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Abstract Objectives The aim of this study was to evaluate using finite element analysis (FEA),
the stress distribution in prostheses (lithium disilicate crowns) on monotype zirconia
implants with and without cantilever in the anterior region of the maxilla.

Materials and Methods From a virtual reconstruction of bone model of the toothed
maxilla from a computed tomography, three models (groups) were created: Zr (11—
21)—implants placed in the area of 11 and 21 with cantilever; Zr (12-22)—implants
placed in the area of 12 and 22 without cantilever; and Zr (11-22)—implants inter-
calated placed in the area of 11 and 22. In all models, monotype zirconia implant
(4.1 x 12.0 mm) was used in single-body configuration. Lithium disilicate crowns
were designed on the implants and pontics for all groups. A 150-N load was applied
to the prostheses. The materials used were considered isotropic, homogeneous, and
linearly elastic. FEA was performed to evaluate the maximum (tensile) and minimum
(compressive) principal stresses in the implant, crowns, and bone tissue. Data were
analyzed qualitatively and quantitatively.

Results For all groups, the highest maximum principal stress occurred in the palatal
cervical area of the implant, with the high values for the Zr (12-22) group and the low
values for the Zr (11-21) group. The maximum principal stress was concentrated in
the cervical palatal area of the crown, with the Zr (11-21) group presented the highest
values and the Zr (12-22) group showed the lowest values. In the bone tissue all the
groups presented similar values of maximum and minimal principal stress, with the
palatal (maximum principal) and vestibular (minimum principal) close to the cervical

Keywords of the implants the area with the highest concentration of stresses.
= zirconia implants Conclusions The position of monotype zirconia implant did not interfere in the bone
= cantilever tissue stress, and the implants placed in the 11-21 present lower stress in implants
= finite element analysis  and higher in the crown. The cantilever does not increase the stress in the implants,
= rehabilitation crown, and bone tissue.
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Introduction

The choice of the material used in implants, its positioning
and installation, are determining factors in the rehabilitation
of the anterior maxillary region.'? Ceramic materials such
as yttrium-stabilized zirconia are an aesthetic alternative
to the titanium implant** especially in patients with thin
peri-implant gingival tissue,* gingival smile, or high aes-
thetic line, and in cases of bone resorption followed by gingi-
val retraction and exposure of part of the implant. Besides,
when there is a crack propagation, the yttrium-stabilized
zirconia presents a volumetric expansion, which submits the
crack under compressive tension and against its progression.*

The presence of anatomical structures, such as nasal
fossa and bone deficiencies associated with a low density
of the cancellous bone, promotes a restriction in the num-
ber, position, length, and width of the implants in the ante-
rior region of the maxilla.>® Thus, the cantilever prosthesis
is a viable option due to the possibility of preserving the
bone crest necessary for the maintenance of the interden-
tal papilla.! Moreover, the cantilever prostheses should be
used in clinical situations where patients do not have severe
occlusal forces, such as in cases of parafunctional habits and
places with adequate bone density, especially in previous
rehabilitation.!”® The use of cantilevered prostheses is a good
alternative in places with bone defects, avoiding the need for
surgery to place a bone graft prior to dental implantation. In
addition, these prostheses are effective when the patient has
anatomical limitations, such as extension of the maxillary
sinus in previous maxillary rehabilitation.!

Another treatment option in the case of anterior eden-
tulous areas is the placement of two implants in the region
of the lateral incisors,?'° as this allows the dental technician
to manufacture central bridges with the necessary aesthetic
and functional dimensions, in addition to favoring aesthet-
ics and manipulation of soft tissue.!° Scientific studies that
address this theme show divergent results in several factors,
which hinders the comparison between studies.!91°

Currently, the advances in image processing and analysis
techniques through software have been changing the reality
in Dentistry. Digitization is widely used in studies as well as
dental clinic in several areas, such as in radiology, orthodon-
tics,implantology, and prosthodontics. Finite element analysis
(FEA) is used in Dentistry to study how an implant and prost-
hodontics structures will respond to complex stress loading
and to predict any possibility of structural failure.2911-14

Thus, the aim of the present study was to verify the stress
distribution in the implant, crown, and bone tissue in zir-
conia implants (single-body configuration) placed in differ-
ent positions in the anterior region of the maxilla (12-22)
in rehabilitation with and without a cantilever. The tested
hypothesis is that implants placed on central incisors (11-21;
with cantilever) would have lower mechanical performance
compared with the other groups.

Materials and Methods

The bone model was acquired from images obtained from
the toothed maxilla using computed tomography (i-CT Cone
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Beam 3D Dental Imaging System, Imaging Sciences
International; Hatfield, Pennsylvania, United States). This
model consisted of a real geometric representation of the
upper maxillary arch (18.0 mm height x 19.0 mm mesiodistal
width x 15.0 mm buccolingual depth) with type three bone
(thin layer of cortical bone—1.0 mm—around a cancellous
bone) concerning its density. The purpose of tomography was
to provide a bone-based model for the positioning of implants
and subsequent manufacture of prostheses for simulation.
Three models were made in finite elements using a
software (SolidWorks; SolidWorks Corporation, Concord,
Massachusetts, United States). For all groups, a monotype
zirconia implant (single-body zirconia configuration; 4.1 x
12.0 mm implant) with prosthetic lithium disilicate crowns
(0.5 mm thickness) was simulated using images obtained by
computed microtomography. The drawings were standard-
ized and three-dimensional computational models were gen-
erated, following the standards of conventional fixed partial
and cantilever prostheses (=Fig. 1). The models were divided
according to the placement of the implants in three groups:
Zr (11-21): implants in regions 11 and 21 with cantilever.
Zr (12-22): implants in regions 12 and 22 without
cantilever.
Zr (11-22): intercalated implants in regions 11 and 22.

& W
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Fig. 1 Drawings (mesh and geometric) of the groups tested (A) Zr
(11-21), (B) Zr (12-22), and (C) Zr (11-22).

C
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Table 1 Physical properties of the materials used

Material Modulus of Poisson’s ratio
elasticity (GPa)

Cortical bone 13.7% 0.30%

Cancellous bone 1.37% 0.30%

Zirconia 200% 0.31%

Lithium disilicate 68% 0.24%

Source: Adapted from Caglar et al 20112° and Ereifej et al 20113°.

The implants were positioned parallel to their long axis on
the bone base from tomography, and the implant platform
was positioned at the height of the bone crest with standard-
ization of the bone ridge. All implants were considered totally
osseointegrated. The materials were considered isotropic,
homogeneous, and linearly elastic. The values of the Young’s
modulus and the Poisson’s ratio are described in =Table 1.

Then, the models were imported into the ANSYS
Workbench 14.0 software (Swanson Analysis Systems Inc.;
Houston, Pennsylvania, United States) for FEA. For all groups,
an oblique load of 150 N at 45 degrees was applied to 11 and
21 axes, at the palatal portion of the prosthetic crowns. The
oblique load results in harmful tensile/compression stresses
and 150 N is the mean load applied on anterior teeth as well
as used in several studies.>!®'> The results were evaluated
qualitatively and quantitatively by maximum principal N
stress (tensile) and minimum principal stress (compressive)
in the implant, crown, and bone tissue.

Results

In all considered positions, the cervical palatal region of the
implant was where the highest concentrations of the maxi-
mum principal stress occurred, with the worst result for the
Zr (12-22) group where the highest values of the maximum
principal stress occurred (2.05 MPa). The best result was
found in the Zr (11-21) group where the lowest values of the
maximum principal stress (1.53 MPa) occurred (=Fig. 2).

Concerning bone tissue, the maximum principal stress
was greater in the palatal region near the cervical of the
implants. Small differences can be observed regarding the
distribution of these stresses among the groups evaluated.
In addition, the different groups tested showed similar max-
imum values for the intensity of the maximum principal
stress (approximately 8.0 MPa) (=Fig. 3).

In =Fig. 4, it was observed qualitatively and quantita-
tively that the minimum principal stress in bone tissue
was concentrated in the vestibular region of bone tissue
close to the implants. Equally to the maximum principal
stress, a great similarity can be observed in the intensity
(approximately 9.0 MPa) and the form of distribution of the
minimum principal stress.

Regarding the ceramic crown, the maximum principal
stress was concentrated in the cervical palatal region of the
crown. The Zr (11-21) group presented the highest values
of the maximum principal stress (8.05 MPa). The Zr (12-22)
group showed the lowest values of the maximum principal
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Fig. 2 Vestibular view of the implants showing the distribution
of the maximum principal stress on the implants in the groups
(A) Zr (11-21), (B) Zr (12-22), and (C) Zr (11-22).

C

Fig. 3 Distribution of the maximum principal stress on bone tissue in
the groups (A) Zr (11-21), (B) Zr (12-22), and (C) Zr (11-22).

stress (5.47 MPa). The Zr (11-22) group, on the other hand,
showed intermediate maximum stress values between the
two groups, but presented similar stress in the two ele-
ments, there was a higher concentration of stress in element
21 compared with element 22 (~Fig. 5).

=Table 2 shows the maximum principal stress and min-
imum principal stress in implant, bone tissue, and crown for
all groups tested.

Discussion

The hypothesis tested was rejected since the implants in the
region of the central incisors (11-21) had a lower concentra-
tion of stress, and the stress transmitted to bone tissue was
equivalent between the three groups tested.

© 2021. European Journal of Dentistry.
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Table 2 Maximum principal stress and minimum principal
stress (MPa) in implant, bone tissue, and crown for all groups

Maximum Minimum
principal principal
i i stress stress
Zr (11-21) | Implant 1.53 -
A B Crown 8.05 -
Bone tissue | 6.13 7.40
Zr (12-22) | Implant 2.05 -
Crown 5.47 -
Bone tissue | 8.18 9.86
Zr(11-22) | Implant 1.80 -
.. Crown 7.06 -
Bone tissue | 7.16 9.86

C

Fig. 4 Distribution of minimum principal stress on bone tissue in
groups (A) Zr (11-21), (B) Zr (12-22), and (C) Zr (11-22).

C

Fig. 5 Distribution of maximum principal stress on the crown in the
groups (A) Zr (11-21), (B) Zr (12-22), and (C) Zr (11-22).

The lower concentration of stress in the implant and crown
inZr(11-21)group can be explained by the presence of the can-
tilever. The positioning of the implant adjacent to the cantilever
does not promote problems in the prosthesis or bone resorp-
tion as long as the position and extension of even one dental
element from the implant to the cantilever is respected,’ as in
the current study. On other hand, a study’ showed that these
variables (position and extension of the cantilever), since the
greater extension and distance of the implants increase the
prosthesis lever arm, consequently increases the accumulated
stress in the prosthetic components. Thus, the presence of the
cantilever does not increase the stress that is transferred to the
implants, crown, and bone tissue.
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tested

In the implants, the stress concentration was located in
the cervical palatal region of the implants. This is due to the
macrogeometry of the monotype zirconia implant, which
provides a more uniform stress distribution in its body and
more concentrated in the region of the implant neck and the
alveolar region of the bone tissue.?'517

Regarding the load distribution in bone tissue, this study
showed that the stress distribution was equivalent in the
three groups studied, with the tensile stress being concen-
trated in the palatal region where the bone is in contact with
the neck (first threads) of the implant and compressive stress
concentrated in the vestibular region of the bone tissue close
to the implants. The positioning of the implants 1 mm below
the bone cortex, as in the current study, provides better dissi-
pation of masticatory loads in bone tissue.'®?! Thus, the posi-
tion of the implants within the bone tissue influences the
stress distribution in the bone more than the presence of the
cantilever or the positioning of the implants in the different
anterior regions evaluated (11-21, 12-22, and 11-22). The
stress distribution in bone tissue is influenced, in addition
to the macrogeometry of the monotype zirconia implant,
by the type of bone tissue and the direction of the applied
load.?'%?? In low-density bone tissue, stress is distributed
over a larger area around the apex, while in high-density
bone, stress is more concentrated in the cervical region.?61° In
the direction of the applied load, the oblique inclination of
the load directs the stresses to the areas where there was
compression, influencing the biomechanical performance of
implant-supported rehabilitation.?>?

All groups showed adequate levels of bioperformance
(ratio <1), with stress values below the critical limit that the
cortical bone can receive without suffering damage, such as
plastic deformations (beginning of the bone resorption pro-
cess) or fracture.>?*

The results are also linked to the type of load applied in
the study. Thus, differences found between the results of
current study and the literature can also be explained by the
intensity and inclination of the load, since different loads
form different lever arms in monotype zirconia implants,

© 2021. European Journal of Dentistry.
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increasing the stresses in the regions of rotational fulcrum
and bone crest.>202>-28 Furthermore, the results of this study
(monotype zirconia implant) showed lower stress values
than several studies?*17242° that used titanium implants. The
highest Young’s Modulus for zirconia (200 GPa; =Table 1) in
relation to the titanium (115 GPa)?® could explain this differ-
ence. A high Young’s Modulus (elasticity) causes low stress in
crown, implant, and bone as well as less bone resorption in
the peri-implant region against occlusal load.?

There is still controversy regarding the planning and
location of implants in cases of anterior maxillary rehabil-
itation. Despite the values considered in this study to be
adequate, it is important to consider the limitations inher-
ent in any academic study. In the current study, we did not
consider different occlusal patterns, parafunctional habits,
greater extension of the prosthetic space, in addition to the
quality of bone tissue and the prolonged use of the prosthe-
sis, which could maximize transferred stress and generate
system overload, affecting the prognosis of the rehabilitat-
ing treatment.®810151630 Thys, future research on this topic is
needed to assess the longevity of anterior maxillary rehabil-
itation with monotype zirconia implants with and without
cantilever.

Conclusion

According to the results obtained, it is concluded that (1)
the position of the implants did not interfere in the trans-
mission of stress in bone tissue, (2) the positioning of the
implants in regions 11-21 presented lower stress values in
the implants and higher stress in the crown, and (3) the use
of cantilever does not increase stress on implants, crown,
and bone tissue.

Conflict of Interest
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