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TRANSLUCENCY OF LIGHT CURED COMPOSITE RESINS DEPENDS ON THICKNESS
& ITS INFLUENCE ON COLOR OF RESTORATIONS

In-Nam Hwang, D.D.S., M.5.D, Kwang-Wcn Lee D D.S., M.S.D., Ph.D.
Dept. nf Conservative Dentistry, Iustitute Jor Oral Bioscience, College of Dentistry. Chonbuk National Unicersity

Esthetic availabilities used as an esthetic restorative materials can be determined by the optical coinci-
dence among materials, enamel and dentin. Enamel is highly translucent That s why esthetic materials
need to cortespond the close translucency of enawel. But the translucent materials are affected by the
background color. So it should be predicted that the color of cstorative materials depend on the any thick-
ness and the spectral reflectance of the background on which tley are placed.

The object of this investigation, under above hypothesis, was to detetmine and analyze how they affect
the final color according to the thickness, translucency and bzckground color (white. black and dentn) for
three commercial light cured composite resins(Charisma, Spectivm TPH and Z100) And correlation was
analyzed to find out the possibility of the orediction when uzing the certain background color and thickness
of materials.

Followings are the resu t
1. The I shade of CHA showed the Jowest contrast ratio(Cos) while the B3 shade of Z100 showed the high-

est contrast ratio(p(0 05)

2. The value of L* and b' on the white and dentin background 1s increased with decreasing thickness. And
there are significant relationships between increasing thickr ess and each value(R)0.85). But theie 15 a
little change of L* and b* value on the black background rg.udless of the thickness(p)0.05).

3. For the a* value, there was little difference in values as a function of thickness and changed irregulailv
regardless of thickness in zll background

4. The pattern of increasing value of L* and b" with decreasing thickness was similar to the group of white
and dentin background. In both dentin one showed lesser change of value,

5. The values of L*a™b* measured on the diffcrent background w.th same thickness showed the recogniz-
able color difference(4 E*)2) when the thickness was below 2.6mm.

6. Contrast 1atio was increased with increasing thickness with significant relationship (R>0.9).

7. Spectral reflectance of composite resins that calculated from Kubelka-Munk equation was showed little
difference compared with observed value vwith decreasing thickness
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Fofgte o] BrbseiA o Yozt xoks AEE S 4
A8 ZAAE RAA2GA BolA dt,
FHEE FYg A5 Yalehs Ho ZEe g £
! o) vl&g F2A 4 (transmission coeffi-
cient) & ZFshe W Tzl i) dQl contrast
ratio -2 opacitys FHF 2N FHUEE oSt W
ol Slth. Opacity= ol 371A] o]4e] A (phase), &
A&l Ao} B¥A(disperse phase)$ ZE AEE
Et Al o] e 24, whabe 2 o] Akghl] 93
Uehdt, gz o4 71Ad Exte] 24 E, agln
T2 A FF, 4 2 2] weh AR, Al
Ao gk disc® 7'1‘7‘ A W) A gyt EA w A ol $1%]
AZE uf Abgkof ofs) WiAts]= Wof Zrel ugR 7t
Ah” . Brodbelt %92 A WA Hh{ o2 X|ol9} A<
Euzg =% 0}03 o9, Crisp 5" 28]3 Cook$}
McAree™ & F WA W o2 X|ole} ofe] 4ln] FEAS
9] contrast ratlo:ﬂ: =489t} Asmussen™- | 2o}
ol AlAES} B3t #1719 contrast ratio® 7% sk
23 gao] ¢ & FURE 7AE 183, Dennison
e 7] Hrkeo] xdH #7le] xgEA gk #l7l
&) T ok Erha B skt
B APt T B4 weby A4S #Hste
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& AR B0 dFE VX WA RFE FolA] A
A< (scattering coefficient) 9t &A1= (absorption
coefficient) 9] Tedt A4 g2 THET. Cooke}
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1. A7 M2 gakinh. ¢EE e Al*‘

Vita shade® M4Z 7|25 sjod HEAR
g F5% 53 4 d(Charisma®,
7100 o] 7oA ARSI (Table 1).
I. Al, A2, A3, B1, B2, B3 ¥ (2 A& Spectium
TPHi= [, A2, A3, B1, B2, B3 & €2 #4& via 7-
1002 1, A1, A2, A3, B2, B3 % C2 A4 &

= S3ith

2. oA+ 2y

Table 1. Products, shade, filler cornposition, fille~ size and manufacturers of tested composite resins

AL A4 10mm, 7 Imm. 2mm 281
o]

[e]
7% 8 S ol gsfo] ZF AlE2l shade B

Spectrum™ TPH, *!
Charismas=

A o

3mméel
contrast ralio

3Ee =% 344 *P
‘3:“\1 "l HE AFgolA 244 B F 2800, =
#1200 #1500 % #2000 Tamiya finishing abrasives
Tcnm‘ a Plastic Model Co., Japan) 2 8- Arefel]4]

A& olnbstod 2E2E 1 040.02mm, 2.0=-0.02mm 2 %O
'0‘)/mm°4 A A Zstgich dAnp FAEQE AL 1"1

Woll % oLt ¥2%o] £ 2

AR b A oA G F

[e]

20 Aok w7 ge) A4t

ESLPA
LR

3M Dental Products,
i csele] 42 6024 BEIL. 730

Fes Folad ou%
Zz

A2 22000 ARER gHS F-

Avliol A1

¥ ol 359 W7 (background) & ARE-olR}
WA )| st B ol qtof] ALgd

Product Shade . . . i
(Code) (batch 1o.) 'FIH(?“ composition 3 Filler size Manufacturer
1{00.06.30 038)
A] (00.06 30) Bariumelumin 1.m-
A2(00 06 30. 87) borostlica gless Heraeus
Charisma’ A3(00 06 30 73) cerarnic 0 02~2um Kulzer
(CHA) B] (00.06 30) silictam dioxice Gmbtl,
B2(00 06 30. 46) 0% by volumu:™ Germany
B3(00 06 30)
S CQ(OQﬁi 30) o L - B )
11068)
‘)(01434) Bayturnalummiur
Spectrum” A3(00560) berosilicate DENTSPLY
TPH RB1(231) ailicont dioxade 0 04 ~5um DeTrev,
(TPH) B2(00305) 7% by weigh ™ Ciermany
B3(201) 57% by volum>”
o C2(00151) e
1(59061)
A1(5904A1)
7100™ A2(5904A2)
(7100 A3(5904A3) Zirconia/silica
B2(590432) 66% by volum: 001~3 5un 3N Co L USA
B3(5904B3)

* Inorganic filler vol % obtained from manufacturers
P
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&3l magnesium oxide WA TFEH(X=914,
Y=92.83, Z=108.82, L*=97.16, a*=0.64 2
b*=0.55)& AHgglon, A WdRoz s Fggo X
F 4% AA(X=1.33, Y=1.34, Z=1.2, L*=11.55,
a*=0.33 ¥ b*"=4.2)F AM&sIsltt. Aot v
3N oo WAHI, FEASY 28 X E7+ Al =) A]

SE 101 4ot SIA AGART, £ 4] 3
ARG VAL JFE Fol7] s Aokel Au] FHS

Eg4t barium sulfate® S8 12 X] 2 B9E 1
A 5 AP o] gt wFHA TS OPE’-Q 7l
o Erjatgict. Aol £H-E #400, #8300 F #1000 AIER
HH s 04‘3}0}04 Fold & gsl wE:AIZY. 10719
Xob WA g golde] CIE L*a"b* 3 g S 2 24
sto] ke el Ptk 7 288 2ol xo}
WA #(X=233.12, Y=33.79, 2=32.82, ."=64.88,
a*=-1.29 % p*=9.07) 2.2 M3

3) M&4
Anpe AlAC] 324 XYZ 35 SR (Color &
Color difference meter, Model TC- BFX Tokyo
Denshuku Co., Japan)& o|43le =3¢ & FHFH =
29 o]gstal APt A1 CIE La™pb*el & 2 4
tﬂi}ﬂl’ 4B Tttt £ Aol ARE SR
= XVZ filter H219] CIE E& CFY g ol &3l 3%
",;‘,—8— AR MESFA (A RADER ) o of g A&
T4 0~45" e $47e] A74-E 3mmoldt. v 34 /‘I
nloh Mg T F9E 33 _7510}04 Pag s 7171 2N
Bl dolom, ol FAste] Hdue Foted diges

ZA8}7] A% 2mm 7] AlA
' & &of%n 3794 XYZ9| g
Z389om, 3mm A Al FA-E #1200, #1500
2 #2000 Tamiya finishing abrasives® 0.2+0.02mm
A Avpst A WAl F g ZA w5l Ao} w7 9
of AlHE gelg 7he] 324 XVZ 4= S48kt
4% BE A9 354 XYZ#E La'b ae s 4
At ol AAE ZFE o oa AEHAT

3mm AlHY] ASH & AR o HAHFA TG 5
%o Qlg) 340.02mme] FAE A 2T 457t wot
2.8mm FAFE 1.0mm7HA 0.2mm {HE 22 780}"3
o} ool 542 whHEShe B9 AEE At 4R
om o] 3y AT £ e Hrle WA %113}
71 flall &3 Al Aol Fd ek el A Big 2mm A

Al L'a'b as S4e A8 5893 vlastict. v
3 AT Jojite] MAHLENE Bl Al
Ant B B Yobe T4 ofekz dntd
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4) Contrast ratio? %%

MNee FHEE Y EQl opacity ¥ contrast
ratio®] Z&d| <3 AR} Contrast IatIO“L: Z4stal
ke AR AlHE S wi AT Sl &elEshs e}
HALES ofu] gagle AR 9 9-3‘7"%‘5&3_ uf o}
Akl of gk Hlo] whate] H] &= Fofgit}, o] & ket
Ao gEeH S 2}

7o

Cr =

I

R ! reflectivity of the white background

Cr : Contrast ratio

7o light reflectance of the sample on a black
background

o light reflectance of the sample on a white
background

Contrast ratiot A& AAQ 54 ol wix
Wi gke] B WAL (R)Z AlH 5 ()] 9&3, o)
gk o] frol| A WA AL 3] (ADA) Y] 23 5 #7le]
opacityel] tigt 7#4*& B 1mm 542 AlH3Z} mag-
nesium oxide(MgO)<] AlZHHARE (luminous reflectance)
o] 70%°l| g3t HA wjAES A3 43 Cor2
contrast ratios FHgTH pAE AA| 2 MgO2] 70%¢l
gk A S ste AN Rs v e
A9l E7bssict mebd S4E onttast ratio2] gt} ‘iﬂ
Al A ko] AIZRRALE-S Juddel F2lol A3 Cors A
-'C—r)r”’,

RCx(1-0.7 1)

CO‘ — R(’yR+ 07(1 _,‘OR_(}R) ........................... 2)

71 AlHe] AZHRAREE JEE ndt nE £3E
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D# 2)¢] F4)& ool 402 e
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T = Rt 0.7(1 - YR~ () 4)
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ratio(Co7) & 33171 fal 1.0+ 0.02mm 7 & A*d
A AAE MgO WAMARA(X=91.4, Y -92.8,
7=108.8)3 SMujZds ¢l Felgan 3254 XVZE
st S99 ook \mékgf 2} 3)% o] &olf ConE
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Kubelka-Munk #4]& vh&a} zocp>

R=1+KS"-/K"S" + 2KST

Rw (R/fR ) = Re (RH-R ) expSh(Re 'Rf“_)
(R/arl - o« (RER- ') oxpSAh(Reo '~Re)

Y AelX S AAs, Ke %’Tﬁ]%‘ Rz Al39)
HHARS, Res w7 vtel $iAS T2] 30 Rets w49 o
& WA e Al Al whabE & ‘%E‘rlﬂlf)r. 714
A} Reo®] k& Fobr] el 7 Al e e aok b o
w9l Aol efa) el of g

a = [R(B)-R(W)-Ru+ Rn-R(B)R(W)Re+ R(B)R
(W)Rw+ R(B)RRw—RWRsRw)

J2UR(B)Ru-RIW)Rz) seseestsstsassiensnsissssasisns ww enst £Y)
b = - T e e et st s CB)

Ru9t Rwe 340 w7 shap Al o7 gho] whAbs-& vje}
W R(B) S RIW) = 54 ufj 7w A a7 sk Aol A 9
AlHe] wbabg-S Ve

54 Ef—”ﬂoﬂﬁ o] 2t Al5-(8)8) FF AT (K= ohey
2o ofsf & = 9l
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HR-Rg)}. mm'
K= 8@ ~17), mum’ o o o -,

X& AlHY A0l Ar ctghts inverse hyperbolic
cotangentelth. 12|31 RE Rgd ¥MARES Zte w4
dolA SE Alfe| whabgolch ella] el et A
TEE o gall Wi FaFe A o Al FAKD

e 3] Aol ofs) ekt
X| = (1 /bS) Ar ctgh [(1 -0.999aRI) /
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Gl 7 ZR g olgs] 2 YA 12]1 shade
7kl contrast ratio(Co ] 2Ho]S one-way ANOVAS}
Student-Newman-Keuls testE o] 88| v]isle o
T Aol AV wi e A 2 (G o] TIAE
Pea.son product moment correlation®} 3|74 o 2
PR i

2mm FAY 3§ FFE Hgd P (Charisma,
Spectrums TPH, 9 7-100)°] 73S S A4 L 2%
sled Table 294 #& CIE L*a™b*9) & Aot

329l BES 13 HES Vita shade guidetVita
Zahafabnik, 11 Rauter GmbH & Co)& 71 %% ¢}aL g}
o}, b gt o]z e] B AFEAM Hol 5ol £l Al
A 2l 2 s La'he) G vlar Al At whet
401 g Ho|x ek L' 3+ B3 *—3“9— Ao gl Wz WAt
Ar CHAMN Y& A58 B & @& Hooy
(p{0 031, TPIHeE Z21009] 148742 CHASF Z21002] B34
S >'~Ii S>|‘<‘?¥ WE ARl A BT feldh AolE el
gl AABoRE CHAS Bl 4o 58 37
w2 12l TPHO| C2 Mol 48 012 7%
‘%’%: % golom  [AAS Aol |z A4 o) =
CHM A3 f %J Al A2, B2, B3, A3 g C2, TPHoIM =
B1, A2 B2, A3, B3 2 02, 283 Z100) 4+ B3 A2,
B2 AN A1 E €29 202 1°9] gho] =4 Lhejyte:

a™] g s Aol zF Qs3] vimdld TP
Z1C0e A3& Al9sty 25 F93 Hols vy
(plO 051, 1945 Ao Fdgt Az AA7le] uie|
A CHAE 22 B2 283 A39 B 97P<>ﬂt Fl§- o]
7F 5.2, 29 (p¢0.05) yelA] Mzl Aol vh gigick
TPH= B2} (2 12]1 A39F A27td| TrA o& Zto]&r Hol
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Table 2. CIE L."a"b" values of 3 composite resins

Iy a* b*

CHA TPH 7100 CHA TPH 7100 CHA TPH 7100

I 55.68 51.16* 50.78* 166 -0.63 -113 -3.29 0.27 462

(0.18) (0 18) (0.34) (0.38) (0 24) (0.43) (0.34) (0.20) (0.28)

Al 56.71 52.13 -1.41 B -0.86 2.43 B 509

- {0.29) (0.38) (0.40) (0.20) (0 31) (0 18)

A 55.85 53.26 55.03 -1.21 -0.09 -0.68 5.28" 443 581"

(0 22) 0.28) (0.66) (0.22) (0.15) (0.35) (0 26) {0.35) (0.40)

A3 54.96 5229 53 59 -1.10 0.17" 0 39* 7.18 4.35 764

(0.24) (0 32) (0.41) (0.18) (0.27) (0 16) (0.35) (0.24) (0.40)

Bl 58.37 57.29 B -1.59 -1.17 B 0.03 2.60 -

(0.39) 012 (0.20) (0.13) (0.20) (015)

B2 55.68 52.93 54.63 -2.25 -0.73 -0 45 5.45* 5.18* 468

) (0.36) 020 (0.26) (0.20) (0.14) (0.19) (0 36) (0.12) (0.14)

B3 55.59* 49.49 55.59* -1.70 2.20 -1.26 6.64* 6 29* 916

(0.29) 0.18 (0.56) (0.29) (0.18) (0.38) (0 60) (0 19) (0.21)

09 53.92 48 01 49.49 -0.95 1.99 -0 14 4.99 3.06 6.94

0.20) 0.24 (0.34) (0.22) (0.34) (0 42) (0 24) (0.26) (0.24)

* There is no significans difference between materials with same shades(p)Q 05). Standard deviations are in parentheses

Table 3. Contrast ratio(Co 7) of 3 composite resins

Charisma Spectrum TPH 7-100
Co7 S.D Co7 S.D Co7 S.D

I 0.457 0.022 0.577 0.023 0.582 0.025
Al 0 666 0031 - - 0597 0.019
A2 0.636 0012 0.665 0.015 0.676 0.017
A3 0.653 0.008 0 660 0.015 0.673 0.016
Bl 0.659 0.003 0.679 0012 - -
B2 0620 0.027 0.657 0.010 0682 0.013
B3 0.645 0.014 0.652 0.026 0.702 0019
C2 0.633 0.023 0.643 0.020 0.638 0.015

2 FH(p)0.05). 2100 C29 B2, B29} A2, B2
Al 21250 A13} B37hel i3 Aol & Holxl &sith
(p0.05).

b*o] ke B29t B3A1te) CHASH TPH 2]t A2A4
o} CHASF 721007t frolgt Aol& Holz ggkth
(p)0.05). 18-S ALg FUg Age] Ag7ke] vlad
A CHA® A39F Al, A39+ Bl Z12]1 B39} B1zlollgt
gk zpo] & HAUTHpC0.05). TPHE A29 A3E A3
TE A7 fod 2ol2 Hylow Z100S RE A4
Zroll -9}t 2to] & BATHp<0.05).

2. Contrast ratio &8 &}
Ao AFRHE 2 g AF shade?te] contrast ratio

(Cor) %ol B vl@alr] 93l 1.0+0.02mm F7 & A =4
A AHE MgO WA AI(X=91.4, Y=92.8,

590

7=108.8)7 el 3 9o Lel¥u 3244 XYZE
238t SHE Yo(SAM A JellM SHE Yah st
Yo (A7 g oA SHE Yahako 2 4 3)F o] &3
CooeZ AArsIgiomd | AAE Coodl Yo 2 4)0l 243
2} g A2] Corgkg AATHTable 3. )

7t #7219 shade?te] Co72 Hla
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Table 4. Comparison of Co7 of CHA betwsen each shade
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Table 7. L"a*b” value of TPH measured on the tooth background as a function of thickness

Shade R R?
A2 L"(A2)=62.8-9.73X+1.99X* 0.955 0.912
A3 L*(A3) =62 4-9.70X+1.99X* 0.952 0.907
Bl L*(Bl) 64 7-7 91X+1 61X° 0.939 0.881
L B2 L*(B2)=61 2-8 12X+1.65X* 0.928 0.862
B3 L*(B3)=60.0-8.92X+1 81X* 0829 0687
C2 L*(C2)=61.1-10.8X+2.24X* 0.856 0.733
I L*(1)=62 1-9 65X+1 69X° 0.958 0.918
A2 a*(A2)=0.520-0 219X+0.0579X* 0.534 0.285
A3 a*(A3)=-0.59+0.988X-0.374X’ 0.536 0.287
Bl a™(B1)=0.837-1.58X+0 307X* 0492 0242
B2 a*(B2)=1 09-1 70X-+0.365%* 0.403 0.163
a* B3 a*(1)=2152.48X+0.513X* 0583 0.340
C2 There is no significant relationships between thickness and a*(B3) values in the correlation table
(p?0.05)
I There is no significant relationships between thickness and a*(C2) values in the correlation table
(py0.05).
- A2 b*(A2)=4.18-0.975X-0.0123X° 0835 0.697
A3 b*(A3)=7.81-3.56X+0.48%* 0.952 0.906
Bl b*(B1)=2.83-1.14X-0.00862X 0.895 0.801
b* B2 b*(B2) =6 27-1.53X-0.0163X* 0.931 0.867
B3 b*(B3)=10.9-4.10X +0.655X" 0.885 0.784
C2 b*(C2)=7.60-4.19X +0.746X* 0.784 0.614
I b*(1)=0.976-1.14X 0.888 0.789
X : Thickness of composite resin R correlation coefficient ~ R*  coefficient of determination
Table 8. |.*a*b* value of Z-100 measured on the tooth background as a function of thickness o
Shade R R
Al L*(A1)=61.8-9 55X +1.78X* 0.934 0873
A2 L' (A2)=62 8-7.66X+1.46X° 0.913 0.833
A3 L"(A3)=59.5-5.70X+0.959X" 0925 0.856
L B2 L*(B2)=61.56.63X+1.23X* 0.926 0 857
B3 J*(B )=61.6-6.53K+1.26X* 0.910 0.828
C2 L*(C2)=59 8-10.2X +2.06X* 0.938 0.880
I L¥*(1)=60.0-9 07X+1.56X* 0.940 0 884
Al a*(Al)=3 08-3.53X+0.70X? 0.747 0.558
A2 a*(A2)=0.818-1.32X+0.209X* 0.527 0.278
A3 a*(A3)=2.20-1.93X+0 387x* 0494 0 244
a” B2 a*(B2) =1.25-1 15X+0.0969X* 0.647 0418
B3 a*(B3)=-0.595+0 00922X~0 14X* 0.567 0.322
C2 a*(C2)=-0.532+0.776X-0.362X* 0523 0.273
I a*(D)=1.71-2.28X + 0.495X° 0 49 0246
Al b (A1) =5 06-1 38X+0.119X* 0.813 0.661
A2 b*(A2)=7.50-2.46X +0.363X? 0.845 0715
A3 h*(A3)=7.61-1.27X 0857 0.734
b* B2 b*(B2) =5 90-2.01X+0.299%* 0.832 0.692
B3 b*(B3) =8 81-0.929X 0.849 0.721
C2 b*(C2)=10.6-4.13X +0.632X" 0943 0.890
1 b*(1)=5.07-1.42X 0.870 0.757

X @ Thickness of composite resin =~ R correlation coefficient
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. sD___ 0221 0310 0408 U3
I 2.081 3127 3 549 1973
SD 0326 0 157 0.237 0419
Al 2 228 27726 3461 4.869
SD 0.245 0152 0 280 U 762
A2 1912 2149 2.805 3101
SD 0139 0211 0271 () 302
2100 A3 1783 2109 2.581 3048
SD 0495 0185 0 086 0281
B2 1.575 2.149 2.754 3102
SD 0138 0209 0122 0241
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16mm 1 6mm 14mm 1 2mm
12907 15120 17114 20 513
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n 113 7.361 9013 11417
10 646 0.459 0650 004
7256 7.458 9164 12 248
1145 1452 0379 0214
3970 7.040 9 745 11623
0 480 0.500 0 386 0 551
5 357 6.965 8161 10984
0529 0439 0 689 0572
[ 532 9198 10 775 13 950
1 405 0426 0 359 1154
0 792 8282 10128 8 002
UAa72 1.357 0703 6665
6 504 8693 10.464 12512
0514 0999 0315 03638
7094 9133 9 496 12 b)4
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0 360 0137 0 822 0783
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T 208 0415 0614 O 207
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Table 10. Color difference(4E*) of same specimen measured on the white background and tooth backaround

2.8mm  26mm  24mm  2.2mm 2.0mm  1.8mm 16mm 1ldmm  12mm  1.0mm
I 3286 4098 4.008 4.966 6.554 9.182 9.977 11.755 12591 15006
S.D 0.451 0.389 0 498 0.778 0.169 0.812 0272 1.260 1.791 0.991
Al 1.431 2.328 2.235 2.222 3.043 4.338 5.226 6.372 7.286 9.106
S.D 0.102 0.408 0.198 0460 0 340 0.527 0.569 0454 0.535 1262
A2 1.486 1.496 2992 3 697 3.464 5.324 5206 6.449 7.582 10 103
SD 0.192 0.093 0.108 0 460 0.219 1368 1.292 0.374 0210 0.801
A3 1.056 1.882 2.107 2.211 3.022 4,292 4.964 6 906 7.297 9993
CHA S.D 0.096 0.736 0.295 0.334 0375 0.444 0.641 0.400 0.443 0.427
Bl 2.072 1757 1.845 2.188 2.744 3.873 5.288 6 031 7.201 8 481
S.D 0.114 0.171 0105 0.118 0122 0.434 0.446 0.682 0.387 0.463
B2 1.861 2.339 2514 3.717 4.385 5210 6.214 7.471 9139 10.712
S.D 0.178 0.321 0.474 0874 0465 0.373 0 286 0349 1.163 1267
B3 1.563 1.969 2 232 2.636 3.451 4.673 6.140 7.074 55%  10.223
S.D 0.187 0.216 0.724 0 364 0.384 0.600 1.248 0.528 4.345 0.469
C2 1.900 2.023 1844 2.486 3.663 4 488 6 042 7.112 8 531 10.321
5.D 0.610 0.374 0.291 0.290 0.342 0.548 1.022 0.295 0.730 0.920
I 1454 2 308 1.960 2.508 2.899 4.602 5.778 5 980 8.070 9239
SD 0.385 0311 0.409 0638 0.542 0.653 1.219 0.307 0.614 0.399
A2 1 000 1.426 1754 2.122 2.525 3.730 4 544 5283 6.401 7 834
SD 0.395 0.269 0.209 0.125 0.265 0.413 0.274 0324 0.426 0.382
A3 1.222 1418 1.365 1.991 2438 3.242 3.957 5.073 6.058 7770
SD 0.120 0314 0.227 0.384 0618 0 448 0.296 0.469 0414 0.358
TPH Bl 1443 1.699 2112 2.143 2.915 3821 4.408 5.413 6.306 7077
SD 0278 0.270 0 346 0.284 0.139 0.637 0.693 0.453 0 366 0475
B2 1665 1694 1.750 2 404 2.301 3 554 4.786 5.283 6.404 8.757
SD 0174 0275 0.202 0.540 0.300 0.284 0.263 0.757 0 223 0.992
B3 1.274 1.234 1.844 2103 2 282 3.888 4393 5 860 7.006 9.018
SD 0.157 0379 0.881 0.213 0.540 0.397 0 260 0675 0.951 0 847
C2 1.146 1.446 1.247 1.736 1992 3.230 4.160 5.698 6.869 7.919
o S.D 0.563 0133 0.301 0.570 0518 0.406 0.274 0.648 0334 0.597
I 1.659 1.779 2.089 2.813 3172 4.853 5.675 6.096 8.008 9.169
SD 0 360 0252 0.227 0.634 0.608 1.181 0.786 0 847 0.209 0 482
Al 1.225 1.836 2098 2.383 2.725 3 850 4.689 5.576 7.458 9.228
S.D 0.463 0204 0304 0453 0.351 0.329 0.341 0 204 1.179 0 707
A2 1.560 1.533 1.750 1.934 2.032 2.949 4107 4.820 6.321 7773
SD 0.378 0342 0115 0274 0.217 0 554 0489 0.710 0419 0518
Z100 A3 1.910 1.312 1.612 1680 2.823 3.185 4.302 4.888 6 361 7 868
S.D 1.103 0.240 0095 0.207 0342 0.197 0.380 0.528 0289 0.745
B2 1080 1.571 1.520 1.999 2.281 3.038 3.672 4.966 6.079 7.436
SD 0.172 0.154 0143 0.273 0.234 0.344 0.391 0.527 0.485 0.651
B3 1.174 1175 1781 2.222 2.584 3639 4.312 4.826 6.111 7789
S.D 0334  0.307 0 463 0.238 0.436 0.467 0.307 0475 0.465 0.663
C2 1.134 1.100 1.827 1.798 2.539 3.776 4049 5.044 6.327 8.267
S.D 0.358 0.206 0.226 0196 0.399 0.573 0.185 0532 0.771 0782
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Table 11. Second-degree polynomial regression of thickness versus contrast ratio.

CHA CR=0.246+0 49740 087 7%
TPH CR=0.29+U 454%-0) 0768x

7100 CR=0.282+0 472¢-1) 0823%°
Total CR=0.271-0476x-0 0827%"

CR - Contrast ratio
x " Thickness of composite 1esin

100 1 _— -
095 - = ‘\% E
¥ R |
090 R .
085
=3
S 080
W
s
§ 075 D e
i A2
070 - a3
Fo=T
065 w—é¢ B1
w-ow B2
060 o soo B3
Lo G2
055 e !
280 260240220200 180 160 140 120 1,00
Thickness

Fig. 6. Contrast ratio of TP as a function of thickness

102k B

o A3l CHAS A2, B2, B3, (2, TPHE! B1, B2
371009 Al AGE 2.8mmeolA] 2 o]ite] 4k B
‘)’;!‘L«:. 2 6mm FAlA 2 oldte] A% Hol gHe
ClAgl A3, TPHE A3, C2, Ze|x 721002 B39k (2 A
ol 2 Amm FAl|ME RE g xlo] 2 ool AR*H

& ngdd,

Teble 102 94 wjgeba} 2o} w4 delr ZH ¥
La'h" e Atkd JE g 23 d3E vl ol
r} 2 8mm FANME CHAS [4A vto] 3299 JE*3jt
sl vl H e 2008k JRTHE Ho 31 gl
1E TPHST A2de] 7h A& 1 09 MabE vkl 2
m'n"l & A3 Has WAk

o M
FAs 4 TPHSI C2 4
4 2 ool AB'E Holn

5 “FHlof| tE contrast ratio2] 13}

v

Ot
(o]

-

Aol w4 contrast ratio?] W3k ALS Pig 56, L
V|‘L- Toll VbR 9lt} B ERlES FA7] S
contras! ratio?t Fadhe =& AR S Holw 9

CHASE TPHE THAAE BE FAAM thiE Ao v]3)

It

-n
)

ﬂl

e

77777 - MSRes R - ,,,R:/ o
000023 0989 0977
0 000106 0 995 0 959
0.000483 0973 00,
0.000281 0985 0971

7
‘
c
®
%
] N
€ A SN
£ 075 i \{k BNy |
Q NN \%‘\‘R‘I e | ]
070 - N g s Al
VR OCK — A2 ‘
065 LY o A3
4 \E > o B2 ;
260 ' § Lo B3
' | o2
085 Ly T T T T - |
280 260240 220 200 180 160 140 120 100 )
L Thickness \

Fig. 7. ( (rtrast 1atio of 72100 as a (unmon of th\c}\no»

597



Table 12. g, b, S, K, Rl & Xl values of 3 composite resins

a b S K RI Xl
CH-I 2.4631 2.2507 0.3568 0.5216 0.2123 60778
CH-AlL 20817 1.8326 06021 0.6550 0.2551 3.1125
CH-AZ 2.2679 2.0355 0.56335 0.6759 0.2324 3.2983
CH-A3 2.2803 20493 0.5476 07010 0.2310 3.1079
CH-B1 1.9878 1.7179 0.6203 0.6127 0.2699 3.2111
CH-B2 2.2552 2.0213 0.5206 0.6533 0.2339 3.3419
CH-B3 2.2227 1.9850 0.5509 06736 0.2377 3.1589
CH-C2 2.3265 2.1005 0.5206 0.6906 0.2259 3.2435
TPH-1 2.5385 23331 0.4417 0.6786 02054 3 8097
TPH~A2 2.3913 21720 0 5396 0.7495 02194 -
TPH-A3 2 4367 2.2219 0.5267 0.7569 0.2147 3.1143
TPH-B1 2.1151 1.8637 0.6102 0.6804 0.2514 3.0971
TPH-B2 2.4165 2.1998 0.5271 0.7466 0.2167 3.0402
TPH-B3 2.6471 2.4508 0.4879 0.8023 01963 3.7342
_ TPH-C2 2.6919 2.4993 0.4737 0.8014 0.1927 3.0369 -
71001 2 6805 2.4868 0.4276 0.7185 0.1936 3.6713
Z100-Al 2.4563 2.2433 0.4681 0.6815 0.2130 4.5542
7100-A2 2.1996 1.9591 0.5880 0.7053 0 2405 2.9851
7100-A3 2.3993 2.1809 0.5453 0.7632 02184 2.9658
7Z100-B2 2.2758 2 0443 0.5786 0 7383 0.2315 29440
Z100-B3 2.2363 20002 0.6090 0.7530 0.2361 2.8802
72100-C2 2.7760 2.5895 0.4593 0.8146 0.1865 3.5547
WO contrast ratio® Heoli AT 71002 2.2mm, V. == gl 0F
9.4mm 2 2.8mmolA el 2o] S HolA ekm Ytk
(p20.05). £33 ajxle] A e Gk e WA e 5
[ A’4& A9lek CHA, TPH $k Z100] vriA] A452) oA 2 E|ojok & Aot} BA|gt o) de] W o)A

tha) 3] 2A Fals Table 1132 2t
B3} gl 79 T2 contrast ratioZtell & ul-¢
HAE Hojx JTHR0.95).

e O Al
3T O

6. Kubelka~-Munk 24l02 o|&8t 5S¢t 2f|Flo| Bhrt

rlth

CHAA [ AL A AH4E B8 YRS oA 7
e A Agdl T4 ATE Beolu glen it 2
< Holz it} 7 HAE FolM 7 E A Al
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o 7P 2 EF AFE e 4448 CHAY A3, TPHE]
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o KT =17
B3 223 71009 C20|t}h. z8la

o] Bl Mol Holz glom, b v RIS 71009
(2 Ao} Holm 9JtH(Table 12).
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