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ABSTRACT

Objective: There is no definitive study comparing stress distribution around two versus three implants in implant-retained
overdentures with different cantilever length. The purpose of this finite element study was to evaluate stress pattern
around the implants of the 2 or 3 implant- supported mandibular overdenture with different cantilevered length.
Materials and Methods: The models used in this study were 2 and 3 implant-supported overdenture with bar and clip
attachment system on an edentulous mandibular arch. Each model was modified according to cantilever length (0 mm,
7 mm, and 13 mm); thus, 6 models were obtained. The vertical load of 15 and 30 pounds were applied unilaterally
to the first molar and 15 pounds to the first premolar, and the stress in bone was analyzed. Results: With increasing
cantilever length, no similar stress pattern changes were observed in different areas, but in most instances, an increase
in cantilever length did not increase the stress around the implant adjacent to cantilever. Conclusions: Within the
limitations of this study, it can be concluded that increasing of cantilever length in mandibular overdentures retained by
2-3 implants did not cause distinct increasing in stress, especially around the implant adjacent to cantilever, it may be
helpful to use cantilever in cases of mandibular overdenture supported by splinted implants with insufficient retention and
stability. Based on the findings of this study, optimal cantilever length in mandibular overdenture cannot be determined.
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INTRODUCTION cantilevered components to minimize torque-related
stress to the supporting implants.

Implant-retained overdenture offers a convenient

treatment for edentulous patients.'? Usually, one to ~ Inserting three implants and splinting them with a
five implants can be used to support a mandibular ~ connecting bar are more congruent with the ridge
overdenture between the mental foramina.?”! USlng Shape. In this Situation, the middle lmplant canactasan
two or three implants for retaining and stabilizing  indirect retainer for the prosthesis.>” This strategy can
dentures has cost benefits for the patient.**”! Mandibular
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be useful when patients rehabilitated by two-implant
supported overdentures report constant and obvious
denture rotation around the fulcrum line.?!

The influence of implant number and cantilever design
on stress distribution on bone has not been sufficiently
assessed for the mandibular overdentures.'” In a
clinical study by Semper et al.,™ no influence of the
length of cantilever extensions on crestal bone loss
was found. The results indicate that prostheses with
distal bar extensions up to 12 mm are an adequate
treatment option for edentulous patient. The results
of a study by Elsyad et al.l' recommended the use of
the 7 mm cantilevered bars in two implants-supported
mandibular overdentures as it demonstrated the
lowest magnitude of strains with no significant
differences between peri-implant sites.

Because cantilever length is considered to influence
forces transferred to implants and bone and has direct
clinical effect on marginal bone loss, so it is important
that its effects on stress transfer to be investigated.['>'4
Regardless of the length of the cantilever, the greatest
tensions will always be located on the region of the
implant closest to the load application point.'”! Several
renowned authors have stated that to decrease the lever
arm, the length of the cantilever in mandible should not
exceed 20 mm.["*"¥ So far, others said that the length
of the cantilever should not exceed the anteroposterior
length of the area where the implants are distributed,
and an implant distribution with an anteroposterior
length >11.1 mm will produce a cantilever length which
is adequate to promote satisfactory biomechanics, in
addition to producing a favorable esthetic and phonetic
result.®" Clinically, calculated maximum cantilever
length was defined as the length that would not cause
gold screw loosening or fatigue failure.” However,
without cantilevers, there is less retention and stability
as well as the reduced support of the denture base over
sensitive anatomic structures.

However, there is no definitive study comparing
stress distribution around two versus three implants
in implant-retained overdentures with different
cantilever length. The aim of this finite element study
was to evaluate the influence of bar cantilever in
different length on stress distribution in the bone
surrounding the two and three implants-supporting
mandibular overdentures.

MATERIALS AND METHODS

In this in vitro study, the experimental designs of
simulated 2- and 3-implant-retained overdenture
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models were fabricated.””"! For this purpose, two acrylic
models of an edentulous mandible were fabricated
with a clear acrylic resin (Meliodent Multicryl,
Heraeus-kulzer GmbH, Wehrheim, Germany). The
configuration of the bone was duplicated by impression
making from an edentulous mandibular skeleton. In
the first model, three screw type implants and in
the second one, two implants (Biohorizons Internal;
BioHorizons Implant Systems Inc., Birmingham,
Alabama, USA), 4 mm % 10.5 mm were embedded in
the interforaminal region of the acrylic model using a
dental surveyor (Ney Surveyor; Dentsply Intl, York,
PA, USA).

In the models, the implants were vertically oriented,
perpendicular to the occlusal plane, and parallel to each
other. In the first model, the inter-implant distance was
12 mm. One implant was placed in the midline of the
arch, and the others were placed approximately in the
canine regions. In the other model, the inter-implant
distance was 22 mm, and each of implants had an
11 mm distance from midline. Custom Cast abutments
(4.5, PGCAH; BioHorizons Implant Systems Inc.,
Birmingham, AL 35243 USA) were placed on each
implant. A connecting bar (Egg-shaped Dolder
bar-Micro, Straumann, Basel, Switzerland) was
fabricated from a base metal alloy (Biosil-F; Degudent
GmbH, Hanau, Germany). The cantilever bars for each
model was considered with 7 mm length.

Two complete overdentures containing clip
attachments were fabricated on these bar attachment
models by conventional dental laboratory techniques.
One clip was positioned in each bar, and there was not
any clip on cantilevers, so one clip in 2 implant-retained
models and two clips in three implant-retained models
were used. There was a spacer between bar and each
retentive clip (Straumann, Basel, Switzerland).

The three-dimensional geometry of the whole
above-mentioned system was scanned and digitized
using ATOSII (Triple Scan) scanning technology (GOM
mbH, Braunschweig, Germany) and ATOS
Viewer (Version v6.3.0) software (GOM, Germany).
The resultant dense point cloud was transferred to
CATIA modeling software (BM, Kingstone, NY, USA).
The mucosa and cortical bone were reproduced as a
2 mm and 2.5 mm layer, respectively [Figure 1].

To decrease analytical problems, the implants were
considered as flat cylinders. The implant-bone
interface was assumed to be completely bonded (fully
osseointegrated condition). There was a tolerance
between the overdenture and the bar and mucosa. All
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materials were assumed linear, elastic, and isotropic; their
properties were taken from the literature [Table 1].1522!

In the models, three lengths of cantilever (0-7-13 mm)
were defined in the computerized modeling. Stress
analysis was performed using the FE software
ABAQUS v6.9 (ABAQUS Inc., Providence, RI, USA).
In all situations, an arbitrary 15-pound vertical and
unilateral load representing the masticatory force was
applied to the distal occlusal fossa of the first premolar
of the prosthesis. Furthermore, vertical loads of 15 and
30 pounds were applied unilaterally to the central
fossa of the first molar.*! Stress distribution was
assessed around the implants and the edentulous ridge
according to implants number and cantilevered length.

Table 2 represents numbers of elements and nodes
in all study models. The analysis was performed on

Figure 1: Three-dimensional model of mandible plus overdenture

Table 1: Table of material properties
Materials

Elastic modulus (Pa) Poisson’s ratio

Cortical bone 1.37x101 0.30
Cancellous bone 1.37x10° 0.30
Mucosa 1.0x107 0.40
Acrylic resin 2.7x10° 0.35
Titanium 1.17x10" 0.33
Gold 1.0x10" 0.3

Table 2: The numbers of elements and nodes in two
study models
Modeling situations

Numbers of elements and nodes
Study models

Two implants Three implants

Element Nodes Elements Nodes
Without cantilever 185,272 54,831 232,918 63,132
7 mm cantilever 186,282 57,282 281,817 85,314
13 mm cantilever 188,964 64,001 286,073 96,209
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a computer with Windows Xp/AMD-Athlone™ 64
Processor 3200+/CPU: 2.00 GHz/RAM: 2 GB.

RESULTS

Stress values of models with two and three implants
were summarized in Tables 3 and 4, respectively.

Stress distribution for 15-pound force in premolar
region of models with two implants is shown in
Figure 2a-c.

Stress analysis revealed that the highest value of
the stress was seen in the distal bone adjacent to the
ipsilateral implant. With increasing cantilever length,
there was not any important change in the stress
distribution pattern. The highest stress in the posterior
edentulous ridge was observed in the premolar area
and by moving to more distal regions, the resultant
stress was decreased.

Stress distribution for 15-pound force in molar region
of models with two implants is shown in Figure 2d-f.

Stress analysis pattern in this region was different
from the premolar region. With increasing cantilever
length, there was not any important change in the
stress distribution pattern. However, the widths of
high-stress areas were increased. The highest stress
in the posterior edentulous ridge was observed in the
distal area of ipsilateral implant and in the premolar
area.

Stress distribution for 30-pound force in the molar
region of models with two implants is shown in
Figure 2g-i.

This stress distribution pattern was similar to the one
observed when the 15-pound force was used in the
molar region.

Stress distribution for 15-pound force in premolar
region of models with three implants is shown in
Figure 3a-c.

Stress analysis revealed that in this situation, the
stress distribution pattern around the middle implant
was different from other regions. Stress distribution
patterns in other regions were similar, and the highest
value was seen in the distal bone adjacent to the
ipsilateral implant. With increasing cantilever length,
there was not any important change in the stress
distribution pattern. The highest stress in the posterior
edentulous ridge was observed in the premolar area
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Table 3: Stress values (MPa) in models with two implants

Force amount and location 15 pounds (premolar) 15 pounds (molar) 30 pounds (molar)

Stress analysis location A B C A B C A B (o]
Type of Without cantilever 1531 1197 3.725x10" 3.069 1.453 8.440x10" 6.982 3.259 1.644
substructure 7 mm cantilever 1628 1.206 3.835x10" 2.789 1.649 9.203x10" 6.427 3.403 1.720

13 mm cantilever 1.647 1230 3.841x10" 2.758 1.937 9.243x10" 6.284 3.900 1.736

A: Bone around ipsilateral implant, B: Bone around contralateral implant, C: Posterior edentulous ridge in ipsilateral side

Table 4: Stress values (MPa) in models with three implants

Force amount 15 pounds (premolar) 15 pounds (molar) 30 pounds (molar)
and location

Stress analysis A B C D A B (o D A B C D
location

Type of Without cantilever 1.816  1.864  1.869 8.669x10™"  1.232  5.956x107" 4.223  1.353  2.497 1.399 7.026 2.322
substructure 7 mm cantilever ~ 1.408 6.555x10™" 1.069 3.700x10"" 9.653x10™" 4.229x10" 2.737 9.143x10™" 2.261 1.184 5.120 2.036
13 mm cantilever 1.515 6.344x10™" 1.036 3.714x10™" 8.933x10"" 4.399x10™' 2.660 8.353x10" 2.308 1.016 4.814 1.812

A: Bone around ipsilateral implant, B: Bone around middle implant, C: Bone around contralateral implant, D: Posterior edentulous ridge in ipsilateral side

El [ |
Figure 2: Pattern of stress distribution for 15-pound force in premolar region of models with two implants: (a) without cantilever, (b) with
7 mm cantilever, and (c) with 13 mm cantilever. Pattern of stress distribution for 15-pound force in molar region of models with two implants:
(d) without cantilever, (e) with 7 mm cantilever, and (f) with 13 mm cantilever. Pattern of stress distribution for 30-pound force in molar region
of models with two implants (g) without cantilever, (h) with 7 mm cantilever, and (i) with 13 mm cantilever

and by moving to more distal regions, the resultant ~ was seen in the bone surrounding the contralateral
stress was decreased. implant. In this situation, the stress distribution pattern
at the contralateral implant was clearly different from
other regions. The stress distribution patterns in
other regions were nearly similar. With increasing

Stress pattern analysis pattern in this region was  cantilever length form 0 mm to 7 mm, the widths
different from the premolar region. The highest stress ~ of high-stress areas were increased. However, with

Stress distribution for 15-pound force in molar region
of models with three implants [Figure 3d-f].
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increasing cantilever length form 7 mm to 13 mm,
the widths of high-stress areas were decreased. The
highest stress in the posterior edentulous ridge was
observed in the distal area of ipsilateral implant and
in the molar area.

Stress distribution for 30-pound force in the molar
region of models with three implants is shown in
Figure 3g-i.

This stress distribution pattern was similar to the
one observed when the 15-pound force was used
in the molar region. The highest stress value was
observed in the bone surrounding the contralateral
implant. The stress distribution pattern in the bone
surrounding the contralateral implant was clearly
higher than other regions. The stress distribution
patterns in other regions were nearly similar. With
increasing cantilever length, the widths of high-stress
areas were increased. However, increasing cantilever
length did not change the stress distribution pattern.
The highest stress in the posterior edentulous ridge
was observed in the distal area of ipsilateral implant
and in the molar area.

DISCUSSION

In this study, with increasing the cantilever length
in the models with 2 implants, inserting a 15 pounds
load at the premolar distal fossa increased the induced
stresses in the bone around the ipsilateral implant and
slightly increased the stresses in the bone around the
contralateral implant and the edentulous ridge. In the
models with 3 implants, with increasing the cantilever
length from 0 mm to 7 mm, inserting a 15 pounds load
at the premolar site decreased the induced stresses
in the bone around all 3 implants and the edentulous
ridge. However, with increasing the cantilever length
from 7 mm to 13 mm, inserting a same load at the
same site increased the induced stresses in the bone
around ipsilateral implant and the edentulous ridge.

With 15 and 30 pounds loading at the central fossa
of the first molar in the models with 2 implants, with
increasing of cantilever lengths, the resultant stresses
were decreased in the bone around the ipsilateral
implant and were increased in the bone around the
contralateral implant; hence, it can be concluded that
increasing cantilever length can lead to better stress
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Figure 3: Pattern of stress distribution for 15-pound force in premolar region of models with three implants: (a) without cantilever, (b) with
7 mm cantilever, and (c) with 13 mm cantilever. Pattern of stress distribution for 15-pound force in molar region of models with three implants:
(d) without cantilever, (e) with 7 mm cantilever, and (f) with 13 mm cantilever.Pattern of stress distribution for 30-pound force in molar region
of models with three implants (g) without cantilever, (h) with 7 mm cantilever, and (i) with 13 mm cantilever
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distribution between two supporting implants. In
this situation, the induced stress in the posterior
edentulous ridge was increased as the cantilever
length was increased.

In the models with 3 implants, with increasing the
cantilever length, inserting 15 and 30 pounds loading
load at the molar site decreased the induced stresses
in the bone around all 3 implants and the edentulous
ridge.

Sadowsky et al.?! photo elastically compared the
load transfer characteristics of 4-implants retaining
mandibular overdenture, with or without edentulous
ridge contact. They concluded that without intimate
distal extension base contact with the edentulous
ridge, the cantilevered anchorage systems generated
the highest stresses, to the ipsilateral terminal implant,
and the solitary anchor design transferred the least.
With simulated intimate extension base contact, all
anchorage systems transferred low stress to the distal
implant region. For all conditions and designs, low
stress was transferred to the contralateral side of the
arch.

In the other study by the same authors,'” it was
measured, photoelastically, the biologic behavior
of different designs of cantilevered bar mandibular
overdentures which were retained with 2-3 implants.
They concluded that under load, all prosthetic designs
demonstrated a low-stress transfer to the ipsilateral
abutment and to the contralateral side of the arch.

Mericske-Stern!?”! concluded that the distal bar
extensions in implant overdentures has lesser influence
regarding force magnitudes and force directions than
was expected.

In this study, despite the increasing cantilever length,
the resultant stress was decreased in the most situations
or slightly increased in some situations.

According to the previous studies and this study,
prediction of the amount of stress in overdentures due
to their dynamic nature cannot be done as simply as
fixed prostheses. In addition, with increasing elasticity
and motion of the prosthesis, this unpredictability will
be increased. In this study, due to the use of spacer,
the prosthesis movement-3 (PM-3) is considered to
be PM-3.l4' However, the results of this study showed
that a consistent pattern cannot be proposed for
overdentures supported by the bar and clips (with
spacer) in the case of induced stress in the surrounding
bone by increasing the cantilever length.
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According to this study, it can be concluded
that increasing the cantilever length in the
implant-retained overdentures is not as dangerous
as the implant-supported fixed prostheses. Hence,
the cantilever bars can be incorporated in the implant
overdenture designs in patients with more retention
and stability needs. However, more clinical studies are
needed to verify this. In this study, a certain optimal
length of cantilever bars in the implant-supported
mandibular overdentures was not identified.

In this study, only inmodels with two implants (without
cantilever), the retentive bar was parallel with the
condylar axis. However, the level of stresses (especially
in situations with exerting forces on the molar
region) was not less than other models. This is
contrary to a number of scholars who emphasize the
importance of the paralleling posterior hinge axis with
retentive bar.*"* It should be noted that in this study,
the boundary conditions as well as the modeling of the
condyle was not exactly as same as natural conditions.

One probable reason for the maximum stress that was
observed in the contralateral implant in the case of
inserting the occlusal load in the molar region of the
models with three implants is a different rotational
movement in these models. This special movement
may be due to premature contact between acrylic
denture base and contralateral implant. This fact can
emphasize the need for creating more relief space in
the lingual aspect of supporting implants. The amount
of this relief space must be proportional to the type
of used attachments®®! and possible movements of
implant-supported overdenture.

One surprising note was the lowest stress in the
middle implant in the models with three implants.
It can be concluded that there are not any notable
stress distribution differences between two- and/or
three-supported implant overdentures as some previous
studies had mentioned.®* Some authors believe that
increasing the number of implants can reduce the
stresses on the supporting implants.** However, some
authors believe that in the triangular arches adding the
middle implant may be served as an indirect retainer or
as a vertical stop for preventing sitting of the anterior
portion of overdenture.’ A study by Liu et al. showed
that in the three-implant-supported overdentures, no
strain concentration was found in the cortical bone
around the middle implant. They concluded that
one-third implant can be placed between the original
two when patients rehabilitated by two-implant
overdentures report constant and obvious denture
rotation around the fulcrum line.?!
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In the models with 2 implants, changing the place of
inserting force from the first premolar distal fossa to
the first molar central fossa increased the resulting
stress in the bone around two implants and edentulous
ridge. In the models with 3 implants, changing the
force inserting place led to decreasing the resulting
stress in the ipsilateral and middles implants and
increasing the stress in the contralateral implant
and edentulous ridge bone. Federick and Caputo!®!
showed that in 2-implant-supported overdentures,
inserting the occlusal load in more distal areas can
increase the resulting stress in the edentulous ridge
bone and decrease the stress in the bone surrounding
both implants.

In the present study, increasing the occlusal force in
the molar region increased the resulting stress in all
areas examined. In the case of increased stress in the
edentulous ridge area, this study was in agreement
with the study by Kenney and Richards.?*!

Although the finite element analysis method is a
useful way of assessing the mechanical behavior of
complex tissue that is located under complex loading
forces,*3 there are limitations associated with the
need to simplify the model.

CONCLUSIONS

Within the limitations of this finite element study, it

can be concluded that:

1. Increasing of cantilever length in mandibular
overdentures retained by 2-3 implants did not
cause distinct increasing in stress distribution
pattern

2. In the models with 2 implants, the highest value
of the stress distribution pattern was seen in the
distal bone adjacent to the ipsilateral implant

3. In the models with 3 implants, with inserting
15-pound force in premolar region, the highest
value of the stress distribution pattern was seen in
the distal bone adjacent to the ipsilateral implant.
With inserting the same force in molar region, the
highest value of the stress distribution pattern was
seen in the bone around the contralateral implant

4. With changing force inserting site from anterior
regions to more posterior areas, the value of the
stress distribution patterns in the edentulous ridge
was increased

5. With increasing the inserting force in the molar
region, there were not any changes in the stress
distribution pattern but the induced stresses were
increased in all regions.
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