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ABSTRACT

Aim: To test in vitro the mechanical resistance, rotational misfit and failure mode of three original implant-abutment
connections and to compare them to two connections between non-original abutments connected to one of the original
implants.

Material and Methods: Three different implants with small diameters (3.3 mm for Straumann Roxolid, 3.5 mm for Nobel
Biocare Replace and Astra Tech Osseospeed TX) were connected with individualized titanium abutments.

Twelve implants from each system were connected to their original abutments (Straumann CARES, Nobel Biocare
Procera, Astra Tech Atlantis). Twenty-four Roxolid implants were connected with non-original abutments using CAD/
CAM procedures from the other two manufacturers (12 Nobel Biocare Procera and 12 Astra Tech Atlantis). For the critical
bending test, a Zwick/Roell 1475 machine and the Xpert Zwick/Roell software were used.

Results: The rotational misfit varied when comparing the different interfaces. The use of non-original grade V titanium
abutments on Roxolid implants increased the force needed for deformation. The fracture mode was different with one of
the original connections.

Conclusions: Non-original abutments differ in design of the connecting surfaces and material and demonstrate higher
rotational misfit. These differences may result in unexpected failure modes.

KEY WORDS: abutment connection, abutments, CAD/CAM, dental implants, ISO 14801, non-original, original, titanium
grade IV, titanium grade V

INTRODUCTION of the tissue integration and a biomechanically stable

For numerous clinical situations with missing teeth, abutment-implant interface. Progress in material

implant-supported reconstructions have emerged as the ~ Science and manufacturing has resulted in a reduced rate

treatment of choice. Their preference over conventional of mechanical complications related to the implant-

prosthetic reconstructions is based to a great extent on abutment interface compared to frequent events

: 1,2
the high percentage of implants with a non-eventful observed with older components.

tissue integration phase and the broad range of prosthetic The search for additional indications for implant-

options without the need to prepare adjacent teeth. supported reconstructions led to the development of

The long-term successful performance of implant- small-diameter implants manufactured from a titanium/

; ; 35 :
supported reconstructions depends on the maintenance ~ Zirconium alloy.”™ In smaller spaces and narrower ridges,

an implant-supported reconstruction can therefore be
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or orthodontic widening of the available space. In addi-
tion, the higher mechanical strength of the titanium/
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Economic pressure to produce and deliver implant-
supported reconstructions at a reduced price for mate-
rials may lead to the acceptance of alternative solutions
involving non-original abutments (i.e., abutments made
by a different manufacturer than the implant) available
on the market. Limited access to equipment and reduc-
tion of investments in the dental laboratory could also
result in the selection of non-original abutments. The
design of screw joints such as those at the implant-
abutment interfaces should, however, be matched care-
fully because the biomechanical properties depend to a
great extent on factors such as materials, tolerance, con-
nection design, and preload.® "

The aims of this study were:

+  First: To test in vitro the mechanical resistance of
three original implant-abutment interfaces and to
compare these original interfaces to two combina-
tions between non-original abutments connected to
one of the original implants.

+  Second: To test the influence of geometric discrep-
ancies at the interfaces between the implants and
the original and non-original abutments by assess-
ing the rotational misfit.

+  Third: To assess and compare the failure modes.

Small-diameter implants were chosen in order to test
a more high-risk condition compared to implant-
abutment connections of standard dimensions. The null
hypothesis was that there would be no significant differ-
ence in the mechanical characteristics between the origi-
nal and non-original interfaces.

MATERIALS AND METHODS

Implants and Prosthetic Components

three different
implant manufacturers (Straumann, Basel, Switzerland,;
Nobel Biocare, Kloten, Switzerland; and Astra Tech, Lau-
sanne, Switzerland) were used.

Diameter-reduced implants from

The three different implants with small diameters
(3.3 mm for Straumann Roxolid, 3.5 mm for Nobel
Biocare Replace and Astra Tech Osseospeed TX) were
connected with individualized CAD/CAM titanium
abutments.

Twelve implants from each system were connected
to their original corresponding abutment systems (12
Straumann CARES, 12 Nobel Biocare Procera, 12 Astra
Tech Atlantis). In addition, 24 Roxolid implants were
connected with non-original abutments using CAD/

CAM procedures from the other two manufacturers (12
Nobel Biocare Procera and 12 Astra Tech Atlantis).

The shape of the abutments accommodated an
implant-supported crown to replace a lower incisor. The
original abutments for group A were designed using a
CAD/CAM system (CARES). The abutments for group
B, C, D, and E were first designed by means of a wax-up
and then produced after scanning using CAD/CAM
(Procera® or Atlantis®).

The evaluated groups were as follows:

«  Group A: Straumann BL NC 3.3 mm Roxolid (Insti-
tute Straumann) with titanium CARES® abutments
(Institute Straumann)

+ Group B: Straumann BL NC 3.3 mm Roxolid with
Nobel Biocare Procera® abutments (Nobel Biocare)

*  Group C: Straumann BL NC 3.3 mm Roxolid with
Astra Tech Atlantis® abutments (Astra Tech)

*  Group D: Nobel Biocare Replace Straight 3.4 NP
(Nobel Biocare) with Nobel Biocare Procera®
abutments

«  Group E: Astra Tech OsseoSpeed TX 3.5S (Astra
Tech) with Astra Tech Atlantis® abutments

Rotational Play

All implants were individually assembled in a holding
device. A rotation measurement tool (Heidenhain PGM
349,797-07, Dr. Johannes Heidenhain GmbH, Traun-
reut, Germany) was attached to the corresponding abut-
ment. The abutment was rotated anti-clockwise until a
mechanical stop relative to the implant was achieved.
The abutment was lifted from the implant by 0.1 mm
relative to its long axis to neutralize friction fit. The
rotation measurement tool was reset. Then, the mea-
surement was taken by rotating the abutment clockwise
until a mechanical stop relative to the implant was
achieved. Rotational play was evaluated by means of
total rotational play between two end positions.

Critical Bending Moment

The implants were embedded into a block of epoxy resin
RenCast®CW 20/Ren® HY 49 (Huntsman Advanced
Materials, Cambridge, UK). This material is character-
ized by its high resistance to compression (140 MPa)
and a compressive elastic modulus of 11,000-
11,500 MPa according to ISO 604. The implants were
embedded to a depth of 3.0 mm £ 0.1 mm short of the
top of the implant neck in order to mimic 3 mm of loss
in bone height (according to ISO 14801) (Figure 1).



Figure 1 Embedded implant-abutment specimen with the
milled stainless steel cylinder. The epoxy block ended

3 mm *+ 0.1 mm short of the implant neck according to ISO
14801.

The epoxy blocks were then tightened into a stain-
less steel socket at 30° to the vertical plane.

The abutments were torqued according to the rec-
ommendations of each manufacturer using the original
torque control ratchets (35 Ncm for group A, B, D and
20 Ncm for groups C and E).

A stainless steel cylinder was milled to obtain
precise fit onto the abutments. Each cylinder had a
round top. When tightening the test samples into the
assembly, care was taken to align the angle toward the
most pressure-resistant site of each respective sample, as
assessed in previous examinations using finite element
analyses.

For the critical bending test, a Zwick/Roell 1475
machine (Zwick/Roell, Ulm-Einsingen, Germany) was
used (Figure 2). Pressure was applied with 100 kN at a
speed of 5 mm/min. The preforce value was set to 3 N.
During the test, the force was centered to the top of the
abutment since the cylinder applying the pressure was
fixed on a thrust bearing.

A software program (testXpert, Zwick/Roell) pro-
vided a continuous output of the applied loads and dis-
tances traveled by the piston. These were recorded in real
time numerically and graphically. Parameters included
Finax (maximum force in N), F. elast (defined as force
in N measured at 0.2% elastic strain offset), slope (rep-
resenting stiffness of the entire system in N/mm between
100 N and 300 N within the entire system), and epsilon
(representing displacement in mm). The software
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program stopped the progress of the force when perma-
nent deformation and/or fracture occurred.

Statistical Analyses

Groups A, D, and E represented original implant-
abutment interfaces, whereas groups B and C repre-
sented non-original interfaces. For each group, the
rotational misfit, failure mode, load displacement
curves, and output of the ISO 14801 test were listed
and/or graphically depicted. The analyses of variance
started with the Kruskal-Wallis test and were followed

Figure 2 Assembly for the critical bending test in a ZWICK/
ROELL 1475 machine. Pressure was applied with 100 kN at a
speed of 5 mm/min. Preforce at 3 N. Continuous output was
provided by the software (Xpert, Zwick/Roell).
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TABLE 1 Rotational Misfit: Mean, Standard Deviation (SD), Minimum, Maximum
Std. Dev. Min.

Group N

Mean

Max.

Group A
Implant Straumann 11
Abutment Straumann

Group B

Implant Straumann 12 n.a.

Abutment Nobel

Group C
Implant Straumann 12
Abutment Astra

Group D
Implant Nobel 12
Abutment Nobel

Group E
Implant Astra 11
Abutment Astra

1.21*

2.01%

3.50%

2.50*

0.236 0.83 1.67

0.446 0.83 2.33

0.285 3.00 4.00

0.208 2.33 3.00

*All pairwise comparisons (A-C, A-D, A-E, C-D, C-E, D-E) were statistically significantly different using Kruskal-Wallis test, Mann—-Whitney U-test and

Bonferroni-Holm adjustments (p <.05).

by pairwise comparison using Mann—Whitney U-test
with Bonferroni-Holm adjustment (SAS® PROC
NPARIWAY).

RESULTS
Rotational Misfit

In Table 1, the rotational precision levels between
abutment/implant interfaces were listed for each group.
One specimen from group A was chosen as a pretest
sample to run the entire series of tests. In this group,
therefore, the remaining 11 samples were included for
analyses. One sample from group E could not be pre-
pared for the critical bending test as the fit of the stain-
less steel cylinder on to the CAD/CAM titanium
abutment could not be obtained. Therefore, this group
also contained 11 samples for analysis.

In group B, no measurements were possible since
the non-original abutments were oversized and manual
adjustments were necessary to connect the abutments
with the implants. Three out of 12 abutments could not
be removed after connection.

The rotational tolerance level between original
components ranged from 3.0° to 4.0° in group D, from
2.33° to 3.0° in group E (Astra), and from 0.83° to 1.67°
in group A. For group C, the rotational play ranged from
0.83° to 2.33°.

All combinations of comparisons indicated statis-
tically significantly different values for rotational misfit
(p=.05). The interface in group A was the most
precise.

When the interfaces of the original abutments of
group A were visually compared to the non-original
interfaces of groups B and C, differences in design were
obvious. While the CrossFit connection comprised two
grooves and two surfaces, group B abutments demon-
strated four grooves and four surfaces and group C
abutments demonstrated only four surfaces without any
grooves (Figure 3).

Load Displacement Curves

Figure 4 depicts graphically the progress of the force
buildup and release for each test sample separately.
While the original implant-abutment interface in group
A showed a smooth displacement curve, in all the other
groups, an uneven force buildup and release was noted.
This effect is known as a stick/slip effect.

The numerical data output of the critical bending
tests included the parameters:

F..x =Maximal force needed up to fracture (N)

F,..x elast =Force measured at 0.2%
elastic strain offset (N)



Original and Non-Original Abutment Connections 307

Figure 3 Abutment interfaces of an original abutment of group A compared to the non-original interfaces of abutments originating
from group B and C. Group A: CARES® abutment. Group B: Nobel Biocare Procera® abutment. Group C: Astra Tech Atlantis®

abutment.

Slope (data not shown) = stiffness between 100 and
300 N (N/mm)

Epsilon (data not shown) = displacement in mm

Unexpectedly, the mechanical characteristics of the two
non-original implant-abutment connections (groups B
and C) were clearly different from the original connec-
tion (groups A, D, and E). Finax and Fay elast were sta-
tistically significantly increased when original implants
(Straumann) were combined with non-original abut-
ments (Nobel Biocare and Astra Tech) (Figure 5, A and
B):

Group A: Fiax 553 N+ 30 N, Fx elast 487 N+ 41 N
Group B: Fiax 700 N £ 32 N, Fp elast 538 N £ 40 N
Group C: Foay 690 N £ 24 N, F, elast 587 N+ 43 N

The original connections demonstrated similar resis-
tance to the bending force (Figure 5, A and B):

Group A: Fiax 553 N £ 30 N, Fyox elast 487 N+ 41 N
Group D: Fiux 555 N £ 25 N, Fyx elast 453 N+ 44 N
Group C: Fra 508 N £43 N, F elast 439 N+ 49 N

In group A, the most consistent measurements were
obtained, indicated by the smallest box plots.

Failure Modes

In general, the failure modes within one group were very
similar (Figure 6).

*  Group A. The uppermost part of the implant shank
was minimally bent. At the level of the narrow
CrossFit connection, the implants were deformed
and widened. The abutments were severely bent at
the level of the H-rotation “stop.” The abutment
screws broke at the junction between the core and
the shank and the screw core.

*  Group B. The head of the implants as well as the
abutments were minimally distorted. The abutment

screws broke at the junction between the shank and
the screw core.

*  Group C. The abutments and the implants were
minimally deformed. The abutments broke at the
junction between the shaft and the screw core.

+  Group D. In this group, the failure mode was clearly
different from all other groups. The fractures
occurred at the tension side about 2 mm below the
platform. The broken heads of the implants and the
abutments were intact with the exception that
the abutment screws broke at the junction between
the shaft and the screw core.

*  Group E. The abutments were only slightly dis-
torted. The neck portions of the implants were
minimally widened. The abutment screws broke at
the border between the shaft and the screw core.

DISCUSSION

For this experiment, abutment connections with
diameter-reduced small implants were chosen in order
to test a biomechanically more challenging condition
compared to abutment connections with standard
diameter implants.

Some literature evidence suggests that the use of
diameter-reduced implants may result in higher rates of
implant fractures.®” In order to reduce the risk of such
fractures, new alloys such as titanium-zirconium (TiZr)
were developed which demonstrated improved biome-
chanical characteristics without changing the biological
properties for tissue integration. Promising preliminary
results have been reported for the safe use of diameter-
reduced implants with such a TiZr alloy in cases treated
with mandibular overdentures or with short-span fixed
dental prostheses with a diameter-reduced implant
splinted to an implant of standard diameter.">'*

In clinical reality, dentists, technicians, and patients
may opt for a non-original abutment for various reasons
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Figure 4 Load displacement curves for each one of the implant abutment connections from group A, B, C, D, E. The piston moved
with 5 mm/min, 3 N at start followed by 100 kN. Group A: Straumann BL NC 3.3 mm Roxolid (Institute Straumann, Basel,
Switzerland) with titanium CARES® abutments (Institute Straumann, Basel, Switzerland). Group B: Straumann BL NC 3.3 mm
Roxolid with Nobel Biocare Procera® abutments (Nobel Biocare, Kloten, Switzerland). Group C: Straumann BL NC 3.3 mm Roxolid
with Astra Tech Atlantis® abutments (Astra Tech, Lausanne, Switzerland). Group D: Nobel Biocare Replace Straight 3.4 NP (Nobel
Biocare, Kloten, Switzerland) with Nobel Biocare Procera® abutments. Group E: Astra Tech OsseoSpeed TX 3.5S (Astra Tech,
Lausanne, Switzerland) with Astra Tech Atlantis® abutments.
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Figure 5 A, Maximal force (Fnax) needed for fracture. *Fp.x was statistically significantly increased when comparing the non-original
connections (group B, C) with the original connections (A, D, E). *Fy.x was statistically significantly smaller in group E compared to
the other original connections (A, D), Mann—-Whitney U-tests and Bonferroni—-Holm adjustments (p <.05). B, Force measured at
0.2% of the elastic limit (Fp.y elast). *Fy. elast was statistically significantly increased when comparing the non-original connections
(group B, C) with the original connections (A, D, E) using Mann—Whitney U-tests and Bonferroni-Holm adjustments (p <.05).

(e.g., cost, access, convenience). In an in vitro study,”
it was shown that CAD/CAM-generated non-original
abutments of one manufacturer were designed to fit on
top of the external hexagon of other implants and to fit
into the bore of those implants. If original abutment
screws were mixed with non-original abutments, the
abutment screw heads did not fit into the abutment
heads.

In another in vitro test,'® the degree of misfit
between original abutments and original implants was
approximately 50% of that observed with non-original
abutments produced for implants from two other manu-
facturers. It was concluded that the connection of
Procera Zirkonia abutments with other implant systems
resulted in a higher vertical misfit at the implant-
abutment interface compared to the original connection.

In the present experiment, the non-original abut-
ments in group B were oversized. The abutments had to
be forcibly manipulated to be inserted into the implants;
subsequently, three could no longer be removed. Thus,
clinical handling was altered considerably. The rota-
tional misfit of the second non-original abutment in
group C was higher compared to the original connec-
tion of Straumann/Straumann.

A closer look at the designs of the abutment base
matching the CrossFit connection revealed that the
combination of grooves and surfaces was completely
different in groups B and C compared to A. This explains
the tightness and the mechanical differences observed in

the subsequent load displacement test. The differences
in design are most likely related to patent issues which
do not allow the exact imitation of such components.
The load displacement graphs also revealed a unique
format for the original CrossFit connection compared to
all other connections used. In group A, a smooth curve
was drawn for the self-guiding CrossFit connection
which did not result in a stick/slip effect.

The calculated F,,.x and F,.. elast values were statis-
tically significantly higher in groups B and C. In these
groups, the abutment material was grade V titanium,
which has a higher mechanical stiffness whereas in
group A, an abutment of grade IV alloy, was tested. The
connection of the stiffer abutments with the stronger
Roxolid alloy implants appeared to increase the load
needed for permanent deformation. The same stiffer
abutment connected to its original implant resulted in
the fractures at the implant neck observed in group D.
The original connections in groups A and E caused very
similar outcomes related to the load displacement
curves and the fracture modes.

In conclusion, non-original abutments differ in the
design of the connecting surfaces, shape, dimensions,
and material and have higher rotational misfit. All these
differences may result in unexpected failure modes and
may have an adverse effect on clinical handling as dem-
onstrated by the poor results in group B. In addition,
there are no clinical studies known evaluating the influ-
ence of non-original abutments on implants and their
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Figure 6 Deformation and/or fractures of implants or abutments at the end of the critical bending test observed in specimens of
groups A, B, C, D, E. A, Deformation in the top part of the Roxolid implant and deformation of the abutment in the connection part
and fracture of the abutment screw where the threads start. B and C, Deformation in the top part of the Roxolid implant and
deformation of the abutments in the connection part and fracture of the abutment screw at the level where the threads start.
Distortion A > B > C. D, Fracture of the implant in the neck part in the tension zone. The abutment was minimally bent and
fractured between the guiding part and the screw part. E, Deformation in the top part of the implant and deformation of the
abutment in the connection part and fracture of the abutment screw.



use may result in a potentially increased risk. Clinical

studies testing the failure and complication rates of

reconstructions on original and non-original connec-

tions should, therefore, be performed; however, on the

basis of results from the current study, it should be rec-

ommended to use abutments from the original implant

manufacturer when restoring implants.
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