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SUMMARY

Introduction Differences between the tooth and implant response to load can lead to many biological
and technical implications in the conditions of occlusal forces.

Objective The objective of this study was to analyze load distribution in tooth/implant-supported fixed
partial dentures with the use of resilient TSA (Titan Shock Absorber, BoneCare GmbH, Augsburg, Germany)
abutment and conventional non-resilient abutment using finite element method.

Methods This study presents two basic 3D models. For one model a standard non-resilient abutment
is used, and on the implant of the second model a resilient TSA abutment is applied. The virtual model
contains drawn contours of tooth, mucous membranes, implant, cortical bones and spongiosa, abutment
and suprastructure. The experiment used 500 N of vertical force, applied in three different cases of axial
load. Calculations of von Mises equivalent stresses of the tooth root and periodontium, implants and
peri-implant tissue were made.

Results For the model to which a non-resilient abutment is applied, maximum stress values in all three
cases are observed in the cortical part of the bone (maximum stress value of 49.7 MPa). Measurements
of stress and deformation in the bone tissue in the model with application of the resilient TSA abutment
demonstrated similar distribution; however, these values are many times lower than in the model with
non-resilient TSA abutment (maximum stress value of 28.9 MPa).

Conclusion Application of the resilient TSA abutment results in more equal distribution of stress and
deformations in the bone tissue under vertical forces. These values are many times lower than in the

model with the non-resilient abutment.

Keywords: dental implant-abutment design; fixed partial denture; stress distribution

INTRODUCTION

The indication field for use of implants in pa-
tient treatment is very large. Shortened dental
arch is especially challenging for this type of
therapy.

A reliable and clinically verified therapy
includes production of free-standing implant-
supported fixed partial dentures (i-FPD).
However, anatomic restrictions and economic
reasons often necessitate connecting tooth
and implant. Many experimental investiga-
tions, followed by clinical studies, dealt with
this problem because of the difference between
biomechanical response of a tooth and of an
implant to loading. The reason for this is differ-
ent method these supports are connected to the
surrounding bone. A natural tooth is attached
to the alveolar bone indirectly via periodontal
ligament (PDL), which gives it certain mobility
under pressure. This mobility is designated as
the physiological tooth mobility that can reach
even 150 um. The movement is particularly in-
tensive in the initial phase of loading. Opposite
to that, osseointegrated implants have ankylotic
connection with the surrounding bone and
their mobility under loading is linear. It ranges

from 17 pm to 66 pm, and is related to bone tis-
sue elasticity, applied material and position of
implant inside the dental arch [1, 2]. Values are
lower if an implant is in the anterior segment of
the mandible due to its specific bone structure.
With the initially larger tooth movement, even
when the exerting forces are of low intensity
(<20 N), the tooth intrusion of approximately
30 um will occur. With an implant, these val-
ues are much lower - approximately 2 um
[1]. Apart from this, titanjum has significantly
higher elastic modulus values compared to a
natural tooth, which has influence on the dif-
ferences in bridge support mobility and force
distribution to the bone [2]. Finally, not only
the intensity of force but also the time of force
action is important, since the periodontal
ligament shows high elastic properties under
load, which is not the case with the ankylotic
connection of the implant and the bone tissue
[1, 3]. Specifics of the PDL response to load-
ing include the occurrence of biomechanical
hysteresis in the case of frequent loading and
creep, i.e. slow deformation when load time is
long [4].

Event today, after more than three decades of
debate on this issue, the controversy in regard
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to the tooth and implant connection is still present [5].
Differences between the tooth response and implant re-
sponse to load can lead to many biological and technical
implications in the conditions of occlusal forces [6, 7]. Ac-
cording to the results of certain experimental and clinical
testing, the tooth intrusion results in higher loading on the
implant rigidly connected to the bone [8, 9]. This reduces
their supporting effect, causes implant overloading and
increases marginal bone resorption. Larger tooth mobility
and FPD span result in more serious consequences [10,
11]. Data from the literature also imply that the tooth-
implant fixed partial dentures (m-FPD) often show crack-
ing in cement film of abutment teeth, occurrence of caries,
atrophy of PDL due to inactivity, occurrence of periapical
processes, and even tooth root fracture [5, 11, 12]. In ad-
dition to that, some technical problems are observed in
connection with the loss of occlusal screw, abutment screw,
ceramics cracking, as well as the implant fracture [13].

Contrary to these results, many conducted clinical trials
showed much lower percentage of biological and technical
complications. Gunne et al. [14], followed by Lindh et al.
[15] and Brégger et al. [16], published in their studies the
results of monitoring after three to five years, in which
they have had not observed any statistically significant dif-
ferences regarding occurrence of complications between
free-standing implants and tooth-implant supported pros-
thesis. However, study results of observation periods lon-
ger than ten years, and of the one conducted by Bragger et
al. [17], indicate that more problems still occur with mixed
fixed partial dentures.

For the purpose of achieving more uniform load distri-
bution, some researchers used various precise connecting
elements in order to provide physiological movement of
teeth independent of implants. Despite some encouraging
results, biological and technical complications could not
be disregarded [18, 19]. This problem has not even been
fully resolved with telescopic crowns, with various and
insufficient explanations of the problem [9].

OBJECTIVE

The effort to achieve balance of different biomechanical
responses of an abutment tooth and of an implant to load-
ing has resulted with the application of resilient abutment
(Titan Shock Absorber [TSA], BoneCare GmbH, Augs-
burg, Germany).

The objective of this study was to analyze load distri-
bution in tooth-implant supported fixed partial dentures
with the use of the resilient TSA abutment and conven-
tional non-resilient abutment using the finite element
method. Stresses and deformations are analyzed in the
bone tissue around the tooth and implant. The obtained
results could become genuine basis for implementation of
resilient abutments in clinical practice with the patients
receiving this kind of prosthetic therapy.

METHOD

The finite element method is a widely applied mathemati-
cal method in dentistry for calculations in connection with
the stress distribution and deformation in the bone tissue
around an implant and in the bone around a natural tooth.

This study presents two basic 3D models for interac-
tion analysis of implants, teeth, bone, and PDL under
the influence of occlusal loads in the mandible. It is as-
sumed that first and second molars are missing in both
cases (Kennedy class I), i.e. that the most distal tooth is the
lower second premolar. Then, in both models, an implant
(Straumann Standard Plus, 4.1 x 10 mm; Straumann, Ba-
sel, Switzerland), was mounted in the place of the second
molar. For one implant and model a standard non-resilient
abutment is used, and on the implant of the second model
aresilient TSA abutment is used. Modelling of the implant
and abutment was carried out in accordance with the fac-
tory dimensions and recommendation of the TSA abut-
ment producer (Figure 1).

The conventional technique was used for preparation
of the abutment tooth and creation of porcelain-fused-to-
metal (PFM) crown. For fabrication of the metal substruc-
ture Co-Cr alloy of known physical and mechanical prop-
erties was used. In this way, in both cases, models were
made of PEM fixed partial dentures having three units,
with adequate occlusal morphology. The virtual model
contains drawn contours of tooth, PDL, mucous mem-
branes, implant, cortical bones and spongiosa, abutment
and suprastructure (analogical real model) (Figure 2).

For all used materials it has been assumed that they are
homogenous, linear elastic isotropic materials, except for
the periodontal ligament. It is modelled as a 0.25 mm thick
layer around the tooth. Periodontal ligament is represented
with 1,200 3D non-linear highly elastic spring elements,
in order to enable tooth movement of about 60 pm under
a force of 5-10 N, and its return to the initial position
after two seconds. Coordinates for each boundary point
are loaded into the program in order to create surfaces of
the modelled objects. Input parameters for all modelled

Figure 1. Model of tooth-implant supported FPD
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Figure 2. Schematic drawing of model with surface boundary con-
tours

250 ¥ 500

Figure 3. Network of elements and knots of the tooth-implant sup-
ported FPD

Table 1. Elastic modulus (E) and Poisson’s coefficient (v) of the material

Material E (MPa) v

Dentin 18.6 x 103 0.3
Implant 1.1x105 0.3
Cortical bone 15.0x 103 0.3
Spongious bone 1.5%x103 0.3
Ceramics 69 x 103 0.28
Co-Cr alloy 2.2x 105 0.3
Mucous membranes 19.6 0.3
PDL 2x103 0.45

PDL - periodontal ligament

objects (elastic modulus - E, Poisson’s coefficient - v) are
taken from the literature (Table 1) [9].

The experiment used a vertical force of 500 N, applied
in three different cases of axial load - to the FPD above
the tooth, to the FPD above the implant, and to the FPD
above all three units simultaneously, after which the dis-
tribution of stress and deformations was analyzed. In this
way, six different cases of load were monitored depending

‘ doi: 10.2298/SARH1604188G

Figure 4. Model with non-resilient abutment and 500 N force on the
tooth. Maximum stress values are recorded in the bone around the
tooth neck and the middle third of the tooth root (23.7 MPa)

3

Figure 5. Model with non-resilient abutment and 500 N force on the
implant. Maximum stress value is in the cortical bone around implant
neck (17.1 MPa)

Figure 6. Model with non-resilient abutment and 500 N force on all
three units. Maximum stress value is in the cortical bone around abut-
ment tooth neck (49.7 MPa). High values are also recorded around the
implant neck (22.8 MPa)

on whether the resilient abutments were used, and on the
point of force application.

Calculations of von Mises equivalent stresses of the
tooth root and periodontium, implants, and peri-implant
tissue were made.

Numeric values are also presented graphically for clear
interpretation and understanding.

ANSYS Workbench Platform (ANSYS, Inc., Canons-
burg, PA, USA) was used for creation of the model and an-
alyzing. The modelling used four types of finite elements:
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Figure 7. Model with non-resilient abutment and 500 N force above
natural tooth. Maximum deformation was present in cortical bone
around abutment tooth neck (0.02 mm)

Figure 8. Model with non-resilient abutment and 500 N force above
implant. Maximum deformation was present in cortical bone around
implant neck (0.01 mm)

Figure 9. Model with non-resilient abutment and 500 N force above
all three units at the same time. Maximum deformation was present
in cortical bone around abutment tooth neck, mesial side (0.04 mm)

solid 187, conta 174, targe 170, and surf 154. Created models
contain 1,260,905 elements and 1,915,789 knots (Figure 3).

RESULTS

For the model to which non-resilient abutment was ap-
plied, analysis were made of the 500 N force applied to the
FPD above the tooth, 500 N force applied to the FPD above
the implant, and 500 N force applied to the FPD above all

Figure 10. Model with resilient TSA abutment and 500 N force above
the tooth. High values are recorded in the bone around the tooth neck
and under the tooth root peak. Maximum recorded value is around
the abutment tooth neck (19.1 MPa)

pr

Figure 11. Model with resilient TSA abutment and 500 N force above
the tooth. Maximum values are recorded in the bone around the tooth,
mesial side of abutment tooth (2.1 MPa)

three units simultaneously. For all three situations of force
application, our results showed maximum stress values in
the cortical part of the bone around the tooth and implant.
When the force was applied above the natural tooth, stress
values at the apex of the tooth were lower than in the corti-
cal part of the bone and in the middle third. In contrast,
when the force was applied above the implant, very high
stress values were also recorded in the bone under the im-
plant. By far the largest stress values were recorded in the
case when the force was applied simultaneously to all three
FPD units (49.7 MPa). These values were observed in the
cortical bone around the implant neck (Figures 4, 5, and 6).

Measurements related to deformation in the bone tissue
correlated to the measurements of stress condition. Defor-
mation was the greatest in cortical bone around the tooth
and implant. Maximum values were recorded when the
force was applied to all three FPD units, in cortical bone
around the natural tooth (0.04 mm) (Figures 7, 8, and 9).

Measurements of stress and deformation in the bone
tissue in the model with application of the resilient TSA
abutment demonstrated similar distribution in the bone,
with highest values in the cortical bone around the tooth
and implant. However, these values are many times lower
than in the model with non-resilient TSA abutment (Fig-
ures 10-15).
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Figure 12. Model with resilient TSA abutment and 500 N force above
all three FPD units. The highest stress is also in the bone around abut-
ment tooth neck (28.9 MPa)

Figure 13. Model with resilient TSA abutment and 500 N force above
the tooth. Maximum deformation values are recorded in the bone
around the tooth neck, mesial side (0.01 mm)

Figure 14. Model with resilient TSA abutment and 500 N force above
the implant. Maximum deformation when the force is applied to im-
plant is around the neck of tooth mesial side (0.001 mm)

Figure 15. Model with resilient TSA abutment and 500 N force above
all three units. The highest deformation values are also recorded
around the tooth neck, mesial side (0.02 mm)

Table 2. Stress distribution in the system (MPa) when 500 N force is applied

Bone Model without spring Model with spring
Force on Force on all Force on Force on all
Force on tooth . . Force on tooth . .
implant three units implant three units
Bone around tooth (MPa) 23.7 6.3 49.7 19.1 2.1 28.9
Bone around implant (MPa) 3.3 17.1 22.8 0.005 1.5 2.8
Table 3. Deformation in the system (mm) when 500 N force is applied
Model without spring Model with spring
Bone Force on Force on all Force on Force on all
Force on tooth . . Force on tooth . .
implant three units implant three units
Bone around tooth (mm) 0.02 0.01 0.04 0.01 0.001 0.02
Bone around implant (mm) 0.003 0.01 0.02 0.001 0.001 0.002

Comparison of maximum values of stress and deforma-
tion for both tested models in all analyzed cases is given
in Tables 2 and 3.

DISCUSSION

In situations of tooth-implant supported FPD, one of the
most important factors, when it comes to long-term suc-
cess, is the design of the denture, i.e. the use of the fixed
or resilient connection between two different supports.
However, neither in vitro experiments nor clinical studies

provide precise recommendations for a specific design of
the prosthesis that connects teeth and implants.

Finite element method has been widely used in den-
tistry and in studies dealing with the application of oc-
clusal force, i.e. stresses and deformations caused by such
forces [3,20-23]. Although this method is very helpful, it
doesn’t only have advantages, but also drawbacks. Since
the mathematical models are models of real objects, pre-
cision and reliability of obtained results depend on the
precision of the model itself, its geometry, input param-
eters defining the characteristics of the material, loads
and boundary conditions [24, 25, 26]. Geometry of teeth,
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supporting structures, bone, and temporomandibular
joints is complex, which makes it impossible to make a
full replica of real objects. Also, the experiments assume
that the materials, in regard to their characteristics, are
homogenous, linear elastic isotropic materials, except for
periodontal ligament. In addition, the forces applied in the
mouth are complex by their intensity, direction, distribu-
tion and time of application. On the other hand, it should
be taken into account that this is a computer model, and
as such the experiment can be fully controlled; thus, it is
possible to change the test conditions, and the simulations
can be repeated as many times as it is desired. Having all
this in mind, it should be noted that a well-defined model
and correct implementation of the program and interpre-
tation of obtained results make this method extremely
important not only for preliminary and control investi-
gation, but also as a method of choice in in vitro studies
(24, 25, 26].

Perhaps the results presented in this paper are not real
values of load in the mouth, but they indicate different
form of distribution of stress and deformations subject
to the implemented model, as well as what design of the
tooth-implant supported FPD and abutment would be
most efficient. This method also provides numeric values
and visual data available for further interpretation and
analysis.

Compared to 2D models used in similar experiments,
3D model is much more precise and reduces potential
errors, and therefore obtained data can be deemed more
reliable [2, 6, 19].

Vertical load of the tooth-implant FPD with stan-
dard abutment and rigid construction, without connec-
tion elements, causes tooth intrusion and consequently
higher load of mesial-cervical region of the implants, due
to bending of the whole structure. These normal forces
tend to rotate the implant around the support, which is
at a higher position in relation to the intruded tooth at
the time of load. This reason, together with the higher
elastic modulus of the cortical bone, leads to the stress
concentration in the mentioned region [6, 8]. Due to afore-
mentioned reasons, in the case of non-resilient abutments,
according to the experimental results, it can be concluded
that the bending forces occur in the FPD structure and lay
stress on the implant to a great extent. These results match
the results of a large number of clinical and experimental
studies that dealt with these problems [3, 5, 7, 9, 14, 18,
19, 20, 21, 27, 28].
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bpaHka Tpudkosuh'

'YHuep3uteT y beorpagy, Cromatonoluku dakynTeT, KnHrKa 3a CToMaTonowwKy npoTeTuky, beorpag, Cpbuja;

2YHusep3utet y beorpagy, MawuHckn dakynteT, beorpag, Cpbuja;

*YHueep3uTet y beorpapy, Cromatonowwku dakynteTt, KnuHuka 3a opanHy xvupyprujy, beorpag, Cpbuja

KPATAK CAAPXKA)J

YBop Paznuike y ogrosopy 3y6a 1 nmnnaHTata Ha ontepehete
MOTy MMaTK 3a Noc/iefnLy HU3 GUONOWKNX N TEXHUYKNX
KoMMNAMKaLwja y ycnoBrMa genoBatba OKIy3aiHuX cuna.
v papa Ly oBor paga je aa ce aHanusupa guctpubyuuja
onTtepehetba KOA MELLOBUTO HOLIEHMX MOCTOBa Ca NPYMEHOM
pe3unujeHTHOT TSA abatmeHTa (Titan Shock Absorber, BoneCare
GmbH Germany), Kao 1 KOHBEHLMOHANHOT Hepe3unjeHTHOr
abaTmeHTa nprYMeHOM MeToAe KoHauHux enemeHarta (MKE).
MeTope papa Y oBOM papy HampaB/beHa Cy ABa OCHOBHA
3D mogena. Ha jeaHom umnnaHTaTy u mogeny kopuwheH je
CTaHAAPAHU Hepe3nnujeHTHU abaTMeHT, a Ha UMNIaHTaTy
apyror mogena KopuwheH je pe3nnunjeHTHn TSA abaTmeHT.
Ha BupTyenHom mopeny cy mojenupaHe KOHType 3yba,
MAJ1-a, cny3okoxe, UMnNnaHTaTa, KOPTUKAIHE Y CMOHTNO3He
KOCTU, abaTMEHTa 1 CynpacTpyKType. Y eKCneprMeHTy je
KopuwheHa BepTuKanHa cuna og 500 N, Koja je npumereHa
y TpW pasnuuuTa ciyyaja akcujanHor ontepehera. Metogom

MpumsbeH « Received: 16/06/2015

KOHaYHVX enemeHara n3pavyHasaHu cy notom QoH Musecosu
€KBUBANEHTHU HaMOHU Yy KOpeHy 3yba 1 napoAoHUunjymy,
VMMAHTaTy 1 NePUUMNIAHTaTHOM TKIBY.

PesynTtaTti Ha Moaeny Koj Kora je npumerbeH Hepe3unmjeHTHN
abaTMeHT, MaKcMmarnHe BpeHOCTU HamnoHa v gepopmaumje y
CBa TPU CNyyaja Cy permcTpoBaHe y KOPTUKANHOM Aesly KOCTh
0KO 3y6a v MMNaHTaTa y 3aBUCHOCTU O HanagHe Tauke
cune (MakcmanaH HanoH 49,7 MPa). BpegHoOCT HanoHa u
aedopmaumja Ha Mogeny ca MPUMEHOM pe3uninjeHTHor TSA
abaTmeHTa nokasarne Cy CIMYHY pacnogeny y Koctu, Mehytum
OBe BPeAHOCTU Cy BULLIECTPYKO Matbe Hero Kog mogena ca
Hepe3unnjeHTHIM abaTMeHTOM (MaKcMManaH HanoH 28,9 MPa).
3aksbyyak [pumeHa pesunumjeHTHor TSA abatmeHTa JOBOAM A0
paBHOMepHUje pacnogene HanoHa 1 gedbopmaLiyje y KoLTaHOM
TKMBY OKO 3y6a 11 UMnaHTaTa NoA AejCTBOM BEPTUKANTHKX CUNa.
M3mepeHe BpeAHOCTH Cy BULIECTPYKO Makbe HEro Ha Moaeny
Ca Hepe3unujeHTHUM abaTMeHTOM.

KrbyuHe peuu: IMniaHT abaTMeHT; MOCT; AMCTPUOYLvja HanoHa
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