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Chapter 1

Tooth Retention and Implant Placement:
Developing Treatment Algorithms

Paul A. Fugazzotto, DDS and Sergio De Paoli, MD, DDS

Outline

Resective Therapy: Applicable Today?
The Rationale for Pocket Elimination Procedures through
the Use of Osseous Resective Techniques
Results of Longitudinal Human Studies
Clinical Example One
Clinical Example Two
Financial Algorithms
Specific Clinical Scenarios
Scenario One: The Single-Rooted Decayed Tooth
Clinical Example Three
Clinical Example Four
Scenario Two: A Single Missing Tooth
Clinical Example Five
Clinical Example Six
Scenario Three: Multiple Missing Adjacent Posterior
Teeth
Scenario Four: A Missing Maxillary First Molar, When
the Second Molar Is Present
Eliminating less predictable therapies through
implant use
Clinical Example Seven
The influence of patient health on treatment plan
selection:
Conclusions

There is no doubt that the introduction and evolu-
tion of regenerative and implant therapies affords
clinicians the opportunity to provide patients with
previously undreamt-of treatment outcomes. How-
ever, such therapeutic approaches must not be vi-
sualized as an end to themselves.

The goals of conscientious and comprehen-
sive therapy remain the maximization of patient
comfort, function, and esthetics in both the short
and long terms. While it has become popular to
speak of paradigm shifts in clinical dentistry, these
shifts represent nothing more than alterations in

the treatment approaches utilized to attain the
aforementioned therapeutic goals. In addition, ef-
forts must be made to utilize the least involved
and least expensive therapies possible for ensuring
these treatment outcomes.

Maximization of oral health and amelioration
of patient concerns remain the sine qua non of
ethical practice. When considering the utilization
of various regenerative or implant reconstructive
approaches, it is important to listen to patient de-
sires, determine patient needs, and ensure that the
therapy to be employed is truly in the best inter-
ests of the patient. These interests may not always
be optimally served through use of tooth extrac-
tion, complex regenerative therapies, and place-
ment of multiple implants. Such treatment options
should never be viewed as a means by which to
supplant all other therapeutic approaches. Rather,
a thorough understanding of the predictability of
appropriately performed therapies around natural
teeth is crucial to the formulation of an ideal treat-
ment plan for a given patient. This treatment plan
is based on a precise diagnosis of the patient’s con-
dition, and recognition of all contributing etiolo-
gies. Such a diagnosis takes into consideration the
entire dentition, treating each site as both an indi-
vidual entity, and a component in the masticatory
unit.

Nowhere is this fact more evident than when
considering management of the periodontally dis-
eased dentition.

When faced with active periodontal disease,
one of seven therapies may be employed.

« No treatment: Such a decision may be due to
the patient’s refusal of active therapy; or the
patient’s physical, financial, or psychological
inability to undergo the necessary treatments.
In such a scenario, it is imperative that the
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patient be made aware of the short- and long-
term risks to both his or her oral and overall
health represented by such a decision. It is im-
portant to realize that periodontal disease is a
self-propagating disease. If no active therapy is
carried out to halt disease progress, extension
of the disease will result in tooth loss. When a
patient chooses to pursue no active therapy, it
is imperative that this concern be explained to
the patient, and that every effort be made to
both motivate the patient to seek treatment,
and to adapt the treatment to the individual
patient and the specific characteristics of his
or her problems.

Regardless of which active therapeutic course is
chosen, patients are always instructed in appropri-
ate plaque control measures, so as to obtain an
acceptable level of home debridement and bacte-
rial control. A reevaluation is then carried out to
determine which sites have healed through only
the patient’s plaque control efforts, and which ar-
eas still demonstrate signs of inflammation. Such
a reevaluation is carried out in concert with a pa-
tient’s specific risk assessment.

e Subgingival debridement and institution of
aregular professional prophylaxis schedule:
While this option seems attractive to many
clinicians and patients, it is important to real-
ize that, in many cases, such an approach does
not halt the ongoing periodontal disease pro-
cesses when significant pocketing is present.
At best, the rate of attachment loss is slowed.
This treatment option is indicated for patients
who are physically, financially, or psycholog-
ically unable to undergo more comprehensive
therapy, but who would at least agree to pe-
riodic debridement and prophylaxis in an at-
tempt to delay tooth loss. This option is most
appropriate for patients of an advanced age,
who have demonstrated moderate attachment
loss. Younger patients, or older patients with
more aggressive periodontal disease problems,
are less suited to actuarial therapeutic regi-
mens. In addition, the potential dangers to ad-
jacent teeth must be recognized and planned
for.

e Surgical therapies aimed at defect debride-
ment and/or pocket reduction: As explained
above, these treatment approaches represent
a significant compromise in therapy. A patient
who has undergone surgical intervention is

left with a milieu which is highly susceptible to
further periodontal breakdown. It is important
to consider the need for retreatment and the
potential damage to the attachment apparati
of adjacent teeth. This treatment option offers
minimal advantages over the aforementioned
treatment approach, and no advantages com-
pared to the subsequent treatment approach.
Resective periodontal surgical therapy,
including elimination of furcation in-
volvements, in an effort to ensure a
posttherapeutic attachment apparatus char-
acterized by a short connective tissue at-
tachment to the root surface, a short junc-
tional epithelial adhesion, and elimination
of probing depths greater than 3 mm: This
treatment approach offers the greatest chance
of preventing reinitiation of periodontal dis-
ease processes. However, such a treatment
regimen must be utilized appropriately. Os-
seous resective therapy that results in irre-
versible compromise of a given tooth, the
initiation of secondary occlusal trauma due
to reduced periodontal support and a poor
crown to root ratio, or an esthetically unac-
ceptable treatment result should not be con-
sidered ideal therapy. The advent of regenera-
tive and implant therapies affords additional
treatment options in previously untenable
scenarios.

Periodontal regenerative therapy aimed at
rebuilding lost attachment apparatus and
surrounding alveolar bone: Long viewed as
an ideal to be strived for, periodontal regener-
ative therapy has a history of misunderstand-
ing, misuse, and abuse. There is no doubt
that predictable regenerative techniques are
available for utilization in appropriate defects.
There is also no doubt that the indications
for the employment of these therapies are
poorly understood. The net result is inconsis-
tent treatment outcomes and condemnation of
otherwise useful therapies by a large number
of clinicians. When utilized in the appropriate
manner in stringently selected defects, guided
tissue regeneration yields highly predictable
treatment outcomes. The advent of new mate-
rials offers the potential for even more impres-
sive regenerative results. Unfortunately, the
field of periodontal therapy continues to be
handicapped by an incomplete understanding
of diagnostic and technical criteria for success



with regenerative therapy. Many of these cri-
teria have been elucidated in a previous publi-
cation (1). Advances in tissue engineering also
offer preliminary regenerative results which
are highly impressive. However, while the use
of available growth factors is promising, the
precise parameters of utilization, questions of
cost, and reasonable treatment results are yet
to be defined.

¢ Tooth removal with either simultaneous re-
generative therapy and implant insertion or
guided bone regeneration with subsequent
implant placement and restoration: While
highly predictable in almost every situation,
regenerative and implant therapies must not
be viewed as a panacea. To remove teeth,
which may be predictably maintained through
more conservative therapies and which will
yield acceptable treatment outcomes, is un-
conscionable. However, to maintain compro-
mised teeth which will eventually be lost, or
to subject a patient to an inordinate amount of
therapy or expense to keep teeth which may
be more simply and predictably replaced by
implants, is unacceptable.

e A combination of the above therapies: An
uncomfortable and irresponsible dichotomy is
developing in which the patient is viewed as
either a “periodontal patient” or an “implant
patient.” A patient is neither.

Prior to the initiation of active therapy, a thorough
examination and diagnosis must be carried out, and
a comprehensive interdisciplinary treatment plan
must be formulated. A high-quality full series of ra-
diographs must be taken. When necessary, three-
dimensional images are utilized as well. Panorex
films are not utilized, as their accuracy is insuffi-
cient for providing useful information for compre-
hensive therapy. The components of a thorough
clinical examination, including periodontal probing
depths, hard and soft tissue examination, models
and facebow records, are well established and will
be discussed in subsequent chapters. However, it
is important to realize that a thorough examination
begins with an open discussion with the individual
patient. It is crucial that the clinician determines
the patient’s needs and desires. In this way, treat-
ment plans may be formulated which are in the
best interest of the patient and which represent a
greater value for the patient.
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Prior to formulating a comprehensive treat-
ment plan, all potential etiologies must be iden-
tified and assessed. In addition to systemic fac-
tors, these etiologies include periodontal disease,
parafunction, caries, endodontic lesions, and
trauma.

The treating clinician should always formu-
late an “ideal” treatment plan and present it to ev-
ery patient. Appropriate and predictable treatment
alternatives must be offered to the patient, thus al-
lowing the patient to choose the treatment option
to which he or she is best suited physically, finan-
cially, and psychologically.

Clinicians who fail to incorporate regenerative
and implant therapies into their treatment arma-
mentaria are depriving their patients of predictable
therapeutic possibilities which afford unique treat-
ment outcomes in a variety of situations.

Regenerative and implant therapies impact
the partially edentous patient in a number of ways,
including:

« replacement of less predictable therapies
o replacement of more costly therapies

e augmentation of existing therapies

« introduction of newer therapies

Conversely, teeth which can be predictably re-
stored to health through reasonable means should
be maintained if their retention is advantageous to
the final treatment plan. Clinicians who claim to be
implantologists, performing only implant therapy
while ignoring periodontal and other pathologies,
do patients a disservice. Such clinicians include
practitioners who either perform inadequate pe-
riodontal therapy to predictably halt the disease
process, or remove teeth which could be treated
through straightforward periodontal techniques.

It is inconceivable that any clinician would
see only patients who require implant therapy,
and demonstrate periodontal, endodontic, restora-
tive, and occlusal health around all remaining teeth
which are not to be extracted. This trend toward
metallurgy at the expense of ethical, comprehen-
sive care must be avoided at all times.

Resective Therapy: Applicable
Today?

Pocket elimination has long been advanced as one
of the primary end points of periodontal ther-
apy. An excellent review of the evolution of the
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treatment modalities employed in pursuit of this
goal has been published in the Proceedings of the
World Workshop in Clinical Periodontics (2). A fre-
quently utilized procedure when seeking pocket
elimination is osseous resective surgery. Unfortu-
nately, the ultimate objectives of this approach are
rarely elucidated correctly and comprehensively.

The World Workshop states the objectives of
osseous resective surgery as follows:

1. pocket elimination or reduction

2. a physiologic gingival contour that tightly
adapted to the alveolar bone and apical to
the presurgical position

3. a clinically maintainable condition

This formulation is incomplete. The primary goal
of pocket elimination therapy is to deliver to the
patient an environment which is conducive to pre-
dictable, long-term periodontal health, both clini-
cally and histologically. With this fact in mind, the
aforementioned objectives should be expanded to
read:

1. Pocket elimination or reduction to such a level
where thorough subgingival plaque control is
predictable for both the patient and the prac-
titioner.

2. A physiologic gingival contour is conducive
to plaque control measures. This would in-
clude the elimination of soft tissue concavi-
ties, in the area of the interproximal col and
elsewhere, soft tissue clefts, and marked gin-
gival margin discrepancies.

3. The establishment of the most plaque-
resistant attachment apparatus possible. This
includes the elimination of long epithelial re-
lationships to the tooth surface, where possi-
ble, and the minimization of areas of nonker-
atinized marginal epithelium.

4. The elimination of all other physical rela-
tionships which compromise patient and pro-
fessional plaque control measures. These in-
clude furcation involvements and subgingival
restorative margins.

5. A clinically maintainable condition will
evolve as a result of the previous four criteria
having been met.

In short, pocket elimination is seen as a means
of maintaining the plaque-host equilibrium in the
host’s favor by closing the window of host vul-
nerability as much as possible. While not al-
ways a realistic end point, this goal is most pre-

dictably maximized through pocket elimination
procedures.

Two important questions present themselves:

Are the principles behind pocket elimination
conceptually sound?

Does the clinical literature support the continued
use of pocket elimination therapy?

The Rationale for Pocket
Elimination Procedures through the
Use of Osseous Resective
Techniques

Periodontal pockets have long been recognized
as complicating factors in thorough patient and
professional plaque control. Waerhaug has shown
that flossing and brushing are only effective to
a depth of about 2.5 mm subgingivally (3).
Beyond this depth, significant amounts of plaque
remain attached to the root surface following a pa-
tient’s oral hygiene procedures. Professional pro-
phylaxis results are also compromised in the pres-
ence of deeper pockets. The failure of root planing
to completely remove subgingival plaque and cal-
culus in deeper pockets is well documented in the
literature (4-8). Through the examination of ex-
tracted teeth which had been root planed until they
were judged plaque-free by all available clinical pa-
rameters, Waerhaug demonstrated the correlation
between pocket depth and failure to completely re-
move subgingival plaque (3). Instrumentation of
pockets measuring 3 mm or less was successful
with regard to total plaque removal in 83% of the
cases. In pockets of 3-5 mm in depth, 61% of the
teeth exhibited retained plaque after thorough root
planing. When pocket depths were 5 mm or more,
failure to completely remove adherent plaque was
the finding 89% of the time. Tabita (9) noted that
no tooth demonstrated a plaque-free surface 14
days after thorough root planing, if the pretreat-
ment pocket depths were 4-6 mm. This was true
even though patients exhibited excellent supragin-
gival plaque control.

Reinfection of the treated site is a result of
three different pathways (3, 9):

(a) Plaque that remains in root lacunae, grooves,
etc. will begin to multiply and repopulate the
root surface following therapy.



(b) Plaque which is adherent to the epithelial
lining of the pocket will repopulate the root
surface after healing. It has been demon-
strated that, even if curettage is intentionally
performed in conjunction with root planing,
complete removal of the epithelial lining of
the pocket is not a common finding (10-12).

(c) Supragingival plaque will extend subgingi-
vally, beyond the reach of the patient, and
adhere to the root surface.

The magnitude of the limitations imposed upon
proper plaque removal and control by pocket
depths led Waerhaug to state: “If the pocket depth
is more than 5 mm, the chances of failure are so
great that there is an obvious indication for surgical
pocket elimination” (3).

In the absence of deep probings, poor soft
tissue morphology may contribute to increased
plaque accumulation. Deep, sharp clefts, and
marked soft tissue marginal discrepancies in ad-
jacent areas have been implicated as factors con-
tributing to inadequate patient plaque control (13).
Interproximally, the morphology of the soft tissue
col must be considered. If the buccal and/or lingual
peaks of tissue are coronal to the contact point, the
gingiva must “dip” under the contact point to reach
the other side, resulting in a concave col form (14-
16). When the col tissue touches the contact point,
whether it is composed of natural tooth or restora-
tive material, the epithelium does not keratinize
(17 [Ruben MP, Personal communication, Boston,
1980], 18) (Figures 1.1 and 1.2). Such lack of ker-
atinization is not an inherent property of either col
or sulcular epithelium, as the ability of this tissue
to keratinize when it is no longer in contact with
the tooth, either as a result of periodontal therapy
or eversion, is well documented (18-20). Nonkera-
tinized epithelium is less resistant to disruption and
penetration by bacterial plaque than its keratinized
counterpart (21, 22). When a concave, nonkera-
tinized col form is present, the patient must try to
control an area which is conducive to plaque accu-
mulation, and more easily breached by the afore-
mentioned plaque and its byproducts (Figures 1.3
and 1.4).

Management of the soft tissue col form is pre-
dictably achieved through the proper use of os-
seous resective techniques. In addition to eliminat-
ing interproximal osseous craters, the buccolingual
dimension of the alveolar process must be taken
into consideration. If buccal osseous ledging is not
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Figure 1.1 A decalcified section demonstrating the con-
cave nature of the interproximal soft tissue col.

reduced adequately to allow for the smooth flow
of soft tissues interproximally, without their first
having to pass coronal to the contact point and
“dip” underneath it, a concave col form will result
(15, 23) (Figures 1.5 and 1.6). In addition, should
the radicular bone be coronal to or at a height
equal to the interproximal osseous septum, the
soft tissues will not heal in tight adaptation to the
underlying bone (16). Soft tissues will not heal
in sharp angles, and will strive to regain a
papillary form interproximally. All dimensions

Figure 1.2 A histologic slide underscores the nonkera-
tinized nature of the col epithelium where it touches the
contact point between the teeth.
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Figure 1.3 The nonkeratinized concave col epithelium is
especially susceptible to bacterial penetration and inflam-
matory breakdown.

of the interproximal space (i.e., apico-occlusal,
buccolingual, and mesiodistal) must be considered
when evaluating the effects of existent osseous con-
tours on the morphology of the overlying soft tis-
sues. Matherson’s work in monkeys demonstrated
this fact clearly (24). The naturally occurring con-
dition was one of a markedly concave soft tissue
col. Replaced flap surgery without osseous ther-
apy did not significantly alter the soft tissue col
form. Interdental osteoplasty, resulting in the for-
mation of an interproximal osseous peak, reduced
the depth of the concavity in the col morphol-
ogy. Osteoplasty which encompassed both the in-
terproximal and radicular areas, thus reducing the
buccolingual osseous ledging and eliminating re-
verse architecture, as well as forming an interprox-
imal osseous peak, had the greatest effect on col

Figure 1.4 As the inflammatory lesion progresses through
the nonkeratinized col epithelium and into the connective
tissue, marked tissue destruction is noted.

Figure 1.5 Despite the convex nature of the interproximal
alveolar bone, the soft tissue col is concave due to its con-
tacting the contact point between the teeth.

Figure 1.6 If the interproximal soft tissues are apical to the
contact point, the convex interproximal bone contours are
mimicked by covering keratinized soft tissues.



Figure 1.7 A patient presents with 6 mm pockets interprox-
imally, which bleed upon gentle probing.

morphology. Formation of a covex col form postop-
eratively was limited by the contours of the mon-
keys’ teeth. Their contact points are broader buc-
colingually and more apically placed than those
found in man. Odontoplasty would have been nec-
essary to allow for sufficient space for the re-
generation of the interproximal soft tissues apical
to the contact points of the natural teeth. There
is no doubt, contrary to published interpretations
(2), that osteoplasty affected the postsurgical col
morphologies in the precise manner which would
be expected by proponents of osseous resective
surgery (Figures 1.7-1.9).

While keratinization of the col tissues and al-
teration of their morphology to one more conducive

Figure 1.8 Flap reflection reveals extensive osseous ledg-
ing. Failure to eliminate this ledging will result in these soft
tissues having to “dip under” the contact point, and the
reestablishment of a nonkeratinized concave soft tissue col
form.

Tooth Retention and Implant Placement 7

Figure 1.9 The appropriate osteoplasty has been per-
formed. The soft tissues may now be replaced at osseous
crest, and will heal in a concave, keratinized manner apical
to the contact points between the teeth.

to plaque control is achievable, this is not the
case with the sulcular epithelium. Even if the sul-
cular epithelium could be predictably keratinized,
it would serve no purpose, as the junctional ep-
ithelium is incapable of keratinization (25). The
junctional epithelium is markedly different than
other epithelia found in the oral cavity. In both
keratinized and nonkeratinized oral epithelia, dif-
ferentiation between the basal and superficial
layers is a consistent finding (i.e., a decrease in
Golgi vesicle and rough endoplasmic reticulum vol-
umes, and an increase in tonofilament volume), as
is a modification of the intercellular substance in
the superficial layers, thus forming a permeabil-
ity barrier (25). No evidence of differentiation is
noted in the junctional epithelium. It has been sug-
gested that this is due to the unique function of the
junctional epithelium, which is to adhere to dis-
similar tissues (26). If junctional epithelium was
differentiated highly enough to keratinize, it would
lose the ability to perform its primary function.
Barnett (27) notes that, even in the presence of a
keratinized sulcular epithelium, the junctional ep-
ithelium would still present a relatively easy mode
of entry to the underlying structures for bacterial
byproducts. Squiers (25) stated that “...it is rea-
sonable to accept the junctional epithelium as a
tissue which, by virtue of its adherent properties,
is probably intrinsically permeable.”

Saito et al. (28) examined clinically normal
junctional epithelium in dogs via freeze-fracture
and thin sectioning. Junctional epithelium was
found to contain fewer desmosomes than other
oral epithelium (5% in its most coronal aspect
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and only 3% apically). Very few cytoplasmic fil-
aments were noted. Numerous gap junctions were
noted, many of which were large in size. Tight
junctions were only noted in freeze-fracture repli-
cas, and these were underdeveloped or discon-
tinuous in nature. These findings were in agree-
ment with those of other researchers (29), and
suggest that these areas leak, thus forming inad-
equate permeability barriers (30, 31). Saito et al.
state that “...it is doubtful that the epithelium
provides a complete barrier function because of
the vast extent of the intercellular spaces and the
sparseness of desmosomes” (28). Numerous stud-
ies have demonstrated the permeability of the junc-
tional epithelium to a variety of substances (31-
35). The relative impermeability of the sulcular ep-
ithelium, when compared to the junctional epithe-
lium, has also been well documented. Substances
were shown to penetrate the junctional epithelium,
but not the sulcular epithelium (32, 33, 36).

The tenuous nature of the epithelial adher-
ence to the tooth, and the ease with which it is
separated, are well known (37). Listgarten (38) and
others (39-43) have consistently shown that, in the
presence of inflammation, the periodontal probe
passes beyond the ulcerated junctional epithelium,
stopping at the most coronal position of intact con-
nective tissue fiber insertion into the root surface.
This is not the case in noninflamed situations (44-
46). The junctional epithelium therefore presents
a dual-fold compromise. Not only is it more easily
penetrated by bacterial enzymes, but it is also more
easily detached in the presence of inflammation
than inserted connective tissue fibers. In the stages
of periodontal disease development, the “initial”
lesion is seen as developing as follows:

1. bacterial accumulation in the gingival sulcus

2. an increase in the concentration of specific
bacterial products

3. diffusion of these products through the more
permeable junctional epithelium into the un-
derlying connective tissue

4. dilation of the intercellular spaces of the junc-
tional epithelium, and the presence of poly-
morphonuclear and mononuclear cells

5. perivascular collagen destruction

6. progression to the “early” lesion

Ideally, the expanse of the junctional epithelial ad-
hesion to the tooth should be minimized in light
of its relative biologic and mechanical inferiority

when compared to connective tissue attachment to
the root surface.

Following appropriate osseous resective sur-
gery with apically positioned flaps, an attachment
apparatus is formed which consists of approxi-
mately 1 mm of connective tissue fiber insertion
into the root surface, followed by 1 mm of junc-
tional epithelial adhesion coronally (47, 48). The
connective tissue attachment is derived from a
combination of outgrowth of the periodontal lig-
ament and resorption of osseous crest (49). This
is markedly different than the postsurgical at-
tachment apparatus obtained with either curet-
tage or replaced flap (modified Widman or open
flap curettage) surgery. These procedures have
all demonstrated healing to previously periodon-
tally affected root surfaces by the formation of
a long junctional epithelium (50-68). New con-
nective tissue attachment supracrestally has not
been a consistent finding, nor has cementogen-
esis (69). The components of the postoperative
attachment apparatus of open flap curettage pro-
cedures without osseous resection are the same;
connective tissue insertion for the first millimeter
supracrestally, followed by a long junctional ep-
ithelium. The length of the junctional epithelium
is dependent upon the distance between the os-
seous crest and the margin of the soft tissue. Only
pocket elimination surgery will consistently result
in a short junctional epithelium, and thus avoid
the compromises inherent in a longer epithelial
relationship.

Proper pocket elimination therapy is not only
concerned with pocket depths, but also with plaque
accumulation in a vertical direction. Horizontal
destruction of periodontal support, resulting in
furcation involvements, will lead to a major com-
promise in therapy if left untreated. The inac-
cessibility of even early furcation involvements
to proper plaque control measures is well docu-
mented (3, 70-73). A review of the literature also
underscores the inadequacy of many therapies in
the treatment of the furcated tooth. “Maintenance”
care, open and closed debridement, chemical treat-
ment of the root surface, and placement of partic-
ulate materials without membrane use have failed
to demonstrate predictable success in the treatment
of the periodontally involved furcation. Removal of
the vertical periodontal pocket, without eliminating
the horizontal component of a furcation involve-
ment, results in a compromised environment for
the removal of plaque by the patient, leading to



continued periodontal breakdown. This topic will
be discussed in greater detail in Chapter 9.

Restorative margin position may also influ-
ence long-term periodontal health. Plaque accu-
mulation at the restorative margin-tooth interface
is a consistent finding in both research and clini-
cal practice (74-81). If this margin is subgingival,
the resultant increased plaque accumulation may
lead to acceleration of periodontal breakdown and
recurrent caries (81, 82) (Figure 1.10). This fact
becomes more critical if the attachment apparatus
attempting to maintain a healthy state includes a
long junctional epithelium. The increased perme-
ability and detachability of a long junctional ep-
ithelial adhesion in the face of inflammation lend
the long junctional epithelium a greater vulnerabil-
ity to the increased inflammatory insult inherent in
subgingival margin placement.

Figure 1.10 Recurrent caries is noted at the most apical
extent of a deep subgingival interproximal restoration.
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Results of Longitudinal Human
Studies

Numerous clinical studies have attempted to com-
pare short- and long-term results of various
treatment modalities. The most widely read are
probably those of Ramfjord and coworkers (83-
91). As time progressed, these studies became more
sophisticated in response to design shortcomings
which were recognized by the authors. The first
study, published in 1968 (83), compared the re-
sults of curettage versus pocket elimination in the
treatment of periodontal pockets. The authors con-
cluded that “subgingival curettage was followed by
more favorable results than surgical elimination of
periodontal pockets.”

Being the first longitudinal study of this
type, there were significant design flaws which
the authors attempted to correct in subsequent
studies. A split mouth design was not adopted until
the third year of the study. For the first two years
of data compilation, individual host response to
therapy was an unaccounted for variable. Pockets
were treated via gingivectomy procedures, if this
could be accomplished within the bounds of the
existing attached gingiva, if pocket depths were
5 mm or less and if extensive bone recontouring
was not required to obtain acceptable gingival
contours. This approach did not demonstrate a
proper understanding of the rationale for pocket
elimination therapy with osseous resection. Soft
tissues will tend to reform interproximal papillae
after periodontal surgery (92, 93). By eliminat-
ing interproximal osseous craters and reverse
architecture, the clinician strives to achieve a
closer adaptation of the reforming soft tissues
to the underlying bone, helping to ensure the
development of a postoperative attachment ap-
paratus consisting of a connective tissue fiber
insertion, followed by a short junctional epithe-
lial adhesion. If interproximal osseous craters
remained, which would have been the case where
gingivectomy procedures were performed in the
face of osseous defects, the long-term benefits of
resective osseous therapy could not be properly as-
sessed. In the 1968 study, no mention was made of
the extent to which osteoplasty was carried out to
eliminate buccal osseous ledging. If buccal ledging
was allowed to remain, the resultant interproximal
soft tissue morphology would be that of a concave
col, due to the influence of the contact point. As
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previously discussed, this col would be more sus-
ceptible to inflammatory breakdown than the con-
vex, Keratinized interproximal soft tissues which
would result from properly performed osseous
resective therapy with apically positioned flaps.

Pocket measurements were taken at the
“mesial side of the tooth,” with no mention being
made of probe angulation. Watts (94) has demon-
strated that even small variations in probe an-
gulation will result in significant probing errors.
While 60% of the probing measurements were
reproduced, the number dropped to 23% for re-
producible site configurations. The most important
source of probing error was variation of the probe
position in a transverse plane, despite the use of
a stent. If stents were not used, as is the case in
the 1968 Ramfjord study, errors would be magni-
fied. Measurements taken in the manner described
do not accurately measure the differences between
the attachment apparati obtained via pocket elim-
ination surgery and curettage. One difference in
these two attachment apparati is that of a short
junctional epithelium following pocket elimination
surgery, and a longer junctional epithelium follow-
ing curettage. This difference is not as significant
at the line angles of the teeth as it is interproxi-
mally between the base of an osseous crater and
the most coronal extent of the junctional epithe-
lial adhesion. If measurements are taken at the line
angles of the teeth, the relative stabilities of the dif-
ferent attachment apparati over time are not taken
into account.

Another significant weakness in the 1968
study is one of execution. The first postopera-
tive measurements were recorded at one year.
The mean pocket reduction following pocket elim-
ination surgery was 1.6 mm, resulting in resid-
ual mean pocket depths greater than or equal to
2.4 mm. When the data were broken down, the
range of residual pocket depths became evident. In
initial pockets of greater than 6 mm, approximately
a 0.4-mm change occurred, leaving residual pocket
depths greater than or equal to 5.6 mm. One of
the basic postulates of pocket elimination surgery
is the inability of the patient to exhibit adequate
subgingival plaque control in areas probing greater
than 3 mm. By leaving pockets of greater than 5.6
mm after therapy, the efficacy of pocket elimina-
tion therapy was not tested. The 1973 study by
Ramfjord and coworkers had an identical design
to that of 1968, and thus suffered from the same
problems (84).

In 1975, the study was expanded to include
the modified Widman procedure (85) and patients
were followed over time (86, 89). The modified
Widman procedure employed, as described in 1974
(94), was essentially replaced flap curettage, with
osseous therapy as needed to facilitate interproxi-
mal flap coaptation.

The authors concluded that pocket elimina-
tion surgery did not offer any long-term bene-
fits with regard to pocket depth or progression of
disease, and that “although all three methods result
in gain of attachment in moderately deep pockets,
the long-term gain is significant only after curettage
and modified Widman flap” (89).

As already discussed, design and execution
flaws masked the differences between pocket elim-
ination therapy and curettage or modified Widman
surgery.

Interproximal pocket depth measurements
were recorded “at the mesio- and distobuccal sur-
faces close to the contacts and without tilting the
probe” (89). Thus, the measurements were taken
at the wrong positions to measure the differences
between the attachment apparati of the various
treatment modalities. Due to the limited buccal
and/or lingual osseous resection performed with
the modified Widman procedure, the attachment
apparati at the line angles of the teeth were sim-
ilar for both procedures. The only difference in
underlying osseous morphologies existed in the
interproximal craters. Measurements purporting
to compare the two therapies must record these
differences.

Appropriate osseous resection to eliminate de-
fects and reverse architectures, followed by api-
cally positioned flaps, routinely results in pocket
depths of less than 3 mm. Such was not the case
in these studies. In pockets which probed 4-6 mm
initially, probing depths of 1.7-3.7 mm are noted
one year postoperatively. Where pockets probed
7-12 mm before therapy, residual pocket depths
were 2.6-7.6 mm. These readings are not indica-
tive of pocket elimination having been achieved.
What was tested was not pocket reduction (modi-
fied Widman) versus pocket elimination; but rather
pocket reduction versus pocket reduction. It would
be unusual if both situations did not behave iden-
tically over time.

Ramfjord and coworkers felt that “the fact
that pockets and attachment levels on the four
tooth surfaces behaved similarly when the initial
severity was constant made it possible to collapse



the data from the four surfaces and report the
means” (89). This conclusion was based on the fact
that all four tooth surfaces behaved the same with
regard to pocket reduction and attachment gain one
year postoperatively (95). However, one year is too
short a time for proper evaluation of therapeutic re-
sults. Waerhaug has demonstrated the seemingly
slow progression of untreated periodontal disease
in data consisting of a large number of sites, and
stated that a minimum of 3-5 years is necessary to
evaluate treatment efficacy (3).

What was gained histologically following the
various treatments was a short connective tissue
insertion and a junctional epithelium of varying
lengths. Where interproximal osseous craters are
present, the junctional epithelium will be rela-
tively longer; where there is a shorter distance from
the osseous crest to the tissue margin (the buccal
and lingual midradicular areas in most instances),
the junctional epithelium will be relatively shorter.
While areas of the same preoperative probing depth
may appear to behave the same initially with regard
to clinical response to therapy, they bear no resem-
blance to each other histologically. Collapsing the
data in this manner masks the differences between
the two clinical approaches.

One of the basic principles of pocket elimina-
tion therapy was ignored; that of the greater resis-
tance of connective tissue fiber insertion than junc-
tional epithelial adhesion to inflammatory break-
down. Buccal and lingual areas of long junctional
epithelium are not subject to the same challenges
as interproximal areas. Patient plaque control is
easier and there are no concave col forms with re-
tractable soft tissue peaks to trap plaque. Further-
more, restorative margins are more easily cleaned
buccally than interproximally.

Ramfjord and coworkers also stated that
“since the pockets and attachment levels from one
year after treatment behaved essentially in a lin-
ear fashion, a grouping according to severity was
adopted” (89). The progression of periodontal dis-
ease does not behave in a linear fashion, but rather
is characterized by bursts of activity in specific
sites, followed by periods of quiescence (96). The
reporting of running medians is less effective in
detecting site-specific changes in longitudinal peri-
odontal studies than other statistical methods (97-
99). By reworking statistics that reported no peri-
odontal changes over time posttherapy, Lindhe was
able to demonstrate the masking effect of reporting
mean values (100).
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The influence of furcations on the progression
of periodontal breakdown was also ignored in the
aforementioned studies. One facet of pocket elim-
ination therapy is the elimination of furcation in-
volvements through odontoplasty or root resection
(101-104). Failure to eliminate the involved furcal
areas renders complete plaque removal impossible
due to local anatomy (105-108). Even with flap
reflection, thorough debridement of an involved
furcation is not a consistent finding (109, 110).
An affected furcation will contribute to further
periodontal breakdown both within the furcation
itself and in adjacent structures. As the inflamma-
tory lesion in the furcation spreads, it may also act
in a “back door” manner, emerging from the inter-
nal aspect of the furcation to cause destruction of
the attachment apparatus.

The effects of furcation involvements on the
pathogenesis of periodontal disease were evident.
Maxillary molars exhibited the greatest degree
of periodontal breakdown following therapy, fol-
lowed by mandibular molars and maxillary bicus-
pids.

The same limitations were evident in two
studies carried out by Hill et al. and Ramfjord
et al. (90, 91). Waerhaug’s admonition with regard
to leaving furcation involvements after therapy was
borne out, as 16 of the 17 teeth lost in these studies
were molars.

Pihlstrom et al. (111, 112), when comparing
root planing alone and flap surgery with root plan-
ing, demonstrated greater pocket reduction initially
with the flap procedure as a result of clinical at-
tachment “gain.” Repocketing of the areas treated
with flap surgery, to the level of the root-planed
sites, occurred within three years postoperatively.
This is to be expected, as root planing and open
flap curettage demonstrate the same compromised
attachment apparati posttherapy.

Disturbing findings with all longitudinal stud-
ies evaluating treatment modalities which yield
a long junctional epithelium as a posttherapeutic
attachment apparatus (root planing, curettage,
modified Widman, flap curettage without osseous
therapy, etc.) were repocketing and continued at-
tachment loss (90, 91, 113, 114).

Proponents of pocket elimination therapy
contend that, when carried out and evaluated prop-
erly, pocket elimination is superior to pocket re-
duction with respect to patient maintainability and
long-term periodontal health. Do longitudinal stud-
ies exist which support these contentions?
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Ammon’s group published two papers, one
being a five-year follow-up of the initial patient
data (115, 116), evaluating the relative efficacies
of appropriately executed osseous resection with
apically positioned flaps, and the other being api-
cally positioned flaps with only root planing. De-
sign modifications were made from the Ramfjord
studies to help eliminate the problems already dis-
cussed. Data were first pooled by pocket depth, and
then subdivided into tooth surfaces within a given
pocket depth, to help elucidate the strengths and
differences of the postsurgical attachment apparati.
Mesial and distal probing depths were recorded
with the probe placed as far interproximally as
possible, angulated to follow the long axis of the
tooth. Only lesions which were amenable to resec-
tive therapy, and could therefore properly evaluate
its applicability, were treated in such a manner. Fi-
nally, surgical photographs were published which
demonstrated the techniques employed.

Greater interproximal soft tissue cratering was
noted upon initial healing following open flap
curettage, as compared with osseous surgery. Six
weeks postoperatively, the cratering had disap-
peared. This finding is in agreement with Lindhe
and Nyman (117). Pocket reduction at six months
was the same for sites treated by either modality;
flap curettage reduction being a result of attach-
ment “gain” while osseous surgery reduction was
due to pocket elimination procedures. The attach-
ment “gain” was a function of papillary regrowth
and a subsequent long epithelial relationship to the
root, as a connective tissue fiber attachment can-
not be expected following flap curettage (51, 56,
69). Five years postoperatively, statistically signif-
icant interproximal pocket depth differences were
noted between the sites treated with and without
osseous therapy. Pocket depths in the flap curet-
tage areas were approaching preoperative values
while the pocket elimination attained with osseous
therapy was maintained. On the buccal and lingual
surfaces, pocket elimination was maintained with
both treatment approaches. These results under-
score both the fragility of the junctional epithelial
adhesion and the danger of collapsing data. Radic-
ularly, where patient plaque removal was easier
and the junctional epithelium was shorter, pocket
elimination was maintained following both thera-
pies. In interproximal areas of more difficult plaque
removal, coupled with a longer junctional epithe-
lial relationship due to the presence of osseous
craters, repocketing occurred in sites treated with

open flap curettage. Flap curettage sites which ini-
tially probed 4 mm underwent repocketing at five
years three times more often than sites treated via
osseous resection. If initial probing depths were
5 mm, flap curettage sites repocketed 3.6 times as
often as those treated with osseous resection. With
initial probings of 6-8 mm, repocketing was 6 times
as likely to occur with open flap curettage. When
all sites with a preoperative probing depth greater
than or equal to 4 mm were considered, bleed-
ing upon probing was encountered 2.3 times more
often in sites treated with open flap curettage than
with osseous resection, five years postoperatively.
There was a 91 % correlation between the presence
of subgingival plaque and bleeding upon probing.

Other authors have demonstrated the long-
term efficacy of pocket elimination therapy. Lindhe
and Nyman (100) reported the 14-year results of
pocket elimination therapy in 61 patients with ad-
vanced periodontal disease preoperatively. All pa-
tients had remained on regular maintenance sched-
ules. Only 0.49 teeth were lost per patient over
14 years. Disease progression was shown to be 20—
30 times slower than in Swedes with untreated pe-
riodontal disease (118). Nabers et al. (119) reported
the results of 1,435 patients treated via pocket
elimination therapy. The patients lost an average
of 0.29 teeth over a mean postoperative time of
12.9 years.

In contrast, McFall (120) demonstrated an av-
erage tooth loss of 2.6 teeth per patient 19 years
posttherapy. Goldman et al. (121), 22.2 years post-
operatively, documented a tooth mortality of 3.6
teeth per patient. Both of these studies employed
treatment modalities which did not include pocket
elimination therapy.

Kaldahl et al. (122, 123) compared treat-
ment results in 82 periodontal patients treated in
a split mouth design with either coronal scaling,
root planing, modified Widman surgery, or flap
surgery with osseous resection. All therapies pro-
duced mean pocket depth reductions, and there
were no differences between the therapies with re-
gard to residual pocket depths at the end of two
years in sites which initially probed 4 mm or less.
Subsequent breakdown of sites during supportive
maintenance care of up to seven years was greater
in areas treated with modified Widman surgery
and scaling and root planing than in areas treated
with osseous resective therapy. These differences
in the number of sites breaking down increased
as initial pocket depth increased, underscoring the



superiority of osseous resective therapy as a clinical
modality for eliminating pockets and rendering ar-
eas maintainable over time by patients. Shallower
pocket depths, coupled with a biologically stronger
attachment apparatus of a short connective tissue
attachment and a short junctional epithelium at-
tained after osseous resection, proved more resis-
tant to subsequent breakdown during maintenance
than an attachment apparatus of a short connec-
tive tissue attachment and a long junctional ep-
ithelial adhesion obtained following root planing or
modified Widman surgery. As expected, these dif-
ferences were greater in areas with deeper initial
pocket depths, as the difference in posttherapeu-
tic attachment apparatus would have been more
marked in these areas than in their shallower coun-
terparts.

The differences in tooth retention can be
traced to the ability of the patient and the clini-
cian to successfully and predictably effect thorough
plaque removal. Properly performed pocket elimi-
nation therapy provides an environment of mini-
mal probing depth which is conducive to plaque
removal. Even in the face of excellent supragin-
gival plaque removal, we know that the patient
is only effective at removing plaque to a subgin-
gival depth of 2.5 mm (3). Lindhe et al. have
demonstrated that there is no relationship be-
tween supragingival plaque control and changes
in probing depths or attachment levels (124), or
between supragingival plaque control and bleed-
ing upon probing. The clinician must not be
misled by the supragingival scenario. Waerhaug
spoke of the existence of subclinical inflamma-
tion (3), where the tissue appears healthy, but
periodontal destruction is occurring subgingivally.
Ammons and coworkers (116) found a direct cor-
relation between pocket depth and bleeding upon
probing. Greater postsurgical pocket depths re-
sulted in a higher incidence of bleeding upon prob-
ing. Coupled with the previously discussed 91%
correlation between bleeding upon probing and
the presence of subgingival plaque, the problems
inherent in deeper postoperative probing depths
are obvious. Badersten et al. (125, 126) noted
that bleeding upon probing was directly related
to pocket depth, with deeper areas bleeding more
often. Waite (127) found that areas with deeper
probing depths exhibited a higher frequency of
bleeding upon probing and a greater degree of
inflammation. Additionally, the same limitations
which apply to subgingival root planing in the face
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of pocket depths must be considered in the main-
tenance phase of therapy.

The deeper the residual probing depths, the
more difficult debridement and maintenance be-
come for both the patient and the dental profes-
sional (3, 128-137). Numerous longitudinal studies
have demonstrated that sites with probing depths
of greater than or equal to 6 mm are at significantly
higher risk for future deterioration and develop-
ment of additional attachment loss as a result of
disease activity, if left untreated (138-143).

The scenario for continued loss of attach-
ment in the face of posttherapeutic pocketing is as
follows:

1. The patient presents with pocket depths in
excess of 3 mm.

2. Patient plaque control removes plaque up to
2.5 mm subgingivally.

3. Subgingival scaling is increasingly less effec-
tive in areas probing greater than 3 mm.

4. Plaque left behind subgingivally following
root planing begins to grow and repopulate
the root surface within 14 days.

5. As the plaque front proceeds further subgin-
givally, its removal is less effective.

6. The attachment apparatus which results from
curettage, modified Widman surgery, flap
curettage, etc. has a long junctional epithelial
component.

7. This epithelial adhesion exhibits greater per-
meability to plaque than a connective tissue
fiber insertion.

8. Junctional epithelium is easily detached from
the root in the presence of inflammation.

9. As the pocket deepens, the problems with
plaque removal are exacerbated.

10. The presence of furcation involvements
and/or subgingival restorations makes plaque
removal even more difficult.

11. The result is continued periodontal break-
down.

Such continued periodontal breakdown following
active therapy is avoidable. The technical aspects
of osseous resective surgery have been clearly elu-
cidated (16, 23). Employed in conjunction with
selective extractions, root resective therapy, and
prosthetic reconstruction, these techniques afford
a high degree of predictability (23), albeit with sig-
nificant temporal and financial costs.



14 Tooth Retention and Implant Placement

Clinical Example One

In 1981, a 26-year-old female presented with
a number of periodontal and restorative con-
cerns. Postorthodontic blunting of the roots was
noted (Figure 1.11). Class I furcation involve-
ments were present on all maxillary and mandibu-
lar molars. Subgingival caries was present in
many areas. Osseointegrated implants were not
a viable treatment option at the time of patient
examination.

The combination of the patient’s young age,
short root structures, and active periodontal and
restorative pathologies mandated a comprehen-
sive, coordinated effort in order to afford her with
a predictable treatment outcome. The performance
of periodontal surgical therapies which would not
eliminate deeper pockets and furcation involve-
ments, and render all caries and defective restora-

tive margins supragingival for the restorative den-
tist’s intervention, would be ill advised. When
treating such a patient, the clinician has “one shot”
at restoring the patient to health. The patient’s lim-
ited attachment apparatus could not afford to with-
stand multiple surgical insults, nor be subject to
continued periodontal breakdown following active
care.

The patient was treated with an osseous re-
sective approach. All furcation involvements were
eliminated through odontoplasty. Tissues were po-
sitioned in such a manner as to allow placement of
restorative margins supragingivally or intracrevic-
ularly. A full series of radiographs taken 25 years
after active therapy had been completed demon-
strate the maintenance of periodontal support
around the teeth, and the high degree of pre-
dictability afforded this patient through appropri-
ate, coordinated care (Figure 1.12).

Figure 1.11 A patient presents with numerous oral health concerns including significant caries, blunted roots, and early-to-
moderate periodontal destruction. Class | furcation involvements are noted on all molars.
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Figure 1.12 Twenty-five years after completion of active periodontal and restorative therapies, the patient demonstrates

excellent periodontal and restorative stability.

While the therapy employed proved highly
predictable, the question facing today’s clinician is
whether or not to perform such therapy on severely
compromised teeth, or to remove selective teeth
and utilize an implant reconstructive approach.
This question is paramount when considering root
resection therapy.

Root resective therapy is a highly predictable
therapeutic modality in specific situations.

While various authors have reported a wide
range of success and failure, this was often due
to utilization of root resective therapies in less
than ideal scenarios. It is imperative that the
forces being placed upon a root-resected tooth
be managed appropriately if a reasonable degree
of predictability is to be attained. When this is
accomplished, long-term treatment results rival
those of osseointegrating implants. Seven hundred
one root-resected molars were followed for a
period of up to 15-plus years in function. The
cumulative success rates of the root-resected teeth
in function were 96.8% (144).

However, while such a treatment approach
may yield a high degree of predictability, the tech-
nical acumen and financial commitment required
for such care often prove daunting and unrealistic.

Clinical Example Two

A 41-year-old female presented with severe peri-
odontal disease, characterized by moderate bone

and attachment loss, Class II and III furcation
involvements on all molars, and significant mo-
bility patterns. The patient was temporized, under-
went comprehensive periodontal therapy, includ-
ing root resections and retention of a palatal root
in the maxillary right second molar position; the
mesiobuccal and distal buccal roots of the max-
illary left first molar; and the distal root of the
mandibular right first molar (Figure 1.13). The
maxillary right cuspid was missing.

A maxillary full fixed reconstruction and a
mandibular posterior reconstruction were carried
out (Figures 1.14 a-f). The patient remained on a
regular maintenance schedule. Radiographs taken
15 years after therapy had been performed, demon-
strated stability of both the prosthesis and the sup-
porting periodontium around the remaining teeth
and or portions of teeth, despite the lack of a max-
illary right cuspid (Figure 1.15).

After 15 years in function, the patient un-
derwent significant life changes. The patient was
not seen for one year, and had begun to clench
and grind heavily. The net result was that the
abutments in the maxillary right quadrant frac-
tured. These abutments were most prone to para-
functional overload, as no cuspid was present. The
loss of the established force equilibrium resulted in
root fracture, tooth loss, and loss of the maxillary
prosthesis.

While it is impossible to predict the future
with regard to trauma and/or increased para-
function, the utilization of implants affords the
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Figure 1.13 A patient who presented with severe periodontal disease has been temporized and treated with resective
periodontal therapy, including root resections. The palatal root of the maxillary right second molar; the mesiobuccal and
distal buccal roots of the maxillary left first molar; and a distal root of the mandibular right first molar have been maintained.

opportunity to build a greater margin of safety into
reconstructive therapy.

FINANCIAL ALGORITHMS

Assessment of various treatment options in a given
clinical scenario must also take into account the
financial commitment entailed with each thera-
peutic approach. A recent survey polled over 100
periodontists and their referring dentists in 20
metropolitan areas regarding the costs for various
therapies (145). The costs for periodontal surgical
therapies, endodontic therapy on single- and mul-
tirooted teeth, posts and crowns on natural teeth,
tooth extraction, implant placement, and implant

abutments and crowns were assessed relative to a
given value X (Table 1.1). Such information must
be available to the clinician when formulating and
presenting various treatment options to the patient.

SPECIFIC CLINICAL SCENARIOS

Scenario One: The Single-Rooted

Decayed Tooth

When faced with a tooth which is decayed subgin-
givally at or near the osseous crest, the following
treatment options present themselves:

(a) Crown-lengthening osseous surgery fol-
lowed by endodontic therapy and post and
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Figure 1.14 (a—f) Buccal and clinical views of the completed reconstruction after 10 years in function. Note the lack of a
cuspid in the maxillary right quadrant. The patient’s home care and soft tissue health are excellent.
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Figure 1.15 A full series of radiographs taken 10 years
after completion of therapy demonstrate the stability of the
periodontium and the prostheses which are in place.

core buildup if necessary, and the appropri-
ate restoration: The predictability of crown-
lengthening osseous surgery is well es-
tablished. When performed appropriately,
crown-lengthening surgery results in both
adequate clinical crown for restoration of the

tooth in a maintainable manner, and the de- Figure 1.16 (A) Junctional epithelial adhesion; (B) connec-
velopment of a predictable attachment ap- tive tissue attachment; (C) periodontal ligament; (D) tooth
paratus consisting of approximately 1 mm root; (E) enanel; (F) gingival sulcus; (G) gingival connective

of connective tissue attachment, 1 mm of tissue; (H) outer epithelium; (1) alveolar bone.
Table 1.1 Relative fees for various therapies. junctional adhesion, and a 1- to 1.5-mm-
deep sulcus (Figure 1.16). It is imperative
Therapy Fee that such therapy be performed in a man-
ner which ensures both the maintenance of
Endodontic—single root 0.9X the attained hard and soft tissue morpholo-
Endodontic—multiple root 1.3X gies, and the ability of the patient to perform
Core buildup—natural tooth 0.6X appropriate plaque control measures around
Crown—natural tooth 1.4X the final restoration. Advocates of “minimal
Pontic 1.4X approach surgery,” consisting of use of a
Crown-lengthening periodontal surgery 1.1X laser or rotary instrumentation to “attain bi-
Regenerative periodontal surgery 1.9X ologic width” only at the site of subgingival
Orthodontic supereruption 2.8X caries without ensuring a confluence with
Extraction 0.3X the adjacent hard and soft tissues, fail to
Implant 21X understand the three-dimensional nature of
Implant abutment (stock) and crown 2.9X tissue biodynamics and healing. Utilization
Implant abutment (custom) and crown 2.7X of these limited access therapies results in
Regenerative therapy at tooth extraction 0.7-1.4X eventual reformation of the presurgical soft
Sinus augmentation 2.5X tissue form and the presence of deep sub-

gingival restorative margins. These problems



are avoided through the employment of tech-

niques which are well documented in the lit-

erature (146-149).

The precise position and extent of the
carious lesion and/or tooth fracture to be un-
covered through crown-lengthening osseous
surgery must be assessed prior to initiation
of surgery. The advisability of performing
such treatment is directly dependent upon
whether the lesion to be uncovered is buc-
cally, lingually, or interproximally placed,
and its proximity to adjacent roots and/or
furcation entrances.

Prior to performing crown-lengthening
osseous surgery, a number of factors must
be considered including:

1. The effect of therapy on teeth adjacent
to the tooth to be crown lengthened: De-
pending upon the tooth preparation tech-
nique to be employed, 3-4 mm of tooth
must be exposed between the alveolar
crest and the planned position of the final
restorative margin. In situations where a
patient presents with a short root form,
or caries on the root surface which would
require removal of extensive amounts
of osseous support, the tooth may be
unduly compromised following crown-
lengthening osseous surgery. If such a
procedure will result in periodontal insta-
bility, or the development of secondary
occlusal trauma, crown-lengthening
surgery should not be employed.

2. The effect of crown-lengthening osseous
surgery on the entrance to a furcation
of a multirooted tooth to be crown
lengthened: If attainment of an adequate
amount of exposed tooth structure for
restorative intervention and development
of a healthy attachment apparatus results
in the development of an untreatable
furcation involvement, such a therapeutic
approach is ill advised. Should a Class
[ furcation involvement result following
crown-lengthening osseous surgery, it is
easily eliminated through odontoplasty,
as will be discussed in Chapter 9. How-
ever, development of a furcation of any
degree greater than Class I should be
avoided at all costs.

3. The effect of crown-lengthening osseous
surgery on the furcation entrances of
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adjacent teeth: As previously mentioned,
if the necessary osseous resection will
result in a significant furcation involve-
ment on an adjacent tooth, it should be
avoided. In addition, care must be taken
to assess the extent of osseous support
which will be removed from adjacent
single- and multi-rooted teeth during
the performance of crown-lengthening
osseous surgery. It is illogical to signifi-
cantly compromise the periodontal health
of adjacent teeth so as to afford adequate
clinical crown length for appropriate
restoration of a severely decayed tooth.

4. The effect of crown-lengthening surgery
on the patient’s esthetics: While palatal
caries on a maxillary anterior tooth may
be safely exposed for restoration, the
same procedure performed interprox-
imally or buccally often results in an
unacceptable esthetic treatment outcome.
In such situations, other treatment
options should be explored.

If a decayed single root tooth is to be
crown lengthened and restored, the need
for endodontic therapy, as well as the
ease and predictability of such therapy,
must be carefully considered prior to ini-
tiation of care. Should the clinician have
any questions regarding these points, ap-
propriate consultations should be sought.

It is also imperative that the ability
to predictably restore a specific decayed
tooth is assessed prior to the initiation
of care. Both the extent and position of
the carious lesion will be paramount in
determining the feasibility of maintaining
the tooth in question.

Clinical Example Three

A 51-year-old male presented with a buccal frac-
ture on a mandibular left first molar (Figure 1.17).
Radiographic examination demonstrated the short
root trunk of the fractured tooth (Figure 1.18).
Crown-lengthening osseous surgery would have
led to significant invasion of the buccal furcation
of the first molar, due to both its short root trunk
and the position of the buccal fracture in relation
to the furcation entrance. As a result, this tooth
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Figure 1.17 A patient presents with a subgingival buccal
fracture of a mandibular first molar.

must be removed and replaced with an implant
at the time of tooth extraction, with concomitant
regenerative therapy; this technique will be dis-
cussed in Chapter 9. Carious lesions which ap-
pear similar clinically often present with widely
disparate prognoses when a radiographic exami-
nation is carried out.

Clinical Example Four

A 3l-year-old female presents with subgingival
caries on the distal and palatal aspects of her maxil-

Figure 1.18 A radiograph demonstrates the short root
trunk of the fractured mandibular first molar. Crown-
lengthening osseous surgery would lead to invasion of the
entrance to the buccal furcation and a compromised long-
term prognosis for the tooth.

Figure 1.19 A patient presents with subgingival caries on
the distal and palatal aspects of a maxillary right second bi-
cuspid. Crown-lengthening osseous surgery would require
removal of approximately 4 mm of bone at the area of the
entrance to the mesial furcation of the first molar, and would
unduly compromise the first molar.

lary right secondary bicuspid (Figure 1.19). Appro-
priate crown-lengthening surgery would require re-
moval of approximately 4 mm of bone at the area of
the entrance to the mesial furcation of the first mo-
lar. Such therapy would compromise the prognosis
of the first molar. Removal of 4 mm of bone from
the distal aspect of the second bicuspid would also
significantly alter its crown to root ratio and ad-
versely affect the long-term prognosis of the tooth.

Due to these considerations, the maxillary
second bicuspid was extracted and an implant was
placed at the time of tooth removal. Following os-
seointegration, the implant is ready for restoration
with a stock abutment and crown (Figure 1.20).

Figure 1.21 demonstrates a mandibular left
first molar with caries on its distal aspect. The po-
sition of the caries with relation to both the in-
terproximal osseous crest and the entrances to the
furcations of the first molar renders it an excellent
candidate for crown-lengthening osseous surgery
and subsequent restoration.

In contrast, Figure 1.22 is a radiograph of
another mandibular first molar which presents
with distal subgingival caries. Both the more apical
extent of the carious lesion interproximally and
the fact that the mesial apical aspect of the lesion
is approaching the entrance of the buccal furcation
of the mandibular first molar render the tooth’s



Figure 1.20 The decayed second bicuspid has been ex-
tracted and replaced with an implant at the time of tooth
removal. Following completion of osseointegration, this im-
plant is ready for restoration with a stock abutment and
crown.

Figure 1.21 A patient presents with subgingival caries on
the distal aspect of a mandibular first molar. The position
and extent of this caries renders the tooth an excellent
candidate for crown-lengthening osseous surgery and sub-
sequent restoration.
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Figure 1.22 A patient presents with subgingival caries on
the distal aspect of a lower first molar. The apical and buc-
cal extents of the caries render this tooth a poor candidate
for crown-lengthening osseous surgery. Such a procedure
would unduly compromise the second molar and would in-
vade the buccal furcation of the first molar.

prognosis poor. Attempts at crown-lengthening
osseous surgery will unduly compromise the
second molar and involve the entrance to the
buccal furcation of the first molar. This tooth
must be removed and replaced with an implant,
abutment and crown.

The esthetic ramifications of crown-
lengthening osseous surgery must be considered
as well. Figure 1.23 demonstrates a fractured

Figure 1.23 Attempts to crown lengthen the fractured lat-
eral incisor would result in an esthetically unacceptable
treatment result. If this tooth is to be maintained, orthodon-
tic supereruption must first be carried out.



22 Tooth Retention and Implant Placement

maxillary left lateral incisor. Appropriate crown-
lengthening osseous surgery around this tooth
would result in a highly unesthetic situation for
the patient. If this tooth is to be maintained,
orthodontic supereruption must be considered
prior to crown-lengthening osseous surgery.

(b) Orthodontic supereruption with or without
crown-lengthening osseous surgery: Super
eruption of a decayed tooth affords the op-
portunity to minimize the removal of osseous
support from adjacent teeth during crown-
lengthening osseous surgery. In addition, the
esthetic compromise of such surgery is sig-
nificantly diminished. Finally, the need for
crown-lengthening surgery may be obviated
through severance of the periodontal ligament
fibers at three-week intervals during the su-
pereruption process. Such fiber separation of-
ten prevents the attachment apparatus from
supererupting along with the orthodontically
treated root, resulting in “nonsurgical crown
lengthening.”

When orthodontic supereruption is con-
templated, it is imperative that a number of
factors be considered including:

1. The effects of orthodontic supereruption
and subsequent crown lengthening on the
treated tooth: Appropriate assessment of
the expected root length following active
therapy is crucial prior to the initiation of
orthodontic supereruption. The patient is
ill served by a supererupted, crown length-
ened, and restored tooth which is unstable
due to a poor crown to root ratio.

2. The time involved in orthodontic supere-
ruption: When assessing the advantages
and disadvantages of various treatment
approaches, the number of patient visits
and the overall length of therapy must be
openly discussed.

3. The cost of orthodontic supereruption: As
noted in Table 1.1, the use of orthodontic
supereruption prior to crown-lengthening
surgery and tooth restoration, with or with-
out endodontic intervention, significantly
impacts the cost/benefit ratio to the pa-
tient.

(c) Tooth extraction, implant placement, and
restoration: While this treatment approach
eliminates the need for endodontic therapy
and crown-lengthening osseous surgery, and

theoretically addresses concerns regarding the
effects of osseous resection on adjacent teeth,
its utilization assumes a number of con-
ditions. The tooth must be extracted in a
minimally traumatic manner with as little
bone removal as possible. In addition, it is
highly advantageous to utilize extraction tech-
niques which will result in the least post-
operative bone resorption and remodeling.
If high-speed rotary instrumentation is nec-
essary to effect tooth extraction, the resorp-
tive phase of bone remodeling will be sig-
nificantly increased. In such a scenario, the
clinician may contemplate a two-stage proce-
dure, performing regenerative therapy at the
time of tooth removal, and placing the im-
plant at an additional visit. Such rotary in-
strumentation is ideally avoided at all times.
If necessary, piezosurgery is employed to
help effect minimally traumatic root removal.
Single-rooted teeth are always removed with
a flapless technique, as will be discussed in
Chapters 10 and 11. A decision is made af-
ter tooth removal as to whether or not buc-
cal and/or palatal/lingual flap reflection are
necessary.

Prior to contemplating implant place-
ment at the time of tooth removal, the pa-
tient’s biotype and the esthetic risks involved
must be diagnosed and considered, as will
be discussed in detail in Chapters 10 and 11.
The clinician must be familiar with various
osteotomy preparation and implant insertion
techniques that ensure ideal implant position-
ing at the time of removal of single-rooted
teeth. Finally, the need or lack of need for con-
comitant regenerative therapy, must be con-
sidered, with regard to complexity, duration,
and cost of care.

In the case of multirooted teeth, it is im-
perative that the clinician assesses the feasi-
bility of placing an implant in an ideal restora-
tive position at the time of tooth removal,
the need for concomitant regenerative ther-
apy, or the necessity of performing regenera-
tive therapy and placing the implant at a sec-
ond surgical visit. These considerations sig-
nificantly impact the time and cost of therapy
and the decision-making process regarding se-
lection of the appropriate treatment modality.
Chapters 8 and 9 will discuss these topics in
depth.



Table 1.2 Treatment options for a decayed single-rooted tooth.
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Treatment option Advantages

Disadvantages

Crown-lengthening osseous surgery 1. Tooth retention
with endodontic therapy, if

1. Decreased periodontal support for
the treated tooth

necessary, followed by restoration 2. Lesser cost of therapy 2. Possible decreased periodontal

Orthodontic supereruption with 1. Tooth retention
crown-lengthening osseous surgery
followed by restoration

Tooth removal, implant placement,
and restoration

N = W

—_

Tooth extraction, implant placement,

. Lessen effects on adjacent teeth

. Ameliorate esthetic concerns

. A high degree of predictability

. No adverse effects on adjacent teeth

support for adjacent teeth
3. Possible esthetic compromise

—_

. Reduced periodontal support
around treated tooth

. Protracted course of care

. Greatest cost of therapy

. Tooth loss
. Slightly greater potential cost of
therapy than option 1

N = Wi

. A high degree of predictability 1. Tooth loss

concomitant regenerative therapy, 2. No adverse effect on adjacent teeth 2. Greater cost of therapy than option 1

and subsequent restoration

3. Slightly protracted course of therapy

The advantages and disadvantages of each
treatment approach are detailed in Table 1.2.

In addition to the clinical advantages and dis-
advantages of the above treatment approaches, a
cost-benefit analysis must be carried out to help
ensure appropriate patient care (Table 1.3). Inter-
estingly, with the exception of the introduction of
supereruption or significant regenerative therapy
at the time of tooth removal, the differences in

therapeutic costs are not enough to warrant se-
lection of one treatment modality over the other.
Rather, the site-specific considerations previously
discussed are the overriding factors in the decision-
making process in these situations.

Assessment of the aforementioned clinical,
temporal, and financial variables affords the ability
to construct a logical decision tree for therapy when
faced with a single decayed tooth (Flow chart 1.1).

Table 1.3 Cost analysis of treatment options for a decayed single-rooted tooth.

Costas a
Treatment option factor of “X”
Crown-lengthening osseous surgery followed by restoration 2.5X
Crown-lengthening osseous surgery followed by endodontic therapy and restoration, 4.0X
single-rooted tooth
Crown-lengthening osseous surgery followed by endodontic therapy and restoration, 4.4X
multirooted tooth
Orthodontic supereruption followed by crown-lengthening osseous surgery and restoration 5.3X
Orthodontic supereruption followed by crown-lengthening osseous surgery, endodontic 6.8X
therapy, and post and core buildup, single-rooted tooth
Tooth extraction, implant placement, and restoration with a stock abutment 4.6X
Tooth extraction, implant placement, and restoration with a custom abutment 5.1X
Tooth extraction, implant placement, regenerative therapy, and restoration with a stock abutment 5.7X-6.0X
Tooth extraction, implant placement, regenerative therapy, and restoration with a custom abutment 6.2X-6.9X
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If a tooth may be easily crown lengthened without
unduly compromising either adjacent teeth, its own
periodontal support, or the patient’s esthetic pro-
file, and no endodontic therapy is required; it is log-
ical to perform crown-lengthening osseous surgery
and restore the tooth appropriately.

However, if either the support of the tooth
to be crown lengthened or the adjacent teeth will
be unduly compromised, or the esthetic treat-
ment outcome will be unsatisfactory, the tooth
should be removed and replaced with an implant.
Concomitant regenerative therapy is performed if
necessary.

If a tooth may be safely crown lengthened
without affecting its support or that of the adjacent
teeth, and patient esthetics will not be unduly com-
promised, but endodontic therapy will be required,
it is still more logical to remove the tooth and place
a single implant, assuming significant regenerative
therapy will not be necessary. In such a scenario,
the patient is provided with a higher degree of
long-term predictability without a significant in-
crease in the overall cost of care.

Finally, if a tooth may be safely crown
lengthened without affecting its support or that
of adjacent teeth, the esthetic treatment outcome
will be satisfactory, and tooth extraction and im-
plant placement will require significant regenera-
tive therapy, the patient may be logically treated
by either of the aforementioned means. In such a
situation, a clinician’s understanding of therapeu-
tic potentials and treatment philosophy will often
be the determining factor in treatment selection.
Nevertheless, it is logical, if all three therapies will
be required around a natural tooth (i.e., crown-
lengthening surgery, endodontic therapy, and sub-
sequent restoration), to remove the tooth and re-
place it with an implant, due to both long-term
predictability and cost considerations.

The use of orthodontic supereruption fol-
lowed by crown-lengthening osseous surgery and
restoration, with or without endodontic therapy, is
rarely indicated. The significantly protracted course
and increased cost of therapy make it hard to justify
such a treatment approach. However, orthodontic
supereruption is often indicated in cases where it
is impossible to attain an acceptable esthetic treat-
ment outcome through crown-lengthening osseous
surgery and restoration, or tooth extraction, im-
plant placement, and restoration without orthodon-
tic intervention to “supererupt” the interproximal
and/or buccal hard and soft tissues.

Scenario Two: A Single Missing Tooth
Nowhere has the paradigm shift brought about by
the advent of predictable regenerative and implant
therapies been felt as strongly as in the replace-
ment of a single missing tooth with natural teeth
on either side. Available treatment options are as
follows:

(a) A three-unit fixed prosthesis: The advan-
tages cited for such a treatment approach
have traditionally included the alacrity of
care and the ability to avoid surgical therapy.
However, the introduction of newer implant
surfaces has rendered the temporal differ-
ences meaningless. Implants placed in sites
where regenerative therapy is not required
can predictably be restored 2-4 weeks after
insertion. In situations where a single tooth
is replaced, the implant is often temporized
at the time of placement. The time between
implant placement, impressioning, and abut-
ment and crown insertion is the same as the
time between natural tooth preparation, im-
pression taking, and fixed prosthesis inser-
tion. The number of visits and overall time
required for restoration of a single implant
are less than those required for placement of
a conventional three-unit fixed splint on nat-
ural teeth, as no framework try-in is required
for single implant restoration.

Proponents of three-unit fixed bridges
to replace a single tooth will often cite the
conditions of the adjacent teeth as a deter-
mining factor in treatment selection. While
at first glance it may appear that, if the single
tooth edentulous site is bordered by restored
teeth on one or both sides, it would be logi-
cal to place a three-unit fixed bridge, as “vir-
gin” teeth are not being compromised. This
philosophy would appear especially cogent
if one or both of the adjacent teeth required
restorations.

However, a close examination of the
situation demonstrates that such thinking is
inherently flawed. Teeth which have been
restored, or which require restoration, ex-
hibit a higher degree of probability to need
endodontic intervention. Removal of older,
large restorations and underlying tooth struc-
ture often mandates endodontic intervention
and core buildup prior to restoration. In ad-
dition, teeth with significant carious lesions



often require endodontic therapy. The argu-
ment could be made that such teeth should
be treated prophylactically with endodontics
if they are to serve as abutments for fixed
prostheses, so as to avoid future problems.
Numerous studies have demonstrated
the inadvisability of assuming that a three-
unit fixed prosthesis will predictably remain
intact for 20 years or more. Should one of
the abutments of a fixed prosthesis become
problematic, the entire prosthesis must be re-
placed. However, should a single implant or
the crown it supports develop problems, this
site may be addressed individually. From the
point of view of predictability, it is more log-
ical to place a three-unit fixed splint utilizing
“virgin” teeth as abutments, than to depend
upon the teeth which have been previously
restored or exhibit active carious lesions.

Clinical Example Five

A 37-year-old male presented with a severely de-
cayed mandibular left second bicuspid (Figure
1.24). The prognosis for this tooth was very poor.

Reasonable treatment options included tooth
extraction with simultaneous implant placement
and eventual restoration, or tooth extraction with
fabrication of a three-unit fixed splint including the
first molar and first bicuspid.

Figure 1.24 The mandibular second bicuspid is hopeless.
It is best replaced with an implant abutment and crown.
Placement of a three-unit fixed prosthesis would mandate
endodontic therapy on the first molar.
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The conventional argument would be that
placement of a three-unit fixed bridge is indicated
in this area, as the first molar presented with a sig-
nificant amalgam restoration. However, because of
this fact it is actually more logical to utilize a single
implant, abutment and crown to replace the hope-
less second bicuspid. Incorporation of the first mo-
lar into a three-unit fixed splint would undoubtedly
result in the need for endodontic therapy on this
tooth, thus increasing both the complexity and cost
of care. In addition, the patient would be left with
an area which would be more problematic with
regard to appropriate plaque control measures.

Clinical Example Six

A 61-year-old male presented with recurrent decay
around a crown on a maxillary right second bi-
cuspid, the terminal abutment for a two-unit can-
tilevered fixed prosthesis (Figure 1.25). Significant
osseous loss was noted around this bicuspid abut-
ment which presented with a Class II mobility. In
addition, the maxillary right first molar required
crown-lengthening surgery and a new restoration.

Adequate bone remained around the maxil-
lary right second bicuspid to maintain it following

Figure 1.25 A patient presents with recurrent caries on
the maxillary first molar and second bicuspid, and mod-
erate periodontal destruction around the second bicuspid.
The first bicuspid could be replaced with a fixed prosthe-
sis. However, such therapy would almost certainly involve
endodontic treatment of one or both abutments. Follow-
ing periodontal therapy to rebuild damaged alveolar bone
around the second bicuspid, an implant was placed in the
first bicuspid position, and the implant, second bicuspid and
first molar were restored with single crowns.
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amelioration of excessive traumatic forces and per-
formance of a conservative periodontal regenera-
tive procedure. The question now became whether
to replace the missing maxillary first bicuspid with
an implant, abutment and crown, or through the
use of a three- or four-unit fixed prosthesis includ-
ing the second bicuspid and cuspid, and possibly
the first molar.

If a three- or four-unit fixed prosthesis was
utilized, the intact cuspid would be significantly
involved. As a result, it was more logical to per-
form the aforementioned periodontal surgical ther-
apy around the first molar and second bicuspid,
place an implant in the position of the first bicus-
pid, and restore the implant, the second bicuspid
and first molar with individual crowns. The end
result will be greater ease of plaque control efforts
and a highly predictable long-term prognosis.

From an ethical point of view, it is difficult to
justify preparation of two adjacent “virgin” teeth
to place a three-unit fixed splint when utilization
of a single, implant abutment and crown will leave
these teeth intact and uncompromised.

Patient hygiene capabilities are also enhanced
when a single, implant abutment and crown are
placed, as compared to a three-unit fixed splint.
This fact once again offers a higher degree of long-
term predictability to a single implant and crown
as compared to a three-unit fixed bridge.

These rationales do not mean that implant
placement is the ideal treatment of choice in all
areas where a single tooth is missing and natural
teeth are present on either side of the edentulous

space. Specific site considerations must be assessed
prior to committing to an implant therapeutic ap-
proach. The questions which must be asked in-
clude the following:

 Are the root angulations of the adjacent teeth
appropriate for implant placement between
them?

e Is adequate space available mesiodistally for
retention of the bone and covering soft tis-
sues between the implant and the adjacent
teeth?

e Does the position of the inferior alveolar canal
or the mental foramen preclude implant place-
ment in the desired position?

e Will concomitant horizontal augmentation
therapy be required to place the implant in
the appropriate buccolingual position, and to
ensure it is housed in bone of sufficient di-
mension to withstand functional forces over
time?

e Can augmentation therapy be performed at the
time of implant placement, or must the patient
undergo two surgical sessions?

o Is sinus augmentation therapy necessary to ef-
fect appropriate implant placement?

e Can sinus augmentation therapy be performed
at the time of implant placement, or must the
patient undergo two surgical sessions?

The advantages and disadvantages of each
treatment approach are outlined in Table 1.4.

Finally, financial assessment of each treat-
ment option must be carried out to ensure the

Table 1.4 Treatment options for a single missing tooth in a tooth-bounded space.

Treatment option Advantages

Disadvantages

Three-unit fixed bridge 1. Avoid surgical therapy
2. Avoid vital structures

—_

. Involvement of adjacent teeth
2. Potential for endodontic therapy

3. Eliminate the need for regenerative therapy 3. Greater cost of treatment if endodontic

therapy is required

4. Slightly lesser cost of therapy than implant 4. More difficult to perform adequate

placement and restoration, if no
endodontic therapy is required on
abutment teeth

Implant placement 1. No involvement of adjacent teeth
and restoration with a 2. Greater ease of home care
stock abutment and 3. Greater long-term predictability

crown

N

home care

. Need to avoid vital structures
. Potential need for regenerative therapy
. Possibility of second surgical visit
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Table 1.5 Cost analysis of treatment options for a single missing tooth in a tooth-bounded space.

Treatment option

Cost as a factor of “X”

Three-unit fixed bridge

Three-unit fixed bridge with endodontic therapy and buildup on one abutment
Three-unit fixed bridge with endodontic therapy and buildups on two abutments

Implant placement with a stock abutment and crown
Implant placement, regeneration, stock abutment and crown

4.1X
5.6X-6.0X
7.1X-7.5X
4.3X
5.0X-6.4X

patient is attaining the greatest monetary benefit
from the care to be delivered (Table 1.5).

Once these factors have been taken into con-
sideration, a simple, logical decision tree may be
formulated (Flow chart 1.2).

Scenario Three: Multiple Missing

Adjacent Posterior Teeth
A long span fixed prosthesis, defined as a pros-
thesis with more than one adjacent pontic, is
rarely indicated due to the advent of predictable
regenerative and implant therapies. Utilization of
such a long span prosthesis represents a signif-
icant compromise in patient hygiene capabilities
and long-term predictability of therapy. The in-
creased stresses placed upon the abutment teeth
in these scenarios result in an unacceptably high
incidence of abutment and hence prosthesis fail-
ure. In addition, flexure of the prosthesis over time
often leads to cement washout and recurrent caries
beneath the crowns on the abutment teeth. As a
result, the biomechanical prognosis is very poor.

The only indications for such a prosthesis are
in situations where the positions of vital structures,
combined with severe ridge atrophy, render appro-
priate implant placement impossible, even follow-
ing extensive regenerative therapy. It must be cau-
tioned that the clinician should not accept such a
diagnosis too quickly. Simple, predictable regen-
erative techniques are available to sufficiently aug-
ment all but the most atrophic ridge. This fact, com-
bined with the utilization of shorter implants with
specific designs, makes it rare to encounter a site
which may not be rendered suitable for implant re-
constructive therapy, as will be seen in Chapters 2
and 7.

The only other rationale for placing a long-
span fixed prosthesis instead of an implant-
supported prosthesis is a patient who is medically

unable to undergo any type of oral surgical proce-
dure. Once again, such situations are rare.

Scenario Four: A Missing Maxillary
First Molar, When the Second Molar

Is Present

The reduced success rates of smooth surface
threaded implants in the maxillary posterior re-
gion initially led clinicians to avoid such therapy,
and place conventional fixed prostheses to replace
missing maxillary first molars. However, rough
surface implants of various topographies and for-
mulations have demonstrated short- and long-term
success rates equal to those of osseointegrated im-
plants in other areas of the mouth. As a result,
the maxillary posterior region must no longer be
viewed as an undesirable site for implant recon-
structive therapy. The decision as to whether to
place a single implant abutment and crown or a
three-unit fixed splint should be grounded in pre-
viously discussed considerations, including length
and cost of therapy and long-term predictability of
care.

As previously detailed, the belief that a three-
unit fixed bridge is indicated over an implant abut-
ment and crown when one or both of the adja-
cent teeth are either restored or require restora-
tion, is a fallacy. The opposite is true. When the
planned abutment teeth require removal of large
older restorations, or treatment of significant caries
lesions, the incidence of endodontic therapy in-
creases dramatically, as do the complexity and
cost of care. Significant involvement of the planned
abutment teeth is actually an indication for place-
ment of a single implant, abutment and crown
rather than a three-unit fixed prosthesis.

In addition to the already discussed compro-
mise of greater difficulty in performing adequate
home care measures around a three-unit fixed
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bridge as compared to a restored implant, the suit-
ability of a maxillary second molar to serve as a
terminal abutment for a fixed prosthesis must be
considered. The root morphology of the maxillary
second molar is often conical and/or fused. In ad-
dition, care must be taken to ensure that a dis-
tal wedge periodontal surgical procedure is per-
formed, if necessary, to eliminate redundant soft
tissues on the distal aspect of the maxillary second
molar. Failure to do so will result in a short prepa-
ration wall and a compromise in crown retention,
and a milieu which will pose a further difficulty
in plaque control efforts. When faced with such a
short preparation wall, the clinician must choose
between two unacceptable treatment options. Ei-
ther the preparation extends further subgingivally,
often encountering undercuts in the anatomy of the
tooth, or the restoration ignores these undercuts as
it extends subgingivally, resulting in a restorative
overhang in the furcation area. If the preparation
does not extend in this manner, the final restora-
tion will have a short axial wall, resulting in cement
washout and prosthetic failure.

The question of which therapeutic approach
to adopt usually hinges upon the need or lack
of need for concomitant or prior regenerative
therapy, and the extent of the regenerative therapy
which will be required. In order to fully address this
topic, an in-depth discussion must be carried out
regarding various treatment approaches for aug-
mentation of the posterior maxilla, the indications
for each treatment approach, and the minimum im-
plant lengths suitable in maxillary posterior recon-
structive scenarios. This discussion is the focus of
Chapter 6.

In summary, the treatment options avail-
able for replacement of a missing maxillary first
molar when the second molar is present are as
follows:

(a) A three-unit fixed splint with endodontic
therapy if required.

(b) Placement of a single implant without con-
comitant regenerative therapy. The implant
is subsequently restored with a stock abut-
ment and crown.

(c) Placement of a single implant with os-
teotome therapy. The implant is subse-
quently restored with a stock abutment and
Crown.

(d) Placement of a single implant with concomi-
tant sinus augmentation therapy. The im-

plant is subsequently restored with a stock
abutment and crown.

(e) Placement of a single implant with concomi-
tant sinus augmentation and buccal ridge
augmentation. The implant is subsequently
restored with a stock abutment and crown.

(f) Osteotome therapy followed by implant
placement in a second stage surgery, and
subsequent restoration with a stock abut-
ment and crown.

(g) Sinus augmentation therapy, with concomi-
tant buccal augmentation therapy if neces-
sary, followed by implant placement at a
second stage surgery, and subsequent
restoration with a stock abutment and
CrOwn.

While the focus of the present discussion is not
when to select a given regenerative therapy, the
above outline allows comparisons to be made be-
tween three-unit fixed prostheses, implant place-
ment and restoration, and regenerative and implant
therapies followed by implant restoration (Tables
1.6 and 1.7).

A cost-benefit analysis of each treatment op-
tion is offered in Flow chart 1.3.

If no augmentation therapy is necessary, both
clinical and financial determinants point to the
most logical option as being that of implant place-
ment and restoration with a stock abutment and
crown. Even when an osteotome lift must be per-
formed at the time of implant placement, it is
inappropriate to look toward a three-unit fixed
bridge. The performance of a concomitant os-
teotome procedure is atraumatic and adds at most
3-5 minutes to the overall time of the surgical
visit.

Should simultaneous sinus augmentation
therapy (with or without concomitant buccal ridge
augmentation therapy) be required at the time of
implant placement, the clinician’s clinical philoso-
phy and facility with various procedures will most
likely dictate the chosen course of therapy. Per-
formed appropriately, a sinus augmentation pro-
cedure takes 15-20 minutes and is not problem-
atic for the patient either during the course of
treatment or postoperatively. If such augmenta-
tion can be accomplished at the time of implant
placement, the most ideal therapeutic approach is
still implant utilization as opposed to a three-unit
fixed bridge. However, if the treating clinician is
not fluent in sinus augmentation procedures, and



Table 1.6 Treatment options for a missing maxillary first molar.

Tooth Retention and Implant Placement 29

Treatment option

Advantages

Disadvantages

Three-unit fixed bridge

Implant placement without
regenerative therapy followed
by restoration with a stock
abutment and crown

Implant placement with
concomitant osteotome use
followed by restoration with a
stock abutment and crown

Implant placement with
concomitant sinus
augmentation therapy
followed by restoration with a
stock abutment and crown

Sinus augmentation therapy
followed by implant placement
at a second surgical visit
followed by restoration with a
stock abutment and crown

—_

. Avoid potential regenerative therapy
. Slightly lesser cost of therapy
. Significantly lesser cost of therapy if

regenerative therapy is required for
implant placement

. No involvement of adjacent teeth
. No need for endodontic therapy
. Greater ease of plaque control

efforts

. Greater long-term predictability

. No involvement of adjacent teeth
. No need for endodontic therapy
. Greater ease of plaque control

efforts

. Greater long-term predictability

. No involvement of adjacent teeth
. No need for endodontic therapy
. Greater ease of plaque control

efforts

. Greater long-term predictability

. No involvement of adjacent teeth
. No need for endodontic therapy
. Greater ease of plaque control

efforts

. Greater long-term predictability

. Possible need for endodontic intervention

. Greater difficulty in plaque control efforts

. Potential need for periodontal surgical
therapy on the second molar

. Second molar is often ill suited to serve as
a terminal abutment

. Slightly higher cost of therapy than a
three-unit fixed bridge without endodontic
therapy

. Slightly higher cost of therapy than a
three-unit fixed bridge without endodontic
therapy

. Greater cost of therapy than a three-unit
fixed bridge without endodontic therapy

. Greater cost of therapy than a three-unit

fixed bridge without endodontic therapy
. Need for a second surgical visit

Table 1.7 Cost analysis of treatment options for a missing maxillary first molar.

Costas a
Treatment option factor of “X”
Three-unit fixed bridge 41X
Three-unit fixed bridge with crown-lengthening surgery 5.2X
Three-unit fixed bridge with one endodontic therapy 5.0X-5.4X
Three-unit fixed bridge with two endodontic therapies 6.3X
Implant placement and restoration with a stock abutment and crown 4.3X
Implant placement with concomitant osteotome therapy and restoration with a stock abutment 4.3X
and crown
Implant placement with concomitant sinus augmentation therapy and restoration with a stock 6.8X
abutment and crown
Sinus augmentation therapy followed by implant placement at a second surgical visit and 6.8X

restoration with a stock abutment and crown
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views them as a major surgical event, a three-unit
fixed bridge will be chosen as the appropriate ther-
apy. Unfortunately, such an approach would leave
the patient with the aforementioned compromises,
and a lesser degree of long-term predictability
than sinus augmentation, implant placement, and
restoration.

Should endodontic therapy be required on
one or more of the abutment teeth, sinus augmen-
tation with simultaneous implant placement would
be the appropriate course of therapy, from both
clinical and financial points of view.

However, should sinus augmentation ther-
apy have to be performed in a surgical visit prior
to the time of implant placement, and should no
endodontic therapy be required on the abutment
teeth, a three-unit fixed splint is the therapeutic
modality of choice, assuming the second molar is
well suited to serve as a terminal abutment for
a three-unit fixed bridge. Such an approach will
eliminate the need for the patient to undergo two
surgical sessions, and a protracted course of ther-
apy. Before deciding upon this treatment approach,
it is important to truly assess the need or lack of
need for a separate sinus augmentation procedure,
and to have a thorough understanding of the capa-
bilities of implants of various lengths in replacing
single missing maxillary posterior teeth.

Eliminating less predictable therapies
through implant use

The predictability of regenerative and implant ther-
apies affords the opportunity to avoid higher stress,
less predictable treatment alternatives.

Long span fixed prostheses are rarely consid-
ered, and posterior cantilevers are never employed
in fixed prosthetic situations. Distal cantilevers in
posterior regions are only utilized when fabricating
hybrid prostheses in edentulous arches.

Clinical Example Seven

A 36-year-old male presented with an inability to
wear a maxillary removable partial prosthesis, and
esthetic concerns regarding missing teeth in the
maxillary bicuspid regions.

A full arch fixed splint was fabricated, em-
ploying two distal cantilevers in the maxillary right
quadrant and one distal cantilever in the maxillary

Figure 1.28 A temporary fixed prosthesis has been placed
on three of the remaining maxillary teeth. Note the metal
occlusal stops in the prosthesis, at the sites of the abutment
teeth.

left quadrant. These cantilevers were not in con-
tact with the opposing dentition and only served
an esthetic purpose.

The patient was stable for over 10 years (Fig-
ure 1.26). Subsequently, the patient moved out
of the area and another practitioner reconstructed
the mandibular arch, with a cantilevered posterior
fixed prostheses, which occluded with the max-
illary cantilevers already in place (Figure 1.27).
Within one year of this therapy being completed,
accelerated bone loss and root fractures were noted
around the maxillary abutments, undoubtedly due
to the greater forces being placed upon them.

As the patient refused to wear a removable
prosthesis at any time during therapy, treatment
proceeded as follows: A maxillary temporary fixed
splint was fabricated which was supported by three
of the remaining maxillary teeth (Figure 1.28).
Metal stops were evident on the temporary fixed
prosthesis at the sites of the abutment teeth.

All other maxillary teeth were extracted and
implants were placed. Subsequent to osseointegra-
tion of these implants, an impression was taken
and an implant-supported temporary fixed pros-
thesis was fabricated. The remaining natural teeth
were extracted, additional implants were placed,
and the temporary prosthesis was inserted. Follow-
ing completion of osseointegration, impressions
were taken and a full arch, implant-supported fixed
prosthesis was fabricated (Figure 1.29). No angled
abutments were necessary, and all screw holes ex-
ited the prosthesis in ideal positions. A buccal clini-
cal view of the prosthesis in place demonstrates the
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Figure 1.26 A patient has been reconstructed with a maxillary fixed prosthesis which includes two cantilevers in the maxillary
right quadrant and one cantilever in the maxillary left quadrant. These cantilevers are not in function.

Figure 1.27 After more than 10 years of stability, a subsequent practitioner placed a mandibular fixed prosthesis with can-
tilevers which occluded with the maxillary cantilevers. Within one year of its placement, the maxillary abutments demonstrated
accelerated periodontal destruction and root fractures.
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However, there are three common health con-
cerns clinicians face every day, which are often
misunderstood.

1. Diabetes: The presence of diabetes is not an

Figure 1.29 Following sequential implant placement and
temporization, the final maxillary fixed prosthesis has been
inserted. Note the ideal positions of the screw holes in the
prosthesis.

patient’s satisfaction with the esthetic outcomes of
therapy (Figure 1.30).

The influence of patient health on

treatment plan selection:
It is critical that the roles played by various sys-
temic diseases and/or patient factors in the heal-
ing and long-term predictability of different treat-
ment approaches be well understood. Should any
questions arise, the patient’s physicians must al-
ways be consulted.

Numerous comprehensive texts are available
which discuss this topic in depth. There is no need
to regurgitate the information here.

Figure 1.30 A buccal clinical view demonstrates the pa-
tient’s esthetic satisfaction.

absolute contraindication to therapy. The lit-
erature has demonstrated that success rates
of regenerative and implant therapies in well
controlled diabetics are essentially identical to
those reported upon in nondiabetic patients
(148). The problem arises in defining a con-
trolled diabetic. Ideally, a consultation with
the patient’s physician should yield the infor-
mation that the patient in question has had his
or her diabetes under control for a minimum
of one year. If this is not the case, it is prudent
to have the patient demonstrate this level of
control prior to the initiation of regenerative
and/or implant therapies.

. Intravenous bisphosphonates: Intravenous

bisphosphonates (BIS), which are used to
reduce bone pain and hypercalcemia of
malignancy, have been linked with sponta-
neous bisphosphonate-associated osteonecro-
sis (BON). The ramifications of such prob-
lems are often severe and must be viewed
as an absolute contraindication to periodon-
tal or implant surgical therapy, unless the
patient presents with an acute situation re-
quiring intervention. Patients with a history of
intravenous BIS therapy must be treated with
care, as the potential for development of se-
vere BON is significant. Current dental proto-
cols suggested by Marx for patients who will
receive or are receiving intravenous BIS ther-
apy include:

Before initiating intravenous BIS therapy:
Due to the recognized high level of co-
morbidity of dental diseases with BIS
therapy (84 % of the patients followed by
Marx and coworkers demonstrated peri-
odontal disease, and 28.6% of these pa-
tients demonstrated dental caries), it is
imperative that appropriate dental exam-
ination and diagnosis be carried out be-
fore the initiation of BIS therapy. Once a
thorough examination with radiographs
has been accomplished, necessary treat-
ment is aimed at eliminating periodon-
tal disease, active caries, and endodon-
tic lesions, thus helping ensure that
invasive dental procedures will not be



necessary in the near future. Dental im-
plants should not be placed in these pa-
tients. The fit of all existing prosthe-
ses must be checked, and the prosthe-
ses adjusted or replaced as necessary
to minimize trauma to underlying hard
and soft tissues. Where possible, remov-
able prostheses should be replaced with
fixed appliances. Finally, a thorough pro-
phylaxis should be performed before the
initiation of BIS therapy, and the pa-
tient should be placed on a comprehen-
sive four-month maintenance schedule to
ensure their continued periodontal and
restorative health.

During intravenous BIS therapy: Patients

should be seen by their periodontist and
restorative dentist so that the dental team
can evaluate the oral cavity for the pres-
ence or absence of the aforementioned
diseases and/or ill-fitting prostheses, and
ensure that no exposed bone is present.
A dental cleaning and fluoride treatment
should be carried out, and the patient
should be placed on a four-month main-
tenance schedule to ensure continued pe-
riodontal and restorative health. Teeth
should only be extracted as a last re-
sort. Nonrestorable teeth should be pre-
pared to the gingiva and have their pulps
extirpated, as such therapy is less risky
than tooth extraction. Teeth with mild to
moderate mobilities should be splinted
together rather than removed. Teeth with
extreme mobility should be extracted, as
osteonecrosis is probably already present
and merely hidden by the granulation
tissue at the apex of the highly mobile
tooth. Once extraction is carried out, ap-
propriate measures must be taken with
regard to debridement, tissue manage-
ment, and antibiotic coverage to help
minimize the risk of developing further
osteonecrosis. Implants should not be
placed in these patients. If BIS-induced
osteonecrosis does occur, it is important
to realize that such osteonecrosis may
not be successfully treated by the modal-
ities utilized for treatment of osteora-
dionecrosis, such as hyperbaric oxygen.
Rather, efforts must be made to control
infection and render palliative treatment
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to patients in the areas of the exposed
bone.

3. Oral BIS: Oral BIS, which are utilized in

the treatment of osteoporosis and osteope-
nia, are of relatively widespread use in post-
menopausal females. Twenty-two million pre-
scriptions for one of the oral BIS (Alen-
dronate) were written between May 2003 and
April 2004 alone.

The question is whether or not oral BIS
use predisposes a patient to the development
of BON. This issue came to light following
publications by Marx and coworkers (149)
and Migliorati and coworkers (150). Each of
these reports documented patients who had
been taking oral BIS and demonstrated BON.
It is important to realize that the patients in
both of these studies had been referred to
the institutions in question, thus making it
impossible to assess the size of the patient
pool taking oral BIS from which these patients
were drawn. As a result, no statements could
be made regarding the incidence of prob-
lems following tooth extraction in patients
taking oral BIS, based wholly upon these
studies.

Jeffcoat (151), in a single masked
controlled study, assessed the response of
patients taking oral BIS for 1-4 years with a
mean time of 3 years who received implant
therapy, compared to age-matched controls
taking no oral BIS. Three years postimplant
placement, no implants had been lost and no
BON had been reported in the 25 patients tak-
ing oral BIS. A recent study conducted in two
private practices (152) evaluated 61 patients
taking oral BIS for 1-5 years with a mean time
of 3.3 years, who had implants placed in in-
tact ridges or at the time of tooth extraction.
None of these patients demonstrated compli-
cations post therapy. All implants were func-
tioning successfully by the Albrektsson crite-
ria 12-24 months postinsertion.

Both of these studies seem to indicate
that, in appropriately treated patients, a his-
tory of oral BIS does not increase the inci-
dence of postoperative osteonecrosis or other
complications. However, no definitive control
studies have been published on this point.
Naturally, prior to initiating therapy, patients
must be informed of the likely risks and ben-
efits of care. It is important to be cognizant
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of this history and to treat such patients in an

appropriate manner.

Certain comorbidities may increase the
chances of BON. Poor plaque control, a smok-
ing habit, endodontic or carious pathologies,
and overlying removable prostheses have all
been implicated in the development of BON
in patients with a history of oral BIS use. A
recent article by Levin et al. (153) presented a
patient with a history of oral BIS use who was
wearing a maxillary removable partial pros-
thesis. This patient developed severe BON in
the area of impingement of the prosthesis on
the underlying hard and soft tissues.

In addition to eliminating the aforemen-
tioned pathological or habitual comorbidities,
patients benefit greatly from removing the
torqueing forces of distal extension removable
prosthesis from underlying hard and soft tis-
sues. This may be especially true in patients
with a history or oral BIS use.

All too often implant therapies are
viewed as an all or none scenario. A patient
is either a “full implant patient” or is “not an
implant patient.” Such an artificial dichotomy
does a disservice to our patients. Implants
may be very predictably utilized to improve
patient treatment plans without the substan-
tial temporal and financial commitments com-
mensurate with full mouth reconstructions.

Placement of individual implants in ar-
eas of a removable prosthesis’ distal exten-
sions affords a number of advantages:

o Prosthetic retention is improved.

o The need to clasp anterior teeth to pro-
vide retention is significantly decreased or
eliminated, thus improving the prognoses
of these teeth.

o The prosthesis rests upon the implants
rather than the hard and soft tissues, thus
lessening bone atrophy beneath the prosthe-
sis.

o The lever arm of the prosthesis is signifi-
cantly reduced both immediately and over
time. The immediate reduction in lever arm
forces is obvious. However, continued pros-
thesis use in a distal extension situation re-
sults in bone atrophy and further rotation
and levering of the removable prosthesis in
the absence of implants. Utilization of a sin-
gle implant in each distal extension area sig-
nificantly lessens this problem.

Figure 1.31 Implants have been placed in each distal ex-
tension area and restored with locator attachments.

A 51-year-old patient presented with a
distal extension removable partial prosthesis.
One implant was placed in each distal exten-
sion area. Locator attachments were utilized
to help support the removable partial prosthe-
sis, thus providing increased retention, and
ameliorating the destructive lever arms of the
distal extension prosthesis (Figures 1.31 and
1.32).

Early work suggests that the risk of de-
velopment of BON may be assessed through
a CTX blood test. Marx and coworkers (154)
have noted a correlation between CTX blood
test values and the development of postopera-
tive complications in patients taking oral BIS.

Figure 1.32 A view of the “female” components in the re-
movable partial prosthesis.



They have proposed that a patient with a CTX

value higher than 150 is at a minimal risk; a

patient with a value between 100 and 150 is

at moderate risk; and a patient with a CTX
blood test value less than 100 is at a high risk
for developing postoperative complications.

However, the validity of this proposal has not

yet been established through large-scale stud-

ies. While the need for further research and
data regarding incidence of complications and
suggested treatment protocols for intravenous
and oral BIS patient is obvious, the available
literature would point to the need for absolute
care when treating patients with a history of
intravenous BIS use, and comprehensive but

undeterred care when treating patients with a

history of oral BIS use.

4. Smoking: Smoking is not an absolute con-
traindication to regenerative or implant
therapies. Nevertheless, the literature has
demonstrated that various thresholds of
smoking are more deleterious to short- and
long-term treatment outcomes. A reason-
able suggestion is that patients reduce their
smoking habit to less than 10 cigarettes per
day prior to any type of implant or regen-
erative therapy. No sinus augmentation,
other than osteotome use, is carried out
in patients who smoke. The desired level
of smoking reduction or cessation must be
attained and maintained for a minimum of
three months prior to the initiation of ther-
apy and a minimum of three months post-
therapy.

5. Parafunctional habits: The forces gener-
ated from such habits significantly increase
the chances of implant and/or prosthetic
failure. The biological ramifications of such
force application have been well estab-
lished with regard to bone loss and even-
tual implant disintegration. Prosthetic fail-
ures as a result of biomechanical inability
to withstand such excessive force applica-
tion have been documented throughout the
literature.

Significant time should be spent with the patient
discussing concerns regarding uncontrolled dia-
betes, smoking, and other systemic conditions. Ef-
forts should be made at behavioral modification
rather than chastisement. It is illogical to tell a pa-
tient who has been smoking 20-30 cigarettes a day
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for decades that he or she “must stop completely.”
It is much more effective to work with this patient
in an effort to decrease smoking to a level below
10 cigarettes per day. More often than not the clini-
cian will find that the patient continues to decrease
his or her smoking level until the habit ceases all
together.

Conclusions

Claims of therapeutic success, regardless of the
treatment modality employed, demand the ability
to answer the following questions in the affirma-
tive:

o Is the patient better off than before undergoing
therapy?

o Has the longevity of the teeth been extended
where practical and in the best interests of the
patient?

o When natural teeth are to be maintained, has
the longevity of the teeth been extended for as
long as therapeutically possible?

« If regenerative and/or implant reconstructive
therapies have been carried out, have they
been utilized in the best interests of the pa-
tient, and in a manner by which to en-
sure maximization of long-term treatment out-
comes?

Patients are human beings who have come to us
and entrust us to provide appropriate care for them.
The challenge facing the conscientious clinician to-
day is not that of mastering available techniques.
Such mastery is easily attained through education
and practice. The challenge we all must meet is the
determination of when to perform which therapy
for an individual patient, in a given situation.
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The introduction of guided bone regeneration ther-
apy to clinical practice affords a means of pro-
vided previously undreamt-of treatment results
(1-9). As a result, guided bone regeneration ther-
apy has changed the framework within which the
conscientious clinician practices, through the mod-
ification of both treatment expectations, and the
definition of a successful treatment outcome. Un-
fortunately, because guided bone regeneration
does not always yield optimal treatment outcomes
due to inappropriate execution of therapy, guided
bone regeneration is often utilized as a means to a
compromised treatment end point.

It has long been recognized that three semi-
nal questions must be answered to justify a given
guided bone regeneration treatment protocol:

e Does it work: Is the treatment approach out-
lined highly predictable in a variety of clinical
situations?

e Is it bone: Will the guided bone regeneration
treatment approach employed and the materi-
als utilized result in predictable regeneration
of bone, and not of a dense nonosseous struc-
ture?

o Will it last: Will regenerated bone around
implants, whether it is generated around
implants already placed, or is generated to
serve as a receptor for implants placed at
the second stage, withstand function forces
over time in a manner comparable to that of
nonregenerated bone?

While there is widespread agreement regarding the
need to answer the above three questions in the af-
firmative before accepting any treatment modality
as an everyday component in the clinician’s arma-
mentarium, such agreement is all too often based
upon vague definitions of success. Is success to
be defined merely as covering of a dehisced or



fenestrated implant surface with regenerated hard
tissues, or the ability to place an implant in regener-
ated bone without generating a fenestration or de-
hiscence? Should any consideration be given to the
dimension of the regenerated bone and its ability to
withstand functional forces over time? Should the
morphology of the regenerated bone be considered?
The initial definition of success following
guided bone regeneration therapy, as proposed
by Mellonig and Triplett (10), was the ability to
completely cover a dehisced or fenestrated implant
surface with regenerated hard tissue. While cer-
tainly useful at the time of its introduction, such
a definition of success, which will be called the
first-generation definition of success, is no longer
sufficient. At the minimum, bone of an adequate
dimension must be regenerated to withstand
functional forces over time. Generation of a thin,
translucent patina of hard tissues as a covering over
an implant surface will not add appreciatively to
the long-term stability of the implant, as this bone
may be expected to resorb under function over
time. The regeneration of a sufficient dimension
of bone to withstand functional forces over time
will be called the second-generation definition
of success. Is this definition of success adequate
today? This question will be explored below.

Diagnostic Requirements

PATIENT EXAMINATION AND
DIAGNOSIS

This discussion will assume a noncontributory
medical history. Medical contraindications to
guided bone regeneration therapy will be discussed
at a later point in the chapter.

A thorough clinical examination must be car-
ried out to assess both the patient’s regenera-
tive needs and the feasibility of performing the
proposed regenerative therapy. This examination
should be grounded in the overall patient treat-
ment plan, and must consider all planned surgical,
restorative and orthodontic (if applicable) treat-
ments to be carried out.

The components of such an examination in-
clude clinical appraisal of not only the sites that
are to be regenerated, but also of all other aspects
of the patient’s oral cavity, with appropriate mea-
surements and record taking. There is no need to
itemize the components of a thorough clinical ex-
amination, including the status of remaining teeth,
periodontal health, malpositioned teeth, etc. How-
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ever, it should be stressed that care must be taken
to accurately assess the condition of the soft tis-
sues not only over the site to be regenerated but
also throughout the mouth; the quantities of the
remaining soft tissues in the area to be regener-
ated; and both the shape and position of the resid-
ual alveolar ridge. A full occlusal examination must
also be carried out.

It is imperative that, at the very least, a set
of digital clinical photographs be taken which in-
clude photographs of the jaw in various lateral and
protrusive positions. A full series of radiographs
must include the use of number zero-size films in
the maxillary and mandibular anterior regions if
teeth are present, so as to help ensure appropriate
film angulations and the elimination of distortion
of alveolar crest position and tooth root length. Ide-
ally, these films will be digital in format.

A formatted CAT scan study may also be nec-
essary, depending on the therapy planned, and the
need to assess the presence or absence of various
pathologies.

Facebow-mounted models are a key compo-
nent of any treatment plan involving more than the
most isolated of therapies. These facebow-mounted
models serve multiple purposes, including:

o Diagnostic: Tooth position, maxillary and
mandibular occlusal interrelationships, wear
facets, tooth drifting and/or supraeruption,
and the need for orthodontic therapy are but
a few of the important diagnostic elements
which are best assessed through a combi-
nation of clinical examination, clinical pho-
tographs, and facebow-mounted models.

o Fabrication of accurate implant placement
stents: The usefulness of surgical implant
stents is compromised when they are fab-
ricated on handheld or inappropriately
articulated models. If care is to be taken to
fabricate such stents, it is only logical to
render them as accurate as possible in a given
clinical situation.

o Fabrication of regeneration stents: It is fool-
hardy to believe that regeneration stents may
be accurately fabricated if the appropriate
maxillomandibular interrelationship of the
two arches has not been established through
proper record taking and mounting of models.

The above stents are often combined into one
guide, or incorporated into a metal frame tempo-
rary fixed prosthesis, both to ensure accuracy and
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to lessen the financial impact of therapy to the
patient.

Technical Considerations in Guided
Bone Regeneration Therapy (GBR)

Guided bone regeneration is potentially one of
the most misused, poorly understood therapies
in the field of implant dentistry. Clinicians often
exclude various materials from consideration due
to perceived technical difficulties in handling,
and complications in postoperative care. Manu-
facturers champion materials which are meant
to succeed in the face of such complications,
stating that “It doesn’t matter if this membrane
becomes uncovered”; “This membrane is meant
to stay uncovered”; “When you use this bone
graft material you don’t need a membrane”; “This
material works as well as X (fill in any name), and
is easier to use”; “This material is cheaper than X
and works just as well.”

The maximization of treatment outcomes fol-
lowing guided bone regenerative therapy does not
begin with the selection of graft materials, nor the
utilization of various membranes. As with all other
treatments, GBR therapy is highly diagnosis depen-
dent. Once the appropriate diagnosis is carried out,
the results of guided bone regenerative therapy are
directly attributable to appropriate incision design
and flap management.

More than adequate data exists for us to un-
derstand both what ideal treatment outcomes are
following guided bone regeneration therapy, and
how best to achieve these treatment outcomes. All
conscientious clinicians must choose materials and
techniques that help ensure the attainment of such
ideal treatment outcomes.

Such a philosophy demands a reworking of
the conceptual framework utilized by many clin-
icilans when carrying out guided bone regenera-
tion therapy. There are essentially two frameworks
within which to work.

The first is to accept the inability to overcome
many of the bandied about limitations in guided
bone regeneration therapy, and choose the materi-
als to be utilized, and hence the potential of treat-
ment outcomes, accordingly. Such an approach,
while it will result in regeneration of some lost
bone, will never predictably yield optimal treat-
ment outcomes.

The second conceptual framework to work
within is one which strives to develop an un-

derstanding of techniques which will overcome
the supposed technical problems when perform-
ing guided bone regeneration therapy, and thus af-
ford the opportunity to choose between all avail-
able materials. When utilizing such an approach,
the clinician chooses the materials to be utilized by
the specific case in question, rather than fitting the
patient’s needs into a limited framework of thera-
peutic capabilities. In this way, treatment outcomes
are consistently maximized.

When assessing the literature to determine the
capabilities of guided bone regeneration therapys, it
is important to do so with a critical eye and a rea-
sonable dose of skepticism. While certainly impor-
tant, the available literature is limited in guiding
the clinician on a daily basis because of a number
of factors:

e The definitions of success are variable from
author to author, as already discussed. Def-
initions of success must be clearly defined,
and must be clinically applicable. For exam-
ple, a definition of success of ridge augmenta-
tion therapy that includes nothing more than
the ability to place an implant within a regen-
erated ridge is not instructive. Did a reduced
diameter implant have to be placed due to
a compromised regenerative result? If a stan-
dard or wide diameter implant was able to
be placed, what was the width of the resid-
ual regenerated bone on the buccal and lin-
gual/palatal aspects of the implant? What was
the width of the residual regenerated bone, not
only in the apical area of the implant, where
the ridge would be expected to be thicker in
many situations, but also in the crestal area
of the regenerated ridge? Was adequate bone
regenerated to allow ideal implant position-
ing? In situations where bone was regenerated
over an implant fenestration or dehiscence,
what was the width of the regenerated bone?
These are examples of some of the questions
which must be answered to appropriately as-
sess the regenerative results of a championed
treatment approach.

e An adequate number of consecutively treated
cases must be documented to assess the suc-
cess and failure rates of a given therapy.

e What types of cases were treated and docu-
mented? If implants were placed in extraction
sockets wholly within the three-dimensional
confines of the alveolus, and the attendant de-
hiscence or fenestration defects were rebuilt



with regenerative materials, such treatment
outcomes are not useful when assessing a spe-
cific regenerative approach in more severe sit-
uations. As will be explained, different mate-
rials and techniques are often required when
guided bone regeneration must occur around
an implant whose body is at least partially
outside of the confines of the residual alve-
olar ridge. Unfortunately, limitations in avail-
able journal space often preclude the inclusion
of numerous clinical pictures which would be
instructive to readers. As a result, the precise
types of defects treated must be clearly eluci-
dated in all publications dealing with guided
bone regeneration.

For example, Figure 2.1 demonstrates a tita-
nium plasma-sprayed implant placed at the time
of tooth removal, which resides wholly within the
confines of the alveolus. As a result, essentially any
resorbable graft materials covered by a membrane,
and subsequently protected by appropriate soft
tissue closure, will demonstrate complete regenera-
tion of the damaged alveolar bone at the six-month
reentry visit (Figure 2.2). The implant, following
restoration with a single crown, should hold up
well under function (Figure 2.3). Treatment of such

Figure 2.1 A 4-mm-wide titanium plasma-sprayed IMZ im-
plant has been placed following tooth removal. The implant
is within the confines of the residual alveolar ridge. The
area will be treated with particulate material and a covering
membrane.
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Figure 2.2 Following flap reflection and membrane re-
moval six months postregenerative therapy, complete re-
generation of the alveolar bone over the previously exposed
implant surface is evident.

a defect is not helpful in determining either the
appropriate surgical approach to be employed, or
the regenerative graft and membrane materials to
be chosen, for treatment of more challenging areas.

Figure 2.4 demonstrates an 11-mm-long
titanium plasma-sprayed surface implant placed in
the area of a maxillary cuspid. A 10.9-mm buccal

Figure 2.3 The implant is restored with a single crown.
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Figure 2.4 A 4-mm-wide and 11-mme-long titanium plasma-
sprayed IMZ implant has been placed in the cuspid position
in an atrophic alveolar ridge. Approximately 160° of the im-
plant circumference is outside of the confines of the residual
alveolar bone.

dehiscence is noted, which extends mesially
and distally around approximately 160° of the
circumference of the implant. The dehisced buccal
aspect of the implant is outside of the confines of
the residual alveolar ridge. Nevertheless, following
utilization of the appropriate graft materials and
covering membrane, and assurance of mainte-
nance of soft tissue primary closure throughout the
course of regeneration, complete coverage of the
previously exposed root surface with regenerated
hard tissues is evident at the eight-month clinical
reentry (Figure 2.5). Note both the thickness
of the bone attained on the buccal aspect of
the implant, and the concomitant lateral ridge
augmentation achieved. This implant has now
been in function for over 15 years and demon-
strates no radiographic loss of supporting bone
around the implant (Figure 2.6). The space noted
between the marginal area of the prosthesis and
the osseous crest is due to a combination of the
implant having been placed in a noncountersunk
manner, and various components (a transmucosal
extension and an intramobile element) having
been stacked on top of the implant prior to
prosthesis placement. Such results are predictably

Figure 2.5 Following flap reflection and membrane re-
moval six months postregenerative therapy, extensive alve-
olar bone regeneration is noted, covering the previously
exposed implant surface.

attainable regardless of implant type or position
relative to the alveolar crest (Figures 2.7 and 2.8).

e Reporting of appropriate parameters to assess
regenerative success: Figure 2.6 demonstrates
an apparently radiographically successful im-
plant under function for 15 plus years. How-
ever, because regeneration was performed on
the buccal aspect of the implant, the radio-
graph offers no evidence of maintenance or
loss of the regenerated hard tissues. Such as-
sessment can only be carried out through bone
sounding. Any literature reporting upon suc-
cess or failure of regenerated bone on the buc-
cal aspect of implants over time must include
both only radiographic assessment and clini-
cal bone sounding.

Much of the literature assessing success
and failure of guided bone regeneration therapy
in terms of rebuilding bone in implant defects
present at the time of implant insertion unfortu-
nately utilizes either the first- or second-generation



Figure 2.6 A radiograph taken 14-plus years post-bone
regeneration demonstrates the stability of the regenerated
peri-implant bone. The space between the bone crest and
the crown margin is not representative of progressive bone
loss. Rather, it is due to the noncountersunk nature of the
implant, and the presence of components stacked on top
of the implant (a TIE and an IME).

definition of success of guided bone regeneration.
Fugazzotto et al. (11) documented success and fail-
ure rates of guided bone regeneration around 1,503
implants, when the guided bone regeneration ther-
apy was performed at the time of implant place-
ment. Implants were placed in extraction sockets
at the time of tooth removal (581 cases); or bone
was rebuilt at the sites of dehiscence (613 cases)
or fenestration (209 cases) defects present at the
time of implant placement. The definition of suc-
cess was covering of all exposed implant surfaces
with regenerated hard tissues. Utilizing this first-
generation definition of success, the success rate of
guided bone regeneration on implants placed in ex-
traction sockets was 96.7 % ; in treatment of implant
dehiscences, the success rate was 97.2%; and in
treatment of implant fenestrations, the success rate
was 97.6%. While these success rates are not as
high as they would undoubtedly be today, the cases
treated and reported upon in this paper included
the first cases managed by the authors. A signifi-
cant evolution in the understanding of soft tissue

Guided Bone Regeneration 51

Figure 2.7 Two 4.1-mm-wide titanium plasma-sprayed
Straumann implants have been placed. Approximately 140°
of the circumference of the anterior implant is outside of
the confines of the residual alveolar bone. The area will be
treated with particulate material and a reinforced Gore-Tex
membrane.

flap designs and the prerequisites for successful
guided bone regeneration treatment outcomes, as
well as the availability of newer materials including
various graft materials, reinforced membranes, and
fixation tacks, have significantly impacted success
rates with such therapies.

Because the definition of success utilized in
this paper, which was prevalent at the time of pub-
lication, was the first-generation definition of suc-
cess, the data are of limited values when striving to
maximize treatment outcomes when faced with a
wide spectrum of patient problems and challenges.

SOFT TISSUE MANAGEMENT

The sine qua non of successful guided bone regen-
eration therapy is appropriate flap management.
While there is no doubt that bone regeneration
can be achieved without attaining and maintain-
ing passive soft tissue primary closure over the re-
generating site, the extent and morphology of the
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Figure 2.8 Following flap reflection and membrane re-
moval six months postregenerative therapy, extensive bone
regeneration over the previously exposed implant surface
is evident.

regenerated hard tissues will often fall short of the
desired ideal treatment outcome. In addition, the
resultant soft tissue covering when passive soft tis-
sue primary closure is not maintained is usually
thinner than desired, and represents a potential
esthetic compromise (12-16). Any discussion of
graft material selection or options in membrane uti-
lization is inherently flawed if it is not conducted
within the therapeutic envelope of predictably at-
taining and maintaining passive soft tissue primary
closure throughout the course of regeneration, over
the regenerating site.

As with all surgical procedures, soft tissue
manipulation must be as gentle and atraumatic
as possible. In addition, incisions should be made
within keratinized tissue so as to ensure Kkera-
tinized margins to the mucoperiosteal flaps, both
to enhance soft tissue manipulation and to help
avoid fraying of the mucoperiosteal flap margins.

The basic components of incision design are
as follows:

e A horizontal mid-crestal incision within kera-
tinized tissue: In all areas except the maxillary
anterior region, this incision is made along the
crest of the ridge. When treating edentulous
posterior areas, this incision is carried at least
6-8 mm distal to the area to be augmented,
so as to provide appropriate access to the un-
derlying atrophic ridge. The incision is carried
to within 1-2 mm of the tooth anterior to the
edentulous posterior region. However, the in-
cision does not reach the adjacent tooth, so as
to preserve a portion of the papilla and thus a
soft tissue cover over the supporting bone on
the distal aspect of the tooth.

In the maxillary anterior region, two options
are feasible. If the teeth bordering the area to be
augmented demonstrate periodontal loss and/or in-
frabony defect formation, the horizontal incision
is placed palatal to the papillae rather than mid-
crestally. This design will allow reflection of the
papillae as unaffected units along with the buc-
cal flap, and provides access to the roots adjacent
to the site to be regenerated. The clinician may
then perform debridement, periodontal regenera-
tion, etc. as necessary in conjunction with the ridge
augmentation therapy.

If the teeth bordering the area to be regener-
ated are periodontally sound on their aspects fac-
ing the edentulous region, the horizontal incision
is placed mid-crestally, and stops short of the adja-
cent teeth so as to preserve the papillae.

o Releasing incisions: In the mandible, four re-
leasing incisions are utilized. They are placed
at the mesiobuccal, distobuccal, mesiolingual,
and distolingual aspects of the mid-crestal hor-
izontal incision. These releasing incisions ex-
tend beyond the mucogingival junction well
into the mucosa, and are crucial if appropri-
ate flap reflection and defect visualization are
to be achieved. When placing a releasing in-
cision in the vicinity of the mental foramen,
the initial releasing incision is extended ap-
proximately 2 mm beyond the mucogingival
junction. The flap is then held with a tissue
forcep, and blunt dissection is carried out in-
ternally, until the foramen is visualized. Once
this visualization has been accomplished, the
releasing incision is extended at such an angle



as to avoid the mental foramen. If the clinician
is concerned about placing lingual releasing
incisions, they should initially extend approx-
imately 2 mm beyond the mucogingival junc-
tion. The lingual mucoperiosteal flap is then
held with a tissue forcep and the releasing in-
cision is continued as the clinician visualizes
the internal aspect of the flap. Such an ap-
proach will help allay any fears the clinician
may have regarding impingement upon struc-
tures such as the lingual nerve, lingual artery,
etc. If a clinician is wary of placing lingual
releasing incisions, examination of dry skull
specimens, and cadaver specimens if avail-
able, will demonstrate the margin of safety
between where the releasing incisions are to
be placed and the vital structures in question,
except in the most atrophic of situations.

When guided bone regenerative therapy is to
be performed in the maxilla, the positions of the
releasing incisions will be dependent upon the
type of area to be augmented. If the ridge to be
augmented is bounded by natural teeth, the palatal
releasing incisions are placed one tooth mesial and
distal to the edentulous area. The reason for this
placement will become evident. Should guided
bone regeneration be planned in the edentulous
macxilla, the releasing incisions should be placed
at least 10 mm away from the anticipated site of
augmentation.

All palatal releasing incisions are placed
obliquely. An oblique incision may be placed ap-
proximately 30% less deeply into the palatal vault
than a straight releasing incision, while still retain-
ing the same degree of flap reflection and defect
visualization.

e Horizontal extensions of the releasing in-
cisions: Horizontal releasing incisions are
placed at the most apical extents of all buccal
vertical releasing incisions in the maxilla
and mandible. These horizontal releasing
incisions should extend at least 3-4 mm, and
may extend up to 10 mm, depending upon the
need for greater flap mobility. Such horizontal
extensions are not required in mandibular
posterior regions, and are of no use through-
out the palate, as the palatal flap cannot be
coronally positioned. Horizontal extensions at
the apices of the vertical releasing incisions
are very often necessary in the mandibular
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Mucogingival

junction

Figure 2.9 Vertical releasing incisions extend beyond the
mucogingival junction, well up into the buccal fold. Note
that the integrity of the adjacent soft tissue papillae has not
been compromised.

anterior region to help counteract the pull of
the tongue, which will result in flap tension
and subsequent retraction following suturing
(see Figures 2.9 and 2.10).

e Full thickness flap reflection: All flaps are
reflected in a full thickness manner, including
the horizontal extensions at the apices of
the vertical releasing incisions. No periosteal
fenestration is employed at any time. The use
of adequate full thickness flap reflection fol-
lowing appropriate releasing incision design
results in greater flap mobility than periosteal
fenestration. In addition, postoperative mor-
bidity (i.e., swelling) is much less when full
thickness reflection is utilized as compared to
periosteal fenestration. However, it must be
noted that, if extension of full thickness reflec-
tion is insufficient, inadequate flap mobility
will result (see Figure 2.11). A useful rule of
thumb is the following: If the clinician thinks
that adequate flap mobility has been attained,
it has not. If the clinician is sure that adequate
flap mobility has been attained, it has.

The above outlined flap designs will
provide adequate flap mobility to attain and
maintain passive soft tissue primary closure
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Figure 2.10 Horizontal releasing incisions are placed at
the most apical extents of the vertical releasing incisions.
These horizontal extensions will be carried for a distance
of 34 mm initially. The need or lack of need for further
extension is decided upon following flap reflection and as-
sessment of the area to be regenerated.

Figure 2.11 All flap reflection is carried out in a full thick-
ness manner.

throughout the course of regeneration, fol-
lowing mandibular guided bone regeneration
procedures, and the majority of maxillary
guided bone regeneration procedures. When
the previously outlined flap designs are not
adequate to attain passive primary closure
following placement of regenerative materials
in the maxilla, a rotated palatal pedicle is
employed. Designed and published by Fugaz-
zotto et al. (16), the rotated palatal pedicle flap
is carried out as follows (Figures 2.12-2.15).

A full thickness palatal mucoperiosteal
flap is reflected. An incision is then made
with a 15 blade mesiodistally on the internal
aspect of the palatal flap, approximately 3-4
mm from the base of the mucoperiosteal flap.
Utilizing a tissue forcep and a 15 blade, the
flap is split internally toward its crestal aspect.
The internal aspect of the flap is filleted, and
rotated crestally so as to lengthen the palatal
flap by approximately 70%.

Care is taken neither to perforate the flap at its
most crestal aspect, nor to render the residual isth-
mus of tissue so thin as to be in danger of sloughing
during healing.

Figures 2.16-2.33 provide a clinical demon-
stration of the utilization of this flap during guided
bone regeneration surgery. A 19-year-old patient
presented with significant ridge atrophy in the area

Figure 2.12 A palatal flap has been reflected.



Guided Bone Regeneration 55

L]
SR

Figure 2.13 An incision is made on the internal aspect of
the palatal flap approximately 3—4 mm from the base of the
flap. This incision extends mesiodistally over the area to be
regenerated.
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Figure 2.14 Utilizing a tissue forcep and a 15 blade, the
internal aspect of the palatal flap is split, extending toward
its crestal aspect. Care is taken not to excessively thin the
isthmus of soft tissue remaining at the crestal aspect of the
flap.

Figure 2.16 A buccal view demonstrates both the loss of
the maxillary right central incisor and the atrophic nature of
the residual alveolar ridge.
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Figure 2.17 A crestal view demonstrates the severe buccal
ridge atrophy which has occurred.

Figure 2.18 A horizontal releasing incision is made 8 mm
palatal to the crest of the ridge, and carried buccally in a
split thickness manner.

Figure 2.19 At the buccal line angle of the ridge, a
Goldman-Fox 7 knife is utilized to score the flap, transform-
ing the reflection from a partial thickness reflection into a
full thickness reflection.

Figure 2.20 Following reflection of the buccal mucope-
riosteal flap, the residual soft tissue covering the alveolar
ridge is evident.
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Figure 2.23 Following implant placement a minor buccal
fenestration is noted.

Figure 2.21 Buccal flap reflection reveals a significant buc-
cal ridge defect.

Figure 2.24 A palatal view demonstrates a moderate alve-
olar bone dehiscence.

Figure 2.22 A crestal view demonstrates the severe ridge
atrophy which has occurred.
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Figure 2.27 A crestal view demonstrates the palatal im-
plant position which was dictated by the position of the
residual alveolar ridge, and limitations in performing ridge
augmentation therapy at the time of treatment. Such a ther-
apeutic approach would not be utilized today.

Figure 2.25 A combination of demineralized freeze-dried
bone allograft and resorbable hydroxyapatite are placed
around the implant.

Figure 2.28 A Gore-Tex membrane is shaped and secured
with a first-stage implant surgical sealing screw.

Figure 2.26 The palatal dehiscence is covered with the
aforementioned particulate graft mixture.



Figure 2.29 A crestal view demonstrates reestablishment
of ideal ridge contours with the Gore-Tex membrane.

Figure 2.30 Inadequate soft tissue is present to attain
passive soft tissue primary closure. A small amount of
soft tissue extension of the palatal flap has been gained
through the use of the split thickness approach previously
described. Note the palatal vertical releasing incisions at
a distance one tooth mesial and distal from the site to be
regenerated.
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Figure 2.31 Following placement of an incision on the in-
ternal aspect of the palatal flap approximately 3—4 mm from
the base of the flap, the internal aspect of the flap is held
with a tissue forcep. A 15 blade will now be utilized to fillet
this internal aspect of the palatal flap.

Figure 2.32 A palatal pedicle is rotated from the internal
aspect of the palatal flap.



60 Guided Bone Regeneration

Figure 2.33 The rotated pedicle is tucked beneath the buc-
cal flap and the mucoperiosteal flaps are sutured with in-
terrupted Gore-Tex sutures.

of her missing maxillary central incisor. Preopera-
tive clinical examination demonstrated that regen-
erative therapy would be necessary to maximize
the esthetic outcomes of treatment.

Mesial and distal releasing incisions were
placed, taking care to preserve the papillae against
the adjacent teeth.

A horizontal incision was made approxi-
mately 8 mm palatal to the crest of the ridge. This
incision was carried buccally in a split thickness
manner, until the buccal line angle of the ridge
was reached. A Goldman-Fox 7 was utilized to
score the underlying soft tissue at this point, chang-
ing the split thickness reflection into a full thick-
ness reflection. The buccal flap was reflected in a
full thickness manner. Following buccal flap reflec-
tion, soft tissue remains covering the crest of the
ridge, which will be reflected as part of the palatal
flap, as previously described by Langer and Langer
(Figures 2.18-2.20).

Following buccal and palatal mucoperiosteal
flap reflection, the atrophic nature of the resid-
ual alveolar ridge was evident (Figures 2.21 and
2.22). Due to limitations of when the patient was
treated, the implant was placed within the resid-
ual alveolar ridge, and regenerative therapy was
performed around the implant. As will be demon-
strated through examination of subsequent cases,
the treatment approach employed today would be
to rebuild an ideal ridge form and place the implant
in the most ideal prosthetic position. This approach
was not considered predictable at the time the pa-
tient in question was treated.

Following implant placement, a minor buccal
fenestration and a moderate palatal dehiscence
were present (Figures 2.23 and 2.24). Note that
a smooth surface, hex-headed, screw type Brane-
mark implant was utilized. This implant type
would not be employed today.

A combination of demineralized freeze-dried
bone and resorbable hydroxyapatite were placed
around the implant to rebuild the desired ridge
contours (Figures 2.25 and 2.26). The theory at
the time of treatment was that the resorbable hy-
droxyapatite would maintain space beneath the
membrane and slowly resorb, while the bone mor-
phogenic proteins in the demineralized freeze-
dried bone allograft would facilitate conversion of
pluripotential mesenchymal cells into bone form-
ing cells, and thus enhance bone regeneration. As
the new bone formed it would replace the resorb-
ing, space maintaining hydroxyapatite. Subsequent
research has demonstrated the fallacy of this ap-
proach. It has been demonstrated that hydroxyap-
atite does not resorb at a predictable rate. Further-
more, the osteoinductive capabilities of powdered
freeze-dried bone allograft vary widely, not only
between companies but also from vial to vial, and
cannot be depended upon to predictably induce the
necessary regenerative activity.

A crestal view made demonstrates the palatal
position of the implant, due to its having been
placed in the residual alveolar ridge (Figure 2.27).
Subsequent cases will demonstrate that such an
approach would not be acceptable today.

Because neither titanium-reinforced mem-
branes nor fixation tacks were available at the
time treatment was carried out, a conventional
e-PTFE (Gore-Tex) membrane was shaped to the
desired ridge contours, placed over the site to be
regenerated, and secured with a first-stage implant
surgical sealing screw (Figures 2.28 and 2.29).
Flap replacement demonstrated that, while some
additional soft tissue had been gained by utilizing
the split crest Langer and Langer approach, addi-
tional soft tissue was required to attain passive soft
tissue primary closure (Figure 2.30). Following
placement of oblique palatal releasing inci-
sions one tooth mesial and distal to the site to be
regenerated, a horizontal incision was made on the
internal aspect of the flap, as previously described.
Figure 2.31 demonstrates utilization of the 1-2 tis-
sue pickup to hold this internal aspect of the flap,
which was to be rotated. A 15 blade was utilized
to fillet the internal aspect of the flap (Figure 2.32),



resulting in a significant rotated palatal pedicle flap,
which was tucked underneath the buccal mucope-
riosteal flap. Following suturing, the importance of
this rotated palatal pedicle in attaining passive soft
tissue primary closure was evident (Figure 2.33).
The efficacy of the aforementioned flap de-
signs in the attainment and maintenance of soft
tissue primary closure throughout the course of re-
generation was assessed through the examination
of 723 consecutive guided bone regeneration cases
(17). The following therapies were carried out:

e Tooth extraction with concomitant ridge
preservation/regeneration (161 cases).

e Tooth extraction with simultaneous implant
placement and regeneration (136 cases).

o Regenerative therapy over implant dehis-
cences (180 cases).

e Apico-occlusal and/or buccal lingual ridge
augmentation (246 cases).

All sites were treated utilizing particulate graft ma-
terials and either resorbable Resolut or titanium-
reinforced Gore-Tex membranes. Therapy was ef-
fected in all areas of the mouth. It is important to
realize that regenerative therapy was aimed at reat-
tainment of the prepathologic alveolar ridge mor-
phology. Regenerative therapy in extraction socket
areas, with or without concomitant implant place-
ment, was not carried out in conjunction with
“crushing” of the walls of the extraction socket de-
fects so as to help attain passive primary closure.
Rather, all extraction socket walls were left intact,
and efforts were made to regenerate bone within
them.

The definition of success was the mainte-
nance of passive soft tissue primary closure for at
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least six months postregenerative therapy. If a site
demonstrated any membrane exposure it was clas-
sified as a failure, even if eventual implant place-
ment and restoration were effected.

Utilizing these criteria for success, passive soft
tissue primary closure was maintained 96.1% of
the time six months postoperatively (Table 2.1).

While the ability to maintain passive soft tis-
sue primary closure throughout the course of re-
generation in 96.1% of the cases is encouraging,
the fact remains that the 3.9% of the sites that
demonstrated membrane exposure did not yield
ideal treatment outcomes. There is no doubt that
bone regeneration will occur in the face of mem-
brane exposure. However, the morphology of the
regenerated bone, and the thickness and quality of
the covering soft tissues in such an instance, are not
conducive to maximization of esthetic treatment
outcomes. Figures 2.34 through 2.46 demonstrate
such a situation.

A patient presented with a hopeless prognosis
for a maxillary central incisor (Figure 2.34). Fol-
lowing tooth extraction, flap reflection, and defect
debridement, the alveolar ridge defect is evident
(Figure 2.35). Unfortunately, the buccal releasing
incisions which have been employed are inade-
quate in their apical extension. As a result, two
compromises will be encountered. The first is that
the titanium-reinforced membrane which is placed
over the particulate graft materials will have to
be secured in a more crestal position than ideal
(Figure 2.36), resulting in less available space for
regenerating bone, and creating an undercut in the
regenerated bone. In addition, the flaps will be su-
tured under tension (Figure 2.37).

Table 2.1 Maintenance of soft tissue primary closure after GBR procedures.

Primary Primary  Percentage
Number of closure closure  primary closure
Type of therapy cases maintained  lost maintained
Tooth extraction with concomitant ridge preservation/regeneration 161 155 6 96.3
Tooth extraction with simultaneous implant placement and 136 130 6 95.6
regeneration

Treatment of implant dehiscences 180 176 4 97.8
Apico-occlusal and/or buccal lingual ridge augmentation 246 234 12 95.1
Total 723 695 28 96.1
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Figure 2.34 The patient presents with a hopeless progno-
sis for a maxillary central incisor.

Figure 2.35 Following flap reflection and tooth extraction,
a significant alveolar ridge defect is evident. Note the inad-
equate apical extensions of the releasing incisions.

Figure 2.36 A titanium-reinforced membrane is secured
with fixation tacks over particulate graft material. Because
of the inadequate apical flap reflection which has occurred,
the membrane is secured in a position which is too far
crestal and will decrease the space available for bone
regeneration.

Figure 2.37 The mucoperiosteal flaps are sutured with
Gore-Tex sutures. The aforementioned inadequate flap
reflection has resulted in the flaps being sutured under
tension.
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Figure 2.38 Membrane exposure is evident approximately
five weeks after regenerative therapy has been performed.

Figure 2.40 A buccal view demonstrates the undercut
which has been created in the regenerating ridge, due to
the need to secure the membrane with fixation tacks in a
position which is too far crestal.

Figure 2.39 The area of previous membrane expo-

sure is evident following flap reflection six months post-

regenerative therapy. Figure 2.41 Following membrane removal, the area of pre-
vious membrane exposure is evident.
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Figure 2.42 A buccal view demonstrates the severe under-
cut created in the regenerated alveolar bone.

Figure 2.43 Following implant placement, fenestrations
are noted at the “apices” of the implants.

Figure 2.44 A nonresorbable membrane is placed over the
fenestrated areas. This membrane will be subsequently re-
moved.

Figure 2.45 Following implant restoration, the lack of a soft
tissue papilla between the implants, which corresponds to
the site of previous membrane exposure, is evident.



Figure 2.46 Fifteen plus years postoperatively, the peri-
implant soft tissues are stable. However, the soft tissues
have not regenerated in the area of the missing papilla.

This tension under suturing resulted in mem-
brane exposure approximately five weeks post-
regenerative therapy (Figure 2.38). Following flap
reflection six months postregenerative therapy and
membrane removal, both the lesser bone regener-
ation at the site of membrane exposure, and the
undercut created in the regenerated alveolar bone,
are evident (Figures 2.39-2.42). Following place-
ment of titanium plasma-sprayed IMZ implants, a
fenestration was evident at the “apex” of the im-
plant in the central incisor position. The limited
selection of implant diameters and configurations
at the time this patient was treated precluded im-
plant selection would have avoided such a fenes-
tration (Figure 2.43). A nonresorbable membrane
was placed over the fenestrated area (Figure 2.44),
and removed at a later date. Following implant
restoration, the lack of an interimplant papilla is
evident (Figure 2.45), and is due at least in part
to the loss of soft tissue primary closure and sub-
sequent membrane exposure in this site. While a
15-plus postoperative view demonstrated stability
of the peri-implant soft tissues, no regeneration of
soft tissue in the papillary area has occurred.

Membrane exposure posttherapy; a compro-
mise in the volume and morphology of regenerated
bone; the need to perform additional therapies;
an increase in the complexity and postoperative
morbidity of therapy; protraction of the length
of therapy; and a nonideal esthetic result are
all attributable to the use of inadequate buccal
releasing incisions.

Assessment of the surgical photographs of the
sites that exhibited membrane exposure postopera-
tively in the previously quoted study demonstrated
three contributing factors to such exposure:
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o Inadequate horizontal releasing incisions: If
the extent of the horizontal releasing incisions
is not appropriate, adequate flap mobility will
not occur, and the mucoperiosteal flaps will
be sutured under tension.

e The need for secondary reflection: Following
membrane placement and securing with an
appropriate fixation system, a secondary full
thickness flap reflection must be carried out,
to ensure that no flap fibers are attached to
the bone within 3 mm of the most apical bor-
der and the apical “corners” of the membrane.
Failure to carry out this secondary reflection
will result in the flap becoming caught on
the borders of the membrane, leading to ad-
ditional tension on the flap and an increased
incidence of membrane exposure postopera-
tively.

e Performance of regeneration with or without
simultaneous implant placement in maxillary
molar sites where the presence of an extensive
palatal torus results in soft tissues which are
too thin to afford the opportunity for palatal
pedicle flap rotation: Recognition of this prob-
lem led to the creation of a new flap design
(Figures 2.47-2.52), described below.

Figure 2.47 A sulcular incision is placed on the buccal as-
pect of the second molar. This incision is extended over
the tuberosity. Distal to the tuberosity, an oblique buccal
releasing incision is placed. A buccal vertical releasing in-
cision is placed on the mesial aspect of the second molar. A
horizontal releasing incision is placed at the apex of the ver-
tical releasing incision, as previously described. A sulcular
incision is placed on the palatal aspects of the first and sec-
ond molars. This incision continues along the crestal inci-
sion on the tuberosity area, and ends with an oblique palatal
releasing incision in the mucosa distal to the tuberosity. An
oblique releasing incision is placed on the mesial aspect of
the first molar.



66 Guided Bone Regeneration

Figure 2.48 The buccal and palatal mucoperiosteal flaps
are reflected in a full thickness manner.

Figure 2.49 The second molar is extracted, following tooth
sectioning to preserve the residual alveolar bone.

Figure 2.50 Following tooth removal and placement of re-
generative materials, inadequate soft tissues are present
for attainment of passive primary closure over the treated
site, without flap repositioning and pedicle rotation.

Figure 2.51 The buccal flap is rotated mesially and cre-
stally to cover the treated site. The most mesiocrestal as-
pect of the buccal flap will contact the distopalatal line angle
of the adjacent tooth. A palatal pedicle flap is now rotated
from the area palatal to the tuberosity to cover any bone
which has been exposed following buccal flap rotation.

Figure 2.52 The flaps are sutured with interrupted sutures.



A buccal sulcular incision is performed
around the tooth to be extracted. This incision is
carried distally across the tuberosity, into the mu-
cosa distal to the tuberosity. An oblique buccal re-
leasing incision is placed in the mucosa distal to the
tuberosity. A vertical releasing incision is placed at
the mesial aspect of the tooth to be extracted, and
a horizontal releasing incision is placed at the base
of the mesiobuccal releasing incision, as previously
described. A sulcular incision is placed palatally
around the tooth to be extracted and the tooth
mesial to the tooth to be extracted. This palatal
sulcular incision joins the tuberosity incision which
has already been created. A palatal oblique releas-
ing incision is placed in the mucosa distal to the
tuberosity. An oblique releasing incision is placed
at the most mesial extent of the palatal sulcular in-
cision. The buccal and palatal mucoperiosteal flaps
are reflected in a full thickness manner.

The maxillary molar to be extracted is sec-
tioned and removed, with care being taken to
preserve all remaining alveolar bone. Following
placement of graft materials and the appropriate
secured covering membrane, the buccal mucope-
riosteal flap is rotated mesially and crestally. This
rotation is easily effected, as this flap is highly mo-
bile once adequate full thickness reflection is car-
ried out into the mucosa distal to the tuberosity.
The flap is rotated to such an extent as to cover
the site treated with regeneration. The most mesio-
crestal aspect of the buccal mucoperiosteal flap
should contact the distopalatal line angle of the
adjacent tooth. Such flap reflection often results in
bone exposure in the tuberosity area.

A rotated palatal pedicle flap is now carried
out in the soft tissues palatal to the tuberosity. Ade-
quate soft tissue thickness is almost always present
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in this area to effect such therapy. While a sig-
nificant incidence of tori on the palatal aspects
of maxillary molars has been reported in the lit-
erature, such tori are rarely found palatal to the
tuberosity area. The mucoperiosteal flaps are su-
tured with interrupted Gore-Tex and 4-0 plain gut
sutures.

The efficacy of these flap designs was exam-
ined in a publication reporting upon 173 consec-
utive guided bone regeneration procedures (18).
Case types treated included tooth extraction with
regeneration; tooth extraction with implant place-
ment and regeneration; implant dehiscences; and
apical occlusal and or buccal lingual ridge augmen-
tation procedures. The techniques utilized to attain
soft tissue primary closure included both those re-
ported upon in the previously cited publication,
and utilization of longer horizontal releasing inci-
sions at the apical extents of the buccal vertical
releasing incisions; “secondary reflection” around
the apical border and corners of the membranes;
and the incorporation of the flap designs specifi-
cally created for utilization when extracting molars
in areas with large palatal tori. Any membrane ex-
posure within six months after regeneration had
been performed was classified a failure, even if
the regenerative therapy was successful. Utilizing
these criteria, primary closure was maintained in
171 of 173 cases, yielding a success rate of 98.8%
(Table 2.2).

SUTURING MATERIALS AND
TECHNIQUES
All mucoperiosteal flaps are sutured with individ-

ual interrupted sutures. Releasing incisions are al-
ways sutured with 4-0 plain gut sutures. Crestal

Table 2.2 Maintenance of soft tissue closure after GBR procedures utilizing technical modifications.

Percentage
Primary Primary primary
Number of  closure closure closure
Type of therapy cases maintained  lost maintained
Extraction with concomitant regeneration 73 72 1 98.6
Extraction with simultaneous implant placement and regeneration 47 46 1 97.9
Apico-occlusal and/or buccal lingual ridge augmentation 53 53 0 100
Total 173 171 2 98.8
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incisions are sutured with Gore-Tex sutures on the
mesial and distal extensions of the mucoperiosteal
flaps, and mid-flap. Additional Gore-Tex sutures
may be utilized in flaps of wide expanses. The
4-0 plain gut interrupted sutures are employed be-
tween the interrupted Gore-Tex sutures. No con-
tinuous sling sutures or other suturing materials
are utilized. The Gore-Tex sutures are placed as
mentioned to hold the flap positions passively at-
tained through appropriate design and reflection.
The plain gut sutures, which resorb at 3-6 days
postoperatively, are employed to minimize patient
discomfort due to sutures “tightening up” in mu-
cosal areas.

DECORTICATION

All mandibular sites to be regenerated are decorti-
cated with a piezo surgery tip under copious irriga-
tion. Maxillary ridges are not decorticated, as a cor-
tex is rarely present. The purpose of decortication
is to open the marrow spaces, provide bleeding to
the site, and afford a path of ingress for endothelial
and blood cells.

Graft material must always be placed beneath
a covering membrane, to stabilize the blood clot
necessary to effect bone regeneration. Failure to
place graft material will result in clot shrinkage of
up to 15-20%, yielding a lesser volume of regener-
ated bone.

MEMBRANE SELECTION

Ideally, membrane utilization in guided bone re-
generation therapy should accomplish a number of
goals, including:

o graft containment

e defect and graft isolation from overlying soft
tissue cells

e assistance in underlying clot stabilization

e space maintenance in non-space-maintaining
defects to help maximize the volume of regen-
erated bone

While a variety of resorbable and nonresorbable
membranes are available for clinical use, mem-
brane selection should not be dependent upon
cost or ease of implementation. Rather, membranes
should be chosen in accordance with the aforemen-
tioned membrane functions.

All membranes should be biocompatible, and
nonallergenic. In addition, resorbable membranes

should resorb at a predictable rate, and should
not release byproducts during resorption which are
deleterious to bone growth or overlying soft tis-
sue healing. Nonresorbable membranes should be
conducive to the maintenance of soft tissue pri-
mary closure, and should not initiate a reaction in
the soft tissues which hastens membrane exposure.
Reinforced membranes must provide adequate re-
inforcement to maintain the desired space in indi-
vidual clinical situations.

Inadequacies in clinical acumen or chosen
technique should not be offered as an excuse for
limiting the type of membrane utilized. If a clin-
ician is unable to predictably attain and main-
tain soft tissue primary closure, nonresorbable
titanium-reinforced membranes will rarely be em-
ployed, as the postoperative sequellae would be
highly problematic. Rather than eliminating such
membrane use from the clinical practice, efforts
should be made to seek the appropriate educa-
tion and to master techniques to properly manage
soft tissues and ensure the maintenance of pas-
sive soft tissue primary closure over regenerating
sites.

MEMBRANE FIXATION

All membranes are fixated. Failure to secure mem-
branes with fixation tacks or screws results in the
following complications:

e A greater incidence of loss of soft tissue pri-
mary closure: A membrane which is not se-
cured with fixation tacks, and thus is able
to move beneath the covering mucoperiosteal
flaps, will often institute an inflammatory pro-
cess in the soft tissues and result in an in-
creased incidence of membrane exposure.

e Membrane movement beneath the mucope-
riosteal flaps, even if membrane exposure does
not occur, will result in a thicker connective
tissue interposed between the covering flaps
and the underlying membrane, thus lessening
the volume of regenerated bone.

e The precise quantity and morphology of re-
generating bone is not predictable beneath
an unsecured membrane. In contrast, when a
membrane is secured over appropriately cho-
sen graft materials, beneath passively closed
covering soft tissues, the morphology of the
regenerated bone is highly predictable.



Table 2.3 Membrane fixation options.
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Fixation system Advantages

Disadvantages

Titanium screws

Titanium tacks

e Ease of use in dense bone

e Predictability in dense bone

e Need to predrill the site
e Length of time involved in use
e Need to remove*

o Need to remove*

o No need to predrill the site
e Ease and speed of use

Resorbable screws

Resorbable tacks with air gun insertion

e Do not have to be removed

e Do not need to be removed
e Ease and speed of use

e Need to predrill the site
e Prone to fracture in dense bone

e Problematic in delicate bone
e Potentially disconcerting to the patient

*Because the tacks are titanium, many clinicians elect to leave them in place.

Any fixation system utilized during guided bone
regeneration should meet the following criteria:

« It must be simple to utilize.

o Tack or screw placement must be rapid. If tack
or screw utilization requires a great amount
of time, the clinician will often find excuses
not to utilize the appropriate number of tacks
and/or screws.

e Tack or screw removal must be easily and
quickly accomplished.

The systems available for membrane fixation fall
into four basic categories (Table 2.3). When ex-
amining the advantages and disadvantages of each
fixation technique, it becomes evident that employ-
ment of a simple nonresorbable tack system offers
the greatest number of advantages and the highest
degree of clinical applicability.

Figures 2.53-2.57 demonstrate tack place-
ment in an edentulous mandibular model. The tack
is picked up in a holder (Figure 2.53). While the
assistant reflects the mucoperiosteal flap, the clin-
ician holds the membrane in place and brings the
tack to the mouth, laying the tip of it against the
membrane (Figure 2.54). Care must be taken to
ensure that the tack holder is perpendicular to the
plane of the membrane. Failure to accomplish this
will result in a large number of tacks “skipping
off” the membrane and bone surface as malleting
begins. Such off-angle malleting may also result
in tack fracture. A tack is gently malletted to
place with 3-4 taps (Figure 2.55). The carrying

instrument is not removed from the tack at this
point. Such removal will often result in removal
of the tack in type 3 or 4 bone. A 23 explorer is
placed so that its end passes through the prongs
at the head of the tack holder (Figure 2.56). The
end of the 23 explorer is now held against the tack
head. The carrying instrument is removed from
the tack head in a turning motion, while the 23
explorer holds the head of the tack in place. The
result is fixation of the membrane in the desired
position (Figure 2.57). The total elapsed time from
engaging the tack in the carrying instrument, to
removal of the carrying instrument from the head
of the placed tack, is approximately 30-40 seconds.

Appropriately employed guided bone regener-
ation therapy affords the opportunity to predictably

Figure 2.53 A fixation tack is picked up with the carrying
instrument.
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Figure 2.56 The head of the explorer is placed beneath

Figure 2.54 While the assistant holds the membrane in the tines of the tack and held against the head of the tack.
place, the tack is placed against it. Care is taken that the The carrying instrument is removed from the head of the
carrying instrument is perpendicular to the alveolar ridge. tack in a turning motion.

Figure 2.57 The membrane has been secured with a fixa-
Figure 2.55 A tack is gently malletted to place. tion tack.



manage a number of clinical challenges, includ-
ing regeneration of bone over dehisced or fenes-
trated implants; regeneration of bone in extraction
socket defects surrounding immediately placed im-
plants; and regeneration of atrophic alveolar ridges
in bucco lingual/palatal and apio occlusal direc-
tions in anticipation of implant placement, or to
improve the esthetics of edentulous ridges. It is im-
portant to utilize the aforementioned techniques to
comprehensively manage such scenarios.

A crucial element of successful guided bone
regeneration therapy is membrane selection. Not
all membrane types will afford comparable treat-
ment outcomes in all situations.

Clinical Example One

Figure 2.58 demonstrates a dehisced implant in a
macxillary bicuspid position. This dehiscence defect
is not space maintaining. While the residual mesial
alveolar bony wall could support a membrane in
the appropriate position, the damage to the alveolar
bone on the distal aspect of the implant has resulted
in a lack of necessary bone for membrane support.
If a resorbable membrane is placed over graft ma-
terial, regardless of the consistency of the graft ma-

Figure 2.58 Following implant placement, a non-space-
maintaining buccal dehiscence defect is noted around the
implant in the bicuspid position. This area will be treated
with particulate material and a secured titanium-reinforced
membrane.
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Figure 2.59 Following flap reflection and membrane re-
moval six months postregenerative therapy, significant alve-
olar ridge regeneration is evident.

terial, there is no assurance that appropriate space
will be maintained to effect bone regeneration of
sufficient dimension to withstand functional forces
over time. As a result, a titanium-reinforced Gore-
Tex membrane was placed over bovine bone ma-
trix (Bio-Oss) graft material and secured with fixa-
tion tacks. Six months postoperatively (Figure 2.59)
extensive regenerated bone in this region is evident
following membrane removal. The thickness of the
regenerated bone must at least be sufficient to with-
stand functional forces over time, thus fulfilling the
second-generation definition of success for guided
bone regeneration therapy.

Clinical Example Two

A severely atrophic maxillary edentulous ridge is
evident in Figure 2.60. Following placement of
three 4-mm-wide cylindrical implants, extensive
fenestration and dehiscence defects were noted
(Figure 2.61). Prior to placement of regenerative
materials, the mesial and distal vertical releasing
incisions were extended. Horizontal releasing inci-
sions were placed at the most apical extents of the
vertical releasing incisions. Due to the non-space-
maintaining nature of the dehiscence and fenestra-
tion defects, a titanium-reinforced Gore-Tex mem-
brane was trimmed to shape and secured with four
apical fixation tacks. Fixation tacks were placed at
the mesial and distal corners of the membrane, and
“between” the implants apically. The membrane
was placed far enough apically to ensure that ad-
equate space remained for placement of graft ma-
terials beyond the apices of the implants. Once the
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Figure 2.60 The patient presents with a severely atrophic
maxillary alveolar ridge.

membrane had been secured, Bio-Oss graft mate-
rial was placed beneath it.

Care is taken to always secure the implant
prior to graft placement. If the graft material is
placed first, membrane fixation is difficult, as the
graft material may interpose itself between the
membrane and the bone in the area where the se-
curing tack is being placed.

Once the graft material had been placed be-
neath the membrane, the membrane was secured
crestally with a single fixation tack. Passive soft tis-
sue primary closure was attained and maintained
throughout the course of regeneration.

Eight months postregenerative therapy (Fig-
ure 2.62), extensive bone regeneration is evident

Figure 2.61 Following placement of 4-mm wide IMZ im-
plants, severe fenestration and dehiscence defects are
noted. This area will be treated with a Bio-Oss and a se-
cured titanium-reinforced membrane.

Figure 2.62 Following flap reflection and membrane re-
moval eight months postregenerative therapy, extensive
alveolar bone regeneration is noted around the implants.

following membrane removal. This result could not
be predictably obtained utilizing a resorbable mem-
brane over particulate graft material.

IMPLANT PLACEMENT IN ATROPHIC
RIDGES

Placement of implants in ridges which demonstrate
severe bucco lingual/palatal atrophy may prove
challenging. The tendency is for the bur to move
along the ridge as pressure is applied, resulting in
osteotomy preparation in a nonideal position. Such
a problem is easily overcome utilizing a specific
osteotomy preparation technique (19) designed
for atrophic ridges (Figure 2.63-2.67). A 2- or

Figure 2.63 A 2.2-mm wide bur is placed perpendicular to
the residual alveolar ridge and utilized at a speed of 1000
RPMs.
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Figure 2.64 Both lateral and vertical pressures are applied
with the bur, creating a notch in the alveolar ridge, which
will stabilize the bur during osteotomy preparation.

2.2-mm-wide twist drill (depending upon the im-
plant system to be utilized) is placed perpendicular
to the residual alveolar ridge. Its precise position
on the alveolar ridge is dependant upon the desired
position of final implant placement. The bur is em-
ployed at a speed of 1,000 RPMs. As the bur enters
the ridge, pressure is applied laterally and verti-
cally. The result is that the bur creates a “notch”
in the ridge. The bur is straightened up gradually
as it proceeds more apically. Once the bur has at-
tained its appropriate vertical position, the side of
the bur will prepare the previously uncut alveolar
ridge crestal to the initial point of entry. Sequen-
tially sized burs are utilized as suggested for the

Figure 2.65 Each sequentially sized bur enters the os-
teotomy at a lesser angle, until the final bur insertion ap-
proaches that of conventional osteotomy site preparation.
The side of the bur prepares the previously unprepared
alveolar bone crestal to the initial point of bur entry.
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Figure 2.66 The implantis inserted following tapping of the
osteotomy site.

given implant to be placed. Each bur entry is made
at a lesser angle to the ridge, until the final bur
enters the osteotomy site at close to conventional
angulation.

Prior to implant placement the site is tapped,
even if a self-tapping implant is to be utilized.
Placement of an implant in such a situation often
results in only 2-3 threads of the implant securing
the fixture in the osteotomy. As a result, it is imper-
ative that the site first be tapped, as adequate bone
is not present to allow movement and “wobbling”
of the implant as it engages the compromised walls
of the osteotomy.

Once the implant has been secured in the ap-
propriate position, a titanium-reinforced Gore-Tex
membrane is secured with fixation tacks. Graft
material is placed beneath the membrane and

Figure 2.67 Regenerative materials are placed beneath a
secured titanium-reinforced membrane.
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an additional crestal tack is placed, if necessary.
Attainment of soft tissue primary closure proceeds
as previously described.

Although such an approach affords the ability
to predictably place implants in severely atrophic
ridges and attain primary stability at the time of the
insertion, with the confidence that sufficient bone
may be regenerated to cover all exposed implant
surfaces, such an approach is not always the
treatment of choice. Because implant positioning
is limited by the location of the residual alveolar
ridge, implants placed in severely atrophic ridges
often must be placed in a position palatal to the
ideal prosthetic position which would help ensure
maximum esthetics of the final treatment outcome.
In addition, narrower implants will often have to
be placed in severely atrophic ridges, as compared
to the diameters of implants which could be placed
in ideally regenerated alveolar ridges. Such a
quandary is underscored in the examination of the
following patient.

Clinical Example Three

A 19-year-old girl presented following trauma in
which she had avulsed her maxillary and mandibu-
lar incisors, as well as having lost significant por-
tions of her maxillary and mandibular anterior alve-
olar ridges.

Examination of the residual maxillary ante-
rior alveolar ridge demonstrated that inadequate
bone remained for ideal implant positioning, which
would be necessary to afford appropriate implant
restoration and esthetics (Figures 2.68 and 2.69).
Due to the morphology of the residual alveolar
bone, a titanium-reinforced Gore-Tex membrane

Figure 2.68 A 19-year-old girl presents having avulsed her
maxillary anterior teeth.

s

Figure 2.69 Flap reflection reveals the damaged nature of
the buccal alveolar bone, and a ridge morphology which
precludes ideal implant positioning.

was chosen. This membrane was shaped with a 15
blade in such a manner as to preserve its space
maintaining capabilities where regeneration was
required, while not impinging upon either the nasal
spine or the nasopalatine foramen (Figure 2.70-
2.74). The mucoperiosteal flaps were passively su-
tured utilizing interrupted Gore-Tex and 4-0 plain
gut sutures (Figure 2.75).

Six months postregenerative therapy, passive
soft tissue primary closure had been maintained
(Figure 2.76). A CAT scan taken at that time
demonstrated the extensive buccal ridge regener-
ation which had occurred. The buccal palatal di-
mension of the alveolar ridge had been increased
two- to threefold (Figure 2.77). Flap reflection and
membrane removal confirmed the extensive bone
regeneration which had taken place (Figure 2.78).

- I

Figure 2.70 A titanium-reinforced Gore-Tex membrane is
trimmed with a 15 blade, so as not to impinge upon the
nasal spine or the nasopalatine foramen.



Figure 2.72 The horizontal releasing incisions are ex-
tended to increase flap mobility.

Figure 2.73 Additional flap reflection is carried out over the
nasal spine area. Blunt, full thickness dissection will now be
accomplished to a distance of 3 mm from the apical border
and corners of the membrane.
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Figure 2.74 Flap mobility is tested to ensure that the flap
may be brought to a position equal to the levels of the
marginal ridges of the adjacent teeth.

Figure 2.75 The flaps are sutured with interrupted Gore-
Tex and 4-0 plain gut sutures.

Figure 2.76 Six months postregenerative therapy, passive
soft tissue primary closure has been maintained.
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Figure 2.77 A six-month postoperative CAT scan demonstrates the extensive buccal ridge regeneration which has occurred.
The buccopalatal width of the ridge has been increased two- to threefold.

Figure 2.78 Six months postoperative, flap reflection and membrane removal confirms extensive regenerated bone.
Implants may now be placed in ideal positions.
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Figure 2.79 The same patient presents having avulsed her
mandibular anterior teeth.

Implant may now be placed in ideal prosthetic po-
sitions.

The same patient’s mandibular arch demon-
strated similar alveolar bone loss in conjunction
with tooth avulsion (Figures 2.79 and 2.80). A
Gore-Tex membrane was trimmed and secured
with fixation tacks, and graft material was placed
beneath it (Figure 2.81). Following confirmation of
adequate buccal and lingual mucoperiosteal flap
mobility, the soft tissue flaps were sutured with
interrupted Gore-Tex and 4-0 plain gut sutures
(Figure 2.82). Flap reflection and membrane
removal six months postregenerative therapy
demonstrated extensive alveolar ridge regenera-
tion, which will allow implant placement in ideal
prosthetic positions (Figure 2.83).

Figure 2.80 Flap reflection demonstrates the damaged
alveolar ridge.

Figure 2.81 Following appropriate contouring, the mem-
brane is secured with fixation tacks.

Figure 2.82 Particulate materials are placed, flap mobility
is ensured, and the mucoperiosteal flaps are sutured with
interrupted Gore-Tex and 4-0 plain gut sutures.

Figure 2.83 Following six months reentry and membrane
removal, extensive alveolar ridge regeneration is noted.
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THE INFLUENCE OF INFLAMMATION
AND INFECTION ON GUIDED BONE
REGENERATION THERAPY

The ability to effect guided bone regeneration,
with or without simultaneous implant placement,
in the face of an active inflammatory lesion is
often called into question. The advent of osseoin-
tegrated implant utilization in North America was
accompanied by the warning that all “infected
teeth” should be extracted, defects should be
debrided, and sites should be allowed to heal for
approximately one year before placing implants.
Such caution was meant to ensure that no active
inflammatory lesions were present in the bone
receptor sites. Numerous authors have demon-
strated the ability to place implants and predictably
attain osseointegration at the time of extraction
of periodontically and/or endodontically involved
teeth. Such results challenged the concept of
having to definitively resolve inflammatory lesions
prior to implant placement.

A previously reported upon case demon-
strates the envelope of possibility when considering
implant placement in the face of an active inflam-
matory lesion (Figures 2.84-2.91).

A patient presented with a fractured and fis-
tulating mandibular right first bicuspid. Follow-
ing tooth removal, the defect was debrided, and
a 3.3-mm-wide and 8-mm-long titanium plasma-
sprayed IMZ implant was placed. One half of the
extraction socket was filled with Interpore 200.
No graft materials were placed in the other half
of the extraction socket. The area was covered

Figure 2.84 A patient presents with a fractured and fistu-
lating mandibular first bicuspid.

Figure 2.85 Following tooth removal and defect debride-
ment, a 3.3-mm-wide and 8-mm-long titanium plasma-
sprayed IMZ implant has been placed. One half of the
socket will be filled with Interpore 200. No graft material
will be placed in the other half of the socket. The area will
be covered with a nonreinforced Gore-Tex membrane.

Figure 2.86 Eight months posttherapy flap reflection and
membrane removal demonstrate complete bone regenera-
tion in the area.



Figure 2.87 The implant and surrounding bone are re-
moved with a trephine bur.

with a nonresorbable, nonreinforced Gore-Tex
membrane. Flap reflection and membrane removal
eight months postoperatively demonstrated com-
plete regeneration of the alveolar ridge in the
treated area (Figure 2.86). A block section was
taken utilizing a trephine (Figure 2.87). A longer,
wider implant was placed at this time. Following
implant uncovery, the patient received an abut-
ment and implant crown. All therapy was per-
formed for the patient at no charge.

The block section was prepared, stained, and
processed by Dr Donath of Germany. Figure 2.88
demonstrates a gross section of the histological
specimen. Figure 2.89 is a view of the base of the
implant in prior host bone.

New bone regeneration and attainment of os-
seointegration are evident on the side of the im-
plant where Interpore 200 was placed prior to mem-
brane utilization (Figure 2.90).
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|
Figure 2.88 A gross histologic section demonstrates the
implant and residual Interpore 200 particles.

New bone formation and osseointegration are
also present on the side of the implant where only
a membrane had been placed (Figure 2.91).

Three important facts were demonstrated by
this histological study:

e Guided bone regeneration may be accom-
plished in the face of an active inflammatory
lesion.

o Osseointegration may be attained when an im-
plant is placed in an “infected site.”

o Bone regenerated at the time of implant place-
ment in an “infected site” will attain osseoin-
tegration to the implant.
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Figure 2.89 A histologic view of the base of the implant
which had been placed in the residual host bone.

Tooth Extraction as a Reconstructive

Event

The aforementioned three facts significantly im-
pact treatment planning and patient care. The re-
alization that guided bone regeneration, with or
without simultaneous implant placement, may be
predictably and successfully performed in the ar-
eas of active inflammation represents a significant
paradigm shift. No longer must teeth be extracted,
and ridges be allowed to resorb during healing,
resulting in esthetic and morphologic challenges.
No longer must a patient undergo multiple proce-

Figure 2.90 A histologic view of the side of the socket
treated with Interpore 200 and the covering Gore-Tex mem-
brane demonstrates regeneration of healthy, viable bone,
attainment of osseointegration, and residual Interpore 200
particles.

dures as teeth are extracted, sites are allowed to
heal, resorbed ridges are rebuilt, and implants are
eventually placed. No longer must significant
hard and soft tissue augmentation procedures
be performed in pontic areas following post-
extraction resorption prior to prosthetic re-
construction.

Tooth extraction should be viewed as an op-
portunity to perform the necessary reconstructive
therapy, whether it be hard tissue augmentation, or
implant placement with concomitant guided bone
regenerative treatment.



Figure 2.91 A histologic view of the site treated only with a
covering membrane demonstrates regenerated viable bone
and osseointegration.

Clinical Example Four

However, Figure 2.92 details a more significant
guided bone regeneration result. A 26-year-old
young male presented with a vertically fractured
maxillary central incisor. Flap reflection revealed
complete dehiscence of the buccal surface of the
fractured root. A significant defect was evident fol-
lowing tooth extraction. If no regenerative therapy
was performed in this region, unpredictable ridge
resorption would have occurred, leading to esthetic
disfiguration, inadequate bone for ideal implant
positioning, and potential bone loss on the inter-
proximal surfaces of the adjacent teeth. As a result
of these concerns, graft material was placed be-
neath a nonresorbable titanium-reinforced mem-
brane. Following membrane removal six months
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Figure 2.92 A significant ridge defect is evident following
removal of a vertically fractured maxillary central incisor.
Failure to perform regeneration at the time of tooth removal
would result in marked alveolar ridge resorption with its
attendant compromises.

postregeneration, an ideal ridge form was evident
(Figure 2.93). An implant may now be placed in an
ideal restorative position.

Clinical Example Five

A patient treated in 1989 demonstrates the poten-
tial advantages of reconstructive therapy at the
time of tooth removal. This 41-year-old female pre-
sented with two fractured and fistulating maxillary
cuspids (Figure 2.94). The four maxillary incisors
were missing and had been replaced by pontics
in her fixed reconstruction. Due to a less com-
plete understanding of regenerative and implant
treatments in 1989, the patient’s therapy would
entail a number of phases. The maxillary cuspids
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Figure 2.93 Flap reentry six months following regenerative
therapy with particulate material and a covering membrane
demonstrates reattainment of an ideal ridge form in antici-
pation of implant placement.

would first be extracted, the defects debrided,
and regenerative therapy performed. Once this
regeneration was complete, the atrophic ridge in
the incisor region would be rebuilt through guided
bone regeneration. Finally, a series of implants
would be placed in the maxillary arch which would
eventually be restored with fixed prosthetics.

Figure 2.94 The patient presented with fractured and fis-
tulating maxillary cuspids, which were helping to support a
full arch fixed reconstruction. Due to limitations in therapy
in the late 1980s, treatment was to be performed in three
distinct stages.

Figure 2.95 Following flap reflection, tooth extraction, and
defect debridement, a severe osseous defect was evident
in the area of the maxillary left cuspid. This region was
treated with particulate graft material and a nonreinforced
covering membrane.

Figure 2.95 demonstrates the alveolar ridge
defect present following removal of the maxillary
left cuspid. Due to the limitations of available ma-
terials at the time, demineralized freeze-dried bone
allograft and a nonresorbable nonreinforced cover-
ing membrane were utilized to effect bone regen-
eration.

Six months posttherapy, mucoperiosteal flaps
were reflected in anticipation of performing guided
bone regeneration in the maxillary incisor region.
Flap reflection demonstrated the difference in alve-
olar ridge morphology in the area of the missing
cuspid, where regenerative therapy was performed
in the presence of a severe defect at the time of
tooth removal, and in the area of the lateral incisor
where no regenerative therapy had been performed
when the tooth was removed. The difference in
ridge morphology was dramatic (Figure 2.96).

It could be contended that the morphology
demonstrated in the incisor region was the result
of disuse atrophy over time. However, the dental
literature has never demonstrated such disuse at-
rophy to occur. It is well documented that ridge



Figure 2.96 Following flap reflection and membrane re-
moval six months postregenerative therapy, the dramatic
difference in alveolar ridge morphology between the in-
fected site treated with regeneration at the time of tooth
removal, and the adjacent alveolar ridge where no regener-
ative therapy was performed at the time of tooth removal, is
dramatic. The difference between destructive (tooth extrac-
tion) and reconstructive (tooth extraction with concomitant
regeneration) has been underscored.

resorption and bone loss will occur up to one year
post-tooth extraction if regenerative therapy is not
performed at the time of tooth removal. The lit-
erature has also documented continued ridge at-
rophy beneath removable prostheses, or beneath
fixed prostheses that impinge on the ridge either at
rest or through flexure during function. The litera-
ture has never demonstrated continued ridge atro-
phy beneath well fitting fixed prostheses over time.
The difference in ridge morphologies between the
augmented cuspid site and the nonaugmented lat-
eral incisor site represents the difference between
destructive (tooth extraction) and reconstruction
(tooth extraction with concomitant regeneration)
therapies.

Considering the abilities of talented clinicians
to restore teeth in such a manner as to render them
indistinguishable from their natural counterparts, it
is illogical not to regenerate the hard tissue scaffold
of the soft tissue drape of esthetics whenever teeth
are removed.
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Figure 2.97 A patient presents with a vertically fractured
and fistulating maxillary central incisor.

Clinical Example Six

Performance of regenerative therapy at the time
of tooth removal has the potential to rebuild the
prepathologic ridge morphology, or to extend be-
yond the original confines of the alveolar ridge. A
31-year-old female (Figure 2.97) presented with a
vertically fractured maxillary central incisor. Fol-
lowing tooth extraction (Figure 2.98), an extensive

Figure 2.98 Following flap reflection, tooth extraction, and
defect debridement, a severe alveolar defect is evident.
Failure to perform regeneration at the time of tooth removal
will result in extensive bone loss and ridge collapse.
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Figure 2.99 Following flap reflection and membrane re-
moval six months after regenerative therapy has been per-
formed, extensive alveolar bone regeneration is evident be-
yond the original confines of the alveolus.

ridge defect was evident. Failure to perform ap-
propriate regenerative therapy at this time would
result in severe ridge collapse, an esthetic de-
formity, inadequate bone for implant placement,
and compromise of the interproximal bone of the
adjacent teeth. As a result, Bio-Oss was placed
beneath a covering titanium-reinforced Gore-Tex
membrane, secured with fixation tacks. Passive
soft tissue primary closure was attained and main-
tained throughout the course of regeneration.

Flap reflection and membrane removal six
months postregenerative therapy demonstrated
regeneration of all lost alveolar bone, as well as
generation of bone beyond the original confines of
the alveolus (Figure 2.99). This excess bone was
removed at the time of implant placement, so as
to provide a more natural ridge form.

The inability to predictably maintain passive
soft tissue primary closure following tooth removal
and placement of regenerative materials has di-
rectly contributed to the development of a number
of proposed alternative therapies. Such approaches
include:

e Tooth extraction without concomitant regen-
erative therapy. The site is allowed to heal for
5-6 weeks, allowing soft tissues to migrate
over the extraction socket, providing adequate

Figure 2.100 Following tooth removal and defect debride-
ment, a buccal fenestration is evident in the alveolar ridge.

soft tissue to effect passive primary closure
following placement of regenerative materials.
Proponents of this approach state that by
reentering the area six weeks postextraction,
only minimal bone resorption has occurred.
While this statement may be true if a patient
presents with an intact, thick buccal alveolar
plate, such a scenario is not always encoun-
tered. Figures 2.100 and 2.101 demonstrate
a compromised site following extraction of
a maxillary first bicuspid. The combination
of a buccal fenestration and a thin residual
buccal alveolar ridge would lead to extensive
alveolar resorption following tooth removal if
regenerative therapy was not performed
during the same visit, regardless of whether
an implant was placed at the time of tooth
removal. Passive soft tissue primary closure
is easily attained over the site in question
through the utilization of one of two ap-
proaches. Either the buccal flap is coronally
positioned following placement of appropriate
vertical releasing incisions with horizontal
releasing incision extensions and full thick-
ness reflection, or a rotated palatal pedicle
is utilized to attain soft tissue closure over



Figure 2.101 A crestal view demonstrates the thin labile
nature of the buccal alveolar plate. Failure to perform re-
generative therapy at the time of tooth removal, either alone
or in conjunction with implant placement, will result in se-
vere ridge resorption and the attendant compromises.

the extraction socket without crestal reposi-
tioning of the buccal flap and the attendant
compromise to the buccal vestibule.

o Various authors have also proposed that the
tooth to be extracted be prepared to osseous
crest. The soft tissue is then allowed to
granulate over the root for approximately
6-8 weeks, providing adequate soft tissue to
effect passive primary closure following tooth
extraction and regenerative therapy with or
without simultaneous implant placement.
Such an approach represents two compro-
mises. The first is that the patient must
undergo two procedures, one to prepare the
root to osseous crest and one to extract the
root and proceed with regenerative therapy
and possible implant placement. The second
compromise is that the clinician is now faced
with having to extract a root which has been
prepared to osseous crest. Such an extraction
often leads to additional bone removal to gain
access to the root in question.
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The utilization of well-thought-out innovative flap
designs eliminates the need to employ such ther-
apies in the quest to attain and maintain passive
soft tissue primary closure throughout the course
of regeneration.

MEMBRANE SELECTION

Membrane selection must be driven by the mor-
phology of the defect to be treated. Resorbable
membranes should not be employed over non-
space-maintaining defects, as their ability to main-
tain space and ensure a precise morphology to the
regenerated hard tissues when placed over graft
materials is not predictable (Flow Chart 2.1).

With the advent of preparations rich in
growth factors (PRGFs), which offer a fibrin mem-
brane derived from the patients’ own blood im-
pregnated with platelets and growth factors which
are time released over 10-12 days, the indications
for resorbable membranes are few.

As will be discussed in Chapter 3, PRGF of-
fers a bioactive alternative to resorbable mem-
branes. However, PRGF does not have space main-
taining capabilities, for use alone as a membrane
to effect guided bone regeneration in non-space-
maintaining defects.

Clinical Example Seven

Figures 2.102 and 2.103 offer two views of an
alveolar defect following extraction of a maxillary
central incisor. Due to the loss of a significant
amount of buccal alveolar bone, the defect is not
space maintaining. Following placement of bovine
bone matrix, a resorbable membrane was placed
over the graft material, and secured with two fixa-
tion tacks. Passive soft tissue primary closure was
attained and maintained throughout the course of
regeneration. Two views of the area at the six-
month reentry demonstrate that, while significant
bone regeneration has occurred, the prepathologic
ridge morphology has not been reattained (Fig-
ures 2.104 and 2.105). Where the initial alveolar
defect was not space maintaining, membrane col-
lapse led to a diminution of the quantity of regen-
erated bone. In addition, the buccal line angle of
the alveolar ridge was not regenerated, and can-
not provide the necessary support to the covering
soft tissues. In order to maximize esthetic treatment
outcomes following implant placement, either
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Figure 2.104 Following flap reflection six months post-
regenerative therapy, bone regeneration in the extraction
socket defect is evident. However, an ideal alveolar ridge
bone has not been regenerated.

Figure 2.102 Following removal of a fractured maxillary
central incisor, the damaged buccal alveolar plate is evi-
dent.

Figure 2.105 A crestal view demonstrates a failure to re-
generate the buccal line angle of the alveolar ridge. Addi-
tional regenerative therapy or connective tissue graft place-
ment will be required to maximize the esthetic outcomes of
treatment.

Figure 2.103 A crestal view demonstrates the non-space-
maintaining nature of the residual extraction socket defect.
The area was treated with Bio-Oss and a fixated resorbable
covering membrane.



additional regeneration will have to be performed,
or a connective tissue graft will have to be placed.

Clinical Example Eight

Figures 2.106 and 2.107 demonstrate a defect in
another patient, following extraction of a hopeless
maxillary central incisor. At first glance, this defect
appears to have greater space maintaining capabil-
ities than the previous case. However, the buccal
alveolar walls required for membrane support are
only present in the apical 2/3 of the defect. The cre-
stal area of the defect is devoid of buccal alveolar
support, and is not space maintaining. The defect
was treated with bovine bone matrix and a cover-
ing resorbable membrane which was secured with
two fixation tacks. Passive soft tissue primary clo-
sure was attained and maintained throughout the
course of regeneration.

The six-month reentry (Figures 2.108 and
2.109) demonstrates significant bone regeneration.
However, the prepathologic ridge morphology has
only been reestablished where adequate buccal
bone remained to support the membrane appropri-
ately. Once again, the crestal area of the alveolar
ridge is compromised with regard to both quantity
of regenerated bone and ridge morphology. Follow-
ing implant placement, a connective tissue graft
will have to be placed to maximize the esthetic
outcomes of therapy.

Figure 2.106 Following extraction of a fractured maxillary
left central incisor, the morphology of the residual extraction
socket defect is evident. Buccal walls remain at the apical
half of the defect, to help afford membrane support.
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Figure 2.107 A crestal view demonstrates the lack of sup-
porting buccal alveolar walls in the extraction socket at its
most crestal aspect. The defect was treated with Bio-Oss
and a fixated resorbable covering membrane.

Clinical Example Nine

Following loss of a hopeless maxillary central in-
cisor in another patient, an extensive buccal alve-
olar ridge defect is noted which presents with

Figure 2.108 Following flap reflection six months post-
regenerative therapy, extensive bone regeneration in the
previous extraction socket defect is evident. Note the ideal
ridge form in the apical half of the prior defect.
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Figure 2.109 A crestal view demonstrates a failure to re-
generate a buccal alveolar ridge line angle, due to the lack
of supporting buccal walls of the extraction socket defect
in this region. Further regenerative therapy, or connective
tissue grafts, will have to be employed to maximize esthetic
treatment outcomes.

no buccal alveolar walls to help maintain space
beneath a covering membrane (Figure 2.110 and
2.111). As a result of the defect morphology, a
titanium-reinforced Gore-Tex membrane was uti-
lized over a Bio-Oss graft. The membrane was se-

Figure 2.110 Following removal of a fractured maxillary left
central incisor, an extensive ridge defect is noted.

Figure 2.111 A crestal view demonstrates the lack of buc-
cal supporting walls around the complete extent of the ex-
traction socket defect. The defect was treated with Bio-Oss
and a fixated titanium-reinforced Gore-Tex covering mem-
brane.

cured with two fixation tacks, and passive soft tis-
sue primary closure was attained and maintained
throughout the course of regeneration.

Following flap reflection and membrane re-
moval six months postoperatively, regeneration
of an ideal alveolar ridge form was evident (Fig-
ures 2.112 and 2.113). Note the reattainment of a
buccal alveolar ridge line angle in the appropriate
position to support the overlying soft tissues. No
additional hard or soft tissue augmentation therapy
will be necessary at the time of implant placement
to maximize the esthetic outcomes of therapy. Free
floating Bio-Oss graft particles were noted at the
clinical reentry, and the regenerated bone demon-
strated evidence of nonresorbed bone graft parti-
cles imbedded within it. Such a finding is a result
of clinical mishandling of the Bio-Oss graft mate-
rial. Bio-Oss graft material placed beneath a cov-
ering membrane resorbs over time following the
ingress of blood cells through its “trabeculae.” The
graft is resorbed from all aspects, as the trabecu-
lae are surrounded by blood cells. If the Bio-Oss
graft is packed too tightly, the graft particles are
crushed and the trabecular morphology is lost. As
a result, the graft becomes more of an amorphous
mass which may only be resorbed from the outside,



Figure 2.112 Following flap reflection and membrane re-
moval six months postregenerative therapy, significant
bone regeneration is evident in the previous ridge defect
area. Note the free floating Bio-Oss particles at the most
crestal aspect of the regenerated ridge.

Figure 2.113 A crestal view demonstrates regeneration of
the buccal line angle of the damaged alveolar ridge. The
morphology of the regenerated alveolar bone will support
the covering soft tissues and help idealize the final esthetic
treatment outcome.
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rather than from outside and within the trabeculae.
In such situations, graft resorption is significantly
delayed and may take 18-24 months.

Utilization of Bio-Oss grafts in over 3,000
cases has resulted in less than 20 sites which
demonstrated significant residual bone particles 8
months postregenerative therapy. Each of these
sites was reentered 14-20 months after initial graft
placement. No residual graft particles were encoun-
tered at that time. All of these sites occurred within
a specific time frame of therapy, indicating operator
error with regard to graft compression.

Nonautogenous bone graft selection will be
discussed in Chapter 6. Appropriate utilization
of titanium-reinforced Gore-Tex membranes of-
fers the opportunity to attain regenerative results
which are unmatched by those possible through
the use of particulate grafts and covering resorbable
membranes, and result in significantly less postop-
erative morbidity than the utilization of autogenous
block grafts with covering membranes.

TREATMENT PLANNING EXERCISE # 1

A 49-year-old male presented with a highly at-
rophic alveolar ridge in the area of tooth # 9 (Fig-
ure 2.114). The tooth had been extracted 20 years
previously and no regenerative therapy had been
performed at the time of tooth removal. The avail-
able treatment options included the following:

e Placement of a narrow implant in the residual
alveolar ridge.

Figure 2.114 The patient presents with a severely atrophic
alveolar ridge in the area of a missing central incisor. The
region was treated utilizing Bio-Oss and a fixated titanium-
reinforced covering membrane.
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e Placement of an implant of ideal width in the
residual alveolar ridge with concomitant re-
generative therapy.

o Ridge augmentation utilizing particulate or
block nonautogenous graft material and a re-
sorbable covering membrane, followed by im-
plant placement at a second-stage surgery.

e Placement of particulate or block nonauto-
genous graft material beneath a titanium-
reinforced membrane, followed by implant
placement at a subsequent surgery.

e Ridge augmentation therapy utilizing an au-
togenous block graft without a covering mem-
brane, followed by implant placement at a sec-
ond surgical visit.

e Ridge augmentation utilizing an autogenous
block with a resorbable or nonresorbable cov-
ering membrane, followed by implant place-
ment at a second surgical visit.

The advantages and disadvantages of each treat-
ment approach are summarized in Table 2.4.

A bovine bone matrix graft was placed be-
neath a titanium-reinforced membrane which had
been secured with two fixation tacks. Six months
postoperative, passive soft tissue primary closure
has been maintained (Figure 2.115).

Flap reflection and membrane removal six
months postoperative (Figure 2.116) demonstrates
regeneration of an ideal alveolar ridge form. An
implant with the desired dimensions may now be
placed in an ideal prosthetic position.

TREATMENT PLANNING EXERCISE # 2

A 28-year-old female presented having lost her
maxillary central incisor at age 16. She has been
wearing a removable partial prosthesis since this
time. Flap reflection (Figures 2.117 and 2.118)
demonstrated a severely atrophic residual alveo-
lar ridge. The buccopalatal dimension of the ridge
was approximately 1-1.5 mm.
Possible treatment approaches included:

e Placement of a connective tissue graft to help
improve the soft tissue profile, followed by
fabrication of either a three-unit Maryland
splint, or a three-unit fixed prosthesis.

e Placement of a narrow implant in the residual
alveolar ridge.

e Placement of an implant of desired width in
the residual alveolar ridge, with concomitant
regenerative therapy.

o Ridge augmentation utilizing particulate or
block nonautogenous graft material and a re-
sorbable covering membrane, followed by im-
plant placement at a second-stage surgery.

e Placement of particulate or block nonauto-
genous graft material beneath a titanium-
reinforced membrane, followed by implant
placement at a subsequent surgery.

e Ridge augmentation therapy utilizing an au-
togenous block graft without a covering mem-
brane, followed by implant placement at a sec-
ond surgical visit.

» Ridge augmentation utilizing an autogenous
block graft with a resorbable or nonresorbable

Table 2.4 Treatment options for implant placement in an atrophic ridge (Treatment Planning Exercise # 1).

Treatment modality Advantages

Disadvantages

Placement of a narrow implant in
the residual alveolar ridge

Placement of a wider implant in the
residual alveolar ridge with
concomitant augmentation therapy

e Requires no concomitant
regenerative therapy

o Greater implant surface area is
available for potential
osseointegration

e Implant neck width is better suited
to accept the planned restoration

e Significantly decreases available
surface area for osseointegration as
compared to a wider implant

o Represents a potential esthetic
compromise in therapy

e The implant is placed in a nonideal,
more palatal position

e A ridge lap restoration may be
required, representing an esthetic
compromise

e All therapy is performed in one visit




Table 2.4 (Continued)
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Treatment modality

Advantages

Disadvantages

Ridge augmentation utilizing
particulate or block nonautogenous
graft material and a resorbable
covering membrane or PRGF
followed by implant placement at a
second-stage surgery

Placement of particulate or block
nonautogenous graft material
beneath a titanium-reinforced
membrane, followed by implant
placement at a subsequent surgery

Ridge augmentation utilizing an
autogenous block graft with no
covering membrane

Ridge augmentation utilizing an
autogenous block graft with a
resorbable or nonresorbable
covering membrane or PRGF,
followed by implant placement at a
second surgical visit

e Depending upon the extent of bone
regeneration, the implant may be
placed in a more ideal buccal
palatal position

o No need for membrane removal

¢ Ridge augmentation will allow
placement of the implant in a more
ideal buccal palatal position

e The precise extent of bone
regeneration is predictable

e The precise morphology of
regenerated bone is predictable

o No need for secondary procedures
to help maximize esthetic outcomes

e The potential to place the implant in
a more ideal buccal palatal position
following bone regeneration

e No membrane removal is required

 No membrane expenses entailed

e The ability to place the implant in a
more ideal buccal palatal position
following regenerative therapy

e The quantity of regenerated bone is
predictable

e The quality of regenerated bone is
predictable

e The extent of bone regeneration is
unpredictable

e The morphology of the regenerated
bone is unpredictable

e A secondary soft tissue procedure
may be required to help idealize the
esthetic outcome

e The need to master appropriate soft
tissue techniques to prevent
premature membrane exposure

e The need to remove the membrane

e The need to procure graft material
from a second surgical site

e The precise quantity of regenerated
bone is not predictable

e The precise morphology of the
regenerated bone is not predictable

e May require a secondary soft tissue
procedure to help maximize
treatment outcomes

e The need to procure the graft
material from a second surgical site

e The need to remove the membrane
if a nonresorbable membrane is
utilized

PRGF, preparations rich in growth factor.
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Figure 2.115 Six months following regenerative therapy,
soft tissue passive primary closure has been maintained.

covering membrane, followed by implant
placement at a second surgical visit.

The advantages and disadvantages of each treat-
ment approach are summarized in Table 2.5.

Bio-Oss was placed beneath a titanium-
reinforced membrane which was secured with
three fixation tacks. Soft tissue passive primary clo-
sure was attained and maintained throughout the
course of regeneration.

Following flap reflection and membrane re-
moval eight months postregenerative therapy, the
ideal alveolar ridge form which has been attained is
evident. An implant of the appropriate dimension

Figure 2.116 Following flap reflection and membrane re-
moval, the ideal contours of the regenerated alveolar ridge
are evident. An implant of the desired dimensions may now
be placed in a perfect, prosthetically driven position.

Figure 2.117 Flap reflection demonstrates a highly defi-
cient alveolar ridge in the area of the missing maxillary
right central incisor.

may now be placed in a prosthetically driven posi-
tion. In addition, due to regeneration of the buccal
line angle of the alveolar ridge, no soft tissue graft-
ing will be necessary to help maximize the esthetic
outcomes of therapy.

It is well recognized that failure to regener-
ate bone of sufficient dimension to withstand func-
tional forces over time can lead to clinical disasters
(Figure 2.119).

Figure 2.118 A crestal view underscores the highly at-
rophic nature of the residual alveolar ridge. The area was
treated with Bio-Oss and a fixated titanium-reinforced cov-
ering membrane. Passive soft tissue primary closure was
maintained throughout the course of regeneration.



Table 2.5 Treatment options for Treatment Planning Exercise # 2.
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Treatment modality

Advantages

Disadvantages

Placement of a connective tissue graft
to help improve the soft tissue profile,
followed by fabrication of either a
three-unit Maryland splint, or a
three-unit fixed prosthesis

Placement of a narrow implant in the
residual alveolar ridge

Placement of a wider implant in the
residual alveolar ridge with
concomitant regenerative therapy

Ridge augmentation utilizing
particulate or block nonautogenous
graft material and a resorbable
covering membrane or PRGF, followed
by implant placement at a
second-stage surgery

Placement of particulate or block
nonautogenous graft material beneath
a titanium-reinforced membrane,
followed by implant placement at a
subsequent surgery

o No need to remove a membrane
postoperatively

e Requires no concomitant
regenerative therapy

e Greater implant surface area is
available for potential
osseointegration

e The implant neck width is better
suited to accept the planned
restoration

o All therapy is performed in one
visit

e Depending upon the extent of
bone regeneration, the implant
may be placed in a more ideal
buccal palatal position

e No need for membrane removal

¢ Ridge augmentation will allow
placement of the implant in a
more ideal bucco palatal position

e The precise extent of bone
regeneration is predictable

e The precise morphology of
regenerated bone is predictable

o No need for secondary
procedures to help maximize
esthetic outcomes

¢ An implant is not placed

e Adjacent teeth are involved in
restorative dentistry

o Patient expectations are not met

o Significantly decreases available
surface area for osseointegration
as compared to a wider implant

o Represents a potential esthetic
compromise in therapy

e Implant is placed in a nonideal,
more palatal position

¢ A ridge lap restoration may be
required, representing an
esthetic compromise

e Extent of bone regeneration is
unpredictable

e Morphology of the regenerated
bone is unpredictable

e Secondary soft tissue procedure
may be required to help idealize
the esthetic outcome

o Need to master appropriate soft
tissue techniques to prevent
premature membrane exposure

o Need to remove the membrane

(Continued)
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Table 2.5 (Continued)

Treatment modality Advantages

Disadvantages

Ridge augmentation utilizing an
autogenous block graft with no covering
membrane

e No membrane expenses entailed

Ridge augmentation utilizing an
autogenous block graft with a resorbable
or nonresorbable covering membrane or
PRGF, followed by implant placement at
a second surgical visit

e The quantity of regenerated bone is

predictable

e The potential to place the implant in
a more ideal buccopalatal position
following bone regeneration

e No membrane removal is required

e The ability to place the implant in a
more ideal bucco palatal position
following regenerative therapy

e The need to procure graft material
from a second surgical site

e The precise quantity of regenerated
bone is not predictable

e The precise morphology of the
regenerated bone is not predictable

e May require a secondary soft tissue
procedure to help maximize
treatment outcomes

e The need to procure the graft
material from a second surgical site

e The need to remove the membrane
if a nonresorbable membrane is
utilized

e The quality of regenerated bone is

predictable

PRGF, preparations rich in growth factor.

However, regeneration of bone to cover an
exposed implant surface, or regeneration of cover-
ing bone of sufficient thickness to withstand func-
tion forces over time are no longer adequate defi-
nitions of success following guided bone regener-

Figure 2.119 Following flap reflection and membrane re-
moval eight months postregenerative therapy, extensive
bone regeneration is evident.

ation therapy. In the esthetic zone, any definition
of success must include regeneration or prepatho-
logic alveolar ridge morphology, to ideally support
the covering soft tissues and help maximize treat-
ment outcomes. Such a definition represents the
third-generation definition of success of guided
bone regeneration therapy.

TREATMENT PLANNING EXERCISE # 3

A 67-year-old female presented having lost her
maxillary left posterior teeth approximately 20
years previously. She has been wearing a remov-
able partial prosthesis to replace these teeth for
over 20 years. At the time of flap reflection, sig-
nificant ridge atrophy was noted, as the ridge pro-
gressed apically (Figure 2.120). Two, 8-mm-long
Straumann implants were placed in the ideal pros-
thetic positions (Figure 2.121). The most anterior
Straumann implant demonstrated fenestration of
its apical aspect. While it would have been possi-
ble to place this implant at approximately a 30-35°
angle and lessen or eliminate this fenestration, such



Figure 2.120 A crestal view demonstrates regeneration of
an ideal alveolar ridge form including a perfectly shaped
alveolar crest and buccal line angle. No soft tissue proce-
dures will be required to help maximize esthetic treatment
outcomes.

a treatment approach was never considered due to
its inherent prosthetic compromises.

It must now be determined whether or not
regenerative therapy should be performed over the
fenestrated portion of the implant. While no data
exist which document success and failure rates in

Figure 2.121 Two implants have been placed in a compro-
mised maxillary alveolar ridge. Note the significant apical
fenestration of the most anterior implant, extending around
the “apex” of the fixture.
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such situations when these fenestrations are not
covered by regenerated bone as compared to when
they are covered by regenerated bone, it would
seem most prudent to maximize the bone support
around the implants, so as to help improve their
long-term prognoses.

Treatment options for regeneration of the
bone around the apical third of the implant, in-
cluding its “apex”, are as follows:

o Placement of a shorter implant in the residual
alveolar ridge without concomitant regenera-
tive therapy.

e Augmentation around the exposed implant
surface utilizing particulate or block nonau-
togenous graft material and a resorbable cov-
ering membrane.

e Placement of particulate or block nonautoge-
nous graft material around the exposed im-
plant surface beneath a titanium-reinforced
membrane.

e Augmentation therapy utilizing an autoge-
nous block graft without a covering membrane
around the exposed implant surface.

e Augmentation utilizing an autogenous block
graft with a resorbable or nonresorbable cov-
ering membrane around the exposed implant
surface.

o Placement of autogenous or nonautogenous
particulate graft material around the exposed
implant surface without use of a membrane.

The advantages and disadvantages of each treat-
ment approach are summarized in Table 2.6.

A titanium-reinforced Gore-Tex membrane
was trimmed, inserted, and secured with three api-
cal fixation tacks. Following placement of a Bio-
Oss graft beneath the membrane, an additional tack
was placed at the most crestal extent of the mem-
brane, to ensure its immobility. The graft material
had been placed beneath the membrane in such
a manner so as to cover the previously exposed
implant surface, and extend approximately 3 mm
apical to the apex of the implant. Note the mor-
phology of the covering membrane (Figure 2.122).

Following flap reflection and membrane
removal six months postregenerative therapy,
extensive bone regeneration was evident. The
morphology of the regenerated bone mim-
icked the space created beneath the covering
titanium-reinforced membrane. The implant body
was wholly ensconced in thick alveolar bone
(Figure 2.123).



96 Guided Bone Regeneration

Table 2.6 Treatment options for Treatment Planning Exercise # 3.

Treatment modality

Advantages

Disadvantages

Placement of a shorter implant in the

residual alveolar ridge without
concomitant regenerative therapy

Augmentation around the exposed

implant surface utilizing particulate or

block nonautogenous graft material

and a resorbable covering membrane,

or PRGF

Ridge augmentation utilizing
particulate or block nonautogenous

graft material and a titanium-reinforced

covering membrane

Placement of particulate or block

autogenous graft material around the

exposed implant surface without a
covering membrane

Ridge augmentation utilizing and
autogenous block graft around the
exposed implant surface with a

resorbable or nonresorbable covering

membrane, or PRGF

Placement of autogenous or
nonautogenous particulate graft

material around the exposed implant

surface without use of a membrane

o No need for regenerative therapy

o No need to procure graft material
from a second surgical site

o No need to perform membrane
removal at a later date

o Predictability of quantity of
regenerated bone

e Predictability of morphology of
regenerated bone

e No need to procure graft material
from a second surgical site

o No need for membrane removal

o No additional cost of membrane
use

o Predictability of quantity of
regenerated bone

o Predictability of the morphology
of the regenerated bone

o No need for membrane removal

o No cost to membrane use

e Limitation in available implant
designs of a 5-mm length

e Lesser amount of implant
surface available for potential
osseointegration

o Unpredictability of the quantity of
regenerated bone

e Tendency of the resorbable
membrane to collapse under
pressure during healing,
lessening the amount of
regenerated bone

o Need to remove the membrane
at a second stage

o Unpredictability of regenerated
bone quantity

e Unpredictability of regenerated
bone morphology

o Need to procure the graft from a
second surgical site

o Need to procure graft material
from a second surgical site

o Need for membrane removal for
nonresorbable membranes
utilized

o Highest degree of
unpredictability of regenerated
bone quantity and morphology

PRGF, preparations rich in growth factor.



Figure 2.122 A titanium-reinforced Gore-Tex membrane
has been placed over a Bio-Oss graft, and secured with
four fixation tacks. Note the morphology of the membrane.

Ridge Augmentation Therapy

Numerous authors have demonstrated high levels
of success following ridge augmentation through
guided bone procedures, utilizing a variety of
autogenous and nonautogenous materials. While

Figure 2.123 Following flap reflection and membrane re-
moval six months postregenerative therapy, alveolar bone
regeneration is noted which precisely mimics the morphol-
ogy of the space created beneath the covering membrane.
The “apex” of the implant is ensconced in thick alveolar
bone.
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Table 2.7 Success and failure rates of ridge
augmentation therapy.

Type of therapy Partial

performed Success success Failure Total

Buccolingual ridge 246 32 11 289
augmentation

Apico-occlusal ridge 9 3 1 13
augmentation

claims are still made that autogenous bone
represents the “gold standard” in guided bone
regeneration therapy, the success and failure
rates quoted following ridge augmentation uti-
lizing autogenous or nonautogenous materials
are comparable. A report of 302 consecutive
ridge augmentation procedures which eventually
accepted 574 implants, utilizing various allografts
and xenografts beneath covering resorbable, non-
resorbable, and nonresorbable titanium-reinforced
membranes, reported an overall success rate of
96.0% (Table 2.7). The definitions of success
utilized in the cited paper were as follows. If
implants of 4 mm or greater diameter could be
placed in the augmented ridges without generation
of fenestrations or dehiscences, the augmentation
procedures were deemed successes. If placement
of 4 mm or wider diameter implants resulted in
any implant fenestrations or dehiscences, the treat-
ment outcome was classified as a partial success,
even if the areas were regrafted, and the implants
were restored and functioning successfully by
the Albrektsson criteria. Any buccolingual ridge
augmentation procedure that required placement
of an implant of a lesser diameter than 4.0
mm was deemed a failure, despite the fact that
narrower implants were placed and successfully
restored.

Apicocrestal ridge augmentation procedures
were considered successful if a 10-mm implant
could be placed which was wholly ensconced in
bone following augmentation therapy. If up to 2
mm of the 10 mm or longer implant was exposed
crestally following insertion, the apicocrestal ridge
augmentation was deemed a partial success. The
one failure in this group represented an early case
in which primary closure was lost, and the regen-
erative procedure failed.
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Crestal Augmentation

Crestal augmentation of up to 3 mm of lost hard
tissues is predictably attainable through the uti-
lization of the described materials and approaches.
If simultaneous implant placement is to be car-
ried out, the implant is placed so that 3 mm of
the implant body is crestal to the residual ridge
crest. Graft materials are packed around the im-
plant, and the implant helps to further support
the covering titanium-reinforced, secured mem-
brane. Should greater than 3 mm of crestal aug-
mentation be desired, augmentation of 3 mm of
crestal bone is first accomplished utilizing fixated
titanium-reinforced membranes. Implants are then
placed after completion of regeneration, with their
necks once again extruding 3 mm from the regen-
erated ridge crest. These implants help to support
the covering reinforced membrane, as already de-
scribed. The net result of this two-stage procedure
is up to 6 mm of regenerated crestal bone.

While these definitions of success are not as
stringent as the second- and third-generation def-
initions of success for guided bone regeneration
therapy, the definitions utilized in the publication
exceeded the standards employed at that time.

Despite the acceptable success rate of the per-
formed therapy, various limitations at the time of
treatment prevented an even higher success rate
from being attained. These limitations included:

o The relatively primitive state of guided bone
regenerative therapy at the time that the earli-
est cases were treated. The publication under
discussion documented all cases treated up to
that time in a single private practice, includ-
ing the first efforts at guided bone regener-
ation therapy. As a result, an appropriate un-
derstanding of flap designs and other technical
considerations had not yet fully evolved.

e Limitations in available membrane configu-
rations: A number of the augmentation pro-
cedures reported upon were performed prior
to the advent of titanium-reinforced Gore-Tex
membranes. Various screws were utilized in
attempts to support the membranes, thus pro-
viding space for the ingress of regenerative
cells, and maximization of the volume of re-
generated bone.

e No membrane fixation systems were readily
available at the time of treatment of the earli-
est cases: As previously discussed, membrane
fixation is crucial to the maximization of treat-

ment outcomes following guided bone regen-
eration therapy. Failure to attain such stabi-
lization will predictably lead to a diminution
in the quantity of regenerated bone.

Clinical Example Ten

A 21-year-old patient, who presented in 1988 fol-
lowing trauma in which she had avulsed her
mandibular incisors and a significant portion of the
buccal aspect of the alveolar ridge (Figure 2.124),
underscores these limitations. Following flap re-
flection utilizing relatively primitive incision de-
signs, the residual buccal alveolar plate was tapped
and first-stage implant healing screws were in-
serted in an attempt to provide support for the
covering membrane. A mixture of resorbable tri-
calcium phosphate (Augmen) and demineralized
freeze-dried bone allograft were placed and cov-
ered with a nonresorbable, nonreinforced Gore-
Tex membrane. Soft tissue primary closure was
attained and maintained throughout the course of
regeneration. Flap reflection five and a half months
postregenerative therapy (Figure 2.125) demon-
strated significant enhancement of the residual

Figure 2.124 The residual alveolar crest has been tapped
and first-stage surgical sealing screws have been inserted
to help afford membrane support during regeneration. The
area was treated with resorbable tri-calcium phosphate and
a nonreinforced Gore-Tex membrane. Passive primary clo-
sure was maintained throughout the course of regeneration.



Figure 2.125 Six months postregenerative therapy, exten-
sive ridge augmentation is noted. However, an ideal ridge
form has not been regenerated.

alveolar ridge. However, the ridge form was far
from ideal, and was less abundant than would be
deemed acceptable today. Three titanium plasma-
sprayed IMZ implants were inserted and restored
(Figure 2.126). Due to the limited crestal bone
regeneration which had occurred, the implants
were placed in a position which resulted in ap-
proximately a 7-mm pocket between the implants
and the adjacent teeth. Seventeen years postoper-

Figure 2.126 Three titanium plasma-sprayed IMZ implants
have been placed in the regenerated bone. Note the height
discrepancy between the implants and the cementoenamel
junctions of the adjacent teeth.
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atively, the implants continue to function success-
fully with no evidence of peri-implant bone loss.
As already discussed, the goals of guided bone re-
generation therapy in such an area today are not
simply the ability to place implants. Rather, the
prepathologic ridge morphology must be regener-
ated, including significant crestal regeneration, al-
lowing ideal implant placement and ease of main-
tenance for the patient.

When crestal augmentation therapy was car-
ried out in the mid- to late-1980s prior to the advent
of titanium-reinforced Gore-Tex membranes, sup-
port screws were placed to help effect such regener-
ation. A 61-year-old female patient presented with
a failed mandibular second bicuspid, which was
the terminal abutment for a three-unit fixed splint.
Following sectioning of the splint, removal of the
second bicuspid and the pontic in the first molar
position, flap reflection and defect debridement,
a significant alveolar ridge defect was evident. A
screw was inserted into the ridge that protruded
crestally, in an effort to attain membrane support
at the ideal position (Figure 2.127). At flap reentry
and membrane removal six months postregenera-
tive therapy, significant crestal ridge augmentation
was evident (Figure 2.128). Implants may now be
placed in ideal positions in the second bicuspid and
first molar areas.

The use of screws to support nonreinforced
membranes represents a compromise in treatment

Figure 2.127 A titanium support screw has been placed
in an alveolar ridge defect in an attempt to prevent col-
lapse of the covering membrane. The area was treated
with resorbable tri-calcium phosphate and a nonreinforced
Gore-Tex membrane.
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Figure 2.128 Following flap reflection and membrane re-
moval six months postregenerative therapy, extensive buc-
cal lingual and crestal bone regeneration are evident. Im-
plants may now be placed in prosthetically driven positions.

outcomes following guided bone regeneration ther-
apy. While these screws will provide support at
their point of contact with the membrane, the ex-
tent of support afforded lessens as the distance
from the support screw increases. Figure 2.129
demonstrates a severely damaged alveolar ridge
following removal of two hopeless maxillary ante-
rior teeth and debridement of the periodontal and
periapical lesions which were present. Following
insertion of a support screw in the buccal aspect
of the residual alveolar ridge (Figure 2.130), re-
sorbable tri-calcium phosphate and demineralized

Figure 2.129 A severe alveolar ridge defect is noted fol-
lowing tooth removal and defect debridement.

Figure 2.130 A support screw has been placed in an effort
to prevent membrane collapse during regeneration. The
area was treated with demineralized freeze-dried bone al-
lograft and a covering nonreinforced Gore-Tex membrane.

freeze-dried bone allograft were placed. A nonre-
inforced Gore-Tex membrane was employed over
the graft material, and passive soft tissue primary
closure was attained and maintained throughout
the course of healing. At flap reflection and mem-
brane removal six months postoperatively, bone
augmentation was evident. However, note the de-
creased buccopalatal width of the regenerated bone
at sites more distant from the position of the sup-
port screw, when compared to the ridge width at
the support screw’s location (Figure 2.131).

When non-space-maintaining defects are
treated, the clinician cannot depend on the un-
derlying graft materials to predictably maintain
space beneath the membrane and ensure the
morphology of the regenerated bone, regardless
of the configurations or consistencies of the
graft materials employed. Some proponents of
mineralized or demineralized bone blocks or bone
substitutes contend that the “firmness” of the graft
materials obviates the need for placement of a
nonresorbable titanium-reinforced covering mem-
brane. Despite these claims, no publications to
date have demonstrated the ability to predictably
rebuild prepathologic ridge morphologies when
treating non-space-maintaining defects in such
a manner. Only the appropriate utilization of
titanium-reinforced membranes over graft materi-
als, in the presence of proper flap management to
ensure maintenance of soft tissue primary closure,
will predictably yield such treatment outcomes.



Figure 2.131 Following flap reflection and membrane re-
moval six months postregenerative therapy, bone regener-
ation is evident. However, note the decrease in the bucco-
palatal width of the regenerated bone at sites more distant
from the support screw.

Clinical Example Eleven

Figures 2.132 and 2.133 demonstrate a severely
damaged alveolar ridge following removal of
two fractured maxillary central incisors and
debridement of the periodontal and periapical
lesions which were present. The defect was
treated through the use of a demineralized bone

Figure 2.132 A severe alveolar ridge defect is evident fol-
lowing tooth removal and defect debridement.
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Figure 2.133 A crestal view demonstrates the extent of the
damage which has occurred to the alveolar ridge. The area
is treated with a Regenaform bone matrix block impreg-
nated with cortical chips and a secured resorbable mem-
brane.

matrix putty impregnated with cortical chips
(Regenaform) and a covering Resolut membrane
secured with fixation tacks, in the hope that the
combination of the relative firmness of the graft
material and the relative stiffness of the Resolut
membrane would maintain the space created at the
time of treatment. However, while the six-month
surgical reentry demonstrates extensive ridge
regeneration, the previous buccal line angle of the
alveolar ridge has not been rebuilt (Figure 2.134).

Figure 2.134 Flap reflection six months postregenerative
therapy demonstrates significant alveolar bone regenera-
tion. However, prepathologic alveolar ridge morphologies
have not been reattained. Soft tissue grafting will have to
be performed to help idealize esthetic treatment outcomes.
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As a result, a soft tissue augmentation procedure
will have to be performed at the time of implant
placement to help maximize the esthetic outcomes
of therapy. Such a treatment outcome should not
be deemed a success.

TREATMENT PLANNING EXERCISE # 4

A 48-year-old female presented with a severely at-
rophic mandibular posterior alveolar ridge. The
teeth in this area had been missing for ap-
proximately 35 years. Following flap reflection,
the atrophic nature of the ridge was evident
(Figure 2.135). Treatment options to effect regen-
eration included the following:

e Procurement of an autogenous bone block
and its placement beneath the mucoperiosteal
flaps without utilization of a covering mem-
brane.

e Procurement of an autogenous bone block
and its placement beneath the mucoperiosteal
flaps with utilization of a covering membrane.

e Placement of a nonautogenous particulate or
block graft beneath a covering resorbable
membrane.

e Placement of a nonautogenous particulate
or block graft beneath a covering titanium-
reinforced membrane.

The advantages and disadvantages of each ap-
proach have been previously discussed. Failure to
place a covering membrane over an autogenous

Figure 2.135 Flap reflection reveals a severely atrophic
alveolar ridge. Implants may not be placed in an ideal po-
sition.

block graft will lead to unpredictable resorption of
up to 25-30% of the graft during healing and re-
modeling. Such remodeling of the block graft is
avoidable if a covering, fixated membrane is uti-
lized. The disadvantage of this approach is the need
to procure the graft from a second surgical site, thus
increasing the length of the procedure and postop-
erative morbidity.

Employment of nonautogenous graft materi-
als beneath a resorbable membrane will lead to an
unpredictable regenerative result. Although there
is no doubt that, if soft tissue primary closure is
maintained throughout the course of regeneration,
ridge augmentation will be effected, the precise
quantity and morphology of the regenerated bone
cannot be ascertained until the time of surgical
reentry. As discussed, there is no literature to
support the contention that the morphology
created through the use of graft material of choice
and a covering resorbable membrane at the time of
surgery will be maintained throughout the course
of regeneration. Rather, literature demonstrates
precisely the opposite results upon reentry.

Utilization of nonautogenous graft material
beneath a fixated titanium-reinforced membrane
offers significant advantages over the other treat-
ment approaches. If passive soft tissue primary
closure is maintained throughout the course of
regeneration, the quantity and morphology of
regenerated bone will be that created at the time
of the surgery through the shaping, positioning,
and fixating of the titanium-reinforced membrane
over the graft materials. In addition, the procedure
is less lengthy, and the postoperative morbidity
less severe, than if a membrane is utilized over an
autogenous graft which must be procured from a
second surgical site.

Unfortunately, the description of the treat-
ment options, which is carried out above, mimics
the manner in which conversations seem to
proceed during clinicians’ discussion of treatment
options when faced with such defects. All too
often, the focus is immediately placed upon the
type of graft material and membrane to be utilized,
without first discussing appropriate incision and
flap designs.

The case presented above was treated utiliz-
ing the following flap designs:

o A crestal incision was placed within 1.5 mm
of the teeth adjacent to the defect, bisecting
the papillae.



o Four releasing incisions were placed on the
mesiobuccal, distobuccal, mesiolingual, and
distolingual corners of the crestal incision:
When faced with ridge atrophy, clinicians are
often hesitant to place lingual releasing inci-
sions for fear of compromising vital structures.
Such a concern is easily overcome as follows:
The lingual vertical releasing incision extends
2 mm beyond the mucogingival junction. Ex-
cept in the cases of the most severe ridge at-
rophy, which may very well not be candidates
for this type of regenerative therapy and im-
plant placement, no vital structures will be en-
countered at this point. The corner of the flap
is engaged with a tissue forcep, blunt dissec-
tion is carried out, and the lingual releasing
incision is extended through sharp dissection
as the clinician visualizes the area from the in-
ternal aspect of the flap, ensuring that no vital
structures are compromised.

Horizontal releasing incisions were placed
at the most apical extents of the buccal verti-
cal releasing incisions: These horizontal exten-
sions are crucial to the attainment of passive
soft tissue primary closure following place-
ment of regenerative materials. Concern is of-
ten voiced regarding placement of either a ver-
tical releasing incision or its horizontal exten-
sion in the area of the mental foramen. If the
clinician feels that the mental foramen may be
in the area of planned incision design and flap
reflection, he or she should proceed as follows.
The buccal vertical releasing incision extends
approximately 2 mm beyond the mucogingi-
val junction. A tissue forcep is used to reflect
the flap which has been created, and a blunt
dissection is carried out with a periosteal ele-
vator, until the entrance to the mental foramen
is visualized. This area can now be isolated,
and both the vertical releasing incision and its
horizontal extension may be angled appropri-
ately to avoid any vital structures in this area.
Full thickness flap reflection was carried out
buccally and lingually. Periosteal fenestrations
were not utilized.

The degree of buccal and lingual flap mo-
bility which had been attained was tested.
Using a tissue forcep, both the buccal and lin-
gual flaps should be able to be lifted to the
levels of the marginal ridges of the adjacent
teeth. If they cannot be so displaced, the hor-
izontal releasing incisions and full thickness
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reflections must be continued until adequate
flap mobility is attained.

Following appropriate flap design and reflec-
tion, the ridge was decorticated utilizing a piezo
surgery tip under copious irrigation. A titanium-
reinforced membrane was trimmed and secured
with fixation tacks. The membrane was trimmed
in a specific manner to include the following
characteristics:

e The apical extent of the membrane demon-
strated two wings mesially and distally. These
“wings” allowed the membrane to be secured
with fixation tacks lateral to the planned site
of augmentation therapy. If a membrane is
secured with fixation tacks apical to the site
of planned augmentation, the result is often
diminution of the space available beneath the
membrane for placement of regenerative ma-
terials, and hence for attainment of regener-
ated bone.

¢ The membrane was shaped to avoid the men-
tal foramen and any other vital structures of
concern.

o The rest of the membrane extended beyond
the mesial, distal, and lingual aspects of the
defect by only 1-2 mm. Because the mem-
brane was secured with fixation tacks, and
the soft tissue flaps will be successfully closed
and soft tissue primary closure will be main-
tained throughout the course of regeneration,
there is no need to extend the membrane fur-
ther beyond the defect peripheries. Such ex-
tension may impinge upon adjacent teeth or
vital structures. In addition, there is no reason
to ask the soft tissue flaps to tolerate the pres-
ence of a greater amount of foreign material
than is necessary

o The position of the membrane relative to the
releasing incisions is of no concern. Once
again, because the membrane is secured with
fixation tacks, and the flaps will be closed in
a passive manner so as to maintain soft tissue
primary closure throughout the course of re-
generation, placement of a membrane margin
within a millimeter of a releasing incision does
not represent a compromise.

Following flap reflection and membrane removal
six months postregenerative therapy, both the ex-
tent of the ridge augmentation procedure and the
ideal shape of the regenerated bone were evident
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Figure 2.136 Six months after treatment with Bio-Oss and
a secured titanium-reinforced Gore-Tex membrane, regen-
eration of prepathologic ridge morphology is evident. Im-
plants may now be placed in prosthetically driven positions.

(Figure 2.136). Implants of sufficient diameters to
withstand functional forces over time may now be
placed in ideal positions, without the need for ad-
ditional regenerative treatments.

The appropriate utilization of the above con-
cepts and techniques affords the opportunity to
treat a variety of cases previously considered too
advanced for such an approach. For example, a
patient presented with clinical and radiographic ev-
idence of severe maxillary and mandibular ridge at-
rophy following 40 plus years of denture use (Fig-
ure 2.137). The premaxillary bone had resorbed
to the level of the nasal spine. Such a scenario

Figure 2.137 A patient who has been edentulous for over
30 years presents with severe maxillary atrophy. Sinus aug-
mentation therapy cannot be performed due to history of
chronic sinusitis.

Figure 2.138 Nine months after treatment with Bio-Oss
and multiple secured titanium-reinforced Gore-Tex mem-
branes, extensive bone regeneration in the premaxillary
area is evident radiographically.

is often treated through the use of an iliac crest
graft, due to its extent and severity. However, the
patient refused such therapy. Sinus augmentation
therapy could not be carried out due to a sig-
nificant history of chronic sinusitis. Bio-Oss was
placed beneath three covering, titanium-reinforced
Gore-Tex membranes which were secured with fix-
ation tacks. Nine months postoperatively, signifi-
cant ridge regeneration was evident radiographi-
cally (Figure 2.138). While awaiting regeneration
in the premaxillary area, four titanium plasma-
sprayed IMZ implants were placed in the mandibu-
lar anterior region. These implants will eventually
support an over denture appliance.

Six titanium plasma-sprayed IMZ implants
were placed in the regenerated maxillary bone (Fig-
ure 2.139). These implants were restored with a
milled bar palateless removable prosthesis. The
prosthesis has been functioning successfully for 17
years with no evidence of peri-implant bone loss.

The Stability of Regenerated Bone

While dramatic regenerative results may be at-
tained without the use of autogenous bone grafts,
such bone regrowth is meaningless unless implants
placed in the regenerated bone demonstrate suc-
cess rates under function comparable to those of
implants placed in native host bone. The first pa-
per published on this topic documented the suc-
cess and failure rates of 626 implants either placed
in regenerated alveolar ridges, inserted in extrac-
tion sockets at the time of tooth removal, or treated



Figure 2.139 Eight titanium plasma-sprayed IMZ implants
have been placed in the regenerated maxillary bone.

with guided bone regeneration to rebuild bone over
implant fenestrations and/or dehiscences (20).
The reported cumulative success rate was 93.8%.
The definition of success for this paper was not the
Albrektsson et al.’s criteria alone. The widely ac-
cepted success criteria of Albrektsson et al. do not
address the stability of regenerated bone on the
buccal and/or lingual/palatal aspects of implants,
as such bone levels are not assessable radiograph-
ically. As a result, the paper expressed success in
terms of both the aforementioned criteria and bone
sounding at the sites of regeneration. Each implant
was bone sounded under anesthesia at the site(s)
where regenerative therapy had been carried out,
to document the level of the regenerated bone. Sub-
sequent publications have confirmed the high suc-
cess rates of implants functioning in regenerated
bone which were reported in this paper.

An additional paper published in 2005 docu-
mented the success and failure rates of 1,233 im-
plants in regenerated bone after 78-123 months in
function (21). These implants included those re-
ported upon in the previous publication, and fol-
lowed for a greater length of time, and implants
placed since the previous publication. Utilizing the
success criteria previously described, an overall cu-
mulative success rate of 97.3% was reported. Cu-
mulative success rates of 97.2% and 97.4% were
reported in the maxilla and mandible, respectively.

Of note is a comparison between the more re-
cently placed implants reported upon in the study,
which had been in function for up to six years,
and the implants which were followed for a longer
period of time and had been reported upon in the
previous study. The implants reported upon in the
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previous study, and followed for a longer time in
the second study, included the first implants placed
in regenerated bone. As a result, three potential
compromises were present at the time of implant
insertion. First, the quantity of regenerated bone
was less than it would have been if the areas had
been treated with materials that later became avail-
able (i.e., titanium-reinforced membranes, fixation
tacks, etc.). Second, many of the initial implants
were placed at an earlier time in the evolution of
understanding of the capabilities of the implants
to support force loads in various situations. There
is no doubt that the “engineering” of implant re-
constructive cases has evolved significantly since
the 1980s. Finally, the implants which were avail-
able for use in the 1980s represented a compromise
when compared to their current counterparts. Im-
plant morphology, implant diameter, implant abut-
ment design, and implant surfaces have all pro-
gressed dramatically over the past two decades,
yielding significantly higher success rates in both
host and regenerated bone.

Despite these compromises, the success rates
reported upon for implants in regenerated bone
easily matched those for implants functioning in
native host bone.

Maintenance of Regenerated Bone

Without Implant Placement

The literature does not demonstrate consistent ev-
idence of the loss of residual alveolar bone be-
neath a well-fitting fixed prosthesis longer than
one year after tooth removal. Rather, clinical ob-
servation would indicate the reverse. If no forces
are placed upon this alveolar bone, it does not
continue to atrophy beneath well-fitting fixed
prostheses. The question is whether regenerated
bone demonstrates the same stability in a similar
situation.

Clinical Example Twelve

A 51-year-old male presented with a hopeless prog-
nosis for his central incisor, which was part of a
three-unit fixed splint. Flap reflection revealed a
severe osseous defect around the root of this tooth,
which had adversely effected the mesial aspect of
the adjacent lateral incisor (Figure 2.140).
Following removal of the root from beneath
the fixed splint and debridement of the defect,



106 Guided Bone Regeneration

Figure 2.140 A patient presents with a hopeless prognosis
for a maxillary central incisor, and significant osseous loss
on the mesial aspect of the adjacent lateral incisor.

Bio-Oss was placed, and a titanium-reinforced
membrane was secured over the graft material
(Figure 2.141). The rotation of a palatal pedi-
cle flap, and its placement beneath the created
pontic of the three-unit fixed splint, afforded the
opportunity to attain and maintain passive soft
tissue primary closure throughout the course of
regeneration.

Following flap reflection and membrane re-
moval six months postregenerative therapy (Fig-
ure 2.142), significant ridge regeneration was ev-
ident beneath the created pontic. Bone had also
been regenerated on the mesial aspect of the adja-
cent lateral incisor.

Sixteen years posttherapy, no recession on
ridge atrophy has occurred in the area of regenera-
tion (Figure 2.143). Does this bone maintain itself
over time?

In an attempt to answer this question, 43
cases of ridge augmentation were assessed. Fol-
lowing ridge augmentation therapy (Figure 2.144),
and fixed prosthesis reconstruction, measurements
were taken as follows. Impressions of the fi-
nal fixed prostheses were made, and vacuform
stents were fabricated over the areas of the pros-
theses. Buccal and palatal holes were made in
the stents and calipers were utilized to mea-
sure the buccopalatal width of the regenerated

Figure 2.141 Following root removal from beneath the
three-unit fixed splint, the area is treated with Bio-Oss and
a secured, titanium-reinforced Gore-Tex membrane. A ro-
tated palatal pedicle flap is utilized to attain and maintain
soft tissue primary closure throughout regeneration.

Figure 2.142 Flap reflection and membrane removal six
months posttherapy demonstrates significant regeneration
of the damaged alveolar bone. This bone should remain
stable beneath the fixed prosthesis, as no pressure is being
placed upon it.



Figure 2.143 Sixteen years after regenerative therapy was
performed at the time of tooth extraction, the stability of the
soft tissues in the area, and the underlining bone, is noted.

alveolar bone, under anesthesia, immediately fol-
lowing prosthesis insertion.

A mean time of 28.6 months after the initial
measurements were taken, the stents were rein-
serted and the same calipers were utilized to mea-
sure the buccopalatal dimension of the regenerated
ridge in the pontic area, under anesthesia. An av-
erage change in the buccolingual dimension of the
regenerated alveolar ridge of less than 0.1 mm was
noted. Therefore, it may be stated that regener-
ated alveolar bone beneath pontics is stable for
at least 28.6 months postrestoration. There would

Figure 2.144 A patient presents with the need for both
preprosthetic periodontal surgery and ridge augmentation
in the pontic area to help idealize the final esthetic treatment
outcomes.
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Figure 2.145 Six months following reconstructive therapy,
extensive bone regeneration is evident. As this regenerated
bone will be beneath a fixed prosthesis and free of overlying
pressures, it should remain stable over time.

be no reason to expect this bone to subsequently
resorb, as it had been stable for over two years
(Figure 2.145).

THE QUESTION OF AUTOGENOUS
BONE

Autogenous bone has long been referred to as the
“gold standard” of regenerative graft materials. It
has been cited as such due to both its ability to ef-
fect regeneration, and the rapidity of such regener-
ation. Numerous reports document the placement
of implants in autogenous bone block grafts 4-5
months post-regenerative therapy, as compared to
the 6-9 months often reported when various allo-
grafts or xenografts have been employed.

There is no doubt that autogenous bone offers
significant advantages when compared to nonauto-
genous alternatives, if regenerative therapy is per-
formed in the absence of covering membranes. The
failure of other graft materials to demonstrate pre-
dictable and acceptable regenerative results when
placed without covering membranes must lead one
to conclude that their utilization in such situations
represents a significant compromise to treatment
outcomes, and thus to the patient.

However, when utilized in conjunction with
appropriately employed membrane therapy, does
autogenous bone offer significant advantages over
its allograft or xenograft counterparts?

Assuming appropriate incision designs and
flap reflections to ensure attainment and
maintenance of the soft tissue primary closure;
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complete defect debridement; decortication when
necessary; selection of a reinforced or nonrein-
forced membrane as dictated by defect morphol-
ogy; fixation of the membrane; passive suturing
to attain soft tissue primary closure; maintenance
of soft tissue closure; and control of overlying
forces; what advantages does autogenous bone af-
ford the clinician and ultimately the patient? An
in-depth analysis of available literature, coupled
with clinical expertise, leads to the indisputable fact
that the only advantage autogenous bone offers in
such a situation, when compared to predictably re-
sorbable allografts and xenografts, is that of speed.
Rather than having to wait 6-7 months to reen-
ter an area treated with nonautogenous grafts and
covering membranes, the clinician can reenter a
site grafted with autogenous bone and covering
membranes 4-5 months postoperatively to effect
implant placement.

This fact mandates a paradigm shift when se-
lecting a graft material to be utilized beneath an
appropriately employed membrane. If the speed to
be gained from the use of autogenous bone is justi-
fied by the additional time and morbidity inherent
in graft procurement, autogenous bone should be
employed. For example, if augmentation is to be
carried out in the area of teeth numbers 12 and 13,
and autogenous bone may be easily obtained from
the tuberosity region in the same sextant, its use is
logical, as there is little increase in either operating
time or postoperative morbidity (Flow Chart 2.2).

However, if procurement of autogenous bone
requires the involvement of a second, distant sur-
gical site, it becomes difficult if not impossible to
justify its utilization in the majority of situations,
with the attendant increase in operating time and
postoperative morbidity.

The fourth generation definition of success is
therefore simplification of therapy for the patient
without compromising treatment outcomes.

Controlling Overlying Forces
Failure to control forces on regenerating sites gen-
erated by overlying prostheses will result in an
increase in postoperative complications, including
loss of soft tissue primary closure, soft tissue ab-
scesses, and a decrease in the volume of regener-
ated bone. It is imperative that a treating clinician
stand firm in the face of patient requests and con-
cerns when considering the use of overlying pros-
theses throughout the course of regeneration.
Naturally, if the patient can be temporized
with a fixed prosthesis, whether it be to reestab-

lish an appropriate occlusion or for other reasons,
the question of controlling forces from an overlying
prosthesis is easily solved. However, in situations
where a temporary fixed prosthesis will not be em-
ployed, controlling overlying forces on graft sites is
of paramount importance.

When the bone in a single- or two-tooth site
is to be regenerated, numerous simple temporiza-
tion options present themselves. An Essex retainer
may be employed. It affords the advantages of an
inexpensive, easy to fabricate temporary solution
which will not impinge upon the underlying re-
generative site. The limitations to Essex retainer
utilization include the need to use it in only one-
or two-tooth sites, as its employment over greater
edentulous spans will result in retainer flexure and
impingement upon the regenerating area. In addi-
tion, a patient’s occlusion may preclude Essex re-
tainer utilization if adequate interocclusal space is
not present to allow its placement. Finally, an Es-
sex retainer is an esthetic compromise in the best
of situations.

A Monodent bridge or a Maryland bridge may
also be employed if temporization is to be carried
out in a one- or two-tooth site. While a Mary-
land bridge is less invasive to the adjacent teeth,
it is more expensive and requires additional vis-
its, when compared to a Monodent bridge. The
Monodent bridge is minimally invasive (not non-
invasive) to adjacent teeth, and often represents a
viable treatment option, especially if the adjacent
teeth already present with Class III restorations.

If an anterior area of greater than two teeth
in width is to be treated with regeneration, and the
patient is not having a fixed temporary prosthesis
placed for other reasons, a removable partial pros-
thesis must be utilized. In such a situation, it is
imperative that the buccal flange of the prosthe-
sis be removed to the level of the cementoenamel
junctions of the acrylic teeth, and that the under-
surface of the prosthesis be hollowed out where
it overlays the regenerating site. The patient is al-
lowed to wear the prosthesis for esthetic reasons,
but is admonished not to eat with the prosthesis in
place at any time throughout the course of regen-
eration. It is critical that this point is underscored
to the patient by explaining that if the patient does
eat with the prosthesis in place, the regenerative
therapy will fail, and the patient will have to in-
cur both the expense and the discomfort of un-
dergoing the treatment a second time. Failure to
provide such severe admonishments often results
in patient misuse of the prosthesis once the soft



tissues have healed, with a resultant compromise
in the regenerative outcomes of therapy. When a
removable prosthesis is being utilized by the pa-
tient over a posterior site which will be regener-
ated, one of two approaches is always employed.
If the prosthesis is not in an esthetic area, it is
taken from the patient so that it cannot be utilized
inappropriately.

If the patient insists on retaining the prosthe-
sis, it is adjusted as previously described, removing
the buccal flange and hollowing out the prosthesis
where it overlays the regenerating site. The same
admonishments are given to the patient as already
explained.

The most potentially difficult situation is that
of a patient who is wearing a full maxillary denture.
Such a scenario will be discussed in a subsequent
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chapter, when various therapeutic options are ex-
plored.

Conclusions

The maximization of treatment outcomes follow-
ing guided bone regenerative therapy does not be-
gin with the selection of graft materials, nor the
utilization of various membranes. As with all other
treatments, GBR therapy is highly diagnosis depen-
dent. Once the appropriate diagnosis is carried out,
the results of guided bone regenerative therapy are
directly attributable to appropriate incision design,
flap management, membrane selection, and ulti-
mately the individual clinician’s inflexibility when
defining success (Table 2.8).

Table 2.8 Definitions of success following guided bone regeneration.

Buccolingual ridge

Implant dehiscences

Extraction socket
reconstruction

Apico-occlusal
ridge augmentation

augmentation fenestrations
First Adequate bone to Coverage of exposed
generation place an implant implant surface with
regenerated hard
tissues
Second Adequate bone to Adequate bone to
generation withstand functional withstand functional
forces over time forces over time
Third All of the above plus All of the above plus
generation regeneration of regeneration of
prepathologic alveolar prepathologic alveolar
morphology, allowing morphology, and
placement of an maximum esthetic
ideally sized implant in support for covering
a perfect prosthetic soft tissue
position, and
maximum esthetic
support for covering
tissues
Fourth Simplification of Simplification of
generation therapy as much as therapy as much as

possible, without
compromising
treatment outcomes

possible, without
compromising
treatment outcomes

Adequate bone to
place an implant

Adequate bone to
withstand functional
forces over time

All of the above plus
regeneration of
prepathologic alveolar
morphology, allowing
placement of an
ideally sized implant in
a perfect prosthetic
position, and
maximum esthetic
support for covering
soft tissues
Simplification of
therapy as much as
possible, without
compromising
treatment outcomes

Adequate bone to
place a 10-mm-long
implant

Adequate bone to
place a 10-mm-long
implant and adequate
bone to withstand
functional forces over
time

All of the above plus
regeneration of
prepathologic alveolar
morphology, allowing
placement of an
ideally sized implant in
a perfect prosthetic
position, and
maximum esthetic
support for covering
soft tissues
Simplification of
therapy as much as
possible, without
compromising
treatment outcomes




110

Guided Bone Regeneration

References

1.

10.

11.

Buser D, Dula K, Belser U, Hirt H-P, and Berthold H.
1993. Localized ridge augmentation using guided bone
regeneration. 1. Surgical procedure in the maxilla. Int J
Periodontics Restorative Dent 13:29-45.

. Bahat O, Fontanesi RV, and Preston J. 1993. Recon-

struction of the hard and soft tissues for optimal place-
ment of osseointegrated implants. Int J Periodontics
Restorative Dent 13:255-275.

. Nevins M and Mellonig JT. 1994. The advantages of

localized ridge augmentation prior to implant place-
ment: A staged event. Int J Periodontics Restorative Dent
14:96-111.

. Simion M, Trisi P, and Piatelli A. 1994. Vertical ridge

augmentation using a membrane technique associ-
ated with osseointegrated implants. Int J Periodontics
Restorative Dent 14:497-511.

. Buser D, Dula K, Hirt H-P, and Schenk RK. 1996. Lateral

ridge augmentation using autografts and barrier mem-
branes: A clinical study with 40 partially edentulous
patients. J Oral Maxillofac Surg 54:420-432.

. Fugazzotto PA. 1998. Report of 302 consecutive ridge

augmentation procedures: Technical considerations
and clinical results. Int J Oral Maxillofac Implants
13:358-368.

. Bahat O and Fontanessi RV. 2002. The efficacy

of implant placement after bone grafting for three-
dimensional reconstruction of the posterior jaw. Int J
Periodontics Restorative Dent 22:109-117.

. Fiorellini JP and Nevins ML. 2003. Localized ridge aug-

mentation/preservation. A systematic review. Ann Pe-
riodontal 8:321-327.

. Park SH and Wang HL. 2006. Management of local-

ized buccal dehiscents defect with allografts and a cel-
lular dermal matrix. Int J Periodontal Restorative Dent
26:589-595.

Mellonig JP and Triplett RG. 1993. Guided tissue regen-
eration and osseous dental implants. Int J Periodontal
Restorative Dent 13:109-119.

Fugazzotto PA, Shanaman R, Manos T, and Shectman
R. 1997. Guided bone regeneration around titanium im-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

plants: Reports of the treatment of 1503 sites with clini-
cal re-entries. Int J Periodontal Restorative Dent 17:292—
299.

Lekholm U, Becker W, Dahlin C, Becker B, Donath K,
and Morrison E. 1993. The role of early versus late
removal of GTAM membranes on bone formation at
oral implants placed into immediate extraction sockets.
An experimental study in dogs. Clin Oral implants Res
4:121-129.

Shanaman RH. 1994. A retrospective study of 237 sites
treated consecutively with guided tissue regeneration.
Int J Periodontal Restorative Dent 9:31-40.

Simion M, Baldoni M, Rossi P, and Zaffe D. 1994. A
comparative study of the effectiveness of e-PTFE mem-
branes with and without early exposure during the heal-
ing period. Int J Periodontics Restorative Dent 14:166-
180.

Machtei EE. 2001. The effect of membrane exposure on
the outcome of regenerative procedures in humans: A
meta-analysis. J Periodontol 72:512-516.

Fugazzotto PA, DePaoli S, and Parma-Benfenati S. 1993.
Flap design considerations with implant placement
in the maxillary anterior region. Implant Dent 2:93-
96.

Fugazzotto PA. 1999. Maintenance of soft tissue closure
following guided bone regeneration: Technical consid-
erations and report of 723 cases. J Periodontol 70:1085-
1097.

Fugazzotto PA. 2006. Maintaining primary closure after
guided bone regeneration procedures: Introduction of a
new flap design and preliminary results. J Periodontol
77:1452-1457.

Fugazzotto PA. 1998. Implant placement in atrophic
ridges: A simplified technique. Implant Dent 7:193-197.
Fugazzotto PA. 1997. Success and failure rates of 626
osseointegrated implants in function in regenerated
bone for 6-51 months: A preliminary report. Int J Peri-
odontics Restorative Dent 7:293-299.

Fugazzotto PA. 2005. Success and failure rates of os-
seointegrated implants in function regenerated bone
for 72-133 months. Int J Oral Maxillofac Implants 20:
77-83.



Autogenous
block graft
placed

Space- Non-space-
maintaining maintaining
defect defect

Resorbable
membrane
or
PRGF

Guided Bone Regeneration

Particulate or “putty”

graft placed

Space- Non-space-
maintaining maintaining

defect defect
Resorbable Titanium reinforced
membrane membrane

or
PRGF

Flow chart 2.1 Membrane selection (all membranes are secured with fixation tacks).
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Introduction

The process of tissue repair involves a complex
cascade of biological events in which a large list
of cytokines and growth factors provide signals
at local injury sites, regulating the mechanisms
and pathways that govern wound healing and
tissue regeneration (1). Although each tissue has
its own specific characteristics and properties,
most of them share common steps and pathways.
One critical point is the implication of a wide
range of biological mediators in the spatiotempo-
ral control of the processes that govern tissue re-
generation including chemotaxis, cell proliferation
and differentiation, angiogenesis and extracellular
matrix formation among others. In the process of
bone regeneration, locally produced growth factors
initially mediate the migration of osteoprogenitor
cells to the defect site, and later mediate the direct
differentiation of the osteoprogenitors toward spe-
cific cell lineages. Growth factors also control cell
proliferation, bone revascularization, and extracel-
lular matrix production (2).

Successful restoration of tissue functions de-
pends upon a sequence of steps regulated by mul-
tiple bioactive growth factors and proteins that
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unfold over time through an orchestrated sequence
of spatial changes (3). The progressive under-
standing of these facts at a basic level provides
a more sophisticated, knowledge-based approach
to help develop technologies that allow controlled
spatiotemporal release of bioactive factors (4, 5).
One major breakthrough in the last few years has
been the discovery that platelets may have im-
portant therapeutic roles apart from their physi-
ologic role in hemostasis. Recently, the therapeu-
tic potential of platelets in promoting and acceler-
ating tissue regeneration has gained the interest
of the scientific and medical community (6, 7).
This interest is in part because platelets, once acti-
vated, secrete a large pool of proteins such as fib-
rinogen, fibronectin and vitronectin, and growth
factors including platelet-derived growth factor
(PDGF), transforming growth factor-f (TGF-f3),
vascular endothelial growth factor (VEGF), insulin-
like growth factor (IGF-I), hepatocyte growth factor
(HGF), angiopoietins, platelet factor-4 (PF-4), and
thrombospondin among others to the local milieu,
which may drive tissue regeneration mechanisms
(8, 9). Assuming the potential of platelets as biolog-
ical systems for growth factor delivery, much effort
has been devoted to properly formulate platelets
into “therapeutic preparations” that could be clini-
cally tested and utilized in the treatment of numer-
ous medical disorders.

PRGF: An Optimized Platelet-Rich
Plasma

The concept of platelet-rich plasma is relatively
new in biomedicine and biotechnology. In the pio-
neering studies of Marx et al. and Anitua (6, 7),
a preparation rich in platelets, or platelet-rich
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plasma, was reported as a new therapeutic tool
to promote bone and soft tissue regeneration. This
approach used platelets as growth factor reservoirs
with the aim of releasing biological mediators and
proteins close to the injured tissues.

Numerous research groups have produced
their own platelet-rich plasmas using different pro-
tocols and techniques, leading to a large list of ex-
perimental data which has provoked discrepancies
and controversies, especially regarding the poten-
tial benefits of this biotechnological procedure. In
the field of bone regeneration, some authors have
reported significant improvements in tissue heal-
ing and bone formation using platelet-rich plasma
(10, 11), while others did not observe any benefit
(12, 13). This controversy is the consequence of the
lack of suitable qualitative and quantitative stan-
dardization of different platelet-rich preparations,
and great variation in the processes for producing
them. Unfortunately, there is a trend to condense
all reported results, and consider all products as
one platelet-rich plasma.

Preparation rich in growth factor (PRGF) fol-
lows the philosophy of classical platelet-rich prod-
ucts. However, it represents an alternative method
by which to formulate and use platelets in a
100% autologous and biocompatible product that
circumvents some of the limitations reported for
other platelet-rich plasma preparations. PRGF is an
autologous plasma product enriched in platelets
which, after activation, release multiple growth
factors and bioactive proteins locally that modu-
late the processes of wound healing and tissue en-
gineering (14). This type of preparation is easily
and rapidly obtained from the patient’s blood. Be-
cause the donor and receptor are the same, the
immunological concerns are circumvented. PRGF
is obtained from a simple spin method and uti-
lizes small and variable blood volumes depend-
ing upon the type of surgery. Sodium citrate and
calcium chloride are used as anticoagulant and
clot activator, respectively. The former protects the
platelets from fragmentation, helping to avoid the
loss of growth factor content; while the latter en-
ables a safer and more sustained physiological re-
lease of the stored growth factors (15). The po-
tential risks associated with the bovine thrombin
are avoided with this approach (16). PRGF con-
tains a moderate elevated platelet concentration of
approximately 600 x 10° platelets/uL, which has
been reported to induce optimal biological bene-
fit (17). PRGF does not contain neutrophils, which

express matrix-degrading enzymes, such as matrix
metalloproteinases-8 (MMP-8) and MMP-9, and
release reactive oxygen species that destroy sur-
rounding injured or healthy cells (18). As a result,
a more homogeneous and reproducible preparation
is obtained. In addition, the collection and frac-
tionation tubes employed in PRGF elaboration are
accepted by the European regulatory agency to be
used in the field of tissue engineering, which repre-
sents a significant step in reinforcing the biosafety
and standardization of this technology.

Developing the Concept
of PRGF Technology

PRGF is a technology that enables the formation
of different autologous and biocompatible formu-
lations. By controlling the elaboration protocol and
coagulation degree of the samples, it is possible
to obtain different formulations with therapeutic
potential (19) (Figure 3.1). In addition, the com-
bination of these formulations with biomaterials
increases the versatility of the approach (4). For
example, a liquid supernatant enriched in proteins
and growth factors can be easily obtained from the
patient’s blood after platelet activation and retrac-
tion. This PRGF supernatant might be used as con-
ventional eyedrop and cell culture media (20, 21).
The activated liquid PRGF is a formulation utilized
to bioactivate dental implant surfaces, creating a
biologically active nanomembrane on the titanium
surface (22). This approach potentially accelerates
dental implant osseointegration, improving the ini-
tial stability of the implant and helping ensure
success.

In order to maintain the growth factors at
the site of implantation, retain them from exces-
sive initial burst release, and provide a scaffold
that promotes tissue regeneration, the scaffold-like
PRGF might be utilized. By controlling the acti-
vation process of the platelets, it is possible to
obtain a three-dimensional fibrin scaffold, from
which a more controlled growth factor delivery is
achieved. Control over growth factor pharmacoki-
netics and biodistribution is obtained by combining
the scaffold-like preparation with different natural
and synthetic biomaterials including collagen, cal-
cium sulfate, or polycaprolactone composites (23).
As these biomaterials have the opposite charge of
growth factors, they form ionic complexes with the
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Figure 3.1 The technology of PRGF enables the production of different formulations with therapeutic potential from the same
patient’s blood depending on the coagulation and activation degree of the samples: (a) a BTI Tiny dental implant humidified
with PRGF; (b) scaffold-like PRGF; and (c) a graft consisting of a mixture of anorganic bone and PRGF.

growth factors, controlling growth factor release
through the strength of the ionic interactions.

These scaffold-like preparations only act as
carriers for growth factors and proteins, and al-
low cellular infiltration and subsequent integration
of the newly formed tissue within the native tis-
sue. Since these fibrin scaffolds are biocompatible,
noncytotoxic, and nonimmunogenic to prevent any
adverse effects on recruited cells and neighboring
tissue, their combination with isolated cells and
growth factors has opened the door to several tis-
sue engineering approaches for bone regeneration,
and cartilage and periodontal tissue engineering
(24). PRGF technology can also be used to pro-
duce elastic, dense, and hemostatic fibrin, which is
an excellent tool to seal postextraction sockets and
to promote epithelialization of soft tissues.

Protocol for PRGF Elaboration

To obtain a reproducible PRGF product, it is nec-
essary to follow specific elaboration protocols, and
to use the PRGF kit. The PRGF kit includes citrated
tubes, the PRGF activator, and all material neces-
sary for successful PRGF elaboration (Figure 3.2a).

Peripheral blood (10-72 mL, as required) is
drawn by venipuncture just before surgery and is
placed into BTI blood collecting tubes™ that con-
tain 3.8% (wt/vol) sodium citrate as an anticoagu-
lant. Using a single-step centrifugation at 460g for
8 min (PRGF System~, Vitoria, Spain), blood is
separated at room temperature into its three basic
components: plasma containing mostly platelets,
the white blood cell layer (known as the buffy
coat), and red blood cells (Figure 3.2b). Usually,

Figure 3.2 (a) The PRGF kit includes all the necessary material for a successful PRGF elaboration. (b) After centrifugation,

the separation of the different fractions is clearly observable.
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the plasma fraction located at the top of the tubes
is used to create an autologous fibrin membrane.
The latter is prepared by transferring the plasma to
a glass bowl and adding PRGF activator™ . It is in-
cubated at 37°C for 20-25 min, allowing formation
of a biocompatible fibrin membrane with excellent
elastic and homeostatic properties.

The scaffold-like PRGF is prepared by collect-
ing and disposing, in a fractionating tube, the con-
tiguous plasma fraction which is located above the
red blood cells. Care should be taken to avoid tak-
ing the buffy coat. In order to initiate clotting, PRGF
activator~ (calcium chloride) is added to the lig-
uid preparation (50 uL. PRGF activator® per mL of
preparation).

Initial Research Evidence
of PRGF Efficacy

The initial basic research involving PRGF was
focused on the biological effects induced by
growth factors and proteins released from the au-
tologous preparation in different cells and tissues.
It was demonstrated that PDGFs can stimulate the
proliferation of different type of cells including
myocites, chondrocites, fibroblasts, human
mesenchymal stem cells, tenocytes, and os-
teoblasts. The culture potential of PRGF super-
natants for the expansion of human tenocytes has
been evaluated (14, 25). PRGF significantly stimu-
lated the proliferation of tenocytes and induced the
paracrine secretion of both VEGF and HGF. The
latter is particularly important as these agents play
an active role in angiogenesis and as an antifibrotic
molecule. Another important consideration is that
cells return to their normal fate of proliferation
once the PDGFs are withdrawn, which is an
obligatory biosafety requirement, if the cells are
to be transplanted into humans. Furthermore, a
potent angiogenic effect and a cell proliferation
stimulation were observed in vivo (14).

The potential of the scaffold-like PRGF and
liquid PRGF to accelerate and promote bone regen-
eration and faster osseointegration of dental im-
plants has also been shown. Histological analysis
at 8 weeks revealed mature bone trabeculae when
PRGF was used to fill artificial defects, whereas the
control samples showed mainly connective tissue
with incipient signs of bone formation. In a second
set of experiments, 26 BTI implants (13 humidi-

fied with liquid PRGF) were placed in the tibiae
of goats. Histological and histomorphometrical re-
sults demonstrated that application of liquid PRGF
increased the percentage of bone-implant contact
in 84.7% of the sites treated. The complete sur-
faces of the PRGF-treated implants were covered
by newly formed bone, whereas only the upper
half of the surfaces was surrounded by bone in
the control implants. Thus, the use of PRGF scaf-
fold might have implications for the treatment of
postextraction defects, especially when complete
regeneration of the alveolar bone and surrounding
soft tissues are necessary to ensure the future suc-
cess of the implant. Dental implants should be hu-
midified with liquid PRGF before their insertion, as
such treatment accelerates osseointegration. This
phenomenon can be explained in part because the
growth factors derived from platelets stimulate pro-
liferation of different cells including human trabec-
ular bone cells, human osteoblast-like cells, human
stromal stem cells, and human mesenchymal stem
cells (20, 26-29). Because of the polarity of the
titanium surface, the negatively charged proteins
present in the liquid PRGF, such as vitronectin and
fibronectin, may be adsorbed on the implant’s sur-
face. These proteins may provide specific sites for
cell adhesion. Fibronectin is a well-known adhe-
sive protein (30) which will enhance the formation
of focal adhesions by osteoblasts (31) and improve
the adhesion and spreading of gingival fibroblasts
on the implant surface (32).

Therapeutic Applications of PRGF in
Dentistry and Oral Implantology

The first report describing the therapeutic poten-
tial of PRGF involved 20 patients who underwent
tooth extraction because of periodontal disease or
vertical root fractures (7). In most of the patients
receiving PRGF, soft tissue epithelialization was
complete; bone regeneration was extensive; and
the bone tissue was compact with well-organized
trabeculae. In the control group connective tissue
and little mature bone were found in the extraction
sockets. In addition to the growth factors released
from the scaffold-like PRGF, this technology also
enables the production of an elastic, biocompatible,
and hemostatic fibrin, which is an excellent bioma-
terial for the sealing of the defects (Figure 3.3).
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Figure 3.3 The biocompatible fibrin obtained from the patient’s blood is hemostatic and very elastic.

The therapeutic opportunities derived from
PRGF technology are increasing. PRGF can be used
to facilitate the aggregation, manipulation, and ad-
ministration of different biomaterials used in den-
tistry, including autologous bone. Liquid PRGF is
an excellent culture medium for autologous bone,
as it provides an environment rich in growth fac-
tors and proteins, which help maintain the viability
and functionality of the bone particles (33). Lig-
uid PRGF is also an aid in sinus elevation surg-
eries, as it provides an increased volume to fill the
sinus.

As demonstrated in animal studies, the PRGF
scaffold is an excellent tool by which to fill post-
extraction defects, with the aim of inducing rapid
regeneration of the bone and adjacent soft tissues.
When bone densitometry was measured using the
Hounsfield scale, it was observed that bone den-
sities in the sockets filled with PRGF were signif-
icantly higher than that in control sockets, which
received no PRGF. Filling the defects with PRGF
scaffold increased bone densitometry within the
defects over 180%.

Clinical demonstration of efficacy and
biosafety of humidifying dental implants with
PRGF represents a potential breakthrough in the
field of oral implantology (22). Recent reports con-
firm the predictability, biosafety, and efficacy of
bioactivated dental implants. In a report evalu-
ating the survival of more than 5,700 implants
in 1,060 patients, the overall survival rate of BTI
implants was 99.2% for the implant-based anal-
ysis. Twenty-eight out of 5,787 implants (0.48%)
were lost during the observation period. Although
smoking habits, implant position, implant staging
(two-stage implants), and the implementation of

special techniques were statistically correlated with
lower implant survival rates, only implant stag-
ing and the use of special techniques were con-
sidered as risk factors associated with implant fail-
ure. In a report of the survival of more than 530
short BTI implants humidified with liquid PRGF,
an overall survival rate of 99.2% was observed for
the implant-based analysis. Two implants were lost
during the observation period (34).

The technology of PRGF can be successfully
applied to the immediate loading of implants.
When evaluating over 1,130 immediately loaded
bioactivated implants, a survival rate of 99.3%
was observed for the implant-based analysis. Five
implants were lost. Apart from the use of PRGF
and fibrin, a detailed surgical and prosthetic pro-
tocol for immediately loading of implants was
reported upon, which included the necessity of
bone densitometries >500 Hounsfields and inser-
tion torque values, measured by a dynamometric
ratchet wrench, in the range of 45-70 Nw.

PRGF is also used as an aid in sinus elevation
surgeries (35). Once the osseous window is sepa-
rated, it is placed in a solution of liquid PRGF until
it is replaced in its native anatomic location.

In cases of Schneiderian membrane perfora-
tion, the biocompatible fibrin may be used as autol-
ogous sealant biomaterial. The graft material used
to fill the cavity is a mixture of Bio-Oss and lig-
uid PRGF. This combination allows the formation
of a clot in which the bovine bone is incorpo-
rated, facilitating the manipulation and administra-
tion of the latter, and increasing the biosafety of the
approach.

This protocol for sinus elevation, which in-
cludes the use of PRGF and autologous fibrin, has
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Figure 3.4 (a) A vertical fracture is noted in a 45-year-old woman. (b) Tooth extraction is carried out and the defect is filled
with scaffold-like PRGF. (c) A view of the postextraction defect, 24-h posttreatment. (d) Epithelialization has occurred 10
days posttreatment. (e) Eleven weeks posttreatment, a scan is performed to visualize tissue regeneration within the defect.
(f) The thickness of the keratinized tissue is evident. (g) Extensive bone regeneration is evident. (h) Dental implants were
installed 11 weeks posttreatment. The final prosthesis was inserted 3 months later.

been demonstrated to be effective, safe, and pre- The implants were followed for a meantime of 33 +
dictable. A recent report documented 18 patients 7 months, ranging from 24 to 44 months. The sur-
who received 43 dental implants after sinus floor el- vival rate of the implants was 100% during the ob-

evation according to the protocol described above. servational period. Figures 3.4 and 3.5 demonstrate
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Figure 3.5 (a) Implants are immediately installed after tooth extraction in a 54-year-old man. (b) The gap is filled with
autologous bone obtained from the drilling procedure. (c) The area is covered with a fibrin membrane obtained with the
PRGF protocol. (d) Three months after the treatment, regeneration is clearly observed in the area.

the therapeutic potential of PRGF technology as
an aid in surgery, both for dentistry and oral
implantology.

PRGF in Other Medical Fields

The ability to properly formulate platelets and
growth factors in novel formulations has stimu-
lated the research and use of this type of prepa-
ration in other medical fields including orthope-
dics, ulcer treatment, eye disorders, and tissue en-
gineering. Of particular note is the use of PRGF
in surgery with the aim of accelerating the re-
construction and repair of musculoskeletal tissues.
The activated PRGF can be injected among rup-
tured tendon fibers after the tendon is sutured. Us-
ing this surgical approach in six athletes, a sig-
nificant acceleration in functional recovery was
observed compared to a matched group that fol-
lowed conventional surgery (36, 37). Encourag-
ing results have been reported after using PRGF
in arthroscopic surgery of the anterior cruciate

ligament and avulsion of the articular cartilage
(37, 38). In addition, the therapeutic potential
of PRGF in the treatment of chronic ulcers has
been documented. In a randomized open-label con-
trolled pilot trial, the effectiveness of a protocol
consisting of coagulating the PRGF in vivo within
the bed ulcer and covering the area with a fib-
rin membrane prepared ex vivo in the treatment
of chronic vascular ulcers was analyzed and com-
pared with standard therapy (38). Results showed
that at 8 weeks, the mean percentage of sur-
face healed in the PRGF group was 73 + 22%,
whereas it was 21 4+ 34% in the control group
(P < 0.05).

Conclusions

PRGF is a new biotechnology for the stimulation
and acceleration of soft tissue healing and bone re-
generation. The above examples represent some
of the interesting approaches of PRGF in den-
tistry, oral implantology, and other medical fields.
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The promising results obtained up until now, and
the new approaches under study, point to a fu-
ture in which this technology may be broadly ap-
plied to current and exciting developments and
applications.
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Introduction

The twenty-first century has introduced several ad-
vances in dental technology that benefit both the
patient and clinician. The incorporation of dig-
ital technology, ranging from radiographic tech-
niques (cone-beam computed tomography [CBCT])
to CAD/CAM restoration, fabrication, has stream-
lined dental rehabilitation and rendered such reha-
bilitation more predictable and successful. Practi-
tioners are now armed with numerous diagnostic
tools to assist in patient evaluation and planning for
dental implant therapy. Utilization of these tools,
in conjunction with five key diagnostic parameters,
will help team members improve treatment efficacy
and reduce treatment time for patients.
Historically, implant therapy took many
months to years to complete. Bone augmentation
procedures were unpredictable and implant sur-
faces were machined or coated, necessitating ex-
tended healing times which often led patients to de-
cline therapy due to the time commitment required.
Advances in implant surface design (roughened
and chemically active) and simultaneous grafting
procedures (where indicated) have significantly
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reduced these healing periods, making implant pro-
cedures more attractive to patients (1-15). To-
day’s dental patient is often educated through inter-
net research and propaganda, making it vital that
the clinicians understand patient treatment desires
from the beginning. A clear understanding of what
the patient wants often may not correlate with what
the patient needs. Keys to success are finding the
point where “wants” meet “needs,” describing the
value of therapy in terms of the patient’s desires,
and providing therapy which satisfies both.

This chapter will highlight the key diagnostic
parameters needed to evaluate and plan for implant
rehabilitation.

Patient Evaluation

The patient is first evaluated regarding his or her
candidacy for dental implant rehabilitation at the
consultation visit. During this session, a medical
risk assessment and past dental history must be
reviewed, highlighting any risks that may be con-
traindications to implant surgery (Table 4.1). Time
should be invested in educating the patient regard-
ing the options for tooth replacement, and the ben-
efits or drawbacks of each approach. Four major
treatment options are often available:

e fixed (tooth or implant supported)

removable (conventional or implant assisted/
supported)

a combination of fixed and removable

no treatment

It is crucial to inform patients of the potential in-
traoral side effects of tooth loss, which include
(Table 4.2):

e decrease in soft and/or hard tissue volume
e tooth crowding



Table 4.1 General risk factors for implant therapy.

Risk factor Remarks

Medical Severe bone disease causing impaired
bone healing

Immunologic disease

Steroid use

Uncontrolled diabetes mellitus
Irradiated bone

Others

Active periodontal disease
History of refractory periodontitis
Genetic disposition

Periodontal

Smoking habits Light smoking (<10 cigarettes per day)

Heavy smoking (>10 cigarettes per

day)
Oral hygiene/ Home care measured by gingival
compliance indices
Occlusion Personality

Intellectual aspects

Bruxism

Buser et al. (16).

e supereruption of the opposing dentition
e anatomical issues

o loss of vertical dimension

o malocclusion

These problems can usually be prevented when
implants are placed simultaneously with tooth re-
moval. However, when patients present with eden-
tulous spans, the above-listed deficiencies should

Table 4.2 Side effects from tooth loss, and treatment options.
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be addressed in conjunction with the tooth replace-
ment. This discussion will help prepare the patient
for the procedures necessary, in addition to the im-
plant surgery, to render the implant rehabilitation
successful. Table 4.2 lists several scenarios and the
treatment options necessary to address them ap-
propriately.

Visualization of tissue deficiencies by the pa-
tient can be enhanced with patient mirrors, intrao-
ral cameras, dental photography, and dental radio-
graphy. CBCT is a recent addition to the dentist’s
armamentarium which offers the ability to view
hard and soft tissue defects, and anatomical lim-
itations, in a quick and accurate digital rendition
(Figure 4.1). These views capture a volume of data
that is processed and converted into slices, rang-
ing from 0.4- to 1-mm thick, which can be viewed
in several formats. Sectional views allow visual-
ization of the hard tissue volume and its relation
to anatomical structures such as nerves, sinuses,
roots, etc. (Figure 4.2). Several hardware options
(CBCT machines) and software programs are avail-
able which allow utilization of this technology in
the dental office.

Patients who seek restoration of lost or fail-
ing teeth in the anterior maxilla, often referred to
as the “esthetic zone,” introduce an added level
of difficulty to planning and treatment with dental
implants. Utilization of an esthetic risk assessment
(ERA) analysis allows the clinician to chart rele-
vant clinical parameters and inform the patient of
the potential for esthetic success or compromise in
the final treatment result (Table 4.3). Successful
integration of the ERA analysis is dependent upon
the clinician understanding the parameters for an
esthetic implant restoration (16).

Defect Treatment options

Soft tissue Guided tissue regeneration (GTR), orthodontic extrusion

Hard tissue Guided bone regeneration (GBR), ridge splitting technique, osteotome expansion,
combinations

Crowding Orthodontics, restorative therapy

Supereruption Orthodontic, restorative, periodontic, and/or endodontic therapies

Anatomical GBR, orthodontics, maxillofacial surgical therapy

Loss of vertical dimension Restorative, periodontic, endodontic, orthodontic, and/or maxillofacial surgery therapies

Malocclusion Orthodontic, restorative, and/or maxillofacial surgical therapies
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Figure 4.1 Three-dimensional rendering of DICOM data allows for sectional views of the hard and soft tissues.

STANDARDS FOR AN ESTHETIC FIXED
IMPLANT RESTORATION

An esthetic implant prosthesis is defined as one
that is in harmony with the perioral facial struc-
tures of the patient. The esthetic peri-implant tis-
sues, including health, height, volume, color, and
contours, must be in harmony with a healthy sur-
rounding dentition. The restoration should imitate
the natural appearance of the missing dental unit(s)
in color, form, texture, size, and optical properties.

The ERA analysis establishes low-, medium-,
and high-risk levels, which are based upon achiev-
ing a result as previously outlined. For example, a
patient who has several high-risk levels in the ERA
analysis may still elect to proceed with care, under-
standing that an esthetic compromise may follow.
The ERA does not refer to overall implant survival.

At the conclusion of the consultation visit, the
patient should have been provided with enough
information to determine if he or she is a candidate
for dental implant therapy. Prior to committing to
treatment, a comprehensive examination must be
performed. This examination includes:

e extra- and intraoral examination
e hard and soft tissue charting
periodontal charting

occlusal analysis

diagnostic impressions
radiographs

photography

This information is utilized by the treatment team
to generate viable therapeutic options, which will
be presented to the patient. The appropriate treat-
ment plan is then selected and initiated.

Treatment Planning

Patients seek out the dentist to replace what was
lost, whether it be a tooth or teeth. With this fact in
mind, dental implants should be thought of as root
replacements for missing dental units. Successful
implant therapy is grounded in a restoration-driven
approach to the planning and placement of the den-
tal implants (17, 18). Planning for implant rehabil-
itation becomes a “crown-down” approach to site
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I 642 mm

. 10.36 mm

Figure 4.2 Sectional views afford visualization of alveolar dimensions to help in planning appropriate implant angulation

(In Vivo Dental, Anatomage).

enhancement and implant positioning. The treat-
ment team must adopt this concept in order to en-
sure predictable, efficient, and streamlined delivery
of care. When planning for implants, five key pa-
rameters dictate this restoration-driven process:

o restorability

o soft tissue evaluation

o hard tissue evaluation

e anatomical considerations
e revisit restorability

Upon completion of data collection, the patient’s
charting, casts, photos, and radiographs are uti-
lized by the team to determine the most advanta-
geous options for the patient.

RESTORABILITY

Prior to performing a diagnostic wax-up, planned
restoration(s) should be visualized, to analyze the
therapeutic steps necessary to ensure successful
implant rehabilitation. The edentulous space is ex-
amined in three dimensions. Components exam-
ined include:

« the inter-arch space

the intradental space

the occlusal plane

the position of the gingival margins of the sur-
rounding teeth

The next step is to determine if the dimensions of
the planned restoration(s) are appropriate in size
to the contralateral teeth (when applicable). When
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Table 4.3 Esthetic risk assessment for edentulous sites.

Esthetic risk factors Low Medium High
Medical status Healthy patient and Reduced immune
intact immune system system
Smoking habit Nonsmoker Light smoker (<10 Heavy smoker (>10
cigarettes per day) cigarettes per day)
Patient’s esthetic demands Low Medium High
Lip line Low Medium High
Gingival biotype Low scalloped, thick Medium scalloped, High scalloped, thin
medium thick
Shape of tooth crowns Regular Triangular
Bone level at adjacent teeth <5 mm to contact point =5 mm to contact point >5 mm to contact
point
Periodontal health status Healthy Moderately compromised Severely
compromised
Restorative status of Virgin Restored

neighboring teeth
Width of edentulous span 1 tooth (=7 mm)

1 tooth (>=5.5 mm)

Soft tissue anatomy Intact soft tissue

Alveolar crest without
bone deficiency

Bone anatomy of alveolar crest

1 tooth (< 7 mm) 2 teeth or more

1 tooth (<5.5 mm)
Soft tissue defects

Vertical bone
deficiency

Horizontal bone deficiency

Martin et al. (18).

deficits or excesses exist in any of the previous di-
mensions, measures must be taken and therapeutic
strategies devised, prior to proceeding with treat-
ment. For example, a lack of adequate intra-arch
space may require orthodontics to create sufficient
space for the planned restoration(s); or reduction
of the adjacent teeth may be incorporated into the
treatment plan (Figures 4.3a-d). A diagnostic wax-
up is often performed to confirm implant restorabil-
ity. Prior to initiating this procedure, it is necessary
to build up or reduce the edentulous space to cre-
ate an ideal ridge form (Figure 4.4). This exercise
ensures placement of the teeth in ideal positions
related to the arch, thus creating ideal emergence
profiles. Once the planned restoration is developed,
a soft-tissue evaluation may be performed. Fabri-
cating a vacuform template over a duplication of
the diagnostic wax-up will allow visualization of
the planned restoration on the diagnostic cast, or
directly in the patient’s mouth (Figure 4.5). The
vacuform template serves as a means to ensure a

restoration-driven process for the planning for aug-
mentation procedures and dental implant position-
ing (Figure 4.06).

SOFT TISSUE EVALUATION

Evaluation of the soft tissues is based upon the
clinical situation at the proposed implant site. Two
scenarios max exist:

e the tooth is present
« the site is edentulous

When the tooth is present and adequate in restora-
tive dimensions, it will function as the planned
implant restoration. The soft tissue evaluation is
then based upon the existing clinical crown related
to the planned implant restoration’s mucosal mar-
gin. Assessment of soft tissue defects around these
teeth can be aided through reference to Miller’s
classification of gingival recessions (Table 4.4).
Sites exhibiting Miller Class I defects can often be
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(c) (d)

Figure 4.3 (a) A lack of adequate interocclusal space in edentulous site numbers 18 and 19 is evident. (b) Orthodontic
therapy is utilized to create ideal interocclusal space for restoration of implants in the positions of numbers 18 and 19. (c)
There is limited interdental space for the proposed implant in site number 6. (d) Enameloplasty was performed on teeth
numbers 5 and 7 to create adequate space for restoration of the implant in the position of tooth number 6.

Figure 4.4 A diagnostic wax-up, highlighting alveolar de-
ficiencies in addition to replacement of missing teeth, has Figure 4.5 A vacuform template has been created from the
been carried out. diagnostic wax-up.
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Figure 4.6 The vacuform template is utilized to assist in
the hard tissue augmentation procedure.

addressed either at the time of tooth extraction or at
implant placement through the use of connective
tissue grafts. Miller Class II defects, where reces-
sion extends past the mucogingival junction (MGJ)
but does not involve interproximal tissues, often
require soft and hard tissue grafting prior to im-
plant placement. Defects treated in this manner will
yield favorable esthetic outcomes (Figures 4.7a, b).
Miller Class III and IV defects require soft and hard
tissue grafting procedures prior to implant place-
ment. The esthetic result in such a situation is
often compromised. Restorative measures to ad-
dress potential “black triangles” are usually neces-
sary. Long clinical crowns, broad contact points,

Table 4.4 Miller’s classification of gingival recessions.

and restoration of adjacent teeth may be required.
When teeth adjacent to the proposed implant site
exhibit interproximal bone loss, surgical efforts to
reattain tissue attachment to the teeth are unpre-
dictable at best.

When the proposed implant site is edentu-
lous, the vacuform template of the diagnostic wax-
up serves as a means by which to evaluate soft
tissue support for the planned implant restoration.
The width and height of the soft tissue volume in
the edentulous space are assessed intraorally or on
the diagnostic casts, using the template. Periodon-
tal disease should be addressed prior to initiation
of implant therapy, as active periodontal disease
can increase the potential for complications asso-
ciated with long-term survival of the dental im-
plant(s) and result in loss of peri-implant tissue
support. In sites free of active periodontal disease,
a deficit of soft tissue volume is usually related to
a deficiency in hard tissue volume. An example of
this situation is the site of a congenitally missing
tooth (Figures 4.8a, b). When adequate hard tissue
is available for ideal implant positioning, soft tis-
sue augmentation procedures can be planned (con-
nective tissue grafts) in conjunction with implant
placement. Such soft tissue grafting is important
for esthetic success, as this added tissue volume
creates a root form which will aid in establishing
the appropriate emergence profile of the implant
restoration.

HARD TISSUE EVALUATION

Upon completion of the restorability and soft tissue
assessment, appropriate evaluation of the volume
of hard tissue at the proposed implant site must

Recession defect

Expected treatment outcome

Class 1: Recession does not extend to MGJ, no loss in interdental area, tooth is well

aligned in the arch

Class 2: Recession extends to or beyond the MGJ, with no loss in interdental areas, tooth

is well aligned in the arch

Class 3: Recession extends to or beyond the MGJ, tissue loss in the interdental area, or

malpositioning of the teeth

Class 4: Recession extends to or beyond the MGJ, loss in the interdental area and/or

malpositioning of teeth is severe

100% root coverage

100% root coverage

Partial root coverage

Root coverage should not be
attempted
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Figure 4.7 (a) A Class Il Miller defect is present on the buccal aspect of tooth number 8. (b) A view postextraction, grafting

and implant placement, and restoration in site number 8.

be carried out. Utilizing the vacuform template,
hard tissue width and height are evaluated. When
a deficit in hard tissue width exists and adequate
attached soft tissue is present, onlay grafting may
be considered. The degree of ridge atrophy will
determine whether the site is augmented in con-
junction with or prior to implant placement (16,
19). One determining factor for the appropriate-
ness of simultaneous implant placement and graft-
ing is whether primary stability of the implant, in
a perfect position, can be achieved at the time
of surgery. An advantage to this approach is a
reduction in overall healing and treatment time
(Figures 4.9a, b). Rough surface dental implants
placed with simultaneous hard tissue augmenta-
tion are afforded three months of healing prior to
commencing with implant restoration. When onlay

grafts are necessary prior to implant placement, nu-
merous grafting material options are available, in-
cluding autograft, allograft, and xenografts (20, 21;
Table 4.5). Autografts require up to four months of
healing prior to implant placement, while allografts
and xenografts require up to six months of heal-
ing. Horizontal augmentation of an atrophic site
is a routine procedure. Interim restoration options
are important when addressing extended healing
times, as patients desire teeth during this phase of
treatment. A key factor in selection of an interim
restoration is that it does not place pressure on the
graft site, as such pressure will lead to resorption
of the graft material. Several removable and fixed
temporization options exist.

When evaluating hard tissue support in a ver-
tical dimension, the mucosal margin of the planned

Figure 4.8 (a) An occlusal view of a congenitally missing tooth number 7. (b) A deficient ridge width is noted in site number 7.
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Figure 4.9 (a) Primary stability of an implant in position number 9, with a full facial dehiscence, has been attained. (b)
Hard tissue augmentation is performed over the exposed implant surface with a xenograft, prior to placement of a covering

resorbable membrane.

restoration, as determined by the vacuform tem-
plate, is used as a reference point. When an excess
of hard tissue exists, as is often seen in sites of
congenitally missing teeth, it is imperative that the
alveolar crest is contoured at the time of surgery
to allow for proper vertical positioning of the im-
plant (Figures 4.10a, b). Dental implants placed
too shallow may result in several restorative com-
plications, including an exposed implant collar, a
compromised emergence profile, the need for ridge-
lap restorations and limited restorative space.
When deficiency of ridge height is present, several
clinical situations may influence the treatment to
be provided. Consideration should be given to the
predictability of vertical augmentation, as this is
a procedure that carries a higher failure rate than
seen with horizontal augmentation. In the ante-
rior maxilla, vertical deficits adjacent to teeth with

Table 4.5 Hard tissue grafting options.

adequate periodontal support are more amenable
to vertical augmentation than sites bounded by
teeth exhibiting attachment loss. The level of aug-
mentation attained will usually be no more coro-
nal than the height of the bone crests on the
teeth bounding the edentulous span. In such sit-
uations, consideration must be given to addressing
the potential esthetic compromise through restora-
tion of the adjacent teeth, allowing the clinician
to control the contact points and embrasure forms
(Figures 4.11a-d).

ANATOMICAL CONSIDERATIONS

Addressing anatomical limitations to implant place-
ment is the most critical step in the overall evalu-
ation process. Such limitations can be categorized
as dental, alveolar, nerve, vessel, and sinus. Dental

Graft type Description

Autograft Tissue from same individual (i.e., ramus, chin, hip)

Allograft Tissue from a different individual (i.e., demineralized freeze-dried bone (DFDBA) from bone bank)
Xenograft Tissue from one species to another (i.e., pig or cow)

Synthetic

Graft made from natural occurring minerals (i.e., hydroxylapatite or surface reactive glass-ceramics)
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Figure 4.10 (a) A vacuform template in place highlights a vertical excess of alveolar crest height in relation to the planned
implant restoration. (b) The alveolar crest has been contoured prior to placement of a dental implant.

limitations become evident during the restorability
evaluation. Upon completing a diagnostic wax-up,
inter-arch and intra-arch dimensions are assessed.
Root positions of the teeth adjacent to the implant
site are assessed during a radiographic evaluation.
Orthodontic therapy may be the treatment of choice
to address such limitations. However, the introduc-
tion of reduced diameter implants (i.e., —2.8 to 3.5
mm) has facilitated implant placement in areas of
limited inter-root space without the need for root
expansion. When planning for implants in limited
areas of inter-root space, the implant should not be
placed within 1.4 mm of the adjacent root surface.
Alveolar considerations are addressed during the
soft and hard tissue assessment. There are anatom-
ical limitations that are present in all patients that
must be addressed. In the posterior mandible, the
lingual concavity should be visualized during plan-
ning, or manually during surgery. This concavity
will become more important as mandibular resorp-
tion progresses. Another area of consideration is
the anterior mandible. Perforation of the lingual
cortical plate could lead to trauma to the lingual
artery, a serious complication. Nerves and vessels
are most often found in close proximity to each
other, and are thus evaluated together. The infe-
rior alveolar nerve should be evaluated through the
use of a calibrated radiograph or a cross-sectional
study. The introduction of guided implantology al-
lows practitioners to place implants within 1 mm
of the inferior alveolar canal. Other areas of sig-
nificance are the nasopalatine nerve and anterior
branch of the inferior alveolar nerve, which is an-

terior to the mental foramen. These anatomical
areas should be isolated and avoided during im-
plant surgery. Pneumatized maxillary sinuses are
addressed with a variety of surgical procedures, as
will be discussed in Chapter 6.

REVISIT RESTORABILITY

Upon completion of the evaluation process, a ten-
tative plan for implant therapy should be evident.
When adjunctive therapies such as orthodontics
or soft or hard tissue grafting have been carried
out, the restorability of the site must be revisited
prior to proceeding with implant placement. For
example, when vertical augmentation procedures
are planned in the posterior mandible to address
ridge atrophy and inferior alveolar nerve position,
the inter-arch space would decrease postgrafting.
A restorable situation pregraft could become un-
restorable postgraft. It may thus become necessary
to address the opposing arch in order to make the
patient an implant candidate.

Another example is when orthodontic therapy
is planned to align the roots of the teeth adjacent
to an implant site. Incremental follow-up care by
the restorative dentist is important to maintain the
interdental space. In situations where orthodontics
is to be utilized to create the necessary restorative
space or to align roots, placement of a denture tooth
on the arch wire assists in visualizing ideal tooth
size, in addition to providing the patient with an
esthetic interim prosthesis (Figure 4.12).
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4.11
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Figure 4.11 (a) A pretreatment view of failing teeth num-
bers 8 and 9. (b) A radiograph highlights the degree of
bone loss on teeth numbers 8 and 9. (c) Provisional implant
restorations have been placed on numbers 8 and 9, high-
lighting the posttreatment attachment loss on number 10.
(d) Restoration of the implants in the positions of numbers
8 and 9, and natural tooth number 10, have been carried
out.

Figure 4.12 A denture tooth (number 8) has been attached
to the orthodontic archwire to assist in creating an ideal
restorative space for the planned implant.



Conclusions

[t remains imperative to evaluate and plan treat-
ment in an appropriate and concise manner, to en-
sure predictable and consistent therapeutic results.
The five parameters discussed afford a systematic
approach for site evaluation. Utilizing a restoration-
driven approach to evaluation and planning is in-
dispensable to providing the best care for the pa-
tient. Utilizing a restorative-driven approach for
implant placement will create efficient restorative
procedures and consistent esthetic and functional
results. The patient visits the dentist to replace a
missing tooth, not to receive a dental implant. The
dental implant serves as the foundation for restora-
tive success.
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Introduction

Predictable implant-based treatment in the esthetic
zone is reliant upon accurate and comprehensive
patient assessment by the treatment team. The de-
velopment of an esthetic and functional treatment
plan, which is accepted and clearly understood by
the patient, is critical to the outcome. This is of
particular significance when treatment is planned
in the esthetic zone, which has been objectively de-
fined as any dentoalveolar segment visible upon a
full smile. Subjectively, the esthetic zone has been
considered any dentoalveolar area of esthetic im-
portance to the patient (1).

Optimal treatment outcomes for many pa-
tients rely on the surgical augmentation of exist-
ing hard and soft tissue deficiencies (Figures 5.1
and 5.2). Restoratively, clinicians must also be cog-
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nizant of the limitations introduced by spatial and
occlusal disharmonies, and their influence upon
esthetic and functional outcomes (Figures 5.3a-
c). Understanding the interdependence between
prosthodontics, periodontics, maxillofacial surgery
and orthodontics is, therefore, central to treatment
success. A simple and repeatable method for the
identification of esthetic and functional consider-
ations should be routine as part of the treatment
planning process. Obtaining an optimal esthetic
outcome requires not only the replacement of miss-
ing teeth, but also the replacement of missing hard
and soft tissues and the management of the denti-
tion from a three-dimensional perspective (2).

Failure to adhere to these principles in the es-
thetic zone increases the risk of outcome complica-
tions. A comprehensive pretreatment esthetic risk
analysis (3) is central to recognizing patients with a
higher probability for a negative outcome. Adher-
ence to proven treatment modalities, in conjunc-
tion with risk analysis, will improve the prospects
of treatment success.

Pretreatment Considerations:
Esthetic Risk Analysis

Significant factors in pretreatment assessment of
patients requiring implant-based treatment in the
esthetic zone have been previously described (3).
Pretreatment consideration must be given to the
following factors:

(a) the patient’s pretreatment expectations
(b) the patient’s smoking habits
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Figure 5.1 An occlusal view of a maxillary arch illustrates Figure 5.2 An anterior view of the maxillary arch demon-
large bilateral horizontal tissue defects in the proposed im- strates the bilateral vertical tissue deficiencies in the pro-
plant sites. posed implant sites.

Figure 5.3 (a) An anterior profile underscores the disrupted occlusal and incisal planes, and their influence on appearance.
(b) An anterior retracted view illustrates the disrupted incisal and anterior occlusal plane. (c) A lateral view demonstrates the
disrupted occlusal plane and restricted interocclusal distance.
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(c) the height of the lip line on smiling

(d) the gingival biotype in the treatment area

(e) the shape of the missing and surrounding
teeth

(f) the presence of infection at the implant site

(g) the bone levels at the adjacent teeth

(h) the restorative status of teeth adjacent to the
edentulous space

(i) the character of the edentulous space

(j) the width of the hard and soft tissues in the
edentulous space

(k) the height of the hard and soft tissues in the
edentulous space

Patient Concerns, Motivation,
and Attitudes

Psychological and behavioral factors have signifi-
cant implications when treating patients with ele-
vated esthetic demands. Because the esthetic zone
is dependent upon the individual patient’s per-
ception, and is not limited to the visibility of the
smile, it is imperative that the clinician ascertains
the patient’s motivations and expectations prior to
initiation of treatment. Attempts should be made
to identify noncompliant patients with particular
reference to treatment commitment, hygiene, and
smoking (Figure 5.4). Where indicated, behavioral
modification should be attempted. Patient’s with
complex medical histories and/or physical disabil-
ities are often less capable of satisfactory dental
maintenance.

Figure 5.4 Pretreatment oral hygiene and maintenance
limitations are evident.

Caution should be observed with patients for
whom multiple treatment plans and procedures
have been undertaken with limited patient satisfac-
tion. Care should also be exercised when treatment
is considered for patients for whom a tangible es-
thetic complaint is difficult to identify. As implant
therapy is often elective in nature, a risk benefit
analysis from the perspective of the patient must
be carried out prior to the initiation of advanced,
complex, or esthetic treatment.

Pretreatment evaluation of patients requiring
tooth replacement in the esthetic zone should be
comprehensive and holistic in nature. The impor-
tance of esthetic factors has historically been linked
to the patients’ sex, age, and personality. Success
relies upon the timely and appropriate implementa-
tion of each stage in the treatment process. A strong
relationship exists between the quality of treatment
outcome and the skill and experience of the clin-
icilan. Working as a team consisting of clinicians
with advanced skill sets and experiences, should
be considered mandatory for patients, in this treat-
ment category.

Basic Treatment Principles in the
Esthetic Zone

The incorporation of a “restorative-based,”
“restoration-driven,” or “crown-down” approach is
fundamental to planning implant-based rehabilita-
tion in the esthetic zone. For patient’s with esthetic
demands, diagnostic wax-ups aid in identifying the
planned tooth form and position, and the shape
and position of the planned gingival margin (Figure
5.5). Augmentation and surgical templates, based
on the diagnostic wax-up, can then be fabricated
and used to indicate tissue deficiencies and com-
municate the desired three-dimensional implant
position (Figures 5.6-5.8a-c).

Optimal esthetic outcomes can only be
achieved within a solid foundation of bone and
soft tissue (i.e., “pink” esthetics). Bone and soft
tissue architectures should be clearly developed in
response to the planned restoration and the pa-
tient’s restorative demands. Site development pro-
cedures, including socket preservation and provi-
sional restorations, should be undertaken when
indicated, subsequent to extraction and prior to
implant placement. These measures enhance the
prospects of optimal implant placement and can



Figure 5.5 A diagnostic wax-up helps determine the de-
sired shape of the proposed tooth and planned position of
the free gingival margin.

Figure 5.6 An augmentation template illustrates the three-
dimensional form of the hard and soft tissue deficits.

Figure 5.7 A sleeve template communicates the desired
orofacial and mesiodistal positions and long-axis inclina-
tions of the implants.
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often reduce the need for more complicated en-
hancement procedures (Figures 5.9 and 5.10).

Site enhancement, prior to or in conjunc-
tion with implant placement, can include hard
and soft tissue augmentation. Adjunctive proce-
dures, including root coverage, crown elongation
surgery and orthodontics may also be indicated
(Figure 5.11). Such treatments should be planned,
sequenced, and provided in a controlled manner.
The least benefit is derived when these procedures
are undertaken subsequent to implant placement
in response to esthetic and functional compli-
cations.

Implant therapy in the esthetic zone is con-
sidered to be an advanced or complex procedure
(4). As such, planning and treatment procedures
should routinely address and adhere to the follow-
ing concerns and principles:

—_

. Address the patient’s concerns.

2. Identify patients with elevated risk through
site analysis and a general patient assessment.

3. Employ comprehensive, interdisciplinary
treatment planning.

4. Consider all treatment options.

5. Formulate a treatment chronology that will
maximize benefits to the patient and mini-
mize discomfort or inconvenience.

6. Augment deficient soft and hard tissue re-
gions prior to or concurrent with implant
placement.

7. Incorporate a restoration-based philosophy
for implant placement.

8. Utilize provisional restorations for tissue de-
velopment and maturation, and as templates
for the definitive restoration.

9. Carry out adjunctive procedures on adjacent
teeth when necessary.

10. Utilize a team approach.

Surgery associated with dental implants in the es-
thetic zone cannot be limited to the placement of
the implant. Surgical goals during implant place-
ment procedures should include improvement of
esthetic and functional outcomes through the re-
establishment of optimal bone and soft tissue pro-
files (Figures 5.12a-e). Deficiencies in either tissue
type will compromise the esthetic outcome by posi-
tioning the implant and/or the restoration in a dis-
pleasing three-dimensional esthetic environment.
Various treatments are available to address
deficiencies and esthetic anomalies. These fall into
two broad categories—those that directly influence
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Figure 5.8 (a—c) A depth template communicates the proposed positions of the free gingival margins and desired positions
of the implant restorative margins.

Figure 5.9 Socket preservation or osseous grafting may Figure 5.10 Tissue form is developed by the ovate form of
be carried out subsequent to tooth extraction and prior to the bonded provisional restoration.
implant placement.
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Figure 5.11 A facial view of a patient undergoing orthodon-
tics to optimize tooth position and inclination.

the implant site and those that influence the adja-
cent teeth and surrounding environment.

Procedures designed to enhance the implant
site include:

1. socket preservation

2. immediate and early implant placement with
and without concurrent augmentation of hard
and soft tissue defects

3. orthodontic tooth extrusion and

4. hard and/or soft tissue ridge augmentation
as a stand-alone procedure prior to implant
placement

Procedures designed to enhance the three-
dimensional esthetic condition of the adjacent teeth
and oral environment include:

1. orthodontics, with the establishment of ap-
propriate tooth positioning to meet the es-
thetic and functional needs of the patient

2. crown-lengthening (or elongation) surgery to
establish esthetic gingival contours and tooth
proportions and

3. OOt coverage surgery

Implant Site

Clinicians have several treatment options at the
time of, and subsequent to, tooth extraction.
With normal healing, the internal and external
socket dimensions undergo significant resorption
after tooth removal. The facial bony wall is of-
ten thin to begin with in the anterior maxilla,
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and the healing process reduces it further with
time (5). Therefore, emphasis has been placed on
the preservation of bone and soft tissues through
the removal of teeth with a minimum of trauma
(Figure 5.13).

Dental implants predictably integrate when
placed immediately into extraction wounds (Fig-
ure 5.14). Unfortunately, successful integration of
the implant alone is insufficient to ensure a fa-
vorable outcome in the esthetic zone (4, 6, 7).
The tissue response to immediate implant place-
ment in the esthetic zone can be unpredictable and
may result in apical migration of the free gingival
margin. In an effort to further improve predictabil-
ity, techniques such as orthodontic extrusion have
been advocated as an alternative to extraction and
augmentation.

Hard and soft tissue ridge augmentation can
successfully recapture tissue contours in implant
sites in the esthetic zone. A variety of clinical tech-
niques have been advocated. Successful hard tis-
sue augmentation has been achieved with auto-
genous grafts, mostly in conjunction with mem-
branes (8, 9). Allografts and xenografts have also
been successfully utilized for hard tissue aug-
mentation, in conjunction with membranes and,
where indicated, concurrent with implant place-
ment (10-12). Soft tissue procedures designed to
increase tissue bulk, improve resistance to reces-
sion, and enhance color and contour may also be
utilized (13).

Adjacent Teeth and the Oral
Environment

Obtaining the desired esthetic outcome often in-
volves the surrounding teeth and oral environment.
Success requires adherence to general esthetic prin-
ciples, such as the establishment of favorable gingi-
val margin contours and tooth proportion. Crown-
lengthening surgery is often required as an ad-
junct to implant and tooth replacement. This pro-
cedure helps ensure pleasing tooth contours and
proportions, in addition to establishing desired
gingival symmetry and form. Crown-lengthening
surgery in the esthetic zone should only be under-
taken subsequent to the determination of the future
incisal edge position, tooth length, and gingival
form.
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Figure 5.12 (a) Following placement of a stable implant, a total facial surface dehiscence is noted. (b) The exposed facial
surface of the implant is covered with autogenous bone collected during preparation of the implant osteotomy site, or
harvested intraorally. (c) The autogenous bone is covered with an allograft to establish facial ridge contours. (d) A resorbable
membrane is placed to protect the graft. (e) A view of wound closure.



Figure 5.13 Minimally traumatic tooth extraction is carried
out utilizing periotomes.

Treatment Chronology for
Modification of Adjacent Teeth
and the Oral Environment

1. Comprehensive patient assessment and diag-
nosis

2. Elimination of predisposing factors, oral dis-
ease, and inflammation

3. Development of a functional and esthetic
diagnostic waxup with reference to incisal
edge position, crown proportions, and gingi-
val margin contours and position

4. Fabrication of a surgical template illustrating
the desired gingival contours

5. Accurate measurement and recording of the
biologic width for the treatment segment

6. Surgical removal of the indicated amount of
bone

Figure 5.14 Immediate implant placement is accom-
plished.
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7. Implant placement can be performed simulta-
neously if soft tissue contours subsequent to
healing are considered predictable, or

8. Implant placement can be deferred until heal-
ing is complete, if any concern is evident with
regard to tissue contours and healing

Radicular Coverage

Exposed root surfaces on teeth adjacent to pro-
posed implant sites can represent considerable es-
thetic challenges, and influence both gingival archi-
tecture and tooth proportions. Surgical procedures
designed to coronally reposition the soft tissues can
significantly improve the esthetic outcome. Careful
preoperative planning is critical to integrating root
coverage procedures into comprehensive treatment
involving implants in the esthetic zone. Root cov-
erage procedures should be undertaken prior to im-
plant placement. Once the surgical site has healed,
and the gingival margin is stable, vertical implant
position can be more accurately determined. The
extent of root coverage obtained may set the refer-
ence for the entire esthetic zone, with respect to the
locations and contours of the free gingival margins.

It is imperative to identify and correct the eti-
ological factors in each instance of recession. Con-
trolling inflammation is central to successful root
coverage and long-term soft tissue stability (14).
Optimizing mechanical plaque control capabilities
through patient education and removal of predis-
posing factors (e.g., overhangs and open margins)
is mandatory. Orthodontic therapy may be indi-
cated to improve tooth alignment, and to optimize
tooth position within the alveolus. In cases of thin
tissue biotypes, root coverage procedures should be
chosen which provide increased tissue thickness.
The choice of technique should be based upon the
reproducibility of success associated with the tech-
nique, and the practice environment and individual
skills of the clinician.

Treatment Procedures and
Chronology for Radicular Coverage
Procedures in Implant Patients

¢ Record patient history and expectations
e Perform thorough oral, periodontal, and es-
thetic evaluation and examination
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o Identify etiologies and classify the defect or
defects

o Address etiological factors

o Ensure appropriate oral hygiene education and
modify techniques when indicated

e Perform a thorough prophylaxis and debride-
ment to establish and maintain a stable peri-
odontal condition

o Restoratively address any predisposing condi-
tions

e Orthodontically optimize the three-dimen-
sional positions of teeth

 Select and execute root coverage procedures

Conclusions

Pretreatment risk analysis, along with careful as-
sessment of treatment difficulty, will often iden-
tify patients for whom esthetic treatment may be
compromised. A team approach to assessment and
planning is therefore critical to avoiding compro-
mises. Excellent esthetic restorations supported by
dental implants are in demand by dentists and pa-
tients. Predictable implant-based esthetic treatment
requires meticulous attention to detail in all phases
of care. Clinicians should continue to seek educa-
tion, experience, and skills as techniques and ma-
terials continue to improve.
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The posterior maxilla poses a significant challenge
when planning implant reconstructive therapy. The
multifactorial nature of the problems which must
be appropriately addressed include the buccolin-
gual and/or apicocrestal ridge resorption which oc-
curs following tooth removal, pneumatization of
the sinus following loss of the molar teeth, and the
poorer quality (type IV) bone which is often en-
countered in the posterior maxilla. However, it is
imperative that the posterior maxilla is not visual-
ized as a distinct entity during the diagnosis and
treatment planning phase of therapy. A common
sequella to the loss of posterior occlusion and the
need to function exclusively in the anterior seg-
ments of the dentition is the extensive wear of the
remaining anterior teeth and/or anterior prosthe-
ses. Such excessive function and resultant wear
may lead to acceleration of periodontal breakdown
around the remaining teeth, a loss of appropri-
ate inter-arch space for reconstructive therapy, and
the development of eccentric patterns of occlusion
guided by the aforementioned wear facets which
develop.

As aresult of these concerns, a thorough diag-
nosis and formulation of a multidisciplinary treat-
ment plan, aimed at reconstructing the posterior
maxilla in concert with the necessary oral rehabili-
tation, must be carried out prior to the initiation of
therapy (1). The posterior maxilla must be seen as
one component in a patient-specific overall treat-
ment plan. Failure to consider all appropriate fac-
tors when developing such a treatment plan will
undoubtedly result in a compromised final treat-
ment outcome.

The need for an increased volume of bone
in the edentulous posterior maxilla to appropri-
ately effect implant placement and reconstruction
has given rise to the sinus augmentation proce-
dure. A variety of grafting materials and surgical
approaches have been utilized to effect sinus aug-
mentation. The report of the 1996 Sinus Consensus



144 Augmentation of the Posterior Maxilla

Conference by the Academy of Osseointegration
cited successful sinus augmentation results utiliz-
ing autografts, allografts, xenografts, and combi-
nations of the three in various forms (2). As stated
in the conclusions of the conference report, “The
Conference was unanimous in agreement that the
sinus graft is an efficacious procedure to be used
for implant supported restoration of the poste-
rior maxilla.” These findings were confirmed by a
later consensus conference on sinus grafting from
the Academy of Osseointegration (3). However, as
Tong et al. (4) reported in a review of literature
documenting survival rates of implants placed in
grafted maxillary sinuses, “Data examining short-
term and long-term outcomes have been scarce and
have been reported following a limited number of
patients.”

The utilization of osteotome techniques to ef-
fect localized sinus floor elevation and augmenta-
tion, either in anticipation of implant placement or
in conjunction with implant placement, has been
advocated by many practitioners. Initially proposed
by Summers (5), this technique offers the advan-
tages of a more conservative surgical entry, more
localized augmentation of the sinus, a lesser de-
gree of postoperative morbidity, and an ability to
load the implants in a shorter time period than that
necessary when employing a conventional LeForte
osteotomy approach to sinus augmentation. While
the osteotome technique has undergone a num-
ber of modifications, a paucity of papers exist that
document short- and long-term success rates in a
significant number of cases. In addition, disagree-
ments abound as to the indications and contraindi-
cations for the osteotome technique in various clin-
ical situations.

The challenge facing today’s clinician is not
the ability to utilize either conventional sinus aug-
mentation therapy or the osteotome approach to
sinus augmentation successfully. Rather, it is the
development of a diagnostic system that allows the
utilization of each therapeutic modality to its max-
imum advantage.

Contraindications to Sinus
Augmentation Therapy

Specific contraindications to sinus augmentation
therapy exist, in addition to the general systemic
and psychological contraindications to any type

of surgical care. These concerns specific to sinus
augmentation therapy include acute or chronic si-
nus infections, and the presence of various sinus
pathologies such as extensive polyps and uniden-
tified masses. In addition, patients who smoke
demonstrate a higher incidence of complications
and a lesser degree of regeneration in augmented
sinus areas than nonsmoking patients treated by
similar means. A smoking habit in excess of 10
cigarettes per day should be considered a relative
contraindication to sinus augmentation therapy. A
smoking habit of any type, if it leads to continued
tissue inflammation or a significantly suppressed
healing response following surgical therapy, is a
contraindication to any augmentation therapy.

Definitions of Success

The success of sinus augmentation therapy should
not be viewed as a radiographic occurrence. The
ability to effect bone augmentation in the sinus
area with the resultant radiopacity is not a treat-
ment end point in and of itself. Rather, successful
sinus augmentation therapy must meet three spe-
cific criteria:

e The ability to place implants of ideal diame-
ter, and overall dimension, to withstand func-
tional forces over time in a given clinical situ-
ation, in prosthetically driven positions.

e The ability to afford adequate bone for place-
ment of an implant of the desired dimensions,
and subsequent restoration in a manner which
fulfills the esthetic demands of the patient.

o Stability of regenerated bone in the augmented
sinus area around implants, under function
over time.

Prior to initiating augmentation of the posterior
maxilla through sinus and/or ridge augmentation
therapy, a number of diagnostic and treatment
planning steps must be carried out. These neces-
sary steps and their importance, if comprehensive
care is to be appropriately delivered, have been
discussed in Chapter 2.

Formatted CAT scan studies also afford un-
paralleled visualization of the precise morphol-
ogy of the sinus, and the presence or absence of
pathologies and/or septa, and are a significant aid



to the clinician as he or she performs the planned
augmentation therapy.

Buccolingual/Palatal Augmentation

As discussed in Chapter 2 (6-10), the ability to
predictably effect buccopalatal or apicocrestal aug-
mentation of an atrophic alveolar ridge through the
use of a variety of appropriately employed auto-
genous or nonautogenous materials under fixated
titanium-reinforced membranes, if soft tissue pri-
mary closure is maintained throughout the course
of regeneration, is well established. Maximization
of regenerative results when performing buccal
and palatal ridge augmentation procedures is de-
pendent upon adequate flap design and reflection;
defect debridement; defect decortication where ap-
plicable; fixation of a titanium-reinforced space
maintaining membrane; placement of materials be-
neath the membrane to effect clot stabilization;
control of overlying forces during regeneration;
and maintenance of primary closure throughout the
course of regeneration. Such augmentation, in con-
junction with sinus augmentations, is often critical
to maximization of treatment outcomes.

Sinus Augmentation

Augmentation of the remaining alveolar bone cre-
stal to the floor of the sinus may be accomplished
through a variety of approaches including:

(a) Lateral window sinus augmentation therapy.

(b) Crestal window sinus augmentation therapy.

(c) Lateral window sinus augmentation therapy
with concomitant implant placement.

(d) The Summers bone-added osteotome tech-
nique.

(e) The Summers bone-added osteotome tech-
nique with simultaneous implant placement.

(f) The trephine and osteotome technique.

(g) The trephine and osteotome technique with
simultaneous implant placement.

When choosing a specific treatment modality in a
given situation, it is imperative that the clinician
recognizes the indications, contraindications, limi-
tations, and predictability of the technique in ques-
tion.
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LATERAL WINDOW SINUS
AUGMENTATION THERAPY

A horizontal incision is made approximately
1-2 mm palatal to the palatal line angle of the resid-
ual alveolar ridge (Figure 6.1). Care must be taken
to extend this incision mesially and distally at least
8-10 mm beyond the area of planned augmenta-
tion therapy. Buccal vertical releasing incisions are
placed at the mesial and distal extents of the hor-
izontal incision. Horizontal releasing incisions are
placed at the most apical extents of the vertical re-
leasing incisions. A mucoperiosteal flap is reflected
toward the buccal in a full-thickness manner (Fig-
ure 6.2). Full-thickness flap reflection is carried
out through the area of the horizontal releasing
incisions. No periosteal fenestrations are utilized.
The mucoperiosteal flap must be reflected apically
at least 8-10 mm beyond the area of the planned
osteotomy.

Figure 6.1 A horizontal incision is made palatal to the
palatal line angle of the edentulous ridge.
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Figure 6.2 A full-thickness buccal mucoperiosteal flap is
reflected.

An osteotomy is prepared in the lateral aspect
of the buccal alveolus in one of two ways:

Handpiece and bur utilization: A straight
handpiece is employed, at a speed of 25,000-50,000
RPM, depending upon the quality and thickness
of the residual buccal alveolar ridge. A number
8 or 10 round diamond bur is utilized to outline
the complete extent of the osteotomy (Figure 6.3).
The diameter of the bur is such that an “island”
of bone will remain after the osteotomy has been
completed. A carbide bur is only utilized in the
presence of denser buccal alveolar bone. The os-
teotomy is deepened with the number 10 round bur
in smooth, sweeping motions. Care must be taken
not to utilize a sawing or pushing motion with the
bur. These sweeping motions should extend along
the complete border of the osteotomy. When con-
necting the apical and crestal borders of the os-
teotomy with the mesial and distal borders of the

e
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Figure 6.3 A number 8 or 10 round diamond bur on a
straight handpiece is utilized to outline the osteotomy win-
dow. A carbide bur is only employed in instances in excep-
tionally dense bone. The complete window is outlined with
the number 8 or 10 round bur until the gray membrane may
be seen beneath the prepared osteotomy.

osteotomy, a fluid motion must be employed as the
bur comes around the “corner” from one side of the
osteotomy to the other. Failure to do so will result
in a jagged osteotomy edge and increase the inci-
dence of membrane perforation during osteotomy
preparation and subsequent membrane reflection.
The osteotomy is deepened with the number 8 or
10 round bur until the bone is thin and translucent
enough to visualize the gray membrane beneath it
on all aspects of the osteotomy, including its cor-
ners.

A number 4 round diamond bur is inserted
into the handpiece and utilized to complete the
osteotomy (Figures 6.4 and 6.5). The utilization



Figure 6.4 A number 4 round diamond bur on a straight
handpiece is utilized to complete the osteotomy.

of this smaller bur as the sinus membrane is ap-
proached offers a number of advantages. Visual-
ization is vastly improved through the creation of
a broader channel, especially in situations where a
thicker buccal alveolar wall is present. This chan-
nel also allows easy egress of the irrigating solution
while the handpiece is running, once again signif-
icantly improving visualization and lessening the
chance of sinus perforation during window prepa-
ration.

The island of detached bone is used to fa-
cilitate initial membrane reflection. Initial blunt
dissection and constant awareness of the need
for three-dimensional membrane reflection signif-
icantly decrease the incidence of membrane tears
during reflection.

While it is tempting to immediately insert a
curette between the detached bony window created

Augmentation of the Posterior Maxilla 147

Foipnsan:

a5 selen
..‘}..l

Figure 6.5 A view of both the initial osteotomy prepared
with the number 8 or 10 round diamond bur and the sec-
ondary osteotomy prepared with the number 4 round dia-
mond bur.

by the osteotomy and the alveolus to begin sinus
reflection, such an approach is ill advised. Forc-
ing a sharp curette into this space will increase the
incidence of membrane perforation. The following
steps are taken to help minimize such a complica-
tion.

An amalgam plugger is utilized with gentle
pressure to implode the detached bony window
approximately 2 mm. Such movement detaches ap-
proximately 1 mm of the sinus membrane from
the overlying alveolar bone. A flat, dull plastic in-
strument is now inserted into this created small
space. The backside of the plastic instrument rests
against the slightly detached osteotomy window,
lifting the bony island and opening the space which
has been created by the initial window implosion.
The plastic instrument is carried approximately
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2-3 mm mesially, distally, and medially, effecting
detachment of a portion of the sinus membrane
from the alveolar bone. The amalgam plugger is
once again utilized to implode the bony window
approximately 3-4 mm, causing further detach-
ment of the sinus membrane from the overlying
alveolar bone. The plastic instrument is reinserted
in the manner previously described, approximately
3-4 mm medially. The plastic instrument is brought
mesially and distally until it reaches the “line an-
gles” of the osteotomy.

The sinus membrane is now sufficiently de-
tached to allow the passive insertion of a curette
into the created space (Figure 6.6). As the back-

Figure 6.6 As a sinus curette is inserted into the already
created space, the backside of the curette lifts the detached
osteotomy window and the attached membrane, allowing
passive insertion of the curette between the membrane and
the residual lateral wall of the alveolus. The detached os-
teotomy window and membrane are elevated to the desired
position.

side of the curette contacts the detached bony win-
dow, the resultant displacement of the bony win-
dow lifts the already detached portion of the sinus
membrane, creating a space for the safe, passive
insertion of the sinus curette. The curette is now
carried mesially, distally, and medially, to effect
further detachment of the sinus membrane from
the alveolar bone. Care must be taken to perform a
three-dimensional membrane reflection. All move-
ments mesially and/or distally must correspond to
a medial movement. Failure to perform a three-
dimensional sinus membrane reflection will result
in an increased incidence of sinus membrane per-
foration.

The bony window is always wholly detached
from the buccal alveolar bone. Such an approach
offers a number of advantages over other tech-
niques, including detachment of three sides of the
bony window, perforation of the most apical aspect
of the bony window, and reflection of the bony
window in a “trap door” manner. This trap door
approach is never utilized.

Detachment of the bony window offers three
distinct advantages over other approaches:

e The less easily controlled technique of green
stick fracturing of the window inward, and
thus increasing the chances of sinus perfora-
tion, is avoided.

e The bony window offers a purchase from
which to initiate minimally traumatic sinus
membrane reflection.

e Failure to detach the bony window from the
buccal alveolar wall limits the extent of si-
nus reflection which may be performed api-
cally. By detaching the bony window, the si-
nus membrane and the attached window may
be positioned as far apically as needed in a
given situation.

Sinus membrane perforations during sinus aug-
mentation therapy most commonly occur due to
one or more of four technical errors:

o Inappropriate initial osteotomy preparation:
Movement of the bur in a sawing, jagged mo-
tion, pressure on the bur resulting in penetra-
tion of the alveolus through the sinus mem-
brane at a given point, or failure to change to
a smaller bur as the sinus membrane is ap-
proached will all increase the risk of mem-
brane perforation.



e Overly aggressive initial implosion of the si-
nus window to ensure its detachment from the
buccal alveolar bone increases the chances of
membrane perforation at the crestal aspect of
the osteotomy.

o Overly aggressive insertion of a sinus curette
in the initial phases of membrane reflection
will lead to membrane tears at the point of
insertion.

e Failure to perform a three-dimensional sinus
membrane reflection in the mid to later stages
of sinus membrane displacement often results
in membrane tears at the most mesial and cre-
stal aspects of the osteotomy.

When performed appropriately, the net effect of
the aforementioned therapy is safe, predictable re-
flection of the detached bony window and sinus
membrane in a contiguous unit, thus affording ac-
cess for placement of the appropriate regenerative
materials (Figures 6.7 and 6.8).

Piezosurgery Utilization: While many prac-
titioners still employ handpieces and burs as de-
scribed above to prepare the initial osteotomy in
the lateral wall of the alveolus, the use of piezo-
surgery in place of burs offers a number of advan-
tages. These advantages include:

o Greater tactile feedback as opposed to utilizing
a handpiece with burs.

o Greater control of bone preparation than with
burs.

o The lesser chance of soft tissue perforation uti-
lizing piezosurgery as compared to a bur tech-
nique (11).

e A more superior osseous response, including
a lesser degree of necrosis and decreased mor-
bidity, than when a bur is employed (12).

The piezosurgery tip is not utilized to denude the
membrane in the area of planned reflection, as
has been proposed by other authors (11). Rather,
piezosurgery is employed to prepare an osteotomy
of the same shape as that prepared when utilizing
rotary burs. An OP3 tip is first utilized to outline
the osteotomy window and begin to thin the bone,
much as the large diameter diamond bur was pre-
viously employed. Once the graying membrane is
visible along the complete course of the outlined
osteotomy, an OT1 tip is employed to complete the
osteotomy window. Its use is analogous to that of
the smaller diameter diamond bur. The initial re-
flection, achieved by applying some pressure to the
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Figure 6.7 A lateral view of the elevated membrane and
attached osteotomy window.

Figure 6.8 A buccal view of the elevated membrane and
attached osteotomy window.
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osteotomy window, is carried out utilizing the EL1
insert. In this way, the aforementioned advantages
of a detached bony window are preserved.

The created subantral space is filled with the
appropriate graft materials (Figure 6.9). If a partic-
ular graft material is utilized, care must be taken
to fill the anterior portion of the subantral space
first. If this is not done, and the medial, mesial,
and distal aspects of the subantral space are filled
with graft material prior to ensuring complete fill
of the anterior portion of the subantral space, the
clinician will find access to the anterior portion of
the subantral space impeded. The net result will be
insufficient augmentation of the anterior portion of
the created subantral space.

When a bone paste is to be utilized in con-
junction with bone putty, the paste is first in-
jected into the created subantral space, ensuring
that it reaches the anterior, medial, and posterior
portions of the created subantral space. The bone
putty is then inserted into the subantral space. The

Figure 6.9 The created subantral space is filled with graft
material.

Figure 6.10 A membrane can be placed over the os-
teotomy window and secured with fixation tacks. The buc-
cal mucoperiosteal flap is replaced and sutured with inter-
rupted sutures. The need or lack of need for a covering
membrane over the osteotomy window is discussed in de-
tail in this chapter.

bone paste flows around the bone putty, and ex-
trudes through the prepared osteotomy window.
The question of whether or not to place a mem-
brane over the osteotomy window will be discussed
subsequently.

If concomitant ridge augmentation therapy is
not to be carried out, the mucoperiosteal flap is
replaced and sutured with interrupted 4-0 plain gut
sutures (Figure 6.10).

CRESTAL WINDOW SINUS
AUGMENTATION THERAPY

Originally employed when the floor of the sinus ap-
proached within 2 mm of the crest of the ridge, the
primary advantage to crestal sinus augmentation
therapy is the relative ease of window preparation



and reflection when compared to lateral sinus aug-
mentation therapy. A horizontal incision is made
approximately 5 mm apical to the palatal line an-
gle of the alveolar crest. Vertical releasing incisions
with horizontal extensions and full-thickness flap
reflection are carried out as previously described.
Osteotomy preparation and membrane reflection
are identical to the techniques employed when per-
forming a lateral window sinus augmentation ap-
proach.

Although crestal approach sinus augmenta-
tion therapy offers the advantage of a greater ease
of technical manipulation, there are potentially sig-
nificant compromises which result from utilization
of such a treatment modality. Unless the resid-
ual alveolar ridge demonstrates sufficient thickness
buccopalatally to allow window preparation to oc-
cur wholly within the crest of the ridge and not ap-
proach closer than 2 mm from the buccal line angle
of the alveolar ridge, utilization of a crestal window
approach will compromise the buccal line angle of
the ridge, and thus negatively impact both the buc-
cal positioning of the planned implants, and the
final esthetic treatment outcome. As a result, cre-
stal window sinus augmentation therapy is rarely
utilized.

LATERAL WINDOW SINUS
AUGMENTATION THERAPY WITH
CONCOMITANT IMPLANT PLACEMENT

Incision design, flap reflection, and membrane re-
flection are identical to those previously described
for lateral window sinus augmentation therapy.
Figure 6.11 demonstrates the initial stages of os-
teotomy preparation. The gray color of the underly-
ing sinus membrane may be visualized through the
thinned buccal alveolar wall. A 4-mm-wide round
diamond bur is now utilized to complete osteotomy
preparation. Following appropriate membrane re-
flection, the osteotomy site for the planned implant
is prepared. Whether the clinician chooses to pre-
pare this site utilizing a bur or an osteotome, a sinus
curette must always be inserted into the prepared
subantral space (Figure 6.12), in order that the bur
or osteotome penetrating the residual alveolar bone
crestal to the floor of the sinus encounters the sinus
curette, rather than impacting and possibly tearing
the reflected sinus membrane. In the view shown,
two implants have been placed anterior to the si-
nus region, and an osteotomy has been prepared
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Figure 6.11 A view of an osteotomy window prepared with
a number 8 round diamond bur to a depth sufficient for
visualization of the gray membrane beneath the remaining
alveolar bone.

for placement of an implant in conjunction with
sinus augmentation therapy.

When an implant is to be placed at the time
of sinus augmentation therapy, an undersized os-
teotomy is always prepared. For example, if a wide-
bodied Straumann implant is to be placed, a con-
ventional osteotomy site would be prepared to a
4.2-mm diameter, after sequential use of 2.0-, 2.2-,
3.5-, and 4.2-mm-wide osteotomes. Such a site
would only be prepared to a diameter of 3.5 mm

Figure 6.12 Following membrane reflection and partial fill-
ing of the subantral space with graft material, a curette
is inserted into the created subantral space to protect the
reflected membrane and window as an osteotomy site is
prepared in anticipation of implant placement.
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if an implant is to be placed at the time of sinus
augmentation therapy. Precise techniques utilized
for such preparation and implant insertion will be
subsequently detailed. Whenever possible, the os-
teotomy site is prepared utilizing osteotomes rather
than burs. This approach offers the advantages of
both greater control during site preparation, and
the compacting of bone lateral to the osteotomy
site and thus to the inserted implant.

If an implant is to be placed at the time
of sinus augmentation therapy, the sequencing of
placement of particulate graft material is as follows:

e The anterior (mesial) aspect of the created
subantral space is filled with graft material.

e The medial and distal aspects of the created
subantral space are filled with graft material.

o The implant is inserted utilizing a handpiece
held insertion device at 30 RPMs. Implants are
never inserted with manual torque devices. It
is impossible to control the lateral forces gen-
erated with the use of a torque wrench to in-
sert implants as precisely as when a handpiece
is utilized for implant insertion.

e The residual subantral space is “back filled”
with graft material.

If a combination of bone paste and bone putty is to
be employed to effect sinus augmentation therapy,
the bone paste is inserted into the created sub-
antral space, ensuring that it reaches the mesial,
medial, and distal aspects of the created subantral
space. An adequate amount of bone putty is then
inserted to fill the subantral space in all of the
areas except where the implant or implants will
reside. The implant or implants are inserted. The
subantral space is “back filled” with bone putty
until the residual subantral space is completely
filled.

The decision as to whether or not to place
an implant at the time of sinus augmentation ther-
apy has traditionally rested on the radiographic ev-
idence of “available bone,” defined as the height of
the alveolar bone crestal to the sinus floor. Unfortu-
nately, an assessment of the available bone is usu-
ally carried out through examination of periapical
and panoramic radiographs. Such a diagnostic tool
is inadequate, as it does not take into account the
buccopalatal slope of the residual alveolar crest, or
the morphology of the “underside” of the alveolar
crest.

The implant supporting capabilities of a
severely sloped alveolar ridge which presents with

5 mm of bone crestal to the sinus floor at the mid-
crestal point is significantly less than that of an
alveolar crest with a mid-crestal height of 5 mm of
bone crestal to the sinus floor, which does not slope
as it proceeds buccally or palatally. While a truer
picture of residual ridge morphology is attainable
with various three-dimensional scans, assessment
at the time of clinical entry is indispensable to the
decision-making process. The ramifications of this
consideration will become obvious during develop-
ment of a treatment decision tree for reconstruction
of this region.

Assessment of the radiograph in Figure 6.13,
taken at the time of treatment in 1989, led to the
decision to perform sinus augmentation therapy in
the maxillary right posterior region, and place a
single implant at the time of augmentation ther-
apy. This decision was based upon the perceived
alveolar bone crestal to the floor of the sinus in
the first bicuspid region. As will be discussed, such
a diagnostic system is inadequate with regard to
formulating an appropriate treatment plan.

Subsequent to healing (Figure 6.14), signifi-
cant bone regeneration is noted both around the
19-mm-long titanium plasma-sprayed IMZ implant
which had been placed, and in the area of planned
implant placement in the region of the first molar.
A 19-mm-long implant was placed due to crown
implant ratio concerns. The need or lack of need
for implants of such dimension will be discussed
in Chapter 7.

Figure 6.13 The patient presents with significant sinus
pneumatization in his maxillary right posterior region. Sinus
augmentation will be performed with simultaneous implant
placement in the position of tooth number 4. The criteria
utilized to determine the ability to simultaneously place an
implant when performing sinus augmentation therapy have
been modified and further developed since the time the
patient was treated.



Figure 6.14 A radiograph taken eight months after sinus
augmentation therapy and placement of a 19-mm-long im-
plant demonstrates significant bone regeneration in the cre-
ated subantral space.

When a patient presents with minimal resid-
ual bone crestal to the floor of the sinus (Figure
6.15), sinus augmentation therapy should be per-
formed without simultaneous implant placement.
The results are highly predictable, leading to gen-
eration of more than adequate bone for the place-
ment of implants of sufficient dimensions to with-
stand functional forces over time (Figure 6.16).

It is not necessary to completely obliterate the
sinus to effect implant placement. Before and after
CAT scans (Figures 6.17 and 6.18) demonstrate re-
generation of more than adequate bone to effect
implant placement in the augmented sinus areas of
a 36-year-old woman treated in 1990. Sixteen years
postregenerative therapy and implant insertion, the
implants are stable under function and there is no
evidence of peri-implant bone loss.

Numerous authors have demonstrated the ef-
ficacy of sinus augmentation therapy, utilizing a
variety of autogenous and nonautogenous graft

Figure 6.15 The patient presents with severe sinus
pneumatization in the maxillary left posterior region.
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Figure 6.16 Eight months after sinus augmentation ther-
apy utilizing Bio-Oss graft material, radiographic evidence
of significant bone regeneration is noted in the created sub-
antral space.

materials, with and without simultaneous implant
placement. A recent paper documents the results
of 1,633 implants placed in 814 augmented sinuses
in two private practices, in function for up to 180
months (13). A variety of allografts and xenografts
were employed as graft materials. The definition of

Figure 6.17 A CAT scan was taken prior to bilateral sinus
augmentation therapy.
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Figure 6.18 A CAT scan was taken eight months after sinus
augmentation therapy was carried out utilizing Augmen (tri-
calcium phosphate). Note the failure to fill the most anterior
portions of the maxillary sinuses.

success was the ability to insert implants of at least
10 mm in length, which were wholly ensconced in
native and regenerated bone in the augmented si-
nus areas. Utilizing this criterion, 608 or 614 sinus
augmentation procedures were deemed successful,
yielding a success rate of 99.0%.

Of greater importance is the success of the
1,633 implants placed in these augmented sinuses,
in function over time. The mean time in function
was 69.1 months. The success of the implants was
judged via the criteria of Albrektsson et al., includ-
ing sequential radiographs. The overall cumulative
success rate of implants in function for up to 180
months was 98.1%. The breakdown of the aug-
mentation procedures by approach and by materi-
als may be seen in Tables 6.1 and 6.2.

Ridge augmentation therapy may be per-
formed in conjunction with a sinus augmentation
procedure.

Table 6.1 Sinus augmentation procedures performed by
technical approach.

Number of
Clinical Number of procedures Percent
approach procedures successful successful
Lateral 393 357 98.5
Crestal 28 28 100
Lateral approach 393 378 99.5

with simultaneous
implant placement

Total 814 808 99.0

In the aforementioned study, 64 cases were
treated with simultaneous sinus and buccolingual
ridge augmentation procedures. One hundred and
twenty-seven implants were placed in these 64
augmented areas. All implants were functioning
successfully at the time of data compilation for
publication.

Figures 6.19-6.21 demonstrate such an ap-
proach. A 41-year-old female had been missing
teeth in her maxillary right posterior sextant for
approximately 20 years. Both the atrophic nature
of the ridge and the pneumatized sinus are evident
radiographically.

Flap reflection revealed a ridge of inadequate
dimension for implant placement in the appropriate

Table 6.2 Procedures performed by augmentation
materials utilized.

Number of
Material Number of  procedures Percent
utilized procedures successful  successful
DFDBA/TCP 105 102 97.1
FDBA/TCP 13 13 100
DFDBA/FDBA 11 10 90.9
OGN/FDBA 40 39 97.5
Bio-Oss 370 368 99.5
Bio-Oss/DFDBA 208 208 100
Regenaform/ 69 68 98.6
Regenafill

Bio-Oss, bovine bone matrix; DFDBA, demineralized freeze-dried
bone allograft; OGN, osteogen; TCP, tri-calcium phosphate;
Regenaform, DFDBA putty with cortical chips; Regenafill,
DFDBA paste.
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Figure 6.19 A clinical view of the atrophic residual edentu-
lous ridge in the maxillary right posterior region.

positions.  Particulate tri-calcium phosphate
(Augmen) graft material was placed and covered
with a laminar bone sheet. Neither titanium-
reinforced Gore-Tex membranes nor fixation tacks
were commercially available at the time the patient
was treated.

The eight-month clinical reentry demon-
strated marked buccal bone regeneration. Sinus
augmentation had been effected, affording more
than adequate bone for implant placement in ideal
positions.

Membrane Placement
Disagreement exists in the literature regarding the
need to place a membrane over the prepared
osteotomy window following sinus augmentation
therapy. While many authors have demonstrated
successful treatment outcomes without the use of
membrane over the prepared osteotomy (2, 3, 13,
14), Wallace et al. (15) have reported superior his-
tologic and clinical results when a membrane was
placed over the osteotomy window, as compared
to sites where no membranes were employed.

In the study under discussion (14), 66 sites
were treated with simultaneous sinus and buc-
cal ridge augmentation. All of these sites required

Figure 6.20 Flap reflection demonstrates inadequate buc-
colingual dimension of residual alveolar ridge for appropri-
ate implant placement.

Figure 6.21 Nine months following simultaneous sinus
augmentation with Augmen and guided bone regenerative
therapy utilizing Augmen beneath a laminar bone sheet,
marked buccal augmentation of the atrophic ridge is noted.

titanium-reinforced membrane placement to effect
such regeneration. Exclusion of these sites from the
data leaves 748 augmented sinus areas. Of these
sites, 363 had resorbable membranes placed over
the osteotomy windows at the time of sinus aug-
mentation therapy. Five of these sinus augmenta-
tion procedures were classified as failures by the
previously described criteria (1.4%). Three hun-
dred and eighty-five sinuses were augmented with-
out membranes being placed over the osteotomy
windows. Three of these sites were classified as
failures according to previously described criteria
(0.78%). The difference between the two groups is
not statistically significant.

The contention that a greater volume and
quality of bone is regenerated in augmented si-
nuses, when membranes are placed over the win-
dows, would also seem to have no clinical rele-
vance in this study. Assessment of implant success
rates over time, as defined by the criteria of Al-
brektsson et al. (16), demonstrates a cumulative
implant success rate of 98.08% in the sites where
membranes were placed over the sinus windows,
and 98.11% where membranes where not placed
over the sinus windows. It was necessary to com-
pute the data to the second decimal point to see any
difference between the two groups. This difference
is not statistically significant.

There does not seem to be any advantage
to membrane placement over prepared osteotomy
windows at the time of sinus augmentation ther-
apy unless concomitant ridge augmentation is per-
formed, with regard to long-term implant success
under function.

This data, obtained from two private prac-
tices, offers no support for the concept that mem-
brane placement over the osteotomy window
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enhances sinus augmentation treatment outcomes.
While there are no clinical disadvantages to place-
ment of a membrane, it is difficult to justify the
added expense to the patient of such membrane
placement if no tangible clinical benefits result.

Graft Material Selection
Any graft material chosen for use in sinus aug-
mentation therapy must meet certain criteria. The
graft material must elicit no unfavorable host re-
sponses, must be easy to utilize, and must resorb
predictably. Ideally, the graft material would also
demonstrate a consistent level of osteoinductive ca-
pability.

There is no doubt that autogenous bone meets
all of these criteria. As previously discussed in
Chapter 2, the only disadvantage to autogenous

bone is the need to procure graft material from a
second surgical site, thus increasing the length of
the surgical procedure, and resulting in a signifi-
cant increase in postoperative morbidity.

The aforementioned paper documented the
use of particulate demineralized freeze-dried bone
allograft with tri-calcium phosphate; freeze-dried
bone allograft mixed with tri-calcium phosphate;
demineralized freeze-dried bone allograft mixed
with freeze-dried bone allograft; osteogen mixed
with freeze-dried bone allograft; Bio-Oss (bovine
bone matrix); Bio-Oss mixed with demineralized
freeze-dried bone allograft; and Regenaform (dem-
ineralized bone matrix block with cortical chips)
mixed with Regenafill (demineralized bone matrix
paste). The advantages and disadvantages of each
are summarized in Table 6.3.

Table 6.3 Advantages and disadvantages of various graft materials.

Graft material Advantages

Disadvantages

Autogenous bone o Osteoinductive capabilities

e Speed of regeneration

Tri-calcium phosphate e Ease of use

FDBA/tri-calcium o Ease of use

e Need to prepare the graft from a second
surgical site

o Unpredictable resorptive pattern
o No predictable osteoinductive capability

o Unpredictable resorptive pattern

o No predictable osteoinductive capability

e Greater cost than tri-calcium phosphate
alone

o No predictable osteoinductive capability

e Regenerated bone at eight months was
softer than that following use of other graft
materials

phosphate
DFDBA/FDBA e Ease of use
e Theoretical osteoinductive capability
DFDBA/Osteogen e Denser regenerated bone at the eight-month
surgical reentry than DFDBA/FDBA mix
Bio-Oss e Ease of use

FDBA/Bio-Oss

Regenaform/Regenafill

e Predictable resorptive patterns

o None over Bio-Oss use alone

o Ease of use

o Superior handling characteristics in the
presence of a sinus membrane tear
o Predictable osteoinductive capability

o No predictable osteoinductive capability
e Unpredictable resorptive patterns

o No osteoinductive capability
e May take longer than 12 months to resorb if
inserted inappropriately

e Softer regenerated bone at eight-month
reentry as compared to Bio-Oss alone

e More expensive than some other graft ma-
terials

DFDBA, demineralized freeze-dried bone allograft; Bio-Oss, BioGuide.



Tri-calcium phosphate use was discontinued
due to the unpredictability of its resorptive pat-
terns. Two patients had sinus augmentation ther-
apy performed and moved out of the area for two
and five years, respectively. When each patient re-
turned and underwent implant placement in the
augmented sinus areas, residual particles of tri-
calcium phosphate were still evident.

In each of the few cases treated with a mix-
ture of particulate demineralized freeze-dried bone
allograft and particulate freeze-dried bone allograft,
surgical reentry eight months post-augmentation
therapy demonstrated regenerated bone of a soft,
pliable consistency which was deemed inferior to
that obtained with other graft materials, with re-
gard to implant stabilization.

Particulate freeze-dried bone allograft mixed
with Osteogen, while resulting in adequate regener-
ated hard tissue for appropriate implant stabiliza-
tion eight months post-sinus augmentation ther-
apy, often demonstrated residual Osteogen parti-
cles at that time.

Bio-Oss was employed in the greatest num-
ber of augmented sinuses. Treatment consistently
resulted in generation of more than adequate hard
tissue for implant placement and stabilization at
the six-month surgical reentry visit.

Utilization of Bio-Oss grafts in over 3,000
guided bone regeneration and sinus augmentation
sites has resulted in less than 20 sites demon-
strated significant residual bone particles eight
months postregenerative therapy, as was discussed
in Chapter 2.

Published data document histologic results
following the use of Bio-Oss grafts to effect sinus
augmentation therapy, or the need for resorbable
or nonresorbable membranes in fresh extraction
sockets (17, 18). Both the augmented sinus areas
(31 sites) and the augmented extraction socket de-
fects (59 sites) utilized Bio-Oss alone as the graft

Table 6.4 Biopsy timing following Bio-Oss use.
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Figure 6.22 A histologic specimen taken four months fol-
lowing sinus augmentation therapy with Bio-Oss. Note the
retained Bio-Oss particles and the viable regenerating bone
surrounding the particles.

material. While resorbable or nonresorbable mem-
branes were placed over the extraction socket de-
fects following graft insertion, no membranes were
placed over the prepared osteotomies at the time
of sinus augmentation therapy. Core biopsies were
taken at various intervals between 3 and 12 months
in the 90 grafted sites. The distribution and timing
of the biopsies are listed in Table 6.4.

As expected, biopsies taken at 3-4 months
and 5-6 months demonstrated a preponderance of
Bio-Oss particles with viable regenerated bone sur-
rounding them (Figure 6.22).

Biopsies taken at the 8- to 9-month inter-
val demonstrated extensive regenerated bone and
some residual Bio-Oss particles (Figure 6.23).

The 12- to 13-month biopsies demonstrated
almost complete resorption of Bio-Oss graft mate-
rial and extensive bone regeneration. The average
compositions of the biopsies at the various time in-
tervals may be seen in Table 6.5 (Figures 6.24 and
6.25).

3- to 4-month 5- to 6-month 8- to 9-month 12- to 13-month
Therapy biopsy biopsy biopsy biopsy Total
Sinus augmentation 3 9 14 5 31
Extraction socket/ 6 40 7 59
ridge augmentation
Total 9 49 20 12 90
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Figure 6.23 A histologic specimen taken eight months fol-
lowing sinus augmentation therapy with Bio-Oss. Note the
extensive bone regeneration and the isolated residual Bio-
Oss particle.

Bio-Oss graft material has proven highly pre-
dictable in the treatment of various alveolar ridge
defects and to effect sinus augmentation therapy.
However, the need to wait 8-9 months to place im-
plants in regenerating Bio-Oss grafts in larger areas,
and the relative difficulty utilizing Bio-Oss when
faced with a significant sinus membrane perfora-
tion, lead to the exploration of other materials.

The addition of demineralized freeze-dried
bone allograft to the Bio-Oss offered no discernable

Table 6.5 Core biopsy composition (%).

Time postoperative Bio-Oss Bone Other
3—4 months
Sinus augmentation 59.7 18.8 21.5
Extraction socket 59.1 19.4 21.5
Total 59.3 19.2 21.5
5—6 months
Sinus augmentation 21.4 40.0 38.6
Extraction socket 18.7 34.5 46.8
Total 191 35.5 45.4
8-9 months
Sinus augmentation 11.1 68.4 20.5
Extraction socket 11.3 69.1 19.6
Total 11.2 68.6 20.2
12—13 months
Sinus augmentation 0.14 68.8 31.0
Extraction socket 0.13 68.8 31.1
Total 0.13 68.8 31.1

Figure 6.24 A 12-month specimen of a sinus augmented
with only Bio-Oss. Note the extensive bone regeneration
which has occurred.

advantages, and frequently resulted in generation
of material of a less firm consistency at the eight-
month reentry time than that attained through the
use of Bio-Oss alone.

Employment of a demineralized bone matrix
paste (Regenafill) in combination with a deminer-
alized bone block impregnated with cortical chips
(Regenaform) resulted in consistent regeneration
of bone of adequate dimension and solidity to sta-
bilize implants six months post-augmentation ther-
apy. This is the only nonautogenous material uti-
lized in this paper which predictably afforded the
ability to place implants six months after augmen-
tation therapy, as compared to the 8- to 9-month

Figure 6.25 Another 12-month specimen of a sinus aug-
mented with only Bio-Oss also demonstrates extensive
bone regeneration.



time period for implant placement with all other
graft materials utilized.

Regenaform and Regenafill differ from other
mineralized or demineralized freeze-dried bone al-
lografts in a number of ways. These bone allo-
graft materials are always tested following steril-
ization for osteoinductive capability, utilizing the
Urist model. If a certain level of osteoinductive ca-
pability is not met, the specimen is discarded. On
average, 21-23 % of all post-sterilization specimens
are rejected in this manner. As a result, the clini-
cian is theoretically assured of a minimum level
of osteoinductive capability in each graft speci-
men utilized. No other commercially available allo-
graft material undergoes such stringent testing. Six-
month post-sinus augmentation histologic speci-
mens of sites treated with a combination of Re-
genaform and Regenafill have consistently demon-
strated new bone growth. A paper documenting
the use of these materials in 87 sinus augmentation
cases yielded a success rate of 98.9% (86 out of 87),
with success being defined as adequate bone for
placement of implants of at least 10 mm in length
(19). These materials have also proven highly pre-
dictable beneath the appropriate covering mem-
branes in effecting vertical and crestal ridge aug-
mentation. Assessment of 334 sites treated with Re-
genaform, Regenafill, or a combination of both be-
neath resorbable and nonresorbable membranes,
has yielded success rates at least comparable to
those attained utilizing autogenous or other nonau-
togenous graft materials beneath membranes in
similar situations. As explained in Chapter 2, the
precise results attained following guided bone re-
generation therapy are highly flap design and mem-
brane selection dependent. However, the utiliza-
tion of Regenaform and/or Regenafill beneath the
appropriately selected covering membranes offers
the advantage of osteoinductive capability of the
graft and the ability to reenter large augmented
sites six months postoperatively to effect implant
placement.

This treatment approach is documented be-
low.

Clinical Example One

A 47-year-old male presented missing his maxil-
lary right molars. Radiographically, significant si-
nus pneumatization and ridge atrophy were ev-
ident (Figure 6.26). Six months following sinus
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Figure 6.26 The patient presents with significant sinus
pneumatization in the maxillary right posterior region and
inadequate bone for implant placement.

Figure 6.27 Six months following sinus augmentation ther-
apy utilizing a combination of Regenaform and Regenafill,
there is evidence of significant bone regeneration in the
created subantral space.

augmentation therapy utilizing a combination of
Regenafill and Regenaform, radiographic evidence
of marked bone regeneration in the augmented si-
nus area is present (Figure 6.27). Regenaform and
Regenafill are not radiopaque. As a result, any ra-
diopacities noted in the augmented sinus areas are
not merely a radiographic view of the bone graft
materials which had been placed, but rather are
indicative of regenerated bone. A six-month histo-
logic specimen demonstrated healthy, viable bone
in the augmented sinus region (Figure 6.28).

Clinical Example Two

A 5l-year-old female had been missing poste-
rior teeth in both maxillary sextants for 19 years.
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Figure 6.28 A histologic specimen taken six months after
sinus augmentation with Regenaform and Regenafill. Note
the healthy, viable regenerated bone.

Bilateral sinus pneumatization was evident (Fig-
ure 6.29). Following sinus augmentation with a
combination of Regenaform and Regenafill, ex-
tensive bone regeneration was evident radio-
graphically (Figure 6.30). Periapical radiographs
taken six months post-sinus augmentation ther-
apy (Figures 6.31 and 6.32) demonstrated the de-
gree of bone regeneration which had occurred
in the augmented sinus areas. Histologically (Fig-
ures 6.33 through 6.37), healthy, viable bone was
present in the augmented sinus regions. The de-
livery of this graft material in a resorbable ma-
trix significantly enhanced its handling charac-
teristics and decreased the length of the surgical
procedure.

Figure 6.29 The patient presents with marked bilateral si-
nus pneumatization.

Figure 6.30 Six months following bilateral sinus augmenta-
tion therapy with a combination of Regenaform and Rege-
nafill, marked bone regeneration is noted radiographically.

Figure 6.31 A periapical radiograph taken six months fol-
lowing sinus augmentation therapy with Regenaform and
Regenafill in the maxillary right posterior region demon-
strates extensive bone regeneration.

Figure 6.32 Extensive bone regeneration was also noted
on a periapical radiograph of the maxillary left posterior
region taken six months post sinus augmentation therapy.
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Figure 6.33 A histologic specimen of the augmented max- Figure 6.35 A closeup of the histologic specimen in Fig-
illary right sinus region taken six months post-sinus aug- ure 6.37. Note the osteocytes in lacunae and the lack of
mentation therapy demonstrates healthy, viable bone. retained graft particles.

Figure 6.34 Another high magnification view of the histo- Figure 6.36 A six-month histologic specimen of the regen-
logic specimen in Figure 6.37 demonstrates osteocytes in erated maxillary left sinus area. Note the healthy, viable
lacunae and the lack of retained graft particles. bone which is present.
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Figure 6.37 A closeup of Figure 6.40. Healthy bone and
continued bone regeneration are evident.

Clinical Example Three

A 46-year-old female presented with a fractured
maxillary right first molar, which was a terminal
abutment for a three-unit fixed splint (Figure 6.38).
Following sectioning of the existing fixed splint on
the distal aspect of the first bicuspid, both the first
molar and the pontic in the position of the second
bicuspid were removed. The defect was debrided,
and sinus augmentation therapy was performed
utilizing a mixture of Regenaform and Regenafill.
Six months post-sinus augmentation therapy, ra-

Figure 6.38 The patient presents with a hopeless progno-
sis for a maxillary right first molar.

Figure 6.39 Following extraction of the maxillary first mo-
lar and sinus augmentation therapy with Regenaform and
Regenafill, radiographic evidence of significant bone regen-
eration is noted six months postoperatively.

diographic evidence of extensive bone regenera-
tion was present (Figure 6.39). Two osseointegrat-
ing implants were placed in the area of bone re-
generation six-month postoperative (Figure 6.40).
Histologically, healthy, viable bone was evident
in the augmented sinus area (Figures 6.41 and
6.42).

As previously mentioned, the ability to suc-
cessfully effect sinus augmentation with a variety
of materials is highly predictable. However, such
treatment outcomes must be considered merely

Figure 6.40 Two implants have been placed in the regen-
erated bone in the maxillary right sinus area.



Figure 6.41 Note the healthy, viable bone which is present
in a histologic specimen taken at the time of implant place-
ment, six months after sinus augmentation therapy with
Regenaform and Regenafill.

the first-generation definition of success when
augmenting the posterior maxilla. Augmentation
in an apicocrestal dimension alone, while provid-
ing function to the patient, often results in a less
than satisfactory esthetic treatment outcome. In ad-
dition, in high stress situations, placement of im-

Figure 6.42 Another view also demonstrates healthy, vi-
able bone six months after sinus augmentation therapy with
Regenaform and Regenafill.
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plants in a more palatal position due to buccal
alveolar ridge atrophy mandates a prosthetic de-
sign with significant buccal cantilevers, generating
unfavorable forces under function. Such unfavor-
able force generation, coupled with the fact that
narrower implants must be placed in more atrophic
ridges, may lead to a compromised implant prog-
nosis over time.

Clinical Example Four

A 41-year-old female patient presented having al-
ready undergone various levels of implant therapy.
Hydroxyapatite-coated Micro-vent implants and ti-
tanium plasma-sprayed IMZ implants of different
diameters had been placed in the maxillary and
mandibular arches. Inadequate bone was present
to allow placement of implants in the maxillary
left posterior region (Figure 6.43). Examination of
the patient demonstrated the presence of a severe
parafunctional habit.

Utilizing techniques available in the late
1980s, sinus augmentation therapy was ef-
fected in the maxillary left posterior region.
Four IMZ implants were placed eight months
post-augmentation therapy. The maxillary and
mandibular arches were reconstructed with fixed
prostheses. The implant which had been placed
in the position of the mandibular right bicuspid
was not engaged due to its poor positioning (Figure
6.44). Intramobile elements were utilized with the
IMZ implants in the maxillary left quadrant of the
fixed prosthesis, both to allow retrievability and to
help dampen parafunctional force transmission to

Figure 6.43 A patient presents with inadequate bone for
implant placement in the maxillary left posterior region.
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Figure 6.44 Following sinus augmentation therapy, sub-
sequent placement of four IMZ implants and restoration of
the patient’s maxilla and mandible, appropriate function has
been reattained.

the regenerated bone. Gold occlusal surfaces were
fabricated with porcelain facings in an effort to fur-
ther diminish load transmission to the implants and
natural teeth, and eventually the supporting bone
(Figure 6.45). A full frontal view demonstrates the
compromises inherent in performing augmentation
therapy in an apicocrestal direction without con-
comitant buccal ridge augmentation. In addition to
the nonesthetic ridge lapped prosthesis which had
to be fabricated in the maxillary left quadrant (Fig-
ure 6.46), narrower implants had to be utilized due
to the limited buccopalatal dimension of the alveo-
lar ridge. Fortunately, the combination of the afore-
mentioned prosthetic design, intramobile element
use, and bite appliance fabrication has yielded this
patient a reasonable long-term prognosis.

Figure 6.45 Gold occlusal surfaces were fabricated due to
the patient’s heavy parafunctional habit. IMZ implants were
utilized with intramobile elements to help dampen the mag-
nitude of parafunctional forces transmitted to the supporting
alveolar bone. As a result, the prosthesis is screw retained.

Figure 6.46 A frontal view demonstrates the compromises
inherent in performing sinus augmentation therapy without
concomitant buccal ridge augmentation, when significant
ridge atrophy has occurred. Note the ridge-lapped implant
supported crowns in the maxillary left posterior region.

LATERAL APPROACH SINUS
AUGMENTATION THERAPY

The efficacy of sinus augmentation therapy, follow-
ing use of a variety of graft materials, has been well
established.

Blomgqvist et al. (20) treated severe cases of
maxillary resorption through the placement of au-
togenous grafts to augment both the anterior and
posterior maxilla. Three hundred fourteen implants
were placed in 50 patients six months after graft-
ing. Two hundred two of these implants were
placed in augmented sinuses, and demonstrated an
84% success rate in function, for a mean time of
28 months after the implant placement (approxi-
mately 20 months after loading). Seventy-five per-
cent of the 112 implants placed in the grafted ante-
rior maxilla demonstrated success under function
during the same time period.

Cordioli et al. (21) performed simultaneous
sinus augmentation and implant placement in 12
patients, placing a total of 27 implants. Three to
5 mm of bone remained crestal to the floor of the si-
nus prior to grafting. A 4:1 ration of bioactive glass
to autogenous bone was utilized as a grafting ma-
terial. Sinus augmentation resulted in an average
hard tissue increase of 7.1 mm =+ 1.6 mm. Twenty-
six of the 27 implants were functioning successfully
12 months after loading, yielding a cumulative suc-
cess rate of 96.3% at 12 months.

Daelemans et al. (22) treated 44 sinuses in 33
patients. One hundred twenty-one implants were
placed, 113 of which were functioning successfully
3-80 months after loading (a mean postloading



time of 40.2 months), yielding a cumulative suc-
cess rate of 93.2%.

Khoury (23) placed 467 implants in 216 aug-
mented sinuses in 216 patients. All implants were
placed at the time of sinus augmentation utiliz-
ing autogenous bone blocks. Fifty-one membrane
perforations were noted during sinus augmenta-
tion therapy and implant placement. Twenty-eight
of the 267 implants failed. Nineteen implants failed
at 0-12 months in function, and 9 implants were
failing at the time of statistical compilation, yield-
ing a 94% cumulative success rate for the pe-
riod of 24 months to 6 years in function. The
average time in function was 49 months. Four-
teen of the failed implants were associated with si-
nus perforations notes during the surgical phase of
therapy.

Mazor et al. (24) performed sinus augmenta-
tion therapy with concomitant placement of single
implants in 10 sinuses in 10 patients. Five to 7 mm
of residual bone remained crestal to the floor of the
sinus prior to the augmentation surgery. Implants
13-15 mm in length were placed in all cases. At
36 months in function, all 10 implants were func-
tioning successfully.

Olson et al. (25) placed 120 implants in
45 augmented sinuses. Eighty-eight of the im-
plants were placed at the time of sinus augmenta-
tion. Thirty-two of the implants were placed 3-12
months after augmentation had been performed.
Autogenous bone was utilized to effect sinus aug-
mentation in all cases. Eight implants 10 or 10.5
mm in length, 74 implants 12 mm in length, and 38
implants 16 mm in length were placed. The quan-
tity of bone present prior to augmentation therapy
was not reported. After 5-71 months in function (a
mean time of 38.2 months in function), the authors
reported a cumulative success rate of 97.5%.

Peleg et al. (26) placed 160 implants in 63 aug-
mented sinuses in 63 patients. Three to 5 mm of
bone was present coronal to the floor of the sinus at
the time of implant placement. Implant uncovery
occurred nine months after placement. Sixty-four
15-mm-long implants were placed in 23 sinuses
that presented with 3 mm of bone crestal to the
floor of the sinus preoperatively. Thirty-nine 15-
mm implants and two 13-mm-long implants were
placed in 17 sinuses that presented with 4 mm
of preoperative bone crestal to the floor of the si-
nus. Forty-two 15-mm-long implants and fifteen 13-
mm-long implants were placed in 23 sinuses that
demonstrated 5 mm of bone crestal to the floor of
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the sinus preoperatively. All implants were func-
tioning successfully 2-4 years after loading.

Peleg et al. (27) reported the results of 20 si-
nuses treated in 20 patients with autogenous bone
and simultaneous implant placement. All patients
presented with 1-2 mm of bone crestal to the floor
of the sinus prior to augmentation therapy. Im-
plants were uncovered nine months after inser-
tion. All 55 implants were functioning successfully
26.4 months after loading.

Valentini et al. (28) augmented 20 sinuses in
15 patients, utilizing bovine matrix. Fifty-seven im-
plants were placed in the sinuses six months af-
ter augmentation had been performed. All patients
presented with less than 5 mm of bone crestal to
the sinus prior to augmentation therapy. Implants
placed were 13- or 15-mm long and 4-mm wide.
Fifty-six implants were functioning successfully, a
mean time of four years in function, yielding a cu-
mulative success rate of 98.2%.

van den Bergh et al. (29) augmented 62 si-
nuses in 42 patients utilizing iliac crest grafts.
One hundred sixty-one implants were placed four
months after grafting. All implants were function-
ing successfully 1-6 years after grafting. No mean
time in function was reported.

Raghoebar et al. (30) placed 93 implants in
47 grafted maxillary sinuses. The sinus grafting
material utilized was either iliac crest (86 im-
plants), symphyseal bone (6 implants), or a maxil-
lary tuberosity bone graft (1 implant). If less than
5 mm of residual alveolar bone was present pre-
operatively crestal to the floor of the sinus, sinus
grafting was first performed and the implants were
inserted three months later. If at least 5 mm of
bone remained crestal to the floor of the sinus,
the implants were placed at the time of sinus graft-
ing. Five implants were mobile at implant uncovery
(three placed at the time of sinus grafting and two
placed three months subsequent to sinus grafting).
All other implants were functioning successfully
according to the criteria of Albrektsson et al. at a
mean time of 16 months in function (ranging from
6 to 36 months in function), yielding a cumulative
success rate of 94.6%.

Block and Kent (31) followed 170 implants
placed in 53 autogenous bone grafted sinuses for
3-10 years. Twenty implants were lost in four pa-
tients during this time. Cumulative success rates
were not reported.

Tong et al. (4) performed a retrospective anal-
ysis of 10 studies examining the efficacy of sinus
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augmentation therapy utilizing either autogenous
bone, autogenous bone and hydroxyapatite, or hy-
droxyapatite alone. Four hundred eighty-four im-
plants inserted in 130 patients following autoge-
nous bone sinus augmentation were in function
for 6-60 months and demonstrated a 90% cu-
mulative success rate. Three hundred sixty-three
implants placed in 104 patients treated with au-
togenous bone and hydroxyapatite to effect si-
nus augmentation were in function for 18 months
and demonstrated a cumulative success rate of
94%. Two hundred fifteen implants placed in
50 patients whose sinuses were augmented with
DFDBA and hydroxyapatite were in function for
7-60 months and demonstrated a 98% cumula-
tive success rate. Thirty implants placed in aug-
mented sinuses of 11 patients were in function for
18 months and demonstrated a cumulative success
rate of 87%. When combined, the data from these

Table 6.6 Sinus augmentation articles reviewed.

studies yielded a 92.8% cumulative success rate of
implants in function in augmented sinuses.

It should be noted that, while various au-
thors have suggested criteria for determining the
minimal amount of residual bone crestal to the
floor of the sinus which is necessary for simul-
taneous implant placement and Caldwell-Luc ap-
proach sinus augmentation therapy, Peleg et al.
carried out simultaneous implant placement with
autogenous bone sinus grafting in 20 patients with
only 1-2 mm of residual bone crestal to the floor
of the sinus. It is also difficult to compare stud-
ies suggesting various residual bone requirements
for simultaneous implant placement, when many
of the studies employed autogenous bone grafts
to help secure the implants while others utilized
wholly particulate materials. For a list of the stud-
ies included, and a summary of their results, see
Table 6.6.

Number of

sinuses

treated/ Simultaneous Implant mean

Number of implant time in Cumulative

implants Augmentation placement function implant
Reference placed material (Y/N) (months) success rate
Blomaqvist et al. (20) 100/202 Autogenous bone N 20 84%
Cordioli et al. (21) 12/27 4/ bioactive glass/ Y 12 96.3%

autogenous bone
Daelemans et al. (22) 44/121 Variety 40.2 93.2%
Fugazzotto and Vlassis (14) 222/510 Autogenous bone Y/N 12-73* 97.0%
Khoury (23) 216/467 Autogenous bone Y 49 94.0%
and DFDBA

Mazor et al. (24) 10/10 Autogenous bone Y 36 100.0%
Olson et al. (25) 45/120 Autogenous bone Y/N 38.2 97.5%
Peleg et al. (26) 63/160 Autogenous bone N 31 100.0%
Peleg et al. (27) 20/55 Autogenous bone Y 25.4 100.0%
Valentini et al. (28) 20/57 Bovine bone matrix N 48 98.2%
van den Bergh et al. (29) 30/69 DFDBA N 12-72* 100.0%
van den Bergh et al. (29) 62/161 Autogenous bone N 12-72* 100%
Raghoebar et al. (30) 47/93 Autogenous bone Y/N 16 100%
Block and Kent (31) 53/170 Autogenous bone Y/N 36—20* Unknown
Tong et al. (4)! 130484 Various materials Y/N 6-60* Varied

Time in function reflects status at time of this publication.

*Mean time in function not reported.

TRetrospective analysis of numerous papers.

DFDBA, demineralized freeze-dried bone allograft.



Figure 6.47 The patient presents with 6-7 mm of bone
crestal to the floor of the sinus.

One of the potential complications of sinus
augmentation therapy listed in various publications
is the inadvertent devitalization of adjacent teeth.
In the performance of over 750 Caldwell-Luc sinus
augmentation procedures by the author, no adja-
cent teeth have been devitalized as a result of the
augmentation procedures.

Clinical Example Five

Figure 6.47 illustrates a patient who presented with
approximately 5-6 mm of residual bone crestal to
the floor of the sinus, and a flat, buccopalatally
broad alveolar ridge crest. Due to the quantity and
morphology of the available bone crestal to the
floor of the sinus, lateral sinus augmentation ther-
apy with simultaneous implant placement was per-
formed (Figure 6.48). Significant bone regeneration
was evident on a radiograph taken eight months
after augmentation therapy had been carried out

Figure 6.48 Following sinus augmentation therapy and im-
plant placement, marked bone regeneration is noted.
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Figure 6.49 A periapical film of the augmented sinus area
eight months after therapy has been performed. The sec-
ond molar tests are vital.

(Figure 6.49). Despite the fact that the augmen-
tation material was placed in close proximity to
the root apices of the adjacent molar, this molar
remains vital and demonstrates no symptoms of
pulpal pathology.

The above outlined treatment underscored
the need to develop a more demanding definition
of success for augmentation of the posterior max-
illa, beyond generation of adequate bone for im-
plant placement (the first-generation definition of
success) and simultaneous buccopalatal ridge aug-
mentation therapy when needed to maximize es-
thetic treatment outcomes (the second-generation
definition of success). It is evident from Figure
6.47 that the extent and morphology of the residual
alveolar bone crestal to the floor of the sinus offered
additional treatment options beside a Caldwell-Luc
lateral sinus augmentation approach with simulta-
neous implant placement.

OSTEOTOME SINUS AUGMENTATION
THERAPY

Summers (5) proposed the osteotome technique, in
an attempt to augment the atrophic maxillary sinus
in anticipation of implant placement in a simpler,
less invasion manner. This approach eliminates the
need for preparation of a bony window in the lat-
eral aspect of the alveolus, and its subsequent ro-
tation to displace the maxillary sinus. An “internal
sinus lift” is performed through the utilization of
sequentially sized osteotomes and particulate graft
material. This technique may be utilized in con-
junction with simultaneous implant placement, or
to prepare a site for future implant placement.
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Summers placed 143 implants in 55 patients at
the time of performance of an osteotome sinus lift,
and reported a cumulative success rate of 96% for
these implants in function for 0-5 years. Implant
success and failure rates were not examined rela-
tive to preoperative residual alveolar bone height
crestal to the floor of the sinus.

Horowitz (32) placed 34 implants at the time
of an osteotome sinus lift in 18 patients, and re-
ported a 97 % cumulative success rate for the im-
plants, in function for 10-15 months. An average
gain in alveolar bone height of 3 mm following os-
teotome sinus lift therapy and implant placement
was noted by the author.

Coatoam and Krieger (33) placed 89 implants
in osteotome-lifted sinuses of 77 implants, and re-
ported a 92% cumulative success rate of implants
in function for 6-42 months. The length of the im-
plant placed and implant success were not evalu-
ated in relation to the amount of residual alveolar
bone crestal to the floor of the sinus preoperatively.
In addition, no effort was made to document the
gain in apical alveolar bone height.

Komarnyckyj and London (34) placed 16 im-
plants in 16 patients following osteotome sinus
lifts, and reported a 94% cumulative success rate
of the implants in function for 3-38 months. The
height of the residual alveolar bone preoperatively
was 5.31 mm on the buccal and 5 mm on the
palatal. The authors reported a 3.25-mm gain in
alveolar bone height of 3.38 mm on the buccal as-
pect and 3.13 mm on the palatal aspect, following
the performance of the osteotome sinus lift proce-
dure.

Zitzmann and Scharer (35) placed 59 implants
in osteotome-lifted sinuses of 20 patients, and re-
ported a 95% cumulative success rate for the im-
plants, in function for 30 months. An apical alveo-
lar bone height gain of 3.5 mm after utilization of
an osteotome procedure was reported. The authors
stated that a minimum of 6 mm of residual bone
crestal to the floor of the sinus must be present to
employ an osteotome approach with simultaneous
implant placement.

Deporter et al. (36) placed 26 implants in 16
patients following osteotome sinus lifts. These im-
plants were in function for 6-36 months with a
mean functional time of 11.1 months. All implants
were functioning successfully at the time of statis-
tical compilation. Greater than 3 mm of residual
alveolar bone was present crestal to the floor of
the sinus at the time of therapy, and the average

implant length was 6.9 mm. Twenty-two of the 26
implants placed were 7 mm in length.

Cavicchia et al. (37) placed 97 implants in
86 sinuses augmented utilizing an osteotome ap-
proach. Eight implants were mobile at uncovery
and three were lost in function, yielding a cumula-
tive success rate of 88.6% after 6-90 months in
function. Patients were treated utilizing this ap-
proach only if at least 5 mm of residual bone was
present crestal to the floor of the sinus preoper-
atively. Cavicchia reported sinus displacement of
1-6 mm utilizing the osteotome approach, with a
mean sinus displacement of 2.9 mm apically. Six
8-mm-long implants; twenty-eight 10- or 11-mm-
long implants; forty-seven 13-mm-long implants;
and sixteen 15-mm-long implants were placed. Of
the eight implants mobile at uncovery, six were
placed in patients in whom the amount of preop-
erative residual alveolar bone was less than 50%
of the implant length. One patient demonstrated
5-6 mm of preoperative residual bone and had a
10-mm implant placed. Implants 13 mm in length
were placed in two patients who exhibited 9-10
mm of preoperative alveolar bone, and a 13-mm-
long implant was placed in a patient who exhibited
8 mm of preoperative alveolar bone.

Bruschi et al. (38) reported the results of 499
implants placed in 303 patients following utiliza-
tion of a localized management sinus floor (LMSF)
technique. While not identical, this technique is
similar to Summers osteotome technique, but does
not advocate placement of bone graft material. The
499 implants placed demonstrated a cumulative
success rate of 97% in function for 2-5 years. All
patients treated presented with 5-7 mm of resid-
ual alveolar bone crestal to the floor of the sinus
preoperatively.

Winter et al. (39) reported the results of 58 im-
plants placed in 34 patients following utilization of
an LMSF technique. The cumulative success rate
after 22 months of function was 91.4%. Winter
et al. treated patients who presented with 4 mm of
residual bone or less crestal to the floor of the si-
nus preoperatively, and reported that the sinus was
“raised” an average of 9.12 mm. Four implants, or
6.9% of the implants placed, were mobile at un-
covery.

Emmerich et al. (40) performed a meta-
analysis of sinus floor elevation utilizing os-
teotomes in 2005. They concluded that “short term
clinical success/survival of implants placed with an
osteotome sinus floor elevation technique seems to



Table 6.7 Osteotome articles reviewed.
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Implant mean

time in Cumulative

Sinus/ Preoperative Gain in bone function implant success
Reference implants alveolar bone height (mm) (months) rate
Summers (5) 55/143 NR NR 0-60* 96.0%
Horowitz (32) 18/34 NR 3.0 10-15* 97.0%
Coatoam and Kreiger (33) 77/89 NR NR 6-42* 92.0%
Komarnyckyj and London (34) 16/16 5.0-5.31 3.13-3.25 3-38* 94.0%
Zitzman and Scharer (35) 20/59 >6.0 3.5 30.0 95.0%
Rosen et al. (41) 101/174 >5.0, <5.0 NR 20.2 96.0%, 85.7%
Deporter et al. (36) 16/26 >3.0 NR 11.1 100.0%
Cavicchia et al. (37) 86/97 >5.0 1-6 6-90* 88.6%
Bruschi et al. (38) 303/499 5.0-7.0 NR 24-60* 97.0%
Winter et al. (39) 34/58 <4.0 9.12 22.0 91.4%
Fugazzotto (42) 103/116 NR NR 32.71 98.3%

NR, not reported.
*Mean time in function not reported.

Time in function reflects implant status at the time of publication of current paper.

be similar to that of implants conventionally placed
in the partially edentulous maxilla.”

For a list of the articles reviewed, and a sum-
mary of their results, see Table 6.7.

Osteotomes are always utilized in conjunc-
tion with trephines of varying diameters when aug-
menting the edentulous posterior maxilla. The type
of osteotome utilized is immaterial, as long as it
meets the following criteria:

¢ The osteotome has parallel lateral walls.

¢ The osteotome has a concave end.

¢ The osteotome is offset to allow attainment of
an appropriate angle for utilization.

o The osteotomes correspond to the bur diame-
ters specific to the implant system being uti-
lized, if implants are to be placed at the time
of osteotome therapy.

o Applicable depth markings are easily visible
on the osteotome bodies.

Trephines of internal diameters ranging from 2.0 to
12.0 mm are utilized, depending upon the planned
treatment approach. The trephines have a 0.4-
mm wall thickness. Therefore, a trephine with a
2.0-mm internal diameter has an outer diameter of
2.8 mm.

Osteotomes and trephines are utilized in one
of the following manners to effect “external” sinus

augmentation therapy in the edentulous posterior
maxilla:

“External” sinus augmentation therapy utiliz-
ing trephines and osteotomes without si-
multaneous implant placement: A trephine
is chosen of the largest diameter possible for
utilization, without compromising the buccal
and/or palatal line angles of the residual alve-
olar ridge. An osteotomy is prepared to within
1 mm of the sinus membrane, at 500 RPMs
under copious sterile irrigation. If the floor of
the sinus is not flat, the osteotomy is pre-
pared to within 1 mm of the most shallow
aspect of the floor of the sinus. A flat-ended
osteotome is utilized to implode the prepared
alveolar core to a depth 1 mm less than the
depth of the initial trephine osteotomy. Should
the core fail to move under gentle malleting of
the osteotome, the osteotomy is prepared 0.5
mm deeper than the original cut, and mallet-
ing with an osteotome is repeated. The cre-
ated alveolar defect is filled with particulate
graft material and the flaps are sutured with
interrupted plain gut sutures. The end result of
treatment will be generation of alveolar bone
both in the osteotomy site, and beneath the
sinus membrane which has been lifted by the
imploded core (Figures 6.50-6.55).
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Figure 6.50 A diagrammatic representation of an eden-
tulous maxillary posterior region. X is the residual bone
crestal to the floor of the sinus.

Figure 6.51 A trephine cut is made in the crest of the ridge
utilizing the largest diameter trephine possible without com-
promising the buccal and palatal line angles of the ridge.

Figure 6.52 The trephine is carried to a depth 1-mm short
of the sinus floor.

Figure 6.53 The prepared bone core is displaced with an
osteotome.

Figure 6.54 Core displacement occurs to a depth 1-mm
less than that of the original osteotomy prepared with the
trephine. The net result is both localized lifting of the sinus
membrane and containment of the crestal aspect of the
core within the residual alveolar ridge.



Figure 6.55 Following regeneration, more than adequate
bone is present to effect implant placement.

It is imperative that the imploded core be
displaced 1 mm less than the depth of the initial
osteotomy. For example, if the initial osteotomy
is cut to a depth of 5 mm, the core is imploded
4 mm. Considering the compressibility of the max-
illary posterior alveolar bone, this means that the
core will extrude beyond the most apical extent of
the residual alveolus approximately 3.5 mm, lift-
ing the sinus membrane as it does so. Such an
approach is utilized to ensure maintenance of the
integrity of the displaced sinus membrane, and its
containing function. Displacement of the bone core
from the osteotomy site beyond the most apical
confines of the residual alveolar bone runs the risk
of membrane perforation and displacement of both
the alveolar core from the site to be augmented, and
membrane containment of the core or any subse-
quently placed graft materials.

This technique of osteotomy preparation and
implosion of an alveolar bone core is always chosen
over that of the conventional Summers technique,
which involves use of a tapered osteotome through
the residual alveolar bone crestal to the floor of
the sinus until the sinus membrane is reached, fol-
lowed by incremental placement of particulate graft
material which is displaced apically by osteotome
use, thus displacing the sinus membrane. Use of the
alveolar bone core technique offers a number of
advantages over the conventional Summers tech-
nique, including:

e The ability to effect membrane displacement
without risking contact of a tapered osteotome
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with the membrane itself, either during the
initial penetration of the residual alveolar bone
crestal to the floor of the sinus, or following
placement of particulate graft material. Such
contact between a tapered osteotome and the
sinus membrane increases the chance of sinus
membrane perforation and loss of particulate
graft material from the site.

o Better support of the displaced sinus mem-
brane through the use of an imploded core
rather than compacted particulate material.

e A means by which to “plug” any sinus tears
which occur with an autogenous bone core.

e Delivery of autogenous bone to the site of de-
sired regeneration, thus hastening bone regen-
eration when compared to use of nonautoge-
nous particulate grafts.

It is certainly possible that, even taking care to dis-
place the core 1 mm less than the depth of the ini-
tial osteotomy cut, a membrane tear could occur at
the most apical extent of the displaced core. How-
ever, such a tear will not result in displacement of
the core through the sinus membrane as it is gen-
tly malleted to place. In addition, the core would
serve as an autogenous bone plug at the site of
membrane perforation, certainly improving bone
regeneration in this region and helping to hasten
membrane repair.

It is unrealistic to expect the displaced mem-
brane to behave in precisely the manner dia-
grammed. Rather, it should be expected that the
membrane will begin to “droop” as one proceeds
further away from the supporting core. Neverthe-
less, such a technique will result in creation of
more than adequate space for bone regeneration
and eventual implant placement.

A 48-year-old female presented having lost
her maxillary right first molar approximately 20
years previously. Radiographically, extensive sinus
pneumatization and limited residual alveolar bone
crestal to the floor of the sinus were evident (Figure
6.56). Following implosion of a bone core as previ-
ous described graft material was placed within the
osteotomy space. Radiographic evidence of signifi-
cant bone regeneration is present on the six-month
postoperative radiograph (Figure 6.57).

There are two potential complications to this
therapeutic approach.

When the trephine is removed after os-
teotomy preparation, the alveolar bone core may be
within the trephine. In such a situation, the core is
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Figure 6.56 The patient presents with inadequate bone for
implant placement in the maxillary first molar position.

carefully removed from the trephine and replaced
in the osteotomy site. It is then gently malleted to
the desired position.

The second potential complication is the pres-
ence of the bone core from the osteotomy site in
the trephine upon its removal, compounded by ev-
idence of a perforation through the sinus mem-
brane. In such a situation, the alveolar bone core
is once again carefully removed from the trephine,
replaced in the osteotomy, and gently malleted to
the desired position. The tear in the sinus mem-
brane will be of no consequence, as an alveolar

Figure 6.57 Five months after performance of a trephine
and osteotome sinus lift as described, marked bone regen-
eration and sinus augmentation are evident. An implant of
sufficient dimension to withstand functional forces may now
be safely placed.

bone “plug” is now in place to help aid regenera-
tion and repair.

When a membrane tear occurs utilizing a
more “conventional” technique, repair is more dif-
ficult to achieve, as no autogenous bone plug is
available to help effect such repair.

While it is tempting to utilize this technique
and extend well beyond the guidelines presented,
it is imperative to differentiate between anecdotal
case reports and predictable treatment outcomes.

Clinical Example Six

A G6l-year-old male presented with a failing fixed
prosthesis in his maxillary left quadrant. A radio-
graph of the area demonstrated significant sinus
pneumatization and limited bone crestal to the
floor of the sinus (Figure 6.58).

The patient was treated through the implosion
of two bone cores, in the positions of the second
bicuspid and first molar. The cores were imploded
well beyond the apical border of the residual alve-
olar bone. Demineralized bone paste was injected
into the osteotomy sites, and demineralized bone
putty imbedded with cortical chips was placed into
the osteotomy sites following paste injection. A
six-month postoperative radiograph demonstrated

Figure 6.58 A patient presents with severe sinus pneuma-
tization and inadequate bone for implant placement in the
positions of the maxillary left second bicuspid and first
molar.



Figure 6.59 Following a dual trephine and osteotome tech-
nique and placement of particulate graft material, marked
sinus augmentation is noted. However, imploding trephine
bone cores apical to the residual alveolar crest should not
be considered a predictable procedure.

marked bone regeneration in the augmented sinus
area (Figure 6.59).

Despite the dramatic regenerative result of the
case described above, such a treatment approach
is not predictable. There is a danger inherent in ex-
amining the results of one or two cases and forming
a treatment protocol from this assessment. Of the
eight cases of similar severity treated in the manner
outlined above, only the case shown demonstrated
a satisfactory regenerative result. In contrast, all
of the cases treated with the aforementioned ap-
proach in which the guideline of displacing the
alveolar bone core 1 mm less than the depth of
the prepared osteotomy was followed, resulted in
more than adequate bone regeneration for appro-
priate implant placement.

A publication by Rosen et al. (41) documented
the use of the Summers bone-added osteotome
technique for simultaneous implant placement
in the treatment of 174 sites. Following tapered os-
teotome use to penetrate the residual bone crestal
to the floor of the sinus and lift the sinus mem-
brane, particulate graft material was placed. Os-
teotome use was continued, to apply pressure to
the sinus membrane through the graft material, fur-
thering its displacement. Particulate graft materials
were added incrementally followed by osteotome
use, until the desired degree of membrane displace-
ment was achieved. The implant was then inserted
according to conventional manufacturer protocols.
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A dichotomy was found between the sites of
two subsets in this report. Of the 160 implants
placed in sites which demonstrated at least 5 mm
of residual bone crestal to the floor of the sinus pre-
operatively, the inserted implants demonstrated a
success rate of 96.3% in early function.

In contrast, when implants were placed fol-
lowing use of the Summers osteotome technique
in sites which presented with less than 5 mm of
residual bone crestal to the floor of the sinus pre-
operatively, implant success in early function was
85.7%.

Extraction of this author’s data from the pa-
per yields the following findings. When implants
were placed in 61 sites, which demonstrated at
least 5 mm of residual alveolar bone crestal to
the floor of the sinus preoperatively, all implants
demonstrated success in early function. Of the
two implants which had been placed in sites
which demonstrated less than 5 mm of residual
bone crestal to the floor of the sinus preopera-
tively, one implant was functioning successfully
and one had failed, yielding an implant success
rate in early function of 50%. Of course, a data
pool of two implants is insufficient for meaningful
analysis.

It is evident from these findings that the
amount of residual bone crestal to the floor of the
sinus available for implant stabilization is of signif-
icance. However, there is another piece of informa-
tion which is necessary if we are to formulate an
appropriate therapeutic decision tree. The length of
the implant to be placed at the time of osteotome
augmentation therapy must be considered. Place-
ment of an implant which protrudes further be-
yond the apical border of the residual alveolar bone
will require a greater degree of membrane displace-
ment, and thus increase the chances of membrane
perforation. Such perforation is especially impor-
tant if particulate graft materials are being utilized,
rather than a displaced bone core against the mem-
brane.

Sinus augmentation, with or without simul-
taneous implant placement, is attainable through
the utilization of the Summers osteotome technique
or modified osteotome techniques as described by
Bruschi et al. (38), Winter et al. (39), and Fugaz-
zotto (40). However, Rosen et al. (41) reported a
decrease in predictability when implant placement
is performed at the time of osteotome sinus lift
therapy, if less than 5 mm of preoperative alveolar
bone is present crestal to the floor of the sinus.
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Bruschi et al. (38) report a significantly higher
success rate following localized management si-
nus floor augmentation with simultaneous implant
placement in the presence of 5-7 mm of alveo-
lar bone coronal to the sinus floor preoperatively,
than Winter et al. (39) reported when employing
this technique with simultaneous implant place-
ment when 4 mm or less of residual alveolar bone
was present coronal to the floor of the sinus. The
papers by Bruschi et al. and Winters et al. seem
to indicate a relationship between the ratio of im-
plant length to residual alveolar bone and success
rate both at the time of implant uncovery and un-
der function. This fact is underscored by the find-
ings of Cavicchia et al. (37), who reported that
six out of eight implant failures (75%) at the time
of osteotome sinus augmentation and simultane-
ous implant placement occurred when the height
of residual alveolar bone crestal to the floor of the
sinus was less than half that of the implant placed
following osteotome therapy.

The performance of Caldwell-Luc or os-
teotome sinus augmentation therapy with simul-
taneous implant placement in the presence of min-
imal preoperative residual alveolar bone crestal to
the floor of the sinus poses a number of chal-
lenges. Because minimal bone remains to help
afford primary stability for the inserted implant fol-
lowing augmentation therapy, any inadvertent sur-
gical trauma or widening of the osteotomy site will
have a much greater effect than would be expected
when implants were placed in a greater volume of
bone. This fact may account for Winter et al. hav-
ing reported that 6.9% of the implants placed in
4 mm or less of preoperative residual bone crestal
to the floor of the sinus were mobile at implant
uncovery.

The relationship between preoperative resid-
ual alveolar bone crestal to the floor of the sinus
and the length of the implant placed at the time of
osteotome sinus augmentation therapy appears to
be significant. With the exception of Winter et al.,
who stated that they raised the sinus membrane an
average of 9.1 mm, all authors reporting average
height gain through raising the sinus membrane
following osteotome therapy were all in the range
of 3-3.25 mm. When taken in conjunction with the
reported residual alveolar bone crestal to the floor
of the sinus preoperatively by the same authors,
it is obvious that the extent of the bone available
following osteotome therapy for implant placement
is limited by the amount of preoperative bone the

clinician is working with. If the imploded alveolar
bone is lifted well beyond the floor of the sinus,
the clinician runs the risk of losing control of the
position of the imploded alveolar bone, as well as
tearing the sinus membrane and forfeiting its graft-
containing characteristics. While there is no doubt
that long implants can be placed after implosion of
relatively minimal amount of preoperative alveolar
bone, Rosen et al. demonstrated a significant dif-
ference in success rates when less than 5 mm of
preoperative alveolar bone was present crestal to
the floor of the sinus.

“External” sinus augmentation therapy uti-
lizing trephines and osteotomes, with simultane-
ous implant placement: As a result of an analysis
of cases previously treated with osteotome therapy
and simultaneous implant placement over a num-
ber of years, and available literature as described
above, the following formula is now utilized when-
ever contemplating implant placement at the time
of trephine and osteotome augmentation in the pos-
terior maxilla:

If X is the quantity of bone crestal to the
floor of the sinus, the longest implant which will
be placed following core displacement through
trephine and osteotome use is an implant of length
2X-2 (42). It is important to realize that the implant
length derived from this formula is the length of the
implant in bone. For example, if a Straumann im-
plant is utilized with a 1.8- or 2.8-mm collar and an
8-mm roughened surface body, the implant is clas-
sified as an 8-mm-long implant. Such an implant
would be appropriate for use if 5 mm of residual
alveolar bone remained crestal to the floor of the
sinus ((2 x 5) — 2 = 8).

The success and failure rates of 116 implants
placed following osteotomy preparation with a
trephine and displacement of the alveolar core with
an osteotome as previously described, in function
for up to four years, has been documented. All im-
plants were placed following the guidelines of 2X-2,
with X being the height of the residual bone cre-
stal to the floor of the sinus. Two implants were
mobile at abutment connection. No implants were
lost in function, yielding a cumulative success rate
of 98.3% (43).

Implants are mobile at uncovery in system-
ically healthy patients due to one of two causes:
The first is failure to control forces generated on the
healing site by an overlying removable prosthesis.
The second cause of an implants failure to achieve
osseointegration is technical in nature. If the



osteotomy preparation results in excessive heat
generation, undue mechanical trauma to the re-
ceptor site bone, or over widening of the site in
situations where minimal bone height is present
for initial stabilization of the implant, implant fail-
ure may result. While a cumulative success rate of
98.3% is comparable to the 98.4% cumulative suc-
cess rate of implants in function obtained follow-
ing “conventional” Caldwell-Luc sinus augmenta-
tion therapy, the two implants mobile at abutment
connection mandated the development of a less
traumatic surgical approach.

To avoid such a problem, the following proto-
col is employed when placing implants at the time
of trephine and osteotome use.

A trephine is utilized with a 2-mm internal di-
ameter and a 2.8-mm external diameter to prepare
an osteotomy to within 1 mm of the floor of the
sinus, at 550 RPM. The prepared core of bone is
imploded to a depth of 1 mm less than that of the
initial trephine osteotomy. Flat-ended osteotomes
are utilized to widen the osteotomy site to one bur
size less than conventional preparation. For exam-
ple, if a 4.8-mm-wide body Straumann implant is to
be placed, osteotome widening of the site occurs to
3.5 mm. A 4.2-mm-wide bone tap is then employed
to a depth of 2 threads. A 4.8-mm-wide body Strau-
mann implant is placed at 30 RPMs. The conven-
tional diameter osteotomy attained to the depth of
2 threads of the bone tap allows placement of the
implant without any “wiggling” and undesirable
overenlarging of the entry to the osteotomy. The
undersized osteotomy results in compression and
compaction of the bone lateral to the implant as it
is inserted (Figures 6.60-6.69).

Figure 6.60 Another view of an edentulous posterior max-
illa. X is the residual bone crestal to the floor of the sinus.
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Figure 6.61 When simultaneous implant placement is to
be carried out, a trephine is utilized with a 2.0-mm internal
diameter, a 0.4-mm wall thickness, and a 2.8-mm external
diameter.

This modified implant insertion technique has
proven highly predictable. Following its utilization
for placement of over 450 implants, no implants
have been mobile at abutment connection. A fur-
ther modification of this technique is employed
when implants are placed in the posterior max-
illa without concomitant internal sinus lift therapy.
A 2.2-mm-wide bur at 500 RPMs is taken to the
desired depth of the osteotomy. Sequentially sized
osteotomes are next utilized as outlined to prepare
an undersized osteotomy. A normal size bone tap is
employed for two revolutions, and an appropriately

Figure 6.62 A trephine is carried to a depth of 1 mm less
than the floor of the sinus.
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Figure 6.63 The 2.0-mm bone core is displaced utilizing
an osteotome and gentle malleting.

sized implant is placed. This modified technique
has been employed in the insertion of over 500 im-
plants in the posterior maxilla. No implants have
been mobile at uncovery.

The predictability of this modified implant in-
sertion technique in conjunction with an osteotome

Figure 6.64 The prepared bone core is displaced 1 mm
less than the depth of the original trephine cut to ensure
that its most crestal aspect is contained within the confines
of the residual alveolar bone.

Figure 6.65 The osteotomy is enlarged to one bur size
smaller than a conventional osteotomy for the implant to be
placed. A conventional size bone tap is utilized to a depth
of two revolutions.

and trephine sinus lift is demonstrated below. A
patient presents missing all molars and the second
premolar in her maxillary right posterior sextant.
An implant was inserted in the first molar position
following use of the modified osteotomy technique
in conjunction with a trephine and osteotome sinus

Figure 6.66 The prepared osteotomy site is now character-
ized by conventional size tapping at its most crestal aspect
and an undersized diameter along the remaining lateral
walls of the osteotomy.
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Figure 6.67 An implant is inserted utilizing a handpiece at
30 RPMs. The implant will engage the tapped area of the
osteotomy without wobbling and distorting the osteotomy
site. As the implant proceeds along the length of the os-
teotomy, the bone on the lateral walls of the implant in the
undersized area is compressed.

Figure 6.68 The implant encounters the displaced alveolar
bone core and rotates the core; displaces the core further
apically; compresses the core and crushes and displaces
portions of the core laterally. An implant which is inserted
at 30 RPMs under gentle pressure will not force the core
through the displaced sinus membrane.
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Figure 6.69 Following bone regeneration, the implant is
surrounded by healthy, viable bone.

lift. An implant was placed in the second premolar
position utilizing the modified osteotomy prepara-
tion technique without sinus lift therapy (Figure
6.70).

A radiographic view of the implants five-
plus years in function demonstrates maintenance
of both crestal bone around the implants and the
bone around the “apex” of the implant placed at
the time of osteotome and trephine sinus lift ther-
apy (Figure 6.71).

Figure 6.70 An implant has been placed in the first mo-
lar position following trephine and osteotome utilization and
site preparation as previously described. No sinus augmen-
tation was performed in the site of a second premolar.
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Figure 6.71 After five-plus years in function, the stability of
the crestal bone and the bone surrounding the “apex” of the
implant in the first molar position is evident radiographically.

Clinical Example Seven

A 53-year-old male presented having lost his max-
illary right molars. Moderate sinus pneumatiza-
tion had occurred. Approximately 5 mm of resid-
ual alveolar bone remained crestal to the floor of
the sinus. Following osteotomy preparation with
a trephine to a depth of 4 mm, and implosion of
the alveolar core to a depth of 3 mm, an 8-mm-long
wide platform titanium plasma-sprayed Straumann
implant was placed (Figure 6.72). The imploded,
compressed, and displaced alveolar bone core was
well contained beneath the intact sinus membrane.

Figure 6.73 Six months posttherapy, consolidation of the
imploded alveolar bone around the most apical extent of
the implant is evident.

Six months post-augmentation therapy, a ra-
diograph demonstrated containment and consoli-
dation of the displaced alveolar bone surrounding
the apex of the implant (Figure 6.73).

No loss of either crestal bone or apical bone
is noted around the implant after five-plus years in
function (Figure 6.74).

Such a therapeutic approach is highly pre-
dictable when utilized appropriately. Care must be
taken to thoroughly assess the morphology and
quantity of the available residual bone crestal to
the floor of the sinus, and to realistically appraise
the ability to both maintain the integrity of the

Figure 6.72 A bone core has been imploded following
trephine and osteotome preparation as previously de-
scribed, and an implant has been placed.

Figure 6.74 After five-plus years in function, the stability of
the consolidated bone around the “apex” of the implant is
evident radiographically.
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Figure 6.75 A patient was treated inappropriately utilizing a trephine and osteotome technique in the area where inadequate
bone was present to support the implant at the time of placement. Note the position of the implant in the sinus and the

significant inflammation surrounding the implant.

displaced sinus membrane and to attain initial sta-
bility of the implant, prior to initiating such treat-
ment. Failure to do so will often lead to highly prob-
lematic treatment outcomes. Figure 6.75 demon-
strates such a situation. A patient presented
after unsuccessful treatment utilizing a trephine
osteotome and immediate implant placement ap-
proach. At implant uncovery, six months after in-
sertion, the clinician “could not find” the implant.
A CAT scan revealed that the implant had been
imploded into the sinus cavity. Unfortunately, the
treating clinician’s delay in referral for this prob-
lem resulted in development of significant inflam-
mation and sinus congestion.

Clinical Example Eight

In contrast, a 64-year-old patient presented with
extensive buccopalatal ridge atrophy in the maxil-
lary left posterior region. Between 5 and 7 mm of
residual alveolar bone height was apparent crestal
to the floor of the sinus. The buccopalatal width
of the residual alveolar ridge was insufficient for
implant placement in the desired positions. Bucco-
palatal ridge augmentation therapy was carried out
to improve upon the 1.5-mm buccopalatal dimen-
sion of the residual alveolar crest. Ongoing regen-
eration, including a titanium-reinforced membrane
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Figure 6.76 Simultaneous sinus augmentation and ridge
augmentation therapy have been performed. Note the ra-
diographic evidence of the tacks supporting the membrane
to help effect appropriate ridge augmentation therapy.

secured with fixation tacks, is evident radiograph-
ically (Figure 6.76).

Following maturation of the regenerated buc-
cal alveolar bone, three implants were placed uti-
lizing the aforementioned trephine and osteotome
technique (Figure 6.77). Six months postimplant
insertion, containment and consolidation of the dis-
placed alveolar bone around the apices of the im-
plants was evident radiographically (Figure 6.78).
A radiograph taken five-plus years in function
demonstrated maintenance of the bone surround-
ing the implants, and no evidence of peri-implant
pathology (Figure 6.79).

Utilization of an osteotome and trephine tech-
nique to effect implant placement in the posterior
maxilla, and guided bone regenerative therapy at
the time of tooth removal, offers the potential to sig-
nificantly simplify therapy and shorten the overall
course of treatment, as demonstrated below.

Figure 6.77 Following maturation of the regenerating hard
tissues, three Straumann implants were placed.

Figure 6.78 Note the regenerated bone around the im-
plants at the time of abutment connection, six months after
original augmentation therapy was performed.

Figure 6.79 A radiograph taken after the implants have
been in function for five-plus years demonstrates stability
of the bone surrounding the implants.

Clinical Example Nine

A 58-year-old female presented with a hopeless
prognosis for her maxillary left first and second
bicuspids and second molar, which were serv-
ing as abutments for a four-unit fixed prosthe-
sis. There was no opposing mandibular tooth in
the second molar position. Following extraction of
the three teeth, and debridement of the extraction
socket defects, significant alveolar ridge destruc-
tion and mild to moderate sinus pneumatization
were evident (Figure 6.80). An 8-mm-long, tapered
end Straumann was placed in the position of the
first bicuspid. Following trephine and osteotome



Figure 6.80 The patient presented with a hopeless prog-
noses for three teeth supporting a fixed bridge in the max-
illary left posterior sextant. The teeth have been extracted.

utilization as previously described, an 8-mm-long,
wide platform Straumann implant was placed in
the first molar position. Particulate graft material
was placed in the extraction socket areas of the sec-
ond bicuspid and second molar, and in the resid-
ual extraction socket defect which surrounded the
implant in the position of the first bicuspid. Mem-
branes were utilized as previously described, and
soft tissue primary closure was attained and main-
tained throughout the course of regeneration.

Six months postimplant placement and regen-
erative therapy, consolidation of the regenerating
bone was evident (Figure 6.81). Radiographic and

Figure 6.81 Following a trephine and osteotome approach,
a wide neck Straumann implant has been placed in the
first molar position. An implant was also placed in the first
bicuspid position, and regenerative therapy was performed
in the residual extraction socket defects.
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Figure 6.82 A radiograph taken after the implants have
been in function for six years demonstrates the stability of
the bone surrounding the implants.

clinical views of the area after six years in function
demonstrated no evidence of crestal or apical bone
loss around the implants, and healthy soft tissues
surrounding the implant supported fixed prosthesis
(Figures 6.82 and 6.83).

The ability to utilize short implants (i.e., im-
plants of 8 mm or less in bone) for the replace-
ment of missing teeth in maxillary posterior areas
has been repeatedly called into question. An in-
depth discussion of implant length and the concept
of crown to implant ratio as it relates to clinical
implant therapy will be carried out in Chapter 7.
However, one publication is especially applicable
to the discussion of reconstruction of the maxillary
posterior region.

Figure 6.83 A clinical view of the restored implants.
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The success and failure rates of 987 implants
of 9 mm or less in length were documented in the
replacement of missing maxillary molars (44). All
implants were restored with single crowns. The im-
plants were in function for up to 84 months, with
a mean time in function of 29.3 months. The cu-
mulative success rate in function was 95.1%. This
success rate is comparable to success rates reported
for implants of greater length, in function in the
posterior maxilla.

The ability to utilize shorter implants of spe-
cific designs in replacement of missing maxillary
posterior teeth offers a means by which to greatly
simplify therapy for patients.

Clinical Example Ten

For example, a 75-year-old male presented miss-
ing his maxillary right second molar, and with a
hopeless prognosis for his fractured maxillary right
first molar (Figure 6.84). The first molar was ex-
tracted, and the residual alveolar bone in both the
first and second molar positions was imploded uti-
lizing a trephine and osteotome technique. Specific
techniques for bone implosion at the time of ex-
traction of maxillary molar teeth will be discussed
in a subsequent chapter. Particulate graft material
was placed in the osteotomy sites, and the residual
extraction socket area of the first molar. A mem-

Figure 6.84 A patient presents with a hopeless progno-
sis for a maxillary right first molar. Following tooth extrac-
tion and implosion of bone cores with an osteotome and
trephine technique, two implants were placed and restored
with single crowns.

S
Figure 6.85 A radiograph of the implants after six-plus

years in function demonstrates stability of the bone around
the implants.

brane was placed over the first molar extraction
socket. Passive soft tissue primary closure was at-
tained and maintained throughout the course of
regeneration.

Following maturation of the regenerating hard
tissues, two 8-mm-long, wide platform Straumann
implants were placed and subsequently restored
with individual crowns. These implants were in oc-
clusion with two mandibular Straumann implants
restored with porcelain fused to gold crowns. Af-
ter six years in function, the stability of the bone
surrounding the implants was evident radiograph-
ically (Figure 6.85).

FORMULATING A HIERARCHY OF
TREATMENT SELECTION

With these facts in mind, the conscientious clin-
ician must determine when to perform Caldwell-
Luc lateral window sinus augmentation therapy;
when to perform such treatment with simultane-
ous implant placement; when to incorporate ridge
augmentation therapy into treatment of the site;
and when to perform lateral window augmenta-
tion with concomitant implant placement and ridge
augmentation (Flow chart 6.1).

Decisions must also be made as to when it
is appropriate to utilize osteotomes and trephines
to effect augmentation of the edentulous posterior
maxilla, and when to incorporate simultaneous im-
plant placement into the use of osteotomes and
trephines during such augmentation therapy.



While the advantages inherent in utilizing
osteotomes and trephines as opposed to Caldwell-
Luc approach augmentation therapy include per-
formance of a less invasive procedure, reduc-
tion of operating time, less postoperative morbid-
ity, and shortening of the overall course of ther-
apy, such a treatment approach must only be
employed if there is a reasonable expectation of
attaining a level of success comparable to that
documented with more “conventional” sinus aug-
mentation techniques. The following factors should
be assessed before choosing a specific therapeutic
approach:

[ The need for buccolingual ridge augmenta-
tion therapy to effect appropriate implant
positioning and allow use of implants of
desired diameters: If buccal and/or palatal
ridge augmentation therapy is necessary, os-
teotomes and trephines cannot be utilized to
augment the edentulous posterior maxilla. In-
adequate bone is present in the appropriate
positions for osteotome implosion following
osteotomy preparation. Therefore, a lateral
approach Caldwell-Luc surgery must be uti-
lized as follows:

A. Caldwell-Luc sinus augmentation ther-
apy with concomitant buccopalatal
ridge augmentation, with or without
simultaneous implant placement: The
need or lack of need for buccopalatal
ridge augmentation does not affect the
decision as to whether to place im-
plants at the time of lateral window
sinus augmentation. Such buccopalatal
ridge augmentation is performed follow-
ing sinus augmentation therapy, with or
without implant placement, according to
the same principals and techniques that
would be employed when augmenting an
atrophic edentulous ridge without con-
comitant sinus augmentation therapy.

(1) If simultaneous lateral approach sinus
augmentation therapy and implant place-
ment will result in at least 4 mm of bone
supporting the implant circumferentially,
implants are placed at the time of aug-
mentation therapy. Implants are placed in
such a situation utilizing the same modi-
fied osteotomy preparation that was out-
lined for implant placement at the time
of osteotome and trephine use. No burs
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are employed in the osteotomy prepara-
tion. Osteotomes are utilized to widen the
osteotomy to one bur size less than that
usually developed for placement of an im-
plant of a specific diameter. The conven-
tional diameter bone tap is placed into
the osteotomy, and the site is tapped two
revolutions, as previously described. The
implant is inserted in conjunction with
the appropriate bone placement tech-
nique. 4 mm of residual alveolar bone
circumferentially around the implant is
adequate to ensure attainment of initial
implant stability when this insertion tech-
nique is employed.

(2) If the implant or implants will not be

supported by at least 4 mm of preexist-
ing alveolar bone on all aspects follow-
ing sinus augmentation therapy, a staged
approach is utilized. While implants can
be inserted if less than 4 mm of alve-
olar bone will be present circumferen-
tially around the implant, the danger of
overinstrumenting the site prior to im-
plant placement, and compromising the
initial implant stability and hence the final
treatment outcome, is greatly increased in
such instances. It is for this reason that
implants are not be placed in areas where
less than 4 mm of bone will be present cir-
cumferentially around the implant during
sinus augmentation therapy.

II When buccal and/or palatal ridge augmen-
tation is not necessary, additional treatment
approaches may be possible, including os-
teotome and trephine use.

A.If less than 4 mm of alveolar bone

are present crestal to the floor of the
sinus radiographically, lateral approach
sinus augmentation therapy is accom-
plished followed by implant placement
6-8 months postoperatively, depending
upon the graft material utilized, for rea-
sons already discussed.

. If adequate alveolar bone is present so

that 2X-2, with X representing the alveo-
lar bone crestal to the floor of the sinus, is
an implant length of sufficient dimension
to withstand functional forces over time
in a given situation, a trephine and os-
teotome approach is utilized to lift a core
of bone. The implant is placed at the time
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of osteotome sinus augmentation, as pre-
viously described. Multiple cores may be
lifted to effect placement of additional im-
plants during the same visit.

C. If 2x-2 is an insufficient dimension for the
implant length desired, but 4x-6 is a suf-
ficient dimension for the length of the re-
quired implant in a given clinical situa-
tion, a core of bone is imploded to a depth
of 1 mm less than the extent of alveolar
bone coronal to the sinus floor. Graft ma-
terial is placed in the osteotomy and al-
lowed to heal. The area is re-entered ap-
proximately eight weeks postoperatively
and an osteotome and trephine approach
is once more utilized with simultaneous
implant placement. The length of the im-
plant does not exceed 2x-2, with x being
the residual alveolar bone present crestal
to the floor of the sinus, now that early
healing has occurred following prior aug-
mentation.

D. If 2x-2 and 4x-6 are both insufficient
lengths for placement of the desired im-
plant in a given clinical situation, lat-
eral approach sinus augmentation therapy
is carried out with subsequent implant
placement.

Utilization of this hierarchy of treatment selection
affords the clinician the means by which to assess a
given situation and employ the treatment approach
which both renders the course of therapy as simple
and problem-free as possible for the patient, and
ensures an optimal degree of predictability in the
final result.

SINUS MEMBRANE PERFORATIONS

The presence of preexisting Schneiderian mem-
brane perforations, or the creation of a mem-
brane perforation at the time of sinus augmenta-
tion, may cause clinicians to pause and reeval-
uate the feasibility of performing the planned
augmentation therapy and implant placement dur-
ing the same visit. However, Karabuda et al. (45)
reported upon 91 patients undergoing sinus aug-
mentation therapy and concomitant implant place-
ment. Twelve membrane perforations were de-
tected during surgery. Implant survival rate was
not effected by the presence or absence of sinus
membrane perforation.

Is the presence of a sinus membrane perfora-
tion cause to either abort the planned augmenta-
tion procedure, or modify a planned augmentation
with simultaneous implant procedure so that only
the augmentation is performed during the first sur-
gical visit?

These questions may be answered, and pre-
dictable treatment results obtained, through the uti-
lization of a simple framework by which to deal
with sinus membrane perforations and effect pre-
dictable sinus augmentation, with or without si-
multaneous implant placement.

Treatment of sinus membrane perforations in-
volved the following steps:

e Classification of the perforation.

e Management of the perforation.

e Modification of particulate graft material, if
utilized.

e Modification of the graft packing technique,
when particulate graft material is utilized.

A simplified classification and repair system for si-
nus membrane perforations has been previously
published (46). It has been successfully utilized in
the treatment of 24 sinus membrane perforations
(Table 6.8).

Upon discovery of a sinus membrane perfo-
ration, specific steps must be taken prior to any
attempts at membrane repair. The clinician must
avoid manipulation of the membrane to ascertain
the size of the tear, as such manipulation only
worsens the tear. The buccal mucoperiosteal flap
may have to be extended through lengthening of
the mesial and distal vertical releasing incisions
and their horizontal extensions and further full-
thickness flap reflection, in order to gain greater
visualization and access to the prepared sinus win-
dow area. Following additional mucoperiosteal flap
reflection as required, the membrane perforation is
evaluated, classified, and treated.

Membrane perforations are first classified
with respect to location (Figure 6.86). Class [ per-
forations occur at any point along the most apical
wall of the prepared sinus window. Class II per-
forations occur along the lateral or crestal aspects
of the prepared sinus window and are further sub-
divided according to their relative position to the
most mesial, distal, or crestal bony walls of the un-
derlying sinus. Class III perforations occur at any
location within the body of the prepared sinus win-
dow (Flow chart 6.2).
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Table 6.8 Results of treated sinus perforations.

Simultaneous

implant Implant types
Perforation Grafting placement and sizes Final
classification material (Y/N) (mm) restoration

| BBM Y IMZ Fixed splint
4 x 15
4 x 15

| BBM Y ITI 2 Crowns
4.8 x 10
4.8 x 10

| BBM Y ITI Crown
4.8 x10 wn

| DFDBA/BBM Y ITI 2 Crowns
4.8 x10 wn
4.8 x10 wn

| Autogenous bone, Y ITI Fixed splint

DFDBA/PRP 4.1 x10

41 x10

| BBM Y ITI Crown
4.8 x12

| Autogenous bone, Y ITl 2 Crowns

BBM/PRP 4.8 x10 wn

4.8 x10 wn

| DFDBA/BBM Y ITI Crown
41 x12

| BBM Y ITI 2 Crowns
4.8 x8 wn
4.8 x8 wn

| Regenaform Y ITI 3 Crowns
4.8 x10 wn
4.8 x10 wn
4.8 x10 wn

I1A BBM Y ITI Fixed splint
4.8 x10
4.8 x12

1A BBM Y ITI Fixed splint
4.8 x10
4.8 x10

I1A BBM Y ITI 2 Crowns
41 x10
41 x10

1A BBM Y ITI Fixed splint
4.8 x10 wn
4.8 x10 wn

1A BBM N ITI Fixed splint
41 x12
41 x12
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Table 6.8 (Continued)

Perforation
classification

Grafting
material

Simultaneous
implant
placement
(Y/N)

Implant types
and sizes
(mm)

Final
restoration

A

Regenaform/

Y

ITI

2 Crowns

Regenafill

1B BBM/DFDBA N

1B BBM N

1B DFDBA/BBM N

1B BBM N

1B BBM N

1 DFDBA/BBM N

1] BBM/PRP N

1 BBM N

4.8 x10 wn

4.8 x10 wn

ITI Crown

41 x12

IMZ Fixed splint
4 x11

4 x13

4 x13

ITl Fixed splint
41 x12

41 x13

ITI Fixed splint
4.8 x10 wn

4.8 x8 wn

ITI 2 Crowns
4.8 x10 wn

4.8 x12 wn

ITI Fixed splint
41 x12

41 x12

ITI Fixed splint
4.1 x10

4.1 x10

ITI 2 Crowns
4.8 x10 wn

4.8 x10 wn

BBM, bovine bone matrix; DFDBA, demineralized freeze-dried bone allograft; PRP, platelet-rich plasma; wn, wide neck.

CLASS I SINUS MEMBRANE
PERFORATIONS

The presence of a Class I sinus membrane per-
foration poses no concerns with regard to either
sequencing of therapy or the final treatment re-
sult, assuming appropriate perforation manage-
ment. While the clinician must take care not to
apply direct pressure during sinus membrane re-
flection in the area of the perforation, so as to
avoid increasing the perforation’s dimensions, si-

nus membrane elevation should be easily affected.
The apical displacement of the sinus membrane
that occurs following its reflection results in the
membrane folding over itself. The Class I sinus
membrane perforation is thus “sealed.” To alleviate
any concerns about the presence of this perforation
after it has been covered over by the displaced and
“folded” membrane, a piece of collagen tape may
be placed over the area. If simultaneous implant
placement had been planned, such implant place-
ment may now be carried out.



Figure 6.86 A diagrammatic representation of the locations
of various sinus membrane perforations.

Clinical Example Eleven

A 53-year-old female required sinus augmentation
therapy in the maxillary right posterior region due
to severe sinus pneumatization following tooth loss
(Figure 6.87). During sinus augmentation therapy,
a Class I perforation developed in the sinus mem-
brane (Figure 6.88). The perforation was managed
as previously described. A Bio-Oss graft was placed
in the subantral space. No covering membrane was
utilized over the created osteotomy window. Pri-
mary soft tissue closure was attained and main-
tained throughout the course of regeneration.
Extensive bone regeneration in the aug-
mented sinus area was evident eight months
following therapy (Figure 6.89). Two 4.0-mm-
wide, 15.0-mm-long titanium plasma-sprayed

r -

Figure 6.87 A patient presents with severe sinus pneuma-
tization and the need for sinus augmentation therapy before
contemplating implant placement in her maxillary right pos-
terior sextant.
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Figure 6.88 A Class | sinus membrane perforation devel-
oped during sinus augmentation therapy. Following appro-
priate flap reflection, the sinus augmentation procedure
was continued.

IMZ implants were placed eight months post-
augmentation therapy, and restored with a fixed
splint.

CLASS II SINUS MEMBRANE
PERFORATIONS

Both the repair of a Class II sinus membrane per-
foration, and the need or lack of need to alter the
proposed course of therapy, are dependent upon
the position of the membrane perforation with re-
lation to the bordering walls of the subantral space
to be augmented. If the initial sinus window was
precisely prepared to approximate the bordering

Figure 6.89 A radiograph taken eight months after sinus
augmentation therapy demonstrates extensive bone re-
generation in the created subantral space. Implants were
placed at this time.
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sinus cavity walls, repair of a Class II sinus mem-
brane perforation is more difficult and has a greater
impact upon the course of therapy than if the ini-
tial sinus window preparation was undersized and
did not approximate the bordering sinus cavity
walls.

CLASS IIA SINUS MEMBRANE
PERFORATIONS

A Class IIA sinus membrane perforation may occur
anywhere along the expanse of the lateral or coro-
nal walls of the prepared sinus window, when the
sinus cavity to be augmented extends a minimum
of 4-5 mm beyond the position of the membrane
perforation. For example, if the membrane perfo-
ration is on the mesial aspect of the sinus window,
and the sinus extends at least 4-5 mm mesially be-
yond the prepared sinus window, this perforation
is classified as IIA. In such a situation, care is taken
following mucoperiosteal flap extension to gently
extend the osteotomy further mesially utilizing a
piezosurgery tip, thus exposing intact sinus mem-
brane mesial to the perforation. A plastic instru-
ment, followed by a curette of sufficient dimension
to bridge the membrane perforation, are utilized to
continue membrane reflection in the normal man-
ner. The exception to standard protocol is that the
reflecting instrument is extended over the mem-
brane perforation to the intact sinus membrane
area, thus bridging the tear and allowing gentle re-
flection of the intact sinus membrane and rotation
of the membrane and the attached bony window
medically and apically. Preparation rich in growth
factors (PRGFs) is placed over the perforation area
prior to placement of regenerative materials. If
simultaneous implant therapy had been planned
preoperatively, it can be accomplished at this
time.

CLASS IIB SINUS MEMBRANE
PERFORATIONS

If the prepared aspect of the sinus window ap-
proximates the extension of the sinus cavity in this
area, no additional space exists for performance of
a further osteotomy. For example, when the mesial
wall of the prepared sinus window approximates
the mesial extent of the sinus to be augmented,

it is impossible to remove additional bone mesial
to the prepared sinus window in an effort to un-
cover intact sinus membrane for use during reflec-
tion. Attempts to reflect the remnants of the si-
nus membrane will increase the size of membrane
perforation, rendering it unmanageable. It is im-
perative that a new “membrane” be recreated, so
as to provide the clinician with a containing ele-
ment for reception of the planned regenerative ma-
terials. Insertion of collagen tape or other pliable,
nonsecured materials in an attempt to form a con-
taining element within the augmented sinus is un-
predictable. A resorbable membrane is shaped and
inserted into the sinus window, with its ends ex-
truding out of the window. The extruding aspects
of the membrane are secured to the surrounding
alveolar bone with one or two fixation tacks. A
curette is utilized to gently mold the morphology
of the membrane within the sinus cavity to be aug-
mented, ensuring the creation of adequate space
to receive and contain the augmentation materi-
als. If preoperative planning called for simultane-
ous implant placement at the time of sinus aug-
mentation, this course of therapy is abandoned.
When faced with an extensive membrane perfo-
ration requiring the aforementioned reconstructive
therapy, only augmentation is carried out during
this surgical session. Implant placement will oc-
cur at a second visit, following maturation of the
regenerating hard tissues in the augmented sinus
area.

Modification of Graft Material

If PRGF is to be utilized during the augmentation
procedure, a PRGF membrane is laid into the cre-
ated sub-antral space, to serve as a sealant over the
evident perforation and any undetectable microp-
erforations, as well as to begin the healing cascade.
The need or lack of need to modify the graft ma-
terial to be placed following management of a si-
nus membrane perforation is dependent upon the
regenerative approach being utilized. When partic-
ulate graft materials are employed, in the absence
of PRGF, they should be mixed with microfibrillar
collagen so as to provide cohesiveness and enhance
placement and compaction. If PRGF is utilized, it
will gather the particulate material into a highly
manageable mass. When bone matrix paste is em-
ployed in conjunction with a demineralized bone
matrix putty impregnated with cortical chips, the



graft is enveloped in PRGF. No microfibrillar colla-
gen is added to the graft material.

Modification of Graft Packing

Techniques

When a particulate graft is to be placed, after it has
been mixed with either microfibrillar collagen or
PRGF, care must be taken to gently lay the graft
against the recreated “membrane” so as not to dis-
place the membrane and the graft from the planned
site of augmentation.

If bone paste and putty are employed, they are
inserted as previously described, injecting the paste
into the created subantral space and then inserting
the demineralized bone matrix putty, whether or
not PRGF is to be utilized.

Development of a sinus membrane perfora-
tion during sinus augmentation therapy should not
be seen as a contraindication to carrying out treat-
ment. Rather, it is a modifying factor which will de-
mand specific alterations in techniques employed,
and may mandate delayed implant placement.

Clinical Example Twelve

A 31-year-old female presented with the need for
sinus augmentation therapy to effect implant place-
ment in the maxillary first molar region (Figure
6.90). During sinus membrane reflection, a Class
IIB mesial membrane perforation occurred (Fig-
ure 6.91). A small portion of the membrane re-
mained attached to the rotated and apically dis-

Figure 6.90 A patient presents with significant sinus
pneumatization, precluding implant placement in the first
molar position.

Augmentation of the Posterior Maxilla 189

Figure 6.91 A Class IIB sinus membrane perforation devel-
oped during sinus augmentation therapy. Following mem-
brane reflection, a subantral “pouch” was recreated with a
Resolut membrane secured with fixation tacks to the outer
aspect of the lateral wall of the alveolus. Sinus augmenta-
tion therapy was carried out.

placed osseous window. A resorbable membrane
was utilized to create a containing environment
for the anticipated graft material. The membrane
was secured with fixation tacks to the external lat-
eral aspect of the alveolus. Bio-Oss and demineral-
ized freeze-dried bone allograft were placed. Eight
months postoperatively, significant bone regenera-
tion in the augmented sinus area was evident radio-
graphically (Figure 6.92). A 12-mm-long, 4.1-mm-
wide Straumann implant was placed eight months

Figure 6.92 Eight months postoperatively, extensive bone
regeneration is noted in the recreated subantral space.
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Figure 6.93 Animplant has been placed in the regenerated
bone and restored. Note the radiographic evidence of bone
stability around the implant under function.

after sinus augmentation therapy had been per-
formed. This implant was uncovered three months
after insertion and restored with a single cemented
crown (Figure 6.93).

Clinical Example Thirteen

A 61-year-old patient presented missing multiple
teeth in her maxillary left posterior sextant. Radio-
graphically, significant sinus pneumatization was
evident (Figure 6.94). During sinus augmentation
therapy, a Class III sinus membrane perforation
developed (Figure 6.95). A containing space was
reestablished as previously described utilizing a re-
sorbable Resolut membrane. The membrane was

Figure 6.94 A patient presents with significant sinus
pneumatization and the need for sinus augmentation ther-
apy prior to implant placement in her maxillary left posterior
sextant.

Figure 6.95 A Class Ill sinus membrane perforation de-
veloped during sinus augmentation therapy. The subantral
space was recreated with a Resolut membrane and se-
cured with fixation tacks to the outer aspect of the lateral
wall of the alveolus. Sinus augmentation therapy was con-
tinued with a Bio-Oss graft.

secured with fixation tacks on the lateral wall
of the external aspect of the alveolus. Bio-Oss
was mixed with microfibrillar collagen and placed
into the created sinus space. Eight months post-
operatively, marked regeneration of hard tissue
in the augmented sinus area was evident radio-
graphically (Figure 6.96). Three standard diame-
ter IMZ implants were placed and restored upon
their uncovery three months after insertion with a
fixed splint (Figure 6.97). A radiograph of the im-
plants after 10-plus years in function demonstrates

Figure 6.96 Eight months following sinus augmentation
therapy, radiographic evidence of extensive bone regen-
eration in the created subantral space is noted.



Figure 6.97 Three IMZ implants were placed and subse-
quently restored.

Figure 6.98 A radiograph taken after the implants have
been in function for 10-plus years demonstrates the stability
of the regenerated bone surrounding the implants.

stability of both the crestal peri-implant bone and
the augmented bone surrounding the “apices” of
the implants (Figure 6.98).

CLASS III SINUS MEMBRANE
PERFORATIONS

A Class III membrane perforation is treated in an
identical manner to that of a Class IIB sinus mem-
brane perforation. It is rare to be able to utilize
longer curettes to bridge a small Class III sinus
membrane perforation, and thus effect regenera-
tion, without enlarging the perforation.
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PRGF UTILIZATION IN SINUS
AUGMENTATION PROCEDURES

The incorporation of PRGF into sinus augmentation
therapy offers a number of advantages including:

o Enhancement of the regenerative process, as
described in Chapter 3.

o Ease of manipulation of particulate and putty
materials through the development in the
PRGF/fibrin membrane graft complex.

« Fabrication of a “biologic membrane” to place
over the osteotomy window. Such “mem-
brane” utilization entails no additional ex-
pense to the patient.

e A “biologic membrane/sealant” which is
placed into the created subantral space against
the reflected membrane. This PRGF/fibrin
membrane complex helps to seal any microp-
erforations which may be present.

o Utilization of the PRGF/fibrin complex over
detectable, larger sinus membrane perfora-
tions to help further contain graft materials
and promote regeneration and repair.

PRGF is now utilized during every sinus augmen-
tation procedure performed by the author.

Postoperative Management
Prescribed postoperative medications following si-
nus augmentation therapy include Augmentin 875
mg bid for 10 days (patients allergic to Augmentin
receive Clindamycin 300 mg bid for 10 days), and
500 mg bid for 10 days, unless medically con-
traindicated.

Patients are instructed not to blow their noses
for 14 days postoperatively.

A decongestant may be utilized. However, pa-
tients are instructed not to use an antihistamine.

Conclusions

Reconstruction of the atrophic posterior maxilla
through appropriate diagnosis, treatment planning
and utilization of applicable techniques should be
viewed as a highly predictable, straightforward
treatment option which affords numerous advan-
tages to the patient in both the short and long
terms.
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