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Introduction

he therapeutic regimen for treating patients with

missing teeth has been significantly expanded by

modern implant methods. The prosthesis support-
ed by implants has become an important part of restorative
therapy for both completely and partially edentulous
patients!2.

However, a prerequisite for successful oral implants is suf-
ficient bone height?. Longer implants provide greater sur-
face area for direct bone contact, thereby the reducing local-
ized stress in bone that can develop in crestal region due to
transverse force components.

In using osseointegrated dental implants for partially eden-
tulous patients, clinicians are frequently confronted with
insufficient bone, especially in maxilla.

Thus, the implant placement in the maxilla can be difficult
for many reasons, including inadequate posterior alveolus,
increased pneumatization of maxillary sinus, and close
approximation of sinus floor to crestal bone. The thickness
of bone beneath the maxillary sinus correlates with the
degree of pneumatization. Sinus pneumatization may mini-
mize or completely eliminate the amount of vertical bone
available®. In addition to the problem of a compromised
alveolar ridge, the maxillary sinus can vary in size and
shape, making implant placement impossible without surgi-
cal modification.

Several techniques and a variety of materials have been
reported to increase posterior maxillary bone height to per-
mit successful dental implant placement®”). But these are

very difficult methods and an additional surgery is needed.
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For residual ridge with minimal bone height but adequate
bone width, the use of short and wide implants may offer a
simple and predictable treatment alternative in posterior
aread9:10).

The reasons are that the majority of the stress is concen-
trated at the level of the first few threads to the crestal corti-
cal bone when an implant is loaded!0.11.12.13.14.15),

But in short implants, length of crown is important fac-
tor!®. As crown’ s length is longer, bending moment is
greater. Moreover stress under oblique loading were approx-
imately 10 times greater than under axial loading!7-1%).

Treatment planning for conventional fixed prosthodontic
restorations using natural teeth as abutments requires consid-
eration of the crown-to-root (C/R) ratio of these
abutments!?). In addition Ante’ s law2? dictates that the com-
bined peri-cemental area of all of the abutment teeth should
be equal to or greater than the peri-cemental area of the teeth
to be replaced. Both the C/R ratio and peri-cemental area
influence the degree of stress within the attachment mecha-
nism. In the case of teeth, the mechanism of attachment is
the periodontal ligament. Because this suspensory ligament
is highly reactive to occlusal overload, it is generally recom-
mended that a ratio of 2 lengths root structure embedded in
healthy bone be used for 1 length of crown (ie, C/R ratio =
1:2 or 0.5). If this is not possible, an increased number of
abutment teeth should be used. When the original
Branemark System implant was introduced, long implant
fixtures were needed to avoid excessively high stress to cre-
stal bone. Therefore small crown-to-implant ratio (ie, about
0.5) became the norm in implants 21:22:2324.25.26),

The distribution of forces in peri-implant bone has been
investigated by finite element analysis in several studies.

Recently, the stress distribution in bone correlated with
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implant-supported prosthesis design has been investigated
primarily by means of 2-dimensional (2-D) and 3-dimen-
sional (3-D) finite element analyses (FEAs). Studies com-
paring the accuracy of these analyses showed that, if detailed
stress information is required, then 3-D modeling is neces-
sary. The 3-D FEA is considered an appropriate method for
investigation of the stress distribution throughout a 3-D
structure. Therefore in the present study, this method was
selected for the evaluation of stress distribution when bone
and implants are loaded.

The purpose of this study was to determine the implant
stability in proportion to crown-to-implant ratio in various
conditions with different bone quality and quantity of the

atrophic posterior maxilla using finite element analysis. The

a, Porcelain crown
¢. Cancellous bone (5mm)
e. Grafted bone

hypothesis tested was that the stress of implant fixture
increases in proportion to the crown-to-implant ratio in the
implant-supported prostheses and the stress of implant fix-

ture of good bone quality is lower than that of bad bone qual-

ity.

n Materials & methods

A 3-D finite element model of a maxillary bone section
with a missing second premolar was used in this study. After
taking 2D CT images using Skyscan 1076 Micro-
CT(Skyscan Co., Kontich, Belgium) of maxillary edentulous

b. Outer cortical bone (Imm)
d. Inner cortical bone (0.5mm)

Fig. 1. Finite Element model ( Example in case of C/l ratio 1.0, 5.75mm bone level).
Seung-Hwan Youn et al: Three-Dimensional Finite Element Analysis of Stability in Proportion to Crown-to-Implant Ratio in the

Different Maxillary Bone Conditions. Implantology 2008
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bone and implant fixture, we reconstructed 2D CT images to
3D CAD Model using BIONIX 3.3(CANTIBio Co., Suwon,
Korea). Therefore, different bone dimensions were generat-
ed to perform nonlinear calculations. The implant was
placed into normal maxilla, an atrophic maxilla with crestal
bone heights of 6.5mm, 5.75mm and an atrophic maxilla
with grafted bone. Cancellous bone was modeled as a solid
structure in cortical bone?’2®) and classified by bone quanti-
ty.

A single-piece, 4.0 X 10mm screw-shaped dental implant
system (Mk III implant, Brdnemark; Nobel Biocare,
Goteborg, Sweden) was selected for this study. Cobalt-
Chromium (Wiron 99; Bego, Bremen, Germany) was simu-

lated as a crown framework material, and feldspathic porce-

. « « IMPLANTOLOGY

lain was used for the occlusal surface. Finite Element Model
consist of 3-D 8-Node Structural Solid Element was made of
3D CAD model with Hyper Mesh 7.0(Altair Engineering,
U.S.A.). The metal thickness used in this study was 1.0 mm.
Cement thickness layer was not modeled?®. All materials
were presumed to be linear elastic, homogenous, and
isotropic!2.1827.2930) Figure 1 displays the FE-model.

And we classified models into 3 groups according to the
cancellous bone quantity. First group has over 12mm cancel-
lous bone, second has 5mm height of cancellous bone and
third has grafted bone(Fig. 2).

In addition, we further classified the third group in two
sub-groups considering the difference of bone quality in

grafted bone.

a. Normal group

b. Atrophic group

c. Grafted group t

Fig. 2. Classffication of models according to cancellous bone quantity.

Seung-Hwan Youn et al: Three-Dimensional Finite Element Analysis of Stability in Proportion to Crown-to-Implant Ratio in the

Different Maxillary Bone Conditions. Implantology 2008
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a. C/l ratio=05 b. C/I ratio=1 c. C/l ratio=156 d. C/l ratio=2

Fig. 3. Crown—to—implant ratios in atrophic group(Examples in case of cancellous
bone height : 5mm, length of fixture : 10mm),

Seung-Hwan Youn et al: Three-Dimensional Finite Element Analysis of Stability in Proportion to Crown-to-Implant Ratio in the
Different Maxillary Bone Conditions. Implantology 2008

Table 1. Elastic properties of materials modeled.

Materials Modulus of elasticity, E (MPa) Poisson's ratio, v

Porcelain®? 63900 0.28
Cr—co alloys4 218000 0.33
Titanium' 110000 0.35
Cortical bone3 13400 0.30
Cancellous bone®® 1370 0.30

Grafted bone?” Good : 690 Bad : 100

Good : 0.30 Bad : 0.20

Centric vertical loads Lateral vertical loads Obligue loads

Seung-Hwan Youn et al: Three-Dimensional Finite Element Analysis of Stability in Proportion to Crown-to-Implant Ratio in the Different Maxillary Bone Conditions. Implantology
2008

30 Implantology Vol.12,No.4 2008



« = . » » IMPLANTOLOGY

FIXATION

FIXATION FIXATION

200N 200N 200N

a, Porcelain crown b. Outer cortical bone  ¢. Cancellous bone
d. Inner cortical bone e, Grafted bone

Fig. 4. Values and distribution of loads applied to finite element model.
Seung-Hwan Youn et al: Three-Dimensional Finite Element Analysis of Stability in Proportion to Crown-to-Implant Ratio in the
Different Maxillary Bone Conditions. Implantology 2008

Fig. 5. Distribution of stresses in all locations with oblique loads (outer cortical: 0.5mm)
Seung-Hwan Youn et al: Three-Dimensional Finite Element Analysis of Stability in Proportion to Crown-to-Implant Ratio in the Different Maxillary Bone Conditions. Implantology
2008
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Fig. 6. Von Mises stress value around implant in atrophic group.
Seung-Hwan Youn et al: Three-Dimensional Finite Element Analysis of Stability in Proportion to Crown-to-Implant Ratio in the Different Maxillary Bone Conditions. Implantology
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Thus we classified 4 groups and said that the first group is
normal group, the second group is atrophic group, the third
group with good grafted bone quality is grafted (A) group,
and the forth group with bad grafted bone quality is grafted
(B) group .

Moreover we classified models according to Crown-to-
implant ratio in atrophic maxilla. Crown-to-Implant ratio
were 0.5, 1.0, 1.5 and 2.0(Fig. 3).

And cortical bone thickness used in this study was an inner
thickness of 0.25 mm and outer thickness of 0.5 mm beneath
the maxillary sinus for all bone levels.

The corresponding elastic properties such as Young’ s
modulus (E) and Poisson ratio (m) were determined from the
literature!539 and are summarized in Table I. Model consist
of elements and nodes(data not shown). A fixed bond
between the bone and the implant along the interface was

presumed. An occlusal force of 200 N was used. A vertical
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load was applied at the palatal cusp (200 N) and central (200
N) area, and oblique load was applied at the palatal cusp
(200 N) area (Fig. 4)153D.

The final element on the x, y, z -axis for each design was
assumed to be fixed, which defined the boundary condition.
The applied forces were static. Stress levels were calculated
using von Mises stresses?? values. The von Mises stresses
are the most commonly reported in FEA studies to summa-
rize the overall stress state at a point!2:1827.29_ The analyses
were performed on a computer (Intel Core2Duo E6600 ;
Intel P965 Chipset) using software (ANSYS, version 10.0;
ANSYS Corp, U.S.A)). Boundary conditions, loading, and
mathematical models were prepared with finite element soft-
ware. The outputs were transferred to the ANSYS program
to display stress values and distributions. Data for stresses

were produced numerically and color-coded.



n Results

Table 2 represents maximum von Mises stress values by

centric vertical loads, lateral vertical loads and oblique loads
in 0.5mm outer cortical thickness in various maxillary bone
conditions. For all bone levels, maximum von Mises stress
values of 19.2 to 253.6 MPa were observed.

In centric vertical loads and lateral vertical loads, there are
no progressions of von Mises stresses according to crown-

to-implant ratio. But in oblique loads, there are in direct pro-

..... IMPLANTOLOGY

portion to crown-to-implant ratio.

In normal group with oblique loads, von Mises stress value
of 2.0 crown-to-implant ratio is three times greater than that
of 0.5 crown-to-implant ratio.

Figure 5 represent the stress distribution within bone struc-
ture.

The maximum von Mises stress value was observed at the
atrophic group in the 0.5mm outer cortical thickness and the
lowest stress value was observed at the normal group in the
outer cortical thickness 1.0mm.

Figure 6. Represents von Mises stress values around

implant. Maximum stress values are on the maxilla cortex

Table 2. Maximum von Mises stress values with centric vertical loads, lateral vertical loads and oblique loads

in 0.5mm outer cortical thickness.

Crown—to— Normal group
Implant ratio group
Centric vertical loads 0.5 22181
1 21.406
1.5 19.374
2 19.234
Lateral vertical loads 0.5 44.833
1 42183
1.5 41,632
2 43141
Obligue loads 0.5 59.693
1 100.405
15 140.49
2 181.281

Atrophic group Grafted (A) Grafted (B)
group group
68.326 35.958 58.536
68.602 39.014 61.142
£9.495 37.303 57.832
68.118 36.573 59.633
70.702 51.616 55,361
69.56 48.883 57.166
67.712 50.894 56.663
66.252 48.88 54.888
142,623 53.863 123.563
179.565 91.61 142.626
130.85
22117 170.346
3
173.95
253.59 . 194.333

Seung-Hwan Youn et al: Three-Dimensional Finite Element Analysis of Stability in Proportion to Crown-to-Implant Ratio in the Different Maxillary Bone Conditions. Implantology

2008
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Fig. 7. Maximum von Mises stress values with centric vertical loads, lateral vertical
loads and oblique loads in 0.5mm outer cortical thickness,

Seung-Hwan Youn et al: Three-Dimensional Finite Element Analysis of Stability in Proportion to Crown-to-Implant Ratio in the

Different Maxillary Bone Conditions. Implantology 2008

Discussion

In the past two decades, finite element analysis (FEA) has
been one of the most frequently used methods for the predic-
tion of the effects of stress on the implant and surrounding
bone. Vertical and oblique loads from mastication induce
axial forces and bending moments, and result in stress gradi-
ents in the implants, as well as in the bone. An important fac-
tor for the success of a dental implant is the manner in which
stresses are transferred to surrounding bone.

FEA allows investigators to predict stress distribution in
the contact area of implants with cortical bone and around
the apex of implants in spongy bone!.

In the model used in the present study, we made several

hypotheses regarding the simulated structures. All structures
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in the model were assumed to be homogeneous, isotropic,
and to possess linear elasticity. Different properties of mate-
rials were in the model of this study. Additionally, a implant-
bone interface with 100% contact ratio was simulated, which
does not necessarily simulate clinical situations3®. Also, it is
important to note that the stress distribution patterns may be
different depending on the materials and properties assigned
to each layer of the model used in the experiments.
Furthermore, the cement layer in prosthesis was not mod-
eled. Thus, the inherent limitations in this study should be
considered.

When applying FEA to dental implants, it is important to
consider not only axial loads and horizontal forces (moment-
causing loads) but also a combined load (oblique occlusal
force), because the latter represents more realistic occlusal
load pattern3.

The design of the occlusal surface of the model can influ-



ence the stress distribution pattern. In the present study, the
area of the loading force was specifically applied to cusp tip
and central fossa. However, the geometric form of the tooth
surface can produce a pattern of stress distribution that is
specific for the modeled form. The pattern could be different
with even moderate changes to the occlusal surface of the
crown. Although this occlusal form exists for this model, the
same form would not represent all premolar teeth.

It was reported that the stress is concentrated in the neck of
implant and is probably due to the rigid connection between
the implant and bone. The elastic modulus of cortical bone is
higher than spongy bone, and for this reason cortical bone is
stronger and more resistant to deformation4041:42),

As aresult of 3-D finite element analysis, there was no dif-
ference according to crown-to-root ratio in case that vertical
loading was on palatal cusp and central fossa. There were
small variations according to crown-to-implant ratio.
However, in case of oblique loading on palatal cusp von
Mises stress value increase directly in proportion to crown-
to-implant ratio. For this result, it is thought that in vertical
loading of central fossa and palatal cusp the quantity of
bending moment is smaller than that of oblique loading. And
the greater the crown’ s length is, the bigger bending
moment in oblique loading is.

Bending moment could cause a tensile force that is
thought to be harmful to implants.

This is in agreement with the findings of Mische et al.20)
who stated that the greater the crown height, the greater the
moment force or lever arm with any lateral force and as the
crown-implant ratio increases, the number of implants
and/or wider implants should be inserted to counteract the
increase in stress.

This also corroborated the findings of Papavasiliou et al.,1®)
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who found the highest stresses were concentrated in the cor-
tical bone and stresses under oblique loading were approxi-
mately 10 times greater than under axial loading. The pre-
sent findings support the theoretical analysis by Rangert et
al.#» of forces and moments on implants. It suggested that
the axial force was more favorable, because it distributed
stress more evenly throughout the implant. This supported
the findings of Block et al.,*» who demonstrated that the
amount of bone directly in contact with the apical surface of
a loaded implants was much less than that surrounding the
remainder of the implant.

In addition, according to bone quantities, the difference in
stress value appeared to be great.

In model with 0.5mm outer cortical bone, average stress
value is 20.5MPa when vertical loading on central fossa of
crown in normal group. In atrophic group with Smm cancel-
lous bone, average stress value is 68.6MPa which is three
times as great as normal group. In grafted bone, average
stress values are 37.2MPa when grafted bone quality is
good. However, in case of bad quality, its value is 59.3MPa.

This corroborated the statement of Smet et al 4> that sig-
nificant marginal bone loss is observed around implants
(Brénemark system) when excessive load is present.
Moreover, Quirynen et al.46) observed a clear correlation
between excessive marginal bone loss (> 1 mm) after the
first year of load and implant loss with occlusal overload, but
not with marginal gingivitis.

Meyer et al.!2 stated that implant-transmitted overloading
to bone seems to depend mainly on bone quality. The
amount of crestal height plays another but more minor role
in the effects of stress and strains under mechanical loading.

In case of oblique loading, the stress value of grafted bone

of atrophic maxilla is lower than that of normal group. It is

tE 53
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thought to be due to double cortical layer effect that inner
cortical layer supports implants once more if grafted bone
quality is not bad.

On the contrary, if grafted bone quality is bad, high von
Mises stress value could exist. Even though grafted bone
quality is bad, it’ s stress value is lower than that of atrophic
maxillary bone.

In present study, we classified model into two sub group
according to grafted bone qualities. Moreover, because a
variety of bone quality , we referred to Brodt et al.?» and
assumed two grafted bone qualities.

The stress was concentrated in the neck of implant as
shown in Figure VI. Koca et al.!D stated that it was probably
due to the rigid connection between the implant and bone.
According to the results of the present study, it is suggested
that crown-to-implant ratio is directly in proportion to stress
of cortical crestal regions.

Hereafter, further research what the variations of fixture
length cause in relation to crown-to-root ratio and in case of
severe bone resorption, the analysis that onlay bone graft or
not for altering crown-to-root ratio are thought to be needed.

How to apply this crown-to-root ratio to clinical situation
such as implant surgery and prosthesis is thought to be
important. In addition to crown-to-root ratio, the surface area
of implants should be considered important factor. Thus fur-
ther research about relationship between crown-to-root ratio

and implant design is need to be thought.

Conclusion

Within the limitations of this study, the following conclu-
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sions were drawn:
1.In cases of centric vertical loading and lateral vertical
loading on implant, there were normal group, grafted
bone (A) group, grafted bone (B) group and atrophic
group in low stress value order. And there were no pro-
gression of von Mises stress values according to crown-
to-implant ratio.

2.In cases of oblique loading on implant, there were graft-

ed bone (A) group, normal group, grafted bone (B)
group and atrophic group in low stress value order.
Grafted bone (A) group showed lower von Mises stress
values than normal group. And von Mises stress values
increased in proportion to the crown-to-implant ratio.

3. Von Mises stress values in oblique loading showed three

times to nine times higher than that in central loading.

4. The maximum von Mises stress value was localized on

the palatal cortex.

In conclusion, in cases of centric vertical loading and later-
al vertical loading on implant, there were no progressions of
von Mises stress values according to crown-to-implant ratio
and in case of oblique loading on implants, von Mises stress
increased in proportion to the crown-to-implant ratio. The
maximum stress was localized on the palatal cortex for all

levels of bone.
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