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Abstract

Objective: To compare stress distribution in each area of the mandibular first
molars after root canal treatment with four different types of restorations and
conventional direct resin filling. Methods: Finite element software is used to
simulate axial and lateral loads, and analyze the stress value and distribution of
intact teeth and different restoration models. Results: The equivalent stress
magnitude under lateral loading was significantly higher when compared to that
under axial loading. Additionally, the stress levels observed in all the restoration
groups exceeded those found in intact teeth under lateral load. It was observed
that under the two loading conditions, the endocrown group exhibited the lowest
maximum EQV stress. The highest EQV stress peak values were observed in
the resin group, affecting the residual dental tissue. The stress distribution var-

ied across each model section. The endocrown group effectively dispersed
stress to the dental tissue under both loads. Significant concentrations of stress
were observed in the dental tissue surrounding the resin group filling. Conclu-
sions: After root canal treatment, the lateral force should be controlled, the pulp
cavity can more evenly transfer the bite force, and a risk of long-term resin
filling or dental fracture.
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There are many ways of tooth restoration after root canal treatment [1]. There is much debate about the best repair
method for repairing the defect of the mandibular first molar. Considering the concept of minimally invasive treat-
ment, some scholars believe that the remaining 2-3 walls of holes (MO/DO, MOD holes) are recommended for com-
posite resin direct filling or inlay repair [2]. Some scholars believe that the risk of fracture and shedding of the high-
embedded restorations is lower [3]. Some scholars also believe that the pulp cavity fixation crown is suitable for the
repair of the mandibular first molar with a wall defect in the far middle adjacent surface after root canal treatment [4].

In this study, the 3-D finite element method was used to investigate the stress concentration site and the risk of
bonding failure of the restored affected tooth after each protocol.

1. Materials and Methods
1.1 Sample selection

Collecting from March to June 2023, the first molar was completely removed in the alveolar surgery Department of
Shiyan Taihe Hospital, Hubei Medical University, and the right mandibular first molar with no obvious dental defects
and serious abrasion was screened. The surface calculus and other attachments were removed. Stored in 0.5% hydro-
gen peroxide solution for reserve.
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1.2 Finite-element model establishment

1.2.1 Acquired tooth scan images
Teeth were fixed using a foam plate, scanned at 120 kV, 12.5mA, set 8 cm 8 cm small field window, selected scanning
layer thickness of 125 p m, and exported.

1.2.2 Construction of mandibular first molar after root canal treatment and the construction of five restorative
models

The mandibular first molar model after root canal treatment was established using Solidworks2018 software after
drawing the curved surface and stretching the resection. On the defect model, remove the pulp tissue, the pulp cavity,
root canal upper and apical appropriate extension, simulate the formation of root canal preparation after the smooth
continuous root filling channel, the extension of new solid part is root filling part, simulated flow resin pad flat pulp
bottom, root mouth to the defect height for the bottom, save as the entity, generate root canal treatment. According to
the clinical repair operation standard of the affected tooth, the resin filling group directly filled the defect according
to the defect form. On the basis of the resin filling group, the all-porcelain crown group prepared a 1.0mm inclined
rounded shoulder table from the CEJ position of the neck of the tooth. The designed axial aggregation degree of 5
was cut to remove the axial plane about 1-1.5mm, the Angle is round, and the plane was uniformly reduced by 1.5mm
along the outer oblique plane of the functional tip at about 45-degree Angle with the long axis of the tooth. The all-
porcelain crown of the first molar was obtained. The adjacent surface defect abduction 3 was trimmed, and the inlay
group was established after trimming. The crown group chose the plane above the inlay group model, 2.5mm down
from the central fovea, covering the entire tip. The high inlay group retains the lateral wall in the lateral wall of the
near middle area and also selects the plane parallel to the bottom plane above the inlay group model, 2.5mm down
from the central fovea of the surface. The above models are later trimmed to make the point and line angles. The
isometric surface command selects the surface of the part of the defect, equidistant to a surface of 0 thickness, and
the 0.02mm adhesive layer is obtained through the thickening command. In the later stage, each group of restorations
was made according to the original tooth shape.

-~

Figure 1. Five types of restorations FEA models.

1.2.3 Establish a finite element analysis model

The above 6 groups of models into Ansys Workbench software, the model selection fixed constraints, after import
model material parameters set [5, 6] (see Table 1), the model assumes that each tissue and material for uniform,
continuous and isotropic linear body (cementum is thin and very close to the dentine elastic modulus, so simplified
to the same substance [7-9]).

Table 1. Mechanical properties of model materials

Material Elastic Modulus (MPa) Poisson Ratio
Enamel 84 100 0.33
Dentin 18 600 0.31
Alveolar bone 13 700 0.30
Pulp 2 0.45
Periodontal ligament 68.9 0.45
Gutta-percha 0.69 0.40
Flowable resin 5300 0.28
Composite resin 20 000 0.19
Ceramic restoration 100 000 0.20
Multilink automix Luting resin cement 5000 0.29
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2. Results
2.1 Overall equal effect force distribution of the intact tooth and post-restoration model under axial load

During the axial load, the overall stress peak of the crown and the lowest, and the peak effect force of the all-porcelain
crown and resin filling group was large, which was distributed in the dental tissue of the neck of the distal middle
tooth. As shown in Figure 2.
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Figure 2. Stress distribution of total tooth and the section under axial loading.
2.2 Overall isoeffector force distribution of the intact tooth and post-restoration model under lateral load

At lateral load, the surface stress distribution of the four groups of retaining crown, high inlay, total crown and inlay
was basically similar, and the stress peak was located on the prosthesis of the occlusal surface, while the maximum
effect force of the resin group was distributed on the dental tissue of the occlusal surface.

For lateral load, as shown in Figure 3, the internal profile stress distribution of each group is obviously different,
and the high-stress distribution area of the pulp cavity crown is basically concentrated in the crown prosthesis; the
high insert is similar to the pulp cavity crown; the dental tissue stress in the whole crown restoration group is relatively
balanced compared with other experimental groups, but there are a few high-stress distribution points in the near
middle neck. The inlay restoration group has an obvious high-stress area in the prosthesis and the tooth neck, while
the resin filling restoration group has no obvious high-stress distribution in the restoration body and inside the dental
tissue, but has obvious stress concentration in the downward zone between the resin and the near dental tissue.
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Figure 3. Stress distribution of total tooth and the section under lateral loading.
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2.3 Distribution of model adhesive layer after repair under axial load

During axial loading, as shown in Figure 3, the stress distribution of differences in the adhesive layer model, because
of the clinical situation of the resin filling layer, the adhesive layer group is mainly concentrated at the edge of the far
bottom wall, the insert repair group in the near middle wall position of the high-stress area.

3. Discussion

This study was analyzed by establishing a finite element model, combined with previous anatomical studies [10, 11].
The general loading value of the normal bite force of the mandibular first molar is from 100 to 300 N. In line with
the common practice of lateral force [12]. The model under the lateral load of the partial effect force value is signif-
icantly higher than the axial load of the partial effect force peak, and the lateral chewing group after root canal treat-
ment after the first molar jaw far adjacent defect tooth overall stress peak is higher than the complete tooth, therefore,
regardless of what repair the tooth is recommended to control the lateral force.

This study found that the stress distribution of dental tissue was related to the choice of restoration mode under the
same load. Under the axial load, the downward force of the remaining dental tissue through the restoration is more
uniform. The tissue stress distribution of the highly embedded teeth was similar to that of the pulp cavity retention
crown, but the force value was slightly higher than that of the pulp cavity retention crown group. From a minimally
invasive perspective, the overinsert retains part of the dental tissue near the middle wall; however, the distribution
area [13] with high stress values. Under the axial load, the total crown restoration transmits most of the bite force to
the dental tissue, but the stress concentration area is formed at the tooth neck and shoulder abutment, and the value
is significantly higher than the other three groups of restorations [14]. The stress in the inlay repair group under axial
load is mainly concentrated in the neck tooth tissue on the defect side, and the repair stress trend is similar to the
results in the Ausiello P literature [15]. The peak stress in the resin filling group is located in the neck of the far-
middle tooth, and the concentrated area is distributed in the dental tissue at the occlusal surface. Under the lateral
load, it is obvious that the inlay conducts the stress to the hole wall [16], and forms stress concentration in the bottom
wall, causing harmful lateral force on the remaining dental tissue, the cervical tooth tissue, and the buccal root surface,
which increases the possibility of tooth splitting. The high-stress value of the longitudinal section of the crown and
the high inlay group is basically concentrated in the crown prosthesis. Although the resistance characteristics of the
restoration make the stress distribution of the dental tissue relatively low, the effect force of the dental tissue in the
root area is higher than that of the whole crown group. Because the whole crown restoration covered the dental tissue
of the crown part, the transmission of lateral force in the root side was reduced, but the stress distribution in the near
medium area of the whole crown restoration group showed a little high-stress distribution point in the neck, which
was significantly higher than that of the medullary cavity retention crown and overinlay group. The resin filling in
the occlusal surface position stress is extremely high [17].

Because the resin filling layer is mostly a thin layer binder and is not split separately. The crown retention shape
of the cavity crown provides retention and effectively guarantees the area of enamel adhesion. However, the lateral
occlusion still produces a large tensile force on the adhesive layer at the angular position of the inner wall [18, 19].
The axial load of the overset group is similar to the medullary crown. Under the lateral load, the pressure generated
by the restoration in the lateral wall of the lingual tooth is greater than that of the medullary crown, increasing the
risk of adhesive layer failure [20].

4. Conclusion

In conclusion, the lateral force should be controlled after root canal treatment, the pulp cavity can more evenly trans-
mit the bite force, and the risk of long-term resin filling or dental fracture.
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