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Effect of polyacrylic acid concentration on producing artificial carious
enamel lesions

Bo-Ra Kim, Hee-Eun Kim, Ho-Keun Kwon, Baek-ll Kim

Department of Preventive Dentistry & Public Oral Health, College of Dentistry, Yonsei University, Research Center for Orofacial
Hard Tissue Regeneration, Brain Korea 21 Project

Objectives. The aim of this i vitro study was to examine the effect of polyacrylic acid (Carbopol 2050) concentration on producing
artificial carious lesions.

Methods. Sixty bovine enamel specimens were selected by the initial surface microhardness (SMH) by measuring the Vickers
microhardness number. The samples were immersed in five demineralizing gels with 0.2, 0.4, 0.6, 0.8 and 1.0% Carbopol 2050
for 96 hours to produce artificial carious enamel lesions. After demineralization, the SMH was measured again to calculate the
percentage of SMH reduction ( 4SMH%). The cross-sectional microhardness (CSMH) was assessed to determine total mineral loss
and total lesion depth. The Polarized light microscopy analysis was conducted to evaluate the lesion depth and the mineral distribution
of upper part of lesions.

Results. Based on the concentration of Carbopol 2050, the 4SMH% did not decrease. CSMH test revealed that total lesion depths
ranged from 84 to 96 xm. The total mineral loss was significantly greater in the 0.8% group than in the 0.2% group (p<0.05).
According to PLM analysis, lesion depth to the dark layer was deeper in the higher concentration groups and mineral distribution
showed a distinct pattern in five groups. The surface zone was observed in the lesions but no clear feature was observed in the
higher concentration groups.

Conclusions. The concentration of Carbopol 2050 affected mineral distribution and mineral loss, but did not affect surface protection
and the total lesion depth of lesions.
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Fig. 1. Schematic of study procedure. SMH=surface microhardness; DGs=demineralizing gels; PAA=polyacrylic acid (Carbopol®
ETD 2050); CSMH=cross-sectional microhardness; PLM=polarized light microscopy.
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Table 1. Surface microhardness changes of each group by

VHN
Concentrations VHN
of Carbopol N ASMH%

2050 Baseline After
0.2% 10 330.1 (1.2)" 752 (13.0) 77.3 (3.4)°
0.4% 10 3319 (8.6)° 63.9 ( 7.2) 80.7 (2.7) "
0.6% 10 3302 (7.7)° 75.6 ( 7.1) 77.1 (2.1)*
0.8% 10 331.1 (9.0)° 65.5 ( 6.6) 802 (1.6)*°
1.0% 10 3273 (6.8)" 712 (11.9) 783 (3.5

Carbopol indicates Carbopol® ETD 2050 polymer.

A SMH%=1 OO(VHNbasclinc - VHNaftcr)/VHNbasclinc)-

All values are means (standard deviation).

Within same column, different superscript letters denote signi-
ficant differences between groups by Tukey’s post hoc
analysis at «=0.05.

Table 2. Total lesion depth and total mineral loss of
demineralized enamel lesions in each group by CSMH

Concentrations of N Total lesion Total
Carbopol 2050 depth (xm) mineral loss*
0.2% 9 84.2 (13.8)° 2,062.1 (254.6)
0.4% 10 84.2 (15.8)° 2,121.0 (161.3)""b
0.6% 7 87.9 ( 9.8)° 2,133.0 (119.5)""b
0.8% 10 95.6 (22.0)° 2,420.5 (295.1) b
1.0% 10 88.5 (13.0)* 2,240.2 (226.4)""b

All values are means (standard deviation).

*Unit of total mineral loss is volume% mineralx zm.
Within same column, different superscript letters denote
significant differences between groups by Sheffé post hoc
analysis at «=0.05.
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Table 3. The lesion depth to the dark layer in demineralized
enamel lesions on polarized light micrographs

Concentrations of Lesion depth to the

Carbopol 2050 N dark layer (um)
0.2% 10 31.8 (4.6)°
0.4% 10 33.9 (1.7)*
0.6% 10 372 (25)°
0.8% 9 457 (29) °
1.0% 6 473 (52) °

All values are means (standard deviation).

Within same column, different superscript letters denote
significant differences between groups by Sheffé post hoc
analysis at @ =0.05.
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Fig. 2. Polarized light micrographs for 5 groups (x100). (A) 0.2% Carbopol, (B) 0.4% Carbopol, (C) 0.6% Carbopol, (D) 0.8%
Carbopol, and (E) 1.0% Carbopol (a=surface zone; b=dark layer; c=lesion depth to the dark layer).
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