ADVANCES IN BONE MANIPULATION: PART 2
OSTEO-MOBILIZATION FOR HORIZONTAL AND VERTICAL
IMPLANT SITE DEVELOPMENT.

Dan Cullum, DDS

INTRODUCTION

Re-establishing appropriate alveolar dimensions allows a “restorative-driven” implant
position to achieve long-term stability, esthetics and function. The benefits of bone manipulation
procedures are often a minimally invasive, trans-gingival and single-intervention dental implant
reconstruction for the benefit of our patients. The previous article (Selected Readings in Oral and
Maxillofacial Surgery, Vol. 18, #4) described osteo-condensation, which preserves bone, improves
bone quality, manipulates the desired implant position and increases implant primary stability; and
trans-alveolar sinus elevation (TASE) techniques that gain intra-sinus vertical alveolar height at
residual defects or extraction sites for implant placement. Modified TASE techniques were also
discussed for larger vertical elevations. This article will discuss osteo-mobilization techniques for
restoring alveolar width and combined osteo-mobilization and TASE procedures for restoration of

alveolar width and height for esthetic dental implant reconstruction.

Tooth loss results in esthetic compro-
mise, reduced function, malocclusion and
bone loss for which patients seek reconstruc-
tion with dental implants. Alveolar atrophy
follows tooth loss, with progressive bone loss
(horizontally, vertically or both) and reduced
bone quality.* (Fig. 1A,B) Although applica-
tion of osseointegration has greatly advanced
dental reconstruction,*’ adequate bone qual-
ity and quantity are essential for initial and
long-term implant success.””

Reconstruction with dental root-form
implants often requires augmentation of the
implant site to restore alveolar contours.
(Fig. 1B)  Vertical and horizontal alveolar
dimension loss has been managed with vari-
ous modifications of: guided bone regenera-
tion,'""® block and particulate grafting,'*!”
ridge expansion,'®* distraction osteogene-
sis,**?” composite micro-vascular free flaps,?®
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and the use of biologics and biomemetics,**
to restore height and contour. These methods
often require multiple or staged procedures
with prolonged healing intervals, increased
cost and post-operative discomfort. Recon-
struction with dental implants has advanced as
a long-term treatment option, with enhanced
functional and esthetic outcomes using faster,
less invasive and more predictable treatment
options.*>#!

An alternative to these conventional im-
plant-site development procedures is a group
of bone manipulation techniques that mo-
bilize vital bone with plastic bending, shap-
ing or condensation of tissue as a bone flap
or a bone-periosteal flap.'820234>-4¢ These re-
sult in contour or dimensional changes, while
preserving bone integrity and viability. The
concept is to manipulate the residual bone to
create an intra-bony cavity with a wider base
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Figure 1. Graphic representation of progressive hori-
zontal bone loss resulting in reduced bone volume
that could compromise “restorative-driven” implant
positioning. A. Progressive horizontal bone loss, B.
Progressive horizontal bone loss complicating implant
positioning, C. Bone incision for osteo-mobilization,
D. Osteo-mobilization with facial/buccal bone manip-
ulation to allow a “restorative-driven” implant posi-
tion.

J

or taller roof (i.e. a “four wall bony defect”)
that heals like an extraction site, with access
of mesenchymal stem cells and the normal
wound healing mechanisms.** (Fig. 1C,D)
These techniques can be broadly categorized
as osteo-condensation, trans-alveolar sinus
elevation (TASE) and osteo-mobilization.

Osteo-condensation and trans-alveolar
sinus elevation (TASE) were reviewed in Part
1 (Selected Readings in Oral and Maxillofa-
cial Surgery, Vol. 18, #4).453 Bone manipu-
lation techniques are most commonly utilized
in the maxilla due to the spongy, less corti-
cal nature of the maxillary bone.?#?5+6! The
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edentulous posterior maxilla poses additional
challenges with progressive sinus pneumati-
zation, horizontal and vertical bone loss, and
reduced bone quality.®? (Fig. 2) Bone manip-
ulation techniques increasingly have applica-
tion in the mandible with the technological
advances of office-based Cone Beam Com-
puted Tomography (CBCT), Piezosurgery®,
and specialized instrumentation and implant
design.?! The advantages of these techniques
are: limited use of graft materials, simultane-
ous implant placement, reduced discomfort,
and faster native bone healing.
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Figure 2. Graphic representaton of progressive bone
loss and sinus pneumatization. A. Healed post-extrac-
tion site in the posterior maxilla, B. Horizontal buccal
bone loss with slight increase in vertical sinus height,
C & D. Progressive patterns of combined horizontal
buccal and vertical alveolar bone loss with increas-
ing pneumatization of the sinus. This can result in a
severely reduced bone volume that cause positioning
challenges for implant reconstruction.
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Osteo-condensation best describes
these minimally invasive osteotome tech-
niques in which osteotomes of increasing
diameter compress or condense the spongy
bone of the maxilla to develop the implant
site. They are useful in cases of mild hori-
zontal bone loss because they preserve and
enhance the residual bone rather than remove
bone, as would be the case with drilling.>*3¢-6!
Summers also described the “ridge expan-
sion osteotomy,” with full thickness flap
exposure and preparation with a 2 mm drill,
the implant site could be “expanded slight-
ly at the cortices” with osteo-condensation
by compressing the intervening bone with
osteotomes.>* (Fig. 3B,C) The compression

%,

Figure 3. Osteo-condensation with tapered osteotome
expansion (ridge expansion osteotomy). A. A set of
tapered osteotomes. (NobelBiocare®, Yorba Linda,
CA), B. Graphic representation of coronal section
showing horizontal bone loss, C. Graphic representa-
tion of coronal section showing full thickness flap ex-
posure and 2 mm pilot drill, D. Graphic representation
of coronal section showing use of progressive tapered
osteotomes to condense and manipulate the crestal
bone, increasing the horizontal dimension.
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increases the bone density, bone to implant
contact, and slightly increases the horizontal
ridge width. (Fig. 3C) A modification of this
technique uses rotary mechanical expanders
to accomplish the osteo-condensation, reduc-
ing the patient manipulation.”** The ridge
expansion osteotomy is the transitional step
from osteo-condensation to osteo-mobiliza-
tion. (Fig. 4)

Osteo-mobilization describes a group
of bone manipulation techniques that rely
on precise bone osteotomies of the residual
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Figure 4. Full thickness flap exposure osteo-condensation with axis re-orientation and buccal bone manipulation for
restorative-driven implant position. A. Palatal incised full thickness flap design for planned apical repositioning. A 2
mm twist drill is used for the initial osteotomy in a palatal position at the anticipated location of the final palatal im-
plant margin, B. Osteo-condensation and buccal bone manipulation with progressive tapered osteotomes, C. Implant
insertion with axis re-orientation to ideal position, D. Implant and healing cap placed with expanded crestal bone
intact and adequate volume.

alveolus to allow progressive intra-operative
manipulation and mobilization, combined
with expansion techniques to increase the
alveolar horizontal dimension. They produce
an expansion defect that opens like a book
at it’s binding. The defect is tapered, with
its widest dimension at the ridge crest.!8-20-
This often restores the alveolar volume and
arch contour to near-normal dimensions.*
(Fig. 1C,D) The technique, in it’s most basic
form, has been described as ridge splitting,
using a full thickness muco-periosteal flap
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for access. Ridge widening is completed
with out-fracture of the buccal cortex, often
with partial or complete loss of attachment.
Grafting, fixation of the fractured buccal
segment or both is completed using guided
bone regeneration principles, with or without
implant placement, and primary soft tissue
closure. 92263646899 The buccal segment often
acts as a free graft with minimal or no blood
supply. In the mandible a full thickness flap is
most commonly used with mechanical screw
type expanders.
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Ridge expansion (also referred to as
“bone spreading”) mobilizes the buccal cor-
tical plate from the stable palatal cortex,
maintaining the continuity of the expanded
buccal segment as a viable bone flap or bone-
periosteal flap.!82023434485 I the maxilla it
is best approached using a partial thickness
flap or a limited crestal access with a flapless
approach.® Expansion techniques include
the use of osteotomes with several modified
designs and distraction or rotary “screw me-
chanical expanders”,!8:20:23-25:42.54.61.66

Controlled assisted ridge expansion uses
substantial bone mobilization with mainte-
nance of a thick supra-periosteal dissection to
preserve vascular supply.*® The osteo-perios-
teal island flap sections the buccal plate with
intact overlying periosteum or intact gingival
mucosa. The osteo-periosteal flap provides
complete mobilization of the buccal plate.
The bone and the intervening gap is grafted.®’

Techniques with substantial bone flap
mobilization or fracturing require apical
native bone for primary implant stability.
Preservation of the vascular supply with an
intact bone-periosteal flap allows direct heal-
ing of the inter-bony gap by normal intra-bony
healing without grafting.* Surgical exposure
of the wound via a soft tissue flap and the re-
sidual blood supply to the bone flap are major
distinctions in these procedures,*® and can
account for the varied reports of application,
success and complications with ridge expan-
Sion procedures . 18,20-22 ,42-44,55.59,61,63-66,68-70

ANATOMIC CONSIDERATIONS

Prior to osteo-mobilization, evaluation
of facial, dento-facial and dento-gingival pa-
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rameters and esthetics must be completed.”!
Treatment planning considerations should
include smile assessment, attached gingival
tissue (width and biotype), vestibular depth
and muscle or frenal tissue attachments.”>”*
Appropriate implant placement and man-
agement of any esthetic or soft tissue com-
promise, are necessary to prevent problems
during initial healing or long-term stability
of the prosthetic reconstruction.***" Prepa-
ratory or simultaneous soft tissue procedures
(i.e., laser frenoplasty, vestibuloplasty, aug-
mentation with connective tissue grafting or
pedicle flaps) are often necessary.”8!

In the anterior maxilla, flapless or split-
thickness exposures preserve the crestal
blood supply, providing a more predictable
hard- and soft-tissue level after healing. In
the event that there is insufficient soft tis-
sue quality or quantity after expansion and
implant insertion, the site can be augmented
with a closed or open flap connective tissue
graft.?>% In the posterior maxilla, split thick-
ness flap development is a more clinically
challenging dissection than a full thickness
flap, but it allows retention of the periosteal
blood supply to the bone flap.

The posterior mandible is the most chal-
lenging to manage with a split-thickness dis-
section. The periosteum is thinner and more
friable, and it seldom stands up to retraction
and manipulation of the osteo-mobilization
procedure. Therefore, a full thickness flap
approach is preferred in the mandible, where
lateral augmentation and final tissue levels
are less critical. The viability and thickness of
the cortical buccal bone flap then determine
if additional bone augmentation is necessary.
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Osteo-mobilization procedures require
a residual ridge 4 mm to 5 mm in thickness
and adequate height. If the ridge has a signifi-
cant undercut or lacks a medullary compo-
nent there are greater risks of fracture during
or after elevation and of expansion or bone
resorption during healing. Varying degrees
of undercut and “step off” to adjacent tooth
roots indicate reduced bone volume and pos-
sible buttresses of the buccal plate. These can
reduce mobility and increase the risk of frac-
ture.?

Bone condensation and expansion
of 1 mm to 2 mm is less demanding but be-
comes more difficult with progressive atro-
phy, bi-cortical bone or reduced bone compli-
ance. Expansion at the canine is manageable
with moderate bone volume and compliance
but becomes more difficult with progressive
atrophy and reduced bone compliance. Areas
between the canine and central incisor, and
posterior to the molar region can be man-
aged in continuity with osteo-mobilization
of a multi-tooth edentulous segment. How-
ever the canine “buttress” around the corner
of the arch typically requires a planned ver-
tical bone release to avoid possible vertical
fracture at the contour height of the planned
implant site.

Bone quantity and quality vary greatly
in the edentulous maxilla and require care-
ful clinical and radiographic analysis.®>%" At
sites that have been recently grafted or that
have osteoporotic bone there can be altered
or inconsistent bone compliance, increasing
the risk of buccal or palatal wall fracture, a
reduced vascular supply, or reduced prima-
ry stability and load-bearing capacity.?#%%°
Office-based cone-beam CT technology al-
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lows preoperative analysis of ridge dimen-
sions, sinus anatomy and bone density.®® The
degree of complexity of expansion sites can
be visualized in a CT analysis. (Fig. 5)

Figure 5. CBCT images of increasing degrees of
horizontal bone loss, labial undercut, reduced mar-
row volume and cortical bone margin thickness.
A. Mild horizontal dimensional loss after grafting for
site preservation, B. Mild horizontal loss with minimal
undercut and good marrow-cortical bone anatomy,
C. Mild horizontal bone loss with increasing undercut
and reduced marrow space, D. Moderate horizontal
bone loss with moderate undercut and reduced mar-
row space, E. Moderate to severe horizontal bone loss
with moderate undercut and reduced marrow space, F.
Severe horizontal bone loss with severe undercut and
reduced marrow space with thick “bi-cortical” bone.
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SURGICAL CONSIDERATIONS

Osteo-mobilization procedures in the
maxilla require surgical experience with tra-
ditional osteo-condensation and TASE tech-
niques. (See Selected Readings in Oral and
Maxillofacial Surgery, Vol. 18, #4.) Progres-
sive implementation of osteo-mobilization
techniques for horizontal site development
begin with less demanding procedures such
as split grafting.’” Ridge splitting techniques
are more demanding, and osteo-mobilization
of a bone flap or bone-periosteal flap are more
complex. These procedures can be completed
as a staged approach, however, they have
their greatest advantage with simultaneous
implant placement.20—22,42—44,54,56,63,64,70

After comprehensive medical,
clinical and radiographic assessment, and
development of the treatment plan, the patient
receives standard preparation with chlorhexi-
dine mouth rinses and antibiotics. Intrave-
nous anesthesia and local anesthesia are ad-
ministered with the patient in a semi-reclined
position. Operating from a sitting position, an
armrest offers a stable base to control force
application. Support of the patient’s head is
important for osteotome procedures. The os-
teotome is guided by the surgeon’s right hand
while the left hand palpates the ridge and
palate for continuous feedback. The surgeon
directs repeated tapping of the osteotome by
the assistant. (For more details see Selected
Readings in Oral and Maxillofacial Surgery,
Vol. 18, #4.) Tactile, visual, and auditory
cues require careful attention to avoid sudden
fracture of the buccal bone or loss of vertical
reference. Patient, progressive, and repetitive
bending and relaxation is necessary to pro-
duce the desired expansion result.
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A surgical template is helpful for deter-
mining initial site development dimensions,
inter-implant positioning and vertical posi-
tion reference. (See Selected Readings in
Oral and Maxillofacial Surgery, Vol. 17, #6.)
However, the template may obstruct access
for instrumentation in a majority of the pro-
cedures. Therefore, the template may need
to be removed during osteo-mobilization. As
the buccal bone is manipulated facially the
expansion defect is opened with apical and
three-dimensional adjustments with Piezo-
surgery® or rotary instruments. The template
is reinserted for intermittent reference of the
inter-implant and vertical positions and gives
a dento-gingival reference for the desired fi-
nal vertical and bucco-palatal positions.

Figure 6. Pre-operative and post-operative CBCT
of ridge expansion (RE) demonstrating horizontal
dimensional change and fracture. A. Pre-operative
and B. Post-operative images of RE demonstrating
horizontal dimensional change, C. Pre-operative and
D. Post-operative images of RE with severe facial
undercut and fracture at the apical one-third of the
buccal plate (arrow).
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The implant’s design is important for
fitting the defect that is produced by progres-
sive alveolar crest expansion. A tapered im-
plant can enhance and support the expansion
yet avoid vertical fracture of the buccal plate,
either at the height of contour or at the apical
one third (area of greatest undercut).” (Fig. 6)
Implant primary stability is a requirement for
integration, and bone flap stability is required
for maintenance of vascularity and viability.**

Periosteal preservation is more criti-
cal in the esthetic zone due to reduced bone
volume and the esthetic risk of bone and soft
tissue recession. A palatal split-thickness
incision allows movement of attached tis-
sue buccally, maintaining or improving ves-
tibular depth and the width of the zone of
attached tissue around the implant. (Fig. 7)
The residual palatal partial-thickness perios-
teal layer can be left exposed for healing by
secondary intention.

Both partial thickness flaps and flap-
less approaches demand more technical care
and time during surgery. Even though surgi-
cal time is reduced with experience, the time
demand remains. A limited flap exposure
gives the flexibility (in case of an unfavorable
fracture) needed to convert the procedure to
a full thickness approach, with extension and
release that is appropriate for grafting with
conventional GBR techniques.

Implant positioning is most challeng-
ing in the mesio-distal and facial dimensions
and with excessive facial angulation. Facial
angulation or facial positioning can compro-
mise buccal hard- and soft-tissue volume and
increase the risk of recession. In these situa-
tions, grafting the expansion gap with a split
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graft can be effective for site development,
followed by secondary implant placement.”
A split graft can be also beneficial when the
labial plate is too thin or develops a signifi-
cant fracture.

Soft tissue management with pedicle
flaps, finger flaps and free connective tissue
grafting allow near primary closure to the
gingival or periosteal margin. Additionally,
in patients with a thin biotype (See Selected
Readings in Oral and Maxillofacial Surgery,
Vol.14, #6; Vol. 18, #1.) or when there is an
esthetic need for additional tissue thickness
or to develop a “root eminence,” sub-epithe-
lial connective tissue grafting can be com-
pleted though a closed tunnel with crestal
access.S 8

Mechanical rotary expanders have the
advantage of minimal patient manipulation.
They are most applicable in expansion with
osteo-condensation with minimal expansion
of 1 mm to 2 mm. The horizontal dimen-
sional change and use of a full thickness flap
are similar to the ridge expansion osteotomy
in the maxilla described by Summers.?*?>*
These techniques are the least demanding
clinically and are easily applied in the man-
dible and at selected sites in the maxilla.

The wuse of osteo-condensation for
expansion procedures often results in clini-
cally visible fractures and minimal facial
bone thickness of the expanded buccal seg-
ment. These may require an over-graft GBR
technique and primary closure. (See Case
Study 1, p. 26) The advantage of this tech-
nique is maintenance of native bone on the
implant surface and straight-forward imple-
mentation of rotary mechanical expanders for
surgeons experienced with GBR techniques.
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Figure 7. Graphic representations of horizontal views of the anterior maxilla showing a split thickness ridge expan-
sion with intrabony osteotomy, internal lateral beveled bone incisions, trans-gingival tapered implant placement with
apical repositioned flap. A. Palatal incision for a buccal-based, split thickness flap, B. Horizontal Piezosurgery® bone
incision, C. Osteo-mobilization with spade expanders, D. Internal beveled bone incision with a #64 “Beaver” blade,
E. Osteo-mobilization with spade and bi-bevel expanders, F. Osteo-mobilization with D-shaped and tapered osteo-
tomes, G. Tapered implant placed with collagen in the intact intrabony gap, H. Apical repositioning of the facial flap
with lateral beveled soft tissue releasing incisions.
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Mechanical rotary expanders can also be
used with osteo-mobilization for horizontal
multi-tooth defects in the mandible. Via full
thickness exposure, bone incisions and oste-
otomies with Piezosurgery® and rotary ex-
pansion allow correction of mandibular hori-
zontal deficiencies, with osteo-mobilization
of a viable bone flap. Bone flaps thinner than
2.0 mm to 2.3 mm generally do not require
a GBR over-graft. Additionally, a recent im-
plant design (NobelActive®; NobelBiocare ,
Yorba Linda CA) incorporates an aggressive
cutting thread and expanding body that func-
tions like a rotary expander. This implant can
reduce the amount of initial osteo-mobiliza-
tion needed at surgery. (See Case Study 2. p.
28)

Use of a full thickness flap is simpler for
access, however, the risk of bone resorption
is increased by the potential loss of the peri-
osteal vascular supply. If the residual buccal
plate is thin, consists of only cortical bone,
has partial dehiscence or is fractured, over-
grafting with GBR principles would then ap-
ply. With the addition of particulate graft and
barrier for containment, closure can be with
a trans-gingival protocol or with primary soft
tissue closure for the healing interval. This
“over-grafting” technique cannot be applied
over periosteum of a split-thickness flap.

Dan Cullum, DDS

Therefore, a strategic choice is initially nec-
essary, based on a preoperative assessment of
the appropriate treatment pathway. (Table 1)

When a two-stage healing protocol is
utilized, near primary closure to the gingival
or periosteal margin is completed passive-
ly.**2 At uncovering, there can be additional
soft tissue augmentation to enhance the trans-
gingival interface. Experienced surgeons can
use trans-gingival placement when there is
excellent initial implant stability and an intact
bone flap with optimal thickness. With in-
creasing surgical experience, narrower ridge
widths, smaller flaps and reduced wound ex-
posure can enhance the minimally invasive
benefits of these procedures. A light-cured
periodontal dressing (Barricaide™ Densply-
Caulk Milford, DE) can aid in protection of
trans-gingival wounds during the initial post-
operative period.”

Traditional TASE procedures have a limit
to the amount of sinus elevation before the
risk of a membrane tear becomes unaccept-
able.”' (See Selected Readings in Oral and
Maxillofacial Surgery, Vol. 18, #4 for more
details.) TASE procedures require a residual
5 mm to 7 mm of ridge height with adequate
horizontal bone dimension for insertion of a
10 mm implant.**> Several modified TASE

TABLE 1: MANAGEMENT OF COMPLICATIONS

Site Flap Design Wound Healing | Management of | Technique
Complications
Mandible or | Full Thickness GBR principles Overgraft Mechanical Screw
Maxilla Expanders or Osteome
Maxilla Partial Thickness | Local regeneration | Split graft Osteotome
Macxilla Mini-Flap/Flapless | Local regeneration | Overgraft or split | Osteotome
graft
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techniques in combination with ridge expan-
sion allow successful placement of implants
in the posterior maxilla with reduced risk of
sinus perforation and greater elevation.?

Combining ridge expansion with local-
ized management of the sinus floor (LMSF)
or contiguous sinus floor elevation (CSFE),
with reduced residual alveolar height and
native bone support on the implant sur-
face, requires a longer healing interval of
6 months.”* An additional consideration
is use of transitional loading on a reduced
occlusal platform or a splinted provisional
prosthesis to progressively load the posterior
maxillary bone.?#* Implant placement can
be simultaneous, with submerged healing, or
trans-gingival when excellent initial implant
stability is present.” The advantages of these
techniques are simultaneous implant place-
ment, shorter treatment time, less discomfort,
and restoration of the buccal arch dimension
for a restorative-driven implant position.

In patients with wound healing com-
promise, such as diabetes, the vascular bone
flap is less susceptible to overlying soft tissue
dehiscence than block or particulate grafts.
Systemic medical problems in which vibra-
tion might cause traumatic displacement of
tissues or a plaque need careful consideration
and medical consultation. Post-operative
vertigo is a rare, and usually self-limiting,
complication of osteotome techniques and
may require management with an Epley
maneuver.”*** The use of a mechanical rotary
expander for site development is less trau-
matic for patients who require local anesthe-
sia without intravenous anesthesia or who are
unable or unwilling to endure the manipula-
tion of an osteotome procedure.
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PROCEDURES

Osteo-mobilization with ridge expan-
sion has broad application for patients with
mild to moderate horizontal bone loss and ad-
equate vertical alveolar height above the in-
ferior alveolar nerve or anterior to the sinus.
The ridge is sectioned with Piezosurgery®
or a #64 “mini” beaver blade (Fig. 9E). The
buccal bone pedicle is progressively manipu-
lated facially with specialized osteotomes or
mechanical rotary expanders to restore ridge
dimensions. Tapered implant placement then
follows a natural emergence to a restorative-
driven crown position. (Fig. 1C,D)

Osteo-mobilization for Horizontal
Deficiency in the Mandible with Full
Thickness Flap Exposure

The technique in it’s most basic form
has been described as ridge splitting, using
a full thickness muco-periosteal flap for ac-
cess, and ridge widening is completed using
either mechanical expanders of distraction or
rotary screw design.

Flap Design

A full thickness flap incision provides
maximum mobilization and the potential for
apical repositioning for trans-gingival heal-
ing. Complete the incision palatal to the ridge
crest to maximize the amount of attached tis-
sue. Exaggerate the mesial and distal corners
to increase the flap length for optimal fit with
apical repositioning. (Fig. 8) (See Case Study
2,C&D, p.28)
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Figure 8. Graphic representations of the posterior
mandible showing a full thickness flap for ridge expan-
sion with intrabony osteotomy, internal lateral beveled
bone incisions, trans-gingival tapered implant place-
ment with apical repositioned flap. A. Lingual incision
for a buccal-based, full thickness flap, demonstrating a
narrow alveolar contour and completion of horizontal,
anterior and posterior beveled bone incisions (through
the buccal cortex) with Piezosurgery®. B., C. & D.
Progressive buccal bone mobilization with increas-
ing diameter rotary expanders and apical preparation,
E. Tapered implant insertion, F. Apical repositioning
of the facial flap with lateral beveled soft tissue releas-
ing incisions.
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Figure 9. Examples of osteo-mobilization instru-
ments for implant site preparation. A. Piezosurgery®
insert OT7S4, B. Piezosurgery® insert OT7S3,
C. Piezosurgery® insert IM2P, D. Piezosurgery®
insert IM2A, E. #64 “Mini” Beaver blade (#S6400,
Sable Industries,Vista, CA), F. Rotary mechanical
expanders(Meisinger USA, Centennial, CO), from left
to right, 2.7 mm, 2.9 mm, 3.1 mm, 3.3 mm, 3.5 mm,
4.0 mm.

Bone Incision

Using Piezosurgery® instrumenta-
tion with insert OT7S-4 (Fig. 9A) reduces the
time for alveolar sectioning. This technologi-
cal advance makes a fine cut of 0.35 mm with
minimal lateral thermal injury to the bone.
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The residual ridge should have a minimum
4.0 mm to 5.0 mm of thickness to leave the
expanded bone flaps with adequate thickness
for regeneration. Section the alveolus paral-
lel to the buccal cortex, maintaining a mini-
mum 2 mm thickness to a depth of 7 mm to
9 mm. (Fig. 8B) With a posterior edentulous
segment, the posterior extent of the osteot-
omy extends well past the last implant site
and then is beveled out laterally through the
buccal cortex. (Fig. 8A) Beveled lateral bone
release incisions are usually necessary at the
anterior dentate margin and at both ends of an
inter-dental expansion site.

Next, section the alveolus from the in-
ternal aspect using the Piezosurgery® insert
OT7S-3. (Fig. 9B) Cut obliquely at a 45° to
60° angle toward the facial, parallel to the
adjacent tooth root through the facial cortex.
This allows the bone flap to bend open at the
release, and the bevel reduces the discontinu-
ity defect after expansion. (Fig. 8 B-D) Take
care to section through the buccal cortex so
as to place the vertical defect away from the
final implant site or adjacent tooth root. (Fig.
8E)

Mechanical Rotary Expansion

Use custom rotary expanders (Meiss-
inger USA, Centenial, Colorado) (Fig. 9F) of
progressively increasing diameter to mobilize
the buccal segment. Complete initial alveolar
purchase with a 1 mm to 2 mm twist drill at
the desired implant site or sites. Use a nar-
rower diameter with narrower ridge widths to
preserve the maximum thickness of the buc-
cal plate. In multi-tooth edentulous segments
the bone mobilizes more readily. Additional
screw purchase sites can be added to assist
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bone flap mobilization. Insert progressively
increasing diameter expansion screws at the
sites using a handpiece or rachet handle.
Mobilize the bone flap facially to produce an
increasing intra-cortical gap.

With the posterior expansion screw
or screws in position, modify the anterior site
with rotary instrumentation or Piezosurgery®
inserts (IM2A, IM2P). Up-right the implant
site buccally from its initial lingual angula-
tion. (Fig. 10D) Next insert larger expanders
in the anterior site to maintain expansion ac-
cesss to up-right the posterior implant site.
The bone mobilization is progressive, with
increasing diameter expanders, and there is
often significant elastic rebound. (Fig. 8B-D)
Adequate apical preparation is required, de-
pending on the degree of implant taper and
amount of bone flap mobilization.

Complete implant insertion, first
at the anterior site, and then, after final site
preparation, in the additional sites. Attention
to three-dimensional implant position, loca-
tion of the inferior alveolar nerve and any
lingual undercut are important during site
development. If there is loss of continuity of
the buccal bone segment or a true ridge split,
it can be secured as an autograft with fixation
screws and managed with GBR principles
and primary closure. (Fig. 10C-J)

Wound Closure

If the segment is intact and buccal
bone flap thickness is adequate, healing caps
can be placed when graft material is placed
at the vertical component of the buccal cor-
tical defect. The flap design allows apical
repositioning, often with a periosteal releas-
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Figure 10. Ridge split with re-grafting and screw fixa-
tion of the buccal segment. A. Initial lingual crestal
incision with full thickness flap exposure, B. Piezo-
surgery® bone incision with anterior (not visible) and
posterior lateral release, C. Mechanical rotary expand-
ers sequentially placed in bone gap for osteo-mobili-
zation, D. Insertion of a 2 mm twist drill for apical
site preparation and orientation, E.Implants in posi-
tion with partial loss of anterior bone flap continuity,
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F. Isolated “split” free auto-graft, G. Ridge split with re-graft and screw fixation of the buccal segment, H. Particulate
grafting of the intra-bony gap, I. Collagen barrier ®, Osteogenics, Lubbock, TX) placed following the GBR protocol
for primary closure, J. Pre-operative CBCT scan demonstrating ridge dimensions in the #29-30 region, K. Post-oper-
ative CBCT demonstrating screw fixation of the buccal segment, L. Post-restoration clinical image after uncovering
with connective tissue grafting, M. Post-operative panoramic image, demonstrating good implant position and bone
levels.
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ing incision at the anterior margin for mobi-
lization. Place inter-implant sutures for flap
repositioning after insertion of collagen in
the ridge expansion defect. Obtain primary
closure around the healing caps with finger
flaps incised from the flap if there is adequate
attached tissue width, or obtain near-primary
closure with apical flap repositioning to the
implant margin and inter-proximal sutures
minimizing the exposed wound. (Fig. 8F)
Protect the wound with Barricaid® light-
cured periodontal dressing. (See Case Study
2,p-28)

Osteo-mobilization for Horizontal
Deficiency in the Maxilla with Flap
Designs for Periosteal Retention (Split-
thickness, Mini-flap or Flapless).

Ridge expansion (also referred to as
“bone spreading”’) mobilizes the buccal corti-
cal plate from the stable palatal cortex, main-
taining the continuity of the expanded buccal
segment as a viable “bone flap” or “bone-
periosteal flap.”!820.23434465 The maxilla is
best approached using a partial thickness flap
or with limited crestal access with a “flapless”
approach.% Expansion techniques include the
use of chisels and osteotomes with several
modified designs.'8202342:546166 (Ejg 11)

Split-thickness Flap

Develop a buccally-based palatal
incision just above the level of the perios-
teum using a #64 “mini” beaver blade. (Fig.
11B,C) Extend the split thickness flap anteri-
orly or posteriorly the distance of one to two
teeth, with a marginal release at the muco-
gingival junction. (Fig. 11C) This flap can
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be further extended with a beveled vertical
release to gain access, visibility or soft tissue
mobilization for repositioning. Beveling the
vertical incision 45° away from the periosteal
base significantly reduces or eliminates ver-
tical scar formation. With edentulous spans
that extend posterior to the esthetic zone or
in patients with esthetic display to the molar
region, the flap should extend a one- to two-
tooth distance distal to the site or to the tu-
berosity with lateral/vertical release. Releas-
ing the periosteum at the distal and superior
margin with a “cut-back” incision greatly en-
hances mobility of the soft tissue flap. Flap
repositioning improves soft tissue vestibular
depth and quantity of attached tissue, with
the residual soft tissue defect remote from the
expansion and implant site. (Fig. 11)

Avoid perforation during dissection of
the flap, in particular, at the muco-gingival
junction. Insuring a sharp blade and increas-
ing the blade angle more vertically reduces
the risk of perforation as the muco-gingival
junction is approached.”® Expose the palatal
aspect of the ridge with split thickness dis-
section and bone sounding to determine the
clinical anatomic dimensions of the ridge and
the inclination of the palatal vault.?*#* With
experience, the procedure can often be com-
pleted with minimal flap development.*

Larger expansion sites require greater
soft tissue mobilization to allow movement
of the bone flap. A larger flap may also be re-
quired for anterior and apical soft tissue repo-
sitioning.” (See Case Study 3, p.31) Alterna-
tively, a limited crestal flapless exposure can
be completed in the anterior regions or for
single tooth sites. (Fig. 7A-C) (Case Study 4,
p-33)
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Bone Incision

Using Piezosurgery® instrumenta-
tion with insert OT7S-4 reduces the time
needed for alveolar sectioning. Alternatively,
a#64 “mini” beaver blade can be used to sec-
tion the residual alveolar ridge with a gentle
malleting action. (Fig. 7B) The #64 “mini”
beaver blade should be progressively ad-
vanced and mobilized in an anterior-posterior
direction when removing the blade from the
site (buccal-palatal manipulation risks blade
fracture). Simply advancing to final depth
directly can make blade removal extremely
difficult. Therefore, proceed cautiously, us-
ing progressive advancement and removal to
achieve the final depth.

The residual ridge should have at least
4.0 mm of thickness to leave the expanded
bone flaps with adequate thickness for regen-
eration. Complete initial osteo-mobilization

Figure 11. Graphic representation of the posterior
maxilla showing a split thickness flap for ridge expan-
sion with intrabony osteotomy, internal lateral beveled
bone incisions, trans-gingival tapered implant place-
ment with apical repositioned flap. A. Palatal incision
for a buccal-based, split thickness flap with comple-
tion of Piezosurgery® intra-bony incisions, B. The
buccal bone-periosteal flap is progressively mobilized
facially with chisels and D-shaped expanders. Care
is taken to maintain flap continuity and preserve the
overlying periosteum, C. Implants placed, with expan-
sion gap filled with heme-saturated collagen and par-
ticulate grafting of the anterior and posterior vertical
buccal defects. D. An abundance of attached tissue al-
lows development of anterior-based “finger” flaps and
the flap is anteriorly and apically repositioned,
Or E. Near primary closure with periosteal margins
exposed for secondary intention healing.
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Figure 12. Examples of various modified oseotomes
for ridge expansion (H & H Co., Ontario, CA).
A.Edgeand B.Face views of spade osteotomes, C.Edge
and D. Face views of bi-bevel osteotomes, E. Edge and
F. Face views of D-shaped osteotomes.

with spade expanders (Fig. 12A,B) or a small
chisel. (Fig. 7C) This is necessary to move
the bone buccally, creating an expansion gap
for adequate access of an internal beveled lat-
eral bone release incision. (Fig. 7D)

Section the alveolus from the internal
aspect using the Piezosurgery® insert OT7S3 or
a #64 “mini” or “micro-mini” beaver blade.
Cut obliquely at a 45°to 60° angle toward the
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facial, parallel to the adjacent tooth root but
not through the facial cortex. This is usually
necessary at one or both ends of the expan-
sion site to allow the bone flap to bend open
at the release while preserving both bone and
periosteal continuity after expansion. (Fig. 7G)
Sometimes it is necessary to section through
the buccal cortex for adequate mobilization.

Modified Osteotome Ridge Expansion

Osteo-mobilization of the bone flap at
a single-tooth edentulous site is progressive
and utilizes specially designed instruments
(i.e., spade expanders, bi-beveled expand-
ers, D-shaped expanders and tapered osteo-
tomes (H & H Co., Ontario, CA). (Fig. 12)
Complete progressive buccal bone mobili-
zation by increasing instrument thickness.
(Fig. 7B,F,G) Use a gentle malleting action
to strike the expanders and osteotomes to
mobilize the bone flap. Use narrower tips for
lateral incisors and mid-size and widest tips
for central incisors, canines and premolars
(based on the mesial-distal dimension of the
edentulous site). Use a lateral, buccal bend-
ing movement to manipulate the bone and
begin the expansion process. Open the bone
gap to allow enough access for completion of
a beveled intra-bony incisions at the mesial
and distal aspects of the site. (Fig. 7C) Com-
plete these at a 45° angle away from the site
and parallel to the adjacent tooth roots (Fig.
7D) to release stress and allow a point for
bending at the cortex while preserving conti-
nuity of the bucal cortex. The entire process
is like opening a book, with the buccal cortex
as the binding.”’
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Figure 13. Crestal and apical implant site modifica-
tion to correct or reduce labial inclination. A. & B.
Graphic representation of palatal purchase for palatal
relocation of implant margin, C. & D. Graphic repre-
sentation of apical lateral buccal cortical manipula-
tion with chisels to reduce facial angulation or risk
of apical perforation, E. Edge and F. Facial views of
chisels (H & H Co Ontario, CA).

SROMS

19

Dan Cullum, DDS

Next use the bi-bevelled expander,
with its increasing tip thickness and bi-bev-
elled taper. (Fig. 12D,E) Tip selection is
based on the width of the site, and two or
three sequentially larger instruments are of-
ten used. A malleting action mobilizes the
bone flap buccally, with some minor buccal
bending using hand motions. Simultaneous
palpation with the non-dominant index fin-
ger gives the surgeon a feel for the amount of
bone mobilization. The buccal bone flap can
also be observed via a split thickness dissec-
tion to ensure even mobilization and opening
at the intra-bony incisions.

The apical one-third must be managed
carefully if there is moderate labial undercut.
The crestal bone mobilizes relatively easily,
but the undercut region has strong resistance
due to its geometric curvature. At this point
it may be necessary to use a standard tapered
chisel to mobilize the broadest apical por-
tion of the undercut, (Fig. 13C-F) with gen-
tle progressive lifting of the instrument tip
at the apex of the site. Additionally, turning
the instrument (like tightening and loosening
a screwdriver) will mobilize the apical buc-
cal cortex. Advancing the expansion without
opening of the apical corners risks buccal
perforation, either with the larger diameter
osteotomes or on implant insertion.

Site development continues with the D-
shaped expanders. The smaller two are used
for narrow teeth and the larger two for wider
teeth. (Fig. 12E-F) First, place the flat sur-
face of the “D” against the palatal bone and
advance it to the desired depth, shaping the
buccal plate. Then turn the instrument 180°
so its flat surface is toward the buccal. Re-
insert the instrument to depth and manipulate
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the apical corners of the buccal bone toward
the facial. Place the next larger instrument,
repeating the same procedure to mobilize and
manipulate the bone. The three-dimensional
positioning must be managed carefully be-
cause the instruments follow the path of least
resistance and can be displaced or deflected
by internal variations in bone density. There-
fore, adjustment of the positioning must be
active with each step, with Piezosurgery® or
rotary instruments.

It is often useful to insert a 2 mm twist
drill and take periapical radiographs after
crestal opening to control facial angulation
and positioning relative to adjacent tooth
roots. (Case Study 4J, p. 34) (See Selected
Readings in Oral and Maxillofacial Surgery,
Vol. 18, #4 for more details.) In cases with
wider ridges (6 mm to 7 mm) that require
minimal expansion, it is often necessary
to complete additional palatal purchase for
proper positioning. (Fig. 13A,B)

Tapered osteotomes (Fig. 3A) are pro-
gressively used to achieve the final site diam-
eter. (Fig. 7F-G) Continue palpation during
instrumentation. If the buccal plate feels as
though apical thinning or angulation could
result in perforation, additional apical prepa-
ration of the osteotomy or additional mobili-
zation of the apical bone will be necessary,
as described above. (Fig 13C,D) The buc-
cal plate often displays significant rebound
of 20% to 30% after instrument removal.
Implant insertion usually encounters mod-
erate to significant torque resistance when
there is excellent primary stability.?® (Fig.
7H) Take care not to damage the periosteum
attached to the bone flap or the overlying soft
tissue flap. If mobilization is inadequate, en-
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sure that both the vertical and releasing bone
incisions are complete. A curved thin chisel
can also be used to undermine the base of the
buccal bone flap. Indexing on the palatal as-
pect of the implant site, along with repetitive
manipulation of the bone flap or implant may
be necessary to achieve the desired three-
dimensional position. A tapered implant is
necessary to conform to the expansion defect
and to prevent buccal or apical fracture dur-
ing final implant seating. (Fig. 6C,D) (See
Case Study 4, p. 33)

Micro-flap access and closed sub-ep-
ithelial connective tissue grafting have also
been described with ridge expansion to ad-
dress additional soft tissue demands in the es-
thetic zone.**#* After expansion with an intact
bone and soft tissue flap, a closed supra-peri-
osteal pocket can be developed with a #64
“mini”-beaver blade for insertion of a con-
nective tissue graft. Sub-epithelial connec-
tive tissue can be harvested from the palate or
tuberosity. Trim the graft to fit the desired di-
mensions and guide it into the closed pocket
with a 6-0 horizontal mattress suture .33+ (See
Case Study 41-K, p. 34)

Osteo-mobilization Combined With TASE
In The Posterior Maxilla For Horizon-
tal and Vertical Deficiency With Partial
Thickness Flap Exposure

After the surgeon has become ex-
perienced with ridge expansion and TASE
procedures, combining them has great po-
tential as a minimally invasive procedure.
Preoperative CBCT imaging is essential for
anatomic evaluation and planning. The pos-
terior maxilla can be managed with a com-
bination procedure [such as ridge expansion
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Figure 14. Graphic representation of split-thickness
flap for ridge expansion combined with localized
management of the sinus floor, LMSF. A. Palatal inci-
sion for a buccal-based, split thickness flap. B. Pala-
tal bone-wall incision with a malleted #64 “Beaver”
blade, C. Medial bony in-fracture of the sinus floor
with a D-shaped expander, D. Using a concave-tipped
osteotome for intrusion and elevation of the apical
region and medialization of the sinus floor, E. Addi-
tional osteotome elevation and expansion completed
to the desired implant dimension, F. Implant insertion
with ridge expansion and LMSF.
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with localized management of the sinus floor
(LMSF) and contiguous sinus floor elevation
(CSFE)] if there is 4 mm to 5 mm of ridge
width and height. (See Selected Readings in
Oral and Maxillofacial Surgery, Vol. 18, #4
for more details on these techniques.) After
the split thickness dissection with periosteal
retention, the type of bone incision selected
is made based on the companion technique.
(Fig. 11A, Fig. 14A, Fig. 15A,B)

For LMSF, make a palatally inclined
incision with a # 64 beaver blade malleted
into the palatal aspect of the bone of the si-
nus floor. (Fig. 14B) Then mallet a D-shaped
instrument into the osteotomy to produce me-
dial and superior displacement of the sinus
floor. (Fig. 14C) Repeat with a larger instru-
ment for further bone manipulation in the
medial and superior directions. Add collagen
(CollaTape®, Carlsbad, CA) to cushion and
displace the forces. Use patient and repeti-
tive manipulation to mobilize the bony sinus
floor. Continue elevation vertically with tra-
ditional osteotomes for elevations of 4 mm or
more. (Fig. 14D .E) Insert the implant with at-
tention to three-dimensional positioning and
primary stability. (Fig. 14F) Closure and flap
management are as described above for ridge
expansion alone. (Fig. 11D.E)

For CSFE, use a piezosurgery®
OT7S4 insert to section the residual alveolus
from anterior to posterior, with a lateral re-
lease at the tuberosity. Then complete an an-
terior beveled intra-bony release as described
above for ridge expansion alone. (Fig. 11A
and Fig. 15A ,B) Complete the bone incisions
to 1 mm to 2 mm below the sinus floor, fol-
lowing the floor contour. Take trial-length
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Figure 15.Graphicrepresentationofsplit-thicknessflapforridgeexpansioncombined withcontiguoussinusfloorelevation,
CSFE. A.Lateral view and B. Lateral view of palatal incision forabuccal-based, splitthickness flap. Moderate sinus pneu-
matization with Piezosurgery® bone incisions 1 mm below sinus floor, C. Osteo-mobilization with chisels for horizon-
talexpansion,D.Lateral view and E.Frontal view of sequential floor fracture with 2 mm concave tipped osteotomes across
the sinus floor (fractured but notelevated), F.Ridge expansion with 2 mm CSFE instrument or chisels, G.Lateral view and
H. Frontal view of floor fracture with 3 mm concave tipped osteotomes across the sinus floor (fracture +/- elevation),
I. Ridge expansion continued with 3 mm CSFE instrument with elevation and expansion. Steps G-I are repeated with
4 mm instruments with initial 0.5 mm sinus floor elevation. J. Lateral view and K. Frontal view of Contiguous Sinus
Floor elevators mobilizing and elevating the floor 1 mm to 3 mm with continued buccal osteo-mobilization of the
bone-periosteal flap, L. Contiguous Sinus Floor elevators are used to mobilize and elevate the floor 3 mm to 5 mm
with the addition of particulate graft and continued buccal osteo-mobilization of the bone-periosteal flap, M. Final
site osteotome for implant diameter (5-6 mm) used to complete final expansion, confirm primary stability and intact
vertical elevation prior to implant placement, N. Lateral view and O. Frontal view of implant in position with ridge
expansion and CSFE.

radiographs. (See Selected Readings in Oral a standard 2 mm concave-tipped osteotome
and Maxillofacial Surgery, Vol. 18, #4.) Gen- from the anterior to the posterior extent of
tly mallet bone chisels (H & H Company, the sinus floor. (Fig. 15D,E) As the sinus
Ontario CA) (Fig. 13E,F) just short of the si- floor bone bends and mobilizes, depending
nus floor to begin initial osteo-mobilization on the degree of bone compliance, keep the
for expansion of 2 mm to 3 mm at the site. sinus floor intact without any attempt to el-
(Fig. 15C) Then fracture the sinus floor with evate. Continue the ridge expansion with
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larger bone chisels or a 2 mm CSF elevator
(CSF elevators, H & H Company, Ontar-
io CA). (Fig. 15F) (See Case Study 5, E-F,
p. 36) Fracture the floor the expanded width
with a 3 mm concave-tipped osteotome. (Fig.
15G,H) CSF elevators can be used to start
vertical elevation and for horizontal manipu-
lation. (Fig. 151) These instruments are de-
signed to elevate the sinus floor by spread-
ing the force and elevating over a large area.
CSF elevators can also be used for additional
ridge expansion by applying lateral bending
forces. (Fig. 15J-M)

A surgical guide can be placed to
determine implant positions after palatal
purchase has been completed with Piezosur-
gery® or rotary instruments. (Fig. 13A,B)
Complete localized expansion of the bone-
periosteal flap and vertical elevation using
CSF elevators or traditional tapered osteo-
tomes. (Fig. 15M) Typically, tapered implant
insertion produces good rotational stabil-
ity with an intact bone-periosteal flap. (Fig.
15N,0) If compressive forces are inadequate
with the osteotome a trial implant insertion
can be completed, but if there is inadequate
primary stability the implant should be re-
moved. The intrabony defect of the implant
site can also be grafted and implant place-
ment delayed.

AVOIDING COMPLICATIONS

If the buccal plate at the expansion
site is thin or if small vertical fracture lines
develop at the height of contour, a full thick-
ness flap approach allows the implant site to
be augmented with a GBR overgraft. (See
Case Study 1, p.26) With a partial thickness
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flap the implant should be removed and the
expansion gap grafted for delayed implant
placement. Larger split defects, with loss of
continuity, can be managed by combining
screw fixation of the fracture segment with a
barrier membrane, if adeqluate stability can
be obtained. (Fig.10)

Facial manipulation of the bone flap
can result in excessive buccal inclination of
the implant. After the bone expansion gap is
opened, the apical portion of the implant os-
teotomy can be modified with Piezosurgery®
insets or rotary expanders, under copious ir-
rigation. This can reduce excess facial incli-
nation unless apical perforation or fracture of
the labial plate would result.

The apical portion can also be pro-
gressively mobilized with sequential use of
spade osteotomes or chisels, with an elevat-
ing force and twisting of the instrument like
a screw driver. (Fig. 13C,D) Alternatively,
increased crestal purchase of the palatal bone
margin can improve implant position. (Fig.
13A,B) Rarely, the position or the angle of
the osteotomy cannot be optimized, requiring
interpositional grafting and delayed implant
placement.

A number of factors are important to
consider to avoid apical perforation or buc-
cal fracture: the amount of labial undercut;
ridge width, bone quality and compliance;
bone incision design with partial or complete
intra-bony release; and anatomic location in
the arch (e.g., it is difficult to expand a multi-
tooth defect with osteo-mobilization around
the corner of the arch at the canine site). The
use of a tapered implant that conforms to the
shape of the expansion defect and a less ag-
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gressive thread pattern in the implant can
also reduce the risk of fracture of the bone-
periosteal flap. (Fig. 5C,D). Grafting of the
expansion gap can be completed if there is
fracture or vascular compromise. Grafting
of vertical bone release incisions is recom-
mended to prevent a contour deficiency.
Sinus complications including small tears or
breach of the sinus were discussed in detail in
Part 1, Selected Readings in Oral and Maxil-
lofacial Surgery, Vol. 18, #4.

SUMMARY

Bone manipulation for ridge expan-
sion offer patients a less invasive option that
preserves native bone on the implant sur-
face. The design of the soft tissue incision
determines the bone manipulation approach.
Full thickness flap exposure can be used in
conjunction with osteotome techniques or
mechanical screw expanders and particu-
late over-grafting for a single or two-stage
protocol. Partial thickness flaps improve
the attached tissue margin and vestibular
depth. The preservation of a vascular sup-
ply to the bone flap limits bone resorbtion
of the expanded segment and is a source of
pleuri-potent meschymal cells for regenera-
tion. With partial thickness flaps or a flapless
approach, osteotome techniques can expand
and manipulate the alveolus for a single-
stage protocol. The need for grafting mate-
rials is significantly reduced and a shorter
healing interval is generally required. Buccal
expansion restores lost alveolar dimensions
and returns the implant to a restorative-driv-
en position. Experience with osteotome site
development for routine maxillary implant
placement and TASE, prepares the surgeon
for implementation of osteo-mobilization
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for reconstruction of horizontal deficiencies,
and combined osteo-mobilization and TASE
techniques for simultaneous reconstruction
of horizontal and vertical defects prior to im-
plant placement.

Dr. Dan Cullum completed his DDS
with distinction at the University of Alberta,
Canada and residency training at Westchester
Medical Center, New York. He is a Diplomat
of the American Board of Oral and Maxillo-
facial Surgery. Dr. Cullum speaks interna-
tionally and has contributed publications and
textbook chapters on implant reconstruction.
He has served in leadership roles with the
American Association of Oral and Maxillofa-
cial Surgeons (Dental Implant Sub-Commit-
tee), Academy of Osseointegration (News-
letter Committee), Kootenai Medical Center
(Chairman, Department of Surgery) and at
state and local societies. Dr. Cullum found-
ed Implants Northwest LIVE, a learning
center focused on live training for surgeon-
restorative teams and surgical specialists. At
Implants Northwest (Coeur d’Alene, ID), he
practices oral and maxillofacial surgery with
emphasis on minimally invasive techniques
in esthetic implant reconstruction including
bone manipulation and immediate and com-
prehensive management.
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CASE STUDY 1: Osteo-condensation
with mechanical rotary expansion and over-
graft. A. Buccal based, lingual crestal inci-
sion for full thickness flap, and 2 mm drill
preparation; B. Mechanical rotary expansion
completed through 4 mm diameter; C. Self-
tapping, aggressive thread pattern, expand-
ing, tapered implant; D. Implant in position
with expanded and partially fractured buccal
cortex at the mid-implant height of contour;
E. Particulate xenograft for lateral augmenta-
tion; F. A collagen barrier (Cytoplast RTM®
Osteogenics, Lubbock, TX) with trans-gingi-
val healing caps in position; G. Closure with
an apically repositioned flap with trans-gin-
gival healing. H. Pre-operative and I. 1-year
post-restoration views demonstrating contour
enhancement and stable soft tissue.
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CASE STUDY 2: Osteo-mobilization
with mechanical ridge expansion for a single
stage procedure. A. Lateral and B. occlusal
pre-operative clinical images showing hori-
zontal dimensional loss; C. Buccal-based,
lingual crestal incision for apical reposi-
tioning; D. Full thickness flap elevation;
E. & F. Piezosurgery® bone osteotomy with
beveled lateral cortical releasing incisions;
G. Insertion of initial mechanical rotary ex-
panders; H. Insertion of larger rotary expand-
ers with osteo-mobilization producing an in-
trabony gap; I. Implant Insertion; J. Collagen
inserted in the intrabony expansion gap and
placement of 5 mm healing caps; K. Trans-
gingival healing protocol with apical flap re-
positioning for increasing the attached tissue
margin; L. Occlusal and M. Lateral views of
1-year post-restoration; N. 1-year post-resto-
ration radiograph.
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CASE STUDY 3: Split thickness flap
for esthetic-zone ridge expansion. A. Occlu-
sal view of pre-op horizontal ridge defect;
B. Radiograph of pre-op horizontal ridge de-
fect; C. After horizontal ridge bone incision
and initial osteo-mobilization with spade ex-
panders. The beveled intra-bony incision is
completed with a #64 “mini” beaver blade;
D. Horizontal osteo-mobilization with D-
shaped osteotome, developing an expan-
sion gap; E. & F. Progressive expansion
with tapered osteotomes to 4.3 mm diameter
with implant insertion and expansion gap;
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G. Stent evaluation showing that the implant
position requires vertical height reduction
of the labial plate; H. Implants with heal-
ing caps in position and collagen placed
in the intra-bony gap; I. Passive flap posi-
tioning with closure; J. Frontal view and
K. Occlusal view of 43-month post-op result;
L. 43-month post-op radiograph demonstrat-
ing good bone maintenance.
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CASE STUDY 4: Esthetic mini-flap
ridge expansion with a sub-epithelial CT emi-
nence graft. A. Frontal view and B. Occlusal
view of pre-op edentulous # 10, with mild
clinical alveolar dimensional loss; C. Mini-
flap exposure; D. After Piezosurgery® bone
incision and osteo-mobilization with spade
expanders; E. After osteo-mobilization with
bibevel expanders and; F. D-shaped expand-
ers for progressive ridge expansion; G. A 2
mm drill is placed (after opening of ridge
crest for bone preservation) for site assess-
ment. Additional apical osteo-moboilzation
was completed with a chisel for apical site
development to prevent perforation of the
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undercut; H. Final osteotome site develop-
ment and I. Implant placement with healing
caps. Closed supra-periosteal pocket was de-
veloped with J. Connective tissue graft and
horizontal matress suture prior to pulling the
graft into the pocket; K. After CT graft inser-
tion and fixation with a 6-0 Nylon horizontal
mattress suture; L. Parasagittal and M. Hori-
zontal pre-op edentulous # 10 images with
severe undercut and mild to moderate di-
mensional loss; N. Immediate post-op CBCT
image, demonstrating osteo-mobilization of
the facial bone plate; O. Frontal view and
P. Occlusal view 42-months post-restoration
clinical images with excellent tissue con-
tours and health; Q. Radiographic image
42-months post-restoration with stable bone
levels.
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CASE STUDY 5: Osteo-mobilization
and TASE with ridge expansion and CSFE.
A. A buccal-based palatal incision is devel-
oped just above the level of the periosteum
using the #64 “mini” beaver blade; B. The
spit thickness flap can be extended anteri-
orly or posteriorly the width of one to two
teeth, with a marginal release at the muco-
gingival junction. The flap can be further
extended with a beveled vertical release for
access. The bone incision is completed, ex-
tending posterior to the tuberosity; C. After
horizontal buccal osteo-mobilization and se-
quential floor fracturing with concave tipped
osteotomes; D. Face view and E. Edge view
of CSF elevators, left to right 2 mm, 3 mm
and 4 mm x 10 mm (H & H co. Ontario, CA)
that are used to fracture the sinus floor and
for horizontal bending for continued osteo-
mobilization and sinus floor elevation; F. 6.5
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mm diameter implant inserted with an intact
bone-periostal flap and good primary stabil-
ity; G. Cover screw placed with collagen in
the intra-bony expansion gap and particulate
graft at the anterior vertical bone incision;
H. Passive flap closure; 1. Preop radiograph
with 4 mm to 5 mm of bone to the sinus floor;
J. Immediate post-op radiograph, with inser-
tion of a 6.5 mm x 13 mm implant, contain-
ment of sinus elevation, and an intra-sinus
graft; K. Radiograph at 28-month post-res-
toration, demonstrating stable crestal and
intra-sinus bone levels; L. Occlusal view and
M. Lateral view of clinical presentation at
48-months with restored soft tissue contours;
N. CBCT image at 48-months post-op, dem-
onstrating excellent maintenance of the bony
reconstruction.

Note - Case Study 5 images A, B, C, F,

G, I, K, N © Quintessence 2006 — used with
permission.
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