INTERNATIONAL DENTAL JOURNAL 74 (2024) 1248-1257

Scientific Research Report

Influence of Access Cavities on Maxillary Central S

Incisor Fracture Resistance: Finite Element Study

Check for
updates

Yujiang Liu, Xinyao Huang, Haoyu Ke, Xinyi Song, Xinmeng Huang,

Shufen Sun*

Hospital of Stomatology, Jilin University, Changchun, PR China

ARTICLE INFO

ABSTRACT

Article history:

Received 18 January 2024
Received in revised form

26 March 2024

Accepted 8 April 2024
Available online 1 May 2024

Key words:
Computer-aided design
Endodontic cavity

Finite element analysis
Fracture resistance
Maxillary central incisor
Micro-CT

Introduction and aims: Altering the position and orientation of the root canal access cavity
passway, or modifying the reduction of dentin volume, can influence the strength of denti-
tion. This study aimed to compare the effects of different access cavities on the bio-
mechanical performances of maxillary central incisors with a finite element analysis.
Methods: Based on the micro-computed tomography (CT) scan of a maxillary central incisor,
the finite element models of the intact tooth and teeth with 4 access cavity designs: conser-
vative incisal access cavity, incisal access cavity, conservative access cavity, and tradi-
tional access cavity were generated. Simulated occlusal forces were applied at the incisal
edge of the incisor in the finite element analysis procedure.

Results: The maximum von Mises stress and maximum principal stress in the cervical area
are highest in the traditional access cavity group, followed by the conservative access cav-
ity group, incisal access cavity group, and conservative incisal access cavity group.
Conclusion: The conservative access cavities minimise the extent of dentin removal from
the cervical region, protecting the mechanical behaviour of the incisor. Moving the access
cavity entry point to the incisal edge also improves the fracture resistance of the incisor.
Clinical Relevance: This study’s findings would help clinicians select the most appropriate
endodontics access cavity method when performing the root canal on maxillary central

incisors.

© 2024 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

The conservative endodontics access cavity has aroused great
attention in the past decade. Established in 2010 by Clark and
Khadeni," this concept in endodontics lessens the removal of
pericervical dentin with the help of 3D imaging and special-
ised instruments, aiming to protect the fracture resistance of
the teeth. Many studies have focused on the effectiveness of
conservative endodontics, including its effects on root canal
cleaning and shaping, the fracture resistance of the treated
tooth, and the long-term microbial reproduction in the root
canal.>* However, this idea of reducing the access cavity ori-
fice has aroused some controversies as the small access may
compromise the root canal treatment by impairing the
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location of the canal orifice and making the cleaning and
shaping procedure more complicated.”” Moreover, the avail-
able literature does not provide strong evidence to substanti-
ate the claim that minimally invasive endodontic access
cavities significantly enhance the fracture resistance of root-
filled teeth compared to traditional access preparations.®

The traditional access cavity (TAC) of the incisor starts its
entry point at the centre of the lingual surface. The conserva-
tive incisor access cavity has the same entrance location but
a relatively smaller access cavity orifice. In the studies con-
cerning the effect of different access cavity designs on the
instrumentation of the incisor’s root canal, Rover G° and San-
tos'® performed an ultra-conservative access cavity (CAC) at
the incisal ridge of the incisor crown. Another study compar-
ing the apical centring abilities between incisal-shifted access
and traditional lingual access for incisors also moved the
access point to the incisal ridge."" Due to the lack of standar-
dised nomenclature in the field of conservative endodontics,
this type of access is referred to as the conservative incisal
access cavity (CIAC) in the present study. Mauger’? suggested
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shifting the traditional access passway from the lingual
towards the incisal region to enhance accessibility to the lin-
gual canal and facilitate debridement. This modification
could potentially resolve the issue of cingulum dentin
obstructing the identification of the root canal and hindered
debridement. According to the research conducted by Sar-
vaiya et al.,* an endodontic access cavity approach for inci-
sors was developed with an entry point similar to the CIAC
but with a regular-sized root canal orifice. This incisal access
cavity (IAC) method has long been proposed as a good option,
considering the incisor’s cavities anatomy, with the potential
benefit of simplifying the root canal procedure.'**° The alter-
ations in tooth structure resulting from the 4 root canal treat-
ment approaches — TAC, IAC, CIAC, and CAC — may imply
different changes in the biomechanical performances of
teeth. Clarifying this issue holds considerable clinical value,
assisting in the nuanced assessment of the benefits and
drawbacks of choosing a suitable treatment regimen that pre-
serves the strength of patients’ teeth.

There is a limited number of experiments conducted on
the effects of CAC on changes in tooth structure and fracture
resistance. Furthermore, the samples used, preparation
methods, and storage conditions were not standardised, and
there needed to be more consistency in its operational under-
standing and nomenclature across different studies.>®%"?
Therefore, a more standardised experimental method is
required to assess the effectiveness of minimally invasive
techniques.® Therefore, our study used a finite element analy-
sis (FEA) approach, which utilises models generated from
extracted teeth to evaluate the stress distribution and peak
stress levels in the tooth structure under the same simulated
loading conditions. FEA reduces errors due to differences in
extracted teeth and experimental operation inaccuracies.

This study aims to compare the effects of different access
cavities on the biomechanical performances of incisors, aid-
ing clinicians in selecting the most appropriate operating
method. The null hypothesis is that changes in the endodon-
tic access cavity models do not influence the maximum von
Mises (VM) stress and the maximum principal stress in den-
tin.

Materials and methods
Micro-CT scan and model generation

This study received approval from the local ethics committee
(protocol no. 202309) and was conducted strictly with the
World Medical Association Declaration of Helsinki (2002 ver-
sion). Before enrollment, all participants were provided with
comprehensive oral and written information about the study
and subsequently signed an approved written informed con-
sent form.

Seven intact human maxillary central incisors were col-
lected and scanned with a micro-computed tomography (CT)
scanner (scanco, uCT 45, SCANCO Medical, Switzerland),
resulting in 400 image slices each. The scanning parameter
was set at 70 kV, 60 pA, and 600 ms using a 0.1 mm alumin-
ium filter during the 360° rotation. The rotational step was at
0.1°, and a resolution of 10 um was selected. Scanned image

IT CIAC IAC CAC TAC

Fig. 1- A, Illustration of extracting tooth dentin and enamel
models from micro-CT scan data using the 3D Slicer soft-
ware. B, Schematic diagram of the intact tooth (IT) and 4
access cavity designs: conservative incisal access cavity
(CIAC), incisal access cavity (IAC), conservative access cavity
(CAC), and traditional access cavity (TAC).

stacks of the specimens in DICOM format were imported to
3D slicer software (http://www.slicer.org). One specimen with
a classic incisor feature was selected and used for model gen-
eration. The tooth enamel, dentin, and root canal were
extracted and transferred into models using the threshold
segmentation module. Smooth and solid models were gener-
ated by separately merging and fusing voxels of the extracted
enamel and dentin models. Figure 1. A illustrates the process
of extracting tooth dentin and enamel models from micro-CT
scan data using the 3D Slicer software.

The Meshmixer software (Autodesk, San Francisco, CA,
USA) was used to establish the bone and periodontal ligament
models and assemble the models created above into a com-
plete incisor model. The model of the periodontal ligament
was a 0.25 mm thick layer covering the root from 1.5 mm api-
cal to the cementoenamel junction (CEJ).""*® The cancellous
and cortical bone models were constructed as cylinders that
encircled the periodontal ligament model with thicknesses of
4 and 5 mm, respectively.'®*’

Access cavity design and model meshing

Four access cavity passways and their corresponding com-
posite resin restoration were designed using Meshmixer soft-
ware (Figure 1B). (1) TAC: The initial entry point was
positioned on the lingual surface of the dental crown, 1 mm
above the cingulum. A smooth cavity pathway was created to
connect the triangular-shaped entrance to the root canal ori-
fice. The size of the access cavity orifice is approximately 3.7
mm?; (2) IAC: The initial entry point was set between the inci-
sal one-third of the lingual surface and the incisal ridge. The
opening was designed to be an oval cavity extending from the
incisal ridge to the centre of the lingual surface. The size of
the access cavity orifice is approximately 3.5 mm?; (3) CAC:
The entry point was set at the lingual surface of the dental
crown, with the cavity entrance designed to be minimally
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Fig. 2-Schematic diagram of the finite element analysis
(FEA) model.

invasive to preserve the pericervical dentin. The size of the
access cavity orifice is approximately 1.7 mm?(4)CIAC: The
starting point was positioned at the incisal edge, with a small
triangular-shaped cavity created and minimally expanded to
preserve the cingulum and part of the pulp chamber roof.
The size of the access cavity orifice is approximately 1.6 mm?.

The simulated root canal cleaning procedure was carried
out by shaping and smoothing the extracted root canal model
from the apical foramen to the CEJ. After that, the amount of
removed dentin volume was calculated using the following
formula: V intact tooth dentin — \4 treated tooth dentin, and the
amount of removed pericervical dentin volume was calcu-
lated using the following formula: V jhtact tooth pericervical dentin
— V treated tooth pericervical dentin. The PUlp chamber and CaVitY
were then filled consistently and seamlessly using the gutta
— percha and composite resin model established via boolean
operations in Meshmixer software (Figure 2).

All the models were then imported into Hypermesh soft-
ware (Altair, Troy, MI, USA) for finite element meshing. The
3D tetra mesh and smooth pyramid module were used to con-
struct linear tetrahedral elements within the models. After
conducting convergence analysis, the element size was deter-
mined, and the number of elements ranged from 516,894 to
525,849. The 3D meshing of the models was outputted in
input format for finite element analysis.

Finite element analysis

Abaqus (SIMULIA, Vélizy-Villacoublay, France) was used for
the finite element analysis of the restored tooth models. The
dental structures were presumed to be homogeneous, isotro-
pic, and exhibit linear elastic behaviour. Table 1 displays the
material properties of each tooth structure, utilising previ-
ously reported values from published studies.’®~?° Using the
Find Contact Pairs tool in the Abaqus constraint manager, the
contact surface pairs of the tooth models were automatically
identified and configured as frictionless contacts, forming a
composite incisor model where distinct parts possessing dif-
ferent material properties were seamlessly attached to one
another.

The loading scenario was selected according to the typical
biting situation.”” A coordinate system was established with
the x-axis along the incisal edge and the z-axis as the tooth’s

Table 1 - Mechanical properties of the materials for finite
element analysis.

Material Elastic modulus (MPa)  Poisson’s ratio
Dentin 18,600 0.31%°
Enamel 84,100 0.33*
Periodontal ligament  68.9 0.45%°
Cancellous bone 1370 0.30%
Cortical bone 13,700 0.30%2
Gutta — percha 0.69 0.45%
Composite resin 12,000 0.30%*
acrylic resin 2400 0.35%°
ABS resin 2020 0.36*°

long axis. Two loads were selected, 250 N and 50 N, to repre-
sent the greater biting forces and the typical daily mastica-
tory forces, respectively.'®?”?® The load was applied at the
incisal edge of the crown with an angle of 135° to the longitu-
dinal axis of the tooth, targeting an area near the lingual side
of the incisal edge, which is a simulation of incisor contact in
Class I occlusal relationship.”?° This applied load was distrib-
uted over an elliptical area of 3.5 mm?, as illustrated in
Figure 3. In establishing the boundary conditions, the bottom
surfaces of the cortical bone models were restricted in all 6
degrees of freedom.

Finite element model validation

The incisor selected from 7 extracted teeth for finite element
modelling was used to validate the reliability of the FEA. An
experienced endodontist, who had not observed the micro-
CT images of this tooth, performed TAC on this incisor. The
access cavity started at the crown’s lingual surface central

Fig. 3-Schematic diagram of the distribution area of the FE
load.
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fossa, and a round bur was used to drill vertically into the lin-
gual surface. Upon reaching the enamel-dentin junction, the
direction was altered to align with the tooth’s longitudinal
axis. The opening of the access cavity was made into a
rounded triangle, and the top of the pulp chamber was wholly
removed. Subsequently, a K-file size 10 (Dentsply, Konstanz,
Germany) was employed to explore the root canal all the way
to the apical foramen, determine its length, and then calcu-
late the working length by deducting 1 mm from the mea-
sured length. The root canal was then irrigated with a syringe
containing 1% NaOCl solution. A K-file of size 15 was utilised
to negotiate the canal, followed by the preparation of the
canal with Protaper rotary files (Dentsply, Konstanz, Ger-
many) at 250 rpm and 2.0 torque until the working length.
Irrigation was performed with 2 mL of NaOCl solution follow-
ing each file exchange, and upon completing the root canal’s
preparation, it was further rinsed with 5 mL of 17% ethylene-
diaminetetraacetic acid.

Following the micro-CT scan, root canal filling was per-
formed for the tooth. A 0.6 taper gutta — percha cone (Dents-
ply, Konstanz, Germany) and AH Plus sealer (Dentsply, NC,
USA) were used for apical closure, followed by filling the mid-
dle and upper sections of the root canal with a gutta core
obturator. After filling, an alcohol-soaked cotton ball was
employed to cleanse the pulp chamber, removing the filling
material remnants. The enamel then underwent etching for
15 seconds, followed by rinsing and air-drying. Next, a bond-
ing agent (3M ESPE, St Paul, MN, USA) was applied and light-
cured for 10 seconds. Subsequently, the composite restora-
tion (3M ESPE, St Paul, MN, USA) was applied, ensuring that
the thickness of each layer was less than 2 mm, and each
layer was cured for 40 seconds. After the root canal treat-
ment, the tooth underwent a second micro-CT scan with the
same scanning parameters as before.

The incisor was secured within a rectangular block of
acrylic resin (15 x 15 x 43 mm), ensuring the portion below
the tooth’s CEJ was wholly embedded. The height from the
top surface of the block to the highest point of the exposed
tooth crown’s incisal edge was measured to prepare for sub-
sequent modelling. A pressure testing base was modelled
according to the block’s dimensions. The testing base was
then printed using acrylonitrile butadiene styrene resin on an
Ultimaker 2+ 3D printer (Ultimaker, Utrecht, The Nether-
lands) with the following settings: slice height of 0.1 mm,
extrusion width of 0.4 mm, and a liquefier temperature of
235 °C. The block was firmly inserted into the testing base
designed to fit its size, which tilted the tooth to secure it at a
45° angle on the horizontal plane. This prepared test sample
was mounted horizontally on the test bench of the universal
testing machine (Shimadzu, Tokyo, Japan). The square-
shaped load cell exerted pressure onto the lingual surface of
the teeth at a velocity of 1 mm/min, increasing the force from
0 N to 250 N. (Figure 4A) The machine recorded the vertical
deformation of the test sample with a precision of
0.00001 mm under forces of 25 N, 50 N, 75 N, 100 N, 125 N,
150N, 175N, 200 N, 225 N, and 250 N.

Using microCT data from the second scan, the same meth-
odology was applied for modelling and meshing of the tooth’s
dentin, enamel, gutta — percha, and composite resin. These
models were assembled with the block model and the testing

B

Fig. 4- A, The load cell of the universal testing machine
exerted pressure onto the lingual surface of the incisor. B,
The assembly of the incisor model, the block model, and the
testing base model.

base model. (Figure 4B) All models were imported into Abaqus
software to simulate the deformation condition of the sample
under forces of 25 N, 50 N, 75 N, 100 N, 125 N, 150 N, 175 N,
200 N, 225 N, and 250 N. The models’ contact methods,
boundary conditions, and other parameters matched those
used in FEA. The material properties of the self-curing acrylic
resin block and acrylonitrile butadiene styrene resin testing
base were determined from published studies and listed in
Table 1. The direction and application point of the simulated
forces coincided with those in the universal testing machine
experiment, angled at 45° to the tooth’s long axis. The force
was applied to an area that matched the load cell’s projection
on the lingual surface of the crown (7.2 mm?). A coordinate
axis was established during Abaqus post-processing, and the
sample’s vertical deformation (mm) was recorded.

The deformation of the sample under different pressures
measured by the universal testing machine was paired with
the deformation data simulated by FEA, and a Bland—Altman
plot was generated using GraphPad Prism 10 (GraphPad Soft-
ware, Boston, MA, USA).

Results

In Figure 5, the Bland—Altman analysis revealed that the
errors in both measured and calculated deformation values
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fell within the 95% limits of agreement, affirming the FEA
validity.

The removed dentin volume and the removed pericervical
dentin (PCD) volume in different models are shown in Table 2.
The TAC models exhibit the highest volume of removed den-
tal tissue, followed by the IAC models, CAC models, and CIAC
models. The TAC models demonstrate the greatest extent of
dental tissue removal in the cervical region, followed by the
CAC, IAC, and CIAC models.

The distribution diagrams in Figure 6A and D, and
Figure 7G and ] illustrate the distribution of maximum princi-
pal stress and von Mises (VM) stress in the intact dentin
model under the conditions of 250 N and 50 N. The highest
values of both maximum principal stress and VM stress are
concentrated in the cervical region on the lingual and labial
sides of the dental tissue, with a gradual decrease as it
approaches the root canal region. The areas near the incisal
and apical edges of the dental tissue model and the mesial
and distal regions of the cervical area exhibit the lowest VM
stress.

As shown in Table 2, the maximum tensile stress of the
treated teeth is higher than that of the intact teeth. Under
loads of 250 N and 50 N, the ranking of the maximum tensile

stress in the cervical area exhibits similarity, highest in the
TAC group, followed by the CAC, IAC, and CIAC groups.
Regarding the apex region, the maximum tensile stress under
the force of 250 N is highest in the IAC group, followed by the
CAC, TAC, and CIAC groups. However, under the force of
50 N, the order of maximum tensile stress at the root apex
changes, with the CAC group exhibiting the highest stress,
followed by the TAC, IAC, and CIAC groups. Figure 6B and C,
and Figure 7H and I illustrate the maximum principal stress
distribution in the dental tissue at the CEJ and root apex. In
the cervical and apical regions, the maximum principal stress
exhibits tensile stress on the lingual side and compressive
stress on the labial side. In the region near the root apex, the
IAC and IT groups exhibit significantly lower maximum prin-
cipal stress than the other 3 groups.

As shown in Table 2, the VM stress in the treated teeth is
higher than in the intact teeth. The VM stresses under loads
of 250 N and 50 N show consistent rankings for the TAC, CAC,
IAC, and CIAC groups. The highest values are observed in the
TAC group, followed by the CAC, IAC, and CIAC groups, both
at the cervical area and the root apex. Figure 6E and F, and
Figure 7K and L illustrate the distribution of VM stress in the
dental tissue at the CEJ and root apex. In the cervical region,
VM stress is mainly concentrated on the lingual side, close to
the surface area. In the apical region, VM stress is concen-
trated on the labial and buccal sides, with the lowest values
near the root canal region.

Discussion

The present study compared the effects of different access
cavities on the biomechanical performance of incisors. Varia-
tions in the endodontic access cavity models considerably
influenced the maximum VM stress and maximum principal
stress along the dentin when exposed to occlusal force.
Therefore, the null hypothesis was rejected.

The concept of a conservative access cavity, also known as
a minimally invasive access cavity, is based on the idea that
preserving more dental tissue can improve the mechanical
performance of teeth.’® Numerous studies have been con-
ducted in recent years to investigate the effects of minimally
invasive access cavities on root canal cleaning and shaping
abilities and the fracture resistance of teeth.'®*'*> However,

Table 2 - Results of the study models.

Applied Force Outcome measure IT CIAC IAC CAC TAC
Removed dentin volume (mm?) 0 6.73 12.25 8.85 21.11
Removed PCD volume (mm?) 0 3.16 6.01 6.30 15.42

250 N load Max tensile MPS in the cervical area(MPa) 8.34 9.54 11.50 12.54 12.70
Max tensile MPS in apical area(MPa) 3.10 3.50 4.67 4.50 4.47
Max VM stress in the cervical area(MPa) 7.85 8.93 10.02 11.35 11.41
Max VM stress in the apical area(MPa) 3.55 3.81 4.68 5.08 5.19

50 N'load Max tensile MPS in the cervical area(MPa) 1.67 1.92 2.34 251 2.76
Max tensile MPS in apical area(MPa) 0.62 0.70 0.93 0.90 0.97
Max VM stress in the cervical area(MPa) 1.57 1.77 2.00 2.43 2.48
Max VM stress in the apical area(MPa) 0.71 0.76 0.94 1.02 1.13

CAC, conservative access cavity; CIAC, conservative incisal access cavity; IAC, incisal access cavity; IT, intact tooth; MPS, maximum principal
stress; PCD, pericervical dentin; TAC, traditional access cavity; VM, von Mises.
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Fig. 6-The distributions of the maximum principal stress under 250 N on the A, Lateral view of the dentin model. B, The
transverse cross-section in the cervical area. C, The transverse cross-section in the apical area. The distributions of the von
Mises stress on the D, Lateral view of the dentin model. E, The transverse cross-section in the cervical area. F, The transverse

cross-section in the apical area.

most of the conservative design studies have focused on
reducing the size of the access cavity and have mainly been
performed on molars with complex canal structures, and the
conclusions drawn have not been consistent. Additionally,
using a conservative access cavity increases the demands for

specific equipment, lighting, and skills and can increase the
complexity of the procedure to some extent. Therefore, solid
research results are needed to support the application of this
approach in clinical practice. This study aims to experimen-
tally compare the impact of various root canal access cavity
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Fig. 7 - The distributions of the maximum principal stress under 50 N on the G, Lateral view of the dentin model. H, The
transverse cross-section in the cervical area. I, The transverse cross-section in the apical area. The distributions of the von
Mises stress on the J, Lateral view of the dentin model. K, The transverse cross-section in the cervical area. L, The transverse

cross-section in the apical area.

approaches on the resistance to incisor fractures. The goal is
to provide clinicians with insights for adopting more effective
methods in incisor root canal treatments, enhancing the
post-treatment strength of patients’ teeth and thereby
improving prognosis.

Many ex-vivo experiments have been performed using a
universal testing machine to test the fracture resistance of
teeth. However, because the experimental methods vary,
with some teeth filled and others unfilled, or some teeth
undergoing cyclic loading while others do not, the uniformity
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of the experimental conditions could be better. In contrast,
the use of FEA provides several advantages, including the
ability to model teeth using high-resolution micro-CT scans
and design different access cavities on the same tooth model,
simulate uniform loading conditions, and analyse stress dis-
tribution and maximum stress in teeth, thus minimizing dif-
ferences between teeth and errors caused by variations in
experimental procedures.

In this study, we added the IAC pathway, which does not
involve the conservative portion of the CAC pathway but
instead moves the access point towards the incisal edge to
create an oval-shaped opening similar to the second pathway
used in G. Mannan’s experiment.’® One of the objectives of
this study was to use a standardised experimental design to
compare the differences in preserving the fracture resistance
of the incisor between using the IAC pathway and the more
complicated CIAC pathway.

The findings of the current investigation were assessed
using VM stress and the maximum principal stress analysis.
VM stress serves as a failure criterion, indicating energy dis-
tribution within the structure. Maximum principal stress dif-
ferentiates between tensile stress (positive values) and
compressive stress (negative values). Dental materials and
structures typically exhibit high compressive strength but
tend to be brittle when subjected to tensile stress.’® Conse-
quently, maximum principal stress enables the identification
of vulnerable areas within the structure that are more sus-
ceptible to failure due to tensile stress.’’ When evaluating
root-filled teeth, maximum principal stress proves to be a
highly effective criterion for pinpointing potential critical
points of failure within the dental structure.

The results demonstrate that the maximum principal
stress and VM stress are concentrated in the cervical region
of the tooth, indicating that this area is most vulnerable to
fracture when subjected to biting pressure in the maxillary
central incisor. The focal point of this study’s analysis lies
specifically within this region. Under the 250 N and 50 N load-
ing conditions, the maximum VM stress and maximum prin-
cipal stress in the cervical area of the dentin model follow the
same pattern: TAC > CAC > IAC > CIAC. This indicates that
the mechanical properties of teeth vary depending on the dif-
ferent access cavity approaches. Compared to untreated
teeth, the fracture resistance of treated teeth deteriorates,
especially when employing the traditional access method,
which makes them more prone to fracture. The CIAC method
exhibits the best resistance to flexural stress among the 4
approaches. Regarding the cervical area, the CAC group
shows lower maximum principal stress and VM stress than
the TAC group. Similarly, CIAC exhibits lower values than
IAC. These findings suggest that adopting a conservative
access approach can improve the fracture resistance of teeth.
These findings align with previous studies conducted by Sar-
vaiya et al.'”® This may be attributed to the conservative
access method preserving more of the fragile tooth cervical
area by reducing the amount of dentin removal.

When comparing IAC to TAC, the maximum VM stress and
maximum principal stress in the cervical region are lower for
IAC. Similarly, when comparing CIAC to CAC, the maximum
VM stress and maximum principal stress in the cervical
region of the incisor are lower for CIAC. These results indicate

that the fracture resistance of maxillary central incisors is
superior when employing an incisal edge access approach
compared to a lingual access approach.

The amount of dentin removal varies among the four
access approaches, with TAC having the highest amount, fol-
lowed by IAC, CAC, and CIAC. However, the sequence
becomes TAC > CAC > IAC > CIAC when considering dentin
removal, specifically in the cervical region. The differences in
the amount of dentin removal correspond to the fracture
resistance results of the tooth models in the cervical region.
In other words, the TAC group with the most PCD removal
exhibits the poorest mechanical strength. In contrast, the
CIAC group with the most minor PCD removal demonstrates
the best mechanical strength. The IAC group employs an inci-
sal access approach with less PCD removal than the conser-
vative CAC group. This can be attributed to the incisal access
approach starting at the incisal edge, resulting in the system-
atic removal of more dentin near the edge of the crown and
reducing the amount of dentin removal in the tooth cervical
region. The preservation of tooth structure in the cervical
area is crucial for preventing fractures under occlusal forces
and ensuring the long-term viability of endodontically treated
teeth.’® This may explain why the IAC group exhibits even
better flexural resistance despite not employing a conserva-
tive access approach than the CAC group.

The traditional and conservative pathway’s access point is
situated at the central position of the lingual surface of the
dental crown. When performing the TAC and CAC access,
extending the entry point from the lingual side to the root
canal results in the removal of a significant amount of dentin
at the cervical area of the incisor. In contrast, locating the
entrance point for the incisal access cavity at the incisal edge
and extending it along the longitudinal axis of the incisor
towards the root canal avoids unnecessary removal of peri-
cervical dentin tissue. Another advantage of this incisal
access cavity is the improved accessibility from the coronal
portion of the root to the apex. This incisal-shifted access
facilitates a broader surface area of the root canal walls to be
reached by instruments such as Gates Glidden Drills and K-
files.'® Therefore, IAC and CIAC may have the ability to pro-
tect patients’ teeth better and improve treatment outcomes
in clinical situations.

This study is the first application of FEA to compare the
4 different access cavities of incisors, serving as a refer-
ence for choosing appropriate clinical procedures. In this
study, the model of the alveolar bone around the incisor
was configured as a cylindrical structure with completely
bounded cortical and cancellous bone models. This aimed
to provide a standardised, simplified model, facilitate con-
sistent force application directions across different mod-
els, and enable comparison between experiments. Similar
to our experiment, previous FEA studies have also distin-
guished cortical and cancellous bone models or cylindrical
bone model designs."®*"*>*® This commonly used simplifi-
cation can be considered a limitation of this study, as the
bone model utilised in FEA differs from the actual mor-
phology of the maxillary bone. Another limitation of this
study is that using a standardised thickness for the peri-
odontal ligament throughout the root may not fully repre-
sent the complex nature of the periodontal ligament in
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reality. Future investigations could also evaluate the influ-
ence of access cavity designs on the cyclic fatigue life of
incisors using fatigue testing machine.

Within the limitations of this study, the TAC group had the
highest level of VM stress and tensile stress in the cervical
area of incisor models, followed by the CAC, IAC, and CIAC
groups. The conservative access cavities minimise the extent
of dentin removal from the cervical region, protecting the
mechanical behaviour of the incisor. Moving the access cavity
entry point to the incisal edge also improves the fracture
resistance of the incisor.
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