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An evaluation of the stress effect of different 
occlusion concepts on hybrid abutment and 
implant supported monolithic zirconia fixed 
prosthesis: A finite element analysis
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PURPOSE. The aim of this study is to evaluate the effects of canine guidance 
occlusion and group function occlusion on the degree of stress to the bone, 
implants, abutments, and crowns using finite element analysis (FEA). MATERIALS 
AND METHODS. This study included the implant-prosthesis system of a 
three-unit bridge made of monolithic zirconia and hybrid abutments. Three-
dimensional (3D) models of a bone-level implant system and a titanium base 
abutment were created using the original implant components. Two titanium 
implants, measuring 4 × 11 mm each, were selected. The loads were applied in 
two oblique directions of 15º and 30º under two occlusal movement conditions. 
In the canine guidance condition, loads (100 N) were applied to the canine crown 
only. In the group function condition, loads were applied to all three teeth. In this 
loading, a force of 100 N was applied to the canine, and 200-N forces were applied 
to each premolar. The stress distribution among all the components of the 
implant-bridge system was assessed using ANSYS SpaceClaim 2020 R2 software 
and finite element analysis. RESULTS. Maximum stress was found in the group 
function occlusion. The maximum stress increased with an increase in the angle 
of occlusal force. CONCLUSION. The canine guidance occlusion with monolithic 
zirconia crown materials is promising for implant-supported prostheses in the 
canine and premolar areas. [J Adv Prosthodont 2021;13:216-25]
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INTRODUCTION

Since Brånemark’s discovery of dental implants, implants have become an in-
tegral part of dental practice, and their use has grown rapidly in recent years.1

The choice of crown material is an important criterion for implant-support-
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ed prostheses. The technique of using ceramic crowns 
on implants has been successfully proven in the long 
term.2 Zirconia with monocrystalline homogeneity, 
low corrosion, low thermal conductivity, and good 
radiopacity have favorable physical, mechanical, bio-
logical, and chemical properties.3 The zirconia-based 
substructure can be classified into two main types: 
bilayer, in which prosthesis is covered with a strong 
zirconia shield veneer; and single-layered, in which 
the entire prosthesis consists of zirconia in monolithic 
form. Traditional veneer crowns are esthetic, but the 
risk of veneer chipping is high. In contrast, monolithic 
zirconia minimizes the risk of chipping.4

Currently, a variety of dental abutment materi-
als are available, including metal and ceramic abut-
ments, which are widely used in clinical practice.5 The 
gray color of titanium abutment material can cause 
discoloration of the mucosa around the implant, 
which can undermine the esthetic effect of the final 
restoration.6 In cases in which the gingiva is thin and 
transparent, the use of ceramic abutments has been 
suggested, depending on the esthetic requirements.7 
Compared to titanium abutments, zirconia abutments 
have advantages, including improved esthetics, 
translucency, ease of construction, adaptation, and 
biocompatibility.8 However, significant differences in 
physical properties between zirconia abutment and 
titanium implants have caused harmful effects and 
fracture formations in the abutment–implant inter-
face. These results have led to the development of a 
hybrid abutment consisting of a titanium base struc-
ture screwed to the implant and a ceramic coping 
bonded with resin cement to the titanium base struc-
ture. These abutments provide an improved esthetic 
result without adversely affecting the stability of the 
implant.9

One of the most important criteria for implant suc-
cess is occlusion.10 Physiological differences between 
the natural tooth and the dental implant cause the 
implant to be affected differently by occlusal forces. 
Unlike the natural tooth around the implant, the im-
plant has no periodontal ligament; therefore, it acts 
on the stomatognathic system, dissipating the mas-
ticatory load incident on the prosthetic crown after 
osseointegration.11 Occlusal overload causes crestal 
bone loss, increasing the depth of the anaerobic sul-

cus and the risk of disease in the peri-implant area. It 
is also considered one of the main causes of peri-im-
plant bone loss and implant prosthesis failure.12 If the 
dental implant distributes the occlusal forces around 
it homogeneously, the bone around the implant is 
well protected, and occlusion-related failures are pre-
vented.1 To achieve dental occlusion, the skeletal and 
muscular systems work simultaneously to produce 
mandibular movement that transfers force to the 
prosthesis, teeth, implants, and supporting bone.13

The implant-protected occlusion that Misch and Bi-
dez proposed in 1994 ensures a longer life for both 
the implant and the prosthesis and is crucial for re-
ducing the occlusal load on the implant by provid-
ing maximum intercuspation.10 When the forces are 
distributed only to the anterior segments, reduced 
muscle activity, in turn, reduces the overall occlusal 
force magnitude. Consequently, all movements on 
the implant-protected occlusion should not involve 
posterior contacts.14 In cases where anterior teeth are 
not periodontally healthy, group function occlusion is 
preferred to avoid protrusive movements in the ante-
rior region.15

In the fields of medicine and dentistry, FEA can 
evaluate the behavior of any structure or tissue un-
dergoing a certain force and stimulation and can an-
alyze biomechanical changes in tissues. FEA allows 
for the measurement of stress distribution inside the 
bone during chewing, which is impossible to carry 
out in vivo.16

The principles of implant occlusion are still contro-
versial. Few studies have compared the mechanical 
effects of canine guidance occlusion and group func-
tion occlusion in implant-supported fixed prostheses. 
The aim of this study is to compare the stress values 
after the application of canine guidance occlusion 
and group function occlusion in implant-supported 
fixed restorations using hybrid abutment and mono-
lithic zirconia crown material with FEA. The null hy-
pothesis is that group function occlusion application 
causes more stress increases than canine guidance 
occlusion does.

MATERIALS AND METHODS

Firstly, a maxillary segment with a 3-unit fixed partial 
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denture (FPD) supported by 2 endosseous implants 
between canine and second premolar area was sim-
ulated with a 3D FE model. ANSYS SpaceClaim 2020 
R2 (ANSYS Inc, Canonsburg, PA, USA) was used for de-
signing of the models in the study. Implants were lo-
cated in the canine, second premolar area and they 
were considered to be completely osseointegrat-
ed with the bone. Crown models were anatomically 
modeled using with the STL data obtained from the 
Dental Wings DW-7140 (Dentalwings Inc., 7 series, 
Montreal, QC, Canada) Computed Tomography (CT) 
data of Straumann Group. The size and morpholo-
gy of teeth were adjusted according to the measure-
ments given by Stanley and designed in computer en-
vironment (Fig. 1).17 ANSYS Mechanical 2020 R2 finite 
element analysis program (ANSYS Inc, Canonsburg, 
PA, USA) was used in the simulation processes of the 
study.

Each model included monolithic zirconia crown, 
hybrid abutment, titanium base, screw, resin cement, 
titanium implant and bone. Two dental implants of 
the same size (4 × 11 mm) of the company Medentica 
Microcone (Bone level, Microcone Medentika, Meden-
tika GmbH, Hügelsheim, Germany) were used at bone 
level of the #13 and #15 teeth area for the three-unit 
fixed bridge. Two identical Ti-base (Medentika RI, 
Medentika GmbH, Hügelsheim, Germany) abutments 
with total length of 1.1 mm were also used. Standard 
titanium screw was preferred. Monolithic zirconia 
thickness used in this study were 1.5 mm for crown 
material. 

The abutment and implant were connected by 
screw. The implant abutment connection was simu-

lating adaptation characteristics of an internal hex-
agonal connection. For hybrid abutment, the contact 
between Ti-base and monolithic zirconia was provid-
ed with 0.025 mm resin cement (RelyX ARC, 3M ESPE 
AG, Seefeld, Germany). The connection between 
abutment and crown was also provided with 0.025 
mm resin cement (RelyX ARC, 3M ESPE AG, Seefeld, 
Germany).18 For the 3-unit fixed prosthesis, the con-
nector thickness in monolithic zirconia was set to 7 
mm2 for each connector area as in the manufacturer’s 
instructions (Lava Plus, 3M ESPE, London, ON, Cana-
da). The model was created from a hybrid abutment 
consisting of monolithic zirconia on a Ti-base abut-
ment and a monolithic zirconia superstructure (Lava 
Plus, 3M ESPE, London, ON, Canada) (Fig. 2).

All materials used in the models were considered 
to be isotropic, homogeneous, and linearly elastic. In 
addition, the bone-implant interface was accepted as 
100% bone-implant contact (100% osseointegrated). 
Different Young’s modulus and Poisson’s ratios were 

Fig. 1. General view of the bridge model.

Fig. 2. Modeling of the prosthesis.

Table 1. The elastic modulus and Poisson’s ratios of the 
materials

Material Young's modulus 
(MPa) Poisson's ratio

Cement19 8300 0.24
Ti-base abutment20 114000 0.33
Monolithic zirconia18 210000 0.35
Titanium screw20 114000 0.33
Titanium implant21 103400 0.35
Cortical bone11 13700 0.3
Spongious bone11 1370 0.3
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used for the all the materials and presented Table 1.
The number of elements and nodes of the model is 

shown in Table 2. Hexahedral 20 elements were pre-
ferred for 0.6 mm maximum element size screw and 
resin cement models, and tetrahedral 10 element 
types were preferred for all other models. The mesh 
view of the bridge model is shown in detail in Fig. 3.

A preloading force of 100 N was applied for screw 
fixation. In order to evaluate the application of canine 
and group function guidance occlusion, force applied 
on the crowns and the regions on the crown were de-
termined by reference to the occlusion criteria. The 
loads were applied in two oblique directions of 15º 
and 30º and in two occlusal movement conditions. In 
the canine guidance condition, the loads (100 N) were 
only applied to the canine (Fig. 4). In the group func-
tion condition, the loads were applied to all the three Fig. 3. Meshing geometric models.

Fig. 4. (A) Canine guidance occlusion application force applied at an angle of 15°, (B) canine guidance occlusion application 
force applied at an angle of 30°.

A B

Table 2. Elements and nodes
Model Elements Nodes Element quality
Model 408915 658025 0.80129

Fig. 5. (A) Group function occlusion application force applied at an angle of 15°, (B) force applied at an angle of 30°.

A B
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Table 3. Loading conditions
Occlusion Degree of force application #13 crown #14 crown #15 crown

1 Canine guidance 15 100 N ---- -----
2 Canine guidance 30 100 N ----
3 Group function 15 100 N 200 N 200 N
4 Group function 30 100 N 200 N 200 N

teeth (Fig. 5). In this loading, a force of 100 N was ap-
plied to the canine, and 200 N forces were applied to 
each premolar (Table 3).18

Since the stress values obtained in the finite ele-
ment analysis results are formed as a result of math-
ematical calculations without variance, statistical 
analysis cannot be performed. Analyses are made by 
carefully evaluating and interpreting the cross-sec-
tional images and the amount and distribution of 
stress in the nodes.

Maximal principle stresses were calculated for brit-
tle materials like bone; and von Mises stresses were 
recorded for ductile materials like implants, abut-
ments, and abutment screws, which contain titani-
um.22 In our study, maximum von Mises/principle 
stress values for each component were recorded for 

both occlusion conditions after the loading.

RESULTS

In all groups, stresses on the abutments were ob-
served and concentrated in the neck of the abut-
ments. When all the groups were examined, it was ob-
served that the highest von Mises stress values on the 
crown were in the connector between #13 and #14 
crowns. In the canine guidance condition, the higher 
stress concentrations occurred in the cervico lingual 
region that contacts the canine implant platform, 
and, in group function, the higher stress concentra-
tions occurred in the cervico lingual region that con-
tacts the canine and premolar implant platform (Fig. 
6, Fig. 7). The stress on the screw is higher in the case 

Fig. 6. (A) As a result of the 
force applied at an angle of 15° 
in the case of occlusion with 
canine guidance Von Mises 
stress distribution in the super-
structure, (B) Von Mises stress 
distribution in the bone, (C) Von 
Mises stress distribution in the 
#13 abutment, (D) Von Mises 
stress distribution in the #15 
abutment.

A B

C D
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of group function occlusion. All the stress values are 
presented in Table 4. The results of the current study 
are that all recorded maximum stress values found in 
the group function loading is higher than the canine 
guidance one.

DISCUSSION

Based on the obtained data, the null hypothesis test-
ed in this study was accepted. When the stress values 
occurring in the bone, abutment and superstructure 
materials around the implant were compared, the 
highest values were observed in the group function 
occlusion.

The high complexity of biomaterial properties, mi-

crostructural details, and dental anatomy make the 
biomechanical analysis challenging in experimental 
and clinical studies.23 Since the components in the 
dental implant-bone system are geometrically com-
plex, FEA has been seen as the most suitable tool to 
analyze them.24

A finite element analysis model can be 2D or 3D. In 
2D models, out-of-plane deformations, strains and 
stresses are meaningless and artificial constraints 
cause more errors in the analysis. Therefore, using 3D 
models to analyze biological or biocompatible struc-
tures produces more realistic results than 2D mod-
els.25 Therefore, 3D models are used in this study.

FEA gives more successful results with ideal and re-
alistic modeling of implants and surrounding tissues. 

Fig. 7. (A) As a result of the 
force applied at an angle of 
15° in the case of occlusion 
with group function Von Mises 
stress distribution in the super-
structure, (B) Von Mises stress 
distribution in the bone, (C) Von 
Mises stress distribution in the 
#13 abutment, (D) Von Mises 
stress distribution in the #15 
abutment.

A B

C D

Table 4. Maximum principal stress (MPa) on the implant-bridge system                                                                                    (unit: MPa)
Occlusion #13 screw #15 screw #13 abutment #15 abutment Crown Bone

Canine guidance 15° 154 150 158.36 101.16 58.59 27.542 
Canine guidance 30° 167 153 242.25 170.64 110.52 39.179 
Group function 15° 182 218 507.32 568.66 107.59 92.788 
Group function 30° 220 273 854.95 940.45 167.34 137.5 
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In order to obtain accurate and detailed results, the 
number of elements must be selected appropriate-
ly. As the number of elements increases, the accura-
cy of the results also increases. Reducing the number 
of elements ensures a shorter analysis time and re-
sults in more general information.26,27 The number of 
elements in this study is 408915. This value is higher 
than many studies.11,24,22

In this study, the materials were assumed to be iso-
tropic and homogeneous because it is assumed in 
most of the studies that the materials are isotropic, 
homogeneous, and linear and have an elastic materi-
al behavior characterized by only 2 material constants 
(Young’s modulus and Poisson's ratio).25,26,28 As in this 
study, most of the finite element analysis studies ad-
mit that the osseointegration of the bone-implant 
interface is 100%, indicating that the trabecular and 
cortical bones are perfectly bonded to the implant 
surface.25 These factors are the limitations of the FEA 
studies, and these limitations should be taken into 
account in these results.

The loads were applied in two oblique directions 
of 15º and 30º in two occlusal movement conditions 
after occlusion with canine guidance and group func-
tion in this study. Fanuscu et al . investigated the ef-
fect of different quality bones and axial or oblique 
loading on stress in their study and reported that 
loading type affected load distribution more than 
variations in bone, and oblique loading caused more 
stress.21 Oblique loading causes a greater concentra-
tion of stress compared to axial loading, and studies 
have suggested that oblique loading is associated 
with more realistic loading.29,30 

Occlusion is one of the most important factors that 
should be carefully evaluated in implant treatment, 
and overloading due to improper occlusion is one 
of the reasons why implant treatment is unsuccess-
ful.31 Clinically, a poorly developed occlusion in im-
plant-supported prosthesis could have a detrimental 
effect on the supporting bone and associated pros-
thetic components.32 The ideal implant occlusion al-
lows for controlled stress around the implant com-
ponents, provides a prosthetically and biologically 
acceptable bone-to-implant interface, and ensures 
long-term stability of the marginal bone and pros-
thesis.33 However, many authors have shown that 

the direction or magnitude of occlusal forces does 
not appear to have an effect on the stability of sup-
porting implants and bone. Engel et al . conducted 
a study on 379 patients who had worn implant res-
torations for many years and reported that occlusal 
wear had no statistical effect on vertical peri-implant 
bone loss or Periotest values.34 In a long term study 
of implant-supported fixed prostheses, smoking and 
poor oral hygiene had a greater effect on peri-im-
plant bone loss than factors associated with occlusal 
loading, such as bite force, bruxism and cantilever 
length.35 With these conflicting results, the effect of 
occlusal loads on implant-supported prosthetic resto-
rations and bone requires further investigation.

There are few studies comparing guideline for oc-
clusion in implant-supported fixed restorations. In 
implant-supported fixed prostheses in the posterior 
region, the lateral forces on the implants decrease 
with the preference of anterior guidance and the first 
contact with the natural tooth. Group function occlu-
sion is recommended instead of canine guidance oc-
clusion when the anterior teeth cannot provide suffi-
cient support and are periodically compromised.36

Robati Anaraki et al .,18 in their FEA study comparing 
canine guidance occlusion and group function occlu-
sion, observed that the maximum stress in the group 
function occlusion model was significantly higher 
compared to the canine guidance occlusion.18 In an-
other FEA study showing similar results to our study, 
an excessive increase in stresses was observed when 
group function occlusion was applied instead of ca-
nine guidance. Leja et al .37 reported that the appear-
ance of cervical lesions was higher in group function 
subjects than in canine guidance subjects. Tokiwa et 
al .38 support this result with their study, and they re-
ported that more cervical lesions were observed in 
patients with group function than patients with ca-
nine guidance occlusion in their study. Misch and 
Silc39 emphasized that the canine tooth area, which 
is one of the important positions for implant place-
ment, is important for reducing the strength in the 
prosthesis. In this position of the arc, the magnitude 
of the force increases and the direction of the force is 
changed. Therefore, when these teeth are included 
in implant restorations, it has been suggested that an 
implant be placed in these areas. In contrast to these 
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results, in a study comparing the difference between 
canine guidance and group function occlusion with a 
large sample size (n = 56) and short observation pe-
riod (2 - 3 months), canine guidance was reported to 
be a risk factor for gold screw loosening.33 The results 
of the current study observed that the stress values in 
the group function occlusal pattern was higher than 
the canine guidance one.

Bite forces increase in the posterior regions and two 
thirds of the masseter and temporalis muscle fibers 
remain relaxed due to the absence of posterior con-
tacts.40 Different bite forces were considered in this 
study, so two different force magnitudes were used 
to present canine guidance and group function occlu-
sion. In this study, while the total force is higher in the 
group function occlusion, the force applied to the ca-
nine region is the same in both occlusion types. It was 
observed that the stress values in the canine region 
were higher in group function occlusion.

Bruxism can eliminate canine and incisal guidance. 
The result is usually a relatively flat occlusion plane 
instead of a canine guidance occlusion, or highly worn 
teeth with group function occlusion.41 The results of 
this study showed that canine sparing occlusion is as-
sociated with less stress. It should not be forgotten 
that this study is a FEA study. Since studies on occlu-
sion guidance are scarce, more studies are needed. In 
addition, it should be kept in mind that restorations 
with canine preservative occlusion can transform into 
group function occlusion over time due to reasons 
such as tooth grinding, tooth loss, tooth erosion.

CONCLUSION

Within the limitation of this study, it was concluded 
that; oblique loading causes more stress concentra-
tion and is associated with more realistic loading. 
Changing occlusal loads affected the stress values on 
the bone. Maximum stress increased with increasing 
the angle of occlusal force. With group function oc-
clusion application, the stress values on the bone and 
implant components are higher than the stress values 
after occlusion canine guidance application.
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