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a b s t r a c t

Objectives: To evaluate the properties of experimental infiltrant blends by comparing them

with the commercial infiltrant Icon1 and penetration homogeneity into enamel caries

lesions.

Methods: Groups were set up as follows: G1 (TEGDMA 100%); G2 (TEGDMA 80%, Ethanol 20%);

G3 (TEGDMA 80%, HEMA 20%); G4 (TEGDMA 75%, BisEMA 25%); G5 (TEGDMA 60%, BisEMA

20%, Ethanol 20%); G6 (TEGDMA 60%, BisEMA 20%, HEMA 20%); G7 (TEGDMA 75%, UDMA

25%); G8 (TEGDMA 60%, UDMA 20%, Ethanol 20%); G9 (TEGDMA 60%, UDMA 20%, HEMA 20%)

and Icon1. Ten specimens were comprised by each group for the following tests (n = 10):

degree of conversion (DC), elastic modulus (EM), Knoop hardness (KH), and softening ratio

(SR). Infiltrant penetration was evaluated using confocal microscopy (CLSM). Data were

subjected to two-way ANOVA and a Tukey’s test (5%). Data comparing experimental

materials and Icon1 were analysed using ANOVA and Dunnett’s test (5%).

Results: The highest DC values were found in G1, G7, G8, and G9. The lowest DC values were

found in G2, G4, G5, and G6. EM and KHN were significantly lower in HEMA and with ethanol

addition for all blends, except for G9. There was no significant difference among the groups

regarding SR, and it was not possible to take KHN readings of G2, G5, and G8 after storage.

There was no significant difference among groups for infiltrant penetration into enamel

lesions.

Conclusions: The addition of hydrophobic monomers and solvents into TEGDMA blends

affected DC, EM, and KHN. UDMA added to TEGDMA resulted in an increase in DC, EM, and

KHN. Overall, solvents added to monomer blends resulted in decreased properties. The

addition of hydrophobic monomers and solvents into TEGDMA blends does not improve the

penetration depth of the infiltrants.
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Table 1 – Infiltrant blends composition.

Infiltrant icon Composition
Methacrylate-based resin matrix

G1 TEGDMA 100%

G2 TEGDMA 80%, Ethanol 20%

G3 TEGDMA 80%, HEMA 20%

G4 TEGDMA 75%, BisEMA 25%

G5 TEGDMA 60%, BisEMA 20%, Ethanol

20%

G6 TEGDMA 60%, BisEMA 20%, HEMA

20%

G7 TEGDMA 75%, UDMA 25%

G8 TEGDMA 60%, UDMA 20%, Ethanol

20%

G9 TEGDMA 60%, UDMA 20%, HEMA 20%
1. Introduction

Minimum intervention dentistry (MID) is the modern medical

approach to the management of caries lesions. It has been

shown that it is a good approach, since over time, sealing of

carious dentine results in lower levels of infection1 and can

allow higher dental tissue preservation than traditional

dentine caries removal.2 MID is based on caries risk assess-

ment and focusing on the early prevention and interception of

disease.3–5 The remineralization of an early enamel lesion

could be achieved by an improvement in the patient’s oral

hygiene and by local fluoridation.6 However, remineralizing

conditions are difficult to reach and depend on good oral

hygiene.7

While healthy enamel microstructure reveals regular

periodicity of prisms of hydroxyapatite8,9 a promising ap-

proach to arrest early caries lesions might be the infiltration of

enamel subsurface lesions with low-viscosity light-curing

resins.10 The ability of resins to penetrate into porous enamel

lesions was firstly described more than 30 years ago.11

Regarding lesion progression, there are some clinical

studies in the literature.12–15 The evaluation of the progression

of the lesion is performed in patients with high, medium and

low caries risk, comparing control and experimental (sealed

lesions) and showed that infiltrated/sealed groups have

increased therapeutic effect when compared to nonsealed/

noninfiltrated lesions.12,13 However, it is known that in low

caries risk patients, many of these lesions will remain in

enamel for at least twelve months and do not require

treatment.9 In addition, studies have shown that in low caries

risk patients receiving regular topical fluoride therapy,

progression could take forty months.16 Consequently, the

time for evaluating caries progression plays an important role

in clinical studies comparing techniques or therapeutics.

Studies conducted by some authors12,13 showed a range

from 25% to 37.8% on therapeutic effect of infiltration

technique, depending on the age group and material (infiltrant

or adhesive system). It should be considered that the

therapeutic effect can be directly related with the material

physic-chemical and mechanical properties. In order to

increase the therapeutic effect, materials properties should

be improved, since ideally, an infiltrant should present low

viscosity, low surface tension, and acceptable mechanical

properties that support dental abrasion and oral degrada-

tion.10

TEGDMA-based materials show appropriate characteristics

for an infiltrant material, including low viscosity and high

degree of conversion. However, this monomer is highly

hydrophilic and may undergo degradation in an oral envi-

ronment, reducing the clinical performance.17 Thus, the

addition of UDMA or BisEMA, which are considered more

hydrophobic monomers with low viscosity than TEGDMA

(BisEMA – 0.03 Pa s; UDMA – 1.23 Pa s),18 could be interesting.

Although studies19 using confocal microscopy show that

TEGDMA neat monomer blends demonstrate satisfactory

penetration, TEGDMA reduction and adding BisEMA or UDMA

in blends could result in satisfactory curing properties. On the

other hand, a high penetration coefficient, which describes the

penetration of liquids into porous solids driven by capillary
forces20 can also be achieved through the addition of diluents.

Paris et al.21 found that mixtures containing HEMA and

ethanol showed the highest penetration coefficient; however,

in some cases, the polymerization was deficient, and the final

material was rubbery or even liquid. Therefore, the addition of

a solvent such as ethanol increases the penetration coeffi-

cient, but it could jeopardize the mechanical properties, such

as degree of conversion, flexural strength, elastic modulus,

hardness and cross-link density. Nevertheless, although the

DC is an important factor, it does not provide a complete

characterization of the network structure. Cross-linking

density test indicate pendant double bonds that are tied into

the polymer network. Cross-linking density is an important

factor for good network formation and physical properties.22

Cross-linking density has been indirectly assessed by polymer

softening after exposure to ethanol.23

The first aim of this study was to evaluate the effect of

hydrophobic monomers and solvents on properties (degree of

conversion, Knoop hardness, softening ratio, elastic modulus)

of experimental infiltrant blends and comparing them to a

commercially available infiltrant, Icon1 (DMG, Germany). The

second aim was to evaluate the penetration depth of the

materials as well as their homogeneity into enamel caries

lesions.

2. Materials and methods

2.1. Infiltrant preparation

The following monomers were used in different combinations,

as described in Table 1: triethyleneglycol dimethacrylate

(TEGDMA) (Sigma–Aldrich Inc., St. Louis, MO, USA, Batch

#01612M), ethoxylated bisphenol A glycidyl dimethacrylate

(BisEMA) (Sigma–Aldrich, Inc., St. Louis, MO, USA, Batch

#03514HF), diurethane dimethacrylate (UDMA) (Sigma–

Aldrich, Inc., St. Louis, MO, USA, Batch #09405BJ), 2-hy-

droxy-etilmetacrylate (HEMA) (Sigma–Aldrich, Inc., St. Louis,

MO, USA, Batch #MKBF2452V), and ethanol (Sigma–Aldrich,

Inc., St. Louis, MO, USA, Batch #51496AM). The light-curing

initiator system selected for photoinitiation was camphorqui-

none (CQ) (Sigma–Aldrich, Inc., St. Louis, MO, USA, Batch

#532604), and dimethyl aminoethyl methacrylate (DMAEMA)
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(Sigma–Aldrich, Inc., St. Louis, MO, USA, Batch #BCBF8391V)

was used as the co-initiator (proportion 1:2 by weight; 0.5%

CQ/1% DMAEMA). Also, the inhibitor BHT (butylated hydro-

xytoluene – Sigma–Aldrich Inc., St. Louis, USA, Batch #

04416KD) was added to the resin blends at a concentration of

0.1 wt%.

2.2. Properties assessment

Ten bar specimens (5 mm � 2 mm � 1 mm) from each group

were produced with polyvinylsiloxane moulds (Aquasil LV,

Dentsply DeTrey, Denver, USA). The specimens were light-

cured at 1000 mW/cm2 for 60 s using Free Light 2 (3M/ESPE, St

Paul, USA) under a polyester strip (Airon, Maquira Dental

Products Industry, Maringá, Brazil). Specimens were dry

stored for 24 h in lightproof containers at 37 8C. Then, degree

of conversion, elastic modulus, Knoop hardness, and soften-

ing ratio evaluations were performed in the same specimen.

2.3. Degree of conversion (DC)

DC was measured by Fourier Transform Infrared Spectroscopy

(FTIR) (Spectrum 100, Perkin Elmer, Beaconsfield, UK) and was

determined from the aliphatic C C and carbonyl C O peaks

for unpolymerized and polymerized resin, according to the

standard baseline technique.24 The remaining unconverted

double bonds were determined by comparing the ratio of the

aliphatic C C absorption peak at 1638 cm�1 to the carbonyl

group C O peak at 1716 cm�1 between the polymerized and

unpolymerized specimens.25 The absorption of the carbonyl

C O stretching band served as an internal standard, as it

remains constant during the polymerization reaction. The

monomer conversion was determined by subtracting the

percentage of residual aliphatic C C bonds from 100%.

2.4. Elastic modulus (EM)

The three point-bending flexural test was performed to

assess EM in a universal testing machine (INSTRON, model

4111, Instron Corp., OH, USA). The test was performed with

a crosshead speed of 0.5 mm/min and a cell load of 50 N

until fracture. The distance between supports was 3 mm. EM

was calculated using Bluehill 2 software (Illinois Tool

Works, Inc., IL, USA) coupled to the universal testing

machine.

2.5. Knoop hardness number (KHN) and softening ratio
(SR)

KHN measurements were taken on the irradiated surface

using an indenter (HMV-2, Shimadzu, Tokyo, Japan), under a

load of 490 N (equivalent to 50 g) for 15 s. Three readings were

performed for each specimen. The initial Knoop hardness

number (KHN 1) was the average of the three indentations.

Thereafter, the specimens were stored in absolute ethanol for

24 h at room temperature, and hardness was again deter-

mined (KHN2). The rate of softening was determined using

following equation: 100 � (KHN2/KHN1 � 100). This softening

test is considered an indirect estimation of the cross-link

density.
2.6. Penetration into artificially produced enamel caries
lesions

2.6.1. Artificial caries-like lesion formation

Fifty-five caries and restoration free third human molars were

collected. Approval was given by the Ethic Committee in

Research of the Dental School of Piracicaba – UNICAMP, 046/

2006 protocol. Teeth roots were removed and discarded. The

sound surfaces, including occlusal surfaces, were covered

with two layers of acid-resistant nail varnish (Colorama1, São

Paulo, Brazil), leaving a window of sound enamel on the

occlusal surface (5 mm � 5 mm). Each enamel was put

individually into 50 mL (2.0 mL/mm2 of exposed enamel) of

0.05 M acetate buffer solution, pH 5.0, at 50% hydroxyapatite

saturation, for 10 h at 37 8C.26 The enamel surfaces were

randomly distributed in nine experimental groups (n = 5) and

one commercially-available material, Icon1 group, as dis-

cussed below.

2.7. Lesion infiltration and preparation for confocal laser
scanning microscopy (CLSM)

Caries-like lesions were etched with 37% phosphoric acid gel

Magic Acid (Vigodent, Rio de Janeiro, Brazil) for 60 s,27 washed

with water spray, and dried for 15 s. Infiltrants were

impregnated with 0.1% rhodamine B isothiocyanate (RITC)

(Sigma–Aldrich, St. Louis, USA), applied onto the caries-like

lesion using a microbrush, and left to penetrate for 60 s.28 All

groups were light cured for 60 s with Free Light 2 (3M/ESPE, St

Paul, MN, USA) with 1000 mW/cm2 irradiance. Next, tooth

sections with 0.5 mm thickness were obtained perpendicular-

ly to the lesion surface, impregnated with the materials using

a diamond saw (Isomet 1000, Buhler, Lake Bluff, IL, USA), and

polished in a SiC papers series. To visualize the porous

structure (not infiltrated lesion parts), specimens were

immersed in a 50% ethanolic solution of 100 mM sodium

fluorescein (NaFl) (Sigma–Aldrich) for 3 min and washed in

deionized water for 10 s.

2.8. CLSM evaluation

Specimens were observed with a confocal laser scanning

microscope (Leica, TCS NT; Leica, Heidelberg, Germany) using

a 10� objective in dual fluorescence mode as described

previously.19

Measurements were made using LAS AF Lite tool software

(CLSM – Leica, TCS SP5, Mannheim, Germany). The evaluator

was blind with regard to the group allocation of the teeth.

CLSM was validated previously as a method to evaluate caries

infiltration with excellent inter- and intra-examiner repro-

ducibility in natural caries lesions.19

2.9. Statistical analysis

The null hypotheses29 in this study were as follows: Addition

of monomers (UDMA and BisEMA) or diluents (HEMA and

ethanol) to TEGDMA will not affect infiltrant’s properties or the

infiltrant penetration depth and homogeneity in the caries-

like lesion; association of hydrophobic monomers (BisEMA

and UDMA) and diluents (HEMA and ethanol) will not affect



Table 2 – Mean values of degree of conversion (%), elastic modulus (GPa), Knoop hardness (KHN), and softening ratio (%)
comparing a commercial infiltrant (Icon) and the experimental infiltrants.

Experimental infiltrants Degree of conversion Elastic modulus Knoop hardness Softening ratio Penetration depth

Icon 98.41 0.90 6.54 45.59 170.6 (30.7)

G1 98.58 A 1.15 A 12.01* A 32.72 A 98.2 (30.2) A

G2 60.12* C 0.16* C 1.92 C a 97.5 (22.9) A

G3 76.76* B 0.70 B 8.86 B 42.25 A 124.1 (35.3) A

G4 69.03* C 0.95 B 13.08* A 43.25 A 157.9 (50.8) A

G5 56.55* C 0.05* C 2.09 C a 120.6 (32.8) A

G6 68.14* C 0.76 B 10.32* B 51.13 A 141.5 (43.10) A

G7 78.30* A 1.12 A 16.04* A 49.27 A 164.8 (60.5) A

G8 80.40* A 0.30* C 3.77 C a 120.5 (32.7) A

G9 81.01* A 1.01 A 14.74* B 56.53 A 117.6 (8.3) A

Different letters indicate statistically significant difference ( p < 0.05).
a Indicate that it was impossible to measure Knoop hardness.
* Indicate statistically significant difference from the control (Icon) ( p < 0.05), according to Dunnet’s test.
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the infiltrant properties or infiltrant penetration depth and

homogeneity in the caries-like lesion.

Data from DC, EM, KHN, CLD and penetration depth were

subjected to two-way ANOVA and Tukey’s test for post hoc

comparisons between groups, and the significance level was

set at a = 0.05. Additionally, data from all experimental

materials were compared to a commercial material, Icon1,

using Dunnett’s test, and the significance level was set at

a = 5%. Statistical analyses were performed by Assistat

software (Campina Grande, Brazil).

3. Results

3.1. Evaluation of polymer properties and mechanical
properties of experimental infiltrants

The results of polymer properties are presented in Table 2. The

lowest DC was showed by all BisEMA blends and the one

containing TEGDMA + ethanol. The UDMA addition did not

jeopardize the DC. For EM, the ranking was as follows:

G1 = G7 = G9 > G3 = G4 = G6 > G2 = G5 = G8. The addition of

any solvent caused a significant reduction in KHN values.
Fig. 1 – Qualitative analysis of the groups concerning

percentage of material penetration on enamel caries-like

lesion (not homogeneous and homogeneous

classification).
The addition of ethanol to base monomers resulted in the

lowest KHN values for all experimental groups, and HEMA-

containing blends presented intermediary results. There was

no significant difference in the softening ratio among the

groups. The addition of HEMA/Ethanol did not affect the

softening ratio. In addition, for ethanol-containing blends, it

was not possible to take hardness readings after ethanol

storage. The specimens became rubbery, hindering a reliable

assessment of hardness.

3.2. Evaluation qualitative analysis of depth penetration

A qualitative analysis was employed to evaluate the homoge-

neity degree of the penetrated materials into the lesion body

(homogeneous/non-homogeneous), and the results are pre-

sented in Fig. 1. There was no significant statistical difference

among all experimental groups ( p > 0.05) for both quantitative

and qualitative analyses.

3.3. Comparative analysis infiltrants:
experimental T commercial

Table 2 shows that the TEGDMA-based experimental infiltrant

showed a DC similar to the commercial infiltrant Icon1. The

other experimental blends showed a lower DC than Icon1.

Regarding EM, the experimental infiltrants—diluent free and

those containing HEMA—showed similar results to Icon1. It

was also observed that the KHN of all diluent-free blends and

those containing TEGDMA + UDMA + HEMA or TEGDMA + Bi-

sEMA + HEMA were significantly higher than those observed

for Icon1. There was no difference between the experimental

and commercial infiltrants in softening ratio and penetration

depth. Only Icon1 showed all samples with homogeneous

penetration, but it did not show a statistically significant

difference from experimental groups.

4. Discussion

Overall, this study found that ethanol negatively affected the

curing characteristics and mechanical properties, confirming

the hypothesis that the addition of solvents reduces the

polymer’s mechanical properties. These results corroborate
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those obtained by other authors.19,22 However, in this study for

UDMA blends, it was not really true since UDMA blends did not

show a significant difference concerning DC. Adding a solvent

to monomer blends can prompt the formation of microgels

near the centres of initiation, which become sites of low

mobility of radicals, thus decreasing polymerization. These

chains form a heterogeneous distribution of chain mobility.

The greater the amount of solvent, the greater the formation of

microgels and the greater the accuracy of heterogeneity can be

verified.30–32 In addition, a previous study14 considered a valid

attempt to add ethanol and HEMA to infiltrants to reduce

viscosity and increase the depth of penetration; the results of

this study indicate that adding a solvent to infiltrant blends,

except for UDMA blends, even in small quantities, damaged

the DC, EM, softening ratio, and KHN. However, the addition of

solvents/diluents did not show a difference among the groups

in homogeneity of penetration, so the second null hypothesis

can be partially rejected. Considering the clinical application

of infiltrants, this addition can be more prejudicial than

beneficial, producing polymers with unsatisfactory properties.

This study also evaluated the addition of higher-molecular-

weight monomers to TEGDMA. The addition of BisEMA to

TEGDMA was observed to significantly reduced DC. This may

be due to its high molecular weight (540 g/mol), lower chain

flexibility than TEGDMA, and, consequently, lower DC.33

However, it is important to state that BisEMA increases the

hydrophobic characteristics of the infiltrant, which could be

interesting because more hydrophobic material tends to show

reduced degradation in the oral environment.34

The addition of UDMA resulted in an increase in DC, EM,

and KHN, confirming the hypothesis that the addition of

UDMA to TEGDMA could improve the mechanical properties of

infiltrants. This may have occurred due to the similarity in the

characteristics of the chains between the monomers. The

monomer UDMA, as well TEGDMA, presents linear chains.

They have flexible cores and two aliphatic urethane linkages

that are capable of forming hydrogen bonds. UDMA has a

small size, low viscosity (1.23 Pa s), and a high amount of

double bonds. In addition, it shows flexible linkage, which

characterizes the increase EM when UDMA is added to a

mixture.26

According to the CLSM analysis, variation in the blend

composition through the addition of high molecular mono-

mers did not significantly affect the homogeneity of

penetration. This was observed maybe due to the high

standard deviation observed in this study. A high standard

deviation was also observed by the study conducted by Paris

et al.19 However, it can be inferred that the association of

hydrophobic monomers and diluents could result in

materials with satisfactory properties, and homogeneous

penetration.

In this study, the experimental infiltrants were compared

to Icon1. Concerning DC, the experimental infiltrant most

similar to the commercial was the neat TEGDMA blend.

Regarding the EM, experimental infiltrants that presented

similar results to the commercial material were those that did

not contain ethanol in its composition. The softening ratio was

not significantly different between the commercial and

experimental materials. Regarding penetration depth, the

Icon1 group presented high homogeneity in all groups (100%
homogeneous) while in the experimental materials, homoge-

neity varied between homogeneous (100%) and non-homoge-

neous (about 70%). Although there were no significant

differences regarding the homogeneity of penetration among

the experimental blends, it could be claimed that the addition

of solvents harms properties. With time, these results could

lead to further degradation; thus, studies are necessary to

investigate the behaviour of these materials with greater

longevity.

From these findings, other assumptions can be explored.

First, the evaluation of penetration coefficient and bond

strength to enamel should be explored to indicate the ideal

infiltrant. Further, it would be relevant to verify the clinical

significance of these chemical and mechanical property

variations of polymers since, in the oral cavity, the sum of

thermal, mechanical, and chemical stimuli occur concurrently

and repeatedly.

5. Conclusions

The results of this study show that the addition of hydropho-

bic monomers and solvents into TEGDMA blends affected DC,

EM, and KHN. UDMA added to TEGDMA resulted in an increase

in DC, EM, and KHN. Overall, solvents added to monomer

blends resulted in decreased properties, mainly when ethanol

was added to TEGDMA neat monomer and TEGDMA + BisEMA.

Moreover, the addition of hydrophobic monomers and

solvents into TEGDMA blends does not improve the penetra-

tion depth and homogeneity of the infiltrants.

Acknowledgements

The authors wish to thank Prof. Dr. Flavio Henrique Aguiar for

allowing the use of the FTIR (FAPESP) and DMG from Brazil for

providing Icon1 kits.

r e f e r e n c e s

1. Walsh LJ, Brostek AM. Minimum intervention dentistry
principles and objectives. Australian Dental Journal 2013;58:3–
16.

2. Hayashi M, Fujitani M, Yamaki C, Momoi Y. Ways of
enhancing pulp preservation by stepwise excavation – a
systematic review. Journal of Dentistry 2011;39:95–107.

3. Maltz M, Henz SL, de Oliveira EF, Jardim JJ. Conventional
caries removal and sealed caries in permanent teeth: a
microbiological evaluation. Journal of Dentistry 2012;40:
776–82.

4. Momoi Y, Hayashi M, Fujitani M, Fukushima M, Imazato S,
Kubo S, Nikaido T, Shimizu A, Unemori M, Yamaki C.
Clinical guidelines for treating caries in adults following a
minimal intervention policy – evidence and consensus
based report. Journal of Dentistry 2012;40:95–105.

5. Ito A, Hayashi M, Hamasaki T, Ebisu S. Risk assessment of
dental caries by using Classification and Regression Trees.
Journal of Dentistry 2011;39:457–63.

6. van Amerongen JP, Penning C, Kidd EA, ten Cate JM. An
in vitro assessment of the extent of caries under small
occlusal cavities. Caries Research 1992;26:89–93.

http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0005
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0005
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0005
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0010
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0010
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0010
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0015
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0015
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0015
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0015
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0020
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0020
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0020
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0020
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0020
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0025
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0025
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0025
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0030
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0030
http://refhub.elsevier.com/S0300-5712(13)00223-6/sbref0030


j o u r n a l o f d e n t i s t r y 4 1 ( 2 0 1 3 ) 1 0 1 4 – 1 0 1 9 1019
7. Silverstone LM. Structure of carious enamel, including the
early lesion. Oral Sciences Reviews 1973;3:100–60.

8. Lynch CD, O’Sullivan VR, Dockery P, McGillycuddy CT, Sloan
AJ. Hunter-Schreger Band patterns in human tooth enamel.
Journal of Anatomy 2010;217:106–15.

9. Lynch CD, O’Sullivan VR, McGillycuddy CT, Dockery P, Rees
JS, Sloan AJ. Hunter-Schreger Bands and their implications
for clinical dentistry. Journal of Oral Rehabilitation
2011;38:359–65.

10. Paris S, Meyer-Lueckel H, Cölfen H, Kielbassa AM. Resin
infiltration of artificial enamel caries lesions with
experimental light curing resins. Dental Materials Journal
2007;26:582–8.

11. Davila JM, Buonocore MG, Greeley CB, Provenza DV.
Adhesive penetration in human artificial and natural white
spots. Journal of Dental Research 1975;54:999–1008.

12. Martignon S, Tellez M, Santamarı́a RM, Gomez J, Ekstrand
KR. Sealing distal proximal caries lesions in first primary
molars: efficacy after 2.5 years. Caries Research 2010;44:
562–70.

13. Martignon S, Ekstrand KR, Gomez J, Lara JS, Cortes A.
Infiltrating/sealing proximal caries lesions: a 3-year
randomized clinical trial. Journal of Dental Research
2012;91:288–92.

14. Ekstrand KR, Bakhshandeh A, Martignon S. Treatment of
proximal superficial caries lesions on primary molar teeth
with resin infiltration and fluoride varnish versus fluoride
varnish only: efficacy after 1 year. Caries Research 2010;44:41–6.

15. Martignon S, Ekstrand KR, Ellwood R. Efficacy of sealing
proximal early active lesions: an 18-month clinical study
evaluated by conventional and subtraction radiography.
Caries Research 2006;40:382–8.

16. Shwartz M, Grondahl HG, Pliskin JS, Boffa J. A longitudinal
analysis from bite-wing radiographs of the rate of
progression of approximal carious lesions through human
dental enamel. Archives of Oral Biology 1984;29:529–36.

17. Park J, Eslick J, Ye Q, Misra A, Spencer P. The influence of
chemical structure on the properties in methacrylate-based
dentin adhesives. Dental Materials 2011;27:1086–93.

18. Kerby RE, Knobloch LA, Schricker S, Gregg B. Synthesis and
evaluation of modified urethane dimethacrylate resins with
reduced water sorption and solubility. Dental Materials
2009;25:302–13.

19. Paris S, Bitter K, Renz H, Hopfenmuller W, Meyer-Lueckel H.
Validation of two dual fluorescence techniques for confocal
microscopic visualization of resin penetration into enamel
caries lesions. Microscopy Research and Technique 2009;72:489–94.

20. Fan PL, Seluk LW, O’Brien WJ. Penetrativity of sealants: I.
Journal of Dental Research 1975;54:262–4.

21. Paris S, Meyer-Lueckel H, Cölfen H, Kielbassa AM.
Penetration coefficients of commercially available and
experimental composites intended to infiltrate enamel
carious lesions. Dental Materials 2007;23:742–8.

22. Floyd CJ, Disckens SH. Network structure of BisGMA and
UDMA-based resin systems. Dental Materials 2006;22:1143–9.

23. Asmussem E, Peutzfeld A. Influence of pulse-delay curing
on softening of polymer structures. Journal of Dental Research
2001;80:1570–3;
Asmussem E, Peutzfeld A. Influence of selected components
on crosslink density in polymer structures. European Journal
of Oral Sciences 2003;109:282–5.

24. Rueggeberg FA, Hashinger DT, Fairhurst CW. Calibration of
FTIR conversion analysis of contemporary dental resin
composites. Dental Materials 1990;6:241–9.

25. Atai M, Nekoomanesh M, Hashemi SA, Amani S. Physical
and mechanical properties of an experimental dental
composite based on a new monomer. Dental Materials
2004;20:663–8.

26. Paes Leme AF, Tabchoury CP, Zero DT, Cury JA. Effect of
fluoridated dentifrice and acidulated phosphate fluoride
application on early artificial carious lesions. American
Journal of Dentistry 2003;16:91–5.

27. Meyer-Lueckel H, Paris S, Kielbassa AM. Surface layer
erosion of natural caries lesions with phosphoric and
hydrochloric acid gels in preparation for resin infiltration.
Caries Research 2007;41:223–30.

28. Meyer-Lueckel H, Paris S, Mueller J, Cölfen H, Kielbassa AM.
Influence of the application time on the penetration of
different dental adhesives and a fissure sealant into
artificial subsurface lesions in bovine enamel. Dental
Materials 2006;22:22–8.

29. Hannigan A, Lynch CD. Statistical methodology in oral and
dental research: pitfalls and recommendations. Journal of
Dentistry 2013;41:385–92.

30. Ye Q, Spencer P, Wang Y, Misra A. Relationship of solvent to
the photopolymerization process, properties, and structure
in model dentin adhesives. Journal of Biomedical Materials
Research Part A 2007;80:342–50.

31. Ferracane JL. Hygroscopic and hydrolytic effects in dental
polymer networks. Dental Materials 2006;22:211–22.

32. Patel MP, Johnstone MB, Hughes FJ, Braden M. The effect of
two hydrophilic monomers on the water uptake of a
heterocyclic methacrylate system. Biomaterials 2001;22:81–6.

33. Sideridou I, Tserki V, Papanastasiou G. Effect of chemical
structure on degree of conversion in light-cured
dimethacrylate-based dental resins. Biomaterials
2002;23:1819–29.
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