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ABSTRACT

Background: This study aimed to examine the effect of the force applied by rubber
dam clamps made from different materials on mandibular first molar teeth with
various designs of endodontic access cavities using finite element analysis.
Methods: A intact tooth (IT) and seven different endodontic access cavities namely, a
traditional endodontic cavity (TRADAC), a guided endodontic cavity (GEC), a
conservative endodontic cavity (CAC), an ultra-conservative access cavity (UAC),
a truss access endodontic cavity (TRSAC), a mesial caries access cavity (MCAC), and
a distal caries access cavity (DCAC), along with two different clamp finite element
models, were created. The clamp models were made of polyether ether ketone
(PEEK) and stainless steel (SS). The forces applied by the clamps were calculated
based on the axial section distance of the tooth, and these forces were applied to the
contact areas on the tooth. Stress distribution models were calculated using
maximum von Mises (VM) stress.

Results: The lowest vM stress under the forces applied by the SS and PEEK clamps
was found in the IT model (80.914 MPa) with the PEEK clamp. The highest vM stress
was found in the DCAC model (759.49 MPa) applied with the SS clamp. The forces
applied by SS clamps resulted in higher vM stress values in every cavity design than
those applied by PEEK clamps.

Conclusion: PEEK clamps generated less force than SS clamps. However, clinicians
should follow various isolation strategies (clamp made of different materials, split
dam, etc.) according to different cavity types of the tooth.

Subjects Dentistry
Keywords Endodontic access cavity, Finite element analysis, Isolation, Rubber dam clamp

INTRODUCTION

Endodontic treatment is one of the most effective options for the management of pulp and
periapical diseases. Such treatment often involves the preparation, cleaning, and filling of
the root canal system (Jiang et al., 2018). The initial step of endodontic treatment is the
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preparation of the access cavity (Silva et al., 2020), which is crucial for the effective
instrumentation and obturation of root canal therapy and also plays a key role in the
healing of pulpal and periapical infections (Jiang et al., 2018; Silva et al., 2020).

In recent years, the emergence of minimally invasive endodontic (MIE) access cavity
designs has advocated preserving as much healthy dentin as possible (Wang et al., 2023).
These designs vary in complexity from those that involve removing the entire roof of the
pulp chamber to more challenging orifice-directed approaches (Silva et al., 2022). Various
designs for MIE cavities have been proposed, including the conservative access cavity
(CACQ), the ultra-conservative access cavity (UAC), and the truss access cavity (TRSAC), as
well as the computer-aided design-guided endodontic cavity (GEC) (Elkholy et al., 2021,
Silva et al., 2020; Wang et al., 2023).

One of the critical factors for the success of endodontic treatment is isolation, with the
recommended method for this purpose being a rubber dam. The clamps used in the
application of a rubber dam secure fixation to the tooth (Ahmad, 2009; Bhuva, San Chong
¢ Patel, 2008). Clamps are typically made of stainless steel (SS) materials (Bhuva, San
Chong ¢ Patel, 2008), although clamps made of polyether ether ketone (PEEK)
(SoftClamp; KerrHaweTM, Bioggio, Switzerland) are also available. For stabilization of the
rubber dam, it is desired that the clamps contact the tooth at four points from the cervical
region. These contact areas cause stress formation in the pericervical region of the tooth
(Bhuva, San Chong & Patel, 2008).

Finite element analysis (FEA) is a form of numerical analysis widely used in engineering
and has since been adopted for use in dentistry, particularly for modelling bone, teeth,
dental restorations (Choi, Conway ¢ Ben-Nissan, 2014). FEA is a repeatable method of
analysis performed in silico. In this analysis, the parameters being investigated can be
varied as necessary, even to extremes for the research at hand, without any risk as they are
in a simulation environment (77ivedi, 2014). FEA analyses stress and deformations and
solves complex structural problems (Chien, Walsh ¢ Peters, 2021). Numerous studies have
been conducted using laboratory and FEA on the structural integrity of teeth with different
access cavities in endodontic treatments (Jiang et al., 2018; Neelakantan et al., 2018;
Santosh, Ballal & Natanasabapathy, 2021; Wang et al., 2023). However, to the authors’
knowledge, no studies have evaluated the forces exerted by rubber dam clamps on teeth
with different access cavities. FEA allows for good control of variables and can isolate some
disadvantages of in vivo studies, such as sample selection bias, thereby enabling testing of
the variables’ effect under conditions as close to clinical as possible (Silva et al., 2021). This
study aims to examine the effect of the force applied by rubber dam clamps made of
different materials on mandibular first molar teeth with various endodontic access cavity
designs using FEA. Our study’s null hypothesis is that the forces caused by clamps made of
different materials differ when applied to different cavities.

MATERIALS AND METHODS

Ethical approval was obtained from the Firat University Non-Interventional Research
Ethics Committee (session number 2023/09-36) Written consent was obtained from
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eligible patient whose mandibular first molar was planned to be extracted due to advanced
periodontal disease and orthodontic treatment.

FEA model generation

A caries-free, mature mandibular first molar tooth was scanned using a SkyScan 1272
high-resolution micro-CT scanner (SkyScan, Aartselaar, Belgium) with a 14 um voxel size.
The data were combined using CTAn software (SkyScan), and a three-dimensional (3D)
model was created with a *.stl extension. Models with the *.stl extension were edited in
Geomagic Design software (Geomagic, Inc., Research Triangle Park, NC, USA) through
reverse engineering and saved as *.prt files. The tooth model with a *.prt extension was
then opened in Solidworks software (Dassault Systems SA, Concord, MA, USA) and
separated into enamel, dentin, and pulp tissues corresponding to its original composition.
Then, using the same software, a uniform 0.3 mm layer of periodontal ligament was created
around the root (1.5 mm below the cementoenamel junction), followed by modeling the
surrounding cancellous and cortical bone in the root.

Design of the clamps

The dimensions of the SoftClamp posterior (KerrHawe™) and Hu-Friedy 14A clamps
(Hu-Friedy, Chicago, IL, USA) were measured using a digital caliper. These clamps were
modeled using Solidworks software according to these dimensions.

Creation of endodontic access cavities in teeth
After generating the model of an intact mandibular first molar tooth, seven different
models of endodontic access cavity designs were created in Solidworks software using the

extrude cut command, in accordance with the designs described in the literature (Silva
et al., 2020) (Figs. 1A-1H).

(B) The mesial caries access cavity (MCAC) model: An endodontic access cavity was
opened to reach the pulp chamber of the tooth, assuming the presence of caries or a
restoration on the mesial surface of the tooth.

(C) The distal caries access cavity (DCAC) model: An endodontic access cavity was opened
to access the pulp chamber of the tooth, assuming the presence of caries or a restoration on
the distal surface of the tooth.

(D) The traditional access cavity (TRADAC) model: The roof of the pulp chamber was
completely removed, and an endodontic access cavity was opened to provide direct access
to the canal orifices.

(E) The conservative access cavity (CAC) model: A central endodontic access cavity was
opened on the occlusal surface of the pulp to access the root canal orifices.

(F) The truss access cavity (TRSAC) model: Two separate endodontic access cavities were
opened to access the root canal orifices.

(G) The ultra-conservative access cavity (UAC) model: An endodontic access cavity was
opened while preserving as much of the roof of the pulp chamber as possible.
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Figure 1 Representative schematic diagrams of different unite element models. (A) IT (intact tooth),
(B) MCAC (mesial caries access cavity), (C) DCAC (distal caries access cavity), (D) TRADAC (traditional
access cavity), (E) CAC (conservative access cavity), (F) TRSAC (truss access cavity), (G) UAC (ultra-

conservative access cavity) and (H) GEC (guided endodontic cavity) models.
Full-size K&l DOT: 10.7717/peerj.17921/fig-1

(H) The guided access cavity (GEC): Three separate endodontic access cavities of minimal
size were drilled for straight-line access to the root canal orifices.

For the endodontic access cavities, the volume of material removed was 119.519 mm?
for MCAC model, 131.087 mm? for DCAC model, 131.887 mm? for TRADAC model,
35.719 mm? for CAC model, 66.136 mm? for TRSAC model, 45.152 mm? for UAC model,
and 28.806 mm? for GEC model.

Meshing and set material properties

The models with different endodontic access cavities and clamps were subjected to
meshing using ANSYS Workbench software. Following this process, the number of
tetrahedral elements and nodes for the models are provided in Table 1.

The mechanical properties of the tooth, periodontal tissue, and clamps used in the FEA
are shown in Table 2. The models used in the FEA were assumed to have homogeneous,
linear, and isotropic properties. Additionally, perfect bonding between each component
was assumed.

Calculation of the forces applied and strain measurement

The clamps were positioned approximately 1 mm below the equatorial line of the
mandibular first molar tooth. The areas where the clamps would contact the teeth were
determined to be approximately 0.34 mm?” on the mesial surface and 0.76 mm? on the
distal surface of the tooth both by marking on the scanned tooth model and through
overlay processing in Solidworks software. The distance required for the clamps to be
opened at the specified distance from the tooth was measured by taking an axial section at
the determined distance. It was determined that the opening distance required was
approximately 4.51 mm in total on the distal part of the tooth and 5.12 mm on the mesial
part (ACB = 4.51 mm, AED = 5.12 mm). The clamp models were transferred to ANSYS
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Table 1 Number of elements and nodes in the models.

IT MCAC DCAC TRADAC CAC TRSAC UAC GEC
Elements  423.295  409.518  454.144  434.175 421.403  470.634  420.377  427.593
Node 246.381  237.139 269916  254.607 244.810 279920  244.193  248.396

Table 2 Mechanical properties of the investigated materials.

Young’s module (MPa) Poisson rate
Enamel (Sorrentino et al., 2007) 84,100 0.3
Dentin (Sorrentino et al., 2007) 18,600 0.31
Pulp (Aslan et al., 2021) 2 0.45
PDL (Poiate et al., 2011) 68.9 0.45
Alveolar bone (Li et al., 2006) 13,700 0.3
PEEK (Ouldyerou et al., 2022) 3,600 0.37
SS 193,000 0.3

Figure 2 (A) Determination of the contact area of the clamp and the tooth, (B) Calculation of the force that the clamp will apply to the tooth,
(C) Application of the force to the contact areas. Full-size K] DOT: 10.7717/peerj.17921/fig-2

Workbench software, and fixed support was applied to section A of the clamps, while a
displacement of ACB/2 = 2.255 mm was applied to each of the contact surfaces B and C
and that of AED/2 = 2.56 mm was applied to each of the contact surfaces D and E.
The force required to be applied by the clamps under the specified boundary conditions to
the tooth was obtained as a result of FEA. This force was determined to be 58.25 N for the
distal surface of the PEEK clamp and 3.75 N for the mesial ends; it was 108.68 N for the
distal surface of the SS clamp and 31.28 N for the mesial ends. These forces were applied to
the enamel surfaces of the tooth according to the determined contact areas Fig. 2.

To validate the force estimates obtained via FEA, a strain gauge (BFLA-5-5; Tokyo
Sokki Kenkyujo Co., Ltd., Tokyo, Japan) was used in three directions to calculate the
experimental stresses. The clamps were placed on the tooth to determine the contact areas
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Figure 3 Demonstration of comparison of FEA with strain gauge experimental setup.
Full-size K&] DOT: 10.7717/peerj.17921/fig-3

and the strain gauge was bonded to the enamel of the tooth with an adhesive system
(Scotchbond Multi-Purpose, 3M ESPE) so that the clamps did not touch the contact areas.
The clamp used in FEA was placed on a mandibular first molar with similar dimensions.
The strain gauges were connected to a data acquisition device (VTA-1704; Marmatek
Measurement Technologies, Turkey). The tooth clamps were placed so that they did not
touch the strain gauge (Fig. 3). The data obtained were recorded on a computer for signal

conversion and data analysis.

RESULTS

When evaluating the forces applied by the clamps, it was observed that von Mises (vM)
stress occurred mostly in the enamel layer of the tooth, regardless of the cavity design and
type of clamp. The lowest levels of vM stress on the tooth created by the PEEK clamp were
found in the IT model (80.914 MPa). According to the cavity designs, the vM stress levels
stress created by the PEEK clamp on the enamel layer of the tooth were lowest in the GEC
model (108.88 MPa), followed by the CAC (111.89 MPa), UAC (116.15 MPa), TRSAC
(130.25 MPa), TRADAC (149.3 MPa), MCAC (215.93 MPa), and DCAC (241.84 MPa)
models, in ascending order. The maximum vM stresses that occur in the models are shown
in Fig. 4 looking apically at the enamel layer of the tooth. The maximum vM stress levels in
the tooth with PEEK clamps forces applied were determined as dentin (2.62 MPa), pulp
(0.0038 MPa), periodontal ligament (PDL) (0.0992) and alveolar bone (6.4 MPa). In the
experimental setup where PEEK clamp was applied, strain values were similar to those in
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Figure 4 The effect of the PEEK clamp on the apical view of the maximum vM stress in the enamel tissue of the tooth caused by the force
applied to the tooth by the PEEK clamp for different access designs. Full-size K] DOI: 10.7717/peerj.17921/fig-4

TRADAC

Figure 5 The effect of the SS clamp on the apical view of the maximum vM stress in the enamel tissue of the tooth caused by the force applied to
the tooth by the SS clamp for different access designs. Full-size Ea] DOT: 10.7717/peerj.17921/fig-5

FEA: IT (10.98 MPa), MCAC (29.73 MPa), DCAC (32.84 MPa), TRADAC (19.95 MPa),
CAC (13.68 MPa) (Fig. 3), TRSAC (17.24 MPa), UAC (15.32 MPa), GEC (13.14 MPa).
Similar to the PEEK clamp, the levels of vM stress created by the SS clamp on the tooth
were found to be lowest in the IT model (130.33 MPa). According to the cavity designs, the
levels of vM stress created by the SS clamp on the enamel layer of the tooth were lowest in
the GEC model (174.27 MPa), followed by the CAC (208.03 MPa), UAC (235.98 MPa),
TRSAC (239.87 MPa), TRADAC (277.91 MPa), MCAC (407.3 MPa), and DCAC (759.49
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Table 3 The maximum vM stress level (MPa) in dentin, pulp, pdl and alveolar bone in all cavity

types.
Clamp types
PEEK SS
Dentine 2.62 2.62
Pulp 0.0038 0.0064
PDL 0.0992 0.0118
Alveolar bone 6.4 10.32

MPa) models, in ascending order. The maximum vM stresses that occur in the models are
shown in Fig. 5 looking apically at the enamel layer of the tooth. The maximum vM stress
levels in the tooth with PEEK clamps forces applied were determined as dentin (2.62 MPa),
pulp (0.0064 MPa), periodontal ligament (PDL) (0.0118 MPa) and alveolar bone (10.32
MPa). In addition, the maximum vM stress levels on the dentin, pulp, periodontal
ligament (PDL), and alveolar bone of the tooth are provided according to the clamp types
in Table 3. In the experimental setup where the SS clamp was applied, strain values IT
(18.74 MPa), MCAC (54.02 MPa), DCAC (104.4 MPa), TRADAC (35.16 MPa), CAC
(27.92 MPa), TRSAC (30.58 MPa), UAC (30.66 MPa), GEC (21.88 MPa) were similar to
those in FEA.

DISCUSSION

FEA is an appropriate method for conducting clear and objective testing of biological
systems (Prati et al., 2021; Wang et al., 2023). This method serves as a useful tool for
examining complex systems and is widely utilized in endodontic stress analyses (Jiang
et al., 2018). This study aimed to evaluate the stress applied by clamps to a mandibular first
molar tooth with seven different designs of endodontic access cavities, as specified in the
literature. We used the FEA method for our analyses to allow for standardization in
analyzing different cavity models within the same tooth model (Askerbeyli Ors et al., 2019;
Jiang et al., 2018; Saber et al., 2020). Thus, our study evaluated the effects of both rubber
dam clamps and endodontic access cavities. The vM stress distribution was used to
examine stress distribution and compare our study with other studies.

Various studies have reported that mandibular first molars are the teeth most frequently
requiring endodontic treatment. It has also been stated that they break more often than
other teeth, which is why our study utilized this tooth (Touré et al., 2011; Zadik et al,
2008). Properly prepared endodontic access cavities positively influence the success of
treatment (Plotino et al., 2017). Therefore, our study was planned to include seven different
cavity designs, aiming for consistency with existing research (Askerbeyli Ors et al., 2019
Silva et al., 2020). Various studies have evaluated the mechanics properties of different
endodontic access cavity designs, using both experimental approaches and FEA. While
some of these studies have found statistically significant differences, others have not
(Ozyb'lrek et al., 2018; Sabeti et al., 2018; Santosh, Ballal & Natanasabapathy, 2021).
However, none have assessed the value and distribution of vM stresses created by rubber
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dam clamps on different cavity designs. As the application points of the clamps were
mostly on the enamel tissue of the tooth, it was found that the maximum vM stress values
obtained in all models were mainly on the enamel layer of the tooth, while the vM stress
values in the other tissues of the tooth were negligible. This result may be due to the fact
that the enamel tissue has a higher Young’s modulus than the other tissues of the tooth.
This finding is consistent with our previous research using IT to assess the impact of
clamps (Eskibaglar, Erdem ¢ Kaman, 2023). Additionally, the lowest vM stress from both
types of clamps was found on the IT model, while the lowest stress by design was found on
the GEC model. Furthermore, the order of increasing vM stress values for the designs was
the GEC model, followed by the CAC, UAC, TRSAC, TRADAC, MRAC, and DRAC
models. The stress values between the CAC and UAC models, as well as between the
TRSAC and TRADAC models, were found to be similar, while higher stress values were
observed in the MRAC and DRAC models. Based on the results of our study, the null
hypothesis is accepted. The reason why the GEC model has lower stress levels compared to
other cavity designs may be due to its design, which provides direct access to the canals and
removes the least amount of tooth tissue. The higher stress levels in the MRAC and DRAC
models, which do not have marginal ridges, may be due to the lack of marginal ridges.
The results of our study are consistent with similar studies (Nawar et al., 2023; Wang et al.,
2023).

Strain gauge is a well-established, non-destructive method with good reproducibility for
real-time in situ strain measurements (Tonelli et al., 2021). To measure strain in the
mandibular first molar as a result of clamp application, the strain gauge was attached to the
lingual surface of the crown of the tooth. In this way, deformation was measured in vivo, as
opposed to stress, which cannot be measured directly. The deformation values measured
by the strain gauge placed on the lingual surface of the mandibular molar were compared
with the values calculated by FEA and showed similar behaviour, thus confirming the FEA
result (de Paula Rodrigues et al., 2017).

In the isolation of teeth, rubber dam clamps are placed in the pericervical regions of the
teeth (Bhuva, San Chong ¢ Patel, 2008). Studies evaluating the mechanical properties
effects of different forces have associated the fracture resistance of treated teeth with the
preservation of the tooth structure (Eskibaglar et al., 2021; Wang et al., 2023). In particular,
it has been noted that the pericervical dentin region of the tooth plays a significant role in
the tooth’s fracture resistance (Eskibaglar et al., 2021; Saber et al., 2020; Wang et al., 2023).
Additionally, biomechanical studies using FEA that evaluated different forces reported that
vM stress values were higher in the pericervical dentin region of the teeth compared to
other areas (Jiang et al., 2018; Saber et al., 2020; Wang et al., 2023). In our study, the
stresses after the application of the clamps occurred in the precervical region of the tooth.
SS clamps produced more vM stress than PEEK clamps.

When the clamps used in our study were examined in terms of design, the contact areas
on the mesial and distal surfaces of the teeth were produced asymmetrically. This
asymmetrical structure and the anatomy of the molar tooth caused variability in the
magnitude of force applied by the clamps to their contact areas. Moreover, the modulus of
elasticity of the SS material was 50 times greater than that of PEEK. The design differences
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in the clamps (e.g., thickness and width) prevented the force from increasing linearly.
For these reasons, when the clamps were evaluated, the SS clamps applied more force to
the tooth than the PEEK clamps. Studies have reported that the force applied by SS clamps
has the potential to cause pain and possible bone necrosis (Gozon, Rumford ¢ Cervenka,
2023; Yoon & Chussid, 2009). We believe it is important that the clamps contact the enamel
of the tooth to avoid possible periradicular damage.

In our study, we evaluated the effects of two similarly sized clamps made of two different
materials on mandibular first molars with different cavities. The FEA method we used in
this study has disadvantages such as its inability to simulate clinical conditions and the
inability to reflect anisotropic structures such as dentin (Elkholy et al., 2021; Saber et al.,
2020; Wang et al., 2023). However, manufacturers produce clamps with many different
designs for the isolation of teeth. The morphological differences in teeth and the
differences in clamp designs can create different stress levels. Additionally, these clamps
are sterilized and exposed to various fluids (e.g., sodium hypochlorite, EDTA, oral fluids, or
sterilization fluids), and it is considered that these factors could cause deformations in the
clamp that could break it (Sutton ¢» Saunders, 1996) and alter the force applied to the
tooth. These factors are among the limitations of our study.

Based on the results of our study, we recommend to clinicians that, for the isolation of
teeth with significant tissue loss, such as restorative cavities, if the adjacent posterior tooth
is healthy, the clamp should be placed on that tooth for isolation with a split dam
technique. If this is not possible, then a clamp made of PEEK should be applied after the
restoration of the tooth to be isolated.

CONCLUSIONS

Within the limitations of this study, PEEK clamps generated lower vM stress values in all
cavity designs than SS clamps. The maximum vM stress value in the tooth varied in terms
of cavity designs. The vM stress levels generated occurred mostly on the enamel layer of the
tooth. The amount of tooth tissue removed influenced the magnitude of vM stress.

It should be borne in mind that the force applied to the tooth by the clamps is for a limited
time and that these forces are not occlusal. However, we believe that more studies should
be carried out on this subject.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

The authors received no funding for this work.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
e Mehmet Eskibaglar conceived and designed the experiments, analyzed the data, authored
or reviewed drafts of the article, and approved the final draft.

Eskibaglar et al. (2024), PeerdJ, DOI 10.7717/peerj.17921 10/13


http://dx.doi.org/10.7717/peerj.17921
https://peerj.com/

Peer/

e Serkan Erdem conceived and designed the experiments, performed the experiments,
analyzed the data, authored or reviewed drafts of the article, and approved the final draft.

* Biigra Karaaga¢ Eskibaglar performed the experiments, prepared figures and/or tables,
authored or reviewed drafts of the article, and approved the final draft.

e Mete Onur Kaman performed the experiments, analyzed the data, authored or reviewed
drafts of the article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

Ethical approval was obtained from the Firat University Non-Interventional Research
Ethics Committee (session number 2023/09-36).

Data Availability

The following information was supplied regarding data availability:
3D models of the images in our article are available at Cults:
https://cults3d.com/en/3d-model/various/ss-clamp-model-meskibaglar
https://cults3d.com/en/3d-model/various/peek-clamp-model-meskibaglar
https://cults3d.com/en/3d-model/various/tooth-model-meskibaglar
https://cults3d.com/en/3d-model/various/jaw-and-tooth-model-meskibaglar

REFERENCES

Ahmad I. 2009. Rubber dam usage for endodontic treatment: a review. International Endodontic
Journal 42(11):963-972 DOI 10.1111/j.1365-2591.2009.01623 x.

Askerbeyli Ors S, Aksel H, Kiigiikkaya Eren S, Serper A. 2019. Effect of perforation size and furcal
lesion on stress distribution in mandibular molars: a finite element analysis. International
Endodontic Journal 52(3):377-384 DOI 10.1111/iej.13013.

Aslan T, Esim E, Ustiin Y, Ozkan HD. 2021. Evaluation of stress distributions in mandibular
molar teeth with different iatrogenic root perforations repaired with biodentine or mineral
trioxide aggregate: a finite element analysis study. Journal of Endodontics 47(4):631-640
DOI 10.1016/j.joen.2020.11.018.

Bhuva B, San Chong B, Patel S. 2008. Rubber dam in clinical practice. Endodontic Practice Today
2(2):131-141.

Chien PYH, Walsh LJ, Peters OA. 2021. Finite element analysis of rotary nickel-titanium
endodontic instruments: a critical review of the methodology. European Journal of Oral Sciences
129(5):e12802 DOI 10.1111/e0s.12802.

Choi AH, Conway RC, Ben-Nissan B. 2014. Finite-element modeling and analysis in
nanomedicine and dentistry. Nanomedicine 9(11):1681-1695 DOI 10.2217/nnm.14.75.

de Paula Rodrigues M, Soares PBF, Valdivia ADCM, Pessoa RS, Verissimo C, Versluis A,
Soares CJ. 2017. Patient-specific finite element analysis of fiber post and ferrule design. Journal
of Endodontics 43(9):1539-1544 DOI 10.1016/j.joen.2017.04.024.

Elkholy MM, Nawar NN, Ha WN, Saber SM, Kim H-C. 2021. Impact of canal taper and access
cavity design on the life span of an endodontically treated mandibular molar: a finite element
analysis. Journal of Endodontics 47(9):1472-1480 DOI 10.1016/j.joen.2021.06.009.

Eskibaglar et al. (2024), PeerdJ, DOI 10.7717/peerj.17921 11/13


https://cults3d.com/en/3d-model/various/ss-clamp-model-meskibaglar
https://cults3d.com/en/3d-model/various/peek-clamp-model-meskibaglar
https://cults3d.com/en/3d-model/various/tooth-model-meskibaglar
https://cults3d.com/en/3d-model/various/jaw-and-tooth-model-meskibaglar
http://dx.doi.org/10.1111/j.1365-2591.2009.01623.x
http://dx.doi.org/10.1111/iej.13013
http://dx.doi.org/10.1016/j.joen.2020.11.018
http://dx.doi.org/10.1111/eos.12802
http://dx.doi.org/10.2217/nnm.14.75
http://dx.doi.org/10.1016/j.joen.2017.04.024
http://dx.doi.org/10.1016/j.joen.2021.06.009
http://dx.doi.org/10.7717/peerj.17921
https://peerj.com/

Peer/

Eskibaglar M, Erdem S, Kaman MO. 2023. Evaluation of the effect of different rubber dam clamps
on the mandibular first molar with Finite element analysis. Computer Methods in Biomechanics
and Biomedical Engineering Epub ahead of print 7 September 2023
DOI 10.1080/10255842.2023.2254882.

Eskibaglar M, Eskibaglar BK, Giindogar M, Ozyiirek T. 2021. Dis Hekimligi Pratiginde Rubber
Dam ve Uygulama Yontemleri. Selcuk Dental Journal 8(3):875-880
DOI 10.15311/selcukdentj.755821.

Gozon R, Rumford F, Cervenka P. 2023. Rubber dam clamp may cause cortical necrosis: a case
report. Journal of Endodontics 49(5):604-608 DOI 10.1016/j.joen.2023.03.003.

Jiang Q, Huang Y, Tu X, Li Z, He Y, Yang X. 2018. Biomechanical properties of first maxillary
molars with different endodontic cavities: a finite element analysis. Journal of Endodontics
44(8):1283-1288 DOI 10.1016/j.joen.2018.04.004.

Li LI, Wang ZY, Bai ZC, Yong M, Bo G, Xin HT, Bing Z, Zhang Y, Bing L. 2006. Three-
dimensional finite element analysis of weakened roots restored with different cements in
combination with titanium alloy posts. Chinese Medical Journal 119(4):305-311
DOI 10.1097/00029330-200602020-00007.

Nawar NN, Abdelfattah RA, Kataia M, Saber SM, Kataia EM, Kim HC. 2023. Effect of proximal
caries-driven access on the biomechanical behavior of endodontically treated maxillary
premolars. Journal of Endodontics 49(10):1337-1343 DOI 10.1016/j.joen.2023.07.022.

Neelakantan P, Khan K, Ng GPH, Yip CY, Zhang C, Cheung GSP. 2018. Does the
orifice-directed dentin conservation access design debride pulp chamber and mesial root canal
systems of mandibular molars similar to a traditional access design? Journal of Endodontics
44(2):274-279 DOI 10.1016/j.joen.2017.10.010.

Ozyiirek T, Ulker O, Demiryiirek EO, Yilmaz F. 2018. The effects of endodontic access cavity
preparation design on the fracture strength of endodontically treated teeth: traditional versus
conservative preparation. Journal of Endodontics 44(5):800-805
DOI 10.1016/j.joen.2018.01.020.

Ouldyerou A, Merdji A, Aminallah L, Roy S, Mehboob H, Ozcan M. 2022. Biomechanical
performance of Ti-PEEK dental implants in bone: an in-silico analysis. Journal of the Mechanical
Behavior of Biomedical Materials 134(3):105422 DOI 10.1016/j.jmbbm.2022.105422.

Plotino G, Grande NM, Isufi A, Ioppolo P, Pedulla E, Bedini R, Gambarini G, Testarelli L.
2017. Fracture strength of endodontically treated teeth with different access cavity designs.
Journal of Endodontics 43(6):995-1000 DOI 10.1016/j.joen.2017.01.022.

Poiate IA, Vasconcellos AB, Mori M, Poiate E Jr. 2011. 2D and 3D finite element analysis of
central incisor generated by computerized tomography. Computer Methods and Programs in
Biomedicine 104(2):292-299 DOI 10.1016/j.cmpb.2011.03.017.

Prati C, Tribst Jao PM, Dal Piva de AMO, Borges ALS, Ventre M, Zamparini F, Ausiello P.
2021. 3D finite element analysis of rotary instruments in root canal dentine with different elastic
moduli. Applied Sciences 11(6):2547 DOI 10.3390/app11062547.

Saber SM, Hayaty DM, Nawar NN, Kim HC. 2020. The effect of access cavity designs and sizes of
root canal preparations on the biomechanical behavior of an endodontically treated mandibular
first molar: a finite element analysis. Journal of Endodontics 46(11):1675-1681
DOI 10.1016/j.joen.2020.06.040.

Sabeti M, Kazem M, Dianat O, Bahrololumi N, Beglou A, Rahimipour K, Dehnavi F. 2018.
Impact of access cavity design and root canal taper on fracture resistance of endodontically
treated teeth: an ex vivo investigation. Journal of Endodontics 44(9):1402-1406
DOI 10.1016/j.joen.2018.05.006.

Eskibaglar et al. (2024), PeerdJ, DOI 10.7717/peerj.17921 1213


http://dx.doi.org/10.1080/10255842.2023.2254882
http://dx.doi.org/10.15311/selcukdentj.755821
http://dx.doi.org/10.1016/j.joen.2023.03.003
http://dx.doi.org/10.1016/j.joen.2018.04.004
http://dx.doi.org/10.1097/00029330-200602020-00007
http://dx.doi.org/10.1016/j.joen.2023.07.022
http://dx.doi.org/10.1016/j.joen.2017.10.010
http://dx.doi.org/10.1016/j.joen.2018.01.020
http://dx.doi.org/10.1016/j.jmbbm.2022.105422
http://dx.doi.org/10.1016/j.joen.2017.01.022
http://dx.doi.org/10.1016/j.cmpb.2011.03.017
http://dx.doi.org/10.3390/app11062547
http://dx.doi.org/10.1016/j.joen.2020.06.040
http://dx.doi.org/10.1016/j.joen.2018.05.006
http://dx.doi.org/10.7717/peerj.17921
https://peerj.com/

Peer/

Santosh SS, Ballal S, Natanasabapathy V. 2021. Influence of minimally invasive access cavity
designs on the fracture resistance of endodontically treated mandibular molars subjected to
thermocycling and dynamic loading. Journal of Endodontics 47(9):1496-1500
DOI 10.1016/j.joen.2021.06.020.

Silva EJNL, De-Deus G, Souza EM, Belladonna FG, Cavalcante DM, Simoes-Carvalho M,
Versiani MA. 2022. Present status and future directions-Minimal endodontic access cavities.
International Endodontic Journal 55(S3):531-587 DOI 10.1111/iej.13696.

Silva EJNL, Pinto KP, Ajuz NC, Sassone LM. 2021. Ten years of minimally invasive access cavities
in Endodontics: a bibliometric analysis of the 25 most-cited studies. Restorative Dentistry &
Endodontics 46(3):736 DOI 10.5395/rde.2021.46.e42.

Silva E, Pinto K, Ferreira C, Belladonna F, De-Deus G, Dummer P, Versiani M. 2020. Current
status on minimal access cavity preparations: a critical analysis and a proposal for a universal
nomenclature. International Endodontic Journal 53(12):1618-1635 DOI 10.1111/iej.13391.

Sorrentino R, Aversa R, Ferro V, Auriemma T, Zarone F, Ferrari M, Apicella A. 2007. Three-
dimensional finite element analysis of strain and stress distributions in endodontically treated
maxillary central incisors restored with diferent post, core and crown materials. Dental Materials
23(8):983-993 DOI 10.1016/j.dental.2006.08.006.

Sutton J, Saunders W. 1996. Effect of various irrigant and autoclaving regimes on the fracture
resistance of rubber dam clamps. International Endodontic Journal 29(5):335-343
DOI 10.1111/§.1365-2591.1996.tb01394.x.

Tonelli SQ, Antunes MA, de Toubes KMS, de Oliveira Miranda AC, Pereira AMB, Nunes E,
Silveira FF. 2021. Dentinal microcracks induced by endodontic procedures: suggested design
for experimental studies using micro-computed tomography and strain gauges. Journal of
Endodontics 47(7):1157-1165 DOI 10.1016/j.joen.2021.04.016.

Touré B, Faye B, Kane AW, Lo CM, Niang B, Boucher Y. 2011. Analysis of reasons for extraction
of endodontically treated teeth: a prospective study. Journal of Endodontics 37(11):1512-1515
DOI 10.1016/j.j0en.2011.07.002.

Trivedi S. 2014. Finite element analysis: a boon to dentistry. Journal of Oral Biology and
Craniofacial Research 4(3):200-203 DOI 10.1016/j.jobcr.2014.11.008.

Wang X, Wang D, Wang YR, Cheng XG, Ni LX, Wang W, Tian Y. 2023. Effect of access cavities
on the biomechanics of mandibular molars: a finite element analysis. BMC Oral Health
23(1):196 DOI 10.1186/s12903-023-02878-3.

Yoon RK, Chussid S. 2009. Topical anesthesia for rubber dam clamp placement in sealant
placement: comparison of lidocaine/prilocaine gel and benzocaine. Pediatric Dentistry
31:377-381.

Zadik Y, Sandler V, Bechor R, Salehrabi R. 2008. Analysis of factors related to extraction of
endodontically treated teeth. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and
Endodontology 106(5):e31-e35 DOI 10.1016/j.triple0.2008.06.017.

Eskibaglar et al. (2024), PeerdJ, DOI 10.7717/peerj.17921 13/13


http://dx.doi.org/10.1016/j.joen.2021.06.020
http://dx.doi.org/10.1111/iej.13696
http://dx.doi.org/10.5395/rde.2021.46.e42
http://dx.doi.org/10.1111/iej.13391
http://dx.doi.org/10.1016/j.dental.2006.08.006
http://dx.doi.org/10.1111/j.1365-2591.1996.tb01394.x
http://dx.doi.org/10.1016/j.joen.2021.04.016
http://dx.doi.org/10.1016/j.joen.2011.07.002
http://dx.doi.org/10.1016/j.jobcr.2014.11.008
http://dx.doi.org/10.1186/s12903-023-02878-3
http://dx.doi.org/10.1016/j.tripleo.2008.06.017
http://dx.doi.org/10.7717/peerj.17921
https://peerj.com/

	Evaluation of the forces applied by rubber dam clamps on mandibular first molar teeth with different endodontic access cavities: a 3D FEA study ...
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


