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Optimal selection of dental implant
for different bone conditions based on the mechanical response
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Purpose: Bone quality varies from one patient to another extensively. Young’s modulus may deviate up to 40% of normal bone
quality, which results into alteration of bone stiffness immensely. The prime goal of this study is to design the optimum dental implant
considering the mechanical response at bone implant interfaces for a patient with specific bone quality. Method: 3D models of mandible
and natural molar tooth were prepared from CT scan data, while dental implants were modelled using different diameter, length and
porosity and FE analysis was carried out. Based on the variation in bone density, five different bone qualities were considered. First,
failure analysis of implants, under maximum biting force of 250 N had been performed. Next, the implants that remained were selected
for observation of mechanical response at bone implant interfaces under common chewing load of 120 N. Resu/t: Maximum Von Mises
stress did not surpass the yield strength of the implant material (TiAl4V). However, factor of safety of 1.5 was considered and all but two
dental implants survived the design stress or allowable stress. Under 120 N load, distribution of Von Mises stress and strain at the bone-
implant interface corresponding to the rest of the implants for five bone conditions were obtained and enlisted. Conclusion: Implants
exhibiting interface strain within 1500—3000 microstrain range show the best bone remodelling and osseointegration. So, implant models
having this range of interface strains were selected corresponding to the particular bone quality. A set of optimum dental implants for
each of the bone qualities were predicted.
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intricate phenomenon is described as osseointegration
[31]. Improved performance and prime stability of the
dental implant are obtained at higher degree of os-

1. Introduction

Dental implants have turned out to be very popular
choice among partially and fully edentulous patients
[37] to regain ample dental performance as well as to
get an aesthetic appearance. As a result of huge clini-
cal success, the demand of these artificial surgical
components is increasing day by day [36].

The quality of the adjacent jaw-bone is significant
factor in dental implant design [15]. The human bone,
applying its inherent capability of renovating its biome-
chanical property by altering its geometry and/or mate-
rial characteristics holds the dental implant and makes
it compatible and accustomed with human body. This

seointergration [25], which varies with bone implant
interface strain that depends on bone quality of the
patient and stiffness of the implant. So, it is very im-
portant to design and carry out analysis of dental im-
plant considering the patient specific bone quality.
Often a marginal bone loss, a serious issue re-
garding dental implant occurs due to the lack of appli-
cation of mechanical simulation [39]. Unlike experi-
mental approach, numerical techniques, especially FEA
have turned out to be immensely effective to analyze
these biomechanically complicated phenomena [24],
[27], [37]. Using 3D FEA it was found from the stress
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distribution at bone-implant interface that transverse
mechanical loading plays more significant role in
stability of dental implant [15]. Tao-Li et al [23] and
El-Anwar and El-Zawahry [16] noticed that selection
of implant diameter and length higher than 4 mm and
12 mm, respectively, for an uniform bone quality re-
sults into improved stress distribution at bone implant
interface, which leads to firm locking and anchoring.
Similar conclusion was drawn by Toniollo et al. [35]
when they incorporated Morse taper into the FEA
model of the dental implant. The stress level at the
bone implant interface can be reduced by employing
of angled abutment for occlusal loading [34]. Shi-
gemitsu et al. [33] discovered that at neck area of an
implant of the cortical bone the stress is significantly
high. Achour et al. [1] compiled a modern notion of
attaching a bio-elastomer between the crown of the
skeleton and the abutment. It caused that the occlusive
shock loads got reduced and the stress concentration
at the bone implant interface reduced, which signifi-
cantly enhanced the long term stability.

FEA has also proved to be extremely useful in re-
search other than failure and stability analysis. Inco-
herent number, placement and design of the dental
implants could not only be infelicitous, but also may
result into tooth loss [8]. Chih-Ling Chang et al. [10]
applied topology optimization in search of optimal
material distribution and found that retaining the same
biomechanical properties the volume of the implant
can be reduced up to 17.9% compared to traditional
bone, which is advantageous for bone growth due to
space availability and enhancement of stability. How-
ever, designing dental implants using FEA for specific
patient with a specific bone condition is yet to be car-
ried out. So far, much importance has not been given
in this aspect.

It is well understood that bone quality varies from
patient to patient in wide range due the difference of
bone mineral density [17], [29]. For example, Young’s
modulus of bone of an osteoporotic patient may vary
up from 40 to 50% of that of normal bone. Hence,
stiffness of the dental implant should be adjusted
accordingly to achieve proper osseointegration against
such large variation in bone quality, as loosening or
failure of implants mostly depends on mechanical
behavior of bone implant interface. Similar variation
in bone quality exists in mandible bone for different
patients.

The main objective of this study is to find out the
optimum stiffness of a dental implant for a patient
with a specific bone quality, which will generate os-
sieointegration friendly mechanical situation at bone
implant interface. The stiffness of the implants was
varied by introducing porosity at implant stem. From
weak to stronger, five different categories of bone,
with different mandible sizes were considered for
analyses aimed at finding out the optimum size and
stiffness of implant for respective bone quality. Strain
generated at bone implant interface was considered as
index for ossiointegration at bone implant interface.

2. Materials and methods

To execute the FEA study, first, the geometry of
the mandible, natural molar tooth and dental implant
were fetched into computer environment and corre-
sponding material properties were embarked using spe-
cialized software. ANSYS Workbench 14.0, ANSYS
Mechanical APDL 14.0 and Mimics 11.0 were used in
modelling and 180 different FEA models were con-

Table 1. Various combination of implant diameter, length and porosity

Length | Diameter | Pore Dia Elastic Poisson’s
Implant (mm) (mm) (mm) modulus ratio
(GPa)
9 Molar Tooth
Solid 10 4 Enamel 80 0.3
. 5 . 22 0.3
(0% porosity) 11 Dentin
6 2.5 0.3
12 Cementum
9 4 Molar Tooth 30 03
Solid | 10 5 04-06 | Cnamel 22 0.3
(10% porosity) 11 Dentin
6 2.5 0.3
12 Cementum
Hollow 190 4 Dental Implant
(20% porosity) 11 2 0.4-0.6 TiAl6V4 17 0.3
12
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sidered in this analysis. Various combination of im-
plant diameter, length and percentage of porosity were
taken into account to prepare the implant models.
Table 1 shows the list of different values of diameter,
length and porosity taken under consideration (pitch:
0.7 mm) [16].

Nowadays, for intricate formations, Computer To-
mography (CT) technology is a thriving and efficient
technology for dental implant design [11]. 3D models
of mandible were created from the DICOM data based
on 120 set of computerized tomography (CT) scan
data which allowed for the individual scan to be proc-
essed in Mimics 11.0, and the final 3D solidmodel of
mandible was created. Then, the scanned 3D models
were imported in ANSYS Workbench 14.0 as .IGES
files. In order to assess material property (i.e., density
and Young’s modulus) of mandible, the element and
node file of the mandible bone were imported in
Mimics with the help of PREP7 file and, material
property was assigned [22] using equation 1 where
HU is the Hounsfield unit.

p=0.000769HU +1.028

E =2349p>" W

3D models of molar tooth were hatched primarily
using computer tomography (CT) images, digital edge
detection technique and computer aided design (CAD)
methods (Fig. 1c). The periodontal ligament (PDL)
represented considerably small volume of 0.2 mm of
the molar tooth system and was assimilated into the
volume of the alveolar bone. Those were imported
into ANSYS in .IGES format afterwards and the ma-
terial properties of natural molar tooth were assigned.
Indeed there is very little data concerning muscular

action during mastication in literatures. In this study,
both condyle head zones of the mandible were consid-
ered motionless, i.e., fixed. Masseters muscles were
modeled as a truss element and considered at proper
anatomical zone. Temporal muscles and medial ptery-
goid muscles were modeled as membrane elements.
Muscular action was simulated by contraction of this
elements. [13]. Then, those were placed within our
region of interest, i.e., the molar region of the mandi-
ble (Fig. 2a) and stress and strain exhibited in the
interface zone under loaded condition were duly
studied.

At the next stage, 3D models of dental implants with
different combination of dimensions (e.g., dx1Lx2,
d4L10, d5L9, d6L12 etc., where d — diameter, x1 — the
magnitude of diameter, L — length of the implant and x2
— magnitude of length of the implant) and porosity (e.g.,
solid, 10% porosity, 20% porosity) (Figs. 1a, 1b) were
constructed 180 such different models were devel-
oped. Every single implant was inserted into the very
location in the molar region where, previously, the
natural molar tooth was established. After placing the
implant in molar position of mandible bone, they were
meshed with solid 187 elements in ANSYS work-
bench (Fig. 2b) and the element and node file were
transferred into ANSYS Mechanical APDL as a .DAT
file. The material property (i.e., Young’s Modulus)
of titanium alloy (Ti6Al4V) was assigned for im-
plant. In line with the last approach, the interface
stress and strain were observed and compared with
the set of data obtained for natural molar tooth.

During the analysis, it was assumed that the
materials were linearly elastic in nature for both
mandible and implant. Based on post tooth extrac-
tion bone resorption and other factors, five different

(a) Solid dental implant

(b) Porous dental implant

() Natural molar tooth

Fig. 1. 3D CAD models of Natural molar tooth and different dental implants
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Molar tooth

(a) with molar tooth

Dental implant

(b) with implant

Fig. 2. Model of mandible

bone conditions were considered [30]. Eighty Nine
(89) set of CT scan data were collected and analyzed
in MIMICS software for calculating the Young’s
modulus which depends on Hounsfield Unit (HUs).
The average bone density is found to be varying
which results into about 22% variation of Young’s
modulus to either side of mean value [3]. The one
having average bone density neighboring the mean is
normal. Cases having bone densities nearing 10%
and 20% higher than normal are considered strong
and very strong respectively. Similarly, cases with
10% and 20% lower bone densities than normal are
termed as weak and very weak. Mandibles with very
strong, strong, normal, weak and very weak bone
conditions were assigned. Calculation of young’s
modulus of each pixel point of CT image data can be
done as the youngs modulus value was calculated
from intensity value (HU unit) of the pixel of CT
scan image slice data. For the very strong bone cal-
culated average young modulus value for all the pix-
els of cancelous bone are about 4.369 GPa. These
data can be obtained directly from image processing
software, i.e., MIMICS. This way, for strong, nor-
mal, week and very week bone the average Young’s
modulus are 3.745, 3.121, 2.497 and 1.872 GPa,
respectively. We have assumed that, to simulate real
clinical situations upper portion of the mandible was
fixed for all five cases. Also, the interface between
implant and bone was modelled as a continuous
bond. Contact element was used with fully bonded
condition. This implies ideal osseointegration, with-
out any relative motion at the interface. In other
words, the implant was rigidly anchored in the bone,
showing a fixed and the same type of bond at all
prosthesis material interfaces.

3. Results

In the simulated model of natural and implanted
mandible, loads and boundary conditions, similar to
the previous work [8] have been applied. Stress and
strain results observed in our model are very close to
those reported literature. Maximum difference of 5%
to 6% is observed at implant and places adjacent to
the implanted bone.

At first, 250 N static load [31], corresponding to
maximum biting force had been applied onto each of
the simulated models of dental implants for natural
bone condition and it was observed whether the im-
plants were managed to endure. Respective Von Mises
stress contours are shown in Fig. 8a, 8b. Maximum
stress for implant under different bone conditions is
749.84 MPa, which occurs in d4L12 (20% porous)
implant, which is lower than compressive yield value
(970 MPa) of implant material (Ti6Al4V). Only in
few cases (d4L11 and d4L12 (20% porous)), the stress
generated at implants went beyond the permissible
limit (= 647 MPa) which is 66.67% of yield stress of
Ti6Al4V alloy (In other words, factor of safety = 1.5).
Those failed implants were rejected.

In the rest of the implants 120 N load [16], corre-
sponding to common loading for chewing, had been
applied for bone of five different conditions to under-
stand the prospect of bone remodelling in each case,
which will assure higher degree of osseointegration in
the long run.

The model of mandible with natural molar tooth
and with implants of different diameter (4, 5, 6 mm)
and length (9, 10, 11, 12 mm) [23] were loaded verti-
cally with 120 N. Load was applied on the crown of



natural molar tooth and implants. After application of
load, the solutions of each model has been compared
accenting maximum implant stress, implant-bone inter-
face strain and stress in cancellous bone area.
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Fig. 4. Comparison of values of Interface Stress and Interface Strain of implants
with different diameter and length for weak bone condition

Implant strain is one of the most important key
factors in the design of dental implants [18]. Von Mises
criterion is considered for calculating maximum stress
and maximum strain, measured at the adjacent bone.
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The results, shown in Fig. 3a and 3b are obtained for
very weak bone condition under 120 N vertical load.
Maximum interface stress, developed in d6L9 (20%
porous) implant was 11.28 MPa, whereas, in the case of
natural molar tooth, it turned out to be 7.05 MPa. The
d5L10 (20% porous) implant exhibits the highest inter-
face strain of 3509 microstrain, compared to 1622 mi-
crostrain in the case of natural molar tooth.

Figure 4a and 4b represent the distribution of interface
stress and strain under 120 N vertical load for weak bone
condition. It is noticed that maximum Von Mises stress of
8.37 MPa is developed in d5L9 (20% porous) implant,
while in natural molar tooth 5.875 MPa stress is generated.
Maximum interface strain of 2938 microstrain is observed
in dSL10 (20% porous) implant compared to 1289 micro-
strain in natural molar tooth.
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Fig. 7. Comparison of values of Interface Stress and Interface Strain of implants
with different diameter and length for very strong bone condition
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For normal bone condition, maximum stress is
6.58 MPa in d5L9 20% porous implant and maximum
strain is found to be 2448 microstrain in d5SL10 20%
porous implant. Corresponding stress and strain in natu-
ral molar tooth are 5.17 MPa and 1458 microstrain,
respectively (Fig. 5a and 5b).

d5L9 20% implant exhibits maximum stress of
5.74 MPa (Fig. 6a) and maximum 1958 microstrain
(Fig. 6b) is developed in d5L10 20% implant for strong
bone condition. For natural molar tooth maximum
stress is equal s 4.465 MPa and microstrain to 767.

Finally, for very strong bone condition, the maxi-
mum stress of 5 MPa is observed in d5L9 20% implant
and maximum 1599 microstrain is found in d5L.10 20%
implant (Fig. 7a and 7b). Von Mises stress and strain in
natural molar tooth are 4.2 MPa and 604 microstrain,
respectively.

4. Discussion

A common biting force of 120 N was applied to
the numerical model and the stress and strain distribu-
tion in different dental implants were studied for
bones of five different conditions for the prospect of
better bone remodelling and osseointegration.

The stress and strain contour of bone adjacent to
the osteointregated dental prosthesis were influenced
by a number of biomechanical parameters which in-
clude implant screw geometry, materials properties of
the prosthesis, type of loading , the quality of the sur-
rounding bone and the condition of bone implant in-
terface [2], [6], [19], [24].

For the design of dental implants, a number of
simulations have been carried out considering different
screw parameters, loading parameters, coating parame-
ters, material parameters etc. [12], [21]. But little lit-
erature have been found where the bone conditions of
the patients were considered as principal parameters.

Some studies have highlighted the importance of
variety of conditions of the patients’ bones for the
patient specific design of dental implant. According to
our literature review, the analyses considering the bone
conditions as a basic parameter with proper thread
geometry and pore parameters of implants have not
been carried out so far.

In regard to stability, dental implant exhibiting
lesser implant stress should be selected. As far as
remodelling is concerned, when implant strain lies
within 1500-3000 microstrain range [5] the damaged
bone can be repaired by bone remodelling activity at
a balanced rate. For very weak bone condition, d4L.9

solid implant, d5L9 solid and 10% porous implants
have lower stress and approximately 1500 microstrain.
There are other options of dental implants with higher
strain value (and within 3000 microstrain). If the bone
condition is very weak, selection of those implants
may results in failure of the mandibular bone. Simi-
larly, for weak bone condition, d4L.9, d4L.10, d6L9,
d6L10, d6L11, d6L12 with 20% porosity and d5L10,
d5L11 and d5L12 with 10% porosity would be good
selections. Implant having dSL10 with 20% porosity
was rejected because of the mandibular bone failure
concern. For normal bone condition, all solid implants
and d5L10 with 10% porosity, dSL11 and d5L12 with
20% porosity are appropriate selections. For strong
bone condition, d5L10, d5L11 and d5L12 implant
with 10% and 20% porosity and for very strong bone
condition, d6L9-L12 with 20% porosity and d5L10,
d5L11, d5L12 with 20% porosity will be precise
selections. Implants with higher strain values are se-
lected for strong and very strong bone condition as
they can withstand higher strain.

For even better bone remodelling, better tissue
growth around the implant and improved degree of
osseointegration, porous implants should be used in-
stead of solid implants, like dSL10 with 10% porosity,
d5L11 and d5L12 with 20% porosity, etc. Better osseo-
integration may be achieved in different ways, such as
surface treatment using different coating materials, etc.
However, this study has been focused on improving
the osseointegration by varying the stiffness of im-
plant corresponding to the patient’s bone quality.

Since the bone quality of edentulous patients vary
within a wide range, it is quite unlikely that it will be
close to one of the five bone conditions that we have
considered here. So, the selection of a dental implant
for a patient having bone quality in between these five
pre-assigned bone qualities can be performed in dif-
ferent ways, which is open for future work.

It is observed that the results obtained from our
study (von Mises stress and strain) at implant bone
and bone implant interfaces are very much close
(within +/~20%) to the previous research work [4],
[71, 91, [20], [21], [28], [32].

Our study is very similar to the study of Demenco
[14] for solid implants cases but that study has not
considered the thread part of the screw properly. All
stress levels obtained in our study were higher than
the former one by about 20% when the stress concen-
trates at the apex of the thread. This study has de-
picted that in the case of solid implant, increase in
diameter of the implant has greater impact in stress
reduction where the length has lesser for all type of
bone qualities.
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In the present study porous implants have been
considered, which as opposed, to other researchers, so
the results obtained can not be validated with previous
studies but the expected outcome has been observed.

Bone quality should be considered as one of the
most important factor such as planning and selection
of dental implants. In most of the cases, implant lon-
gevity is more dependent on bone density that arc
location [26]. Proposing the approach of modification
of treatment plans and designing protocol of implants
based on bone density was aimed in this study to help
the clinician to achieve good success rate for all bone
conditions. The correlation of bone density and im-
plant dimension to the elastic module of bone tissue is
taken into account by the algorithm to calculate ulti-
mate occasional load. Though the calculation methods
were previously developed for strong cortical bone
and high dense travecular bone [14] an attempt is made
in the present work to study the effect of bone density
on the level of ultimate occasional load for a wide
range implant dimension using the same algorithm.

Material properties have been assigned for the
bone according to the Hounsfield unit value of pixels
achieved from CT scan data so they vary for each and
every finite element in the model. But the stress strain
ratio of bone have been considered as linear elastic.

A bone is viscoelastic and highly non-linear after
a certain limit. In near future non-linearity can be
included [38] for designing an implant and to observe
the mechanical response at bone implant interface,
many simulations have been done.

5. Conclusions

From the results it can be observed that both inter-
face stress and strain increase along with the increase
in porosity percentage and this is valid for all types of
bone conditions, but, in the case of natural molar tooth,
the Von Mises stress and strain are always lower than

the maximum stress and strain for each of the bone
condition. Even though, stress is high for a few im-
plants for a bone of particular condition, but all stress
values are permissible for the mandible.

A list of suggestions of dental implants for specific
mandibular bone quality from the mechanical response
of the dental implants, simulated under common bit-
ing force (120 N) is shown in Table 2.

References

[1] AcHOUR T., MERDII A., BOUIADIRA B.B., SERIER B., DJEBBAR N.,
Stress distribution in dental implant with elastomeric stress
barrier, Mat. Des., 2011, 32, 282-290.

[2] ALKAN 1., SERTGOZ A., EKICI B., Influence of occlusal forces
on stress distribution in preloaded dental implant screws,
J. Prosthet. Dent., 2004, 91, 319-325.

[3] ANDERSON D.E., MADIGAN M.L., Effects of age-related differ-
ences in femoral loading and bone mineral density on strains in
the proximal femur during controlled walking, J. Appl. Biomech.,
2013, 29, 505-516.

[4] ANiTUA E., TAPIA R., LUZURIAGA F., ORIVE G., Influence of
implant length, diameter, and geometry on stress distribution:
a finite element analysis, Int. J. Periodontics Restorative Dent.,
2010, 30(1), 89-95.

[5] AVERSA A., APICELLA D., PERILLO L., SORRENTINO R.,
ZARONE F., FERRARI M., APICELLA A., Non-linear elastic
three-dimensional finite element analysis on the effect of
endocrown material rigidity on alveolar bone remodeling
process, Dent. Mater., 2009, 25, 678-690.

[6] BAGGI L., CAPPELLONI 1., MACERI F., VAIRO G., Stress-based per-
formance evaluation of osseointegrated dental implants by finite-
element simulation, Simul. Model Pract. Th., 2008, 16, 971-987.

[7] BAGGI L., CAPPELLONI 1., DI GIROLAMO M., MACERI F., VAIRO
G., The influence of implant diameter and length on stress
distribution of osseointegrated implants related to crestal
bone geometry: a three-dimensional finite element analysis, J.
Prosthet. Dent., 2008, 100(6), 422-431.

[8] BOLUKBASI N., YENIYOL S., Number and localization of the im-
plants for the fixed prosthetic reconstructions: On the strain in the
anterior maxillary region, Med. Eng. Phys., 2015, 000, 1-15.

[9] BozkAYA D., MUFTU S., MUFTU A., Evaluation of load trans-
fer characteristics of five different implants in compact bone
at different load levels by finite elements analysis, J. Prosthet.
Dent., 2004, 92(6), 523-530.

Table 2. Implants selected for different bone condition
(S implies solid, % implies percentage of porosity)

Bone Average .
., Young’s Modulus Selected implant
condition (GPa)
Very Weak 1.872 d4L.9(S), d5L9 (20%)
d419, d4L.10, d6L9, d6L 10, d6L11, d6L9 (all 20%)),
Weak 2497 d5L10, dSL11, d5SL12 (all 10%) ( )
Normal 3.121 dSL10 (10%), dSL11 (20%), dSL12 (20%)
Strong 3.745 dSL10, dSL11, d5L12 (both 10% and 20%)
Very Strong 4.369 d5L10 (20%)




20 S. Roy et al.

[10] CHANG C.L., CHEN C.S., HUuANG C.H., Hsu M.L., Finite
element analysis of the dental implant using a topology opti-
mization method, Med. Eng. Phys., 2014, 34, 999-1008.

[11] CHAN H.L., MiscH K., WANG H.L., Dental imaging in im-
plant treatment planning, Impl. Dent., 2010, 19, 288-298.

[12] CHUN H.J., CHEONG S.Y., HAN J.H., HEO S.J., CHUNG J.P.,
Ruyu I.C., CHO1 Y.C., BAIK HK., KU Y., Kim M.H., Evalua-
tion of design parameters of osseointegrated dental implants
using finite element analysis, J. Oral. Rehabil., 2002, 29,
565-574.

[13] Daas M., DuBoIs G., BONNET A.S., LIPINSKI P., RIGNON-BRET C.,
A complete finite element model of a mandibular implant-
retained overdenture with two implants: Comparison between
rigid and resilient attachment configurations, Med. Eng. Phys.,
2008, 30, 218-225.

[14] DEMENKO V., LINETSKIY 1., NESVIT K., SHEVCHENKO A.,
Ultimate masticatory force as a criterion in implant selec-
tion, J. Dent. Res., 2011, 90(10), 1211-1215.

[15] DJEBBAR N., SERIER B., BOUIADJRA B.B., BENBAREK S.,
DRAI A., Analysis of the effect of load direction on the
stress distribution in dental implant, Mater Des., 2010, 31,
2097-2101.

[16] EL-ANWAR Md. 1., EL-ZAWAHRY Md. M., 4 three dimen-
sional finite element study on dental implant design, J. Genet.
Eng. Biotechnol., 2011, 9, 77-82.

[17] HABA Y., LINDNER T., FRITSCHE A., SCHEIBENHOFER A.K.,
SOUFFRANT R., KLUESS D., SKRIPITZ R., MITTELMEIER W.,
BADER R., Relationship between mechanical properties and
bone mineral density of human femoral bone retrieved from
patients with osteoarthritis, Open Orthop. J., 2012, 6, 458-463.

[18] HANSSON S., WERKE M., The implant thread as a retention
element in the cortical bone: the effect of thread size and
thread profile: a finite element study, J. Biomech., 2003, 36,
1247-1258.

[19] HasAN 1., ROGER B., HEINEMANN F., KEILIG L., BOURAUEL C.,
Influence of abutment design on the success of immediately
loaded dental implants: experimental and numerical studies,
Med. Eng. Phys. 2012, 34, 817-25.

[20] HmMMLOVA L., DOSTALOVA T., KACOVSKY A., KONVICKOVA S.,
Influence of implant length and diameter on stress distribu-
tion: a finite element analysis, J. Prosthet. Dent., 2004, 9(1),
20-25.

[21] HOLMGREN E.P., SECKINGER R.J., KILGREN L.M., MANTE F.,
Evaluating parameters of osseointegrated dental implants
using finite element analysis two dimensional comparative
study examining the effects of implant diameter, implant
shape, and load direction, J. Oral Implantol., 1998, 24(2),
80-88.

[22] LIND., L1Q., L1 W., SWAIN M., Dental implant induced bone
remodeling and associated algorithms, J. Mech. Behav.
Biomed., 2009, 2, 410-432.

[23] LiT., HUK., CHENG L., DINGY., DING Y., SHAO J., KONG L.,
Optimum selection of the dental implant diameter and length
in the posterior mandible with poor bone quality — a 3d finite
element analysis, Appl. Math. Model, 2011, 35, 446—456.

[24] Lin C.L., WANG J.C., Ramp L.C., Liu P.R., Biomechanical
response of implant systems placed in the maxillary posterior
region under various conditions of angulation, bone density,
and loading, Int. J. Oral Maxillofac. Impl., 2008, 23, 56-64.

[25] MEYER U., Joos U., MyTHILI J., STAMM T., HOHOFF A.,
FILLIES T., STRATMANN U., WIESMANN H.P., Ultrastructural
characterization of the implant/bone interface of immediately
loaded dental implants, Biomaterials, 2004, 25, 1959-1967.

[26] MiscH C.E., Density of bone: effect on treatment plans, surgical
approach, healing and progressive bone loading, Int. J. Oral
Implantol., 1990, 6(2), 23-31.

[27] NATALI AN., CARNIEL E.L., PAVAN P.G., Modelling of man-
dible bone properties in the numerical analysis of oral im-
plant biomechanics, Comput. Meth. Prog. Bio., 2010, 100,
158-165.

[28] PETRIE C.S., WILLIAMS J.L., Comparative evaluation of
implant designs: influence of diameter, length and taper on
strains in the alveolar crest. A three-dimensional finite-
element analysis, Clin. Oral Implants. Res., 2005, 16(4),
486—494.

[29] RavauDp P., RENY J.L., GIRAUDEAU B., PORCHER R.,
DouGADOS M., Roux C., Individual smallest detectable dif-
ference in bone mineral density measurements, J. Bone
Miner. Res., 1999, 14, 1449-1456.

[30] RADNAI M., ISTVAN P., Stress in the mandible with splinted
dental implants caused by limited flexure on mouth opening:
An in vitro Study, IJEDS, 2012, 8-13

[31] SANTIAGO J.F. JR., PELLIZZER E.P., VERRI F.R., CARVALHO S.P.,
Stress analysis inbone tissue around single implants with
different diameters and veneering materials: A 3-d finite
element study, Mater Sci. Eng., 2013, 33, 4700—4714.

[32] SEVIMAY M., TURBAN F., KILICARSLAN M.A., ESKIFASCIOGLU G.,
Three-dimensional finite element analysis of the effect of dif-
ferent bone quality on stress-distribution in an implantsup-
ported crown, J. Prosthet. Dent., 2005, 93(3), 227-234.

[33] SHIGEMITSU R., YODA N., OGAWA T., KAWATA T., GUNJT Y.,
YAMAKAWA Y., IKEDA K., KEIICHI S., Biological-data-based
finite-element stress analysis of mandibular bone with im-
plant supported overdenture, Comput. Biol. Med., 2014, 54,
44-52.

[34] TiaN K., CHEN J., HAN L., YANG J., HuaANG W., WU D,,
Angled abutments result in increased or decreased stress on
surrounding bone of single-unit dental implants: A finite
element analysis, Med. Eng. Phys., 2012, 34, 1526-1531.

[35] ToNntoLLO M.B., MACEDO A.P., PALHARES D., CALEFI P.L.,
SORGINI D.B., MATTOS G.C., Morse taper implants at differ-
ent bone levels: a finite element analysis of stress distribu-
tion, Braz. J. Oral Sci., 2012, 11.

[36] TURKYILMAZ 1., MCGLUMPHY E.A., Is there a lower thresh-
old value of bone density for early loading protocols of den-
tal implants?, J. Oral Rehabil., 2008, 34, 267-272.

[37] TURKYILMAZ 1., TOzOM T.F., TOMER C., Bone density assess-
ments of oral implant sites using computerized tomography,
J. Oral. Rehabil., 2007, 34, 267-272.

[38] VANEGAS-ACOSTAA J.C., LANDINEZ N.S., GARZON-
-ALVARADOA D.A., CASALE M.C., 4 finite element method
approach for the mechanobiological modeling of the osseo-
integration of a dental implant, Comput. Meth. Prog. Bio.,
2011, 101, 297-314.

[39] WiskoTT H.W., BELSER U.C., Lack of integration of smooth
titanium surfaces: a working hypothesis based on strains
generated in the surrounding bone, Clin. Oral Impl. Res.,
1999, 10, 429-444.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


