
ORIGINAL ARTICLE
Comparative Finite Element Analysis of Short Implants
and Lateralization of the Inferior Alveolar Nerve With

Different Prosthesis Heights

Sérgio J. Jayme, MDSc, DDSc,� Paulo R. Ramalho, DDS,� Leonardo De Franco, DDS,�

Ricardo Elias Jugdar, DDS,� Jamil Awad Shibli, MDSc, DDSc,y

and Marco A.A. Vasco, MDSc, DDScz
Copyright © 2015 Mutaz B. Habal, MD. Unauthorized reproduct

From the �Department of Implantology, Paulista Association of Dental
Surgeons, Vila Mariana; yDepartment of Periodontology and Oral
Implantology, Dental Research Division, Head of Oral Implantology
Clinic, University of Guarulhos, Guarulhos, São Paulo; and zPrivate
Consultant, Curitiba, Brazil.

Received February 3, 2015.
Accepted for publication June 28, 2015.
Address correspondence and reprint requests to Marco A.A. Vasco, R. Dr.

Faivre 345 ap 203, Curitiba, PR 80060-140, Brazil;
E-mail: maavasco@gmail.com

The authors report no conflicts of interest.
Copyright # 2015 by Mutaz B. Habal, MD
ISSN: 1049-2275
DOI: 10.1097/SCS.0000000000002083

2342 The Journal of Craniofacial Surgery � V
Abstract: The lateralization of the inferior alveolar nerve (LIAN)
and short implants are efficient options for rehabilitation of the
posterior atrophic mandible. However, the loss of bone leads to
prosthesis with greater height and lever effect that in turn can have
different impact on treatments. Through the finite element method,
the present study tests the hypothesis that conventional implants
placed under LIAN and short implants have similar risk of bone loss
regarding variable height of the crown and that crown-to-implant
ratio is not a reliable resource to evaluate risk in these treatments.

Computed tomography scans of mandibles were processed and
implants and prosthetic components were reverse engineered for
reconstruction of three-dimensional models to simulate 3 elements
fixed partial dentures supported by 2 osseointegrated implants. The
models of implants were based on MK III implants (Nobel Biocare,
Zurich, Switzerland) with 4 mm in diameter by 7 mm in length
representing short implants, and 15 mm in length representing
implants used in LIAN. The implant/crown ratio for short implants
was 1:1.5, 1:2, and 1:2.5 and LIAN models were modeled with
exactly the same prosthesis, resulting in implant/crown ratios of
1:0.67, 1:0.89, and 1:1.12.

The results partially rejected the hypothesis that LIAN and short
implants have similar risk of bone loss, showing that although LIAN
results were better in the models evaluated, the variations in height
had proportionally similar impact on both treatments and accepted
the hypothesis that crown-to-implant ratio was not a reliable
resource to evaluate risk.

Key Words: Crown-to-implant ratio, dental implants, finite
element analysis, lateralization of the inferior alveolar nerve, short

implants

(J Craniofac Surg 2015;26: 2342–2346)
he posterior mandible is normally considered a greater chal-
1,2
T lenge than other areas for implant therapy. Moderate to

severe bone loss leads to a limited height between the crest and
vascular bundle for placement of implants of conventional length.
There are several treatment options that have proven efficient for
rehabilitation of this area. Two of them are as follows: short
implants3–6 that are appealing because of the technique simplicity
and the other is lateralization of the inferior alveolar nerve
(LIAN)7,8 that allow use of conventional implants, but has the
drawback of presenting sensory consequences, normally tempor-
ary.8

Since both options are used in the posterior mandible, the
professional may be in doubt about which treatment to use. The
2 are typically used in moderate to severe bone loss, which presents
prosthesis of greater height that could compromise the treatment
due to lever effect.9 To assist in the planning of these cases, the
crown-to-implant ratio was proposed,10 similar to its use in teeth.11

However, studies have shown that it is unreliable to assess risk of
bone loss in implants.10,12–14 Although the subject is controversial,
for a better assessment of a situation, studies that consider specific
characteristics of the treatments are needed. With the finite element
method, this study aims to analyze the hypothesis that short
implants have similar risk of bone loss to conventional implants
placed under LIAN regarding variable height of the crown. The
second hypothesis analyzes if the crown-to-implant ratio is a
reliable resource to evaluate risk in these treatments.

METHODS
Two computed tomography (CT) scans (I-CAT, Xoran Technol-
ogies, Ann Arbor, USA) were used to reconstruct the geometry of
the model, one to construct a toothless mandible and another to
construct the basic crown geometry of the teeth. CT processing into
computer models was already described in the literature15–17

Models were edited in computer-aided design software Solid-
works 2012 (Dassault Systemes, SolidWorks Corps, Vélizy-Villa-
coublay, France). To reduce computational processing time, the
models were cut 2 mm anterior to the mental foramen and 3 mm
posterior to tooth 37. Reverse engineering was carried out with the
help of digital microscope (MD-130U, Miviewcap, Cosview Tech-
nologies Co. Ltd, Bantian, China) to reconstruct digital models of
implants and prosthetic components.

Models of implants and prosthetic components were combined
with models from the CT scans to simulate a implant supported
fixed partial denture of 3 teeth with teeth 35 and 37 as implant
abutments and tooth 16 as pontic. All implants and components
were based on products from manufacturer Nobel Biocare AB
(Gothenburg, Sweden). Except for the variation factors, all models
have the following characteristics: Branemark Mk III implants with
corresponding abutment and platform positioned at the height of
bone crest, the anterior implant positioned 3 mm posterior to the
ion of this article is prohibited.
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mental foramen and the posterior implant in the center of tooth 37;
titanium screw, cobalt chrome infrastructure; feldspathic porcelain
covering the infrastructure and shaping the prosthesis; layer of zinc
phosphate cement approximately 0.1 mm thick between the crowns
and the abutments18,19 and structures to simulate antagonists in
axial and occlusal load.

For short implant models 4.1� 7 mm implants were used and for
LIAN 4.1� 15 mm implants were used. To simulate an atrophic
condition, the bone models were edited in order to maintain a
distance between the short implants and the inferior alveolar nerve
bundle of approximately 2 mm, as recommended to avoid damage
to the nerve.20 In models of LIAN, the implants had bicortical
anchorage and the trajectory of the inferior alveolar nerve was
altered according to a predicted LIAN bone window, with 1 mm of
bone between the implant and the nerve bundle.21 Figure 1 shows
the bone to implant relationships in the 2 treatments analyzed.

To evaluate the impact of different heights in the 2 treatments
analyzed, the prosthetic height was manually adjusted with 3
different heights: lower (models A and D), medium (models B
and E), and higher (models C and F). Considering the short implant
as a reference, the implant-to-crown ratio was 1:1.5 for model A, 1:2
for model B, and 1:2.5 for model C. For the LIAN models, crown
height was the same. Since length is bigger in LIAN implants, the
implant-to-crown ratio was respectively 1:0.67 for model D, 1:0.89
for model E, and 1:1.12 for model F.

All models were exported from Solidworks to the finite element
simulation software ANSYS Workbench V11 (Ansys Inc., Canons-
burg, PA), directly through the geometry translator plug-in of
Ansys. Each structure was configured with mechanical properties
taken from the literature. The elastic modulus and Poisson’s ratio
were respectively: zinc phosphate cement 76 Gpa/0.35,22 trabecular
bone 1.37 Gpa/0.3,23,24 cortical bone 13,7 Gpa/0.3,23,25 cobalt
chromium alloy 218 Gpa/0.33,26 titanium 110 Gpa/0.35,27,28 and
feldspathic porcelain 69 Gpa/0.3.29 All materials were considered
homogeneous, isotropic, and linearly elastic.

For simulation, nonlinear frictional contacts were used between
implant and prosthetic components and between cement and infra-
structure, as described in the literature.15 All other contacts, except
for the antagonist in axial load as presented below, were simulated
as perfectly bonded. Fixed supports were simulated in the anterior
and posterior sectioned surfaces of the bone to simulate the con-
nection of it to the rest of the mandible.
Copyright © 2015 Mutaz B. Habal, MD. Unautho

FIGURE 1. Bone to implant relationship in the lateralization of the inferior nerve
(LIAN) and short implants models.
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The models were simulated in 2 steps. The first step refers to the
application of preload in the screws, as described in the literature.15

For the second simulation step, masticatory loads were simu-
lated, and 2 types of load were analyzed in this research. In the first
load, or axial load, the antagonist structure was configured with
frictionless supports on their side, to permit only a vertical move-
ment. For simplification, the contacts between the antagonist
structure and the crowns were also configured as frictionless. A
load was added on the upper portion of the structure with an
intensity of 100 N.28,30,31

In the second load, or oblique load, a 100 N load28,30–32 was
applied, distributed evenly by the 3 points of contact with the load
vector in the lingual–buccal direction, making a 458 angle with the
occlusal plane. Figure 2 shows antagonist structures and loading
vectors.

For the finite element mesh generation, to improve the accuracy
of the research and ensure valid comparison, the meshes were
generated and validated through a mesh refinement process, ver-
ifying the convergence of the results. The number of nodes and
elements was gradually increased in the regions of peak stresses,
until the difference in the results of the peaks from a mesh
refinement to the other was 5% or less. With these measures, the
error of simplification, characteristic of the meshing process has
been minimized. The number of nodes ranged from 1,255,106 to
1,622,680 and elements from 841,853 a 1,075,083. The mesh was
generated with quadratic tetrahedral elements of 10 nodes (Ansys
solid187). The simulations were then solved (Windows 7 x64, Intel
i7 920, 12 GB RAM). The analysis was nonlinear in relation to
contact. The graphical plot and numerical data from the results were
recorded, evaluated, and compared.

RESULTS
To simplify the analysis, only the results of the posterior implant
and of the Mohr Coulomb criterion will be show, but the result
trends are the same. Table 1 and Figures 3–5 refer to the quanti-
tative and qualitative results, respectively. All peaks in the results
were located in the upper region of the bone crest. Thus, differences
rized reproduction of this article is prohibited.

FIGURE 2. Load vectors (arrows) and antagonist structures as references. Red
surface area represents load distribution area in axial load and area represents
configuration to allow only a vertical movement of the antagonist structure.
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TABLE 1. Values of the Peak Results in Periimplant Bone and Proportional Relationship with Control (Model D)

Axial Load Oblique Load

Mohr–Coulomb ðs # RÞ Compressive Hydrostatic Stress (MPa) Mohr–Coulomb ðs # RÞ Compressive Hydrostatic Stress (MPa)

Model A�Short 0.114/131% 8.82/115% 0.97/127% 45.19/128%

Model B��Short 0.107/123% 8.5/111% 1.27/167% 57.34/163%

Model C���Short 0.102/117% 8.25/108% 1.56/205% 69.86/198%

Model D�LIAN 0.087/100% 7.64/100% 0.76/100% 35.23/100%

Model E��LIAN 0.08/92% 7.17/94% 0.97/127% 44.61/126%

Model F���LIAN 0.079/91% 6.92/90% 1.18/155% 54.22/154%
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in location will not be addressed, but only intensities. For conven-
ience, the model D was selected as control.

Analyzing the results of axial load, the models under LIAN had
quantitatively lower results than models with short implants. The
increase in height and absence of lever effect has allowed a more
uniform stress distribution in the bone. Nonetheless, the results of
oblique loads are 4.61 to 15.29 times higher than corresponding
axial loads. This suggests that oblique loads are more important to
evaluate risk of bone loss.

Analyzing the results of oblique load, the models under LIAN
have quantitatively lower results than models with short implants
too. But, another factor that should be considered is the proportional
impact that the increased height had on the results. When comparing
the results of models with low prosthesis (A and D) with average
prosthesis (B and E) there is an increased risk of 30% and 35%
(Mohr Coulomb and hydrostatic stress) in models of short implants
and an increase of 27% and 26% in LIAN models. Likewise when
comparing the results of models with medium prosthesis (B and E)
with higher prosthesis (C and F) there is an increase of 38% and
35% in models of short implants and 27% and 27% in LIAN
models. Although there is a small percentage difference favoring
LIAN models, the variations are proportionally close and within the
modes evaluated it can be stated that the increase in height had a
proportional similar effect in both treatments.

DISCUSSION
To properly analyze the results it is necessary to understand the
principles that determine the process of bone remodeling. It is well
accepted by the scientific community that mechanical stimuli can
Copyright © 2015 Mutaz B. Habal, MD. Unautho

FIGURE 3. View of the plotted region in Figures 4 and 5.
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lead to bone remodeling,33,34 however, how the structural reorga-
nization is regulated is subject of much discussion. The theory of
Mechanostat35 proposes that depending on the bone strain, it can
suffer atrophy for disuse, maintain the bone mass on physiological
loads, increase bone mass by stimulus higher than the physiological,
or undergo resorption when the strain surpasses the bone threshold.

The analysis of the bone portion followed different criteria
because there are various mechanisms that determine the process
of bone remodeling. The hydrostatic stress was used to evaluate
changes in bone stresses that affect the volume and flow of internal
fluid, which in turn affect the cells responsible for bone remodel-
ing.36,37 The Mohr–Coulomb criterion was used to quantify the risk
of damage in the structural level, which in turn effects bone
remodeling,38 taking into account the difference in the impact of
compressive and tensile stresses in a brittle material like bone.39

Tensile yield strength of 82.8 MPa and compression yield strength
of 133.6 MPa39 were used to calculate Mohr-Coulomb results.

Establishing a parallel between the Mohr–Coulomb criterion
and the hydrostatic stress criterion with the theory of Mechanostat35

and considering that bone atrophy does not occur in dental implants
in function, the major risk of bone loss is the body’s physiological
overload that can create a misbalanced foreign body response.40

Therefore, the highest intensity results represent an increased risk
for bone loss in peri-implant region.

Considering the results, the hypothesis that short implants have a
similar risk of bone loss than LIAN was partially rejected. Although
the results were favorable for LIAN, considering the proportion
differences discussed above, and that some clinical variables could
allow short implants of greater width, the authors concluded that
LIAN presents less risk of bone loss with implants of the same width
rized reproduction of this article is prohibited.

FIGURE 4. Plot of results in peri-implant bone by the Mohr–Coulomb criterion
for implants subjected to axial load. The letter matches the model.

# 2015 Mutaz B. Habal, MD



FIGURE 5. Plot of results in peri-implant bone by the Mohr–Coulomb criterion
for implants subjected to oblique loading. The letter matches the model.
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and that variation of the crown height has a proportional similar
effect for both treatments.

It is well documented in the literature that increasing the
length25,28 and increasing the diameter15,41 of the implant decreases
the risk of bone loss. However, select short implants or LIAN to
treat atrophic mandibles is no simple task as both techniques have
inherent advantages and disadvantages. Short implants can be
wider, while implants placed with LIAN are longer, but should
be narrow due to the required osteotomy that results in a thin layer
of crestal bone subjected to cracks and fractures with wider
implants. A study with the finite element method similar to the
one presented15 analyzed short implants of 7 mm height with
diameter of 5 and 4 mm when compared to implants installed with
LIAN with 15 mm height and 4 and 3.75 mm width. Within the
study, the authors found that the increase in length in implants with
LIAN was more effective in decreasing the risk of bone loss than
increased width in short implants. The results of the present study
show that variation on the height of the prosthesis affects similarly
both treatments and maintained the trend of lower risk of bone loss
for treatments with LIAN. Within the authors’ knowledge no other
studies directly compare the 2 techniques.

For using teeth as conventional support, it was suggested that an
optimal relationship between the crown to root is 0.5:1 and 1:1 is the
acceptable minimum.42 Regarding implantology, several studies
analyzed the crown-to-implant ratio in single crowns,12–14,43,44

fixed partial dentures,43,45 and systematic reviews of the litera-
ture.10 These papers concluded that the crown-to-implant ratio is
not suitable for the analysis of risk of bone loss. A smaller number
of studies have found a relationship between bone loss and crown/
implant ratio;46–48 however, all these advised caution because other
clinical factors could have led to these results.

The second hypothesis that crown-to-implant ratio is a reliable
resource to evaluate risk of bone loss was rejected. For example, the
model A with ratio 1:1.5 showed similar risk to model E with 1:0.89
ratio. This lack of relationship may be partially explained because
the periimplant bone is composed of different bone densities, with
loads being dissipated mostly on cortical bone. By varying the
length, normally it is trabecular bone contact being added, while the
crown-to-implant ratio does not make such differentiation.

Considering this laboratory methodology, the authors concluded
that LIAN presents less risk of bone loss with implants of the same
width; variation of the crown height has a proportional similar effect
for both treatments; crown-to-implant ratio is not a reliable resource
to evaluate risk of bone loss for the treatments analyzed, although
clinical studies should be carried out to validate these findings.
Copyright © 2015 Mutaz B. Habal, MD. Unautho
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