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COMPUTED TOMOGRAPHY FOR DENTAL IMAGING has been available for at least two
decades. One of its significant benefits has been the availability of three-dimensional
radiology to enable implant planning and the production of surgical guides.

Three things, however, have significantly
affected how we plan dental implant
placement today and produce all forms
of guided devices that enable surgical
and prosthodontic execution of a plan.
The first of these is the continued evolu-
tion of cone beam computed tomogra-
phy (CBCT). The in-office availability of
low-radiation technology that could pro-
vide a practitioner with three-dimensional
radiological information was pathbreak-
ing at the very least. The second was the
evolution of intraoral scanning and the
chairside availability of digitization of
what was otherwise recordable only as
conventional impressions. The third has
undoubtedly been the evolution of 3D
printing and the in-office availability of
a low-cost method to produce surgical
and prosthodontic guides.

3D printing has also evolved tremen-
dously over the last five years. Large
lab-based, high-cost 3D printers have been
able to produce surgical guides for at least
two decades, but it is the refinement of
this technology into smaller in-office units
that accelerated its acceptance. Additive
manufacturing is almost an inevitable
technological investment for most prac-
tices wanting to remain at the cutting edge
today. The cost of the hardware involved
has also become practical and afford-
able, and the materials that drive dental
applications are constantly expanding and
increasingly cost-effective.
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Traditional surgical guides produced by
3D printing have been made of a relatively
clear, dimensionally stable, autoclavable
resin for some time. These surgical guides
are not necessarily as good as milled resin
surgical guides, especially in terms of surface
finish, rigidity, and strength. The accept-
ability of printed resin surgical guides is
largely driven by the cost-effectiveness of
printed guides versus milled guides. There
is also something to be said for the ease of
production of printed surgical guides.

The strength of printed resin materials
comes into question when larger surgical
guides are involved. This is often the case
with full-arch surgical guides as well as
specialized surgical guides for placement
of unique implants, such as zygomatic
implants. The strength and rigidity of
full-arch surgical guides affect the accu-
racy of dental implant placement in any
cross-arch situation.

For instance, if a surgical guide were to
flex due to its material properties, it would
significantly influence planned implant
position. On the other hand, ifa guide were
to break intraoperatively, that could poten-
tially mean freehand implant placement
or abortion of the procedure altogether.

What is remarkable is that the material
industry has addressed these needs, and
printing with significantly stronger materi-
als is a reality. Obviously, any materials
for guided surgery would have to meet
regulatory guidelines for use in a biologic

A conventional printed full arch resin
surgical guide

situation and allow an effective method of
sterilization. Any guides created by addi-
tive manufacturing would also have to
have a significant amount of dimensional
accuracy to allow the precise placement
of guiding sleeves, which are specific to
multiple implant systems.

While the fit requirements of a guide
on teeth, mucosa, or a bone surface are
less demanding, dimensional accuracy
is still a significant requirement, if only
for sleeves. Let’s look at a few attempts to
address the weakness of conventional resin
for long-span or large surgical guides, with
improvements in material science:

« Polycarbonate—carbon fiber composite
+ Metal—selective laser melting

or sintering

« Milled grade IV titanium
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A printed titanium guide for a
zygomatic implant

A milled surgical guide positioner with a
stacking resin component

A printed titanium surgical guide guiding a zygomatic diamond drill to remove bone lateral
to the sinus

POLYCARBONATE—CARBON
FIBER COMPOSITE

Polycarbonate and carbon fiber materials
have been combined into a resin filament
that features a high strength-to-weight
ratio. The material has extremely high
tensile strength, rigidity, thermal resis-
tance, and dimensional stability. These
properties make an ideal combination for
surgical guides. The guides are manufac-
tured using a fusion deposition manufac-
turing process in which molten filament
is extruded. The extruded material is
additively compiled into the shape of a
surgical guide component with excel-
lent dimensional accuracy to allow fit-
ting with other sequential components
in a full-arch guided surgery workflow.
The dimensional accuracy allows precise

placement of guided surgery sleeves that
in turn allow for accurate execution of a
surgical plan.

SELECTIVE LASER MELTING/
SINTERING WITH METAL
Selective laser melting or sintering are
both additive manufacturing processes.
Both processes tend to bypass the physi-
cal issues involved with hard milling of
metal, reducing incorporated stress and
material waste. There are also relatively
lower size restrictions on additively manu-
factured metal surgical guide components,
as, hypothetically, you are not affected by
milling machine limitations.

In dentistry, most additive manufac-
turing with metal is called powder bed
fusion. Powder bed fusion can be achieved
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by one of three methods: selective laser
sintering (SLS), selective laser melting
(SLM), or electron beam melting (EBM).
With SLS, metal powder is compacted
and transformed into a coherent shape
at temperatures below the melting point
of the metal. Shapes created by the SLS
technique can have a high degree of poros-
ity, and while the porosity can be controlled
to some degree, complete elimination is
not possible.

SLM, on the other hand, uses either CO2
or fiber lasers to melt powder and allow
the creation of a shape. SLM has lower
porosity but higher internal stresses, which
are caused by thermal gradients during
manufacturing. Additional heat treatment
isneeded to eliminate these stresses. SLM
remains the most popular technology for
powder bed fusion and additive metal
manufacturing in dentistry.

EBM is similar to SLM but uses a
focused electron beam in a vacuum envi-
ronment. This method is not yet popular.
Regardless of the type of manufacturing
technology used, heat treatment is almost
always required to eliminate anisotropy
and residual stress. This results in a
significant improvement of mechanical
properties, essentially fatigue properties.
In addition, it is almost always necessary
to surface finish any metal components
created by additive manufacturing.

Powder bed fusion nevertheless allows
for a more flexible design (including even
undercuts) and creation of fabricated
shapes that may be difficult to achieve
by milling. Milling is significantly limited
by the size of instrumentation used and
the axial access of instrumentation to a
material disc. Given the complexity of the
multiplanar nature of the anatomic shape
of bone, additive manufacturing seems to
offer a significant advantage.

Other requirements, such as rigidity,
strength, and dimensional accuracy, are
easily met by metal. In fact, sleeves can
often be designed as part of the main
surgical guide structure itself, resulting
in a situation where actual insertion of
separate sleeves may not be even required.
If designed properly, some techniques can
also result in incorporation of a metal
substructure into a temporary prosthesis
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as well providing greater strength and
predictability during the osseointe-
gration period.

MILLED TITANIUM

Milled titanium technology has been
around for a long time. Custom abut-
ments and prosthetic frameworks have
been routinely fabricated using this tech-
nology, especially with grade IV titanium.
The technology is also adaptable to differ-
ent metals or their alloys. Milling contin-

ues to be a viable alternative to additive

A printed titanium guide for a
zygomatic implant

A carbon fiber composite surgical guide
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manufacturing even though additive
manufacturing is more cost-efficient.
Remember that metal additive manu-
facturing requires a significant hardware
capital investment, and milling machines
are still far more economical.

Milling also depends on the integrity
of a material disc. As long as the disc
has been manufactured appropriately,
there are no concerns with issues such as
porosity. Milling results in an extremely
high-quality surface finish, and secondary
steps such as heat treatment or surface
finishing are not required. Milling has a
high precision quality, which means that
dimensional accuracy in surgical guides
is the best possible. Sleeve dimensions
for drills for surgical guides can be also
incorporated into the main guide struc-
ture, eliminating the need for insertion
of company-fabricated sleeves.

The only limitations of milling are
instrumentation size and access, but
clever CAD design and good CAM soft-
ware can eliminate many of these issues.
Milling will continue to remain a viable
alternative. Resin milling is also still an
option, and milled resin guides can be
stronger that printed resin guides.

Resin guides will continue to be an
issue in larger-span frameworks, and
that’s where milled metal will come
into its own. Milling also means that
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incorporation of a prosthetic plan into
a surgical guide can be far more accu-
rate. For example, if there are custom
abutment interfaces or metal prosthetic
substructures involved, there is no better
technology than milling to produce them.
Milling can also work with alternative
strong materials, such as technopoly-
mers, especially when considering a
prosthodontic substructure.

CONCLUSION

A significant degree of technological evo-
lution has been happening in the guided
surgery space. Navigational surgery, aug-
mented reality, and artificial intelligence
will significantly drive future innovations
as the technologies are refined. For now,
however, surgical guides remain the main-
stay of predictable implant surgery and
prosthodontic plan execution. Material
innovations have greatly improved con-
ventional implant surgical guides and

will ensure that they continue to remain
relevant. DE
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