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Abstract 

Background: Finite element analysis (FEA) is widely 

used to examine stress and deformation in dental restorations. 

However, a numerical interpretation is most convincing when the 

underlying geometry, boundary conditions, mesh, contact 

definitions, and solver settings can be traced clearly. This study 

compares two ANSYS configurations of an implant-supported 

hybrid ceramic crown and examines whether the observed 

numerical differences can be connected to documented model 

features. 

Methods: Two three-dimensional static-structural 

configurations, designated Configuration A (nominal 120) and 

Configuration B (nominal 160), were analyzed under vertical 

loads of 200, 400, 600, 800, 1000, 1200, and 1400 N. Maximum 

principal stress, maximum principal elastic strain, equivalent 

(von Mises) stress, and total deformation were obtained from the 

ANSYS output tables. Before the numerical responses were 

compared, the available geometry summaries, body volumes, 

node and element counts, contacts, loading history, result 

scoping, and solver settings were checked for consistency. B/A 

ratios and ordinary least-squares load-response fits were then 

used as descriptive measures; no inferential hypothesis testing 

was performed. 

Results: The reviewed model-summary fields were the 

same in both configurations, including an overall model volume 

of 877.68 mm³, a cement-body volume of 8.1156 mm³, 729,292 

nodes, 448,331 elements, three active bonded contacts, and Large 

Deflection set to Off. Configuration A showed an almost 

proportional response across the full loading range. 

Configuration B followed a similar pattern up to 800 N, but the 

maximum principal stress then rose from 309.89 MPa at 800 N to 

1319.1 MPa at 1000 N, 7919.3 MPa at 1200 N, and 12460 MPa 

at 1400 N. Equivalent stress reached 12835 and 13347 MPa at 

http://www.ijmsdh.org/
https://doi.org/10.55640/ijmsdh-12-10-04
https://doi.org/10.55640/ijmsdh-12-10-04


INTERNATIONAL JOURNAL OF MEDICAL SCIENCE AND DENTAL HEALTH  

(ISSN: 2454-4191)   

www.ijmsdh.org  (2026)  
 

Int. J. Med. Sci. Dent. Health 2026                                                                                                                                                                                               pg. 27 

1200 and 1400 N, respectively, whereas total deformation 

remained close to proportional and reached 0.17829 mm at 1400 

N. This upper-load departure is compatible with a localized 

and/or numerically sensitive response requiring verification, 

rather than with a demonstrated failure mechanism. 

Conclusions: The two configurations support a focused 

assessment of load-response departure and numerical 

traceability. Because the reviewed geometry and mesh fields are 

indistinguishable between them, the upper-load change cannot be 

attributed to the nominal labels alone. The main contribution of 

this analysis is to quantify the departure from the lower-load 

pattern and to show why extreme FEA maxima should not be 

given a causal interpretation unless the underlying model 

difference can be demonstrated independently. 

Keywords: finite element analysis; dental implant; hybrid 

ceramic crown; numerical verification; model traceability; stress 

analysis; computational reproducibility. 

1. Introduction 

Finite element analysis (FEA) is widely used in dental 

and implant biomechanics because it can estimate internal stress, 

strain, and deformation fields that are difficult to measure 

directly. At the same time, the value of an FEA result depends 

strongly on how the model was constructed and on the extent to 

which that model has been verified and validated [1–6]. Dental 

FEA can be especially sensitive to choices involving nonlinear 

behavior, contact definitions, material properties, mesh 

construction, and boundary conditions [7–10]. For crown 

systems, both experimental and computational studies have 

shown that restorative and luting-material properties can 

influence load-bearing behavior and stress distribution [11–

13,17,19]. Work examining cement-space conditions also shows 

that a nominal spacer or cement-thickness setting should not 

automatically be treated as proof of the final geometry unless that 

geometry has been independently confirmed [14–16,18]. 

A plausible numerical result is not, by itself, evidence of 

computational credibility. Verification asks whether the 

mathematical model has been solved correctly, whereas 

validation asks whether the model is an adequate representation 

of the physical system for its intended purpose [1,5,6]. This 

distinction is important in dental biomechanics, where stress 

maps may change with contact formulation, constitutive 

assumptions, mesh density, boundary constraints, or result 

scoping [3,7–10,20]. For that reason, any FEA investigation 

should establish what parts of the model can actually be traced 

before a physical mechanism is assigned to differences between 

configurations. 

This study therefore examined two ANSYS 

configurations of an implant-supported hybrid ceramic crown. 

The reviewed model summaries showed the same overall 

geometry dimensions, body volumes, mesh population, contacts, 

loading history, and principal solver settings. Here, numerical 

traceability means the ability to connect a reported numerical 

difference to a documented and independently identifiable 

difference in geometry, material definition, loading, contact 

formulation, mesh, solver settings, or result scoping. Rather than 

assuming that the nominal labels represent verified physical 

differences, the two configurations are treated as Configuration 

A and Configuration B and their load-response patterns are 

examined directly. The study had three objectives: (i) to compare 

load-dependent maximum principal stress, maximum principal 

elastic strain, equivalent stress, and total deformation between 

Configurations A and B; (ii) to describe the load range over which 

their response patterns begin to separate; and (iii) to determine 

whether the available model documentation is sufficient to 

support a causal explanation for the observed numerical 

differences. 

2. Materials and Methods 

2.1 Finite-element configurations and study scope 

Two ANSYS 18.0 static-structural configurations were 

included. Their nominal identifiers corresponded to 120 and 160, 

but the analysis did not assume that these labels represented 

verified geometric differences. They are therefore referred to as 

Configuration A and Configuration B throughout the manuscript. 

All numerical values reported here were obtained directly from 

the ANSYS output tables associated with the two configurations. 

Each configuration consisted of a three-body crown-

cement-implant assembly solved as a three-dimensional static 

structural analysis in Mechanical APDL. The model 

documentation lists the material assignments as Titanium Alloy, 

“up”, and cement. However, complete material-property tables 

for everybody were not available in the documentation used for 

the present analysis. Missing material constants were therefore 

not inferred or reconstructed. 

2.2 Model summary and traceability review 

Before the stress results were compared, the available 

model documentation was reviewed. Table 1 summarizes the 

parameters that could be examined directly in both 

configurations. This step was included to determine whether the 

observed numerical differences could reasonably be linked to a 

documented model difference. 
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Table 1. Model summary for Configurations A and B. 

Parameter 
Configuration A 

(nominal 120) 

Configuration B 

(nominal 160) 

Overall bounding box (mm) 11.946 × 12.65 × 12.011 11.946 × 12.65 × 12.011 

Total model volume (mm³) 877.68 877.68 

Bodies 3 3 

Cement-body volume (mm³) 8.1156 8.1156 

Nodes 729,292 729,292 

Elements 448,331 448,331 

Active contacts 3 3 

Contact type Bonded Bonded 

Large deflection Off Off 

The documented model parameters allowed direct comparison of the overall geometry dimensions, cement-body volume, mesh counts, 

contact count and type, loading history, and the large-deflection setting between Configurations A and B. These parameters were 

consistent across the two configurations. Additional settings that were not retained in sufficient detail for independent re-verification 

were not used as a basis for explaining the observed stress differences. Accordingly, agreement in the documented parameters should 

not be interpreted as proof that every underlying model setting was identical. 

2.3 Loading and extracted outcomes 

Both configurations used the same seven-level vertical loading history: 200, 400, 600, 800, 1000, 1200, and 1400 N. The load 

table shows the force acting in the negative global Y direction, with zero X and Z components. The outcomes extracted for comparison 

were maximum principal stress (MPa), maximum principal elastic strain (mm/mm), equivalent (von Mises) stress (MPa), and total 

deformation (mm). In both configurations, the reported result objects were scoped by Geometry Selection to one body. The principal-

strain tables also identify Geom2 as the location of the reported maximum. Because the editable ANSYS project was unavailable, any 

underlying named selection or hidden scoping definition beyond the visible output could not be reconstructed independently. 

 

 

Figure 1. Representative finite-element mesh used in the analysis. 
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2.4 Analytical approach 

The numerical outputs are deterministic simulation results rather than replicated biological or experimental observations. 

Values were transcribed from the ANSYS output tables and checked against the corresponding plots. B/A ratios were calculated at each 

load level. Ordinary least-squares fits, with the intercept estimated freely rather than forced through zero, were used only to describe 

load-response proportionality; R² was calculated as 1 - SSE/SST. Calculations were performed in Python 3.13.5 using simple scripted 

arithmetic and least-squares operations. For Configuration B, proportionality at lower loads was assessed over 200–800 N for principal 

stress and principal strain because the response changed clearly above this range. No inferential hypothesis testing was applied, and the 

analysis was not used to assign the observed departure to a biological, material, or geometric mechanism. 

3. Results 

3.1 Maximum principal stress 

Table 2. Maximum principal stress in Configurations A and B. 

Load (N) Configuration A (MPa) Configuration B (MPa) B/A ratio 

200 66.019 77.506 1.17 

400 132.040 155.040 1.17 

600 198.060 232.510 1.17 

800 264.080 309.890 1.17 

1000 330.090 1319.100 4.00 

1200 396.110 7919.300 19.99 

1400 462.130 12460.000 26.96 

Configuration A showed an approximately proportional principal-stress response from 200 to 1400 N, with a fitted slope of 

about 0.33009 MPa/N (R² > 0.9999). Configuration B followed a similar proportional pattern between 200 and 800 N, with a low-load 

slope of about 0.38731 MPa/N. Across this range, the B/A ratio remained close to 1.17. At 1000 N the ratio increased to 4.00, and it 

rose further to 19.99 at 1200 N and 26.96 at 1400 N, indicating a clear departure from the lower-load pattern. 

 
Figure 2. Maximum principal stress versus applied load. Configuration B shows a marked departure from the low-load trend 

beginning at 1000 N. 
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3.2 Maximum principal elastic strain 

Table 3. Maximum principal elastic strain in Configurations A and B. 

Load (N) Configuration A Configuration B B/A ratio 

200 0.002412 0.003204 1.33 

400 0.004824 0.006406 1.33 

600 0.007236 0.009607 1.33 

800 0.009649 0.012807 1.33 

1000 0.012061 0.038628 3.20 

1200 0.014473 0.232330 16.05 

1400 0.016885 0.368120 21.80 

 

The strain ratio was also stable at lower loads, remaining close to 1.33 from 200 to 800 N. It increased to 3.20 at 1000 N, 16.05 

at 1200 N, and 21.80 at 1400 N. The largest reported local principal elastic strain in Configuration B was 0.36812 at 1400 N. Because 

Large Deflection was set to Off in the present analysis, this local maximum should be interpreted cautiously under a small-deformation 

formulation. This high local strain value should be interpreted cautiously. 

 

Figure 3. Maximum principal elastic strain versus applied load. 

3.3 Equivalent stress and total deformation 

Table 4. Equivalent stress, equivalent-stress ratio, and total deformation. 

Load (N) 
Equivalent stress A 

(MPa) 

Equivalent stress B 

(MPa) 
Eq. stress B/A 

Deformation A 

(mm) 

Deformation B 

(mm) 

200 146.96 191.82 1.31 0.02475 0.02548 

400 292.82 382.22 1.31 0.04951 0.05096 

600 438.57 572.38 1.31 0.07426 0.07644 
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Load (N) 
Equivalent stress A 

(MPa) 

Equivalent stress B 

(MPa) 
Eq. stress B/A 

Deformation A 

(mm) 

Deformation B 

(mm) 

800 584.21 762.32 1.30 0.09901 0.10193 

1000 729.75 973.41 1.33 0.12377 0.12739 

1200 875.18 12835.00 14.67 0.14852 0.15285 

1400 1020.50 13347.00 13.08 0.17327 0.17829 

 

Equivalent stress in Configuration A rose smoothly from 146.96 MPa at 200 N to 1020.5 MPa at 1400 N. In Configuration B, 

the equivalent-stress B/A ratio remained within approximately 1.30–1.33 from 200 to 1000 N. A much larger change appeared at 1200 

N, where the ratio reached 14.67, and remained high at 13.08 at 1400 N as the reported maxima reached 12835 and 13347 MPa. These 

values are numerical maxima from the present analysis and should not be treated as validated material-failure stresses. Total deformation, 

in contrast, remained close to proportional in both configurations. At each load level, Configuration B was approximately 2.9% higher 

than Configuration A, reaching 0.17829 mm compared with 0.17327 mm at 1400 N. 

 
Figure 4. Equivalent (von Mises) stress versus applied load. 

 

 

Figure 5. Total deformation versus applied load. Global deformation remains close to proportional with load despite the 

upper-load departure in local stress maxima in Configuration B. 
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Figure 6. Equivalent-stress contour outputs at the 1400-N step for Configuration A (left) and Configuration B (right). 

Each ANSYS image uses its native contour scale; therefore, color differences must not be interpreted quantitatively across 

panels. Quantitative comparison should rely on the numerical maxima in Table 4. For localization only; not for cross-panel magnitude 

comparison.

4. Discussion 

The main finding is not an effect of the nominal labels 

themselves, but a clear difference in the load-response pattern of 

two finite-element configurations whose reviewed model-

summary fields are otherwise indistinguishable. Configuration A 

remained approximately proportional across the investigated 

loads. Configuration B behaved similarly at low and moderate 

loads, but its reported local stress and principal-strain maxima 

rose sharply at the upper loading levels, while total deformation 

continued to scale almost proportionally with load. 

Several explanations could account for the combination 

of very large local stress or strain maxima and a comparatively 

smooth global deformation response. These include a highly 

localized stress concentration, sensitivity to contact or 

constitutive assumptions that are not visible in the available 

output, result-scoping effects, or other numerical behavior that 

could only be diagnosed by re-solving the original model. In 

principle, a local maximum may change substantially without a 

similar change in deformation of the whole assembly; however, 

the available output does not allow that localization mechanism 

to be confirmed. Contact formulations and nonlinear assumptions 

are known sources of sensitivity in dental FEA [7,8], while 

broader reviews also identify material definition, mesh, boundary 

conditions, and model simplifications as important determinants 

of calculated stress fields [3,9,10]. The present data do not allow 

these possibilities to be separated. The upper-load response is 

therefore treated as a result requiring verification rather than as 

evidence of structural collapse or a defined material-failure 

mechanism. The lack of a traceable geometric difference is 

central to this interpretation. In both configurations, the reviewed 

fields show the same overall bounding box, total model volume, 

cement-body volume, node and element counts, three active 

bonded contacts, and the same large-deflection setting. A causal 

claim about a nominal design variable would require that variable 

to be demonstrably different in the underlying model. This 

position is consistent with computational-model credibility 

literature, which emphasizes verification, validation, transparent 

model definition, and comparison with an appropriate physical or 

experimental quantity before simulation output is given 

predictive meaning [1,5,6,20]. 

The external dental literature provides useful context for 

this methodological interpretation. Experimental studies have 

linked restorative and cement properties with crown loading 

capacity [11,12], while failure-load and FEA studies show that 

calculated stress fields depend on the modeled restoration, 

cement, loading conditions, and structural interactions [13,17–

19]. Studies based on micro-CT or explicit cement-space 

variation also show that cement-space geometry is measurable 

and that nominal spacer settings, cement type, and actual internal 

fit are not interchangeable concepts [14–16,18]. Together, these 

findings reinforce the need to verify the model variable itself 

before numerical differences are attributed to it. For this reason, 

the present results should not be used to recommend a clinical 

cement-space value, define a failure threshold, or claim that one 

nominal configuration is superior to the other. Their value is 

methodological. The analysis shows how two finite-element 

configurations can produce sharply different local maxima even 

when the high-level documented fields appear the same, and why 

nominal labels alone are not enough to support a causal 

biomechanical interpretation. 

5. Conclusions 

The present analysis identified a pronounced departure 

from the lower-load response pattern in Configuration B at the 

upper loading levels. Maximum principal stress, maximum 

principal elastic strain, and equivalent stress increased sharply, 

whereas total deformation remained nearly proportional to load. 

Because the reviewed model summaries show the same geometry 

dimensions, cement-body volume, mesh population, contact 

count, and major solver settings, the observed change cannot be 

assigned causally to the nominal labels. The study therefore 

offers a model-traceability and computational-credibility 

perspective: extreme local FEA maxima should be treated as 

results requiring verification until the model variable, scoping 
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definition, or numerical condition responsible for the difference 

can be demonstrated independently. 
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