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ABSTRACT

SURFACE ROUGHNESS OF EXPERIMENTAL COMPOSITE RESINS
USING CONFOCAL LASER SCANNING MICROSCOPE

Bae JH!, Lee MA?, Cho BH?**
'Department of Conservative Dentistry, Seoul National University Bundang Hospital,
*Department of Conservative Dentistry, School of Dentistry, Seoul National University,
’Dental Research Institute, Seoul National University

The purpose of this study was to evaluate the effect of a new resin monomer, filler size and polish-
ing technique on the surface roughness of composite resin restorations using confocal laser scanning
microscopy. By adding new methoxylated Bis-GMA (Bis-M-GMA, 2,2-bis(4-(2-methoxy-3-
methacryloyloxy propoxy) phenyl] propane) having low viscosity, the content of TEGDMA might be
decreased. Three experimental composite resins were made: EX1 (Bis-M-GMA/TEGDMA = 95/5
wt%, 40 mm nanofillers); EX2 (BissM-GMA/TEGDMA = 95/5 wt%, 20 m nanofillers): EX3 (Bis-
GMA/TEGDMA = 70/30 wt%. 40 mm nanofillers). Filtek Z250 was used as a reference.

Nine specimens (6 mn in diameter and 2 mn in thickness) for each experimental composite resin and
Filtek 7250 were fabricated in a teflon mold and assigned to three groups. In Mylar strip group,
specimens were left undisturbed. In Sof-lex group, specimens were ground with #1000 SiC paper and
polished with Sof-lex discs. In DiaPolisher group, specimens were ground with #1000 SiC paper and
polished with DiaPolisher polishing points. The Ra (Average roughness), Rq (Root mean square
roughness), Rv (Valley roughness), Rp (Peak roughness), Rc (2D roughness) and Sc (3D roughness)
values were determined using confocal laser scanning microscopy. The data were statistically ana-
lyzed by Two-way ANOVA and Tukey multiple comparisons test (p = 0.05).

The type of composite resin and polishing technique significantly affected the surface roughness of the
composite resin restorations (p  0.001). EX3 showed the smoothest surface compared to the other compos-
ite resins (p € 0.05). Mylar strip resulted in smoother surface than other polishing techniques (p ¢ 0.05).

Bis-M-GMA, a new resin monomer having low viscosity, might reduce the amount of diluent, but
showed adverse effect on the surface roughness of composite resin restorations.
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Table 1. The composition of experimental composite resins

Z2H Ao/x FA HOIZE 0188 MEH Ao EH FL0 thE o7

(Unit: wt%)

Monomer (25 wt%)

Filler (75 wt%)

Bis-GMA Bis-M-GMA TEGDMA Barium sitrate 40 mm silica 20 mm silica
EX1 0 23.75 1.25 65 10 0
EX2 0 23.75 1.25 65 0 10
EX3 17.5 0 7.5 65 10 0

The numbers were weight percentage of the composition within each experimental resin.

Table 2. Polishing tools and their polishing protocols

Polishing tools Color code RPM Time (s)
Sof-lex Dark orange 10000 20
(3M ESPE, St. Paul, Light orange 30000 20
MN, USA) Yellow 30000 20
HiLusterPlus DiaPolisher Blue 20000 30
No.2662 (KerrHawe) Gray 20000 30

No.2662 (KerrHawe, Bioggio, Switzerland)E AH&-3}
31, polyester matrix strip (Mylar strip) & ©l-&3to] %
ek o] 229 ¥l wstglvt (Table 2).
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Table 3. The Ra, Rg, Rv, Rp, Rc, and Sc values of experimental composite resins according to the polishing
techniques

Multiple comparisons”

Group Mylar strip Sof-lex DiaPolisher and interaction effect
(Two-way ANOVA)

EX1 0.59 (0.61)>*' 0.94 (0.19 1 (045 Resin p € 0.001

Ra EX2 1.01 (0.55)* 0.97 (0.13)" 1.15 (0.19)*' Polishing p { 0.001
EX3 0.17 (0.03) 0.69 (0.25)™ 8 (0.4 Resin X polishing p ¢ 0.001
7250° 0.54 (0.55)* 1.28 (0.28)* 1.22 (0.36)*
EX1 0.76 (0.62)** 1.17 (0.21) 1.24 (0.48)* Resin p € 0.001

Rq EX2 1.27 (0.57)* 1.14 (0.14)* 1.38 (0.23)* Polishing p ¢ 0.001
EX3 0.23 (0.07)** 0.87 (0.28)" 0.99 (0.4 Resin X polishing p ¢ 0.001
7250 0.71 (0.57)** 1.46 (0.25)" 1.44 (0.46)*
EX1 2.99 (1.32)* 3.73 (1.53)* 3.58 (0.75)*! Resin p  0.001

Rv EX2 1.99 (1.14) 2.62 (0.46)"** 3.18 (0.98)* Polishing p ( 0.001
EX3 1.11 (0.77)* 2.89 (0.94)> 2.28 (0.75)™ Resin X polishing p = 0.002
7250 2.99 (1.24)* 2.66 (0.46)" 3.28 (1.93)*
EX1 1.22 (1.23)" 2.32 (0.88)*" 2.36 (0.87)™ Resin p € 0.001

Rp EX2 3.33 (1.43)* 2.43 (0.51)* 3.37 (0.64)* Polishing p { 0.001
EX3 0.47 (0.11)+ 1.67 (0.65)* 2.55 (1.21)" Resin X polishing p ¢ 0.001
7250 0.86 (0.52)"<* 2.63 (0.75)* 3.41 (0.71)*
EX1 44.94 (0.55)" 45.24 (0.39)** 45.24 (0.42)* Resin p = 0.045

Re EX2 4472 (0.37)" 45.25 (0.45)" 44.88 (0.43)" Polishing p ¢ 0.001
EX3 44.93 (0.07)"* 45.31 (0.32)" 44.82 (0.19)" Resin X polishing p ¢ 0.001
7250 45.28 (0.23)" 45.01 (0.34)" 44.79 (0.46)"
EX1 45.18 (0) 45.27 (0.22) 45.22 (0.02) Resin p  0.001

Se EX2 45.18 (0) 45.21 (0.02) 4517 (0.13) Polishing p { 0.001
EX3 45.21 (0.02) 45.2 (0.02) 45.19 (0.01) Resin X polishing p = 0.091
7250 45.22 (0.03) 45.29 (0.05) 45.23 (0.04)

T The numbers in parentheses are the standard deviations. (n = 21)

1 Means within same columns with different superscript letters in each parameter are significantly different (p ¢ 0.05), and means within
same rows with different superscript numbers in each parameter are significantly different (p  0.05).

§ The values of Filtek Z250 were also measured as a reference.



Figure 1. Confocal laser scanning micrography of EX3
Sof-lex group (x 200).
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Figure 3. Cross-sectional profile obtained from the
intersection line in Figure 1 & 2.
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Figure 2. 3D image of EX3 Sof-lex group obtained
using confocal laser scanning micrography (X 200).
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Hi% A <} fillere] 37] Anpigo]l A4EE e FHzE 1K
Aol B& X419l TEGDMAS] AH-& Zel7] 94, Bis—GMAf’J TA RN FEESo]
W2 N2 dEFAY m thoxlyated Bis-GMA (Bis-M-GMA)S #7}sta o2 32719 fillers 2 2

o] 438 54X TEGDMAE rat 159 488 HaexS A% D}. EX1: 298 593 1 (Bis-M-
GMA/TEGDMA = 95/5 wt%, 40 mm Y=Zg| &), EX2; 248% 533 2 (BissM-GMA/TEGDMA = 95/5
wt%, 20 m =28 g), EX3: A8 53 3 (Biss-GMA/TEGDMA = 70/30 wt%, 40 m U=2 & ).

E1P§ EEE o] &3l X] 6 m A 2 me] A|AE 7t AL E3FE 2T Filtek 725022 904 wHEa 370

EHFIA T Mylar strip & 9vFE F4] &%k, Sof-lexw #1000 SiC paper® Avkgt H Sof-lex discZ A
U}é}o t}. DiaPolisher w2 #1000 SiC paper® 17kt ¥ DiaPolisher polishing point= 1nlslSi .

24 dnA g o] &3t ZF AlEY T Hl oA Rq (Root mean square roughness), Rv (Valley roughness), Rp
(Peak roughness), Rc (2D Roughness), Sc (3D Roughness) @< 3391, Two-way ANOVAS} Tukey
multiple comparisons test® 5 0.052 SAA ] 3} ‘ﬂr

By 27 (p €0.001), Aok ¥ (p (0.001) 2447t 5 AHRE Foll 93-S vx ]y, 5o 57
Avk Y Jbelle 23 Aol #RHJT (p €0.001).

Eezle] R e FHEEE EX27F 7MY AR ZHS B, EX30] 7Hg BEe WE FAsteen (p €
0.05), Ank e = AnfshA] - Mylar strip wol 7 B¢ |2 A% (p € 0.05).

7

B oA AR Fslod B AvlelA] ¢ka Mylar stripdtelld Ege o] 89 4% ER,
g EHS HoH, A2 Eﬂﬂ @2l Bis-M-GMAE &3 H3do] 589 THzE W 28 2
719l #A g0l 71&9] Bis-GMA/TEGDMAZ 71 AwEA 2 ALg-she Batedd] vlusle] ¢804 %3 A& &9l

Fo0o: BUZXE AR # &k Bis-M-GMA, 28 27], 224 go]A4 FAF &nA



