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— Abstract

color change of tooth over time.

thin enamel thickness or in aesthetically important area.

Color stability of pulp-capping material is considered vital to the final aesthetic result since the material is placed in the
coronal area. The purpose of this study was to compare the color stability of various pulp-capping materials by analyzing

A cavity was formed in the crown of the extracted premolar, and 4 types of pulp-capping materials were filled. Color
assessment was performed with a spectrophotometer at different intervals: before placement; immediately after material
placement; 1 day, 1 week, 2 weeks, 4 weeks, 8 weeks, 12 weeks, and 16 weeks after placement.

Proroot white MTA® and TheraCal LC® showed a significant decrease in the L value and an increase in the AE value
over time. In contrast, Biodentine® and Well-Root™ PT showed no significant change in the L* value and maintained a
steady AE value. The application of pulp-capping materials containing bismuth oxide as a radiopacifier may result in a
color change of teeth. Long-term color stability of pulp-capping materials should be considered when treating teeth with

Key words : Color stability, Tooth discoloration, Pulp-capping, Calcium silicate, Spectrophotometer

I.A =2 2 K 5= 8 K HEs 52 20f

o= 281 RACH4]

Mineral trioxide aggregate (MTA)E 7t BO| AFEE|D Q=

Olds GTX|0M #E X|of RA0|L} QY 59 folez Z&-He|AHOIEA MHEE &2 4N Hgdy @40t 28 &
K|z=0f Of2 2FSHAHLE 0|0 X7t =EEUES M X520 HE 7R ofg AF0M X+==2HE AEHE Mo F2
gdg [AstL, 0jtd X229 X&HQl Yag Feste M ZE 2108t UCH5-7). S22 4ESHE MTAE Proroot
X=X 27F WX AUCH1,2]. MK +=K|g & K+E5x= gray MTA® (Dentsply, Tulsa, OK, USA; gMTA)Z & XFA|2| A4
2 MEst HZB0M X5 HEte 52 X[+ HHEEL X2 Z0| OfF 11 s X|Otet QI X2 B0 MK HoE [LSH
O JFO| UM HIZFESHTE D & 4= UCH1T,3]. = CHHO| UCHS). O] MZ WS JHMSt D YoH O = H|xo
ZE-HE|A0|EA MHEE X2H SHS o) LAy JEE 7HK|E Proroot white MTA® (Dentsply, Tulsa, OK, USA;
oL} =2 gadit @50 7|4 48 A dHEgds 542 WMTA)7F W E[RIQLt O] Eot CHot 34 MotEE =t}

Corresponding author : Seonmi Kim

Department of Pediatric Dentistry, School of Dentistry, Chonnam National University, 33 Yongbong-ro, Buk-gu, Gwangju, 61186, Korea

Tel: +82-62-530-5660 / Fax: +82-62-530-5669 / E-mail: gracekim@jnu.ac.kr
Received December 24, 2020 / Revised March 18 2021 / Accepted February 24, 2021

280



Of MZX H3IE Qo7ICtn Ua{X AUCH-11].
t

O[2{%t SHAIE =S 55H7| fIohA Crefet Za-AE|AH0lE 7|
Bto] X|+=EZHS0| HEEof HSH Ll MTA f?:.*”ﬂ Af9'5|

QLEL. TheraCal LC® (Bisco Inc, Schaumburg, USA; TLO)E 7| &
MTAZLCH 82 Fot A2, H2 8dd, =2 §%"é xﬂ9| H
gld 52 E8L=2 6}% 3 AN Zd ZE-HeAHoE
Mez, 2Y 3 U K+5xs2 fl6l 22HE M=O[TH12).
AOE M2 7H2E Biodentine® (Septodont, Saint-Maur-

2 MH He

des-Fossés, France; BD)E Z&-4 2| 0| EQ)
kb MH g8 S 7HXH 7|Z=9] MTAELH =Zf0| 80[st1 ZH3}
A|Zto| ZChe EHO0| ATH13,14]. Well-Root™ PT (Vericom Co,,
Chuncheon, Korea; PT)& 9| 23t 20| ZA| AHE0| J7tsot
HO|2 M2tY W22 Hotkl= s +

grds 2oICH15).

EZEHIE X|g=of 4
2 HAM HE oPY
|[+=EZHe XIIJ—‘T'—OH QIX[Bt7|
[Z+0] X|LtE X|Of
HEEE X|H0F BHTH17].
AT Al o2t

H0| LMK 21, 2

1>

0x o

> OH o
A

(O]

H1

_|',<2

rot
o

ikl
re

!

u

4

IOP

I
i

2 do
o >

P!
Ho ox
2 1o

B o> H omo

|
|:O|
o —

roe
Borg

Pa =]
1

A
=2

1=

Table 1. Pulp capping materials used in this study
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Materials Manufacturers

Composition Setting time (min)

Proroot white MTA® Dentsply, Tulsa, OK, USA

TheraCal LC® Bisco Inc,, Schaumburg, IL, USA

Septodont, Saint Maur des Fosses,

Biodentine®
France

Well-Root™ PT Vericom Co., Chuncheon, Korea

Calcium sulfate dehydrate 5%

Portland cement 75%

Bismuth oxide 20% Initial 30 - 40

Final 140 - 170

Portland cement 45%
Bismuth oxide 10%
Barium sulfate < 3%
Metacrylic resin 40%

Light-polymerize for
20 seconds

Hydrophilic thickening agent 5%

Tricalcium silicate > 70%
Dicalcium silicate < 15%
Calcium carbonate > 10%
Zirconium oxide 5%
I[ron oxide < 1%

10 - 12

Calcium aluminosilicate compound

Calcium sulfate dihydrate
Zirconium oxide
Polyethylene glycol
Polypropylene glycol

Initial 5 + 2
Final 45 + 5
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Fig. 1. Schematic illustration of the preparation of a specimen.
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Fig. 2. Schematic illustration of mold used in this study.

3.8 24 m R A
Z1bE= SPSS® 20.0 (Statistical Package for Social Sciences, ZE HEZOM WEE E7| ©o| HEH 2t L, a, b Aol &
IBM Corp., USA)E 0|&5t0] =4 & SHX2| SHRALE. Two-way AMLeZ 7ol AHO[7F GUALE. AlZtof et CHZE Tt BD, PT
repeated measurements ANOVAS O|83t0] 2} MEO0|AMQ| L, = L atel folst A0|7F ARACH wMTARt TLC= AZHO| X[
a, b It AE'S H|wSIRACD, AlZho| e SAH Rd U £ T L gho] ZastA —HI MZ1t 515t wMTAE 2F &
M5 HAE 2481 Bonferroni's method2 Al oHRALC (0 = 0.000)5E, TLCE 8F F(p = 0.028)2H O {F2Mo=2
#otE EACH(Table 2). =T Bl XS I wMTAZ Oi=d
Table 2. Mean and standard deviation of L values of the control and experimental groups at different time points
Mean (SD)
TO0 T1 T2 T3 T4 T5 T6 T7 T8 p value
ctrl 68.59 69.74 68.02 68.57 69.71° 68.18° 68.72° 67.63° 67.11° 0177
(3.95) (3.59) (2.39) (2.75) (2.81) (3.57) (3.07) (2.07) (2.10)
WMTA 72.36" 70.90" 70.49" 68.41% 65.22° 63.10°° 61.31°* 59.75% 59.11% 0,000
(3.19) (1.91) (3.40) (3.53) 2.72) (1.95) (3.13) (1.57) (2.18)
TLC 7157" 71.06" 69.21"° 69.15" 68.90"° 68.29° 68.00%° 67.72° 67.68" 0,007
(3.18) (3.95) (2.98) (3.94) (1.93) (3.35) (2.57) (3.99) (2.22)
8D 70.89 70.63 70.61 70.34 70.30° 70.28° 69.91° 69.90° 69.31° 0.858
(2.88) (3.32) (2.82) (3.37) (2.51) (2.56) (2.34) (2.98) (2.34)
pT 69.13 70.30 69.15 68.03 69.08° 67.96° 68.00° 67.56° 68.81° 0,349
(3.28) (3.45) (2.75) (.12 (3.15) (3.86) (3.16) (1.90) (1.59)
p value 0.069 0.908 0.256 0.582 0.001 0.000 0.000 0.000 0.000

p value from Two way repeated measurements ANOVA

a,b : Same superscript letters indicate non significantly different between groups

AB,CDE : Same superscript letters indicate non significantly different between time points

Ctrl = Control, wWMTA = Proroot white MTA®, TLC = TheraCal LC®, BD = Biodentine®, PT = Well-Root™ PT
TO = before placement, T1 = immediately after placement, T2 = 1 day after placement T3 = 1 week after placement, T4 = 2 weeks after placement, T5 = 4
weeks after placement, T6 = 8 weeks after placement, T7 = 12 weeks after placement, T8 = 16 weeks after placement
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1k 2F 2(p = 0.005)FE XtO|E E0|7| A|ZfBL0 165 2o = 0.039)FH M2t Folot Xto|§ 2Lt CH==1} BD, PT= &
0.0007HX| SAXMSZ 9|3t L gto| Xto|E ERQICt TLC, BD, ot Mol S LIEHATHTable 5). EHX?E& Hlus o
PT= =1t FAFCH 87|15 LIEHL A CH(Table 2). WMTAE 2F Z(p = 0.004)2H, TLICE 165 Z(p = 0.029)5H
a, b gt thxzut Az ZF0M AjZte] Zoto) e & ROlst AF' 2| Xt0|E E HCH(Table 5). BD, PTE X7t &
A QI QO|40| ALK URUACHTable 3, 4). AMo=z ROl X0|E EO|X| AT
Zb FE oM B M XHO|Ql AE' gf2 HIWSIAS [, Al xS HMest 25 M0 HEE 21 5t7 2 2H
7tof 2k wMTAE 25 Z(p = 0.000)2H, TLICE 12F 2(p = OIX| St Ot ME SIS BHAISE 4= QI QICHFig. 3).

Table 3. Mean and standard deviation of a" values of the control and experimental groups at different time points

Mean (SD)
T0 T 7 T3 T4 TS T6 7 8 palue
. -0.01 007 2010 016 2025 011 -031 0.05 049 (oo
(142) (147) (1.16) (1.32) (151) (131) (131) (138) (1.57) :
007 023 053 008 2020 2019 012 018 048
WMTA - 0,94 0.90) (1.84) (2.16) (133) (117) (218) (2.02) sy 073
e 034 043 011 021 003 0.05 012 0.06 012 ou
(1.24) (1.22) (140) (1.94) (A.77) (128) (2.32) (2.40) (3.70) :
0 021 019 055 028 009 20,05 2001 033 024 0900
(1.91) (1.64) (1.85) (147) (161) (163) (158) 2.13) (319) :
o0 0.19 011 013 031 042 057 0.02 058 021 0738
(1.47) 0.89) (0.95) 212) 087) 0.81) (1.83) (1.05) (2.06) :
pvalue 0904 0.765 0750 0946 0.851 0685 0.995 0966 0931

p value from Two way repeated measurements ANOVA

Ctrl = Control, WMTA = Proroot white MTA®, TLC = TheraCal LC®, BD = Biodentine®, PT = Well-Root™ PT

TO = before placement, T1 = immediately after placement, T2 = 1 day after pIacement T3 = 1 week after placement, T4 = 2 weeks after placement, T5 = 4
weeks after placement, T6 = 8 weeks after placement, T7 = 12 weeks after placement, T8 = 16 weeks after placement

Table 4. Mean and standard deviation of b’ values of the control and experimental groups at different time points

Mean (SD)
10 T 7 T3 T4 TS T6 7 8 palue
. 411 348 332 358 305 317 327 350 354 0605
(1.72) (2.02) (181) (181) (2.40) (1.76) 210) 2.22) (3.72) :
390 308 349 386 356 3559 363 368 282
WMTA 359 (3.54) (3.61) (3.03) (3.98) (3.97) (2.96) (3.65) g7s 9910
e 304 319 289 277 342 325 342 320 239 0958
(3.40) (3.68) (3.38) (3.91) (3.76) (3.84) (3.99) (1.92) 3.71) :
- 336 204 333 330 349 397 378 325 319 0986
(2.89) (3.74) 273) (3.62) (341) (2.83) (2.96) (2.52) (3.20) :
or 305 246 296 275 266 253 255 264 246 0976
(148) (247) (2.42) 211) 2.21) (2.85) 2.71) 2.77) (237) :
pvalue 0863 0967 0987 0.899 0.968 0.885 0906 0928 0934

p value from Two way repeated measurements ANOVA

Ctrl = Control, wWMTA = Proroot white MTA®, TLC = TheraCal LC®, BD = Biodentine®, PT = Well-Root™ PT

TO = before placement, T1 = immediately after placement, T2 = 1 day after pIacement T3 = 1 week after placement, T4 = 2 weeks after placement, T5 = 4
weeks after placement, T6 = 8 weeks after placement, T7 = 12 weeks after placement, T8 = 16 weeks after placement
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Table 5. Mean and standard deviation of AE values of the control and experimental groups at different time points

Mean (SD)
T1-T0 T2-T0 T3-T0 T4-T0 T5-TO T6-TO T7-T0 T8-T0 p value
Ctrl 2.78 2.57 3.04 3.25° 3.29° 2.79° 3.27° 317 0,980
(1.70) (2.50) (2.35) (2.13) (1.81) (2.11) (2.31) (2.37) '
3.20* 393 517 7.95% 9.71°%¢ 11.56°° 13.10" 13.39"
WMTA (2.85) (2.19) (3.07) (3.64) (3.68) (3.40) (3.27) (3.50) 0.000
TLC 3214 3.80% 3.94%¢ 442705 4,887 4794 6.13*¢ 6.16< 0017
(2.04) (1.99) (3.82) (3.07) (2.30) (2.71) (2.35) (1.62) '
8D 329 3.71 3.67 3.93° 3.69° 3.66° 3.94° 3.78* 0,999
(1.84) (0.69) (2.68) (2.67) (1.74) (2.17) (2.02) (1.24) '
pT 3.25 376 339 3.39° 343° 333 3.88° 375" 0,994
(0.88) (2.91) (1.16) (1.84) (1.84) (0.85) (1.82) (0.68) '
p value 0.977 0.630 0488 0.002 0.000 0.000 0.000 0.000

p value from Two way repeated measurements ANOVA

a,b,c : Same superscript letters indicate non significantly different between groups

AB,CD : Same superscript letters indicate non significantly different between time goints

Ctrl = Control, wWMTA = Proroot white MTA®, TLC = TheraCal LC®, BD = Biodentine®, PT = Well-Root™ PT

TO = before placement, T1 = immediately after placement, T2 = 1 day after placement, T3 = 1 week after placement, T4 = 2 weeks after placement, T5 = 4
weeks after placement, T6 = 8 weeks after placement, T7 = 12 weeks after placement, T8 = 16 weeks after placement

W Control ™ Proroot WMTA® ® TheraCal LC® M Biodentine® Well-Root™ PT

13.00

10.00

7.00

AE* value

4.0

.
T
.
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T M
S —
[ EE.
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I
I
———
_I—
T —
T

1.00
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Time

Fig. 3. Mean AE* values at each time interval. The dotted line represents clinically noticeable discoloration of AE* > 3.3.
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