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Stress Distribution in Fiber Post-Restored

First Premolar Teeth with Periapical
Lesions: A Finite Element Study

Fiber Post i1le Restore Edilmis Periapikal
Lezyonlu Birinci Premolar Dislerde
Gerilme Dagiliminin Sonlu Elemanlar
Analizi ile Incelenmesi

ABSTRACT

Objectives

This study aimed to evaluate, using three-dimensional (3D) finite element analy-
sis (FEA), the stress distribution within endodontically treated (RCT), periapical
lesioned mandibular premolar teeth restored with fiber posts and metal-supported
porcelain crowns under masticatory forces.

Material and Methods

Two FEA models representing different clinical scenarios were developed: a healthy
mandibular premolar tooth (Model 1) and an RCT premolar tooth with a periapical
lesion, restored with a fiber post and a metal-supported porcelain crown (Model
2). A static load of 300 N was applied to the occlusal surface at a 45° angle to the
longitudinal axis of the tooth. Maximum equivalent stresses on dental tissues, post
material, surrounding bone structures, and the periapical lesion were calculated and
visualized according to the Von Mises criterion.

Results

Functional loading concentrated stresses predominantly at the buccal cervical region
in both models. However, the fiber post model exhibited relatively higher stress va-
lues and greater deformation compared to the intact tooth, particularly at the cervical
area and post-dentin interface.

Conclusion

It has been determined that the use of fibre posts in the restoration of teeth with
periapical lesions leads to a concentration of stress distribution in the cervical region
and at the post-dentine interface. Therefore, the resulting biomechanical load trans-
fer mechanisms should be evaluated through an analytical and systematic clinical
assessment.
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Amag

Bu caligmanin amaci, kok kanal tedavili (KKT), periapi-
kal lezyonlu ve fiber post ile restore edilerek metal destek-
li porselen kron ile restore edilmis mandibular premolar
diste, ¢igneme kuvvetleri altinda olusan stres dagiliminin
tic boyutlu sonlu elemanlar analizi (SEA) yontemiyle
degerlendirilmesidir.

Gerec ve Yontemler

Caligsmada iki farkli senaryoyu temsil eden SEA modelleri
olusturulmustur: saglikli mandibular premolar dis (Mod-
el 1) ve periapikal lezyonlu, kanal tedavili, fiber post ve
metal destekli porselen kron ile restore edilmis premolar
dis (Model 2). Modellerin okliizal yiizeyine, disin uzun
aksiyla 45° a¢1 yapacak sekilde 300 N degerinde statik
yiik uygulanmistir. Dis dokulari, post materyali, ¢evre ke-
mik yapilar1 ve periapikal lezyon lizerindeki maksimum
esdeger gerilmeler Von Mises kriterine gore hesaplanmig
ve simiilasyon ¢iktilart hazirlanmigtir.

Bulgular

Fonksiyonel yiikleme altinda her iki modelde de gerilme-
ler agirlikli olarak bukkal servikal bolgede yogunlagmustir.
Ancak, fiber post uygulanan modelde, 6zellikle servikal
bolgede ve post-dentin ara yiiziinde, saglam dise kiyasla
goreceli olarak daha yiiksek gerilme ve daha fazla defor-
masyon degerleri gdzlenmistir.

Sonuc¢

Periapikal lezyonlu diglerin restorasyonunda fiber post
kullaniminin, gerilme dagilimmi servikal bdlgede ve
post-dentin ara yiiziinde yogunlastirdigi belirlenmistir.
Bu nedenle, ortaya ¢ikan biyomekanik yiik aktarim me-
kanizmalarinin analitik ve sistematik bir klinik deger-
lendirme ile incelenmesi gereklidir.

Anahtar Sozciikler
Fiber post, Metal destekli porselen, Periapikal lezyon,
Sonlu elemanlar analizi, Biyomekanik
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INTRODUCTION

Pulpal destruction resulting from dental caries or trauma
frequently necessitates endodontic intervention (1). The
long-term success of root canal treated teeth depends not
only on a successful endodontic protocol but also on the
selection of an appropriate coronal restoration that pre-
serves the tooth's biomechanical integrity (2,3). Especi-
ally in teeth with extensive tissue loss and the presence of
periapical lesions, the behaviour of restorative materials
under masticatory forces is of critical importance (4). This
situation is a significant factor directly affecting the func-
tional integrity and longevity of the tooth.

Periapical lesions are a common consequence of endodon-
tic pathologies, causing destruction in the surrounding
bone tissue and altering the mechanical relationship bet-
ween the tooth and its supporting structures (1,5). These
lesions, by reducing bone support in the apical region of
the tooth, can adversely affect the distribution of masti-
catory forces and decrease the tooth's fracture resistance.
Post-and-core systems, frequently used in the restoration
of these teeth, are applied to increase the retention of the
coronal restoration and support the remaining dental tis-
sues (6,7). Fiber posts, with an elastic modulus close to
that of dentin (approximately 18.6 GPa), ensure a more
homogeneous distribution of stress along the root, there-
by reducing the risk of vertical root fractures (8-12). This
biomechanical advantage makes fiber posts a preferred
option in the restoration of root canal treated teeth.

The difficulty of performing biomechanical studies in vivo
in a clinical setting has led researchers toward numerical
analysis methods. Finite Element Analysis (FEA) is a
powerful engineering tool that allows for the investigation
of the mechanical behaviour of biological structures with
complex geometries under standardized and controllable
conditions (13-17). Although many studies in the litera-
ture have examined healthy or root canal treatment (RCT)
teeth using FEA (18-20), studies (2,19,21) investigating
the effect of periapical lesions on fiber-post restorations
are limited. This gap highlights the need for such studies
to better understand the biomechanical performance of fi-
ber posts in the restoration of teeth with periapical lesions.

This study aims to examine the stress distributions occur-
ring under functional loads in an abutment tooth with a
periapical lesion restored with a fiber post using the FEA
method, evaluating the impact of the lesion and the post
material on biomechanical performance. The findings
obtained are intended to provide valuable information to
clinicians regarding material selection and treatment plan-
ning in the restoration of teeth with periapical lesions.



MATERIAL and METHODS

A three-dimensional (3D) finite element analysis was per-
formed to investigate the stress distribution in mandibular
premolar teeth functioning as abutments for fixed prost-
hetic restorations, with particular focus on the effect of a
periapical lesion on the biomechanical behaviour of the
restored tooth.

All solid models used in the analyses were generated by
reconstructing the dental components separately in Solid-
Works 2021 (SolidWorks Corp., Massachusetts, USA)
three-dimensional parametric modeling software. The
modeling process was based on real-size 3D human tooth
models published by the School of Dentistry, University
of Dundee. A reverse engineering approach was adopted
to reconstruct the anatomical structures of the tooth and its
subcomponents. This method allows accurate reproduc-
tion of the geometry of biological structures using available
digital models, reference images, and computer-aided de-
sign data. The reconstructed mandibular premolar tooth
served as the abutment for prosthetic restorations. RCT
and subsequent post restoration were simulated using the
3D CAD model. The structural analyses were conducted
using Structural Module of the ANSYS Workbench (AN-
SYS Inc., Canonsburg, PA, USA) finite element software.

During model construction and analysis, several assump-
tions were applied. The geometry of the restored mandibu-
lar premolar and prosthetic components was simplified to
eliminate unnecessary surface irregularities while main-
taining clinically relevant anatomical features. The ce-
mentum layer was considered as a separate structure from
dentin. Perfect bonding was assumed between all compo-
nents, and no interfacial gaps were considered. Residual
stresses caused by root canal treatment procedures were
not included in the simulations. In addition, all materials
were assumed to be homogeneous, isotropic, and linearly
elastic, which is a common and acceptable assumption in
FEA studies of dental structures.

The dentin component was modelled together with the
post, core, crown, periodontal ligament (PDL), and gut-
ta-percha, ensuring full anatomical conformity with the
natural tooth structure and surrounding tissues. Post space
preparation was simulated in accordance with established
clinical protocols, with an apical seal preserved to main-
tain endodontic integrity. The PDL was represented based
on its physiological characteristics to reflect realistic bio-
mechanical behaviour.

The model comprised cortical bone, trabecular bone,
PDL, dentin, gutta-percha, post, post cement, core, crown
cement, and crown, all constructed to replicate anatomical
morphology and tissue interfaces accurately. A glass fibre
post system (ParaPost Fiber White, Colténe/Whaledent,
Mahwah, USA) was incorporated, and its geometry was
designed to be consistent with clinically applied post con-
figurations. The ferrule design and remaining root struc-
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ture were defined in accordance with restorative princip-
les, preserving the anatomical continuity of dentin.

A dual-cure resin cement (Ivoclar Vivadent, Schaan,
Liechtenstein) was employed as the luting agent, with
interfacial layers modelled to reflect clinically realistic
bonding conditions. The core build-up was simulated
using a resin composite material, and the finish line geo-
metry was designed to be consistent with prosthodontic
preparation standards at the gingival level. The final res-
toration consisted of a metal-supported porcelain crown,
resulting in a premolar tooth model that is fully aligned
with anatomical and clinical realities.

After the periapical lesion-free reference model was es-
tablished, clinical scenarios were created to evaluate the
mechanical behaviour of the system under loading con-
ditions. The periapical lesion was modelled as a spherical
solid separation located at the root apex.

Two models were analysed in this present study (Fig. 1):

Model 1. Healthy mandibular premolar tooth without
RCT or post restoration (control model).

Model 2. Root canal treated mandibular premolar restored
with a fiber post and metal-supported por celain crown in
the presence of a periapical lesion.

Mesh Generation

The finite element mesh was generated using the ANSY'S
Workbench meshing functions. The models were discreti-
zed using tetrahedral elements. Relatively smaller element
sizes were applied to critical regions such as the root sur-
face, post—dentin interface, and periapical lesion area to
capture stress gradients more accurately. Mesh refinement
was performed in areas where higher stress concentrations
were expected, improving the numerical accuracy of the
analysis. Model 1 and Model 2 consist of approximately 1
391 674 and 1 488 380 finite elements, and 2 042 012 and
2 200 073 nodes, respectively. A skewness value of 0.232
indicates excellent mesh quality.

Material Properties

Material properties were assigned to each component of
the model based on values reported in previous studies.
The elastic modulus, Poisson’s ratio and density values
of the materials were defined within the FEA software.
All materials were assumed to behave as homogeneous,
isotropic, and linearly elastic (Tab. 1) (22).

Boundary Conditions and Loading

Boundary conditions were defined to simulate physiologi-
cal support conditions. The inferior surfaces of the cortical
and trabecular bone blocks were fixed in all degrees of
freedom to prevent rigid body motion, while the remain-
ing external surfaces were left unconstrained. A static oc-
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Figure 1. Finite element model development and configuration.

Table 1. Material properties assigned in the FEA.

Metal-supported porcelain crowns

Fiber post

Lesion dia.: 4 mm

Model 2

Periapical lesioned mandibular premolar teeth restored with fiber
posts and metal-supported porcelain crowns

Modulus of .

Model Compenent Elasticity bR Denslty

(MPa) (-) (kgm™)
Enamel 82700 033 2800
Dentin 18600 0.31 2200
Cortical bone 14000 0.323 1400
Cancellous bone 1370 0.38 850
Periodontal Ligament (PDL) 68.90 045 1100
Cement 10000 0.30 2030
Lesion tissue 0.69 0.45 370
Glass fibre post (Colténe ”Whaledent Inc) 20000 0.30 2500
Composite Core 12400 0.30 2400
Crown (porcelain) 68900 0.28 2300
Gutta-percha 0.69 045 370
Adhesive resin cement 7600 0.30 2000
Metal Framework (Substructure) 200000 0.30 7800

clusal load of 300 N was applied to the occlusal surface of
the mandibular premolar at an angle of 45° relative to the
long axis of the tooth. The load was applied to the buccal
cusp incline, representing functional masticatory forces
acting on premolar teeth during occlusion.

| B

Contact Definitions and Stress Evaluation

In order to perform the analyses, contact relationships
bet- ween the model components were defined within the
simulation environment. All interfaces were assumed to be
perfectly bonded, representing ideal adhesion between res-
torative materials and dental tissues. The stress distribu-
tions generated under loading conditions were evaluated
using the Von Mises stress criterion, which is widely used
to assess the mechanical behaviour and potential failure of
dental structures and restorative materials.



RESULTS

The maximum equivalent (von Mises) stress values and
total deformation results obtained from the FEA are sum-
marised in Table 2. Model 2 exhibited a slightly higher
global deformation (0.098 mm) compared to Model 1
(0.091 mm), indicating a slight increase in overall struc-
tural deformation, reflecting a more compliant mechanical
response. Similarly, the global maximum equivalent stress
increased from 123.300 MPa in Model 1 to 133.870 MPa
in Model 2.

Kirmali O. et al.
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Under occlusal loading, stress concentrations were pre-
dominantly localised in the buccal and palatal cervical
regions in both models. These regions correspond to areas
of direct force transmission and geometrical discontinuity,
where stress accumulation is biomechanically anticipated
(4,18). In Model 1, the maximum stress within the tooth
structure reached 82.4 MPa, whereas in Model 2 this value
slightly decreased to 78.6 MPa, suggesting a redistribu-
tion effect associated with the fibre post system. Figure 2
presents the stress distributions in Model 1 (healthy tooth),
along with the corresponding total deformation values.

Table 2. Summary of maximum deformation and von Mises stress values for all components in both models.

Model 1 Model 2

Component / Region (Healthy Tooth) (]’eﬂapicalPLesion + Fiber Stress Location
'ost)

Global Deformation (mm) 0.091 0.098 Whole model
Global Equivalent Stress (MPa) 123.300 133.870 Whole model
Tooth Structure (Dentin/Enamel) 824 78.6 Buccal oervi_calf cervical
(MPa) third
Cortical Bone (MPa) 24 5% 21.2* Cervico-buccal region
Trabecular Bone (MPa) 4.8% 3.5* Periapical / middle third
Crown (Porcelain / Enamel) (MPa) 123.300 109.200 Occlusal surface
Substructure (Ni-Cr) (MPa) - 133.870 Crown framework
Post Material (MPa) - 453 Cervical region
Periapical Lesion (MPa) - 0.061 Apical region

* Global values represent the maximum von Mises stress and total deformation obtained from the entire finite
element model, whereas the values marked with (*) correspond to region-specific stress concentrations within

individual anatomical components.
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In Model 2, the incorporation of the fibre post facilitated a
more gradual transfer of stresses from the root canal space
to the surrounding dentinal tissues. The post itself exhibi-
ted a maximum stress of 45.3 MPa, primarily concentrated
in the cervical region, indicating its active participation in
load sharing. These findings are consistent with previous

B: Dental FEA002- M. First Premolar - Fiber Post
Equivalent Stress

Type: Equivalent (von-Mises) Stress (Average Across Bodies)
Unit: MPa

Time: 1

Deformation Scale Factor: 1.0 (True Scale)

133.87 Max
30 N

26.25
225
18.75 X

15

11.25

7.5001

3.7502
0.00019899 Min

( Eq. Stress Distribution ]

Model 2

studies reporting that fibre posts, due to their elastic modu-
lus being closer to dentine, promote a more homogeneous
stress distribution and reduce stress concentrations within
the root structure (8-12). The stress and deformation dis-
tributions of Model 2 are illustrated in Figure 3.
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Figure 3. Stress and deformation distributions in Model 2 (periapical lesion restored with fibre post).

With respect to supporting structures, cortical bone con-
sistently exhibited higher stress values than trabecular
bone in both models. In Model 1, cortical bone stress
reached 24.5 MPa, decreasing to 21.2 MPa in Model 2,
whereas trabecular bone stresses were substantially lower
(4.8 MPa and 3.5 MPa, respectively). This observation is
consistent with the higher stiffness and load-bearing ca-
pacity of cortical bone.

Interestingly, despite the higher global stress in Model
2, localised stresses within both cortical and trabecular
bone were reduced compared to Model 1. This behaviour
may be attributed to the presence of the periapical lesion,
which exhibited negligible stress (0.061 MPa) and func-
tioned as a compliant region with a low elastic modulus.
Consequently, part of the applied load was attenuated
before being transmitted to the surrounding bone tissue,
supporting the concept of a stress-damping effect (1,5,21).

B

However, this mechanical behaviour should be interpreted
cautiously in a clinical context due to the biological impli-
cations of periapical tissue loss.

DISCUSSION

This study investigated the biomechanical behaviour of a
premolar tooth with a periapical lesion restored using a
fibre post system through FEA. The findings demonstrate
that fibre posts contribute to a more favourable stress dis-
tribution, while the presence of a lesion alters the overall
mechanical response of the system (1, 26).

The results confirm that fibre posts reduce stress concen-
trations within the dentinal structure by redistributing
loads more uniformly. In the present study, the reduction
in dentinal stress from 82.4 MPa in Model 1 to 78.6 MPa
in Model 2, together with the observed stress transfer to
the post (45.3 MPa), indicates effective load sharing be-



tween restorative components and tooth structure. This
supports existing literature stating that fibre posts, due to
their elastic modulus being similar to dentine, minimise
stress concentrations and reduce the likelihood of cata-
strophic vertical root fractures (8-12). Furthermore, their
mechanical compatibility enables a more physiological
transmission of occlusal forces compared to rigid metallic
posts (14).

The slightly higher global stress and deformation ob-
served in Model 2 suggest increased structural flexibility
of the restored system. This behaviour is consistent with
the mechanical compatibility of fibre-reinforced materi-
als, which allow energy dissipation rather than stress con-
centration. Therefore, from a biomechanical perspective,
fiber posts may enhance the resilience of root canal treated
teeth, particularly in structurally compromised conditions
(20).

The presence of a periapical lesion, although clinically un-
desirable, demonstrated a notable influence on stress dis-
tribution. The reduction of cortical bone stress from 24.5
MPa to 21.2 MPa and trabecular bone stress from 4.8 MPa
to 3.5 MPa suggests that the lesion acts as a compliant re-
gion, partially absorbing occlusal loads (1,5). This finding
aligns with previous studies indicating that low-stiffness
regions can modify load transfer pathways within biologi-
cal systems (21). Similar observations have been reported
by Jang et al. (18) who demonstrated that apical structural
alterations influence stress distribution patterns, and by
Karaoglu et al. (21) who highlighted the role of lesion size
in shifting stress concentrations within surrounding bone.

However, this apparent mechanical advantage should not
be misinterpreted clinically. The loss of apical support
may compromise overall tooth stability, increase mobili-
ty, and alter PDL loading conditions (22,23). Thus, while
stress reduction in bone may be observed numerically, the
biological and functional consequences of periapical le-
sions remain detrimental.

The consistently higher stress levels observed in cortical
bone compared to trabecular bone are in agreement with
their respective mechanical properties. Cortical bone, due
to its higher elastic modulus, bears a greater proportion
of occlusal loads. The reduced bone stress observed in
Model 2 may also be partially attributed to the restorative
system, particularly the metal-supported porcelain crown,
which appears to contribute to load redistribution within
the system (23,24). This suggests that restorative compo-
nents may function as auxiliary load-bearing structures.

Several limitations of this study should be acknowledged.
The assumption of isotropic, homogeneous, and linear
elastic material behaviour does not fully represent the
anisotropic and heterogeneous nature of dental and bone
tissues. Additionally, loading conditions were static, and
dynamic, cyclic, and fatigue effects were not considered.
The analysis was limited to a single premolar model, and
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variations in tooth morphology, occlusal conditions, and
patient-specific factors were not included. It should be
noted that Model 2 incorporates multiple simultaneous
variables (periapical lesion, fibre post, core, and crown),
and therefore the individual contribution of each factor
cannot be isolated within the present study design. Future
studies should incorporate more advanced material mo-
dels, dynamic loading scenarios, and patient-specific geo-
metries to enhance the clinical relevance of the findings.

CONCLUSION
Within the limitations of this study, the following conclu-
sions were reached:

1. Fiber post material distributes stresses within the root
homogeneously and at levels that do not damage dentin
tissue, even in teeth with apical lesions (8-12).

This indicates that fiber posts are biomechanically com-
patible with dentin tissue and reduce the risk of vertical
root fracture.

2. Maximum stresses are concentrated in the buccal cervical
region of the tooth in both models; this area is clinically
one of the most at-risk for fracture (4,18). This finding
highlights the need for restorations to manage stress
concentrations in this region.

3. The periapical lesion acts as a stress damper under mas-
ticatory forces, altering the amount of load transmitted
to the surrounding bone tissue (1,5,21). The presence
of the lesion modifies the stress distribution in bone
tissue, potentially reducing stress in some areas while
increasing it in others.

4. The combination of fiber post and metal-supported
porcelain in the restoration of root canal treated and
lesioned teeth demonstrates biomechanically
acceptable performance (2-4,6,7,24,25). This combina-
tion offers an effective solution for preserving the func-
tional in tegrity of the tooth and ensuring its long-term
success.

5. However, the long-term clinical performance and
potential complications associated with metal-supported
porcelain restorations should be considered despite
their favourable load distribution characteristics (23).

Supplemantary
An example study using FEA in dentistry can be accessed
at the following link: https:/pmc.ncbi.nlm.nih.gov/articles/
PMC12351966/
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