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Abstract

The purpose of this study is was to compare the color stability of alkasite and other
restorative materials commonly used in the field of pediatric dentistry and to study
a color change in response to various beverages. Test specimens of glass ionomer,
resin modified glass ionomer, alkasite restorative material, and composite resin
were prepared, and the color stability was measured after thermocycling. Each
specimen was also subdivided into 5 groups and submerged in PBS, coffee, green
tea, coke, and orange juice to analyze the color change from the original CIE L*a*b*
values after 7, 14, 21, and 28 days. Composite resin showed the best color stability
after thermocycling, followed by alkasite restorative material, glass ionomer, and
resin modified glass ionomer. Submerging in various beverages for 7 days resulted
in color change in all test specimens, with alkasite restorative material showing less
color change than glass ionomer but greater change than composite resin. Alkasite
restorative material showed the greatest color change in coffee, followed by green
tea and orange juice, but almost no change in coke and PBS even after 28 days of
submersion. [J Korean Acad Pediatr Dent 2022;49(4):428-441]
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Table 1. Materials used in this study and classification of each group
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Zef2oto] @ i AJHIEQ] Riva Self Cure (SDI, Victoria,
Australia)®t 2178ty ZetAotol e AIHIE Fuji 11
LC (GC Corporation, Tokyo, Japan), &7}xto]E 4=EzjQl
Cention N (Ivoclar Vivadent, Schaan, Liechtenstein), &
A Filtek™ Z350XT (3M ESPE, St. Paul, USA)E A3
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Group Material Brand name Manufacturer Composition
RMGIC Resm—modlfled glass Fuji GIC LC capsule GC Corporation, HEMA, Polybasic carboxylic acid
ionomer cement Tokyo, Japan
GIC 'Conventlonal glass Riva Self Cure capsule SDI, Victoria, Australia Ppwdgr: Alumlnlym f!uorsnlcate, Eolyg crylic acid
jonomer cement Liquid: Polyacrylic acid and tartaric acid
Powder: Calcium fluoro-silicate glass, Barium glass,
. . . Calcium-barium-aluminium fluoro-silicate glass,
ARM /::I;?:r'icslrestoratlve Cention N Is\?hcal\aa:\\/[/izgﬁ?;stein Iso-fillers, Ytterbium trifluoride, initiator
’ Liquid: UDMA, DCP, Aromatic aliphatic-UDMA, PEG-
400DMA, Additives, Initiator, Stabilizer
CR Composite resin Filtek™ Z350XT 3M ESPE, St. Paul, USA  BIS-GMA, BIS-EMA, PEGDMA, TEGDMA, UDMA

RMGIC = Resin-modified glass ionomer cement, GIC = Conventional glass ionomer cement, ARM = Alkasite restorative material, CR = Composite resin.
HEMA (hydroxyethyl methacrylate), UDMA (urethane dimethacrylate), DCP (tricyclodecandimethanoldimethacrylate), Aromatic aliphatic-UDMA (tetra-
methylxylylendiurethane dimethacrylate), PEG-400 DMA (polyehylene glycol 400 dimethacrylate), Bis-GMA (bisphenol A glycidyl dimethacrylate), Bis-
EMA (etoxylated bisphenol A glycol dimethacrylate), PEGDMA (polyethylene glycol dimethacrylate), TEGDMA (triethylene glycol dimethacrylate).
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Table 2. Various staining solutions used in this study
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Staining solutions Brand name Manufacturer Preparations

PBS (Control) Fgﬁs;?gate buffered saline Microgiene Corporation, Korea 1mL

Coffee glj ;(r:erﬁo Americano LOTTE-Nestle Corporation, Korea @:?:P fec;trog rlr;ilnigisxfijlgnwl;o kz?/ki(l)tfr:t?ti)l:\ng
Green Tea Oragnic Jeju Green Tea TEAZEN Corporation, Korea \%\/Zfeartgggi (-)lerﬁzi r%uTei)s(ed in 120 mL of boiling
Coke Coca-Cola The Coca-Cola Corporation, Korea 1mL

Orange Juice Delmonte Orange 100

Korea

Lotte Chilsung Beverage Corporation,

ImL

PBS = Phosphate buffered saline.
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Table 3. Mean values and standard deviations of color parameters of each group used in this study
Group (Mean £ SD)
Color Parameters pvalue
RMGIC GIC ARM CR
L* 81.83 +0.80 74.49 +0.28 71.03 £ 0.64 73.56 = 0.69
Baseline a* 0.78 £0.09 3.51+0.09 -1.89 +£0.10 -0.74 £ 0.12
b* 30.69 = 0.40 43.33+0.82 9.94+ 031 20.62 = 0.66
L* 80.53 = 0.82° 7331+ 0.22° 70.22 £ 0.74° 73.12 = 0.60°
* 0.91 £0.10° 3.56 £0.13 -1.82+0.1 -0.43 £0.17°
250 cycles
b* 31.36 £ 0.87° 43,81 £0.82° 9.35 £ 0.22° 19.83 + 0.68° <0.0001
AE* 248 +0.33 1.61+0.43 1.04 £ 0.09 0.99 +0.14
L* 79.92 +0.60™ 71.93 +0.16® 69.24 +0.72" 72.81 +0.59®
* 107 £0.11%° 3.85+0.16™ -1.66 =+ 0.08% -0.35 £ 0.18°
500 cycles b b
* 33.43 £ 0.94° 44,29 + 0.85° 9.38 + 0.09° 19.84 £ 0.74°
AE* 3.40£0.40 2.79£0.29 191+0.16 1.18 £0.18

RMGIC = Resin-modified glass ionomer cement, GIC = Conventional glass ionomer cement, ARM = Alkasite restorative material, CR = Composite resin.
a,b: The superscript lowercase letters of the mean £ s.d values indicate statistically significant differences between the respective color parameters by

the Duncan test as post-hoc test.

p value from Two-way ANOVA test.
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0.0001). Auls ZE ASelM HH 7Y o|F AE* gro] 3.3& 23t
of QAo R QAT Tk &2 M Wsh7F et M 7
J Korean Acad Pediatr Dent 2022;49(4):428-441

432



Color Stability of Alkasite Restorative Material: in vifro Studies

Table 4. Mean and standard deviations of AE* at different time intervals and staining solutions

Staining

Mean % SD of AE* (n=10)

solutions Group 7days 14 days 21 days 28 days
RMGIC 2.08 & 0.495 3.00 £ 0.085* 5.40 £ 0.415* 6.64 + 0.56°
GIC 1.52 £ 0.30%°F 1.88 £ 0.375F 2.22 £ 0.25°% 2.60 & 0.205P%
PBS ARM 1.62 + 0.35%F 2.38 £ 0.34%F° 2.84 £ 0.17°F® 3.13 & 0.075°
CR 0.47 & 0,215k 0.65 = 0.20°CF 0.89 = 0.265 1.13 £ 0.305
p value <0.0001 <0.0001 <0.0001 <0.0001
RMGIC 17.11 + 423" 24.38 =+ 4.88"F 29.75 + 4.80% 36.51 + 611"
Coffe GIC 14.54 + 1.19"* 21.97 £ 2.76"* 32.45 * 4.49'° 4474 & 422/
ARM 19.53 £ 3.814°F 22.19 & 3,72/ 2491 * 423/ 29.17 & 48P0
CR 11.73 = 2,230k 14.04 = 2.50"PFe 16.20 = 3.094PEebe 19.01 = 4.00CFbe
p value <0.0001 <0.0001 <0.0001 <0.0001
RMGIC 10.37 + 1.82"°%* 17.20 + 3.66™* 23.27 £ 4.00™* 26.32 £ 5.16"
Green Tea GIC 5.23 £ 0.72"°% 7.44 £ 1.27°%% 11.03 & 1.87%%%% 16.82 =+ 2.93"60%
ARM 9.43 =& 2,640 11.45 = 2.99"8°F0 13.46 & 3.53%%%% 16.15 & 4.67%%°%
CR 2.75 + 1,08/°PEebe 3.24 + (.91"ePEebe 5.35 + 1,1480%be 6.94 + 0.96"°0Fb
p value <0.0001 <0.0001 <0.0001 <0.0001
RMGIC 17.59 + 3.73*¢ 23.22 £ 5.32%F 33.77 £ 8.87" 44.46 + 8.69"F
GIC 10.30 & 1.25% 16.07 & 2,147 19.29 & 2,517 22.69 & 3,17/
Coke ARM 2.16 & 0.565° 2.55 & 0.46°F° 2.78 £ 0.38%F® 3.02 & 0.445°
CR 0.30 & 0.105<° 0.40 = 0.14°%° 0.60 = 0.26°F° 0.79 = 0.29%F°
p value <0.0001 <0.0001 <0.0001 <0.0001
RMGIC 2477 £ 2,95 40.05 * 6.06"° 48,57 & 2.47"P 56.22 £ 2,91
Orange Juice GIC 21.78 & 4.83% 26.90 & 3.97"%" 33.48 £ 477> 36.60 & 1.36"™
ARM 5.05 =& 0.30"5* 6.62 £ 0.85"5 7.50 £ 0.78"5% 8.87 & 0.9145
CR 5.95 & 0965 8.86 & 0.96"5 10.74 & 1,645 12.26 & 1.4478Pac
p value <0.0001 <0.0001 <0.0001 <0.0001

PBS = Phosphate buffered saline, RMGIC = Resin-modified glass ionomer cement, GIC = Conventional glass ionomer cement, ARM = Alkasite restorative

material, CR = Composite resin.

a,b,c, A,B,C: The superscript lowercase letters in same period of the mean AE* values indicate statistically significant differences between materials (a =
RMGIC, b=GIC, c = ARM, d = CR) and the superscript uppercase letters in same period indicate statistically significant differences between staining solu-
tions (A =PBS, B = Coffee, C = Green Tea, D = Coke, E = Orange Juice) by the Duncan test as post-hoc test.

p value from Repeated measures ANOVA or One-way ANOVA test.

Solli= ARMto] 7H =2 AV Mgk yER e 14
$oll= RMGICHE, 219 ©|FRE= GICZo] 7H &2
A Ls}% U 27 289 Sofli= RMGIC, GIC, ARV,
2 AV HsE Uerton BA% 02§05 Ao
7F AR q@ <0.0001).

3) &2t
Lato] 4L, HH 28U7A] 71A; W AAF wists do7]
& RMGICF2 & Yelgtt} GICT 2 ARMT2] 3¢, A

o
)

21Y7HA = ARMT0] © =2 MAt EH_?Z}— LERd oL
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Fig. 1. Line graphs showing AE* values for four restorative materials after submerging in the different solutions for 7, 14, 21, and 28
days. (A) RMGIC, (B) GIC, (C) ARM, (D) CR.

PBS = Phosphate buffered saline, RMGIC = Resin-modified glass ionomer cement, GIC = Conventional glass ionomer cement, ARM =
Alkasite restorative material, CR = Composite resin.

a,b,c, A,B,C: The superscript lowercase letters in same period of the mean AE* values indicate statistically significant differences
between materials (a = RMGIC, b = GIC, c = ARM, d = CR) and the superscript uppercase letters in same period indicate statistically
significant differences between staining solutions (A = PBS, B = Coffee, C = Green Tea, D = Coke, E = Orange Juice) by the Duncan test
as post-hoc test.

p value from Repeated measures ANOVA or One-way ANOVA test.
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Fig. 2. Line graphs showing AE™ values for each restorative material after submerging in the five staining solutions for 7, 14, 21, and
28 days. (A) PBS, (B) Coffee, (C) Green tea, (D) Coke (E) Orange juice.
PBS = Phosphate buffered saline, RMGIC = Resin-modified glass ionomer cement, GIC = Conventional glass ionomer cement, ARM =

Alkasite restorative material, CR = Composite resin.

a,b,c, A,B,C: The superscript lowercase letters in same period of the mean AE* values indicate statistically significant differences
between materials (a = RMGIC, b = GIC, ¢ = ARM, d = CR) and the superscript uppercase letters in same period indicate statistically
significant differences between staining solutions (A = PBS, B = Coffee, C = Green Tea, D = Coke, E = Orange Juice) by the Duncan test

as post-hoc test.

p value from Repeated measures ANOVA or One-way ANOVA test.
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