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Anahtar Kelimeler Abstract

Short Dental Implants Dental implant restoration has been widely accepted as one of the treatment
Finite Element Analysis modalities to replace missing teeth and to restore human masticatory function. The
Mandible finite element method (FEM) has been a useful tool in studying the bone-to-implant
Simulation interface under mechanical loading. The use of short dental implants are increased
Fully Edentulous thanks to its advantages according to long dental implants when the quality of bone

is lower. The aim of this study was to analyse the effects of implant diameter, length
and loading conditions on short dental implants. A three dimensional (3D) model of
short dental implants were made with different sizes and types. Dental implant
designs were performed on Solidworks 2013. The mandible model is obtained from
Computed Tomography then transferred to 3D model. Finite Element analysis is
done by applying material properties, contact properties, physiological loading and
boundary conditions with the use of Ansys Workbench.

FARKLI YUKLEME SARTLARI VE YERLESIMLERDE KISA DENTAL IMPLANTLARIN

KARSILASTIRILMASI
Anahtar Kelimeler Ozet
Kisa Dental implantlar Dental implant restorasyonu, eksik dislerin yerini dolduracak ve insan ¢igneme
Sonlu Eleman Analizi fonksiyonunun yeniden kazanilmasini saglayacak en yaygin tedavi yontemlerinden
Cene Kemigi biri olarak kabul edilmistir. Sonlu elemanlar yéntemi (FEM) mekanik yiik altinda
Simiilasyon kemik-implant arayiliz ¢alismalarinda yararli bir ara¢ olmustur. Kisa dental
Tamamen Dissiz Cene implantlarin kullanimi, kemigin kalitesi diisiik oldugunda uzun dental implantlara

gore daha avantajli oldugu i¢in artmistir. Bu ¢alisma, kisa dental implantlarda
implant capi, uzunlugu ve ytikleme kosullarinin etkilerinin goriilmesi amaciyla
gerceklestirilmistir. Kisa dental implantlarin {i¢ boyutlu (3D) modeli farkh
boyutlarda ve farkli dizaynlarda yapilmistir. Dental implantlarin tasarimlari
Solidworks 2013 programiyla olusturulmustur. U¢ boyutlu ¢ene kemigi modeli
bilgisayarl1 tomografiyle elde edilmistir. Sonlu eleman analizleri ise malzeme
ozellikleri, temas oOzellikleri, fizyolojik yiikleme ve simir sartlar1 girilerek Ansys
Workbench programiyla yapilmistir.
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1. Introduction

The interaction between implants and their adjacent
structures is very important for the rehabilitation
success, because the understanding and respect to
their biomechanical questions are fundamental to the
proper functioning of the implants and implant-
supported prostheses. Moreover, factors of
fundamental importance as the bone volume and
implant body length, bone density and implant surface
area and functional loads applied should also be
considered [Skalak, 1985: Brunski, 1997: Brunski, et
al. 2000]. In order to promote an adequate and
effective osseointegration.

To make this behavior clearer and that its applicability
could be made more secure clinically, finite element
analysis (FEA) allows better understanding of how the
transmission and distribution of stresses occurs on
the implants. Bioengineering studies have been
important to understand the biomechanics and
behavior of osseointegrated implants and prosthesis.

Thus, there are a number of factors that are critical
about the biomechanical behavior of the whole system
implant and implant prosthesis. The use of short
implants has been studied [Friberg, 2000], although
little is known about their behavior to demands
associated with increased proportions implant
prostheses, with occlusal oblique loads as it actually
occurs in the oral cavity. In addition, external and
internal hexagonal connections have also been fully
explored, but the morse taper implant is still unknown
in many aspects of functioning.

Therefore, it may be beneficial to use short dental
implants with limited height, which are usually at
mandibles. Yet, clinical studies, mostly retrospective,
showed higher failure rates associated short dental
implants[ Geng, 2004; Verri, 2007]. While some other
clinical studies reported comparable survival rates of
short dental implants and implants of regular
length [Baggi, et al. 2008; Sa’'nches-Garce’s, et al.
2010].

In spite of all clinical results biomechanical questions
often arise concerning load distribution on dental
implants and bone [Skalak, 1985; Brunski, 1997] as
well as the resulting stress and strain fields for each
oral function (as for instance during mastication
action). The purpose of the present study is to
investigate the static behavior of dental implants
numerically. A detailed model of the mandible,
implant and other components are designed to obtain
reliable results. And then this 3D model is transferred
to ANSYS for evaluating stress distributions on dental
implant.

2. Materials and Methods

The human mandible model was generated with Next
Engine laser scanner and all dental implant and crown
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models were designed with Solidworks 2013. We tried
to obtain a full mandible in order to have more
realistic results. It was seen on many studies that the
details of mandible weren’t taken into consideration.
But it is very important to see the difference of bone
qualities at different regions of human mandible. All
models transferred to Ansys Workbench finite
element analyze software to see the effects of
mastication forces on each cases.

The dimensions of short and regular dental implants
are given in Table 1. Two different dental implants are
modeled to compare in 3 different cases. By this way,
we observed the stress differences with
implementation of short and regular dental implants
at different locations. We limited the dimension of
short dental implant at 8 mm to have an average short
dental implant and 13 mm for regular dental implant

Table.1 The dimensions of dental implants

Implant | Abutment | Diamet
Length Length er
(mm) (mm) (mm)
Short Implant
(Model-1) 8 4 35
Regular Implant
(Model-2) 13 >5 6

(b)
Figure 1. a) Short dental implant and b) regular
dental implant model

Dental implants are implemented as 3 different cases:
in first case, we applied 2 short dental implants on
premolar and 4 regular dental implants on molar, in
other cases, we applied fully short dental implants and
fully regular dental implants in order to see
differences on them. In addition, we applied axial and
oblique forces to compare the effects of oblique forces.
On the other hand, type-3 and type-4 bone qualities
were applied to see the effects of bone qualities on
dental implant applications. The model of short dental
implant and regular dental implant can be seen in
Figure 1.
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All values as elasticity modulus, passion ratios and
other mechanical properties were defined depending

on previous studies. The mechanical properties of

materials are given in Table 2.

Table 2. Mechanical properties of materials

Modulus of Poisson’s

Elasticity (E) Ratio (v)
Titanium 110,000 0.35
Cortical Bone 14,700 0.30
Spongy Bone 1,370 0.30
Porcelain 68,900 0.28

The FEA model of mandible, short and regular dental
implants can be seen in Figure 2.

Figure 2. Full view of mandible and short dental
implants with mesh

The analyses are done for 3 different implant
placements, 2 different loading conditions and 2
different bone types. The forces as mastication forces
(100 N) were applied on dental implant prosthesis for

both axial and oblique loading conditions. The loading
locations, magnitudes and fixed support points can be
seen in Figure 3.

Figure 3. The view of implants, their loading
locations and fixed support

Static structural analyze were conducted with the use
of Ansys workbench software in order to obtain all
results for each parts accurately.

3. Results

The aim of this study is to investigate the effect of
different bone qualities, implant dimensions, loading
locations and conditions on dental implants.
According to the obtained results, were made graphics
that are expressing the values of the biggest areas of
stress concentration. The results were defined for 3
different dental implant implementation, axial and
oblique loading conditions and type-3, type-4 bone
types. The von mises stress values were reported for
each dental implants, cortical bone and crowns for all
conditions (Table 3).

Table 3. Results of My Implants' Von Mises Values

ggfltécal Right-1 | Right-2 | Right-3 | Left-1 | Left-2 | Left-3 | Crown
(MPa) (MPa) (MPa) (MPa) (MPa) | (MPa) | (MPa) | (MPa)
(T);;g_‘j}e 17,642 | 76,143 | 79,287 | 96,28 81,723 | 52,913 | 43,218 | 120,12
Oblique
Case-1 Types | 14762 | 75743 | 77,128 | 91934 | 77812 | 51192 | 42,613 | 128,16
6 Regular 1;;;2_ , | 7534 | 42198 | 32623 |38913 |52942 | 4172 | 31912 | 85812
1";;;2-3 7,312 38,814 | 28956 | 35,126 | 47,312 | 37,632 | 26,017 | 78,936
g;:)‘g_‘j}e 25835 | 93,953 |99,405 | 111,7 85,083 | 59,143 | 47,533 | 137,4
Case-2 (T)}ljgg_‘;e 22944 | 10465 | 11136 |1255 | 96746 | 67,179 | 4753 | 14657
2 short Axial 10,211 | 55,058 | 42,5597 | 43357 | 60,367 | 42,979 | 37,487 | 92,892
4 Regular Type-4
?;;32_3 10,318 | 50,731 | 37,763 |39,414 |53,003 | 37,878 | 37,486 | 87,372
gg;técal Right-1 | Right-2 | Right-3 | Left-1 | Left-2 | Left-3 | Crown
(MPa) (MPa) (MPa) (MPa) (MPa) | (MPa) | (MPa) | (MPa)
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Figure 5. The comparison of stress values according
to oblique and axial loading types

The comparison graph of loading conditions for axial
and oblique (30°) can be seen from Figure 5. It is very
clear that oblique forces have more stress values than
axial forces for all three cases. Both oblique and axial
loading conditions were caused more stress on fully
short dental implant case. The lowest stress values
were obtained from the case in which we have all 6
dental implants at regular length.

Comparison of Different Cases
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Figure 6. The comparison of 3 different cases for type-
4 and axial loading condition.

When we compare all 3 cases for type-4 bone type and
axial loading conditions on which we obtained highest
stress values, it is very clear that the stress values
decrease on case-1. On the other hand, the stress
values were increasing with addition of short dental
implants on case-2 and finally we obtained highest
stress values on case-3 that we applied 6 short dental
implants on our mandible model.
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%‘f:)‘g‘f 66,907 | 366,03 | 33556 |260,09 | 69559 | 253,77 | 241,02 | 139,94
Case-3 g;:)‘g‘;e 63,949 | 33625 |309,09 |260,08 |669,58 | 25376 |241 127,24
Axial
6 short Type-4 25,89 203,29 | 102,61 81,126 78,771 | 76,507 | 73,651 | 88,742
Axial
26,229 | 76,96 94,284 184,98 74,809 | 71,926 | 69,686 | 81,344
Type-3
Comparison of Oablique and Axial Implants 4. Discussion and Conclusion
F i’:g ——Type 4-Oblique Finite element modeling is used in this study has many
E’l{!ﬂ Ty 4-Axial f limitations when we think about the response of
B o T /., biologic systems to applied loads, as do all modeling
b s Sy I/ systems, including photoelastic analysis and strain
A = ~/ gauge measurement [Ochiai, 2004: Celik, 2007].
% ® However, the findings of this kind of study may
g 0 =7 provide a broader understanding about the potential
o S P stress concentration locations, and a Dbetter
S S T - S R . . .
\&Q’é&q}@ oF oF SEE o elucidation about the biomechanics of implantology.
3 Sotto-Maior et al. concluded that C/I ratio contributes

to the stress concentrations [Sotto-Maior, 2005].
Similar results were reported by Sutpideler et al.
[Sutpideler, 2004], who indicated that an increased
C/I ratio leads to higher stresses. In the present study
the same findings were observed, since the greater
crown height together with the shortest length of
implants caused more stresses at the surface of the
implant bodies.

The use of short dental implant on fully edentulous
mandible increases the stress values that is
concentrated on implant-mandible and implant-
abutment connection points. From the simulations
obtained it can be observed that the bone qualities
also effects significantly on stress distribution. Type-4
bone had more stress values than the type-3 bone as
expected.

When we compare the results according to axial and
oblique loading, it is very clear that higher stress
values obtained on oblique loading conditions. The
most significant stress increasing were realized on
right front sides of our mandible due to the lack of
bone density around this region. The use of short
dental implant cause more stress values when we
compare with regular dental implants. Also crown-
implant ratio must be taken into consideration. In
addition to dental implant dimension, also implant-
abutment connection type and design has critical role
on decrease of stress values and micro-movements
aroud the implant neck and implant-bone connection
region.
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