omputer-guided minimally invasive implant

treatment promises to revolutionize the way

we practice implant dentisty. This new tech
nology allows implants and associated restorations to
be precisely placed at the same procedure directly
through the gingiva in an hour or less. Since there is no
incision, there is minimal postoperative discomfort or
swelling and no sutures.

The typical dental implant approach introduced in the early
1980s requires two sumgeries and use of a emovable bridge or
denture for a half-year or more. In 1997, it was shown that
implants could be placed and estored in a single visit? But this
procedure, known as immediate loading, takes a full day of coor
dinated surgical, restorative, and laboratory interaction to per-
form. However, in 2002 the concept of immediate loading with
computer-guided techniques was intoduced in Leuven, Belgiunt.
The early treatments wee limited to the edentulous maxilla and
required a full-thickness mucoperiosteal flap. Laterthe procedure
was refined to include flapless implant placemerftas well as par
tially edentulous conditions in all areas of the mouth.

Besides the obvious advantages of a less invasiveogedure
and shorter patient visit for implant placement, there are not-so-
obvious advances in pecision and patient safety now achiev
able. Computed tomography (CT) scans have been available for
implant dentistry for decades; and in 1996 advances in computer
assisted teatment planning allowed the practitioner to analyze
skeletal architecture prior to implantation. ¢ But new to the field
are low-radiation-dose scanners known as cone beam scanners.
Currently, both medical scanners and cone beam scannersear
used for implant treatment planning. While both scan types ag
useful for viewing available bone in a three-dimensional fomat,
only a radiographic guide coupled with either scan allows for
full visualization of the bone relative to the planned replacement
tooth or teeth.
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The guided software technology goes a step fuher, actually
transforming the scan of the now virtual radiographic guide into
the actual sumical template. Once the sugical template is pro-
duced, it can be placed on the mounted cast that the radiographic
guide was produced on, and this cast is then déctively retrofit -
ted with implant r eplicas in the planned positions. For implant
restoration predictability, this is profound. All pr evious implant
treatment sequences, with however much planning was invested,
involved the placement of implants, but only after placement—
when implant-level impressions wee made, models poduced,
and then mounted—did the dentist and technician first see the
subtleties of implant alignment influencing design and some
times compromise of the intended estoration. With the ability
now to transfer the diagnostic work-up of the radiographic
guide through virtual planning into a physical template, the
implant-level model is produced with high precision before the
implants are actually placed. This is a temendous advantage in
restorative predictability and confidence on both routine and
advanced cases. The ability to visualize ttee-dimensional orien
tation of implants with axial trajector y interfacing with the
planned restoration is as valuable for the pecision in planning
and at least equal to the minimally invasive patient advantages.
The ease of incorporating a high-quality radiographic guide into
CT scans has the potential to expand CT scan utilization and
value from the scans to achieve pcise teatment results.

An essential element of the pocedure is the production by
rapid prototyping fr om a 3-D computed tomogram of a steeo-
lithographic template containing precision drilling sleeves.
Several manufactuers provide the techniques and amamentar-
ium to perform the procedure, but the two major systems ae
known as SumgiGuide™ by Materialise of Glen Bumie, MD, and
NobelGuide™ from Nobel Biocare of Yorba Linda, CA. This
report will describe the computerguided implant procedure
using the NobelGuide system.

The first step in the implant procedure is the fabrication of
a custom-made radiographic guide containing the tooth or teeth
to be replaced and incorporating gutta-pecha markers for com
puter registration and inspection windows for verification of
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Figur e 1. A radiographic guide for thr ee miss -

ing teeth, which the patient will wear during

the CT scan, incorporating gutta-per cha mark -
ers and inspection windows to verify accurate

intraoral seating.

accurate seating (see Figer1). Then the
patient has a CT scan with the radic
graphic guide in place intraorally. A sec
ond scan is peformed of the radiographic
guide only. From these CT scans, the
radiologist provides the dentist with a
computer disc of Dicom images, which
are loaded into the 3-D planning software
program. The program joins the radio-
graphic guide with the patient's bony
anatomy using five to six radiopaque
gutta-percha markers that were incorpo-
rated into the radiographic guide during
its fabrication. This allows the practi-
tioner to precisely visualize 3-D images
of the patient’s bone and adjacent teeth
(see Figue 2a), the planned tooth or
teeth to be replaced, and the space
between the bony suface and intaglio
surface of the virtual tooth or teeth rep-
resenting the thickness of the soft tissue
(see Figue 2b). Because of the double
scanning technique (radiographic guide
and patient), each element can be viewed
separately or together with others in the
planning software.

For the fully edentulous arch, fabri-
cation of the radiographic guide is quite
straightforward, using a denture or du-
plicated denture incorporated into the
scan. For the patially edentulous arch,
design concepts unique to this technal
ogy must be leaned. For replacing one
tooth or several teeth, the design of the
radiographic guide must not only consider
capture of required diagnostic data, but
also incorporate the block-out and struc-
tural requirements of the sugical tem-
plate for draw, stability, and strength.
This is because the scanned data of the
radiographic guide is also the foundation
for production of the physical surgical
template (see Figue 3a).

The dentist, using the softwae that
contains a library of implants and abut-
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Figur es 2a (left) and 2b (right). Buccal view
(2a) and pr oximal view (2b) showing the virtual
radiographic guide as scanned with virtual

implant and planned r estoration with avail
able bone and gingival space.

ments, now precisely plans the implant
placement rlative to the bone, soft tis
sue, and tooth or teeth to be eplaced.
Essentially the surgery and restoration
are virtually planned (see Figues 4a—c).
The planning information is emailed to
the rapid prototyping facility, where a
stereolithographic surgical template incor
porating precision titanium drilling

sleeves idabricated (see Figue 3a). The
sleeves incorporate all of the 3-D plan
ning for implant trajector y and vettical

position.

From this surgical template, the
laboratory is able to preoperatively fab-
ricate an accurate stone model (see
Figure 3b) incorporating soft-tissue
anatomy and implant position using
implant replicas. Fom this model, a
temporary or definitive prosthesis can
be fabricated for immediate placement
at implant insertion. The significance of
this advance—being able to poduce an
accurate implant-level model befoe
implant placement—cannot be over
stated.

The patient is now ready to have his
or her implants placed, which generally
takes 30 to 60 minutes depending on the
number of implants. First, the surgical

Figur es 3a (left) and 3b (right). Computer

the exact virtually planned intrabony position fr
model can be fabricated for pr

-generated ster
incorporating titanium sleeves which will hold drill guides that dir

om which (3b) an exact pr
oduction of the planned r

template is secued to place with a sumgi-
cal index and anchor pins (see Figue 5).
Then, using a series of specially designed
burs and drilling guides, which precisely
fit into the sleeve or sleeves of the sgi-
cal template, the implant site is pepared
flapless through the soft issue and the
implant (or implants) is placed in the
position as planned in the 3-D software.
Computer-guided implant placement is
much quicker and more precise than
placement by freehand drilling. Figure 6
shows an immediate postoperative com
plete arch restoration with radiograph.

When a definitive prosthesis is fabri
cated for multiple implant r estorations,
special abutments ae used that allow
for the everso-slight interimplant dif fer-
ences that can occurWith a provisional
prosthesis, which is rapidly becoming
the prefered method, each tooth or see
tion is secured directly to the implant
using temporary abutments and then
teeth or sections ae joined together
intraorally for passive fit using auto-
polymerizing acrylic. Because the im
plant sites are so precisely pepared, the
prostheses can be placed immediatelgt
implant insertion.

eolithographic surgical template (3a)
ect the drills and implants to
esurgical laboratory

estoration.
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Figur es 4a—c. Computer -planned complete
arch tr eatment showing: (4a, above) virtual

guide and implant trajectory r elative to
planned teeth; (4b, top right) virtual implants

without guide and bone demonstrating non -
interfering anchor pin r elationship; and (4c,
lower right) r elationship of implants and
anchor pins to bone.

Patients with partially edentulous The ideal patient for this procedure is
restorations are advised to avoid using one who exhibits adequate bone and at
their new prosthesis for three months in  tached soft tissue in the edentulous aa
the mandible and six months in the max and who may not be able to tolerate an
illa while osseointegration takes place. extended sugical procedure. Since the
For complete arch restorations, the  currentdrills are 10 mm longer than star
patient is advised to avoid any type of dard drills, the patient must be able to
diet that would place undue strain onthe  open wide enough to accommodate the
teeth and implants during the osseointe  additional length. Cost-benefit considera
gration period. However, fully edentu- tions must take into account the cost of
lous restorations incorporate more im- the CT scan, software acquisition, plan
plants that are cross-ach splinted, so  ning time, and laboratory costs associated
they are less susceptible to fares of masti with the fabrication of customized radio-
cation. It should be noted that while this graphic guides and drilling templates and
technique makes immediate povisional- immediate provisional restorations. At
ization possible and easier to accomplish, the same time, the pecision of planning
it is a separate consideration; the plan  and delivery has the potential to reduce
ning and precision of placement advan  some laboratory costs through more pre-
tages alone justify this poocedure even if  dictable restorations using stock rather
a delayed loading piotocol is used. The than customized components. Any dis
delayed restoration will still be facilitated advantages may be dbet by improved
with use of this technology. surgical planning, good cooperation with

Figur e 6. An immediate complete-ar ch implant r
forations in the vestibule.

Figur e 5. Six-implant surgical template held in
place with four anchor pins over intact gingiva.
All drilling and implant placement will take
place thr ough titanium sleeves.
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the refering dentist, and optimization of
esthetics, as well as significantly educed
surgical time and discomfort, and a
speedy ecovey for the patient.

With these planning and delivey
advances of computerguided implant
dentistry, it has been shown that moe
clinical outcomes have gone fom “clini -
cally acceptable” to “perfect” with a high
degree of confidence. This is not a tech
nology to be resewed for difficult or
sophisticated treatments, but rather a way
to optimize every treatment possible.n
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