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Abstract  

Introduction: A coronal seal is fundamental for a positive outcome to endodontic 

therapy. In this in vitro study, we evaluated the adaptation of composite resins in post-

endodontic restorations using optical coherence tomography (OCT). Our null hypothesis 

was that there would be no difference in marginal adaptation to the pulp chamber floor 

between resin composites of different viscosities. 

Methods: Thirty intact upper molars, extracted for periodontal reasons, were selected, 

endodontically treated, and filled with gutta-percha. The excess gutta-percha was entirely 

removed from the pulp chamber floor and teeth were randomly divided into three groups 

(n=10) according to the material used for the restoration: Group A: 0.5 mm horizontal 

layer of flowable composite followed by nanohybrid composite; Group B: bulk layering 

of bulk-fill flowable composite; and Group C: oblique layering of nanohybrid composite. 

The degree of adaptation to the cavity floor was assessed using OCT and images were 

analyzed with the software program ImageJ to assess the marginal gap between the 

composite and pulp chamber floor. Collected data were statistically analyzed using 

ANOVA testing and statistical significance was set at p<0.05.  

Results: Flowable composites showed significantly better adaptation than traditional 

packable nanohybrid composites (p<0.05). All significant differences were found 

between groups A and B.  

Conclusion: Within the limitations of an in vitro study, we can recommend using a thin 

layer of flowable composite in post-endodontic restorations. Further studies are necessary 

to confirm these results. 



 

Introduction 

Several studies have demonstrated the importance of an effective coronal 

restoration in successful endodontic treatment [1,2]. Bacteria are primary etiological 

factors of apical periodontitis. Exposure of the gutta-percha to saliva and/or other oral 

fluids allows the migration of bacteria to the dental apex in a short period of time [3–5]. 

Therefore, the prognosis of endodontic therapy could be influenced by contamination of 

the root canal system through marginal or internal gaps of the coronal restoration [6]. 

Therefore, an effective coronal seal has a great impact on the long-term success of 

endodontic therapy [7]. 

Currently, post-endodontic restorations are mainly performed with adhesive 

techniques. However, gap formation and marginal microleakage due to adhesive bond 

failure is still one of the most reported problems, which could be due to various factors: 

composite shrinkage stress, mechanical properties of restorative materials, C-Factor [8,9], 

the composite layering technique, and the irradiation technique [10,11]. 

The use of flowable composites in high C-Factor cavities has been suggested 

because it ensures better marginal integrity [12,13] and reduces enamel fractures [13]. It 

also improves the fit between adhesive systems and composite materials, creating fewer 

voids [14,15] and thus decreasing microleakage. Moreover, previous studies have 

reported a reduction of shrinkage stress through the interposition of an intermediate layer 

of flowable composite, due to its superior internal flow and adaptation, which partially 

compensate for shrinkage stress, creating an elastic layer between the substrate and the 

restorative material [16–19]. 



Bulk-fill flowable composites were recently introduced, and they seem to show less 

shrinkage stress. For example, Moorty et al. [20] found that minor contraction stress 

exerted by bulk-fill flowable composites translates into a lower cuspal deflection 

compared to that of traditional composites placed via the oblique layering technique. 

In the present in vitro study, we evaluated the adaptation abilities of several resin-

based composite materials to the pulpal chamber floor. The null hypothesis was that 

adaptation would not be influenced by the viscosity of the material. 

 

Materials and methods 

 Thirty intact human maxillary molars without caries, restorations, or root canal 

treatment that had been extracted for periodontal reasons were selected for this study. All 

teeth were first cleaned to remove debris and then stored in distilled water at room 

temperature. Then conventional pulp chamber access cavities were prepared in each tooth 

with a cylindrical diamond bur (#880-104-023, Komet, Lemgo, Germany), and the canal 

system was shaped using mechanical Path Files (#1-#2-#3) and X2 ProTaper Next 

(Dentsply Maillefer, Baillagues, Switzerland) to the working length.  

 During endodontic instrumentation, samples were irrigated with a solution of 5% 

NaOCl (5 Niclor; Ogna, Muggiò, Italy) and 10% EDTA (Tubuliclin, Ogna) using a 2 mL 

syringe with an endodontic needle. Before endodontic sealing, all canals were dried with 

medium paper points (Mynol; Curaden Healthcare, Saronno, Milan, Italy) and sealed 

through vertical condensation with endodontic cement (Pulp Canal Sealer EWT; Kerr, 

Sybron, Romulus, MI, USA) and medium gutta-percha cones using the DownPack (Hu-

Friedy, Chicago, IL, USA) and the Obtura III (Analytic Technologies, Redmond, WA, 



USA) system. A cotton pellet was placed over the pulp chamber floor and a provisional 

restoration was placed to seal the access cavity (Cavit, 3M ESPE, Saint Paul, MN, USA). 

 After 7 days of storage in distilled water at 37°C, the provisional restoration was 

removed and the access cavity was cleaned of gutta percha and cement debris using 

sandblasting. Then a one-step self-etching adhesive system (iBond, Hereus-Kulzer, 

Hanau, Germany), enriched with 20% zirconia powder, was placed on the entire cavity 

following the manufacturer’s instructions: application in one layer of the bonding resin, 

soft brushing for 20 s, soft air-blowing for 10 s, and polymerization using an LED lamp 

(Two Wave, Hereus-Kulzer) for 20 s at 1400 mW/cm2. 

 Samples were randomly assigned to three groups (n=10 each) according to the 

restorative material selected for the restoration: G1) horizontal layer of 0.5 mm of 

flowable composite (Venus Diamond Flow, Hereus-Kulzer) followed by anatomical 

stratification with traditional nano-filled composite (Clearfil Majesty ES-2, Kuraray), 

shade CL; G2) single layer of flowable bulk composite (Venus Bulk fill, Hereus-Kulzer); 

and G3) anatomical stratification with nano-filled composite (Clearfil Majesty ES-2), 

shade CL. 

 All samples were sectioned perpendicularly to the long axis, using a diamond saw 

in a cutting machine (Micromet, Remet, Bologna, Italy) 1 mm above the chamber floor, 

and the obtained horizontal surface was polished with gradually decreasing abrasive 

paper. 

 The adaptation of each restorative material to the pulp chamber floor was 

analyzed using a spectral domain OCT (Spectralis, Heidelberg Engineering, Heidelberg, 

Germany). Before performing the analyses, samples were stabilized on a silicone support 



at 1.5 cm from the lens of the OCT. The occlusal surface of each sample was exposed to 

the OCT light beam at an angle of 90°. All samples were analyzed with a technique that 

combines multimodal OCT images (wavelength 870 nm) with infrared images, 

employing a specific lens for ocular examinations (Anterior Segment Lens, Heidelberg 

Engineering, Heidelberg, Germany). The obtained images were acquired in high-speed 

and enhanced depth imaging (EDI) modes by selecting the settings for iridocorneal angle 

images (ART set to 60 frames, 15° × 5°, 20 sections every 139 µm). Every obtained 

image was analyzed using ImageJ software (ver. 1.42q). A custom computer code was 

developed as a plugin for ImageJ based on a previously reported binarization process 

[10,21,22] to facilitate the image analysis procedure and distinguish pixel clusters with 

higher brightness indicating gaps or unsealed interfaces at the cavity floor. The total 

interfacial gap of the cavity floor was calculated as:  

 

(Gap  

 Collected data were statistically analyzed using a one-way ANOVA test and the 

Bonferroni post-hoc test to evaluate differences in adaptation quality among groups. The 

significance level was set at 5% (P < 0.05). All statistical analyses were performed using 

STATA 11.0 (STATA Corp., TX, USA). 

 

Figure 1. OCT scanning image of the pulpal floor chamber–composite interface once 

acquired in high speed and EDI modes. 

 



Results 

 The mean interfacial gap values (expressed as a percentage and standard 

deviation) of composites on the pulp chamber floor are given in Table 1 and presented as 

a bar graph in Figure 1. ANOVA showed statistically significant differences between the 

groups. In particular, Group C had a significantly higher number of interfacial gaps 

within the dentin substrate than Groups A and B. 

 

Table 1. Mean and standard deviations of pulp chamber floor gaps for the groups, 

expressed as percentage ratios. The superscript letters indicate statistically significant 

differences (p<0.05).[please be consistent with p vs. P] 

 

Figure 1. Composite gap values, expressed as percentage ratios, tested on the pulp 

chamber.  

 

Discussion 

 For successful adhesive restorations in endodontically treated teeth, it is important 

to obtain good dentin bonding to pulpal floor dentin as the latter always remains in any 

non-vital tooth that requires restoration. To date, several studies have examined the bond 

strength of composite restorations to pulpal floor dentin (23–25), but few studies have 

focused on interfacial gaps. The results obtained in the present study showed that high-

viscosity composites adapted more poorly to the pulp chamber floor than flowable 

composites, either traditional or bulk-fill. Therefore, the null hypothesis was rejected. 



 Interfacial gap detection has been widely studied and several methods have been 

proposed for determining marginal or interfacial adhesive defects. One commonly used 

method entails highlighting microleakage using an organic dye or silver nitrate as a tracer 

[26], generally used to investigate the quality of adhesives on the basis of the marginal 

gaps [27] or interfacial gaps formed at the tooth–restoration interface [28]. The 

disadvantages of microleakage analysis are that it is an invasive semi-quantitative 

analysis and it shows only a limited representation of three-dimensional geometry [29]. 

Marginal analysis is another method employed to investigate interfacial gaps because it 

enables monitoring and multiple measurements of marginal integrity with the use of 

replicas [16,30], but it cannot cover the entire adhesive area of restorations and does not 

allow nondestructive internal evaluation of interfaces. Radiography can also be 

employed, providing clinical information about marginal discrepancies or gaps in 

composite restorations with adhesive luting, but it frequently results in false-positive or 

false-negative readings [31]. Micro-computed tomography allows a detailed display of 

interfacial discrepancies detectable by X-ray. However, it requires long measurement 

times and over-drying of specimens during scanning can cause deformation, resulting in 

false positives [32]. In addition, it can only be used in vitro due to the long-term high 

levels of radiation. Recently, several authors have achieved excellent results with OCT, a 

noninvasive imaging technique that obtains cross-sectional images of biological tissues 

[29,33]. The technique can reliably detect and quantify the marginal gap between 

restorative composite and dental tissues [22]. It also allows noninvasive evaluation of the 

samples. For these reasons, OCT was employed in the present study to evaluate the 

presence of interfacial gaps between the composite and pulp chamber floor. In this case, 



the light through the interface between two media undergoes partial reflection and 

refraction according to the refractive index of the media crossed. The refractive index of 

air, which is supposed to fill the gaps, is equal to n = 1.0, the enamel is n = 1.6, the dentin 

is n = 1.5, and the composite resins are rather variable depending on the characteristics of 

the material, especially its transparency [34]. For this reason, in the present study, high-

transparency composite resins were selected to increase the visibility of the interfaces 

between composite and dental tissue. The OCT can analyze to a depth of about 2–3 mm 

[35,36], so it was necessary to cut samples after the post-endodontic restoration to clearly 

visualize the cavity floor interface. Furthermore, better-quality images are obtained with 

OCT when the light beam is perpendicular to the interface. We selected upper molars 

without pulpal calcifications to standardize the conformation of the cavity floor, which is 

usually irregular [22], as much as possible. 

 An effective coronal seal is extremely important to avoid contamination of the 

root canal system by bacterial organisms. Several in vitro studies [37–39] have shown 

that root canal filling materials do not provide an effective coronal seal against 

infiltration even when the canal system is correctly obturated with gutta percha. The 

absence of interfacial gaps between the restoration and root canal filling materials is 

essential and determines the long-term success of endodontic therapy [40]. Consequently, 

to obtain successful adhesive restorations of non-vital molars, it is important to obtain 

good resin composite adaptation to the pulpal floor dentin, as the latter always remains in 

any non-vital molar that requires post-endodontic restoration. Furthermore, the gap at the 

interface between the restorative material and dental tissue or within the restorative 

material itself increases the likelihood of the formation and propagation of cracks [41].  



 Several studies have shown that the use of flowable composites significantly 

reduces microleakage and internal voids in the restoration [31,32,42]. These materials 

have a lower percentage by weight and by volume of filler compared to a composite with 

the traditional formulation, providing a lower degree of viscosity. Thus, flowable 

composites are easier to apply, especially in deep cavities, adapt better to the cavity 

walls, and have greater elasticity and a lower degree of shrinkage during polymerization 

[43]. Moreover, Ariyoshi et al. [44] reported that resin coating using a combination of a 

self-etching primer system and flowable resin composite enhanced the microtensile bond 

strengths of indirect composite cores to pulpal floor dentin. These characteristics help to 

explain the results obtained in the present study. As previously stated, flowable 

composites, either traditional or bulk, allow better adaptation to the cavity, leading to 

significantly fewer interfacial gaps than nano-filled composites. Furthermore, another 

important characteristic is less shrinkage stress generated during photo polymerization 

[45]. Their high elasticity compensates for internal stress, reducing the risk of marginal 

gaps at the adhesive interface. 

 

Conclusions 

 Flowable composites are strongly recommended to perform at least the first 

horizontal layer of post-endodontic restorations, to obtain a continuous and hermetic seal 

between root dentin and the restorative material. OCT has many potential clinical 

applications in dentistry and allows the detection of morphological changes in hard dental 

tissues with accuracy and reliability compared to validated diagnostic instruments such as 



the confocal microscope [22]. Further studies, both in vitro and in vivo, are necessary to 

confirm our results. 
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