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Abstract 
Aim of the study: To compare the stress distributions in the cervical cavities of four different restorations using 
Von Mises stress under varying loading directions. 
Material and method: Virtually restored lower first premolar models (n=4) with class V cavities were created from 
a sound premolar CAD model. Single restorative materials of a resin-modified GIC (model A), a conventional filler 
composite (CFC) (model B), a combination of short-fiber-reinforced composite-CFC (model C), and a ribbond 
fiber-CFC (model D) in a bilayered fasion were considered in this study. The FEA models received a 150 N occlusal 
load in the axial and oblique directions. The stress distribution in the enamel and dentin components of the model 
and restorative sections was analysed. The maximum von Mises criterion was determined and compared between 
the tested models. 
Results: The FEA model indicated that the highest mvM was detected in the enamel structure of the premolar. 
Notably, greater stresses were observed in the GIC (Model A) and CFC (Model B) restorations than in the combined 
EverX-CFC restoration (Model C), which resulted in less stress in the enamel and dentin. Finally, the bilayered 
ribbond-CFC restoration (Model D) had the lowest stress values among the different components of the model. In 
the oblique loading scenario, all the models with various components presented higher stress values than did those 
with axial loading, with slightly lower stress values in the fiber-reinforced composite restorations. 
Conclusion: The incorporation of either glass or polyethylene fibers within the cervical composite restoration 
apparently enhances stress distributions on the surrounding tooth structure, thus probably improves the retention 
rate of the restoration. 

 

Keywords: Finite element analysis, short fiber reinforced composite, Ribbond fibers, cervical cavity, Resin 
modified GIC 

Introduction 

The restoration of cervical lesions, 
encompassing both carious and noncarious 
defects, is a unique clinical situation. The 
longevity and retention of these cavities are a 
day-to-day challenge for dentists. The 
restoration of cervical lesions is challenging 
because of their poor retentive cavity shape 
and cervical edges situated on dentin or 

cementum, which are detrimental to resin 
bonding (Kubo et al., 2006). The retention 
rates of restorative materials are substantially 
influenced by continuous occlusal loading 
and their mechanical qualities (Jordehi et 
al., 2019). 

Biomechanical theory posits that cuspal 
flexure induces mechanical overload of 
cervical enamel, resulting in tensile and shear 
stress in the tooth's cervical region, hence 
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affecting the durability of restorations 
(Yazici et al., 2003). Adhesive materials, 
such as resin composites and glass ionomer 
cements, are indicated to replace the lost 
tissue in the cervix (Fagundes et al., 2014). 
The conventional resin composite is currently 
the most widely used direct restorative 
material because of its many 
physiomechanical properties (Leprince et 
al., 2014).  

The incorporation of fibers into conventional 
filler composites (CFCs) constituted one of 
the most effective enhancements. Glass and 
polyethylene fibers are the most often 
utilized types of fibers in dentistry. In 2013, 
a short fiber-reinforced composite (SFRC 
Tokyo, Japan, introduced X Posterior) was 
introduced and designed to mimic the stress-
absorbing properties of dentine (Lassila et 
al., 2016, Safwat et al., 2021) 

On the other hand, fibers composed of leno 
wave ultrahigh-molecular-weight 
polyethylene (LWUHMWPE) serve as 
alternative reinforcement adhesive materials. 
The design of the fibers is based on locked 
nodal crossings and multidirectional yarns, 
which generate numerous load channels and 
disperse occlusal loads over a broader area of 
dental restoration. The integration of 
polyethylene fibers in the occlusal area of a 
dental restoration significantly enhances its 
fracture resistance (Agrawal, 2014, Zotti et 
al., 2023a). 

Several studies have demonstrated how these 
fibers are essential for enhancing the 
toughness of composite restorations, 
reducing the effects of polymerization 
shrinkage stress, increasing the stress 
distribution at the tooth-restoration interface, 
and increasing the favorable mode of failure 
(Garoushi et al., 2013, Lassila et al., 2016, 

Lassila et al., 2018, Khan et al., 2023). 
However, there is a lack of clear evidence 
regarding the beneficial effect of using fiber-
reinforced composite restorations in cervical 
cavities, particularly extensive ones, and how 
they can affect the distribution/transfer of 
occlusal stress. The cervical cavities 
biomechanically differ from the other 
cavities regarding the direction of the forces 
(Ispas et al., 2019). Inspite of the truth that 
the cervical restorations are not subjected 
directly to the occlusal forces unlike occlusal 
restorations, that in turn gives an impression 
to many dentists to be less catious and precise 
in selecting the appropriate restorative 
materials in the cervical region, 
unfortunately, the cervical region is subjected 
to subject to lateral, shear, and flexural 
stresses that put a high dislodging forces on 
the cervical restorations (Machado et al., 
2017). The incorporation of the fibers within 
cervical cavities could be beneficial to 
distribute these stresses, which might affect 
the longevity of the cervical restorations. 

Finite element analysis (FEA) is currently a 
prevalent research methodology in the 
biomedical sciences owing to its accuracy 
and diverse ability to calculate stress and 
strain in complex three-dimensional (3D) 
biomedical models (Soares et al., 2008). In 
dentistry, most structures are dynamically 
influenced by occlusal force, and FEA has 
already proven to be useful for assessing the 
stress distribution of restorative materials 
(Ausiello et al., 2017). FEA studies have 
shown the correlation between the 
mechanical properties of restorative 
materials and the patterns, number of stresses 
in the restored cervical area. A more 
deformation of the interfacial cervical gap 
occurred with the lower restorative material 
elastic modulus (Hollanders et al., 2020). 
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Composite resin, with the current adhesive 
strategies, presented good stress distribution 
in the cervical area and a lower risk of 
bonding failure (Luo et al., 2022). The aim 
of this FEA study was to determine the effect 
of fiber incorporation within cervical 
restorations and how these fibers influence 
the stress distribution in the cervical areas. 
The potential effects of different loads on the 
stress distribution are analyzed for four 
different materials: conventional filler 
composite (CFC), combined SFRC-(CFC), 
combined Ribbond-CFC, and resin-modified 
glass ionomer restorative material (RM-
GIC). 

  2. Methodology 

1.1. Generation of a solid model: 
The 3D tooth model was obtained by 
scanning an intact lower first premolar, 
which was extracted for orthodontic reasons, 
via cone beam computed tomography 
(CBCT) (Planmeca ProMax 3D Mid 
machine; Helsinki, Finland). This was done 
to obtain accurate geometry and dimensions 
of the tooth (Fig. 1a).  

A reverse engineering program known as 3D 
slicer (open-source software, 

https://www.slicer.org) was subsequently 
employed to convert the scanned data into a 
comprehensive CAD 3D model (Fig. 1b). 
The preceding established two corresponding 
structures, one representing the enamel and 
the other the dentine, both of which were in 
continuous contact over the entire 
dentinoenamel junction. The pulp space was 
represented as a void within the dentine 
volume due to its Young’s modulus being 
insignificantly tiny in comparison to that of 
the adjacent enamel and dentine (Ichim et 
al., 2007a). The STL files were then 
imported into SolidWorks 2014 software 
(Dassault Systémés SolidWorks, Waltham, 
MA, USA). For designing the cervical cavity 
and different restorative materials that were 
applied in this study. 

A kidney-shaped cavity was modeled on the 
buccal cervical third of the premolar 
measuring 5 mm mesiodistally, 3 mm 
occlusogingivally and 2 mm deep, with the 
gingival cavity margin located 0.5 mm above 
the CEJ, as shown in Figure 1. The restored 
models were derived by Boolean procedures 
(in SpaceClaim) between the cavity, enamel, 
and dentin surfaces.

  
(A) (B) 

Figure 1. (A) A sagittal CBCT image of the mandibular first premolar. (B) 3D model of the 
tomographed tooth. 
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 The four models were generated according to 
the four restorative materials: 

I. Model A: This model represents glass 
ionomer restorative material (GIC, Fuji II, 
GC Corp., Tokyo, Japan), where the cavity is 
filled with the GIC. 

II. Model B: the cavity was filled with a 
conventional filler composite (3M, Z350, 
Oral Care, St Paul, MN, USA). The internal 
and external cavity walls were covered with 
a 50 μm adhesive layer. 

III. Model C: the cavity was restored with 
outer and inner restorative layers in a 
bilayered fashion. The inner layer represents 
the fiber reinforcement, which here is the 

everX composite (everX Posterior from GC, 
Tokyo, Japan) modeled as a 1 mm thick inner 
layer, whereas the outer layer is filled with a 
conventional composite (combined SRFC-
CFC), as illustrated in Figure 2. 

IV. Model D: The cavity was also restored in 
a bilayered fashion, with a 1 mm inner 
polyethylene fiber reinforcement layer 
(ribbond fibers+ flowable composite+ 
adhesive layer) (Ribbond Inc., Seattle, WA, 
USA). This was covered with a 1 mm 
conventional filler composite as an outer 
restorative layer, which filled the rest of the 
cavity (combined Ribbond-CFC). This is 
illustrated in Figure 2 and Table 1.

 

 

  

 
    

    
Model A Model B Model C Model D 

Figure 2. Geometric features of the analyzed model 
Table 1. Restorative material combinations and thicknesses. 

Model         Adhesive layer              Restorative inner layer       Restorative outer layer       Single restorative 
                                                                                                                                                                        
material 
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A                         -                                         -                                               -                                          (GIC) 
 
B                    50 μm thick                           -                                               -                                         (CFC) 
  
C                    50 μm thick                            (SRFC)                                   (CFC)                                       - 
                                                                   (~1 mm thick)                       (1 mm thick) 
 
 
D                    50 μm thick                       Ribbond layer                           (CFC)                                       - 
                                                                  (~1 mm thick)                         (1 mm thick) 

 

The above models were embedded in a 
rectangular block representing the supporting 
bone volume with a 0.3 mm shell around the 
tooth root simulating the periodontal 
ligament (Ichim, Kuzmanovic, and Love 
2006). 

1.2. Numerical simulation 
            The mechanical properties of 

the four restored models (Table 1) were 
examined using 3D finite element analysis 
conducted with Abaqus, 19 packages 
(fllibbit, Karlsson, and Sorensen, Inc., 
Providence, RI). The components of the 
models were meshed using Abaqus 2019 
software. All volumes were discretised using 
the 4-node tetrahedral element CTETRA, 
with a global size varying from 0.05 mm to 
0.15 mm. Mesh refinement techniques were 
employed to reduce the dependency of 
outcomes on mesh size, due to the tiny radius 
of curvature and notch effects. Each 
geometric model underwent meshing, 
yielding a total of 191,475 nodes and 933,527 
elements in the complete assembly.  

A mesh quality assessment confirmed 
the structural integrity of the mesh. Key 

metrics include a shape factor of 0.846, 
demonstrating balanced element geometry, 
and angular bounds of 38.66°–79.55°, 
ensuring stability and mitigating distortion 
risks. The mean aspect ratio of 2.43 supports 
numerical precision, while a geometric 
deviation factor of 2.53×10⁻⁵ reflects 
exceptional geometric fidelity. A stable time 
increment of 3.15×10⁻⁶ sec guarantees robust 
transient analysis, and edge-length ratios 
(0.149/0.255) validate uniform 
discretization. All diagnostic checks were 
passed, with warnings confined to 0.005–
0.03% and zero critical errors (Fig. 3), 
affirming negligible numerical artifacts. To 
optimize computational efficiency, a mesh 
sensitivity study was performed, evaluating 
stress convergence across element sizes (0.04 
mm to 0.008 mm). Results (Table 2) show 
progressive stress stabilization (12.58 MPa 
→ 19.83 MPa) (the representative model here 
was Model A in Fig. 6a), confirming mesh 
independence at finer resolutions. This 
rigorous validation ensures both accuracy 
and cost-effectiveness in subsequent 
simulations.

 
Table 2. Grid independence details. 

Mesh type Size of elements Stress [MPa] 
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Course 0.04 ~12.58 
Medium 0.02 ~16.48. 

Fine 0.01  ~18.92 
Extra fine 0.008 ~19.83 

 
Boundary conditions are essential in finite 
element analysis since they delineate node 
displacements and interrelations (Elraggal et 
al., 2024). All models adhered to the 
following conditions: 

(1) All materials in the models were 
homogeneous, isotropic, and demonstrated 
linear elasticity. 

 (2) FEA models were securely 
anchored into the alveolar bone and 
constrained from movement (0° 
freedom in all directions) to avert any 
rigid body motion. 

(3) Boundary conditions were uniformly 
implemented across nodes, guaranteeing the 
absence of defects in any finite element 
analysis. 

The material properties of all the components 
of the FEA model are presented in Table 3. 
Static loading of the models (150 N) was 
applied on the buccal and lingual cusp tips in 
the axial direction, and the same amount of 
load was used in an oblique manner on the 
lingual incline of the buccal cusp to simulate 

occlusal interference (Machado et al., 2017). 
A concentrated type of force was also used to 
generate greater tensile stresses around the 
cervical region (Rees and Jacobsen, 1998). 
The load directions and locations are shown 
in Figure 4. Each model subjected to two 
times loading, once in axial direction and 
once in oblique one with the same amount of 
load. The stress patterns for several models 
were computed using computer-aided 
software (Abaqus, 19 packages). The 
assessment encompassed the analysis of the 
maximum von Mises (mvM) stresses on the 
enamel, dentine, fiber-reinforced composite, 
conventional filler composite, and GIC 
measured in megapascals (MPa). 

The numerical data produced by the FEA is 
graphically depicted in colour, with 
analogous colours signifying comparable 
stress distribution ranges; red areas indicate 
the highest stress concentrations, while blue 
areas reflect lesser stresses. Each element of 
the FEA was isolated and analysed to 
investigate the stress distributions within the 
separate components of the models. 
(Elraggal et al., 2024).

Table 3. Materials, elastic modulus, and Poisson coefficient. 
Material  Elastic Modulus 

(GPa) 
Poisson`s 
ratio 

 References 

enamel 84 0.33 (Richert et al., 
2020) 

dentin 18.6 0.31 (Richert et al., 
2020) 

Compact bone 13.7 0.3 (Asmussen et 
al., 2005) 

Cancellous bone 1.37 0.3 (Asmussen et 
al., 2005) 
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Periodontal ligament 0.069 0.45 (Eskitaşcıoğlu 
et al., 2002) 

GIC (GIC, Fuji II, GC Corp., Tokyo, Japan). 8 0.35 (Ausiello et 
al., 2019) 

CFC (3M, Z350, Oral Care, St Paul, MN, USA). 10 0.25 (Ferracane, 
2011) 

Ever x composite (Ever X Posterior from GC, Tokyo, 
Japan).  

12.3 0.22 (Barreto et 
al., 2016) 

Ribbond fiber + bonding agent+ Tetric Flow (Ribbond 
Inc., Seattle WA, USA).  

23.6 0.32 (Eskitaşcıoğlu 
et al., 2002) 

Adhesive layer (Clearfill SE bond) 3.9 0.32 (Kim et al., 
2021) 

 

 
Figure 3.  Mesh quality check of the 3D tooth model: The image shows mesh element warnings 

based on aspect ratio and shape quality to ensure accuracy and stability in the simulation. 

  
(A) (B) 

Figure 4. Types of loading utilized in the study. The same amount of load (150 N) was used for both. 
Two loading points on the buccal and lingual cusps were used in the case of axial loading, and one 

point on the lingual incline of the buccal cusp was used in the case of oblique loading. 
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3. Results: 

 Quantitative statistics concerning mvM for 
various model components are shown in 
Table 4 (axial loading) and Table 5 (oblique 
loading). The results are also depicted as bar 
charts in Fig. 5a-b. Figures 6–7 illustrate the 

stress distributions across different 
components of the FEA model. The colour 
range from red (denoting the highest stress 
concentration) to blue (showing lower stress 
levels) illustrates the stress gradients 
throughout these parts.

Table 4. Von Mises stress in MPa among different tooth substrates (enamel and dentin), GIC (Model A), 
CFC (Model B), Ever X-CFC (Model C), and Ribbond-CFC (Model D) during axial loading 

Restorative material Enamel Dentin Restoration 
GIC 19.8 2.45 0.94 
CFC 13.3 1.64 0.66 

Ever X-CFC 9.5 0.92 0.24 
Ribbond- CFC 6.3 0.57 0.19 

 
Table 5. Von Mises stress in MPa among different tooth substrates (enamel and dentin), GIC (Model A), 
CFC restoration (Model B), X-CFC (Model C), and Ribbond-PFC (Model D) during oblique loading (45 

degrees) 
Restorative material Enamel Dentin  Restoration 
GIC 23.5   3.3  2.75 
CFC 17.68  2.94 1.83 
Ever X-CFC 9.53  1.36 1.77 
Ribbond- CFC 7.8 0.92 2.05 

 

  
(a) (b) 

Figure 5. (a-b). Von mise stress distribution (MPa) for different tooth substrates, GIC, CFC, and 
bilayered Ever X-CFC, Ribbond-CFC restorations during axial loading (a) and oblique loading (b), as 

represented in a bar chart 
 

0

5

10

15

20

25

GIC CFC Ever x Ribbond

Vo
n 

m
ise

s 
st

re
ss

es
 in

 M
Pa

Axial loading

Enamel Dentin Restoration

https://doi.org/10.32828/mdj.v21i2.1222
https://mdj.uomustansiriyah.edu.iq/index.php/mdj


 
 

DOI: 10.32828/mdj.v21i2.1222  
 

Website: https://mdj.uomustansiriyah.edu.iq          Vol.: 21, no.: 2, Year: 2025 
 

97 

a b  c   

 d e  f   

 g  h i   

j k  l  

 

Figure 6a-l. Von Mises stress distributions during axial loading among different model components 
(enamel, dentin and restoration), with a-c corresponding to Model A; d-f, Model B; g-i, Model C; and j-l, 

Model D. 
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a  b   c  

d e  f   

g  h  i   

j k    l   

Figure 7a-l. Von Mises stress distributions during oblique loading among different model components 
(enamel, dentin and restoration), with a-c corresponding to Model A; d-f, Model B; g-i, Model C; and j-l, 

Model D. 
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In general, the maximum mvM was detected 
in the enamel structure of the premolar within 
the FEA model. Notably, higher stresses 
were observed in Model A and Model B than 
in Model C, which presented less stress in 
both enamel and dentin. Model D presented 
the lowest stress values among the different 
components of the model during axial 
loading. In the case of oblique loading, all the 
models with various components presented 
higher stress values than did those with axial 
loading, with slightly lower stress values in 
the fiber-reinforced composite restorations. 

3.1. Stress distribution during axial 
loading. 

3.1.1 Stress distribution in GIC restoration 
and tooth substrates in the case of axial 
loading (Model A) 

 In the mvM distribution of GIC shown in 
Fig. 6 a-c, the FEA revealed zones of 
maximum stress concentration at the outer 
tooth substrate (enamel), intuitively at the 
initial load site and at the axial and axiodistal 
line angles around the tooth-restoration 
interface, in addition to the cervical region 
underneath the restoration. The stress levels 
ranged from high values (19.8 MPa) (red 
areas) to low values (blue areas), as shown in 
Fig. 6a. 

The restorative component of the model has 
relatively lower stress values, which peak at 
0.94 MPa, with obvious areas of stress 
concentration at the occlusal part of the 
restoration (Fig. 6b). 

Compared with the enamel layer, the inner 
tooth substrate (dentin) has relatively lower 
stress values, with a peak level of 2.45 MPa, 

and is particularly concentrated at the axial 
wall of the cavity (Fig. 6c). 

3.1.2. Stress distribution in conventional 
composite restoration and tooth structures 
(Model B). 

The von Mises stress distributions in the 
conventional composite restoration and 
surrounding tooth structures are illustrated in 
Fig. 6d-f. The enamel component reveals 
high stress values, mainly at tooth restoration 
interfaces in the cervical area, with a marked 
stress concentration at the mesioaxial and 
distoaxial tooth extremities, with a peak 
value of 13.3 MPa, which decreases to much 
lower values at other parts of the enamel until 
zero (Fig. 6d). The dentine component has 
much lower stress values than the enamel 
substrate does (1.64 MPa) (Fig. 6f). 
Compared with the enamel and dentin, the 
restorative part presented lower stress values 
(0.66 MPa), as illustrated in Fig. 6e. These 
stresses are concentrated mainly at the 
occlusal surface of the restoration. 

3.1.3. Stress distribution in the Ever X-CFC 
bilayered restoration and surrounding tooth 
structures (Model C). 

 The von Mises stress distributions for the 
Ever x-CFC combination are illustrated in 
Fig. 6g-i. Relatively low stress values are 
shown for the enamel component, with a 
peak value (9.48 MPa) at 9.5 g. The dentinal 
substrate has very low stress values, which 
peak at 0.92 MPa (Fig. 6i). The restorative 
part, which is represented by the inner FRC 
layer and outer CFC layer, reveals a 
characteristic stress distribution where the 
outer layer shows relatively marked stress 
concentration in multiple areas, particularly 
near the interfaces, whereas the inner layer, 
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in comparison with the outer layer, clearly 
has lower stress values, as shown in Fig. 6h, 
with the whole restorative part having stress 
values that peak at 0.24 MPa. 

3.1.4. Stress distribution in Ribbond-CFC 
bilayered restoration and tooth substrates 
(Model D). 

The von Mises stress for this model is 
illustrated in Fig. 6j-l. The stresses are mainly 
concentrated in the cervical area at tooth 
restoration interfaces, with a tendency to be 
particularly directed toward the tooth 
extremities both mesially and distally, in the 
outer enamel structure. In this case, the 
enamel layer also had relatively greater stress 
values than both the dentinal and restorative 
components, which peaked at 6.31 MPa (Fig. 
6j). However, the dentin part presented a 
lower value, which reached a maximum 
value of 0.57 MPa (Fig. 6l). The multilayered 
restoration here shows a variable stress 
distribution where the inner ribbond layer has 
lower stress values than the outer CFC layer, 
with a peak value for the whole restoration, 
which reaches 0.19 MPa (Fig. 6k). 

 3.2. Stress distribution during oblique 
loading: 

          All FEA models with different 
restorative materials revealed an increase in 
von Mises stress during oblique loading. In 
general, all the models with different 
restorative options presented increased 
stress values during oblique loading, as 
illustrated in Table 5 and Fig. 5b. Model A 
presented the highest stress values among 
the other models, followed by Model B, 
which presented lower stress values for the 
different model components. Models C and 
D clearly presented minimal stresses 
compared with Model D, which presented 

the lowest stress values with respect to the 
other models. 

The pattern of the stress is approximately 
the same as that in the state of axial loading, 
where high stresses are concentrated at the 
tooth-restoration interfaces, particularly at 
the axial and distoaxial line angles. The 
cervical region also shows areas of 
increased stress in all the models, which is 
obviously greater than that at the occlusal 
part of the restorations in the vicinity of the 
tooth. Model C and Model D yield minimal 
von Mises values in all the parts of the 
model, with the exception of the restorative 
component of Model D, where a relatively 
high stress value is observed, whereas both 
tooth substrates have the lowest value 
among the other models. The von Mises 
stresses for all the models in the case of 
oblique loading are shown in Fig. 7a-l. 

4. Discussion: 
        This study used 3D finite element 
analysis to examine the effects of both 
short- and long-fiber reinforcements on 
the biomechanical response of direct 
restorative strategies for cervical defects 
when an occlusal load is applied. 

Four 3D models have been designed to 
compare the materials routinely used to 
restore cervical lesions (Ichim et al., 2007b, 
Narayanaswamy et al., 2008, Bezerra et 
al., 2020, Schwendicke et al., 2021), 
represented by conventional filler 
composites, GICs, and fiber-reinforced 
composites (FRCs), which have been 
sufficiently investigated in different 
modalities (Garoushi et al., 2018, Lassila et 
al., 2018, Lassila et al., 2020, Escobar et 
al., 2023). 
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This analysis enables the assessment of how 
these fibers influence the biomechanics of 
the restored cervical region, aiming to 
achieve optimal stress distribution, minimize 
fracture risk, and prolong the durability of 
cervical restorations. The premise behind 
this approach is that restoring the cervical 
cavities with conventional composite resin, 
which is currently the most commonly used 
material for cervical restoration, would be 
less than ideal; instead, reinforcing it with a 
laminate of short fibers (SFRC) or long 
polyethylene fibers (ribbonds) would be 
more advantageous for resisting the stresses 
of functional and parafunctional occlusal 
loading, particularly in extensive cavities 
and in noncarious cervical lesions 
(abfraction cases), where high mechanical 
demands for restorative materials need to be 
considered (Hollanders et al., 2020, 
Jakupović et al., 2022). 

This study demonstrated that the differing 
stress concentrations in various restorative 
materials are predominantly affected by their 
modulus of elasticity and Poisson's ratio 
under analytical settings. Our findings 
revealed adverse effects with GIC 
restoration (Model A), where high von 
Mises stress concentrations were exhibited 
through the tooth substrates and the 
restorative component (axial load; 19.8 MPa 
in enamel, 2.45 MPa in dentin, and 0.92 MPa 
in the restorative part). In the case of the 
oblique load, higher stresses are 
concentrated in the cervical region, which is 
consistent with previous studies (Ichim et 
al., 2007b, Machado et al., 2017). This is 
illustrated in Tables 4--5 and Figures 6.a--c. 
and Fig. 7.a--c. The above results might be 
attributed to the low elastic modulus of GIC 
(8 MPa), permitting the material to deform 
under the occlusal load, thereby transmitting 

the stresses to the underlying tooth 
structures. This phenomenon may result in 
marginal breakdown at the tooth-restoration 
interface and eventually adhesive or 
cohesive restoration failure (Yamanel et al., 
2009, Hasija et al., 2014). 

Compared with GIC restoration, composite 
resin restoration as a single restorative 
material represented by model B (CFC), 
revealed lower von Mises stresses under 
both types of loading (axial and oblique). 
This finding is consistent with previous 
studies that demonstrated the preeminence 
of cervical composite restorations in terms 
of stress distribution and marginal stability 
(Hasija et al., 2014, Dikova et al., 2020, 
Dikova et al., 2021). However, Model C and 
Model D represent the bilayered fasion of 
the cervical composite restoration, where a 
layer of fiber reinforcement placed as a 
substructure underneath the conventional 
composite resin (CFC) characteristically 
showed minimal stress values. 

 In Model C, a layer of short fiber-reinforced 
composite beneath the conventional 
composite indicatively reduced the stresses 
during both types of loading, where under 
axial loading, the von Mises values were 9.5 
MPa in the enamel, 0.92 MPa in the dentin 
and 0.24 MPa in the restorative component, 
whereas under oblique loading, the stress 
values were 9.53 MPa, 1.36 MPa, and 1.77 
MPa in the enamel, dentin and restoration, 
respectively. 

In the literature, the reinforcement of 
composites with short fibers as a dentin 
replacement material had positive effects on 
the biomechanical behavior of the final 
composite restorations. This occurs through 
enhancing the stress distribution, increasing 
the fracture resistance of the composite resin 
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in response to various occlusal loads 
(Garoushi et al., 2018, Soares et al., 2018, 
Suzaki et al., 2020, Barreto et al., 2016). 

In Model D, a laminate of the ribbond fibers 
is placed upon the axial wall of the cervical 
cavity and then covered with a CFC layer in 
a manner that is known clinically as a 
wallpaper technique (Deliperi et al., 2017). 
This multilayered composite restoration has 
been proven in other cavity designs and 
scenarios to serve well in terms of enhancing 
the composite biomechanics, distributing 
stresses, and absorbing the energy of the 
applied occlusal loads, with a trend to be 
used, particularly in extensive cavities 
(Mangoush et al., 2021, Zotti et al., 2023b, 
Zotti et al., 2024). In a different study, these 
fibers, even when used as intracanal posts in 
some cases, provided favorable stress 
distributions in the cervical region (Jain et al., 
2024). 

Model D reveals the lowest stress values 
among the other models under axial loading 
and oblique loading, whereas under axial 
loading, the von Mises stresses are the 
minimal stresses compared with those of 
models A, B and C (6.3 MPa, 0.57 MPa and 
0.19 MPa in the enamel, dentin, and 
restorative components, respectively). Under 
nonaxial loading, the values are the lowest, 
with the exception of the restorative part, 
which has a relatively increased stress value 
due to the high elastic modulus of the ribbond 
layer; however, in the tooth substrates, the 
stresses are the lowest. The results indicate 
that materials with a relatively high elastic 
modulus can reduce the stresses in the 
surrounding tooth substrates, which is in 
accordance with previous studies (Asmussen 
and Peutzfeldt, 2008) (Kim et al., 2021). 

The limitations of this study include the 
following: first, all the materials within the 
models are uniform and isotropic, exhibiting 
linear elasticity; second, the acting force is 
assumed to be static rather than dynamic, as 
is realistic. Well-standardized in vitro and in 
vivo studies need to be conducted to confirm 
the results of this study. 

5. Conclusion: 
             The incorporation of either glass or 
polyethylene fibers within the cervical 
composite restoration apparently enhances 
stress distributions on the surrounding tooth 
structure, thus probably improves the 
retention rate of the restoration. 
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