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(a) zirconia disk, (b) resin disk and silicon impression material
template.

Figure 2 ........................................................................ 7
Spectrophotometer (CM3500-d) used for measuring color and
translucency.
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Contrast ratios of zirconia and resin cements as a function of
wavelength.
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Contrast ratios of the combination of LT zirconia and resin cements

as a function of wavelength.

Figure 5 ...................................................................... 18
Contrast ratios of the combination of HT zirconia and resin cements

as a function of wavelength.

Means and standard deviations of CIE L'a’d" values for zirconia and

resin cements on a black background
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Means and standard deviations of CIE L'a’d" values for the

combination of zirconia and resin cements on a white background

Means and standard deviations of translucency parameter (TP) values

for zirconia and resin cements, respectively
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Means of AE*, values between LT zirconia and resin cements on a

black and white background

Table 8 ....................................................................... 20
Means of AE", values between HT zirconia and resin cements on a

black and white background



Table 9 ....................................................................... 22
Means and standard deviations of A E*, values between zirconia and
the combination of zirconia and resin cements on a black and white

background

vi S B8 i)



1250 3ol =

-

}\é )

Azzo} 2ehenA

b

S

A A

34 ol a7 s, dAel ol=#

]

RSN

A &

ARAs= WA, B, A
Ago] ofelgiet! wekA,

}2‘}

70
ToR
o~

b o] o}

S

o Wl Abgs ek

g
2

= age Agd o a7 o A=:ol Aol

]
A

Jo] YATHY me A AAHow AmAT JAH 44
MEAYST A=zl e}

7FAI AL R

=
=

stido]l lem CAD/CAM Al2=HlE o

2

Helth T3 Hold AA

el

%0

ol

AY w ol

-
X

CEERPRERICE

)

—_
o

el
o

Azzo} AAw 22

-

R

F 7 A

9
yul

=

R

7) e o

I
o

I
)

0

B

K

)

A7t QERT s

o T Hla Hold 7]

il

bl

S

o] A&7t A
A2 o}

-

R



2 AL g

T oo Mo o) H. W R S = T NN S
P - T T
TN X0 R X W g HH o w N T wr aﬁ ol ~
< S z
W B oo o = o o= M T of ol = Towow
whﬂwﬁoamqm% Ty P T ER
—_— i~ ) —_ = ~n
KX & X% 9 ® Mﬁﬂoﬂ%7éxﬂ
® B OB o4 N W oo L O o AW o o M oW
i K b N o= oy .
e I3 &o Eé R S ,.;L _.ﬁ ﬂ.ﬂ o z,rl
0= 2w T T owa ®E g e ook
x D 5 ! o Xy - G+ do ° &%
~ a2 T oo ay Toop Bofp o =
~ o B = o o XK X % Ow T —
I T o WoE o 2
oo Ne o oF = . oo B Mﬂ% N R omooyfr
® T O _Zﬁ T oor o RO O BTN ooy o A= -
= ferd & T U o T K = A F =
oy o W om ™ (= ;o o~ R 6

o o @ |y = X0 w X = o W —
Bom P e Y X ® o~ 5o oz O
B ET il ~ X0 Eé MUME ,.;L 0 o o o OC

W~ lf o) 1) ~— 2 NE =}
T T I O S
G F 4 ey N eI TR R
wEE el e ge el R FEYT
o B W T T T 4 =

o T M odo M 0 do = = Xoo W 2 = Mo do il
Mo PN T BT o - oy BOE G o B
= X m T Mo 0T o 2 g §®E O o
ﬂ%ﬂﬂWﬂn@%ﬂﬂﬂﬁWﬂaoWr%%

—1 _ N al _ ) ) )

aﬂwmnxnomuo ﬂ%%d&r%%m%#ﬂ
%wEm,uomomt%#uoﬁiﬂ%fm% %P
#aﬁ@%ﬁ%ﬁ TR X &g B
%Ex%ﬁﬂx,QEQ;LW%ovmnmoﬂul
Jo =l T B g T W O E o W
~ TN T oW TR X H N T 4 5 T U AR

o

1l

S EE IR T
18 A =30l Zetgel

Lapo] Ao} Aba| ol whel

-

R

7

=
-

o] A7]q

o

1l

& zt=t} 2 o] HlE Aol

H
“
EE!

[e)

A% Azao}l Ak el

50~100 gm

9]

-

R

o

7
SEEIPREEE

A

3

2 e geba, o] A

=
-



o

o

Azzol Aebet A

ﬁo

to g2 Zirkiz™ crown}
Fujicem2™ cement %3}, NuSmile® ZR Zirconia LT Shade®} RelyX™

1

U200 A2

)

)

FA & Azmel 2] Aol v

A H

1l NuSmile® ZR Zirconia®} RelyX™ U200

=

=

23}

g A

1

k9
pul

-

R

A}

)

A nh glek,
T

7ol A
%9}

B

A
o

H
A

iy

B
olo
it
M
ﬂo
~

_JO
i)

)
—
e

N

<

o)
i

R
olo

el
;OH

|
B

|

2 XA

i

ato] XA

HFE W = (TP, translucency parameter), ™ ZH](CR,
[e)

HAE »)E ARt

20
X

=

M3k @A el 2zt CIE L'ab'ghe =73
)

S-%

e

il

contrast ratio)

o



I-1. A]A A %}

Alzsyel AlHE AR
NuSmile, USA)Z} %4
NuSmile, USA) ¥ 7FAE A}8-3lt}h. NuSmile (Taxas, USA)AFSF 4+
kst FA8 A=23Yol AEES AFetE HASS(Gangneung,
South  Korea)Atel Al# A2s o&Fedtt. 3Y-TZP  (3mol%

R4

Yttria-tetragonal zirconia polycrystal)E 95 = 7F4AE 3 3 1500C
|

A 7R A= Figure 1. (a)e AZ23Yol AJHS quj% 9t}
AN EE RelyX™ U200 Automix (3M ESPE, USA)& AH7F-% 2

AAAMES Abg g A4S TR, A2 2 A30 Al 7FAE A&

ARAANE A =328 (HA4 5 mm, 774 1 mm2= Al zs] A3

thoolE 1 mm P FetolSEetag o] §3te] Wae HelE

: SRS
QAL AAE e, 44 5 mm B BAZ AFse] Aoz ay
QA WES AL 1 F fray GUANEE F e £
o|EEes Aelo] WERS Fu 7 o] ANAUNES FAT v,
Azsbel Aol weh setel=aels FRAN FEFE7Elipar
Freelight, 3SM ESPE, USA)Z 7}7} 20%3t dZ2AFste] Al 2ot 2 7 A

AEE Ay dg2 77k ol A AZs] A8k Figure 1. (b)

A
= AXIAHE AE A2 a4 "gEsls Bolsal o

W4 (NuSmile® ZR Zirconia LT Shade,
A (NuSmile® ZR Zirconia HT  Shade,



(a) zirconia disk

rj-"' 7 _ ._._

(b) resin disk and silicon impression material template

Figure 1. (a) zirconia disk, (b) resin disk and silicon impression

material template.



ANHe Mz B ZE=A(CM-3500d, Minolta, Japan)Z Al-&3to]
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CIE L'a’b” #t& 242 d&A(L" = 010 £ 0.02, @ = 001 + 002, b" =
0.02 £ 0.02)3% (L = 9868 = 0.06, " = -0.21 £ 0.02, b* = -0.35
0.02) w7l Awratsd E3H(SCI,  Specular Component Included) %
Aoz FAYT. A=2FYo} sl HIAMEE HIX 7oA FA
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Figure 2. Spectrophotometer (CM-3500d) used for measuring color

and translucency.
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o), AdFE H/=A AR o] AbFL /AN

Ao Aole vEbdth LgEe 0914 100744 WelE z2=vh g ghe

EAEAS ddux]  EAHEA(one-way ANOVA)S o] &3
Tukey-multiple comparisons test® A3t Winks SDA 6.04
(TexaSoft, USA)S o] 838141, F94F p<0.052 3+4
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Table 1& ALA wWAA A2zolel gAAMES] A%E o5
o Z24std A& CIE L'ab’ 7k B3 BzA4s Jeya. A
2zote] A4¢ WES UehlE Lghe HT A=2:Uols} LT A2m

Qopael Asken), A5 AEE el o @e HT Azaiop
LT A=soburt Dok F/45¢ 328 dehls p'gte Fo@ 2
o] 7} A THp<0.05). AAAHMES] AS WEE el L3S A30
dAAWMESL TR A2 elAAMERT Hov H/=Me Je= e
e ARANE 2 Aolsh 24 g B/ AEE
Z

a
E pgre gRAYUE 71 Abol sk thH(p<0.05).

Table 1. Means and standard deviations of CIE L'a’b" values for

zirconia and resin cements on a black background

Specimens L a b*
LT 69.17 + 055 -2.15 + 0.28% 264 + 0.54*
Zirconia
HT 62.17 + 0.328 -1.86 + 0.02° 232 + 0.06%
TR 51.28 + 0.50¢ -166 * 0.03“ -4.12 + 0.19°
Resin .
A2 49.36 + 0.98" -1.42 + 0.06° -0.92 + 0.18°
cements
A30 69.61 + 1.44F -2.10 + 0.17% 518 + 0.73"

Note: Same superscript letters within same column represent no

significant difference (p>0.05).



Table 2= A #jAQelA Azsyolet HIAIMES] Az
2 FAs 42 CIE La'b” #el B3 Z=AAE AT A=
FAYole]l A4 WEE Yellls L2 HT AZ23Yolrt LT A =23
olrth zhoro} AH/mAlol A Yehie '@t HT A=Z3Yolrt
LT A=zsvotrtt Ziv /A4 Mo A=E yetll= b'g2 Fo3 A
o7} AATHP<0.05). dAIAHNES] B¢ HE=E Yetll= L'gt 3/%
Aol AEE Y& b gk A30 #EXIAHEZE TR A2 #AHNE
o Aok A/mAe] AEE UEds o @2 dAAINME 3F Aolst it

(p<0.05).

ﬂl

Table 2. Means and standard deviations of CIE L'a’b" values for

zirconia and resin cements on a white background

Specimens L a b*
LT 73.36 + 0.49* -1.78 + 0.28* 6.74 + 058"
Zirconia
HT 63.07 + 0.43° -150 + 0.03° 6.99 + 0.15%
TR 65.54 + 0.28° -1.00 £ 0.12° 291 + 0.208
Resin ‘
A2 63.39 + 0.29" 0.17 + 0.11° 858 + 0.33¢
cements

A30 74.28 + 1.00 -0.18 + 0.245 1097 + 0.48"

Note: Same superscript letters within same column represent no

significant difference (p>0.05).
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Table 3& #HLA wjAoA A 2ZFY ol dtHte] HAAWMES 73
A MxE Z2Aste] A CIE L'a'b” 79 Hod xFAxE Yery
T A2xYole] 4% LT/TRY LT/A2 2ol /59 A=
& Uetdle a @ /449 Axs velle bt AL, B
2 YeWEs L'#e 5938 Aols BAtHp<0.05). LT/A30 Z=gol
g/ Mol AxE Yehlie b'gle] v dAAMES A% 2dRT
oJgtAl ZAtH(p<0.05). HT A =3yl 49 HT/A30 =l B=E
et L'at 3/4 M9 AxE JehdlE bgke] thE diAME
A 2158 FostAl 21T p<0.05).

Table 3. Means and standard deviations of CIE L'a’b" values for

the combination of zirconia and resin cements on a black background

Resin «

Zirconia / cements L a b*
LT/TR 6824 + 0.49% -243 + 030" 159 + 059"
LT/A2 67.76 + 0.60° -240 £ 030 1.42 = 053"
LT/A30 69.36 + 0.44° -2.15 = 0.31°  3.17 + 0.60°
HT/TR 60.67 + 0.30° -221 £ 0.03° 104 + 0.14°
HT/A2 60.40 + 0.33° -2.03 + 003 1.13 + 0.20°
HT/A30 6258 + 0.33° -1.80 + 0.05° 315 + 0.25”

Note: Same superscript letters within same column represent no

significant difference (p>0.05).



Table 4& 22 A 23 o} strtol] HIAWMES HH =2
o MzE 2Hste] AL CIE Lab @ Ben mxaas dehug
oh LT A= mvote] 3% LT/TR LT/A2 2814 3/3 49 J=g
dehlE bgke %A}s}aaz, 158 el Lt /50 4EE
el E g @S Foa 2olE HATHp<0.05). LT/A30 Z3elxe &

0

/A AEE YEd= b'gte]l thE HXIAWMES HX 2R F9
Al ZAtH(p<0.05). HT A=z oto] -9 HT/A30 ZFrelA /%A ¢
e Yl bgke]l e AXIARNES A3 =2AEY FosA F
tHp<0.05).

o

5

Table 4. Means and standard deviations of CIE L'a’b" values for

the combination of zirconia and resin cements on a Wwhite

background
Zirconia / cgrflseirrllts L a b*
LT/TR 69.40 + 0.40° -2.19 + 0.31* 296 + 047"
LT/A2 68.82 = 0.52° -1.90 + 0.31® 291 + 0.44*
LT/A30 70.02 + 0.39° -1.63 + 033  4.05 = 0.41°
HT/TR 62.71 + 0.37° -1.88 + 0.06° 3.10 + 0.29¢
HT/A2 6143 + 0.81% -1.49 + 0.08° 321 + 0.40¢
HT/A30 63.00 £ 0657 -1.15 + 010" 455 + 047°

Note: Same superscript letters within same column represent no

significant difference (p>0.05).



Table 5’C X] b | b |
A 77t wmew ZReel Ae MEWE(TP)E Bid BE AAE

=
ceRlth MEREE 7 dgEe] §o% AolE matd

(p<0.05),
LT AZ3Yoelr} 588 + 01622 HAgS HAa, A2 dXAWE}
1702 + 0.88% Hughts B ATtHp<0.05). A30 FAAUNES] MEHE =
760 + 05305 HT A 23:ole] wi=mze] 754 + 0169 =42 0w

TR Aol 7h YA TH(p<0.05).

Table 5. Means and standard deviations of translucency parameter

(TP) values for zirconia and resin cements, respectively

Specimens TP

LT 5.88 + 0.16*

Zirconia
HT 754 + 0.16"
TR 1592 + 057¢

Resin b
A2 17.02 + 0.88

cements
A30 769 + 053"

Note: Same superscript letters within same column represent no

significant difference (p>0.05).
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Table 6. Means and standard deviations of translucency parameter

(TP) values for the combination of zirconia and resin cements,

respectively
Zirconia / c?riseirrllts TP

LT/TR 1.82 + 0.18"
LT/A2 1.89 + 0.13*
LT/A30 1.24 + 0.10°
HT/TR 292 + 0.29
HT/A2 247 + 0.33"
HT/A30 163 + 0.30°

Note: Same superscript letters within same column represent no

significant difference (p>0.05).



7hA1g A el sgel mE ER|(CR)= A A
HALE Yo EA wiBelA ZAE Y WS Yy
ol A4t} Figure 3& A 23U olel HAAWES] MzE gE=o=
ARE Gz & A BAe el meh JEut. 2E A
g Qo Ag AR o] FREE jxHE s
A< Btk HT A23Yote] tixuE LT A2xelwtt 2e g
S Wtk TRY A2 dlAAMESS h2H= A2 GAS B&HS Helo
U LT HT A23yolrt} 2hgtr}. A30 dRAMES] fzu= TR
3 A2 AAARES v 53 o} N=avolel FAME e wY
t}.

AN

1.0 4

0.8 -

06 A

Contrast ratio (CR)

0.4

350 400 450 500 550 800 850 700 750
Wavelength (nm)

Figure 3. Contrast ratios of zirconia and resin cements as a function

of wavelength.



Figure 4= LT A23 Yo} ol Al 7k dXAANEE 7+2F AZ
zZ7ANA Aty 2 E JHA A o] gl wel eI LT A
Z2FYole} HIAMES] BE ZFAA FAH| AFES 7HAFA o] 34
o] TVt E HEele Tadte A4S A LT A23Yolel A
HA FAARES 7H7E HZ 27 dizvE LT A23Ye} v X
Ao wa] =¥ Z=7et9a, LT/TR, LT/A2 2 LT/A30 %37+ f-A}3H
A8 HS

1.0 A

50.8 e
o

©

g - T
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0.4 . ; T T r T T T 7 v T T 1
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Figure 4. Contrast ratios of the combination of LT zirconia and resin

cements as a function of wavelength.
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Figure 5= HT A Z3Yo} shde] A 74 dAAHMEES 27 HFH
oA Axkd txzrlE AR sl wEl YER S
2auolel PAARES RE ZFIAE 2Ho] AHEF AABA] B

i)
an
;%
N

Aol FARSE dzns gast 4Te RAT HT A=:ols)
A4 HAAMES 44 g1 £s dn BT AZauel 9%

z7e] wa) 2% Zrbstgla, HT/A30 %3¢ whx#H]7} HT/TR¥Y
HT/A2 2Rt Avtd oz & S HYoh

1.0 A
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S 08 1 -~HT/TR
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04 T T T T T T T T T T T T T T T 1
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Figure 5. Contrast ratios of the combination of HT zirconia and resin

cements as a function of wavelength.
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Table 7& ©= Z7Ao|A LT AZ3Yole} #AAWMESS] AMA(A
E'p)e HAs YJeERdY A2y A w7 BFoA LT A=23Y
ole} #HAWMESS] Max= A30 HRAHNEA Z+Z; 258 4627

Table 7. Means of AE‘, values between LT zirconia and resin

cements on a black and white background

Resin AE g
Zirconia
cements Black background White background
TR 19.13 8.74
LT A2 20.13 10.32
A30 2.58 4.62




Table 8& ©E Z7o|M HT Azz:olel A MES} ] A
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Table 8. Means of AFE*, values between HT zirconia and resin

cements on a black and white background

Resin AE" s
Zirconia
cements Black background White background
TR 12.66 4.83
HT A2 13.22 5.22
A30 797 7.49
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g 2715 xliiblo} Bl I

A5 Hd2A wjAel A A Yo
NHEEZ AR 274739 MxE LT/TR 204 144 + 0.11, LT/A2
Z3to Al 1.89 + 02002 EAASRZ §9o3t AolE H Y I(p<0.05),

LT/A30 oA Map= 060 + 0152 HAFHS B Ithp<0.05). &
A A A2 aYel g 213 A2FYol el #HUAIWNEES
Ax 2] Axe g2 wjAd A et fAReAl LT/A30 Z3holl Al
429 £ 02022 FHAFS HAH(p<0.05). LT/TR ZFoNA A= 549

+ 020, LT/A2 Z&o|AE= 594 + 01002 EAHOZ F938 o=

B H(p<0.05).

HT A 23yete] A A2 wjAdA 23y ol o 23} A
23aYo} e HHAMES AR 2Hde] MakE HT/TR Z2 el A
201 + 008, HT/A2 z&o|A 215 + 02502 EAZOE F93F x}o]
2 RHolx &ga(p<0.05), HT/A30 Z3&teA o] Axt= 094 £ 0230 %
H 23S BATHp<0.05). ?A_*-H HHﬁoﬂH Az el g 27 A=
Aol apipel] HXANEES HH o] Mas Ao wjA el A et
FAFSHAl HT/A30 Z@olA 566 + 03302 HAzkS 2 A (p<0.05).
HT/TR Z&oA Ma= 664 + 044, HT/A2 2@l 765 + 0.702
2 FAXNSE fold AolE HATHP<0.05).

21 -":r*- 5 -k:i' 1_-li



Table 9. Means and standard deviations of AFE",; values between

zirconia and the combination of zirconia and resin cements on a

black and white background

. Al;*ab
Zirconia | Zirconia / 1eS™ Black White
cements

background background

LT/TR 1.44 + 0.11* 549 + 0.20*

LT LT/A2 1.89 + 0.20° 594 + 0.10°
LT/A30 0.60 + 0.15° 4.29 + 0.20¢

HT/TR 2.01 + 0.08° 6.64 + 0.44°

HT HT/A2 2.15 + 0.25° 765 + 0.70°
HT/A30 094 + 0.23F 566 + 0.33F

Note: Same superscript

significant difference (p>0.05).
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Abstract

Effect of Resin Cement Color
on the Color and Translucency of

Pediatric Zirconia Crown

Hyeon-Seung Ha, DDS, MS
Department of Dental Biomaterials Science,
School of Dentistry, Seoul National University
(Directed by Professor Sang-Hoon Rhee, Ph.D)

The purpose of this study is to evaluate the effect of resin cement
color on the color and translucency of pediatric zirconia crown. High
translucent (NuSmile® ZR Zirconia HT Shade, HT) and low
translucent (NuSmile® ZR Zirconia LT Shade, LT) zirconia were used
for zirconia, RelyX™ U200 TR, A2 and A30 (TR, A2, A30) were
used for resin cements. The specimens were made of five disks each
with diameters of 5 mm and thicknesses of 1 mm. CIE L'a’b” values
of zirconia, resin cements, and combinations thereof were measured
on black and white backgrounds wusing a spectrophotometer. The
effect of resin cement color on the color of zirconia was evaluated by

calculating translucency parameter (TP), contrast ratio (CR), and color
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differences (AE";). The means and standard deviations for each
variable were obtained by measuring the CIE L'a’b” values three
times In the same specimens. The statistical significances were
verified by one-way ANOVA and the Tukey-multiple comparisons
test. As a result, TP values were decreased and CR values were
increased in the combination of zirconia and resin cements compared
to zirconia per se. The TP values of HT zirconia were higher than
those of LT zirconia in the combination of zirconia and resin
cements. When using the black background, the color difference
values between zirconia and the combination of zirconia and three
resin cements were imperceptible level. When using the white
background, in LT zirconia, the color difference values between
zirconia and the combination of zirconia and resin cements, in only
LT/A2, were more than 5.5, unacceptable level. However, in HT
zirconia, the color difference values were not clinically acceptable in
all combinations. HT zirconia showed higher value than LT zirconia
in terms of the color differences between zirconia and the
combination of zirconia and resin cements. Within the limits of this
study, it was found that HT zirconia could have more color changes
than LT zirconia due to resin cement color. A resin cement, which
gave the least color changes to zirconia, was A3O. These results
suggest that A30 resin cement has higher L* value and b" value, and
opacity than TR and A2 resin cement. Therefore, when cementing
pediatric zirconia crown to tooth, especially in HT zirconia, it is

necessary to consider the color and opacity of the resin cement.

keywords : zirconia, contrast ratio, resin cement, translucency

parameter, color difference
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