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Objective: This study addresses the question of wear in
the interface between the matrix® titanium implant and the
zirconia crown. The wear and ageing of the connection is also
compared between titanium-zirconia and titanium—titanium
matrix® configurations.

Materials & Methods: matrix® bone level implants
with the narrow platform P37 are selected as worst case. Three
assemblies Ti-Zr and Ti-Ti go through an ageing simulation
according to I1ISO 14801:2016. The load is 218N, number of cycles
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2 million cycles of dynamic fatigue testing.

is 2m and the frequency is 2 Hz.

2 million cycles of dynamic fatigue testing.

The following analysis is performed with all samples Zr-1,2,3 and S7-1.2,3:

Gravimetry

Specimen are washed thoroughly before disassembly. After disassembly, any
potentially available particles are washed into a filter. Filter are weighed before
and after particle collection to determine if any particles are washed off.

Control of the
loosening torque

The abutments are torqued to 35 NCm before dynamic fatigue testing. When
releasing the abutments after dynamic fatigue testing, the torque is measured
again. In case of any wear between implant and abutment, a lower torque or
even a screw loosening would be expected.

Contact surfaces of screw seat and abutment seat on implant are analyzed with

Optical Microscopy _ :
optical microscopy.
Topography The topography of above-described contact surfaces are measured.

Scanning electron
microscopy

Additionally, the contact surfaces are investigated by scanning electron
microscopy.

Cut polished images

Cut polished images will be created and analysed by light microscopy to
document that the interface remains intact after dynamic fatigue testing.
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RESULTS:

Gravimetry Identical weights of fix assembly (implant, screw, crown) and

separate components (implant, screw, crown) after washing off
potential wear captured inside assembly after patient’s lifetime
simulation. Sensitivity of the high precision scale is < 0.05mg.

Table 3: Weight of PC membrane filters before and after filtration™.

C mass befare mass after mass ge mass Jard deviation of
Filter filtration filtration TTerenEe /g difference mass difference
/mg /mg /mg /mg
blank $7-1 40.17 40.14 -0.03
blank 57-2 40.46 40.48 0.02 -0.01 0.03
blank 57-3 40.51 40.47 -0.04
= blank Zr1 39.10 39.11 0.02
% F blank Zr2 42.88 42.86 -0.02 -0.02 0.03
blank Zr3 40.88 40.83 -0.05
57-1 40.17 40.24 0.06
57-2 39.53 39.56 0.03 0.04 0.03
57-3 39.91 39.92 0.0
‘ ) Irl 40.94 40.96 0.02
Ir2 41.22 41.25 0.03 0.02 0.005
Zr3 38,98 39.00 0.02

*  The mass increase of the filters was with up to 0.04 £ 0.03 mg below the 3 mg threshold specified in the standard VDA 19 for high
precision balances,

Control of Loosening Torque
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Crowns were torqued with 35NCm before the

. . . \ . 26
assemblies went into patient's lifetime
simulation. 18
The loosening torque after 2 million cycles 9
remained at 35Ncm. This is a strong sign that 0
there is no wear in the connection and no screw Zrl Zr2 Zr3 S7-1  S§7-2 S7-3
t.(;oiemng will happen during the patient's W Tightening Torque M Loosening Torque
ifetime.

Optical and Scan Electron Microscopy

Titanium Zirconia

No signs of wear on the screw

both with titanium-titanium as
well as titanium-zirconia
assemblies.

Titanium screws of the ?i-z:'oniuvsnmbh‘u {reft: 2r1, middle: 2Zr2, right: 2r3)

Titanium screws of the Ti-Ti assembﬂes fleft: 87-1, m:ddle 57-2, right: 57-3) .F'guneJ.'

Figure 2:



Optical and Scan Electron Microscopy

Titanium Zirconia

Impeccable matrix® interfaces
on titanium as well on zirconia
crowns after 2m cycles dynamic
fatigue testing.

Figure 7 Zirconia

Figure 68:  Titanlum ab 111 . interfoce (left: 57-1, middle: 57-2, right: 57-3)

Impeccable interface on implant |
side after 2m cycles
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Implants, that have been in contact with the titanit ic testing (left: Figure 14:  Implants, thot have been in contact with the zirconia abutments at the dynamic testing (left: Zr1,
57-1, middie: 57-2, right: 57-3) middle: Zr2, right: Zr3)

Figure 8:

Impeccable interfaces also
visualized with scan electron
microscopy. Zr samples even
show less traces after a patients
lifetime simulation.

Figure 10:  SEM-imoges of :h ne on the titanium prgn; 57-2 after dynamic testing Figure 19: SEM-images of the interface on the titanium implant Zr3 after dynamic testing



Roughness Parameters

Topography

Sample Zrl Zr2 Zr3
------ Position 3 3 3
e . Ra /um 0.32+003  036+0.04  0.36+0.04
020 Rg /um 045+003  048+007  0.48%0.07
Rsk 0.78+046  1.03+0.34  1.03:+0.34
0 Rku 544+124 5124115 5.12+£1.15
_— Rt /um 2694023 2854047  2.85:047
Rpt /um 1654016 1894038  1.89+0.38
005 Rp /um 165+0.16  1.89+038  1.89+0.38
Rvt /um 1.04+0.16 0964015  0.96+0.15
000 Rv/pm 1.04+0.16  096+0.15  0.96+0.15
Rzmax /um 269:023  2.85:047  2.85:047
um Rz fum 269:0.23  2.85:047  2.85:047
Ral /um 23.2+130  278+199  278+199
¥ Rsw/pm 124.1£252 213.2+1486 213.2+1486
Rsm /um 533:17.2 5584276  558:27.6
- Rdg /* 6.3+09 7.1+1.2 71%£1.2
Rk fum 0.74+0.14  0.89+0.18  0.89:0.18
0 Rpk /um 0.91:0.16  091+026  091:0.26
Rvk /um 0.57+0.17  037+0.16  037+0.16
2 Rpkx/um 1.28+021 1512038 151038
Rvlox/pum 0.67:0.18  045:0.18  0.45:0.18
4 Rmrk1 /% 126+ 2.5 16.6£59 16.6%5.9
Rmrk2 /% 84.6+ 4.4 89.94 4.1 89.9+ 4.1
a3 Wa /um 0.19+002  026+002 026002
sit| Wa /um 0.22+002  030+003  030£0.03
Wsk 0.20+019  0.28+022  0.28¢022
Fig. 28: Intensity (greyscale) and topography (colour) of the zirconia ::umm é‘ig: g;: ;'ggigié é‘ggi gié
crown abutment position 3: interface with the titanium implant W Jum 030£004 0405004 040004
(tOpZ Zr1, middle: Zr2, bottom: Zr3). Wz fum 0.70+ 0.07 0.96+ 0,11 0.96+0.11
A topography analysis was performed on implants, screws and crowns. Above is an example of the
extremely smooth surface (Ra=0.32u) of a matrix®crown zirconia interface to the implant.

The example to the right shows the
topography of the titanium implant contact
surface to the zirconia crowns after 2m cycles.
Traces from machining are still visible. This 14 005
analysis proves that there is not wear between J L 356
titanium and zirconia.
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Fig. 30: Intensity (greyscale) and topography (colour) of the tita 0
implant interface with zirconia crown abutment 2
(top: Zr1, middle: Zr2, bottom: Zr3). %

r3
A thorough topography analysis of all contact surfaces between implant, screw and crown proves that

there is no wear happening during 2m cycles of dynamic fatigue testing that represents a patient's
lifetime.

OVERALL CONCLUSION

A vast amount of different scientific analysis has been performed on the matrix®

connection after 2m cycles fatigue testing that represents a patient's lifetime simu-

lation. No wear has occurred both with titanium-titanium as well as with titanium-zir- v
conia assemblies. Titanium-zirconia assemblies even exhibited less signs of ageing PROVEN
after a patient's lifetime simulation. Interfaces both on implant, screw and crown PR it
remained impeccable.
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