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Abstract
Background  Post placement is a common practice to reinforce weakened roots. However, the choice of post length 
and repair material for root perforation influences the stress distribution within the dentin and surrounding tissues. 
This study aimed to evaluate the effects of post length and repair materials on the stress distribution in perforated 
tooth models through finite element analysis (FEA).

Methods  A three-dimensional FEA model of a mandibular first molar tooth was created via Materialise 3-Matic 
software. Posts with lengths of 4 mm, 6 mm, and 8 mm inside the root and perforation areas in the middle third of the 
distal root were created. The control groups (CGs) included nonperforated models (CG4: Control group treated with 
4 mm post, CG6: Control group treated with 6 mm post, CG8: Control group treated with 8 mm post) and those with 
unrepaired (UR) perforations (P) (P4/UR, P6/UR, P8/UR). MTA or Biodentine were used as repair materials for the main 
analysis groups (P4/MTA, P6/MTA, P8/MTA, P4/Biodentine, P6/Biodentine, P8/Biodentine); subsequently, all the models 
were restored with a ceramic crown. A 100 N force was applied through opposing teeth, and the maximum von Mises 
stress values and stress distributions in the model were analyzed.

Results  The maximum von Mises stress values in P4/MTA, P6/MTA, P8/MTA, P4/Biodentine, P6/Biodentine, P8/
Biodentine models were slightly lower than those in P4/UR, P6/UR, P8/UR models. In the perforated models, 
extending the post from 6 mm to 8 mm reduced the stresses in the dentin and the post, while increasing the stresses 
in the perforation area. P8/UR model had the highest stress value at 63.22 MPa, followed by P8/MTA (62.80 MPa) and 
P8/Biodentine (36.20 MPa), and the lowest stress value was in P6/Biodentine (15.92 MPa) in the perforation area. The 
lowest stress accumulation was observed in P8/Biodentine (0.036 MPa) model in the PDL.

Conclusions  In perforated models, although the overall stresses in the dentine reduced with longer posts, the 
stresses in the perforation area increased. Biodentine enhances the mechanical stability of tooth structures and 
reduces stress concentrations, making it a suitable material for managing perforated teeth in post-endodontic 
restorations.
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Background
Endodontically treated teeth exhibit reduced dentine 
resistance due to material loss, making them more prone 
to fractures [1]. Post-core restorations help preserve 
tooth structure and improve crown retention in compro-
mised teeth [2, 3]. The resistance of a tooth to fracture is 
related to the stress distribution at the dentin/post inter-
face [4]. In areas where stress accumulation is intense, 
the risk of bond failure and fracture between interfaces 
increases [5, 6].

The stress distribution on the root varies depending on 
the materials used for the posts and cores [7]. Metallic 
posts, which have a higher elastic modulus than dentine 
does, transmit more stress, increasing the risk of cracks 
and fractures [6, 8]. In contrast, fiber posts, with their 
lower elasticity, promote a more even distribution of 
chewing forces, thereby reducing stress on the root and 
minimizing the risk of fractures [8, 9]. Therefore, fiber 
posts are generally preferred for endodontically treated 
teeth with coronal damage, as they increase the stress 
distribution and lower the chances of fracture [10].

The stress distribution of fiber posts can be influenced 
by several factors, including the length, diameter, and 
design of the post [10]. It is therefore recommended 
that the post length should be at least two-thirds of the 
root length or clinical crown length. If these conditions 
cannot be met, the post length should extend to at least 
half of the root [11]. Numerous studies [5, 12–20] have 
examined the effects of the post length on the stress dis-
tribution and fracture resistance. Some research [12–15] 
indicates that longer posts lower stress in dentine and 
improve fracture resistance, whereas others show no 
difference in stress distribution between short and long 
posts [5, 16–20]. Additionally, studies indicate that lon-
ger posts may enhance retention by occupying more root 
space but can lead to greater dentine loss, potentially 
decreasing fracture resistance. In contrast, shorter posts 
offer lower retention [8, 14, 21]. Thus, the optimal post 
length for fiber posts remains undetermined.

On the other hand, selecting an inappropriate post size, 
misdirecting the post drill, or insufficient visibility during 
post preparation can lead to root perforation [22], which 
weakens the root and reduces the resistance of the tooth 
to fracture [23, 24]. Therefore, the selection of appropri-
ate restoration techniques and biocompatible materials is 
critical. A variety of materials have been used for perfo-
ration repairs, but MTA is favored for its excellent seal-
ing ability, biocompatibility, ability to support hard tissue 
formation, and antibacterial properties [25]. However, 
its drawbacks have spurred research into alternatives 
such as Biodentine, which aims to overcome the limita-
tions of MTA [26]. While these materials improve tooth 
durability, understanding the biomechanical response 
of the tooth is important, as stress in the root can cause 

cracks or exacerbate existing damage [27]. Determin-
ing actual clinical conditions in vivo or in the laboratory 
presents challenges [23]. Finite element analysis (FEA) 
generates standardized 3D models that simulate oral con-
ditions throughout surgical phases, facilitating visualiza-
tion of stress distribution [28]. Despite advancements in 
materials and techniques, data on the combined effects 
of post length and repair materials on the stress distribu-
tion, particularly in perforated teeth, are limited. Hence, 
this study aimed to evaluate the impact of varying post 
lengths and repair materials on the stress distribution in 
tooth models with perforations through FEA.

Methods
Preparation of the models
The tooth model was obtained from CT scans and 
adjusted via Wheeler’s dental atlas [29]. On the basis of 
the geometry of a real tooth, a 3D model of a mandibu-
lar first molar and surrounding structures was created 
with Materialise 3-Matic software. The crown height 
was 6.7 mm, with the roots measuring 12 mm. The bone 
structure was modeled 2 mm below the crown, including 
a 0.2 mm thick periodontal ligament (PDL) and both cor-
tical and cancellous bones [30].

Posts of 4 mm, 6 mm, and 8 mm length (1/3, 1/2, and 
2/3 of the root length, respectively) were designed with 
a 0.8  mm apical diameter and an 8% taper [31]. The 
remaining canal was filled with gutta-percha on the basis 
of post length. The perforation models included a perfo-
ration with both the entrance and exit diameters measur-
ing 2 mm in the middle third of the distal root, extending 
to the PDL (Supplementary material 1a) [23]. A 2  mm 
dentine layer simulated the ferrule effect, whereas a 
4 mm composite resin core had 6° inclined walls [32, 33]. 
A ceramic crown was fitted with a 1 mm side step around 
the dentin (Supplementary material 1b).

A total of 12 models were created to analyze the 
effects of post length and perforation repair. The control 
groups (CG) included nonperforated models (CG4: Con-
trol group treated with 4 mm post, CG6: Control group 
treated with 6 mm post, CG8: Control group treated with 
8 mm post) and those with unrepaired (UR) perforations 
(P) (P4/UR, P6/UR, P8/UR). The main analysis groups 
featured perforations repaired with MTA or Biodentine 
(P4/MTA, P6/MTA, P8/MTA, P4/Biodentine, P6/Bio-
dentine, P8/Biodentine) (Table  1). The medium-length 
post (6 mm) was positioned at the midpoint of the perfo-
ration, whereas the shorter post (4 mm) ended just before 
the perforation area. The longer post (8  mm) extended 
beyond the perforation to evaluate the impact of addi-
tional support (Fig. 1a).
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Preparation of the finite element models
The models were exported as “stl” files from Materialise 
3-Matic and improved in Meshmixer. They were then 
imported into Hypermesh, where surface modeling uses 
triangular elements, followed by remeshing with 3D ele-
ments for a uniform and accurate mesh.

Mesh and timeline convergence analysis
Convergence analysis was performed on the 6 mm post 
and MTA models to ensure that the results were not 
affected by mesh quality or timestep parameters. The 
simulations were run with finer meshes and smaller 
timesteps to create a convergence curve.

Finite element analysis
After the model was prepared, the 3D meshes were 
exported to LS-DYNA for FEA. Most materials were 
modeled as linear elastic, homogeneous, and isotropic, 
except for the fiberglass post, which was treated as ortho-
tropic. Perfect contact between materials was assumed 
with surface-to-surface contact and no contact failure, 
as the expected stresses remain below the yield strength. 
The linear implicit solving method was used because of 
the absence of dynamic forces. Table 2 provides the elas-
tic modulus and Poisson’s ratio for the materials, includ-
ing the modeled dental supporting tissues [30, 34]. A 
0.2  mm resin cement layer was added at the interface 
between the core and crown and between the post and 
dentine.

Loading conditions
The model was fixed at the base with cancellous bone 
for loading. A soft material was incorporated to simulate 
the chewing motion, enhancing the accuracy of the force 
distribution on the crown, as influenced by the maxillary 
tooth (Supplementary material 2). A force of 100 N was 

applied through opposing teeth to achieve a more real-
istic representation of mastication [3, 35] (Fig.  1b). The 
maximum values of von Mises stress in the dentin (over-
all tooth), post, perforation area, cortical bone, and PDL 
were subsequently analyzed.

Results
Results of the convergence analyses
Convergence analyses were conducted to determine the 
appropriate mesh size and timestep values. The mesh 
density was gradually increased, as shown in Fig. 2a, and 
analyses were carried out accordingly. The maximum von 
Mises stress values on the model were measured, and the 
results are plotted in Fig. 2b, which shows the stress val-
ues relative to the number of elements. The results indi-
cated that exceeding 700,000 elements did not alter the 
outcomes, confirming that this count was sufficient for 
accuracy, corresponding to an element size of 0.08  mm 
in the perforation area and up to 1  mm in low-stress 
regions. Similarly, more than 1,000 steps were needed for 
stable implicit testing results (Fig. 2c).

Maximum stresses and distributions in the models
The analysis involved multiple models, focusing on differ-
ent post lengths (4 mm, 6 mm, and 8 mm) and the effects 
of various repair materials, allowing for a thorough com-
parison of their mechanical properties. As indicated in 
Table  3, the lowest von Mises stress values observed in 
the dentin (overall tooth) were recorded for the control 
groups, including the nonperforated models (CG4: 7.04, 
CG6: 6.84, CG8: 6.23). The maximum von Mises stress 
values in the models repaired with MTA (P4/MTA, P6/
MTA, P8/MTA) or Biodentine (P4/Biodentine, P6/Bio-
dentine, P8/Biodentine) were slightly lower than those 
in the unrepaired perforated models (P4/UR, P6/UR, P8/
UR) (Table 3). Figure 3 shows the stress distributions in 
dentin (overall tooth), where the CG models exhibit uni-
form stress. Increasing the post length notably reduces 
the stress, with the 8 mm post length showing the most 
uniform distribution.

Table 3 shows that the maximum von Mises stress val-
ues for the posts were generally greater in the perforated 
models (P4/UR, P6/UR, P8/UR, P4/MTA, P6/MTA, P8/
MTA, P4/Biodentine, P6/Biodentine, P8/Biodentine) 
compared to CGs (CG4, CG6, CG8), decreasing with lon-
ger posts. The 8 mm posts had the lowest values (99.03 
for CG8, 113.30 for P8/UR, 113.00 for P8/MTA, and 
113.30 for P8/Biodentine). Repairing perforations with 
MTA or Biodentine did not affect the stress values of the 
posts. For 8 mm posts, stress was evenly spread between 
the top and perforation, indicating an effective force dis-
tribution. In contrast, the 6 mm posts presented greater 
stress in the middle, whereas the 4 mm posts presented 
concentrated stress at the top (Fig. 3).

Table 1  Overview of the experimental models
Model name Perforation Perforation 

repair material
Post 
length 
(mm)

Control 
groups

CG4 X X 4
CG6 X X 6
CG8 X X 8
P4/UR ✔ X 4
P6/UR ✔ X 6
P8/UR ✔ X 8

Main 
analysis 
groups

P4/MTA ✔ MTA 4
P6/MTA ✔ MTA 6
P8/MTA ✔ MTA 8
P4/Biodentine ✔ Biodentine 4
P6/Biodentine ✔ Biodentine 6
P8/Biodentine ✔ Biodentine 8

CG: Control group, P:Perforation, UR: Unrepaired, MTA and Biodentine specify 
the perforation repair material used in the model names
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In the CG models, the maximum von Mises stress val-
ues in the perforation areas (CG4: 4.41, CG6: 4.21, CG8: 
5.61) were lower than those in the perforated models. 
Among the perforated models, the P8/UR model had 
the highest stress value at 63.22  MPa, followed by P8/
MTA (62.80  MPa) and P8/Biodentine (36.20  MPa), and 
the lowest stress value was in P6/Biodentine (15.92 MPa) 
(Table  3). Figure  3 shows the stress distribution in the 
perforation area, revealing more homogeneous stress in 
the CG models. In the perforated models, the maximum 
stress was concentrated around the perforation area. As 
shown, for post lengths of 4 mm and 6 mm, the load is 
transferred primarily to the upper section of the root 
where the repair material is applied. In contrast, when 
the post length is increased to 8 mm, the primary stress 

shifts to the lower regions of the canal, where the longer 
post length transfers the load.

The stress values on the cortical bone did not change 
with variations in repair materials or post length. In the 
perforated models, slightly lower maximum von Mises 
stress values were observed in the PDL than in the CG 
models. The lowest stress accumulation was observed in 
P8/Biodentine (0.036 MPa) (Table 3).

Discussion
Damage in areas of high stress can compromise the 
strength of dentin. With the increasing use of fiber and 
resin-reinforced posts, determining the appropriate 
depth of insertion has become crucial for clinicians [5]. 
Furthermore, although few studies exist, perforations in 
the root affect the stress distribution in dentin [23, 36, 

Fig. 1  (a) Unrepaired perforation models with different post lengths; P4/UR: unrepaired model with a 4 mm post, P6/UR: unrepaired model with a 6 mm 
post, P8/UR: unrepaired model with a 4 mm post, red arrow: perforation area (b) Model under loading conditions
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37]. To our knowledge, this study is the first to use FEA 
to evaluate how different post lengths and repair mate-
rials influence the stress distribution following perfora-
tion and repair. Furthermore, this study aimed to fill this 
gap, providing valuable insights for optimizing treatment 
outcomes.

The stress distribution can be visualized through FEA, 
which simulates real oral conditions, and the perforation 
areas can be examined [28]. To ensure reliable results 
from FEA, the model must accurately reflect real condi-
tions [38]. Chewing forces create stress on teeth, which 
is influenced by the load angle and geometry [39, 40]. 
While many studies [23, 41–43] apply force from one 
direction, a more realistic method simulates food parti-
cles between opposing teeth [21]. In our study, we incor-
porated opposing teeth to better mimic the natural force 
distribution instead of applying stress as a point load.

A 2  mm ferrule height is advised to ensure structural 
integrity in endodontically treated teeth [44], as stress 
levels change with it [12, 17, 45]. Our study utilized a 
mandibular molar tooth model with a 2  mm ferrule 
height to isolate the impact of ferrule height on stress 
distribution.

This study examined how varying post lengths affect 
structural integrity and stress distribution in models, 
especially around perforations. Yoon et al. [46] reported 
that distal post models in mandibular first molars pre-
sented stress values similar to those without posts, sug-
gesting that the distal canal is best for post placement. 
Therefore, we simulated various post lengths in the distal 
canal of the molars.

According to the our findings, the control groups 
included nonperforated models (CG4, CG6, CG8), which 
presented lower von Mises stress in the dentin (over-
all tooth) and perforation areas than did the perforated 
models (P4/UR, P6/UR, P8/UR, P4/MTA, P6/MTA, P8/

MTA, P4/Biodentine, P6/Biodentine, P8/Biodentine) 
across all post lengths. The stress concentration in the 
perforated models highlighted weaknesses in the den-
tin, confirming that perforation led to increased local-
ized stress. This finding supports Askerbeyli et al. [37], 
who reported lower von Mises stress in root-filled mod-
els than in furcal perforated models. However, despite 
the repairs in our study, the stress values in dentin were 
still greater than those in CG models, which is consistent 
with Elwazen et al. [36], who noted greater stress in mod-
els repaired with MTA or Biodentine than in endodonti-
cally treated teeth, suggesting a loss of structural integrity 
in dentin.

In this study, the perforated models presented higher 
stress values on the post than did the CG models did, 
indicating that structural degradation caused by perfo-
ration increases the stress transferred to the remaining 
dentin and the post, as shown in Table  3. Additionally, 
the nonperforated models (CGs) exhibited an even stress 
distribution. In contrast, in the perforated models with 
short posts (P4/UR, P4/MTA, P4/Biodentine), stress 
tended to concentrate in the coronal region and progres-
sively increased around the central perforation area with 
longer posts. Previous studies [4, 12, 39, 47] align with 
our findings, showing that longer posts distribute forces 
more evenly across both the cervical and apical areas, 
whereas shorter posts concentrate forces in the upper 
regions because of a higher center of rotation [48].

Our study revealed that increasing the post length 
reduces the stress values in both the post and the den-
tin, with the 8 mm post showing the best stress distribu-
tion. These findings align with previous studies [11, 12, 
14], which reported that longer posts absorb more stress 
rather than transferring it to the dentin, resulting in a 
more homogeneous force distribution than shorter posts 
do. Ishak et al. [12] also noted that in a class 3 lever sys-
tem, shorter posts accumulate more stress because of the 
need for greater forces near the fulcrum. However, when 
the stress values in the perforation area are analyzed, an 
interesting trend is that the stress values increase from 
6  mm to 8  mm post length. When the post length is 
increased to 8 mm, the primary stress shifts to the lower 
regions of the canal. As the length of the root canal where 
the post is placed increases, the stress concentration that 
arises with the reduction in the dentin cross-section 
increases [49, 50]. Since the perforation area is a weak 
zone where stress accumulates, longer posts that make 
more contact with the area of the perforation carry more 
load to the perforation region. In contrast, shorter posts 
have less effect because they are located further away 
from the perforation area, which also explains why there 
is less stress accumulation in short posts in the current 
study. Additionally, this can be explained by the fact that 

Table 2  Materials used in the finite element analysis and their 
mechanical properties
Material Elasticity Modulus (MPa) Poisson’s Ratio
Dentin 18,600 0.31
Cortical Bone 13,700 0.3
Cancellous Bone 1370 0.3
Ceramic crown 65,000 0.19
Composite Resin 16,400 0.28
Gutta-Percha 140 0.45
Resin cement 8300 0.35
MTA 11,760 0.314
Biodentine 22,000 0.33
Periodontal 
ligament

0.0689 0.45

Post x 37,000 0.34
y 9500 0.27
z 9500 0.27
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longer posts create a larger bending moment, thereby 
increasing the stress in the perforation area [51].

According to our findings, the stress values of the 
repaired models (P4/MTA, P6/MTA, P8/MTA, P4/Bio-
dentine, P6/Biodentine, P8/Biodentine) showed lower 
stress values than unrepaired models (P4/UR, P6/UR, 
P8/UR), highlighting that the lack of supportive materi-
als leads to higher stress concentrations in dentin, which 
weakens it [23, 34, 52]. Additionally, in our study, while 
material selection did not effectively affect the stress 
values in the overall tooth and post, it did lead to differ-
ences in the stress values in the perforation area. Com-
pared with MTA, Biodentine resulted in lower stress 
values in the perforation area. Aslan et al. [23] reported 
that Biodentine’s lower von Mises stress results from its 

superior elasticity. Materials with similar elastic modulus 
absorb stress differently; those closer to dentin (Bioden-
tine) absorb more stress and transmit less stress to den-
tin. Therefore, as shown in Table 2, compared with that of 
MTA, the modulus of elasticity of Biodentine was closer 
to that of dentin, resulting in greater stress absorption 
and less stress transmission to the dentin in the perfora-
tion area.

The stress values on the cortical bone did not change 
with variations in repair materials or post length. Addi-
tionally, in the perforated models, slightly lower maxi-
mum stress values were observed in the PDL than in the 
CG models. As shown in Table  3, the stress generated 
in the perforated models may have concentrated in the 
perforation area and other regions, reducing the stress 

Fig. 2  Convergence analyses; (a) schematic of mesh size refinement; (b) number of elements that converge; (c) number of steps that converge
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experienced by the surrounding PDL. Furthermore, the 
lowest stress accumulation in the P8/Biodentine model 
can be explained by the mechanical support provided by 
the long post and the fact that Biodentine accumulates 
stress internally, preventing direct transmission of loads 
to the PDL.

The FEA used is a reliable method for simulating oral 
conditions; however, the results may vary owing to ana-
tomical differences [28], which is one of the limitations 
of this study. Additionally, despite the anisotropic struc-
ture of dentin, it has been assumed that all the tissues 
are homogeneous, which may complicate the reflection 
of the results. It is important to support the accuracy of 
FEA with clinical trials. Additionally, factors such as the 
post material, design, and location of the perforation 
can also influence the stress distribution. Future studies 
should investigate these parameters and optimize them 
appropriately for clinical scenarios.

Conclusions
Under the limitations of this study:

 	• Longer (8 mm) posts decreased the maximum stress 
values in both the dentin and the post, enhancing 
the stress distribution by better transferring forces to 
surrounding areas. However, in cases with structural 
defects such as perforations, longer posts led to 
increased local stress in the perforation area.

Table 3  Maximum von Mises stress values in the models (the 
values are in MPa)
Model Name Overall 

Tooth
Perfora-
tion Area

Post Cortical 
Bone

PDL

CG4 7.04 4.41 176.80 7.40 0.047
CG6 6.84 4.21 137.38 6.53 0.084
CG8 6.23 5.61 99.03 8.26 0.059
P4/UR 16.01 28.21 173.33 7.37 0.046
P6/UR 17.85 22.13 173.30 7.35 0.045
P8/UR 14.90 63.22 113.30 6.70 0.050
P4/MTA 23.45 22.02 173.30 7.37 0.046
P6/MTA 17.51 20.34 177.10 7.35 0.045
P8/MTA 13.40 62.80 113.00 6.70 0.051
P4/Biodentine 16.0 18.04 173.70 7.37 0.048
P6/Biodentine 17.10 15.92 174.47 7.06 0.041
P8/Biodentine 13.20 36.20 113.30 6.78 0.036
CG: Control group, P: Perforation, UR: Unrepaired

Fig. 3  Stress distributions in the overall tooth, perforation area, and post
CG: Control group, P: Perforation, UR: Unrepaired
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 	• The repair of the perforation area reduces the stress 
in the dentin and perforation areas.

 	• While post length had a greater effect on the stress 
distribution than did the repair material, Biodentine 
had the best overall results for the perforation area.

 	• Although no significant difference in stress values 
was noted in the cortical bone, the higher stress 
values in the perforated models led to slightly 
reduced stress exposure for the PDL due to the 
distribution of stress between the perforation area 
and the surrounding structures.

 	• These results emphasize the importance of a 
balanced approach that considers both mechanical 
stability and localized stress effects when designing 
restorative strategies for perforated teeth.
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