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Introduction: Two distinct access cavity designs were used to access Two simulated finite element 
models (FE) Lingual  (LAC)  and incisal (IAC)). Three experimental FE models, including the IT 
model, were developed: LAC and IAC. 

Methods: For every simulated model, one distinct radicular preparations was carried out of size 
#30/.04. The incisal edge was subjected to an occlusal cycle load of 120 N. The maximum von 
mises stresses (VMS), maximum principal stresses (MPS), and stress distribution patterns were 
assessed and calculated quantitatively. 

Results: The traditional access design showed slightly higher fracture resistance to loading than 
the conservative incisal access cavity design. 

Conclusion: Although the access cavity design affected the biomechanical behavior of the 
mandibular central incisor, the post endodontic restoration had the greater impact. 
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LA CONCEPTION DE LA CAVITÉ D’ACCÈS ET LA TAILLE DE 
LA PRÉPARATION DU CANAL AFFECTERAIENT-ELLES LE 
COMPORTEMENT MÉCANIQUE DE LA DENT : UNE ÉTUDE PAR 
ÉLÉMENTS FINIS.

Introduction: Deux conceptions de cavités d’accès distinctes ont été utilisées pour accéder 
à deux modèles d’éléments finis (EF) simulés. (Linguel (LAC) et incisal (IAC)). Trois modèles FE 
expérimentaux, dont le modèle IT, ont été développés : LAC et IAC.  

Méthodes: Pour chaque modèle simulé, une préparation radiculaire distincte de taille #30/.04 a 
été réalisée. Le bord incisif a été soumis à une charge de cycle occlusal de 120 N. Les contraintes 
maximales de von mises (VMS), les contraintes principales maximales (MPS) et les modèles de 
répartition des contraintes ont été évalués et calculés quantitativement. 

Resultats: Le comportement biomécanique de l’incisive mandibulaire est significativement influencé 
par la taille du modèle d’accès. Un aspect critique influençant le comportement biomécanique des 
dents traitées endodontiquement est la corrélation entre les sites de charge fonctionnelle et les 
marges de la cavité d’accès.

Conclusions: bien que la conception de la cavité d’accès ait affecté le comportement biomécanique 
de l’incisive centrale mandibulaire ; la restauration post-endodontique a eu le plus grand impact. 

Mots clés : conception de cavité d’accès incisif, conception de cavité d’accès lingual, préparations 
canalaires, analyse par éléments finis.
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Introduction

Finite element analysis (FEA) 
uses the material properties of 
complicated structures to per-
form a numerical study of them. 
Recently, in endodontics, FEA has 
been used to examine how stress-
es are distributed when a structure 
is subjected to forces [1, 2]. 

Fracture resistance of tooth is 
reduced by removal of anatomic 
tooth structures like edges, cusps, 
and the pulp chamber roof during 
caries removal and access cavity 
preparation, as well as removal 
of root dentine during shaping 
and instrumentation.  Moreover, 
it has been suggested that the 
most important factor influencing 
the teeth’s resistance to fracture is 
the quantity of dentine that is left 
over following endodontic ther-
apy. Consequently, it was shown 
that maintaining the pericervical 
dentin was essential to the surviv-
al of the teeth that had undergone 
endodontic treatment [3, 4]. 

Excavation at the cingulum 
and coronal third in anterior teeth 
should be minimal as possible as 
these structures affect its mechan-
ical behavior. In the normally used 
traditional access cavity removing 
the caries and any existing resto-
rations, including the pericervical 
dentine that reaches the apical 
constriction, and only leaving 
the healthy tooth components in 
place result in reduced fracture 
resistance and increased cuspal 
flexure [3-7].

The conservative endodon-
tic access cavity (CEC), another 
name for the less invasive end-
odontics idea, was introduced 
after developments in imaging, 
visual enhancers, and endodontic 
equipment, in order to protect the 
peri-cervical dentin. But this cavity 
design may cause problems with 
instrumentation, irrigation, and 
root canal obturation [3-7].

This research aims to investigate 
the impacts of two distinct access 
cavity designs: the traditional lin-
gual and the incisal access cavity 

designs with root canal prepara-
tion size (apical size 0.30mm taper 
0.04mm) on the stress build up and 
the fatigue life of the one rooted 
type II canal configuration mandibu-
lar incisor using finite element anal-
ysis in an attempt to try and settle 
the debate concerning the added 
value of new access cavity designs.

This study adopted the hypoth-
esis that access cavity designs 
would affect the mechanical be-
havior or the teeth.

Materials and Methods

Ethical committee approval

The British University of Egypt’s 
Faculty of Dentistry Research Eth-
ics Committee has approved this 
study (FD BUE REC 21-005).

Sample selection

An intact, recently extracted 
sound human mandibular incisor 
of unknown source or extracted 
due to periodontal or orthodon-
tic purposes with a mature apex 
and normal root morphology 
was selected. Selected tooth was 
checked under magnification for 
any cracks or caries after thor-
oughly cleaning the teeth to re-
move any deposits.

Finite Element Model Generation

This study used a machine with 
amorphous silicon flat panel sen-
sor, 0.5mm focal spot size, 14 Bit 
gray scale resolution and a Cesi-
um Iodide (CsI) scintillator that op-
erates with a  Field of view 4 cm, 
tube voltage 120 kVp, milliampere 
7 mA, voxel size 0.125 mm, scan-
ning time 26.9 seconds [8- 10]. 
Data were exported, transferred, 
and downloaded in DICOM format 
using CBCT a Next Generation 
iCAT scanner. personal computer 
via a Compact Disc (CD). 

For analysis, the scanned ob-
jects were segmented into distinct 
elements using mimics software 

Materialize’s Mimics Software 
(19.0) located in Leuven, Belgium 
[8- 10]. Next, thresholds were used 
to put up the enamel and dentin 
masks from top, bottom, right, 
left, front and posterior directions. 
By using the Solidworks software 
2021 (Dassault Systèmes Solid-
Works Corporation) and Geomag-
ic-Design X, the generated STL 
files were examined, disassem-
bled, and assembled for reverse 
engineering. For the creation of 
PDL layer a 200 micrometer-thick 
layer 1.5 millimeters was shown 
as the periodontal ligament (PDL). 
An alveolar bone cube enclosed 
the periodontal ligament [8-11].

Intact Tooth Model Validation

Model validation was done ac-
cording to Nawar et al., (2022) [11].

Access Cavity Design

After creation of the 3D solid 
model, the endodontic access 
cavities were designed as follows: 

Lingual access cavity (LAC) [12-
14]: The crown’s lingual surface, 
located one millimeter above the 
cingulum, was the first point of en-
try. The cavity expanded until the 
pulp chamber roof was complete-
ly removed, both cervico-incisally 
and mesiodistally. Next, direct ac-
cess to the root canal was estab-
lished by partially removing the 
pericervical dentine in the lingual 
region.

Incisal access cavity (IAC) ) [12-
14]: The bur was held parallel to 
the teeth’s long axis until it entered 
the pulp chamber, and the point of 
entry was relatively short at the in-
cisal edge on the lingual surface of 
the crown. The pulp chamber roof 
and pericervical dentine were pre-
served because the cavity was not 
enlarged. (Figure 1, Table 1)
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Table 1:  includes the volumes and di-
mensions of the access cavities. 

Case volume (mm3)

Lingual 9.46

Incisal 4.14

Root Canal Preparation

Root canals were simulated of 
diameter size 0.30 mm with taper 
0.04 mm following the develop-
ment of the IT model and models 
with simulated access cavity de-
signs. 

Next, simulated gutta percha fill-
ing materials were used to fill the 
root canals up to canal orifices, 
which were 0.5 mm short of the 
root apices. Simulated resin com-
posite restorative materials were 
then used to fill AC designs.

Meshing and Set Material Prop-
erties

Each model was put into the 
Mechanical APDL ANSYS 18.2 
software in order to mesh. During 
the meshing process, many tetra-
hedral components were joined at 
nodes, resulting in different mesh-
es depending on how compli-
cated each preparation was. The 
Mechanical properties of the ma-
terials for FEA are set in Table 2. 

Table 2: Mechanical Properties of the 
Materials for Finite Element Analysis 
[10- 12]

Material
Elastic 
modulus 
(MPa)

Poisson 
ratio

Enamel 84100 0.30
Dentin 18,600.0 0.31
Periodontal- 
ligaments 68.90 0.45

Guttapercha 140 0.45

Alveolar-bone 13,700.00 0.30

Composite-
resin 7000.00 0.30

Finite Element Analysis

Following the creation of the 3D 
models, a boundary condition was 
created to replicate the connection 
between the PDL, the bone, and 
the tooth. A boundary condition 
(zero displacement) in all direc-
tions (X, Y, and Z) was therefore 
built for every cortical bone node 
for analytical purposes. To analyze 
the stress state, a cyclic load of 
120 N [15] was applied to the in-
cisal Edge. A 3D finite element ball 
model applied a load to the area of 
the incisal ridge. The same load ap-
plication and boundary condition 
were used to analyze each mod-
el. FEA was utilized to process the 
stress distribution and concentra-
tion regions of the 3D solid mod-
els. Mechanical APDL ANSYS 18.2 
software was utilized to conduct a 
mathematical analysis of the mod-
els. The resulting graphical repre-

sentation was color-coded bars. 
The quantitative analysis is de-
rived from these bars. The colors 
go from blue to red. The MPS and 
the maximum VMS into the dentin 
core and crown are shown numer-
ically. The maximum compressive 
stresses area in the MPS is repre-
sented by blue, and the maximum 
tensile stresses area is represent-
ed by red.

Results

SolidWorks software was used 
to evaluate the biomechanical be-
havior of the tooth structure, after 
preparation with different coronal 
cavity designs and the same radic-
ular preparations. Equivalent von 
mises stresses (VMS) and max-
imum principal stresses (MPS) 
were calculated for each model 
under vertical loading. The sim-
ulation of the intact model under 
loading and the number of cycles 
till failure (NCF) were completed 
first and the location of failure was 
recorded. After that, other mod-
els’ life spans were simulated, and 
they were estimated as a propor-
tion of each model’s NCF relative 
to the IT model

1- Intact tooth (IT)

a. Von-mises stresses: 
The Maximum VMS recorded 

were 105.82 MPa where the stress 
distribution on the incisal ridge, 
the marginal ridges and the lin-
gual fossa, and directed cervically 
toward the root (Figure 2).

b. Maximum principal stresses:
The MPS recorded were 62.948 

MPa where the maximum com-
pressive stresses were located at 
the incisal ridge and decreased at 
the cervical line of the tooth. The 
maximum occlusal tensile stress-
es were located on the lingual sur-
face and lowered at the radicular 
area (Figure 3).

Figure 1. a- lingual access cavity design model (LAC). b- incisal access cavity design model 
(IAC).
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1- Lingual access cavity (LAC): 
a. von-Mises stresses:

For LAC/30/.04: the tooth struc-
ture at the restoration edges had a 
stress distribution, with the high-
est VMS observed being 81.628 
MPa. On the outside of the root, 
there was a band that represented 
the cervical stresses. There were 
very little radicular stresses (Fig-
ure 4).

b. Maximum principal stress
For LAC/30/.04: MPS recorded 

were 51.898 MPa, (Figure 5, Ta-
ble 3) into which: 

a.  The maximum compressive 
stresses were located at the 
incisal ridge and lowered at 
the cervical line of the tooth. 

b.  The maximum occlusal ten-
sile stresses were located 
on the lingual surface and 
lowered at the radicular 
area.

1. Incisal access cavity (IAC): 
a. von-Mises stresses:

For IAC/30/.04: the tooth struc-
ture at the restoration edges expe-
rienced stress dispersion, with in 
a maximum VMS of 96.989 MPa 
being measured. On the outside 
of the root, there was a band that 
represented the cervical stress-
es. There were very little radicu-
lar stresses (Figure 6).

b. Maximum principal stresses:
For IAC/30/.04: the MPS re-

corded were 61.532 MPa, (Fig-
ure 7) into which: 

a.  The maximum compressive 
stresses were located at the 
incisal ridge and lowered at 
the cervical line of the tooth. 

b.  The maximum occlusal tensile 
stresses were located on the 
lingual surface and lowered at 
the radicular area.

Figure 2. Composite figure showing the VMS of each view for the sound model: (a) occlusal, (b) 
Isometric, (c) coronal part of the root (d) middle root, (e) apical root.

Figure 3. Composite figure showing the MPS of each view for the sound model: (a) occlusal, (b) 
Isometric, (c) coronal part of the root (d) middle root, (e) apical root.

Figure 4. Composite figure showing the VMS of each view for LAC/30/.04 model: (a) occlusal, 
(b) isometric, (c) coronal part of the root (d) middle root, (e) apical root.
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Figure- 5: Composite figure showing the MPS of each view for LAC/30/.04 model: (a) occlusal, 
(b) isometric, (c) coronal part of the root (d) middle root, (e) apical root.
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Figure 6. Composite figure showing the VMS of each view for IAC/30/.04 model: (a) occlusal, (b) 
isometric (c) coronal part of the root (d) middle root, (e) apical root.

Figure 7. Composite figure showing the MPS of each view for IAC/30/.04 model: (a) occlusal, (b) 
isometric, (c) coronal part of the root (d) middle root, (e) apical root.
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Discussion

Several studies have shown that 
the loss of sound structure during 
the endodontic access preparation 
procedure is the main cause of the 
brittleness and greater fracture 
risk of the treated tooth. The TAC, 
is used to facilitate the procedure 
and acquire a straight-line access. 
However, a significant amount of 
the tooth structure is destroyed 
[16-20].   

The concept of minimally in-
vasive endodontics (MIE) aims 
to preserve tooth structure by 
decreasing the size of the AC, 
which strengthens the tooth and 
increases its functional life as well 
as treatment outcomes. During 
endodontic treatment, some prac-
titioners began utilizing different 
CAC designs with the aid of dental 
microscopes and CBCT imaging. 
Previous studies have produced 
conflicting results about the effect 
of MIE on the fracture resistance 
of treated teeth [21, 22]. 

FEA evaluates the biomechan-
ics of structures under loads in 
order to investigate the failure 
mechanisms. FEA offers several 
benefits over experimental re-
search and clinical trials, including 
cost and time savings, repeatabili-
ty, and uniformity of applied force 
location, amplitude, and direction 
[23-24]. 

Due to the lack of information 
on the biomechanical behavior 
and stress distribution of mandib-

ular incisors compared to molars, 
the lower lateral incisor was cho-
sen as the experimental model for 
this study. When exposed to oc-
clusal load application, these teeth 
are more prone to fracture than 
others due to their decreased size. 
Consequently, the kind of AC de-
sign may have a major impact on 
the tested teeth’s strength, partic-
ularly in the case of conservative 
preparations [25]. 

To generate precise tooth mod-
els with realistic dimensions for 
our study, the chosen incisor was 
scanned using high resolution 
CBCT in the endodontic mode. 
Using Mimics 19.0 (Materialise 
NV), 3D models were created and 
a mask threshold was set to differ-
entiate dentin from enamel. STL 
were then imported into Solid-
Works software, where all parts 
were put together to create mod-
els with typical dimensions and 
component relationships, as as-
sumed in the study methodology 
to simulate the clinical conditions 
[8-11]. Additionally, while meshing 
the 3D models of the teeth, the el-
ement size was lowered. Variable 
size mesh was then used to de-
crease the number of equations, 
thus simplifying the stress analy-
sis process.

Two coronal access cavity de-
signs were used in this study lin-
gual, and Incisal [12-14]. Simulat-
ed composite resin was used to 
repair the access cavities to imi-

tate the clinical situation. For each 
model (30/0.04), radicular prepa-
ration was virtually carried out.

To evaluate the stress state, a 
cyclic load of 120 N was applied to 
the incisal edge using a 3D finite 
element ball model, to determine 
the areas of stress concentration 
and distribution. All models were 
exposed to the same load applica-
tion circumstances throughout the 
research [15].

The quantitative analysis is de-
termined using color-coded bars 
(Red to blue to include all colors) 
that were produced graphical-
ly. The maximum VMS and MPS 
are quantitatively presented. Into 
which the maximum compres-
sive stresses area is represented 
by blue, while the highest tensile 
stresses area is shown by red. By 
examining the distribution pat-
terns and values of the maximum 
VMS and MPS for each model, it 
was discovered that the highest 
stresses were close to the loading 
sites and the restoration’s bound-
aries, and decreased away from 
them. Also all of the models had 
the same pattern of stress distri-
bution. 

In the IT, the enamel received 
the majority of the VMS, while the 
pericervical dentin area and the 
root from the cervical region to the 
apex showed very little stress. Ad-
ditionally, in the CAC models (in-
cisal, face, and cervical) the enam-
el was better retained than that of 
the LAC model, allowing for better 

Model Canal
preparation

Maximum 
VM 

Stress 
(MPa)

Percentage 
(%)

Maximum 
principal 

stress (MPa)
Percentage (%) NCF Lifelog 

percentage (%)

Intact 
tooth

105.82 100.00% 62.948 100.00% 3.47E+09 100%

Lingual
(LAC) 30/0.04 81.628 91.47% 51.898 31.67% 3.82E+09 84.78%

Incisal
(IAC) 30/0.04 96.989 108.69% 61.532 122.59% 2.7E+09 77.8%

Table 3: Maximum von mises stresses (VMS), maximum principle stresses (MPS), number of cycles till failure (NCF) and 
the life span of various models compare to the intact model.
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stress distribution on them. This 
occurs because the capacity of 
the enamel to sustain the occlusal 
load functions as a “compression 
dome” enabling appropriate inter-
nal stress absorption under com-
pression more than the compos-
ite [26]. This finding agrees with 
Saber et al., 2020 [8] despite the 
different tooth model used in their 
study (mandibular first molar).

 Furthermore, regardless of cav-
ity design, the fracture strength, 
failure mechanism, or stress dis-
tribution of a mandibular incisor 
restored with resin composite 
and a CAC that maintains the in-
tegrity of the marginal ridge will 
not change in comparison to the 
IT model. This would provide sup-
port to the theory placed out by 
Nawar et al. in 2022 [11] that the 
dental architecture might be able 
to distribute pressures over a larg-
er area while staying within certain 
bounds. The value of stresses on 
the composite restoration were di-
rectly correlated with its size, but 
the value of stresses on enamel 
was inversely correlated with the 
size of the composite restoration, 
as the stresses will be concen-
trated within the composite, and 
the tooth restoration interface will 
limit the amount of loads that can 
pass further through the tooth 
structure. In agreement of other 
studies it was proven that it’s cru-
cial to take into account how load 
sites and the location of the ac-
cess cavity boundary relate to one 
another. [8-11].

Again in agreement with pre-
vious studies it was found that 
even though there were no par-
ticularly high stress values in the 
cervical region, the cervical stress 
values increased as the AC size 
decreased, this pattern of stress 
distribution was seen in all con-
servative designs [8-11].This may 
be explained by the fact that LAC 
had more composite in which the 
stresses were consumed.     

The distribution of the radicular 
stresses in all experimental mod-

els followed a consistent pattern, 
with higher values cervically and 
gradually decreasing apically. It 
was mostly on the outside of the 
root, with very little amount travel-
ing into the root canals. 

Furthermore, the MPS analysis 
was carried out to show how load-
ing pressures cause the models to 
experience tension and compres-
sion. On the other hand, MPS on 
the radicular section was extreme-
ly small. The same pattern of 
stress distribution was seen into 
which, the incisal ridge had the 
maximum compressive stresses, 
the lingual surface had the highest 
occlusal tensile stresses, whereas 
the radicular area had the lowest.

However, FEA has limitations 
and might not accurately mimic 
the clinical situations because it 
is a computer-based virtual ap-
proach. The results can only be 
understood qualitatively since the 
dentin’s hardness is not the same 
within the tooth. Furthermore, it 
was shown that dentin’s mechani-
cal behavior declines with age due 
to a decrease in fracture toughness 
and crack propagation resistance. 
For this reason, it would be helpful 
to investigate if the study’s find-
ings hold true for older dentin [27].

The adopted hypothesis that ac-
cess cavity designs would affect 
the mechanical behavior or the 
teeth was proven.

Conclusion

Within the confines of this study, 
the following conclusions can be 
reached:

1.  The mandibular incisor’s bio-
mechanical behavior is sig-
nificantly influenced by the 
size of the access design.

2.  From a biomechanical point of 
view, radicular preparation has 
very little effect on the tooth.

3.  The connection between the 
functional load points and the 
access cavity margins influ-
ences the biomechanical be-
havior of the teeth that have 

undergone endodontic treat-
ment.

Recommendation

Based on the occlusal relation-
ships, a unique design for the ac-
cess cavity is advised into which 
stress and clinical failure should 
not be concentrated in this de-
sign. This study indicated that the 
post-endodontic restoration played 
a significant role. Therefore, if the 
marginal ridges were lost, a com-
plete coverage restoration may 
be recommended. This study also 
examines particular groupings of 
loading elements, further research 
is encouraged to assess different 
loading scenarios. This might re-
quire changing the modelling of 
chewing simulator models, ampli-
tudes, and orientations in order to 
simulate clinical occlusion.          

Source of funding: The study did 
not receive any financial support.

Authorship statement: we con-
firm that all listed authors meet the 
authorship criteria and that all au-
thors agree with the manuscript’s 
content.
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