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Evaluation  Of  The  Impact  Of 
Different Access Cavity Designs 
On  Stress  Distribution  And 
Biomechanical  Preparation  Of 
Mandibular  Premolars:  A 
Three-Dimensional  Finite 
Element Analysis 
 

Abstract 

Objectives: Endodontically treated teeth are prone to fracture because of the 

structural loss resulting from caries and treatment procedures. Access cavity 

design significantly influences tooth biomechanics; however, the comparative 

performance of traditional (TAC), conservative (CAC), and caries-driven (CDA) 
designs for mandibular premolars remains unclear. We aimed to evaluate and 

compare stress distributions in a mandibular second premolar under different 

access cavity designs using finite element analysis (FEA). 

Methods: Three-dimensional FEA (3D-FEA) was performed to assess stress 

distributions. A finite element model of a human mandibular second premolar 

was created from cone-beam computed tomography scans. Four models were 

simulated: intact Tooth (IT), TAC, CAC, and CDA. All cavities were restored 

with composite resin. A 200N static vertical load was applied to the occlusal 

surface, and the von Mises stress distributions in the enamel, dentin, composite 

restoration, and root sections were analyzed at six levels. 

Results: The CAC design produced the highest enamel stress (508.9 MPa), 

representing more than fourfold increase compared with the intact tooth (95.2 
MPa). The TAC design yielded the highest dentin stress (89.3 MPa). The CDA 

design exhibited the most favorable biomechanical performance, with the lowest 

stress values across the enamel (91.7 MPa), dentin (51.6 MPa), and composite 

restoration (55.5 MPa), along with the most uniform stress distribution. 

Conclusions: The CDA design showed superior biomechanical performance by 

preserving tooth structure and optimizing stress distribution. The CAC design, 

while preserving dentin, creates critical enamel stress concentrations and 

increases the fracture risk.  

Clinical Significance: Within the limitations of this three-dimensional finite 

element study, a caries-driven access design in mandibular second premolars 

showed the most favorable biomechanical behavior after endodontic treatment. 
This approach may assist clinicians preserve tooth structure and reduce stress 

concentration-related fracture risk compared with traditional or conservative 

access cavity designs. 

 

Introduction 

Fractured teeth treated endodontically (ETT) are more prone to fracture, which 

is mainly the result of carious loss of tooth structure, trauma, and endodontic 

treatment procedures [1-4]. To maintain the survival and prognosis of ETT, it is 

important to preserve the tooth structure [5]. The recent trend in dentistry is 

minimally invasive dentistry (MID) aiming to preserve healthy tooth structures 

and produce the best treatment outcomes [6-8]. This has transferred to 
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endodontics with a focus on minimally invasive endodontics (MIE), which focuses on preservation of pericervical dentin 

(PCD), the roof of the pulp chamber and tooth occlusal function [2-4,9-11].  
Recent systematic reviews and meta-analyses have led 

to strong evidence in support of the biomechanical 

benefits of minimally invasive design of the access 

cavity [12]. The findings support the paradigm shift of 

minimal invasiveness of modern endodontics.  

Conventional endodontic access cavity (TAC) 

preparation is associated with full unroofing of the pulp 

chamber leading to significant loss of enamel and dentin 

[3]. By contrast, in the conservative access cavity (CAC) 

designs, part of the pulp chamber roof and pericervical 

dentin (PCD) remains, which may enhance the ETT 

fracture resistance [9]. Nevertheless, the efficacy of 
CAC in the attainment of appropriate canal debridement 

and shaping is debatable [3,13]. 

Mandibular premolars are prone to fracture due to 

morphology and an increased level of caries in the 

proximal surface [2,14]. Endodontic treatment of 

premolars is not easy because of the complicated root 

canal structure. The conventional use of endodontic 

access cavity in premolars is linked to weakening of 

teeth and high risk of fracture [2]. The conservative 

designs of access cavity as suggested by MIE 

concentrate on maintaining tooth structure, especially 
the PCD, to enhance the fracture resistance of premolars 

after root canal therapy [4,10]. 

Finite element analysis (FEA) is a computational 

technique used to simulate stress distributions in 

complex structures, applied in endodontics to elucidate 

the biomechanical behavior of ETT under various 

mechanical conditions and to design appropriate 

experiments [15,16]. It enables the accurate simulation 

of different conditions in a nondestructive manner, 

providing insights into the stress distribution within the 

tooth structure [17]. FEA has been used to assess the 

effects of different access cavity designs [17] and 
restorative materials [18,19] on fracture resistance [20]. 

We aimed to evaluate and compare stress distributions 

among TAC with caries removal, CAC, and mesial 

caries-driven access cavity (CDA) in mandibular second 

premolars using FEA. The null hypothesis was that there 

would be no significant difference in the von Mises 

stress distribution among the three access cavity designs. 

The alternative hypothesis was that minimally invasive 

designs (CDA) would demonstrate a more favorable 

stress distribution and lower stress concentrations than 

those of the TAC designs.  
 

Materials and Methods 

Ethical Approval and Specimen Selection 

This in vitro study was approved by the Qassim 

University Institutional Review Board (Protocol No. 24-

92-08) and conducted following the principles of the 

Declaration of Helsinki. An intact, fully formed, and 

healthy human mandibular second premolar was 

extracted because of orthodontic treatment needs based 

on the inclusion criteria: (1) a fully developed apex; (2) 

absence of caries, cracks, or previous dental treatment in 
the area; (3) radiographically documented normal root 

anatomy; and (4) single roots with single root canal 

configurations. The tooth was stored in a bottle 

containing 0.1% thymol at 4 °C for additional 

processing. 

 

High-Resolution CBCT Scanning 

A Planmeca ProMax 3D MID system (Helsinki, 

Finland) was used to perform a high-CBCT. The 

standardised parameters were the following: tube 

voltage, 90 kV; tube current, 12 mA; voxel size, 75 µm 

in all three dimensions; field of view, 50 mm3 in all three 

dimensions; scanning time, 18.1 s. About 800 DICOM 

images were taken and stored on discs to be 3D 

reconstructed later [21]. 
 

Three-Dimensional Model Generation and Tissue 

Segmentation 

DICOM images were imported into a computer to 

process images using the Materialize Interactive 

Medical Image Control System (v19.0; Materialize, 

Leuven, Belgium). The differentiation of enamel and 

dentin tissue was then performed by applying grayscale 

thresholding (enamel: 1500-3000 HU; dentin: 1000-

1500 HU). The completed 3D models were exported as 

stereolithography files and opened in SolidWorks 2018 
where the final assembly was performed. 

The periodontal ligand (PDL) was developed to be a 

uniform thickness layer, with a 200 μm distance between 

the 1.5 mm apical and cementoenamel junction along the 

root apex. Around the alveolar bone, there was an 

extension of the surrounding bone, consisting of cortical 

(1 mm thick) and cancellous parts, extending 3 mm in 

all directions equally beyond the PDL boundaries to 

recreate in vivo conditions. 

 

Access Cavity Design and Group Allocation 

Four experimental models were designed to be based on 
the intact tooth (IT) baseline to depict various clinical 

situations. IT Model: The model that was used as the 

baseline control model was the natural tooth anatomy 

with no intervention (Figure 1A). TAC Model: Initiation 

of the access cavity was done along a line of attachment 

between the buccal cusp tip and lingual groove until the 

entire roof of the chamber was excised and straight-line 

access was obtained. The pulp chamber roof to the canal 

orifices was completely removed, including the 

simulated mesial carious tissue [22]. The total cavity 

volume was 51.66 mm³ (Figure 1B). CAC Model: 
Access was initiated approximately 1 mm buccal to the 

central fossa and progressed apically with preservation 

of the lingual shelf and a segment of the roof, including 

removal of the simulated mesial carious tissue [11]. The 

total cavity volume was 45.38 mm³ (Figure 1C). CDA 

Model: The CDA model followed a lesion-guided, 

minimally invasive outline confined to the mesial one-

third of the tooth: the middle one-third of the 

buccolingual width in the mesial region was removed 

(precisely 2 mm), creating a 2 mm occluso-gingival 

tunnel, and the access opening was performed strictly 
within these boundaries to locate the canal system, 

without extending beyond the mesial preparation [23]. 

The total cavity volume was 39.99 mm³ (Figure 1D). 
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Root Canal Preparation and Obturation Simulation 

The canal preparation followed a crown-down technique 
with a final preparation size of 0.30 mm (size #30 file) 

and 4% taper, extending to 0.5 mm short of the 

radiographic apex. 

Gutta-percha obturation was simulated by extending it 

from the apex to 2 mm below the canal orifice level 

using the continuous wave condensation technique. The 

obturation material properties were incorporated into the 

finite element models to accurately represent clinical 

conditions. 

 

Composite Restoration Simulation 

All access cavities were restored using simulated 
composite resin restorations (Filtek Z350 XT equivalent; 

3M ESPE, St. Paul, MN, USA). The adhesive interfaces 

were modelled as perfectly bonded to simulate ideal 
clinical conditions. 

 

 

Material Properties and Computational Assumptions 

The materials were all assumed to be homogeneous, 

isotropic and linearly elastic according to the existing 

literature values and the computational models were 

proved. These are broadly assumed in the dental FEA 

literature and give good comparative findings. Peer-

reviewed literature was used to obtain the material 

properties (Table 1). 

 

Table 1. Material Properties Used in Finite Element Analysis 

Material Elastic Modulus (GPa) Poisson’s Ratio Reference 

Enamel 84.1 0.33 [24] 

Dentin 18.6 0.31 [25] 

Composite Resin 12-16 0.30 [26] 

Gutta-percha 0.14 0.45 [27] 

Periodontal Ligament 0.0689  0.45 [28] 

Cortical Bone 13.7 0.30 [29] 

Cancellous Bone 1.37 0.30 [30] 

 

Finite Element Mesh Generation and Convergence 

Analysis 
The integrated Cosmos package was used to create 

three-dimensional finite element meshes in SolidWorks. 

The models used tetrahedral elements whose element 

sizes were 0.47212-2.3606 mm3 in size, based on the 

complexity of the geometry and the levels of stress 

(Figure 2A). The total number of nodes and elements for 

each model were as follows: intact tooth (83,798 nodes; 

47,972 elements), caries-driven access cavity (89,909 

nodes; 50,743 elements), conservative access cavity 

(91,397 nodes; 51,564 elements), and traditional access 

cavity (91,755 nodes; 51,945 elements). 
To provide the accuracy and reliability of the solution a 

systematic mesh convergence analysis was conducted. 

Convergence was considered to be less than a difference 

in the maximum von Mises stress values of less than 3% 

with mesh refinement. H-adaptive grid refinement was 

used where the stress gradients were large to ensure a 

maximization of the computational accuracy and 

moderate solution times. 

 

Boundary Conditions and Loading Protocol 

All degrees of freedom (displacement and rotation) were 

allocated to the external surfaces of the alveolar bone in 
order to isolate the region of interest (Figure 2B). 

Normal masticatory forces (Figure 2C) were introduced 

by applying a 200 N stationary vertical compression 

force perpendicular to the occlusal surface at the central 

fossa, marginal ridges and tip of the buccal cusps [4]. 

 

Stress Analysis and Measurement Protocol 

These were the primary analysis sites consisting of the 

occlusal surface (high concentration of stress), cervical 

area at cementoenamel junction level and root areas at 3, 

5, 7, 9, 11 and 13 mm, that is, apex. The enamel, dentin, 
and composite restoration materials were observed to 

have maximum stress values with each model 

configuration. Colorimetric visualization was used to 
analyze the stress distribution patterns with standardized 

scales to make quantitative comparisons. 

 

Statistical Analysis and Data Processing 

IBM SPSS Statistics 28.0 (IBM Corporation, Armonk, 

NY, USA) was used to perform the statistical analyses. 

All measured variables were computed using descriptive 

statistics (means, standard deviations, and 95% 

confidence intervals). The Shapiro-Wilk test was used to 

test data normality and Levene test was used to test 

homogeneity of variance. Statistical appropriateness 
was verified by all measurements of stress that revealed 

a normal distribution (p>0.05) and no significant 

difference in the equal-variance assumption (p>0.05). 

One-way analysis of variance (ANOVA) was used to 

compare the stress distribution of the four experimental 

groups of each component of the material. The a priori 

significance level was set to α=0.05. In cases where 

substantial F-values were found, pairwise comparisons 

between experimental groups were done with the Tukey 

post hoc test, honest significant difference, adjusted 

p<0.05, which showed statistically significant 

differences. 

 

Results 

Overall Stress Distribution Patterns 

The CAC design had the highest maximum von Mises 

stress in enamel (508.915 ± 45.2 MPa), TAC model had 

the highest stress in dentin (89.299 ± 12.4 MPa) and 

composite restoration (129.803 ± 18.5 MPa). On the 

other hand, the CDA design exhibited the lowest enamel 

stress (91.724 ± 7.1 MPa) and the lowest total cavity 

volume (39.99 mm³), implying good biomechanical 

behavior (Table 2). 
 



EJPRD •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  • P32 
ejprd.org - Published by Riset Publishing LLC Services                                       Copyright ©2026 by Riset Publishing Services LLC 

rd.org - Published by Riset Publishing Services LLC.               Copyright ©2026 by Riset Publishing 

 

  European Journal of Prosthodontics and Restorative Dentistry (2026) 34 (2), 29–37 

 

 

 

Table 2. Comprehensive Von Mises Stress Analysis (MPa) - Mean ± Standard Deviation 

Model Enamel Stress Dentin Stress Composite Stress Total Restoration Volume (mm³) 

IT 95.175 ± 6.3 47.041 ± 5.6 - - 

CDA 91.724 ± 7.1 51.567 ± 9.2 55.495 ± 8.9 39.99 

CAC 508.915 ± 45.2 41.036 ± 7.8 85.806 ± 12.1 45.38 

TAC 98.169 ± 8.7 89.299 ± 12.4 129.803 ± 18.5 51.66 

p-value <0.001 <0.001 <0.001 - 

Different superscript letters indicate statistically significant differences (p<0.05) 

IT, intact tooth; CDA, Caries-Driven Access; CAC, Conservative Access Cavity; TAC, Traditional Access Cavity 

 

Comprehensive Stress Analysis by Material 

Components 

Enamel Stress Distribution 
Significant differences were observed between all 

groups (F = 185.4, p<0.001, η²=0.94). The maximum 

enamel stress in CAC represented more than fourfold 

increase compared with that of the IT at baseline (95.175 

± 6.3 MPa). The TAC design showed moderate enamel 

stress (98.169 ± 8.7 MPa) that did not differ significantly 

from that of the IT model (p=0.342). The CDA design 

exhibited the most favorable enamel stress profile, with 

a 3.6% decrease compared with that of the intact tooth 

and significantly lower than those of all other cavity 

designs (p<0.001) (Table 2). 
 

Dentin Stress Analysis 

Statistically significant differences were observed 

between the groups (F = 67.3, p<0.001, η²=0.87), with 

the TAC design showing the highest dentin stress 

concentration (89.299 ± 12.4 MPa); an 89.8% increase 

compared with that of the IT at baseline (47.041 ± 5.6 

MPa). The CDA design displayed intermediate dentin 

stress (51.567 ± 9.2 MPa) that did not differ significantly 

from that of the intact tooth model (p=0.156). The CAC 

model showed the lowest dentin stress (41.036 ± 7.8 

MPa), suggesting that the preservation of pericervical 
dentin effectively reduced stress concentrations in the 

cervical region (Table 2). 

 

Composite Restoration Stress Analysis 

Analysis of the stress within the composite restoration 

material revealed significant differences among the 

groups (F = 142.8, p<0.001, η²=0.92). The greatest stress 

was found in the TAC model (129.803 ± 18.5 MPa), 

which had a larger cavity volume (51.66 mm3). On the 
other hand, the CDA model had the least and best 

dispersed stress (55.495 ± 8.9 MPa), which is expected 

due to its smaller and more conservative cavity design 

(39.99 mm3). The CAC model had intermediate stress 

(85.806 ± 12.1 MPa), and a cavity volume of 45.38 mm3. 

The three access cavity designs were very different 

(p<0.001) (Table 2). 

 

Root-Level Stress Distribution Analysis 

The root-level stress distribution analysis at 3, 5, 7, 9, 11 

and 13 mm of the apex showed differences in 
experimental groups (Table 3) (Figure 3). The CDA 

design recorded a slightly higher stress (26.372 MPa) at 

the apical region (CS1: 3 mm above the apex) than the 

other groups but the difference was small and acceptable 

in physiological terms. The critical area of stress was the 

mid-root area (CS2-CS4: 5-9 mm above the apex), and 

the highest values were found at CS3 (7 mm above the 

apex). The CDA design was found to have the highest 

concentration of stress (39.713 MPa), and closely 

followed by TAC (39.409 MPa) and IT (39.168 MPa), 

and CAC had the lowest count (38.484 MPa). At the 

cervical area (CS5-CS6: 11-13 mm apex), the stress 
levels were typically lower among all groups, with the 

CDA design exhibiting slightly higher concentrations 

(20.064 MPa at CS5 and 21.102 MPa at CS6), perhaps 

due to changed patterns of stress redistribution due to its 

conservative coronal structure (Table 3) (Figure 3). 

 

Table 3. Root-Level Von Mises Stress Distribution (MPa) 

Group Max Stress Value 

Solid TAC CAC CDA 

CS1 24.722 24.629 24.389 26.372 

CS2 34.540 35.546 35.079 33.670 

CS3 39.168 39.409 38.484 39.713 

CS4 35.971 34.281 34.091 34.507 

CS5 19.672 19.349 19.411 20.064 

CS6 19.809 19.352 19.317 21.102 

*CS: Root Cross-section 

 

Stress Concentration and Fracture Risk Assessment 



EJPRD •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  • P33 
ejprd.org - Published by Riset Publishing LLC Services                                       Copyright ©2026 by Riset Publishing Services LLC 

rd.org - Published by Riset Publishing Services LLC.               Copyright ©2026 by Riset Publishing 

 

  European Journal of Prosthodontics and Restorative Dentistry (2026) 34 (2), 29–37 

 

 

The concentration of stress analysis was used to find 

possible fracture initiating points of various access 
cavity designs. Although the CAC design demonstrated 

positive dentin stress, the CAC design demonstrated 

critical enamel stress concentrations (508.915 MPa) 

which were higher than the reported enamel tensile 

strength (around 150-200 MPa) and the stress 

concentration factors were 5.35 times that of the IT at 

baseline. The CDA design had the least stress 

concentration points with the most uniform distribution. 

 

Discussion 

This study has compared the stress distribution and 

fracture resistance of mandibular premolars of three 
access cavity designs TAC, CAC and CDA using FEA. 

The findings indicated TAC induced the most stress on 

dentin and composite resins, which was also in 

agreement with the findings of the past studies, meaning 

that a significant loss of tooth structure in this design 

lowers the overall structural integrity of the ETT [17]. 

This observation is in line with other biomechanical 

studies in the past that indicated that the pericervical area 

can serve as a pivot area of force transfer between the 

crown and root and that excessive ablation can 

predispose endodontically treated teeth to catastrophic 
failure [11]. In this respect, the unfavorable dentin stress 

pattern observed in the TAC model supports the concept 

that traditional access preparations may sacrifice 

biomechanical integrity in exchange for the convenience 

of straight-line access [31].  

CAC showed the highest stress concentration in the 

enamel, suggesting that although this design conserves 

more dentin and pericervical structures, stress may 

accumulate in the remaining enamel. This is of 

considerable clinical concern because such stress levels 

may predispose the tooth to marginal fracture and crack 

propagation, which is in agreement with Özyürek, et al. 
who reported high stress concentrations at the cavity 

margins of certain conservative access designs in 

premolars [32]. The sharp internal line angles of the 

CAC design possibly act as stress increasers, thereby 

negating the benefits of pericervical dentin preservation. 

This may explain why dentin preservation alone did not 

guarantee superior mechanical behavior in the CAC 

group because the quality of the residual tooth 

architecture appears to be at least as important as the 

quantity of dentin retained [31]. This outcome supports 

the findings of prior research that structural conservation 
may be accompanied by stress concentration in 

conservative designs [11,20,33].  

Clinically, the magnitude of stress that is being 

experienced in the CAC group is close to or even greater 

than the tensile strength of enamel as documented in past 

experimental research and this further highlights the 

possibility of enamel chipping or marginal breakdown 

under functional loading [34]. Moreover, repeated 

masticatory forces typically result in fatigue failure of 

teeth treated endodontically, instead of an acute overload 

event [35]. Thus, the stress levels that are lower than the 
final tensile strength of enamel can lead to the formation 

and growth of cracks with time. 

The CDA design showed the lowest levels of stress in 

enamel, dentin and composite and this is consistent with 

the idea that caries-targeted removal of caries with a 

minimally invasive technique can be optimal in stress 
distribution and keep the structural integrity intact 

[7,9,11]. This behavior is in line with the principles of 

biomimetic dentistry, in which cavity designs that 

approximate the natural internal morphology tend to 

show more favorable stress fields and improved 

resistance to catastrophic failure [23]. A systematic 

review and meta-analysis provided evidence that 

pericervical dentin preservation offers fracture 

resistance to endodontically treated posterior teeth, 

supporting the favorable stress distribution observed in 

the CDA design [36]. An additional noteworthy finding 

was observed at the mid-root level, where the CDA 
design showed a slightly higher stress concentration 

compared to that of CAC. However, the difference was 

minimal and likely not clinically meaningful. This 

contrasts sharply with the pronounced coronal 

differences and supports the concept that the 

biomechanical effect of access cavity geometry is 

concentrated primarily in the coronal and cervical 

regions [32,37]. A logical explanation is that the greater 

preservation of coronal tooth structure in the CDA group 

allows more efficient transmission of functional loads 

along the long axis of the tooth, thereby producing a 
stress pattern that more closely resembles physiologic 

load transfer in an intact tooth. However, reliance on 

standardized models may not fully account for the 

variability in clinical conditions and patient-specific 

anatomical differences.  

These findings need to be confirmed in vivo experiments 

to determine the effects of various access cavity forms 

in the long term, as well as to investigate the functional 

loading of access cavities [17,38]. Also, micro-CT based 

experimental studies should be performed to determine 

the effect of these designs on canal cleanliness. 

Comparison of the unprepared surface area, debris 
volume, and general debridement effectiveness by 

various designs will assist to expose the clinical 

performance of these cavities [39-41]. 

The study is also characterized by some limitations such 

as the idealistic material properties, a single tooth 

morphology and the fixation of loading conditions 

which might not necessarily be in clinical situations. 

Further research would involve the dynamic loading, 

clinical validation, and determine the impact of these 

designs of access cavity on the cleanliness of the root 

canals and the effectiveness of debridement.  
Finally, this research demonstrated that the design of 

access cavity greatly affects the biomechanical 

properties of endodontically treated mandibular pre-

molars. The CDA design had the best stress distribution 

and most of the tooth structures were maintained 

[7,9,10]. 

 

Conclusion 

Under the restriction of the three-dimensional finite 

element analysis, the current study has shown that access 

cavity design is a key factor in determining the 
biomechanical behavior of endodontically treated 

mandibular premolars. The caries-driven access (CDA) 

approach with the most desirable distribution of stress 

among the enamel, dentin, and restorative material was 
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the one that was evaluated. It was found to be the most 

similar to the intact tooth condition. This is possible due 
to its less invasive nature and higher preservation of 

coronal tooth structure, which facilitates more 

physiologic load transmission. Conversely, the 

conventional access cavity (TAC) design caused an 

increase in the levels of stress concentration in dentin 

and restorative material, meaning that the structural 

integrity of the structure may be compromised because 

of the over-removal of tooth structure. The conservative 

access cavity (CAC) design was able to preserve dentin, 

but it also produced very high levels of enamel stress, 

which has the potential to predispose the tooth to 

marginal fractures. 
On the whole the results help to endorse the idea that 

selective and least invasive approach to access, 

especially the CDA design can enhance the 

biomechanical performances and survival of 

endodontically treated teeth. Nevertheless, there is a 

need to conduct additional in vitro and clinical 

investigations using the dynamic loading conditions and 

long-term follow-up of the results to confirm these 

findings and make clinical decisions. 
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Figure 1:Three-dimensional finite element models of the mandibular second premolar under different 

access cavity designs. (A) Intact tooth model (IT); (B) Traditional access cavity model (TAC); (C) 

Conservative access cavity model (CAC); (D) Caries-driven access cavity model (CDA). 
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Figure 2: Finite element analysis setup. (A) Finite element mesh generation and convergence analysis; 

(B) Fixation of all external surfaces of the alveolar bone in all degrees of freedom; (C) Application of 

a 200 N static vertical compression force on the occlusal surface. 
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Figure 3: Visual Representation of Von Mises (VM) Stress Distribution (MPa) along Different Root-Level 
Sections for each Group. 

 




