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1. A5 9 =94

3.1 A|H FH]

2 AT Adedl= A A7)k 20 e 5Fe] Al 53 dx
359 F/P AlAElo] ALEE QT (Table 1 % Table 2). 259 wlola =z
slolBEl= E8k g Rl Filtek Z250 (Z2; 3M ESPE, St. Paul, MN, USA)¥}
Metafil CX (ME; Sun Medical, Shiga, Japan), 152 YUx g &3 gzl
Filtek Z350XT (Z3; 3M ESPE), 2% %] Yx slo]H g = E3 22l Ceram X

one (CE; Dentsply, Milford, DE, USA)¥} Venus Diamond (VE; Heraeus Kulzer,

Hanau, Germany) & AF&33lom M2 5% A2% 3FQlTh

Table 1. Finishing and polishing products tested in this study

Polishing
Code Average particle size Manufacturer Lot #
system
Medium disk aluminum oxide (40 um) 3M ESPE, N695318
Sof-Lex XT SX Fine disk aluminum oxide (24 pm) St. Paul, MN, N716624
Superfine disk aluminum oxide (8 pum) USA N701266
Finisher disk aluminum oxide (40 um) Dentsply,
Enhance / 140127
EP Diamond coated micro-polisher (10-15 Milford, DE,
Pogo 140930
um) USA
Sof-Lex Pre-polishing spirals (Beige) N754057
) SD o ] ) 3M ESPE
Diamond Polishing spirals (Pink) N754058




Table 2. Resin composites (shade A2) tested in this study

) Inorganic )
Resin Average particle
] Code Type filler . Manufacturer Lot #
composite size
(Wt%)
Filtek ) )
Z2 Microhybrid 78 0.01-3.5 um 3M ESPE N703018
Z250
Primary particle
0.005-0.02 um) +
Filtek _ ¢ k)
Z3 Nanofilled 78.5 Nonagglomerated ~ 3M ESPE N751605
Z350XT
silica filler
(0.02 um)
Prepolymerized
. particle filler .
Metafil ) ) Sun Medical,
ME  Microhybrid 54 (5-10 um) + LW12
CX ) ) Shiga, Japan
Spherical particle
(< 0.05 um)
Nanoparticle
(0.0023 pum) +
Ceram X . Nanofiller
CE Nanohybrid 76 Dentsply 1504000378
one (0.01 pm) +
Glass filler
(1.1-15 pm)
Heraeus
Venus ) Kulzer,
VE Nanohybrid 64 0.005-0.02 um 010059A
Diamond Hanau,
Germany

THHA & B dds EFH|EAFAE (polyvinyl siloxane) ==
A=3sto] 9071e] AAFAE AlH (F =5mm, 4°] =12mm, 77 =2 mm,

2 2% A7 9 =198 ARSIt 2eln BEe FAT 2ok



A S o Ul Fe 0.5mm 210] 8] A (retention groove) &
=5 Abdoel Az obad o (F74 =25 mm, £°] =8 mm) el ©]
AlEE AAANET Fed A 53} dxl Al x|

npde] AEYHES glojx AbA 9A|S (oxygen inhibition layer) o] A
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Y%7 (Light Meter-200; Rolence Enterprise Inc., Chungli, Taiwan) = U E &

stk ARG BReld Besta b3 Awe el 2F A

b4

EN

ARHA AART AlEE 24r3 T dxsta S¥E AGATL

¥ 600-grit®] SIC-Av}A] (silicon carbide paper; Struers Inc., Clevenlan,

FH

W A

b

OH, USA) & dn}ste] %+

32 ¥4 25 9 39 4

NEe) E 2R FEE dvk Aol S50l N1E @ (baseline) O %
QAN e ANH o ZHeheT (4 1F n -

6) B ¥W X5 (Ra, pm)i= X Z 57 (surface profilometer, TR200;

TIME Group, Pittsburgh, PA, USA) & AF2-3to] 57 ZoJ (tracing length) 2

mm®] 0.25 mm® ZA}F #k (cut-off value) © = ZAZE A|HO 7 W

Wako A 43 FAsIth HdE EW FE (Ra, ym)e VlE #

0.696°1 4] 0.845 W<t}



Al WS FEE (GU) = 607 o 2x2mme FAE 54 49

Al Sl 33 SAsET AR EAEA] (one-way ANOVA)
A3 Rag}t GUE Al A 715 ghollA sAIA o2 Fo3t 253 Afol&

Holz] eksktl (Ra2l p=0.928, GUS p=0.727).

33 vh%e & An

He ZF btk A ANFR 35 FP Al AE
29 dEedn n = 6). FHE AR TR dEHoR FAdd
A A=A (NSK, Y =5, 3t 15,000 rpm) S AFE-3Fo] Al FAL
Al wel FpE Fdetglon 1 e vt 2k

(1) Sof-Lex XT (SX; 3M ESPE)

tl

1 @7 : AJEE medium-grit TJAARE 20%3F Avl & FASHL
2 GA 19AE v A HE S 204 33]9] AA fine-grit TIAAR

AqF oz dAvtich. 2 @Rk AL AUAR 105 5D

3 FA 2@ AlE vk AJEHS 20%% 33| A A superfine-grit

Haaw A#40w dutgnh 7 wAnie FAlsn ARAw

(2) Enhance/Pogo (EP; Dentsply)

1 94 : A]#Ho)| Enhance® 7H-¢ 7+38 7 <od&E S 71slo] 60x7F
]

¥ i)
7 5T = =



A stal, A F AJ-EAR 10 2 Bt Aok
2 & 1"9AE vk AJEe PogoR 7MW A oS
7vetol 20%4 33 W F7F 80% 13], F7F 20% 239 AYE
AMA oz AlgATE. ZF dAve A -, 102 T4 AIFAZ
Az

(3) Sof-Lex Diamond (SD, 3M ESPE)

b Al F

ol

1 &4 : AHS coarse-grit spiralZ 60% I+ *
ARAZ 102 st AxFh
2 HA 1SAE wbE AlA ] fine-grit spiral 2 2024 33] 4 F7}

80x 13], F7F 20x 2319 A& AMHo= AP 7

Zf Avp &= (grinder) = 7ML FE stelAd @ WA ARSI,

A9 AP o dvks AYT F, 2t Avk WAvig AR

= dvl @A $o] AFM (Atomic force microscopy) w4 93l 7t

ol A ke AlEE FESIE AdEesith Hd H917F 100 x 100 pm
A 27t A2E XE-100 AFM (Park Systems, Korea) & AlF§-3}¢

HHS BE92 30 um A7 Afo]==2 A 3ol 3zkd onAE
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Al =]k (2080 Pro-Clinic; Aekyung, Korea; radioactive relative abrasion [RDA]
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o

(Oral-B Soft, Oral-B Laboratories, Belmont, CA, USA) ©] 150 g2
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(one-way ANOVA) © 2 H| W 3}1l, Levene’s test= 5 wAt 7= H 713}
Levene’s test 2 Z}oll w2} Tukey’s honestly significant difference (HSD) %=+
Dunnett’s T3E Ab&sto] ARS HAAS APy T, vy 574
wAHEA] (repeat measured ANOVA) 0.2 Aun} SHE 339 &2 F7]
ol F 744 AlHE] Rast GU WstE ®ASIY. BE SA B4 SPSS
(Statistical Package for the Social Sciences) 23 (IBM SPSS Statistics, NY, USA)=

AHESE] 2 - 0.050014 Al = ST

10 A '_' 1-II



Zy ol o3k Ra®}t GUO Haky ¥+ HA= #3o] vt whHE

279 BARA Ao, Avk F9 TINE A&A F7)7b 38 o] Foix

Avk Aol pAgGle]l A& F7] F b rdHelm sbg e
Ra %& YERATh EP W SDE sxel vla] &4 57 E 4 %
Aol sl o g HelR e Ra g e

Ak W &AW Aol ol Axue] wE B Ao FE GU

ol ANAGA o7 W3teh= S Fig 20 AAEATE EP 2 SDol A

¢

GU gk, vk AF ¥ R0/ we JlerlE SUA,

GU 3 Ra gtol &4 &9 dddA= yehuA = ottt sX, EP ¥
SDZ <Ivwk¥l Z2% ME, VE, CEXRUt Al WA A&Ed F7] $9

AATHAA o 2 Ra @ ¥ W2 GU #S YERIT (Table 3, Fig. 1).

Table 3. Mean surface roughness (Ra) (» m) and gloss unit (GU) value with standard
3 ey i
11 A =2TH

i o
[ 1F
= 1)



deviations (SD) of investigated composites

Group Ra GU
T1 T4 T1 T4
Z2
SX  0.077(0.017) 0.113 (0.018) 58.1 (8.6) 14.5 (4.9)ABC
EP  0.040 (0.024) 0.098 (0.019)b¢ 81.7 (4.5) 29.3 (12.5)PE
SD  0.028 (0.005) 0.084 (0.020)2 82.6 (1.0) 27.2 (10.5)PE
Z3
SX  0.067 (0.019) 0.054 (0.013)2 55.9 (7.3) 54.1 (7.0)EF¢
EP  0.030 (0.005) 0.045 (0.010) 86.7 (1.4) 82.3 (7.4)°
SD  0.033(0.003) 0.043 (0.005)° 80.6 (1.5) 80.6 (4.5)"
ME
SX  0.087 (0.011) 0.197 (0.012)f 56.9 (9.1) 28.0 (6.2)BCP
EP  0.057 (0.012) 0.093 (0.021)P¢ 78.8 (3.0) 59.9 (5.1)H!
SD  0.067 (0.003) 0.114 (0.020) 68.1 (1.6) 57.3 (10.1)%H
VE
SX  0.087 (0.004) 0.146 (0.021)° 48.6 (5.6) 19.0 (3.2)"8
EP  0.057 (0.007) 0.101 (0.004)bc 81.0 (2.2) 53.6 (8.6)"CH
SD  0.049 (0.004) 0.101 (0.007)b¢ 77.9 (2.9) 59.3 (8.3)cH
CE
SX  0.117(0.011) 0.148 (0.052)° 31.4 (6.5) 16.5 (4.7)~
EP  0.072(0.009) 0.138 (0.041)% 65.9 (4.5) 33.1 (12.3)CPE
SD  0.061 (0.004) 0.107 (0.021) 73.1(1.7) 41.6 (13.4)PFF

Values with the same superscript are not significantly different (p > 0.05; repeated measures
ANOVA between T1 through T4 with post hoc Tukey’s HSD test).

Z2: Filtek Z2250; Z3: Filtek Z350XT; ME: Metafil CX; VE: Venus Diamond; CE: Ceram X
one; SX: Sof-Lex XT system; EP: Enhance-Pogo system; SD: Sof-Lex Diamond system; T1:

after polishing; T4: after the 3" brushing cycle.
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Ra*100 scale, GU
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Ra*100 scale, GU
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Ra*100 scale, GU
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Venus Diamond

100.0

90.0

80.0

700

60.0

50.0

Ra*100 scale, GU

400

300

200

100

0.0
(D) T0 T v} T3 T4

Ceram X one
100.0
90.0
80.0
70.0
60.0
50.0

40.0

Ra*100 scale, GU

30.0

20.0

10.0

0.0
(E) T0 1 T2 T3 T4

Fig. 1. Mean surface roughness (Ra, pum) and gloss unit (GU) value of (A) Filtek
Z250 (B) Filtek Z350XT, (C) Metafil CX, (D) Venus Diamond, (E) Ceram X one.
The vertical axis represents the GU value and 100 times the Ra value. SX: Sof-Lex
XT system; EP: Enhance-Pogo system; SD: Sof-Lex Diamond system; TO: at the
base time; T1: after polishing; T2: after the 1st brushing cycle; T3: after the 2nd

brushing cycle; T4: after the 3rd brushing cycle.
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SX A|AHle| A 72, ME, VE, CEx= superfine-grit U]~ 5 60% 483t
(74 AIZE 140%) o Hdl GUZF YERd RHAE, 732 o] HAAE 40%7F
2G5 = (72 AIRE 120%) o Hol GUZF YEFSETE EP A AEICA Z2,

73, VE, CEX= PogoS 160% E<F A &3t & (¢4 A7F 220%) o H)

f
o

Al 7

1=

(N

GU7} Yebd v ME:= ol & 180% F<9F A8 & (734 40%)
of At} GU7} LFEFSETE SD Al AElo| A 72, Z3, VE, CEx= S+ WA T-¢]

fine-grit spiral& 160% &<t 283 & (72 AIZF 220%) o Hof GU7F

2

el dhd, MES ©]& 180% B9 A& & (74 AIF 240%)
Hol GUZF YEFET (Fig. 2). BE 53 dxlelA SXE AREE wiEth

SD & EP A28E ASE ul dnp Ev 59 GU gl © ¥k
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Sof-Lex XT system
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Fig. 2. Mean gloss unit value changes for the 5 resin composites and 3 polishing
systems tested. Z2: Filtek Z250; Z3: Filtek Z350XT; ME: Metafil CX; VE: Venus
Diamond; CE: Ceram X one; M: Medium grit; F: Fine grit; SF: Superfine grit; B:
Brushing; En: Enhance; Po: Pogo; C: Coarse grit.
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Ak F zk 53 Xl thdt Ra®t GU #ke) d+ 4l
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Fig.

3o ubelolth Ra ghell thel sX Tk ofE FRbelE o Ajolzt

¢

AR (p <0.001, 4k2] 542 & Tukey’s HSD AFF 774 Fig. 3A) GU
ol teix = Fdst AdxE AU (p <0.001, FAFS] oA st
Dunnett ’s T3 A%~ 73 4; Fig. 3B).

Zh Awup Al~"lell 3§k Ra9t GU #te] 4 9 3EF Hxk= Fig 30
veloleh 7 W Ra #S 7H 733 M =S Ra @2 71X CE
Atole] AR O gk AFolzh QUUTE (p = 0.023, #ALe] FAA St
Tukey’s HSD AF§ ZA; Fig. 4A). T3 7F4 @& GU 32 712 CES}
UhE 3kl 28 2ol 7t Atk (p = 0.033, Eake] FAA SF Tukey’s

HSD A5~ 77, Fig. 4B).

Ak F 2t pp A2E] e 2@ dxe] W 2EE wuy

o

el

SD®} EPE dwlst 72, 737} 7FF He Ra S e ubd

5]

XE
Antst CEZF 7H¢ =2 Ra #t= WEFAS (p <0.001, #4He] 544 &

Tukey’s HSD AR 74). T35k

S
o

|2gS v SDe} EP= Aveh
72,73°] 7V ¥ GU k& dEbd wbd, sX® dvhdk CE= 7HE W2

GU k= YERH (p<0.001, FAFe] 544 8t Tukey’s HSD AFS- A 4).
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Ra after polishing

Ra (um)

(A) Z2 Z3 ME VE CE

GU after polishing
90

70 4

Gloss unit value (GU)

(B) Z2 Z3 ME VE CE

Fig. 3. Comparison of (A) mean surface roughness (Ra, pum) and (B) gloss unit (GU)
value for the resin composites tested after sequential polishing with different
polishing systems. Values with the same lowercase letter are not significantly
different (p > 0.05; one-way ANOVA between polishing systems with post hoc
Tukey’s HSD test). Vertical bars refer to the standard deviation. Z2: Filtek Z250; Z3:
Filtek Z350XT; ME: Metafil CX; VE: Venus Diamond; CE: Ceram X one; SX: Sof-
Lex XT system; EP: Enhance-Pogo system; SD: Sof-Lex Diamond system.
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Ra after polishing

Ra (um)

(A) SX EP )

GU after polishing

100

3

70

=~ —Z2
2 60 -

T ——Z3
> 50

.*é ME
S 40

@ \ —VE
o 30 cf

) ~CE
O 20

(B) SX EP sD

Fig. 4. Comparison of (A) mean surface roughness (Ra, pm) and (B) gloss unit (GU)
value for the polishing systems tested after sequential polishing with different resin
composites. Values with the same lowercase letter are not significantly different (p
> (0.05; one-way ANOVA between resin composites with post hoc Tukey’s HSD test).
Vertical bars refer to the standard deviation. Z2: Filtek Z250; Z3: Filtek Z350XT;
ME: Metafil CX; VE: Venus Diamond; CE: Ceram X one; SX: Sof-Lex XT system;

EP: Enhance-Pogo system; SD: Sof-Lex Diamond system.
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14 AW WY 3349 on|x BA

o] ez, z30] 7bg e ¥l FEE Ha, VES} CEVF e 5%
e vl o & W XEES HAT (Fig. 6). ol" FF9 F/P
AER F7] ol Ff

A A~Ele Abg-slE et E 72, ME, VE, CEE= A H19]
H

of 739 W X%

=
rir

Avf AFHT o AR EW 2EE HYYh W

X
i

N
o
T
2

| = A3 Hl2ebAY Boh 27 YeERgt (Fig. 5 2 Fig. 6).
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(A) Z2 with SX (B) Z2 with EP (C) Z2 with SD

(D) Z3 with SX

(G) ME with SX  (H) ME with EP  (I) ME with SD

(J) VE with SX (K) VE with EP (L) VE with SD

(M) CE with SX (N) CE with EP  (O) CE with SD

Fig. 5. Atomic force microscopy (AFM) 3-dimensional images showing the polished

surfaces of resin composites before brushing (scan size 30 x 30 um). Z2: Filtek Z250;

Z3: Filtek Z350XT; ME: Metafil CX; VE: Venus Diamond; CE: Ceram X one; SX:

Sof-Lex XT system; EP: Enhance-Pogo system; SD: Sof-Lex Diamond system.
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(A) Z2 with SX (B) Z2 with EP (C) Z2 with SD

(E) Z3 with EP (F) Z3 with SD

(G) ME with SX (H) ME with EP (1) ME with SD

(J) VE with SX (K) VE with EP (L) VE with SD

e

(M) CE with SX (N) CE with EP  (O) CE with SD

Fig. 6. Atomic force microscopy (AFM) 3-dimensional images showing the
surfaces of resin composites after the third brushing cycle (scan size 30 x 30 um).
Z2: Filtek Z250; Z3: Filtek Z350XT; ME: Metafil CX; VE: Venus Diamond; CE:
Ceram X one; SX: Sof-Lex XT system; EP: Enhance-Pogo system; SD: Sof-Lex

Diamond system.
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Abstract

Influence of a new polishing system on changes in
gloss and surface roughness of dental composites

after polishing and brushing

(Directed by Prof. Hong—Keun Hyun, DDS, MSD, Ph.D)

Eun Jung Sang, DDS
Department of Pediatric Dentistry
Graduate School

Seoul National University

This study aimed to compare the change of surface roughness (Ra) and gloss units
(GU) of five dental composites (Filtek 2250, Filtek Z350XT, Metafil CX, Ceram X
one, and Venus Diamond) polished with three systems (Sof-Lex XT, Enhance/Pogo,
and Sof-Lex Diamond) before/after simulated brushings and to determine the
amount of time required to achieve maximum gloss. Ninety rectangular specimens
(n = 18 per composite) were prepared. Six specimens of each composite were
assigned to one of the polishing systems. The Ra and GU of each specimen were
measured after each polishing step. Five polished specimens per composite were

brushed with a toothbrush machine, and the Ra and GU values were determined.
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Filtek Z350XT exhibited the most stable and lowest Ra during the brushing cycles
regardless of polishing system. When using the Sof-Lex Diamond and Enhance/Pogo
systems, the highest gloss and the smoothest surfaces were achieved after polishing

and brushing.

Keywords : Polishing system, Dental composite, Brushing, Surface roughness,
Gloss

Student Number : 2015-31262
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