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Ceramics come of age

Prof. Stefan Holst, Switzerland

Zirconia has been used in dental applications for de-
cades—sometimes successfully, sometimes less so.
The first zirconia implants were introduced on an exper-
imental basis well before the turn of the century." Sys-
tems have come and gone. Review the literature or visit
a clinic today, and you'll find that most of the early-phase
implants are associated with complications. We've seen
a range of problems, including fractures during surgery,
fractures after loading, mobility, infection, pain, bone
loss, and a lack of osseointegration.? On the mi-
crolevel, inconsistent material quality, less-than-
optimal manufacturing processes and surface mod-
ifications may bear part of the blame. On

the macro level, design flaws have led

to unfavourable loading conditions.

At the heart of this apparent co-
nundrum lies a simple fact, well
worth remembering: Zirconia is

not a metal. Zirconia is a ceramic; —

and we need to respect the unique
properties of this material. Because
manufacturing flaws—even minute
imperfections—in the production and
surface treatment of the zirconia im-
plant may compromise strength, great
care must be taken with the materials
to ensure clinical predictably and favour-
able long-term results.? Consequently, when processing
zirconia, it is essential to select the appropriate zirconia
powder, the proper powder particles, how to best com-
pact these powders, the ideal postprocessing methods,
and so on. Choosing the wrong mix of variables can eas-
ily lead to early degradation and failure over time. Flaws
may not manifest themselves immediately, but micro- and
macro-flaws with lag times of three to five years have led
to the failure of many zirconia implants.

In short, directly applying what we have learned from over
40 years of experience with titanium implants to zirconia
does not provide a suitable path forward. In the devel-
opment of NobelPearl, we have discovered, for instance,
that the implant connection design of a zirconia implant
cannot be copied one-to-one from existing titanium im-
plants. We've also learned a great deal more about the
material over recent years. More than ten years ago, Nobel
Biocare sponsored clinical trials of a potential product that
was not brought to market. Those trials generated neither
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the data nor the clinical outcomes we require.® But over
the interceding decade our body of knowledge has grown
substantially and researchers with whom we collaborate
have now reached the point where we can provide a zir-
conia implant that is designed to work reliably.

Serious challenges to meeting
patient demand

Looking at the zirconia market from a patient perspec-
tive, you see increasing demand. Projected growth in-
dicates that although zirconia is very unlikely to re-
place titanium as the base material for
implants anytime soon—if ever—it is
already becoming an alternative wor-
thy of attention in certain clinical situa-
tions. The intrinsic aesthetic attributes
of this material are well known. Per-
haps less well-known is the fact that
this material manifests beneficial soft-
tissue-friendly biological properties.*

Zirconia, as an implant material, has
provided some serious challenges to in-
novators over the years. Because it is a
brittle material, early attempts to make
it stronger involved increasing the vol-
ume of the product. As a result, early zir-
conia implants were predominantly one-piece designs.
Unfortunately, such designs have an untoward impact
on restorability, placement and intraoral adjustment. No
one wants to face these issues on a day-to-day basis
with their patients. Development consequently began on
two-piece zirconia implants. They were not easy to han-
dle and attempts at intraoral cementation of the abut-
ment at bone level did not provide the predictable, long-
term solution patients deserve. At least one drawback,
however, has been associated with the use of the alter-
nate choice for retention, screws. When patients ask for
a metal-free solution, for instance, and you offer them a
two-piece zirconia product, can you in good conscience
connect the two pieces with a titanium screw? We at
Nobel Biocare don’t think so.

Science first

Nobel Biocare has invested in fundamentally under-
standing the material properties of zirconia and the de-
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Figs. 1 & 2: Picture showing crystalline structure of zirconia (left) and alumina-toughened zirconia (right). Developments in material science has improved

hardness, strength and fracture toughness of the zirconia used for NobelPearl.

sign limitations these properties impose. In the process,
we've discovered that there is more to learn from failure
than from success. Thus, we studied material science to
make the most of the aesthetic advantages—while mi-
nimising the mechanical drawbacks—of zirconia. When
you have an implant that’s going into the bone, you want
strength, stability, and long-term durability to withstand
occlusal forces. Research has shown us that certain
alumina-toughened zirconia (ATZ) compounds, properly
prepared, are suitable for this application. In short, ATZ
provides the kind of toughness and bending strength we
need to facilitate the long-term performance of the im-
plant, especially at the joint interface, where the peak
stress forces are concentrated.®

Quality manufacturing

While some manufacturers may be tempted to pursue
low-cost injection moulding rather than machining—with
a relatively high degree of material flaws as a result—
NobelPearl instead follows the precise process path-
way of cold isostatic pressing, followed by machining,
post-compaction and additional grinding. These man-
ufacturing methodologies have been refined over the
past few years in order to ensure the high reliability of the
NobelPearl implant. Altogether, it's a complicated pro-
cess, yet one that's dictated by the properties of the
material. To reiterate: For the sake of long-term perfor-
mance, NobelPearl implants are made out of a fully sin-
tered material via hard machining.

Why do we think that these processes provide signifi-
cant benefits? To start with, we already know that zirco-
nia osseointegrates properly, just like titanium.®” Thanks
to many years of experience with zirconia abutments, it
has been possible to develop the right surface rough-
ness and structure for the NobelPearl implant, with the
intention of ensuring excellent hard- and soft-tissue inte-
gration around this new product.® Also, when it comes to
inflammatory responses around these materials, zirconia
demonstrates very promising potential.

The screw joint

The two-piece solution that characterises NobelPearl,
designed with an internal screw-joint connection for re-
storative flexibility, also eliminates the risks associated
with excess cement. NobelPearl consists of high preci-
sion manufactured components. In order to ensure that
these materials work long-term it might seem natural to
choose an existing titanium screw. However, because
titanium is a metal, with very different properties than
ceramics, a titanium screw would have an adverse im-
pact on the ceramic interface, which would, in turn, det-
rimentally affect long-term fatigue strength.

This is why this new system includes a carbon-fibre-
reinforced polyether ether ketone (PEEK) screw. Carbon-
fibre-reinforced polymer is used extensively in the aero-
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Fig. 3: The VICARBO® screw, when tightened, conforms to the contour of the
internal thread of the implant.
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Fig. 4: NobelPearl checks all the boxes. What's more, an internal connection offers restorative flexibility and minimises risks associate with excess cement.
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space industry; it’s lightweight, bio-inert, and displays
good friction and wear properties. The contour of a
screw made of carbon-fibre-reinforced PEEK adapts to
the threads inside the implant, and it does not display
the stress concentration typical of metal in contact with
zirconia. Simply put, you have more surface contact be-
tween PEEK screws and zirconia compared to titanium
screws in the same situation. Not only is this to ensure
that even with high tensile forces, the abutment will con-
tinue to be retrievable, it concomitantly produces a stable
concretion joint between the implant and the abutment.

A complement—not a replacement

NobelPearl has not been designed and developed to
replace titanium implants in general, but to provide the
clinician with a treatment option in a variety of specific
situations. Patients sometimes request alternatives to
titanium, for example, for reasons ranging from aesthetic
considerations to an aversion towards biologically inte-
grated metals. Whatever the reason may be for choos-
ing a zirconia-based solution, NobelPearl provides a
response to these concerns in a clinical context.

What more is there to say? As you would expect, long-
term clinical studies are in progress. Although we have
yet to present five-year data, our experience with zir-
conia in general, and this design in particular, is so ex-
tensive that we are very confident that NobelPearl will
prove its long-term reliability for the kinds of cases where
a zirconia-based solution is preferred. This implant sys-
tem has undergone exactly the same test setup as all our
titanium implants (ISO 14801) and has achieved excel-
lent results. Its internal connection offers a great deal of
restorative flexibility and minimises the risks associated
with excess cement that you can face with conventional
one-piece zirconia implants.
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Over and above that, NobelPearl provides the signifi-
cant benefits of submerged healing while being revers-
ible and metal-free—and its protocol calls for no intraoral
grinding. Last but not least, the two-piece nature of the
NobelPearl system means that clinicians can treat pa-
tients with a zirconia implant using protocols similar
(although not identical) to those with which they are famil-
iar from previous training and practice.
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