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A B S T R A C T   

Objectives: This 3D finite element analysis study aimed to investigate the effect of reinforcing CAD-CAM bars on 
stress distribution in various components of a posterior composite bridge. 
Methods: A virtual model mimicking the absence of an upper second premolar was created, featuring class II 
cavity preparations on the proximal surfaces of the adjacent abutment teeth surrounding the edentulous space. 
Five distinct finite element analysis (FEA) models were generated, each representing a CAD-CAM reinforcing bar 
material: 3-YTZP (IPS. emax ZirCAD MO; Zr), lithium disilicate (IPS e.max CAD; EX), nano-hybrid resin com-
posite (Grandio Blocs; GB), Fibre-reinforced composite (Trilor; Tri), and polyetheretherketone (PEEK). A 
veneering resin composite was employed to simulate the replacement of the missing premolar (pontic). In the 
FEA, an axial force of 600 N and a transverse load of 20 N were applied at the center of the pontic. Subsequently, 
maximum von Mises (mvM) and maximum principal stresses (σmax) were computed across various components 
of the generated models. Additionally, shear stresses at the interface between the CAD-CAM bars and the 
veneering resin composite were determined. 
Results: CAD-CAM materials with high modulus of elasticity, such as Zr and EX, exhibited the highest mvM 
stresses and shear stresses while transferring the lowest stress to the veneering resin composite in comparison to 
other materials. Conversely, PEEK demonstrated the lowest mvM stresses but produced the highest stresses 
within the veneering resin composite. There was a uniform distribution of mvM stresses in the remaining tooth 
structure among all groups, except for a noticeable elevation in the molar region of Zr and EX groups. 
Significance: Reinforcing CAD-CAM bar materials with a high modulus of elasticity, such as Zr and EX, may result 
in debonding failures at the connector sites of posterior composite bridges. Conversely, GB, PEEK, and Tri have 
the potential to cause fracture failures at the connectors rather than debonding.   

1. Introduction 

The absence of upper permanent premolars can cause distress for 
patients as it affects both the aesthetics and function within a prominent 
area of the smile [1]. Various restorative solutions are available for such 
cases, including removable partial dentures, 3-unit fixed dental bridges 
(FDB) [2], resin-bonded bridges [3] (RBB), and dental implants [4,5]. 
However, each of these treatment options comes with its set of limita-
tions, encompassing factors such as patient preferences, tooth structure 

damage, potential lab errors, time constraints, financial considerations, 
requirement for surgical procedures, and retention reliability [6–8]. 

The immediate replacement of a permanent tooth has been promoted 
through techniques using fiber-reinforced resin composites or bonding 
the extracted natural tooth to its neighboring one [9,10]. This imme-
diate restorative approach offers benefits such as excellent aesthetics, 
the capacity to bond to tooth structure, minimal invasiveness, and easy 
repair if needed [11]. Immediate fibre-reinforced composite bridges 
(FCB), described in the literature, have been recognized as a durable and 
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more conservative means of replacing a missing anterior tooth 
compared to traditional fixed bridges or implant-supported crowns 
[12–14]. However, immediate FCB have exhibited unsatisfactory clin-
ical performance, with only a 75% success rate over the initial 5 years 
[15]. A prevalent failure is delamination between resin composites and 
reinforcing fibers [16]. Mechanical tests indicate that fractures pri-
marily occur at the interface between the resin composite and fibers, 
loading points, and connectors [17,18]. Occlusal forces can cause fiber 
bending, generating combined shear and tensile forces between the 
reinforcing fibers and veneering resin composite [19]. Exceeding the 
bond strength between these dissimilar materials due to tensile and 
shear forces can lead to debonding and hence a collapse of the whole 
restoration. 

Advancements in CAD-CAM materials have expanded clinicians’ 
choices for dependable restorative materials boasting excellent aes-
thetics and optimal mechanical properties. CAD-CAM resin composites 
[20], lithium disilicate glass ceramics [21], hybrid ceramics [22], 
polycrystalline zirconia [23], and PEEK [24] find broad applications in 
restorative dentistry, manufactured under isostatic conditions to ensure 
exceptional mechanical performance. CAD-CAM blocks are commonly 
milled into indirect restorations like crowns, bridges, onlays, and ve-
neers, later bonded to tooth structure using adhesive resins [25]. 
Existing literature demonstrates their enduring, strong bonds with resin 
composites, provided proper mechanical and chemical surface treat-
ments are applied [26–28]. However, these materials have not been 
widely explored as potential reinforcing frameworks for immediate 
posterior composite bridges. Finite Element Analysis (FEA) has emerged 
as a valuable tool in bioengineering, offering computational modeling 
capabilities to explore the impact of various design variables across 
diverse fields of restorative dentistry. FEA enables researchers to simu-
late complex scenarios and investigate the effects of different parame-
ters, such as stress distribution, orientation, and deformation, in virtual 
designs of fixed partial dentures [29,30]. By utilizing FEA, researchers 
can map out stress patterns and evaluate the structural integrity of 
dental restorations under different loading conditions, providing valu-
able insights for optimizing design parameters and enhancing clinical 
performance [31]. 

The immediate replacement of a missing posterior tooth represents a 
cost-effective innovation that is less invasive to neighboring teeth, 
potentially repairable using direct resin composites, and generally more 
affordable than traditional treatment methods. This approach offers a 
timely solution for replacing a single tooth when extraction is necessary. 
The study posits that CAD-CAM reinforcing framework bars might 
establish a more favorable mechanical interaction with the veneering 
resin composite. However, this theoretical interaction remains untested 
and unverified. Therefore, the objective of the present study is to 
investigate the effect of reinforcing CAD-CAM bar materials and its 
stress distribution in various components of a posterior composite bridge 
using finite element analysis. The study’s null hypotheses encompass 
two aspects: first, that various CAD-CAM materials (such as resin com-
posite, 3-YTZP, lithium disilicate, PEEK, and fiber-reinforced resin) will 
not impact stress distributions in both the veneering resin composite 
restoration and tooth structure (enamel and dentin); and second, that 
there will be no disparity in stress distribution among the different 
reinforcing CAD-CAM materials. 

2. Materials and methods 

Finite element analysis and Weibull probability failure were con-
ducted to investigate the stress distributions and probability of fracture 
of five models generated for different immediate posterior composite 
bridge reinforced with five CAD-CAM materials (1- IPS e.max ZirCAD 3- 
YTZP zirconia; Ivoclar Vivadent AG, Schann, Liechtenstein [Zr], 2- 
Grandio blocs; VOCO, Germany [GB], and 3- Fibre-reinforced composite 
Trilor; Harvest Dental, Brea, CA [Tri], 4- Polyetherether ketone PEEK- 
OPTIMA®; Invibio, UK [PEEK], and 5- IPS e.max CAD Lithium Disilicate 

blocks; Ivoclar Vivadent AG, Schann, Liechtenstein [EX]. This work was 
approved by the ethics committee of the Faculty of Dentistry Research 
Ethics (International No: IORG0008839). 

2.1. CAD-CAM reinforced composite bridge model design 

A finite element analysis model was constructed, featuring an upper 
first permanent premolar and molar set 6 mm apart within type 4 bone. 
Computerized tomography (CT) scans of actual human premolar and 
molar teeth were utilized to capture precise dimensions and shapes for 
the model. A standard representation of a posterior CAD-CAM reinforced 
composite bridge was assembled using one of five CAD-CAM bar ma-
terials, each set at specific dimensions (2 mm wide, 12 mm long, and 1 
mm thick). These bars were positioned within proximal box-shaped 
cavities between the premolar and molar, embedded within a 
veneering resin composite material that extended to fill the proximal 
boxes of the two teeth (Fig. 1). The dimensions of the simulated prox-
imal cavities adhered to recommendations from prior studies [18,19]. 
The model assumes perfect bonding at all interfaces within the com-
posite bridge, encompassing connections between the CAD-CAM bars 
and veneering resin composite, as well as those between the resin 
composite and the structures of the teeth (enamel and dentin). 

2.2. Model generation 

The obtained data was exported and superimposed into interactive 
medical image control using Digital Imaging and Communications in 
Medicine format (DICOM) to detect the boundaries of the remaining 
tooth structure, pulp chamber, etc. A reverse engineering program 
(Mimics Medical 20.0; Materialize NV and Geomagic Studio 12.0; 
Geomagic Inc) was used to translate the scanned data into full CAD 3D 
models. Veneering resin composite was designed using 3Shape Dental 
Designer CAD software (inLab 3D software). Five models were gener-
ated according to the five CAD-CAM reinforcing bar materials. 
Veneering composite was designed with ExoCAD software version 4.3 
(Sirona Dental Systems, Bensheim, Germany) according to the original 
anatomy of an upper second premolar. 

Following an initial scanning process, the obtained models were 
converted into.stl files and subsequently imported into the geometry 
section of Ansys 2023 R2. Specific components, such as pre-molar, 
molar, restoration, and a bar featuring a length of 12 mm and a rect-
angular cross-section measuring 2 mm x 1.5 mm, were extracted from 
the scan data. Within the ANSYS Workbench Space Claim environment, 
additional elements like cortical, sized at 45 mm x 35 mm, were 
generated. A cancellous component was created separately as a solid 
with a thickness of 2 mm. The Boolean operations feature in Space 
Claim, specifically the combine option, was employed to establish the 
periodontal ligament with a thickness of 0.2 mm. In a similar fashion, 
the pulp and enamel components, each with a solid thickness of 1.5 mm, 
were individually created using the split command in Space Claim. The 
entire assembly, as depicted in Fig. 1(b), from Space Claim, was then 
imported into the model module. 

To facilitate interactions within the model, contact bodies and target 
bodies were established between various geometry sections. Specif-
ically, contacts were formed between enamel and dentin, dentin and 
periodontal ligament, periodontal ligament and cancellous, and 
cancellous and cortical interfaces. A total of 24 contacts were config-
ured, all set as bonded conditions. 

Conducting a comprehensive convergence study, the overall model 
was meshed with a 0.5 mm element size using the solid 187 element 
type. Each geometric model was subjected to meshing, resulting in a 
total of 3463,350 nodes and 3117,240 elements within the entire 
assembly. 

Boundary conditions play a pivotal role in FEA by defining node 
movements and relationships. The following conditions were upheld 
across all models: 

A. Elraggal et al.                                                                                                                                                                                                                                



Dental Materials 40 (2024) 869–877

871

(1) All materials within the models were uniform, isotropic, and 
exhibited linear elasticity. 

(2) FEA models were firmly positioned within the alveolar bone, 
restricted from movement (0◦ freedom in all directions) to prevent any 
rigid body motion. 

(3) Boundary conditions were applied consistently across nodes, 
ensuring no flaws existed in any Finite element analysis. 

Material properties of all components of the FEA model are presented 
in Table 1. It was assumed that all components had isotropic material 
properties except for the reinforcing CAD-CAM bar materials. 

Despite the physiological occlusal forces averaging 200 N in the 
premolar region, a load of 600 N was applied axially to the central 
occlusal surface of the virtual pontic of an upper second permanent 
premolar, representing a worst-case scenario. Additionally, a transverse 
force of 200 N was directed at a 45-degree angle to the long axis of the 
model, toward the palatal inclination of the palatal cusp [42,43] (Fig. 2). 

The stress patterns for various models were calculated using 
computer-aided software, ANSYS 2023 (ANSYS Inc., Canonsburg, 
Pennsylvania, United States). A linear static Finite Element Analysis 
(FEA) was utilized to assess the strength of materials under complex 
stress conditions. The evaluation included analyzing the maximum von 
Mises (mvM) stresses and maximum principal stresses (σmax) on the 
enamel, dentine, reinforcing CAD-CAM bar, and veneering resin com-
posite, measured in megapascals (MPa). Additionally, an assessment 
was conducted on the tensile and shear forces occurring at the interface 
between the CAD-CAM bar and the resin composite. 

The numerical data generated by the FEA was represented graphi-
cally in color, where similar colors indicated similar stress distribution 
ranges. Warmer colors indicated higher stresses, with red areas repre-
senting the highest stress concentrations, while blue areas denoted 
lower stresses. Each component of the FEA was extracted and sectioned 
mesio-distally to examine the stress patterns in individual components. 

components of the models. 

3. Results 

Quantitative data regarding mvM and σmax for distinct model 
components were detailed in Table 2 and Table 3, correspondingly. 
These findings were also visually represented as bar charts in Fig. 3 and  
Fig. 4. The sectional views in Figs. 5–8 depicted the stress distribution 
among various components of the FEA model. The color spectrum 
ranging from red (indicating the highest stress concentration) to blue 
(suggesting lower stress levels) demonstrated the stress gradients across 
these sections. Stress values within a 5% difference were considered 
analogous. 

In general, within the FEA model, the highest mvM and σmax were 
observed in the enamel structure of the premolar, followed by the molar 
abutment. Notably, the veneering resin composite pontic exhibited the 
third-highest mvM and σmax across various reinforcing CAD-CAM ma-
terials. However, for Zr, the stresses were elevated in the CAD-CAM 
zirconia bar compared to the veneering resin composite. 

3.1. Stress distribution in the CAD-CAM bars and veneering resin 
composite 

In the mvM distribution of the reinforcing CAD-CAM bars (Fig. 5a-e), 
the FEA revealed the zones of maximum stress concentration at the 
connectors where the CAD-CAM bars link the pontic to either the molar 
or premolar, particularly at the apical side of the bar. Stress levels 
ranged from lower values in PEEK (31.3 MPa) to higher levels in GB, Tri, 
and EX (52.5, 59.9, and 113.4 MPa, respectively), while mvM stresses 
peaked at 154.9 MPa in Zr. 

In the mvM stress distribution within the veneering resin composite 
(depicted in Fig. 6), the FEA highlighted maximum stress concentrations 
at the areas of loading for all models. These stresses were concentrated 
where the load was applied, and the mvM stress in the resin composite 
pontic displayed a radial pattern emanating from the loaded area. Apart 
from the small region around the point of loading, the stresses spread 
radially and concentrated at the top and bottom of the connectors across 
all groups. The highest mvM concentration was observed in the PEEK 
group (187.2 MPa), followed by GB, Tri, and EX groups (152.4, 144.5, 
126.7 MPa, respectively), whereas the lowest von Mises values were 
noted in the Zr group (118.2 MPa). The areas of the highest mvM were 
broader in PEEK and GB compared to the other groups. Similar trends 
were observed in σmax values, with the highest σmax in PEEK 
(115 MPa) and the lowest σmax in Zr (56.5 MPa). 

Shear stresses, generated at the interface between CAD-CAM bar and 
resin composite, are illustrated in Fig. 7. The highest shear stresses were 
identified in Zr and EX (89.3 MPa and 65.4 MPa, respectively), while the 
PEEK group exhibited the lowest stresses (18 MPa). Both GB and Tri 
groups demonstrated nearly equivalent shear stresses (30.3 and 
34.5 MPa, respectively). In each group, the highest shear stresses are 

Fig. 1. a) 3D FE model showing the mesh densities of posterior CAD-CAM reinforced bridge replacing an upper second premolar tooth. b) A sectional view showing 
the 3D FE model showing the location of the reinforcing CAD-CAM bar near the ginigival steps of a distal box of an upper first permanent premolar and a mesial box 
on an upper first permanent molar. A veneering resin composite surrounds the CAD-CAM bar and fills between the two proximal boxes and is shaped to simulate an 
upper second permanent premolar. 

Table 1 
Elastic properties of the isotropic materials used for the FE analysis.  

Material Elastic modulus (GPa) Poisson ratio 

Enamel[32]  84.10  0.30 
Dentin[32]  18.60  0.31 
Periodontal ligament[33]  0.0689  0.45 
Cortical bone[34]  13.70  0.30 
Trabecular bone[34]  1.37  0.30 
Resin composite[35]  15.5  0.28 
IPS e.max CAD[36]  102.70  0.33 
PEEK[37]  4.8  0.36 
Trilor[38]  26  0.3 
Grandio Blocs[39]  18  0.26 
IPS e.max ZirCAD MT[40,41]  210  0.30  
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primarily confined to the underside of the CAD-CAM bar, except for a 
more dispersed pattern observed on the upper surface of the Zr and EX 
groups. 

3.2. Stress distribution in the remaining (dentin) tooth structure) of the 
abutments (premolar and molar) 

von Mises stress distributions in dentin of molar and premolar for 
different CAD-CAM bar materials are illustrated in Fig. 8 a-e and Fig. 8 f- 
j, respectively. von Mises stress distributions in the molar were generally 
higher, compared to the premolar, in all CAD-CAM bars except for PEEK; 
the mvM were higher in premolar. The mvM were found in molar of Zr 
(91.9 MPa) followed by molar of EX (80.7 MPa) while the lowest von 
Mises were found in the molar of PEEK (32.8 MPa). The stresses were 
concentrated at the cervical margin of the two proximal boxes and 
radiated in an apical and bucco-palatal directions. The highest von Mises 
extended more apically in the premolar compared to the molar where 
the maximum stresses gradually faded towards the middle of the roots. 

4. Discussion 

The immediate replacement of a missing upper premolar is a cost- 
effective and conservative alternative to conventional fixed-fixed 
bridges or implant-supported coronal restorations. Nevertheless, this 
method needs to be dependable and meet the essential requirements for 
a successful prosthesis. This study aimed to assess and contrast various 
reinforcing CAD-CAM bar materials concerning stress dispersion in a 
resin composite-made veneering pontic and the remaining tooth struc-
ture. Significant variations in stress distribution were observed among 
each CAD-CAM bar material and within the veneering resin composite, 
thereby leading to the rejection of the null hypotheses. 

Finite element analysis serves as a valuable tool for assessing the 
strengths and weaknesses of fixed restoration components and under-
standing the potential stresses they may encounter under diverse loads 

Fig. 2. boundary conditions with (a) Axial Load (b) Transverse load.  

Table 2 
von Mises in MPa among different tooth substrates (enamel and dentin) of the 
premolar and molar, resin composite pontic, and the reinforcing CAD-CAM bar 
materials.  

Bar Martial Dentin 
(premolar) 

Dentin 
(molar) 

Resin 
composite 

Bar 

IPS e.max CAD  36.9  80.7  126.7  113.4 
PEEK  40.3  32.8  187.2  31.3 
Trilor  37.9  42.5  144.5  59.9 
Grandio Blocs  38.5  40.8  152.4  52.5 
IPS e.max ZirCAD 

MT  
36.4  91.9  118.2  154.9  

Table 3 
Maximum principal stresses in MPa among different tooth substrates (enamel 
and dentin) of premolar and molar, resin composite pontic, and the reinforcing 
CAD-CAM bar materials.  

Bar Martial Dentin 
(premolar) 

Dentin 
(molar) 

Resin 
composite 

Bar 

IPS e.max CAD  12.1  44.4  62.5  61.9 
PEEK  14.9  14.8  115.0  18.7 
Trilor  13.2  32.1  80.6  30.9 
Grandio Blocs  13.5  28.4  87.1  28.1 
IPS e.max ZirCAD 

MT  
12.4  58.3  56.5  91.9  

Fig. 3. von Mises stress distribution (MPa) for different of different tooth substrates, resin composite, and reinforcing CAD-CAM bar materials in each of the 
study groups. 
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[44]. Through this analysis, we can evaluate how these components 
affect stress distribution in different substrates, providing insights into 
the potential clinical success of dental restorations [45]. This study 
developed a 3D finite element analysis model featuring a box-shaped 
CAD-CAM reinforced posterior composite bridge, serving as a replace-
ment for an upper second permanent premolar. Similar box-shaped 
designs have been recommended in prior research where authors 
assessed fibre-reinforced composite bridges through FEA methods [18, 
19] or explored inlay-retained bridges [46,47]. 

The application of adhesive prostheses in dentistry serves as a less 
invasive alternative to more aggressive treatments [48]. Thanks to ad-
vancements in dental adhesives, the cementation of extensive restora-
tions and fixed prostheses has become more accessible and is 
recommended for achieving favorable success rates over a period of five 
years, demonstrating comparable performance to conventional fixed 
dental prostheses or implant-supported crowns [49]. This shift towards 

adhesive dental bridges aligns with minimally invasive dentistry, 
reducing the need for substantial abutment tooth preparation to support 
fixed prostheses. Hence, the present study simulated a minimal prepa-
ration model, where each adjacent tooth to the edentulous space un-
derwent only one class II preparation for a direct approach of fixed 
partial denture. 

Physiological occlusal loads can differ according to the magnitude of 
functional and parafunctional activities. The maximum occlusal forces, 
in the posterior region, can reach up to 580 N [50,51]. In the current 
FEA study model, a magnitude of 600 N was applied to mimic the worst 
case scenario on posterior teeth [52]. 

Advancements in CAD-CAM material development have significantly 
broadened the range of options available to clinicians in restorative 
dentistry. These materials can be utilized either as a complete restora-
tion or as a foundational material to support an aesthetic restoration. 
Among the materials commonly used are 3-YTZP zirconia, lithium 

Fig. 4. Maximum principal stresses (MPa) for different tooth substrates, resin composite, and reinforcing CAD-CAM bar materials in each of the study groups.  

Fig. 5. von Mises stress distribution (MPa) among reinforcing CAD-CAM bar materials with a-e correspond to IPS e.max ZirCAD, Grandio Blocs, Trilor, PEEK, and IPS 
e.max CAD, respectively. 
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disilicate, PEEK, fibre-reinforced composites, and nanohybrid resin 
composites, known for their outstanding mechanical properties [38, 
53–55] In Fibre-reinforced composite bridges, the most common failure 
site was at the connectors [17,56] In this FEA study, these materials 
were considered as potential CAD-CAM reinforcing bar materials, aim-
ing to achieve favorable stress distribution, reduce fracture risks, and 

extend the lifespan of a posterior composite bridge. The premise behind 
this approach was that reinforcing a posterior composite bridge with 
high elastic modulus CAD-CAM materials would withstand the stresses 
at the connector areas, consequently minimizing the likelihood of frac-
ture, as agreed by a previous work [57]. 

The study revealed varying stress concentrations among different 

Fig. 6. von Mises stress distribution (MPa) for the veneering resin composite among the different reinforcing CAD-CAM bar materials with a-e correspond to IPS e. 
max ZirCAD, Grandio Blocs, Trilor, PEEK, and IPS e.max CAD, respectively. 

Fig. 7. Shear stresses generated at the interface between the veneering resin composite and different CAD-CAM bar materials (a-e) corresponding to IPS e.max 
ZirCAD, Grandio Blocs, Trilor, PEEK, and IPS e.max CAD, respectively. 
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Fig. 8. von Mises stress distribution (MPa) among the dentin structure in molar abutment (a-e) and premolar abutment (f-j). Figures (a-e) and (f-j) correspond to the 
different CAD-CAM bar materials; IPS e.max ZirCAD, Grandio Blocs, Trilor, PEEK, and IPS e.max CAD, respectively. 
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CAD-CAM materials, primarily influenced by their modulus of elasticity 
and Poissons ratio in the analytical conditions. In comparison to IPS e. 
max CAD and IPS e.max ZirCAD, PEEK, Grandio Blocs, and Trilor have 
lower modulus of elasticity. The resilient properties of PEEK, Grandio 
Blocs, and Trilor allow them to absorb forces, creating flexible restora-
tions akin to natural teeth, aligning with previous research [58,59]. 

The veneering resin composite exhibited the highest von Mises stress 
concentrations in the PEEK group (187.2 MPa). This disparity may be 
attributed to PEEK’s relatively low elastic modulus (4.8 MPa) in contrast 
to the veneering resin composite (15.5 GPa). This mismatch permits 
PEEK to deform under occlusal loads, potentially transmitting higher 
stresses to the veneering composite. This phenomenon can potentially 
lead to catastrophic tooth fractures or restoration debonding, consistent 
with previous studies [45,60]. 

Conversely, Zr and EX, being more rigid materials, display higher 
stress resistance but may undergo catastrophic failure under excessive 
loads surpassing their fracture resistance, as observed in prior research 
[61]. Zirconia and Lithium disilicate materials might have effectively 
absorbed more stresses than PEEK, transferring lesser stress to substrates 
with lower modulus of elasticity, aligning with findings by Yamanel 
et al. [45]. The outcomes are in line with the mvM stress findings in 
CAD-CAM bar materials, where Zirconia (Zr) and Emax (EX) displayed 
the highest stress values (154.9 MPa and 113.37 MPa, respectively), 
while PEEK exhibited the lowest stress level (31.3 MPa). Trilor and 
Grandio Blocs showed higher mvM (59.9 MPa and 52.45 MPa, respec-
tively) compared to PEEK, transferring less stresses to the veneering 
resin composite (144.45 MPa and 152.4 MPa, respectively). 

The study findings revealed that the stress concentration at the ad-
hesive interface is influenced by the elastic modulus of the CAD-CAM 
material [47,62]. The highest shear stresses, at the interface between 
CAD-CAM bar and veneering resin composite, were found in groups Zr 
and EX, while the lowest stresses were found in PEEK. CAD-CAM ma-
terials with high modulus of elasticity such as Zr and EX enable high 
shear stresses at the adhesive/restoration interface with increased risk 
for debonding. These restorations tend to debond rather than cause a 
fracture to the remaining tooth structure as agreed by [47,52,63]. 

The CAD-CAM bar materials exhibited comparable mvM stresses 
transmitted to the remaining tooth structure, regardless of whether it 
was in the molar or premolar region. This uniform stress distribution 
might stem from the identical dimensions of the class II cavities in both 
abutments, leading to a similar C-factor, a concept supported by prior 
research [47]. Nonetheless, there was a marginal elevation in mvM 
stresses observed in the molars, particularly evident in the Zr molar and 
EX molar groups compared to other CAD-CAM bars. However, the uneven 
distribution of stress in the Zr molar and EX molar groups might be 
attributed to the higher stress transfer capacity of materials with 
elevated modulus of elasticity, particularly when located proximate to 
the cervical gingival step within the class II cavity. 

Finite element analysis is a mathematical technique that, while 
useful, doesn’t comprehensively mirror the multifaceted aspects found 
in real clinical scenarios. It overlooks crucial parameters that may 
impact the durability of CAD-CAM reinforced bridges, such as the 
integrity of the periodontium, bone density, thermal expansion co-
efficients of the components under examination, dentoalveolar re-
sponses to various functional loads, and the intricate and dynamic 
nature of mastication physiology. To obtain more dependable and 
practical data to confirm the efficacy of CAD-CAM reinforced posterior 
composite bridges, additional mechanical laboratory testing and 
extensive long-term clinical trials are warranted. 

5. Conclusions  

1. Rigid materials such as 3-YTZP zirconia and lithium disilicate 
showed the highest von Mises within the CAD-CAM reinforcing 
material but the lowest in the veneering composite.  

2. 3-YTZP and lithium disilicate materials can better absorb the 
occlusal stresses but generate higher shear stresses increasing the risk 
of debonding. However PEEK, Trilor, and Grandio Blocs transfer 
higher stresses to the veneering resin composite indicating higher 
risk for fracture 
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