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clinicians who dedicate their daily activities for the care
of the patient.

My wife, Colleen, and daughters, Courtney and Celeste,
have encouraged me to spend time on this book. They are
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Foreword

At the end of our scalpel is the patient. If we treat our
patients the same way we would like to be treated, then
their care will be well thought out, based on evidence and
foundations of knowledge, prepared according to their sit-
uation, and orchestrated to the best of our ability. Often the
acquisition of new procedures can be difficult.

This edition includes multiple videos of the procedures
discussed in the text. Dentists perform mechanical tasks in
an artful manner on their patients. New methods can be
difficult to perform without seeing the actual procedure.
The editorial staff at Elsevier recognized this and suggested
that this edition include videos, which is constantly re-
quested by readers. Great idea.

This edition also includes significant updates on proce-
dures including immediate loading, immediate provision-
alization, the use of guided surgery methods (both model-
based and CT-generated), and the management of the
esthetic situation. Case examples are presented to provide
the reader with clinical scenarios that we all see on a daily
basis. These cases are not the rare ones, but the common
ones. Each has a variant, which makes the preoperative
evaluation and diagnosis critical to the development of
the optimal treatment plan. The reader should be able to
extrapolate these cases directly to their practice.

I have had the opportunity to provide continuing edu-
cation to many oral and maxillofacial surgeons, dental
specialists, and general dentists on implant-related proce-
dures. The quest for knowledge amongst dentists is very
strong. One of the most rewarding aspects of teaching and
translating knowledge to its reduction to practice is seen
with the residents in our Oral and Maxillofacial Surgery
Program. When I see the clinical accomplishments of
Dr. Michael Casadaban, Dr. Ronald Achong, Dr. Mark
Ryser, Dr. Clay Chandler, Dr. Tony Panossian, Dr. Chris
Haggerty, Dr. Daniel Cook, Dr. Waheed Mohamed,
Dr. David Bulot, Dr. Vernon Burke, and so many others, it
is easy to understand why this book is written.

The restorations in this book were placed by a
large group of great practitioners. They work side-by-side
with surgeons—for the team. Team New Orleans has
positively influenced the long term successful restoration
of our patients. On behalf of these patients, I would like
to thank you.

It is the hope that this book will provide all clinicians
with the knowledge base to move forward using the de-
scribed techniques to provide patient care that is the same
as they would want performed on themselves.

vii
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Preface

Understanding how to perform a surgical technique
often requires background reading, watching the proce-
dure being performed, doing the procedure under super-
vision, assessing the results, and then teaching the
method to others. The “see one, do one, teach one” saying
is used repetitively in all training programs. From a
book, the clinician can see moments in time from photo-
graph to photograph, but seeing the actual movement of
the periosteal elevator, the method of retraction, and the
angle of the cutting instruments, is a very important part
of the education when a clinician is learning to utilize a
new method.

The third edition of the Color Atlas of Dental Implant
Surgery has been written to include the critical advances in
the field and to provide videos for certain procedures as
they are performed on patients. Plus, as with the previous
editions, each chapter features step-by-step descriptions
that include diagnostic methods and algorithms for treat-
ment planning the esthetic case or the perceived difficult
case. The inclusion of such a wealth of information on sur-
gical procedures helps the clinician provide the patient
with the most chair-efficient therapy possible.

About the DVD
Videos

This new edition provides 14 videos of different surgical
procedures:

Video 2-1 Horizontal Ridge Augmentation Using the
Tunneling Technique

Video 2-2  Posterior Mandibular Vertical Augmentation
Using Interpositional Osteotomy

Video 3-1 Horizontal Ridge Augmentation Using Par-
ticulate Graft with a Membrane

Video 3-2 CT-Guided Maxillary Surgery

Video 4-1 Laser-Assisted Intraimplant Site Sinus Eleva-
tion Surgery

Video 4-2  Sinus Augmentation Using Bovine Morphoge-
netic Protein and Laser Assistance

Video 4-3 Placement of Implants into Augmented Sites
6 Months After Grafting with Bone Morpho-
genetic Protein

Video 6-1 Piezotome-Assisted Premolar Extraction with
Immediate Implant Placement

Video 6-2 Placement of Implant in Compromised Cen-
tral Incisor Site

Video 6-3 Extraction with Immediate Implant Place-
ment

Video 6-4 CT-Guided Surgery for Central Incisor with
Custom Healing Abutment

Video 7-1 CT-Guided Anterior Maxillary Surgery with
Immediate Provisionalization

Video 8-1 Palatal Approach for Implant Placement

Video 8-2 Anterior Maxillary Interpositional Osteotomy
for Vertical Ridge Augmentation

The video narratives, which appear in both the text and
on the DVD, are distinguished in the text by a specially-
designed box and icon:

Horizontal Ridge Augmentation

Using the Tunneling Technique

Video 2-1

Before watching the video, please read the following
narrative. The narrative describes in detail the proce-
dure performed in the video. It is recommended that
you read the narrative before watching the video and
then refer back to the narrative as needed.

A local anesthetic was infiltrated along the eden-
tulous ridge to the lateral aspect of the external
oblique ridge up to the posterior tooth. Care was
taken to limit periosteal hydropic dissection to the
desired location of the augmentation. Two carpules
of 2% lidocaine (Xylocaine) with 1:100,000 epineph-
rine were used. Ten minutes were allowed for ab-
sorption of the local solution and vasoconstriction to
occur.

The narrative for the procedure follows the actions be-
ing performed in the video, and you are encouraged to
read the narrative before watching the video. These videos
allow the clinician to stop and reassess any step in the

ix
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procedure multiple times in the comfort of their office or
home.

Image Collection

Over 450 additional photos appear as part of an image col-
lection on the DVD. These photos are referenced by an
icon that appears in the margin of the text, making it easy
to identify what topics feature additional photos. In some
instances, there will be additional photos to cases that are
presented in the book, whereas others will be cases that
appear only on the DVD.

New to the Third Edition

Digital Imaging

The use of digital methods to enhance treatment planning
and the orchestration of the treatment plan are balanced
with traditional analog procedures. For example, the use of
CT imaging to accurately assess bone volume and morphol-
ogy can be combined with model-based or computer-based
guided surgery. The use of digital imaging can provide
insight into the need for hard tissue augmentation or the
use of soft tissue connective tissue grafts to fully change the

thin gingiva patient to a thicker and more stable gingiva
patient with less gingival migration to preserve an ideal re-
sult long term. As we enter the next decade, all clinicians
have a familiarity with digital technology in order to use it
as an adjunct for treatment.

Refined Cutting Tools

Another addition to this edition are descriptions on how
to use refined cutting tools such as the piezotome and
water-cooled laser for bone and soft tissue procedures.
These refined cutting tools provide the patient with a gen-
tler and more precise treatment method to achieve the
needed result.

Resorbable Membranes

The use of long-lasting resorbable membranes combined
with bone graft substitutes, autogenous bone, and fibrin
glue has minimal morbidity and is a predictable technique
for ridge augmentation.

Enjoy the new book and its educational components.
Do not hesitate to contact me if you have questions.

Michael S. Block, DMD
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Chapter Outline

Placement of two to five implants in the
anterior mandible
General considerations
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examination of the patient
without teeth
Evaluation of anatomy—radiologic
examination of the patient
without teeth
Surgical treatment
Incision design considerations
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Vestibular incision and dissection
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mandible
Exposure and the need for secondary soft
tissue surgery
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mandible
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restorations

Chapter
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to implants
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Step-by-step method
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Preoperative laboratory procedures
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Immediate provisionalization in a patient with teeth
using CT guidance
Step 1: Determination of the final esthetic
and functional tooth setup
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for surgery
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prosthesis
Step 5: Scheduling of day of surgery and ordering
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Step 6: Day of surgery and immediate
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Immediate loading with the final restoration
Use of a prefabricated segmented bar and precision
attachments
Preoperative laboratory procedures
Surgical technique
Indexing the bar
CT-generated final mandibular prosthesis
General methods for CT-generated immediate
loading of the mandible
CT scanning protocol
Preoperative process and surgical technique
Discussion












© FIGURE 1-2 D, Patient has suffered a stroke and has had
difficulty with oral hygiene. However, even with the pres-
ence of plaque, protection from the retained KG prevents
adverse bone loss.

4. Position of the genial tubercles in relation to the

alveolar crest

5. Inclination of the lingual and labial cortical plates

of bone

6. Skeletal relationship of the anterior mandible to the

maxilla

Based on these findings and the height of the mandible,
the surgeon decides which incision to use to expose the bone
and subsequently to place implants into the edentulous
mandible.

If the attachment of the mentalis muscle is 3 mm or
more labial to the location of the attached gingiva on the
alveolar crest, a crestal incision can be used (Figure 1-3,
A-F). If the mentalis muscle is located adjacent to the
alveolar crest, which would result in mobile, unattached

© FIGURE 1-3 A, Implant placement for a tissue-borne
overdenture is demonstrated in a mandible 12 mm tall. The
lip musculature is more than 5 mm from the crest.

Surgery of the Anterior Mandible Chapter 1 7

gingiva directly against the implant abutment when
restored, a vestibular incision is used. A type of lipswitch
vestibuloplasty is performed to reposition the muscle
attachments inferiorly, resulting in nonmobile tissue on the
labial surface of the implant abutment complex.

When the mandible is 12 mm or less in height,
an incision placed labial to the thin band of KG allows
for easier dissection. However, it cannot be accompanied
by a lipswitch vestibuloplasty, because displacement of
the mentalis musculature in an atrophic mandible
results in a drooping, “witchlike” chin deformity. For the
atrophic mandible with 8 to 12 mm of vertical bone
height, the locations of the incisions and implants and

© FIGURE 1-3 B, Incision is made bisecting the KG. The
subperiosteal reflection reveals the facial border of the crest
and exposes the lingual bone. The expected presence of
the genial tubercles is noted. The anterior position of the
mental foramen is demonstrated on the left.

©FIGURE 1-3 C, Round bur is used, followed by a 1.25-mm
pilot drill. Parallel pins are placed to facilitate parallel
placement of the implants. Parallel guide pins are used to
guide the drilling as the diameter of the drills increases.
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® FIGURE 1-3 D, After the final-diameter drill is used,
a thread-former is used to create threads in the bone
for placement of hydroxylapatite (HA)-coated, threaded
implants.

©® FIGURE 1-3 F Incision is closed with resorbable sutures
using a horizontal mattress suturing technique.

the location of the incision for second-stage surgery are
critical for successful restoration. The incision for place-
ment should be made in such a way as to avoid loss of KG.
Therefore, an incision placed at the anterior border of the
mandibular alveolar crest, typically labial to the KG,
allows for adequate dissection. Often in the patient with
an atrophic mandible, the thin band of KG is positioned
lingually. Attempts to enlarge the band of attached KG
have not been greatly successful, because the lip muscles
tend to displace the graft from the host bed. The implants
must be placed slightly lingual to the crest of the ridge,
thus lingual to the attachment of the muscles. If they
are flared toward the labial, chronic irritation from
the labially flared implants will be a constant source of

© FIGURE 1-3 E, Implants before placement of the cover
screws. The implants are placed such that the most facial
surface of the implant is slightly lingual to the crestal
bone. In an atrophic mandible, this prevents excessive lip
irritation from unattached tissue.

soreness and will result in an unhappy patient. At the
time of exposure, the thin band of KG should be bisected
and transposed labially, resulting in KG along the labial
surface of the abutments.

For mandibles with a vertical bone height greater than
12 mm, the incision for placement may be made either on
the crest or in the vestibule, depending on the location
of the muscle attachments. An incision bisecting the KG
allows the surgeon the luxury of knowing that the KG will
remain on the labial surface of the implant abutment if the
incision breaks down prematurely. Premature breakdown
of the incision can occur for several reasons, including
excessive pressure from the removable prosthesis; a supra-
crestal profile of the implant with the cover screw in place;
surgical trauma to the tissues; or poor tissue quality and
poor healing. If the alveolar crest is thin, with the band of
KG over the thin portion of the crest, bisecting the KG may
make dissection of the flaps difficult, because the gingiva
will be thin over the thin crest. Careful planning of the
incisions and technical dissection without trauma promote
long-term gingival health.

A local anesthetic, typically 1% or 2% lidocaine
(Xylocaine) with 1:100,000 epinephrine, is infiltrated into
the labial and lingual tissues. Infiltration includes the
labial aspect of the inferior border of the mandible, the
lingual cortical plate (to anesthetize branches of the mylo-
hyoid nerves), and along the crest. Infiltration anesthesia
on the crest creates a hydropic dissection, which aids in
the subperiosteal dissection. Bilateral inferior alveolar
nerve blocks are not necessary.
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ensure that all implants exit the crest at the same vertical
level. Some canine teeth may be larger than the diameter
of the implant; in these cases, the bone may have to be re-
duced, a larger-diameter implant may need to be placed, or
defects between the implant and the remaining bone may
need to be grafted. Reducing the bone with rongeur forceps
is a simple method of dealing with this problem. The im-
plants also may need to be countersunk an additional 1 to
2 mm because of expected crestal bone loss from normal
remodeling of the extraction site (Figure 1-8, A-K).

© FIGURE 1-8 A, Treatment for this patient includes a four-
implant, bar-retained denture. Because the teeth have sec-
ondary decay below the crest, the plan includes their extrac-
tion and simultaneous placement of four implants in a
one-stage approach. The preoperative panoramic radiograph
shows sufficient bone for 15-mm implants.

©® FIGURE 1-8 B, Crestal incision is made, and the teeth
are extracted. Because of the size of the root and the large
defects after the extraction, four implants are placed, avoid-
ing the extraction sites. Bone removed from the drills is
placed into the extraction sites. One-stage implant systems
are placed to allow for closure around the implants without
covering them.

© FIGURE 1-8 D, After healing, the prosthetic abutments
are placed. Excellent soft tissue contours are shown.

© FIGURE 1-8 E, Impression is made, and the implants are
transferred to a master cast. The planned tooth setup is
used to wax the bar, avoiding encroachment of denture
space. The bar then is fabricated on the model.



Surgery of the Anterior Mandible Chapter 1 17

FIGURE 1-8 E, Bar is tried in the mouth and, if necessary,

cut and soldered to ensure a passive fit. A titanium CAD/
CAM milled bar can also be used. FIGURE 1-8 G, Denture is completed with clips placed

to engage the bar.

FIGURE 1-8 H, Mandibular prosthesis in the mouth and FIGURE 1-8 I, Spark erosion bar for the maxillary
the occlusion are shown. prosthesis.

FIGURE 1-8 J, Maxillary prosthesis in place with the FIGURE 1-8 K, Final panoramic radiograph. (Prosthetics
clips engaging the bar. by Dr. Israel Finger.)
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© FIGURE 1-10 D, Bone is harvested from the iliac crest,
and the autogenous cancellous bone is combined with
particulate HA as a graft expander.

© FIGURE 1-10 E, Bone is placed into the defects and then
covered with a titanium-reinforced membrane of expanded
polytetrafluoroethylene. The membrane is retained with
small screws.

® FIGURE 1-10 E After 5 months, an incision is made to
expose the membrane. The screws are removed, and the
membrane is elevated and removed, exposing a new ridge
that is “bone hard”

© FIGURE 1-10 H, Bar is fabricated after the implants have
integrated. (Prosthetics by Dr. Luis Guerra.)

© FIGURE 1-10 G, Two implants are placed.

clinicians believe that the patient with an intact, natural
opposing occlusion may place more force on the mandible
than a patient with opposing dentures. Therefore, for a
patient with an opposing natural dentition, clinicians may
be more prone to perform bone grafting in the atrophic
mandible. However, the rationale is anecdotal and not well
studied in clinical trials.

Most clinicians use iliac crest corticocancellous blocks
to augment the anterior mandible. The procedure can be
performed either through an intraoral incision or through
an extraoral incision, depending on the clinician’s prefer-
ence. Placement of implants at the time of bone graft
placement is also clinician dependent and offers several
advantages: (1) the patient’s time to restoration is short-
ened; (2) the graft can be secured to the mandible with
threaded implants; and (3) the shorter time to functional
loading may prevent graft resorption. The disadvantages
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©® FIGURE 1-14 D, Incision is made in the sulcus of the
teeth, and an envelope flap is raised full thickness. The
teeth are removed, and the sharp edges of the crestal bone
are removed before the implant sites are prepared.

© FIGURE 1-14 E, Surgical template is placed over the
crest, and the implant sites are prepared. A bone trap/sieve
has been placed in the suction line to capture bone
removed during preparation of the implant sites.

© FIGURE 1-14 F, Implants in position. The bone defects
are grafted with bone captured from the sieve.

© FIGURE 1-14 G, Defects have been grafted and the
driving mounts removed. Copings are placed and hand-
tightened to the implants with screws.

©® FIGURE 1-14 H, Incision is closed with sutures that
return the KG to the labial and lingual aspects of the
abutments.

© FIGURE 1-14 I, Preoperative preparation includes a
diagnostic setup, which takes into consideration the final
positioning of the maxillary teeth. A hollow-shell, tempo-
rary fixed prosthesis is fabricated and relined at surgery.



© FIGURE 1-14 J, Occlusion for the temporary prosthesis
is kept level to match the opposing removable prosthesis.

© FIGURE 1-14 L, Postoperative view showing the angula-
tion of the implants.

Surgery of the Anterior Mandible Chapter1 | 33

© FIGURE 1-14 K, After relining with resin, the tempo-
rary fixed restoration is positioned over the copings placed
on the implants by the surgeon.

© FIGURE 1-14 M, Final prosthesis is a hybrid type that is
screw retained to the implants. Final impressions were
taken 4 months after placement of the implants. The
patient did not have a temporary removable prosthesis
from the time of implant placement to final restoration.

© FIGURE 1-14 N, Occlusal view shows the position of
the implants. The implants could not have been placed in
correct position without the surgical guide.
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FIGURE 1-15 A, Patient desires immediate replacement
of his teeth with an implant-supported restoration. Because
his prosthetic plan includes a fixed ceramic restoration that
is cemented or screw retained, the decision was made to
place a similar prosthesis as an immediate temporary.

FIGURE 1-15 B, CT cone beam scan was obtained,
and CT planning software was used to plan the implant
positions, choose implant lengths, and predetermine the
location of the implants on casts. This three-dimensional
virtual image shows the planned implant positions in
relation to the teeth to be removed.

FIGURE 1-15 C, Cross-sectional image shows one of the
implants in its virtual position. Note that CT planning
allows the team to choose the ideal implant sizes and to
relate them to avoid vital structures, such as the inferior
alveolar nerve, which is seen in orange.

FIGURE 1-15 D, Panoramic image on the CT planning
software (Materialise, Belgium). Note the locations and
lengths of the implants.

the need to redo it. A technique that provides the patient
with an immediate, fixed, full-arch restoration uses the
patient’s old denture and a relatively efficient restorative
technique; this allows the patient and the dentist time to
decide on the final prosthesis. This method also gives the
patient a provisional restoration, which can be used to
determine the final occlusal scheme and the patient’s
hygiene level (Figure 1-16, A-W).

For the patient to receive an immediate, provisional
fixed restoration in the form of a hybrid prosthesis, the
interocclusal space must be sufficient for the supporting
framework and the teeth. Therefore, the clinician needs




FIGURE 1-15 E, Location of the mental foramen is
marked on a cast, and implant analogs are placed to match
the plan illustrated in Figure 1-15, D. Implant abutments
are then placed and prepared lightly.

FIGURE 1-15 G, Fixed provisional prosthesis is ready for
implant placement. Adjustment and relining are expected
after the implants have been placed.

12 to 15 mm from the mandibular crestal bone to the
incisal edges of the opposing occlusion. If extraction of
teeth is required to prepare for implant placement or if
immediate placement after extraction of the teeth is
planned, an alveoloplasty should be performed to provide
sufficient interocclusal space for the abutments; the bar
(typically 3 to 5 mm tall); and the resin, which should be
thick enough to maintain the connection of the teeth.
After the implants have been placed, holes are drilled
through and through the patient’s denture to lute the
prosthesis to the implant’s temporary cylinders. If the
denture has a typical thickness, it most likely will break
into two pieces when the holes are drilled in the implant

Surgery of the Anterior Mandible Chapter 1 35

FIGURE 1-15 F Full-arch, one-piece provisional prosthe-
sis is made on these models. Preoperative planning facilitates
patient treatment and reduces chair time.

FIGURE 1-15 H, Drill guide stent is made, using small
brass tubes to guide the surgeon. Another option is the use
of CT guide tubes placed over the abutments.

locations. Therefore, the restorative dentist needs to
thicken the denture preoperatively in the labial-lingual
dimension.

For the surgical guide, the dentist should duplicate the
denture in clear acrylic. The implants must be placed lin-
gual to the anterior dentition and within the confines of
the premolar teeth, avoiding excessive labial angulation.
The only way the surgeon placing the implants can under-
stand the planned position of the teeth completely is to use
a surgical duplicate of the planned restoration as a surgical
guide. These two steps—thickening of the denture and
fabrication of the drill guide—are essential for proper
patient care.






© FIGURE 1-16 B, Crestal incision is made, bisecting the
thin band of KG, and the implant sites then are prepared.
The surgical guide stent is used to confirm that the
implants are placed slightly lingual to the planned incisive
edge of the final prosthesis.

© FIGURE 1-16 D, Abutments are tightened to the implants
with a torque driver to 20 N-Cm of force. The gingival collar
height is 4 mm in this case, which places the shoulder of the
implant supragingivally to allow for ease of prosthetics and
hygiene. The abutments do not need to engage the antirota-
tion feature of the implants, because they will be secured to
each other through the prosthesis.

© FIGURE 1-16 F, Telescopic copings are placed on the
abutments, and a rubber dam is placed around the abut-
ments. A material such as “wax of fit checker” is placed into
the intaglio surface of the denture to mark the locations of
the implants.

Surgery of the Anterior Mandible Chapter 1 @

© FIGURE 1-16 C, Implants have been placed level with
the bone with at least 3 mm between the implant bodies to
allow for adequate hygiene.

©® FIGURE 1-16 E, After the abutments have been secured
to the implants, the gingiva is approximated to the abut-
ments. Typically, a resorbable suture material (e.g., chromic,
size 4-0) on a tapered needle is used. After the incisions
have been closed, a long-acting local anesthetic is infil-
trated, and the patient is escorted to the restorative dentist’s
office for the prosthetic portion of the procedure.

© FIGURE 1-16 G, In many cases, acrylic should be added
to the patient’s denture to increase the width before a chan-
nel is cut or holes are drilled through it. After the locations
of the implants have been identified on the prosthesis, a
channel is cut or holes are drilled in the denture. An example
of a channel cut into the reinforced denture is shown.
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FIGURE 1-16 H, Example of holes drilled in the den-
ture. The intaglio aspect is relieved distal to the implants,
approximately 10 mm for the distal extensions.

FIGURE 1-16 J, Denture is placed to ensure a passive fit
and a stable fit on the residual ridges and to make certain
that the occlusion is appropriate and reproducible and the
device does not rock in the mouth.

planned treatment, a surgical guide stent must be fabri-
cated through duplication of the patient’s existing denture
in clear acrylic resin. An alternative is to fabricate the sur-
gical guide stent in clear acrylic resin from the wax try-in
or a provisional denture. The stent should be prepared by
drilling a slot lingual to the teeth to form a channel from
first premolar to first premolar, indicating where four or
five implants should be positioned to prevent screw
emergence from the labial surfaces of the teeth. The screws
securing the hybrid prosthesis should emerge lingual to
the incisive edge of the teeth or within the fossae of the
premolar teeth.

FIGURE 1-16 I, Occlusal aspect demonstrates the ratio-
nale for adding resin to the denture. Without the added
resin, the denture likely will fracture.

FIGURE 1-16 K, Distal extension is placed over the dis-
tal implants and secured to the telescopic coping with
resin. This extension prevents fracture of the distal cantile-
ver of the provisional hybrid prosthesis.

Another option is to use a CT scan to fabricate the
surgical guide. This requires a duplicated denture with
radiopaque markers to allow for accurate placement of
the implants into the CT scan based on planned teeth
positions. From the CT plan, the file is transmitted elec-
tronically to the manufacturer, which then fabricates
a drill guide. This can allow for flapless surgery, but it
also increases the cost and the patient’s pretreatment
time. The benefits of CT planning with prototype stents
include complete knowledge of the bone morphology
before surgery; use of a flapless surgical technique, which
shortens the surgical time and reduces postoperative
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© FIGURE 1-16 P, Four months after placement of the
provisional hybrid, the patient is ready for fabrication of
the final prosthesis. Note the excellent oral hygiene and
health of the preserved keratinized gingiva.

® FIGURE 1-16 R, Model will be used to fabricate an
implant-borne verification index. When computer-assisted
design and manufacture (CAD CAM) is used, the use of
titanium milled frameworks is critical to the creation of a

perfect impression. Because of normal impression error, a
verification index is required.

with the bone, and the gingival collar of the abutments
should be long enough (at least 3 mm and more often
4 mm) to allow supragingival location of the abutment to
the framework. The implants need not be countersunk.
Because the abutments should be placed passively, counter-
sinking may create a problem with bone interference.
Teeth are extracted if present. Sharp edges of bone are
removed as necessary. An alveoloplasty is performed to
create a smooth shelf of bone. It is important to place
the implants in secure bone, and a minimum of 20 N-Cm

© FIGURE 1-16 Q, Provisional hybrid restoration is re-
moved, leaving the abutments in place. An abutment-level
impression is taken.

® FIGURE 1-16 S, Verification index in the mouth. Areas
between the implants have been cut and connected using
high-accuracy resin. The index is used to fabricate the
milled, one-piece titanium framework.

of torque is required to drive the implants into position.
If used, a radiofrequency index of greater than 60 is
recommended.

The implant sites are marked on the ridge in a manner
similar to that described earlier for the placement of five
implants in the anterior mandible. With the help of the
surgical guide, the first implant site is prepared. A guide in
is placed into the site to confirm proper implant position
within the channel as made in the surgical guide. Subse-
quent implant sites are prepared, and the orientation of
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® FIGURE 1-16 T, Titanium framework is created in the
laboratory using CAD CAM technology and milling. The
framework is tried in place to verify fit. Usually a try-in of
this stage is not necessary.

© FIGURE 1-16 U, Intaglio surface of the final prosthesis
is smooth and low profile. This highly polished surface will
not collect food debris.

©® FIGURE 1-16 V, Titanium milled framework allows drill-
ing of small access holes for final screw retention. Note the
position of the implants as determined by the initial drill
guide.

the implants is confirmed with the use of the stent. It is
imperative to place the implants perfectly. If an implant is
placed too far labial, the prosthetic problems are enor-
mous, and the case is compromised.

Each implant should be 7 to 8 mm apart from the center
of the adjacent implants and placed level with the bone.
The implants should be level with each other to prevent
difficulty with prostheses. In dense bone, a thread-former
can be used to create threads, allowing the implants to be
placed without excessive compressive forces. In the author’s
experience, this does not compromise an immediately
loaded case in the anterior mandible.

© FIGURE 1-16 W, Final prosthesis in position. Note the
easy access for hygiene. This patient had posterior implants
placed and restored at a later time to provide molar occlu-
sion. (Prosthetics by Dr. Israel Finger and Dr. Paulino Castellon).

After the implants have been placed, the abutments are
positioned and the screws are torqued to 20 N-Cm for pri-
mary stability. The screws must not be overtorqued, or they
will strip, fracture, or deform. The abutment should be
placed so that the interface is 2 mm above the level of the
gingiva. The gingival collar height on the most frequently
used abutments is 3 or 4 mm. It is important to use the
correct abutment placement tool and to avoid scratching
the abutments; this can be accomplished by using needle
holders or other clamping instruments. The gingiva is
closed with 4-0 resorbable, chromic suture using a tapered
needle. Interrupted or horizontal mattress sutures allow for


















FIGURE 1-17 Q, As can be seen in this occlusal view, the
axis of the implants is slightly lingual to the teeth and close
to the fossae of the premolar teeth in the denture. Use of
the CT guidance procedure allows planning to determine
the proper depth, the amount of bone that had to be
removed to achieve ridge width, the spacing of the implants,
and the orientation required to allow the implants to emerge
slightly lingual to the teeth. Without the guide stent, accu-
rate location of implants in the face of such a large ridge
reduction would have been more difficult.

FIGURE 1-17 R, Cross-sectional view obtained after im-
plant placement shows the 15-mm implant placed within
the confines of the bone of the mandible.
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FIGURE 1-17 S, Axial view reconstructed from the cone
beam scan shows the symmetric and evenly distributed
implant positions.

FIGURE 1-17 T, Postoperative panoramic image from
the cone beam scan shows the implants engaging the
inferior border of the mandible as planned.

FIGURE 1-17 U, Frontal view taken 3 weeks after surgery
shows that the gingiva has healed with sufficient space to
allow patient access for hygiene.
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FIGURE 1-18 E, CT scan is taken with the duplicated
denture in the mouth, and then a second CT scan is taken
of the duplicated denture by itself. The CT data are trans-
ferred by compact disc (CD) to a computer and processed FIGURE 1-18 F, Denture is reconstructed by the com-
using software provided by Nobel Biocare (Goteborg,
Sweden). Here, the three-dimensional reconstruction of
the mandible is shown. Implants are placed in the mandible
using the software.

puter and placed over the bone to direct the placement and
angulation of the implants so that they emerge appropri-
ately.

FIGURE 1-18 G, Three-dimensional reconstruction de- FIGURE 1-18 H, Computer reconstruction showing the
picting the implants on the crest of the bone in correct implants and their relationship to the prosthesis, with
position. the bone removed. The angulation and parallelism of the

implants can be confirmed easily from these views.



FIGURE 1-18 I, Cross section of the mandible with the
implant and abutment in place and the outline of the pros-
thesis present. The computer program allows all parts to be
located before surgery.

FIGURE 1-18 K, Surgical drills required to place the
implants. From the left, A 1.5-mm-diameter drill for the
pins that secure the surgical guide to the jaw, a drill for
removing the gingiva over the implant sites, and a series of
twist drills for preparing the implant site. Lines on these
drills provide depth reference for the surgeon, taking into
account the length of the tubes in the surgical guide stent.
A fixation pin is lying horizontally.

surgical guide to the jaw. One implant site is prepared,
and the implant is placed. The driver mount is removed
and replaced with an expandable part that secures the
guide to the implant and jaw, further stabilizing the surgi-
cal guide. The implant is secured to the surgical guide
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FIGURE 1-18 ], After virtual planning is completed, the
plan is uploaded to the company, and the surgical guide
stent is fabricated. Specific guide tubes are placed, which
aid the surgeon in placing the implants.

FIGURE 1-18 L, After administration of a local anes-
thetic into the planned implant sites, the surgical guide is
placed with the bite registration made in the laboratory.
Osseous pins are placed to secure the guide to the jaw.

with a special mount, providing additional retention of
the surgical guide to the jaw. When the implant sites are
prepared, a specific sequence of drill guides is used to
provide accurate hole preparation. It is important to fol-
low the sequence of drills and guides meticulously to
position the implants properly.

After the first implant has been secured to the surgical
guide, a second implant is placed and secured to the guide
with a special mount. The remaining implant sites then are
prepared, and the implants are placed.
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FIGURE 1-18 M, Gingival removal drill is used to re-
move the gingiva in the implant site.

FIGURE 1-18 O, Surgical guide stent is removed, allow-
ing visualization of the implant sites. Excess soft tissue can
be removed, if necessary, to allow passive seating of the
prosthesis.

While the final implants are placed, the restorative den-
tist places the abutments into the final prosthesis in prepa-
ration for placing the final prosthesis immediately after
removal of the surgical guide stent. It is important to place
the prosthesis and abutments promptly to prevent soft
tissue collapse.

The surgeon loosens the retaining screws from the im-
plant mounts, and the surgical guide is removed. The implant
sites are irrigated, and soft tissue is removed as necessary to
facilitate abutment seating. The prosthesis with abutments is

FIGURE 1-18 N, Implants are placed according to the
manufacturer’s protocol. After all the implants have been
placed, the driving mounts are removed. Here, the implant
is shown under the tube in the surgical guide stent.

FIGURE 1-18 P, Abutments are placed into the final pros-
thesis.

FIGURE 1-18 Q, Occlusal view showing the excellent
symmetry of the implants, the result of the computer plan-
ning process.
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FIGURE 1-18 R, Intaglio surface of the prosthesis is FIGURE 1-18 S, Prosthesis is delivered and secured with
milled titanium. The surface near the soft tissue is smooth screws. The occlusion is adjusted if necessary. This photo-
and can easily be cleaned by the patient.

graph was taken within 1 hour after implant placement.
The prosthesis is a hybrid type, totally implant borne, that
provides the patient with excellent function within hours
of surgery. (Prosthetics by Dr. Paulino Castellon.)
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Often the patient has been wearing a removable prosthe-
sis, either as a temporary or a long-term device. If the occlu-
sion is adequate and the teeth approximate the planned
anatomic form for the prosthesis, the removable prosthesis
can be used as a template for the stent. Two impressions are
taken, one with and one without the removable prosthesis
in the mouth. A thin, plastic vacuform is made over the
stone model of the prosthesis in the mouth. It is removed
and trimmed to fit onto the entire remaining dentition. The
locations of the implants are identified by removing a por-
tion of the stent to allow direct visualization for placement
of the implants within the corpus of the teeth, not in the
embrasures. If the clinician requires a more rigid stent,
acrylic can be placed into the hollow cavities of the teeth, as
shown in Figure 2-2 and Figure 2-3, A-D.

Diagnostic models can be mounted on an anatomic
articulator, and teeth can be set or waxed on the models.
An acrylic copy of the teeth with an acrylic overlay of the
remaining dentition then can be made in the laboratory.
The implant locations can be determined, and pilot holes
can be made through the acrylic. A thin, clear vacuform
also can be made over the model, allowing visualization
of the location of the teeth and their orientation to the
residual mandible.

If the clinician has doubts about the location of the bone
in relation to the fossae of the mandibular teeth, CT can be
used. With CT, a radiopaque set of teeth can be created in
the stent by filling the teeth locations of the clear vacuform
with clear resin combined with barium sulfate (30%
by weight). If 30% or greater barium sulfate is used, the
tooth form will be chalky; if less than 20% is used, the tooth
form will lose some of its radiopaque properties. With the

FIGURE 2-2 Occlusal view shows how a surgical stent
helps the surgeon place the implants in the ideal location.
The surgeon centers the implants within the confines of the
teeth and avoids the embrasure spaces.
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FIGURE 2-3 A, After the restorative dentist has made
the final preprosthetic plan on models, a surgical stent is
fabricated. A stone model is made from the model with the
planned or denture teeth waxed in place. An acrylic copy is
made of the planned teeth, with the acrylic or vacuform
covering the anterior teeth for stability of the stent during
surgery. A round bur is used to drill a hole through the
stent into the stone cast. After the path of the round bur has
been confirmed as ideal, a wider bur (typically the last bur
in the drilling sequence) is used to create a precise hole in
the stent.

FIGURE 2-3 B, After the hole has been cleaned of acrylic
spurs, the occlusal height of the stent is reduced to allow
the bur to engage bone. The stent should be approximately
3 mm thick to allow the hole to be used in a precise

manner.
























©®FIGURE2-6 D, Temporary or final abutments are placed,
depending on the clinician’s preference. The gingiva is
sutured to approximate the KG around the abutments. To
preserve the KG, trimming or other procedures that would
reduce the width of the KG are not performed.

anesthesia does not block nerve impulses from the inferior
alveolar nerve in the canal. Consequently, if the surgeon
drills close to the nerve, the patient will feel the drill, as well
as heat- or vibration-induced pain, and alert the surgeon,
preventing inadvertent trauma to this sensory nerve.

The specific locations for entry of the implants are
marked with the surgical guide stent in place (Figure 2-7,
A-F). These marks often are made with a round bur. The
stent is removed, and the locations of the drill sites are
examined. The center of the implant site should allow the
body of the implant to be at least 2 mm from the natural
tooth. The surgeon should note the angulation of the roots
of the adjacent teeth to avoid apical trauma to the natural
tooth. A space of 3 mm should be maintained between the
implants to allow for ideal emergence of the crowns from
the implants, maintenance of bone between the implants,
and adequate healing of the bone to the implant. If the
implants are placed too closely together, problems can de-
velop, including difficulty placing the transfer copings and
prosthetic abutments, difficulty creating an appropriate
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© FIGURE 2-7 A, Occlusal view of a 54-year-old woman
who wanted implant-borne, fixed restorations to replace
her removable partial denture. She had orthodontic treat-
ment to align her teeth before the implants were placed.

©® FIGURE 2-7 B, Planned restoration is created in the
laboratory. A surgical stent is made to help place the im-
plants accurately.

hygienic embrasure space, and crestal bone loss from inad-
equate bone adjacent to the implant.

The round bur is used first, followed by the pilot drill.
Most implant systems have a graduating-sized drill set. The
pilot bur is taken to the expected depth of the implant cho-
sen for placement. The surgeon acknowledges patient com-
fort and lack of excessive bleeding from the drill site to
confirm further that the drill is superior to the inferior
alveolar canal. The drills are angled within the surgical
stent to locate the implants opposite the working cusp of
the opposite arch or, for cemented restorations, under the
working cusp of the mandibular teeth. These positions are
important, because they locate the implants in the correct
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© FIGURE 2-7 C, Use of a pilot drill and the surgical stent.
The drill is within the confines of the labial tooth form.

© FIGURE 2-7 E, Close-up view shows the implants in
relation to the stent for the left side. Placement of the
implant in the ideal orientation for the restorative
dentist results in a simpler prosthetic phase and long-term
success.

© FIGURE 2-7 D, All implants have been placed. Their
position was dictated by the stent. The implants in the right
posterior mandible have been placed to ensure that the
centers of the implants are lined up with the fossae of the
planned restoration. The incision bisects the KG, which is
lingual to the final positioning of the implants.

© FIGURE 2-7 F, Final restoration. (Prosthetics by Dr. Richard
Gruner.)

restorable location for the mandibular dentition. Parallel or
guide pins are used to verify correct angulation. These pins
are placed into the pilot hole. The patient is instructed to
close very slowly to bring the parallel pin close to but not
in contact with the maxillary teeth. The pin should be
angled to meet the working cusps of the opposite arch,
which are the maxillary palatal cusps. Once this relation-
ship has been verified, the drilling sequence can be contin-
ued. If angulation changes are necessary, the next-sized
drills can be used to correct the angulation. This simple
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© FIGURE 2-9 F, Graft is trimmed to mortise in position
without movement at the host site. A screw is placed to
hold the graft firmly in position.

© FIGURE 2-9 G, Same site as in Figure 2-9, E shown
4 montbhs later but before placement of the implants.

® FIGURE 2-9 H, Crestal incision and full-thickness re-
flection have been performed, exposing the graft. The
screw is removed.

Patients who have lost their teeth for other reasons, such as
periodontal disease or chronic endodontic problems with
exudate, may have thin ridges and vertical ridge deficiency.
Ridges 4 to 6 mm wide are marginal for implant placement,
but they usually are sufficiently wide to allow placement of
the implant with simultaneous labial grafting, as described
previously and illustrated in the figures.

Patients with thin ridges may have lost all or some of
their posterior teeth. They may have an intact anterior
dentition that has been used to support a removable par-
tial denture. For the patient who is missing molars and
perhaps premolars, the following restorative options may
be considered:

1. New removable partial denture to improve comfort

and function

2. Extraction of remaining anterior teeth and placement

of five implants for an implant-supported prosthesis

© FIGURE 2-9 I, Two implants are placed.

3. Bilateral placement of two or three implants in the
edentulous posterior quadrants for a fixed prosthesis

The cost of performing a bone graft to restore the thin
or vertically deficient ridge and the placement of six im-
plants for the bilateral edentulous situation often is greater
and potentially less effective than the second option listed.
For patients who will not entertain losing their anterior
teeth and in the unilateral situation, grafting a thin alveolar
ridge is an excellent option. However, clinical outcomes
from long-term prospective studies on the performance of
cortical grafts to the posterior mandible are lacking.

Treatment planning for the patient receiving an onlay
bone graft, which includes a diagnostic setup of the planned
restoration, is the same as that for any patient receiving an
implant. This diagnostic setup includes diagnostic models
and several preoperative visits with the restorative dentist.
In selected patients, the removable partial denture can be
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©® FIGURE 2-10 C, Left side of mandible after 4 months of
healing. A small piece of bone sequestered from the most
posterior portion of the graft at 3 weeks after surgery, with
rapid closure of the mucosa.

il

© FIGURE 2-10 D, Graft is exposed by a crestal incision
after 4 months, and one implant is placed. The treatment
plan includes attachment of the posterior restoration to the
anterior natural tooth.

© FIGURE 2-10 E, Hydroxylapatite particles are used to
graft the bone defects.

is unquestionably greater with iliac crest corticocancellous
bone than with mandibular cortical blocks of bone. In addi-
tion, revascularization of the bone graft is more accom-
plished sooner with iliac crest corticocancellous bone than
with the predominantly dense cortical bone harvested from
the mandibular chin or ramus. The dense cortical bone of
symphyseal or external oblique bone grafts undergoes
resorption before revascularization is complete, with the
natural remodeling and healing process of creeping substi-
tution replacing the dense cortical bone. The iliac crest
corticocancellous graft, with its volume consisting pre-
dominantly of cancellous bone and thin, less dense cortical
bone, is revascularized before resorption and remodeling.

© FIGURE 2-10 F, Implants are exposed 4 months after
placement. The abutment is shown before final delivery of
the prosthesis.

The ease of initial stabilization, the maintenance of graft
bulk in the early phase of healing, and the ease of harvesting
the dense cortical graft are advantages of the mandibular
graft. However, the long-term consequence of remodeling
by creeping substitution of the dense cortical graft is not
known. Failure of the dense, predominantly cortical graft
from the jaws can occur after the implant has been placed at
the interface of the graft and mandible. Implant placement
may jeopardize the limited vascular supply to the dense
cortical bone, and thus the cortical bone may become
necrotic after the implant has been placed. Although this
phenomenon is rare, it is an adverse event that the patient
does not appreciate.


















© FIGURE 2-12 E, Resorbable sutures are used to close the
incision without tension. Occasionally the mucosal margin
may need to be elevated anteriorly to gain a tension-free
closure.

® FIGURE 2-12 G, Crestal incision is used to bisect the
KG, exposing the new bone.

either an interrupted or a running pattern, depending on
the clinical situation and ease of closure.

The patient is given antibiotic and analgesic therapy. No
prostheses are allowed over the grafted sites for 4 months.
The patient is instructed to eat a soft diet, without chewing
on the grafted side. The individual is followed weekly and
then monthly. Clinical observation indicates that at least 5 to
8 mm of lateral ridge augmentation is common immediately
after placement of the material, with subjective evaluation
indicating maintenance of at least 50% of the augmentation
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© FIGURE 2-12 F, After 4 months the ridge should feel
“bone hard” and should be well defined.

© FIGURE 2-12 H, Two implants are placed. The new bone
is clearly visible.

© FIGURE 2-12 I, Radiograph 2 years after restoration
shows excellent bone health around the implants.












© FIGURE 2-15 C, Cross section in the area of the mental
foramen 4 months after augmentation. Note the well-
positioned augmentation, which avoids the nerve.
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© FIGURE 2-15 E, Three implants are placed in the appro-
priate position for the planned prosthesis. The implant
stability quotient (ISQ) values, which were measured with
the Osstell (Goteborg, Sweden), ranged from 75 to 78. Note
the obvious lateral augmentation of the ridge.

© FIGURE 2-15 D, At 4 months, the ridge form now is
broad and satisfactory for implant placement.

© FIGURE 2-15 E, Because the ISQ values were greater
than 70, healing abutments were placed to allow for a one-
stage surgical approach. This patient did not wear a transi-
tional prosthesis and followed dietary instructions to avoid
chewing in these healing abutments.
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© FIGURE 2-19 O, At the time of surgery, a local anes-
thetic is infiltrated, the surgical guide stent is placed, and
the fit is confirmed again. For a posterior mandible with
limited KG width, an incision is used with gentle, limited
reflection of the KG to preserve it. Use of a tissue punch
without gingival reflection removes a significant amount of
KG, which may leave the final restoration prone to gingival
problems.

© FIGURE 2-19 P, Guided surgical sequence uses sleeves
that fit precisely into the master cylinders. Each sleeve has
a hole that corresponds to the diameter of the drills. This
photograph shows a guide sleeve that has been placed into
the master cylinder.

© FIGURE 2-19 Q, Photograph shows a 2-mm drill that
has been placed into the hole of the 2-mm drill sleeve,
which has been placed into the master cylinder.

© FIGURE 2-19 R, Different sleeve is then placed to allow
for the next-sized drill. This drill, which is 2.75 mm in di-
ameter, has been placed into the 2.75-mm sleeve, which is
positioned in the master cylinder of the surgical guide
stent.



© FIGURE 2-19 S, Implants that are 5 mm in diameter
require a third drill, typically one that is 3.75 mm in diam-
eter. Here, the 3.75-mm-diameter drill is shown inside the
appropriate drill sleeve, which has been placed into the
master cylinder. In this system, one master cylinder is used
in combination with multiple sleeves, each specific for a
drill diameter. Note that the precise fit of the drills and
sleeves inhibits the flow of irrigation to the depths of
the drill site. It is very important to use slow drill speeds
(i.e., less than 300 rpm) to avoid burning the bone.
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© FIGURE 2-19 U, Implant mount was chosen, based on
the prescription from the manufacturer, to place the im-
plant at the correct depth.

© FIGURE 2-19 T, After the implant site has been prepared
with the drills, the guide stent is removed, and the accurate
cation and atraumatic bone preparation are observed.

© FIGURE 2-19 V, Implant is placed into the master tube
and secured to the implant site at slow speed.
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© FIGURE 2-19 W, Driver mount shown in proper posi-
tion, ensuring proper orientation of the implant similar to
the rotational position of the analog in the model.

© FIGURE 2-19 Y, Both prosthetic abutments have been
placed. The accuracy of the system is demonstrated by the
precise positioning of the prosthetic abutments in the
guide stent.

(Materialise, Brussels, Belgium) was used. The Navigator
system (Biomet 3i, Palm Beach Gardens, Florida) was cho-
sen as the guided surgery system. Within the CT-generated
guide stent are master cylinders with indentations; the
indentations are used to orient the implant and align the
internal antirotation feature, which in this implant is an
internal hex.

© FIGURE 2-19 X, Implant in position with one of the
prosthetic abutments secured.

© FIGURE 2-19 Z, After the abutment retaining screws
were hand-tightened, the provisional prosthesis was placed
over the abutments. The position of the prosthesis and the
nonocclusal loading criteria were confirmed.

The manufacturer sends a prescription that includes the
selection of the specific-length part to match with the
planned implant depth. The prosthetic part is chosen, and
the implant analog is secured to the part that goes into the
tube. The abutment then is positioned and locked to
the correct orientation connected to the master cylinder
prosthetic connector. The stent is placed over the diagnos-
tic cast, and the analogs’ positions are marked. A drill is
used to create a hole in the master cast to passively accom-
modate the analogs, which are connected to the master
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© FIGURE 2-22 C, Surgery proceeded as follows: A vestibular incision was made with
a vertical release one tooth anterior to the edge of the edentulous site. A mucosa-only
dissection was performed until the mental foramen was identified. A periosteal incision
was made superior to the foramen. The periosteum was reflected inferiorly, with care
taken to maintain the attachments on the superior aspect of the crest. In the proposed
vertical osteotomy sites, the periosteum was reflected minimally. A piezotome cutting
device was used to create an osteotomy through the labial and lingual bone and in the
two vertical sites. Completion of the cuts resulted in a mobile superior segment. The
superior bone segment was raised carefully, resulting in 5 to 7 mm of bone augmenta-
tion. A small plate was used to stabilize the segment. The screws were 1.2 mm in diam-
eter, which kept the screw profile very small. The plate first was secured to the superior
segment, then raised to the desired position, and finally secured to the inferior portion
of the mandible. Unicortical rather than bicortical screws were used. Care was taken to
align the lingual portion of the cortices to prevent sharp bone edges. The interpositional
gap was grafted with particles of allograft mineralized bone (350 to 500 wm). After the
graft had been carefully placed, the incision was closed with resorbable sutures using
tapered needles.

© FIGURE 2-22 D, Panoramic radiographs show the preoperative and postoperative images.



© FIGURE 2-22 E, Left side of the posterior mandible
5 months after the interpositional osteotomy.

© FIGURE 2-22 G, Restorative dentist (Dr. Michael Shannon)
made a template based on a diagnostic setup of the planned
restoration.

© FIGURE 2-22 1, Right-side view. Note the excellent bone
formation and intact, newly augmented mandibular ridge.
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© FIGURE 2-22 F, Right side of the posterior mandible
5 months after the interpositional osteotomy.

® FIGURE 2-22 H, Crestal incision was made, and the
periosteum was reflected to expose the plate. Note the ex-
cellent bone formation in the gap of the osteotomy. The
plate was then removed.

with placement of five implants for a fixed-hybrid or fixed-
removable spark erosion-type prosthesis, or interpositional
osteotomies to augment the posterior mandible vertically.

The cone beam cross-sectional images were used to plan
the procedure. The patient signed a consent form that had
informed her of the risks of sensory nerve damage, failure
to achieve vertical dimension, failure of the graft to con-
solidate, and failure of implants. She then was prepared for
surgery.

The patient was sedated for the procedure. A local anes-
thetic was administered into the vestibule of the left and
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© FIGURE 3-2 C, Implants are exposed after 4 months of
healing. The bar is made for cross-arch stabilization of the
implant-supported, tissue-borne prosthesis. (Prothetics by
Dr. Troy Patterson.)

© FIGURE 3-2 E, Maxillary prosthesis in place. The palatal
portion of the maxillary prosthesis is removed for patient
comfort.

osteotomes, either round or flat, to widen the ridge during
implant placement.

After the labial and palatal tissues have been reflected,
the surgeon should have a good view of the crestal bone
thickness and the contours of the palatal and facial cortical
bone. The dissection often must be extended superiorly to
identify the piriform rim, especially for the more atrophic
macxilla. The thickness of bone is confirmed, and the surgi-
cal stent is placed. The areas of planned implant placement
are examined.

Often the crest of the maxilla is narrow and widens
within a few millimeters of the crest. Specific sites may be
wider than others, indicating a site that is more ideal for the
implant when bone bulk is considered. However, before
placing the implant in a site slightly different from that
prescribed by the surgical stent, the surgeon should ensure
that the prosthetic plan will not be adversely affected.

© FIGURE 3-2 D, Distal ASC52 vertical stress-breaking
attachments are placed within the denture to provide
vertical stability.

Because the maxillary crest usually has sharp edges and
slopes, the first step is the creation of a depression in the ridge
that allows accurate engagement of the drills. The implant
sites are scored with either rongeur forceps or a round bur,
creating a divot into the bone. The round bur is used to initi-
ate the osteotomy site and to determine the specific location
of the implant in the middle of the crest. Accurate placement
of this round bur hole is important, because subsequent drills
will start in this round hole; changing the position may be
difficult once the drilling process has started. If the first
drill needs adjustment in position (e.g., the hole is too far
labial or palatal), the round bur is used to relocate the hole
slightly palatal, labial, distal, or mesial, guided by the need
to place the implants into adequate bone and in the correct
location. The surgeon must always critically examine the
implant sites; the implants must be placed accurately to
ensure successful prosthetic treatment.

Subsequent graduating-sized drills initiate and expand
the implant site until the final drills are used. If the ridge is
excessively narrow, round or flat osteotomes can be used to
expand it, or the ridge may require grafting before implant
placement. Usually the ridge has sufficient width for place-
ment of the implants. If the ridge width is deficient, the
surgeon should consider whether osteotomes can be effec-
tive or whether onlay grafting is indicated. If the ridge
width is 3 mm, osteotomes can be used to expand it in
most cases. However, if the ridge is thin and does not
expand as the bone is examined superiorly, the use of
osteotomes or ridge splitting in a ridge less than 3 mm is
not predictable. For these cases, onlay grafting is indicated
and should be discussed with the patient. (See Chapter 4
for examples of onlay grafting of the anterior maxilla with
symphyseal bone.)

Implants for overdentures typically are placed with their
centers slightly palatal to the crest to avoid dehiscence and
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© FIGURE 3-3 C, Dense hydroxylapatite (HA) is grafted
over the implants. The periosteum is used as a membrane,
and the incisions are closed. Bovine bone can also be used.

PR

© FIGURE 3-3 E, Final restoration is placed. The space
created allows for easy maintenance of oral hygiene.

© FIGURE 3-3 G, Frontal view demonstrating the occlusion.
(Prosthetics by Dr. Troy Patterson.)

© FIGURE 3-3 D, At exposure of the implants, a crestal
incision is made, and the flap is reflected. The inner thick-
ness of the flap is thinned with a scalpel, limiting the
pocket depth that surrounds the abutments to 3 mm. After
2 weeks, the gingiva around the abutments has healed and
is ready for impressions.

© FIGURE 3-3 F, Occlusal view showing the implants po-
sitioned within the confines of the teeth as planned.

Patients with a Class I maxilla, who have lost their teeth
but have a moderate amount of bone, must have an esthetic
evaluation. These patients may require the labial flange of a
removable prosthesis to provide nasolabial support. They
may have sufficient bone for the placement of implants, but
without additional lip support, the result may be compro-
mised (Figure 3-5, A-F). The patient’s denture can be dupli-
cated in clear acrylic, and the flange can be completely
removed. If the modified denture is placed into the mouth
and the lip support is adequate, a fixed restoration can be
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© FIGURE 3-4 E, Dense, particulate HA is placed over the
irregularities in the ridge. A collagen membrane is placed
over the HA to retain it in the desired location. As one side
is grafted, the incision is closed with 4-0 silk sutures.

© FIGURE 3-4 G, Implant-level transfer and anatomic,
custom-made abutments create the subgingival contour of
natural teeth. Here the anatomic abutments are shown in
place.

concerning bone availability arise, cross-sectional images
can be obtained using either CT or complex motion tomog-
raphy. The CT scans reveal more information than complex
motion tomography, especially about the health of the sinus
and the thickness of the sinus membrane; in addition, CT is
accurate within 0.5 mm.

Eight implants in the anterior and posterior maxillae are
used to support a suprastructure for a totally implant-
borne restoration, with tissue contact only for speech. If a
type of bar structure is planned, the implants should be
placed within the confines of the borders of the planned
prosthesis, not labial to or outside of the borders of the
teeth. The implants should be placed to avoid impinging
on the teeth in the overdenture and to allow space for

© FIGURE 3-4 F, After 5 months, the implants are ex-
posed. A crestal incision is made to transpose keratinized
gingiva (KG) to the labial aspect of the healing abut-
ments. The smooth contour of the alveolus is demon-
strated. After 3 weeks of healing, the patient is ready for
transfer impressions.

fabrication of the bar. The surgical guide stent is made after
a complete setup has been performed to allow for accurate
planning of placement of the implants in the ideal position
for bar fabrication. Careful attention to the position of the
incisal edges of the lower teeth provides important infor-
mation that can prevent conflicts of space between the
lower teeth and the palatal portion of the overdenture and
the underlying bar. For many of these implant-borne cases,
implants are placed from the canine region and extend
posteriorly, with a minimal number of implants placed into
the incisal region. This pattern of placement makes the
design of the anterior portion of the prosthesis easier.
However, for patients with shorter vertical bone in the
posterior maxilla (e.g., 10 mm), placement of longer
implants in the anterior region may be indicated because of
the need for mechanical strength for prosthesis loading
during chewing.

Incisions for full-arch distribution of implants placed
into the maxilla usually are placed slightly palatal to the
crest. Vertical release incisions are made posterior to the
most distal implant, which typically is in the first or second
molar region. Anterior, midline, vertical release incisions
usually are not necessary, because they cause increased
postoperative discomfort; however, they may be necessary
in selected patients. Planning for incision breakdown is
recommended; placing the incisions on the crest ensures
that the keratinized gingiva (KG) will be labial to the
implants. A vestibular incision or an incision made at
the junction of the attached and unattached gingivae may
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© FIGURE 3-7 G, Flaps are reflected toward the labial side,
and the implants are placed. The implants are shown with

the driving mounts. All implants are within the channel of

the surgical guide.

© FIGURE 3-7 D, Driving mounts are removed. For
a spark erosion prosthesis, the implants do not need to
be countersunk as deeply as for a fixed crown and bridge
prosthesis.

© FIGURE 3-7 E, After 5 months, the implants are exposed,
and the healing abutments are placed. The KG is preserved
labial to the healing abutments. After the gingiva has healed,
the healing abutments are removed. The mature, healed
gingiva is shown.

scored with rongeur forceps, creating a divot in the bone.
A round bur then can be used to begin the osteotomy site.
Subsequent graduating-sized drills initiate and enlarge the
implant site until the final drills are used. If the ridge is
excessively narrow, round or flat osteotomes can be used to
expand the ridge, or the ridge may require grafting before
implant placement. Usually, the ridge posterior to the canine
region is sufficiently wide for the placement of implants.
The implants for fixed removable overdentures typically
are placed with their centers slightly palatal to the crest to

© FIGURE 3-7 F, Spark erosion bar in place.

avoid dehiscence and thin bone over the facial aspect of the
implants. The implants can be positioned from second
molar to central incisor; however, most restorative dentists
prefer to avoid the central incisor and second molar sites.
The second molar site can be used in select cases, but the
placement of screws, abutments, and transfer copings is
difficult. In addition, the bars may need the space of
the second molar site for attachments, depending on the
prosthetic design of the retentive bar.

If a dehiscence of bone occurs in the midportion of
the implant because of concavity of the ridge, particles
of dense, nonresorbable HA are placed to obliterate
the defect. Use of a membrane depends on the surgeon’s
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FIGURE 3-9 B, Lateral view clearly showing the large
deformity. The deformity requires at least 6 mm of ridge
augmentation to achieve sufficient osseous structure for
implant placement in the correct positions, as well as resto-
ration of the ridge contour.

12.000 4
FIGURE 3-9 D, Cross section through the left central

incisor site showing a thin, concave ridge form with
adequate vertical height.

teeth distal to the edentulous site. A full-thickness flap was
elevated from the alveolus and teeth without tearing the
facial gingiva. The subperiosteal release was extended to
the piriform rim without damaging the nasal mucosa.
Bovine bone xenograft (Endobon, Biomet 3i, Palm
Beach Gardens, Florida) was used for this augmentation.

FIGURE 3-9 C, Pregrafting axial section showing the
anterior ridge defect.

FIGURE 3-9 E, Three-dimensional reconstruction uses
cone beam software to demonstrate the extent of the defi-

ciency. The surgeon must correct the horizontal deficiency
to achieve suflicient bone for an implant 13 mm long.

Fibrin glue (Tisseel, Baxter, Deerfield, Illinois) was com-
bined with the xenograft to form a composite, which was
placed over the defect. Because scar tissue was present at
the level of the nose, care was taken to avoid excessive pres-
sure by tapering the augmentation in this region. The graft
was placed 17 mm apical to the crest. This man had a
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© FIGURE 3-9 F, At the time of surgery, a crestal incision
is made with sulcular incisions. A full-thickness envelope
flap is raised without vertical releasing incisions. The
flap is reflected to the nasal floor. The periosteum is
released to allow tension-free closure. Bovine xenograft
(Endobon, Biomet 3i) is combined with fibrin glue and
molded to the bone defects. Because of the large defect
and extensive periosteal release, a collagen membrane
with a 6-month resorption rate (Osseoguard, Biomet 3i)
is placed between the mucosa and the graft.

©FIGURE 3-9 H, Axial section taken 4 months after grafting
shows restoration of ridge form.

© FIGURE 3-9 G, Incision is closed with 4-0 chromic su-
ture and limited tension on the incision. A tapered needle
is used to prevent gingival tears.

5.000

© FIGURE 3-9 I, Cone beam cross section shows graft pres-
ence sufficient for an implant 15 mm long. The soft tissue
near the nasal region was resistant to reflection, which
accounts for the lack of graft in this region.
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Horizontal Ridge Augmentation Using Particulate Graft with a Membrane

Before watching the video, please read the following
narrative. The narrative describes in detail the procedure
for horizontal ridge augmentation using particulate graft
with a membrane, which is performed in the video. It is
recommended that you read the narrative before watch-
ing the video and then refer back to the narrative as
needed.

This patient is undergoing horizontal ridge augmen-
tation simultaneously with bilateral sinus augmentation.
The video portion is specific for the augmentation of the
concave anterior maxilla. A crestal incision has been
made with sulcular extension around the remaining
teeth, extending posteriorly for the sinus graft. The
video starts with the bone exposed from elevation of the
tull-thickness subperiosteal envelope flap up to the level
of the piriform rim, avoiding perforation of the nasal
mucosa.

After flap elevation, the periosteum must be released
to allow a tension-free closure after the augmentation. A
small pickups is used to hold the edge of the flap gently,
and a scissors then is used to incise only the periosteum.
A scalpel also can be used for this procedure. Care is
taken to incise only the periosteum and to avoid muscle
dissection.

This author uses a long-lasting, slow-resorbing col-
lagen membrane (Osseoguard, Biomet 3i, Palm Beach
Gardens, Florida) to help hold the graft material in posi-
tion and to delay soft tissue infiltration into the graft.
The collagen membrane is rehydrated and trimmed to
fit passively into the site. This author elevates the palatal

periosteum slightly to tuck the membrane under it.
However, the membrane should fit passively to prevent
extrusion during the healing period.

The graft material then is placed. In this case, bovine
graft material (Endobon, Biomet 3i) is combined with a
low percentage of fibrin glue (Tisseel, Baxter, Deerfield,
Illinois) and compacted directly against the bone under
the collagen membrane. The graft material is placed
carefully to augment the full vertical height of the alveo-
lar bone or that portion most critical for later implant
placement.

A small amount of graft material is placed and then
compacted with gauze; then, additional material is
placed until the desired augmentation width has been
achieved. The incision is closed free of tension. A run-
ning suture is used, with passive alignment of the
wound edges and without excessive tightness of the
margin, to avoid ischemia of the incision line. After one
site has been sutured, the same procedure is performed
in the opposite arch.

In this case, lateral ridge augmentation is desired in
the areas over the premolars sites; therefore, additional
graft material is placed directly on the ridge. The low
dose of fibrin glue adds cohesive handling properties
but does not create a barrier to revascularization, which
can occur with higher concentrations of fibrin glue.

The incision is closed using gentle techniques and
tension-free adaptation. In this patient, after closure had
been completed, the full-arch provisional restoration
was recemented.

(Tisseel, Baxter) was added to form a cohesive graft. The
graft was placed under the sinus membranes to achieve
13 mm of vertical bone height in the posterior maxilla.
After the grafts had been placed in the sinus sites bilater-
ally, the periosteum was released so that a tension-free
closure could be performed after the ridge augmentation
had been placed.

The technique for periosteal release is simple and con-
tributes to the eventual success of this and other onlay
grafting procedures. A small pickup is used to elevate
the flap, exposing the periosteum on its undersurface.
Scissors or a scalpel then is used to cut only the perios-
teum. If the muscle is dissected, additional bleeding will
occur, and the patient will have significantly more swell-
ing and ecchymosis postoperatively; in addition, muscle
activity may be interrupted. The periosteum is released,

and the flap should be advanced with minimal effort.
If bleeding occurs, arterial bleeders can be cauterized
or tied; for generalized oozing, gauze can be placed
for several minutes to apply pressure. This procedure
should be performed prior to graft placement to prevent
blood from mixing with the augmentation particles and
displacing them.

A collagen membrane is trimmed to fit passively over
the lateral aspect of the maxilla. This author does not
tuck the membrane under the palatal periosteum; rather,
it fits up to the crest to provide support and to minimize
graft movement. The graft composite is placed directly
over the bone, under the collagen membrane. If the graft
is placed before the membrane, accurate placement of
the membrane over the graft and under the periosteum
often is difficult and messy. The graft material must be
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FIGURE 3-10 I, Pregrafting cross section of the anterior
ridge.

FIGURE 3-10 K, Postgrafting cross section shows the
right posterior maxillary sinus augmentation.

The surgical procedure requires an accurate under-
standing of the planned restoration, and a surgical guide
stent should be used. The choice of general anesthesia
with nasal endotracheal intubation, intravenous sedation,
or a local anesthetic alone is made after the planned pro-
cedure and the patient’s tolerance levels have been con-
sidered. A local anesthetic with a vasoconstrictor is infil-
trated into the labial and palatal tissues, and additional

FIGURE 3-10 J, Postgrafting cross section shows the
extent of the horizontal augmentation.

FIGURE 3-10 L, Preoperative axial view of the maxilla at
the level of the crest shows anterior atrophy in the horizontal
dimension.

local anesthetic is administered to perform a hydropic
dissection. After a satisfactory plane of anesthesia has
been reached, the sinus graft dissection and elevation of
the membrane are performed (see Chapter 4). The surgi-
cal stent is used to initiate and complete the preparation
of the implant sites. After the sites have been prepared,
the graft is harvested and placed in the medial aspects of
the sinus, the implants are placed, and the graft is located
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© FIGURE 3-13 F-G, For patients missing the lateral inci-
sors, an impression can be taken with and without the
provisional flipper device. A vacuum form is made over the
cast with the flipper, and the teeth voids are filled with
acrylic impregnated with barium sulfate. The patient is
then scanned.

© FIGURE 3-13 H, Frontal view of a patient who requires
replacement of the anterior teeth. This stent is not well
made because of the lack of a labial or palatal flange in
acrylic. No markers can be placed without interference
with dental restorations.

© FIGURE 3-13 I, This patient requires implants for re-
placement of three anterior teeth.

Preliminary work by his restorative dentist (Dr. Ace
Jovanoski) resulted in the placement of a provisional res-
toration; this was converted into a radiopaque provisional
made of acrylic combined with 20% barium sulfate by
volume (Figure 3-14, A). The radiopaque provisional was
placed, and a CT scan was taken with a SCT scanner using
the radiographic parameters recommended by the manu-
facturer of the CT planning software. The DICOM data
were loaded into a personal computer, and virtual im-
plants were placed on the cross sections (Figure 3-14, B).

After the CT plan had been approved by both the
surgeon and the restorative dentist, it was sent to the
manufacturer for rapid prototyping of the surgical guide
stent. A model of the patient’s maxillary teeth without
the provisional in place was mailed to the stent manufac-
turer. The CT guide stent was made to fit onto the teeth
and preparations. The stent was tried into the patient’s
mouth before surgery to ensure the correct fit. While the
guide stent was being made, the patient wore his provi-
sional (Figure 3-14, C).

On the day of implant surgery, a local anesthetic was
infiltrated, including the implant sites and the prepared
teeth. The provisional prosthesis was removed (Figure
3-14, D). The guide stent was placed, and the perfect fit,
without mobility, was again confirmed (Figure 3-14, E-F).

The drilling sequence followed the protocol for the
system chosen (Navigator, Biomet 3i). The tissue punch
was used, and the gingiva was removed. The countersink
drill was used to initiate preparation of the implant site.
Graduating-sized drills were used according to the lengths
prescribed, and the drill sleeves were used to provide ab-
solute control of angulation and depth. (Although not
necessary in this case, the sites can be tapped to form
threads if dense cortical bone is engaged.) The implant
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© FIGURE 3-14 H, Drill sleeve for the first drill is placed
into the master tube. It should fit flush with the surface of
the master tube. This sleeve is size specific for the drill. The
prescription sent by the manufacturer of the guide stent
records the drill length required for each site. The first drill
is used at slower speeds than are conventionally used
because of the lack of irrigation within the site. The next
series of drill sizes follows until the final-sized drill is used.

The manufacturer’s recommendation for the drill sequence
should be followed.

© FIGURE 3-14 J, After the implants have been placed, the
hex drive is used to release the driver mounts, which are
removed individually.

to the ideal locations as determined by fabrication of a
radiographic duplicate of the planned restoration. The
initial procedure performed by the restorative dentist
determines the exact location of the teeth. This often
requires fabrication of a new denture. The new denture,
with its approved form, function, and esthetics, is
duplicated for scanning. The duplicated denture is used

© FIGURE 3-14 1, Drill mount (the length of which is
prescribed by the manufacturer) is mounted to the im-
plant without touching the implant’s surface. The implant
then is placed into the site and slowly secured. A hand
wrench is used for final adjustment of the orientation and
to achieve a flush seating with the master tube. It is impor-
tant to avoid overtorquing, which will disengage the
threads of the implant.

® FIGURE 3-14 K, Stent is removed, and the sites are
irrigated. Additional soft tissue or hard tissue manipulation
can be performed as needed. For this case, the cover screws
are placed into the implants.

to direct implant placement, with the type of final pros-
thesis taken into consideration. For example, if the final
prosthesis is to be a fixed crown and bridge, the implants
must be placed so as to avoid embrasures and 3 mm from
the planned gingival restoration. If the final prosthesis is
to be the fixed-removable type with a bar, the implants
must be placed with sufficient space for fabrication of the
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© FIGURE 3-14 M, Four months later, the bridge is re-
moved and the healing abutments are placed. Note the
gingival irritation caused by contact of the bridge with the
gingiva.

© FIGURE 3-14 N, Periapical radiographs show excellent
bone and implant integration.

bar and prosthesis, which includes a metallic intaglio
surface that interdigitates with the milled bar. If the
planned prosthesis is a hybrid denture, the implants must
be placed with consideration given to the space necessary
for cleaning the fixed prosthesis, which can be removed
by the dentist but not by the patient.

2. Implants can be placed without the creation of flaps.
If tissue need not be raised to allow direct visualization of
the bone and its adjacent structures, the patient has less
swelling, bruising, and pain. If bone is not reflected, the
result is believed to be less disruption of the blood supply
to the bone and thus less crestal bone resorption. How-
ever, this has not been clearly proved in clinical trials.

© FIGURE 3-14 O, Final temporary in place over the
implants. (Prosthetics by Dr. Ace Jovanoski.)

3. Provisionalization can be done immediately after implant
placement. CT planning software enables the surgeon
and restorative dentist to position implants virtually in
relation to the planned restoration. The surgical guide
stent can be used to pour a model, which then can be
used to fabricate a restoration or prepare a restoration
for chairside modification and attachment to implants.
The CT plan also can be used to generate a model of the
bone, with or without mucosal equivalent, for place-
ment of implant analogs.

A case example (Figure 3-15, A-C) is provided to dem-
onstrate one method of making a provisional that is placed
immediately after placement of maxillary implants. The
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FIGURE 3-15 E, Lateral view shows adequate lip sup-
port and an adequate overbite and overjet of the planned
prosthetics.

stability as the denture recently fabricated for the patient.

The procedure then continues as follows:

1. The duplicated denture is placed into the patients
mouth; if the denture is not perfectly stable, an occlusal
bite registration is used to stabilize it in position. This
same registration is used to position the guide stent,
because occlusal stops will be retained in the surgical
guide stent.

2. The scan is taken with either the registration or cotton
rolls in the mouth (Figure 3-15, F). Keeping the oppos-
ing occlusion out of the axial cut of the incisive edge of
the denture is helpful, because this eliminates the prob-
lem of having the maxillary and mandibular teeth to-
gether in the same axial plane.

3. After the scan has been taken, the DICOM data are
placed on a CD to be used for planning software.

4. The CD is inserted into a computer that contains the plan-
ning software. The data are uploaded and converted for
planning. The teeth are split from the three-dimensional

FIGURE 3-15 F, Cone beam scan was taken using a
10 X 4 voxel format. The cross sections show the bone
under the radiographic stent. The stent fit well and had no
obvious voids of air between the intaglio surface of the
stent and the maxillary gingiva.

model, and the cross sections are used to place the
implants (Figures 3-15, G-I).

5. In the patient in Figure 3-15, the implants are placed
from the canine posteriorly to allow the restorative
dentist maximum freedom to ridge lap and provide
lip support in the incisor region. The implants are
placed palatal to the incisor edges and sufficiently
deep to allow space for the bar. The plan calls for a
precision-milled locking bar and a fixed-removable
prosthesis. This device was chosen to provide sufficient
flange support of the nasolabial region. Without the
flange in the anterior region, the patient’s nasolabial
support was deficient, and she did not achieve the
youthful appearance she wanted with the flange of
the maxillary prosthesis. After final virtual place-
ment of the implants, the plan was reviewed by all
members of the implant team and then electronically
uploaded to the manufacturer for fabrication of the
surgical guide stent.

FIGURE 3-15 G, DICOM data from the cone beam scan
were loaded into the planning software (Simplant 12.0 Pro,
Materialise, Brussels, Belgium). Virtual panoramic image
shows virtual implants in place. Eight implants were
planned, to emerge from the canine posteriorly.

FIGURE 3-15 H, Four cross sections from the planning
software show the planned implants in the bone, with the
emergence axis slightly palatal to the incisive edges of the
duplicated stent.
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FIGURE 3-15 I, Occlusal view of the three-dimensional
representation of the planned implant positions and the
two fixation pins. Note that the implants emerge from the
canine posteriorly, leaving the anterior maxilla without
implants; this arrangement allows the greatest flexibility for
the prosthetics. The implants at the canine sites are planned
to allow for either a fixed or fixed-removable prosthesis,
although a fixed-removable prosthesis was planned.

6. The surgical guide stent (Figure 3-15, J) was used to
fabricate a model with implant analogs in the positions
planned for the implants.

a. The prosthetic components to be attached to the
implant analogs were connected to the master cylin-
ders (Figure 3-15, K).

b. The intaglio surface of the model was poured in soft
impression material to create a resilient surface, to
which the patient’s denture could be attached. After
the resilient material had set, the model was based
with stone (Figures 3-15, L-N).

c. The shouldered immediate occlusal load abutments
were placed into the implant analogs in the model
(Figures 3-15, O). The gingival height was 4 mm,
which allowed a supragingival margin for the tempo-
rary cylinders to the abutments.

7. The temporary cylinders were placed on the shoul-
dered abutments and secured with the laboratory
screw (Figure 3-15, P). The gold screw is used only
when the temporary cylinders are placed on the
abutments in the patient, not in the laboratory. The
maxillary denture was placed over the temporary
cylinders on the abutments, and the locations of the

FIGURE 3-15 J, Plan was electronically uploaded, and

a tissue-borne guide stent was fabricated with eight master
tubes. Occlusal stops were left on the surgical guide stent.

FIGURE 3-15 K, Prior to surgery, implant analogs were
attached to the master tubes with prosthetic connecting
parts. Each was carefully placed and engaged the grooves
of the master tubes.

temporary cylinders were marked on the intaglio surface
of the denture. Holes were drilled through the maxillary
denture for all the temporary cylinders (Figure 3-15, Q).
The maxillary denture with the holes drilled is placed
over the model. The height of the temporary cylinders
is marked for adjustment. The denture is removed
from the model and the heights of the temporary
cylinders are adjusted to be flush with the denture
(Figure 3-15, R).

. At surgery, the surgeon had the denture with the holes

drilled and the model with the temporary cylinders on
the abutments. It is important to maintain the position
of the modified temporary cylinders on the model to
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© FIGURE 3-15 U, Prosthesis is tried in place to confirm
passive seating and balanced occlusion. Acrylic will be
placed between the temporary cylinders and the denture,
and a syringe will be used to lute them together.

have been confirmed, the lateral flanges are removed with a
bur in the laboratory. The denture is placed back over the
temporary cylinders. The temporary cylinders should be in
view from the lateral aspect of the denture, because the la-
bial flange has been partly removed. A syringe filled with
denture resin is used to apply the resin to the temporary
cylinders, luting them to the denture. After the denture
resin has set, the screws are removed and the prosthesis is
removed with the temporary cylinders in the denture.

In the laboratory, more acrylic is added to complete the
luting of the temporary cylinders to the denture. The resin
is allowed to set and is then smoothed. The palate is
removed from the prosthesis (Figure 3-15, V). The labial
flange also is removed. The resultant provisional prosthesis
is smoothed to prevent food collection and appears as a
“high and dry;” implant-supported, hybrid prosthesis with-
out tissue contact. As necessary, the labial flange can be
kept in place as long as no implants are covered and the
patient has easy access for hygiene purposes.

The prosthesis is tried in place and secured with screws.
As necessary, additional flange is removed until the patient
is able to clean with superfloss or proxy brushes. The occlu-
sion is checked and adjusted to keep it light anteriorly
and balanced from canine to molar. The screws are hand-
tightened, and the access holes are covered with cotton and
a light-cured temporary material (Figure 3-15, W-AA).

Postoperative medications include antibiotics and pain
medication as necessary. Patients have minimal discom-
fort, facial swelling, and less bruising than with full-flap
access. The diet is restricted to a very soft or liquid diet for
the entire time until the implants have integrated, espe-
cially when natural teeth constitute the patient’s opposing

® FIGURE 3-15 V, After the denture resin has set, the
screws securing the temporary cylinders of the IOL
abutments are removed, and the prosthesis with the luted
temporary cylinders is taken to the laboratory. In the
laboratory the palate and flanges are removed, and the
result is an implant-borne prosthesis.

© FIGURE 3-15 W, After the prosthesis has been trimmed
and fitted in place, and the occlusion has been confirmed
and adjusted as necessary, screws are used to secure the
prosthesis, through the temporary cylinders, to the IOL
abutments. Light-cured temporary material is used to cover
the screw holes.
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© FIGURE 3-17 E, Six months after the procedure, a BMP-
grafted sinus shows excellent bone formation.
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© FIGURE 3-17 G, From the mounting of the denture to
the mandibular dentition, a bite registration was fabricated
so that the maxillary guide stent could be positioned
accurately.

© FIGURE 3-17 1, Intaglio surface of the final prosthesis.
Note the smooth metal surface, which is very hygienic.

©® FIGURE 3-17 F, Patient’s esthetic new denture was du-
plicated in clear acrylic, and a dual-scan method was used
to obtain information for CT planning. The DICOM data
were entered into a computer, and implants were posi-
tioned for fabrication of a final, screw-retained, hybrid-
style prosthesis. The surgical guide stent was fabricated
based on the virtual plan. Note the use of three fixation
pins and the complete palatal coverage of the guide stent.

© FIGURE 3-17 H, CT planning software is used to fabri-
cate the final prosthesis. The framework is milled titanium.
The retaining screw channels can be kept small because of
the precision of the workup.

The theoretical success of angled implants is based on
the following principles®:

1. The use of longer implants allows more implant
surface-bone contact.

2. Anchorage of one or more cortices allows immediate
implant stabilization.

3. Prosthetic rehabilitation can be directed more poste-
riorly, allowing a more even load distribution
throughout the arch.
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©FIGURE 3-17 N, Final, definitive prosthesis is secured to
the implants, and the screws are tightened. The occlusion is
adjusted as necessary. The patient is given hygiene instruc-
tions and asked to consume a liquid diet or to chew a very
soft diet.

© FIGURE 3-17 P, Esthetics is confirmed.

anterior wall of the sinus. Additional axial implants were
placed into the anterior maxilla in a vertical orientation
compared with the posterior implants. One or two implants
then were placed more mesially at an angle to engage the
nasal spine or cortical bone of the nasal cavity. The patients
were not allowed to wear their removable prosthesis for
2 weeks. The implants were uncovered 6 months after place-
ment, and all patients were restored with a fixed restoration.
The patients were followed for 36 to 54 months. One implant
was lost at the time of exposure because of poor osseointe-
gration. The overall survival rate of the implants was 98.8%,
and the prosthetic success rate was 100%. In this preliminary
study, the authors concluded that angled implants could be a
cost-effective alternative to traditional bone grafting tech-
niques for restoring the completely edentulous maxilla.

©®FIGURE 3-17 O, Screws of the final prosthesis are shown
in an ideal location. They are covered with light-cured
resin.

© FIGURE 3-17 Q, Postoperative panoramic radiograph
shows accurate placement of the implants. All abutments
have been seated. (Prosthetics by Dr. Paulino Castellon).

Krekmanov?> *? reported on angled implants in the man-
dible and maxilla. For this review, only the maxillary im-
plants were included. The researcher’s objective was to
modify the traditional method of implant placement in the
posterior jaws and still provide distal support for fixed pros-
theses to avoid cantilevering and grafting. Twenty-two pa-
tients received 138 implants; 40 of the implants were placed
at an angle. This study used an open technique with a sinus
fenestration to locate either the anterior or posterior wall of
the maxillary sinus. The most posterior implants were placed
along either the anterior or posterior sinus wall at approxi-
mately 30 to 35 degrees of angulation. A two-stage protocol
was used, with implant exposure 6 months after placement.
The implants were loaded 1 day to 3 weeks after placement
of abutments. Implant bone level measurements were taken
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® FIGURE 3-19 D, Nonresorbable membrane is secured to
the implant with the cover screws and secured apically with
small screws.

© FIGURE 3-19 F, Membrane is removed, exposing a well-
healed, firm graft.

© FIGURE 3-19 E, After 5 months of healing, the implants
and membrane are exposed.

incision dehiscence and less accessibility of the tilted
implants. The authors concluded that the use of tilted
implants for the treatment of edentulous arches with poste-
rior resorption eliminated the need for advanced techniques
and presented a good alternative to these techniques.
Angled implants have been used to engage both the piri-
form region and the posterior maxilla. Krekmanov®
reported on 22 patients who received a total of 75 implants,
42 of them angled. Two patients were loaded within
2 weeks. The remaining patients were loaded after 4 to
6 months, with abutment placement as a second-stage pro-
cedure. Three angled implants were lost prior to loading,
and one angled implant was lost after loading. No axial
implants were lost. Follow-up ranged from 1 to 10 years.
The overall survival rates were 92.8% for the angled

© FIGURE 3-19 G, Completed restoration after more than 7 years of successful follow-up. (Prosthetics

by Dr. Chuck Boudreaux.)
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implants and 100% for the straight implants. The overall
prosthetic success rate was 100%. Krekmanov postulated
that survival of the angled implants was linked directly to
cortical bone contact.

Aparicio et al.* used straight and angled implants as a
treatment option to sinus grafting in patients with partially
edentulous posterior maxillae. They reported on 25 patients
with 101 implants, with 42 implants placed at an angle. Six
patients were smokers. The angled implants were placed in
the tuberosity/pterygoid area, palate, mesial sinus wall, and
nasal pyriform area. The implants were allowed to osseoin-
tegrate for 6 to 8 months and then were uncovered and
loaded with fixed restorations. The patients were followed
for 21 to 87 months. The implants were evaluated clinically,
radiographically, and with the Periotest. Success and sur-
vival rates were determined as per Albrektsson et al.’” Two
of the axial implants failed before loading. None of the an-
gled implants failed. Three of the axial and two of the angled
implants were classified as surviving but not successful. The
axial implants had a success rate of 95%, and the angled
implants had a success rate of 95.2%. Based on this study,
the authors concluded that partial edentulism in the poste-
rior maxilla, with insufficient bone for traditional implant
placement, could be restored with a combination of axial
and angled implants and that angled implants were a viable
alternative to sinus grafting.

Immediate loading of angled implants combined
with axially directed implants also has been studied.
Calandriello?® reported on 18 patients who received a
total of 60 implants, of which 27 were angled. Immediate
loading was performed with a screw-retained prosthesis
on the same day or within 3 days. One each of the axial
and angled implants failed; the overall survival rates
were 97% for the axial implants and 96.3% for the angled
implants. The implants failed because of fractured
provisionals, which allegedly caused micromotion and
prevented osseointegration. The overall survival rate for
the implants was 96.7%, and the prosthetic success rate
was 100%.

In 2005, Malo et al.”” evaluated an immediate function
protocol for complete maxillary arch reconstruction with a
fixed restoration supported by four implants. The report
included 32 patients who received 128 implants. Each
patient received two angled and two axial implants, for a
total of 64 axial and 64 angled implants. An open surgical
technique was used in this study. Each of the posterior
implants was placed tangential to the anterior sinus wall at
an angle of 30 to 35 degrees. Two anterior implants were
placed axially mesial to the posterior implants. The im-
plants were placed at a torque of 40 N-Cm. A provisional
fixed acrylic restoration was delivered within 3 hours after
implant placement. The first 22 patients also received
51 rescue implants. These implants were not immediately

loaded and were used in case of implant failure or were
included in the final prosthesis. The patients without res-
cue implants received their final prosthesis at 6 months
after implant placement. The patients who received rescue
implants received their final prosthesis 12 months after
initial implant placement. Follow-up examinations were
performed 6 months and 1 year after implant placement.
Clinical and radiographic examinations were performed.
The implants were classified as surviving according to rou-
tine implant evaluation methods. Three angled implants
failed. None of the axial implants failed. Two of the angled
implants failed because of heavy bruxism, and one failed
because of poor osseointegration and mobility. The sur-
vival rates were 100% for the straight implants and 95.3%
for the angled implants. The overall survival rate was
97.6%, and the prosthetic success was 100%. Marginal
bone loss was 0.9 mm on average, and no difference was
seen between the axial and angled implants. These authors
concluded that immediate loading with two angled and
two axial implants to restore the edentulous maxilla is a
viable treatment alternative to sinus grafting.

In 2006, Malo et al.?® confirmed their earlier results. In
this study, 16 of the 44 patients were smokers. Most of the
prostheses were supported by four implants. A total of
166 implants were placed; 82 of the implants were placed at
an angle along the anterior maxillary sinus wall using an
open sinus technique. The implants were immediately
loaded with provisional acrylic prostheses on the day of
surgery. The final fixed restoration was delivered 12 months
after implant placement. The patients were followed for
1 year. Two implants failed, both angled implants. Both
failures were replaced with implants that survived and were
included in the final prostheses. The survival rate was 100%
for the straight implants and 97.5% for the angled implants;
the overall survival rate was 98.7%. The prosthetic success
rate was 100%. No difference was seen between the angled
and the axially directed implants regarding marginal bone
loss during the observation period.

Using the prosthetic protocol of Mattsson et al.,*! Rosén
and Gynther® confirmed positive results with smokers.
In their study, six patients were smokers. The patients were
followed clinically and radiographically for 8 to 12 years.
A total of three implants in two patients were lost during
the follow-up period, for an overall survival rate of 97%. The
other patients all had their implants restored with fixed pros-
theses. The overall prosthetic success rate was 90%. Compli-
cations included mucositis with sinusitis, speech problems,
and esthetic problems with the restoration. This long-term
follow-up provided evidence that the use of angled implants
in patients with severely atrophic posterior maxillae was a
viable and evidence-based option to bone grafting.

Tiziano et al.*® evaluated the treatment outcomes for
immediate-loaded maxillary, full-arch fixed restorations
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were removed, and implants were placed in each tooth
position (Figure 3-21, V-W).

Another 4 months were allowed for integration, and the
patient then was ready for implant exposure (Figure 3-21, X).
A crestal incision made slightly palatal allowed placement
of the healing abutments (Figure 3-21, Y). After transfer
impressions had been made, abutments were prepared and

© FIGURE 3-21 V, Template is used to place implants ap-
proximately 3 mm apical to the planned gingival margin.

© FIGURE 3-21 X, Four months later, the ridge is ready for
exposure of the implants.

© FIGURE 3-21 Z, Transfer impressions and custom abut-
ments are made.

placed (Figure 3-21, Z-AA). A second set of final impressions
of the abutments was made, and the final crowns were
fabricated (Figure 3-21, BB-FF).

At placement, the patient was satisfied with the appear-
ance of the restoration. His smile line covered the small
gingival discrepancies that often occur with this severe
defect (Figure 3-21, GG-HH).

© FIGURE 3-21 Y, Palatal incision allows for transposition
of the attached gingiva to the labial surface of the healing
abutments.
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Background, General Principles, and
Techniques

Bone availability is the key to successful placement of endos-
seous implants 10 mm or longer in the posterior maxilla.
When the thickness of the bone between the maxillary sinus
and the alveolar crest is less than 10 mm, increasing the
thickness of the alveolar sinus floor by bone grafting is one
option that will support implants and prosthetic restoration.
The graft material chosen must provide adequate viable bone
to stabilize the implant initially and encourage osseointegra-
tion. Materials used for sinus floor grafting include autoge-
nous bone, allogeneic bone, xenograft anorganic bone prep-
arations, and alloplastic materials. Autogenous bone fulfills
the criteria for an ideal graft.!

Long-term assessment of the amount of bone remaining
around the implants has not been included in initial
reports.>?* However, a more recent report examined the
use of tomography to assess the bone level (relative to the
apical portion of the implant) and the height of alveolar
ridge.”® This report indicated that after 5 to 10 years of
function, bone formed in autogenous bone-grafted sinuses
and was retained.”>* The population in this study had
simultaneous placement of hydroxylapatite (HA)-coated

Use of bone morphogenetic protein for posterior

augmentation with anterior teeth

Implant placement

implants (e.g., cylinders, screw shapes) with autogenous
bone grafts. After 5 to 10 years of function, bone was still
present around the implants. Of the implants studied, 90%
had bone covering the apical portion of the implant. This
study supports the use of autogenous bone for sinus graft-
ing. The techniques described in this chapter are similar to
those mentioned in the long-term tomography study.?

In the tomography study, no attempt was made to
differentiate prosthesis design, length and diameter of
implants, or small variations in surgical technique (e.g.,
antibiotic coverage, flap design, type of implants used).
Nevertheless, failure of the implants and grafts was rare.
The prostheses fabricated for these patients followed
well-known techniques. However, the effects of specific
prostheses on graft maintenance and implant survival
were not evaluated.?

The differences among types of grafts indicate that the
addition of demineralized, freeze-dried bone (DFDB) to the
iliac grafts slightly lowered the eventual bone level. Al-
though this difference was statistically significant, the clin-
ical difference was small, because the implants were still
covered with bone. In some clinical situations, the amount
of bone harvested from the donor site is less than ideal. In
these cases, DFDB is added to increase the volume of the
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specific landmarks (e.g., floor of the sinus) and to perform
an accurate ostectomy.

A round bur with irrigation is used to remove cortical
bone and expose the gray, glistening sinus membrane
(Figure 4-2, A). The lateral maxillary wall can be left
intact and rotated inward as the new floor of the maxil-
lary sinus, or it can be removed, depending on the clini-
cian’s preference. A smooth, relatively new elevator is
used to peel the sinus membrane from the floor of the
maxillary sinus and lateral nasal wall (Figure 4-2, B). The
membrane is elevated to the height of the desired aug-
mentation. The edges of the sinus membrane are elevated
initially, gradually increasing the distance of membrane
elevation. Excessive elevation of one isolated portion of
the membrane is avoided, because this would result in
tension on the nonelevated membrane. The membrane
must be sufficiently elevated to avoid excessive pressure
when the sinus graft material is placed.

Perforations of the sinus membrane may occur,
depending on the experience of the operator, location of
the horizontal ostectomy, presence of septa, and thick-
ness of the sinus membrane (Figure 4-2, C). Small perfo-
rations are left untreated. If large perforations are pres-
ent, the procedure is aborted and attempted at a minimum

© FIGURE 4-2 A, Surgical photograph showing an inci-
sion at the crest of the ridge, followed by a full-thickness,
mucoperiosteal reflection to expose the lateral wall of the
maxilla. A round bur has been used to remove the cortical
bone, exposing the underlying sinus membrane.

© FIGURE 4-2 B, Small Woodson elevator is used to ele-
vate the thin sinus membrane from the inner aspect of the
maxillary sinus.

©® FIGURE 4-2 C, Sinus membrane is raised, and the lat-
eral wall of the maxilla is then rotated medially into the
sinus. The membrane is elevated with a small perforation.
Small perforations (such as the one shown) can be left
alone with no treatment. If a large perforation is made, the
procedure may be aborted, unless a solid block of bone is
used rather than particulate bone. When the membrane is
elevated and positioned in the superomedial aspect of the
sinus, it often folds on itself; this folding closes over any
perforations.

of 4 months later. Use of a patch, such as a collagen
membrane or other resorbable membrane, is at the dis-
cretion of the operator, with the understanding that the
addition of such materials may increase the chances of
postoperative infection. If solid blocks of bone are to be
used, an intact sinus membrane may be less important.
After the membrane has been elevated, the bone harvest
procedure is performed.
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FIGURE 4-5 E, In a second approach, the periosteum is

raised from the bone. A bur is used to remove a piece of

cortical bone 8 mm in diameter over Gerdy’s tubercle.

FIGURE 4-5 G, Up to 22 ml of cancellous bone can be
harvested from one tibia, which is sufficient to graft bilat-
eral sinuses.

FIGURE 4-5 I, Membrane has been elevated, and the
tibia bone has been placed.

FIGURE 4-5 F, Bone curette is used to collect cancellous
bone from within the tibia.

FIGURE 4-5 H, Lateral aspect of the maxilla is shown
after the lateral aspect of the maxillary wall has been
removed, exposing the intact sinus membrane.

Multiple approaches can be used to reach and harvest
bone from the iliac crest. For sinus grafting, the anterior
approach usually is performed, because it does not require
turning the patient after the sinus elevation has been com-
pleted. In addition, a satisfactory amount of bone usually
can be harvested from the anterior approach. To limit
blood loss and minimize gait disturbances, the technique
most often used involves a relatively avascular approach,
with great care taken to avoid the sensory nerves that tra-
verse the iliac crest region. After a sterile preparation and
draping of the anterior iliac crest, a local anesthetic is
administered. Blunt dissection with hemostatic control
using electrocautery is used to approach the anterior iliac
crest. The approach should be performed from the lateral
anterior aspect to prevent reflection of the insertion of the
tensor fasciae latae muscle, which will minimize long-
term gait disturbances. The muscles are separated rather
than incised, with the dissection medial to the gluteus
medius muscle and lateral to the iliacus muscle. In the area
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FIGURE 4-6 D, After 6 months, the implants are ex- FIGURE 4-6 E, Panoramic radiograph showing the im-
posed and the abutments placed. Note the parallelism of plants and fixed prosthesis.
the implants, which allows a single-unit prosthesis to be
fabricated.

FIGURE 4-7 A, This 45-year-old man complained of being FIGURE 4-7 B, Panoramic radiograph showing a lack of
unable to retain his maxillary prosthesis. Physical examina- anterior maxillary bone and minimal bone posteriorly.
tion reveals flabby, loose anterior maxillary tissue and severe
resorption of the anterior maxilla. The anterior nasal spines
are easily palpable near the residual alveolar ridge.

FIGURE 4-7 D, Treatment plan calls for bilateral sinus
grafts with iliac corticocancellous blocks of bone and si-

FIGURE 4-7 C, Reconstructed CT scan showing minimal multaneous placement of eight endosseous, threaded
bone anteriorly and posteriorly. implants. Elevation of the sinus membrane is shown.
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FIGURE 4-7 E, Iliac crest is exposed. A sagittal saw is
used to harvest a block of bone, which will include portions
of cortical bone from the crest and lateral cortex. The can-
cellous bone remains intact on the bone graft. Another cut
is made to allow retention of the medial cortical plate of the
iliac crest.

FIGURE 4-7 G, Block of bone is placed into the sinus
cavity. As necessary, it is trimmed (often by compressing
the marrow without removing it) so that it can be meticu-
lously mortised against the bone of the sinus floor. Im-
plants then are placed to stabilize the graft.

alveolar bone, the status of the sinus membrane, and the
type of implant chosen by the restorative dentist.

If alveolar bone is sufficient to stabilize the implants,
they can be placed simultaneously with the graft. The Aca-
demy of Osseointegration Sinus Consensus Conference
data indicate that simultaneous placement of implants
has a success rate similar to that of delayed placement of
implants.

When the implants are placed at the same time as the
graft, the implant sites are prepared after the membrane

FIGURE 4-7 F, After harvesting, the bone graft is sec-
tioned into two pieces. If it is thick, the cortical bone is
thinned to allow rapid revascularization while the struc-
tural integrity of the bone is maintained.

FIGURE 4-7 H, Completed bilateral sinus grafts with
the implants in place. The severe atrophy of the anterior
maxilla is shown.

has been elevated, following the manufacturer’s recom-
mendations. After the implant site is prepared, the graft
material is placed into the medial aspect of the sinus
preparation site, and the implants are placed. Additional
graft material is placed between the implants—over the
superior aspect of and lateral to the implants—filling in
the window.

If implants are not placed at the same time as the graft,
the graft material is placed into the sinus preparation site.
The graft should fill the sinus vertically to allow for 20%
loss of graft volume and the placement of implants 14 mm
or longer 6 months after graft placement. The incisions are
closed carefully, avoiding excessive tension.






calcium phosphate ratio similar to natural bone mineral in
humans. Osteoblasts form on the DBB particles in calvarial
and femoral bone defects, with greater bone formation than
synthetic HA.**° Schmitt et al.*! showed that DBB promoted
greater bone formation in critical-sized calvarial defects than
did bioactive glass. Significant bone growth around teeth and
endosseous implants and in ridge augmentation has been
reported with DBB in animal and human clinical trials.®?>*
When DBB is implanted, the absence of proteins results in
minimal immune response in vivo.>® DBB has been reported
to be a satisfactory material for an implanted bone substi-
tute.® DBB in the sinus in the dog stimulated new lamellar
bone formation and bone apposition on simultaneously
placed titanium implants and subsequently was replaced by
newly formed bone.””*® Yildirim et al.* combined DBB and
venous blood for use as sinus grafts. After 6.8 months, tre-
phine biopsies were performed. New bone formation equaled
14.7%. The proportion of residual DBB was 29.7%, and 29%
of the surface of the DBB was in direct contact with newly
formed bone.

This author follows the technique described by Hallman
et al.#**° The surgical approach is similar to that for other
sinus augmentation procedures, using a lateral window
approach to raise the sinus membrane (Figure 4-8, A-F). If
small perforations are present in the sinus membrane, the
membrane is elevated to allow the holes to become par-
tially or completed covered by the folding of the mem-
brane. If the perforation is moderate, a sheet of collagen
membrane is placed. The advantage of the technique using

© FIGURE 4-8 A, Lateral window is created using stan-
dard techniques, and the membrane is elevated. Because
the bone thickness was less than 3 mm, implants were not
placed simultaneously in this site.
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© FIGURE 4-8 B, Autogenous bone is collected from the
maxillary tuberosity. It will be combined with the bovine
bone particles in this small bowl.

© FIGURE 4-8 C, Composite graft is mixed with the vis-
cous liquid. The less viscous liquid then is added to the graft
mixture. The graft forms a well-congealed, moldable mass.

© FIGURE 4-8 D, Resulting composite is firm enough to
be held with pickups while maintaining its form.
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© FIGURE 4-11 B, As described in Figure 4-9, the BMP-
impregnated collagen membrane is placed into this normal-
sized sinus; 12 mg of BMP is used. No membranes are used
to cover the sinus graft site.

© FIGURE 4-11 D, Immediate postrestoration panoramic
radiograph shows bone formation at the apical portion of
the implants.

wants a fixed prosthesis (Figure 4-13, A-T). Her dentist
(Dr. Mary Beilman) plans a restoration with single
crowns on the anterior maxilla and fixed prosthetics
posteriorly based on implants. The problem is deficient
bone in the posterior maxilla. This case illustrates the
techniques of sinus augmentation using BMP, extraction
site grafting with BMP, and implant placement into the
formed bone.

After infiltration of a local anesthetic, a crestal incision
is made with vertical release incisions anteriorly and poste-
riorly. The vertical release incisions avoid the attached
gingiva of the adjacent teeth. A full-thickness reflection is
made, exposing the lateral wall of the maxilla.

A water-cooled laser is used to create the lateral window.
The laser settings are 2.5 watts, pulse rate 25 cycles/sec, with

© FIGURE 4-11 C, Three implants are placed 6 months
later. Note the excellent bone formation over the previously
made window.

© FIGURE 4-11 E, Three-year postrestoration photograph
shows excellent soft tissue reaction to the implants.

© FIGURE 4-11 F, Three-year postrestoration radiograph
of the implants shows dense bone formation in the grafted
sites.









© FIGURE 4-13 C, Anterior dentition was in good repair
except for a severely carious and fractured left lateral
incisor. The treatment plan called for extraction of the inci-
sor and socket grafting in anticipation of an implant in the
future.

© FIGURE 4-13 D-E, Posterior edentulous regions show
healthy, wide ridges with sufficient space for three implants.
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© FIGURE 4-13 F-G, Cross-sectional views of the poste-
rior maxilla show less than 2 mm of bone thickness in the
second premolar and molar regions.

© FIGURE 4-13 H, Grafts composed of rhBMP-2 and
collagen sponge in the extraction site of the left lateral
incisor and in the left sinus.
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FIGURE 4-13 I, At 4 months, panoramic image from the cone beam scanner shows excellent
bone formation in the sinuses.

26.000

FIGURE 4-13 J-K, Cross sections 4 months after grafting show sufficient bone formation for
implants 10 and 11.5 mm long.
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FIGURE 4-13 L, DICOM data are used by the CT planning software (Simplant Pro 12.02,
Materialise, Brussels, Belgium) to plan the implant surgery.
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FIGURE 4-13 M, Virtual panoramic image shows the placement of seven implants. The im-
plant’s length is establish using planning software to ensure that the optimal lengths are used. This
also confirms that three implants can be positioned with sufficient interimplant space.

)

FIGURE 4-13 N, Cross section of one of the implants FIGURE 4-13 O, Implant planned for the lateral incisor
placed in the planning software. Note that this implant, position. Note the bone density on the labial aspect, the
which is 4 mm in diameter, tapered, and 11.5 mm long, result of the BMP socket graft.

i

engages the entire vertical height of the alveolar bone.
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© FIGURE 4-13 P-R, Implants were placed with the use
of a stent that was fabricated by the restorative dentist as
planned.

20.00 Al

© FIGURE 4-13 S, Cross section from the postoperative
cone beam scan shows implant positioned as planned.

© FIGURE 4-13 T, Postoperative panoramic image shows
the position of the seven implants placed into BMP-
formed bone.















Zygomaticus Implants

and Angled Implants for
the Edentulous Maxilla

Chapter Outline

Placement of zygomaticus implants
combined with anterior implants
General considerations
Preoperative workup
Surgical procedure
Placement of four angled implants to
support a full-arch prosthesis
Single zygomatic implant for salvaging
a full-arch case

Placement of Zygomaticus Implants
Combined with Anterior Implants

General Considerations

Examination of the patient with a totally edentulous max-
illa may reveal a lack of adequate bone in the posterior
maxilla for the placement of standard endosseous implants.
These patients may desire an implant-borne, full-arch max-
illary restoration without grafting of the sinus. Bone graft-
ing can be avoided by using placement of a longer implant,
the zygomaticus fixture, as an alterative method. The zygo-
maticus implant is a threaded titanium implant that is
3.75 mm in diameter, graduating in size to 4 mm. It is
available in lengths up to 55 mm.

Branemark has reported the use of the zygomaticus fix-
ture with follow-up of function for 10 years in a small num-
ber of patients; follow-up of function has been reported in
larger numbers for 5 years. The patient population treated
by Branemark includes those with totally edentulous, intact
maxillae and those who have undergone maxillectomies
after tumor resection. The reported success rate is greater
than 96%.!-

Use of double zygoma to salvage a full-arch

prosthesis after severe bone loss

Use of zygomatic implants to support a

nasal/maxillary prosthesis

Assessment and treatment plan
Case study

The recommended protocol includes placement of two
zygomaticus implants—one on each side of the maxilla—
in combination with two to four anteriorly placed,
standard-length endosseous implants (Figure 5-1; also
DVD Figure 5-1, A-B, which shows text Figure 5-1 along
with a diagram of the intended location of the zygomati-
cus implants). After 6 months has been allowed for inte-
gration of the zygomaticus fixture to the zygomatic bone,
the restoration is completed with the fabrication of a rigid
bar connecting the two zygomaticus implants to the ante-
rior implants. Rigid cross-arch stabilization is the key
to the success of this system. The final prosthesis is an
implant-supported, full-arch fixed prosthesis or a fixed-
removable prosthesis.

The advantages of the zygomaticus implants are that
(1) they eliminate the need for a sinus bone grafting proce-
dure, (2) they eliminate the morbidity of harvesting bone
from the iliac crest or the tibia, and (3) fewer implants are
required than with the conventional eight implant-borne
maxillary restoration.

The disadvantages of this longer implant are (1) the
need for deep sedation or general anesthesia for placement
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The next drill is 2.9 mm in diameter, matching the di-
ameter of the previously used round bur (DVD Figure 5-3).
This drill is taken through the palatal site, traversing the
maxillary sinus, to prepare the implant site from the inner
aspect of the zygoma; it passes through the lateral aspect of
the zygoma superiorly. The orbital rim must be avoided.

The next drill is a transition drill, which has a guide to
enter the 2.9-mm-diameter hole in the palate and zygoma
(Figure 5-7). This drill opens the hole to the final size in the
zygoma. This transition drill is not intended to complete
the implant site. The next drill is the 3.5-mm-diameter
twist drill, which is taken through the superior aspect of
the zygoma. If the palatal bone is thick, the 4.0-mm twist
drill can be used to complete the palatal site. If the maxil-
lary alveolar bone is thin, the 3.5-mm drill is used, and the
3.5-mm drill is used in the zygoma.

At this point in the procedure, the surgeon is ready to
place the zygomaticus implant. However, the necessary
length of the implant must be confirmed before an implant
is removed from its container. The measuring instrument,
which has the implant’s length etched by sequential lines, is
placed into the site, entering the palatal hole and exiting
the zygoma site. The length of the implant is determined
by identifying the line of corresponding length at the
palatal site (Figure 5-8; and DVD Figure 5-4, A-B, which
shows Figure 5-8 along with a diagram of the delivery of
the zygomaticus fixture).

©® FIGURE 5-7 Guide drill is used to start the hole in the
zygoma, which will be 3.5 mm in diameter.

© FIGURE 5-8 After the final twist drill has been used, the
length of the zygomaticus fixture is determined by direct
measurement using the depth gauge. The implant is chosen
and removed from its sheath. The cover screw is removed

and placed in a safe place. The implant is delivered either
with a rotating handpiece at 10 rpm or with the hand
instrument.

The appropriate-length implant is chosen and placed
onto the sterile field. The glass container is opened, and the
implant is carefully removed with its sheath. The two wings
of the sheath are expanded and removed, exposing the
cover screw on the implant. The cover screw is removed
and placed onto a sterile tray. The implant is mounted on
the delivering handpiece adapter and is placed into the
palatal site. As the implant enters the dense zygoma bone,
the torque of the drill most likely will be exceeded. The
handpiece adapter is removed, and the manual turning
instrument is used to complete placement of the implant.
The angle of the driving mount screw should be inferiorly
oriented. The driving mount is removed, and the external
hex of the implant is visible. The cover screw is placed to
cover the external hex. The same procedure is performed
on the contralateral side of the maxilla (Figures 5-9 through
5-13; and DVD Figures 5-5 and 5-6, A-B). After the two
zygomaticus implants have been placed, two to four ante-
rior implants are placed. The wound is irrigated thoroughly
and closed. Nonresorbable sutures are recommended.

DVD
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® FIGURE 5-14 C, Abutments are indexed so that a tem-
porary bar can be fabricated. The temporary bar is cast in
the laboratory.

© FIGURE 5-14 E, Final bar is made on the implants, re-
sulting in a fixed-removable prosthesis held in position
with plunger attachments.

© FIGURE 5-14 G, Occlusal view of final maxillary pros-
thesis. (Prosthetics by Dr. Tom Salinas.)

© FIGURE 5-14 D, Temporary bar is cast and placed to
stabilize the implants across the arch. This prevents exces-
sive cantilever forces on the implants.

© FIGURE 5-14 F, Frontal view of final prostheses.

maxilla is one option, or sinus grafting may be necessary.
In the severely atrophic patient, in whom systemic contri-
butions to the bone atrophy (e.g., osteoporosis) frequently
are a factor, anterior maxillary grafting may be chosen as
an option.

For the patient with anterior bone but no posterior
bone, the decision to provide a fixed implant-borne resto-
ration necessitates a process of recommendations for the
placement of multiple implants, which requires sinus graft-
ing; placement of six implants if bone is present in the
second premolar region; or nongrafting alternatives using
zygomaticus or angled implants. This section demonstrates
a case using angled implants.

A patient presents with adequate bone in the anterior
maxilla for the placement of two implants but has limited
bone in the first premolar region. One nongrafting option
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FIGURE 5-16 B, Placement of the left single zygoma
implant with placement of one new implant in the left
piriform region.

FIGURE 5-16 D, AP radiograph showing the double zy-
gomas on the right and a single zygoma on the left, an
arrangement intended to salvage the loss of implants and to
give the patient the alternative of a fixed-hybrid prosthesis.

Prior to surgery, the patient had hyperbaric oxygen
treatments. At the time of surgery, incisions were made
over the intact bone, and the remaining bone was exposed.
The orbital rims were exposed, and the orbital floor also
was exposed to allow the surgeon to visualize the depth of
the floor while preparing the zygoma sites. This helped
prevent perforation of the orbital floor. The nasal implants
were placed, with care taken to control for depth and to
avoid entering the cranial cavity. After the nasal implants
had been placed, the left and then the right zygoma
implants were placed, with care taken to enter intact bone,
avoid the orbital contents, and exit from the thickest

FIGURE 5-16 C, Two zygoma implants emerging from
the palate. The adjacent implant has 75% bone loss and a
poor long-term prognosis. The two implants in the right
maxilla also have 75% bone loss and a poor prognosis. The
use of two zygomas on the right, plus the implant in the left
piriform region, combined with the zygoma on the left,
should provide long-term support.

FIGURE 5-16 E, Panoramic image from a cone beam
scan showing the prosthesis screw retained to the three
zygomatic implants and the remaining implants, which
had not shown further bone loss at the time of this 2-year
follow-up radiograph.

bone of the zygomas (Figure 5-17, D-F). The 55-mm-long
implants were used. The zygoma platforms were turned
to minimize off-axis parallel problems. The incisions were
closed, and the hyperbaric treatments continued for
10 days after surgery. All incisions healed uneventfully.
Postoperative radiographs confirmed the implants’ loca-
tions (Figure 5-17, G).

Six months was allowed for integration. The implants
then were exposed, and healing abutments were placed.
Facial impressions were made, as were transfer impressions
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© FIGURE 5-17 1, Plastic clips are used in the maxillary
prosthesis to engage the bar on the framework.

© FIGURE 5-17 K, Clips are placed in the intaglio surface
of the nasal prosthesis for retention; adhesive is not
required.

If anterior bone is available from first premolar to first
premolar, options include placement of anterior implants
and one of the following:

1. Placement of posterior zygomatic implants.

2. Grafting of the sinus for placement of posterior

conventional implants.

3. Placement of four implants with the distal implants

angled anteriorly.

Occasionally, anterior bone is available from canine
to canine, with less than 6 mm of bone posterior to
the canines. In this patient, the placement of six to
eight implants requires grafting; options include the
following:

1. Placeement of sinus grafts and then six to eight

implants for an implant-borne prosthesis.

© FIGURE 5-17 J, Patient places the maxillary dental pros-
thesis to engage the horizontally oriented intraoral bar.

© FIGURE 5-17 L, Facial view of the final prostheses in
place.

2. Use of angled anterior implants to parallel the piri-
form rim, with two implants in the incisor loca-
tions, resulting in platforms in the premolar regions
and the incisor region. This option eliminates
the need for bone graft harvesting and sinus grafts
and reduces the time from initial treatment to final
restoration.

Dentlearn.ir
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© FIGURE 5-19 C, At surgery, a bur is used to enter the
sinus. The lateral nasal wall is identified from within the
sinus, and a pencil line is drawn on the bone to indicate
the floor of the sinus and the location of the bone of the
lateral nasal wall, into the piriform rim. The drills are used
to parallel the bone at an angle.

© FIGURE 5-19 E, Two vertically positioned implants are
placed in the anterior maxilla anterior to the angled im-
plants. Angled abutments are placed to create similar draw
for all four implants.

© FIGURE 5-19 G, Four implants in correct position in
relation to the mandible.

&)

© FIGURE 5-19 D, Similar procedure is performed on the
opposite side. Transillumination is used to identify the
sinus floor and lateral nasal wall.

© FIGURE 5-19 F, Plastic caps are placed on the abutments
to prevent trauma to the tongue and cheeks.

© FIGURE 5-19 H, Panoramic radiograph showing the
placement of the four implants, including the posterior
angled implants.
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Gingival margin position
Level of bone on adjacent tooth
Presence or absence of root prominence
Proportions of tooth to replace with regard
to adjacent teeth
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Labial defects
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Apical holes
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Tooth extraction protocol
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Molar sites
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Postoperative instructions
Immediate placement of implants at tooth
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One-stage implants placed in fresh extraction
sites
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Anatomic configurations after tooth extraction
Indications and implant stability
Surgical techniques for specific teeth
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Lateral incisors
Canines
Premolars
Mandibular incisors
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margin when extracting and replacing
an anterior tooth in the maxilla
Case examples
Use of the piezotome to remove an ankylosed
tooth and immediate implant
placement
Thick gingiva, ideal facial gingival margin
position, thin labial bone with
apicoectomy defect
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Surgical procedure
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Thin facial gingiva, ideal facial gingival margin
level, lack of labial bone
Ideal facial gingival margin level, thin or
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implant
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Prosthetic procedure
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© FIGURE 6-1 E, Piece of collagen is placed over the ex-
traction site and held in position with mattress-type chro-
mic sutures.

Techniques for Grafting the Extraction Site Chapter 6

© FIGURE 6-1 F, Temporary prosthesis is placed with the
temporary tooth in the appropriate form, intentionally
leaving a space between the tooth and the gingiva.

© FIGURE 6-1 G, New temporary prosthesis is made to
allow the vacuform plastic material to extend over the
labial aspect of the gingiva. This creates suction, which
guides the soft tissue to form underneath the temporary
right central incisor.

© FIGURE 6-1 I, Implant is in position using a flapless ap-
proach. At this point, the abutment and provisional crown
are placed.

© FIGURE 6-1 H, Preoperative view immediately before
placement of the implant, using a flapless technique, ap-
proximately 4 months after graft placement.

© FIGURE 6-1 J, Final restoration in place, showing main-
tenance of the gingival profile. (Prosthetics by Dr. Mike
Malone.)
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© FIGURE 6-2 B, Gingival attachments are incised with a
15¢ blade at the junction of the bone and tooth.

© FIGURE 6-2 C, Hirschfeld #20 periosteal elevator is
gently used to retract the gingiva to the junction of the
tooth and bone; the periosteum is not elevated.

© FIGURE 6-2 D, Periotome is placed at the junction of
the tooth and bone and gently tapped to form a separation
of the bone from the tooth. A periotome tip on a piezotome
can also be used.

© FIGURE 6-2 FE, Tooth with lingual external resorption.

© FIGURE 6-2 E, After the periotome has been used to
create mobility of the tooth, the tooth is extracted with
small forceps; rotary movements are used to prevent trauma
to the labial bone.

(2) the implant can be placed and the labial defect
grafted with placement of a membrane to maintain the
graft’s position. However, with moderate labial bone loss
(3 to 6 mm), immediate provisionalization of the implant
should be performed only if the radiofrequency index is
greater than 60.2!

With greater than 6 mm of labial bone loss, implant
placement is not as predictable, because less labial bone is
present, and the chance of micromotion affecting implant
integration is higher. In this scenario, the site is grafted,
and after the graft has consolidated, an implant is placed
(DVD Figure 6-3, A-G).

DVD
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© FIGURE 6-3 H, Implant after restoration.

©® FIGURE 6-3 I, Fixed abutment is prepared in the labora-
tory and placed to restore this tooth.

© FIGURE 6-3 J, Final restoration is placed over the previ-
ously compromised site. (Prosthetics by Dr. Markus Blatz.)

© FIGURE 6-4 A, This patient’s mandibular first molar re-
quires extraction. The patient had been using antibiotics
and chlorhexidine rinses preoperatively to reduce the bac-
terial flora around this tooth as much as possible.

© FIGURE 6-4 B, Periapical radiograph shows large areas
of bone loss extending across the entire labial aspect of the
tooth.

within the socket. In contrast to single-rooted or premolar
sites, which can be treated with a collagen plug over the
socket, leaving the molar site “open” results in loss of a por-
tion of the graft. Therefore, primary closure is performed to
retain the graft in molar sites. The incision design is critical
for achieving primary closure of the site after placement of
the graft.

The incision design allows advancement of the labial
keratinized gingiva (KG) without advancement of the
papilla and fixed gingiva on the adjacent teeth. The incision
is made in the sulcus to within 2 mm of the interdental
papilla. Vertical release incisions are made for full-thickness
flap elevation to expose the lateral aspect of the alveolus and
advance the flap to cover the site after graft material has
been placed. When resorption of the labial or facial cortical
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® FIGURE 6-5 E, Graft of human mineralized bone is

placed into the molar site for reconstruction of both height
and width.

© FIGURE 6-5 F, Flap is advanced to achieve primary
closure.

© FIGURE 6-5 G, KG has been mobilized to the lingual
aspect of the crest. Here, the ridge is shown approximately
4 montbhs later, just before placement of the dental implant.
Note the “banking” of KG on the crest of the ridge.

With regard to the esthetic zone of the maxilla, which
includes the premolars, canines, and incisors, patients
often present with teeth in need of extraction. Reasons for
extraction of a single-rooted maxillary tooth in an adult
include internal or external resorption after trauma, a
breakdown of post and cores that were placed because of
trauma, caries, root canal failure, and periodontal disease.??
Traditional protocols for restoring these sites rely on bone
deposition to fill the extraction site before the implant is
placed.?*?* Hard and soft tissue grafting often is necessary
to provide an ideal functional and esthetic restoration.
Grafts compensate for the bone resorption that accompa-
nies the natural healing process in an extraction socket.?>28

© FIGURE 6-5 H, Radiograph of the restoration of the
bone in the second molar area, before placement of the
implant.

When implants are placed 8 to 16 weeks after tooth extrac-
tion, the clinician must compensate for the loss of labial
bone that occurs during the early phase of extraction site
healing.?3! To prevent the need for hard or soft tissue
grafting with a delayed approach, some have advocated
placement of an osteoconductive graft material within
the extraction site to promote bone fill, to prevent labial
bone loss, and to maintain bone for improved implant
placement.>

When an implant is placed into a fresh extraction site,
all these problems with resorption of thin bone are still
relevant. Therefore, grafting of a space between the implant
and facial bone is indicated to maintain a hard tissue space
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because this usually is the ideal location to place the axis of
emergence in the fossa of the premolar or under the palatal
working cusp. After the implant has been placed, the gap
between the implant and labial cortex can be grafted to
prevent epithelial migration. The choice to graft or not to
graft depends on the clinician; this author grafts the spaces
in an attempt to maintain thickness of the labial aspect of
bone and prevent thin bone over the labial aspect of the
implant site** (Figure 6-8, A-D).

9. Very thin surrounding bone. After extraction of the
tooth, the remaining labial bone may be exceptionally thin,
even when careful methods were used, including the use of
periotomes or other extraction devices designed to pre-
serve bone. In this situation, as long as the implant can be
placed and secured in the surrounding and apical bone, the
implant can be placed and the space between the implant

© FIGURE 6-8 A, This first premolar site shows the com-
mon morphology of a single-rooted, biconcave premolar
root.

© FIGURE 6-8 B, Implant is placed along the palatal as-
pect of the biconcave root socket.

© FIGURE 6-8 C, Space between the implant and the labial
bone is grafted with mineralized bone. The periotome is a
properly sized instrument to pack the graft particles into
the thin defect.

© FIGURE 6-8 D, After placement of the graft, neither a
collagen membrane nor primary closure is necessary, be-
cause the immediate temporary crown obturates the open-
ing and prevents loss of the graft.

and this bone can be grafted with particulate mineralized
bone material. If insufficient bone is present to stabilize the
implants, a graft is indicated and a delayed response is
planned.

The thinner the bone, the greater the chance of resorption
during the postextraction period. The clinical debate con-
cerns what to do with the gap that occurs after an implant
has been placed immediately into an extraction site. The goal
is to maintain or create tissue thickness labial to the implant
so as to provide the appearance of a root prominence and
enhance gingival form with the emergence of the restora-
tion. The thicker the labial plate, the greater the chance to
maintain labial thickness. Unfortunately, minimal evidence
relates final form to bone thickness.
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not cut through the papilla; it is left intact. A thin elevator
(Hirschfeld #20) is used to identify the bone-tooth junc-
tion, and a periotome is used to separate the bone from the
tooth. No subluxation is used, to prevent trauma to the
labial bone. The tooth is removed, along with granulation
tissue, if present. The cells along the extraction site are not
removed.

The surgeon irrigates the site with sterile saline and
inspects it. The presence of bone is confirmed using a spoon
curette and direct visualization. Occasionally, the palatal
periosteum must be elevated to allow placement of a perios-
teal elevator to confirm adequate bone along the palatal as-
pect, because the implant often is placed into the palatal
slope of the extraction site. The bone can be sounded by a
needle or felt with the thin periosteal elevator, depending
on the surgeon’s experience and preference.

It is critical to place the implant in the ideal position
with the final restoration in mind. If the bone does not
allow this, the surgeon grafts the site and returns after the
bone has healed, when ideal implant placement can
be achieved. Placement of the implant in a compromised
location is not appropriate.

In the central incisor location, the implant should be
placed into the palatal slope of the tooth site so that the
implant can emerge at or palatal to the tooth’s incisal edge
(Figure 6-9, A). In addition, the labial edge of the implant
should be 1.5 to 2 mm palatal to a line drawn from the
labial surface of the adjacent teeth; 2 mm of labial space
to this line allows development of the crown without
excessive cervical margin bulk.

A round bur is used to make a definitive hole in the
bone 1 to 2 mm deep (Figure 6-9, B). The surgeon then
uses the twist drill of the implant system chosen, using the
round drill's hole as a purchase point. The twist drill will
not fall off the palatal slope of bone; rather, a definitive
preparation in the ideal axis can be made. The remaining

FIGURE 6-9 A, After tooth extraction, the ideal position
of the implant is slightly palatal to the tooth root socket.

drills are used to finalize the site. Often a gap is present
labial to the implant preparation hole. The implant needs to
engage at least 5 mm of bone apical to the extraction site,
the palatal bone, and the mesial and distal bone along the
adjacent teeth (Figure 6-9, C). The implant is placed
into the prepared hole. Care is taken to avoid allowing
the implant to seat itself at the tip of the root apex; the
surgeon must control the implant to make sure it is placed
into the desired hole and does not follow the apex of the
tooth root.

After the implant has been placed, approximately 3 mm
apical to the gingival margin of the planned restoration,

FIGURE 6-9 B, Diagram showing the position of the
first drill in the palatal slope of the extraction socket. The
first drill must be positioned correctly, or the subsequent
drills will exit labial to the desired position.

FIGURE 6-9 C, Diagram showing the implant placed in
relation to the first drill.
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© FIGURE 6-11 C, Extraction site showing a figure-eight
shape.

© FIGURE 6-11 D, Implant should be placed at least 2 mm
palatal to the labial emergence of the adjacent teeth. The
labial emergence is depicted by the line.

© FIGURE 6-11 E, After the implant has been placed and
the abutment secured, graft material is placed between the
implant and the labial bone. The abutment should be
placed before the particulate material to prevent the graft
from entering the internal hole of the implant.

© FIGURE 6-11 F, Birooted premolar has a distinct palatal
root socket and a buccal root socket.

© FIGURE 6-11 G, Implant should be placed into the pala-
tal socket, with maintenance of the interseptal bone. The
labial root socket then is grafted.

bone, the thickness of the bone, and the necessary axis of
the implant all are favorable after tooth removal. Sulcular
incisions are used, but in this location, small vertical
release incisions are used to allow visualization of the bone
directly on both the labial and the lingual aspects. Identifi-
cation of a lingual concavity is important to prevent perfo-
ration of the lingual cortex. The tooth is removed with
gentle technique to prevent subluxation forces and loss of
the labial bone. After the bone contours have been con-
firmed, a small-diameter implant is placed, with careful
attention to avoiding the adjacent tooth roots. A straight-
emergence healing abutment 2 or 3 mm tall is placed, and
incisions are closed with resorbable suture on a tapered
needle.
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© FIGURE 6-11 H, Abutment prepared in the laboratory
preoperatively is placed on the implant and secured with a
screw. The abutment has satisfactory occlusal clearance for
placement of the provisional crown out of occlusion.

©® FIGURE 6-11 I, Provisional crown is placed onto the
abutment. Occlusal clearance is verified and adjusted as
necessary. No sutures are needed.

© FIGURE 6-11 J, After 4 months of healing, the abutment
is removed and final impressions are taken.

© FIGURE 6-11 K, Final restoration at 2-year follow-up.
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© FIGURE 6-13 B, Occlusal view showing excellent ridge
form prior to implant placement.

© FIGURE 6-13 C, Crestal incision with envelope flap is
used to expose the bone. The soft tissue is removed to allow
for bone presence against the planned implant.

© FIGURE 6-13 D, Implant has been placed. Note the la-
bial hole from prior apicoectomies.

© FIGURE 6-13 E, Bone collected from the implant prepa-
ration is placed into the labial defect.

crestal bone to prevent inadvertent fracture of the thin
bone. The flap was elevated to expose the bony defect.
Preoperative scanning revealed a site the appropriate size
for an implant 4 mm in diameter. The site was degranu-
lated, and an implant was placed; the emergence axis was
kept palatal to the incisor edge. Bone was collected from
the drills used to create the implant site. This autogenous
©® FIGURE 6-13 FE Incisions are closed with vertical mattress bone was used to graft the labial defect. The crestal bone
sutures. was preserved.
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© FIGURE 6-13 G, Cross-sectional image from a computed
tomography (CT) cone beam scan shows small bridge of
bone along the crest, with the apicoectomy bone defect su-
periorly. The bone defect is smaller than an implant 4 mm
in diameter.

© FIGURE 6-13 I, Final restoration. (Prosthetics by Dr. Jayne
Sanchez.)

Moderate gingival thickness, ideal facial
gingival margin position, fractured central
incisor with thin but intact labial bone

This patient had a fractured right central incisor that re-

quired extraction and replacement. The tooth was ankylosed.

The goal was to restore this site with excellent gingival mar-

gin position and a natural appearance (Figure 6-14, A-L).

Problem List:

Moderately thick gingiva over right central incisor

Facial margin 1 to 1.5 mm coronal to adjacent tooth
(see Figure 6-14, A-B)

© FIGURE 6-13 H, Cross-sectional image from a cone beam
scan showing implant placed into the bone defect. The de-
fects have been grafted with autogenous bone, which was
collected from the drills used during implant site prepara-
tion. Note the preservation of the crestal bridge of bone.

Thin labial bone over retained central incisor root (see
Figure 6-14, C)

Right central incisor slightly protrusive to adjacent tooth

High smile line, with gingiva showing on smile

Goals of Treatment:

Maintain moderately thick gingiva to limit gingival
recession

Maintain labial bone form by grafting between implant and
intact but thin labial bone at time of implant placement

Fabrication of implant-retained crown with correct pro-
portions and function, with maintenance of gingival
form over time

Treatment Sequence:

Fabricate removable temporary prosthesis using Essix-
type retainer (DENTSPLY Raintree Essix Inc., Sarasota,
Florida)

Extract tooth with sulcular incisions, place implant in ideal
position, graft gap on labial aspect of implant with rela-
tively nonresorbable xenograft, place healing abutment
to guide gingival healing (see Figure 6-14, D-G)

After implant integration, fabricate esthetic temporary
restoration (see Figure 6-14, H-J)

After final esthetics have been achieved with provisional res-
toration, fabricate final restoration (see Figure 6-14, K-L)

This patient required tooth removal with protection of the
labial bulk and gingival position. A moderately thick gin-
giva was observed, based on its appearance, stippling, and
























284 ) Section II MAXILLA

Treatment Sequence:

Fabricate removable temporary prosthesis using Essix-type
retainer

Extract teeth with sulcular incisions, place connective tis-
sue graft to convert thin gingiva to thick gingiva, graft
extraction sockets to reconstruct lost labial bone (Figure
6-16, D-K)

After healing (Figure 6-16, L-M), fabricate radiographic
stent to create CT surgical guide stent for custom fabri-
cation of healing abutment and placement of implant
without incisions (Figure 6-16, N-T)

Fabricate custom healing abutment using CT surgical guide
stent to guide placement of implant analog in master
model (see Figure 6-16, P)

Surgically place implant and custom healing abutment to
develop gingival profile

After implant integration, fabricate esthetic temporary
restoration (Figure 6-16, U-X)

After final esthetics have been achieved with provisional
restoration, fabricate final restoration

© FIGURE 6-16 F, Subperiosteal tunneling is performed to
develop pockets under the labial gingiva for later place-
ment of the connective tissue graft. Care is taken to avoid
tearing the interdental gingiva.

©® FIGURE 6-16 D, Sulcular incisions are made, and the
teeth are extracted. Minimal labial bone is present.

©FIGURE 6-16 E, Template is made from the suture pack foil
to serve as a pattern for the required connective tissue graft.

© FIGURE 6-16 G, Incision is made on the palate, and the
scalpel blade is used to sharply develop a reflection of the
palatal mucosa from the underlying connective tissue.
The palatal tissue is kept thin to maximize the thickness of
the planned subepithelial connective tissue graft.

1. Fabricate a removable temporary prosthesis using
an Essix-type retainer. A model is made of the patients
maxilla and poured in stone. If the patient’s current teeth
will be used in the Essix temporary stent, the pre-extraction
model can be used. If the patients teeth are not planned
for the provisional, the teeth to be extracted are removed
from the case with a drill. Denture teeth can be used to
replace the extracted teeth. The model with the denture
teeth in place is duplicated in stone, and a vacuum form is
made over the teeth and trimmed to cover all the maxillary
teeth.
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© FIGURE 6-16 H, After harvesting of the graft, a suture is
introduced from the vestibule through the labial tunnel,
exiting in the extraction socket. The suture is passed
through one corner of the connective tissue graft. An
additional suture is placed on the left side through the
vestibule, exiting from the extraction socket, and passing
through the opposite corner of the graft.

© FIGURE 6-16 J, Connective tissue graft is rolled away
from the extraction site, and the particulate human miner-
alized bone is firmly compacted into the site.

The CEJ of the replacement teeth in the Essix provi-
sional should not quite reach the alveolar ridge to allow for
soft tissue swelling after extractions and grafts. If necessary
during surgery, the teeth in the provisional can be short-
ened after the provisional has been tried into the mouth.
Pressure on the ridge after connective tissue grafting is not
recommended until the connective tissue has healed and
matured.

2. Extract teeth with sulcular incisions, place connec-
tive tissue graft to convert thin gingiva to thick gingiva,

© FIGURE 6-16 I, Graft is carefully and gently pulled and
manipulated into the labial subperiosteal tunnel, under the
labial gingiva. Part of the connective tissue graft extends
over the extraction sites. The graft is incised to fit passively
over each extraction site.

© FIGURE 6-16 K, Sutures are placed to secure the con-
nective tissue graft. Care is taken to avoid piercing the base
of the graft on the labial aspect of the extraction sites. Ver-
tical mattress and horizontal mattress sutures are used. A
temporary Essix-type prosthesis is used during the healing
period.

and graft extraction sockets to reconstruct lost labial
bone. At the time of tooth extraction, a local anesthetic is
administered in the vestibule and along the ridge, includ-
ing the palatal mucosa. After a satisfactory plane of anes-
thesia has been reached, a small scalpel blade (15¢) is used
to make incisions around the neck of the teeth to be ex-
tracted. Care is taken to avoid sectioning the papilla.

After the tooth has been removed, a subperiosteal
pocket is created superiorly and laterally through the
sulcular incision. It may be very difficult to make this
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CT-Guided Surgery for Central Incisor with Custom Healing Abutment OV

Before watching the video, please read the following
narrative. The narrative describes in detail the procedure
for CT-guided surgery for central incisor with custom
healing abutment performed in the video. It is recom-
mended that you read the narrative before watching the
video and then refer back to the narrative as needed.

This patient will have a single implant placed using
a CT-generated surgical guide stent and a custom-
fabricated healing abutment placed to preserve facial
gingiva and provide support to the papilla.

After local anesthesic is infiltrated, the guide stent is
placed over the teeth. A tissue punch is used to remove
the crestal gingiva. The countersink drill is used to initiate
the osteotomy through the uneven bone crest. A drill
sleeve is then used, and the pilot drill is used to depth as
planned. After the pilot drill is used, the next-sized drill

Video 6-4

is used through a drill-diameter—specific sleeve to planned
depth. Depending on the density of bone, the final-size
drill is chosen to allow for implant seating with maxi-
mum thread fixation.

The implant is placed with the supplied drill mount,
which will engage the inner surface of the master cylin-
der within the guide stent. This ensures that the implant
will be placed close to the angulation as planned. After
the implant is placed, the driver mount is removed and
the custom healing abutment is seated and secured
to the implant with a screw.

An Essix temporary restoration is placed for patient
comfort and esthetics with the provisional modified to
avoid pressure on the healing abutment that is flush
with the gingiva. (Prosthetics by Dr. Paul Child.)

The soft tissue graft is reflected labially, and the socket is
grafted with particulate graft material. After the mineral-
ized graft material has been firmly consolidated, the soft
tissue graft is returned to cover the sockets and is sutured
in position. Sutures are passed through the gingiva over the
gingival graft, covering the graft rather than entering it
and preventing excessive suture damage to the connective
tissue graft.

The provisional Essix restoration is modified as neces-
sary to prevent pressure necrosis of the connective
tissue graft. Swelling is expected; therefore, the intaglio
surface of the provisional must be relieved. After the
initial healing, pressure can be placed over the ridge to
gently form a sulcus, anticipating the final desired gingi-
val form.

3. After healing, fabricate radiographic stent to create
CT surgical guide stent for custom fabrication of healing
abutment and placement of implant without incisions.
The extraction sites are allowed several weeks to months to
mature, allowing for accurate development of the desired
final restoration form. From the desired tooth form, a clear
acrylic radiographic stent is made to delineate the specific
implant position and to create a custom-fabricated healing
abutment. The laboratory creates a clear acrylic stent with
the following characteristics:

e The planned crown forms with ideal labial form,
incisor edge position, and facial gingival margin
location are present.

e Flanges are added to allow placement of radiographic
markers (e.g., gutta percha) for use of a dual-scan
technique.

e Full coverage of the dentition is provided to allow

stability during implant placement.

The patient wears the radiographic stent during the scan,
and the radiographic stent is scanned by itself in the same
orientation as when the patient was scanned. The scan is
taken according to the scanning parameters for the specific
CT planning software used (in this case Nobel Guide, Nobel
Biocare, Goteborg, Sweden).

4. Fabricate custom healing abutment using CT sur-
gical guide stent to guide placement of implant analog in
master model. Placement of a custom healing abutment at
the time of implant placement can aid development of the
planned sulcus during the time needed for implant integra-
tion. The anatomic form of the healing abutment provides
support for the papilla, enables the labial gingiva to retain
its form, and prevents retraction of the gingiva into the
hole created by the flapless approach for guided implant
placement. In addition, a healing abutment allows the
gingiva to be tented over a portion of the abutment, which
might result in a gain of soft tissue vertical height in the
coronal direction.

The surgical guide stent has metal guide tubes that aid
the surgeon in implant placement; drill sleeves and pre-
cise drill-sized holes ensure accurate placement. The
metal tubes also can be used to fabricate healing abut-
ments, provisional abutments and restorations, and for
some clinicians, the final restoration. For this patient, a
specific part is inserted into the metal tube and connected
with an implant analog. The master cast has an appropri-
ately sized preparation made to allow the analog to be
placed within the diagnostic cast. The analog is secured in
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position with stone or plaster. The guide stent is removed,
and the analog is found to be in the exact location, rota-
tion, and depth as the implant will be when placed by the
surgeon.

The laboratory technician or restorative dentist forms
the desired sulcus within the cast using drills. After the
sulcus has been shaped, a custom abutment is formed with
the aid of wax, computer-assisted design and manufacture
(CAD CAM) scanning for milling, or fabrication using
resin or acrylic. Zirconium has been found in a limited
series to work very well by promoting soft tissue growth
over the healing abutment when it is placed on the implant
immediately upon implant placement.

The custom healing abutment should be at the level of
the gingiva, with minimal supragingival prominence, to
promote gingival overgrowth. It should laterally support but
not compress the papillae to preserve their shape during
the implant integration period. Over the period of implant
integration, the gingiva heals with maturation of the colla-
gen through cross-linking, which stabilizes the gingival
form. As necessary, further sulcal shaping can be performed
when the site is temporized.

5. Surgically place implant and custom healing abut-
ment to develop gingival profile. At the time of surgery,
specific items must be available, including the surgical
guide stent, the surgical guide kit that matches the implant
system to be used, the custom healing abutment with gold
screw, and as determined by the team, a custom-fabricated
jig for confirmation of the proper rotational orientation of
the implant so that it matches the orientation of the custom
healing abutment.

The area is prepared and anesthetized, including the
nasal region, because the implant usually engages the
nasal cortical bone. The surgical guide stent has been
tried in place before the onset of anesthesia, preferably a
few days prior to the actual implant surgery. The guide
stent is placed, and the drilling sequence is followed. The
gingival punch drill is used to remove a circular patch of
gingiva. The series of twist drills are used at slow speeds
to prevent burning of the bone; irrigation is difficult to
deliver to the drill within the bone because of the tight
constraints of the guide and sleeve and the high toler-
ances of the drill fit in the drill sleeve. The implant is
placed as planned. It is oriented with the rotation of the
internal connection verified by the insertion-orientation
jig. The site is examined, and as necessary, soft tissue
is cleaned from the implant with instruments or a
water-cooled laser. The custom-fabricated abutment
is placed and secured by its retaining screw. A radio-
graph is taken after the surgery to confirm seating of the
abutment.

6. After final esthetics are achieved with provi-
sional restoration, fabricate final restoration. After the

implant has been allowed to integrate, an implant-level
impression is taken, and a provisional restoration is
made that mimics the initial esthetic setup. As necessary,
it is modified to further sculpt the soft tissue and main-
tain the facial gingival margin position, support the pa-
pilla, and confirm stability before the procedure advances
to the final restoration. The final restoration may be
made using all-ceramic abutments, metallic abutments,
all-ceramic crowns, or conventional porcelain-fused-to-
metal crowns, as determined by the esthetic needs of the
patient.

Ideal facial gingival margin level, thin or

deficient labial bone secondary to previously

placed and lost dental implant

This patient had lost the left central incisor when she was a

child. A dental implant had been placed when she was

10 years old by a clinician in another state, not by this author.

She had multiple problems, which resulted in removal of the

dental implant 4 months before she presented for a new

implant. She wanted a tooth that was esthetic and matched

her natural right central incisor (Figure 6-17, A-O).

Problem List:

High smile line with gingiva showing on smile (see Figure
6-17, A)

Thin gingiva over left central incisor edentulous site

Facial margin level with adjacent tooth (see Figure 6-17, B)

Thin or lost labial bone over left central incisor location
(see Figure 6-17, C-D)

Goals of Treatment:

Convert thin gingiva to thick gingiva to limit gingival
recession

Reconstruct lost labial bone bulk

© FIGURE 6-17 A, Initial presentation of a patient who
needs an implant to replace the left central incisor. She has
excellent show at rest and at smile, with the right central
incisor at the ideal 10.5-mm length.
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© FIGURE 6-18 D, Diagnostic models are used to outline
the vertical bone levels and then to create an esthetic
waxup.

© FIGURE 6-18 C, Periapical radiographs show excessive
bone loss on the left central and lateral incisors.

© FIGURE 6-18 F, New temporary shows that the facial
gingival margin is at least 3 mm apical to the planned res-
toration. The incisor edges in this temporary established
the ideal incisor edge position. From this, the necessary
facial gingival margin is determined. Orthodontic appli-
ances are placed to extrude the left incisors and move the
gingival margin coronally.

© FIGURE 6-18 E, Old restorations are removed, exposing
the teeth. The teeth are revised for fabrication of a new
temporary, which is used for diagnosis.

©® FIGURE 6-18 G, Teeth are extruded and overcorrected.
They are left in retention until bone has filled the gaps cre-
ated by the extrusion. Note that the facial gingival margin © FIGURE 6-18 H, Extruded teeth have moved the bone
is overcorrected at least 2 mm. coronally.
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© FIGURE 6-18 I, New four-unit provisional restoration
is made, and the orthodontic appliances are removed.

© FIGURE 6-18 K, Provisional abutment is placed on the
implant and modified to the correct height.

© FIGURE 6-18 ], Provisional restoration is removed, as is
the left central incisor. One implant is placed into the bone.
No grafting is necessary, because the implant is completely
within bone.

© FIGURE 6-18 L, Provisional four-unit restoration is re-
lined to cover the provisional abutment and then is rece-
mented. The occlusion is lightened.

© FIGURE 6-18 M, After 2 months, the patient is ready for
the second implant. Note the tissue response to the orth-
odontic extrusion and implant placement.

® FIGURE 6-18 N, Provisional restoration is removed, and
a local anesthetic is infiltrated. Note the healthy tissue re-
sponse to the first implant.
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©® FIGURE 6-18 O, Lateral incisor is removed, and an im- © FIGURE 6-18 P, Provisional abutment is placed and
plant is placed 3 mm apical to the gingival margin of the modified for a second reline.
planned restoration.

©® FIGURE 6-18 Q, Provisional four-unit restoration is re-
lined over the second implant.

© FIGURE 6-18 R, After 4 months, the provisional restora-
tion is removed for fabrication of custom abutments and
soft tissue sculpting.

© FIGURE 6-18 T, Customized provisional abutments are
screwed to the implants, and the tissues begin to form a
natural tooth morphology.

© FIGURE 6-18 S, Resin is applied to the provisional abut-
ments to generate a sulcus that mimics the sulcus of a natu-
ral tooth.
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his right and left central incisors and the left lateral incisor
(Figure 6-20, A-H). His dentist referred him for implant
placement. Radiographs showed excellent bone presence
without fractures or displacement. His gingiva was thick
and healthy. The facial gingival margin was at an appropri-
ate level. He also had a low smile line with no gingival show
at smile.

After consultation with his dentist, the treatment plan was
designed to include placement of three implants to restore
the three teeth with single-tooth implant restorations.

i

© FIGURE 6-20 A, Initial presentation, approximately
3 days after this patient had fallen, fracturing the right and
left central incisors and left lateral incisor. Note that the
soft tissues have a relatively normal form and color.

© FIGURE 6-20 B, Cross-sectional image from a cone
beam scan shows the retained root with excellent palatal
bone available for implant placement. No obvious fractures
of the alveolar bone have been seen in any of the cross-
sectional images.

© FIGURE 6-20 C, Immediate postsurgical view. The root
tips have been removed with minimal flap reflection. The
implants have been placed to engage the palatal slope of
each extraction socket. The radiofrequency indices are in
the mid-70s for each implant. Short healing abutments
have been placed to preserve soft tissue form and prevent
collapse. Mineralized bone has been placed in the gaps
between the implant and intact labial bone.

© FIGURE 6-20 D, Provisional appliance is fabricated to fit
over the teeth with no contact with the healing abut-
ments.

A small incision was made to allow removal of the root
of the lateral incisor, which had been impacted into the
alveolar bone. The roots were removed with the aid of a
piezotome to preserve labial bone. Three implants were
placed, with care taken to orient the implants vertically by
starting the implant entry site along the palatal slope of the
extraction socket. The implants were placed with excellent
primary stability, as demonstrated by implant stability quo-
tient (ISQ) values between 75 and 79. The gap between the
implants and the intact labial bone was grafted with
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© FIGURE 6-20 E, After 4 months for implant integration,
the healing abutments appear to be surrounded by healthy
gingiva. The healing abutments are removed, and the
implant stability quotient (ISQ) values are 78 for each
implant, indicating excellent bone-implant integration.

© FIGURE6-20 F, Cross-sectional image after implant place-
ment shows the implants’ position and graft placement main-
taining the horizontal ridge projection.

© FIGURE 6-20 G, Periapical radiographs taken after final
restoration show bone maintenance between the implants
and within 0.5 mm of the implant platform. These implants
(Prevail, Biomet 3i) use medialization of the implant-
abutment interface to minimize crestal bone resorption.

allograft-mineralized cortical bone particles 350 to 500 pm
in diameter. A small periosteal elevator was used to com-
pact the bone firmly into the depths of the gap. Healing
abutments were placed to help preserve the sulcular
dimensions. The healing abutments were 3 mm tall to
match the facial gingival margin levels. Straight emergence

© FIGURE 6-20 H, Final restoration, showing excellent soft
tissue response to the treatment regimen. (Prosthetics by
Dr. Kevin Schellhaus.)

healing abutments were used to minimize stretching of the
soft tissues, with less vascular blanching. A tooth-borne
(rather than tissue-borne) removable prosthesis was placed
so as not to exert pressure on the healing abutments.
Four months later, after the implants had integrated, a final
prosthesis was fabricated.
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of Implant Restorations

Chapter Outline

Methods for immediate provisionalization
of single-tooth implant restorations
General considerations
Preoperative laboratory preparation of
abutment and provisional crown
Laboratory technique
Surgical procedure
Incisions
Extraction and immediate provisionalization
of a central incisor
Tissue punch technique
Chairside abutment preparation and
fabrication of a provisional crown
Preoperative considerations
Provisionalization method
Indexing the abutment for laboratory fabrication
of a provisional crown, with placement in
the patient’s mouth within hours or days
Preoperative considerations
Surgical and impression techniques
Postoperative management

Potential complications
Discussion
Methods for immediate provisionalization

of multiunit implant restorations

Literature review: case reports

General principles

Posterior maxillary case

Anterior maxillary case with cement retention

Anterior maxillary case with computer-generated surgical
stent and screw retention of provisional prosthesis

Immediate provisionalization using CT guidance

Replacement of the anterior maxillary dentition

Surgical procedure

Posterior maxillary case with transfer after implant
placement

Posterior units with immediate temporary prosthesis
with splinted implants

Partial mandibular restoration using a removable partial
denture as a provisional hybrid-style prosthesis

Posterior mandibular immediate provisional crowns with
CAD CAM abutments

atients who receive implants may be can-
didates for immediate provisionalization at the time of
implant placement. Patients want replacement of their miss-
ing teeth or tooth as efficiently as possible. Immediate pro-
visionalization of an implant with a toothlike restoration,
even though out of occlusion, is well accepted by patients.
Patients do not like removable temporary restorations.
Patient-driven implant care demands that clinicians con-
sider immediate provisionalization as often as possible.
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Methods for Immediate Provisionalization
of Single-Tooth Implant Restorations

The provisional prosthesis provides a reliable method for
developing the soft tissue site of single-tooth restorations
and facilitates efficient fabrication of the final restora-
tion. The restorative dentist can fabricate the provisional
restoration at chairside, before implant placement, or in
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© FIGURE 7-1 B, Tooth has been removed and the extrac-
tion site grafted with human mineralized bone. A collagen
resorbable membrane (CollaPlug, Zimmer Dental, Carlsbad,
California) is used to hold the graft in position.

©FIGURE 7-1 D, Models are made, and an implant analog
is positioned with the labial surface of the implant
approximately 2 mm palatal to a line drawn from the labial
surface of the adjacent teeth. The internal flat surface of the
hex is placed directly labial.

© FIGURE 7-1 E, Modified fixed abutment. Note that the
flat surface has not been removed so as to improve provi-
sional crown retention. The parallel walls also provide ex-
cellent retention of the provisional crown.

© FIGURE 7-1 C, Four months after the tooth extraction,
the ridge has excellent width. A flapless or minimal flap pro-
cedure can be performed at the time of implant placement.

© FIGURE 7-1 E, Abutment chosen has a gingival collar
height of approximately 2 to 3 mm. The abutment is pre-
pared vertically with minimal change in the wall parallel-
ism to ensure retention of the provisional crown.

® FIGURE 7-1 G, Provisional crown on the abutment. Note
how the margins are finished to promote gingival health.
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® FIGURE 7-1 H, Provisional crown on the model. Note
0.5-mm gap between the mesial and distal contact points
to allow surgical flexibility and passive seating of the
crown. The gingival margin has been prepared to match
the gingival margin of the tooth before extraction.

©® FIGURE 7-1 J, After the tissue punch has been used, a
small incision is made across the crest and around the
adjacent teeth within the gingival sulcus with a small, 15¢
scalpel blade. Elevation of the periosteum is limited to the
superior aspect of the crest. Depending on the contour of
the ridge, more elevation can be performed to confirm
placement of the implant within bone. Vertical incisions
are not recommended.

implant positioning. For many situations, a surgical guide
stent is not necessary. The position of the implant to be
placed is marked, and a pilot hole is drilled in the stone
cast. The stone coronal to the analog is shaped to allow an
emergence profile for the provisional restoration.

3. The proposed vertical position of the implant analog is
marked on the cast, anticipating approximately 3 mm of
gingival thickness. A periapical radiograph can be used
to approximate the position of the bone on the crest.
The vertical position of the analog in the model should
result in an ideal implant position.

® FIGURE 7-1 1, After administration of a local anesthetic,
a tissue punch is used in the exact location where the
crown will emerge.

©® FIGURE 7-1 K, Circle of tissue created with the tissue
punch is removed. The ridge is further examined before
implant placement.

4. A hole is drilled in the model for placement of the ana-
log. The hole must be large enough for passive place-
ment of the analog. The analog is tried in place to con-
firm proper alignment. Its vertical position should place
the top of the implant at the anticipated level of the
bone, or 3 mm from the planned gingival margin. The
analog is secured in the hole with cyanoacrylate glue,
stone, or plaster. The analog should be consistently
positioned with an internal or external retentive feature,
such as the flat surface of a hex, facing labially. When
the implant team maintains consistent orientation of the
analog, the result is less variability of implant orienta-
tion, better positioning of the prepared abutment and
temporary crown, and better communication among
members of the implant team.

5. A “prepable” abutment is placed in the analog and
prepared in the laboratory to allow placement of a



@ Section II MAXILLA

© FIGURE 7-1 L, Round bur is used to create the entry
hole for the first drill. The round bur sets the position of the
implant between the teeth, in the middle of the crest, and
in the appropriate buccal-palatal direction.

B

© FIGURE 7-1 M, Implant is properly positioned according
to the prescription from the model. Note that the internal
flat surface of the hex is directly labial. Also note the excel-
lent bone contour over the area.

© FIGURE 7-1 N, Abutment previously prepared in the
laboratory is passively seated and secured with a screw. After
cotton has been placed, the provisional crown is tried-in.

provisional crown. Many dentists or laboratory techni-
cians prepare the abutment in a manner similar to a
tooth preparation. However, many fixed abutments
have flat surfaces and small retentive grooves incorpo-
rated into their structure. The preparation of the abut-
ment, therefore, should take into consideration the
vertical clearance and modification of the labial or
lingual surfaces while retaining much of the retentive
aspects of the abutment. An abutment preparation that
looks like a tooth prep is not recommended.

6. The abutment margins should be at the level of the
gingiva to avoid deep subgingival margins and to allow
ease of cleaning after the implant and provisional crown
have been placed. Some feature should identify the labial

© FIGURE 7-1 O, Provisional crown is placed in position,
and after occlusal clearance has been confirmed, it is ce-
mented in position with temporary cement. Vertical mat-
tress sutures are used to place the gingival margin back in
the correct position.

surface of the prepared abutment, such as the flat surface
of the abutment or a dot or groove placed into the abut-
ments surface. This allows accurate orientation of the
abutment at surgery. The prepared fixed abutment should
be left with a rough surface to allow retention of the
abutment to the provisional crown with temporary
cement. The abutment preparation may result in a shorter
abutment than the final abutment so as to allow 1 to
2 mm of interocclusal space between the provisional
crown and the opposing restoration. These crowns are
provisional and are not placed in occlusion. Typically,
3 mm of interocclusal space is required.
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© FIGURE 7-2 B, Models are taken, and the implant ana-
log is placed. The analog’s labial platform edge is 2 to 3 mm
palatal to the planned crown emergence. The platform is
countersunk 3 mm apical to the planned gingival margin.

® FIGURE 7-2 D, Provisional crown is fabricated in the
laboratory. Note that it is 1 mm shorter than the adjacent
tooth to keep it out of occlusion. Also note the very light
contacts to facilitate placement and to avoid small move-
ments from the adjacent teeth.

© FIGURE 7-2 F Provisional crown on the abutment. Note
the polished margins, which promote gingival health.

© FIGURE 7-2 C, Metal abutment is placed and modified
as necessary to allow fabrication of the provisional crown.
Care is taken to leave the surface rough for cement reten-
tion and to leave straight surfaces for crown retention.

© FIGURE 7-2 E, Provisional abutment has been prepared
lightly and will be placed at the time of implant placement.

© FIGURE 7-2 G, At the time of surgery, incisions are made
around the sulcus of the tooth. The periosteum is not
reflected. The tooth is removed with the aid of a periotome
or piezotome. The round bur is used to initiate the osteo-
tomy on the palatal slope of the extraction socket. The drills
are used according to the manufacturer’s instructions, with
care taken to maintain emergence slightly palatal to the inci-
sor edge of the adjacent teeth. After the implant has been
placed and its stability has been confirmed with a radiofre-
quency index, the abutment is placed and screw retained to
the implant. Cotton is placed in the screw access hole.
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© FIGURE 7-3 B, Lateral view of tooth prior to extraction.
The tooth was removed and the site grafted with human
mineralized bone. Four months were allowed for healing
before implant placement using a tissue punch and imme-
diate provisionalization.

© FIGURE 7-3 D, Models were made, and an implant
analog was positioned in the premolar edentulous site.
The implant was countersunk 3 mm from the gingival
margin, in the central region between the adjacent teeth,
with its labial surface 2 mm palatal to the planned crown
emergence.

edentulous site, equidistant from the adjacent teeth. The
center of the implant site should take into account the im-
plant’s final diameter to place the implant definitively,
avoiding labial malpositioning. For molars, the center of
the implant should allow it to be positioned under the
working cusp or within the central fossa of the planned
restoration. Similar to anterior cases, the labial surface of

©® FIGURE 7-3 C, Edentulous site had excellent bone width,
which was confirmed by palpation and probing.

© FIGURE 7-3 E, Metal abutment was prepared slightly
with margins for the crown 0.5 mm subgingival. The sur-
face of the provisional abutment was left rough for cement
engagement. The crown was made with polished margins
to promote gingival health.

the implant should be 2 mm lingual or palatal to the even-
tual position of the labial surface of the restoration to allow
for emergence of the crown and ideal contours.

After the round bur mark has been made, the drilling
sequence is followed. Guide pins are placed after the first
drilling to make sure the implant is properly positioned
and angled. Modifications are easily made, using the round
bur again, by redrilling the pilot hole if necessary.

The implant preparation is completed. When the con-
secutive series of drills is used, guide pins should be
placed to confirm perfect implant placement. The sur-
geon should orient the eyes to be able to confirm that the
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© FIGURE 7-3 F, Provisional crown on the model prior to
surgery. The contacts are left open 0.25 mm to allow surgi-
cal flexibility and to avoid small movement from the adja-
cent teeth.

© FIGURE 7-3 G, After infiltration of a local anesthetic, a
tissue punch 4 mm in diameter is used to create a gingivec-
tomy on the crest. This patient had a band of keratinized
gingiva (KG) 10 mm wide. After the tissue punch has
removed the gingiva to bone, the drilling sequence is
followed.

© FIGURE 7-3 H, It is important to orient the implant
rotationally to match the analog, generally keeping the
internal flat of the hex to the labial. The implant’s depth
is determined by the markings on the implant driver
mount.

© FIGURE 7-3 1, After the implant has been placed, the
driver mount is removed, and the implant’s position, rota-
tion, and depth are confirmed. Note the lack of bleeding
and lack of tissue trauma at the surgical site.



© FIGURE 7-3 J, Abutment is secured to the implant with
its gold screw, and the provisional crown is placed out
of occlusion. Note the excellent soft tissue response at this
1-week follow-up.

© FIGURE 7-3 L, Final crown in place.

implant has been placed midway between the teeth and
angled perfectly. If necessary, the countersinking drills
are used to avoid bone and soft tissue interference when
the implant is seated to its correct depth. These interfer-
ences also need to be removed sufficiently to allow place-
ment of the abutments, which may flare according to the
restorative plan.

The implant is placed with the orientation of the inter-
nal or external retentive features matching the orientation
of the analog in the model. The implant should be flush
with the bone or subcrestal aspect, depending on the
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© FIGURE 7-3 K, Four months later, the abutment is re-
moved. Note the formation of an anatomically correct
sulcus because of the immediate provisional.

© FIGURE 7-3 M, Final periapical radiograph 2 years after
implant placement.
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FIGURE 7-4 F, Impression is taken by first placing the
less viscous material around the transfer coping (Aquasil, FIGURE 7-4 G, Rim of impression material is placed
Dentsply/Caulk, Milford, Delaware). over the putty, which has been mixed and placed in an

impression tray.

FIGURE 7-4 H, After removal of the impression from
the mouth, a protection cap is placed over the abutment to FIGURE 7-4 I, Impression with the transfer copings in
prevent trauma to the patient’s tongue. place. This patient had bilateral implants placed.

FIGURE 7-4 ], Abutment analog is snapped into the FIGURE 7-4 K, Impression with the analog in place is
transfer coping in the impression. poured in the laboratory.
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radiographic stent on the patient’s bone, six small lead-ball
markers were placed below the level of the dental restora-
tions (Figure 7-6, D). The patient then has a CT scan.

The CT scan must follow the protocol for the specific
software used to create the surgical guide stent. Most scans
use a 0 gantry angle, which places the beam parallel to the
occlusal plane. The scan thickness will be 0.7 to 1 mm;
other specific parameters are used for each software pro-
gram. For the CT scan, the radiographic stent, with mark-
ers embedded, is placed in the patient’s mouth, and the
scan is exposed. A second scan with the radiographic stent
by itself is then made. The data from each CT scan are
placed on a CD in DICOM format. The patient then goes
home and returns for the surgery when the guide stent and
provisional prosthesis are ready.

Depending on the software program chosen, the CD is
placed into a computer, and the data are combined
for each scan. A “spline” is created around the arch of
the jaw, and then perpendicular planes to the spline
are created. Panoramic views are created by the software
(Figure 7-6, E). Implants are placed into the cross-
sectional images (Figure 7-6, F-G). The implant manufac-
turer is chosen, and the implant’s diameter, length, and
shape are chosen by using an implant library included
with the software (IDENT, Tel Aviv, Israel). The computer

FIGURE 7-6 D, Small radiopaque markers are placed
into the duplicated setup, beyond the occlusal plane. The
markers should be placed in a plane that will not compete
with scatter from dental restorations, thus the placement in
the flange or palatal aspect of the duplicated setup.

FIGURE 7-6 E, CT scan data are used to generate a
panoramic image. The implants are placed using virtual
surgery.

J degzm S99 LT .

Vi

FIGURE 7-6 F, Cross-sectional images of the planned
implants; the diameter, length, and shape depend on the
specific implant chosen for each anatomic site. The yellow
represents the implant, and the blue is the virtual image of
the surgical guide stent.

FIGURE 7-6 G, Cross section in the left central incisor
location, within the planned surgical guide stent designed
by the computer.

then designs the surgical guide stent. The final design is
electronically uploaded to the manufacturer. The surgical
guide stent is rapidly prototyped, and metal tubes are
placed to allow accurate implant placement (Figure 7-6,
H-I). The surgical stent will fit over the teeth to achieve
accurate positioning for implant placement.

After receiving the surgical guide stent, the team
initiates the laboratory procedure for provisional pros-
thesis fabrication. The guide stent is placed over the
master model, and the pilot drill is used to create holes
in the model. A drill press and an adjustable table are
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FIGURE 7-7 H, Cross-sectional image of the plan for
one of the implants shows the angulation and depth, which
will result in a distance of 3 mm from the planned gingival
margin to the implant platform, with emergence of the
implant palatal to the incisor edge.

FIGURE 7-7 J, Guide stent is rapid prototyped to the
model of the preparations. It is tooth borne and covers
all the teeth in the maxillary arch. No fixation screws
are ordered because of the stable status of the remaining
occlusion.

The plan is electronically transmitted to the manufac-
turer for guide stent fabrication. A model of the patient
with preparations also is sent. This model is scanned for
stent fabrication. The guide stent with three tubes is manu-
factured (Figure 7-7, J). Because the patients occlusion is
balanced and stable, it is decided to place a provisional
restoration immediately without occlusal contacts.

Implant analogs are attached to system- and implant-
specific prosthetic parts. Care is taken to confirm that these
parts engage the grooves within the master cylinders of the
surgical guide stent (Figure 7-7, K). The next phase is fab-
rication of the provisional, which will be placed immedi-
ately after implant insertion. The provisional abutments

FIGURE 7-7 I, CT planning software can create pan-
oramic image with the implants in position as planned.
This image is useful for confirming that the implants will
not be too close to or impinge on the adjacent teeth.

FIGURE 7-7 K, Implant analogs are connected to spe-
cific prosthetic connectors, which fit into the master cylin-
ders. These are placed into the master tubes on the guide
stent, where they engage small grooves within the cylin-
ders. This identifies and matches the rotation of the inter-
nal antirotational aspects of the implants.

will be prepared, and a four-unit fixed temporary restora-
tion will be fabricated.

To create such a provisional with the final esthetics, the
restorative dentist must have established the position of
the teeth using diagnostic casts. A master cast is made of the
patient’s preparations (Figure 7-7, L). A waxup of the planned
final restoration is created and confirmed by trying it in the
patient (Figure 7-7, M). This waxup then is duplicated in
stone. A silicone matrix is made of the planned final restora-
tion to create the provisional (Figure 7-7, N). The surgical
guide stent with the implant analogs in place is used to locate
the analogs accurately in the master cast. The implant sites are
marked, and holes are made in the case. The stent is posi-
tioned on the model, and the analogs are secured with stone.
The stent then is removed, leaving the implant analogs in the
model similar to an implant-level transfer impression and
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© FIGURE 7-8 S, Follow-up periapical radiograph show-
ing the implants in position with adequate bone levels.

© FIGURE 7-8 T, Final restoration on three snap-type
abutments.

extraction of the fractured maxillary left canine (Figure
7-9, A-B). The treatment plan includes the following:
1. Diagnostic models and setup to fabricate provisional
crowns before implant placement
2. Fabrication of a surgical guide stent
3. At surgery:
e Crestal incisions with sulcular extension anteri-
orly and vertical release posteriorly
e Extraction of maxillary left canine
e Placement of four implants to replace four maxil-
lary teeth
e Abutment placement immediately after implant
placement
e Placement of four provisional single crowns, ad-
justment as necessary to prevent occlusion, and
splinting of the crowns together with resin
e Temporary cementation of the provisional res-
toration
4. After 4 months, fabrication of final four single

crowns

© FIGURE 7-9 A, Occlusal view at presentation. A second
molar will provide a posterior vertical stop for the occlusal
table. The left canine requires extraction, with the remain-
ing anterior dentition providing the anterior vertical stop.

© FIGURE 7-8 U, Final radiograph showing maintenance
of crestal bone.

©FIGURE7-9 B, Panoramic radiograph showing adequate
bone for placement of the implants.
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Before surgery, implant analogs are placed into diagnos-
tic models. From this model, abutments are placed and
prepared, single provisional crowns are prepared, and
a surgical guide stent is fabricated (Figure 7-9, C-F). The
occlusion is protected vertically by the anterior dentition
and a remaining second molar.

At the time of implant placement surgery, a local anes-
thetic is infiltrated. An incision is made around the sulcus of
the maxillary left canine, with sulcular incisions made anteri-
orly, avoiding vertical incisions in the anterior maxilla. The
incision is extended posteriorly on the crest, maintaining at
least 3 mm of KG to cover the labial portion of the abutments.
A posterior vertical releasing incision is also made. The tooth
is extracted, keeping the labial bone intact. Four implants are
placed (Figure 7-9, G). The implant in the canine position is
angled labially and vertically positioned approximately 4 mm
apical to the planned gingival margin of the canine.

Abutments are placed and secured to the implants with
gold screws. The incisions are closed with 4-0 chromic
suture before the temporary crowns are placed.

After the incisions have been closed, a long-acting local
anesthetic is infiltrated into the left maxilla to provide patient
comfort during the prosthetic phase of the treatment.

The single crowns are placed over the abutments. The oc-
clusion is adjusted, and the contour of the temporary crowns
is modified, especially for the angled canine implant. Resin
then is applied in the mouth to splint the restoration. The
splinted restoration is removed, then finished and smoothed
to allow gingival health (Figure 7-9, H-]). The occlusion is
adjusted to prevent occlusal loading (Figure 7-9, H).

After 4 months for healing, final impressions are taken,
and final abutments are prepared. As necessary, angled
abutments are used to achieve a balanced occlusion and
appropriate contour (Figure 7-9, K-P).

© FIGURE 7-9 C, In the laboratory, four implant analogs
are placed, and a surgical guide stent is fabricated. The
diagnostic setup is duplicated in acrylic, and holes are
marked and drilled through the acrylic resin. The surgical
guide stent is tooth borne and rigid.

© FIGURE 7-9 D, Implant analogs are placed into the mas-
ter cast to mark the ideal location of the implants. The
canine and molar implants are 5 mm in diameter, and the
two premolar implants are 4 mm in diameter.

© FIGURE 7-9 E, Fixed abutments are placed and prepared
in the laboratory. The margins are kept supragingival.

©® FIGURE 7-9 F, Four individual crowns are fabricated,
leaving sufficient space for ease of placement at surgery.
The margins are finished to enhance gingival health.
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Esthetic Anterior
Implant Restorations:
Surgical Techniques
for Optimal Results

Chapter Outline

Critical factors for esthetic central incisor
implant restorations
Bone and soft tissue
Placement of implants into extraction sockets
immediately after tooth extraction
Smile line
Color of adjacent teeth
Symmetry of anterior dentition
Position of implant
Prognostic factors
Gingival margin of the tooth before
extraction or after healing
Loss of labial bone
Implant positioning
Diagnosis, treatment planning, and surgical
techniques
Incision design
Implant location
Decisions affecting treatment
Sufficient bone width and height
Thin bone width, sufficient bone height
Thin coronal bone
Midfacial or apical thread exposure with
coronal bone coverage

Coronal thread exposure
Coronal and midfacial bone dehiscence
Thin bone preventing implant stability
with adequate vertical bone height
Augmentation of the thin maxillary alveolus
in the esthetic zone
Palatal approach for single-stage implant
placement
Use of model-based surgery for guided implant
placement
Lack of vertical bone height
Preoperative planning
Recipient site preparation
External oblique bone grafts
Symphyseal bone grafts
Vertical ridge augmentation using
particulate bone

Immediate loading and one-stage protocol
One-stage technique for implant placement

after tooth extraction

General considerations and follow-up treatment
Conclusions
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© FIGURE 8-15 E, Because bone covers the implant but
the ridge contour is still deficient, a dense particulate graft
is placed to augment the labial aspect of the ridge.

© FIGURE 8-15 G, Subepithelial connective tissue is har-
vested from the palate.

© FIGURE 8-15 I, Approximately 6 weeks after placement
of the connective tissue graft, the ridge form shows adequate
contour.

® FIGURE 8-15 F, Approximately 3'2 months after aug-
mentation, the deficiency in the ridge contour remains,
indicating the need for a subepithelial connective tissue
graft. Because no membrane was placed during the implant
placement procedure, a small crestal incision is made with-
out vertical incisions to create a pouch.

7
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© FIGURE 8-15 H, Connective tissue graft is placed into
the pouch and is retained with one horizontal mattress
suture placed from the depth of the vestibule and two or
three interrupted crestal sutures.

to allow at least 1 mm of space between the edge of the
membrane and adjacent teeth. The membrane is trimmed
to widen as it reaches the apical region of the implant site.
A hole is placed into the coronal aspect of the membrane,
which allows the membrane to be secured to the implant.
After the membrane has been secured to the implant with
the cover screw, the graft material is placed over the
exposed threads and over thin bone. The membrane then
is draped over the graft and secured to the apical bone with
two small screws or tacks. For small areas of dehiscence,
the graft can be dense, particulate, and nonresorbable
synthetic or bovine material that remains in place for an
extended period and is eventually incorporated with bone.
The purpose of the membrane is to (1) maintain contour of
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© FIGURE 8-15 ], Implant is exposed using a tissue punch
and without the need for incisions. A 5-mm-tall, straight-
contour, temporary healing abutment is placed. Blanching
of the labial tissues occurs when the abutment pushes the
palatal tissue labially, which further augments the implant
site. A temporary crown is placed 2 weeks later.

© FIGURE 8-15 K, Approximately 5 weeks after placement
of the temporary crown, the temporary abutment is
removed. The contour of the gingival sulcus now mimics
that of a natural tooth. A transfer coping is placed; how-
ever, it does not match the contour of the gingival sulcus.

© FIGURE 8-15 L, Light-cured resin is inserted into the
space between the transfer coping and the gingival sulcus;
it is polymerized by ultraviolet light. When the transfer
impression is made, the contours of the gingival sulcus are
in the model, allowing accurate subgingival contour
fabrication of the final crown.

© FIGURE 8-15 N, Final crown in place. The symmetry of
the gingival architecture is the result of hard and soft tissue
augmentations. (Prosthetics by Dr. Thomas Salinas.)

© FIGURE 8-15 M, Final abutment in place.

© FIGURE 8-16 A, This 58-year-old patient had lost the
maxillary left central incisor secondary to caries and peri-
odontal disease. His periodontal status is stable. A horizontal
ridge deficiency is observed. Despite a 2-mm loss of crestal
bone adjacent to the remaining incisor, he has excellent
papillae.
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© FIGURE 8-16 B, Because of the patient’s thick gingivae
and his concern about vertical scars, a crestal incision is
used to expose the implant site, and intrasulcular incisions
are used around the teeth.

©® FIGURE 8-16 C, Full-thickness reflection extends from
the distal aspect of the right canine to the distal aspect of
the left canine. The surgical guide stent is used to make
pilot holes. The position of the guide pin is slightly palatal
to the incisive edge of the planned restoration.

© FIGURE 8-16 D, Implant is placed. As expected, the
horizontal ridge deficiency is observed, even though the
implant is placed completely within alveolar bone.

© FIGURE 8-16 E, Dense particulate HA is placed to aug-
ment the labial aspect of the ridge. The periosteum is
released, and the incisions are closed without tension.

© FIGURE 8-16 F, Vertical mattress sutures are placed in
the interdental regions to evert the papillae. Interrupted,
nonresorbable sutures are placed across the crest of the
edentulous space.

© FIGURE 8-16 G, Five months after augmentation, a
small, residual horizontal deformity is seen.
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©® FIGURE 8-17 E, Crestal incision with vertical release is
used, and the implants are placed. Coronal thread exposure
is seen on the right central incisor implants. At the pontic
region, the pontic is revised to create space, and a crestal
incision is made. A subperiosteal pocket is formed, and HA
is placed to augment the site.

® FIGURE 8-17 G, Nonresorbable membrane is secured to
the bone and the implant.

© FIGURE 8-17 I, Membrane is removed after the apical
screw and the cover screw have been removed.

© FIGURE 8-17 F, Dense particulate HA is placed to aug-
ment the coronal aspect of the implants. (Bovine xenograft
can also be used.)

© FIGURE 8-17 H, Approximately 3%2 months after mem-
brane placement, incisions are made to remove the mem-
brane and place a subepithelial connective tissue graft. The
membrane is visible before its removal.

© FIGURE 8-17 ], Subepithelial connective grafts are har-
vested from the palate and placed over the right incisor
regions, as well as the left lateral incisor pontic region, to
further augment the gingival contours.
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© FIGURE 8-17 K, In the left lateral incisor pontic region,
a diamond bur is used to create a depression in the ridge to
simulate subgingival emergence of the pontic.

© FIGURE 8-17 L, Depression in the ridge is ready for the
final prosthesis.

© FIGURE 8-17 M, Initial view of the left anterior maxilla.

©® FIGURE 8-17 N, Final prosthesis of the left side of the
maxilla. Augmentation of the pontic region allows fabrica-
tion of an esthetic restoration.

© FIGURE 8-17 O, Final view of the right side of the max-
illa.

© FIGURE 8-17 P, Final frontal view. (Prosthetics by Dr. Gerald
Chiche.)
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© FIGURE 8-18 E, Four months after membrane removal © FIGURE 8-18 F, Implant 18 mm long is placed, with a
(7 months after the initial grafting), the area is again small area of coronal threads exposed.

exposed for implant placement. The graft is found to have

consolidated.

© FIGURE 8-18 G, Membrane is removed, exposing well-

consolidated augmentation over the prior bone graft. © FIGURE 8-18 H, Subepithelial connective tissue graft is

harvested from the palate and contoured to fit over the
graft site to augment the alveolus.

© FIGURE 8-18 I, Temporary healing abutment is placed. © FIGURE 8-18 J, Final crown in place. (Prosthetics by
The ridge contour appears satisfactory. Dr. Thomas Salinas.)


















390 ) SectionII MAXILLA

© FIGURE 8-19 O, Axial postoperative view from the cone
beam scan shows the augmentation of the alveolar ridge.

© FIGURE 8-19 Q, Final radiograph showing excellent
bone levels on implants. Note the flat bone profile between
the implants. This resulted in slightly deficient papilla be-
tween the central incisor crowns.

® FIGURE 8-19 P, Three-dimensional reconstruction shows
the extent of the augmentation. After the graft has healed
for 4 months, a connective tissue graft will be placed to
convert the gingiva from thin to thick.

© FIGURE 8-19 R, Final restoration. The patient’s smile
line did not reveal the facial gingival margin. She was quite
satisfied with the final result.

the facial gingival margin (Figure 8-20, A-B). A diagnostic
cast was used to place an implant analog in the ideal pros-
thetic position, and a custom healing abutment was fabri-
cated using a screw-retained implant abutment. The mar-
gins of the custom healing abutment were polished to
ensure ideal gingival health and to prevent the accumula-
tion of plaque (Figure 8-20, C-F).

At the time of tooth extraction, a local anesthetic was in-
filtrated, and sulcular incisions were made around the tooth
to allow its removal. As expected, no labial bone was seen
(Figure 8-20, G). The tooth had significant external resorption
and an apical granuloma (Figure 8-20, H). The site was
grafted with human mineralized bone allograft and covered
with a piece of hemostatic collagen (Figure 8-20, I-K). Four
months after removal of the tooth, a cone beam image
showed excellent labial ridge form. A palatal approach was
used to place the implant (Figure 8-20, L).

At the time of implant placement surgery, the labial
and palatal tissues were infiltrated with a local anesthetic.
A 15 blade was used to incise the palatal gingiva at the sulcus
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© FIGURE 8-22 M, Implant is placed with its vertical posi-
tion prescribed by a new surgical guide stent. Two threads
are exposed at the coronal aspect.

© FIGURE 8-22 O, Small amount of dense particulate HA
is placed to graft the labial defect. No membrane is used.
Six months after implant placement surgery, the implant is
exposed. HA augmentation, combined with the bone graft,
results in an adequate ridge form.

adjacent teeth from first molar to first molar for a full-
thickness envelope flap reflection. For some patients, verti-
cal release incisions one tooth distal from the graft site can
be used and may provide easier access to the crest for less
experienced surgeons.

A local anesthetic is applied to the anterior maxilla, the
incisions are made, and a full-thickness flap is reflected to
expose the surgical site. It is important to be gentle during
elevation of the papillae on the teeth to prevent trauma and
potential blunting. After the recipient site has been exposed,
the surgical guide stent is placed, and a bone wax pattern is
made of the desired graft form. The wax pattern then is

© FIGURE 8-22 N, Occlusal view showing that the implant
has been placed according to the surgical guide stent. If the
grafting had not been performed, the implant could not
have been placed in the ideal location.

measured, and the graft is harvested as described next. If no
bleeding occurs from the cortical bone in the recipient site,
holes 0.25 to 0.50 mm in diameter should be created in the
bone with a round bur, because this reportedly promotes
graft healing.

During graft placement, it may be prudent to adjust the
recipient site to allow mortising of the graft to the recipient
site. Clinical judgment is needed to estimate the appropriate
removal of the bone from the graft or recipient site. For
example, the recipient site may be irregular in contour, mak-
ing it difficult to create an intimate interface between the
graft and the recipient cortical bone. The recipient site can be
prepared to create straight edges and uniform, concave, con-
vex, or flat contours. The graft also can be prepared to match
the contours of the recipient site. The key is to remove as
little bone as possible, retaining as much recipient bone as
possible, and to keep as much marrow as possible on the
inner aspect of the graft.

After the graft has been placed, its edges are smoothed
with a bur to remove sharp edges that may traumatize the
overlying mucosa. The incisions are closed with nonre-
sorbable sutures using a tapered needle. Careful approxi-
mation of the vertical incisions is important to allow an
esthetic result with minimal visible scars.

Use of a solid piece of onlay bone to correct vertical
deficiency can be performed according to two general
techniques. A single piece of bone can be used to recon-
struct the entire defect. The advantage of using one piece of
bone is that it eliminates the need for a membrane, as well
as the increased incidence of incision breakdown over large
grafts. Unfortunately, few clinical studies have documented
long-term retention of bone graft volume using any bone-
grafting technique for the correction of vertical deficiency.
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© FIGURE 8-25 B, At surgery, a crestal incision is used
with vertical release distal to the premolars. As expected,
reflection revealed vertical and horizontal deficiencies. The
treatment plan is to harvest cancellous bone from the
left tibia for particulate onlay grafting, with the use of a
titanium-reinforced, nonresorbable membrane to promote
bone formation.

©® FIGURE 8-25 D, After 32 weeks, the incision is re-entered
and the membrane is removed, exposing woven bone under
the membrane. No bone formation outside the margins of
membrane is observed. Two implants are placed into the
central incisor regions.

Treatment planning for a one-stage or immediately
temporized anterior maxillary restoration begins with a
list of contraindications. If a tooth is present and must be
extracted, single-stage, exposed implant placement at the
time of extraction requires the following:

1. No purulent drainage or exudate from the site

2. Excellent quality of gingival tissue, without excessive

granulation tissue

© FIGURE 8-25 C, Bone is harvested and placed over the
ridge. The membrane is shaped and secured to the alveolar
bone with tacks.

© FIGURE 8-25 E, Particulate HA is placed over the lateral
incisor sites for augmentation and anticipated implant
placement after 4 months of healing.

3. Lack of periapical, uncontrolled radiolucency

4. Adequate bone levels circumferentially, without the
need for additional soft or hard tissue grafting

The clinician has the following three choices:

1. After extraction of the tooth and a waiting period of
approximately 8 weeks, the implant is placed using
the previous protocols.

2. After extraction of the tooth and a waiting period of
8 weeks, minimal incisions are used, and the implant
is placed with the addition of an anatomically shaped
healing abutment or a temporary crown.

3. After extraction of the tooth, an implant and a
temporary crown are placed immediately.
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© FIGURE 8-27 C, Approximately 8 weeks after extraction
of the tooth, the patient returns for immediate implant
placement. The ridge is palpated to be intact and without
concavities in the coronal or apical region. The gingiva has
healed uneventfully, with adequate maintenance of papilla
and color.

© FIGURE 8-27 E, After administration of a local anes-
thetic from canine to canine, a crestal incision is made
across the edentulous region, combined with intrasulcular
incisions. A full-thickness flap is elevated.

© FIGURE 8-27 G, Pilot drill is used with palpation of the
labial aspect to confirm a lack of cortical bone perforation.

© FIGURE 8-27 D, Occlusal view showing adequate ridge
bulk without an obvious need for augmentation.

© FIGURE 8-27 F, Surgical guide stent is placed, and a
round bur is used to mark and initiate the implant site,
followed by a pilot drill 1.25 mm in diameter.

© FIGURE 8-27 H, Subsequent sequence of drills is com-
pleted with the aid of the surgical template to guide accurate
placement of the implant.
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© FIGURE 8-27 I, Guide pin is shown in the final prepara-
tion hole before placement of the implant.

© FIGURE 8-27 J, Implant site hole on the ridge.

© FIGURE 8-27 K, Because of excess availability of bone, a
countersinking drill is used to position the implant 3 mm
apical to the planned gingival margin.

© FIGURE 8-27 L, Implant is in position at the appropriate
depth.

© FIGURE 8-27 M, Ceramic abutment is placed into the
implant. A small modification is necessary, which is per-
formed with the abutment out of the mouth on the implant
analog.

© FIGURE 8-27 N, Ceramic abutment is in place with inci-
sions closed around it. Vertical mattress sutures are used to
evert the papillae atraumatically.
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© FIGURE 8-27 O, Hollow-shell crown of appropriate
shade is chosen and modified at chairside. The inner aspect
is filled with acrylic and placed over the abutment. Excess
material is then trimmed.

©® FIGURE 8-27 P, After the hollow-shell crown has been
trimmed and polished, it is cemented with temporary
cement. Excess cement must be removed from the wound.

© FIGURE 8-27 Q, Patient leaves with temporary restora-
tion in place. It does not occlude in any pathway. Restora-
tion is for esthetics only and not for function.

occurred, to prevent disturbance of this critical aspect of
implant success. Approximately 2 months after place-
ment of the implants, the restorative dentist and surgeon
examine the patient to decide, based on the esthetic
setup, whether the implant site requires additional aug-
mentation of the ridge. The goal is to achieve a convex
ridge profile and develop the site’s shape to allow the
restoration to emerge from the gingiva similar to a natu-
ral tooth. This author’s experience indicates that 70% of
the implant sites that required hard tissue grafts
also benefited from subepithelial connective tissue grafts
3% months after implant placement.

For patients who require removal of previously placed
membranes, crestal and bilateral vertical releasing inci-
sions are made, sparing the papillae. A dissection is made
to expose the membrane, which is removed with accompa-
nying tacks, and a subepithelial connective tissue graft is

© FIGURE 8-27 R, Two-week follow-up shows an inte-
grated implant; the final restoration is made 6 months after
implant placement. (Prosthetics by Dr. Thomas Salinas.)

harvested from the palate.!®?”2® After the soft tissue has
been placed, the incision is closed primarily; alternatively,
a small band of keratinized gingiva (KG) is placed if addi-
tional width of KG is needed. These soft tissue grafts are
approximately 2 to 3 mm thick.

If the subepithelial connective tissue graft has been per-
formed without the need to remove a membrane, the inci-
sions are limited to the crest without vertical release. A
crestal incision is made without engaging the papilla to
avoid papillary loss. A supraperiosteal dissection then is
performed to create a pocket, which extends apical beyond
the junction of the attached and unattached gingivae. The
width of the pocket is increased apically to beyond the
width of the edentulous site. The labial flap is kept relatively
thick to prevent necrosis of the labial tissue after placement
of the connective tissue graft. If necessary, the dissection
depth is at the level of the periosteum of the underlying
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Anterior Maxillary Interpositional Osteotomy for Vertical Ridge Augmentation

Before watching the video, please read the following
narrative. The narrative describes in detail the procedure
for anterior maxillary interpositional osteotomy for verti-
cal ridge augmentation performed in the video. It is rec-
ommended that you read the narrative before watching
the video and then refer back to the narrative as needed.

This patient is missing her anterior four incisors and
desires an esthetic restoration. Diagnosis with an ideal
tooth setup revealed that the vertical position of the
crestal bone is 10 mm apical to the planned contact
point between the central incisors and between the cen-
tral and lateral incisors. To provide her with the ideal
esthetic result, the bone should be within 5 mm of the
planned contact point to support the papilla. For this
patient, the vertical ridge deficiency was corrected by
inferiorly positioning the anterior maxilla by an inter-
positional osteotomy. Prior to surgery, a template was
fabricated to indicate the necessary position of the ridge
to place it at the correct vertical position.

The patient was premedicated with diazepam (10 mg
by mouth) 30 minutes prior to the procedure. She had
been rinsing with an antibacterial mouth rinse for
3 days prior to the procedure. A povidone-iodine (Beta-
dine) preparation was used on the face and mouth.
Local anesthesia was infiltrated into the palate and ves-
tibule (approximately 7.2 ml 2% lidocaine [Xylocaine]
with 1:100,000 epinephrine). After a satisfactory time
elapsed for the effect of the anesthetic and vasoconstric-
tor, the incisions were made.

An incision was made with a 15 blade in the vestibule,
from canine eminence to canine eminence, at a Le Fort I
level. The incision was made through mucosa and then
sharply through the muscles to the underlying bone, with
care taken to avoid the nasal mucosa along the piriform
rim. The periosteum was incised with the scalpel.

A small periosteal elevator was used to elevate the
periosteum superiorly. The elevator was then used to
elevate the periosteum at the canine region to the crest,
avoiding elevation of the periosteum anteriorly, at the
expense of the canines to preserve the vascular supply to
the crest. The roots of the canines were clearly visible
under the labial bone.

A caliper was set at 8 mm to identify the level of the
horizontal cut. A curved freer elevator was placed under
the labial tissue in the area of the planned vertical cut on
the left. The piezotome was used to create a full-thickness
osteotomy approximately 2 mm anterior to the canine.

The osteotomy was first outlined and deepened gen-
tly. When the cuts were getting close to the palatal bone,
the surgeon placed a finger along the palatal mucosa to
feel the piezotome as it exited the palatal bone, without
cutting the palatal mucosa.

After the left vertical cut was completed through the
palatal bone, the surgeon performed a similar proce-
dure on the right side, again approximately 2 mm ante-
rior to the canine.

The periosteum was reflected superiorly along the
entire length of the planned horizontal osteotomy.
The cut was made with the piezotome, angling the cut
toward the palate to allow for ease of segment mobiliza-
tion. The soft tissues over the anterior nasal spine were
elevated to allow for clean access to the bone. The cut
was carried to the left from the right to meet the vertical
bone cuts. When the cuts were close to the palatal bone,
the surgeon placed a finger along the palatal mucosa to
confirm completion of the osteotomy. After the cuts
were completed, they were again checked to confirm
completion of all of the bone osteotomies.

The segment was easily mobilized inferiorly. The
segment is slowly moved inferiorly to avoid trauma to
the overlying gingiva. The stent was placed to confirm
adequate inferior displacement of the anterior segment.

Two bone plates were adapted to the segment. Two
screws were placed in the bone plate on the mobilized
bone segment. The screws were 1.0 mm in diameter and
varied from 4 to 6 mm in length depending on the den-
sity of the bone. A drill was used to drill the hole for the
screw and then the screw was immediately placed. After
the four screws were placed to stabilize the two plates,
the segment was mobilized symmetrically in its final,
1-mm overcorrected position.

The segment was stabilized in position by placement
of the superior screws in the intact maxilla. After the
four screws were placed, allograft bone was placed into
the gap. A total of 1.0 ml mineralized bone allograft,
350 to 500 wm in diameter, was placed firmly into the
gap. Excess graft material was removed to result in a
clean bone surface away from the osteotomy gap.

The incision was closed with a horizontal mattress
suture with additional interrupted sutures. The patient
was prescribed a second-generation cephalosporin anti-
biotic, was told to consume a full liquid pulverized diet,
and was provisionalized by having teeth placed on the
orthodontics brackets.







Soft Tissue Manipulation

Chapter

around Implants in the
Esthetic Zone

Chapter Outline

Soft tissue manipulation for ridge
augmentation
Subepithelial connective tissue grafting for
ridge augmentation
Timing the placement of soft tissue grafts
Palatal roll technique

Subepithelial connective tissue graft harvesting

Open technique

Closed technique

Handling and modifying the connective tissue graft
Placement of a subepithelial connective tissue graft
Subepithelial connective tissue grafting with simultaneous

Transposition of palatal tissue for exposure
of implants

Placement of a subepithelial connective tissue
graft as a separate procedure

Recipient site preparation: placement of a
subepithelial connective tissue graft
without simultaneous removal of a
membrane

fter an implant has been placed and all
hard tissue grafting procedures have been completed, the
implant site is evaluated to determine the need for addi-
tional soft tissue manipulation (Figure 9-1). Adjunctive
procedures may be necessary to complete the surgical
preparation of the implant site or to modify an existing
implant restoration to achieve an esthetic restoration. The
initial diagnostic esthetic setup or the current esthetic tem-
porary prosthesis can be used to assess the need for further
ridge augmentation with soft tissue or for modification of
the position of the gingival margin.

Physical examination of the patient is necessary, with
attention given to specific anatomic and restorative details
(Box 9-1). After the examination has revealed tissue char-
acteristics that would benefit from an adjunctive soft tissue
procedure, the specific soft tissue procedure is performed

removal of a nonresorbable membrane

Coronal correction of the gingival margin on

implants

Subepithelial connective tissue grafting for coronal

movement of the gingival margin and elimination
of vertical scars

Creation of a semilunar flap for coronal repositioning

of the gingival margin

to correct the soft tissue deficiency or to modify the gingi-
val margins, resulting in symmetry and an esthetic smile.
Soft tissue deficiency usually involves a thin gingiva, which
benefits from increasing its thickness with connective tis-
sue. When the connective tissue thickness is normal or
slightly thicker than normal, the resulting texture, tone,
color, and general appearance become similar to adjacent
normal gingiva around natural, esthetic teeth.

The metal of the implant’s cover screw may also be vis-
ible through thin gingiva. The gingiva may appear glossy
without its esthetic stippled appearance. A loss of keratin-
ized gingiva (KG) and scars may be seen at the crestal
region. These conditions are treated with placement of an
interpositional subepithelial connective tissue graft or
other soft tissue procedures combined with a subepithe-
lial connective tissue graft. The timing of the procedure
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© FIGURE 9-2 D, Connective tissue graft is placed after
gingival reflection, plumping out the labial portion of the
ridge and providing a convex ridge form.

© FIGURE 9-2 F, Small (15¢) scalpel blade is used at the
periosteal level (i.e., deep but not superficial) to develop a
pouch that typically is 10 to 12 mm vertical; its apical base
is wider than the crestal incision. As necessary, the dissec-
tion can be altered to include the tissues adjacent to the
papillae from a deep aspect.

©® FIGURE 9-2 E, Conservative crestal incision is made in
preparation for placement of a subepithelial connective tis-
sue graft in an implant site or for ridge augmentation.

© FIGURE 9-2 G, After the connective tissue graft has been
harvested and trimmed to the appropriate size, a tapered
needle is passed from the vestibule into the pouch, exiting
from the crestal incision.

© FIGURE 9-2 H, Needle and suture are passed through
the connective tissue graft near its apical base. The needle
re-enters the crestal incision to exit in the vestibule adjacent
to the initial suture location.

Dentlearn.ir
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©® FIGURE 9-3 C, After the area has healed for 2 months, a
papilla-sparing incision is used to place an implant 3.25 mm
in diameter 3 mm apical to the planned gingival margin.
The surgical stent is trimmed to identify the gingival mar-
gin, which then is used as the landmark to measure the
depth of implant placement.

© FIGURE 9-3 E, Occlusal view showing a small horizontal
deficiency; note the thin gingiva.

adequate bone is present, the implant is placed. The
esthetic stent is used to guide the surgeon on the vertical
positioning of the implant with regard to the planned
gingival margin and the labial position of the implant
emerging just palatal to the incisal edge of the planned
restoration. The implant usually is placed 3 mm apical to
the gingival margin of the planned restoration, and the
incision is closed without tension.

During the healing period, the gingiva appears thin. Four
months after placement of the implant, metal shows through
the thin gingiva. The metal shadow seen through the thin,
translucent gingiva prevents an esthetic restoration.

© FIGURE 9-3 D, After 4 months, the patient is scheduled
for implant exposure. The thin gingiva is shown, with the
implant slightly visible.

© FIGURE 9-3 F, Palatal roll procedure is performed simul-
taneously with implant exposure. The denuded palatal mu-
cosa attached to the full thickness of the crestal and labial

gingivae is shown. The de-epithelialized palatal tissue will
be rolled in under the labial gingiva to augment and re-
establish proper gingival texture, color, and translucency.

The amount of horizontal gingival deficiency may be
limited to 2 mm, based on the aesthetic tooth setup. For
2-mm defects, at least 1 mm can be predictably gained
from the palatal roll technique, with the remaining 1 mm
gained from the labial contour of the final prosthesis. A
palatal roll technique can be planned to increase the thick-
ness of the crestal tissue and eliminate metallic show of the
underlying implant. The palatal roll technique can be per-
formed at the time of implant exposure and placement of
the healing abutment.

After time has been allowed for the infiltrated local
anesthetic to take effect, an incision is made slightly palatal
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© FIGURE 9-3 G, De-epithelialized palatal tissue has been
sutured under the labial gingiva with a horizontal mattress
suture that exits from the midcrestal region. The healing
abutment has been placed. It is important to accurately
position the flaps coronally.

© FIGURE 9-3 I, Occlusal view showing a healthy gingival
sulcus.

to the crest, between but not including the papillae. Verti-
cal release incisions are made toward the palate. A palatal
mucosa-only flap is raised with its base on the palatal
aspect of the edentulous site. An incision is made into the
underlying, denuded palatal tissue, adjacent to the base of
the palatal mucosa flap. The incision is followed by full-
thickness incisions along the vertical edges of the denuded
tissue, which allows a subperiosteal reflection of the palatal
denuded epithelium. Small vertical release incisions can be
made, but these often are not necessary and should be
avoided, if possible, to limit vertical scars. The dissection
over the labial surface of the implant is subperiosteal, with

© FIGURE 9-3 H, Healing abutment has been removed, and
a temporary restoration has been placed. After 3 months, the
temporary abutment is removed. The implant and sulcus are
shown before a final impression is taken. Note the excellent
gingival tone and texture.

© FIGURE 9-3 ], Angled abutment is used for the final
restoration. It is screw retained from the lingual aspect.

tenting of the overlying gingiva. By not using vertical
release incisions, the clinician prevents vertical scars, which
can result in an unesthetic outcome. An appropriate pouch
is created by full-thickness elevation of the labial gingiva.
The denuded epithelium is folded under the labial gingiva,
augmenting its thickness. Sutures are placed to secure and
align the gingival margins. One suture is placed through
the labial mucosa, engaging the rolled-in, denuded palatal
tissue. This retaining suture should be placed with care,
avoiding excessive vertical tension, which could result in
apical migration of the gingival margin. A temporary
gingival healing abutment is placed.
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© FIGURE 9-4 B, Implants are placed into the narrow
ridge. Because the patient has narrow ridges, hydroxylapa-
tite (HA) augmentation of the thin ridge is required at the
time of implant placement.

© FIGURE 9-4 D, Dissection is made under the palatal
mucosa, and the connective tissue is removed after the
tissue has been cut to bone.

presented in DVD Figure 9-3, A-DD). This technique
allows the graft to be harvested with minimal postoperative
morbidity. The closed technique results in a graft that
is thickest along the edge of the horizontal incision and
becomes thinner as it reaches the edge close to the depth of
the graft site.

A local anesthetic is administered, and time is allowed
for fluid absorption in the palate. A horizontal incision is
made along the palate 2 to 3 mm from the palatal gingival

©® FIGURE 9-4 C, Palatal incision is made to access the
connective tissue from the palate.

©® FIGURE 9-4 E, Connective tissue is trimmed to match
the template.

margins to prevent necrosis of the gingiva around the
teeth. The horizontal incision should be slightly longer
than the length necessary for the graft. A second incision
is made 1 to 2 mm from the margin of the initial incision,
and the blade is angled toward the confluence of the verti-
cal and horizontal shelves of the palate. The incision is
taken to the bone at the required depth, which establishes
the grafts size. After the incision has outlined a sheet of
subepithelial gingiva, incisions are made within the flap
to separate the vertical edges of the graft. After the verti-
cal incisions have been made through the graft only
(avoiding external incisions), the graft is removed with
the aid of a periosteal elevator. After hemostasis has been
confirmed, the single horizontal incision is closed with
resorbable suture.
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© FIGURE 9-4 G, Suture is passed through the graft with a
Korn tissue forceps.

© FIGURE 9-4 F, Small (15¢) blade is used to create a
pocket over the implant sites. The pocket is created from
the crest and formed approximately 10 mm toward the api-
cal. A needle with 4-0 chromic suture is placed through the
unattached tissue into the pocket, exiting at the crest.

© FIGURE 9-4 1, Graft is placed into the pocket to achieve
ridge “plumping”” The vestibular suture is tied to define the
vertical position of the graft. The crestal incision is closed
with two interruped sutures.

© FIGURE 9-4 H, Suture then is passed back through the
crestal incision, exiting the vestibule.

© FIGURE 9-4 ], After 6 weeks, the healing abutment is
placed through a small incision. Note the blanching of the
tissue.









r i

Soft Tissue Manipulation around Implants in the Esthetic Zone Chapter 9

© FIGURE 9-5 1, After the pocket has been developed to the
desired size, the blade is turned 90 degrees, and the edges of
the graft are cut through the graft and periosteum.

© FIGURE 9-5 ], All four sides of the graft must be sepa-
rated from the palate. Here, the blade cuts the anterior
edge.

© FIGURE 9-5 K, The blade cuts and defines the edge of
the graft nearest the teeth.

The periphery of the graft should be trimmed to
match the size of the foil template. The graft is placed
over the foil template, and its margins are trimmed with
sharp scissors or a scalpel to match the shape of the tem-
plate. The scissors are held parallel to the surface of the
graft to smooth its surface, ensuring that the graft has a

© FIGURE 9-5 L, The last cut usually is the edge along the
most medial aspect of the graft. If bleeding occurs, it
originates from the medial posterior corner.

smooth, not irregular, contour. Thus the graft can be
placed accurately into the host site with a smooth con-
tour, giving the overlying gingiva its optimal final form.
After the subepithelial connective tissue graft has been
trimmed appropriately, it should fit precisely over the
implant site, without excessive bulk.
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© FIGURE 9-5 R, Graft is gently manipulated into the
pocket.

© FIGURE 9-5 S, After the graft has been manipulated into
the pocket, it is smoothed to allow the formation of the
gingival root prominence.

© FIGURE 9-5 T, Suture is tied to define the vertical posi-
tion of the graft. Simple interrupted sutures are placed over
the crest.

© FIGURE 9-5 'V, One week after surgery, excellent forma-
tion of the root prominence is seen.

© FIGURE 9-5 U, Temporary prosthesis is replaced.

© FIGURE 9-5 W, Six weeks after placement of the con-
nective tissue graft; note the stippled, pink appearance of
the gingiva after the graft heals, with at least 1.5 mm of
thickening of the facial gingiva.
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accurate placement of the sutures, the development of
a well-defined pouch, and the prevention of folding or
bunching of the graft on placement.

To secure the graft in its vertical position, one or two
sutures are placed from a vestibular approach in a mattress
fashion. The needle enters the overlying flap from the vesti-
bule and exits the pouch at the crest through the previous
incision. The needle is placed through the graft and then
returns under the flap, exiting the vestibule. The suture,
when tied gently, positions the graft vertically. Interrupted
sutures are then placed through the overlying crestal gin-
giva, graft, and palatal tissue, securing the graft in position
(Figures 9-6, A-L; 9-7, A-L; and 9-8, A-L; DVD Figure 9-4,
A-K; DVD Figure 9-5, A-R, presents the complete case seen
in Figure 9-8). Vertical incisions, if used, are esthetically
closed without engaging the graft.

©® FIGURE 9-6 C, Implant is placed 3 mm apical to the
planned gingival margin. No hard tissue graft is used, even
though a concavity is present. An HA graft was not placed,
because the horizontal defect was less than 2 mm. Most
likely, a soft tissue graft will be needed before implant
exposure to correct the gingival deficit.

© FIGURE 9-6 A, This 35-year-old patient has agenesis of
the lateral incisors. She recently had the deciduous lateral
incisors extracted in preparation for implant placement.
The intrasulcular incisions combined with crestal incisions
in the edentulous regions are shown here. An envelope flap
has been elevated to expose the two edentulous sites.

©FIGURE9-6 B,Implantdriving mounts protrude through
the surgical guide stent after implant placement.

©® FIGURE 9-6 D, After 3% months, the expected gingival
deficit is seen.

© FIGURE 9-6 E, Crestal incision is made, and a partial-
thickness dissection is created. The dissection is performed
sharply with a small (15c¢) scalpel blade. Here, a periosteal
elevator is seen within the subepithelial pouch.
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© FIGURE 9-6 F, Piece of subepithelial connective tissue,
10 X 15 mm, is harvested for the graft site and bisected to
provide tissue for each side. The grafts are then placed and
sutured.

© FIGURE 9-6 G, After 6 weeks, the graft site shows ade-
quate contours for an esthetic restoration.

© FIGURE 9-6 H, To expose the implant, small incisions
are made to form a semicircle 2 mm in diameter. The hex
drive is placed through this small hole. A 5-mm straight
emergence abutment is then positioned. An improved
ridge contour is seen.

©® FIGURE 9-6 1, Final restoration shows a lack of vertical
scars and adequate gingival bulk and color for a natural-
appearing restoration. (Prosthetics by Dr. Thomas Salinas.)

© FIGURE 9-6 J, Diagram showing ridge before connec-
tive tissue grafting. Arrow denotes the planned crestal
incision site.

If present, the removable prosthesis usually is not
relieved unless it places excessive pressure on the graft.
Typically, the removable prosthesis was relieved when the
implant was placed, and appropriate space remains at the
time of soft tissue graft placement. Bonded teeth must
be relieved only if they prevent the establishment of an
esthetic gingival form. Often an esthetic temporary pros-
thesis helps form the final implant site with gentle pres-
sure on the surgical site. Excessive pressure by a tempo-
rary prosthesis results in incision breakdown and potential
loss of the graft.

Dentlearn.ir
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© FIGURE 9-7 C, Threaded implant 16 mm long and
3.8 mm wide is placed. Bone is observed around the im-
plant. No graft is placed at this time, because the surgeon
sees the new ridge contour as satisfactory.

©® FIGURE 9-7 D, After 2 weeks, the horizontal defect is
greater than 2 mm, and a soft tissue graft procedure is
planned.

© FIGURE 9-7 E, Crestal incision is made, followed by
sharp dissection to form a pouch. A periosteal elevator de-
picts the extent of the subepithelial pocket, which is 10 mm
vertically and 10 mm horizontally at the apical portion of the
pocket, narrowing to 4 mm at the crest.

© FIGURE 9-7 G, Graft is placed into the pouch and re-
tained with a vestibular retention suture and interrupted
crestal sutures.

© FIGURE 9-7 F, Subepithelial connective tissue graft is
harvested from the palate.

© FIGURE 9-7 H, Immediately before implant exposure,
6 weeks after connective tissue grafting.
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© FIGURE 9-8 C, Dense particulate HA graft is placed. No
membrane is used, because the coronal aspect of the implant

is covered with bone. The HA layer is approximately 2 mm
thick.

© FIGURE 9-8 D, After 4 months, the prosthodontist asks
for a connective tissue graft to help restore the quality of
the gingiva and improve ridge contour.

© FIGURE 9-8 E, A 2-mm piece of subepithelial connective
tissue is harvested from the palate.

© FIGURE 9-8 G, After 6 weeks, the implants are ready to
be exposed. Some improvement in ridge contour is noted;
however, a horizontal defect measuring at least 1.5 mm has
yet to be corrected.

©FIGURE9-8 F, After development of a subepithelial pouch,
the graft is sutured in place.

© FIGURE 9-8 H, Quality of the gingiva has improved.
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© FIGURE 9-9 D, Particulate nonresorbable graft is placed
over the threads of the implant, and a nonresorbable mem-
© FIGURE 9-9 C, After exposure of the edentulous space, brane is secured to the implant with the cover screw and
the implant is placed in the ideal location. As expected, with small screws apically.

several threads of the implant are exposed.

g ¢

© FIGURE 9-9 E, After approximately 2 weeks, papilla-

sparing incisions are used in combination with a blunt and

sharp dissection to expose the membrane. The membrane ©® FIGURE 9-9 F, After removal of the membrane, a subepi-

then is removed intact. thelial connective tissue graft is harvested from the palate
and accurately trimmed to fit precisely over the ridge.

® FIGURE 9-9 G, Incisions are closed with several resorb- ©® FIGURE 9-9 H, A small incision is made 6 weeks later
able sutures, fixing the connective tissue graft to the overlying on the crest to expose the implant.
labial flap and palatal tissues.
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©® FIGURE 9-10 B, Tooth is extracted with minimal effort.

©® FIGURE 9-10 D, Area is allowed to heal for 12 weeks. A
threaded implant 3.8 mm in diameter then is placed with
3 mm of the apical portion in apical bone. The palatal sur-
face and the mesial and distal surfaces of the implant have
bone contact, but there is 10 mm of labial thread exposure.
The site is grafted with a mixture of autogenous bone and
dense particulate nonresorbable graft material, such as
synthetic HA or anorganic bovine xenograft, and is cov-
ered with a nonresorbable membrane, which is retained by
the implant cover screw and apical tacks.

©FIGURE9-10 C, Extraction socket is probed, and 8 mm of
labial bone is not present. Because purulent exudate is pres-
ent, no graft materials are placed into the extraction site.

© FIGURE 9-10 E, Membrane is removed, and a subepithe-
lial connective tissue graft is placed 6 months after the mem-
brane and bone grafting procedure. The papilla-sparing
incisions are re-entered, and the membrane is removed. The
graft covering the implant is shown. The connective tissue
graft is harvested from the palate to provide an additional
2 mm of gingival thickness and to improve the quality of the
overlying soft tissue.

membrane. Releasing incisions usually are necessary and
spare the papillae. Papillae are usually not raised or incised
in this procedure. Even if a sulcular incision is used to
place the implants and membrane, conservative vertical
incisions are recommended, because consecutive sulcular
incisions occasionally may result in blunting of the papil-
lae. The vertical incisions should be slightly beveled, with
release of the distal edge to allow careful reapproximation
of the edges of the incision after placement of the soft tissue
graft.

Typically, a dense layer of fibrous tissue has formed
over the membrane. This layer is dissected to expose the
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© FIGURE 9-10 F, Area has been magnified to show the
location of the vertical incisions, which will heal inverted
on the right side of the implant site.

© FIGURE 9-10 H, Tissue punch is used to expose the
implant.

© FIGURE 9-10 J, Temporary restoration. The patient and
clinicians did not like the inverted scar on the right side of
the gingival margin.

® FIGURE 9-10 G, Implant exposure is performed 6 weeks
after placement of the connective tissue graft. A 1-mm
horizontal soft tissue deficit remains, which is to be aug-
mented with the prosthesis’ subgingival contour.

© FIGURE 9-10 I, A straight emergence healing abutment
that is 5 mm tall is placed. The tissue is very tight; despite
the use of a straight emergence abutment, a small tear is
present on the right side.

membrane. It can be left in the overlying flap and does not
need to be removed; its removal can compromise the over-
lying soft tissue flap. Care should be taken to avoid damag-
ing the membrane. Once the membrane has been entirely
exposed, the cover screw and the apical tacks or screws are
removed, depending on the clinician’s choice.

The peripheral edge of the membrane is identified and
gently reflected from the underlying graft. The graft should
be hard to the touch and stable in position. The membrane
should be removed from the graft site in a single, intact
piece. Fragments of nonresorbable membranes should not
be left in the site. After the membrane has been removed,
the cover screw is replaced into the implant. A piece of foil
from a suture pack can be trimmed to match the planned
graft size and shape. The foil is transferred to the palate to
guide the surgeon in determining the necessary size of the









© FIGURE 9-10 T, Diamond bur is used during the gingi-
voplasty to smooth the tissue contour.

® FIGURE 9-10 W, Final restoration shows excellent tissue
texture, tone, and symmetry, which are required for an
esthetic restoration. (Prosthetics by Dr. Gerald Chiche and

Dr. Thomas Salinas; gingival surgery by Dr. Hishan Nasr and
Dr. Michael Block.)

The following options are available to the surgeon
and restorative dentist to correct gingival margin
discrepancies!?1¢:

1. A coronally repositioned flap'® can be used, but it may
not yield the esthetic result desired by many restor-
ative dentists, because it has a tendency for apical
migration.

2. The subepithelial connective tissue graft can be used in
a manner similar to that often practiced for root cover-
age, except that the soft tissue may not adhere well to
the materials used for implant restorations in the sub-
gingival region.

Soft Tissue Manipulation around Implants in the Esthetic Zone Chapter 9

© FIGURE 9-10 U-V, Comparison of the scar band before
(U) and after (V) graft placement and gingivoplasty. The
final abutment was placed approximately 2 months after
the gingivoplasty.

3. A semilunar flap'>!*1¢ is a simple alternative tech-
nique that can gain up to 1 to 2 mm of coronal gingi-
val movement using a method similar to that for root
coverage.

It is best to perform gingival margin manipulation
surgery after the temporary crown has been in place for a
satisfactory length of time to allow stabilization of the
gingiva and an accurate prediction of the desired move-
ments of the gingival margin to within 0.5 mm. After
the gingiva has matured and has stabilized in position,
coronal movement of the gingival margin is predictable.
The semilunar flap technique is simple and less traumatic
to the patient than the palatal subepithelial connective
tissue graft. However, the subepithelial connective tissue
graft is more useful in clinical situations involving
inverted gingival scars from prior vertical incisions,
because the subsequent increase in thickness of the gin-
giva allows surgical flattening of the scar to enhance the
esthetic appearance.
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© FIGURE 9-11 B, Each lateral incisor implant is placed
with the aid of a surgical guide stent; the coronal bone
is intact. However, a labial fenestration through bone is
found for both implants. A dense particulate HA graft is
placed, and the incisions are closed. No membrane is used.
(The use of intrasulcular incisions was considered for this
patient and may have been a viable alternative to the
papilla-sparing incisions.)
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© FIGURE 9-11 D, Implants are exposed with conserva-
tive incisions, mimicking a tissue punch. The right implant
site develops a small tear at the gingival margin, which
heals with a small cleft.
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margin on implant restorations, as long as an adequate
band of attached tissue and bone is available at the gap
where the superior edge of the semilunar flap is moved
coronally. If tooth structure or implant surface is present at
the gap, this procedure will not be successful and is contra-
indicated.

Before the local anesthetic is administered, the distances
from the incisor edge to the gingival margins are measured
and recorded. The difference in crown length and the
desired change in the amount of coronal gingival margin

© FIGURE 9-11 C, After 4 months, small pouches are de-
veloped through small crestal incisions, and bilateral sub-
epithelial connective tissue grafts are placed. The implant
sites are shown here 5 months after placement and 6 weeks
after placement of the soft tissue grafts.

© FIGURE 9-11 E, Temporary crown is fabricated. The gin-
gival margin has receded, creating a poor esthetic result.

© FIGURE 9-11 F Left implant site has healed satisfacto-
rily, with an excellent esthetic result.



Section II MAXILLA

© FIGURE 9-11 G-H, Crown is removed before a semilunar flap is created to correct the receded
gingival margin. The gingival margin is 1.5 to 2 mm apical to the ideal location. In addition,
crown lengthening of the right central incisor and right canine is planned to create a symmetric

gingival profile.

©® FIGURE 9-11 I-J, After administration of a local anesthetic, a 15¢ blade is used to create a
subepithelial pocket, which extends 10 mm superiorly; its width ranges from the distal line angles
of the adjacent teeth.

are important distances to know before the procedure is
performed. Once these are known, the local anesthetic can
be administered. The plan overcorrects the coronal gingi-
val margin by at least 1.5 mm, because the healing process
moves the gingival margin apically.

After the local anesthetic has been administered with-
out “ballooning” the tissues, time is allowed for the hemo-
static effect. The temporary crown is removed. For this
procedure, it is recommended that the coronal edge of the
mobilized gingival flap lie against porcelain, dentin, enamel,
or bone, because these surfaces can form attachments to
the gingiva. An acrylic temporary crown should be trimmed
to relieve its apical margin away from the coronal tissue

and to allow the gingiva to lie against the titanium of the
abutments and not on top of the acrylic crown.

A small scalpel blade (e.g., 15¢, 12b) is used to make an
intrasulcular incision. From the sulcus, a split-thickness
dissection is performed to develop a pocket, which extends
apically at least 10 mm. The dissection should extend from
the papilla on one side of the tooth to the papilla on the
opposite side of the tooth, but it should be at a deep plane
of dissection near the periosteum to prevent perforation of
the gingival mucosa near the papilla.

A semilunar incision is made within the loose alveolar
mucosa, curving apically far enough midfacially to ensure
that the apical portion of the semilunar flap rests on bone
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© FIGURE9-11 K, Depth of the dissection and confluence
of the pocket are evaluated with the use of a small perios-
teal elevator. Additional lateral dissection and subepithelial
release of the papilla are performed if indicated.

© FIGURE 9-11 L, Curved 12b blade is used to extend the
dissection and, at a deeper plane, elevate the attached
tissue near the papilla.

© FIGURE 9-11 M-P, Using a 15b blade, a semilunar incision is made 10 mm superior to the
gingival margin within the unattached gingiva, curving inferiorly 2 to 3 mm from the papilla. The
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© FIGURE 9-11 Q, Semilunar flap is positioned passively
to the desired gingival location, with 50% excess planned
because some shrinkage is expected. Light pressure is
applied for 5 minutes to allow the development of a clot.
The patient is instructed to keep gentle pressure on the site
and to avoid vertical forces on the gingiva.

© FIGURE 9-11 R, Semilunar flap 2 weeks after the pro-
cedure.

© FIGURE 9-11 S, New abutments immediately before fi-
nal placement of the implant crowns. Crown lengthening
has been performed on the adjacent central and canine
teeth.

after it has been mobilized and moved coronally. The ends
of the semilunar flap should be brought to the end of the
tooth, leaving at least 2 to 3 mm of tissue at the papilla. This
2 to 3 mm of papillary tissue serves as the blood supply for
the semilunar flap.

After the semilunar incision has been made, the flap
should be mobilized and brought coronally. Small residual
tissue attachments may need to be further incised to allow
adequate mobilization of the flap. The flap of tissue is moved
coronally and held in place with slight pressure on moist
gauze for 5 minutes. Depending on the clinician’s preference,

© FIGURE 9-11 T, Final restoration with symmetric gingi-
vae. (Soft tissue surgery by Dr. Hishan Nasr and Dr. Michael
Block; prosthetics by Dr. Thomas Salinas.)

an adhesive may be used to “glue” the edge of the flap to the
crown; however, this usually is not necessary. The coronal
movement should be overcorrected by 1.5 mm, because
shrinkage of the flap is expected secondary to scar contrac-
ture at the incision site.

Postoperative instructions include a soft diet for
14 days, minimal pressure when brushing the teeth using
a roll technique and a very soft toothbrush, and anti-
plaque rinses for 2 months. After 8 weeks, the soft tissue
has healed sufficiently to allow fabrication of the final
prosthesis.
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A

Absorbable collagxen sponge (ACS), 207
Abutment
indexing for fabrication of provisional crown and, 320-324
preoperative laboratory preparation of, 309-320
Academy of Osseointegration Sinus Consensus Conference, 203
Accuracy of CT images, planning software, guide stent
fabrication. See also Posterior maxilla surgery
delivery of the prosthesis and, 149-150
discussion of, 150-151
imaging comparisons for, 147-148, 147t
manufacturing error in
fixation screw tubes smaller than ordered and, 148
improper positioning during master cast fabrication and,
148
wrong master cylinder placed into stent and, 148
postoperative complications of, 150, 150t
surgical complications of
implant placed but not surrounded by bone as, 149
implant placed superficially as, 149
inadequate interocclusal space, 149
lack of integration from burning of bone as, 149
unstable surgical guide as, 148-149
ACS. See Absorbable collagen sponge (ACS)
Alveolar ridge distraction
of anterior mandible, 23-24, 23f
Anatomic considerations after extraction
bone of adjacent tooth not present and, 265, 265f
concavity is present at contours of extraction site and, 262, 263f
lack of bone superior to apex of socket and, 262
lack of palatal or lingual bone and, 262
loss of labial bone at crest and, 261-262
loss of labial bone to apex and, 261
loss of portion of labial bone and, 261, 261f-262f
socket is larger than implant and, 263, 263f
socket is oval in shape and, 263-264, 264f
surrounding bone is thin and, 264
Angled implants
placement for edentulous maxilla, 228-230
use of CT planning to place, 169
Angled implants as alternative to sinus grafting
advantages of using, 180, 180f-181f
disadvantages of using, 181
review of literature on angled implants and, 173-180
Anterior approach
iliac crest graft and, 200-201
Anterior dentition symmetry, 363
Anterior implant
zygomaticus implants and, 223-228

Page numbers followed by findicate figures; ¢, tables; b, boxes.

Anterior mandible surgery
augmentation of atrophic mandible for, 19-25
immediate loading of edentulous mandible for, 25-56
placement of two to five implants, 4-19
Anterior mandible, placement of implants
crestal incision and dissection for, 5f, 9
evaluation of anatomy and, 4-5, 6f
general considerations for, 4-19
incision design considerations, 6-9
physical examination of patient without teeth and,
4-19, 4f-5f
placement of implants for, 11-19
radiologic examination for patient without teeth, 5-6
surgical treatment for, 9
vestibular incision and dissection for, 9
Anterior maxilla
assessment of, 118-119
single concave site in, 92
trauma to, 181
Anterior maxilla surgery
augmentation of anterior maxilla and, 132-135, 132f-135f
exposure of implants in, 140
implant exposure in edentulous maxilla and, 140, 140f
implants and onlay bone graft for isolated defects and,
130-132
placement of eight implants and onlay bone graft for isolated
defects and, 1271, 130-132, 130f-132f
placement of eight implants with sinus grafts for, 138-140
placement of eight implants without graft for, 122-130,
122£-130f
placement of four implants into anterior maxilla for, 119-122,
119f-121f
preoperative planning and assessment for, 118-119, 119b
sinus and horizontal ridge augmentation and, 135-137, 136b,
137f-140f
surgical technique for, 135-137
Anterior maxillary defect
case report of, 183-187
distractor removal and harvesting for, 184-185,
185f-186f
placement of distraction device for, 183-184, 183f-185f
placement of implant for, 185-187, 186f-189f
preoperative workup of, 182f, 183, 183f
distraction osteogenesis, bone grafts, implants and, 181-187
general surgical principles of, 182-183, 182f-183f
Anterior maxillary horizontal ridge augmentation. See also
Anterior maxilla surgery
simultaneous with sinus augmentation, 135-137, 136b
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Anterior maxillary teeth. See also Extraction site grafting
techniques
gingival margin position and, 241-242, 242{-243f
level of bone on adjacent tooth and, 242
local deficiency of bone at implant site and, 244-248
apical holes and, 247-248
labial defects and, 244-245
palatal defect or concavity and, 246-247
portions of tooth to replace and, 244, 244f
root prominence and, 244
surgical techniques for, 248-250, 249t
graft placement for, 249-250
grafting of large bone defects and, 250
tooth extraction protocol for, 249
Anterior teeth
extraction of, 88
grafting extraction site of, 249t
Apical holes, 247-248
Apical thread exposure
with coronal bone coverage, 374
Apicoectomy, 247-248
ASC52 distal attachments, 120f-121f
Atrophic mandible
augmentation of, 19-25
implant placement without grafting and, 23
Augmentation
for posterior mandible, 105b
for ridge, 419-445
of anterior maxilla, 132-135
of anterior maxillary horizontal ridge, 135-137
of atrophic mandible, 19-25
of horizontal ridge, 81b
of particulate bone, 106-112
of posterior ridge, 88
of ridge width in open approach, 90-92
of sinus, 135-137, 206-210
with bone morphogenetic protein, 136b, 169, 170f
of thin of vertically deficient posterior mandibular ridges,
73-79, 73t-74f
Augmentation of atrophic mandible
alveolar ridge distraction of anterior mandible and, 23-24
autogenous corticocancellous bone graft placement and, 21-22
exposure and need for secondary soft tissue surgery and, 24-25
extraoral incision for, 21-22
general considerations of, 19-21, 19f-20f
intraoral incision and placement and, 21
placement of implants into, 22-23
placement of implants without grafting, 23, 24f
Augmentation, vertical
of posterior mandible, 102-106
Autogenous bone, 241
grafting material and, 241
Autogenous corticocancellous bone grafts
extraoral incision and placement of, 21-22, 21f-23f
intraoral incision and placement of, 21, 21f
macxillary sinus grafting and, 192
Avulsive injury, 181

B

Beilman, Dr. Mary, 218f

Biotype, thick, 260

Biotype, thin, 260

BMP. See Bone morphogenetic protein (BMP)

Bone
burning or heating of, 149
esthetic central incisor implant restoration and, 357-359
implant placement and, 149
Bone assessment
CT imaging and, 62-64
Bone graft resorption
case example of, 109-112, 109f-112f
effect of implants on, 108-109
Bone graft, interpositional
history of, 107-112
Bone grafts
autogenous corticocancellous, 21-22
severe maxillary defects and, 181-187
Bone harvesting techniques
for maxillary sinus grafting, 195-201
Bone morphogenetic protein (BMP). See also Maxillary sinus
grafting
for posterior augmentation with anterior teeth
implant placement for, 219
for sinus augmentation, 206-210, 219b-220b
literature review for, 207-208
recombinant bone morphogenetic protein administration
for, 207
technique for, 208-210, 208f-213f
sinus augmentation and, 169
Bovine bone xenograft, 133-135, 134f
Bovine graft material, 136b
Bovine mineralized bone, 240
Bovine particulate material, 135-136, 138f, 204-206

C

CAD CAM abutments, 350-355
CAM. See Computer-assisted manufacture (CAM) surgical
template
Cancellous bone
iliac crest graft and, 201
Canines
surgical techniques for, 270, 270f-271f
Carrier system
recombinant bone morphogenetic protein administration and,
207
Castellon, Dr. Paulino, 294
CEJ. See Cementoenamel junction (CEJ)
Cementoenamel junction (CEJ), 242, 357-359
Central incisors
esthetic implant restorations for, 357-367, 357f
extraction and immediate provisionalization of, 313-315,
313f-316f
surgical techniques for, 263f, 265, 266f-2691, 273f, 277b
Chin graft, 75-76
Class I maxilla
Parel’s classification of edentulous maxilla and, 119b
placement of implants and, 122
Class IT maxilla
esthetic evaluation of, 123-124
Parel’s classification of edentulous maxilla and, 119b
Class III maxilla, 124, 127{-128f
Closed technique
for subepithelial connective tissue graft harvesting, 426-427
Collagen membrane, 133-135, 134f, 136b, 138f
Color of teeth
esthetic central incisor implant restoration and, 357, 359-363



Computed tomography (CT) imaging, 7f, 28
for placement of zygomaticus implants, 224
maxillary sinus grafting and, 192, 193f
Computer-assisted manufacture (CAM) surgical template, 148
Concave ridge
and single tooth site, 88-90, 88f-90f
Concavity
local deficiency of bone at implant site, 246-247
Cone beam imaging, 147-148, 150-151, 159f
Coronal bone, thin, 373f
Coronal correction
of gingival margin on implants, 445-452
Coronal thread exposure, 374-379, 380f-383f. (See also Esthetic
anterior implant restorations)
Cortical window
and tibia bone grafts, 198
Corticocancellous bone graft
from iliac crest, 132
iliac crest graft and, 201
macxillary sinus grafting and, 192
Counterbore drill, 170
Countersinking, 149
Crestal incision, 5f, 7f-8f, 9, 21, 37f
Crown, hollow-shell, 27-31
CT. See Computed tomography (CT) imaging
CT guidance, treatment planning sequence for
general principles of, 143
CT scanning protocol
for final mandibular prothesis, 50
CT software planning
DICOM and, 95
procedure for, 95-96
CT-guided macxillary surgery, 170b
CT-guided surgery, complications associated with, 143-151, 144t
CT imaging of the patient and, 145-147
axial images obscured and, 146
fiduciary markers placed in axial planes and, 146
improper patient orientation during scan and, 145-146
inadequate mixing of radiopaque material and, 146-147
lack of occlusal support and, 145
patient movement during scan and, 146
poor adaptation of duplicated denture to soft tissue and, 145
position of teeth obscured and, 146
template fabrication and, 143-145
planning errors resulting from use of nonideal prosthetic
setup and, 143
shrinkage of acrylic during denture duplication and, 144-145
vertical malposition of the implant and, 143-144

D

DBB. See Deproteinized bovine bone (DBB)
Defects

implant placement and grafts for, 60-62
Demineralized freeze-dried bone (DFDB), 191-192
Deproteinized bovine bone (DBB), 204-205
DFDB. See Demineralized freeze-dried bone (DFDB)
DICOM software planning, 95, 143
Distraction device placement, 183-184
Distraction osteogenesis (DO), 23, 23f, 182
DO. See Distraction osteogenesis (DO)
Dual-scan technique

CT planning and, 151
Dyer, Dr. Bret, 210-211
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E

Edentulous and partially edentulous maxilla surgery
anterior maxilla surgery and, 118-140
posterior maxilla surgery and, 118-181
reconstruction of severe anterior maxillary defects and,
181-187
Edentulous mandible
immediate loading and, 25-56, 26t-27t
immediate loading with provisional restorations, 27-48
Edentulous maxilla
angled implants for, 228-230
zygomaticus implants for, 223-228
Essix plastic material, 248-249
Esthetic anterior implant restorations
critical factors for central incisors and, 357-367
bone and soft tissue factors of, 357-359, 359f-362f
for color of adjacent teeth, 359-363, 363f
for placement of implants immediately and, 359
for position of implant, 363, 364f
for smile line, 359, 359f
for symmetry of anterior dentition, 363
prognostic factors for, 363
gingival margin of teeth and, 363, 363f
implant positioning and, 366-367, 367f
loss of labial bone and, 363-366, 364f-367f
diagnosis, treatment planning, and surgical techniques for,
367-405, 370f
decisions affecting treatment and, 369-405, 370f-371f
implant location and, 369
incision design and, 368-369
sufficient bone width and height and, 371-372
thin bone width, sufficient bone height and, 372-405, 372f
general considerations and follow-up treatment for, 410-416
immediate loading and one-stage protocol for, 405-407,
409f-414f
one-stage technique for implant placement and, 408-410
Esthetic anterior implant restorations, treatment decisions
for sufficient bone width and height, 371-372
for thin bone width, sufficient bone height, 372-405
augmentation of thin maxillary alveolus and, 385-388,
386f-390f
coronal and midfacial bone dehiscence and, 379-380, 380f
coronal thread exposure and, 374-379
lack of vertical bone height and, 365f, 395-405, 398{-402f
external oblique bone grafts for, 403-404
preoperative planning for, 399-400
recipient site preparation for, 400-403
symphyseal bone grafts for, 398f-403f, 404, 405{-406f
vertical ridge augmentation for, 404-405, 406f-408f,
415b
midfacial or apical thread exposure with coronal bone
coverage and, 374
model-based surgery for guided implant placement and,
393-395, 394f-398f
palatal approach for single-stage implant placement and,
388-393, 391b, 392f-394f
thin bone preventing implant stability and, 383-385,
383f-385f
for thin bone width, sufficient bone height and
thin coronal bone and, 372, 373{-374f. (See also
Esthetic anterior implant restorations, treatment
decisions)
incision design for, 368-369
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Esthetic zone, soft tissue in, 417, 418b
Esthetics
anterior maxillary defects and, 182f, 183
implant placement and, 259-260
tooth analysis for, 259-260
in immediate provisionalization, 42
External oblique graft, 73f, 75
lack of vertical bone height and, 403-404
Extraction site grafting techniques
anterior maxillary teeth and, 241-250, 249t
grafting material for, 240-241
immediate placement of implants at tooth extraction and,
255-271, 280b
molar sites and, 250-255, 250f-257f, 258t
strategies for maintaining facial gingival margin and,
273-305
Extraoral distraction device, 182
Extraoral incision
autogenous corticocancellous bone graft and, 21-22
Extraosseous distractors, 182

F

Facial gingival margin, strategies for maintaining. See also
Extraction site grafting techniques
case examples of, 273-305
ideal facial gingival margin level, thin labial bone and,
290-294, 290f-294f
goals of treatment for, 290-291
problem list for, 290
treatment sequence for, 291-294
moderate gingival thickness, facial gingival margin

position, fractured central incisor, 276-280, 277f-279f

goals of treatment for, 276
problem list for, 276
prosthetic phase for, 280
surgical procedure for, 278-279
treatment sequence for, 276-278
thick gingiva, facial gingival margin position, thin labial
bone with apicoectomy defect, 274-275, 274f-276f
problem list for, 274
treatment sequence for, 274-275
thin bone, thin tissue and, 280-282, 281f-282f
goals of treatment for, 280
problem list for, 280
treatment sequence for, 280-282

thin facial gingiva, facial gingival margin level, lack of labial

bone, 282-290, 283f
goals of treatment for, 283
problem list for, 283, 283f
treatment sequence for, 284-290, 284f-288f
thin gingiva with adequate bone for implant placement,
301-303, 301f
goals of treatment for, 301
problem list for, 301
treatment plan for, 302f
treatment sequence for, 301, 302f
thin gingiva with facial gingival margin apical to adjacent
tooth, 294-301

treatment of the trauma patient, avulsion of anterior teeth,

303-305, 303b
case example of, 303-305, 304f
clinical situation of, 303
evaluation for, 303
use of piezotome to remove ankylosed tooth and, 273

FDA. See U.S. Food and Drug Administration (FDA)
Fibrin glue, 90-92
and bovine bone xenograft, 133-135
augmentation of anterior maxilla and, 62, 79-80
bovine particle combination and, 204-206
Fiduciary markers, 146
Final restoration
immediate loading of, 27t, 48f
CT-generated final mandibular prosthesis,
50-56
use of prefabricated segmented bar and precision
attachments for, 48-50, 48f

G

GBR. See Guided bone regeneration (GBR)
Gerdy’s tubercle
tibia bone grafts and, 196-197
Gingival margin
anterior maxillary teeth and, 241-242
coronal movement and, 448
coronal repositioning and, 448-452
discrepancies and corrections for, 445-446
esthetic evaluation and, 259
on implants, 445-452
single-implant restoration esthetics and, 363
Gingival show, 359
Graft
for isolated bone defects, 60-62
for maxillary sinus, 191-194
for ridge augmentation, 421
harvesting of chin for, 75-76
harvesting of external oblique for, 75
harvesting of iliac crest for, 76-78, 76f
healing and time for implant placement of, 78
implant placement into bone and, 78-79
of corticocancellous block, 192
of jaw bone, 195-196
of large bone defects, 250
of subepithelial connective tissue, 421
of the autogenous corticocancellous bone,
21-22,192
placement of, 249-250
preparation and placement of, 76
Grafting material. See also Extraction site grafting
techniques
autogenous bone and, 241
bovine mineralized bone and, 240
mineralized bone allograft and, 240-241
Guide pins, 94-102
Guide stent fabrication
accuracy of, 147-148, 147t
Guide stent tubes, 147
Guided bone regeneration (GBR), 106-107,
211-219

H

HA. See Hydroxylapatite (HA)
Helical CT scanner, 150-151
Hirschfeld #20 elevator, 265
Horizontal ridge augmentation
using tunneling technique, 81b
Hydroxylapatite (HA), 8f, 18-19, 18f, 71-73, 122
maxillary sinus grafting and, 191
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TAN. See Inferior alveolar nerve (IAN)

Ideal facial gingival margin level, thin labial bone due to lost
dental implant. See also Facial gingival margin, strategies
for maintaining

treatment sequence for, 291-294
exposure procedure for, 294
first procedure for, 292-293
prosthetic procedure for, 294
second procedure for, 293-294

Tliac crest block graft, 76-78, 76f

Tliac crest cancellous marrow, 199

Immediate implant placement at tooth extraction. See also
Extraction site grafting techniques; Tooth extraction

anatomic considerations and, 261-265, 261b

indications and contraindications for, 255-257

indications and implant stability and, 265

one-stage implant at fresh extraction site and, 257

preoperative evaluation and esthetic zone for, 258-261, 259t
esthetic evaluation and, 259-260
occlusal analysis and, 260
periodontal biotype and, 260
probing and, 260
radiographic evaluation and, 260-261
smile line and, 258

surgical techniques and special teeth for
canines and, 270
central incisors and, 265-269
general considerations for, 265
lateral incisors and, 269-270
mandibular incisors and, 270-271
premolars and, 270

Immediate loading

after sinus augmentation, 169

of edentulous mandible, 26t-27t

of final restoration, 48-56

of maxillary prostheses, 165

one-stage protocol for, 405-407

with partially edentulous patients, 144t

with provisional restorations, 27-48

Immediate provisionalization

definition of, 325

in patient with teeth, using CT guidance, 41f, 42-48
fabrication of immediate mandibular prosthesis for, 44-45
final esthetic and functional tooth setup for, 42, 43f-47f
planning setup of mandibular teeth for, 42-43, 43f
scheduling surgery and ordering prosthetic parts for, 45-46
surgery day and, 46-48
use of CT guidance for, 43-44

of implant restorations
methods for multiunit implant and, 325-355
methods for single-tooth implant and, 308-325

using CT-generated guide stent, 94-102

Implant placement

accuracy of, 147-148, 147t

common clinical situations of, 15-18, 16f-18f

four or more implants and, 13-15, 13f-15f

into extraction sockets after extraction, 359

of eight with sinus grafts, 138-140

one-stage technique for, after tooth extraction, 408-410

palatal approach for single-stage of, 388-393

placement in anterior mandible, 11-19

prior hydroxylapatite augmentation for, 18-19, 18f-19f

two implants for, 10f, 11-13, 12f

Index | 459

Implant positioning

esthetic central incisor implant restoration and, 357, 363

for single-implant restoration, 366-367
Implant stability quotient (ISQ)

implant placement and, 28

Osstell measurement and, 87f

postoperative complication and, 150
Incision design, esthetics of, 368-369
Index, 323
Inferior alveolar nerve (IAN)

avoidance of, 102

CT guidance and, 102
InFuse system, 207
Inlay

interpositional procedures and, 107
Interocclusal space, inadequate, 149
Interpositional osteotomy

for ridge augmentation, 102-106
Intraoral distraction device, 182
Intraoral incision

autogenous corticocancellous bone grafts and, 21
Intraosseous distractors, 182
ISQ. See Implant stability quotient (ISQ)

J

Jaw bone grafts, 195-196
Jovanoski, Ace, 153

K

Keratinized gingiva (KG), 4, 6f-7f, 59
anterior maxilla implants and,
125-127
single-tooth implant incision design and, 118
KG. See Keratinized gingiva

L

Labial bone
single-implant restoration esthetics and, 363-366
Labial defects
local deficiency of bone and, 244-245, 244f-248f
Lack of vertical bone height. See also Esthetic anterior implant
restorations
external oblique bone graft and, 403-404
preoperative planning for, 399-400
recipient site preparation for, 400-403
symphyseal bone graft and, 404
vertical ridge augmentation with particulate bone and,
404-405
Laser, water-cooled Biolase MD, 167
Laser-assisted surgery
for sinus elevation, 210-211, 219b
Lateral cephalogram, 6, 6f-7f, 31f
radiography and, 6f
Lateral incisors
surgical techniques for, 269-270, 270f
LeFort [ downfracture, 181-182
LeFort I osteotomy
sinus grafting and, 201
Lip plumper, acrylic, 123-124, 126{-127f

M

Mandible, posterior. See Posterior mandible
Mandibular implants. See also Anterior mandible surgery
immediate loading of, 26t-27t
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Mandibular incisors
surgical techniques for, 270-271
Mandibular prosthesis, CT-generated final
CT scanning protocol for, 50
general methods for immediate loading of, 50, 51f-55f
preoperative process and surgical technique for, 50-56
Master cylinders
manufacturing errors and, 93-94
surgical guide stent tubes and, 96-100, 97f
Materialise system, 96-100
Maxillary alveolus, thin
augmentation of, 385-388
Maxillary sinus grafting
background, general techniques of, 191-194
preoperative radiographic screening and, 192
presurgical screening and, 192, 193f
surgical techniques for, 192-194, 193f-194f
bone harvesting techniques of, 195-201
iliac crest grafts for, 199-201, 201f-204f
jaw bone grafts for, 195-196, 195{-198f
tibia bone grafts for, 196-199, 199f-200f
placement of bone graft into sinus and, 201-219
bone morphogenetic protein for posterior augmentation
and, 211-219
bone morphogenetic protein for augmentation and,
206-210, 214£-218f, 219b
bovine particles and, 204-206, 205f-206f
surgery for intraimplant site sinus elevation for, 210-211,
213f
Maxillary tuberosity
jaw bone grafts and, 195
Medialized interface. See Platform switching
Midfacial thread exposure. See also Esthetic anterior implant
restorations
with coronal bone coverage, 374, 375f-379f
Mineralized bone allograft, 240-241
Model-based surgery, 393-395
Molar sites, 250 (See also Extraction site grafting
techniques)
incision design for, 251-253
tooth extraction and grafting procedure for, 253-255,
258t
postoperative instruction for, 254-255
Molar, single
extraction and implant of, 59f
restoration of, 75
Multiple-teeth implant-borne restoration. See Restoration,
multiple-teeth implant-borne
Multiunit implant restoration
immediate provisionalization methods for
anterior maxillary case with cement retention, 330-331,
330f
anterior maxillary case with provisional prosthesis and,
331-334, 331£-335f
general principles of, 326
literature review, case reports of, 325-326, 327t
partial mandibular restoration using removable partial
denture and, 348-350, 348f
posterior mandibular crowns with CAD CAM abutments,
350-355, 350f-354f
posterior maxillary case of, 326-330, 327f-330f
posterior maxillary case with transfer, 341-344,
342f-346f

Multiunit implant restoration (Continued)
posterior units with immediate temporary prosthesis and,
345-347, 346f-349f
using CT guidance and, 335-339, 341b
anterior maxillary dentition replacement and, 335-338,
335£-339f
surgical procedure for, 338-339, 339{-340f

N

N-Cm. See Newton-centimeters (N-Cm)
Nasal/maxillary prosthesis. See also Zygomaticus implant
and zygomaticus implant support
assessment and treatment plan for, 234-235
case study of, 236-238
Navigator system, 96-100, 163, 170b
Needle, small half-circle (SH), 292-293
Nerve repositioning
interpositional osteotomy ridge augmentation techniques and,
102-103
Newton-centimeters (N-Cm), 37f
anterior mandibular bone and, 25
Nobel Biocare, 50, 163
Novum procedure, 27

(0]
O-rings, 11
Occlusal analysis, 260
Occlusional adjustment, 56
Onlay graft
for esthetic anterior implant restoration, 383-385
for isolated defects, 130-132
interpositional osteotomy ridge augmentation techniques and,
104-106
OP-1 putty, 207
Open technique
for subepithelial connective tissue graft harvesting, 426
Osstell, 87f
Osteotomy, interpositional
for posterior mandibular vertical augmentation, 415b
vertical ridge augmentation and, 102-106, 415b

P

Palatal defect, 246-247
Palatal roll technique, 422-425, 422f-425f
Palatal tissue, 425
Papilla, 259-260
Parel’s classification of edentulous maxilla, 119b
Particulate bone augmentation

with membranes, 106-112
Particulate graft material

augmentation of anterior maxilla and, 62
Patient selection

criteria for, 80, 80f
Patient with teeth

immediate provisionalization for, 42-48
Patient without teeth

anatomy evaluation of, 4-5, 6f

physical examination of, 4-19

radiologic examination of, 5-6
PDGE. See Platelet-derived growth factor (PDGF)
Periodontal biotype, 260
Periosteal osteocortical flap

tibia bone grafts and, 197-198



Piezotome
central incisor extraction and, 314f
use in removing ankylosed tooth, 273, 274b
Pin fixation, 51-53
Plastic premilled (PPM) bar, 49
Platelet-derived growth factor (PDGF), 107
Platform switching, 328-330
Posterior mandible
comparison of procedures for, 106t
implant placement in, 59-112, 59f
Posterior mandible implant, immediate provisionalization with
guide stent
case example of, 94-102, 94f-101f
alternatives in, 102
fabrication of provisional prostheses from surgical guide
stents and, 96-101
procedure for CT software planning for, 95-96
surgical procedure for, 101-102
Posterior mandible implant, particulate bone augmentation
with membrane
inlay interpositional procedures for, 107
interpositional bone grafting history and, 107-112
Posterior mandible implant, surgical treatment
augmentation of thin or vertically deficient posterior
mandibular ridges for, 73-79
augmentation of thin ridge with particulate materials for,
79-94
immediate provisionalization for, 94-102
particulate bone augmentation with membranes for,
106-112
placement of implant into adequate bone for, 64-71,
68{-70f
placement of implant into thin bone for, 71-73, 72f
use of CT guide to angle implants and avoid inferior alveolar
nerve, 102, 103f-104f
vertical augmentation for interpositional osteotomy for,
102-106, 112f
Posterior mandible implant, treatment planning
determination of number and size of, 62
physical examination for, 59-60, 60f-62f
stent fabrication for, 60-62
use of CT imaging to assess bone for, 62-64, 63f-67f
Posterior mandible implant, vertical augmentation
interpositional osteotomy for ridge augmentation and,
102-106
available techniques for, 102-106
Posterior mandible, implant placement
general considerations for, 59, 59f
surgical treatment for, 64-112
treatment planning and diagnosis for, 59-64
Posterior mandibular edentulism
case example of, 59f, 84-86, 86f-88f
surgical technique for, 59f, 80-84, 84f-86f
Posterior mandibular immediate provisional crowns. See also
Multiunit implant restoration
with CAD CAM abutments, 350-355
Posterior mandibular ridges, augmentation with particulate
material
concave ridge in single-tooth site with, 88-90
surgical technique for, 90
edentulism and, 80-86
case example of, 84-86
surgical technique for, 59f, 80-84, 82f-84f
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Posterior mandibular ridges, augmentation with particulate
material (Continued)
extraction of anterior teeth with, 88, 88f-89f
minimally invasive surgical techniques for, 79-80
patient selection criteria for, 80, 80f
realistic expectations for, 80
results and observations of, 93-94
single concave site in the anterior maxilla and, 92
use of fibrin glue to augment ridge width in open approach,
90-92
surgical method for, 91-92, 91f-93f
Posterior mandibular ridges, thin or vertically deficient
augmentation
chin graft harvesting for, 75-76
external oblique graft harvesting for, 73f-74f,
75
graft healing and time for implant placement for, 78
graft preparation and placement for, 76
harvesting of iliac crest block graft for,
76-78, 76£-78f
implant placement into grafted bone for, 78-79
incision design for, 75
Posterior mandibular vertical augmentation
using interpositional osteotomy, 105b
Posterior maxilla assessment, 118-119
Posterior maxilla surgery
multiple teeth, implant-borne restoration and,
141£-142f, 142-181
single-premolar or single-molar restoration and, 141-142,
141f-142f
PPM. See Plastic premilled (PPM) bar
Precision attachments, prefabricated
preoperative laboratory procedures for, 49
segmented bar and, 48-50, 48f
indexing of, 49-50
surgical techniques for, 49
Premolar
surgical techniques for, 270, 270f-272f
Premolar, single restoration, 141-142
Probing, 260
Prosthesis, fixed
CT imaging planning and, 28
Prosthesis, full-arch
angled implants for support of, 228-230
Prosthesis, hybrid provisional, 31-42. (See also Provisional
hybrid prosthesis)
Prosthetic rehabilitation, implant-supported
advantages of, 180
disadvantages of, 181
Provisional crown
indexing abutment for fabrication of, 320-324
preoperative laboratory preparation of, 309-320
Provisional hybrid prosthesis, 31-42, 36f-41f
Provisional prosthesis, 27-28, 35f
Provisional restorations, immediate loading
fixed, hollow-shell crown and bridge adapted to implants and,
27-31
step-by-step method for, 28-31, 28f-36f
use of CT imaging and, 28, 34f
provisional hybrid prostheses and, 31-42
preoperative laboratory procedures for, 36-39
restorative phase of, 42
surgical procedure for, 39-42
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R

Radiation therapy
maxillary sinus grafting and, 192
Radiograph, panoramic, 5-6, 31f, 34f, 182, 183f
for maxillary sinus grafting, 192
preoperative evaluation and esthetic zone with, 260-261, 268f
Radiopaque material, 146-147
Ramus, 170
Recombinant bone morphogenetic protein administration, 207
Recombinant human protein (rh), 206
Removable partial denture (RPD), 265, 348, 410-411
Resorbable membrane
augmentation of anterior maxilla and, 62
Restoration, multiple-teeth implant-borne. See also Posterior
maxilla surgery
angled implants as alternative to sinus grafting for, 171-173,
174t
case examples, 168-169
immediate loading of final prosthesis after sinus
augmentation and, 171{-173f, 175f
method for immediate provisionalization of edentulous
maxilla as, 158-165, 158f-162f
detailed surgical procedure of, 161-163, 162f
prosthetic procedure of, 163-165, 163f-165f
use of CT planning to place angled implants and, 169,
176f-177f
case examples of, 152-165
CT-guided replacement of the maxillary right two
premolars and canine as, 152-155, 154{-157f
CT-guided surgery in edentulous maxilla as, 155-158, 158f
CT guidance, treatment planning sequence for, 143
CT-guided surgery in edentulous maxilla without immediate
provisionalization, 165, 166{-167f
case example, 165-168
surgical procedure for, 167-168, 168f-169f
particulate bone grafting with membrane coverage and,
170, 177f-178f
solid onlay grafts harvested from symphysis or ramus and,
170, 170f
stent fabrication for CT scanning and, 151, 152f-154f
rh. See Recombinant human protein (rh)
rhBMP-2, 207
rhBMP-7, 207
Ridge augmentation
soft tissue manipulation and, 419-445
Ridge splitting, 385, 385f
Root prominence, 244
RPD. See Removable partial denture (RPD)

S

Salinas, Dr. Thomas, 231
Sandwich technique, 107
SCT. See Spiral CT (SCT) imaging
Segmented bar, prefabricated, 48-50, 48f
Semilunar flap
for coronal repositioning of gingival margin, 448-452
SH. See Needle, small half-circle (SH)
Short implants, use of
interpositional osteotomy ridge augmentation techniques and,
103-104, 103f
Simplant CT planning software, 30f
Single concave site, anterior maxilla, 92
Single-scan technique, CT scanning, 151

Single-tooth implant restoration
immediate provisionalization methods for, 308-325
chairside abutment preparation and provisional crown
fabrication, 320, 320f
preoperative considerations for, 320
provisionalization method for, 313f-316f, 320
general considerations for, 309
indexing the abutment with placement and, 309, 317f-319f,
320-324, 320f-323f
preoperative considerations for, 321-323
surgical impression techniques for, 323-324
postoperative management for, 324
potential complication of, 324
preoperative preparation of abutment and provisional
crown for
laboratory techniques for, 309-313, 309f-313f
surgical procedure for, 313-320
Single-tooth site
concave ridge and, 88-90, 88f
Sinus augmentation. See also Anterior maxilla surgery, or
Maxillary sinus grafting
anterior maxillary horizontal ridge and, 135-137
bone morphogenetic protein and, 219b
Sinus elevation
intraimplant laser-assisted surgery for, 210-211, 214b
Sinus grafts. See also Maxillary sinus grafting
angled implants and, 171-173
placement of eight implants with, 138-140
Smart pegs, radiofrequency, 170
Smile line, 258
esthetic central incisor implant restoration and, 357, 359
Smoking
maxillary sinus grafting and, 192
Soft tissue
assessment of, 418f
esthetic central incisor implant restoration and, 357-359
Soft tissue manipulation around implants
coronal correction of gingival margin, 445-452
creation of semilunar flap for coronal repositioning and,
448-452, 448f-452f
subepithelial connective tissue grafting for coronal
movement and, 442f-447f, 448
for ridge augmentation, 419-445, 419f-421f
palatal roll technique for, 422-425
placement of subepithelial connective tissue graft,
432-435
placement of subepithelial connective tissue graft as
separate procedure for, 425
recipient site preparation for, 419f-422f, 425-426
subepithelial connective tissue graft harvesting and,
419f, 426-431
closed technique for, 426-427, 426f-433f
handling connective tissue graft and, 430-431
open technique for, 419f, 426
subepithelial connective tissue grafting and, 421
subepithelial connective tissue grafting with membrane
removal and, 436-445, 440f-447f
timing placement of soft tissue grafts and, 421-422
transposition of palatal tissue for implant exposure, 425,
425f
in esthetic zone, 417, 418b, 418f
Spiral CT (SCT) imaging, 147
Spline, 332



Splinted implants, 345-347
Stent, bone-borne, 151
Stent, drill guide, 35f
Stent, fabrication of, 60-62
for CT planning, 151
Stent, surgical guide, 36-38
complications with, 148-149
fabrication of provisional protheses and, 96-101
Straumann’s “Swiss Screw” system, 48
Subepithelial connective tissue grafting. See also Soft tissue
manipulation around implants
for coronal movement of gingival margin and, 448
for ridge augmentation, 421
harvesting for, 426-431
placement as separate procedure for, 425
placement of graft, 432-435
recipient site preparation for, 425-426
timing placement of, 421-422
with simultaneous removal of nonresorbable membrane,
436-445
Surgery in edentulous maxilla, 155-158
Surgery of anterior mandible
and immediate loading of edentulous mandible,
25-56
augmentation of atrophic mandible, 19-25
placement of two to five implants and, 4-19
Surgery of posterior mandible
placement of implants of, 59-112
Surgery, flapless, 150
Surgery, soft tissue, 24-25
Surgical techniques
for anterior maxillary dentition, 338-339
for anterior maxillary teeth, 248-250
for augmented ridge with open approach, 91-92
for bone morphogenetic protein administration,
208-210
for concave ridge in single-tooth site, 90
for final mandibular prothesis, 50-56
for immediate provisionalization using CT-generated guide
stent, 101-102
for maxillary sinus grafting, 192-194
for posterior mandibular edentulism, 80-86
for provisional hybrid protheses, 39-42

for simultaneous sinus and anterior maxillary horizontal ridge

augmentation, 135-137
for single-tooth implant restoration
extraction and immediate provisionalization of central
incisor, 313-315
incisions for, 313
tissue punch technique for, 315-320
for specific teeth
canines and, 270
central incisors and, 265-269
general considerations of, 265
lateral incisors and, 269-270
mandibular incisors and, 270-271
premolars and, 270
for thin ridge, minimally invasive, 79-80
Symmetry
esthetic central incisor implant restoration and,
357, 363
Symphyseal bone
solid onlay grafts and, 170, 170f
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Symphyseal bone graft

lack of vertical bone height and, 404
Symphysis

jaw bone grafts and, 195

T

Teeth color, 359-363
Teeth in an Hour, 50
Telescopic copings, 37f
Template fabrication complication
planning errors resulting from use of nonideal prosthetic
setup as, 143
shrinkage of acrylic during denture duplication as, 144-145
vertical malposition of the implant as, 143-144
Thin facial gingiva, facial gingival margin level, lack of labial
bone. See also Facial gingival margin, strategies for
maintaining
treatment sequence for, 280-282
extract teeth with sulcular incisions and, 285
fabricate custom healing abutment and, 289
fabricate final restoration and, 290
fabricate radiographic stent for CT surgical guide and,
289
fabricate removable prosthesis using Essix-type retainer,
284
surgical placement of implant and, 290
Thin gingiva with facial gingival margin apical to adjacent
tooth
bone levels on teeth to be removed and, 300
extracting extruded teeth and, 300
extruding teeth using orthodontics and, 300
placing implant with immediate provisionalization and, 300
position of facial gingival margin and, 299-300
position of restoration and, 298-299
prosthetic management after implant integration and, 300
Tibia bone grafts
cortical window and, 198
periosteal osteocortical flap, 197-198
postoperative management of, 198-199
Tissue punch technique
single-tooth implant restoration and, 315-320, 316f-319f
Tooth extraction protocol, 249
Tooth setup
functionality and, 42
of mandibular teeth, 42-43
Tunneling technique
for horizontal ridge augmentation, 81b

U

U.S. Food and Drug Administration (FDA)
rhBMP-associated carrier/delivery systems and, 207

A%

Valsalva’s maneuvers, 204, 210
Vertical ridge augmentation. See also Esthetic anterior implant
restorations
anterior maxillary interpositional osteotomy for, 404-405,
415b
Vertical scars
subepithelial connective tissue grafting and, 448
Vestibular incision and dissection, 7, 9, 9f-11f, 21
large bone graft and, 127f-128f
surgical treatment and, 9f
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Z

Zygomaticus fixture, 223
Zygomaticus implant

for edentulous maxilla combined with anterior implants,

223-228, 223f-224f

nasal/maxillary prosthesis support and, 231-238, 233{-235f
assessment and treatment plan for, 234-235, 236f

case study for, 236-238, 236{-238f
Zygomaticus implant, double

for salvaging full-arch prothesis after bone loss, 230, 231f-233f

Zygomaticus implant, single
for salvaging full-arch case, 230, 230f-231f
Zygomaticus implants with anterior implants
placement of, 223-228
general considerations for, 223-224, 223f-224f
preoperative workup for, 224
surgical procedure for, 224-228, 224f-229f
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