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1 Subcontractors

None

2 Specimens
Ceramic Dental Implants. CAD models:

CAD model 1 (IM-R11_standard):
Original CAD file name ‘bg_im-r-stand_pruefv_asm.stp’, received 05-Feb-2020

CAD model 1b (IM-R11_standard with gap):

Original CAD file name ‘bg_impl_im-r-stand_m-spalt.stp’, received 16-Mar-2020

Note: CAD model 1b is based on CAD model 1 with a cement layer between implant shoulder and
loading member

CAD model 2 (IM-R11_individuell):
Original CAD file name ‘bg_impl_im-r_11G.stp’, received 26-Feb-2020

CAD model 3 (IE-SST-L11):
Original CAD file name ‘bg_ie-sst_pruefkuppe_asm.stp’, received 05-Feb-2020

CAD model 4 (IE-SBE-L11):
Original CAD file name ‘bg_ie-she_pruefvorrichtung_asm.stp’, received 05-Feb-2020

CAD model 5 (IE-R-L11):
Original CAD file name ‘bg_ie-r_pruefvorrichtung_asm.stp’, received 05-Feb-2020

CAD model 6 (IM-2x_R11_indi-Abut_Bridge_11G):
Original CAD file name ‘bg_im-r_pk-bridge_asm.stp’, received 05-Feb-2020

CAD model 7 (IM-2x_R11_stand-Abut_angeh-Bridge):
Original CAD file name ‘bg_im-r_ang-bridge_asm.stp’, received 26-Feb-2020

CAD model 8 (ZSystems Z5c):
Original CAD file name ‘bg_z5c_asm.stp’, received 21-Feb-2020
Material data for the Zirkonus models 1-7:

Taken from test report WAL-080504_revO0 from 21-Jul-2008

Material data for the ZSystems model 8:
Taken from file ‘PANAVIA-Technische-Daten-2020-02-21.docx’ received 21-Feb-2020

gL 3/56
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3  Objective

The objective of the examination is the determination of the static stress values in different dental
implant systems with no pre-angled and pre-angled connecting parts using Finite Element Analysis.
Set-up and loading conditions of the dental implant system were realized according to ISO 14801
(2016) and according to setups provided by the customer.

Fig. 1 to Fig. 11 show the CAD models of the implant systems examined (cross-section).

Fig. 1: CAD model of implant system model 1 (IM-R11_standard; + 30°).
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Fig. 2: CAD model of implant system model 1 (IM-R11_standard; -30°).

Fig. 3: CAD model of implant system model 1 (IM-R11_individuell, 120°) for the screw-in simulation.
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-

Fig. 4: CAD model of implant system model 2 (IM-R11_individuell; + 21°).

-

Fig. 5: CAD model of implant system model 3 (IE-SST-L11; +30°).
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Fig. 6: CAD model of implant system model 3 (IE-SST-L11; -30°).

-

Fig. 7: CAD model of implant system model 4 (IE-SBE-L11; + 30°).

Date: 20-Mar-2020 Signature: g‘" 7156




Dr. Stur & Pfeufer PartGmbB Test Report No.: ZIR-200211-rev0

Fig. 8: CAD model of implant system model 5 (IE-R-L11; + 30°).
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Lo

Fig. 9: CAD model of implant system model 6 (IM-2x_R11_indi-Abut_Bridge_11G; +30°).

Fig. 10: CAD model of implant system model 7 (IM-2x_R11_stand-Abut_angeh-Bridge; +30°).
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Fig. 11: CAD model of implant system model 8 (ZSystems Z5c; +30°).
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4  Test Procedure
4.1  Model description

4.1.1 Test setups

Finite Element Analysis (FEA) has been used to examine different dental implant systems. Three-
dimensional FE models were used to simulate the setup and loading conditions according to ISO
14801 (2016). Fig. 12 and Fig. 13 show the general set-ups for the loading of implant systems with
both non-angulated and angulated abutments.
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Fig. 12: Test setup for non-angulated abutments according to ISO 14801 (2016).

The FEA model with the angulated abutment (CAD model 2: IM-R11_individuell) has been examined

according to Fig. 13 resulting in an overall tilt of the support of 21° (o = 11°); all other models were
loaded with a tilt of 30° according to Fig. 12.
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Fig. 13: Test setup for angulated abutments according to ISO 14801 (2016).

The simulation of the screw-in of the abutment into the sleeve/implant body (FEA model 8) was
realized using a 120° model of the three components from FEA model 1).

Tab. 1 shows the overview of all CAD and FEA models examined.
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Tab. 1: List of all models and analyses performed.

FEA model

CAD model / assembly

Description and setup

Model 1
(IM-R11_standard)

1. Push-in of the abutment into the sleeve/implant body
2. 200 N loading under +30° according to 1ISO 14801.

1b

Model 1b

(IM-R11_standard with gap)

1. Push-in of the abutment into the sleeve/implant body
2. 200 N loading under +30° according to ISO 14801.

2 Model 2 1. Push-in of the abutment into the sleeve/implant body
(IM-R11_individuell) 2. 200 N loading under +21° according to 1ISO 14801.
Model 3 ; 0 ;
3 (IE-SST-L11) 200 N loading under +30° according to 1SO 14801
Model 4 . o .
4 (IE-SBE-L11) 200 N loading under +30° according to 1ISO 14801
5 Model 3 Variation of the load: 200 N loading under -30°
(IE-SST-L11) according to ISO 14801.
Model 5 ; o ;
+
6 (IE-R-L11): 200 N loading under +30° according to 1ISO 14801
- Model 1 Variation of the load: 200 N loading under -30°
(IM-R11_standard) according to ISO 14801
8 Model 1 Simulation of the screw-in of the abutment into
(IM-R11_standard) sleeve/implant body
Model 6 1. Push-in of the abutment into the sleeve/implant body
9 (IM-2x_R11_indi- 2. 200 N loading of the bridge (clearance 10mm) under
Abut_Bridge_11G) +30° according to 1ISO 14801.
Model 7 1. Push-in of the abutment into the sleeve/implant body
10 (IM-2x_R11_stand- 2. 200 N loading of the bridge (clearance 5mm) under
Abut_angeh-Bridge) +30° according to 1SO 14801.
Model 8 . o .
11 (ZSystems Z5¢) 200 N loading under +30° according to ISO 14801.
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4.2 Test Equipment

Test Report No.: ZIR-200211-rev0

The FE simulations were carried out using the FE program MSC.MARC 2019, for pre- and post-
processing the program MSC.MENTAT 2019 (both MSC.Software, Newport Beach, CA, USA) was

used.

4.3 Test Description

4.3.1 Material properties

Tab. 2 shows the properties of the materials used in the FE simulations.

Tab. 2: Material properties of the components.

Component Material ;g::ﬁ;z P?;stisoon
Loading member Zirconia 210 GPa 0.33
Implant body Zirconia 210 GPa 0.33
Abutment Zirconia 210 GPa 0.33
Sleeve POM 3.0 GPa 0.45
Embedding Bone layer 6.0 GPa 0.30
Dental cement Glass lonomer Cement | 4.0 GPa 0.42
g%%gﬁge&‘gg;) PANAVIA™ V5 63GPa | 040
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4.3.2 FE models

The FE meshes consist of three-dimensional tetrahedral elements with isotropic elastic material
behavior. In the FE models second order 10-node tetrahedron elements with improved bending
characteristics are used.

Fig. 14 to Fig. 32 show the three-dimensional meshes of embedding, implant and loading member for
all models.

In all models the cement bonding has been modeled as a fixed (‘glued’) contact between the cement
and the adjacent body. Also between implant body and the embedding a fixed connection (‘glued
contact’) was modeled. In all other contact regions real contact with the possibility of separation was
used.

&
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Fig. 15: Detail of Fig. 14.
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Fig. 18: FE mesh of CAD model 1b (IM-R11 standard with gap; +30°) with 1183058 elements,
1867110 nodes.
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Fig. 20: Detail of Fig. 19.
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Fig. 21: FE mesh of CAD model 3 (IE-SST-L11; +30°) with 851137 elements, 1341923 nodes.

Fig. 22: Detail of Fig. 21.
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Fig. 23: FE mesh of CAD model 4 (IE-SBE-L11) with 963131 elements, 1184326 nodes.
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Fig. 24: Detail of Fig. 23.
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Fig. 25: FE mesh of CAD model 5 (IE-R-L11) with 977739 elements, 1581390 nodes.

Fig. 26: Detail of Fig. 25.
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Fig. 27: FE mesh of CAD model 6 (IM-2x_R11_indi-Abut_Bridge_11G) with 1145033 elements,
1716764 nodes (half model).
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Fig. 28: Detail of Fig. 27. The bridge is lifted in this view.
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stand-Abut_angeh-Bridge) with 2073340 elements,

-2x_R11

Fig. 29: FE mesh of CAD model 7 (IM

3318960 nodes.
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Fig. 30: Detail of Fig. 29. The bridge is lifted in this view.
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Fig. 31: FE mesh of CAD model 8 (ZSystems Z5c) with 1295992 elements, 2011850 nodes.
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5 Results

5.1 FEA model 1 (CAD model IM-R11_standard)

Tab. 3 shows the maximum principal stresses in the implant components under the vertical load of
200 N under +30°.

Tab. 3: Maximum tensile principal stress values. Vertical load 200 N under +30°.

FEA Model 1 Max. principal
(CAD model IM-R11 standard) stress
Loading member 163 MPa
Abutment 553 MPa
Implant body 322 MPa

e 30

Time: 3.000e+00 MSC A Software
1.633e+02
1.531e+02
1.42%e+02
1.327e+02
1.225e+02
1.123e+02
1.021e+02
9.185e+01
8.164e+01
7.144e+01
6.123e+401
5.103e+01
4.082e+01
3.062e+01
2.041e+01
1.021e+01

0.000e+00
o

IM-R11_standart
Maximum Principal Value of Stress

Fig. 33: FEA model 1 (+30°), load 200 N, loading member: Maximum principal stresses [MPa].
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FEA model 1 (+30°): Vertical load 200 N

nc: 30
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Fig. 34: FEA model 1 (+30°), load 200 N, abutment: Maximum principal stresses [MPa].

Inci 30
Time: 3.000e+00

MSC ASoftware

3.224e+02
3.023e+02
2.821e+02
2.620e+02
2418e+02
2.217e+02
2.015e+02
1.814e+02
1.612e+02
1.411e+02
1.209e+02
1.0082+02
8.060e+01
6.045e+01
4.030e+01
2.015e+01
0.000e+00

Fig. 35: FEA model 1 (+30°), load 200 N, implant body: Maximum principal stresses [MPa].
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FEA model 1b (CAD model IM-R11_standard with gap)

Tab. 3 shows the maximum principal stresses in the implant components under the vertical load of
200 N under +30°.

Tab. 4: Maximum tensile principal stress values. Vertical load 200 N under +30°.

FEA Model 1b Max. principal
(CAD model IM-R11 standard with gap) stress
Loading member 63 MPa
Abutment 90 MPa
Implant body 252 MPa

Inc: 30
Time: 3.000e+00

6.321e+01
5.926e+01
5.531e+01
5.136e+01
4.741e+01
4.346e+01
3.951e+01
3.556e+01
3.16le+01
2.766e+01
2.370e+01
1.975e+01
1.580e+01
1.185e+01
7.902e+00
3.951e+00

0.000e+00 z
}ﬁx
IM-R-standard_Spalt

Maximum Principal Value of Stress

Fig. 36: FEA model 1b (+30°), load 200 N, loading member: Maximum principal stresses [MPa].
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FEA model 1 (+30°): Vertical load 200 N

;I'Trcne 339 000e+00

v MSC A Software
9.023e+01
8.459%+01
7.895e+01
7.331e+01
6.767e+01
6.203e+01
5.63%+01
5.075e+01
4.511e+01
3.947e+01
3.383e+01
2.820e+01
2.256e+01
1.692e+01
1.128e+01
5.639e+00
0.000e+00

g

indard_Spalt
m Principal Value of Stress

Fig. 37: FEA model 1b (+30°), load 200 N, abutment: Maximum principal stresses [MPa].

;I'ri1rcn:E' 339 000e+00
v MSC X Software
2.522e+02
2.364e+02
2.207e+02
2.049e+02
1.891e+02
1.734e+02
1.576e+02
1.418+02
1.261e+02
1.103e+02
9.457e+01
7.580e+01
6.304e+01
4.728e+01
3.152e+01
1.576e+01
0.000e+00
4
lard_Spalt

Principal Value of Stress

Fig. 38: FEA model 1b (+30°), load 200 N, implant body: Maximum principal stresses [MPa].
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5.2 FEA model 2 (CAD model IM-R11_individuell)

Tab. 5 shows the maximum principal stresses in the implant components of all models under the
vertical load of 200 N under +21°.

Tab. 5: Maximum tensile principal stress values. Vertical load 200 N under +21°.

FEA Model 2 Max. principal
(CAD model IM-R11 individuell) stress
Loading member 291 MPa
Abutment 204 MPa
Implant body 102 MPa

lnc: 40
Time: 3.000e+00

2.905e+02
2.723e+02
2.542e+02
2.360e+02
2.179e+02
1.997e+02
1.816e+02
1.634e+02
1.452e+402
1.271e+402
1.089e+02
9.078e+01
7.262e+01
5.447e+01
3.631e+01
1.816e+01
0.000e+00 F4

X
IM-R11_individuell %

Maximum Principal Value of Stress

Fig. 39: FEA model 2 (+21°), load 200 N, loading member: Maximum principal stresses [MPa].
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FEA model 2 (+21°): Vertical load 200 N

Inc: 4u

Time: 3.000e+00 MSC A Software
2.036e+02
1.909e+02
1.782e+02
1.655e+02
1.527e+02
1.400e+02
1.273e+02
1.145e+02
1.0182+02
8.90%e+01
7.636e+01
6.364e+01
5.091e+401
3.818e+401
2.545e+01
1.273e+01
0.000e+00

2,

Fig. 40: FEA model 2 (+21°), load 200 N, abutment: Maximum principal stresses [MPa].

lue of Stress

Inc: 40

Time: 3.000e+00 MSC A Software
1.018e+02
9.545e+01
8.9082+01
8.272e+01
7.636e+01
6.99%e+01
6.363e+01
5.727e+01
5.090e+01
4.454e+01
3.818e+01
3.182e+01
2.545e+01
1.909e+01
1.273e+01
6.363e+00
0.000e+00

Fig. 41: FEA model 2 (+21°), load 200 N, implant body: Maximum principal stresses [MPa].
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5.3 FEA model 3 (CAD model IE-SST-L11)

Tab. 6 shows the maximum principal stresses in the implant components at the vertical load of 200 N
under +30°.

Tab. 6: Maximum tensile principal stress values. Vertical load 200 N under +30°.

FEA Model 3 Max. principal
(CAD model IE-SST-L11) stress
Loading member 295 MPa
Implant 337 MPa
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FEA model 3 (+30°): Vertical load 200 N
nc: 10
Time: 1.000e+00

2.954e+02
2.770e+02
2.585e+02
2.400e+02
2.216e+02
2.031e+02
1.846e+02
1.662e+02
1.477e+02
1.292e+02
1.108e+02
9.232e+01
7.385e+01
5.53%e+01
3.693e+01
1.846e+01

0.000e+00
LLX

IE-55T-L11
Maximum Principal Value of Stress

Fig. 42: FEA model 3 (+30°), load 200 N, loading member: Maximum principal stresses [MPa].

Inc: 10

Time: 1.000e+00 MSC A Software
3.370e+02
3.15%+02
2.9482+02
2.738e+02
2.527e+02
2.317e+02
2.106e+02
1.895e+02
1.685e+02
1.474e+02
1.264e+02
1.053e+02
8424e+01
6.318e+401
4.212e+01
2.106e+01
0.000e+00

Z
o]

lue of Stress

Fig. 43: FEA model 3 (+30°), load 200 N, implant: Maximum principal stresses [MPa].
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5.4 FEA model 4 (CAD model IE-SBE-L11)

Tab. 7 shows the maximum principal stresses in the implant components at the vertical load of 200 N
under +30°.

Tab. 7: Maximum tensile principal stress values.

FEA Model 4 Max. principal
(CAD model IE-SBE-L11) stress
Loading member 137 MPa
Implant 336 MPa
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FEA model 4 (+30°): Vertical load 200 N

nc: 10
Time: 1.000e+00

1.370e+02
1.284e+02
1.19%e+02
1.113e+02
1.028e+02
9419401
8.563e+01
7.707e+01
6.850e+01
5.994e+01
5.138e+01
4.281e+01
3.425e+01
2.569e+01
1.713e+01
8.563e+00

0.000e+00
1,
IE-SBE-L11

Maximum Principal Value of Stress

Fig. 44: FEA model 4 (+30°), load 200 N, loading member: Maximum principal stresses [MPa].

e 10

Time: 1.000e+00 MSC A Software
3.364e+02
3.154e+02
2.944e+02
2.733e+02
2.523e+02
2.313e+02
2.103e+02
1.892e+02
1.682e+02
1.472e+02
1.262e+02
1.051e+02
8411e+01
6.308e+01
4.,205e+01
2.103e+01
0.000e+00

o

ue of Stress

Fig. 45: FEA model 4 (+30°), load 200 N, implant: Maximum principal stresses [MPa].
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55 FEA model 5 (CAD model IE-SST-L11)
Tab. 8 shows the maximum principal stresses in the implant components at the vertical load of 200 N

under -30°.

Tab. 8: Maximum tensile principal stress values.

FEA Model 5 Max. principal
(CAD model IE-SST-L11) stress
Loading member 265 MPa
Implant 518 MPa
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FEA model 5 (-30°): Vertical load 200 N

e 10

Time: 1.000e+00 MSC A Software
2.647e+02
2.481le+02
2.316e+02
2.150e+02
1.985e+02
1.819%e+02
1.654e+02
1.48%+02
1.323e+02
1.158e+02
9.924e+01
8.270e+01
6.616e+01
4.962e+01
3.308e+01
1.654e+01
0.000e+00 z

IE-55T-L11 ¥
Maximum Principal Value of Stress

Fig. 46: FEA model 5 (-30°), load 200 N, loading member: Maximum principal stresses [MPa].

e 10

Time: 1.000e+00 MSC A Software
5.175e+02
4.852e+02
4.,529e+02
4.,205e+02
3.882e+02
3.558e+02
3.235e+02
2.911e+02
2.588e+02
2.264e+02
1.941e+02
1.617e+02
1.294e+02
9.704e+01
6.469e+01
3.235e+01
0.000e+00

IE-55T-L11
Maximum Principal Value of 5

Fig. 47: FEA model 5 (-30°), load 200 N, implant: Maximum principal stresses [MPa].
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5.6 FEA model 6 (CAD model IE-R-L11)

Tab. 9 shows the maximum principal stresses in the implant components at the vertical load of 200 N
under +30°.

Tab. 9: Maximum tensile principal stress values.

FEA Model 6 Max. principal
(CAD model IE-R-L11) stress
Loading member 242 MPa
Implant 241 MPa
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FEA model 6 (+30°): Vertical load 200 N

nc: 10
Time: 1.000e+00

2415e+02
2.264e+02
2.114e+02
1.963e+02
1.812e+02
1.661e+02
1.510e+02
1.35%9e+02
1.2082+02
1.057e+02
9.058e+01
7.548e+01
6.039%+01
4.529e+01
3.019+01
1.510e+01
0.000e+00

L_L
IE-R-Li1 X

Maximum Principal Value of Stress

Fig. 48: FEA model 6 (+30°), load 200 N, loading member: Maximum principal stresses [MPa].

e 10

Time: 1.000e+00 MSC A Software
2412e+02
2.261e+02
2.110e+02
1.959%+02
1.809e+02
1.6582+02
1.507e+02
1.356e+02
1.206e+02
1.055e+02
9.043e+01
7.536e+01
6.029e+01
4.522e+01
3.014e+01
1.507e+01
0.000e+00

of Stress

Fig. 49: FEA model 6 (+30°), load 200 N, implant: Maximum principal stresses [MPa].
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5.7 FEA model 7 (CAD model IM-R11_standard)
Tab. 10 shows the maximum principal stresses in the implant components at the vertical load of 200 N

under -30°.

Tab. 10: Maximum tensile principal stress values. Vertical load 200 N under -30°.

FEA Model 7 Max. principal
(CAD model IM-R11 standard) stress
Loading member 250 MPa
Abutment 496 MPa
Implant body 319 MPa

Inc: 30

Time: 3.000e+00 MSC A Software
2.503e+02
2.346e+02
2.190e+02
2.033e+02
1.877e+02
1.721e+02
1.564e+02
1.408e+02
1.251e+02
1.095e+02
9.385e+01
7.821e+01
6.257e+01
4.692e+01
3.128e+01
1.564e+01
0.000e+00

IM-R11_standart
Maximum Principal Value of Stress

Fig. 50: FEA model 7 (-30°), load 200 N, loading member: Maximum principal stresses [MPa].
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FEA model 7 (-30°): Vertical load 200 N

e 30

Time: 3.000e+00 MSC A Software
4.956e+02
4.646e+02
4.337e+02
4.027e+02
3.717e+02
3.407e+02
3.098e+402
2.788e+02
2478402
2.168e+02
1.85%e+02
1.549e+02
1.239%+02
9.293e+401
6.195e+01
3.098e+01
0.000e+00

IM-R11_standart
Maximum Principal Value of

Fig. 51: FEA model 7 (-30°), load 200 N, abutment: Maximum principal stresses [MPa].

Inci 30

Time: 3.000e+00 MSC A Software
3.187e+02
2.9882+02
2.78%+02
2.590e+02
2.390e+02
2.191e+02
1.992e+02
1.793e+02
1.594e+02
1.394e+02
1.195e+02
9.960e+01
7.968e+01
5.976e+01
3.984e+01
1.992e+01
0.000e+00

IM-R11_standart
Maximum Principal

Fig. 52: FEA model 7 (-30°), load 200 N, implant body: Maximum principal stresses [MPa].
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5.8 FEA model 8 (CAD model IM-R11_standard)

Tab. 11 shows the maximum principal stresses in the implant components after the screw-in of the
abutment into the implant body.

Tab. 11: Maximum tensile principal stress values.

FEA Model 8 Max. principal
(CAD model IM-R11 standard) stress
Abutment 25 MPa
Implant body 31 MPa
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FEA model 8, screw-in of the abutment

e ou

Time: 1.000e+00 MSC A Software
2474e+01
2.320e+01
2.165e+01
2.010e+01
1.856e+01
1.701e+01
1.547e+01
1.392e+01
1.237e+01
1.083e+01
9.27%e+00
7.733e+00
6.186e+00
4.640e+00
3.093e+00
1.547e+00
0.000e+00

|

IM-R11_standal
Maximum Princ

Fig. 53: FEA model 8, abutment: Maximum principal stresses [MPa].

Inc: B0

Time: 1.000e+00 MSC A Software
3.070e+01
2.8782+01
2.686e+01
2.494e+01
2.302e+01
2.110e+01
1.919e+01
1.727e+01
1.535e+01
1.343e+01
1.151e+01
9.593e+00
7.674e+00
5.756e+00
3.837e+00
1.919e+00
0.000e+00

L

Fig. 54: FEA model 8, implant body: Maximum principal stresses [MPa].
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5.9 FEA model 9 (CAD model IM-2x_R11 _indi-Abut_Bridge 11G)

Tab. 3 shows the maximum principal stresses in the implant components of the brigde model at the
vertical load of 200 N under +30°.

Tab. 12: Maximum tensile principal stress values.

FEA Model 9 Max. principal
(CAD model IM-2x_R11 indi-Abut Bridge 11G) stress
Loading member 97 MPa
Abutment 306 MPa
Implant body 146 MPa

e 30

Time: 3.000e+00 MSC A Software
9.740e+01
9.132e+01
8.523e+01
7.914e+01
7.305e+01
6.697e+01
6.088e+01
5479401
4.870e+01
4.261e+01
3.653e+01
3.044e+01
2.435e+01
1.826e+01
1.218e+01
6.088e+00
0.000e+00

Maximum

Fig. 55: FEA model 9 (+30°), load 200 N, loading member: Maximum principal stresses [MPa].
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FEA model 9 (+30°): Vertical load 200 N

e 30

Time: 3.000e+00 MSC A Software
3.060e+02
2.868e+02
2.677e+02
2.486e+02
2.295e+02
2.104e402
1.912e+02
1.721e+02
1.530e+02
1.33%+02
1.147e+02
9.562e+01
7.649e+401
5.737e+01
3.825e+01
1.912e+01
0.000e+00

Fig. 56: FEA model 9 (+30°), load 200 N, abutment: Maximum principal stresses [MPa].

e 30

Time: 3.000e+00 MSC A Software
1.457e+02
1.366e+02
1.275e+02
1.184e+02
1.093e+02
1.002e+02
9.108e+01
8.198e+401
7.287e+01
6.376e+01
5465e+01
4.554e+01
3.643e+01
2.733e+01
1.822e+01
9.1082+00
0.000e+00

X
IM-2x_R11_indi-Abut_Bridge_11G J\“

Maximum Principal Value of Stress

Fig. 57: FEA model 9 (+30°), load 200 N, implant body: Maximum principal stresses [MPa].
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5.10 FEA model 10 (CAD model IM-2x_R11_stand-Abut_angeh-Bridge)

Tab. 13 shows the maximum principal stresses in the implant components at the vertical load of 200 N
under +30°. The positions of both abutments and implant bodies are shown in Fig. 58.

Tab. 13: Maximum tensile principal stress values.

FEA Model 10 Max. principal
(CAD model IM-2x_R11_stand-Abut_angeh-Bridge) stress
Loading member 189 MPa
Abutment 1 351 MPa
Abutment 2 286 MPa
Implant body 1 446 MPa
Implant body 2 285 MPa

position 1

position 2

Fig. 58: FEA model 10, position 1 and 2.

gL 46/56

Date: 20-Mar-2020 Signature:




Dr. Stur & Pfeufer PartGmbB Test Report No.: ZIR-200211-rev0

FEA model 10 (+30°): Vertical load 200 N

nc: 30
Time: 3.000e+00

MSE A Sottware

1.890e+02
1.772e+02
1.654e+02
1.536e+02
1.418e+02
1.29%e+02
1.181e+02
1.063e+02
9.451e+01
8.269e+01
7.088e+01
5.907e+01
4.725e+01
3.544e+01
2.363e+01
1.181e+01

0.000e+00
LLX

IM-2x_R11_stand-Abut_angeh-Bridge
Maximum Principal Value of Stress

Fig. 59: FEA model 10 (+30°), load 200 N, loading member: Maximum principal stresses [MPa].

Inc: 30

Time: 3.000e+00 MSC A Software
1.890e+02
1.772e+02
1.654e+02
1.536e+02
1.418e+02
1.29%e+02
1.181e+02
1.063e+02
9.451e+01
8.269e+01
7.0882+01
5.907e+01
4.725e+01
3.544e401
2.363e+01
1.181e+01
0.000e+00

IM-2x_R11 stand-Abut angeh-Bridge
Maximum Principal Value of Stress

Fig. 60: FEA model 10 (+30°), load 200 N, loading member: Maximum principal stresses [MPa].
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FEA model 10 (+30°): Vertical load 200 N

Inc: 30

Time: 3.000e+00 MSC A Software
3.506e+02
3.287e+02
3.068e+02
2.848e+02
2.62%9e+02
2410e+02
2.191e+02
1.972e+02
1.753e+02
1.534e+02
1.315e+02
1.096e+02
8.764e+01
6.573e+01
4.382e+01
2.191e+401
0.000e+00

Fig. 61: FEA model 10 (+30°), load 200 N, abutment 1: Maximum principal stresses [MPa].

e 30

Time: 3.000e+00 MSC A Software
3.506e+02
3.287e+02
3.068e+02
2.848e+02
2.62%9e+02
2410e+402
2.191e+402
1.972e+02
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X
Y
IM-2x_R11_stand-
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Fig. 62: FEA model 10 (+30°), load 200 N, abutment 1: Maximum principal stresses [MPa].
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FEA model 10 (+30°): Vertical load 200 N

Inc: 30
Time: 3.000e+00 MSC A Software
2.857e+02
2.679%+02
2.500e+02
2.322e+02
2.143e+02
1.964e+02
1.786e+02
1.607e+02
1.429e+02
1.250e+02
1.072e+02
8.92%+01
7.143e+01
5.358e+01
3.572e+01
1.786e+01
0.000e+00

Abut_angeh-Bridge
Al Value of Stress

Fig. 63: FEA model 10 (+30°), load 200 N, abutment 2: Maximum principal stresses [MPa].
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Time: 3.000e+00 MSC A Software
2.857e+02
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2.322e+02
2.143e+02
1.964e+02
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Fig. 64: FEA model 10 (+30°), load 200 N, abutment 2: Maximum principal stresses [MPa].
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FEA model 10 (+30°): Vertical load 200 N

nc: 30
Time: 3.000e+00

MSE A Sottware

4.458e+02
4.179%e+02
3.901e+02
3.622e+02
3.343e+02
3.065e+02
2.786e+02
2.508e+02
2.229%+02
1.950e+02
1.672e+02
1.393e+02
1.114e+02
8.358e+01
5.572e+01
2.786e+01
0.000e+00

IM-2x_R11 stand-Abut angeh-Bridge
Maximum Principal Value of Stress

Fig. 65: FEA model 10 (+30°), load 200 N, implant body 1: Maximum principal stresses [MPa].

nc 30
Time: 3.000e+00

4.458e+02
4.179%e+02
3.901e+02
3.622e+02
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Fig. 66: FEA model 10 (+30°), load 200 N, implant body 1: Maximum principal stresses [MPa].
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FEA model 10 (+30°): Vertical load 200 N

Inc: 30

Time: 3.000e+00 MSC A Software
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Fig. 67: FEA model 10 (+30°), load 200 N, implant body 2: Maximum principal stresses [MPa].
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Fig. 68: FEA model 10 (+30°), load 200 N, implant body 2: Maximum principal stresses [MPa].
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5.11 FEA model 11 (CAD model ZSystems Z5c)

Tab. 14 shows the maximum principal stresses in the implant components at the vertical load of 200 N
under +30°.

Tab. 14: Maximum tensile principal stress values.

FEA Model 11 Max. principal
(CAD model ZSystems Z5c¢) stress
Loading member 163 MPa
Abutment 350 MPa
Implant body 832 MPa

gL 52/56

Date: 20-Mar-2020 Signature:




Dr. Stur & Pfeufer PartGmbB Test Report No.: ZIR-200211-rev0

FEA model 11 (+30°): Vertical load 200 N

Inc: 10

Time: 1.000e+00 MSC A Software
1.634e+02
1.532e+02
1.430e+02
1.328e+02
1.226e+02
1.123e+02
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9.192e+401
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1.021e+01
0.000e+00

[

Fig. 69: FEA model 11 (+30°), load 200 N, loading member: Maximum principal stresses [MPa].
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Fig. 70: FEA model 11 (+30°), load 200 N, loading member: Maximum principal stresses [MPa].
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FEA model 11 (+30°): Vertical load 200 N

nc: 10
Time: 1.000e+00

MSE A Sottware
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3.277e+02
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Fig. 71: FEA model 11 (+30°), load 200 N, abutment: Maximum principal stresses [MPa].

um Principal Value of Stress

nc: 10
Time: 1.000e+00
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Fig. 72: FEA model 11 (+30°), load 200 N, abutment: Maximum principal stresses [MPa].
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FEA model 11 (+30°): Vertical load 200 N

Inc: 10

Time: 1.000e+00 MSC A Software
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Fig. 73: FEA model 11 (+30°), load 200 N, implant body: Maximum principal stresses [MPa].
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Fig. 74: FEA model 11 (+30°), load 200 N, implant body: Maximum principal stresses [MPa].
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6 Conclusion

The Finite Element Analyses performed within this report were used to compare different setups and
systems among each other. All analyses have been run under an axial load of 200 N.

All models mentioned below refer to the overview shown in Tab. 1. All stress values mentioned are
tensile principal stresses.

The stress values in FEA model 1 (max. value 553 MPa in the abutment) were higher compared to
FEA model 2 (max. value 291 MPa in the loading member).

Therefore FEA model 1 with the non-angulated abutment can be considered as the worst case
compared to model 2 with the angulated abutment.

In FEA model 1b (IM-R11_standard with gap) no gap was seen under loading as a glued cement layer
has been positioned between loading member and the implant body shoulder.

The stress values are clearly lower in all components compared to FEA model 1 (IM-R11_standard)
under the load of 200 N.

The comparison between the multi-part implants (FEA model 1 and FEA model 2) and the single-part
implant systems (FEA model 3 to 6) show higher stress values in FEA model 1 and 2.

Loading the single-part implant system IE-SST-L11 under -30° (FEA model 5) the maximum stress in
the implant increased to 518 MPa compared to the 30° loading (FEA model 3) with a maximum stress
value of 337 MPa.

The multi-part implant IM-R11_standard (FEA model 1) loaded under +30° showed higher stresses
(max. value 553 MPa) compared to the same implant system under -30° (FEA model 7, max. value
496 MPa).

The simulation of the screw-in of the abutment into sleeve/implant body of the multi-part implant IM-
R11 standard (FEA model 8) showed a maximum stress value of 31 MPa in the implant body.

Both bridge models were also loaded with 200 N and showed a lower maximum stress value
(306 MPa in the abutment) in bridge model IM-2x_R11_indi-Abut_Bridge_11G (FEA model 9)
compared to the maximum stress value of 446 MPa in the bridge model IM-2x_R11_stand-
Abut_angeh-Bridge (FEA model 10).

Comparing all Zirkonus models (FEA model 1 to FEA model 10) with the ZSystems model Z5c (FEA
model 11) showed that in the Z5¢c model the overall maximum stresses were found in the implant body
(maximum stress value 832 MPa).

Due to the lack of data regarding the cements used, no conclusions can be drawn regarding a
possible failure or detachment of the cement within the simulated models.
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