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Abstract. Statement of problem. Different implant geometries present different biomechanical behaviors and in this context,
one arising question is how cuneiform implant geometry compares to clinical successful cylindrical threaded implant geometry.

Purpose. The purpose of this work was to study stress distribution around cuneiform and cylindrical threaded implant
geometries using three-dimensional finite element stress analysis taking the latter as a reference.

Material and methods. A model was generated from a computerized tomography of a human edentulous mandible with
implants placed in the left first premolar region. The model was supported by the mastication muscles and by temporomandibular
joint. A vertical load of 100N was applied at the top of each implant in the direction of their long axes. The mandibular boundary
conditions were modeled considering the actual muscle supporting system. Taking muscle forces intensities and directions,
balance moment equations were employed to assess the system equilibrium. Cortical and medullary bones were assumed to be
homogeneous, isotropic and linearly elastic.

Results. The analysis provided results for maximum (S1) and minimum (S2) principal stress and Von Mises (SEQV) stress
field. For both geometries, the results showed concentration on one side of the neck, smooth stress distribution along the body
and no considerable concentration at the apical area.

Conclusion. Results showed similar stress distribution pattern for cuneiform and cylindrical threaded geometries. The
stresses profiles along the implants length reproduced their morphology. In both occurred stress concentration at one side of the
neck and no body or apical stress concentration.
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1. Introduction and literature review

Since the introduction of osseointegration concept [3,10], cylindrical threaded implant geometry
described by Brånemark et al. [10–12], has been a reference for many studies. This implant is well
known and documented in clinic and laboratory situations in several long-term studies, which provided
reliability and assurance to its use, in this way becoming the gold standard of the implant technique [5,
26,29,46,52,54,55].

In the last years, some studies have focused on the implants biomechanical behavior [1,4,6–8,18–20,23,
41,43,45,46,51–55,62,65,66] and most of these works included this geometry, comparing it to different
geometries. Biomechanical behavior is not only strictly dependent on implant geometry, but also on its
design, including shape, dimension and material, as well as the prostheses [13,14,59]. However, since
nowadays all implant system employs quite similar material and prostheses features for all prosthetic
implant solutions, the study of the surrounding bone stress distribution and its dependency on implant
shapes, brings valuable contribution to the improvement of implant’s geometry and biomechanical
behavior [58]. The use of finite element method (FEM) in this mechanical analysis of dental implants
has been described by many authors [1,6,8,9,18–20,43–46,52,54,55,59,61,62,66]. This method presents
suitable degree of reliability and accuracy “without the risk and expense of implantation” as pointed
out by Cook et al. [19]. However, the degree of accuracy of the FEM results depends on how the
model agrees with actual anatomic structures and physiologic conditions [27,31,33,34,36,37]. Previous
attempts in modeling the implant-bone relationship often use two-dimensional analysis [51,53,55,66]. It
has been demonstrated in some different studies that the three-dimensional (3-D) approach, the modeling
of the boundary conditions around the implant considering different degrees of bone-implant contact [9,
20], the presence of cortical or medullary bone [40,46] and the use of more refined models, can produce
more reliable results [27,33,34,41,42,52,54]. Quantitative comparison between analyses under different
modeling conditions are not reliable due to the sensitivity of the model parameters in the results [27].
Similar conditions have to be provided in order to obtain reliable results [28].

Different from the natural tooth, the implant interface is a rigid contact that transmits occlusal loads
directly to the adjacent bone that can produces high levels of stress concentration [5]. Previous studies
showed that this concentration around the implants occurs mainly in the neck and apical region [30,50,
57] affecting local bone physiology [24,26]. Some efforts were done in the past trying to alleviate this
situation, such as the use of an intramobile-element [32,42,56], or a resilient collar around the implant
neck [2], or even a cementum-periodontal ligament like formation around the implant [15,17,64].

Different geometries have been studied and attempts have also been made towards shape alteration, to
improve the implant biomechanical performance [16,47,51–54,60]. The cuneiform geometry [21,22] is
one of these. The purpose of this work was to compare, under the same conditions, the stress distribution
around a cuneiform and a cylindrical threaded geometry implants, taking this later as a reference.

2. Material and methods

The methodology of the present study was based on previous work [22] which developed a model
based on a complete edentulous human mandible.

2.1. Modeling

The geometric model of the mandible was obtained from a computerized tomography (Tomograph –
Pro-Speed, GE, Medical Systems, Fairfield, CT, USA) of an actual human mandible according to Inou
et al. [27] descriptions (Fig. 1a and 1b).



Galley Proof 9/06/2006; 15:22 File: THC417.tex; BOKCTP/Haina p. 3

M. Cruz et al. / Finite element stress analysis of cuneiform 3

Table 1
Mesh Data

Geometry Elements Nodes Degrees of Freedom
Cuneiform 17.193 26.708 80.134
Cylindrical threaded 15.386 23.899 71.696

(a) (b)

Fig. 1. (a) Mandible CT scan. (b) Transverse section # 32, implant location.

The images were converted into digital data with the help of a scanner and transferred to the CAD
program (AutoCAD, AutoDesk Inc., San Rafael, CA, USA). The coordinates of the contouring points
were extracted from these plots and joined to form partial volumes, which together defined the final
geometry. This process converted the obtained data into a 3-D solid model (Fig. 1c and 1d).

The geometric model thus obtained was meshed by the ANSYS finite element program (Ansys
Corporate, Canonsburg, PA, USA), using tetrahedral isoparametric quadratic elements composed by 4
triangular faces, 4 vertices and 10 nodes. The grid reached 85.800 elements with 362.610 degrees of
freedom. On the left premolar region, between the sections #30 #34 of the tomography, where the
implants were placed, since greatest numerical accuracy was desired in this area, a finer mesh was used
with 67.120 elements, corresponding to 276.960 degrees of freedom.

2.2. Implant systems, load positioning and interface conditions

The implants were also meshed by the same program with refined meshes (Table 1). The dimensions
herein used for the implants were chosen as close as possible to most FEM studies reported in the
literature. The cuneiform geometry had 13 mm length and 4mm of platform diameter (Fig. 2) (Bioform
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(d)

(c)

Fig. 1, continued. (c) Volumetric model of the geometry. (d) Computational geometric model of the mandible.

Implant, Maxtron Co., Juiz de Fora, MG, Brazil). The largest face of the implant body, presents three
notches on each side to enhance mechanical retention during prosthetic management (Fig. 2).

The cylindrical threaded geometry modeled had (Nobel Biocare AB, Göteborg, Sweden) 13 mm
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Fig. 2. Cuneiform implant.

length, 4 mm of platform diameter and 3.70 mm of body diameter. The small difference from the
original manufactured dimensions: 0.1 mm on the platform and 0.05 mm on the body, attempted to bring
the two geometries closer, for comparisons purposes.

A vertical load of 100 N was applied at the top of each implant in the direction of their long axes [18,
41,42,67]. A layer of compact bone contoured the implant neck and their body was embedded in the
medullary bone (Fig. 3a, 3b). A fixed bond, that is, total osseointegration, between bone and implant
along the whole interface was assumed, which meant that under the applied load on the implant, relative
motion between bone and implant did not occur.

2.3. Load and supporting system

The complete model was supported by mastication muscles forces: Masseter (M), Medial Pterygoid
(PM), Lateral Pterygoid (PL), Temporalis (T), together with the temporomandibular joints restraints.
The forces generated by the mastication muscles were determined based on their transverse sections, as
proposed by Inou et al. [27]. The data obtained from this reference indicates the following relationship
between these muscle actions:

M = 1.72 PL T = 0.99 PL PM = 1.15 PL

The complete model was restrained as shown in Fig. 4. Considering the axial load (P = 100 N) applied
on top of the implants, the values for the muscular forces to keep the equilibrium of the system were
obtained from the equation:

(
�rM × 2 �M + 2 �PM × �rPM + 2 �PL × �rPL + 2�T × �rT + �P0 × �rP0

)
·�e = 0

In this equation, rM , rPM , rPL, rT , rP are the distance vectors from the load application points of the
muscle forces M, PM, PL, T and of the axial implants loads, P0, to the × (1–2) axis passing thru the top
of the condyles. The symbol “×” denotes the vector product, the symbol (•) denotes the inner vector
product and �e is the unit vector in the condylar axis direction. The position of the muscular forces and
axial load are given in vector form in Table 2.
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Table 2
Distance vector components (mm)

Vector distance X direction Y direction Z direction
rM 0.0 28.07 33.01
rT 0.0 30.61 5.27
rPL 0.0 9.56 6.31
rPM 0.0 27.67 38.97
rPo 0.0 80.63 23.89

(a)

(b)

Fig. 3. (a) Cuneiform implant in the mandible without cortical layer. (b) Cylindrical threaded implant in the mandible (cortical
layer and abutment not included).

According to descriptions found in the literature [48,35] the muscle positioning on the mandibular body
was approximated and its resultant was considered acting on the centroid of the nodes of the elements
faces, belonging to the muscular action area [49]. The forces directions are described in terms of director
cosines, as given in Table 3. The values thus obtained from the equation and from the described force
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Table 3
Director cosines of the resultant muscular forces
(right side)

Muscle Cos (α) Cos (β) Cos (γ)
Masseter −0.043 −0.011 0.999
Medial pterygoid 0.587 −0.165 0.792
Lateral pterygoid 0.714 −0.692 0.106
Temporalis −0.325 0.219 0.920

Table 4
Elastic properties of materials used

Material Elasticity Modulus Poisson’s Ratio References
Cortical bone 13.700 MPa 0.30 [4,9,16,19,20,38,40–42,46,61,62]
Medullary bone 1.370 MPa 0.30 [4,9,40–42,46,61,62]
Titanium 110.000 MPa 0.33 [6,38,61,62]

Fig. 4. Boundary conditions (red arrows indicate applied muscular forces).

relations between the muscular actions were:

M = 59.23 N PM = 39.60 N PL = 34.44 N T = 34.09 N

The elastic properties of each material, such as cortical bone, medullary bone and titanium was extracted
from current literature (Table 4).

The thickness of the cortical and medullary bone was assumed as defined by the X-ray CT sections of
the mandible. The modeled bone was considered isotropic, homogeneous, and linearly elastic.
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Fig. 5. Location of the horizontal and vertical sections.

3. Results

The analyses provided results for maximum (S1) and minimum (S3) principal stress and Von Mises
(SEQV) stress field. Stress contours were color-coded and explained for each figure, where the stress
values were indicated in Mega Pascal (MPa).

Global results showed mandibular deformation as described in literature and very similar stress dis-
tribution. For results visualization in the region close to the implants, sections of each implant were
obtained in special points of interest. These sections were in four transverse (SH) and two longitudinal
(SV) directions. The transverse sections were located as follow: SH4 was tangent to the apical area of
the implant; SH3 was 2 mm from SH4 in the implant neck direction; SH2 was 4.5 mm from SH3 and
SH1 was 5 mm from SH2, at the implant neck (Fig. 5). In implant neck region, at SV1 and SV2 sections,
more detailed results were also shown.

Figures 6, 7, 8 show, respectively the S1, S3 and SEQV stress for those four transverse sections and
for the longitudinal sections, including details of the implants neck region. Stress comparisons along
implants contour lines (Fig. 9A and 9B) were drawn. The first one was transverse and contoured the
implant neck region. Letters A, B, C, D were used to identify mesial, buccal, distal and lingual faces,
respectively. The longitudinal lines profile of cuneiform implant were also positioned on these faces,
mesial (A) buccal (B) distal (C) and lingual (D) and evaluated on the top, on the cortical-medullary bone
joint (CT) on the first (#1) second (#2) and third (#3) re-entrance and on the apical region (#0). On the
B-0 direction, six points were selected in order to show the stress in frontal implant surface. Due to its
characteristics, the cylindrical threaded implant lines were positioned on top, on the first inferior edge of
the platform (#1) on the angle between the platform and the body (#2) on the top of the first thread (#3)
on the cortical-medullary bone joint (CT) and on the apical region (#0). The graphics plotted show the
principal and Von Mises stress fields (Figs 10, 11, 12, 13 and 14).

The stress variation on the top (implant neck) displayed a similar pattern for both implants (Fig. 10).
On both, stress concentration between the distal and lingual quarter occurred and the values were slightly
higher for cylindrical threaded geometry. On the longitudinal sections, the stress also occurred with a
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Fig. 6. Maximum principal stress – S1. 1) Axial sections 2) Detail of the top 3) Transverse sections. a) cuneiform, b) cylindrical
threaded.

similar pattern (Figs 6–8). Difference was only observed at mesial area (A) with the stress concentration
for cuneiform geometry at CT and for cylindrical threaded at #1. On distal top region (neck) (Figs 6–8),
these concentration values were higher for cylindrical threaded implant. The graphics showed also the
differences caused by the geometry along the body lines. For both implants no stress concentration areas
occurred along the body length or at the apical area.

4. Discussion

Comparative analysis if under different modeling conditions could serve as a reference, but do not
have conclusive value. However, the results of different studies can evidence a pattern of biomechanical
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Fig. 7. Minimum principal stress – S3. 1) Axial sections 2) Detail of the top 3) Transverse sections. a) cuneiform, b) cylindrical
threaded.

behavior and this occurred with cylindrical threaded geometry. This pattern be can used as a reference to
study others implant geometries. This pattern established by cylindrical threaded implant has exhibited,
under different analyses and conditions, stress concentration at the neck and at apical region [29,40–42,
51–53]. These stresses concentrations, however, in functional conditions, did not cause bone losses
capable to lead to an implant fail, according to different authors [3,4,10–12,30,40]. The biomechanical
behavior of this geometry, among other features, brings it to high levels of success [3,10–12].

Rieger et al. [53] and Inou et al. [27] related that in the regions where the stress concentration was out
of physiologic limits, bone resorption occurred. Accordingly, in the regions where the stress was within
physiologic levels, the bone kept its morphology. Both implant geometries stress here obtained were
within the physiologic levels according to authors [19,20,24,52,54,55].

Studies comparing the cylindrical threaded geometry to other geometries concluded that the natural
tooth and the conical geometry [23,51–54] had better biomechanical performance.

In a previous study, Cruz et al. [22] reported that cuneiform geometry presented reliable biomechanical
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Fig. 8. Von Mises stress – SEQV. 1) Axial sections 2) Detail of the top 3) Transverse sections. a) cuneiform, b) cylindrical
threaded.

behavior compared to other literature described results. The results of this work showed also that values
of stress concentration were within the physiologic conditions described by others works [19,24,26,41,
42,51–54].

Both analyses here presented indicated the existence of a stress concentration at the same region of
the neck, i.e., superior mesial area of the cortical layer. Bone losses in this area have been correlated
to this stress concentration [4,9,18,41,51,53,57,64,66]. In this study, the stress concentration occurred
only at one side and not all around the neck as previously related [4,18,30,52,54,57]. Rieger et al. [53]
also described that the cylindrical geometry, induces relatively low stresses to the bone, along the body,
concentrating stress near the neck and the apical region. This situation, according to them, can lead to
pathologic bone losses at the middle implant region by atrophy and at the extremity by excessive stress.
The cuneiform geometry implant here studied provided a smooth stress distribution inducing gradual



Galley Proof 9/06/2006; 15:22 File: THC417.tex; BOKCTP/Haina p. 12

12 M. Cruz et al. / Finite element stress analysis of cuneiform

(a)

(b)

Fig. 9. (a) Cuneiform geometry diagram of lines. (b) Cylindrical threaded diagram of lines.

distribution of the load from the top to the apical region. No apical stress concentration occurred in the
geometries here considered which is different from the results related in other studies that have frequently
described an apical stress concentration [16,41,51,52,54,55].

5. Conclusions

Within the limitations of the present methodology, the obtained results indicated the following:

1. Both studied geometries presented quite similar qualitative stress distribution.
2. The stresses profiles along the implants length had specific pattern, reproducing the implant mor-

phology.
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(a)

(b)

Fig. 10. Platform line. a) cuneiform, b) cylindrical threaded.

3. In both geometries occurred stress concentration at one side of the neck and no body or apical stress
concentration.
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