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Abstract

Background: In clinical settings, tooth preparation for prefabricated zirconia crowns (PZCs) in the primary dentition
varies widely. However, knowledge about the biomechanical behavior of PZCs in various clinical settings is limited.
This study was conducted to evaluate the biomechanical behavior of PZCs in different clinical settings using 3-dimen-
sional finite element analysis.

Methods: 3-dimensional models of the PZC, cement, and tooth with six different conditions were simulated in
primary molar teeth, incorporating cement thickness (100, 500, and 1000 um) and cement type (resin-modified glass
ionomer cement and resin cement). A total of 200 N of occlusal force was applied to the models, both vertically and
obliquely as representative cases. A general linear model univariate analysis with partial eta-squared (np?) was per-
formed to evaluate the relative effects of the variables.

Results: The overall stress of tooth was increased as the cement space increases under oblique loading. The von
Mises stress values of the resin cements were significantly higher than those of the resin-modified glass ionomer
cements for all cement thicknesses (p <.05). The effect size of the cement type (r]p2 =.519) was more dominant than
the cement thickness (r]p2 =.132) in the cement layer.

Conclusions: Within the limits of this study, cement type has a greater influence on the biomechanical behavior of
PZCs than cement thickness.
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Background

Pediatric zirconia crowns (PZCs) are currently avail-
able dental restorations for primary dentition with a
highly reliable long-term success rate [1-3]. Retention of
PZCs is affected by crown adaptation as well as adhesion
between the tooth and the luting cement [4]. Tooth prep-
aration can be aggressively performed to obtain the pas-
sive fit required by PZCs, resulting in reduced retention
? Department of Pediatric Dentistry, School of Dentistry, Kyung Hee [5]. Wide variations in tooth preparation of PZCs were
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forms were highlighted on occlusal surfaces [4]. Moreo-
ver, a laboratory study demonstrated that the remaining
crown height after tooth preparation is strongly related
to the retention of PZCs [6].

A recent systematic review showed that various types
of luting materials, including glass ionomer (GI), resin-
modified glass ionomer (RMGI), and resin cement, have
been used in luting PZCs [7]. Within this review, fail-
ures in PZC retention (11%) were associated with luting
cement materials. In addition, a previous clinical study
reported that the retention of PZCs was influenced by
cement materials during a 3-year follow-up period [8].
Despite the growing interest in luting cements for PZCs,
the type of cement that exhibits superior performance
due to the difference in the amount of tooth preparation
has not been yet identified. This question is clinically rel-
evant to pediatric dentists; if the amount of tooth prepa-
ration for PZCs is unavoidably excessive, the selection of
luting cement is an important factor that clinicians can
control.

The purpose of this study was to evaluate the biome-
chanical behavior of PZCs in different clinical settings,
such as cement type and thickness and loading direc-
tion, using 3-dimensional (3D) simulation. Finite element
analysis (FEA) is a tool used to visualize the mechanical
behaviors of materials using interacting variables, and
the stress and strain distributions of complex structures
were examined using the obtained FEA results [9]. FEA
has been previously used to investigate the biomechani-
cal behaviors of dental materials [9—11]. The null hypoth-
esis of this study was that there would not be different
stress values of dental cements in PZCs depending on the
amount of tooth preparation.

Methods

Generation of the geometric models

The geometric models were designed as previously
described, with some modifications [4]. The mixed den-
tition dentiform model was digitally scanned (Identica
T500; Medit Inc.). The scanned model was imported
into a 3D modeling software (Meshmixer; Autodesk).
The outer surfaces of the PZCs were aligned on the
mixed dentition model, and the appropriate size of PZCs
was determined to achieve proper mesiodistal contact
with adjacent typodont teeth. Using 3D design soft-
ware (GOM Inspect 2018 software; GOM GmbH), the
outer surfaces of the PZCs were aligned at a position
to achieve occlusal harmony with the marginal ridge of
adjacent typodont teeth. The inner surfaces of the PZCs
were then superimposed on the corresponding outer sur-
faces on the x-, y-, and z-axes. To simulate difference in
tooth preparation, three layers of different thicknesses
(100, 500, and 1000 pm) were evenly reduced from the
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inner surfaces and denoted as cement 100, cement 500,
and cement 1000, respectively, indicating the cement
thickness.

Generation of finite element mesh
The geometric models were converted into a format
for the FEA, as shown in Fig. la. In this study, a reli-
able commercial finite element package, the ABAQUS
(CAE/2020, Dassault System, France), was used for the
simulation, and all models were imported and meshed
with eight-node brick (C3D8) elements to minimize the
mesh dependency. The resolution of the voxels was 1 pm
considering the computational cost. The properties of the
materials used were selected from previous studies [12—
16] and are listed in Table 1. The number of elements in
each model was as follows:
(i) Cement 100: 126,346 elements in crown, 35,129
elements in cement, and 798,062 elements in tooth.
(i) Cement 500: 126,357 elements in crown, 89,609
elements in cement, and 686,875 elements in tooth.
(iii) Cement 1000: 126,344 elements in crown, 172,168
elements in cement, and 571,023 elements in tooth.

Applied forces and their environment

In the FEA, all components, including the crown, cement,
and tooth, were assumed to be homogeneous and per-
fectly bonded without marginal gaps, while considering
slip. To describe a realistic phenomenon, the exposed
root surfaces of the tooth were fully constrained for all
the degrees of freedom.

To investigate the mechanical behavior of the models
according to masticatory movement, two types of forces
in different directions were considered representative:
vertical and oblique (30°). As shown in Fig. 1b, five dif-
ferent points on occlusal surfaces were selected for load-
ing, including three points on the fossa and two points on
the cusp. These points were assumed to be contact areas
during mastication. A magnitude of 40 N per node was
applied (200 N in total) to simulate mastication of chil-
dren with primary dentition [17]. For the vertical case,
the force was applied in the perpendicular direction of
the crown, and oblique force was applied along the 30°
inclined direction from the vertical direction. A static
load was applied to all models, and the von Mises stress
and maximum principal strains of all elements were
examined to compare the effect of the cement thickness
and type on the tooth behavior.

Statistical analysis

Data were analyzed using IBM SPSS Statistics 20 (SPSS
Inc., Chicago, IL, USA) and GraphPad Prism 9.3.1
(GraphPad Software Inc., San Diego, CA, USA). To
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Fig. 1 Establishment of finite element mesh model and loading conditions. a Geometric models of prefabricated zirconia crown, cement, and
tooth part, and their combined finite element (FE) mesh model (cement 500 case). Note that blue, gray, and red parts in the FE mesh are crown,
cement, and tooth, respectively. b Loading conditions for simulating mastication of children. For both vertical and angular forces, three points on
the fossa and two points on the cusps were considered, and 40 N of force was applied to each node (200 N in total)

Table 1 Material properties for the finite element analysis

Component Material Elastic modulus (GPa) Poisson’s ratio Compressive
strength
(MPa)
Crown Monolithic zirconia 205 0.19 1000
Cement RMGI 37 0.30 210
Resin 89 035 291
Tooth Dentin 19.89 0.31 297

compare stress values between RMGI and resin, ANOVA  previously described with some modifications [18]. A
test with Tukey HSD test as post hoc analysis was per-  general linear model univariate analysis with partial
formed after 50 values were randomly selected among  eta-squared (npz) was performed to evaluate the rela-
the top 5% values of the element von Mises stress as  tive effects of independent variables (force direction,
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cement thickness, and cement type) and their interac-
tions [18, 19]. P values < 0.05 were considered statistically
significant.

Results

Figures 2, 3, and 4 illustrate the stress distribution accord-
ing to the cement thickness model and luting cement.
Stress was observed in greater values of the cement
space. This trend was highlighted when an oblique force
was applied.

A comparison of the von Mises stress values for each
model is shown in Fig. 5. In the crown layer, there were
no significant differences among the different loading
conditions. In the cement layer, a significantly higher
stress value was observed in the resin than in the RMGI
in all the cement thickness models (p<0.05). Interest-
ingly, greater stress values were not seen with increas-
ing tooth preparation in each cement group. In the tooth
layer, higher values were observed for RMGI than for
resin (p <0.05). Greater stress was associated with greater
tooth preparation in each cement group.

The general linear model univariate analysis revealed
that von Mises stress was significantly associated with
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the direction of the external force, cement layer thick-
ness, and cement type (Table 2). On the crown layer, von
Mises stress was significantly associated with force direc-
tion, cement thickness, and cement type. The effect size
was the highest for the cement thickness (qp2=0.018)
in 1-way analysis. However, there was no interaction on
stress between 2-way and 3-way interactions except for
interactions with force direction and cement thickness
(p>0.05). Regarding the cement layer, the stress was
significantly different depending on the force direction,
cement thickness, and cement type (p <0.001). The stress
in the cement layer was strongly affected by cement
type (np2=0.519). In the tooth layer, stress was signifi-
cantly associated with the force direction, cement thick-
ness, and cement type (p <0.0001). The effect size of the
cement thickness (nP2=O.890) was higher than that of
the cement type (1,>=0.01).

The strain distribution of each model in the whole com-
ponents, which can describe the displacement-related
characteristic, is presented in Fig. 6. The strain concen-
tration was highlighted in the cement layer in all models.
In both cement material models, relatively large strains
were found in the case of the oblique force, particularly
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Fig. 2 Stress distribution (MPa) at crown level for each model. Stress level was presented as color-coded map. Red color represents to high stress
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Fig. 3 Stress distribution (MPa) at cement \evel for each model. Stress level was presented as color-coded map. Red color represents to high stress
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in the Cement 1000 case. In the case of the vertical force,
the strain concentration existed mainly in the side of the
cement region, while the region with large strain was
found in both overall cement and inside of the tooth.

Discussion

As the crowns for primary teeth are prefabricated, pedi-
atric dentists must pay careful attention to crown adap-
tation and cementation. In addition, there are wide
variations in the degree of PZC adaptation by tooth prep-
aration in clinical situations [4]. Thus, the evaluation of
the biomechanical behavior of PZCs in various situations
is of clinical significance.

This study evaluated the stress distribution of PZCs.
Although the estimated stress on crowns varied depend-
ing on cement thickness and cement type, the stress val-
ues were below the yield strength of a typical zirconia
crown [20]. Likewise, stress exerted on teeth would not
hinder luting considering the elastic moduli of enamel
and dentin, which are approximately 80 GPa and 20 GPa,
respectively [21]. Regardless of the direction of occlusal
force, the stress values on the PZC and tooth were within
the limit of yield strength or elastic modulus of teeth,

cement, and zirconia crown. Thus, PZCs can withstand a
normal occlusal bite force in children.

Within a normal occlusal bite force in children, the
stress concentration occurred in the vicinity of the points
where the forces were applied in the crown and cement
layer. Especially, more regions with large stress intensity
were observed in case of oblique force than those of the
vertical force. This denotes oblique force can be more
critical than the vertical force. Concerning the cement
types, the tooth with RMGI cement tends to have larger
stress intensity and more regions with relatively large
stress values, and this indicates that RMGI can be more
vulnerable to external load regardless of the cement lay-
ers and force directions.

In this study, the estimated stress values on the cement
layer were 3-5 MPa (Fig. 5b). GI cements have com-
monly been used in luting PZCs [7]. However, GI cement
showed 2.6 MPa of shear bond strength to zirconia
block in a previous study [22]. Another laboratory study
reported that shear bond strength of GI cements to PZCs
was 4.23 MPa after thermocycling [23]. Based on these
findings, GI cements may not to be sufficient for lut-
ing PZCs. Previous studies have reported that the shear
bond strength of RMGI cement is 4—16 MPa [22, 24-26].
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Fig. 4 Stress distribution (MPa) at tooth level for each model. Stress level was presented as color-coded map. Red color represents high stress
concentration and blue color represents less stress concentration
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Fig. 5 von Mises stress values (MPa) in each model according to loading conditions. a Crown layer, b cement layer, ¢ tooth layer. Within vertical and
oblique forces, different case letters represent statistically significant (p <.05)
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Table 2 Effect size of factors on von Mises stress
Factors Crown Cement Tooth
p value Effect size® p value Effect size p value Effect size
1-way
Force direction <.0001 007 <.0001 231 <.0001 .890
Cement thickness <.0001 018 <.0001 132 <.0001 792
Cement type <.0001 .001 <.0001 519 <.0001 01
2-way
Force direction x Cement thickness <.0001 001 <.0001 036 <.0001 367
Force direction x Cement type 128 - <.001 026 <.0001 083
Cement thickness x Cement type 420 - <.001 024 <.0001 157
3-way
Force direction x Cement thick- 943 - <.0001 007 <.0001 002
ness x Cement type
2 Effect size = Partial eta squared (npz)
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i
Cement 100 ' I Cement 100 -
— " g
8 »
+  Cement500 . Cement 500 I
> - .
i g !
Cement 1000 I- Cement 1000 n »‘
I ;
Cement 100 i Cement 100 ..
O o - o w
2 I W
A-3 Cement 500
— 2o emen Li
o) Cement 500 i -
6] , e ¢ el
Cement 1000 “ ‘ ‘ 1 Cement 1000 ‘ ' '
Fig. 6 Strain distribution of whole layers in each model. Strain level was presented as color-coded map. Red color represents high stress
concentration and blue color represents less stress concentration

Although the stress values of RMGI cements ranged
from 3 to 4 MPa, there may be a risk of cohesive failure
between PZC and RMGI cements because vertical and

oblique forces interact in the oral cavity. On the other
hand, resin cement was reported to have 30-400%
higher shear bond strength than RMGI cements [22, 26,
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27]. Although the distributed stress values were signifi-
cantly higher on resin cement than RMGI in this study,
the stresses exerted on resin cements were within shear
bond strength of resin cement. Thus, at least in terms
of mechanical properties, resin cements are considered
more advantageous for PZC retention. However, the han-
dling of resin cements requires more caution compared
to other types of cements for PZCs. As PZCs are hardly
translucent, adequate curing time is advisable to ensure
a proper degree of conversion of the resin cement [28].
Also, excess resin cement is difficult to remove after
cementation [29].

Unlike conventional fixed prostheses, it is difficult to
ensure a precise fit between PZCs and primary teeth,
resulting in increased cement thickness. Pediatric den-
tists may express concern about providing adequate
PZC retention in clinical situations. Interestingly, in
this study, the difference in stress distribution was not
remarkably obvious according to the cement thickness
up to 1000 um. The Cement 100 model was designed to
simulate the ideal conditions of PZCs, because approxi-
mately 100 um of cement thickness is considered clini-
cally acceptable for zirconia crowns in permanent teeth
[30]. This finding suggests that the cement layer would
not become mechanically weak unless extensive tooth
reduction was performed. In addition, this finding was
supported by the general linear model univariate analy-
sis. In this study, the effect size of cement thickness was
0.132, whereas that of cement type was 0.519. The analy-
sis demonstrated that the cement type was the predomi-
nant factor in determining the stress on the cement layer
with respect to the cement thickness. Thus, there may
be a limited effect on PZC retention according to the
amount of tooth preparation, unless extremely extensive
tooth reduction is performed. In clinical situations, how-
ever, pediatric dentists should prepare teeth for PZCs
with caution because extensive preparation will result in
smaller surface areas for cementation. A previous study
recommended an occlusocervical height greater than
2 mm for PZCs in primary molars [6].

As confirmed from the obtained results, the effect of
different conditions, such as PZC and cement type, on
the mechanical behavior of primary teeth can be effec-
tively described and compared using FEA. Because this
study was conducted using FEA, the modelled or dis-
cretized PZCs and cements do not exactly replicate real
PZCs and luting cements. Therefore, further in vitro
studies should be continued to improve the reliability of
the results of this study.

Furthermore, this study was conducted using only one
tooth type for the analysis. Therefore, a limitation in the
present study is that the results do not precisely reflect
the conditions of real PZCs and cements. In addition,
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because it is practically impossible to prepare teeth with
uniform thickness in the clinic, the difference in the
amount of preparation may be a potential variable affect-
ing the retention of PZCs; however, this factor was not
accounted for in this study. Despite these limitations, this
study was the first to evaluate the biomechanical behav-
ior of PZCs depending on tooth preparation and cement
type, and the results demonstrated comparable effects
of different conditions, which can be further confirmed
in detail by incorporating experiments This study is sig-
nificant in that it is a structural-mechanical analysis that
suggests that selection of proper luting cement is benefi-
cial to PZCs.

Conclusions

In conclusion, the biomechanical behavior of PZCs
under variable loading conditions was evaluated using
FEA. Within the limits of this study, it was confirmed
that cement type is more important in determining the
biomechanical behavior of PZCs than tooth prepara-
tion, such as cement thickness. It was also demonstrated
that mechanical properties of resin cement contribute to
stress distribution between PZCs and the teeth regardless
of amounts of tooth preparation.

Abbreviations
PZC: Prefabricated zirconia crowns; Gl: Glass ionomer; RMGI: Resin-modified
glass ionomer; 3D: 3-Dimensional; FEA: Finite element analysis.

Acknowledgements
Not applicable.

Author contributions

S-YC: Conceptualization, Methodology, Writing/original draft preparation,
Funding acquisition, Supervision, Project administration; HL: Conceptualiza-
tion, Methodology, Writing/original draft preparation, Supervision, Project
administration; YSJ: Formal analysis; S-SJ: Data curation; KEL: Writing-review
and editing; YKC: Writing-review and editing; SCC: Writing-review and editing;
OHN: Conceptualization, Methodology, Writing/original draft preparation,
Writing-review and editing, Funding acquisition, Supervision, Project adminis-
tration. All authors read and approved the final manuscript.

Funding

This work was supported by the National Research Foundation of Korea (NRF)
grant funded by the Korea government (MSIT) (No. 2020R1C1C1006937) and
supported by the Korea Agency for Infrastructure Technology Advancement

(KAIA) grant funded by the Ministry of Land, Infrastructure and Transport (No.
22NANO-C156177-03).

Availability of data and materials

All data generated or analyzed from this study are included in this published
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.



Chung et al. BMC Oral Health (2022) 22:550

Competing interests
The authors declare no conflicts of interest.

Author details

'Department of Civil and Environmental Engineering, Sejong University, Seoul,
Korea. 2Department of Prosthodontics, Dental College, Yonsei University,
Seoul, Korea. *Department of Pediatric Dentistry, School of Dentistry, Kyung
Hee University, Kyungheedae-Ro 26, Dongdaemoon-Gu, Seoul 02447, Korea.
“Present Address: Department of Pediatric Dentistry, Kyung Hee University
College of Dentistry, Kyung Hee Universtiy Medical Center, Seoul, Korea.

Received: 10 August 2022 Accepted: 15 November 2022
Published online: 01 December 2022

References

1. Donly KJ, Méndez MJC, Contreras Cl, Liu JA. Prospective randomized
clinical trial of primary molar crowns: 36-month results. Am J Dent.
2020;33(3):165-8.

2. Seminario AL, Garcia M, Spiekerman C, Rajanbabu P, Donly KJ, Harbert P.
Survival of zirconia crowns in primary maxillary incisors at 12-, 24- and
36-month follow-up. Pediatr Dent. 2019;41(5):385-90.

3. Kim DS, Lee NY, Jih MK, Nam OH. Retrospective study of survival rate
according to the type of dental restoration of proximal caries in maxillary
primary incisors. Oral Biol Res. 2019;43(4):283-8.

4. Chae YK, Lee H, Hyun HK, Lee HS, Choi SC, Nam OH. Three-dimensional
evaluation of tooth preparation forms in paediatric zirconia crowns: an
in vitro study. Int J Paediatr Dent. 2022;32(3):392-400.

5. Lee H, Chae YK, Lee HS, Choi SC, Nam OH. Three-dimensional digitalized
surface and volumetric analysis of posterior prefabricated zirconia crowns
for children. J Clin Pediatr Dent. 2019;43(4):231-8.

6. Jing L, Chen JW, Roggenkamp C, Suprono MS. Effect of crown prepara-
tion height on retention of a prefabricated primary posterior zirconia
crown. Pediatr Dent. 2019;41(3):229-33.

7. Alrashdi M, Ardoin J, Liu JA: Zirconia crowns for children: A systematic
review. Int J Paediatr Dent. 2022;32(1):66-81.

8. Azab MM, Moheb DM, El Shahawy Ol, Rashed MA. Influence of lut-
ing cement on the clinical outcomes of Zirconia pediatric crowns: A
3-year split-mouth randomized controlled trial. Int J Paediatr Dent.
2020;30(3):314-22.

9. Ha SR, Kim SH, Han JS, Yoo SH, Jeong SC, Lee JB, Yeo IS. The influ-
ence of various core designs on stress distribution in the veneered
zirconia crown: a finite element analysis study. J Adv Prosthodont.
2013;5(2):187-97.

10. Lee H, Park S, Noh G. Biomechanical analysis of 4 types of short dental
implants in a resorbed mandible. J Prosthet Dent. 2019;121(4):659-70.

11. Park JM, Kim HJ, Park EJ, Kim MR, Kim SJ. Three dimensional finite ele-
ment analysis of the stress distribution around the mandibular posterior
implant during non-working movement according to the amount of
cantilever. J Adv Prosthodont. 2014;6(5):361-71.

12. Tinschert J, Zwez D, Marx R, Anusavice KJ. Structural reliability of
alumina-, feldspar-, leucite-, mica- and zirconia-based ceramics. J Dent.
2000;28(7):529-35.

13. Ha SR. Biomechanical three-dimensional finite element analysis of
monolithic zirconia crown with different cement type. J Adv Prosthodont.
2015;7(6):475-83.

14. Franco-Tabares S, Stenport VF, Hjalmarsson L, Johansson CB. Limited
effect of cement material on stress distribution of a monolithic trans-
lucent zirconia crown: a three-dimensional finite element analysis. Int J
Prosthodont. 2018;31(1):67-70.

15. Saskalauskaite E, Tam LE, McComb D. Flexural strength, elastic modu-
lus, and pH profile of self-etch resin luting cements. J Prosthodont.
2008;17(4):262-8.

16. Dejak B, Mtotkowski A, Langot C. Three-dimensional finite element
analysis of molars with thin-walled prosthetic crowns made of various
materials. Dent Mater. 2012,28(4):433-41.

17. Owais Al, Shaweesh M, Abu Alhaija ES. Maximum occusal bite force for
children in different dentition stages. Eur J Orthod. 2013;35(4):427-33.

18. Lee H, Jo M, Sailer I, Noh G: Effects of implant diameter, implant-abut-
ment connection type, and bone density on the biomechanical stability

Page 9 of 9

of implant components and bone: A finite element analysis study. J
Prosthet Dent. 2022;128(4):716-28.

19. Limkemann N, Eichberger M, Stawarczyk B. Bond strength between a
high-performance thermoplastic and a veneering resin. J Prosthet Dent.
2020;124(6):790-7.

20. Manicone PF, Rossi lommetti P, Raffaelli L. An overview of zirconia ceram-
ics: basic properties and clinical applications. J Dent. 2007,35(11):819-26.

21. Zhang YR, Du W, Zhou XD, Yu HY. Review of research on the mechanical
properties of the human tooth. Int J Oral Sci. 2014;6(2):61-9.

22. De Angelis F, D’Arcangelo C, Buonvivere M, Rondoni GD, Vadini M. Shear
bond strength of glass ionomer and resin-based cements to different
types of zirconia. J Esthet Restor Dent. 2020;32(8):806-14.

23. LeeJ, Park H, Lee J, Seo H. Shear bonding strength of three cements luted
on pediatric zirconia crowns and dentin of primary teeth. J Korean Acad
Pediatr Dent. 2018;45(3):314-23.

24. Uno S, Finger WJ, Fritz U. Long-term mechanical characteristics of
resin-modified glass ionomer restorative materials. Dent Mater.
1996;12(1):64-9.

25. Wang L, Sakai VT, Kawai ES, Buzalaf MA, Atta MT. Effect of adhesive
systems associated with resin-modified glass ionomer cements. J Oral
Rehabil. 2006;33(2):110-6.

26. Sabatini C, Patel M, D'Silva E. In vitro shear bond strength of three self-
adhesive resin cements and a resin-modified glass ionomer cement to
various prosthodontic substrates. Oper Dent. 2013;38(2):186-96.

27. Altan B, Cinar S, Tuncelli B. Evaluation of shear bond strength of zirconia-
based monolithic CAD-CAM materials to resin cement after different
surface treatments. Niger J Clin Pract. 2019;22(11):1475-82.

28. Alovisi M, Scotti N, Comba A, Manzon E, Farina E, Pasqualini D, Michelotto
Tempesta R, Breschi L, Cadenaro M. Influence of polymerization time on
properties of dual-curing cements in combination with high translu-
cency monolithic zirconia. J Prosthodont Res. 2018;62(4):468-72.

29. Agar JR, Cameron SM, Hughbanks JC, Parker MH. Cement removal from
restorations luted to titanium abutments with simulated subgingival
margins. J Prosthet Dent. 1997,78(1):43-7.

30. Ha SR, Kim SH, Lee JB, Han JS, Yeo IS, Yoo SH, Kim HK. Biomechanical
three-dimensional finite element analysis of monolithic zirconia crown
with different cement thickness. Ceram Int. 2016;42(13):14928-36.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Stress distribution in pediatric zirconia crowns depending on different tooth preparation and cement type: a finite element analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Generation of the geometric models
	Generation of finite element mesh
	Applied forces and their environment
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


