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Purpose: This research aimed to describe the stress distribution of an endodontically treated tooth with a mesio-occluso-distal (MOD) 
cavity restored with direct composite reinforced with polyethylene and e-glass ribbon fiber.
Methods: This research was a descriptive study using the finite element method. A 3D model of the mandibular first molar solid after 
endodontic treatment with class II MOD preparation was prepared using Solidworks software. Finite element simulation was carried 
out using Abaqus software. In the first simulation, 180 N force was applied (vertically 90° perpendicular to the occlusal surface) at 
four points of loading: the tip of the mesiobuccal and distobuccal cusp, central fossa, and distal marginal ridge. For the second 
simulation, a 100 N force was applied at a 45° lateral angle to the occlusal surface at two loading points: the lingual slope of the 
mesiobuccal and distobuccal cusp.
Results: This study showed that the stress concentration was located in the occlusal pit and fissure, CEJ distal area, bifurcation in 
dentin, and the 1/3 cervical area of root dentin. The stress value generated after vertical and lateral force did not exceed the tooth and 
restoration’s compressive and tensile strength value. The failure occurred at the interface of enamel and composite near the loading 
point area due to vertical load, both on polyethylene and e-glass fiber ribbon-reinforced composite restoration. Stress distribution of an 
endodontically treated tooth with a MOD cavity restored with ribbon fiber-reinforced composite using the finite element method 
showed that the highest stress concentration occurred on the surface close to the loading point, in narrow, concave, and sharp areas, 
and more apically for endodontically treated teeth.
Conclusion: Neither the tooth nor restoration failed after vertical and horizontal loads. The interface between enamel and composite 
on the occlusal surface failed.
Keywords: direct composite restoration, fiber-reinforced composite, wallpapering technique, finite element

Introduction
Restoration for an endodontically treated tooth is an important stage in root canal treatment. The long-term success of 
root canal treatment is influenced by a good coronal seal of the obturated root canal provided by the restoration. The 
determination of the restoration depends on the amount of remaining hard tissue of the tooth, and the loss of coronal and 
root structure will affect the fracture resistance of the endodontically treated tooth. A systematic review study by 
Afrashtehfar et al1 showed that the restoration success rate is linearly related to the amount of remaining tooth structure 
in endodontically treated teeth.1–4

The mesio-occluso-distal (MOD) cavity is characterized by two separated walls, the buccal and lingual walls, without 
a marginal ridge to prevent cusp deflection during mastication, making the fracture of cusps more frequent.5 Studies have 
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shown that occlusal access cavity preparation reduces tooth stiffness by 14–40%, while in MOD cavities, this reduction 
can be as low as 20–63%.4 In response to these challenges, minimal invasive restoration for endodontically treated teeth 
has been developed to preserve more remaining tooth structure, effectively preventing tooth fractures.4,6

Adhesive technology and the development of resin composites support minimal invasive cavity preparation, offering more 
aesthetic results directly bonded to the tooth structure. This approach is not only more practical but also time- and cost- 
effective compared to indirect restoration methods.6,7 Further, direct composite restoration can be strengthened with ribbon 
fiber (fiber-reinforced composite) to address the weakness of direct composite restorations.7,8 The wallpapering technique is 
a specific method for reinforcing composite with fiber. It involves using direct composite and lining the cavity wall with ribbon 
tape of fiber to achieve a stronger bond strength beyond the stress generated at the tooth-restoration interface.9

Laboratory studies involving the loading of teeth until failure do not provide information about the amount of stress causing 
fracture or the stress distribution within the remaining tooth structure.10,11 Finite element methods, on the other hand, allow for 
the simulation of biomechanical behavior in teeth and materials after loading, facilitating the analysis of stress distribution.12 

While in vitro studies on ribbon fiber-reinforced composites with wallpapering technique has been conducted extensively, 
research on their stress distribution using polyethylene and e-glass fibers after root canal treatment is yet to be explored.

This study aimed to analyze the stress distribution in the mandibular first molar after root canal treatment with a MOD 
cavity restored using direct composite reinforced with polyethylene and e-glass ribbon fiber (wallpapering technique). 
This analysis was performed using the finite element method.

Materials and Methods
Pre-Processing Stage
In this study, a solid 3D model of the mandibular first molar was generated after scanning with microCT and processing 
using 3D DOCTOR and Catia V5 software, as illustrated in Figure 1. The inclusion criteria for the mandibular first molar 
sample involved selecting teeth with an intact crown, multiple straight roots, and a closed apex. Conversely, exclusion 
criteria encompassed teeth with carious lesions, fractures, restorations, calcified canals, curved roots, and open apex. The 
study utilized a portable computer and the Solidworks and Abaqus software for analysis.

The material properties utilized in this study for finite element simulation are detailed in Tables 1 and 2. The bonding 
interface between enamel, dentin, fiber, and direct composite restoration was modeled with surface-based cohesive 
behavior features in Abaqus. The debonding or failure of enamel-direct composite restoration and dentin-composite 
restoration was observed based on the debonding criterion presented in the following equation.13,14

where t= contact stress (n= normal; s and t= shear) in MPa. t0= bond strength (n= normal; s and t= shear) in MPa.

Figure 1 Solid 3D model of mandibular first molar. (a) occlusal, (b) lingual, (c) buccal, (d) mesial, and (e) distal surface.
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In this study, a static load was employed. For the first load, a force of 180 N was applied vertically, precisely 90° 
perpendicular to the occlusal surface, at four points of loading: the tips of the mesiobuccal and distobuccal cusps, central 
fossa, and the distal marginal ridge. This force was implemented to simulate vertical motion during mastication. 
Subsequently, for the second load, a force of 100 N was applied at a 45° lateral angle to the occlusal surface at two 
loading points: the lingual slope of the mesiobuccal and distobuccal cusps. This force was applied to simulate lateral 
motion during mastication.

Solving Stage
The Abaqus 2021 software was employed to conduct the computation and simulation for finite element analysis.

Post-Processing Stage and Analysis
This study conducted a qualitative analysis to observe the color patterns indicating maximum and minimum principal 
stress. Additionally, quantitative analysis involved comparing the values of maximum and minimum principal stress with 
each material’s compressive and tensile strength.

Results
The 3D solid model of the first lower molar was subjected to vertical and lateral forces separately. All results are 
presented in Figure 2–7. Stress concentrations were observed at the buccal groove of enamel and 1/3 of the cervical area 
of dentin after applying vertical loading to composite reinforced with polyethylene fiber (Figure 2) and e-glass fiber 
(Figure 5). In contrast, stress concentrations were observed after lateral loading at the cervicoenamel junction and 1/3 of 
the cervical area of dentin (Figures 4 and 7). Surface stress concentrations were found on the enamel-packable composite 
surface for the composite reinforced with polyethylene fiber (Figure 3). The composite reinforced with e-glass fiber 
exhibited stress concentrations on the enamel-packable composite surface and the fiber-dentin surface (Figure 6).

Following the simulation, maximum and minimum principal stress values were obtained for quantitative analysis, as 
presented in Tables 3 and 4. The data in Tables 3 and 4 indicate that the stress generated within each material did not 

Table 1 Mechanical Properties of Tooth and Restorative Material

Material Modulus of Elasticity 
(GPa)

Poisson’s 
Ratio

Enamel15 50.2 0.30

Dentin16 17.8 0.31

Periodontal Ligament15 0.05 0.45
Gutta Percha17 0.0069 0.45

Alveolar bone18 13.7 0.30

Cancellous bone18 1.37 0.30
Polyethylene Fiber (Ribbon THM)-Longitudinal (X,Y)19 23.6 0.32

E-Glass Fiber Bidirectional (Everstick Net)-Longitudinal (X,Y)20 8.87 0.35
Packable composite resin (Grandio, VOCO)21 20.4 0.33

Flowable composite resin (G-aenial Universal Flow, G(III))22 7.9 0.30

Table 2 Mechanical Properties of Interface23–28

Interface Tensile Bond 
Strength (MPa)

Shear Bond 
Strength (MPa)

Enamel-Packable Composite 42.8 23.49
Dentin-Packable Composite 32.3 20.83

Dentin-Ribbon fiber polyethylene 28.3 25.92

Dentin-Ribbon fiber e-glass 27.9 28.05
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Figure 2 Stress distribution after vertical loading on lower first molar with MOD cavity and polyethylene fiber reinforced composite on (a) enamel, (b) dentin, (c) packable 
composite, (d) polyethylene fiber wallpapering the cavity wall, and (e) polyethylene fiber wallpapering the cavity floor.

Figure 3 Stress distribution of interface between enamel and packable composite, after vertical loading on lower first molar with MOD cavity+Polyethylene fiber reinforced 
composite: (a) occlusal view, (b) buccal view of packable composite.

Figure 4 Stress distribution after lateral loading on lower first molar with MOD cavity and polyethylene fiber reinforced composite on (a) enamel, (b) dentin, (c) packable 
composite, (d) polyethylene fiber wallpapering the cavity wall, and (e) polyethylene fiber wallpapering the cavity floor.
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exceed its strength (the percentage of utility was below 100%), implying no material failure after vertical and lateral 
loading.

Surface failure or debonding occurs if the contact stress ratio reaches a value of 1 or when the damage initiation 
criterion reaches 1.0. The data in Tables 5 and 6 demonstrate failure at the enamel-packable composite surface after 
vertical loading with polyethylene and e-glass fiber reinforcement. The locations are illustrated in Figures 3 and 6, and 
for the dentin-fiber e-glass after vertical loading, as shown in Figure 6.

Figure 5 Stress distribution after vertical loading on lower first molar with MOD cavity and e-glass fiber reinforced composite on (a) enamel, (b) dentin, (c) packable 
composite, (d) e-glass fiber wallpapering the cavity wall, and (e) e-glass fiber wallpapering the cavity floor.

Figure 6 Stress distribution of interface between enamel-packable composite and dentin-fiber e-glass wallpapering the cavity floor after vertical loading on lower first molar 
with MOD cavity+ e-glass fiber reinforced composite: (a) occlusal of the tooth, (b) buccal of packable composite, (c) occlusal of fiber, and (d) e-glass fiber wallpapering the 
cavity floor.

Figure 7 Stress distribution after lateral loading on lower first molar with MOD cavity and e-glass fiber reinforced composite on (a) enamel, (b) dentin, (c) packable 
composite, (d) e-glass fiber wallpapering the cavity wall, and (e) e-glass fiber wallpapering the cavity floor.
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Discussion
Failure or fracture of the structure occurs if the minimum principal stress exceeds its tensile strength or if the maximum 
principal stress exceeds its compressive strength after loading. When the mastication force load is applied to the 
occlusion area, stress is distributed throughout the restoration and underlying tooth structure.29–33

Table 3 Principal Stress for Each Component of Composite Restoration Reinforced with Polyethylene Fiber

Components Max. Principal Stress 
(MPa)/% Utilisation

Min. Principal Stress 
(MPa)/% Utilisation

Max. Principal Stress 
(MPa)/% Utilisation

Min. Principal Stress 
(MPa)/% Utilisation

Vertical Load Lateral Load

Enamel 32.36 (80.7%) 100.41 (38.5%) 17.93 (44.7%) 57.67 (22.1%)
Dentin 39.19 (78.7%) 72.93 (31.2%) 31.42 (63.1%) 33.02 (14.1%)

Packable composite 51.66 (71.7%) 147.60 (33.6%) 32.71 (45.4%) 58.00 (13.2%)

Fiber polyethylene on the wall 4.45 (9.0%) 35.22 (18.5%) 7.46 (15.1%) 16.72 (8.8%)
Fiber polyethylene on the floor 14.64 (29.6%) 79.76 (41.9%) 14.64 (29.6%) 11.30 (5.9%)

Table 4 Principal Stress for Each Component of Composite Restoration Reinforced with e-Glass Fiber

Components Max. Principal Stress 
(MPa)/% Utilisation

Min. Principal Stress 
(MPa)/% Utilisation

Max. Principal Stress 
(MPa)/% Utilisation

Min. Principal Stress 
(MPa)/% Utilisation

Vertical Load Lateral Load

Enamel 31.34 (78.1%) 101.61 (38.9%) 19.03 (47.5%) 62.22 (23.8%)
Dentin 39.50 (79.3%) 74.47 (31.9%) 31.36 (62.9%) 33.18 (14.2%)

Packable composite 48.12 (66.9%) 128.53 (29.3%) 32.20 (44.7%) 58.00 (13.2%)

Fiber e-glass on the wall 3.26 (12.2%) 19.64 (29.4%) 4.97 (18.7%) 7.22 (10.8%)
Fiber e-glass on the floor 6.70 (25.2%) 45.13 (67.5%) 11.73 (44.1%) 12.31 (18.4%)

Table 5 Value of Damage Initiation Criterion of Polyethylene Ribbon Fiber-Reinforced Composite

Interfaces Max Debonding Criterion Failure Max Debonding Criterion Failure

Vertical Load Lateral Load

Enamel–packable composite 1,58 Yes 0,80 No
Dentin–packable composite 0,53 No 0,08 No

Dentin–Fiber polyethylene on the wall 0.15 No 0,05 No

Dentin–Fiber polyethylene on the floor 0,47 No 0,30 No

Notes: Bold font means the interface failure/debonding occurs.

Table 6 Value of Damage Initiation Criterion of e-Glass Ribbon Fiber-Reinforced Composite

Interfaces Max Debonding Criterion Failure Max Debonding Criterion Failure

Vertical Load Lateral Load

Enamel–packable composite 1,59 Yes 0,81 No

Dentin–packable composite 0,54 No 0,10 No
Dentin–Fiber e-glass on the wall 0,22 No 0,12 No

Dentin–Fiber e-glass on the floor 1,09 Yes 0,6 No

Notes: Bold font means the interface failure/debonding occurs.
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After simulation, stress concentrations were identified at the buccal groove, pit, fissure, narrow parts of enamel, and 
the 1/3 cervical area of the root. Maravic et al34 demonstrated the highest tensile stress in the cusps area, central fissure, 
and cervical part of the CEJ. These areas are deep, narrow, concave, and steep.29,30 Stress concentration at around the 1/3 
cervical area of the root dentin indicates more cusp deflection with the alveolar bone crest as a fulcrum. This differs from 
teeth without root canal treatment, where stress concentration in the MOD cavity without root canal treatment is located 
at the cervical area, more coronal than in teeth after root canal treatment.35

In this study, the stress values generated were lower than the strength of both the tooth and restoration, as indicated in 
Tables 1–4. This suggests that neither the tooth nor the restoration failed after vertical and lateral loading. A study by 
Abdulamir et al32 demonstrated that adding polyethylene and e-glass fiber as reinforcing material for direct composite 
restoration could increase the fracture resistance of a tooth after root canal treatment with a MOD cavity. Additionally, 
research by Dalkilic et al36 found that fractures occurred after reinforcing direct composite restoration with a fiber band 
above the CEJ, making the restoration more feasible.

No bevel was made in this study according to the wallpapering technique protocol.4 Interestingly, this approach 
resulted in no enamel, dentin, composite, or fiber failures. The fracture resistance decreased as the remaining tooth 
structure decreased, aligning with the results of a study by Roma et al.37

Bond strength represents the magnitude of force required to break the bond between two materials at the interface 
until failure occurs. In this study, interface failures at the enamel and composite interface near the margin of the buccal 
wall after vertical loading were observed in fiber-reinforced composite (Tables 5 and 6) and e-glass fiber with the cavity 
floor interface (Table 6). The stress generated at the enamel-composite interface exceeds its bond strength, initiating 
failure. The composite-cavity wall’s bond strength increased after the fiber insertion into the direct composite restoration. 
This aligns with research by Sadr et al27 and Belli et al38 which demonstrated higher bond strength with polyethylene 
fiber compared to e-glass fiber. Shah et al39 also showed higher bond strength of fiber-teeth using polyethylene fiber 
compared to e-glass, attributing this to the superior ability of polyethylene to enhance bonding between composite and 
dentin.38,40 Remarkably, this study revealed no failure on the gingival wall. El-Mowafy et al41 evaluated the effect of 
using polyethylene and e-glass fiber, finding a significant reduction in microleakage in the gingival area.

Conclusion
In the present study, it was found that, after the application of vertical and lateral loads on the first molar following root 
canal treatment with a MOD cavity restored with direct composite reinforced with polyethylene and e-glass ribbon fiber, 
the highest stress concentrations were located in concave, narrow, sharp areas, the cervical 1/3 of the root, and at the 
interface. Notably, the enamel and composite interface on the occlusal surface failed with both polyethylene and e-glass 
fiber. The e-glass fiber on the cavity floor and dentin also experienced failure.

It is essential to note that this study is a pilot study, and further research could enhance and complement these 
findings. Suggestions for future research include:

1. Simulation using dynamic loading
2. Simulation using various cavity designs
3. In vitro research to validate the outcomes
4. Variation in fiber placement location and amount of fiber layering
5. Simulation that includes interface adhesive microstructure.

Disclosure
The authors report no conflicts of interest in this work.
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