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        Abstract



        
          Background:


          Extensive restorative treatments of anterior primary teeth are challenging in pediatric dentistry.

        


        
          Objective:


          This study aimed to compare the fracture resistance of three post types for restoring the anterior primary teeth.

        


        
          Methods:


          This in-vitro study was carried out on 90 extracted maxillary anterior primary teeth with intact roots. They were randomly allocated into six groups to be restored with conventional composite resin post, X-tra fill composite resin post, Tetric N Ceram composite resin post, prefabricated glass fiber post with conventional composite build-up, prefabricated glass fiber post with X-tra fill composite build-up, and prefabricated glass fiber post with Tetric N Ceram composite build up. The samples were polished and placed in acrylic resin blocks with 1 mm of part of cervical root being out, thermocycled (×5000) and tested for fracture resistance. Intra-class correlation test, Kruskal-Wallis test and one-way ANOVA were used for statistical analyses (α=0.05).

        


        
          Results:


          The mean fracture resistance was significantly different among the six groups. It was the highest in prefabricated glass fiber post with conventional composite build-up (418.64 N), prefabricated glass fiber post with X-tra fill composite build-up (403.63 N) and prefabricated glass fiber post with Tetric N Ceram composite build up (361.63 N); and the lowest in Tetric N Ceram group (280.65 N). The groups were significantly different concerning the fracture strength and fracture state.

        


        
          Conclusion:


          Since the anterior teeth restored with prefabricated glass fiber posts were far more fracture resistant, and prefabricated glass fiber posts can be promisingly used for the restoration of anterior primary teeth.

        

      



      
        Keywords: Anterior teeth, Composite, Fracture resistance, Fracture strength, Glass fiber, Primary teeth.

      

    

    


    
      Article Information



      
        Identifiers and Pagination:
Year: 2020

        Volume: 14

        First Page: 375

        Last Page: 383

        Publisher Id: TODENTJ-14-375

        DOI: 10.2174/1874210602014010375

      


      
        Article History:
Received Date: 20/02/2020

        Revision Received Date: 10/05/2020

        Acceptance Date: 17/05/2020

        Electronic publication date: 31/07/2020

        Collection year: 2020

      

    


    
      

      open-access license: This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is available at: (https://creativecommons.org/licenses/by/4.0/legalcode). This license permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

      

    
* Address correspondence to this author at the Department of Pediatric Dentistry, Faculty of Dentistry, Shahed University, Tehran, Iran, Tel: +98-9379235457; E-mail: mehrshad.zareiyan@yahoo.com
    

  


  
    
      

      1. INTRODUCTION


      Dental caries is the most prevalent chronic childhood disease [1]. Early childhood caries has a clinically distinguished pattern in very young children. The maxillary central and lateral incisors as well as the first primary molars of both the mandible and maxilla are the teeth most engaged in dental caries [2]. Clinicians generally find it challenging to restore severely decayed maxillary primary incisors [3]. Extraction was traditionally the only solution for such teeth. Premature loss of teeth may cause abnormal position of the tongue, speech disorders, mastication problems, psychological problems because of esthetic issues, decrease of the bite force, reduction of the vertical height of the face and mouth breathing habits [3-6].


      Restoration of anterior primary teeth has always been a great challenge in pediatric dentistry due to various reasons such as small crown size, large pulp chamber, and the pediatric patient’s age. The low strength of restorations and the subsequent fractures are usually related to the improper tooth structure [6]. Concerning the anterior teeth, it is not only important to preserve the tooth structure and reconstruct the primary form of the teeth, but also to consider the aesthetics and use of composite resins. Meanwhile, because of structural differences between primary and permanent teeth like less available dentin for bonding, composite restorations induce some issues for the primary teeth [7].


      The longevity of composite crowns highly depends on the intracanal retention in severely damaged pulpotomized incisors [8]. Many post types can be used in pediatric dentistry such as prefabricated posts [9], orthodontic wires in “a”, “y”, composite resin posts, fiber posts and biologic posts [9-11]. The recently marketed non-metallic prefabricated posts, namely fiber-based ones, are considered as a suitable substitute for their metallic counterpart. They have excellent mechanical features like fracture toughness, compressive strength, load-bearing capacity, flexural strength, fatigue resistance, fracture strength and, biocompatibility with different core materials [12, 13]. The fiber-reinforced composites have clinical applications such as splinting mobile teeth, direct construction of posts and cores, and reinforcement elements of dentures or pontics [14]. Current fiber-based posts are made of carbon or silica fibers covered by a polymer resin matrix. The translucent and tooth-colored silica-fiber posts are also known as glass-fiber and quartz-fiber [15]. Both prefabricated and customized forms of composite posts reinforced by fibers are available [16].


      Despite the numerous clinical studies on the restorative treatment of primary teeth [9, 11], information is still lacking about the physical and mechanical features of post-supported restorations, especially fiber posts. The present in-vitro study aimed to assess and compare the fracture resistance of three types of post including traditional composite resin, bulk-fill composite resin, and prefabricated glass fiber.

    


    
      

      2. MATERIALS AND METHODS


      This experimental in-vitro study was conducted on 90 extracted primary maxillary anterior teeth with intact roots. The sample size was calculated by using STATA software(Stata Corp., Texas, USA) as n=15 per group(α=0.05 and power=80%)based on previous similar studies [17, 18]. The samples were stored in 0.5% chloramine-T solution for 1 week to be cleansed [19], and then, in distilled water at 4 °C till used. By using a diamond bur (Jota, Switzerland)and a high-speed handpiece (PanaAir FX, NSK, Japan), horizontal cuts were made 1 mm above the cementoenamel junction (Fig. 1), and the root canals were prepared to size 45 by using K-files (Mani Inc.; Japan) 1 mm short of the apex. The root canals were dried by paper points and filled with calcium hydroxide paste with iodoform (Metapex; Meta Biomed Co. Ltd, Korea) (Fig. 2). Having removed 4 mm of the paste from the coronal part of canals, 1 mm light-cured liner (Lime-Lite light cure cavity liner; Pulpdent Co, MA, USA)was used to cover the orifices and cured for 40s (seconds) by light-emitting diode (Radii; SDI Co., Australia), leaving 3 mm space for posts.


      The teeth were randomly classified into six groups through blocked randomization by using blocks of 2×2×2.5 cm and 1 specimen per block. The samples were coded based on the employed material and number of samples. To consider the effect of the bonded surface on the fracture resistance,cone beam computed tomography (NewTom, VGI, Verona, Italy) was done and the bonded cross-sectional area of each sample was calculated by using On-Demand software (On-demand3D; version 1.0.10.6388, Cybermed, Korea).


      [image: ]
Fig. (1)

      The specimens after being cut 1 mm above the cementoenamel junction.

      [image: ]
Fig. (2)

      The specimens after obturation with Metapex.

      
        

        2.1. Preparing Specimens


        For three groups of samples, acid (Scotchbond Etchant, 3M ESPE, MN, USA) was applied on the rinsed and dried tooth and the intra-canal area for 15s [19]. Then, the acid was rinsed for 10 s and dried, while the dentin areas were still wet.Two covers of the cured bonding agent (Adper Single Bond, 3M ESPE, MN, USA)were used on the etched surface, dispersed uniformly for 2-5 s by a compressed air blast, and then, cured (Radii,SDI Co,Australia) at 1200m W/cm2for 10s. To restore the crown of 4-mm height, one of the conventional composite resin post (2 layers of 2 mm height, each cured for 20 s) (Z 250,3M ESPE,USA), X-tra fill composite resin post (one layer of 4-mm height) (X-tra fill composite,Voco, USA), or Tetric N Ceram composite resin post (one layer of 4-mm height) (Ivoclar Vivadent, Germany) was incrementally pressed into the canal and cured for 20s.


        In the three other groups, a diamond bur on a high-speed handpiece under copious water-coolant was used to cut sections of 5×1.1 mm (lengths×diameter) of prefabricated glass fiber post (Reforpost, Angelus, Brazil) with conventional composite build-up, prefabricated glass fiber post with X-tra Fill composite build-up (Z 250,3M ESPE,USA), or prefabricated glass fiber post with Tetric N Ceram composite build-up (Ivoclar Vivadent, Germany). The sections were cleaned with alcohol. The post space was irrigated and lightly dried. Both the double-cured cement and the post were placed in the canal. The excess cement was removed and the remnant was cured for 40s. Restoration of the 4-mm-high crown with composite was done just as in the first group. In all groups, the post length was 3 mm and the crown height was 4 mm. Having restored the samples, polishing was done by using composite polishing bur(Kerr,CA,USA) and high-speed handpiece under water-coolant (Fig. 3).

      


      
        

        2.2. Fracture Resistance Test


        The restored teeth were placed in acrylic resin blocks with almost 1 millimeter of the root cervical part remaining out of the acrylic resin and thermocycled between water baths (5000×5 °C and 55 °C with a 30-second dwell time per bath). To measure the fracture resistance, the specimens were fixed by using a special fixture. The Universal Testing Machine (QM series, Zwick/Roell, Germany) applied an increasingly growing load at a crosshead speed of 0.5 mm/min and an angle of 148 degree [12, 15, 16, 20] along the long axis of the primary incisors on the mid-palatal surface until failure. Although this angle is 135 degree for the permanent teeth, the force in this study was applied at 148 degree to simulate the occlusal forces on the maxillary incisors in class I occlusion while the primary incisors are straight [20, 21]. The fracture strength (stress) was calculated by dividing the fracture resistance values by the bonded cross-sectional area (N/mm2). The fractures occurring above the cementoenamel junction were considered as restorable; and those below the cementoenamel junction were considered as unrestorable fractures.


        Data were analyzed by using the SPSS software (version 20; SPSS Inc., Chicago, IL, USA) through one-way ANOVA, intraclass correlation test (ICC), and Kruskal-Wallis test (α=0.05).

      

    


    
      

      3. RESULTS


      The mean fracture resistance was 296.57 N in the conventional composite resin post, 282.08 N in X-tra fill composite resin post, 280.65 N in Tetric N Ceram composite resin post, 418.64 N in prefabricated glass fiber post with conventional composite build-up, 403.63 N in prefabricated glass fiber post with X-tra fill composite build-up, and 361.72 N in prefabricated glass fiber post with Tetric N Ceram composite build-up (Table 1, Fig. 4). The fracture resistance was found to be significantly higher in prefabricated glass fiber post groups (P<0.05). Table 2 displays the mean and standard deviation (±SD) of fracture strength in the six study groups (N/mm2). The highest fracture strength value was seen in prefabricated glass fiber post with conventional composite build-up group followed by prefabricated glass fiber post with X-tra fill composite build-up group. The lowest fracture strength value was seen in X-tra fill composite resin post. Statistically significant differences were observed among the groups (P=0.004) (Fig. 5). The mean values of bonded surface area mm2 were 25.4±5.34, 26.86±5.3, 24.79±2.58, 27.54±4.59, 28.95±3.20, 26.79±4.05, respectively (Table 3, Fig. 6).
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Fig. (3)

      The specimens after polishing composite.

      
        Table 1 Mean ± standard deviation of the fracture resistance (N).


        
          
            
              	Groups

              	Fracture Resistance
            

          

          
            
              	Z250

              	296.58±98.35
            


            
              	X-tra fill

              	282.08±53.19
            


            
              	Tetric N Ceram

              	280.65±73.26
            


            
              	Post + Z250

              	418.65 ± 114.98
            


            
              	Post + X-tra fill

              	403.64 ± 101.03
            


            
              	Post + Tetric N Ceram

              	361.72 ± 132.26
            

          
        


      


      
        Table 2 Mean ± standard deviation of the fracture strength (N/mm2).


        
          
            
              	Groups

              	Fracture Strength
            

          

          
            
              	Z250

              	11.5±2.08
            


            
              	X-tra fill

              	10.53±0.72
            


            
              	Tetric N Ceram

              	11.15±2.02
            


            
              	Post + Z250

              	15.05 ± 2.88
            


            
              	Post + X-tra fill

              	13.75 ± 2.15
            


            
              	Post + Tetric N Ceram

              	13.2 ± 3.04
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Fig. (4)

      The mean fracture resistance of the study groups (N).

      [image: ]
Fig. (5)

      The mean fracture strength of the study groups (N/mm2).

      
        Table 3 Mean ± standard deviation of the bonded surface area (mm2).


        
          
            
              	Groups

              	Bonded Surface Area
            

          

          
            
              	Z250

              	25.4±5.34
            


            
              	X-tra fill

              	26.86±5.3
            


            
              	Tetric N Ceram

              	24.79±2.58
            


            
              	Post + Z250

              	27.54 ± 4.59
            


            
              	Post + X-tra fill

              	28.95 ± 3.20
            


            
              	Post + Tetric N Ceram

              	26.79 ± 4.05
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Fig. (6)

      The mean bonded surface area of the study groups (mm2).
    


    
      

      4. DISCUSSION


      Fracture resistance is among the most determining properties of restoration materials and one of the significant contributors to the restoration longevity [12]. The findings of the present study revealed the highest and lowest fracture resistance in the samples restored with prefabricated glass fiber post and conventional composite build-up and those restored with Tetric N Ceram composite resin post, respectively. The difference between the two groups could be due to the greater bond strength and comparable modulus of elasticity to dentin in samples restored with fiber post [22].


      An important feature to be considered is the effect of polymerization efficacy on the mechanical properties of composite resins and post. Many factors such as polymerization type, light-curing time, depth of cut and surface pretreatment can affect the polymerization. The nanofillers of fiber-reinforced composites result in higher flexural strength values compared with the conventional types after oven postcuring; however, it was not significantly different from when hand light-curing was done per se. Postcuring oven polymerization of light-cured composites was reported to improve the wear resistance and hardness [23].


      Polymerization is carried out at different light-exposure durations in intracanal root restoration with composite resin and translucent fiber post. It was reported that polymerization duration would not affect the bond strength of translucent fiber posts to experimentally weakened radicular dentin [24]. Yet, sufficient polymerization of light-cured resin composites imperatively affects the success of restoration. The 2-mm incremental technique used for the conventional composite resin would result in well polymerization; however, it is rather time-consuming. The problem is managed by using bulk-fill resin composites that can be cured in a thickness of 4 mm or even more. Polymerization of 4mm-thick for bulk-fill composites (particularly x-tra fill and GrandioSO x-tra) creates a sufficient degree of conversion. Concerning the correlation between the depth of cure and degree of conversion of resin composite by micro-hardness, no significant difference was noted in the hardness ratio between bulk fill composite and traditional resin base composite [25]. The Er,Cr:YSGG Laser irradiation changed features of dentin surface and enhanced the bond strength of resin cement and fiber post to dentin [26].


      Given the limited number of studies about the primary teeth fracture resistance, the present findings could not be compared with those of the previous ones. In line with the present study, Hedge et al. compared the fracture strength of three posts (cast post, glass fiber post, and quartz fiber post) in the permanent teeth. They observed that although the mean value of the fracture strength in quartz fiber post (480.9 N) was higher than that in glass fiber post group (432.2 N), the difference was not significantly different between the two groups [27]. The greater fracture strength reported by Hegdemight be due to the larger diameter of the teeth and the enamel area available for bond, lack of thermocycling, higher length of the post, and application of different types of cement.


      Sharaf [28] reported significantly higher fracture resistance when using the fiber post (230.6 N) compared with the composite post (277.9 N). These values were lower than those obtained in the present study probably due to the differences in the post, cement, and composite resin. Ambica et al. [29] evaluated the fracture resistance in the permanent teeth by four methods following restoration including no using post, carbon fiber post, glass fiber post, and dentin post. The mean fracture resistance was 603.44 N in the glass fiber post group because of the larger diameter of the tooth and posts. Nor did they assessed the effect of thermocycling on different posts, cement, and specimens.


      In an in-vivo study, Eshghi et al. [1] detected no significant change in the retention of different techniques after 12 months follow-up including fiber post (90%), composite post (98%) and reverse metallic post (100%). This was in line with the results of the studies by Sharaf [28] and Judd et al. [30], which reported 100% success for the composite posts and fiber posts.


      According to the literature, the tooth diameter highly affects the fracture resistance [31]. To keep it minimum, researchers measure and adapt the mesiodistal and buccopalatal width of samples in the cementoenamel junction area in different groups [31, 32]. In the present study, the fracture strength of the specimen was evaluated and compared through precise calculation of the cross-sectional area. This was one of the strengths of this study, as this effect was not considered in other studies. Despite using the term “fracture strength”, other studies have calculated the fracture resistance based on definitions. Sharaf’s clinical study reported that using fiber posts in severely damaged anterior primary teeth was a satisfactory method. After 1 year, only 2 out of 30 teeth were extracted due to either luxation or failed pulp therapy. It was also reported that fiber posts significantly enhanced the teeth fracture resistance, and composite posts significantly increased the fracture resistance compared to using no post [28].


      Gujjar and Indushekar [33] compared the retentive strength of three different posts including composite post, orthodontic wire γ, and glass fiber post in the primary incisors. They observed the highest tensile strength in the glass fiber post group and the lowest in the composite post group, being significantly different. The higher retentive strength of fiber posts was attributed to the stronger post-cement bond and better light transmission through these posts, which can enhance the polymerization of cement in the apical area.


      The present study classified the fracture mode as restorable (above the cementoenamel junction) and unrestorable (below the cementoenamel junction). According to Varvara et al.'s study [31] on the permanent central teeth, the cracks above the bone margin in the permanent central incisors were restorable, and those below the margin were unrestorable. Another study reported the incisal third of the root as restorable [34]. However, due to the infrequency of the crown lengthening surgery in pediatric dentistry, the fractures above the cementoenamel junction are considered as restorable.


      In this study, the frequency of unrestorable fracture mode was 30% in the composite groups and 16% in fiber post groups. Although the difference was not significant, it showed that using the fiber post decreased the frequency of unrestorable fractures. It was consistent with the results reported by Sherfudhin et al. [32]. In the study by Hegde et al. [27], 100% of the glass fiber and quartz fiber posts showed restorable fractures; whereas, only 13.3% of the cast posts had restorable fractures. Pithan [35] found that the fracture mode was adhesive in 80% of glass fiber posts and 47% of composite posts, and these values were respectively 100% and 20% in Gujjar's study [33]. These authors attributed the adhesive fracture to the bond failure between the cement and root canal. Moreover, they used resin composite for post cementation. Hence, in the present study, the fiber posts were cemented with dual-cured resin cement with the prominent advantages of excellent bond strength, increased working time and reduced chairside time, great mechanical properties, and a high degree of conversion [21, 36].


      In the current study, the length of the post was 3 mm (1/3 of the canal length), which is the proper length of the post in the primary teeth and does not interfere with the eruption of permanent teeth [6, 9]. A strong point of this study was the thermocycling of samples between 5 °C and 55 °C for better simulation of the oral environment. Since these cycles enhance the restoration strength and durability in the oral cavity [37], they not only reduce the fracture resistance and increase the accuracy of the results but also resemble the clinical conditions.


      According to a study on 3-6-year-old children, the maximum bite force at the first and second molars and central incisors ranged from 12.61 to 353.6 N (mean 196.6 N) [38]. Another study reported this value to be 176 N in the early primary stage and 240 N in the late primary stage [39]. These forces are significantly higher in the oral environment under physiological conditions [40] and they can influence the employed materials through constant stresses. In the present study, fracture resistance ranged between 280.65 N and 418.65 N, indicating it to be clinically acceptable in all groups.

    


    
      CONCLUSION


      The results of this study revealed significantly different fracture strength, fracture resistance, and fracture mode in resin composite and glass fiber post groups. Considering higher fracture resistance of the anterior teeth restored with prefabricated glass fiber post, it can be concluded that prefabricated glass fiber posts can be promisingly used for restoration of anterior primary teeth.
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