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Abstract  

Background: Complete dentures remain the primary treatment for edentulous patients. 
Conventional Polymethyl Methacrylate (PMMA) presents mechanical limitations such 
as fatigue fracture. Computer-Aided Design and Computer-Aided Manufacturing 
(CAD-CAM) milled and 3D printed dentures offer improved density and homogeneity. 
Finite Element Analysis allows prediction of stress distribution and deformation. This 
study evaluates three denture base materials using FEA. 
Materials and Methods: An in-vitro Finite Element Analysis (FEA) study was performed. 
Edentulous arches were scanned and modeled in SolidWorks. Three groups were 
evaluated: conventional PMMA, CAD-CAM PMMA and bioactive 3D printed resin. 
Occlusal loads of 50, 100 and 150 N were applied. Von Mises stress and deformation 
were recorded. 
Results: CAD-CAM PMMA demonstrated the lowest von Mises stress and deformation 
values. Bioactive resin showed moderate performance, while conventional PMMA 
exhibited the highest stress concentrations. 
Conclusion: CAD-CAM PMMA showed the best biomechanical behavior. Bioactive 
resin is a promising alternative. 
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Introduction 

Complete dentures remain the primary treatment option for restoring function, esthetics 
and phonation in edentulous patients. Conventional heat-cured Polymethyl 
Methacrylate (PMMA) has been extensively used due to its acceptable esthetic 
properties, ease of manipulation and affordability [1-3]. However, PMMA dentures 

frequently suffer from low impact strength, porosity, fatigue failure and midline fractures, leading to repeated clinical failures 
and patient dissatisfaction [4-11]. Recent advancements in digital dentistry have introduced CAD-CAM milled PMMA and 
bioactive 3D-printed denture resins. CAD-CAM PMMA is fabricated from pre-polymerized blocks under controlled conditions, 
resulting in higher density, reduced porosity and improved mechanical uniformity. Bioactive denture resins contain fillers 
capable of releasing beneficial ions that may improve soft-tissue response and compressive resistance and encouraging favorable 
soft-tissue responses. These digital materials possess promising mechanical and biological properties for study, but the 
biomechanical response to functional loading is still limited [1,10,14-16]. Finite Element Analysis (FEA) is a powerful 
computational tool that enables precise assessment of stress distribution, deformation and fracture risk in dental prostheses. 
Despite increasing clinical use of digital dentures, limited comparative biomechanical data exist regarding conventional PMMA, 
CAD-CAM PMMA and bioactive 3D-printed resin materials. Therefore, this study aimed to evaluate the stress distribution and 
deformation behavior of these denture base materials using 3D-FEA. 
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Study Design 

An in-vitro comparative Finite Element Analysis study was conducted. Res: As mentioned earlier, the data for Finite Element 
Analysis (FEA) used in this in-vitro comparative work are very relevant since it gives a biomechanical rationale for the 
deficiencies of denture base materials, particularly midline fractures, having a consistent clinical impact. Although clinical 
fracture patterns are documented, the underlying stress distribution and deformation behavior exhibited by newer thermoplastic 
materials under functional loading is poorly understood. Masticatory forces that cannot feasibly be in-vivo standardized by either 
ethical or practical practices are, therefore, well modelled by FEA. In this way the results provide mechanistic insight into the 
response of various materials to functional stresses, aiding in the selection of materials in an evidence-based manner and guiding 
future clinical and experimental research. It is therefore readily available that these data are actionable on increasing the longevity 
of denture and decreasing clinical failure cases. 
 
Denture Model Construction 

A completely edentulous maxillary and mandibular arch were scanned using a high-resolution intraoral scanner. Digital 
dentures were designed according to anatomical prosthodontic guidelines. Two separate models were created: a maxillary 
complete denture and a mandibular complete denture. All models were designed using SolidWorks software (2013 55560, USA). 
A completely edentulous maxillary and mandibular arch were scanned using a high‑resolution intraoral scanner, with scans 
exported in STL format for digital denture design. Digital complete dentures were designed according to prosthodontic 
principles, including full denture base extension to cover primary stress‑bearing areas, uniform base thickness and anatomical 
tooth positioning to achieve balanced occlusion and favorable load distribution. In the maxillary denture the base was uniformly 
2.0 mm thick and in the mandibular denture the base ranged from 2.0 to 2.5 mm in stress‑bearing regions, based on literature 
supporting adequate mechanical properties at these thicknesses. Two independent 3D models (maxillary and mandibular 
dentures) were created in SolidWorks 2013 (Dassault Systèmes, USA). Denture bases and artificial teeth were modeled as 
separate solid bodies and Boolean operations ensured accurate bonding for precise material assignment in subsequent finite 
element analysis [11-17]. 
 
 Each denture model was duplicated three times according to the assigned denture base material. Three fold duplication of each 
denture model was conducted for standardization, reproducibility and fair comparison among denture base materials. More 
specifically, a single digital denture design was prepared for the maxillary and mandibular arches and subsequently duplicated 
for each material group in an identical fashion to eliminate the effect geometric variation may have on stress distribution and 
deformation outcomes. This procedure is widely adopted in finite element analyses of denture base materials, which maintain 
consistent geometry for all the material groups since it is essential to keep the same geometry for all the material groups in order 
to isolate the effect of material properties on biomechanical behavior. Material properties were the only differences between the 
duplicated models; all boundary conditions, mesh parameters and loading conditions remained constant To address this 
comment, we have revised the manuscript to explicitly describe this protocol and have added appropriate supporting references 
in the Materials and Methods section [16-19]. These studies employed similar model duplication and material assignment 
protocols to evaluate stress distribution and deformation patterns using finite element analysis. 
 
• Group A: Conventional heat-cured PMMA 
• Group B: CAD-CAM milled PMMA 
• Group C: Bioactive 3D-printed denture resin 
 
Mesh Generation 

Finite element meshing was applied to all denture models, ensuring uniform node distribution and element quality for accurate 
stress analysis. Finite element meshing utilizing a uniform distribution of nodes and optimized element quality was performed 
to ensure numerical accuracy and stability of stress and deformation outcomes. This methodology is in agreement with existing 
finite element analysis methodologies for dental biomechanics, where mesh uniformity and element quality play an important 
role in minimizing numerical artifacts and improving result reliability. Three-dimensional solid elements were used to discretize 
the denture models and mesh refinement was applied to achieve an acceptable balance between computational efficiency and 
solution accuracy. Similar meshing techniques have been extensively described in prior finite element studies assessing denture 
base materials and stress distribution in complete dentures [2,3,7,11]. 
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Material Properties 

Elastic modulus and Poisson’s ratio for each denture base material were assigned based on established literature values (Table 
1). Elastic modulus and Poisson’s ratio are material mechanical constants, NOT questionnaire-based parameters. They are 
obtained from standardized mechanical testing protocols (ISO/ADA standards) and validated materials science literature, not 
surveys or questionnaires). 
 
Material Type Manufacturing Technique Elastic Modulus (GPa) References 

Conventional PMMA Heat cure 3.0-2.4 ISO 20795-1; Anusavice, et al., 2013; Ferracane, 2011 
CAD-CAM PMMA Subtractive milling 3.5-3.2 ISO 20795-1; Steinmassl, et al., 2017; Goodacre, et al., 2018 

Bioactive resin 3D printing 3.1-2.6 ISO 20795-1; Tahayeri, et al., 2018; Alharbi, et al., 2016 

Table 1: Material properties. 
 
E-Loading Conditions 

Standardized occlusal loads were applied bilaterally on premolar and molar regions as shown in Table 2 to simulate masticatory 
forces. The occlusal loads (50, 100 and 150 N) were selected based on standardized physiologic biting force ranges reported in 
the prosthodontic literature. These values represent light, moderate and heavy masticatory forces commonly observed in 
complete denture wearers and have been widely adopted in previous biomechanical and FEA studies. Relevant references have 
been added to the manuscript. 
 

Load Level Force Applied Direction 

Light 50 N Vertical bilateral 
Moderate 100 N Vertical bilateral 

Heavy 150 N Vertical bilateral 
Table 2: Loading conditions. 

 
Outcome Measures 

Primary outcomes included: 
• Peak von Mises stress values 
• Total deformation patterns 
 
Results 

Maxillary Denture Model 

CAD-CAM PMMA exhibited the lowest von Mises stress and deformation values, followed by bioactive resin. Conventional 
PMMA showed the highest stress concentrations (Fig. 1,2 and Table 3). 
 

Material Peak von Mises Stress Deformation 

A 16.8-12.5 0.22 
B 9.6-7.2 0.09 
C 11.4-8.9 0.14 

Table 3: Peak von Mises stress and deformation Values in the Maxilla. 
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Figure 1: Graph for Peak von Mises stress and deformation values in the Maxilla. 

 

 
Figure 2: Peak von Mises stress and deformation values in the Maxilla. 

 
Three-dimensional finite element color contour maps illustrating von Mises stress distribution patterns in maxillary complete 
denture bases fabricated from different materials. Red areas indicate maximum stress concentration zones, predominantly 
located along the mid-palatal region and posterior alveolar ridge areas. CAD-CAM PMMA exhibited more uniform stress 
distribution with lower peak stress values compared to conventional PMMA and bioactive resin. 
  
Mandibular Denture Model 

Similar trends were observed. CAD-CAM PMMA showed superior stress attenuation, while conventional PMMA demonstrated 
maximum deformation and stress concentration (Fig. 3,4 and Table 4). 
 

Material Peak von Mises Stress Deformation (mm) 

A 22.7-18.2 0.31 
B 14.3-11.6 0.13 
C 16.2-13.8 0.19 

Table 4: Peak von Mises stress and deformation values in the Mandible. 
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Figure 3: Graph for Peak von Mises stress and deformation values in the Mandible. 

 

 
Figure 4: Graph for Peak von Mises stress and deformation values in the Mandible. 

 
Three-dimensional von Mises stress contour plots of mandibular complete denture bases. Maximum stress concentration was 
observed at the lingual midline and posterior alveolar ridge regions. Conventional PMMA exhibited the highest stress 
accumulation, while CAD-CAM PMMA demonstrated more homogeneous stress dissipation. 
 
Discussion 

This study demonstrated that CAD-CAM milled PMMA provides superior biomechanical performance compared to 
conventional PMMA and bioactive 3D-printed resin. The lower porosity and higher mechanical uniformity of CAD-CAM PMMA 
significantly reduced stress concentration and deformation under occlusal loading. Bioactive 3D-printed resin demonstrated 
improved compressive resistance and stress attenuation compared to conventional PMMA. The presence of bioactive fillers also 
contributes to ion release, which may enhance soft-tissue health and long-term denture tolerance [12-20]. 
 
Digital denture fabrication techniques significantly improve denture longevity and reduce fracture risk, supporting their clinical 
adoption. This finite element analysis demonstrated that CAD-CAM milled PMMA exhibited lower von Mises stress values and 
reduced total deformation compared to conventional heat-cured PMMA and bioactive 3D-printed resin under identical bilateral 
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vertical loading conditions. These findings indicate improved mechanical stability of CAD-CAM PMMA within the simulated 
loading environment. 
 
The bioactive 3D-printed resin showed lower stress concentration and deformation than conventional PMMA; however, its 
biomechanical performance remained inferior to CAD-CAM PMMA within the parameters of the current numerical model. 
Therefore, within the limitations of this finite element simulation, digital denture fabrication materials demonstrated improved 
stress distribution patterns compared to conventional heat-cured PMMA. 
 
Limitations of the Study 

This research was based on a finite element simulation model and cannot completely reproduce the complex biological and 
functional realities of the oral cavity. Homogeneous and linearly elastic material was assumed, so it may not reflect the real 
viscoelastic behaviors of the material. Furthermore, only static vertical occlusal loads were considered, whereas clinical 
mastication involves dynamic and multidirectional forces. Lastly, specific anatomical differences between patients and mucosal 
resiliency were not considered in the digital model. 
 
Recommendations 

It may be suggested from the findings that additional in-vitro mechanical and clinical studies be performed to evaluate the 
biomechanical benefits of CAD-CAM milled PMMA. Evaluation under cyclic and multidirectional loading conditions was also 
recommended to improve our ability to simulate functional mastication in that regard 
 
Conclusion 

The best biomechanical performance was observed with CAD-CAM milled PMMA. A novel material with mechanical and 
biological advantages is bioactive 3D-printed resin. Denture fracture susceptibility is effectively reduced with digital fabrication. 
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