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The aim of the present work is to develop 3D � nite element
models of implant � xture with different wall thicknesses to
predict maximum stress concentration sites and distribution
contours after loading. A maximum lateral force of 150 N was
applied to simulate horizontal occlusal forces. When the � xtures
were constrained to simulate different boundary levels, the
maximum equivalent stress (max EQV) was always located at
the implant-bone interface. Max EQV increased when the wall
thickness or boundary level was reduced to a certain extent. The
� xture with a wall thickness of 0.97 mm demonstrated the
smallest stress increase ratio when the boundary level was
lowered. Our results indicated that both wall thickness and the
boundary level played important roles in maintaining a well-
distributed stress level within the � xture. The stress concentra-
tion decreased when the � xture wall became thicker, however,
this effect was less signi� cant when the surrounding bone level
was reduced.

Introduction

Implant dentistry was introduced in the 1960s and has
become increasingly popular due to high rates of
success [1, 2]. Recently, treatments with implant-
supported � xed and/ or removable partial prostheses
have been widely recommended for partially edentu-
lous patients. Around one fourth of patients ages 45 to
69 would like to be treated with dental implants instead
of removable partial dentures, and more than half of
them preferred dental implants if they had lost only
one or two teeth [3].

Both of the load applied on the implant and the load
transferred to the bone are important when biomecha-
nical concept of dental implants is considered. Mastica-
tion normally produces vertical and transverse forces,
and exerts stress gradients in the implant as well as in
the bone. Loads applied to the implant will be directly
transmitted to the bone because of intimate contact at
the implant – bone interface. Although a minimum
amount of stress is necessary for bone remodelling [4],
large amount of stress may exceed the limits that bone
can tolerate, which subsequently lead to micro-damage

and induce resorptive activities [5, 6] . The implant per
se has to withstand stresses induced by intraoral forces.
Increased or abnormal loading, as well as fatigue under
physiological loads, can lead to fractures of certain
implant components

Although clinically the success rate of dental implants is
increasing, a high percentage of after-implantation
problems, such as loosening and fractures, occur mainly
in the � rst year, probably due to inadequate structural
integrity. These problems are also complicated by cyclic
fatigue, oral � uid invasion, and various occlusal
patterns or overloading [7 – 12] . Fracture or loosening
is most likely to occur in the retaining screw, followed
by the abutment screw, then the � xture. As for fracture
problems, however, it is dif� cult to predict which
component will suffer fatigue and the resulting effects
on the entire system.

Important aspects of implant design are related to
biomechanics of implant systems and the different
materials used for implants. Both parameters are
complex issues, but more uncertainty and less factual
information exist in the former one than the latter one
[13] . Obviously, the relationship between the shapes of
implants and stress distributions plays an important role
in the integrity of implant systems.

Essentially, to prevent fracture, the structural diameters
of retaining screws, abutment screws, and � xture should
be carefully determined. Various diameters of the
� xture body have been tested, and a wider one was
suggested in clinical use to increase the contact surfaces
between bone and implant and to reinforce implant
stability [14]. However, an increase in � xture diameter
is restricted by the � nite thickness of the alveolar bone.

Wall thickness of the � xture is another signi� cant factor
in� uencing implant strength. Given a � xed outer
diameter of the � xture, an increase of its inner
diameter will weaken the structure. Conversely, a
decrease of the inner diameter may reduce the
diameter of the abutment screw. Thus, it is critical to
achieve an ideal ratio of the diameters among different
components in an implant system. However, very few
studies have attempted to assess the in� uence of
different wall thicknesses of the � xture on stress
distribution and fracture resistance. On the other hand,
a complex clinical variable, bone level around the
implants, has not been reported systematically [15].

Finite element method (FEM) has been extensively used
in biomechanical studies to analyze structural stress
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distribution of mechanical components. Because of
increasing computing speed and progressively better
programs, researchers can now more precisely calculate
results and establish models [16]. Using an optimal
design technique, the present study developed 3D � nite
element models of � xture bodies with different wall
thicknesses. The same models with various boundary
levels were also constructed to investigate different
marginal bone conditions surrounding the � xture body.

Materials and methods

As shown in � gure 1a, a 3D numerical model of the
® xture body was developed using the FEM technique.
The geometry of the computer model was based on
standard shapes of the 3.75 ´ 10 mm pure titanium
dental implant (BraÊ nemark implant system Ò , Nobel
Biocare AB, Göteborg, Sweden) with the inner and
outer threads around the � xture body (� gure 1b) . A
general purpose � nite element software package,
ANSYSÒ (Rev. 5.4, Swanson Analysis System, Houston,
PA, USA), was executed on an NT-based personal
computer for theoretical analysis. With the internal
language of ANSYS (ANSYS Parametric Design Lan-
guage) , parametric control of the geometrical details
was utilized to adjust the diameters of inner and outer
threads without further remodelling.

In the present study, � nite element models of the
� xture body were meshed with four-noded tetrahedron
elements, and convergent studies were conducted to
justify the mesh density. To evaluate effects of wall
thickness on � xture bodies, the inner walls were given

various thicknesses with possible magnitudes of
0.87 mm (Model I) , 0.97 mm (Model II) , 1.07 mm
(Model III) , and 1.17 mm (Model IV) . Models I and IV
are shown in � gure 2 to represent the thinnest and
thickest wall thicknesses of the � xture bodies. All of
these models had a � xed outer diameter of 3.75 mm
and length of 10 mm with slightly different numbers of
nodes and elements in meshing with the � nite element
models ( table 1) .

The material properties of the models were assumed to
be homogeneous, isotropic, and linearly elastic. Young’s
modulus (110 GPa) and Poisson’ s ratio (0.33) of
titanium alloy for the � xture bodies were adopted from
previous studies [17, 18] . Due to the stress distributions
in bone not being discussed in this study, the � xtures
were rigidly constrained to simulated ideal osseointe-
gration. To assess effects of marginal levels, the � xtures
were simulated to embed into different marginal
boundary levels with lengths of interface varying from
6 to 9 mm in increments of 1 mm.

Rugh and Smith [19] reported that maximum biting
forces generally vary from 20.5 to 104.4 kg (244 N to
1245 N) as developed by the stomatognathic system.
Under cusps of around 30 8 , the lateral force would be

H.-M. Huang et al. Stress analysis of implant � xture wall thickness

Figure 1. Representative solid models of the � xture of
1.07 mm wall thickness (a) with outer threads only, and (b)
with both inner and outer threads.

Figure 2. Sagitta l sections of representative � xture models
with wall thicknesses of (a) 0.87 mm and (b) 1.17 mm.

Table 1. Numbers of nodes and elements used in the models of
different wall thicknesses .

Model I Model II Model III Model IV
(0.87 mm) (0.97 mm) (1.07 mm) (1.17 mm)

Nodes 3025 3263 3284 3462
Elements 11026 12470 12768 14073
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transmitted at half of the biting force. With an occlusal
force of 300 N, the lateral force is then calculated as
150 N. Therefore, a maximum lateral force of 150 N
was considered for a daily physical simulation of
occlusal forces in this study. As demonstrated in � gure
3, the forces were evenly distributed on the surface of
the � xture collar in our simulations.

Von Mises stresses (equivalent stress [EQV]) within the
four � xture models were calculated with different
boundary levels, and the contours of stress distribution
in implants were displayed for comparison.

Results

When the � xtures were constrained to simulate
different boundary levels, maximum equivalent stress
(max EQV) was always located at the area of the
implant-surrounding tissue interface. Figure 4 demon-
strates the stress distribution contours of Model III (wall
thickness of 1.07 mm) with an 8 mm marginal level.
Similar stress distribution contours were found in all
other models at different boundary levels. Max EQVs of
the � xtures under different boundary conditions are
listed in table 2. A linear relationship with negative
slope between boundary level and max EQV within
� xtures is noted in � gure 5. Our results indicated that
the amount of stress concentration signi� cantly in-
creased when the boundary level was lowered.

Figure 6 shows the relationship between boundary
levels and max EQV increase ratios. The max EQV
increase ratio (MEIR) is de� ned as the increase of max
EQV when wall thickness decreases from a thicker to a
thinner wall. When the wall thickness decreased from
1.17 to 0.87 mm at a boundary level of 9 mm, the max
EQV signi� cantly increased from 55.6 to 83.4 MPa
(with a 50% increase, or an MEIR of 0.5) . A similar
phenomenon also occurred at a boundary level of
8 mm (with an MEIR of 0.3) , as well as at a boundary
level of 7 mm (with an MEIR of 0.22) . It is noted,
however, that at a boundary level of 6 mm (with 3 mm

of marginal bone loss) , the max EQV decreased from
221.6 ( for 1.17 mm wall thickness) to 209.6 MPa (for
0.87 mm wall thickness) with an MEIR of Ð 0.05. It was
postulated that with 3 mm of marginal bone loss, the
� xture may have been overloaded and subsequent
failure might have been occurred [18, 20]. Due to the
complex and nonlinear phenomena of fracture me-
chanisms, stress analysis at a boundary level of 6 mm
was not included in the subsequent evaluation.

As listed in table 2, max EQV signi� cantly increased
when the boundary level decreased. However, a non-
linear relationship between MEIR and wall thickness is

H.-M. Huang et al. Stress analysis of implant � xture wall thickness

Figure 3. An average force of 150 N applied on the collar
surface of the � xture body.

Figure 4. Representative sagittal stress distribution contour of
sagittal section of the � xture model with a wall thickness of
1.07 mm and a boundary level of 8 mm. The portion with
white colour shows a higher stress level.

Figure 5. Relationship between max EQV and boundary
level.
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shown in � gure 7. The MEIR, here, is de� ned as the
increase of max EQV when boundary level decreases
from a higher to a lower level. The � xture with
1.17 mm wall thickness showed the largest MEIR of
1.98 when boundary level decreased from 9 (55.6 MPa)
to 7 mm (165.8 MPa) . A similar trend was noted in all
other models. The minimum MEIR (1.37) was found in
the � xture body with a wall thickness of 0.97 mm.

Discussion

A key determinant of the success rate of an oral implant
is the way mechanical loads are transmitted to the

surrounding bone. These loads depend on the type of
loading, bone-implant interface, length, diameter,
shape of the implants, structure of the implant surface,
superstructures, and quality of the surrounding bone,
etc. Although osseointegration does exist between bone
and dental implants, overloading or implant fractures
may affect its integrity. Investigating stress distributions
in major implant components of different shapes and
sizes may help determine the best combination to
retain or reinforce osseointegration. Within the limited
width of the alveolar bone, it is critical to consider the
relationship between wall thickness of the � xture body
and diameter of the abutment screw, as well as that
between the surrounding bone level and the � xture
body. Finite element analysis, being considered as an
appropriate method for internal stress analysis, was
used in the present study. A static analysis is suitable to
simulate clenching, grinding, and most mastication
conditions. Since bruxism was reported to be one of the
main factors potentially damaging bone and implants
[7, 21, 22] , static loads were suf� cient for the purpose
of this study.

In this study the Von Mises stress (EQV) was chosen to
display the computational results for comparison.
Since all materials were considered to be linearly
elastic, stresses in the model increased proportionally
with the force applied. Knowing the EQV for unit
loads, stresses generated by loads in the range of
occlusal forces can be thus deduced. Computer
simulation generally operates with simpli� cations and
assumptions related to material properties, geometry,
load, and interface conditions. For this reason, when
applying the results to clinical practice, a qualitative
comparison between models is recommended, rather
than focusing on quantitative data from � nite element
analysis.

Ratios between stress values remain the same, regard-
less of the magnitude of the force, as long as the load
applied allows only elastic deformation of the materials
in the model. No attempt was made to use a particular
biting force in matching the various occlusal loads
reported [23]. It has been shown in the present study
that max EQV always located at the � xture – boundary
interface when lateral force from the occlusion was
applied to the � xture body. These stress concentration
patterns are essentially in accord with basic mechanical
theories and investigations.

An increase in the diameter of abutment screw is
expected to reinforce the mechanical strength of
the implant system. However, the increase in the
diameter of abutment screw will unavoidably reduce
the wall thickness of the � xture body, which may
lead to fracture of the � xture body under normal
occlusal forces. Using � nite element modelling, an
optimal design technique was utilized to improve
the reliability and durability of the implant system
and to prevent inadequate design of individual
components.

To reduce the maximum stress level within the
abutment, the occlusal force should not be concen-

H.-M. Huang et al. Stress analysis of implant � xture wall thickness

Table 2. Maximum equivalent stress (max EQV) (MPa) in all the
models with different wall thicknesses under various boundary levels.

Boundary Model I Model II Model III Model IV
leve l (0.87 mm) (0.97 mm) (1.07 mm) (1.17 mm)

6 mm 209.6 215.2 232.8 221.6
7 mm 202.0 174.7 169.7 165.8
8 mm 132.5 130.0 134.7 101.6
9 mm 83.4 73.7 68.7 55.6

Figure 6. Relationship between max EQV increase ratios
(MEIR) and boundary levels.

Figure 7. Relationship between max EQV increase ratios
(MEIR) and wall thicknesses.
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trated at the abutment or retaining screws. The loading
should be guided from the prosthesis (cylinder
included) , abutment, � xture body, and then ultimately
to the bone. This may induce large amounts of stress at
the � xture-bone interface as illustrated in � gure 4.
According to basic mechanical theories, high stress
concentrations must occur in the surrounding bone,
which might lead to bone resorption [15]. Similar
results were demonstrated in the present study.

The max EQV of all models increased signi� cantly
when boundary level around the implant decreased.
This may be due to an increase of distance (moment
arm) from the applied force to the supportive bone,
and thus increases the bending moments upon the
implant � xture. Figure 7 carries an important message
regarding the relationship between MEIR and the wall
thickness of the � xture body. The � xture with a wall
thickness of 0.97 mm demonstrated the smallest mag-
nitude of MEIR, indicating such a model may produce
the lowest stress level when boundary level is lowered.
This also explains why the wall thickness of 0.97 mm is
more desirable for the � xture of an outer diameter of
3.75 mm.

Bending moments on a BraÊ nemark implant rigidly
connected to teeth have been examined in an in vivo
study [24], and were measured at between 10 and 15 N-
cm. It was hypothesized that 10 N-cm is required to
withstand bending de� ection to compensate for the
initial intrusion of the � xture body. In the present
study, a maximum lateral force of 150 N was used, and
bending moments of up to 30 N-cm on the � xture-bone
interface were applied.

When the marginal level decreased, bending moments
on the � xture concomitantly increased. This may result
in overloading of the � xture body and subsequent bone
resorption. Figure 5 demonstrates the relationship
between max EQV and boundary level: the lower the
boundary level is, the higher the stress may be
generated. These results conform to those � ndings of
Gross and Laufer [15].

The wall thickness of the � xture body plays an
important role in resisting overloading caused by
normal or abnormal occlusal forces. As shown in table
2, max EQV decreased when wall thickness increased.
Accordingly, less strain may be induced by the applied
force, which resulted in greater structural strength of
the implant system. However, as shown in � gure 6,
MEIR decreased when boundary level was lowered. This
indicates that the wall-thickness effect decreases when
surrounding tissue is destroyed. When boundary level
was reduced to 6 mm, MEIR increased as a function of
wall thickness. This may be due to the nonlinear
properties of the fracture mechanism. In fact, implants
may fail when the height of bone loss reached 3 mm
[20] .

The above results are essentially based on a standard
shape of BraÊ nemark � xture body and � xture bodies of
other shapes were not conducted. The shape of the
� xtures will be a very interesting subject for future

studies. Within a restricted jawbone, different shapes in
various implant components with different material
properties will complicate the optimal design of an
implant system. Thus, it is suggested that future studies
may aim at a � xture design that will balance the
resulting stresses and avoid bone absorption. At the
same time, optimal design of the implant system can be
achieved based on the proper size of the limited bone
width.

Acknowledgements

This work was supported, in part, by a grant TMC88-
Y05-A132 from the Taipei Medical College, and by
BioTech One Co., Taipei, Taiwan.

References

1. JEMT, T., 1991, Failures and complications in 391 consecu-
tively inserted � xed prostheses supported by BraÊ nemark
implants in edentulous jaws: A study of treatment from the
time of prosthesis placement to the � rst annual checkup.
The International Journal of Oral and Maxillofacial Implants, 6,
270 – 276.

2. JEMT, T., LINDEN, B., and LEKHOLM, U., 1992, Failures and
complications in 127 consecutively placed � xed partial
prostheses supported by BraÊ nemark implants: From
prosthetic treatment to � rst annual checkup. The Interna-
tional Journal of Oral and Maxillofacial Implants, 7, 40 – 44.

3. PALMQVIST, S., SODERFELDT, B., and ARNBJERG, D., 1991,
Subjective need for implant dentistry in a Swedish
population aged 45 – 69 years. Clinical Oral Implants
Research , 2, 99 – 102.

4. VAILLANCOURT, H., PILLAR, R. M., and MCCAMMOND, D.,
1995, Finite element analysis of crestal bone loss around
porous-coated dental implant. Journal of Applied Biomaterials,
6, 267 – 282.

5. BRUNSKI, J. B., 1988, Biomaterials and biomechanics in
dental implant design. The International Journal of Oral and
Maxillofacial Implants, 3, 85 – 97.

6. ISIDOR, F., 1996, Loss of osseointegration caused by occlusal
load of oral implants. A clinical and radiographic study in
monkeys. Clinical Oral Implants Research, 7, 143 – 152.

7. NAERT, I., QUIRYNEN, M., VAN STEENBERGHE, D. and DARIUS,
P., 1992, A study of 589 consecutive implants supporting
complete � xed prostheses. Part II: Prosthetic aspects.
Journal of Prosthetic Dentistry, 68, 949 – 956.

8. SAKAGUCHI, R. L., and BORGERSEN, S. E., 1993, Nonlinear
� nite e lement contact analysis of dental implant compo-
nents. The International Journal of Oral and Maxillofacial
Implants, 8, 655 – 661.

9. CUMMINGS, J., and ARBREE, N. S., 1995, Prosthodontic
treatment of patients receiving implants by predoctoral
students: Five-year follow-up with the IMZ system. Journal of
Prosthetic Dentistry, 74, 56 – 59.

10. MEIJER, G. J., STARMANS, F. J. M., DE PUTTER, C., and VAN

BLITERSWIJK, C. A., 1995, The in� uence of a � exible coating
on the bone stress around implants. Journal of Oral
Rehabilitation, 22, 105 – 111.

11. BASTEN, C. H., MICHOLLS, J. I., DALY, C. H., and TAGGART, R.,
1996, Load fatigue performance of two implant-abutment
combinations. The International Journal of Oral and Max-
illofacial Implants, 11, 522 – 528.

12. BINON, P. P., and MCHUGH, M. J., 1996, The effect of
e liminating implant/ abutment rotational mis� t on screw
joint stability. The International Journal of Prosthodontics, 9,
511 – 519.

H.-M. Huang et al. Stress analysis of implant � xture wall thickness

J 
M

ed
 E

ng
 T

ec
hn

ol
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
T

ai
pe

i M
ed

ic
al

 U
ni

ve
rs

ity
 o

n 
03

/0
8/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



272

13. SMITH, D. C., 1993, Dental implants: Materials and design
considerations. International Journal of Prosthodontics, 6,
106 – 117.

14. IVANOFF, C. J., SENNERBY, L., JOHANSSON, C., RANGERT, B., and
LEKHOLM, U., 1997, In� uence of implant diameters on the
integration of screw implants. An experimental study in
rabbits. The International Journal of Oral and Maxillofacial
Surgery, 26, 141 – 148.

15. GROSS, M., and LAUFER, B. Z., 1997, Splinting osseointe-
grated implants and natural teeth in rehabilitation of
partially edentulous patients. Part I: laboratory and clinical
studies. Journal of Oral Rehabilitation, 11, 863 – 870.

16. LLOYD, C. H., and SCRIMGEOUR, S. N., 1995, Dental materials:
1993 literature review. Journal of Dentistry, 23, 67 – 93.

17. COOK, S. D., KLAWITTER, J. J., and WEINSTEIN, A. M., 1981,
The in� uence of implant e lastic modulus on the stress
distribution around LTI carbon and aluminum oxide
dental implants. Journal of Biomedical Materials Research, 15,
879 – 887.

18. VAN ROSSEN, I. P., BRAAK, L. H., DE PUTTER, C., and DE

GROOT, K., 1990, Stress-absorbing elements in dental
implants. Journal of Prosthetic Dentistry, 64, 198 – 205.

19. RUGH, J. D. and SMITH, B. R., 1988, Mastication: Masticatory
forces. In A textbook of occlusion, edited by N. D. Mohl
(Chicago, USA: Quintessence) , pp. 147 – 148.

20. ERICSSON, I., LEKHOLM, U., BRAÊ NEMARK, P. I., LINDHE, J.,
GLANTZ, P. O., and NYMAN, S., 1986, A clinical evaluation of
� xed bridge restorations supported by combination of
teeth and osseointegrated titanium implants. Journal of
Clinical Periodontology, 4, 307 – 312.

21. QUIRYNEN, M., NAERT, I. and VAN STEENBERGHE, D., 1992,
Fixture design and overload in� uence marginal bone loss
and � xture success in the BraÊ nemark system. Clinical Oral
Implants Research, 3, 104 – 111.

22. RANGERT, B., KROGH, P. H., LANGER, B. and VAN ROEKEL, N.,
1995, Bending overload and implant fracture: a retro-
spective clinical analysis. The International Journal of Oral and
Maxillofacial Implants, 3, 326 – 334.

23. BRUNSKI, J. B., 1992, Biomechanical factors affecting the
bone-dental implant interface. Clinical Material, 10, 153 –
201.

24. RANGERT, B., GUNNE, J., GLANTZ, P. O., and SVENSSON, A.,
1995, Vertical load distribution on a three-unit prosthesis
supported by a natural tooth and a single BraÊ nemark
implant. An in vivo study. Clinical Oral Implants Research, 6,
40 – 46.

H.-M. Huang et al. Stress analysis of implant � xture wall thickness

J 
M

ed
 E

ng
 T

ec
hn

ol
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
T

ai
pe

i M
ed

ic
al

 U
ni

ve
rs

ity
 o

n 
03

/0
8/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.


