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Purpose. The aim of the study was to compare the lingualized implant 
placement creating a buccal cantilever with prosthetic-driven implant placement 
exhibiting excessive crown-to-implant ratio. Materials and Methods. 
Based on patient’s CT scan data, two finite element models were created. Both 
models were composed of the severely resorbed posterior mandible with first 
premolar and second molar and missing second premolar and first molar, a two-
unit prosthesis supported by two implants. The differences were in implants 
position and crown-to-implant ratio; lingualized implants creating lingually 
overcontoured prosthesis (Model CP2) and prosthetic-driven implants creating 
an excessive crown-to-implant ratio (Model PD2). A screw preload of 466.4 N 
and a buccal occlusal load of 262 N were applied. The contacts between the 
implant components were set to a frictional contact with a friction coefficient of 
0.3. The maximum von Mises stress and strain and maximum equivalent plastic 
strain were analyzed and compared, as well as volumes of the materials under 
specified stress and strain ranges. Results. The results revealed that the highest 
maximum von Mises stress in each model was 1091 MPa for CP2 and 1085 MPa 
for PD2. In the cortical bone, CP2 showed a lower peak stress and a similar peak 
strain. Besides, volume calculation confirmed that CP2 presented lower volumes 
undergoing stress and strain. The stresses in implant components were slightly 
lower in value in PD2. However, CP2 exhibited a noticeably higher plastic strain. 
CONCLUSION. Prosthetic-driven implant placement might biomechanically be 
more advantageous than bone quantity-based implant placement that creates a 
buccal cantilever. [J Adv Prosthodont 2021;13:12-23]
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INTRODUCTION

A cantilever is a projecting beam or member support-
ed on one end.1 A cantilever fixed dental prosthesis is 
a fixed complete or partial denture in which the pon-
tics are cantilevered, retained, and supported by one 
or more abutments.1 By incorporating a cantilever, 
the possibility of using more units in a fixed dental 
prosthesis (FDP) is enabled in some clinical situations 
to save time, effort, and cost and prevent preparation 
of sound tooth structure in some clinical situations. 
As for jaw rehabilitation with implants, compromised 
bone could necessitate bone regenerative procedure 
such as bone grafting which involves more complicat-
ed treatment than cantilevered prosthesis. Therefore, 
cantilever could act as an alternative treatment op-
tion if performed under careful planning.2

As cantilever length increases, the bending moment 
of occlusal forces increases by leverage. Therefore, 
stress and strain in the bone surrounding implants 
adjacent to the cantilever increase, as was shown in 
previous finite element analysis (FEA) studies on den-
tal implants.2,3 This increase in stress, which might 
express an overload to the implant, could lead to bi-
ologic complications such as marginal bone loss.4,5 
Contradictory findings were reported by other au-
thors who confirmed the absence of the correlation 
between marginal bone loss and the cantilever pros-
thesis.2,6,7 Many authors reported a minimum implant 
survival rate of 97% for implants supporting a can-
tilever prosthesis after various observation periods 
ranging from 5 to 10 years.5,8-10 The high survival rate 
could refer to the fact that the bone surrounding the 
implants can withstand the amplified occlusal load 
by the cantilever prosthesis, if proper planning was 
achieved. Aside from biologic complications, canti-
levers could lead to prosthetic mechanical complica-
tions including implant fracture,4,11 framework frac-
ture,8 veneer fracture,11,12 abutment screw fracture12 
and screw loosening.6,8,11-13

In many studies, the location of cantilever was 
shown not to influence the outcome,5,6,9,13 in contrast 
to length of the cantilever. When multiple teeth are 
extracted, bone resorption occurs in vertical and hori-
zontal trends.14,15 The bone resorption may also occur 
when curative surgeries are performed. In the pos-

terior maxilla, vertical buccal bone resorption may 
force implants to be placed palatally to the natural 
position of the teeth, creating a buccal cantilever.16 As 
for posterior mandible, if no bone grafting was con-
sidered, the buccal bone resorption would force im-
plants to be placed lingually to the natural position 
of the teeth, creating a buccal cantilever. However, if 
the buccal bone was not resorbed entirely, prosthet-
ic-driven implant placement in the remaining buccal 
bone would prevent the formation of a buccal canti-
lever. Besides, the prosthetic-driven placement might 
result in a higher crown-to-implant ratio.

To compare different implant-supported FDP de-
signs, the finite element method is a useful tool. This 
method allows for the investigation of the prosthesis 
behavior, different implant designs, materials, and 
the bone under different loading directions and mag-
nitudes.17,18 Through FEA, tracing stress and visualiz-
ing its distribution and the corresponding deforma-
tion are possible.18 Then, by reflecting FEA findings on 
the real clinical situation, predictions about implant 
longevity can be made because the stress and strain 
transferred by implants to the surrounding bone 
leads to biologic bone reactions, which are known as 
bone modeling and remodeling as to adapt to me-
chanical loads.19,20 The buccal cantilever situations 
are hardly reported in the literature. Therefore, scien-
tific evidence is necessary to help make a clinical de-
cision when buccal cantilever situations are met.

The purpose of this study was to compare the lin-
gualized implant placement creating a buccal cantile-
ver with prosthetic-driven implant placement exhibit-
ing excessive crown-to-implant ratio.

MATERIALS AND METHODS

Modeling: The mandible selected for the study has 
undergone a curative surgery for a localized cancer 
causing a postsurgical bone resorption. The buccolin-
gual section of the edentulous ridge is shown in Fig. 
1. Cone-beam computed tomography (CBCT) images 
of the mandible were obtained from the patient’s re-
cord by a protocol approved by the appropriate insti-
tutional review board (IRB approval no. CR112016). 
The cross-sectional images from the CBCT were ex-
ported in DICOM format after reconstruction. Cor-
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Table 1. The models analyzed in the study

Model Diameter (mm) C/I Buccal Cantilever Length Nodes Elements

CP2
Premolar implant 4 1:1 10.43 mm to buccal cusp tip

237,366 1,294,444
Molar implant 4 1.1:1 5.16 mm to distobuccal cusp tip

PD2
Premolar implant 4 1.8:1 0.65 mm to buccal cusp tip

182,009 960,446
Molar implant 4 1.5:1 1.72 mm to distobuccal cusp tip

C/I refers to crown-to-implant ratio. CP2: two 4 mm diameter implants placed based on the bone quantity. PD2: two 4 mm diameter prosthetic-driven implants.

tical and cancellous bone and dental tissues were 
separated by using the segmentation function in an 
image processing software (Mimics, Materialise, Leu-
ven, Belgium). The segmented images were convert-
ed into a three-dimensional model in STL format. 
The three-dimensional model was then imported to 
a meshing program (Visual mesh, ESI group, Paris, 
France) to be meshed. The bone segment to be stud-
ied was cut from the entire mandible model and in-
cluded first premolar to the mesial and second molar 
to the distal. To eliminate the effect of the model end, 
the distance from the most mesially planned implant 

to the mesial side was 8 mm, while the distance from 
the distal end to the most distally planned implant 
was 12 mm.21 Virtual placement of Osstem GS Sys-
tem implants in the designated areas was completed 
with custom abutments designed by a CAD/CAM pro-
gram (Ondemand3D, Cybermed, Seoul, South Korea) 
and crowns designed by another CAD/CAM program 
(Implant Studio, 3Shape, Copenhagen, Denmark). 
The morphology of the crowns was identical in the 
models to allow for the same occlusal contacts. Ce-
ment-retained crowns were used in the present study 
with a cement thickness of 50 µm.22 The periodontal 
ligament was also modeled with a thickness of 0.2 
mm based on previous studies.23,24

Taking into account the bone shape and inferior 
alveolar nerve canal, 10 mm long internal hex Oss-
tem GS implants were placed. The models used in 
this study (Table 1, Fig. 2) were as follows: Model CP2 
which comprised two 4 mm diameter implants, which 
were placed based on the bone quantity creating a 
buccal cantilever; and Model PD2 which consisted of 
two 4 mm diameter prosthetic-driven implants with 
excessive crown-to-implant ratio. Crown-to-implant 
ratios and the buccal cantilever lengths were also 
provided in Table 1. Crown-to-implant ratio was mea-
sured as the distance from the highest occlusal con-
tact point on the crown to the plane of neck of the 
implant. The buccal cantilever length was measured 
in the following method: a plane was defined by the 
long axis of the implant and the closest-to-implant 
buccal cusp tip. Thereby, the measurement was tak-
en as the distance from the cusp tip to the line, con-
tained in the defined plane, that parallels the long 
axis of the implant and intersects with the neck of 
the implant from the buccal side. In both models, the 
crowns were splinted. The cortical and cancellous 

Fig. 1. Buccolingual section of edentulous ridge. Buccolingual 
section of edentulous ridge taken from computed tomography 
scan. (B): buccal, (L): lingual, (S): superior, (I): inferior.

https://doi.org/10.4047/jap.2021.13.1.12
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Fig. 2. Two models used in this study. Top: Model CP2 - two 4 mm diameter implants placed based on the bone quantity. Bottom: Model 
PD2 - two 4 mm diameter prosthetic-driven implants. (M): mesial, (D): distal, (B): buccal, (L): lingual.

Table 2. Material properties used in the study

Material Elastic modulus 
(GPa) Poisson’s ratio Shear modulus 

(GPa)
Tangent modulus 

(GPa)
Yield stress 

(GPa)

Cortical Bone*
E1 (26.6)
E2 (17.9)
E3 (12.5)

ν12 (0.28)
ν13 (0.21)
ν23 (0.19) 

G23 (7.1)
G31 (5.3)
G12 (4.5)

Cancellous Bone†
E1 (1.148)
E2 (0.210)
E3 (1.148)

ν12 (0.055)
ν13 (0.322)
ν23 (0.010)

G23 (0.068) 
G31 (0.434) 
G12 (0.068)

Titanium (Ti-6Al-4V) 103‡ 0.3§ 0.25‡ 0.932‡

Dentin 20¶ 0.31§

PDL 2.7 × 10-3** 0.45§

Gold Alloy 100†† 0.3§

Resin Cement 6‡‡ 0.28***

E1 is the elastic modulus in the mesiodistal axis. E2 is the elastic modulus in the superoinferior axis. E3 is the elastic modulus in the buccolingual axis. νxy is the 
poisson’s ratio for strain in the y-direction when loaded in the x-direction.
List of references: * [42], † [43,44], ‡ [45], § [46], ¶ [47], ** [24], †† [48], ‡‡ [49], *** [50]

bone were considered orthotropic materials whose 
properties change depending on the direction, unlike 
the isotropic materials whose properties are the same 
in all directions. The titanium for the implant fixtures, 
abutments, and abutment screws was considered an 
isotropic elastoplastic material by including the elas-
tic modulus, tangent modulus, yield stress, and pois-

son’s ratio as its material properties. All other materi-
als, including gold for crowns, self-cure resin cement, 
dentin, and periodontal ligaments, were considered 
isotropic elastic materials. Material properties are list-
ed in Table 2. Osseointegration was assumed to be 
100%.3,25,26 The contact between the implant compo-
nents was set to a frictional contact with friction co-
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efficient of 0.3.27,28 Tetrahedral elements were used in 
the models. A symmetric segment to segment contact 
based on Coulomb friction model was used. How-
ever, to simplify the simulation, one exclusion from 
the contact condition was made, which was the im-
plant-screw tied threads. The number of elements 
and nodes for each model is provided along with 
models details in Table 1.

Loads and Boundary Conditions: The terminal 
nodes in the mesial and distal sides of each model 
were constrained in all directions. A static load was 
applied and was set to 262 N as this value is the peak 
value of a chewing cycle.29 The load was distributed 
on the occlusal surface of the prosthesis and directed 
buccally at seventy-five degrees to the occlusal sur-
face. Screw preload was applied to the titanium abut-
ment screws at 466.4 N as determined through exper-
imentation.30

Analysis: Analysis was achieved by using finite el-
ement analysis package (Visual performance, ESI 
group, Paris, France) and screening of the results was 
performed by a viewing program (Visual viewer, ESI 
group, Paris, France). Maximum von Mises stress val-
ues in the bone and implant components were com-
pared as well as maximum von Mises strain values in 
the bone. In addition, volumes of the bone undergo-
ing specified ranges of stress and strain were provid-
ed to help understand the distribution. Furthermore, 
the maximum equivalent plastic strain was calculated 
along with the volumes of plastically deformed titani-
um per implant component.

RESULTS 

The highest maximum von Mises stress in each model 
was concentrated in the premolar abutment for CP2 
with a recorded value of 1,091 MPa and in the molar 
implant for PD2 with a recorded value of 1,085 MPa.

For the cortical bone, CP2 exhibited a lower max-
imum von Mises stress but a similar maximum von 
Mises strain (Fig. 3). Regardless of the model, the high-
est von Mises stresses and strains were mainly located 
around necks of the implants as shown in Fig. 4. For 
the cancellous bone, the maximum von Mises stress 
and strain in PD2 were higher in value (Fig. 3) and 
located at the apex of the premolar implant unlike 
in CP2 as shown in Fig. 4. Volume calculation of the 
bone undergoing specified ranges of stress and strain 
revealed that CP2 presented lower volumes of cortical 
and cancellous bone undergoing the high stress and 
strain ranges as shown in Table 3 and Table 4.

CP2 implant components exhibited overall slightly 
higher maximum von Mises stresses and higher max-
imum equivalent plastic strains. CP2 premolar abut-
ment recorded a noticeably high value of maximum 
equivalent plastic strain (Fig. 5). The locations of the 
maximum von Mises stresses and maximum equiv-
alent plastic strains were at the implant-abutment 
interfaces and in the necks of the abutment-screws. 
Locations of the maximum equivalent plastic strains 
are shown in Fig. 6. The volumes of the plastically de-
formed material per implant component have shown 
that CP2 has presented a noticeably higher deforma-
tion in the abutments as shown in Fig. 7.

https://doi.org/10.4047/jap.2021.13.1.12

Fig. 3. Maximum von Mises stress and maximum von Mises strain in cortical and cancellous bone in two models. A: Maximum von Mises 
stress (MPa). B: Maximum von Mises strain (MPa).
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Fig. 4. Locations of maximum von Mises stress and strain in cortical and cancellous bone in two models. Locations of maximum von Mis-
es stress (A - D); A: Model CP2 cortical bone, B: Model CP2 cancellous bone, C: Model PD2 cortical bone, D: Model PD2 cancellous bone. 
Locations of maximum von Mises strain (E-H); E: Model CP2 cortical bone. F: Model CP2 cancellous bone. G: Model PD2 cortical bone. H: 
Model PD2 cancellous bone. (B): buccal, (L): lingual, (M): mesial, (D): distal.
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Table 3. Volume of bone (%) undergoing specified stress range (MPa)

Bone Model 275 - 220 220 - 165 165 - 110 110 - 55 55 - 0

Cortical (%)
CP2 0.00006 0.0007 0.0025 0.3218 99.96

PD2 0.00012 0.0007 0.0070 0.1570 99.84

Cancellous (%)
CP2 0 0 0 0 100

PD2 0.00004 0.000004 0.00009 0.001 99.97

Table 4. Volume of bone (%) undergoing specified strain range (µε)

Model
Strain (×103 µε) in Cortical Bone Strain (×103 µε) in Cancellous Bone

17 - 8 8 - 0 394 - 32 32 - 16 16 - 0

CP2 0.0036 99.9964 0 0.0002 99.9998

PD2 0.0058 99.9942 0.0559 0.6259 99.3182

Fig. 5. Maximum von Mises stress and maximum equivalent plastic strain in implants 
components of two models. A: Maximum von Mises stress (MPa), B: Maximum equiva-
lent plastic strain (×103 µε). The dashed red line refers to the yield stress at 932 MPa.
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DISCUSSION

The results of the highest maximum von Mises stress 
in each model showed that Model CP2 created higher 
maximum von Mises stress. The highest stress in CP2 
was located at the abutment of the premolar implant, 
which had the longest buccal extension among the 
abutments in both models. Regarding the locations of 
peak von Mises stress and peak von Mises strain in the 

cortical bone, the results revealed that the highest 
von Mises stresses and strains were mainly concen-
trated around the neck of the implants, in correspon-
dence with previous FEA studies.31-33 For cancellous 
bone, the locations of the maximum von Mises stress 
and strain in Model CP2 were also at the neck of the 
implant. However, for Model PD2, they were at the 
apex of the premolar implant. As the cancellous bone 
covering the implant apex was thin, the distribution 
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Fig. 6. Locations of maximum equivalent plastic strain in implants components of two models. A: Prosthesis of Model 
PD2. B: Prosthesis of Model CP2. Colors represent the occurring equivalent plastic strain in the components.
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of the stress and strain from the implant apex was 
traced in the corresponding site in the cortical bone. 
The stress was 37 MPa and the strain was 2.3 ×103 

µε, which are relatively low values. Thus, it may be 
judged that the cancellous bone at this site was well 
supported with the cortical bone.

With respect to maximum von Mises stress values 
in bone, cantilevered prosthesis has been reported 
to exhibit higher peak stress in the bone when com-
pared to noncantilevered prosthesis3,34 and so do 
high crown-to-implant ratio prostheses when com-
pared to lower crown-to-implant ratio prostheses.35,36 
In the present study, Model CP2 with the cantilevered 
prosthesis showed a lower peak stress in cortical 
bone compared to Model PD2, which had a shorter 
cantilever and a higher crown-to-implant ratio. That 
result is in accordance with a finite element study,34 
which studied a distal cantilever. In fact, the lengths 
of the cantilevers and the differences in crown-to-im-
plant ratios of the models would significantly influ-
ence on the resulted stress values. Therefore, crown-
to-implant ratios and buccal cantilever lengths for 
the models in the present study were measured and 
provided in Table 1. In the present study, CP2 exhib-
ited a lower peak stress in the bone compared to PD2 
but the results of von Mises strain in cortical bone 
have shown similar peak strain values. The non-pro-
portional stress and strain relation in the bone might 
be caused by the assigned elastic modulus that was 
variable depending on direction. Volume calculation 
(Table 3 and Table 4), however, clarified that CP2 is 
presenting less volumes per specific stress and strain 
ranges.

Regarding implant components, maximum von Mis-
es stress values were overall slightly higher in CP2, in 
consistence with what Zhong et al. reported for distal 
cantilever37 and Park et al. reported for lingual canti-
lever.38 However, the differences were not enough to 
conclude that CP2 exhibits noticeably higher stresses, 
which could be due to the higher crown-to-implant 
ratios in PD2. Therefore, analyzing the equivalent 
plastic strain has shown an importance. When the 
stress in the components has slightly surpassed the 
yield stress, a plastic strain has occurred. The little 
differences in stresses above the yield stress, which 
was 932 MPa, could lead to noticeably different plas-

tic strain values as the stress-strain curve was bilin-
ear. Therefore, the small differences in the peak stress 
values of implant components were amplified, re-
vealing pronounced differences in peak plastic strain 
values. The maximum equivalent plastic strain values 
in CP2 were higher overall (Fig. 5). Furthermore, vol-
ume calculation of the plastically deformed titanium 
(Fig. 7) confirms the peak plastic strain results. Since 
the plastic strain refers to a permanent deformation 
occurring in the metal, the buccally-cantilevered 
prosthesis seems to be more prone to mechanical 
failure in accordance with clinical studies.4,11,13 The 
deformed titanium volumes seem to be practical-
ly too small, but as cyclic fatigue was not analyzed, 
those volumes should remain theoretical. Since the 
plastic strain locations were at the implant-abutment 
interface right at the hex (Fig. 6), the simplest theo-
retical consequence might be a slight deformation 
in the hexes over time, which is known as a wear. A 
wear could also occur due to the micromovement 
that causes friction at the titanium-titanium interface. 
The micromovement in the parts was reported to in-
crease as the load increased on a present cantilever.39 
Hence, in-vitro studies40,41 have reported a wear in 
the material at the implant-abutment interface after 
undergoing a cyclic loading. Regarding the plastic de-
formation that occurred in the prosthetic screws, in 
the real situation, the prosthetic screws may undergo 
a plastic deformation causing screw loosening6,8,11-13 
or even screw fracture.12 However, in this study, the 
contact condition for the screw threads was not ide-
al. The surfaces that were thought to be critical for 
the simulation were treated with contact condition 
to simplify the analysis. Ideally, all surfaces including 
screw thread have to be given a contact condition. 
The tied implant-screw threads might have influ-
enced the results. This was a limitation for this study 
and a room for further research in this area.

Beside the mechanical complications that each 
prosthetic design has exhibited for this particular pre-
sentation, other possible clinical complications may 
occur. Lingualized implants in CP2 may cause tongue 
discomfort. In addition, the prosthetic design of CP2 
could be hard to maintain and may cause food accu-
mulation under the cantilever when gingival reces-
sion occurs. The interabutment space in PD2 could 

https://doi.org/10.4047/jap.2021.13.1.12
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form a food trap, which is also hard to maintain. How-
ever, further clinical evidence is needed with respect 
to plaque control and discomfort levels.

CONCLUSION

Compared to bone quantity-based implant place-
ment that creates a buccally cantilevered prosthesis, 
prosthetic-driven implant placement might biome-
chanically be more advantageous, despite the fact 
that a prosthetic-driven implant placement may cre-
ate a higher crown-to-implant ratio.
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