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1 INTRODUCTION

BoneCare GmbH has developed a dental implant abutment (TSA) that mimics the function of the
SHULRGRQWDO OLJDPHQW IRXQG LQ QDWXUD®NGBRWRWHEIRY)  HHIHHBDWXE
distributes the stresses in the dental prosthesis and peri-implant bone more than if traditional rigid

abutments were used.

The goal of this study was to compare the stresses developed in the dental prosthesis, abutment, dental
implant and surrounding bone when a TSA abutment was used as opposed to a rigid titanium abutment.

This was achieved by simulation using Finite Element Analysis.

2 THE FINITE ELEMENT ANALYSIS MODEL

2.1 Solver Details

An elastic, non-plastic, large strain analysis with contact (allows transfer of loads and separation of
bodies) was performed using NX Nastran V8.1 SOL601,106 (Advanced Non-Linear Static).

2.2 Model Discretization

A hybrid model consisting of NX Nastran CTETRA10, CELAS1, CBEAM, RBE2 and RBE3 elements
was created. CTETRAL0 elements were used for all three dimensional geometry, with CELAS1
elements being used to model the elastic effects of the TSA. CBEAM elements were used to model
the fasteners used to fasten the prostheses to the abutments. RBE2 and RBE3 elements were used
to connect the CELAS1 and CBEAM elements to the three dimensional geometry. A typical total of
1 183 200 elements were used to represent the geometry of the bone, implants, abutments and

prostheses.
2.3 Model Geometry
The model is can be categorised in three parts, namely:

X The bone model
X The implants and abutments model

X The prosthesis model

The bone model was obtained by obtaininga CTscanol D SDWLHQWfV VNXOO DQG WKH &7 GD
into a finite element mesh using Mimics. The implants and rigid AMC abutments were obtained from
three dimensional CAD geometry provided by Southern Implants. The TSA abutment model was
obtained by modelling three dimensional CAD geometry from two dimensional technical drawings

provided by BoneCare. The prosthesis model was obtained by obtaining a CT scan of a physical
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provisional prosthesis. The prosthesis scan was converted from to a solid three dimensional CAD model

using SolidWorks.

7KH LPSODQWY ZHUH LQVHUWHG LQWR WKH ERQBFFRG 8 DQY LW XDIOHD ¥ §G
IRXU" WHFKQLTXH 7KH ERQH WKDW RFFXSLHG WKH VY PBBDWKWHHEDFLP
removed using a Boolean subtraction leaving a void in the bone where the implants were positioned
with the surface of the bone in full contact with the surface of the implant. Both the TSA and rigid

abutments were connected to the implants in a rigid manner simulating a stable screw joint.

The prosthesis model was connected to the abutments using a simulated screw joint with a screw
preload of 300N.

The elastic properties of the TSA were derived experimentally and a suitable linearized mathematical
analogue of the spring was added to the model. Contact with the possibility of separation was used to

define TSA behaviour at the limits of its travel capacity.
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2.4 Load Cases

The load cases that were simulated are shown in Table 1.

Table 1: Summary if the load cases used in this study

Misfit of prosthesis and unilateral
posterior load (100um and 300N)

Model TSA Abutment AMC Abutment
Unilateral posterior load (300N) Unilateral posterior load (300N)
Bi-lateral posterior load (150N x 2) Bi-lateral posterior load (150N x 2)
Misfit of prosthesis on distal implant | Misfit of prosthesis on distal implant
Load Case (100um) (100um)

Misfit of prosthesis and unilateral posterior
load (100pum and 300N)

Split prosthesis and bilateral posterior
load (300N)

Split prosthesis and bilateral posterior load
(300N)

These load cases are representative of potential load cases that will be seen in practice.
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2.5 Material properties

The implants were assigned material properties of titanium grade 4 and the abutments were assigned
material properties of titanium grade 5. The prosthesis was assigned the material properties of zirconia

which is a widely used material for constructing dental prostheses.
The material properties are given in Table 2.

Table 2: Material properties used in the simulation

Material <RXQJYV ORGXOXV| 3RLVVRQTV
Zirconia 200 0.31
Titanium 100 0.34

The material properties of the bone was divided into 20 different materials with different mechanical
properties related to the density of the bone which was determined by evaluating the Hounsfield units

of each element of the bone mesh.

,Q RUGHU WR GHULYH WKH <RXQJYV PRGXOXV IURP WKH &7 GDWD WKH I

ésud # &7 E srrr GCl 7; (1) (Hvid et al., 1989)
"L %é (2) (Carter and Hayes, 1977)
Where:

€z [epresents the apparent density of the bone
HU represents Hounsfield Units
A represents a coefficient suggested by Wong et al. (1983) to be 0.523kg/m?
( UHSUHVHQWYV <RXQJYV PRGXOXV

C represents an empirical constant which was assigned a value of 250 for cancellous bone and 1250

for cortical bone as suggested by Huang et al. (2002)

The mechanical properties assigned to each element group are shown in Table 3:
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Table 3: Material properties of bone

Bone material number <RXQJTV ORGX({J 3RLVVRQY
1 0.025047 0.3
2 0.040627 0.3
3 0.061612 0.3
4 0.088807 0.3
5 0.123016 0.3
6 0.825221 0.3
7 1.078482 0.3
8 1.378886 0.3
9 1.730459 0.3
10 2.137223 0.3
11 2.603203 0.3
12 3.132423 0.3
13 3.728906 0.3
14 4.396677 0.3
15 5.139759 0.3
16 5.962177 0.3
17 6.867954 0.3
18 7.861115 0.3
19 8.945683 0.3
20 10.12568 0.3
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3 RESULTS
3.1 Load case 1 : Unilateral posterior load (300N)

3.1.1 Prosthesis

Figure 1 shows the stress plot of the prosthesis and the implants. The AMC abutment is shown on the

left of the image and the TSA abutment is shown on the right.

Figure 1: Front view of the implants and prosthesis for load case 1

The TSA abutment results in lower stresses in the implant but it appears that the stress in the prosthesis
is increased. Thisis GXH WR WKH 76%$ DEXWPHQW DOORZLQJ WKH SURVWKHVL)
moments will result in the middle part of the prosthesis. It should be noted that this is a highly idealised
case for the AMC representing a perfect fit, whereas the TSA case represents a more realistic fit. See

Load Case 4 for further details.
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3.1.2 Bone

Figure 2 shows the stress plot of the bone. The AMC abutment is shown on the left of the image and
the TSA abutment is shown on the right. The stress plot shows that the stress is marginally more

distributed in the TSA case, but not significantly so.

Figure 2: Bottom view of the bone for load case 1
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3.2 Load case 2 : Bi-lateral posterior load (150N x 2)

3.2.1 Prosthesis

Figure 1 shows the stress plot of the prosthesis and the implants. The AMC abutment is shown on the

left of the image and the TSA abutment is shown on the right.

Figure 3: Front view of the implants and prosthesis for load case 2

Contact stresses between the TSA and the prosthesis are more evenly distributed, resulting in lower
peak contact stresses between the prosthesis and implants. Stress distributions within the prostheses

are remarkably similar.
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3.2.2 Bone

Figure 24 shows the stress plot of the bone only. The AMC abutment is shown on the left of the image

and the TSA abutment is shown on the right. Stress distributions are close to being identical when the

two cases are compared.

Figure 4: Bottom view of the bone for load case 2
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3.3 Load case 3 : Misfit of prosthesis on distal implant (100um)

3.3.1 Prosthesis

Figure 5 shows the stress plot of the prosthesis and the implants. The AMC abutment is shown on the

left of the image and the TSA abutment is shown on the right.

Figure 5: Front view of the implants and prosthesis for load case 3

It is clear from the stress plot that the TSA abutment results in a significantly reduced stress in the
implants and prosthesis in the case of a 100 micron misfit between the implant and the prosthesis. The
ability of the TSA abutment to take up strain due to the low stiffness interface results in the effects of a

prosthesis misfit to be mitigated.
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3.3.2 Bone

Figure 6 shows a stress plot of the bone. It is clear from the plot that almost no stress is induced in the
bone in the case of a misfit between the prosthesis and the abutment when using the TSA abutment.

Tightening the screw to affix the prosthesis to the abutment causes significant stress when a rigid

abutment is used.

Figure 6: Front view of the bone for load case 3
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3.4 Load Case 4 : Misfit of prosthesis and unilateral posterior load (100um and
300N)
3.4.1 Prosthesis

In the case of a misfit between the prosthesis and abutment and an applied load of 300N, the stresses

in the bone and prosthesis are clearly lower in the TSA abutment model than the rigid abutment model

as shown in Figure .

Figure 7 : Front view of the implants and prosthesis for load case 4

It is interesting to note that the stress in the prosthesis is lower in load case 4 than in load case 1. This
can be attributed to the tightening of the screw elongating the elastic interfacial element in the TSA and

the applied load compressing it so the two loads counteract each other.

grr ve_|_ Page 14 of 49



3.4.2 Bone

The stresses in the bone are significantly higher in the rigid abutment case compared with the TSA
abutment case as shown in Figure . This is mainly attributable to the load induced due to the misfit as
was seen in the results from load case 3 where the rigid abutment is more susceptible to increased

stresses due to a misfit.

Figure 8: Bottom view of the bone for load case 4
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3.5 Load Case 5: Split prosthesis and bilateral posterior load (300N)

3.5.1 Prosthesis

In the case of the prosthesis being split and a load of 300N being applied bi-laterally, the stress in the
prosthesis in TSA and AMC case is nearly identical as shown in Figure 9: Front view of the prosthesis
and implants for load case 5Figure . The implants in the AMC case show higher stresses than the TSA

case but the TSA abutments show higher stresses than the AMC abutments.

Figure 9: Front view of the prosthesis and implants for load case 5
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3.5.2 Bone

The stresses in the bone are similar in both the TSA and AMC cases as shown in Figure 10.

Figure 10: Front view of the bone for load case 5
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4 CONCLUSION

In cases where implants are placed perfectly, minor differences between the stress distributions
between the TSA and rigid abutments are observed. However, such ideal placement of implants is
typically not practically achievable. Once the non-ideal case (misfit) is introduced, the dominant
stresses within the implant/prosthesis complex are observed to be caused by the misfit itself rather than
external loads on the prosthesis. The TSA provides a very dramatic benefit in these cases by flexing

to allow the prosthesis and implants to settle in a much lower stress state.

A very clear advantage of the TSA over rigid abutments exists in cases where non-ideal (real-world)
fitment of the implant/prosthesis complex is considered. In other cases where a closer to ideal fitment
is considered, results achieved are comparable with the use of rigid abutments.
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6 APPENDIX: Additional FEA result plots

6.1 Load case 1: Unilateral posterior load (300N)

Load Case 1 Front View, Full Model

Load Case 1 Bottom View, Full Model
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Load Case 1 Patient Left View, Full Model

Load Case 1 Patient Right View, Full Model
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Load Case 1 Front View, Bone Only

Load Case 1 Bottom View, Bone Only
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Load Case 1 Patient Left View, Bone Only

Load Case 1 Patient Right View, Bone Only
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Load Case 1 Front View, Implants, Abutments and Prosthesis only

Load Case 1 Bottom View, Implants, Abutments and Prosthesis only
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Load Case 1 Patient Left View, Implants, Abutments and Prosthesis only

Load Case 1 Patient Right View, Implants, Abutments and Prosthesis only
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6.2 Load case 2: Bi-lateral posterior load (150N x 2)

Load Case 2 Front View, Full Model

Load Case 2 Bottom View, Full Model
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Load Case 2 Patient Left View, Full Model

Load Case 2 Patient Right View, Full Model
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Load Case 2 Front View, Bone Only

Load Case 2 Bottom View, Bone Only
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Load Case 2 Patient Left View, Bone Only

Load Case 2 Patient Right View, Bone Only
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Load Case 2 Front View, Implants, Abutments and Prosthesis only

Load Case 2 Bottom View, Implants, Abutments and Prosthesis only
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Load Case 2 Patient Left View, Implants, Abutments and Prosthesis only

Load Case 2 Patient Right View, Implants, Abutments and Prosthesis only
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6.3 Load case 3: Misfit of prosthesis on distal implant (100um)

Load Case 3 Front View, Full Model

Load Case 3 Bottom View, Full Model
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Load Case 3 Patient Left View, Full Model

Load Case 3 Patient Right View, Full Model
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Load Case 3 Front View, Bone Only

Load Case 3 Bottom View, Bone Only
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Load Case 3 Patient Left View, Bone Only

Load Case 3 Patient Right View, Bone Only
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Load Case 3 Front View, Implants, Abutments and Prosthesis only

Load Case 3 Bottom View, Implants, Abutments and Prosthesis only
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Load Case 3 Patient Left View, Implants, Abutments and Prosthesis only

Load Case 3 Patient Right View, Implants, Abutments and Prosthesis only
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6.4 Load Case 4: Misfit of prosthesis and unilateral posterior load (100um and
300N)

Load Case 4 Front View, Full Model

Load Case 4 Bottom View, Full Model
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Load Case 4 Patient Left View, Full Model

Load Case 4 Patient Right View, Full Model
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Load Case 4 Front View, Bone Only

Load Case 4 Bottom View, Bone Only
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Load Case 4 Patient Left View, Bone Only

Load Case 4 Patient Right View, Bone Only
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Load Case 4 Front View, Implants, Abutments and Prosthesis only

Load Case 4 Bottom View, Implants, Abutments and Prosthesis only
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Load Case 4 Patient Left View, Implants, Abutments and Prosthesis only

Load Case 4 Patient Right View, Implants, Abutments and Prosthesis only
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6.5 Load Case 5: Split prosthesis and bilateral posterior load (300N)

Load Case 5 Front View, Full Model

Load Case 5 Bottom View, Full Model
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Load Case 5 Patient Left View, Full Model

Load Case 5 Patient Right View, Full Model
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Load Case 5 Front View, Bone Only

Load Case 5 Bottom View, Bone Only
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Load Case 5 Patient Left View, Bone Only

Load Case 5 Patient Right View, Bone Only
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Load Case 5 Front View, Implants, Abutments and Prosthesis only

Load Case 5 Bottom View, Implants, Abutments and Prosthesis only
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Load Case 5 Patient Left View, Implants, Abutments and Prosthesis only

Load Case 5 Patient Right View, Implants, Abutments and Prosthesis only
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