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Abstract 
Background Patients with bruxism require a complex approach to treatment to resist 
the force of bruxism; the treatments must be made of strong materials. Objectives 
of the present study was a numerical investigation of the restoration’s stress distribu-
tion and total deformation according to the restorative materials utilized in posterior 
monolithic restoration supported by the implant in patients with bruxism using finite 
element analysis (FEA). Materials and Methods The model of all-ceramic restoration 
for implant posterior molar constructed with CAD/CAM technology was transferred into 
a three-dimensional FEA program. Six finite element models with occlusal thicknesses 
of 0.5, 0.7, and 1.0mm in lithium disilicate glass-ceramic and zirconia were simulated 
utilizing two various loads (to act bruxism type) clenching type (vertical 812 N) while 
clenching + grinding type (vertical 812 N) plus torque load of (10, 50, and 100 N). 
Results The highest stress values and lowest total deformation were fixed on prosthe-
ses with a thickness of 1.0mm in various loading directions and various materials. The 
restorations made of zirconia with a thickness of 1.0 mm exhibited the highest stress 
values and lowest total deformation. Conclusions The stress distribution and total de-
formation of ceramic restorations are dependent on the restoration’s thickness. 

Keywords: 3D FEA; stress; all-ceramic crown; thickness; implant; 
bruxism.
 
Introduction
Numerous prosthetic procedures are avail-
able to restore lost teeth. Implant-sup-
ported fixed dental prostheses are one of 
these procedures for replacing lost or mul-
tiple posterior teeth (FDP), (Iranmanesh 
et al, 2014). The ability to resist mastica-
tory force and the esthetic outcome are 
also factors that play an important role in 
selecting a prosthetic restorative material, 

(Raigrodski et al, 2012). Generally, noble 
metallic crowns have been used as the 
gold standard. Metallic crowns have de-
creased in popularity due to the cosmetic 
enhancement of other restorative materi-
als and the option of using dental ceramics 
in metals for the same reason. Monolithic 
ceramic materials have been created to 
overcome the difficulties of concealing ce-
ramic failures in metal-ceramic and all-ce-
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ramic crowns, (Dal Piva et al, 2018b). As a 
result, many researchers that analyzed 
the fracture strength of all-ceramic mono-
lithic crowns found that the monolithic 
structure exceeded the veneered 
one,(Beuer et al, 2008; Beuer et al, 2012; 
SILVA et al, 2017). Zirconia and lithium di-
silicate is the most common monolithic 
material, (Biscaro et al., 2013). Lithium di-
silicate seems to have a stronger translu-
cency than zirconia but a lower mechanical 
strength, (Chu, 2012). The flexural 
strength of high translucency zirconia is 
twice as high as that of lithium disilicate, 
(Tribst et al, 2018). The mechanical char-
acteristics of restorative materials includ-
ed fatigue failure, the magnitude of oc-
clusal forces, and crown thickness, which 
influence their long-term performance and 
survival rate,  (Lameira et al, 2015). Many 
researchers compared lithium disilicate 
and zirconia and discovered that LD frac-
tures faster than zirconia under similar cir-
cumstances because lithium disilicate has 
a lower tensile strength value than zirco-
nia (Dejak et al, 2012; Amin et al, 2017). 
The masticatory system›s activities can be 
classified into two categories: functional 
activities such as chewing and speaking, 
and parafunctional activities such as teeth 
clenching or grinding (referred to as brux-
ism), (Reddy et al, 2014). Bruxism is a 
parafunctional masticatory system charac-
terized by unconscious teeth clenching and 
grinding in the absence of neuromuscular 
protective mechanisms, (Demjaha et al, 
2019). Sleep bruxism (abbreviated as SB) 
is described as a rhythmic (phasic) or non-
rhythmic (tonic) masticatory-muscle ac-
tion during sleep that is not associated 
with movement or sleep disorders in oth-
erwise healthy persons. Awake bruxism 
(abbreviated as AB) is defined as mastica-
tory-muscle activity that occurs during 
wakefulness and is characterized by re-
peated or persistent tooth contact and/or 
bracing or thrusting of the mandible. It is 

not a movement condition in otherwise 
healthy individuals, (Levartovsky et al, 
2019). According to the American Acade-
my of Orofacial Pain (AAOP), bruxism is a 
parafunctional activity that involves both 
grinding and clenching. Clenching unlike 
grinding, the centric bruxism is clenching, 
while an eccentric bruxism is grinding. 
Clenching is a static process of closing the 
mandible and maxilla with force, causing 
the opposing teeth to contact an eccentric 
angle. On the other hand, grinding is a dy-
namic process in which the mandibular 
arch moves in different directions, causing 
dentation to slide over each other, (Alhar-
by et al, 2018). Because of the way “brux-
ers” distribute their muscular power to 
their teeth and surrounding tissues, they 
may experience tooth wear, orofacial pain, 
and hyperactive and enlarged masticatory 
muscles, especially the masseter. Since 
muscles are the primary source of bite 
force, increases in muscular function may 
be expressed numerically by increases in 
the maximum biting force (MBF). Accord-
ing to previous studies by Lassila et al, 
(1985), and Castelo et al, (2008),  MBF is 
associated with different factors including 
gender, craniofacial morphology (including 
periodontal sensitivity), dental occlusal 
status (including the occlusal level of the 
teeth), and the presence or absence of 
symptoms associated with temporoman-
dibular disorders, (Castelo et al., 2008, 
Lassila et al., 1985). MBF values ranged 
from 388N to 1,109 N in the cases investi-
gated, (Todic et al, 2016). A dental implant 
is an alloplastic device surgically inserted 
into the oral tissues under the mucosa and 
periosteal layer, either on top of or inside 
the bone, to provide retention and stability 
for a fixed or removable dental prosthesis, 
(Bhandari et al, 2020). Biological and me-
chanical considerations influence the lon-
gevity and performance of an implant-
supported prosthesis. There have been 
two main types of implant failures, early 
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and late losses. A lack of osseointegration 
identifies early failures, mainly occur fol-
lowing surgery. On the other hand, late 
shortcomings relate to implants that have 
been assumed to be effective for a long 
time but have failed following prosthetic 
restoration. Mechanical complications are 
the most usual of which are metal fatigue 
induced by biomechanical overloading, 
which causes abutment or prosthetic screw 
loosening or fracture and wears and frac-
ture of the prosthesis or other device com-
ponents, (Lan et al., 2019), So prior to im-
plant restoration, the occlusal plane or 
anterior incisal guidance may need to be 
modified to eliminate all posterior contacts 
during mandibular excursions, (Resnik and 
Misch, 2018). While, biological complica-
tions result in the loss of supporting tis-
sue, such as infection or peri-implantitis, 
(Lan et al, 2019). Bruxism has also been 
associated with greater (occlusal) loading 
on dental implants and superstructures, 
producing bone damage or even failure. As 
a result, bruxism is usually seen as a fac-
tor for fear, if not an outright contraindica-
tion, when implant placement, (Lobbezoo 
et al, 2006). According to Sheridan et al, 
(2016), the implementation of clinical sug-
gestions such as optimizing force direction 
along the long axis of the implant, de-
creasing force magnification by increasing 
the prosthesis contact area, and expand-
ing the implant prosthesis support area 
would be beneficial in clinical applications, 
(Sheridan et al, 2016). The force exerted 
by clenching or grinding actions on an im-
plant prosthesis must be managed by the 
device when it’s used to treat bruxism. A 
dentist can collaborate with a patient’s 
surgeon to determine the cause and de-
velop a plan for fabricating dental prosthe-
ses that are high-load bearing, or stress-
relieving, in nature. Patients suffering from 
bruxism problems have often benefited 
completely from a metal prosthesis, which 
has been widely used by practitioners, 

(Mehta et al, 2012a, Mehta et al, 2012b).
The use of numerical models to simulate 
the mechanical behavior of any structures 
has been recognized as an effective tech-
nique due to their low-cost and to over-
come the difficulties of in vitro and in vivo 
studies. Finite element analysis (FEA) is a 
method of evaluating stress and strain 
patterns in a three-dimensional (3D) mod-
el used to create a computer simulation. 
FEA has previously been used in many 
studies to evaluate the deformation of an 
individual component of many restored 
teeth, (Maghami et al, 2018). The applica-
tion of FEA took place to investigate the 
impact of various materials on monolithic 
complete posterior crowns. Numerous var-
iables can have an effect on the resulting 
stress distribution, such as the magnitude 
and direction of applied forces, (Motta et 
al, 2008). They discovered that materials 
with a high elastic modulus allow for great-
er tensile stress concentration on the 
crown intaglio surface, (Dal Piva et al, 
2018a). Numerical simulation was used to 
evaluate the effect of different framework 
materials on stress distribution in a poste-
rior three-unit fixed dental prosthesis. It 
was concluded that special attention should 
be paid to the finish line contact with the 
fixed dental prosthesis to avoid stress con-
centration, (Attia, 2018). The purpose of 
this study is to apply finite element analy-
sis to evaluate the stress distribution and 
total deformation of posterior monolithic 
single crown restoration supported by im-
plants in patients with bruxism, and de-
pending on the restorative materials em-
ployed. The present study hypotheses 
were that firstly, there would be differenc-
es in stress distribution and total deforma-
tion in the restoration based on the occlus-
al thickness; and secondly, there would be 
variations in stress distribution and total 
deformation in the restoration depending 
on the type of bruxism.
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Material and Methods
1. The 3D designing of models
Abutment with an implant was prepared 
and scanned using the ARTI S600 dental 
scanner (ZirkonZahn, Italy). The data was 
uploaded as a stereolithography (STL) file 
to ZirkonZahn software (ZirkonZahn, Ita-
ly) to create the restoration with different 
thicknesses of (0.5, 0.7, and 1mm), then 
the 3D solid model for FEA was generated 
using the geomagic software application 
(geomagic 2014).

2. Finite element analysis (FEA)
The finite element was performed using 
the ANSYS 2020 R2 software (ANSYS, 
Canonsburg, PA, USA). The procedure in-
cluded three phases, the pre-processing, 
processing, and post-processing phases. 
As part of the pre-processing phase, the 
mechanical characteristics of the 3D mod-
el components were used for the restora-
tion as determined in Table (1). Zirconia 
and lithium disilicate was used to fabricate 
the restoration. All materials were homo-
geneous, isotropic, and linearly elastic. 
Each model was split into tiny components 
called “elements” which linked through 
points called “nodes” to form a mesh 
structure throughout the procedure. The 
parabolic tetrahedral solid components are 
utilized to create a fine solid mesh. Table 
(2) summarizes the total number of study 
elements and nodes. During the process-
ing stage, a circular indenter (4mm in di-
ameter) was produced as a portion of the 
3D model used to apply load to the resto-
ration center during the testing phase. The 
implant is fixed so that the force is applied 
just in the direction of restoration.
There are four various loading conditions 
applied for each material to simulated 
bruxism. 
A. Vertical loading of 812 N (represent-
ing clenching) 
B. Vertical loading of 812 N+ torque 
loading 10N (representing clenching+ 

grinding) 
C. Vertical loading of 812 N+ torque 
loading 50N (representing clenching+ 
grinding)
D. Vertical loading of 812 N+torque 
loading 100N (representing clenching 
+grinding)
The load is stepped at (100000 cycles)
During the post-processing phase, the re-
sults of the processing phase were shown 
in the form of graphical and numerical 
outputs in the form of maximum princi-
pal stress (tensile stress values) and to-
tal deformation.  Analysis simulation soft-
ware  (ANSYS) displays the findings using 
a chromatic scale of colors ranging from 
blue lowest values to red highest values. 

Results
A qualitative evaluation for the maximum 
tensile stress and total deformation of the 
restoration’s occlusal surface was per-
formed after establishing the mesh for 
the 3D model in FEA, Figure (1). FEA was 
used to evaluate the fracture resistance 
of all-ceramic CAD/CAM crown restora-
tion with different thicknesses. The verti-
cal force is applied to simulate the clench-
ing condition, and a vertical force with a 
moment force is applied to represent the 
grinding+clinching condition.  The findings 
demonstrate that zirconia exhibits tremen-
dous stress distribution with the slowest 
deformation rate in both situations. Zirco-
nia restoration with 1mm thickness shows 
the highest stress distribution with the 
lowest deformation.  Additionally, when 
the thickness was 0.5mm, the maximum 
tensile stress and total deformation from 
V812 N+T100N were more significant than 
those of only V 812N.
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Table (1): Study materials’ mechani-
cal properties.

Figure (1): Total deformation (T) and distri-
bution of maximum tensile stress (MTS) in 
E.MAX CAD and zirconia (zi) at various thick-
ness of (0.5, 0.7and 1mm) when applied ver-
tical force (A) to acts the clenching type.

Figure (2): Total deformation (T) and distri-
bution of maximum tensile stress (MTS) of  
E.MAX CAD after applied vertical load (A) of 
812N and torque load (B) 10N under various 
thickness of (0.5, 0.7, and 1mm).

Figure (3): Total deformation (T) and distri-
bution of maximum tensile stress (MTS)of 
ZIRCONIA after applied vertical load (A) of 
812N and torque load (B) 10N under various 
thickness of (0.5, 0.7, and 1mm).

Figure (4): Total deformation (T) and distri-
bution of maximum tensile stress (MTS) of  
E.MAX CAD after applied vertical load(A) of 
812N and torque load (B) 50N under various 
thickness of (0.5, 0.7, and 1mm).

Figure (5): Total deformation (T) and distri-
bution of maximum tensile stress (MTS) of  
ZIRCONIA after applied vertical load (A) of 
812N and torque load (B) 50N under various 
thickness of (0.5, 0.7, and 1mm).

Figure (6) :Total deformation (T) and distri-
bution of maximum tensile stress (MTS)of 
E.MAX CAD after applied vertical load (A) of 
812N and torque load(B) 100N under various 
thickness of (0.5, 0.7, and 1mm).

Figure (7): Total deformation (T) and distri-
bution of maximum tensile stress (MTS) of  
ZIRCONIA after applied vertical load (A) of 
812N and torque load (B) 100N under various 
thickness of (0.5, 0.7, and 1mm).
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Table (2): Element and nodes are cal-
culated for the model.

Discussion
The present study aimed to evaluate the 
impact of bruxism forces applied on two 
types of restorative monolithic materials 
at three different thicknesses using FEA. 
Regarding the results, the first and sec-
ond study hypotheses were accepted as 
the thickness of the restorative material 
impacted the restoration mechanically, 
and the type of bruxism affected restora-
tion longevity. This study aimed to apply 
a vertical load to represent clenching as 
in Figure (1) (night or nocturnal bruxism), 
(Reddy et al, 2014). The maximum tensile 
stress increased and the total deformation 
decreased as the restoration thickness in-
creased. The highest stress and lowest to-
tal deformation results were obtained in 
all the restorations of 1.0mm thickness. 
Compared to the other thickness, the res-
torations of  0.5mm thickness displayed 
a lower level of stress and higher defor-
mation. According to researchers, brux-
ism (tooth grinding) causes an overload 
of teeth, implants, and restorations. Since 
individuals with bruxism might damage 
the surface used to treat their condition, 
researchers advise using an occluding sur-
face that will not chip, such as metal or 
a monolithic ceramic substance, (Levar-
tovsky et al, 2019). It simulated clench-
ing and grinding when the loading included 
vertical force and torque load,  Figures (2 
to 7) (day or diurnal bruxism), (Reddy et 
al, 2014). When the thickness exceeded 
0.5mm, the stress value seems to be high-
er  with lower deformation. Therefore, the 

V812N+T100N was more significant than 
those caused by vertical force alone. Due 
to the increased stress and decreased to-
tal deformation, the 1.0mm thickness of 
zirconia material is advantageous for pos-
terior implant prostheses in patients who 
suffer from bruxism. Dejak et al, (2012) 
and Amin et al, (2017) observed the E.MAX 
CAD ceramic with a lower tensile strength 
value than zirconia, the findings obtained 
from samples under identical conditions 
showed that E.MAX CAD would fail quick-
er than zirconia, (Dejak et al, 2012; Amin 
et al, 2017). Tribst et al, clarified zirconia 
with the most significant elastic modu-
lus, resulting in more tensile stress local-
ized on the intaglio surface, (Tribst et al, 
2018). Nevertheless, it is impossible to 
state whether or not this material will frac-
ture earlier than simulated glassy ceram-
ics because of its hardness. In 2008, Motta 
et al.  showed that stress distribution var-
ies depending on load direction (Motta et 
al, 2008). Furthermore, Iranmanesh et al, 
2014  claim that many variables, such as 
the direction and intensity of the applied 
load can alter stress distribution resulting 
in fracture and failure, (Iranmanesh et al, 
2014). Grinding and clenching are two of 
the most frequent parafunction behaviors 
associated with bruxism. The act of clench-
ing always includes a significant amount 
of occlusal force. In addition to making a 
loud noise while sleeping, grinding may 
cause tooth surface loss in either a hori-
zontal or an oblique direction, depending 
on the intensity of the grinding activity, 
(Lan et al, 2019). This may lead to tooth 
wear in the form of vertical, horizontal or 
mixed tooth surface loss. When tooth wear 
is seen in the posterior regions, it is clas-
sified as severe bruxism. Extensive attri-
tion tooth erosion in patients with severe 
bruxism frequently demands the cosmetic 
and functional rehabilitation of full denti-
tion. Such intensive treatments present a 
significant challenge to the dentist, den-
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tal technician, and patient. In those cases, 
increasing the vertical dimension of oc-
clusion (VDO) is advantageous because it 
provides room for restorative material and 
increases the level of tooth displayed while 
minimizing necessity biologically invasive 
clinical procedures such as crown length-
ening or elective endodontic treatment, 
(Levartovsky et al, 2019). Clinical experi-
ence shows that posterior wear patterns 
are significantly more difficult to manage 
because they usually stem from an ab-
sence of anterior guidance during excur-
sions, and the posterior teeth when mak-
ing contact during excursive jaw positions, 
are subject to larger forces, so before an 
implant restoration, changes to the ante-
rior incisal guidance or the occlusal plane 
may be necessary to ensure all posterior 
contacts are eliminated during mandibular 
excursions (Resnik and Misch, 2018).

Conclusions
According to the present study limitation 
and analyzes, E.MAX CAD is more suscep-
tible to failure than zirconia. With increas-
ing the thickness, the stress value of the 
restoration increased and the total defor-
mation decreased. According to the re-
sults, the 1.0mm thickness had the high-
est stress distribution and the lowest total 
deformation with different loading direc-
tions. So, it shows an advantage to be ap-
plicable in a posterior zirconia-supported 
implant with 1mm thickness for patients 
having bruxism.
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