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Abstract Bone height restrictions are more common in
the posterior regions of the mandible, because of either
bone resorption resulting from tooth loss or even anatomic
limitations, such as the position of the inferior alveolar
nerve. In situations where adequate bone height is not
available in the posterior mandible region, smaller lengths
of implants may have to be used but it has been reported
that the use of long implants (Ilength >10 mm) is a positive
factor in osseointegration and authors have reported fail-
ures with short implants. Hence knowledge about the stress
generated on the bone with different lengths of implants
needs scientific evaluation. The purpose of this study was
to compare and evaluate the influence of different lengths
of implants on stress upon bone in mandibular posterior
area. A 3 D finite element model was made of the posterior
mandible using the details from a CT scan, using computer
software (ANSYS 12). Four simulated implants with
lengths 6 mm, 8 mm, 10 mm and 13 mm were placed in the
centre of the bone. A static vertical force of 250 N and a
static horizontal force of 100 N were applied. The stress
generated in the cortical and cancellous bone around the
implant were recorded and evaluated with the help of
ANSYS. In this study, Von Mises stress on a 6 mm implant
under a static vertical load of 250 N appeared to be almost
in the same range of 8 and 10 mm implant which were
more as compared to 13 mm implant. Von Mises stress on a
6mm implant under a static horizontal load of 100 N
appeared to be less when compared to 8, 10 and 13 mm
implants. From the results obtained it may be inferred that
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under static horizontal loading conditions, shorter implants
receive lesser load and thus may tend to transfer more
stresses to the surrounding bone. While under static vertical
loading the shorter implants bear more loads and compar-
atively transmit lesser load to the surrounding bone.

Keywords Finite element analysis - Implant length -
Posterior mandible

Introduction

Osseointegrated dental implants are considered to be a
viable treatment option for restoring partially and com-
pletely edentulous jaws [1, 2].

The predictability of implant treatment is supported by
many clinical studies reporting survival and success rates
higher than 90 % for many implant systems. However,
marginal bone loss around implants has also been reported.
The occurrence of marginal bone loss is often attributed to
poor oral hygiene and biomechanical factors, which may be
related mostly to the implant (e.g.: shape, length, diameter,
material, surface characteristics) and to the patient (e.g.:
bone quality, occlusal force, medical condition) [3].

Since implant length correlates with the area of implant-
bone interface, shorter implants could be assumed to gen-
erate higher stress in the bone. Although implant loss has
rarely been found with implants longer than 13 mm, shorter
implants seem to be more often related to implant failure [3].

In general, the use of short implants has not been rec-
ommended because it is believed that occlusal forces must
be dissipated over a large implant area for the bone to be
preserved. A recent clinical study concluded that short
implants are possible when the peri-implant tissues are in
good condition [4].
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To verify the hypothesis that bone stress is influenced by
implant length, a finite element analysis was performed to
investigate the stress on bone and compare the results of a
6 mm implant model with those of 8, 10 and 13 mm
implant models.

Materials and Methods

A three dimensional model of posterior mandibular seg-
ment in the molar region with an implant and its abutment
was constructed on a personal computer with specification
Pentium Dual Core, 500 MB RAM, using a computer
software program (ANSYS 12.0) for the following
situations:

An implant of 4.3 mm diameter and 6 mm length
An implant of 4.3 mm diameter and 8 mm length
An implant of 4.3 mm diameter and 10 mm length
An implant of 4.3 mm diameter and 13 mm length

b

Steps involved in the study:
I. Finite element modelling

1. Construction of geometric model

a. Modelling of the bone
b. Modelling of the implant with abutment

Mesh generation

Specifying materials properties
Applying boundary conditions
Application of loads

Dk v

II. Finite element analysis

1. Von Mises stress analysis

Model Geometry

A CT scan was used as a reference to model the geometry
of posterior mandibular region [5, 6].

The bone encountered in the posterior mandible, clas-
sified as Type 2 bone, was described by Lekholm and Zarb
[7, 8] as a thick layer of compact bone surrounding a core
of dense trabecular bone. The thickness of the cortical bone
was kept 2 mm and a uniform layer of cortical bone was
modelled on the outer surface of the cancellous core [7, 8].

Implants with similar diameter of 4.3 mm but of dif-
ferent lengths, 6, 8,10 and 13 mm were simulated and
made of titanium alloy (Ti-6Al-4 V) were used for this
study. The implant was opposed by cortical bone in the
crestal region and by cancellous bone for the remainder of
the implant bone interface. A simulated abutment of 5 mm
height made of the same alloy was also used.
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Table 1 Number of elements and nodes for each model

Model Elements Nodes
Model 1 337,413 60,273
Model 2 325,651 59,876
Model 3 318,965 57,877
Model 4 309,765 55,765

Table 2 Mechanical properties of different materials used in the
model

Material Elastic modulus Poisson’s ratio
Cortical bone 13.4 GPa 0.30
Cancellous bone 1.37 GPa 0.31
Titanium alloy 110 GPa 0.33

Since the primary goal of this study was not to evaluate
stress distribution at the implant- abutment or the abut-
ment- prosthesis interface, the implant abutment complex
was modeled as one piece structure and the crown resto-
ration was omitted. The implant abutment complex was
placed in the middle of the molar region of the mandible.
The platform of the implant was modeled as being flush
with the alveolar ridge surface to mimic effectively a real
clinical situation [7].

Mesh Generation of the Model

After placement of the implant abutment complex in the
bone model, automatic mesh generation was done and the
model was divided into large number of elements and
nodes. As a general rule, the larger the number of nodes
and elements, the more accurate is the finite element
solution [9]. The three-dimensional finite element model
corresponding to the geometric model was meshed using
ANSYS Pre-processor (ANSYS 12.0).

The number of elements and nodes for each model is
given in Table 1.

Specifying Material Properties

For the accurate analysis of the problem and interpretation
of the results, two material properties were utilized i.e.
Young’s Modulus (elastic modulus) and Poisson’s Ratio.
The cortical bone, cancellous bone and implant with
abutment were presumed to be linearly elastic, homoge-
nous and isotropic. Although cortical bone has anisotropic
material characteristics and possesses regional stiffness
variation, they were modelled isotropically due to the
unavailability of sufficient data and difficulty in establish-
ing the principle axis of anisotropy. The corresponding
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Fig. 2 Von Mises stress only in cortical bone with 6 mm Implant
under 250 N vertical load

elastic properties such as Young’s Modulus and Poisson’s
Ratio of cortical bone, cancellous bone and implant were
determined according to literature survey [10] (Table 2).

Imposing Boundary Conditions

The boundary conditions were applied to have enough
fixed nodal displacements to prevent the structure from
moving in space as a rigid body when external loads were
applied.

Interface Condition

The bone implant interface was assumed to be perfect,
simulating complete osseointegration. The implant and
abutment were assumed to be connected as a single unit.

Load Application

This is a part of the procedure to simulate actual clinical
situation. The lateral force component along the bucco-
lingual axis was assumed to be 100 N and the vertical
intrusive component was 250 N [5].

After applying load on each model, a record of the
patterns and values of stress developing around the implant

Fig. 3 Von Mises stress only in cortical bone with 13 mm Implant
under 250 N vertical load

Table 3 Von Mises stresses in cortical and cancellous bone under
250 N load

Implant length Cortical bone Cancellous bone

6 mm 33.7737 3.03571
8 mm 29.2947 3.01212
10 mm 27.9385 2.5869

13 mm 24.8276 2.15062

in the bone were displayed using different colours (Fig. 1)
showing different range of stress in cortical and cancellous
bone (Fig. 2).

Results

The present study was conducted to analyse the distribution
and values of stress in the bone around an implant placed in
posterior mandible using different implant lengths. Stress
was calculated using Von Mises criteria, which represented
the distribution of stress in colour-coded figures (Fig. 3).
Table 3 and Graph 1 shows stress distribution in cortical
and cancellous bone around four different lengths of
implants i.e 6, 8, 10 and 13 mm implants under 250 N
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Graph 1 Von Mises stress on cortical and cancellous bone under
250 N vertical load

Table 4 Von Mises stresses in cortical and cancellous bone under
100 N load

Implant length Cortical bone Cancellous bone

6 mm 41.9299 2.80048
8 mm 38.0361 1.8968
10 mm 37.2119 1.83095
13 mm 37.002 1.8413
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Graph 2 Von Mises stress on cortical and cancellous bone under
100 N horizontal load

vertical load. Table 4 and Graph 2 shows stress distribu-
tion in cortical and cancellous bone around four different
lengths of implants i.e. 6, 8, 10 and 13 mm implants under
100 N horizontal load (Fig. 4).
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Fig. 4 Von Mises stress only in cancellous bone with 6 mm Implant
under 250 N vertical load
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Fig. 5 Von Mises stress only in cancellous bone with 13 mm Implant
under 250 N vertical load

Stress Distribution

Maximum Von Mises stress appeared to be located in the
cortical bone under 250 N vertical and 100 N horizontal
loads when 6 mm long implant was used (Fig. 5).

As the implant length decreased from 13 mm to 6 mm,
the stress increased in both cortical and cancellous bone
with 250 N vertical and 100 N horizontal loads. The
maximum and minimum stress in the cortical bone was
33.77 MPa (6 mm implant) and 24.83 (13 mm implant)
respectively under 250 N vertical load. The maximum and
minimum stress in the cancellous bone was 3.04 MPa
(6 mm implant) and 2.15 MPa (13 mm implant) respec-
tively under 250 N vertical loads. The maximum and
minimum stress in the cortical bone was 41.93 MPa (6 mm
implant) and 37.00 MPa (13 mm implant) respectively
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Fig. 6 Von Mises stress only in cortical bone with 6 mm Implant
under 100 N horizontal load
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Fig. 7 Von Mises stress only in cortical bone with 13 mm Implant
under 100 N horizontal load

under 100 N horizontal loads. The maximum and mini-
mum stress in the cancellous bone was 2.80 MPa (6 mm
implant) and 1.83 MPa (10 mm implant) respectively
under 100 N horizontal loads (Fig. 6).

Discussion

The success rate for dental implants suggests that tissues
are capable of sustaining a long term positive response to
implant loading. This implies that bony architectural
strength and the direction in which stresses are transferred
to the surrounding bone are typically favourable as regards
to bone survival and implant stability [11] (Fig. 7).

Load transfer from implants to surrounding bone
depends on the type of loading, the bone—implant interface,
the diameter and length of the implants, the shape and

Fig. 8 Von Mises stress only in cancellous bone with 6 mm Implant
under 100 N horizontal load
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Fig. 9 Von Mises stress only in cancellous bone with 13 mm Implant
under 100 N horizontal load

characteristics of the implant surface, the prosthesis type,
and the quantity and quality of the surrounding bone [12]
(Fig. 8).

Several investigators have attempted to minimize crestal
bone loss by increasing the contact area of bone—implant
interface and therefore reducing stress at the cortical
alveolar crest. Attempts to increase the contact area of
bone—implant interface have focused on increasing the
diameter and/or the length of the implant, or altering the
implant design/shape [13, 14, 20] (Fig. 9).

Bone height restrictions are more common in the pos-
terior regions of the mandible, because of either bone
resorption resulting from tooth loss or even anatomic
limitations, such as the position of the inferior alveolar
nerve [15].

In cases of reduced alveolar bone height, implants of
short length (10 mm or less) may be employed although
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there is a perceived risk that because of their small stature
they will be unable to tolerate occlusal loads and will fail to
osseointegrate. This concern is based on the premise that
occlusal forces are best dissipated over a large implant area
to preserve alveolar bone [16].

A study that reviewed finite element modeling analysis
showed, however, that the use of short-length implants
might be efficacious because occlusal forces are transferred
primarily to crestal bone. If these occlusal forces trans-
mitted to the bone are within the physiologic limits, then
short-length implants are not at risk as routinely perceived
[17].

As the length of the implant increases, the surface area
increases. It has been suggested that the stress levels for a
given applied load is reduced on longer implants because
of greater surface area. This also improves the mechanical
resistance to masticatory forces. The implant length
depends entirely upon the amount of available bones [18].

The relationship between implant length and survival,
however, is limited [10, 19]. These studies indicated that
the use of longer implants did not necessarily relieve the
stress concentration in the bone around the implants.

In the present study, the bone implant interface was
assumed to be completely osseointegrated and the bone
was modelled as homogenous and isotropic. But varying
degree of osseointegration occurs clinically and bone is
actually anisotropic [14, 20]. Higher stress can be observed
with decrease in the percentage of osseointegration. The
stress/strain patterns differ if there is no complete osseo-
integration between the bone and implant [14]. Also gin-
gival soft tissues were not modelled.

In finite element models, bone is frequently modeled as
isotropic when in fact it is anisotropic. The assignment of
proper material properties to a finite element model is a
necessary step to ensure predictive accuracy [21].

To ensure that implant and abutment did not separate
upon the application of force, the two were connected
physically and modeled as a single unit.

The results of this study show that maximum Von Mises
stress appeared to be located in the cortical bone under
250 N vertical and 100 N horizontal loads when 6 mm
long implant was used and also as the implant length
decreased from 13 mm to 6 mm, the stress increased in
both cortical and cancellous bone with 250 N vertical and
100 N horizontal loads.

In a study [22] it was stated that length favoured stress
distribution more than diameter in both the jaw bones
under an axial load, thus, under axial load, the maximum
equivalent stresses in cortical and cancellous bones
decreased with an increase in length in type 2 bone. Length
significantly increased the implant stability of an axial
load, while diameter enhanced that of the buccolingual
load. Diameter exceeding 4.0 mm and length over 11 mm
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are the best combination for optimal biomechanical prop-
erties in immediate loading implants in the type B/2 bone.

Increased implant length results in stress reduction on
the implant in both immediate and delayed loading. For a
given implant length, the stresses are lower after the phase
of osseointegration [23].

Finite Element Analysis has been used extensively in the
prediction of biomechanical performance of dental implant
systems. Assumptions made in the use of Finite Element
Method in implant dentistry should be more accurate. To
achieve more realistic situation, advanced digital imaging
techniques can be used to model bone geometry in greater
detail; the anisotropic and non- homogenous nature of the
material needs to be considered; and applied boundary
conditions must be refined. In addition, modelling of bone-
implant interface should incorporate the actual osseointe-
gration contact area in cortical bone as well as the detailed
3-dimensional trabecular bone contact pattern.

Conclusion

Within the limitations of the methodology that considered
the bone homogenous and isotropic, the results of static
load and linear analysis support the following conclusion:

Von Mises stress on a 6 mm implant under a static
vertical load of 250 N appeared to be almost in the same
range of 8 and 10 mm implant which were more as com-
pared to 13 mm implant. From this we may infer that under
vertical forces short implants receive more stress thus
transferring lesser stresses to the surrounding bone.

Von Mises stress on a 6 mm implant under a static
horizontal load of 100 N appeared to be less when com-
pared to 8, 10 and 13 mm implants. From this we may infer
that under horizontal load short implants receive lesser
stress, thus transferring more stress to the surrounding
bone.

Clinical Significance

A well-planned and well-executed prosthesis is essential to
avoid excessive and unnecessary forces on bone and
implant components. Predicting how bone and implant
components would behave, considering each patient’s
unique jaw anatomy, quality of bone, and amount of
occlusal force exerted on the prosthesis, demands full
comprehension of both mechanical and biologic events.

Finite Element Analysis has been used extensively in the
prediction of biomechanical performance of dental implant
systems.

Thus, the results obtained from this study can be used to
predict the outcomes in the clinical situations and help us
to achieve a successful prognosis. Short implants can be
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successfully placed in atrophied mandibles-where bone
height is less. But, it needs to be proven clinically on a long
term basis.

Limitations of Finite Element Method

Even though Finite Element Method is an accurate and
precise method for analysing structures, the present study
had certain limitations:

Firstly no movement was allowed between the implant
and the bone during loading from different directions
which may not represent a real clinical situation.

The implant was also assumed to be 100 % osseoin-
tegrated, which is never found in clinical situation. This
would alter forces transmitted to the supporting
structures.

Next, the cortical bone, cancellous bone and the
implant were considered to be isotropic and homoge-
nous. The bone in reality is anisotropic and
inhomogeneous.

The static loads that were applied differed from the
dynamic loading encountered during function.

The loads were applied only at point locations.

The implant-abutment complex was considered as one
unit.

The duration of force applied was very less and this

differs from the duration of loads the implants are sub-
jected to in the oral cavity.
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