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(Abstract)

Color and Translucency of Multi—Shade Layered Composites

Chang-Ha Lee'®, Bum-Soon Lin® In-Bog Lee™*

Dept. of Conservative Dentistry’, Dept. of Dental Biomaterials Science,

School of Dentistry and Dental Research Institute’, Seoul National University, Seoul, Korea

The purpose of this study was to evaluate the color and translucency of multi-shade layered composites, To simulate a class IV

direct composite restoration, 4 mm-thick disc-shaped specimens (15 mm in diameter) were prepared. 7250 (A2) or Z350XT (A2 enamel
(E), body (B), and dentin (D)) were bulk-filled. Both Z350XT/A2E and Z350XT/A3D were bi-layered, in which the thickness of
7350XT/A2E was increased from 1.0 mm to 3.0 mm with an increment of 1.0 mm while the thickness of Z350XT/A3D was decreased,

Total thicknesses of the sandwiched specimens were maintained at 4 mm. The CIELAB parameters (L*, a*, and b) of specimens were

measured using a spectrophotometer to calculate the color difference (4E) without background, and to calculate translucency parameter

(TP) on a white or black background. One-way ANOVA and post-hoc Tukey's test were employed for statistical analysis. 4E between
7250 (A2) and three different shades of Z350XT (A2E, A2B, and A2D) were greater than 3.3, that was an unacceptable level, 4E
between a bulk-filled specimen with Z350XT/A2B and layered specimen with the Z350XT/A2E and Z350XT/A3D was the lowest in
a specimen of A2E 2 mm + A3D 2 mm (p<0.05). Statistically significant difference was found between the TP values of bulk-filled

specimens (p{0.05). The TP values of layered specimens increased with increasing the thickness of enamel shade (p<0.05). Within

the limitation of this i vitro study, the combined layering with 2 mm-thick A2E and 2 mm-thick A3D is recommended for the class

IV direct composite restoration with a Z350XT/A2 shade.
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B AFoxe vAEFEEG R 2250 (3BM ESPE, St
Paul, MN, USA) 2 vh=Este7] 7350XT (3M ESPE)S AR



ek 72 BatgRle] AL Table 13 Ztk LED FZAM|
(Elipar DeepCure-S, 3M ESPE, St, Paul, MN, USA)S AM&313]
on] F2A(AA 10 mm)2] S 1470 mW/em Tk

Table 1. Brand names and compositions of composites

used in this study

Composite (Shade) Composition

Bis-GMA, UDMA, TEGDMA, Bis-EMA

Fllte(IfAZZ)Z 50 0.01-85 #m zirconia/silica particles
(82 wt%/60 vol%)
Fittek Z350XT Bis-GMA, UDMA, TEGDMA, Bis-EMA
(A2E) 20 nm silica filler,
(A2B) 4-11 um Zzirconia filler
(A2D) zirconia/silica cluster filler
(A3D) (78.5 wt%/63.3 vol%)

Abbreviations: A2E, A2 enamel; A2B, A2 body; A2D, A2 dentin;
A3D, A3 dentin; Bis-GMA, bisphenol-A  diglycidyl ether
dimethacrylate; UDMA, urethane dimethacrylate; TEGDMA,
triethylene  glycol — dimethacrylate; — Bis-EMA,
polyethylene glycol diether dimethacrylate,

bisphenol-A

R aLfre] A3 B RS doliy] 93] HdFo R
248 v ER(2250/A2) 7 B3 (Z350X T/
A2)9] 37}A] shade (enamel, body, dentin) A}o]e] M2}E
WJst, AR AZARS Z350KTE BRI 2 S 7
% Vita Az7}o| =0 th&-55= body shadeE AEjst=S A
AIBFL glon, 45 o5 B A ofe] Mo 2 A Z3|y]

4

8= - body shade®} FL 3 shade®] enamel shade
9} 3k ©A| & 522}19] dentin shadeE 288 & A|A5laL

= v}, Z350XT/A2BE @IS0 2 283k AJHI} 7350XT/
A2ES} 7350XT/A3DE A58 AHE Atele] Maks vl
A3

T5k BAFO R HGek 7250/A2, Z350XT/A2 (enamel,
body, dentin) Alo]¢] FH= H ZBSOXT/AZEQ} 7350XT/
A3DE A53 AlHE Abole] FHEE HluL, E483i

A% 47 BHA A 55 8A57) $1549] 4 mm
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TS 7HAE Haa ) AlE(EA 15
THFigure 1a).

Al B R1(2250)3 V=B RI(Z350XT) ] 3
7}A] shade Ato]e] A} Bl Zkzke] BHEE Bl #4817]
Q8 7250/A2, Z350XT/A2E, Z350XT/A2B, 7Z350XT/A2DE
471€) group (Group 1-4)9) thate] 24z} 3704 & 127]9]

AL AZFBIG K Table 2), YB3 glEa) 22 A
o] Mzl W EdeE ujwaly] 98 Z350XT/A2E 1 mm +
Z350XT/A3D 3 mm, Z350XT/A2E 2 mm + Z350XT/A3D 2
mm, “12]3L Z350XT/A2E 3 mm + Z350XT/A3D 1 mm %5
37l9] group (Group 5-7)°] thate] 282t 37012 & o7lje] A
& AZFEFSE T Table 2).

freld $lel 15 mm FAe] s JAds 7
(ZF groupe] w2} 1, 2, 3, 4 mm FA)S &
bulk S8kl T frefahs 4 Oﬂ XA viseE o]-8-3f
o Rk & ofite] ERKIS AlASIAL FTHFAL2
mm enamel & body shade: 20%, 2 mm{F7<4 mm
enamel & body, 574 <2 mm dentin shade: 403,
7)<4 mm dentin shade: 803%) d}tKFigure 1b), T 7}4]
AAYo 7 A== AJHS] A9 dentin shadeE WA 43}
o] =3l 5 1 $]9) enamel shadeE A=319a F =

o ol

Apolel olwgt Aw s ek,

mm)S A2

2 mm{5F

o]

Table 2, Composites and shades used for layered specimens

Group Composite Layering
1 7250 A2 4 mm
2 Z350XT —A2E 4 mm
8 A2B 4 mm
4 —A2D 4 mm
5 7350XT [ A2E 1 mm + A3D 3 mm
6 AZE 2 mm + A3D 2 mm
.

—A2E 3 mm + A3D 1 mm




Glass plate

/ Composite
Acryl plate with hole
2 Glass plate

(a)

Light curing unit

(b)

Figure 1, Schematic diagram of specimen preparation, (a)
Composite was filled in the hole of an acryl plate above a glass
plate and covered with another glass plate, (b) The glass and
acryl plates were pressed with a vise and light cured,

2) BTl AtO[o] AR} E

AZFeE AJHL spectrophotometer  (CM3500d, Konica
Minolta, Tokyo, Japan)& °]83le] HFY D654
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o] A=z} 1l 7350XT/A2B (Group 3)E ©dZ0 2 83 4
$-9} Z350XT/A2ES} Z350XT/A3DE ZZ5dhe] 283k 4%
(Group 5, 6, 7) Afole] MZHLE)E T3
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TP= (L, — L) +(ay—ap)? + by —by)? (W B2 wi7|
A2 v 7) F2lel| 2-g3te] T,
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3. SAEA

AL AP Aele] L, a, bt WL, 22509
7350XT2] 37}A] shade Afo]2] Az} 2 Tl 7350XT2} 4
= 7350XT Afole] M} w)al, 7250, Z350XT 37}A] shade
Z}zke] BE 9 Z350XTE 253 855 Alele] FEE
s 3 deulx]  EAREA(one-way  ANOVA)Z}
post-hoc Tukey's test& ©]-8-3] 43T Be A 4

& SPSS software (version 21.0)& o]-&3ke] o]Fo]HoH,

} SRS T zo 29215103
11 mm, A9 AL 15 mm=E A|H ] target mask &4 RS S el swE ARk,
———— Background
Mirror for Specimen
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. .,
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J/» Light

Optical system for
measuring specimen

Integrating sphere

Figure 2, Schematic diagram of the measurement of a specimen with a spectrophotometer,
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m. 2 =}

SRRy A
wAdzow HE3E 7250/A29] LEEE  Z350XT/AZE, % 12
Z350XT/A2B, Z350XT/A2D ET} 29kal, a'gke Z350XT/ g °
AZESE Z3S0XT/A2B. Abe], “1e]al bghe Z350XT/A2BSk £ ° c
7350XT/A2D Atele] Zhe HOITh 7350XT/A2 ©lE A4 s : l .
oA L', bFkS enamel, body, dentin 02 Z7}atsitt v o
(p(0.09). 7 7P Apdo= AT B Z350XT/A2ES] w2 w3 1w
Group

FAZE VS L, a, bke] ZHASHITHp(0.05, Table 3).
72503} 7350XT¢] 37}A] shade Alo]e] MHLE)E v]alsH
9 7250/A2 (Group 1)3} Z350XT/A2E, Z350XT/A2B,
7350XT/A2D (Group 2, 3, 4) Alo]e] A= ¢£aHo =2
0.20, 5.20, 13.36 ©|ITHFigure, 3).
Z350XT/A2BE ©dZzog AHL3E H$(Group 3)9}

16

Figure 3, Color difference (4E) between Z250/A2 (Group 1) and
7350XT/A2E, Z350XT/A2B, Z350XT/A2D (Group 2, 3, 4).

(p€0.05, Figure 4).
Trasnlucency parameter (TP)&= ©IFoZ L3

7250/A2 & 7350XT/A2E, Z350XT/A2B, Z350XT/A2D 33

Z350XT/A2ES} Z350XT/A3DE F 0.2 H&3 49 Alo]
o] MAHLE)E A2E 2 mm + A3D 2 mmE HEHE uf
(Group 67} 1.198 EAFecR s 713 2t

e BAR LR g ApolE YERATHP0.05). A58
789 A2E T} VS frols TPrt SkeRT
(p€0.05, Figure 5). TPE 87| $J3f AH&-gh 314 w747}

o

32

Table 3. L', 2, b values of composites with varying layering protocols and different background colors

Group Background L a b

No background 63,11 (0.29) 0.82 (0.02) 1423 (0.16)

1 White 64 .46 (0.32) 2.39 (0.03) 16.41 (0.21)
Black 63,22 (0.29) 0.93 (0.02) 1438 (0.17)

No background 66.19 (0.11) -0.11 (0.09) 887 (0.12)

2 White 67,50 (0.08) 0.99 (0.04) 10.87 (0.15)
Black 66.29 (0.11) -0.03 (0.09) 902 (0.12)

No background 68.00 (0.06) 1.38 (0.05) 1254 (0.26)

3 White 6881 (0.11) 241 (0.07) 13.85 (0.31)
Black 68.06 (0.06) 1.45 (0.05) 12.63 (0.27)

No background 76.26 (0.02) 154 (0.03) 16.46 (0.12)

4 White 76.40 (0.01) 1,80 (0.03) 16.69 (0.11)
Black 76.27 (0.02) 156 (0.02) 16.47 (0.12)

No background 69.33 (0.30) 254 (011) 14,09 (0.24)

5 White 69,52 (0.30) 295 (0.12) 1442 (0.22)
Black 69.34 (0.29) 2.56 (0.10) 1411 (0.29)

No background 67.57 (0.33) 157 (0.12) 11.51 (0.47)

6 White 67.96 (0.29) 224 (0.06) 1216 (0.51)
Black 67.60 (0.33) 162 (0.12) 11.55 (0.47)

No background 66,28 (0.04) 0.59 (0.03) 984 (0.11)

7 White 66.99 (0.03) 152 (0.05) 11.00 (0.12)
Black 66.33 (0.04) 0.66 (0.03) 991 (0.10)
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Figure 4, Color difference between bulk-filled (Z350XT/A2B) and Figure 5, Translucency parameters of layered composites.

two-layered (Z350XT/A2E and Z350XT/A3D) composites,

e w7 L, o, bk Table 49} 2t}

Table 4, L', a, b values of background materials

*

Backgroud L a b
White 85,56 -155 177
Black 2358 -0.25 -0.70

v. o #

& s 9

S8 A ofe] Ago R AFshs e By

S8l 22 *“*H UW]%J B3 21(2250)% B3|
Z(Z350XT)2] 37}4] shade Alo]e] Mz} &l 7350XTE THI=
o2 A3 A9} F /A Aoz HF3E e Akl

Az}, ddFo R A8sh 7250, Z350XT enamel, body,
dentin Z}Z}e] £ %= Bl 7350XTE 819 FHEE
BAREAE o4l ZHI L, a, b B3| vw, F45}
At
=l Aetsdx o A F7A= 24 7.10 mm, o3
6.78 mm=z, X|AF- FA= B4 6.62 mm, &4 6.43 mm=
B9 0 H(Paikd} Kim, 1988), 391 AFot=Ax)e] x|
“r __'_7;ﬂ}_-_ u-/ﬂ 6.5 mm, oqzﬂ 6.2 mm=, i]ﬁtl _T_'i_yﬂ}_-_ u-/\g
6.1 mm, &4 5.9 mm= H1%|of(Paikd} Kim 1989), AehH
S X3 4 o S BAFEE] Sl Al A= 4

458 %
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= Agat
*@zﬂxu SA9NA | wE A FRHEE 3T
& olgsle] 43 A7olA a, bk Ao X E5=
A5 gho] S7Felon Tk HAskgitHaseqawa
5, 2000). T B shade AP} 5715 a, b3k
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4EQ1 A S A9 JIAF = gltKSeghi 5, 1989). HgH
50%2] TR} 488 4= Ql=(acceptable) A 2ke] AFghad
£ 2 72(Ragain¥} Johnston, 2000), T 3.3(Ruyter %, 1987)
o2 AAE v} At} 2250/A29}F Z350XT /A2E, Z350XT/
A2B, 7350XT/A2D2] 37}A] shadeEe] M2 H|n8}4S
o, 27 3350 2 g UERlo] Bt o3 82
gl FolaL, Azte] FHES vlugh A3 B FA1A
02 FoRF ApolE Urhlo] 22508 thAlst] Z350XTE ¢
gol ARgE ol Aap gl B Ajolo] fofsfok & Zlofrt
AZARE 45 95 7350XT ©@d Ao g =83k Ho
Vita AZ7}o]=o] &%= body shadeE XHSI=E A A|
slal glow, ofg] AFo R AHJse] FEsR= Aol
body shade®} 53} shade?] enamel shade$} 3+ THA] &
22219 dentin shade® AXA =4 AL A|ASk QT
W Rle] Fo} TAR SI3te] U Aopae] At
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Hdthe 9728371 9L M (Dietschi, 2001), £ S7-23}
o] 2J&hH enamel shadet= body$} dentin shadeol H|&}o]
L, a, bgko] 27] wjize] & vH] & 522k dentin shadeS
Aestes A A Bfdsithal & 4 v} &gk 49
oFFe] A HeMel 7Pk 7 UiF-e] v As Ahcteljof
ah1 o}5o0] Z7] Wjio] body shade HTR= B AJgko]
] £ dentin shadeZE AHS}== A A3k Ao 2 Az}
AzAR] AAe] we} 7 Fo2 AFE 9 enamel
shade$} dentin shade F74|2] Z&3F v &S Lol 7] $J3)
7350XT/A2BE DUFO 8 283k 799k Z350XT/A2ES}
Z350XT/A3DE #58te] 283 B9 Afole] M Hlutst
= 1}, A2E 2 mm + A3D 2 mmE AFE w7t SAIZ L
2 FoeH 7 2R 3k YERNQIT) An)aEA]5e] A
I FREE ESER 71E] SRt A 2499 8
Tk ofue} mlgke] M7 Bl 71er sl ofsiME ¥
s} & 4= Sltkjohnston} Reisbick, 1997). 22 53
7183} FHAAZ 7FA= Z350XT enamel, body, dentin 22}
off EJHE A ae] gt Fol wt A= vE Als vERrd
2= 9lo ] enamel shaded] 7 7} W& EHE V1w
253 5z A "SI 4 Qi) offgh 84150
B5bA 6 2 2k25F0] A2F 2 mm + A3D 2 mmE =S
7} A2B9} Blal A] 7Y 2R e VRS Zlolt
LS A BERlE A5 SIS B buk F
3} vlarste] 24 Fatel Th= 7hasal St k= S
3=t (Horie 5, 2012), o] 794 enamel shade2}
dentin shade& 2Z3F 7% enamel shade?] 777} 578
T5 T 57 A AF o vehe £
SRt F919] resin-rich zonedl|A dofub= FF} 5499 ¥
3} Hthk= enamel shade AAPVE 7 E =& EH%7) ¢
S =l e e Y K A s
B d7elde 11 mm #73e] 98 77 (aperture) 9] 3
SAE ARSI 78 Z717F AR TP ghe] STkekt
sH=Hl(Yu -5, 2009), o] AAl Xo} A7|HT} tha
T7301B 2 A Qe Xo} ko] T AME-E=
=71¢] BRI TP k= xfol7} 3l = Stk &gk A2
shadeE 7| Ao 2 sle] okl Ag F35- TS st

shadeE ©]-83 AwS A3 A77h Bad Aot

e}

)

o

rr

ofd
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B AFolA mAlE S8 ER(2250)3 VB
(Z350XT)2] enamel, body, dentin shade Afo]2] A2}= vl
s 78] et AR MAHLE)3.3)E, Wi
s WIS 7 A8t e} ofy] WFo R A33 A=
Atolellxt= 282 = MAHLE(R.3)E Yol A WA
o} 5 A AR 71AEAT g ddFo = A8gh
n Al &gty Eety| 2l YieE-sl| 2l enamel, body, dentin Z}
Zke] FrE W B3RS o] Ao 2 At A9
FHE Alojoll= o] &k xlo]& HojA Al fix) A7 =

712HE .

v.d B

AR ) A WellA, mAlE R EEx1(2250) 3
B3 71(2350XT)e]  37FA] shade (enamel, body,
dentin) Afo]o] M35 BlWFES wf 7857 ofelE H=Y
AMAHLE) 3.3)5 7HAH Z2te] Tt 23t AlolE Hol
B ot A A LheBSA 7 sudeSE TR A8

sfof & Hade & o ATk

7350XT/A3DE 2 &3t A5 Atole] AAl= AZE 2 mm +
A3D 2 mm AJ#Ho| FAZ o2 FolsH 7
UERNSIAL, A58 AHE Alo]e] = 2}o|= enamel

shade FA7} FAYEATSE FHEr}T S718HATh

2 AZ3te] 55 Alol& A2E 2 mm +
A3D 2 mm #-go] FHEr}
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