Coronal microleakage of four temporary restorative materials in Class II-type endodontic access preparations
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Abstract
Objectives
The purpose of this study was to evaluate the microleakage of 4 temporary materials in teeth with Class II-type endodontic access preparations by using a glucose penetration model.

Materials and Methods
Glucose reaction test was performed to rule out the presence of any reaction between glucose and temporary material. Class II-type endodontic access preparations were made in extracted human premolars with a single root (n = 10). Each experimental group was restored with Caviton (GC), Spacer (Vericom), IRM (Dentsply-Caulk), or Fuji II(GC). Microleakage of four materials used as temporary restorative materials was evaluated by using a glucose penetration model. Data were analyzed by the one-way analysis of variance followed by a multiple-comparison Tukey test. The interface between materials and tooth were examined under a scanning electron microscope (SEM).

Results
There was no significant reaction between glucose and temporary materials used in this study. Microleakage was significantly lower for Caviton and Spacer than for Fuji II and IRM. SEM observation showed more intimate adaptation of tooth-restoration interfaces in Caviton and Spacer than in IRM and Fuji II.

Conclusions
Compared to IRM and Fuji II, Caviton and Spacer can be considered better temporary sealing materials in Class II-type endodontic access cavities.
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Introduction
The main principles of endodontic treatment should be eliminating all bacteria from the tooth, and then attempting to maintain the tooth in this disinfected state during and after treatment. During endodontic treatment, temporary restorative materials are used to create a fluid-tight seal in access cavity in order to prevent marginal leakage and ingress of oral fluids and microorganisms into the root canal.1 Therefore, the use of temporary restorative materials between appointments is one of the important factors that determines the success or failure of root canal treatment.2
Many temporary restorative materials have been studied to determine their ability to seal endodontic access preparations.2-6 Most studies have examined the materials in simple access preparations within an intact tooth structure. In clinical practice, however, the use of these materials frequently involves the restoration of a multisurface cavity preparation necessitated by the removal of caries or defective restorations. Furthermore, materials that provide adequate seals for access preparations in teeth with intact surrounding tooth structure may not be appropriate for use in teeth with Class II-type access preparations.7
The purpose of this study was to evaluate and compare the microleakage of several materials used as temporary restorative materials in teeth with Class II-type endodontic access preparations by using a glucose penetration model.

Materials and Methods
Glucose reaction test
Glucose reaction test was performed by the method of Shemesh et al.8 Four temporary materials, namely, Caviton (GC, Tokyo, Japan), Spacer (Vericom, Anyang, Korea), IRM (Dentsply-Caulk, Milford, DE, USA), and Fuji II (GC, Tokyo, Japan), were mixed according to the manufacturers' instructions and inserted in 2-mm-deep round wax molds with a diameter of 4 mm (n = 10). All samples were maintained at 37℃ and 100% humidity for 24 hours. The set materials formed round discs after they were removed from the molds. Each disc was then inserted into a small test tube with 4 mL of glucose (1 mol/L) solution. Ten additional test tubes were used as controls, and these contained only 4 mL of glucose solution. After 1 week, a 0.1-mL sample of the solution was removed from each test tube and was analyzed with a glucose kit (D-glucose HK assay kit, Megazyme, Wicklow, Ireland) in an enzyme-linked immunosorbent assay (ELISA) device (SpectaMas250, Molecular Devices, Sunnyvale, CA, USA) at a wavelength of 340 nm.

Preparation of specimens
This study received approval from the Institutional Review Board of the Wonkwang Dental Hospital of Korea (WKD IRB Reference Code: 201106-01). We selected 44 freshly extracted intact human premolars with single, straight root canal for this study. Endodontic access preparations were made using a #4 carbide round bur followed by a safe-end fissure diamond bur in a high-speed handpiece. Then, a proximal box (4 × 4 mm) was created over the mesial wall by using a straight fissure diamond bur to create a standardized Class II-type access cavity preparation.
After measuring the working length, the root canals were cleaned and given shape with ProTaper rotary instruments (Dentsply-Maillefer, Ballaigues, Switzerland) under copious irrigation with 2.5% sodium hypochlorite. The finishing of canals was performed until a size F3 reached the full working length.
In all experimental groups, small cotton pellets were placed at the canal orifices, which were coronally sealed with Caviton, Spacer, IRM, or Fuji II. No pretreatment for teeth was performed before insertion of temporary material. The teeth in the negative control group were covered with 2 layers of nail varnish. The teeth in the experimental groups and in the positive control group were coated with 2 layers of nail varnish, except for 1 mm around the tooth-restoration interface and 3 mm from the apical end. Then, the teeth were placed in a device designed to measure glucose leakage (Figure 1a). The glucose leakage model used in the present study was similar to the one used by Xu et al.9
[image: Figure 1]
Figure 1 (a) Glucose leakage model; (b) Glucose reaction test. The temporary materials used in this study showed no significantly difference compared with control in optical density (p < 0.05).


Measurement of microleakage
A 20 µL aliquot of the solution was drawn from the glass bottle by using a micropipette at 1, 3, 5, 7, and 14 days. After withdrawing the sample, 20 µL of fresh 0.2% NaN3 was added to the glass bottle reservoir to maintain a constant volume of 5 mL. If there was any decrease in volume in the control bottle because of evaporation, the corresponding amount of sterile deionized water was added to the glass bottle. The sample was then analyzed with a glucose kit in an ELISA device at a wavelength of 340 nm.

SEM observation
Two specimens from each group were randomly selected, and temporary restorative materials and cavity-wall interface were examined. Negative impressions of the proximal surface (including temporary restoration and tooth interface of the specimen) were obtained by using polyvinylsiloxane impression material (Honigum, DMG, Hamburg, Germany). Epoxy resin (Modralit 3K, Dreve Dentamid GmbH, Unna, Germany) was used to create a positive replica. This was performed by air drying, platinum sputter-coating, and observing at ×100 magnification with a scanning electron microscope (SEM, JSM-6360, JEOL, Tokyo, Japan).

Statistical analysis
Statistical analysis of glucose reaction test and microleakage test was performed by one-way analysis of variance followed by a multiple-comparison Tukey test by using the software SPSS version 12.0 (SPSS GmbH, Munich, Germany). Statistical significance was determined at p = 0.05.


Results
There was no significant reaction between glucose and temporary materials used in this study (Figure 1b). The negative control group showed no leakage throughout the experiment period. The positive control group showed immediate leakage. The mean microleakage values for experimental groups at specified time intervals after the insertion of restoration are presented in Figure 2. Significantly more microleakage was observed in Fuji II and IRM than in Caviton and Spacer. In IRM and Fuji II group, furthermore, microleakage was increased in time dependent manner. SEM observation of specimens showed more intimate adaptation of tooth-restoration interfaces in Caviton and Spacer than in Fuji II and IRM (Figures 3a and 3b). However, IRM and GIC showed voids and deep gaps within the material bulk and at the tooth-material interface (Figures 3c and 3d).
[image: Figure 2]
Figure 2 Microleakage in Class II-type endodontic access preparations. Amounts of glucose penetrating the temporary materials and canal were represented the optical density (*p < 0.05). Asterisk means statistically significant difference.

[image: Figure 3]
Figure 3 Scanning electron microscopic (SEM) images (×100) on gingival margin of temporary restoration materials and cavity-wall interface (white arrows). (a) Caviton; (b) Spacer; (c) IRM; (d) Fuji II.T, tooth; CAV, Caviton; SPC, Spacer; GIC, Fuji II.


Discussion
In our study, Caviton and Spacer provided a better coronal marginal seal in Class II-type endodontic access preparations than IRM and Fuji II did. Caviton is a premixed temporary restorative material similar to Cavit (3M ESPE, Seefeld, Germany), which is the most widely used material in temporary restoration. It contains zinc oxide, calcium sulfate, glycol acetate, polyvinylacetate resins, polyvinyl chloride acetate, triethanolamine, and pigments. Many studies have shown that Caviton provides a good marginal seal when used to restore endodontic access preparations.4,5,10 This advantage is attributed to its high hygroscopic expansion during setting, which could increase the sealing ability between the materials and the access cavity.11,12
Spacer is a resin-based light-curing temporary filling material similar to Fermit (Vivadent, Saint-Jorioz, France), TERM (Dentsply-Caulk), or Clip (Voco, Cuxhaven, Germany), which has shown good sealing ability in previous studies.2,3,7 The results of our study indicate that the efficacy of Spacer sealing of marginal leakage is comparable to that of Caviton. Anderson et al. showed that TERM provided excellent seals and was superior to Cavit and IRM for restoring Class II-type endodontic access preparation.7 Teplitsky and Meimaries reported that the dye did not penetrate TERM.13 Cho et al. also reported that the microleakage of Spacer and Caviton was similar, but there was no correlation between polymerization shrinkage or hygroscopic expansion and microleakage.14 They suggested that other factors, including coefficient of thermal expansion, modulus of elasticity, or handling property, may affect to microleakage of resin-based temporary filling materials. Moreover, polymerization of resin-based materials is initiated by exposure to visible light source, and hence, it does not show postoperative delays to maximum function.2 In this respect, within the limitation of this study, resin-based filling material including Spacer has the potential to be used as temporary sealing material in endodontic cavity although it has been used mainly in restorative dentistry.
IRM is a zinc oxide-eugenol cement reinforced with polymethyl methacrylate. In this study, microleakage was significantly higher in IRM than in Caviton and Spacer in Class II-type endodontic cavities. The hygroscopic expansion of IRM was much lower than that of Caviton. The lack of hygroscopic expansion cannot compensate for the gap that may develop in the tooth-material interface. In addition, a powder and liquid have to be mixed together to prepare the paste; this may be the cause of reduced homogeneity. Deveaux et al. reported that they observed numerous voids when they examined the visible surfaces of IRM samples after sectioning.15
Fuji II is a glass ionomer cement that has the ability to form a chemical bond with both enamel and dentin. Use of glass ionomer cements as temporary restoration materials during endodontic treatment has been investigated in a number of studies with various results.2,6 In this study, however, Fuji II showed marginal leakage as high as that observed in the positive controls. This has been attributed to its sensitivity to manipulation and polymerization shrinkage resulting in a potential avenue of microleakage.16,17 Burrow et al. reported that numerous air inclusions were found within the glass ionomer cement.18 Xie et al. reported that the SEM image of glass ionomer cement showed an obvious marginal gap at the tooth-restoration interface.19 A failure of adhesion by polymerization shrinkage and microleakage gap may be caused by poor bond strength of the glass ionomer cement. The positive correlations between dentin bond strength and microleakage might explain why the glass ionomer cement showed high microleakage.
In the present study, the marginal gap and voids of each material were evaluated by examining the material-gingival walls interface by using SEM. SEM observation of the specimens revealed intimate adaptation of tooth-restoration interfaces in Caviton and Spacer than in Fuji II and IRM. In the Fuji II and IRM specimens, however, marginal gap and voids were often observed. This might explain the deterioration of the sealing ability of Fuji II and IRM in Class II-type access preparations.
Many studies has been performed to determine the sealing ability of various materials.20 However, most studies were performed in simple access preparation within intact tooth structures, which are rarely the teeth requiring root canal treatments in clinical practice. Materials that provided appropriate sealing in simple preparations might be unacceptable in complex access preparations such as Class II-type that involved both the access preparation and multisurface cavity preparations.7
In this study, glucose was selected as the tracer because of its small molecular size (MW = 180 Da) and because it is a nutrient for bacteria. If glucose could enter the canal from the oral cavity, bacteria that might survive root canal preparation could multiply and potentially lead to periapical inflammation. Therefore, glucose was thought to be more clinically relevant than other tracers used in microleakage tests.21 Moreover, in our study, glucose reaction test was performed to exclude the possibility of reaction that may occur between glucose and materials before the main leakage test, because microleakge results can by masked by the reaction between glucose and materials.

Conclusions
With the limitations of this in vitro study, Caviton and Spacer can be considered as good temporary sealing materials in case of Class II-type access preparations. In contrast, Fuji II and IRM are not recommended as temporary sealing materials in Class II-type endodontic access cavities.

Footnotes
This paper was supported by Wonkwang University in 2011.
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