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Abstract
Background This study aimed to evaluate the effects of restorative materials and connector cross-section areas 
(CSAs) on the stress distribution of monolithic fixed partial dentures (FPDs).

Methods FPDs, abutment teeth, periodontal ligament (PDL), and alveolar bone were modeled by computer-aided 
design. Four materials with varied elastic modulus (3 mol% yttria-stabilized tetragonal zirconia polycrystals [Zr], lithium 
disilicate [LD], polymer-infiltrated ceramic network [PICN], and resin composite [RC]) and five CSA of connectors 
(4, 6, 8, 10, and 12 mm2) were set as FPD variables for finite element analysis (FEA). The stress distribution on FPDs, 
abutment teeth, PDL, and alveolar bone was analyzed under two different loading modes (three-point loading and 
pontic loading). The results of FEA were further verified by photoelastic test.

Results Both FPD material and CSA influenced the stress distribution of the FPD-tooth-bone complex. At a constant 
CSA of 8 mm², Zr, with the highest elastic modulus, exhibited the lowest stress on abutment teeth (2.4177 MPa). 
As the materials’ elastic modulus decreased, the stress increased by 2.37%, 7.67%, and 13.16% for LD, PICN, and RC, 
respectively. Increasing the CSA from 4 mm² to 12 mm² reduced stress on abutments by 1.65% and 1.54% in the Zr 
and PICN groups, respectively. However, in the RC group, the stress increased significantly by 115.63%.

Conclusion Materials with a higher elastic modulus tend to confine stress within the FPDs, reducing the downward 
transmission of stress. As the CSA increases, stress might be more evenly distributed from FPD to the periodontium, 
potentially reducing stress concentration.
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Background
Fixed partial denture (FPD) is a type of the fixed prosth-
odontic restoration used to rehabilitate small-scale 
dentition defects by permanently anchoring to adja-
cent naturel teeth. Three-unit fixed bridges represent 
the most common form of FPDs, providing an effective 
treatment alternative for patients who are either unwill-
ing to undergo implant surgery, have medical contrain-
dications, or face financial constraints [1]. The clinical 
success of FPDs depends, among other factors, on their 
ability to effectively withstand the complex forces pres-
ent in the oral cavity [2], including compressive, tensile, 
and shear loads [3]. Owing to various resistance ability of 
constitutents in FPD-teeth-bone complex, the stress dis-
tribution is often inhomogeneous. Imbalanced stress dis-
tribution may lead to adhesive failure, dental caries, pulp 
irritation, excessive wear of the opposing tooth, and even 
result in the fracture of the restoration, marginal bone 
loss of abutment teeth, and prolonged discomfort for the 
patient [4, 5]. Thus, it is necessary to develop a rational 
stress distribution based on the mechanical properties of 
each component.

To achieve this objective, careful consideration must 
be given to the structural design and material selection 
of FPDs. On one hand, the structural design of FPDs 
should optimize load distribution by adjusting the resis-
tance form. Among the various factors, the cross-section 
area (CSA) of connectors might be critical, as connec-
tors are frequently associated with stress concentration 
and FPD fracture [6, 7]. Moreover, previous studies have 
demonstrated that reducing the CSA of connectors could 
increase the stress on the periodontal tissues of abutment 
teeth [7, 8]. Studart et al. indicated that 3  mol% yttria-
stabilized tetragonal zirconia polycrystals (3Y-TZP)-
based 3-unit bridges should have a CSA of connectors no 
less than 4.9 mm2 [9]. However, the CSA of connectors 
cannot be excessively enlarged, as this may reduce the 
embrasure space between the retainers and the pontic, 
thereby negatively impacting the esthetics of the restora-
tion and increasing the difficulty of maintaining dental 
hygiene.

On the other hand, FPD materials may play a key 
role in determining stress distribution. Among various 
mechanical properties, elastic modulus is closely related, 
because it directly influences how a material responds 
to functional loads [10]. A higher elastic modulus allows 
the material to resist deformation, thereby transmitting 
forces more efficiently to the abutment teeth and sur-
rounding tissues, while a lower elastic modulus may lead 
to greater flexibility, potentially reducing the stress on the 
supporting structures but increasing the risk of material 
fatigue or fracture [11]. Therefore, careful consideration 
of elastic modulus is essential for balancing durability and 
functional performance in FPDs. Herein, in the present 

study, four materials with different elastic modulus were 
selected for investigation (zirconia [Zr], lithium disilicate 
[LD], polymer-infiltrated ceramic network [PICN], and 
resin composite [RC]) [12–15].

Stress analysis methodologies in biomechanical 
research typically involve both direct clinical evaluations 
and laboratory testing. Clinical evaluations are inher-
ently limited by their inability to precisely quantify the 
stress distributed across specific components, such as 
the shoulder margin or the alveolar bone. Finite Element 
Analysis (FEA), on the other hand, offers distinct advan-
tages over traditional methods, particularly in its ability 
to simulate and compute mechanical performance with 
a high degree of accuracy. FEA can effectively model 
the stress-strain relationships in structures with com-
plex geometries and allow for detailed predictions of 
where stress concentrations occur and how they propa-
gate through different materials or biological tissues [16]. 
Additionally, recent advancements in three-dimensional 
(3D) printing have further enhanced the application of 
stress analysis. 3D printed models can be used in pho-
toelastic experiments to physically visualize the stress 
distribution. By combining the precision of FEA with 
the practical insights from photoelastic experiments, 
researchers can achieve a more robust understanding of 
mechanical performance in FPD-teeth-bone system.

To date, few studies have comprehensively investi-
gated the effects of restorative materials and connector 
cross-section areas on the stress distribution in FPDs. To 
fill this scientific gap, four materials (Zr, LD, PICN, and 
RC) and five connector cross-section areas (4, 6, 8, 10, 
and 12 mm2) were chosen to examine the stress distribu-
tion in maxillary posterior fixed bridges using FEA. The 
results were further validated through photoelasticity 
experiments. It is important to note that the inclusion of 
these distinct materials aims to explore the biomechani-
cal performance of FPDs as a function of varying elastic 
modulus, rather than to provide specific clinical recom-
mendations for FPD material. The null hypotheses of this 
study were two-fold: (1) FPD materials do not influence 
on the stress distribution of FPDs, and (2) connector 
cross-section areas do not affect the stress distribution of 
FPDs.

Methods
This study was approved by West China Hospital 
of Stomatology Ethics Committee (No. WCHSIRB-
CT-2022-257). Digital Imaging and Communications in 
Medicine (DICOM) images of the upper jaw of a young 
female were obtained using cone-beam computed tomog-
raphy (CBCT) (3D Accuitomo Type F17, Morita Corp., 
Japan), with a field view of ø40×h40 mm and a voxel 
size of 80 μm. The first molar of the patient was intact, 
regular, and showed no signs of trauma or deformity. 
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Afterward, the DICOM data were imported into Solid-
works software (Dassault Systèms Solid Works© Corp., 
Concord, France) for 3D reconstruction. The first molar 
was then removed from the 3D model. Virtual tooth 
preparations were performed on the second premolar 
and second molar, following the requirements for all-
ceramic monolithic crowns. Using commercial software 
(Materialise Magics, Materialise, Belgium), tooth reduc-
tion of 1.5  mm was applied to the occlusal surface and 
1 mm to the axial surfaces, with the shoulder width set 
to 1  mm. FPDs were designed by commercially avail-
able software (Exocad 3.0, Exocad GmbH, Germany) and 
reverse engineering software (Geomagic Studio, 3D Sys-
tems Inc., USA), with a thickness of 1 mm at the cervical 
third, 1.5 mm at the occlusal third, and 1 mm at the mid-
dle third. The cement layer thickness was set to 0.03 mm 
[17], and the CSAs of connectors were designed at 4, 6, 
8, 10, and 12 mm2. Afterward, FPDs and abutment teeth 
were assembled and imported to a finite element analy-
sis software program (ANSYS Workbench 18.2.2, ANSYS 
Inc., USA) for load simulation (Fig. 1).

The elastic constants of the four investigated materials 
were extracted from previous literature and are summa-
rized in Table S1 (Additional file 1). The materials were 
modeled as linearly elastic, homogeneous, and isotropic. 
All components were securely fixed within the coordi-
nate system, with contact surfaces assumed to be fully 
bonded. The mesh size was set to 0.0002 mm, resulting in 
a total of 5,290,188 elements. The number of nodes was 
optimized to ensure model accuracy while minimizing 
computational load [18].

Two loading conditions were simulated to repre-
sent masticatory forces (Fig.  2) [19]. In the first condi-
tion (three-point loading), a vertical force of 200 N was 
applied to twelve 1 mm² areas on the occlusal surface of 
the FPD, simulating the chewing of large food blocks, 
where the loading areas were broad. In the second con-
dition (pontic loading), a 200  N axial load was applied 
to three 1 mm2 areas on the occlusal surface of the pon-
tic, imitating the chewing of granular foods, where the 
loading areas were limited to the central groove region 
[20–22]. The von Mises stress distributions in the FPD, 
abutment teeth, periodontal ligament (PDL), and alveolar 
bone were analyzed, with both maximum principal stress 
and average values being calculated.

To further validate the results of FEA simulation, three 
typical CSA values (4, 8, and 12 mm2) and two materials 
(Zr and RC) were selected for investigation in a photo-
elastic experiment as previously reported [23]. In brief, 
six pairs of natural teeth (#15 and #17) with similar shape 
and size were scanned to generate Standard Tessellation 
Language (STL) files, which were then virtually posi-
tioned into the maxillary alveolar bone model 3D recon-
structed in FEA. The root surfaces of teeth #15 and #17 
were expanded outward by 0.2 mm to create space for the 
PDL [24]. Afterward, a Boolean operation was conducted 
to subtract intact teeth #15 and #17 from the maxilla. The 
obtained alveolar models were then 3D printed using a 
Digital Light Processing (DLP) 3D printer (3Demax, 
DMG Medical Devices Co. Ltd., Germany). Next, nega-
tive molds of the 3D printed molds were prepared by sili-
cone rubber, and a photoelastic resin (epoxy resin, JN-L, 
China) was poured to create the photoelastic model. 
Before the photoelastic model fully cured, light-body sili-
cone rubber was injected into the sockets to simulate a 
0.2 mm thick PDL, and the corresponding teeth #15 and 
#17 were inserted into the photoelastic model. After-
ward, the abutment teeth (#15 and #17) were prepared 
by the same prosthodontist and 3D scanned. Three-unit 
FPDs were designed with the three different CSA val-
ues, and then produced by a milling device (Upcera X5, 
Upcera, China) using Zr (98*14-A2, Batch B2824020901, 
Besmile, China) and RC (98*18-2M2, Batch HL22070401, 
Huliang, China). To ensure structural consistency, the 
thickness of the shoulder, axial surface, and occlusal 

Fig. 1 Components of the FPD-tooth-bone complex in three-dimension-
al finite element analysis
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surface was 1 mm, 1 mm, and 1.5 mm, respectively. The 
connector was cylindrical in shape. After cementing the 
FPDs onto the abutment teeth using resin cement (3M 
ESPE Rely™ U200 Automix, 3M ESPE, USA), the final 
test sample for photoelastic experiment was prepared. 
Each sample was horizontally placed in a polarized light 
field, and a vertical load of 200 N was applied to the pon-
tic using a universal test machine (AGX-V, SHIMADZU, 
Japan), with the load cell aligned with the center of the 
pontic’s central fossa. The change in the refraction path 
of polarized light, observed before and after loading, was 
used to calculate the equivalent stress. A mathematical 
analysis software (Matlab_R 2023a, The MathWorks, Inc., 
USA) was used for plotting stress distribution.

Results
FPD material showed a significant effect on the stress 
distribution in the FPDs, abutment teeth, PDL and 
alveolar bone. For both maximum and average stress 
levels in FPD, Zr exhibited the highest values, followed 
by LD, PICN, and RC (Fig. 3A and B). In contrast to the 
FPD ranking, the average stress on abutment teeth was 
the highest in RC gourp, followed by PICN, LD, and Zr 
(Fig. 3D). For instance, with a CSA of 8 mm2, the average 
stress in the FPD gradually decreased, while the stress 
in the abutment teeth increased, following the material 
order: Zr (8.7071  MPa, 2.4177  MPa), LD (8.0162  MPa, 
2.4750  MPa), PICN (6.7848  MPa, 2.6031  MPa), and 
RC (5.8681  MPa, 2.7359  MPa). The maximum stress of 
abutment in RC was higher than the one in PICN, with 

increases of 12.95% at 10 mm2 and 101.45% at 12 mm2 
CSA (Fig. 3C).

In terms of periodontal tissues (Figs. 4 and 5), the aver-
age stress in the PDL at 12 mm2 CSA was 1.2807  MPa 
in Zr, followed by LD (1.2796  MPa, -0.09%), PICN 
(1.2778  MPa, -0.23%), and RC (1.2760  MPa, -0.37%) 
(Fig. 3E).

Despite differences in the stress levels within the peri-
odontal tissues, the PICN group showed minimal fluc-
tuations in the average PDL stress under pontic loading, 
with changes of less than 0.04% (Fig.  6D). Regarding 
stress concentration sites, the connectors and loading 
points on the occlusal surfaces of the FPDs were the most 
prominent (Figs. 7 and 8).

High-stress areas on the abutments, ranging from 
6.25 to 31.25  MPa, were observed on the shoulder and 
proximal surfaces near the pontic. However, in the 
RC and PICN groups, the proximal surfaces exhibited 
larger regions with stress exceeding 25 MPa, and in the 
RC group, the stress at the shoulder surpassed 50  MPa 
(Fig. 9).

CSA was negatively correlated with the stress levels in 
both the FPD and abutment teeth, while it exhibited a 
positive correlation with the stress levels in the PDL and 
alveolar bone. In the Zr group, the average stress in the 
FPD was 9.2075 MPa for a CSA of 4 mm², 8.9262 MPa for 
6 mm², 8.7071 MPa for 8 mm², 8.5847 MPa for 10 mm², 
and 8.5192  MPa for 12  mm². This reflects a gradual 
reduction of 3.06%, 5.43%, 6.76%, and 7.48%, respec-
tively, as the CSA increased. Similar decreasing trends 
could also be observed in the LD, PICN, and RC groups 

Fig. 2 Schematic diagrams of two loading modes on FPDs in the three-dimensional finite element analysis. The upper diagrams show the loading areas 
on the occlusal surfaces of FPDs under (A) three-point loading and (B) pontic loading. Yellow dots represent loading areas of 1mm2. A vertical load of 
200 N was applied to the FPD in both (C) finite element analysis and (D) photoelastic analysis
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(Fig. 3B). For abutment teeth in the Zr group, the aver-
age stress was the highest at 4 mm2 CSA (2.433  MPa), 
followed by a decrease to 2.4318 MPa (-0.46%) at 6 mm², 
2.4177  MPa (-1.04%) at 8  mm², 2.4074  MPa (-1.46%) 
at 10  mm², and 2.4033  MPa (-1.63%) at 12  mm², show-
ing a consistent decline as CSA increased. This declin-
ing trend was consistent across the Zr, PICN, and RC 
groups (Fig. 3D). However, in the PICN group, the maxi-
mum stress in the abutment teeth increased by 9.47% as 
the CSA increased from 4  mm² to 12  mm². Moreover, 
in the RC group, the maximum stress in the abutment 
teeth increased by 5.84%, 8.29%, 34.70%, and 115.63% at 
CSAs of 6  mm², 8  mm², 10  mm², and 12  mm², respec-
tively, compared to that at the CSA of 4 mm² (Fig. 3C). 

The stress distribution at the cross-section between the 
connector and retainer exhibited a “C” shape, likely due 
to the occlusal contact point being set towards the buc-
cal side of the central groove. Additionally, the area with 
stress exceeding 50  MPa decreased in size as the CSA 
increased (Fig. 10).

The stress distribution under pontic loading was largely 
consistent with that observed under three-point loading 
(Figs.  11 and 12). However, irregular trends were noted 
in the LD group at a CSA of 10  mm², the RC group at 
12 mm², and the Zr group at 8 mm² (Figs. 6 and 13).

As shown in Fig.  14, the photoelasticity results indi-
cated that, for the same CSA, the area with high equiva-
lent stress (> 150) was larger in the RC group compared 

Fig. 3 The equivalent stress (MPa) of 3D FEA models under three-point loading. (A) Maximum and (B) average stress on fixed partial dentures. (C) Maxi-
mum and (D) average stress on abutment teeth. (E) Average stress on periodontal ligament. (F) Average stress on alveolar bone
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to the Zr group. For the same FPD material, the equiv-
alent stress levels declined as the CSA increased. These 
photoelastic findings were consistent with the FEA 
results (Figs. 4 and 5).

Discussion
The stress distribution in the FPD-tooth-bone complex 
follows a predictable pattern where occlusal forces are 
transmitted from the prosthesis to the abutment teeth, 
and then to the underlying PDL and alveolar bone. 
Studies have reported that the 10-year survival rate of 
monolithic lithium disilicate FPDs is 87.9% [25], while 
the 5-year survival rates for reinforced glass-ceramic 
FPDs and densely sintered zirconia FPDs are 85.9% and 
90.4%, respectively. FPD fracture and periodontal disease 
are among the primary causes of failure [26]. Therefore, 
achieving proper stress distribution is essential to pre-
vent overloading of any single component, thereby ensur-
ing the longevity of the restoration and preserving the 
supporting structures.

The results of this study demonstrate that both FPD 
materials and connector cross-section areas affect the 
stress distribution of FPDs. Therefore, both null hypoth-
eses were rejected. Specifically, the stress experienced by 
the FPD is positively correlated with the elastic modulus 
of the FPD material, whereas the stress on the abutment 
teeth exhibits an opposite trend (Fig. 3A and D). Due to 

the high elastic modulus of Zr and LD [12, 13], stress can 
be more effectively distributed across the FPD, thereby 
reducing the load on the abutment teeth and providing 
effective protection to the surrounding tissues. However, 
this effect may also lead to an increase in tensile stress 
within the FPD, therefore, FPD materials with high elastic 
modulus should also possess sufficient fracture toughness 
to prevent FPD fracture [27]. Compared to Zr and LD, 
PICN possesses a moderate elastic modulus, which lies 
between that of enamel and dentin [14]. This results in a 
reduction of stress borne by the FPD and a greater stress 
distributed to the abutment teeth, while the stress on the 
PDL remains almost unchanged (Figs. 3A and D and 6D). 
Among the four materials studied, RC exhibits the low-
est elastic modulus [28]. Compared to the other three 
groups, the RC group exhibited less stress on the FPD, 
while the abutment teeth were subjected to higher stress. 
Notably, when the CSA reached 12  mm², significant 
stress concentration was observed on the abutment teeth 
(Fig. 3A and D). When comparing all-ceramic materials 
(Zr and LD) with composite materials (PICN and RC), 
it was observed that the maximum stress on the FPD in 
the Zr and LD groups consistently exceeded that on the 
abutment teeth. However, in the PICN and RC groups, 
when the CSA was 8, 10, or 12 mm², the maximum stress 
on the abutment teeth surpassed that on the FPD, with 
the stress on the abutment teeth primarily concentrated 

Fig. 4 Stress distribution under three-point loading on alveolar bone. The cross-section areas of the connectors are listed on the left
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at the shoulder margin (Figs. 3A and C and 8). Further-
more, in periodontal tissues, as the CSA increased, the Zr 
and LD groups primarily exhibited a gradual increase of 
stress in PDL (Fig. 3E), whereas the PICN and RC groups 
showed an increasing stress in alveolar bone (Fig.  3F). 
This difference may be related to the varying extent of 
stress transmission downward. With higher rigidity, Zr 
and LD exhibit less deformation under load, causing 
stress to be primarily concentrated within the FPD, with 
less stress transmitted downward. The stress transmitted 
to the PDL can be buffered and absorbed effectively. In 
contrast, due to the lower stiffness, PICN and RC may 
undergo greater deformation when subjected to force, 
leading to more stress being transmitted downward to 
the alveolar bone. In general, the results suggest that the 
decrease in elastic modulus of FPD material may weaken 
the protective effect of the FPD on the abutment teeth, 
increasing the risk of marginal infiltration, adhesive fail-
ure, periodontal damage, and even bone resorption, 
especially when the CSA is relatively large [29].

The stress on both the FPD and abutment teeth were 
found to be negatively correlated with the CSA (Fig. 3A 
and D). A smaller CSA tends to concentrate stress within 
the FPD, particularly in the connector region, resulting in 

less stress being distributed to the abutment teeth (Figs. 7 
and 8). This might be because a larger CSA allows for a 
more uniform distribution of stress. However, once the 
CSA reaches a certain size, further increases in CSA do 
not significantly reduce the stress on the FPD and abut-
ment teeth (Fig. 3B, D). Additionally, an excessively large 
CSA may lead to the reduction of the embrasure space, 
affecting the aesthetics of the FPD. It may also lead to 
the formation of overcontours, which can hinder oral 
hygiene and compromise the health of gingival tissues. 
The results of this study indicate that the connectors and 
occlusal loading areas are the primary sites of stress con-
centration, with the magnitude of stress concentration 
being positively correlated with the elastic modulus of the 
FPD material (Fig.  8). This finding aligns with previous 
research by Attia et al., which identified the connector 
(particularly at the gingival embrasure) as prone to stress 
concentration and rupture [30]. Additionally, it supports 
the conclusions of Tribst et al., who demonstrated that 
the degree of stress concentration is proportional to the 
elastic modulus of the FPD material [31]. Considering 
the discrepancies between computational simulations 
and clinical realities, we further validated the finite ele-
ment analysis results using real models. Photoelastic 

Fig. 5 Stress distribution under three-point loading on periodontal ligaments. The cross-section areas of the connectors are listed on the left
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Fig. 7 The stress distribution under the three-point loading on the occlusal surface of FPDs. The cross-section areas of the connectors are listed on the left

 

Fig. 6 Equivalent stress (MPa) of 3D FEA models under pontic loading. (A) Maximum and (B) average stress on alveolar bone. (C) Maximum and (D) aver-
age stress on periodontal ligament
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Fig. 9 Stress distribution under three-point loading on abutment teeth #15 (distal) and #17 (mesial). The cross-section areas of the connectors are la-
belled on the top

 

Fig. 8 Stress distribution under three-point loading on median sagittal plane of FPDs. The cross-section areas of the connectors are labelled on the top
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analysis and strain gauge methods are classic stress anal-
ysis techniques [32]. Among these, photoelastic analysis 
offers the advantage of not requiring direct contact with 
the sample, making it suitable for models where compo-
nents, such as the PDL, alveolar bone, and tooth root, are 
in close contact. Unlike traditional methods, 3D printing 

was employed in this study to fabricate models for photo-
elastic testing due to its superior reproducibility in mass 
production of test samples. However, the accuracy of this 
workflow warrants further research for a full revelation. 
The results of photoelastic experiment were presented 
as the ratio of the optical path difference. Although this 

Fig. 11 Stress distribution under pontic loading on median sagittal plane of FPDs. The cross-section areas of the connectors are labelled on the top

 

Fig. 10 The stress distribution under three-point loading between connectors and retainers. The cross-section areas of the connectors are labelled on 
the left
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Fig. 13 Equivalent stress (MPa) of 3D FEA models under pontic loading. (A) Maximum and (B) average stress on fixed partial dentures. (C) Maximum and 
(D) average stress on abutment teeth

 

Fig. 12 Stress distribution under pontic loading on abutment teeth #15 (distal) and #17 (mesial). The cross-section areas of the connectors are labelled 
on the top
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is equivalent to stress values, the present study is lim-
ited in calculating absolute values. Future research may 
address this limitation by integrating digital image cor-
relation (DIC) for more accurate quantitative analysis. 
The FEA analysis in this study focused on Von Mises 
stress because PICN, RC, dentin, PDL, and alveolar bone 
exhibit varying degrees of ductility. However, the maxi-
mum principal stress is also worth investigating in future 
studies because it plays a crucial role in evaluating the 
fracture risk and failure mechanism of brittle materials. 
Moreover, another limitation of this study is the absence 
of setting a fulcrum point for the tooth roots under pon-
tic loading in FEA. Although the deformation of FPDs 
and the rotation of abutment teeth are minimal, setting 
such a fulcrum point could enable a more accurate analy-
sis of the stress distribution within the support system. 
This study provides potential insights into the design 
and material selection for FPDs. The results suggest that 
materials with a high elastic modulus may require an 
increased CSA to distribute stress evenly and reduce the 
stress borne by the FPD. Conversely, for materials with a 
low elastic modulus, the CSA should be reduced to avoid 
excessive stress on periodontium.

Conclusion
Our findings indicate that materials with a higher elastic 
modulus tend to confine stress within the FPDs, thereby 
transmitting less stress to the abutment teeth. While this 

effect may protect the underlying supportive tissues, it 
simultaneously increases the stress borne by FPD. More-
over, as the CSA increases, stress might be more evenly 
transferred from FPD to the supporting structures, 
potentially reducing stress concentration. However, 
excessively increasing the CSA does not further lower 
stress levels on the FPD and abutment teeth, but may 
negatively impact aesthetics.
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