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Finite Element Stress Analysis in Supporting Bone
according to Crest Module Shape of Fixture in Internal

Connection System
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ABSTRACT

Finite Element Stress Analysis in Supporting Bone

according to Crest Module Shape of Fixture in Internal

Connection System

Park, Young-Nam, D.D.S., M.S.D.

Advisor: Prof. Chung, Chae-Heon, D.D.S., M.S.D., Ph.D.
Dept of Dentistry,

Graduate School of Chosun University

The external contour of an implant can have significant effects on the
load transfer characteristics and may result in different bone failure rates
for different implant system. The purpose of this study was to investigate
the effects of crest module shape and occlusal load direction on bone
failure modes of five commercially available dental implant systems. Five
different implant systems with internal connection; ITI (Model 1), Astra
(Model 2), Bicon (Model 3), Friadent (Model 4), and Paragon (Model 5),
comparable in size, but different in thread profile and cest module shapes,
were compared using the finite element method.

The crown for mandibular first molar was made using cemented abutment.
Each three—dimensional finite element model was created with the physical
properties of the implant and surrounding bone.

This study simulated load of 200N at the centric fossa in a vertical
direction (loading condition A), 200N at the centric cusp tip in a 15 inward
inclined direction (loading condition B), or 200N at the centric cusp tip in a

30" outward inclined direction (loading condition C) respectively. Von Mises



stresses were recorded and compared in the supporting bone.

The following results have been made based on this study:

1.

Without regard to the loading condition, the stress distribution pattern
of the abutment—implant fixture usually was widely distributed along
the inner surface of the implant fixture contacting the abutment post in
the internal connection systems.

Without regard to the loading condition, the greater stress occured
near the superior region of cortical bone around the neck of the

implant fixture compared to the travecular bone.

. The stress in compact bone in case of the inclined loading condition B

and C usually was greater than that of the vertical loading condition A.
Specially the greatest stress showed in the inclined loading condition C

to outside point from the centric cusp tip.

. The magnitude of the stress occurred at the crestal region around the

fixture was greater in the order of the case of Astra, ITI, Paragon,

Friadent, Bicon under the vertical loading condition A.

. The magnitude of the stress occurred at the crestal region around the

fixture was greater in the order of the case of Astra, ITI, Bicon,
Paragon, Friadent under the inclined loading condition B and C .
Without regard to the loading condition, the magnitude of the stress
occurred at the crestal region around the fixture was greater in the
order of the case of Astra, ITI, Bicon in the friction—fit joint.

Without regard to the loading condition, the magnitude of the stress
occurred at the crestal region around the fixture was greater in the
order of the case of Paragon, Friadent in the slip—fit joint.

Converging design of crest module of fixture have much lower

_Vi_



stresses compared to diverging or parallel design in the cortical bone

around the implant.

Conclusively, in the internal connection system of the implant—abutment
connection methods, the stress—induced pattern at the supporting bone
according to the abutment connection form had differenence among them,
and implants with narrowing crestal module cross—sections at the top of
the cortical bone created more favorable load transfer characteristics in
this region.

But it i1s considered that the future study is necessary about how this
difference in the magnitude of the stress have an effect on the practical

clinic.
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Astra), Model3 (Bicon), Model4 (Friadent), Model5 (Paragon)

Model1 (ITD), Model2 (

Fig. 1. Sectioned representation of each experimental model.

Modell (ITI), Model2 (Astra), Model3 (Bicon),  Modeld (Friadent),  Model5(Paragon)

Fig. 2. Schematic representation of each experimental model(Unit; mm).
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Fig. 3. Three-dimensional finite element model of full body.
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Fig. 4. Three loading directions of loading condition A, B, C.

AAZ7 (boundary condition) 2= shel&e] & Al HEo Autwi
E e 2 S o= 24

BE U, Uy, Uy 388 2% 7895, w483 9
H

AAE 2y 38 A8 (finite element analysis)S F3st=d Hask A
g9 EAx9 B A¢(Young's modulus; E)¢F X959 H](Poisson's ratio;

0 AetEe A8 Fastoe] o8 ti(Table 2)'7.

Table 1. Material properties in this study

. Properties
Materials : -
Young's Modulus ; E (MPa) Poisson's Ratio ; v
Cortical bone 13,700 0.30
Cancellous bone 1,370 0.30
(Tlﬁ)rllalllrﬁn Abutment) 115,000 0.35
Composite resin 9,700 0.35
Gold crown 96,600 0.35
Titanium screw 115,000 0.35
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Fig. 5. The reference points in cortical bone in each model.
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Model5 (Paragon)

Model4 (Friadent)

Model3 (Bicon)

Model2 (Astra)

Modell (ITI)

each model under loading

=

Fig. 6. The stress contour of abutment and fixture
condition A, B, C.
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Von Mise Stress (MPa)

1 2 3 4 5 6 7 8 9 10 11 12 13 14
reference point
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Fig. 12. Von Mises stress in each reference point under loading condition A

B
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1 2 3 4 5 6 7 8 9 10 11 12 13 14
reference point
Fig. 13. Von Mises stress in each reference point under loading condition B
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Fig. 14. Von Mises stress in each reference point under loading condition C
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