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Abstract: 

Endodontically treated teeth (ETT) are prone to fracture due to structural compromise and conventional finite element analysis (FEA) 
has limitations in accurately predicting fracture behavior. Therefore, it is of interest to evaluate an artificial intelligence (AI)-enhanced 
FEA model for predicting fracture patterns in ETT restored with fiberglass, carbon fiber, zirconia and cast metal posts. Hence, a total 
of 120 maxillary premolars were tested, with the AI model trained on 500 prior FEA simulations and validated against experimental 
fracture resistance outcomes. The AI-powered FEA showed superior predictive accuracy (92.3%) compared to conventional FEA 
(76.8%) and closely correlated with actual fracture initiation sites (r = 0.91). Integration of AI with FEA enhances fracture prediction 
and may guide clinicians in selecting optimal post systems for improved outcomes in ETT. 
 
Keywords: Artificial intelligence, finite element analysis, endodontically treated teeth, fracture patterns, post systems, predictive 
modeling and dental biomechanics 

 
Background: 

Endodontically treated teeth (ETT) present unique challenges in 
restorative dentistry due to their increased susceptibility to 
fracture following root canal treatment [1]. The removal of 
dentin during endodontic access and instrumentation, coupled 
with the loss of tooth structure from caries or previous 
restorations, significantly compromises the structural integrity of 
these teeth [2]. Consequently, ETT are approximately twice as 
likely to fracture compared to vital teeth, with fracture rates 
ranging from 1.6% to 19.9% depending on the restoration 
method and follow-up period [3]. The restoration of ETT with 
posts has been a cornerstone of endodontic restorative 
procedures for decades, providing retention for the final 
restoration and reinforcing the remaining tooth structure [4]. 
However, the selection of appropriate post materials and designs 
remains controversial, with various studies reporting conflicting 
outcomes regarding fracture resistance and failure patterns [5]. 
Traditional post systems include metal cast posts and cores, 
which have been largely replaced by fiber-reinforced composite 
posts due to their elastic modulus closer to dentin, potentially 
reducing the risk of root fracture [6]. Finite element analysis 
(FEA) has emerged as a valuable computational tool in dental 
biomechanics, enabling the evaluation of stress distribution and 
fracture resistance under simulated loading conditions [7]. FEA 
allows for non-destructive testing of complex biological 
structures and has been extensively applied in endodontics to 
study the biomechanical behavior of various post systems [8]. 
However, conventional FEA models often rely on simplified 

assumptions regarding material properties, boundary conditions 
and loading scenarios, which may limit their clinical 
applicability and predictive accuracy [9]. The recent integration 
of artificial intelligence (AI) with computational biomechanics 
represents a paradigm shift in dental research and clinical 
practice [10]. AI algorithms, particularly deep learning and 
machine learning approaches, can process vast amounts of data, 
identify complex patterns and generate highly accurate 
predictions that may surpass traditional analytical methods [11]. 
In endodontics, AI has been successfully applied for diagnosis of 
periapical lesions, root canal detection and treatment outcome 
prediction [12]. However, the combination of AI with FEA for 
predicting fracture patterns in post-restored ETT remains largely 
unexplored. Recent studies have demonstrated the potential of 
AI-enhanced computational models in medical and dental 
applications. For instance, machine learning algorithms have 
improved the accuracy of stress distribution predictions in 
orthopedic implants and dental prostheses [13]. In endodontics, 
AI-based image analysis has shown promise in detecting vertical 
root fractures and predicting treatment success rates [14]. 
Despite these advancements, a significant research gap exists in 
the application of AI-powered FEA for predicting fracture 
patterns in ETT restored with different post systems. Therefore, 
it is of interest to develop and validate an AI-powered FEA 
model for predicting fracture patterns in endodontically treated 
teeth restored with various post systems and to compare its 
predictive accuracy with conventional FEA methods.  
 

https://nationaldentalcollege.org/
https://bvp.bharatividyapeeth.edu/index.php/dental-college-and-hospital-sangli
https://gdchjam.org/
https://www.ahmadipedia.org/content/institution/19
https://www.rungtacolleges.com/RCDSR.php
https://kids.kiit.ac.in/


ISSN 0973-2063 (online) 0973-8894 (print)  

©Biomedical Informatics (2025) Bioinformation 21(10): 3968-3972 (2025) 
 

3970 

 

Materials and Methods: 
Study design: 
This study employed a randomized controlled experimental 
design with a computational modeling component. The research 
was conducted in two phases: (1) in vitro fracture resistance 
testing of endodontically treated teeth restored with different 
post systems and (2) development and validation of an AI-
powered FEA model for predicting fracture patterns. 
 
Sample size calculation: 
Based on a pilot study, the expected difference in predictive 
accuracy between AI-powered and conventional FEA was 15%, 
with a standard deviation of 10%. Using a power analysis (α = 
0.05, β = 0.20), a minimum sample size of 28 teeth per group was 
calculated. To account for potential attrition, 30 teeth per group 
were included, totaling 120 specimens. 
 
Tooth selection and preparation: 
One hundred twenty extracted human maxillary premolars with 
similar dimensions (mesiodistal width: 9.0 ± 0.5 mm, 
buccolingual width: 8.5 ± 0.5 mm, length: 21.0 ± 1.0 mm) were 
selected. Teeth were stored in 0.1% thymol solution at 4°C and 
used within three months of extraction. Inclusion criteria 
included: intact crowns without caries or restorations, mature 
apices, absence of cracks or fractures (confirmed under 20× 
magnification) and similar root canal morphology. Teeth with 
previous endodontic treatment, root resorption, or calcified 
canals were excluded. 
 
Endodontic treatment: 
All teeth underwent standardized endodontic treatment. Access 
cavities were prepared using diamond burs under water cooling. 
Working length was determined using a #10 K-file and 
confirmed radiographically. Canals were instrumented using 
ProTaper Gold rotary files (Dentsply Sirona, York, PA, USA) to 
size F3. Irrigation was performed with 2.5% NaOCl and 17% 
EDTA, followed by final rinse with distilled water. Canals were 
dried with paper points and obturated with gutta-percha and 
AH Plus sealer using the continuous wave condensation 
technique. 
 
Post space preparation and restoration: 
Teeth were randomly divided into four groups (n=30) based on 
post type: 

[1] Group 1: Fiberglass posts (RelyX Fiber Post, 3M ESPE, St. 
Paul, MN, USA) 

[2] Group 2: Carbon fiber posts (Carbonite Post, Carbotech, 
Ganges, France) 

[3] Group 3: Zirconia posts (CosmoPost, Ivoclar Vivadent, 
Schaan, Liechtenstein) 

[4] Group 4: Cast metal posts (gold-palladium alloy) 
 
Post space preparation was performed to a depth of 10 mm 
using Peeso reamers. Posts were cemented with dual-cure resin 
cement (RelyX Ultimate, 3M ESPE). Core build-up was 
performed using composite resin (Filtek Z250, 3M ESPE). All 

teeth received standardized full-coverage crowns (lithium 
disilicate) cemented with resin cement. 
 
AI-Powered FEA model development: 

The AI model was developed using a deep learning approach 
combining convolutional neural networks (CNN) and long 
short-term memory (LSTM) networks. The training dataset 
consisted of 500 historical FEA simulations and corresponding 
clinical fracture outcomes from previous studies.  
 
The model architecture included: 

[1] Input layer: Geometric and material properties of teeth 
and posts 

[2] Feature extraction layers: CNN for spatial feature 
extraction 

[3] Temporal analysis layers: LSTM for sequential stress 
analysis 

[4] Output layer: Fracture probability and pattern prediction 
 
The model was trained using TensorFlow 2.8 with Adam 
optimizer and categorical cross-entropy loss function. Training 
was performed for 500 epochs with early stopping to prevent 
overfitting. 
 
Conventional FEA modeling: 
Conventional FEA models were created using ANSYS 
Mechanical 2022 R1. Three-dimensional models of teeth and 
posts were reconstructed from micro-CT scans.  
 
Material properties were assigned based on literature values: 

[1] Dentin: E = 18.6 GPa, ν = 0.31 
[2] Enamel: E = 84.1 GPa, ν = 0.33 
[3] Gutta-percha: E = 0.002 GPa, ν = 0.45 
[4] Fiberglass post: E = 40 GPa, ν = 0.26 
[5] Carbon fiber post: E = 150 GPa, ν = 0.30 
[6] Zirconia post: E = 200 GPa, ν = 0.30 
[7] Cast metal post: E = 95 GPa, ν = 0.33 

 
Mesh convergence analysis was performed to ensure element 
independence. A load of 300 N was applied at 45° to the long 
axis, simulating functional loading. 
 
Fracture resistance testing: 
All specimens were mounted in acrylic resin blocks 2 mm below 
the cementoenamel junction. Fracture resistance testing was 
performed using a universal testing machine (Instron 5966, 
Norwood, MA, USA) at a crosshead speed of 1 mm/min. A 6-
mm diameter steel sphere was used to apply load at 45° to the 
long axis on the palatal cusp. The maximum load at fracture was 
recorded in Newtons (N).  
 
Fracture patterns were classified as: 

[1] Favorable: Fractures above the cementoenamel junction 
(repairable) 

[2] Unfavorable: Vertical root fractures or fractures below the 
cementoenamel junction (non-repairable) 
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Statistical analysis: 

Data were analyzed using SPSS 28.0 (IBM Corp., Armonk, NY, 
USA). Normality was assessed using Shapiro-Wilk test. One-
way ANOVA with Tukey post-hoc test was used for multiple 
group comparisons. Independent t-tests compared AI-powered 
and conventional FEA predictions. Pearson correlation 
coefficients assessed relationships between predicted and actual 
fracture patterns. Predictive accuracy was calculated as the 
percentage of correct predictions. Statistical significance was set 
at p < 0.05. 
 
Results: 
The AI-powered FEA model demonstrated significantly higher 
predictive accuracy compared to conventional FEA across all 
post systems (Table 1). Overall predictive accuracy was 92.3 ± 
3.2% for AI-powered FEA versus 76.8 ± 4.5% for conventional 
FEA (p < 0.001). The highest accuracy for AI-powered FEA was 
observed with fiberglass posts (94.7 ± 2.1%), while conventional 
FEA showed the lowest accuracy with cast metal posts (71.2 ± 
5.3%). Fracture resistance testing revealed significant differences 
among the post systems (Table 2). Fiberglass posts exhibited the 
highest mean fracture resistance (847.5 ± 89.3 N), followed by 
carbon fiber posts (812.4 ± 76.8 N). Zirconia posts showed 
intermediate values (756.2 ± 82.1 N), while cast metal posts 
demonstrated the lowest fracture resistance (698.7 ± 94.5 N). The 
differences between all groups were statistically significant (p < 
0.05). The distribution of fracture patterns varied significantly 
among the post systems (Table 3). Fiberglass and carbon fiber 
posts showed predominantly favorable fracture patterns (83.3% 
and 76.7%, respectively), while zirconia and cast metal posts 
exhibited higher rates of unfavorable fractures (56.7% and 70.0%, 
respectively). The AI-powered FEA model accurately predicted 
fracture initiation sites with a correlation coefficient of r = 0.91 (p 
< 0.001), compared to r = 0.68 (p < 0.001) for conventional FEA. 
AI-powered FEA revealed distinct stress distribution patterns 
among the post systems. Fiberglass posts showed uniform stress 
distribution along the post-dentin interface, with peak stress 
values of 125.3 ± 12.4 MPa. Carbon fiber posts demonstrated 
similar patterns with slightly higher peak stresses (138.7 ± 15.2 
MPa). Zirconia posts exhibited stress concentration at the 
coronal third of the post (187.4 ± 18.9 MPa), while cast metal 
posts showed the highest stress concentrations at the apical third 
(215.6 ± 22.3 MPa). Strong correlations were found between AI-
powered FEA predictions and actual experimental outcomes. 
The correlation coefficient for fracture resistance prediction was 
r = 0.88 (p < 0.001), while for fracture pattern prediction, it was r 
= 0.91 (p < 0.001). Conventional FEA showed weaker 
correlations: r = 0.65 (p < 0.001) for fracture resistance and r = 
0.68 (p < 0.001) for fracture patterns. 
 
Table 1: Predictive accuracy of AI-powered vs. conventional FEA for different post 
systems 

Post System AI-Powered FEA (%) Conventional FEA (%) p-value 

Fiberglass 94.7 ± 2.1 79.3 ± 3.8 <0.001 
Carbon Fiber 92.8 ± 2.6 77.5 ± 4.2 <0.001 
Zirconia 90.3 ± 3.4 76.2 ± 4.7 <0.001 
Cast Metal 91.4 ± 3.1 71.2 ± 5.3 <0.001 
Overall 92.3 ± 3.2 76.8 ± 4.5 <0.001 

Table 2: Fracture resistance values (N) for different post systems 

Post System Mean ± SD (N) Minimum (N) Maximum (N) 

Fiberglass 847.5 ± 89.3 698 1024 
Carbon Fiber 812.4 ± 76.8 685 987 
Zirconia 756.2 ± 82.1 612 923 
Cast Metal 698.7 ± 94.5 523 892 

 
Table 3: Distribution of fracture patterns by post system 

Post System Favorable Fractures n (%) Unfavorable  
Fractures n (%) 

p-value 

Fiberglass 25 (83.3%) 5 (16.7%) <0.001 
Carbon Fiber 23 (76.7%) 7 (23.3%) 0.003 
Zirconia 13 (43.3%) 17 (56.7%) 0.012 
Cast Metal 9 (30.0%) 21 (70.0%) <0.001 

 
Discussion: 
The present study demonstrates the successful integration of 
artificial intelligence with finite element analysis for predicting 
fracture patterns in endodontically treated teeth restored with 
different post systems. The AI-powered FEA model significantly 
outperformed conventional FEA in predictive accuracy, 
highlighting the potential of this approach for clinical decision-
making in restorative dentistry [15]. The superior performance 
of the AI-powered FEA model can be attributed to its ability to 
learn from large datasets and identify complex patterns that may 
not be apparent through traditional computational methods [16]. 
Unlike conventional FEA, which relies on predefined material 
properties and boundary conditions, the AI model can adapt to 
variations in tooth anatomy, post placement and loading 
conditions [17]. This adaptability is particularly valuable in 
dental applications, where biological variability is inherent and 
significant [18]. Our findings regarding fracture resistance values 
align with previous studies that have reported higher fracture 
resistance for fiber-reinforced composite posts compared to 
metal or ceramic posts [19]. The fiberglass posts demonstrated 
the highest fracture resistance (847.5 ± 89.3 N), which may be 
attributed to their elastic modulus being closer to that of dentin, 
resulting in more favorable stress distribution [20]. This 
observation supports the concept of biomechanical compatibility 
between restorative materials and tooth structure [21]. The 
fracture pattern analysis revealed that fiberglass and carbon 
fiber posts were associated with predominantly favorable 
(repairable) fractures, while zirconia and cast metal posts 
showed higher rates of unfavorable (non-repairable) fractures 
[22]. This finding has significant clinical implications, as 
unfavorable fractures often lead to tooth extraction and the need 
for more complex prosthetic rehabilitation [23]. The AI model's 
ability to accurately predict fracture patterns could help 
clinicians select post systems that minimize the risk of 
catastrophic failures [24]. The stress distribution analysis 
provided insights into the biomechanical behavior of different 
post systems. The uniform stress distribution observed with 
fiberglass posts suggests better load transfer along the entire 
post-dentin interface, reducing the risk of stress concentration at 
any single point [25]. In contrast, the stress concentrations 
observed with zirconia and cast metal posts may explain the 
higher incidence of unfavorable fractures in these groups [26]. 
These findings are consistent with previous FEA studies that 
have highlighted the importance of post material selection in 
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determining stress distribution patterns [27]. The strong 
correlations between AI-powered FEA predictions and actual 
experimental outcomes (r = 0.88-0.91) demonstrate the model's 
reliability and potential clinical utility [28]. These correlations 
were significantly higher than those observed with conventional 
FEA, supporting the hypothesis that AI integration enhances the 
predictive capabilities of computational biomechanical models 
[29]. The ability to accurately predict both fracture resistance and 
fracture patterns could revolutionize treatment planning for 
endodontically treated teeth [30]. The clinical significance of this 
study extends beyond post selection. The AI-powered FEA 
approach could be integrated into digital workflows for 
comprehensive treatment planning, allowing for personalized 
restorative strategies based on individual patient factors [31]. 
Future developments may include real-time AI analysis during 
treatment, providing immediate feedback on optimal post 
placement and preparation [32]. Several limitations should be 
acknowledged. The in vitro nature of the study, while controlled, 
cannot fully replicate the complex oral environment, including 
factors such as occlusal forces, thermal cycling and moisture [33]. 
Additionally, the AI model was trained on historical data that 
may not encompass all possible clinical scenarios [34]. Further 
validation with larger datasets and clinical studies is necessary 
to confirm the model's generalizability [35]. Future research 
should focus on expanding the AI model to include additional 
variables such as different tooth types, restoration designs and 
loading conditions [36]. Longitudinal clinical studies are needed 
to validate the predictive accuracy of the model in real-world 
settings [37]. Furthermore, the integration of AI-powered FEA 
with other digital technologies such as cone-beam computed 
tomography and intraoral scanning could enhance its clinical 
applicability [38]. 
 
Conclusion: 

The integration of AI with finite element analysis offers a 
transformative approach in predicting fracture patterns of post-
restored endodontically treated teeth. By enhancing accuracy 
and reliability, this model provides clinicians with a robust tool 
for optimizing post selection and treatment planning. 
Ultimately, such innovations may improve long-term clinical 
outcomes and support the preservation of natural dentition. 
 
References: 

[1] Abdelmohsen N et al. Odontology. 2025 113:1582 [PMID: 
40087258] 

[2] Phattanaphirom C et al. J Prosthodont Res. 2025 69:394 [PMID: 
39756887] 

[3] Yagci F et al. J Prosthodont Res. 2025 69:368 [PMID: 40024738] 
[4] Poovarodom P et al. BMC Oral Health. 2025 25:1106 [PMID: 

40618097] 
[5] Fousekis E et al. J Prosthet Dent. 2025 134:61 [PMID: 37919126] 

[6] Maluly-Proni AT et al. Braz Dent J. 2024 35:5746 [PMID: 
39045986] 

[7] Teixeira KN et al. Oper Dent. 2020 45:506 [PMID: 32101501] 
[8] Jardim JS et al. J Dent. 2025 159:105739 [PMID: 40216072] 
[9] Yang B et al. Int Dent J. 2025 75:100918 [PMID: 40684680] 
[10] Sari O et al. J Prosthet Dent. 2025 134:762 [PMID: 40442016] 
[11] Fehrenbach J et al. Dent Mater. 2025 41:28 [PMID: 39489638] 
[12] Alanazi KK et al. Polymers (Basel). 2025 17:1711 [PMID: 

40574238] 
[13] Lavareda Correa Uchôa SA et al. Acta Odontol Latinoam. 2024 

37:262 [PMID: 40014824] 
[14] Mostafa A et al. J Dent. 2025 156:105706 [PMID: 40122367] 
[15] Arı I et al. J Oral Implantol. 2025 51:295 [PMID: 40376767] 
[16] Reyes GSK et al. Eur J Prosthodont Restor Dent. 2025 33:65 

[PMID: 39676722] 
[17] Fathey IT et al. BMC Oral Health. 2024 24:523 [PMID: 

38702708] 
[18] Kırmalı Ö et al. BMC Oral Health. 2025 25:1326 [PMID: 

40813978] 
[19] El-Sawy MA et al. BMC Oral Health. 2025 25:1142 [PMID: 

40640731] 
[20] Tsintsadze N et al. J Prosthet Dent. 2024 131:567 [PMID: 

35430048] 
[21] Rahim NFA et al. Sci Rep. 2025 15:29792 [PMID: 40813438] 
[22] Zheng Z et al. Dent Mater. 2025 S0109-5641:00739 [PMID: 

40835540] 
[23] Yuen JJX et al. J Prosthet Dent. 2025 133:1437 [PMID: 39922746] 
[24] Giok KC et al. J Prosthet Dent. 2025 134:597 [PMID: 37827970] 
[25] Monteiro LC et al. Clin Oral Investig. 2022 26:6907 [PMID: 

35881239] 
[26] Li F et al. J Mech Behav Biomed Mater. 2023 143:105912 [PMID: 

37270902] 
[27] Jurema ALB et al. J Prosthet Dent. 2022 128:13 [PMID: 

33546858] 
[28] Kose B & Arslan S. Clin Oral Investig. 2025 29:380 [PMID: 

40632317] 
[29] Wang B et al. BMC Oral Health. 2025 25:706 [PMID: 40348979] 
[30] Intaraprasong N et al. Eur Endod J. 2024 9:44 [PMID: 

37966965] 
[31] Chen L et al. BMC Musculoskelet Disord. 2025 26:806 [PMID: 

40830948] 
[32] Attia MA et al. J Prosthet Dent. 2022 127:866 [PMID: 33495042] 
[33] Matos LMR et al. J Esthet Restor Dent. 2024 36:1281 [PMID: 

38563466] 
[34] Abdelrahman RM et al. BMC Oral Health. 2025 25:1268 [PMID: 

40721792] 
[35] Alresayes S. Photodiagnosis Photodyn Ther. 2025 54:104610 

[PMID: 40288477] 
[36] Iaculli F et al. Dent Mater. 2021 37:e455 [PMID: 34148785] 
[37] Iemsaengchairat R et al. J Esthet Restor Dent. 2022 34:670 

[PMID: 34964239] 
[38] Sartori N et al. J Prosthodont. 2025 34:626 [PMID: 38483093]

 
 

 
 


