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INTRODUCTION

Implant dentistry is in the midst of a revolutionary change. Medical-grade CT scanners (CT) and
in-office conebeam scanners (CBCT) allow dentists and surgeons to visualize a patient’s anatomy in three
dimensions. The bone available for implant placement, soft tissue thicknesses, location of the maxillary
sinuses, and pertinent vital structures such as the mandibular canal can all be visualized."” A patient’s
images can be imported into proprietary software programs that allow the doctor to virtually place implants
on his or her computer. The type and size of the planned implant; its position within the bone; its relation-
ship to the planned restoration and adjacent teeth or other implants; and its proximity to the mandibular canal,
incisive canal, and maxillary sinuses can all be determined prior to surgery.> Computer-generated drill-
ing guides can be fabricated from the virtual treatment plan, allowing surgical placement of the planned
implants in precisely the same positions in the patient’s mouth as in the virtual treatment plan. This process

results in more accurate and predictable implant placement®'? and reduces patient morbidity.'*!®

All current systems have similar protocols.
First, the doctor creates a prosthesis for the patient
to wear during their CT or CBCT scan. This par-
tial or full denture, termed a scan prosthesis,
duplicates the planned final restorations. (Fig. 1)
A CT or CBCT scan is then taken with the patient
wearing the scan prosthesis. The scanned imag-
es, in DICOM format, are then imported into one
of the available proprietary software programs
(e.g., Simplant®, NobelProcera®, EasyGuide®,
Facilitate™ ) The software is then used to virtu-
ally place implants into their ideal position rela-
tive to the planned restoration and the underlying
bone. (Fig. 2) The virtual treatment plan is then
uploaded to the software company, which fabri-
cates a surgical guide. (Fig. 3) The surgeon uses
the surgical guide, with implant-specific drilling
instrumentation, to precisely place the implants
according to the virtual treatment plan.
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Virtual treatment planning and computer-
generated drilling guides benefit the patient by
allowing flapless surgery, reducing surgical time,
reducing discomfort and swelling, and allowing
a quicker return to their lives and work.>® Tt
benefits the doctor by reducing chair time, reduc-
ing stress at the time of surgery, facilitating an
accurate means of placing dental implants, and
reducing potential surgical complications.”!?2*
Potential implant positioning mistakes are allevi-
ated by first making them on the computer.

Computerized implantology can be used
for any implant case, although the increased treat-
ment planning time and expense may outweigh
its benefits in certain cases. In our practice, we
have found that these techniques are appropriate
for treatment of many cases. (Table 1) The first
section of this article discusses how the adop-
tion of these technologies into the practice of
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Figure 1. Examples of scan prostheses. A. Nobel-
Guide™ Radiographic Guide, B. Simplant® scan
prosthesis, C. EasyGuide™ scan prosthesis.

oral and maxillofacial surgery benefits both doc-
tors and patients. The second section illustrates
cases where these techniques are most beneficial.
These examples should help others determine
those cases where these techniques are appropri-
ate for evaluation and treatment.
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Figure 2. Virtual treatment plans designed for the scan
prostheses in Figure 1. A. NobelGuide™ Treatment
plan, B. Simplant® Treatment plan, C. EasyGuide™
Treatment plan.
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Figure 3. Surgical Guides fabricated from the virtual
treatment plans in Figures 1 & 2. A. NobelGuide™ ,
B. SurgiGuide®, C. EasyGuide™ .
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Table 1: Indications for Computer-generated
Implant Surgery.

Questionable bone volume

Problems related to proximity of adjacent
teeth

Proximity to vital anatomic structures

Three or more implants in a row

Placement of a multiple unit or full arch
immediate restoration.

Significant alteration of the soft tissue or
bony anatomy by prior surgery or trauma

Patients with medical comorbidities

INTEGRATION OF CT-GUIDED TECH-
NOLOGY INTO THE PRACTICE OF
ORAL AND MAXILLOFACIAL SURGERY

The major excitement and buzz in the
field of implant dentistry in recent years involves
the introduction of three-dimensional virtual
evaluations of patients using CT or in-office cone
beam (CBCT) scanners. These technologies can
be utilized for three-dimensional diagnoses, vir-
tual treatment planning, and designing surgical
guides that allow the surgeon to duplicate a vir-
tual treatment plan at the time of surgery.>®!”>
Predictability of implant placement is no longer
limited to a surgeon’s “best guess” followed by
“exploratory” surgery on the patient. Virtual
treatment planning and computer-generated
drilling guides allow minimally invasive sur-
gery 513162223 reduced surgical time, and reduced
patient discomfort and swelling.®!** It reduces
surgical complications such as mandibular nerve
injury, sinus perforation, fenestrations and dehis-
cences.”'>?* Computer-generated drilling guides
provide accurate placement of an immediate,
temporary, or final prosthesis according to a
prosthetically-driven treatment plan.®!217-24
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What are the goals of the doctor and the
patient in treatment planning for dental implants?
The doctor wants to place the patient’s implants
in a predictable fashion, considering the position
of the planned dental restoration and the patient’s
medical history, bone biology, and individual
anatomy. He or she wants the implants to be:
1) placed with minimal trauma, with minimal
involvement of surrounding vital structures and
teeth, and 2) fully surrounded with the highest
quality bone to assure successful osseointegra-
tion and overall success. The patient wants teeth
that look and function like natural teeth and last
a lifetime. They want the treatment to be per-
formed quickly, predictably and successfully;
with minimal pain, swelling, stress, or other
complications; and with little interruption in their
everyday lives

Computerized implantology requires a
three-stage process. First, the patient wears a scan
prosthesis during a CT scan that follows the pro-
tocol of the particular proprietary software used
by the doctor. The scan prosthesis duplicates the
planned implant restorations. Second, using the
software, the clinician reviews the relationships
of the planned prosthesis to the patient’s three-
dimensional bony architecture and associated
anatomical structures. Implants and abutments
can be virtually placed by the doctor on the com-
puter screen. A prosthetically-driven treatment
plan is created by placing the implants in an ideal
relationship to the planned dental restorations
and the associated supporting bone. The virtual
treatment plan is then electronically transferred
to the manufacturer for the production of a ste-
reolithographic surgical drilling guide. Third, the
surgeon uses the drilling guide and surgical drills
with “drill stops” to place the implants accurately
into their planned positions.
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The benefits to the doctor of these technolo-
gies are enormous. Three-dimensional patient
evaluation allows:

e Detailed 1:1 measurements of the width
and height of the available bone in the areas
planned for dental implants

e Precise location of the inferior alveolar
nerve, mental foramen, lingual and buccal con-
cavities, incisive canal, nasal floor, and the max-
illary sinuses

e Accurate measurement of distances
between the planned implants, angulations of
adjacent implants, angulation differences from
one side of the arch to the other, and soft tissue
thicknesses

e Evaluation of the path of prosthesis
insertion, exact placement of screw chambers,
and choice of abutments prior to surgery

* Preoperative evaluation of the risk of fen-
estrations and need for possible preoperative or
intraoperative sinus lift bone grafting, ridge split-
ting, or ridge augmentation, including the neces-
sary volume of bone graft material are all pos-
sible.

e Preoperative determination of the exact
lengths and widths of the implants that will be
placed

The result is minimal intra-operative sur-
prises.

Once the doctor is comfortable and famil-
iar with the drilling instrumentation, placing
implants through a surgical guide not only reduces
the time necessary to place implants by 50%, but
it reduces the stress that the doctor experiences
while placing the implants by an equal amount.
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The positioning of the implants is predetermined
by the virtual treatment plan and built into the
surgical guide.

Most importantly, this technology allows
the surgeon and restorative dentist to treatment
plan and place implants according to a prosthet-
ically-driven treatment plan. The treatment
planning process starts with visualizing the final
prosthetic result and precisely working back-
wards from there. The positions of the planned
restorations, as they relate to the underlying bone,
are determined prior to surgery.

Why Doesn’t Everyone Use It?

If this technology has been shown to
increase the accuracy of implant placement,
decrease surgical complications, and increase the
predictability of implant case outcome, why isn’t
it more widely used in dental implant placement?
The reasons are time and money.

Time: It does take additional time for
the doctor to 1) take impressions, 2) workup the
planned positions of the restorations with a diag-
nostic wax-up of the planned implant prosthetics,
3) fabricate a scan prosthesis for the patient to
wear while having a CT scan, 4) order or take the
CT scan, 5) import the CT data into the desired
software package, 6) plan the case virtually
before treating the patient, 7) order the surgical
guide, and 8) learn the techniques and equipment
necessary to place implants through a surgical
guide.

Money: The patient will incur addition-
al costs for fabrication of the scan prosthesis,
the CT scan, and the fabrication of the surgical
guide. The surgeon will also incur additional
costs in learning the new technologies, possibly
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upgrading computer hardware, purchasing new
software programs, and purchasing new drilling
and instrumentation Kits.

Doctors may have the attitude, “I have
been successfully treatment planning and placing
implants non-virtually for many years, so why do
it another way?” The doctor might also fear losing
the case if any additional costs are added to the
already expensive treatment plan presented to the
patient. Implant and software manufacturers are
marketing three-dimensional implant-planning
software products with terms like “Teeth-in-an-
Hour™” or “Immediate Smile”, leading doctors
to believe that these technologies are only useful
in fully edentulous cases. Doctors might feel that
the additional radiation exposure of a CT scan is
not warranted.

It is true that treatment planning and vir-
tually placing implants requires more preparatory
steps prior to surgery for both the doctor and the
patient. The doctor must commit both time and
money to learning these technologies, planning
the cases on a computer (or have someone help
him plan the cases), and purchasing computer
hardware, software, and surgical instrumenta-
tion. But remember that your implant patients are
coming to you for teeth, not implants!

Presenting the Plan to the Patient

At an implant consult, a patient’s big-
gest fears and first questions are usually, “How
much is this going to hurt?”, “What will recu-
peration after surgery be like?”, and “How long
am [ going to be out of work?” When a patient is
shown the virtual technology and hears that his
or her implants can be placed with minimal cut-
ting and swelling, that he or she will likely be
able to return to work comfortably the following
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day, and that in some cases he or she can receive
her restorations immediately, no “selling” to the
patient is necessary. We frequently hear patients
respond, “Why would anyone do it in any other
way?” Patients understand the benefits of the
technology better than some doctors.

For some patients costs may be a con-
cern. Here in the New York City area, the added
cost to the patient for fabricating the scan pros-
thesis, undergoing the CT scan, and fabrication
of the surgical guide adds $1000 to $1200 to
the cost of the case. But remember that many of
these patients have been presented with surgical
and restorative implant treatment plans that will
cost tens of thousands of dollars. When told that
the additional cost will result in implants being
placed in ideal positions, with proper spacing
for gingival and bone health, and proper implant
angulations to distribute the bite forces well, the
technology sells itself. Because the technology
allows a treatment plan that first plans where the
teeth are going to be and works backwards from
there, there will be few “surprises” encountered
at the time of surgery. In the 10-12 years we have
been treatment planning cases virtually, not one
patient has told us that they did not want a CT
scan because of the additional radiation or asked
for a different approach for financial reasons.
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CASE SELECTION

Planning for Three or More Implants in a
Row or Fully Edentulous Arches.

When placing a dental implant, it is com-
mon for the surgeon to use a surgical guide that is
fabricated on articulated patient models. Guides
of these types can be simple (e.g., vacuforms
with the buccal or palatal/lingual facings of the
planned restorations) or more complex (e.g.,2 mm
drill holes or metal tubes in the middle of hard
acrylic appliances that reproduce a planned res-
toration.) The one thing that all these appliances
have in common is a lack of correlation between
the planned restoration and the underlying bony
anatomy. Only with computer-guided implant
surgical guides can this anatomic relationship be
predictably established and considered prior to
surgery.

A surgical guide that is used in implant sur-
gery is determined by the patient’s anatomy and
the local references, such as the numbers and
locations of teeth in the arch to be treated or in
the opposing arch. As the length of the edentu-
lous area increases, the surgeon is left with fewer
anatomic references to use to predictably place
implants accurately. When the case is fully eden-
tulous all local references, other than the soft
tissue ridge, are lost. Additionally, as the bone
and soft tissue are lost from periodontal disease,
bony atrophy, sinus pneumatization, and long-
term denture wear it becomes more difficult to
predictably use a traditional surgical guide.

Therefore, virtual implant evaluation and
treatment planning along with implant placement
using computer-generated guides is ideal for
most cases where three or more implants in a row
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Figure 4. A. NobelGuide™ plan for 3 implants in
the posterior left maxilla. Note the parallelism of the
planned implants, B. Postoperative panoramic radio-
graph, C. Final restoration.

Figure 5. Virtual plan and implant placement in a fully
edentulous mandible. A. Occlusal view of the implant
placement plan, B. Implants in place using a Nobel-
Guide™ .
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are planned. (Fig. 4) The spacing and angulation
relationships among multiple planned implants,
as well as implant-to-bone relationships can all
be established prior to surgery. (Fig. 5) In addi-
tion, the implants can be placed flaplessly and
immediately loaded.®!*-

Nerve Close to the Planned Implant Position.

Panoramic and periapical radiographs are
two-dimensional representations of a patient’s
three-dimensional anatomy. Differences in x-ray
machines and radiographic techniques common-
ly lead to distortion (i.e., elongation and shorten-
ing) of the anatomic structures in the radiographic
images. Accurate evaluation and measurement of
the relationship between the position of the men-
tal, inferior alveolar, and nasopalatine/incisive
nerves and the planned position of the implant
can best be determined by a three-dimensional
evaluation of the patient’s anatomy using CT
generated images.’ (Fig. 6) Placement of im-
plants in cases where there is a question of nerve
or sinus proximity to the patient’s available bone
is most accurately performed using virtual treat-
ment planning and implant placement using com-
puter-generated surgical guides. Potential patient
morbidity is held to a minimum by using these
techniques. (Fig. 7)
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Figure 6. Comparison of A. Virtual treatment plan
image for placement of implant #21, and B. CT scan
image of actual implant placement. Note the close
proximity of the planned implant and the actual
implant placement to associated nerves and foram-
ina. C. Implant planned close to the inferior alveo-
lar nerve, D. Implant planned close to incisive nerve
canal.

VOLUME 17.6



3-D Computer-generated Implant Surgery

G. Orentlicher, D. Goldsmith & A.Horowitz

Figure 7. Postoperative panoramic radiograph of an 8 implant mandibular case (center image.) Note that in this
image the most posterior implants appear to be encroaching on the mental foramina bilaterally. Compare this with
the images on the right and left showing the planned positioning of the implants in the virtual treatment plan. Surgi-
cally, the implants were placed lingual to the mental foramina.

Questionable Bone Volume (Deficient Width,
Height, or Unusual Bony Contours or Con-
cavities)

Case 1: A [7-year-old female with con-
genitally missing tooth #7. (Fig. 8) Orthodontics
were performed to first open the space between
teeth #’s 6 and 8 to accommodate an implant. The
ideal implant position was limited both buccal-
palatally and mesial-distally.

SROMS

Frequently dental-implant surgeons are
required to place dental implants in a single, spe-
cific location or at a specific implant depth. They
are frequently asked to place dental implants into
tight spaces with minimal bony leeway mesial-
distally, buccal-lingually, or both. Proximity of
adjacent tooth roots can require the surgeon to
“thread the needle” with implant placement. This
is frequently a problem with congenitally miss-
ing teeth.
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Figure 8. A 17-year-old female with a congenitally missing tooth #7. A. Preoperative photograph, B. Cross-section-
al view (Simplant®.) Note placement of “virtual” angled abutment, C. Segmentation has been performed, removing
the bone surrounding the adjacent teeth. An implant can then be accurately placed virtually, between the roots of the
adjacent teeth, D. Postoperative radiograph with implant in place.
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Figure 9. 79-year-old female with severe degeneration of the maxilla secondary to a long standing maxillary sub-
periosteal implant that resulted in chronic and acute infections, sinusitis, and sinus perforations. The subperiosteal
implant was removed prior to the CT scan. A. Subperiosteal implant in place in maxilla, B. Preoperative radio-
graph, C. Maxillary ridge, after removal of the subperiosteal implant, prior to implant placement, D. CT scan image

(NobelProcera®) after implants were virtually placed.

Case 2: A 79-year-old female, with severe
degeneration of the maxilla secondary to a long
standing maxillary subperiosteal implant. This
resulted in chronic and acute infections, sinusitis,
and sinus perforations. The subperiosteal implant
was removed prior to the CT scan. 3D planning
software indicated that, without performing bone
grafting procedures prior to implant placement,
implants could be placed into only four select
sites. (Fig. 9) A maxillary overdenture restora-
tion was planned.

SROMS

Limited bone volume often dictates where
the implant can be placed. Essentially, there is
only one choice for placing the implant. 3-D
planning software allows segmentation that vir-
tually removes surrounding bone tissues from the
image, leaving only the crowns and roots of the
teeth. (Fig. 8) This visualization of the roots of
the adjacent teeth allows precise positioning of
an implant in limited mesial-distal spaces. Selec-
tion of the best implant for that specific clinical
application can then be determined. Some soft-
ware allows selection and determination of vir-
[Continued on page 13]
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Figure 10. Cross sectional images, virtual treatment plan for implant placement in the anterior nasal spine region
(A) and left premolar region (B).

Lo %
in the maxilla,

Figure 11. A. NobelGuide™ fabricated from the virtual treatment plan, B. Implant placemnt
C. Postoperative radiograph with implants in place.
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tual stock and custom abutments as well. (Fig.
10) Implant placement can then be performed
predictably and accurately according to the
patient’s individual anatomy. (Fig. 11) Because
of the precision and accuracy of placing implants
with these technologies, difficult cases are ide-
ally suited for the utilization of 3-D computer-
generated technologies.*

Flapless Surgery and Multiple Unit Immedi-
ate Placement/Immediate Load Cases

Today’s implant technologies and sur-
face characteristics have dramatically shortened
the required time between implant placement
and implant loading. Immediate placement and
immediate loading of dental implants is now
commonly performed in many dental surgical
offices. In some cases, teeth can be extracted, an
implant can be immediately placed, and a tempo-
rary crown can be placed at the time of implant
insertion. Concepts of cross-arch stabilization of
implants and loading of multiple implant cases
have changed the way many dentists treatment-
plan cases. New technologies are available to
place single, multiple, or a full arch of implants
without making an incision or elevating a tissue
flap. Patients experience less surgical trauma,
pain, and swelling. Recovery time is reduced and
the ability to return to their normal lives is expe-
dited o7

Case 3: A 48-year-old male, following
multiple extractions in the mandible by another
practitioner. (Fig. 12) No socket-preservation
grafting was performed. The patient desired full
lower arch reconstruction with implants and an
immediate full arch restoration.
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Figure 12. Preoperative condition of a 48-year-old
male with multiple extractions in the mandible by
another practitioner. A. Preoperative panoramic
radiograph. Note the irregularities in the contours of
the lower ridge, B. Preoperative ridge.

The utilization of virtual implant treat-
ment planning allows the dentist to evaluate
the patient’s bony anatomy as it relates to the
planned restoration, and then plan the ideal
placement and position of a dental implant in
that clinical situation. (Fig. 13) Computer gener-
ated stereolithographic surgical guides are then
fabricated from these virtual treatment plans.
(Fig. 14) A dental laboratory then uses the sur-
gical guide, along with mounted patient models,
to fabricate temporary, and in some cases, final
restorations, prior to implant placement surgery.
(Figs. 14, 15) At the time of implant placement
surgery, the surgeon can use the surgical guide to
place the planned implants flaplessly, removing
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Figure 13. The virtual treatment plan for patient in Figure 12. A. Occlusal and B. left lateral views of the scan pros-
thesis for NobelProcera®/NobelGuide™ utilizing the patient’s existing well fitting denture. Note the gutta percha
reference points added to the denture as per the NobelGuide™ protocol, C. Occlusal and D. frontal views of the
virtual treatment plan (NobelProcera®) for eight implants in the mandible.

only a core of tissue at the planned implant sites. Figure 14. (Facing page) Surgical guides created for
(Fig. 16) Abutments are then immediately placed the patientin Figures 12 and 13. A.NobelGuide™ gen-
on the implants, and temporary, or in some cases, erated from the virtual treatment plan, B. Laboratory
final restorations are then inserted. (Figs. 17-18) placement of implant analogs in the NobelGuide™ ,
[Continued on Page 20] C. Laboratory addition of gingival mask material

around the implant analogs in the NobelGuide™ ,
D. Laboratory master cast created by pouring stone
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into the NodelGuide™ . Placement of QuickTemp™
multiple unit temporary abutments on the implant
analogs, E. Laboratory placement of white “pick up”
plastic sleeves on QuickTemp™ abutments, F. Labo-
ratory fabrication of provisional bridge metal frame-
work.
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T A ol

Figure 15. Provisional pfosthes-i"s_f.or patient in Figures 12-14. A. Laboratory, mounted models with lower provi-
sional wax-up, B. Laboratory provisional restoration fabricated prior to implant placement.

Figure 16. Surgical placement of the implants in patient in Figures 12-15. A. Clinically, implants in place through a
NobelGuide™ , B. Implants in place and QuickTemp™ abutments placed immediately, C. White “pick up” sleeves
in place on the QuickTemp™ abutments, D. Provisional restoration immediately placed at the time of implant
placement.
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Figure 17. Placement of provisional prosthesis in patient in Figures 12-16. A. Frontal view of laboratory provisional
prosthesis on models, B. Frontal view of provisional prosthesis try-in at time of surgery, no occlusal adjustment.
Note, bone reduction performed at the time of surgery, C. Left side occlusion with laboratory provisional prosthesis
in place, D. Left side view of provisional prosthesis try-in at the time of surgery. No occlusal adjustment, E. Right
side occlusion with laboratory provisional prosthesis in place, F. Right side view of provisional prosthesis try-in at
the time of surgery. No occlusal adjustment.
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Figure 18. Post-treatment results for patient in Figures 12-17. A. Provisional restorations in place six weeks after
implant placement, B. Provisional restorations in place on right and C. left sides six weeks after implant placement,
D. Immediate postoperative panorex showing implants and provisional restoration in place.
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Case 4: A 65-year-old female, with a bilateral partially edentulous mandible. Treatment planned for
implant placement with immediate loading. (Fig. 19)

Figure 19. Treatment planning for a 65-year-old female with a bilateral partially edentulous mandible. A. Pre-
operative panoramic radiograph, B. Mandibular scan prosthesis, C. Occlusal view of the virtual treatment plan,
NobelGuide™ , D. Model cut out posteriorly to show the implant analogs secured bilaterally in the NobelGuide™ ,
E. Provisional restoration with an internal titanium framework, fabricated prior to implant placement surgery.
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Figure 20. Surgical placement of implants for patient in Figure 19. A. Surgical guide in place and implants placed
(NobelGuide™ ), B. Implant abutments immediately placed, C. Right side view of immediate temporary restora-

tions, D. Left side view of immediate temporary restorations.

[Continued from page 14]

Depending on the clinical circumstances
and the dentist’s experience and comfort level,
these technologies can be used to place implants
as a two stage, a single stage with healing abut-
ments, or as an immediate placement/imme-
diate load case. (Figs. 20, 21) Implants can be
placed accurately with a tissue incision or flap-
lessly 613162223
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Complex Problems Following a Significant
Alteration of the Bony Anatomy

Previous surgical procedures, including
the placement of many different types of dental
implants (i.e. blade and subperiosteal implants)
can leave patients with challenging reconstruc-
tive bony defects. Other patients may have lost
bone, teeth and soft tissue as a result of traumatic
injuries. Bony defects of varying sizes can occur
as a result of benign or malignant pathology of
the jaws. Reconstructive surgical procedures to
treat benign and malignant diseases can leave
areas of abnormal bony anatomy and scarred soft
tissue.
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Figure 22. Maxillary buccal block bone graft. A. Clini-
cal view and B. CT scan image with virtual placement
of implants (NobelProcera®).

Figure 21. Postoperative results from patient in Fig-
ures 19 and 20. A. Immediate postoperative panoram-
ic radiograph, B. Final restorations in mandibular
right and C. left quadrant, four months after implants
placement.

Implant dentistry is moving away from the
days of “placing the implants where the bone is.”

Current technologies allow various soft tissue and Sinus lift grafts, block bone grafts, ridge split-
bone alteration procedures to prepare the planned ting, and alveolar distraction procedures, as well
implant site prior to placing dental implants. as large and small soft tissue and connective tis-
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sue grafts are a few of the procedures that are
routinely performed to prepare the recipient jaw
site prior to placing dental implants. (Fig. 22)

Case 5: A mandibular anterior trauma
patient. (Fig. 23) The patient underwent removal
of the superior 6 mm to 8 mm of the traumatized
irregular mandibular alveolar bone, followed by
a mandibular anterior alveolar distraction.

After healing, graft maturation, and set-
tling of graft materials, resultant bone and soft
tissue volumes can be unpredictable. Lateral
block-onlay grafts can resorb a portion of their
bone volume before implant placement.””? In
sinus-lift grafting, CT technology allows the
surgeon to predict the necessary volume of graft
material to augment the area to a desired bone
height.*® In alveolar distraction procedures, the
shape and width of the newly distracted bone
can be variable. Evaluating these areas with con-
ventional panoramic or periapical radiographs
is inadequate, but three-dimensional analysis
can allow a more adequate assessment. (Fig. 24)
[Continued on page 24]
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Figure 24. Treatment of patient in Figure 23.
A. (above) Cross-sectional image (NobelProcera®)
of planning of implant placement. Note the differ-
ences in buccal-lingual contour and density of the
distracted bone, B. (facing page) 3-D reformation
of alveolar distraction area with implants virtually
placed, C. Nobel-Guide™ in place with implants
inserted, D. Periapical radiograph after alveolar dis-
traction, implant placement, and restoration. Note the
normal pattern of bone surrounding implants, E. Final
restoration in place.

Figure 23. Mandibular anterior trauma patient. A. Periapical radiograph prior to injury, B. Part of a postoperative

panorex. Note fully activated mandibular anterior distractor.
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Case 6: A [9-year-old female who under-
went an iliac crest bone graft reconstruction
immediately after the excision of an ameloblas-
toma in the left posterior mandible. (Fig. 25)
Implant planning was with NobelProcera® soft-
ware and implant placement was with a Nobel-
Guide®. [Continued on page 25]

Figure 25. A 19-year-old female who underwent an iliac crest bone graft reconstruction immediately after the exci-
sion of an ameloblastoma. A. Preoperative panorex showing the ameloblastoma in her left posterior mandible, B. &
C. Preoperative CT scan viewed in Simplant® software revealing the dimensions of the tumor, D. Digitally recon-
structed panorex showing extent of tumor, E. Three-dimensional reconstruction showing the extent of the tumor,
F. Stereolithographic model (Medical Modeling®) fabricated from CT scan data with a mandibular reconstruction
plate (Stryker-Liebinger®).
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Figure 26. Treatment of patient in Figure 25 after
removal of ameloblastoma. A. Postoperative pan-
orex, prior to implant placement, iliac crest bone graft
reconstruction of left mandible, B. Preoperative virtu-
al implant treatment plan (NobelGuide™ ), C. Place-
ment of four implants, as per the virtual treat-
ment plan with the NobelGuide™ secured in place,
D. NobelGuide™ treatment plan of the left mandible,
E. Four implants in place according to virtual treat-
ment plan, F. Postoperative panorex, showing recon-
struction and implants in place.

G. Orentlicher, D. Goldsmith & A.Horowitz

These are both examples of ideal situ-
ations in which computer-guided implant sur-
gery should be used to evaluate and plan the
placement of dental implants. These technolo-
gies allow the implant surgeon to visualize and
evaluate a patient’s distorted anatomy (Fig. 26)
without making an incision or removing any soft
tissue or bone.” The doctor can then accurately
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and predictably place a patient’s dental implants
with a clear knowledge of the patient’s underly-
ing distorted bony anatomy. Additionally, dental
implants can be placed flaplessly, without mak-
ing an incision and removing the periosteal vas-
cularization from grafted areas.

Patients with Other Medical Comorbidities
(e.g., Radiation Therapy, Blood Dyscrasias).

Head and neck cancer patients are often
treated with pre- and postoperative radiation
therapy that can alter healing capacity. Research
and treatment protocols call for patients who
have received radiation therapy to undergo pre-
and postoperative courses of hyperbaric oxygen
therapy (HBO) to increase the vascularity of
the bone prior to implant placement.’!** Placing
implants with minimal flap elevation and soft-
and hard-tissue trauma reduces the likelihood of
osteoradionecrosis of the jaws in head and neck
cancer patients who received radiation thera-
py.*!** Bleeding, swelling, and alteration of bone
and soft tissue vascularization are minimized by
using these technologies.*

Minimizing bleeding, is also indicated
in patients with difficult medical management
issues, such as blood dyscrasias, anticoagula-
tion issues, or significant cardiovascular disease.
These conditions require specific medication
protocols that cannot be altered or adjusted prior
to surgery. Three-dimensional implant evaluation
and planning (Fig. 27), with CT-guided implant
placement allows the surgeon to precisely place
dental implants flaplessly, while minimizing soft
and hard tissue trauma. (Fig. 28)

SROMS
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Figure 27. A. Preoperative panorex, B. Virtual treat-
ment plan for the maxilla, C. Virtual treatment plan
for the mandible (NobelProcera®).
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Figure 28. A. Postoperative panorex with superim-
position of treatment planned implants, maxilla and
mandible, B. Final right side restoration, C. Final left
side restoration, D. Final panorex. Note failure of the
implant in the site of tooth #18.
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Medical Problems, Both Physical and Emo-
tional, That Might Limit the Amount of Time
a Patient Can Sit in a Dental Chair

Some patients have had bad experiences
in dental offices. Stress, anxiety, and phobias
can prevent these patients from tolerating proce-
dures that require long periods in a dental chair.
Orthopedic and spinal problems can also limit the
amount of time a patient can sit in a dental chair,
and wheelchair-bound patients pose another set
of logistical treatment problems. These patients
require extensive planning and preparation prior
to treatment in a dental or surgical office. Treat-
ment must be performed quickly and efficiently,
without compromising quality.

3-D computer-generated implant plan-
ning is ideally suited for utilization in this group
of patients with unusual management issues.
Most planning and anatomic issues that might be
encountered during surgery are visualized prior
to the patient sitting in the dental chair. By using
surgical guides, implants can be placed quickly
and predictably, thus minimizing the patient’s
stress, pain and surgical time in the dental chair.

CONCLUSIONS

Any case can be treatment planned virtu-
ally. We have used this technology to place sin-
gle, multiple or full arches of implants. Implants
can be buried (two stage), placed as a single stage
(healing abutments), or immediately loaded.
Implants can be placed after immediate extrac-
tions or with concurrent bone grafting proce-
dures. In essence, implants can be placed exactly
as we have always been placing them, but with
more precision and with less pain and swelling
for our patients.
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Both doctor and patient goals can be
accomplished accurately, predictably, safely,
comfortably, quickly, and with minimal stress
by treating our implant patients using CT-based
virtual three-dimensional implant planning and
placing implants through surgical guides. It is
our opinion that this technology is the future of
implant dentistry.

Gary Orentlicher, DMD graduated from
the University of Medicine and Dentistry of New
Jersey in 1982 and completed his residency in
oral and maxillofacial surgery at Long Island
Jewish Medical Center in 1986. He graduated
from dental school with six major awards in vari-
ous dental specialties. In 1984, while a resident,
he was the recipient of the prestigious Merck,
Sharpe & Dohme Resident Research Award. He
has authored many publications and has lectured
extensively, both nationally and internationally,
on subjects such as the evaluation and treatment
of patients with temporomandibular joint disor-
ders and dentofacial deformities, bone grafting
for dental implants, computer-guided implan-
tology, CT scan use in dental implantology, and
new dental implant innovations. He has given
numerous training courses for dental specialists
on CT-based dental implant software applica-
tions in implant dentistry, and new techniques
and technologies for the planning and placement
of dental implants. He has been involved with
3-D virtual treatment planning for dental implant
placement for over 13 years. Dr. Orentlicher is
a consultant to several implant and CT-based
software manufacturers for the development of
new technologies for computer implantology.
Dr. Orentlicher and Dr. Douglas Goldsmith were
the founders of Facial Imaging, LL.C, a northeast
U.S. company developed to provide 3-D imag-
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ing to dentists for implant dentistry. Dr. Orentli-
cher is currently Chief of Oral and Maxillofacial
Surgery at White Plains Hospital and Medical
Center. He is a Diplomate of the American Board
of Oral and Maxillofacial Surgery, a Fellow of
the American Association of Oral and Maxillo-
facial Surgeons, and a member of many regional
and national dental and oral and maxillofacial
surgery organizations. He is currently in the pri-
vate practice of oral and maxillofacial surgery in
Scarsdale N.Y.

Douglas Goldsmith, DDS, graduated from
the UCLA School of Dentistry in 1974 and com-
pleted his residency in oral and maxillofacial sur-
gery at Montefiore Medical Center in New York.
After his residency, he completed a fellowship
in the correction of dentofacial deformities at
John Peter Smith Hospital in Fort Worth, Texas.
He returned to Montefiore Medical Center in a
full time academic position in the Department of
Oral and Maxillofacial Surgery and was a mem-
ber of the Center for Cleft Palate and Cranio-
facial Anomalies for 20 years. He has lectured
nationally and internationally on topics such as
the correction of dentofacial deformities, facial
reconstruction, and implant dentistry. He has been
a featured speaker for numerous national dental
organizations. Dr. Goldsmith has published over
30 articles in the medical and dental literature and
co-authored chapters in 7 textbooks. He has been
involved with 3-D virtual treatment planning and
computer implantology for over 13 years. He is a
consultant to several implant and CT-based soft-
ware manufacturers for the development of new
technologies for computer implantology. He is
board certified in oral and maxillofacial surgery
and dental anesthesiology, and a Fellow of the
American Association of Oral and Maxillofacial
Surgeons. He is Chief Emeritus of the Depart-
ment of Oral and Maxillofacial Surgery at White
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Plains Hospital and Medical Center and is cur-
rently in the private practice of oral and maxil-
lofacial surgery in Scarsdale, N.Y.
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surgery. He has authored or co-authored a num-
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dental and oral and maxillofacial surgery litera-
ture. He is a Diplomate of the American Board
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