturer
Dio, me-plus Hydroxyapatite (Ca;o(PO,)s(OH),; HAP) DIO Co, Korea
Perio, total 7 Calcium Carbonate (CaCO,) LG Household & Health Care Ltd, Korea

Weleda, Pate dentifrice saline

Zeolite-M (sodium aluminosilicate (Na,O Al,O;
- 2.53Si0,) + sodium metaphosphate)

Median, advanced tartar solution

Sodium Bicarbonate

Weleda Inc, Germany

Amore Pacific Co, Korea

Table 3. Resin composite samples for toothbrushing wear test using toothpastes (15 groups)

Group Resin Toothpaste Group Resin Toothpaste Group Resin Toothpaste
Z1N No Z2N No Z3N No
Z1D Dio me—plus Z2D Dio me—plus Z3D Dio me—plus
Z1P Perio total 7 2P Perio total 7 Z3P ) Perio total 7
7100 ) Filtek Z350
. Weleda Pate Filtek 250 Weleda Pate Weleda Pate
Z1W  Restorative - , 2W o , 3w XT L .
dentifrice saline dentifrice saline dentifrice saline
Median advanced Median advanced Median advanced
Z1M Z2M Z3M

tartar solution

tartar solution tartar solution
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Figure 1. Toothbrushing wear test. Pin—on—disk wear tester (a), toothbrush heads (b), and sample holder (c).
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Optical microscopy SEM
x20 Magnification x5,000 Magnification

-

Figure 2. Optical microscopy (x20 magnification) and SEM images (x5,000 magnification) showing morphological
changes on the surface of resin composite (Z100 Restorative, Z1) after toothbrushing with different types of toothpastes.
The Z1N (a, f), the Z1D (b, g), the Z1P (c, h), the Z1W (d, i), and the Z1M groups (e, }). Red arrows indicate fillers.
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Optical microscopy SEM
x20 Magnification x5,000 Magnification

Figure 3. Optical microscopy (x20 magnification) and SEM images (x5,000 magnification) showing morphological
changes on the surface of resin composite (Filtek 2250, Z2) after toothbrushing with different types of toothpastes. The
Z2N (a, f), the 22D (b, g), the Z2P (c, h), the Z2W (d, i), and the Z2M groups (e, j). Red arrows indicate fillers.
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Optical microscopy SEM
x20 Magnification x5,000 Magnification

yird -
] .

Figure 4. Optical microscopy (x20 magnification) and SEM images (x5,000 magnification) showing morphological
changes on the surface of resin composite (Filtek Z350 XT, Z3) after toothbrushing with different types of toothpastes.
The Z3N (a, f), the Z3D (b, g), the Z3P (c, h), the Z3W (d, i), and the Z3M groups (e, j).
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Figure 5. The resin composites' (Z100 Restorative, Z1) surface roughness values (Ra, um) after toothbrushing with
different types of toothpastes and 3D images scanned with AFM. (a) Means and standard deviations of surface
roughness, (b) Z1N, () Z1D, (d) Z1P, (e) Z1W, and (f) Z1M groups.

9 Groups with different letters were significantly different (P€0.05).
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Figure 6. The resin composites' (Filtek 7250, Z2) surface roughness values (Ra, pm) after toothbrushing with different
types of toothpastes and 3D images scanned with AFM. (a) Means and standard deviations of surface roughness, (b)
Z2N, (c) 22D, (d) Z2P, (e) Z2W, and (f) Z2M groups.

" Groups with different letters were significantly different (P{0.05).

257



(a) (d)

0.15

Surface roughness, Ra (um)

0.00
Z3N Z3D Z3P Z3W Z3M

Figure 7. The resin composites' (Filtek Z350 XT, Z3) surface roughness values (Ra, um) after toothbrushing with different
types of toothpastes and 3D images scanned with AFM. (a) Means and standard deviations of surface roughness, (b)
Z3N, (0) 23D, (d) Z3P, (e) Z3W, and (f) Z3M groups.

9 Groups with different letters were significantly different (P€0.05).
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