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Objective  To study the effect of using different cement types under pediatric 
stainless-steel crown (SSC) around mandibular second primary molar using 
three-dimensional (3D) finite element analysis.
Materials and Methods  A 3D finite element model was built for pediatric mandibular 
molar by laser scanning of natural extracted tooth. Four types of cement (zinc 
phosphate, glass ionomer, resin-modified glass ionomer, and resin) of 200 μm layers 
thickness were tested under a stainless-steel crown of 130-μm thickness. Twelve case 
studies were reported within this research, as the applied load of 330 N was tested 
with three angulations: vertical, oblique at 45°, and laterally.
Results  Linear static stress analysis was performed. The resultant stresses and 
deformations' distribution patterns did not change with cement type, while the values 
were altered. All deformations and stresses were found within the normal range.
Conclusions  Analysis results indicated that using stiffer cement material increases 
tooth structure stresses and reduces crown body stresses and deformations, while 
bone was nearly insensitive to cement type.
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Introduction
The chrome steel crown was introduced in the 1950s and 
has since been regularly used in pediatric dentistry. Earlier, 
crown layouts were simple. Later, the precountered and pre-
trimmed crowns were introduced, which made the delivery 
of stainless-steel crowns (SSC) easier, although necessitating 
slight modification.1

The reasons behind SSCs popularity are excellent durabil-
ity, relative inexpensiveness, and the requirement of a sin-
gle dental visit. This prompt restoration can be interesting 
to dental professionals as it saves chair time and ensures the 

highest success.2 The resilience the SSC has is attributed to 
the chromium oxide layer, which not only makes it more 
durable and easy to modify but also tolerated by children.3

The physical characteristics of the SSCs got the clinician 
enthusiastic to accept what is known as the largest revolu-
tion in pediatric dentistry research in the last decade, the 
Hall technique. A Hall crown is one in which there has been 
no previous handpiece preparation for the primary molars 
and the SSC is just cemented to the tooth. This technique 
was developed to allow the use of preformed metal crowns 
without removing any tooth structure and subsequently not 
requiring local anesthesia.4
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The Hall technique can be a significant addition to the 
numerous treatment choices for carious primary molars 
available to clinicians. This technique is strongly supported 
by encouraging outcomes, which indicate high acceptance, 
durability, and low-failure rates in comparison to traditional 
restoration procedures common to primary teeth.5

With regard to survival rate, the findings of the retrospec-
tive studies comparing traditional SSCs with Hall crowns 
showed a comparable and sometimes superior success rate 
in favor of the latter until normal shedding of primary teeth.6 
From parents and children to dental professionals, everyone 
found the Hall crown to be highly satisfactory 7

On the other hand, and as a ramification of Hall crown 
application, the bite rises, and potentially harmful effects 
of the occlusion could occur. Moreover, it could reduce the 
activity of masseter muscle in children. However, if the occlu-
sion returns to normal, as it was before treatment between 
15 to 30 days, children have to live with premature contact 
for several weeks.8

The occlusal forces on full coverage restoration were 
transferred to the periodontium, which can stimulate some 
changes in the bone and connective tissues. This force may 
induce tooth mobility and develop a periodontal pocket. 
The relationships between occlusion and the onset of loss of 
attachment due to inflammatory periodontal diseases can-
not be ignored.9

While SSCs have a high-success rate, a significant explana-
tion for their clinical failure is crown loss due to cementation 
failure. The luting cement improves the retention of crown 
to the prepared tooth, offers mechanical resistance to crown 
displacement, and even prevents fracturing under mastica-
tion force. As the luting cement adheres to the tooth surface 
and restoration, stability is further strengthened.10

Speaking of cementation, most published studies have 
been conducted to measure the shear bond strength of the 
cement to SSC. Although it enlightens the clinicians, it gives 
no idea about the biological effects of different types of 
cement on the tooth and alveolar bone. Hence, the objective 
of this study was to demonstrate the mechanical behavior of 
SSCs placed by the Hall technique to withstand masticatory 
forces when different cement types have been used and to 
investigate the effects on tooth structure and alveolar bone 
through three-dimensional (3D) finite element analysis.

To explore the mechanical properties of a prosthetic res-
toration with different supporting tissues, functional simula-
tion technique is required. The finite element method (FEM) 
is a numerical method utilized for analyzing the framework. 
It is made up of a computer model or design assigned by 
material (s) that receive external forces and analyzed to give 
outcomes like deformations, stresses, and strains.11

The virtual model geometry, which is the base for building 
finite element model, might be as close as possible to clin-
ical reality. The digital imaging technologies like CT, laser, 
probe scanning, and CAD software (s) can provide accept-
able geometric (solid) model (s). Solid models of the bone, 
dental implants, attachments, and prosthetic crowns can be 
imported as 3D models' formats into FEM software. Some 
simplification to the virtual model may be applicable, which 

will not affect results obtained. Simplify the model materials 
like assuming homogeneous, isotropic, or linear elastic behav-
ior, which are usually assumed without affecting results, as 
the analysis resulted in stresses less than yield stress. On the 
other hand, changing the properties of materials influence 
the stress distribution in the structure. The chewing forces 
are cyclic forces; however, they are usually simulated as static 
forces (extreme values). The resultant stresses judge if cyclic 
load should be simulated and if it exceeds a certain limit 
(material endurance limit).12

FEM is fit to carry out unlimited simulations without the 
need for animal or human tests. In dentistry, FEM provides an 
excellent tool for assessment of anatomical structures, and 
any restoration for rehabilitation to have mechanical proper-
ties and accepted load cycle testing.13

In FEM, the direction of the force exerted as well as its 
magnitude are readily adjusted to imitative the clinical con-
dition. Moreover, test repetition does not affect the physical 
properties’ tested material, which eliminates the disadvan-
tage of interfering with the testing device on the outcomes. 
All these advances of FEM make it a promising technology 
solution not only in prosthetic dentistry and implants but 
also in orthodontics.14-17

Materials and Methods
A finite element model for primary second mandibu-
lar molar was developed by laser scanning for freshly 
extracted sound tooth due to periodontal disease after 
parental acceptance. The tooth geometry was acquired by 
using laser scanner (Geomagic Capture, 3D Systems, Cary, 
NC, USA). Such a scanner produced a data file containing a 
cloud of point coordinates (►Fig. 1). An intermediate soft-
ware was required (Rhino 3.0 - McNeel Inc.; Seattle, WA, 
USA) to trim the newly created surfaces by the acquired 
points. Thereafter, the solid (closed) tooth geometry was 
exported to the finite element program in the STEP file 
format.18

On the other hand, cortical and spongy bone models were 
created by commercial computer-aided design softwares 
such as AutoDesk Inventor software version 8.0 (Autodesk 
Inc.; San Rafael, CA, USA). The bone geometry was simplified 
and simulated as two coaxial cylinders, the inner one repre-
senting the spongy bone with 14 mm diameter and 22 mm 
height, which fills the internal cylindrical space of the other 
cylinder (shell of 1 mm thickness) that represents cortical 
bone (outer diameter of 16 mm and its height of 24 mm).19,20

A set of Boolean operations on ANSYS environment 
(ANSYS Inc.; Canonsburg, PA, USA) were made to finalize 
the model. All materials were considered isotropic, linear 
and elastic, which were fed to the ANSYS environment, as 
listed in ►Table 1.

The meshing of the models' components was done by 3D 
brick solid element “187,” which has three degrees of free-
dom (translation in main axes directions).20 The resulting 
numbers of nodes and elements are listed in ►Table 2, and 
the meshed model components are presented as screen-
shots from ANSYS in ►Fig. 2.
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Three loading cases were studied for each cement mate-
rial as follows: load of 330 N to be applied vertically, in 
oblique fashion, and laterally. Three points on the outer 
inclines of the buccal cusps and two points on the inner 
inclines of the lingual cusps were loaded (►Fig. 2 F). The 
model was verified against similar studies 19,20 prior to 
extracting analysis results.

The lowest plane of the model was considered fixed in the 
three directions as a boundary condition. Linear static anal-
yses were performed on a personal computer (Intel Core i7 
processor, 2.4 GHz, 6.0 GB RAM), using commercial multipur-
pose finite element software package (ANSYS version 16.0).

Results
Twelve linear static analyses were performed to evalu-
ate total deformation and Von Mises stress on all model 
components, as presented in ►Fig. 3. The results of tooth 
structure, bone (cortical and spongy), cement layer and 
stainless-steel crown were compared with extract find-
ings. Whatever the cement type is, locations of extreme 
stresses and deformation did not change, which is under 
loading points and crest of cortical bone, while stresses 
and deformations patterns changed with load directions.

Total deformation and directional ones did not show 
significant change with changing cement types on bone. 
All deformations were found within the acceptable physi-
ological limits. In ►Figs. 4 and 5, maximum values of Von 
Mises stress on tooth structure and crown body were com-
pared. Crown body received increasing stresses by reduc-
ing the used cement stiffness, while the tooth structure 
stresses were decreased by decreasing cement stiffness. 
These trends were recorded to be from 1% to 30% for crown 
body, and 5% to 20% for tooth structure. Increasing load 
inclination angle reduced the crown stresses difference 
between the different cement types, while an opposite 
effect was recorded on tooth structure.

Discussions
Crowns placed by the Hall technique are strongly sup-
ported by promising results, showing high acceptability, 
longevity, and low-failure rates when compared with con-
ventional treatment options. However, it causes prema-
ture contact and increases the occlusal vertical dimension. 

Fig. 1  (A) Laser scanner, (B) scanned tooth.

Table 1   Material properties of used in the finite element 
model(s)21

Material Young's modulus 
[GPa]

Poisson's ratio

Stainless steel 210.0 0.33

Zinc phosphate 22.4 0.35

 (GIC) 12.0 0.25

(RMGIC) 4.0 0.30

Resin Cement 7.0 0.27

Dentine 18.6 0.31

Enamel 84.1 0.30

Cortical bone 13.7 0.30

Cancellous bone 1.37 0.30

Abbreviations: GIC, glass ionomer cement; RMGIC, resin modified glass 
ionomer cement.

Table 2   Mesh density of the two models' components

Material Model 1

Number of elements Number of nodes

Crown 38,032 18,835

Cement 13,272 6,520

Dentine 50,233 34,626

Enamel 13,166 7,179

Cortical bone 21,661 11,066

Spongy bone 104,591 74,508
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Fig. 2  Screenshots for model components and its mesh (A) crown, (B) cement layer, (C) tooth structure, (D) spongy bone, (E) cortical bone, 
(F) loading points.22

Fig. 4  Tooth structure maximum Von Mises stress comparison.

Fig. 5  Crown maximum Von Mises stress comparison.

Fig. 3  Sample screenshots for all components.
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Studying the pattern of forces applied to SSC and their 
effect on both tooth structure and underlying bone may 
enlighten clinicians with regard to a strategic selection of 
technique and cementing materials.5 Extreme stresses and 
deformations appeared on crown body appeared under 
loading points.

The cycle of fatigue of metals occurs, whether it contin-
uously strained or swinging, causing breakdown or defor-
mation. This maximum strain which can be tolerated by the 
metal until deformation is the compressive stress of metals. 
The average chewing force of children aged between 5 and 
10 years is 330 N, according to several findings. While SSC is 
a rather durable restoration for children's deciduous teeth, it 
may be weakened and deformed in long-term usage, and if 
exposed to excessive strong chewing forces beyond normal 
chewing power. This force can wear and penetrate the occlu-
sal surface of the crown, which is the key cause of perforation 
and failure.23,24

Although the enamel portion of the tooth carries the major 
portion of the load, some of these forces are transferred to 
the periodontium and can induce bone and connective tissue 
changes.9

The second lower primary molar was selected in this 
study as the mandibular teeth are more susceptible to caries 
more than the maxillary teeth (mainly the second primary 
molar) of both the sexes; therefore, it is the most common 
molar receiving the crown.25

The FEM helps in understanding the characteristics of the 
individual prosthetic components to select optimal design in 
order to offer the best performance.18

As it is impossible to measure the effect of masticatory 
force applied on dental restorative materials like restorations, 
crowns, implant, and removable appliances on human living 
tissue, therefore FEM was used in the present study.

Compared with actual model research, FEM has various 
advantages. No ethical considerations are necessary, and 
the nature of the studies can be changed and adjusted as 
needed. The tests can be replicated and can also be used 
before surgery or restoration; stress on the bone, dental 
implants and restoration components should be analyzed 
and information provided. By using FEM, the researcher 
can conduct many simulations without needing patients 
or carrying out human experiments, which is an effec-
tive way to improve load management in order to reduce 
discomfort for patients and achieve long-term clinical 
performance.12-15,26-28

The analysis of finite elements can be performed to ana-
lyze a single variable in a complex system, for example, stress 
on a dental model. The potential of finite element analysis to 
reliably estimate dental prosthesis is directly related to the 
manner in which the finite element model is constructed. 
Finite element solution of physical phenomena governing 
equations is considered an essential step in many case stud-
ies. It improves the understanding of the effect of many oral/
dental devices and materials.29

Metal thickness greatly influences cracking strength and 
thus fatigue, deformation, and fracturing activity. The crit-
ical stress factor decreases as the thickness of the material 

is decreased. The thinner the sample, the more the plastic 
strain. High-plastic strain causes the fatigue and deformation 
of the thin samples to grow. 30

SSC body is thin enough (0.11–0.17 mm) to be dependent 
on its support on cement type and thickness. Thus, increas-
ing supporting cement stiffness (elasticity) can reduce the 
crown stresses and deformations. It may be referred to as 
elasticity of the cement layer.31 When the crown is loaded, 
stress is induced inside the crown, which can lead to defor-
mation. Evidence can be gathered on the stress concentration 
areas along with the study of one single variable in a complex 
structure through finite element analysis. After the appear-
ance of finite element analysis, it became possible to show 
the prevalence of stress in every part of the tooth and resto-
ration. Accordingly, several studies were conducted.18

Tooth morphology (cervical bulging) and the use of proper 
luting agents are the primary factors and secondary factors 
which retain the SSC, respectively. If the main factors are 
standardized, secondary factors will play an important role 
in increasing their retention.32

Many dental materials have been used for several years 
in crown cementation. Each of these materials have advan-
tages and disadvantages in specific situations. Higher strength 
cements improve stability by offering a solid base of protec-
tion against the powers applied. Zinc phosphate, glass ionomer 
cement (GIC), resin cement and resin-modified glass ionomer 
cement (RMGIC) were used in this study, as these are the widely 
used luting cements for cementing stainless steel crowns.

Zinc phosphate is the earliest luting cement typically 
used to cement SSC. It is usually considered satisfactory for 
crown retention, given its strictly mechanical retentive char-
acteristics. It is brittle, has relatively high-mouth solubility, 
and does not stick to the surface of the tooth. They have a 
high-degree of compression.33

In this study, zinc phosphate showed the best supporting 
cement from crown point of view, which can be explained 
as it has the highest mechanical properties including com-
pressive strength and modulus of elasticity. This is com-
parable with a previous study which confirmed that the 
restoration-supporting cement modulus of elasticity partly 
defines the amount of deflection that can occur at the 
cement–restore interface. Lower elasticity modulus values 
will result in higher deflection at the interface and higher 
tensile stresses, which can cause cement failure or even 
restoration.34 In addition, the material's characteristic relies 
directly on the elastic module of the supporting substructure 
and the properties of the luting agents, while increasing the 
thickness and elastic module (rigidity or stiffness) of the sub-
structure contributes to an increase in the flexural strength 
of the final restoration.35

Resin cement is presented in the Hall technique as the 
best solution to minimize microleakage followed by RMGIC 
and finally glass ionomer cement. The effectiveness of vari-
ous cements in terms of the inhibition potential for demin-
eralization could be summarized as: GIC > RMGIC > resin 
cement.36 However, Yilmaz et al 37 claimed that SSC cemented 
with RMGIC had comparable clinical success levels to glass 
ionomer luting cement.
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As the main function of luting cement is crown retention, 
it also transfers load to the supporting tooth structure, acting 
as shock absorber in addition to creating an integral object 
that acts as a single part under occlusion force. In this study, 
it was observed that tooth structure stresses were decreased 
by decreasing cement stiffness, which explains why RMGIC 
showed the best performance from tooth structure point of 
view, as it has the lowest Young's modulus and displayed 
lower elastic moduli than other types of cement.38

In the present study, bone was insensitive to the cement 
type; locations of extreme stresses and deformation did not 
change at the crest of cortical bone. Stresses and deformation 
patterns changed with load directions. This aggregated with 
another study which tested the effect of luting cement type 
and thickness on stress distribution within bone concluded 
that the cement type did not affect the cortical bone, but the 
cement thickness was further impacted. On the other hand, 
neither cement type nor thickness affect spongy bone.39 
These results are in agreement with other studies which 
have shown that a huge part of occlusal force is transmitted 
to compact bone while have very few or no effects on cancel-
lous bone.18

Conclusions
The following finding can be extracted from this limited 
study:

It is recommended to fit stainless-steel crown on hard 
cement to support and reduce the crown body stresses and 
deformations. Zinc phosphate showed the best supporting 
cement from crown point of view.

Using stiffer cement material increases tooth structure 
stresses, thus, RMGIC showed the best performance from 
tooth structure point of view.

Bone was nearly insensitive to changing cement type.
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