An in-vitro Evaluation of a Conservative Pulpal Approach and Restoration of the First Primary Molars
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ABSTRACT:
Objective: The aim of the present study was to evaluate the fracture resistance of pulpotomized first primary molars restored with amalgam or adhesive polymeric restorative materials with a new conservative pulpal approach. 
Materials and Methods: Forty extracted first primary molars of nearly similar dimensions were selected for the present study. Teeth were divided into two groups each of twenty. Group (I): The occlusal cavity extends from a disto-mesial direction during cavity preparation without severing the occlusal transverse ridge. Group (II): The occlusal cavity extends from a disto-mesial direction during cavity preparation including the mesial marginal fossa saving the mesial marginal ridge. Each group was subdivided into two subgroups, subgroup (A) restored with amalgam and subgroup (B) restored with composite, each of ten. After restoring teeth, they were subjected to a compressive load in a computer controlled materials testing machine at a cross speed of o.5 mm/min. ANOVA and t-test were used for statistical analysis. 
Results: The mean fracture resistance were; 1086 N (subgroup "A"), 1236 N (subgroup "B") in gp "I" and 601.2 N (subgroup "A"), 520.2 N (subgroup "B") in gp "II". There was no-significant difference between subgroup "A" (teeth restored with amalgam) and subgroup "B" (teeth restored with composite) in both gp (I) and gp (II) (P> 0.05). There was a statistical significant difference between gp (I) and gp (II) according to the extent of the occlusal cavity prepared (P<0.05). 
Conclusion: the preservation of the transverse ridge of the first primary molars during pulpotomy increases the fracture resistance to the occlusal fracture load regardless the type of restorative material.

INTODUTION:

The classical inter-proximal carious lesions in primary molars are frequently associated with pulpal involvement especially when the marginal ridge was broken. After the removal of decay, gaining access to pulp tissues, the remaining sound tooth structure is critical in a successful restoration (1-6). In several clinical situations, extensive carious lesions require cavity preparations that result in further dental tissue loss (7-10). Loss of marginal, transverse and or oblique ridges have been shown to weaken the teeth and increase their susceptibility to fracture and eventual tooth loss (7,10). Badly decayed primary molars restored without taking into consideration the basic protective mechanical principles are at greater risk of fracture (2,5).
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It is well demonstrated that teeth with wider cavities, either restored or not have lower fracture resistance under masticatory forces (4). The depth of the cavity also influences the fracture strength of teeth as it relates to cusp flexibility and deflection (11). Several studies have shown that the removal of sound dental tissue during gaining pulpal access decreases tooth resistance due to dental tissue loss associated with increased cavity width and depth (2,12,13). The selected restorative material also can affect the mechanical resistance of the tooth. Several studies revealed that teeth restored with amalgam are significantly weaker than intact teeth and the restoration with non-bonded amalgam produced negligible increase in cuspal fracture resistance (14,15). Acid-etching of enamel and bonding techniques allow the preparation of less invasive cavities to accommodate polymeric restorations. A new approach called "conservative extension" has been considered an important factor in the preservation of dental tissues (6). In order to prevent tooth fracture under occlusal forces, anatomical tooth architecture must be preserved whenever possible during any tooth preparation (16). The purpose of this study was to evaluate the fracture resistance of pulpotomized first primary molars restored with amalgam or adhesive polymeric restorative materials with a new conservative pulpal approach.
Materials and Methods:
Forty extracted first primary molar teeth of nearly similar tooth dimensions and extent of decay were collected and stored in normal saline containing o.1% thymol crystals at 4ºC. Teeth were cleaned and examined using a fiber-optic light to discard those with cracks or other visible defects or extensive caries that involves the transverse ridge which prevents the required standardized cavity preparation. The teeth were mounted vertically in acrylic resin blocks exposing only two millimeters below the cemento-enamel junction, approximately at the level of the alveolar bone of a healthy tooth socket, and their cusps were aligned in the same plane in all teeth to ensure the equal distribution of loading during the test procedure. The teeth were divided into two groups each of twenty according to the prepared occlusal cavity extent. The first group (gp I); the occlusal cavity extends from a disto-mesial direction during cavity preparation without severing the occlusal transverse ridge, fig (1,2). The second group (gp II); the occlusal cavity extends from a disto-mesial direction during cavity preparation including the mesial marginal fossa and saving the mesial marginal ridge fig, (1,2). Each group is further subdivided into two subgroups "A" and "B" each of ten. Subgroup "A" is to be restored with amalgam and subgroup "B" is to be restored with light cure composite according to the conventional techniques. The disto-occlusal cavity was carried out under air-water spray using high speed carbide fissure bur (the bur was replaced after five cavity preparations (17)). Cavity preparations were standardized according to the following procedures. Gingival walls were positioned in the CEJ; bucco-lingual width was one half of the intercuspal distance leaving 1-1.5 mm intact tooth structure at buccal and lingual walls. In gp (I) the occlusal cavity extended to 2/3 of disto-mesial width leaving the transverse ridge of the lower first primary molars intact 3-4 mm intact tooth structure from the mesial surface. In gp (II) the occlusal cavity extended mesially leaving the mesial marginal ridge intact 1.5 mm intact tooth structure from the mesial surface. Attempts were made to allow the same thickness of tooth structure within each group and the cavity width with the aid of an orthometer gauge (Korkhaus Orthometer Kit, Dentaurm, Germany). Pulpal access and de-roofing was carried out using carbide fissure burs at high speed. Pulp debris was removed using large carbide round burs at low speed and pulp chamber was flushed with air water spray before final drying. Pulp chambers were filled using a thin layer of reinforced zinc oxide and eugenol (Dorident, Switzerland) followed by another layer of zinc phosphate cement (Harvard, Germany) and the teeth were restored according to the type of the material used amalgam or composite. In subgroup "A" matrix band retainer (Tofflemire matrix retainer, Teledyne products, Saratoga, Ca, USA) was applied and amalgam restoration was manually condensed according to the manufacture's instructions. In subgroup "B" the surface of the cavities treated with 37% phosphoric acid gel for 30 seconds, washed with air-water spray for 15 seconds and gently dried by compressed air. Single bond adhesive (Adper™ single bond,3M ESPE, USA) was applied according to the manufacture's instructions and cured for 10 seconds using light cure unit (Demetron LC, sds Kerr, USA) after that, the cavities were filled with light curing hybrid composite (Valux plus™, Restorative, 3M, ESPE, USA) incrementally (after the application of Mylar matrix band around the tooth). Every increment was cured for 40 seconds using visible light cure unit. Finally, the occlusal surfaces of restorations were finished and polished. The filled teeth were stored in normal saline at the room temperature for 24 hours before carrying the fracturing test. All the specimens were individually mounted in the fixed lower compartment of a computer controlled materials testing machine (Model LRX-plus; Lloyd Instruments Ltd., Fareham, UK) with a loadcell of 5kN and data recorded using computer software (Nexygen-MT; Lloyd Instruments). Load was applied with a custom made load applicator (steel rod with round tip) placed at the center of the occlusal surface of samples in such a way to contact the buccal and lingual cusps vertically down the long axis of the tooth and attached to the upper movable compartment of the machine. Failure loads were measured under a static compressive loading at a crosshead speed of o.5 mm/min. failure was manifested by audible crack sound and confirmed by sudden drop along deflection curve. The force required to fracture each tooth was recorded in Newton (N).
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Fig (1): Showing the cavity preparation and pulp access to pulpotomy from occlusal view. I. Occluso-distal cavity prserving the transverse ridge .II. Occluso-distal cavity involving the transverse ridge.

                                                         I                  II                                                                                     
Fig (2): Showing the cavity preparation and pulp access to pulpotomy from proximal view. I. Occluso-distal cavity preserving the transverse ridge .II. Occluso-distal cavity involving the transverse ridge.

Statistical Analysis:

The obtained data were collected, tabulated and statistically analyzed using Windows Graphpad Prism-4 statistics software. ANOVA and t-tests were used for data analysis and comparison.
Results: 

The results of mechanical testing revealed certain variations between the two groups and their subgroups. This is presented in table (1) and fig (3). The mean fracture resistance were; (1086 N) subgroup "A", (1236 N) subgroup "B" in gp "I" and (601.2 N) subgroup "A", (520.2 N) subgroup "B" in gp "II". There was no-significant difference between subgroup "A" (teeth restored with amalgam) and subgroup "B" (teeth restored with composite restoration) in both gp (I) and gp (II) (P> 0.05). There was a statistical significant difference between gp (I) and gp (II) according to the extent of the occlusal cavity prepared (P<0.05). Applying ANOVA test results revealed a significant difference (Fcalc=15.22>Ftab =4.066, P<0.05) among the groups. 
                 Table (1): fracture resistance between tested groups

	Groups
	Mean (N)
	Range (N)

	Group I
	Subgroup A
	1086± 11.89
	1075 - 1098

	
	Subgroup B
	1236± 158.5
	961.1 - 1510

	Group II
	Subgroup A
	601.2 ± 52.4
	510.4-691.9 

	
	Subgroup B
	520.2± 70.11
	398.8-641.6
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  Fig (3): Diagram showing the means of fracture resistance of tested groups.
Discussion:
The resistance of teeth to fracture rarely occurs in a sound non-carious intact one due to the presence of the pulp chamber's roof and marginal and or transverse ridges which can be considered to be tooth reinforcing natural architecture (18). The presence of palatal and buccal cusps with intact mesial and distal marginal and also the transverse or oblique ridges form continuous circle of tooth structure which reinforces and maintains the integrity of tooth (19). It has been shown that weakening of teeth by cavity preparation, gaining access, pulpotomy and restorative material results in loss of dental tissue structure (20,21). It was observed that remaining decayed tissues, cavity preparations and gaining pulpal access through an occlusal opening and the removal of the transverse occlusal ridge resulted in greater strain values which decrease the fracture resistance of the remaining tooth structure (19,22,23). Amalgam is the most common material in use for more than 100 years. Although it has high compressive strength, it does not adhere to the dental structure. Cuspal fracture in amalgam restoration result from the fatigue caused by crack diffusions subjected to repeated loading (19). Adhesive polymeric restorative systems can improve the fracture resistance of such teeth (24). 

In the present study, amalgam and composite restorative materials were used to restore the pulpotomyized first primary molars. Two techniques were used for cavity preparation to gain pulp access in which group "I"; the occlusal cavity preparation doesn't cross the transverse ridge to preserve as much as possible of the dental tissues and group "II"; the occlusal cavity preparation crosses the transverse ridge till the mesial marginal ridge. First primary molar teeth were used in this study because  these teeth, when decayed and prepared for restoration, are more prone to fracture (11). Reasons cited for this fragility may be due to their inherent anatomy and smaller size with narrow occlusal table and obvious occlusal converge of the buccal and lingual surfaces. This anatomical peculiarity increases the possibility of overloading during mastication. Several studies have shown that applying the force to the long axis of the tooth transmits the force uniformly (25,26). In this study, the testing machine applied the crushing force vertically at a constant speed. The results of this study showed that there was no significant difference between subgroup "A" and subgroup "B" the teeth restored with composite and amalgam. Fracture resistance of group "I" was significantly higher than from group "II". These findings are due to the preservation of more tooth structure and the presence of the transverse ridge. Several studies have shown that preservation of tooth structure is essential in improving the fracture resistance of the restored teeth under occlusal load (10). They have also demonstrated that the main factor in weakening of pulpotomized teeth is the greater loss of dentin (9,27,28). According to our present study, in group "I" the presence of more dental tissues and the preservation of the transverse ridge increased their resistance to fracture. Preserving the transverse ridge decrease the cuspal deflection and increases the tooth tolerance under the mechanical occlusal load (8). The use of polymeric adhesive restoration in group "I" increase the fracture resistance of the teeth relatively better than the amalgam restorations. This can be attributed to their adhesive property which has a known capacity to absorb compressive loading forces and increases the fracture resistance of the teeth (23,24,29). In group "II" the amalgam restoration had shown more fracture resistance than the composite restoration. This can be attributed to the bigger amount of composite needed to restore a large cavity which is associated with more polymerization contraction stresses (30). Several studies have shown that the cavity size was the main factor in the decreasing or increasing the resistance of the teeth to the fracture. In the present study the degree of strengthening of the teeth was influenced by the extend of cavity preparation and gaining pulpal access regardless the type of restoration used (2,4,25). So we suggest that cavity preparation should be limited to caries removal and gaining pulp access conserving any sound tooth structure.
Conclusions: 

1. No statistically significant differences were found in the fracture resistance of teeth restored with amalgam or with composite subgroups. 

2. The preservation of the transverse ridge of the first primary molars during pulpotomy increases the fracture resistance of the teeth to the occlusal fracture load.
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