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Preface to the Second Edition

Since the first edition of this book published in 2002, there has been a significant
evolution of implant design where many of the major implant systems share
common design features that facilitate treatment, improve success, and allow
clinicians to more readily adapt to an alternative system. At the same time, there
have been huge developments in CAD-CAM applications to implant dentistry and
rapid treatment protocols. Despite these changes, the underlying basic principles of
thorough diagnosis, meticulous treatment planning, and execution of treatment
remain unchanged. This book is firmly based on promoting the acquisition and
application of these basic principles in routine conventional treatment protocols
before recommending that clinicians embark on more complex and sometimes
higher risk treatments.

We are particularly grateful to two other clinicians in our implant dentistry
team: Kalpesh Bavisha, who has revised the chapters on implant overdentures
(chapters 6, 15, and 17), following the retirement of Brian Smith, and Mahmood
Suleiman, who has revised the chapters on planning and surgery in fixed bridges
(chapters 5 and 10). We also acknowledge the crucial importance of our highly
skilled technicians as part of our team both within the institute and in private
practice, in particular Geraldine Williams and her team at Guy’s and St Thomas’
Hospital; Mark Wade Dental Laboratory, Brentwood; and Brooker & Hamill, Lon-
don W1.

The new text and format has been supplemented with a large number of new
illustrations, and we sincerely hope that this book will continue to help many
practitioners embarking upon this still exciting and innovative treatment modality.
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Palmer RM, et al. Immediate loading and restoration of implants. Dental Update
2006; 33:262.
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Overview of implant dentistry

INTRODUCTION

The development of endosseous osseointegrated dental implants
has been very rapid over the last two decades. There are now
many implant systems available that provide the clinician with

® a high degree of predictability in the attainment of
osseointegration;
versatile surgical and prosthodontic protocols;
design features that facilitate ease of treatment and
aesthetics;
a low complication rate and ease of maintenance;
published papers to support the manufacturer’s claims;
a reputable company with good customer support.

There is no perfect system and the choice may be bewildering.
It is easy for a clinician to be seduced into believing that a new
system is better or less expensive. All implant treatment
depends on a high level of clinical training and experience.
Much of the cost of treatment is not system dependent but
relates to clinical time and laboratory expenses.

There are a number of published versions of what
constitutes a successful implant or implant system. For exam-
ple, Albrektsson et al. (IJOMI 1:11, 1986) proposed the follow-
ing minimum success criteria:

1. An individual, unattached implant is immobile when
tested clinically.

2. Radiographic examination does not reveal any peri-
implant radiolucency.

3. After the first year in function, radiographic vertical bone
loss is less than 0.2 mm per annum.

4. The individual implant performance is characterized by
an absence of signs and symptoms such as pain, infec-
tions, neuropathies, paresthesia, or violation of the inferior
dental canal.

5. As a minimum, the implant should fulfill the above criteria
with a success rate of 85% at the end of a 5-year observa-
tion period and 80% at the end of a 10-year period.

The most definitive criterion is that the implant is not
mobile (criterion 1). By definition, osseointegration produces a
direct structural and functional union between the surround-
ing bone and the surface of the implant (Fig. 1.1). The implant
is therefore held rigidly within bone without an intervening
fibrous encapsulation (or periodontal ligament) and therefore
should not exhibit any mobility or peri-implant radiolucency
(criterion 2). However, to test the mobility of an implant
supporting a fixed bridge reconstruction (fixed dental prosthe-
sis), the bridge has to be removed. This fact has limited the use
of this test in clinical practice and in many long-term studies,
especially as many reconstructions are cement retained rather
than screw retained. Radiographic bone levels are also difficult
to assess as they depend on longitudinal measurements from a
specified landmark (Fig. 1.2). The landmark may differ with
various designs of implant and is more difficult to visualize in

www.highdentlab.com

some than others. For example, the flat top of the implant in the
Branemark system is easily defined on a well-aligned radio-
graph and is used as the landmark to measure bone changes. In
many designs of implant, some bone remodeling is expected in
the first year of function in response to occlusal forces and
establishment of the normal dimensions of the peri-implant
soft tissues. Subsequently, the bone levels are usually stable on
the majority of implants over many years. A small proportion
of implants may show some bone loss and account for the
mean figures of bone loss, which are published in the litera-
ture. Progressive or continuous bone loss is a sign of potential
implant failure. However, it is difficult or impossible to estab-
lish agreement between researchers/clinicians as to what level
of bone destruction constitutes failure. Therefore, most
implants described as failures are those that have been
removed from the mouth. Implants that remain in function
but do not match the success criteria are described as “surviv-
ing.” Radiographic bone loss is also one of the criteria required
within the definition of “peri-implantitis,” in addition to the
presence of soft tissue inflammation (see chap. 16). In most
proposals this is defined as an absolute measurement of bone
loss, for example, greater or equal to 1.8 mm, rather than a
measure of progressive bone loss from a specific landmark.
When reviewing the literature it is important to bear in mind
that terms describing bone changes can be applied rather
loosely, for example, “bone level” should describe the position
of the bone in relationship to a fixed landmark at a point in
time, whereas “bone loss” should indicate a deterioration in
bone level over a period of time.

Implants placed in the mandible (particularly anterior to
the mental foramina) have enjoyed a very high success rate,
such that it would be difficult or impossible to show differ-
ences between rival systems. In contrast, the more demanding
situation of the posterior maxilla where implants of shorter
length placed in bone of softer quality may reveal differences
between success rates. This remains to be substantiated in
comparative clinical trials. Currently there is no comparative
data to recommend one system over another, but certain
design features may have theoretical advantages (see below).

PATIENT FACTORS

There are few contraindications to implant treatment. Follow-
ing are the main potential problem areas to consider:

Age

Untreated dental disease

Severe mucosal lesions

Tobacco smoking, alcohol and drug abuse

Poor bone quality

Previous radiotherapy to the jaws

Poorly controlled systemic disease such as diabetes
Bleeding disorders

instagram.com/high_dent
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Age

The fact that the implant behaves as an ankylosed unit restricts
its use to individuals who have completed their jaw growth.
Placement of an osseointegrated implant in a child will result
in relative submergence of the implant restoration with growth
of the surrounding alveolar process during normal develop-
ment. It is therefore advisable to delay implant placement until
growth is complete. This is generally earlier in females than
males but considerable variation exists. At present there is no

t.me/highdent
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Figure 1.1 Histological sections of
osseointegration. (A) The titanium
implant surface has a threaded pro-
file and bone is in contact over a
large proportion of the area. Small
marrow spaces are visible, some of
which are in contact with the
implant surface. (B) A higher
power view of bone in intimate con-
tact with the titanium surface.

Figure 1.2 (A) Branemark implants used to replace upper
central incisor teeth. The mesial and distal bone levels are
level with the first thread of the implant body. The landmark
usually chosen for measurement of bone levels is the head of
the implant, which forms a flat plane at the junction with the
titanium abutment. (B) An Astra Tech implant used to replace
a central incisor tooth. The mesial and distal bone levels are
level with the head of the implant. This is the normal landmark
for measurement of bone changes with this implant system.
The titanium abutment has a smaller diameter than the implant
head, producing the appearance of a negative margin.

reliable indication of when jaw growth is complete, and com-
parison with height measurement monitoring is not informa-
tive. It is usually acceptable to treat patients in the late teens.
Although some jaw growth potential may remain in the early
twenties, this is less likely to result in a significant aesthetic
problem (Fig. 1.3).

There is no upper age limit to implant treatment, pro-
vided the patient is fit enough and willing to be treated. For
example, elderly edentulous individuals can experience

instagram.com/high_dent
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considerable quality of life and health gain with implant
treatment to stabilize complete dentures (see chap. 6).

Untreated Dental Disease

The clinician should ensure that all patients are comprehen-
sively examined, diagnosed, and treated to adequately deal
with concurrent dental disease. Poor oral hygiene will result in
inflammation of the peri-implant soft tissues—peri-implant
mucositis. Inflammation of the soft tissues may subsequently
lead to bone loss (peri-implantitis). Placement of implants in
subjects susceptible to periodontitis may lead to higher
implant failure rates and more marginal bone loss. Implants
placed close to peri-apical lesions or residual peri-apical gran-
ulomas may be lost as a result of resultant infection.

Severe Mucosal Lesions

Caution should be exercised before treating patients with severe
mucosal/gingival lesions such as erosive lichen planus or
mucous membrane pemphigoid. When these conditions affect
the gingiva, they are often more problematical around the natural
dentition and the discomfort compromises plaque control adding
to the inflammation. Similar lesions can arise around implants
penetrating the mucosa, giving rise to ulceration and discomfort.

Tobacco Smoking and Drug Abuse

It is well established that tobacco smoking is a very important
risk factor in periodontitis and that it affects healing. This has
been extensively demonstrated in the dental, medical, and sur-
gical literature. A few studies have shown that the overall mean
failure rate of dental implants in smokers is approximately twice
that in nonsmokers. Smokers should be warned of this associ-
ation and encouraged to quit the habit. Protocols have been
proposed that recommend smokers to give up for at least two
weeks prior to implant placement and for several weeks after-
ward. Such recommendations have not been adequately tested
in clinical trials and nor has the compliance of the patients. The
chance of the quitter relapsing is disappointingly high and some
patients will try to hide the fact that they are still smoking. It
should also be noted that reported mean implant failure rates
are not evenly distributed throughout the patient population.

www.highdentlab.com
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Figure 1.3 (A) A male patient in
his mid-twenties who had the right
central incisor replaced with a sin-
gle tooth implant in his late teens.
Further growth and eruption of the
adjacent teeth has resulted in a
relative infraocclusion of the right
central incisor and a gingival mar-
gin, which is more apical. (B) The
radiograph of the same case show-
ing the relative apical positioning of
the implant head, compared to the
adjacent teeth.

Rather, implant failures are more likely to cluster in certain
individuals. In our experience, this is more likely in heavy
smokers who have a high intake of alcohol. In addition, failure
is more likely in those who have poor bone quality and a
possible association with tobacco smoking. It should also be
noted that smokers followed in longitudinal studies have been
shown to have more significant marginal bone loss around their
implants than nonsmokers. Most of these findings have been
reported from studies involving the Branemark system, proba-
bly because it is one of the best documented and widely used
systems to date. More recent studies of modern implants with
surface modifications have reported a reduced chance of early
failure in both nonsmokers and smokers. However, differences
may still be apparent especially if smoking is heavy.

Drug abuse may affect the general health of the individ-
ual and their compliance with treatment and may therefore be
an important contraindication.

Poor Bone Quality

This is a term often used to denote regions of bone in which
there is low mineralization or poor trabeculation. It is often
associated with a thin or absent cortex and is referred to as
type 4 bone. It is a normal variant of bone quality and is more
likely to occur in the posterior maxilla. In the mandible, a thick
cortex may disguise poor quality medullary bone in plain
radiographs. Three-dimensional radiographs will give a
much clearer idea of bone density and in medical CT this
can be measured in Hounsfield units. Osteoporosis is a con-
dition that results in a reduction of the mineral bone density
and commonly affects postmenopausal females, having its
greatest effect in the spine and pelvis. The commonly used
DEXA scans for osteoporosis assessment do not generally
provide useful clinical measures of the jaws. The effect of
osteoporosis on the maxilla and mandible may be of little
significance in the majority of patients. Many patients can have
type 4 bone quality, particularly in the posterior maxilla, in the
absence of any osteoporotic changes. Osteoporotic patients
who have been treated with oral bisphosphonates for osteopo-
rosis probably do not present a significant risk of osteonec-
rosis. This is in contrast to patients treated with IV

instagram.com/high_dent
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bisphosphonates for tumors with bone metastases where the
reported complication of osteonecrosis is significant.

Previous Radiotherapy to the Jaws

Radiation for malignant disease of the jaws results in endar-
teritis, which compromises bone healing and in extreme cases
can lead to osteoradionecrosis following trauma/infection.
These patients requiring implant treatment should be man-
aged in specialist centers. It can be helpful to optimize timing
of implant placement in relationship to the radiotherapy and to
provide a course of hyperbaric oxygen treatment. The latter may
improve implant success particularly in the maxilla. Success rates
in the mandible may be acceptable even without hyperbaric
oxygen treatment, although more clinical trials are required to
establish the effectiveness of the recommended protocols.
Unfortunately, more recent clinical trials have not managed to
provide clear evidence of the benefits of hyperbaric oxygen.

Poorly Controlled Systemic Disease

such as Diabetes

Diabetes has been a commonly quoted factor to consider in
implant treatment. It does affect the vasculature, healing, and
response to infection. Although there is limited evidence to
suggest higher failure of implants in well-controlled diabetes,
it would be unwise to ignore this factor in poorly controlled
patients.

Bleeding Disorders
Bleeding disorders are obviously relevant to the surgical delivery
of treatment, and require advice from the patient’s physician.

OSSEOINTEGRATION
Osseointegration is basically a union between bone and the
implant surface (Fig. 1.1). It is not an absolute phenomenon
and can be measured as the proportion of the total implant
surface that is in contact with bone. Greater levels of bone
contact occur in cortical bone than in cancellous bone, where
marrow spaces are often adjacent to the implant surface.
Therefore, bone with well-formed cortices and dense trabecu-
lation offer the greatest potential for high degrees of bone to
implant contact. The degree of bone contact may increase with
time. The precise nature of osseointegration at a molecular
level is not fully understood. At the light microscopic level,
there is a very close adaptation of the bone to the implant
surface. At the higher magnifications possible with electron
microscopy, there is a gap (approximately 100 nm in width)
between the implant surface and bone. This is occupied by an
intervening collagen-rich zone adjacent to the bone and a more
amorphous zone adjacent to the implant surface. Bone proteo-
glycans may be important in the initial attachment of the tissues
to the implant surface, which in the case of titanium implants
consists of a titanium oxide layer, which is defined as a ceramic.
It has been proposed that the biological process leading
to and maintaining osseointegration is dependent on the fol-
lowing factors, which will be considered in more detail in the
subsequent sections.

Biocompatibility

Implant design

Submerged or nonsubmerged protocols
Bone factors

Loading conditions

Prosthetic considerations

t.me/highdent
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BIOCOMPATIBILITY
Most current dental implants are made of commercially pure
titanium. It has established a benchmark in osseointegration,
against which few other materials compare. Related materials
such as niobium are able to produce a high degree of osseointe-
gration, and in addition, successful clinical results were reported
with titanium aluminum vanadium alloys. There has been a
renewed interest in titanium alloys, for example, titanium/
zirconium alloy by Straumann, because they have the potential
of enhancing physical/mechanical properties of the implants.
This is of greater significance in narrow diameter implants.
Hydroxyapatite-coated implants have the potential to
allow more rapid bone growth on their surfaces. They have
been recommended for use in situations of poorer bone quality.
The reported disadvantages are the delamination of the coating
and corrosion with time. Resorbable coatings have been devel-
oped, which aim to improve the initial rate of bone healing
against the implant surface, followed by resorption within a
short time frame to allow establishment of a bone to metal
contact. Hydroxyapatite-coated implants are not considered
within this book as the authors have no experience of them.
All the implant systems used by the authors and illus-
trated in this book are made from titanium and therefore highly
comparable in this respect. The main differences in the systems
are in the design, which is considered in the next section.

IMPLANT DESIGN
Implant design usually refers to the design of the intraosseous
“root form” component (the endosseous dental implant). How-
ever, the design of the implant-abutment junction and the
abutments are extremely important in the prosthodontic man-
agement and maintenance and will be dealt with under a
separate section.

The implant design has a great influence on initial sta-
bility and subsequent function in bone. Following are the main
design parameters:

Implant length
Implant diameter
Shape

Surface characteristics

Implant Length

Implants are generally available in lengths from about 6 mm to
as much as 20 mm (Fig. 1.4). The most common lengths
employed are between 8 and 15 mm, which correspond quite
closely to normal root lengths. There has been a tendency to
use longer implants in systems such as Branemark, compared
to, for example, Straumann. The Branemark protocol advo-
cated maximizing implant length where possible to engage
bone cortices apically as well as marginally to gain high initial
stability. In contrast, the concept with Straumann was to
increase surface area of shorter implants by design features
(e.g., hollow cylinders) or surface treatments (see below).

Implant Diameter

Most implants are approximately 4 mm in diameter (Figs. 1.4B
and 1.5). A diameter of at least 3.3 mm is normally recom-
mended to ensure adequate implant strength. Implants of 3 mm
diameter are now available and normally recommended for low
load situations such as mandibular incisor teeth. Narrow
implants may have to be designed as one piece (i.e., incorporat-
ing the abutment) as they are too narrow to allow connection

instagram.com/high_dent
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(A) Branemark implants in a range of lengths from 7 to 20 mm. The implant surface is machined or turned and the implant head

has a flat top and external hexagon connection. (B) A range of Astra Tech implants from 3.0 to 5.0 mm diameter. The large diameter

implants have a longer conical collar, which is microthreaded.

(A)

Figure 1.5

(8)

(A) A narrow diameter Straumann implant with a polished collar and external hexagonal abutment connection. (B) A standard

diameter tissue level Straumann implant with a polished collar and internal abutment connection.

via an abutment screw of adequate diameter. Wider diameter
implants (5 mm and over) are available, which are considerably
stronger, have a much higher surface area, and are often
indicated for molar replacement. They may also engage lateral
bone cortices to enhance initial stability. However, they may not
be so widely used because sufficient bone width is not com-
monly encountered in most patients’ jaws.

Implant Shape

Implants come in a very wide variety of shapes with many of
the design features shared between systems and others limited
to systems, especially where patents exist. The shape and
screw design of the implant together with the recommended
site preparation does have an effect on the surgical perfor-
mance and stability of the implant that may guide operator
preference. Most implants are parallel cylindrical or tapered

www.highdentlab.com

cylindrical threaded designs (Figs. 1.4-1.6). The tapered design
will normally require more torque to insert as the wider part
gradually engages the prepared site. The apical design may
also be parallel or more commonly tapered to allow easier
insertion, and may be smooth or have cutting faces to achieve
self-tapping of the bone. The thread design and pitch vary
considerably. A common thread pitch is 0.6 mm. The thread
design may be more rounded or sharp and contribute to
stability of the implant on insertion. The coronal end of the
implant may be parallel sided or flared to provide a larger
head or platform to connect to the abutment. The outer surface
profile of the coronal end may have the same thread profile as
the body of the implant, a finer microthread or a smooth profile
(Figs. 1.4-1.6). The surface characteristics (see below) may be
the same as the body of the implant or smoother. The abutment
connection to the implant may be within the implant (internal
connection) or sit on top of the implant (external connection).

instagram.com/high_dent
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PR

(A) (B)
Figure 1.6 (A) An Astra Tech implant with a microthreaded con-
ical top and a macrothreaded body. The entire surface has a dull
appearance due to the surface treatment. (B) A Straumann implant
with a conical design often used in immediate replacement proto-
cols. There is a polished collar at the level where the soft tissue
attaches.

Surface Characteristics

The degree of surface roughness varies greatly between dif-
ferent systems. Surfaces that are machined, grit-blasted,
etched, plasma sprayed, coated, and combination treated are
available (Table 1.1).

The original Branemark implants have a machined sur-
face as a result of the cutting of the screw thread. This has small
ridges when viewed at high magnification (Fig. 1.7). This
degree of surface irregularity was claimed to be close to ideal
because smoother surfaces fail to osseointegrate and rougher
surfaces are more prone to ion release and corrosion. However,
most modern implants have a slightly rough surface that favors
more rapid and higher levels of osseointegration (Fig. 1.8).
Comparative tests in experimental animals have demonstrated
a higher degree of bone to implant contact and higher torque
removal forces than machined surfaces.

These surfaces can be produced in a number of ways.
The earlier Astra Tech implants had a roughened surface
produced by “grit blasting,” in this case with titanium oxide
particles. The resulting surface has approximately 5-pm
depressions over the entire intraosseous part of the implant.
This surface treatment has more recently been modified to also
incorporate fluoride ions (Fig. 1.9). The original Straumann

Table 1.1 Implant Surface Sa Values

Smooth <0.5 um Polished
Minimally rough 0.5-1.0 um Turned
Moderately rough 1.0-2.0 um Modern surfaces
Rough >2.0 um TPS

Abbreviations: Sa, arithmetic mean of 3D roughness; TPS, titanium
plasma sprayed.
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Figure 1.7 An electron micrograph of a machined implant surface.
The ridges and grooves on this Branemark implant are produced
during the machining process.

Figure 1.8 An electron micrograph of the Nobel Biocare Ti-unite
surface.

surface was titanium plasma sprayed (TPS) (Fig. 1.10). Molten
titanium is sprayed onto the surface of the implant to produce
a very rough, almost porous surface. This type of surface is
generally not used because of potential problems of peri-
implantitis if it should become exposed to the oral environ-
ment. Straumann developed a newer surface called the SLA
(sand blasted-large grit-acid etched) (Fig. 1.11). This technique
produces a surface with large irregularities with smaller ones
superimposed upon it. A newer version of SLA has been made
more hydrophilic, which may further improve the speed of cell
attachment and osseointegration.
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Figure 1.9 The Astra Tech osseospeed surface, which has fluo-
ride irons incorporated.

Figure 1.10 An electron micrograph of the original titanium
plasma-sprayed (TPS) surface used by Straumann.

The optimum surface morphology has yet to be defined,
and some may perform better in certain circumstances. By
increasing surface roughness there is the potential to increase
the surface contact with bone, but this may be at the expense of
more ionic exchange and surface corrosion. Bacterial contam-
ination of the implant surface will also be affected by the
surface roughness if it becomes exposed within the mouth. The
current trend is therefore toward moderately roughened sur-
faces (Table 1.1).
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Figure 1.11 An electron micrograph of the Straumann SLA sur-
face. Abbreviation: SLA, sand blasted-arge grit—acid etched.

Implant-Abutment Design

Most implant systems have a wide range of abutments for
various applications (e.g., single tooth, fixed dental prosthesis,
overdenture) and techniques (e.g., standard manufactured
abutments, prepable abutments, cast design abutments, and
various materials from titanium and gold to zirconium; see
chaps. 13 and 14). However, the design of the implant-abut-
ment junction varies considerably. The original Branemark
implant-abutment junction is described as a flat top external
hexagon (Fig. 1.12). The hexagon was designed to allow rota-
tion (i.e., screwing in) of the implant during placement. It is an
essential design feature in single tooth replacement as an anti-
rotational device. The design proved to be very useful in the
development of direct recording of impressions of the implant
head rather than the abutment, thus allowing evaluation and
abutment selection in the laboratory (see chap. 13). The abut-
ment is secured to the implant with an abutment screw. The
joint between implant and abutment is precise but does not
produce a seal, a feature that does not appear to result in any
clinical disadvantage. The hexagon is only 0.6 mm in height
and it may be difficult for the inexperienced clinician to
determine whether the abutment is precisely located on the
implant. The fit is therefore normally checked radiographi-
cally, which also requires a good paralleling technique to
adequately visualize the joint. Similar designs of external
hexagon implants have increased the height of the hexagon,
making abutment connection easier. The original design con-
cept was that the weakest component of the system was the
small gold screw (prosthetic screw) that secured the prosthesis
framework to the abutment, followed by the abutment screw
and then the implant (Fig. 1.12B). Thus, overloads leading to
component/mechanical failure should be more readily dealt
with (see chap. 16).

The Astra Tech implant system was one of the first bone
level implant designs to incorporate a conical abutment fitting
into the conical head of the implant, described by the manu-
facturers as a “conical seal” (Fig. 1.13). The taper of the cone is
11°, which is greater than a Morse taper (6°). The abutments self-
guide into position and are easily placed even in very difficult
locations. It is not usually necessary to check the localization
with radiographs. This design produces a very secure, strong
union. The standard abutments are either a solid one-piece
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8 IMPLANTS IN CLINICAL DENTISTRY

Figure 1.12 (A) A Branemark implant
placed in the lateral incisor region, show-
ing the external hexagonal head. (B) A
cross-section through an original Brane-
mark implant stack. At the top of the stack
a gold bridge screw connects a gold cyl-
inder to a titanium abutment screw and the
titanium cylinder that is in turn connected
to the titanium implant.

Figure 1.14 A cutaway section of a tissue level Straumann
implant showing the internal abutment connection.

Figure 1.13 Section through a single tooth Astra Tech implant The tissue level Straumann implant has a smooth pol-
with a zirconium abutment, connected via an internal connection ished transmucosal collar to allow soft tissue adaptation, a
and titanium abutment screw. feature that many of the other systems incorporate in the

abutment design. The abutment-implant junction is therefore
either supramucosal or just submucosal and therefore connec-
tion and checking of the fit of the components is easier than
component or two-piece components with an abutment screw to some systems. The implant-abutment junction also has an
utilize the internal hexagon anti-rotation design. internal tapered conical design with an angle of 8° (Fig. 1.14).
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Figure 1.15 The Nobel Replace internal abutment connection.

Many of the currently available implant systems have
some of the features described above. They tend to have an
internal connection between abutment and implant that is
either parallel sided with a small area of flat surface at the
top or a conical design (Fig. 1.15). Most feature an internal
hexagonal/octagonal anti-rotational system with an abutment
screw but some rely on the frictional fit of a Morse taper cone.
With internal connection designs there has also been a trend to
make the abutment diameter smaller than the implant head
resulting in a “negative” margin. This so-called platform
switching allows a greater volume of soft tissue in this region
and may contribute to maintenance of implant bone levels by
increasing the available surface distance in establishing the soft
tissue biological width. The improved seal of internal connec-
tions may also reduce or eliminate bacterial ingress and sub-
sequent inflammation that could affect bone levels.

SUBMERGED AND NONSUBMERGED
PROTOCOLS

The terms submerged and nonsubmerged implant protocols
were at one time clearly applicable to different implant sys-
tems. The classic submerged system was the original protocol
as described by Branemark. Implants are installed with the
head of the implant and cover screw level with the crestal bone
and the mucoperiosteal flaps closed over the implants and left
to heal for several months (Fig. 1.16). This had several theo-
retical advantages:

1. Bone healing to the implant surface occurs in an environ-
ment free of potential bacterial colonization and inflam-
mation.

2. Epithelialization of the implant-bone interface is pre-
vented.

3. The implants are protected from loading and micromove-
ment that could lead to failure of osseointegration and
fibrous tissue encapsulation.
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Figure 1.16 A cover screw being placed into an Astra Tech
implant before suturing of the flaps to bury the implants in a
submerged two-staged technique.

The submerged system requires a second surgical procedure
after a period of bone healing to expose the implant and attach
a transmucosal abutment. The initial soft tissue healing phase
would then take a further period of approximately two to four
weeks. Abutment selection would take into account the thick-
ness of the mucosa and the type of restoration.

The best and first example of a nonsubmerged system is
tissue level implant of Straumann. In this case, the implant is
designed with an integral smooth collar that protrudes
through the mucosa, and this allows the implant to remain
exposed from the time of insertion (Fig. 1.17). The most obvi-
ous advantage is the avoidance of a second surgical procedure
and more time for maturation of the soft tissue collar at the
same time as the bone healing is occurring. Although this
protocol does not comply with the three theoretical advantages
enumerated above, the results are equally successful.

However, clinical development and commercial compe-
tition lead to many systems being used in either a submerged
or a nonsubmerged fashion even though they were primarily
designed for one or the other. The additional development of
rapid treatment protocols involving immediate extraction/
implant placement and early and immediate loading of pros-
theses has led to further development of single-stage non-
submerged protocols (see chap. 11).

Another difference between systems designed for these
protocols is the level of the implant-abutment junction in
relationship to the bone. Many systems including Brane-
mark/Nobel Biocare, Astra Tech, and Ankylos, and the
newer Straumann bone level implant are designed such that
the implant head is usually placed at the level of the bone or
countersunk below the bone crest. At the time of abutment
connection the interface with the implant is at the same level.

In the original Branemark system, it was observed that
during the first year of loading the bone level receded to the
level of the first thread and in following years most were
relatively stable at this level (Fig. 1.2). The possible reasons for
this initial bone change in the first year of loading have been
proposed as

1. The threads of the implant provide a better distribution of
forces to the surrounding bone than the parallel-sided
head of the implant.
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Figure 1.17 (A) A 4.1-mm-diameter tissue level Straumann implant has been placed so that the polished collar is above the crest of the
bone. (B) A closure screw has been placed on top of the implant and the flaps are sutured around the collar to leave the head of the implant

exposed in a nonsubmerged fashion.

2. The establishment of a biological width for the investing
soft tissues. The junctional epithelium is relocated on the
implant and not on the abutment.

3. The interface between the abutment and implant is the
apposition of two flat surfaces (flat top implant) that are
held together by an abutment screw. This arrangement
does not form a perfect seal and may allow leakage of
bacteria or bacterial products from within the abutment/
restoration, thereby promoting a small inflammatory
lesion that may affect the apical location of the epithelial
attachment.

However, in modern implants with a moderately rough sur-
face and a good abutment-implant seal the bone often remains
at the level of the implant head (Fig. 1.2B). The biological
implication of this is that the junctional epithelium must be
superficial to this and, therefore, located on the abutment/
restoration. The possible reasons for this arrangement in con-
trast to the explanations given above for the loss of marginal
bone are as follows:

1. The surface of the implant maintains bone height more
effectively in the collar region. This may be due to the
moderately rough surface or other design features such as
the presence of microthreading.

2. The implant-abutment junction is a conical junction—a
cone fitting within a cone—which provides a tighter seal,
thereby eliminating microbial contamination/leakage at
the interface and also producing a more mechanically
sound union with less chance of micromovement. The
ensuing stability of the junction may facilitate positional
stability of the junctional epithelium.

The original Straumann implant-abutment interface is concep-
tually different to those described above. The integral smooth
transmucosal collar of the implant is either 2.8 mm (with the
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standard implant) or 1.8 mm long. The implant-abutment
junction may be submucosal or supramucosal depending on
the length of the transmucosal collar, the thickness of the
mucosa, and the depth to which the implant has been placed.
The end of the smooth collar coincides with the start of the
roughened endosseous surface, which is designed to be
located at the level of the bone at implant placement. There
is, therefore, potential space for location of the junctional
epithelium and connective tissue zone on the collar or neck
of the implant at a level apical to the implant-abutment junc-
tion. Moreover, the implant-abutment junction is an effective
conical seal. This would prevent any movement between the
components and an interface that would prevent bacterial
ingress.

The preceding considerations of the different implant
systems reveal a number of basic differences:

1. The designed level of the implant-abutment interface.
The design characteristics at the implant-abutment inter-
face in terms of mechanical stability and seal.

3. The macroscopic features of the implant and its surface
characteristics.

4. The level of the transition of the surface characteristics on
the implant surface.

This multitude of features has an impact on the level of the
bone crest and the position of the junctional epithelium/
connective tissue zone. Despite what appears to be a large
and fundamental difference, the bone level comparison
between the systems is clinically and radiographically very
small (less than 1 mm at baseline values) and the maintenance
of bone levels thereafter is very similar with all systems
reporting highly effective long-term maintenance of bone
levels. The differences reported in longitudinal trials are not
sufficient to recommend one system over another.
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BONE FACTORS

When an implant is first placed in the bone, there should be a
close fit to ensure primary stability. The space between
implant and bone is initially filled with blood clot and
serum/bone proteins. Although great care is taken to avoid
damaging the bone, the initial response to the surgical trauma
is resorption, which is then followed by bone deposition.
There is a critical period in the healing process at approxi-
mately two to three weeks post implant insertion when bone
resorption will result in a lower degree of implant stability
than that achieved initially. Subsequent bone formation will
result in an increase in the level of bone contact and secondary
stability. The stability of the implant at the time of placement
is very important and is dependent on bone quantity and
quality as well as implant design features considered above.
The edentulous ridge can be classified in terms of shape (bone
quantity) and bone quality. Following loss of a tooth, the
alveolar bone resorbs in width and height (Fig. 1.18). In
extreme cases, bone resorption proceeds to a level that is
beyond the normal extent of the alveolar process and well
within the basal bone of the jaws. Determination of bone
quantity is considered in the clinical and radiographic sections
of the treatment planning chapters. Assessing bone quality is
rather more difficult. Plain radiographs can be misleading and
sectional tomograms provide a better indication of medullary
bone density (see chap. 2). In many cases the bone quality can
only be confirmed at surgical preparation of the site. Bone
quality can be assessed by measuring the cutting torque dur-
ing preparation of the implant site. The primary stability (and
subsequent secondary stability) of the implant can be quanti-
fied using resonance frequency analysis, which has proved to
be useful in experimental trials and rapid treatment protocols.

The simplest categorization of bone quality is that
described by Lekholm as types 1 to 4. Type 1 bone is predom-
inantly cortical and may offer good primary stability at
implant placement but is more easily damaged by overheating
during the drilling process, especially with sites over 10 mm in
depth. Types 2 and 3 are the most favorable quality of jaw
bone for implant treatment. These types have a well-formed
cortex and densely trabeculated medullary spaces with a good
blood supply (type 2 has more cortex/dense trabeculation than
type 3). Type 4 bone has a thin or absent cortical layer and
sparse trabeculation. It offers poor primary implant stability
and fewer cells with a good osteogenic potential to promote
osseointegration, and has therefore been associated with
higher rates of implant failure.

Healing resulting in osseointegration is highly depen-
dent on a surgical technique that avoids heating the bone. Slow
drilling speeds, the use of successive incrementally larger
sharp drills, and copious saline irrigation aim to keep the
temperature below that at which bone tissue damage occurs
(approximately 47°C for 1 minute). Further refinements include
cooling the irrigant and using internally irrigated drills. Meth-
ods by which these factors are controlled are considered in
more detail in the surgical sections (see chaps. 7-11). Factors
that compromise bone quality are infection, irradiation, and
heavy smoking, which were dealt with earlier in this chapter.

LOADING CONDITIONS

Osseointegrated implants lack the viscoelastic damping sys-
tem and proprioceptive mechanisms of the periodontal liga-
ment, which effectively dissipate and control forces. However,
proprioceptive mechanisms may operate within bone and
associated oral structures. Forces distributed directly to the
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Figure 1.18 (A) Classification of jaw resorption as described by
Cawood and Howell (1991) showing cross-sectional profiles
through different regions, 1 = anterior mandible, 2 = posterior
mandible, 3 = anterior maxilla, 4 = posterior maxilla. (B) An example
of an edentulous maxilla that would be clinically classified as class 3
in both the anterior and posterior regions. Although the ridges
appear broad, there may be little bone in the posterior regions,
due to the extension of the maxillary air sinuses. (C) An example of
a severely resorbed edentulous mandible would be classified as
class 5 or 6. Confirmation would require radiographic examination.
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bone are usually concentrated in certain areas, particularly
around the neck of the implant. Excessive forces applied to the
implant may result in remodeling of the marginal bone, that is,
apical movement of the bone margin with loss of osseointe-
gration. The exact mechanism of how this occurs is not entirely
clear, but it has been suggested that microfractures may prop-
agate within the adjacent bone. Bone loss caused by excessive
loading may be slowly progressive. In rare cases it may reach a
point where there is catastrophic failure of the remaining
osseointegration or fracture of the implant. Excessive forces
may be detected prior to this stage through radiographic
marginal bone loss or mechanical failure of the prosthodontic
superstructure and/or abutments (see chap. 16).

It has been shown that normal/well-controlled forces
may result in increases in the degree of bone to implant
contact. Adaptation is limited, and osseointegration does not
permit movement of the implant in the way that a tooth may
be orthodontically repositioned. Therefore, the osseointegrated
implant has proved itself to be a very effective anchorage
system for difficult orthodontic cases.

Loading Protocols

Loading protocols, that is the duration of time between
implant insertion and functional loading, have been largely
empirical. The time allowed for adequate bone healing should
be based on clinical trials that test the effects of factors such as
bone quality, loading factors, implant type, etc. However, there
is very limited data on the effects of these complex variables
and currently there is no accurate measure that precisely
determines the optimum period of healing before loading
can commence. This has not limited the variety of protocols
advocated, including the following;:

®  Delayed loading (for 3-6 months)
Early loading (e.g., at 6 weeks)
* Immediate loading

Delayed Loading

This has been the traditional approach and has much to com-
mend it as it is tried, tested, and predictable. Following instal-
lation of an implant, all loading is avoided during the early
healing phase. Movement of the implant within the bone at
this stage may result in fibrous tissue encapsulation rather
than osseointegration. In partially dentate subjects, it may be
desirable to provide temporary/provisional prostheses that
are tooth supported. However, in patients who wear muco-
sally supported dentures, it has been recommended that they
should not be worn over the implant area for one to two
weeks. In the edentulous maxilla, we would normally advise
that a denture is not worn for one week and in the mandible
for two weeks because of the poorer stability of the soft tissue
wound and smaller denture-bearing surface. Patients can nor-
mally wear removable partial prostheses directly after surgery,
provided they are adequately relieved. The original Branemark
protocol then advised leaving implants unloaded and buried
beneath the mucosa for approximately six months in the
maxilla and three months in the mandible, due mainly to
differences in bone quality. Nowadays the majority of delayed
loading protocols recommend a maximum three-month heal-
ing period for both jaws.

Early Loading

Many modern systems with moderately rough implant surfa-
ces now advocate a healing period of just six weeks before
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loading. Some caution is recommended in that the implants
should be placed in good quality bone in situations that are not
subjected to high loads.

Immediate Loading

It has also been demonstrated that immediate loading is com-
patible with subsequent successful osseointegration, provided
the bone quality is good and the functional forces can be
adequately controlled. In studies on single tooth restorations,
the crowns are usually kept out of contact in intercuspal and
lateral excursions, thereby almost eliminating functional load-
ing until a definitive crown is provided. In contrast, fixed
bridgework allows connection of multiple implants providing
good splinting and stabilization and therefore has been tested
in immediate loading protocols with good success. However,
the clinician should have a good reason to adopt the early/
immediate loading protocols particularly as they are likely to
be less predictable.

The early and immediate loading protocols are dealt
with in more detail in chapter 11. The long-term functional
loading of the implant-supported prosthesis is a further impor-
tant consideration that is dealt with in the following section.

PROSTHETIC LOADING CONSIDERATIONS

Carefully planned functional occlusal loading will result in
maintenance of osseointegration. In contrast, excessive loading
may lead to bone loss and/or component failure. Clinical load-
ing conditions are largely dependent on the following factors.

The Type of Prosthetic Reconstruction

This can vary from a single tooth replacement in the partially
dentate case to a full arch reconstruction in the edentulous
individual. Implants that support overdentures may present
particular problems with control of loading as they may be
largely mucosal supported, entirely implant supported, or a
combination of the two.

The Occlusal Scheme

The lack of mobility in implant-supported fixed prostheses
requires provision of shallow cuspal inclines and careful dis-
tribution of loads in lateral excursions. With single tooth
implant restorations, it is important to develop initial tooth
contacts on the natural dentition and to avoid guidance in
lateral excursions on the implant restoration. Loading will also
depend on the opposing dentition, which could be natural
teeth, another implant-supported prosthesis, or a conventional
removable prosthesis. Surprisingly high forces can be gener-
ated through removable prostheses.

The Number, Distribution, Orientation, and Design
of Implants

The distribution of load to the supporting bone can be spread
by increasing the number and dimensions (diameter, surface
topography, length) of the implants. The spacing and three-
dimensional arrangement of the individual implants will also
be very important, and is dealt with in detail in chapter 5.

The Design and Properties of Implant Connectors
Multiple implants are usually joined by a rigid framework.
This provides good splinting and distribution of loads between
implants. It is equally important that the framework has a
passive fit on the implant abutments so that loads are not set
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up within the prosthetic construction. However, some clini-
cians advocate restoring multiple implants as single
unsplinted units—this requires sufficient space for an implant
per tooth unit and consequently a higher number of implants.

Dimensions and Location of Cantilever
Extensions

Some implant reconstructions are designed with cantilever
extensions to provide function (and appearance) in areas
where provision of additional implants is difficult. This may
be due to practical or financial considerations. Cantilever
extensions have the potential to create high loads, particularly
on the implant adjacent to the cantilever. The extent of the
leverage of any cantilever should be considered in relation to
the anteroposterior distance between implants at the extreme
ends of the reconstruction. This topic is dealt with in more
detail in chapters 5 and 14.

Patient Parafunctional Activities
Great caution should be exercised in treating patients with
known parafunctional activities.

CHOICE OF AN IMPLANT SYSTEM

In routine cases it may not matter which system is chosen, this
is particularly the case with treatment in the anterior mandible.
However, in our experience, choice of a system in any partic-
ular case depends on the following:

The aesthetic requirements

The available bone height, width, and quality (including
whether the site has been grafted)

Perceived restorative difficulties

Desired surgical protocol

Therefore, we would suggest the following;:

® In the aesthetic zone, choose an implant where the crown
contour can achieve good emergence from the soft tissue
with a readily maintainable healthy submucosal margin.

®  Choose an implant of the appropriate length and width
for the existing crestal morphology. Ensure that choice of a
reduced width implant does not compromise strength in
the particular situation.

®  If the site will only accommodate a short implant or if the
bone quality is poor or grafted, then splinting of implant
units is more important.

e If there are likely to be difficulties with prosthodontic
construction due to difficult angulation of the implants,
choose a system that is versatile enough to cope with these
difficulties, that is, has a good range solutions/components.

® If you wish to use a rapid treatment protocol, then choose
a system that has a proven published record with that
particular protocol.
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Treatment planning for implant restorations:
general considerations

INTRODUCTION

This chapter provides an overall view of treatment planning.
The reader should consult the chapters on planning for single
tooth restorations, fixed bridges, and overdentures for more
detailed considerations. The treatment plan should begin with
a clear idea of the desired end result of treatment, which
should fulfill the functional and aesthetic requirements of the
patient. It is important that these treatment goals are realistic,
predictable, and readily maintainable. Realistic means that the
end result can be readily achieved and is not unduly optimis-
tic. Predictable means that there is a very high chance of
success of achieving the end result and that the prosthesis
will function satisfactorily in the long term. The prosthesis
should withstand normal wear and tear and not be subject to
undue mechanical and technical complications (see chap. 16).
Readily maintainable means that the prosthesis does not com-
promise the patient’s oral hygiene and increases the patient’s
susceptibility to inflammation of the peri-implant tissues (see
chap. 16 on peri-implant mucositis and peri-implantitis) and
that the “servicing” implications for the patient and the dentist
are acceptable.

In this chapter, it will be assumed that treatment options
other than implant-retained restorations have been considered
and there are no relevant contraindications (see chap. 1).
Evaluation begins with a patient consultation and assessment
of the aesthetic and functional requirements, and proceeds to
more detailed planning with intraoral examination, diagnostic
setups, and appropriate radiographic examination. At all
stages in this process it is important to establish and maintain
good communication (verbal and written) with the patient to
ensure that they understand the proposed treatment plan and
the alternatives.

Aesthetic considerations assume great importance in
most patients with missing anterior teeth. This is an increasing
challenge for the clinician and is related to

1. the degree of coverage of the anterior teeth (and gingivae)
by the lips during normal function and smiling (Figs.
2.1A—C and 2.2A-C);

2. the degree of ridge resorption, both vertically and hori-
zontally (Fig. 2.3A-C);

3. provision of adequate lip support (Fig. 2.4A,B).

The appearance of the planned restoration can be judged
by producing a diagnostic setup on study casts or providing a
provisional diagnostic prosthesis (Fig. 2.5A-C). The latter usu-
ally proves to be more informative for the patients as they can
judge the appearance in their own mouth and even wear it for
extended periods to adequately assess it. Both diagnostic casts
and provisional prostheses can serve as a model for the fab-
rication of

www.highdentlab.com

1. aradiographic stent to assess tooth position in relation to
the underlying ridge profile (Fig. 2.5D);

2. a surgical stent (or guide) to assist the surgeon in the
optimal placement of the implants (Fig. 2.5E-H);

3. a transitional restoration during the treatment program
(Fig. 2.50).

Ideally, patients should be examined with and without
their current or diagnostic prosthesis to assess

facial contours;

lip support;

tooth position;

how much of the prosthesis is revealed during function;
occlusal relationships.

The diagnostic setup should then be adjusted if neces-
sary to fulfill the requirements of the desired end result before
proceeding with treatment.

Reduced or insufficient function is a common complaint
for patients who have removable dentures or who have lost
many molar teeth. Functional inadequacy is often a perceived
problem of the patient and is assessed by interview rather than
any specific clinical measure. The variation between individu-
als in how they perceive this problem is large. In patients who
are accustomed to an intact arch of teeth from second molar to
second molar, the loss of a single molar can be completely
unacceptable, and replacement with a conventional fixed pros-
thesis or implant restoration becomes necessary. In contrast, a
shortened dental arch extending to the first molar or second
premolar may provide adequate function and appearance for
some patients. However, missing maxillary premolars (and
occasionally first molars) often present an aesthetic problem.

Provisional dentures can be used to clarify these needs,
for example how many posterior units are required to satisfy
both appearance and function.

INITIAL CLINICAL EXAMINATION

A thorough extraoral and intraoral clinical examination should
be carried out on all patients to ensure diagnosis of all existing
dental and oral disease. The diagnosis and management of
caries, periodontal disease, and endodontic problems is not the
remit of this book and the reader is referred to other more
relevant texts. However, it is very important to remember that
susceptibility to periodontitis is associated with more implant
loss and peri-implantitis, and implants placed close to apical
endodontic lesions may fail. Factors of more specific relevance
to implant treatment are dealt with here and in the related
more detailed sections on single teeth, fixed bridges, and
overdentures.
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Figure 2.1 (A) In normal function this patient reveals the incisal half of the anterior teeth. (B) The same patient smiling reveals most of the
crowns of the teeth, but not the gingival margins. (C) The patient with the lips retracted showing a gross discrepancy of the gingival margins
that is not visible in normal function and smiling.

Figure 2.2 (A) A young patient with missing maxillary lateral incisors. (B) The same patient wearing an existing partial denture allows
assessment of the aesthetics and tooth position. (C) The completed result with two single tooth implants replacing the lateral incisors.

Figure 2.3 (A) A patient with missing maxillary central and lateral incisor, showing loss of vertical ridge height. (B) The occlusal view shows
some loss of ridge width. (C) The patient wearing a removable prosthesis showing the discrepancy between the tooth height and the
underlying ridge form.

Figure 2.4 (A) Profile of a patient
wearing a removable denture with a
labial flange to provide lip support.
(B) Profile of the same patient show-
ing poorer lip support, following
removal of the labial flange.
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Figure 2.5 (A) A patient with severe hypodontia and retained deciduous teeth in the maxillary lateral incisor, canine, and premolar areas.
(B) Articulated study casts with a diagnostic wax-up. (C) The patient has been fitted with an immediate replacement partial denture based on
information from the diagnostic wax-up. (D) The partial denture has been coated on the labial surfaces with a radiopaque medium
(TempBond). (E) A cone-beam CT of the same patient wearing the denture with radiopaque medium. The outline of the teeth can be seen in
relationship to the underlying ridge form. (F) A blowdown plastic surgical stent constructed based on the diagnostic denture. (G) Direction
indicator placed in the implant site preparations at surgery. (H) The surgical stent in place showing a good relationship between the indicator
post and the planned tooth position. (I) The implants inserted and cover screws placed.

Evaluation of the Edentulous Space or Ridge

The height, width, and contour of the edentulous ridge can be
visually assessed and carefully palpated (Fig. 2.6A-F). The
presence of concavities/depressions (especially on the labial
aspects) is usually readily detected. However, accurate assess-
ment of the underlying bone width is difficult especially where
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the overlying tissue is thick and fibrous. This occurs particu-
larly on the palate where the tissue may be very thick/dense
and can result in a very false impression of the bone profile.
The thickness of the soft tissue can be measured by puncturing
the soft tissue with a calibrated probe after administering local
anesthetic or carrying out a more detailed ridge mapping.
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Figure 2.6 (A) A patient with missing maxillary central incisors following loss of a fixed prosthesis. (B) The intraoral view showing good
ridge height at tooth 11 but loss of vertical height at tooth 21. (C) The patient with a diagnostic denture in place with lips at rest. (D) The
intraoral appearance of the diagnostic denture. There is no labial flange and the discrepancy in ridge height between teeth 11 and 21 is less
obvious. This patient was treated without the ridge augmentation. (E) The same patient treated with single tooth implants after a period of
eight years. The clinical crown heights of the central incisors are symmetrical but longer than the adjacent natural teeth. (F) The radiographs
eight years following treatment showing ideal bone levels at the first thread of the Branemark implants. The abutments and crowns are

ceramic.

However, 3D tomography to examine the bone profile is more
commonly used (Fig. 2.5E).

The profile/angulation of the ridge and its relationship
to the opposing dentition is also important. The distance
between the edentulous ridge and the opposing dentition
should be measured to ensure that there is adequate room for
the prosthodontic components (Fig. 2.7). This will vary with
the implant system being used and whether the prosthesis is
to be cemented or screw retained. Retention of a cemented
prosthesis is dependent on the abutment height and paral-
lelism (which is more readily achieved with CAD-CAM
technology), whereas a screw-retained prosthesis has to
have sufficient height to accommodate the abutment/abut-
ment screw and prosthesis-retaining screw (ideally with suf-
ficient place to place a protective restoration over it). These
factors are dealt with in more detail in chapters 13 and 14.
Proclined ridge forms will tend to lead to proclined place-
ment of the implants that could affect loading and aesthetics,
especially if a screw-retained prosthesis requires angulated
abutments. Increased vertical space between opposing jaws
(Fig. 2.8) will result in a prosthesis with an increased vertical
height that will be subject to higher leverage forces. Large
horizontal discrepancies between the jaws, for example, the
pseudo class 3 jaw relationship following extensive maxillary
resorption must be recognized, and management appropri-
ately planned. This may be solved by prescription of an
overdenture treatment (see chaps. 6 and 15) or extensive
grafting/orthognathic surgery (see chap. 12).

The clinical examination of the ridge also allows assess-
ment of the soft tissue thickness, which is important for the
attainment of good aesthetics. Keratinized tissue, which is
attached to the edentulous ridge, will also generally provide
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Figure 2.7 (A) A patient with missing maxillary anterior teeth in
whom the lower incisors nearly touch the soft tissue ridge in centric
occlusion. The space available for implant components will depend
on the level of placement of the implant heads in the underlying
bone. (B) The same patient with the existing partial denture. The
prosthetic teeth have been ridge-lapped and no labial flange has
been provided. The denture teeth produce a considerable overlap
of the existing ridge. Implants would have to be placed in a
submerged position to allow an emergence of the implant crowns
at the cervical level of these teeth.
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Figure 2.8 This patient has suffered extensive loss of mandibular
bone following a road traffic accident that resulted in a fractured
mandible and osteomyelitis. There is now a marked vertical and
horizontal discrepancy between the jaws.

a better peri-implant soft tissue than nonkeratinized mobile
mucosa. The mesiodistal length of the edentulous ridge can be
measured to give an indication of the possible number of
implants that could be accommodated (see chap. 1). This is
best done with calipers and a millimeter rule. The space
should be measured between the tips of the crowns, the
maximum contour of the crowns, and at the level of the
edentulous ridge. However, this also requires reference to

1. radiographs to allow a correlation with available bone
volume;

2. the diagnostic setup for the proposed tooth location;

3. the edentulous ridges bound by teeth; the available space
will also be affected by angulation of adjacent tooth roots,
which may be palpated and assessed radiographically.

INITIAL RADIOGRAPHIC SCREENING
A screening radiograph should give the clinician an indication
of

1. overall anatomy of the maxilla and mandible and poten-
tial vertical height of available bone;

2. anatomical anomalies or pathological lesions;

3. sites where it may be possible to place implants without
grafting and sites that would require grafting;

4. restorative and periodontal status of remaining teeth;

5. length, shape, angulation, and proximity of adjacent tooth
roots.

In many instances the dental panoramic tomograph
(DPT) is the radiograph of choice (Fig. 2.9). It provides an
image within a predefined focal trough of both upper and
lower jaws that gives a reasonable approximation of bone
height, the position of the inferior dental neurovascular bun-
dle, the size and position of the maxillary antra, and any
pathological conditions that may be present. It is therefore an
ideal view for initial treatment planning and for providing
patient information as it presents the image in a way that many
patients are able to understand. Some areas may not be imaged
particularly well, but this can be minimized by ensuring that
the patient is positioned correctly in the machine and that the
appropriate program is selected. It provides more information
about associated anatomical structures than periapical radio-
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Figure 2.9 A dental panoramic tomogram provides a very good
radiograph to show the major anatomical features of the jaws in
relation to the existing teeth. This patient has good bone height in
the premolar regions of the upper and lower jaw. The maxillary
sinuses do not encroach upon the maxillary premolar sites and the
mental nerve and inferior dental nerve are located well apically.

graphs but with less fine detail of the teeth. It should be
remembered that all DPTs are magnified images (at approxi-
mately x1.3). Distortion also occurs in the anteroposterior
dimension reducing their usefulness when planning implant
spacing/numbers. The initial screening radiograph allows
selection of the most appropriate radiographic examination
for definitive planning (see sections on single teeth, fixed
bridgework, and overdentures) and together with the clinical
examination indicates whether 3D scanning is needed.

STUDY CASTS AND DIAGNOSTIC SETUPS
Articulated study casts allow measurements of many of the
factors considered in the previous section. The proposed
replacement teeth can be positioned on the casts using either
denture teeth or teeth carved in wax (Fig. 2.5B, C). The former
have the advantage that they can be converted into a tempo-
rary restoration that can be evaluated in the mouth by clinician
and patient. The diagnostic setup therefore determines the
number and position of the teeth to be replaced and their
occlusal relationship with the opposing dentition.

Once the diagnostic setup has been agreed by the patient
and clinician, it can be used to construct a stent (or guide) for
radiographic imaging and surgical placement of the implants
(Fig. 2.5D-F). The stent/guide can be positioned on the orig-
inal cast, and with reference to the radiographs the clinician
can decide upon the optimum location, number, and type of
implants (see chap. 5).

BASIC TREATMENT ORDER
Deciding on the treatment order may be very straightforward
in some circumstances and in others extremely difficult, par-
ticularly for those cases involving transitional restorations.

A traditional plan may include the following;:

—_

Examination—clinical and initial radiographic

2. Diagnostic setup, provisional restoration, and specialized
radiographs if required

3. Discussion of treatment options with the patient and
decision on final restoration

4. Completion of any necessary dental treatment including

® Extraction of hopeless teeth

® DPeriodontal treatment
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® Restorative treatment, new restorations and/or endo-
dontics as required

5. Construction of provisional or transitional restorations if

required

Construction of surgical guide or stent

Surgical placement of implants

8. Allow adequate time for healing/osseointegration accord-
ing to protocol, bone quality, and functional demands

9. Prosthodontic phase

N

CONCLUSION

It is imperative to consider all treatment options with the
patient, and during detailed planning it may become apparent
that an alternative solution is preferred. In all cases the implant
treatment should be part of an overall plan to ensure health of
any remaining teeth and soft tissues. Once the goal or end
point has been agreed it should be possible to work back to
formulate the treatment sequence. The cost of the proposed
treatment plan is also of great relevance. The greater the
number of implants placed, the higher will be the cost, and
this may therefore place limits on treatment options. In diffi-
cult cases it is better to place additional implants to the min-
imum number required to take account of possible failure and
improved predictability and biomechanics.
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Single tooth planning in the anterior region

INTRODUCTION

Single tooth restorations are often thought to be the most
demanding implant restorations, particularly from the aes-
thetic viewpoint. Achievement of an ideal result is dependent
on

the status of the adjacent teeth;

the ridge and soft tissue profile;

planning and precise implant placement;
sympathetic surgical handling of the soft tissue;
a high standard of prosthetic restoration.

ARSI

The assessment and planning are dealt with in this chapter and
surgical and prosthodontic factors in subsequent chapters.

CLINICAL EXAMINATION

Examination should start with an extraoral assessment of the
lips and the amount of tooth or gingiva that is exposed when
the patient smiles (Fig. 3.1). A high smile line exposing a lot of
gingiva is the most demanding aesthetically with both con-
ventional and implant prosthodontics. The appearance of the
soft tissue and particularly the height and quality of the
gingival papillae on the proximal surfaces of the teeth adjacent
to the missing tooth are important in these cases (Fig. 3.2). If
there has been gingival recession, this should be noted. Expo-
sure of root surface on the adjacent teeth labial surfaces may be
correctable with periodontal mucogingival plastic surgery
procedures, but recession on proximal surfaces is not usually
correctable. The patient needs to be made aware of the
limitations (which are the same as those that apply to tooth
supported fixed bridgework). It is always easier to judge the
aesthetic problems if the patient has an existing replacement,
preferably one without prosthetic replacement of soft tissue. A
simple “gum-fitted” removable partial denture, which has a
satisfactory appearance, is very helpful (Fig. 3.3). The height of
the edentulous ridge and its width and profile should be
assessed by careful palpation. Large ridge concavities are
usually readily detected. Ridge mapping is advocated by
some clinicians. In this technique, the area under investigation
is given local anesthesia and the thickness of the soft tissue
measured by puncturing it to the bone using either a grad-
uated periodontal probe or specially designed calipers. The
information is transferred to a cast of the jaw, which is
sectioned through the ridge. This method gives a better indi-
cation of bone profile than simple palpation but is still prone to
error. Whenever the clinician is in doubt about the bone width
and contour, it is advisable to request a radiographic exami-
nation that will achieve this (see section on sectional tomog-
raphy).

One of the most important assessments is measurement
of the tooth space at the level of the crown, at the soft tissue
margin (narrowest point between natural teeth at gingival
level), and between the roots (Fig. 3.4). The first is important
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for the aesthetics and is best judged by measuring the width of
the crown in comparison to the contralateral natural tooth if
present. The available width at the root level determines
whether an implant and abutment can be accommodated
without compromising the adjacent tooth roots and soft tissue.
A commonly quoted minimal dimension is 6 mm, both in the
mesiodistal and buccolingual plane. This allows for an average
implant of 4 mm diameter to have a margin of 1 mm of bone
surrounding it. It is of equal importance to have sufficient
space around the abutment and implant crown for a healthy
soft tissue cuff and soft tissue attachment to the adjacent
natural teeth. The mesiodistal dimension is commonly com-
promised in the maxillary lateral incisor region and the lower
incisor region where the natural teeth are small (Figs. 3.2 and
3.5). In the case of young patients with developmentally miss-
ing maxillary incisors, it is advisable to liaise with the treating
orthodontists to agree space requirements and to check that
adequate space has been achieved before removal of the
orthodontic appliance. The adjacent root alignment can some-
times be palpated, but usually requires verification radio-
graphically. Spaces that are 5 mm wide mesiodistally may be
amenable to treatment with a narrow diameter implant/abut-
ment (e.g., 3.3 mm rather than 4 mm diameter), provided the
forces it is subjected to are not too high (Fig. 3.5). For example,
utilization of narrow implants would be contraindicated in a
patient with a parafunctional activity such as bruxism.

However, patients with a spaced dentition have excess
mesiodistal space. Provided the ridge has an adequate bucco-
lingual width, the clinician could plan to place a wider diam-
eter implant that more closely matches the root of the tooth
that is being replaced (Figs. 3.6 and 3.7). The selection of the
most appropriate diameter implant has a bearing on the aes-
thetics and surgery. This is dealt with in more detail in the
surgical section (see chap. 9), which also compares some of the
implant systems available.

Examination of the Occlusion

This can be usually be accomplished by simple clinical exam-
ination. The adjacent tooth contacts (and that of the preexist-
ing prosthetic replacement if available) should be examined in
centric occlusion, retruded contact, and protrusive and lateral
excursions. Occlusal contacts on the single tooth implant
restoration should be designed such that contacts occur first
on adjacent teeth. This takes account of the normal physio-
logic mobility of the teeth compared to the rigid osseointe-
grated implant. Difficulties can arise when replacing canines
in a canine-guided occlusion. Under these circumstances,
attempts should be made to achieve group function and
light contacts on the implant restoration. Similar precautions
are required with central and lateral incisor replacements in
class 2 division 2 incisor relationships with deep overbites
(Fig. 3.8).
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Figure 3.1 (A) This patient who has tooth 11 replaced with a single tooth implant does not expose any gingival tissue when he smiles.
(B) An intraoral view of the single tooth implant at position 11. Note that the adjacent incisors have small amounts of gingival recession on
the labial and proximal surfaces, which was present before treatment. This loss of attachment on the proximal surfaces affects papillary
height and is very difficult or impossible to regain. (C) The same patient before implant treatment, confirming the position of the gingival
margins on the natural teeth. The prosthesis is a simple gum-fitted spoon denture, which provides acceptable aesthetics but poor
function. It is a useful diagnostic aid.

Figure 3.2 (A) Replacement of a small upper
lateral incisor with a single tooth implant showing
good soft tissue form and aesthetics. (B) Radio-
graph of the single tooth implant, which in this
case is a narrow diameter (3.3 mm) Nobel Bio-
care implant. Narrow implants are normally only
suitable for low load situations.

Figure 3.3 (A) A patient with a missing maxillary central incisor tooth. (B) The same patient with a simple removable diagnostic denture
showing the relationship between the cervical margin and the underlying ridge.
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Figure 3.4 Measurement of the edentulous space can readily be
performed with a calibrated periodontal probe or caliper. It is
important to measure the narrowest point between the crowns of
the adjacent teeth at the level of the soft tissue. This clinical
assessment will be supplemented with radiographic measures.

Figure 3.5 (A) Replacement of the lower right central incisor with a
single tooth implant is particularly challenging because of the limited
space available. (B) Radiograph of a narrow diameter (3.3 mm)
Nobel Biocare implant. The standard abutment is relatively wide and
may compromise the soft tissue morphology. A resin-bonded bridge
is often a more suitable method of replacement of single mandibular
incisor teeth.
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Figure 3.6 (A) The maxillary canine has been replaced with an
Astra Tech implant of suitable diameter to withstand the high forces
in this application. (B) Radiograph of the implant showing ideal
bone levels at the top of the implant, a titanium abutment and a
metal ceramic crown. The design of the implant abutment junction
and the material selected are important in reducing future mechan-
ical complications.

RADIOGRAPHIC EXAMINATION

Radiography for single tooth replacement in individuals with
little bone loss can normally be accomplished by intraoral
radiographs taken with a long cone paralleling technique
(Fig. 3.9). However, it must be remembered that an overall
evaluation of the mouth should be made for a full assessment
of treatment needs. Image quality is of the utmost importance
and the clinician should ensure that all relevant anatomical
structures are shown on the image being used and that any
allowances for distortion of the image are made. It can be
surprisingly difficult to obtain accurate radiographic mesio-
distal measurements of spaces at sites in the arch such as the
maxillary lateral incisors/canines and the mandibular canines
(Fig. 3.9). This is due to the curvature of the arch and the
difficulty of achieving parallel film alignment with the space.
The clinical measures can be checked against the radiographic
ones to obtain a more accurate estimate.

Sectional Tomography

Although some clinicians routinely use CT scans for single
tooth planning, we would consider this to be in excess of what
is normally required. CT scans, however, may be very impor-
tant aids with some areas such as the maxillary central incisors

instagram.com/high_dent



OB5301355 g ol s jles

24 IMPLANTS IN CLINICAL DENTISTRY

Figure 3.8 The upper lateral incisor has been replaced using an
Astra Tech implant six years ago. There has been complete
stability and no complications despite the difficult class 2 division
2 incisor relationship.
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Figure 3.7 (A) The upper right central incisor
has been replaced with a 5-mm-diameter Nobel
Biocare implant. (B) Radiograph of the wide
diameter implant showing bone at the first
thread. Standard diameter implants of approxi-
mately 4 mm in diameter are more commonly
used in the incisor region, whereas wider diam-
eter implants are indicated in the molar regions
where forces are higher.

where the presence of the incisive canal may compromise
implant placement (Figs. 3.10 and 3.11). CT scans are more
commonly used in complex cases and they are also dealt with
in the chapter on fixed bridge planning (see chap. 5). Many
modern dental panoramic tomogram (DPT) machines now
offer sectional tomography for implant planning (see below).

To optimize the information provided by 3D radio-
graphic techniques, it is helpful to provide information
about the planned final restoration. A suitable existing partial
denture or a customized stent that mimics the desired tooth
setup is constructed and radiographic markers incorporated.
The radiopaque marker can be placed in the cingulum area of
the tooth if a screw-retained crown is planned to indicate the
access hole for the screw. Alternatively, the labial surface of
the stent can be painted with a radiopaque medium such as
TempBond to show the labial profile and cervical margin of
the planned crown in relation to the underlying bone ridge
(Fig. 3.12). Simpler types of stent involve placing radiopaque
markers, for example, ball bearings of various diameters, into
a baseplate, designed to help determine mesiodistal distor-
tion and location.

Figure 3.9 (A) An intraoral radiograph of a maxil-
lary lateral incisor space with an overlay showing an
11-mm-long x 3.5-mm-diameter implant allowing an
assessment of distance between the implant surface
and adjacent tooth root. (B) The same radiograph
with the outline of a 4-mm-diameter implant suggest-
ing that there would be no more than 1 mm of bone
available between the implant surface and adjacent
tooth root. This would require very precise implant
placement to avoid damage to the adjacent teeth.
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Figure 3.10 (A) The labial view of the missing maxillary central incisor suggests good ridge height and morphology. (B) The occlusal view
of the same case shows a prominent incisive papilla and relatively narrow space. (C) A radiograph of the case shows that the incisive canal
occupies most of the edentulous space and there is slight convergence of the adjacent tooth roots. If an implant were planned, this may
require both orthodontic tooth movement and bone grafting of the incisive canal.

Figure 3.11 A series of cone-beam CT sections
of the incisive canal. The upper left shows the
canal in the axial plane, the lower left in the
coronal plane, and the lower right in the sagittal
plane. The top right is a 3D reconstruction show-
ing the radiographic stent. The incisive canal
occupies a larger proportion of the bone volume
between the adjacent incisor roots.
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Figure 3.12 (A) A radiographic stent shown from the labial aspect. The upper right central incisor has a radiopaque medium on the labial
surface and the upper left lateral incisor is a manufactured radiopaque tooth. (B) An occlusal view of the radiographic stent showing the upper
left central incisor with a gutta percha restoration placed in the cingulum denoting the point of ideal screw access. (C) A cone-beam radiograph
of the same case with the radiographic stent in situ showing the relationship of the various radiopaque markers to the underlying ridge form.

The early Scanora (Soredex, Finland) was an example of a
tomographic machine with facilities to generate high-quality
sectional images, although these have largely been superseded
by cone-beam CT. In contrast to CT scanning where the sectional
images are software generated, the Scanora produced a tomo-
graphic image directly onto film. It used complex broad beam
spiral tomography and was able to scan in multiple planes. The
scans were computer controlled with automatic execution. They
relied on good patient positioning and experience in using the
machine. The patient’s head was carefully aligned within the
device and this position recorded with skin markers and light
beams. A conventional DPT image was produced from which
the sites which require sectional tomographs were determined
(Fig. 3.13). The patient was repositioned in exactly the same
alignment and the appropriate tomographic programme selected
for the chosen region of the jaw.

The Scanora magnification was x1.3 or x1.7 for routine
DPTs but x1.7 for all sectional images. Tomographic sections
were normally 2 mm or 4 mm in thickness. As with all
tomograms the image produced includes adjacent structures
which are not within the focal trough which therefore appear
blurred and out of focus.
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To facilitate planning using images at different magnifi-
cations, transparent overlays depicting implants of various
lengths and diameters at the corresponding magnifications
can be superimposed directly on the radiograph (Figs. 3.9A,
B, and 3.13B). These provide a simple method of assessing
implant sites and implant placement at different angulations.

DIAGNOSTIC SETUPS

Patients with aesthetically acceptable provisional restorations
may not require diagnostic wax-ups. There are considerable
advantages in using the preexisting prosthesis or a new pro-
visional restoration that can be worn by the patient to provide
a realistic potential end-result. This can be agreed upon
between patient and clinician and recorded. Wax-ups are
difficult for the patient to judge, and computer-manipulated
images may not be entirely realistic or achievable. We rou-
tinely use simple acrylic removable prostheses for this purpose
(Fig. 3.3, and see below). The setup should establish the
emergence profile of the crown and estimate the level of
emergence from the soft tissue at the planned cervical/gingi-
val margin.
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Figure 3.13

(A) A dental panoramic tomogram taken on a Scanora at x1.7 magnification. The young patient has a large number of

developmentally missing teeth, including maxillary lateral incisors and canines. (B) A sectional tomogram of the anterior ridge, which is
angled labially and is thinner than the outline of the superimposed 4-mm-diameter implant. (C) The sectional profile of the tooth (T*) to be
replaced can be visualized by coating the radiographic stent with a radiographic medium. The Scanora section of this wider ridge profile has
been assessed using a transparent overlay of the appropriate implant design, which can be accommodated within the available bone
volume. The red dashed line shows that the angle at the implant would pass through the labial face just apical to the incisal tip. A cemented

restoration would be satisfactory.

CEMENTED OR SCREW-RETAINED CROWNS

The preceding information should provide the clinician with
sufficient information to indicate whether it is possible and
or desirable to provide a cemented or screw-retained crown
(Fig. 3.14). This is dealt with in some detail in chapter 9, but
needs to be considered here. Nowadays most anterior single
tooth crowns are cemented. This produces very good aes-
thetics without a visible screw hole on the palatal surface,
even though this can be carefully restored with tooth-col-
ored restorative material. Optimum labial contour and
emergence profile is achieved with an implant that is angled
with its long axis passing through the incisal tip or slightly
labial to it (Fig. 3.15). This restoration cannot be screw
retained. However, in cases where there has been fairly
extensive ridge resorption that has not been corrected by
bone grafting, the position and angle of the implant may be
more palatal (Fig. 3.15D). Screw retention through the pal-
atal surface permits full retrievability of the crown and
would make it possible to retighten a loose abutment should
it occur (Fig. 3.16). The disadvantage is that it is usually
associated with a ridge lap labial margin (Fig. 3.15C). The
above mainly applies to the upper incisors and canines. In
the premolar zone, the implant is normally in the long axis
of the crown allowing either cementation or screw, accord-
ing to the clinician’s preference.

PROVISIONAL RESTORATIONS

In the majority of treatment plans, the provisional restoration
is an essential component. It helps establish the design of the
final reconstruction and is used by the patient throughout the
treatment stages. The following provisional restorations are
most commonly used for single tooth restorations.

Removable Partial Dentures

Although it has been suggested that dentures should not be
worn for one or two weeks following implant surgery, this does
not usually apply to the single tooth cases. Single tooth or short
span dentures can usually be worn immediately after surgery.

www.highdentlab.com

Figure 3.14 (A) A surgical stent viewed from the labial surface
with an indicator pin inserted in the initially prepared implant site.
The indicator pin is in good alignment in the mesiodistal plane.
(B) The same case reviewed from the occlusal aspect showing
the indicator pin is aligned with the incisal tip and consistent with
the planned cemented restoration.

The denture can be adjusted so that little or no pressure is
transmitted at the site of the implant. Acrylic dentures are simple
and inexpensive to construct and allow easy adjustment to
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Figure 3.15 (A) The upper right canine has been replaced by a single tooth implant in an ideal position, giving a very good buccal
emergence profile. (B) The palatal view of the crown of the upper right canine shows that it is a cemented crown with a good contour. The
angle of the implant was close to the long axis of the tooth, passing through the cusp tip. (C) In contrast, the single tooth implant replacing
the upper left canine has a more ridged lapped buccal profile. (D) The palatal view of the upper left canine shows the cemented crown with a
much more bulbous palatal contour because the implant is palatally placed and the angle of the implant goes through the cingulum area. In
this case it would have been possible to have provided a screw-retained restoration.

© | S

Figure 3.16 (A) The upper right central incisor single tooth implant has a long clinical crown, consistent with the adjacent teeth, which have
considerable gingival recession. (B) The palatal view showing the abutment screw through a cingulum access hole. (C) The single piece
crown and abutment and large access hole for the abutment screw.

accommodate any changes in tissue profile following implant ~ Adhesive Bridgework

placement and the transmucosal abutments when they are fitted. Many patients prefer the idea of a fixed provisional restora-
When used as an immediate replacement following tooth extrac- tion. Adhesive bridgework is normally retained by a single
tion, the shape of the gum-fitted pontic can be adjusted to adjacent retainer that should permit removal by the clinician.
develop a good emergence profile and soft tissue contour. Therefore, the Rochette design is recommended as drilling out
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the composite lugs within the framework holes should allow
removal. However, this occasionally proves to be more diffi-
cult than one might expect and removal and replacement of
adhesive bridges considerably adds to the treatment time
particularly in the restorative phase. It is worthwhile making
the prosthetic tooth from acrylic or composite to allow more
rapid adjustment when the bridge is recemented over a
protruding abutment. The fixed restoration has considerable
advantages in case where it is important to avoid any loading
of the ridge/mucosa, for instance where grafting or regener-
ative techniques have been used (see chap. 12).

TREATMENT SCHEDULES

The treatment schedule for single tooth replacement in most

cases should be relatively simple.

1. Initial consultation, clinical evaluation, and radiographic
examination

2. Agreement of aesthetic/functional demands using existing
prosthesis or diagnostic setup/new provisional prosthesis

3. Treatment of related dental problems, which could com-
promise implant treatment

4. Surgical placement of the implant and provision of tem-
porary prosthesis

5. Healing phase to allow osseointegration according to
established protocol

6. Abutment connection

7. Prosthodontic treatment

However, there are a number of situations that will need
modification:

—_

Immediate replacement following extraction (see chap. 11).

2. Soft tissue or bone augmentation prior to implant place-
ment (see chap. 12).

3. Early loading or immediate loading protocols. Provided

bone quality is good and implant stability is good, imme-

www.highdentlab.com

cod sl Gjlwslass HlgilpY

SINGLE TOOTH PLANNING IN THE ANTERIOR REGION 29

diate or early loading (e.g., 46 weeks following implant
placement) should not compromise success. However,
failure rates can be higher particularly where loading is
difficult to control (see chap. 11).

CONCLUSION

This chapter has dealt with most of the basic planning issues of
anterior single tooth replacement. However, many of the more
detailed issues are best considered in the surgical chapter
(chap. 9) and the prosthodontic chapter (chap. 13).
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Single tooth planning for molar replacements

INTRODUCTION

The considerations for replacement of single molars are not
primarily aesthetic as in the preceding section on anterior
teeth, but the mechanical considerations are far more impor-
tant. It is not generally recommended to replace a molar with
a single implant of 4 mm diameter or less because of the
potentially large cantilever forces that it could be subjected to
(Fig. 4.1), resulting in biomechanical failure (abutment screw
loosening/fracture or implant fracture—see chap. 16). The
basic alternatives are therefore, placement of two standard
implants or a single wide-diameter implant. The space
requirements and potential costs are quite different.

TWO-IMPLANT SOLUTIONS

Molar spaces of 11 mm mesiodistal width can theoretically
be treated with placement of two 4-mm-diameter implants.
This requires extreme care and skill to avoid damage to
adjacent tooth roots. The space between the two implants
may also prove to be too small to allow a properly con-
toured restoration and an adequate bone and soft tissue
zone (Fig. 4.2).

In most cases, the space should be at least 13 mm to
allow the two-implant solution (Figs. 4.3 and 4.4). The space
has to be measured at the level of the crestal bone and the
adjacent tooth roots must not converge within the space.

It is also important to measure the space available at the
occlusal plane, particularly if there is tilting of the adjacent
teeth. Under these circumstances, an unfavorable path of
insertion of prosthodontic components may prevent the recon-
struction or the implant abutments may touch. The choice of
implant diameter, implant system, and implant abutment will
have a marked impact on the available space as illustrated in
Figures 4.54.7.

SINGLE-IMPLANT SOLUTIONS WITH WIDE-
DIAMETER IMPLANTS

Many molar spaces are less than 12 mm, and economic
considerations often indicate the use of single-implant replace-
ments (Figs. 4.8 and 4.9). Wider-diameter implants are avail-
able in most systems, and in all systems described in this book.
Wide-diameter implants have been defined as equal to or
greater than 4.5 mm diameter, although we would recommend
implants equal to or greater than 5 mm diameter for molar
replacements. Wide diameter may apply to the diameter of the
main body of the implant (Fig. 4.10) or the prosthodontic
platform (Fig. 4.11). The wide body is better at distributing
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forces to the surrounding bone and a wide platform and larger
abutment screw should reduce mechanical complications.

The mechanical advantages of a wide-diameter implant
for molar replacement are as follows:

1. Better force distribution with reduction of leverage forces

because the implant diameter more closely matches that of

the crown.

The implant is stronger and less likely to fracture.

3. The abutments and abutment screws are usually bigger
and stronger.

4. The surface area of the abutment is usually larger and will
provide more retention.

N

The mesiodistal molar width should always provide sufficient
space for a wide-diameter implant. However, this is not
always the case in the buccolingual dimension. Narrow ridges
occur in both posterior maxilla and mandible, often only
allowing placement of normal-diameter implants without
recourse to grafting. In many cases (particularly, shortly after
loss of the molar), there is sufficient buccolingual width and
the wide-diameter implant should be ideal. The increased
surface area it provides also has a distinct advantage in the
molar regions, where bone height is often limited by the
expansion of the maxillary sinus and the position of the infe-
rior alveolar nerve (where a safety margin of at least 3 mm is
recommended). In the posterior maxilla, the implant can
engage the floor of the sinus to achieve adequate length or a
sinus augmentation can be carried out (see chap. 12). The
minimal length of implant recommended would normally be
8 mm (Fig. 4.12). The selection of an implant with a surface that
has been treated to further increase its area and improve the
rate and quality of osseointegration is preferred in these
circumstances.

CONCLUSIONS

In most cases a molar tooth can be replaced with a single wide
implant, thus simplifying treatment and reducing cost. Ensure
that the buccolingual width will accommodate a wide-diame-
ter implant, and there is sufficient bone height. If in doubt,
check with 3D radiographic imaging. If the molar space is
large (over 14 mm mesiodistal) and economics allow, choose
the two-implant option. Caution should be exercised in
patients with bone height insufficient to allow placement of
an 8-mm-long implant, poor bone quality, or high functional
demands. Check the prognosis of the adjacent and opposing
teeth.
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(A) (B) (©

Figure 4.1 Alternative implant solutions for a single molar. The
size discrepancy between a single 4-mm implant (A) and the
normal occlusal table of a molar may subject it to too high leverage
forces and biomechanical failure. The situation is considerably
improved by using two implants (B) or a single wide implant (C).

Figure 4.2 An 11-mm space at the level of the crestal bone could
theoretically accommodate two 4-mm-diameter implants and allow
a space of 1 mm between them and the adjacent teeth.

Figure 4.4 (A) Radiograph of a mandibular molar space indicating
adequate room for two implants. (B) Radiograph with transparent
overlay of two standard-diameter implants, confirming adequate

mesiodistal space. The implants are no longer than the adjacent

natural roots and are above the inferior dental canal. (C) Radio-

graph of two Astra Tech 4-mm-diameter implants used to replace

the mandibular first molar. The two implants have been joined

together with a gold casting fabricated on two cast design abut-

ments. The abutments are narrower than the implants at the level of

the implant head and the shape of the casting facilitates soft tissue

4 4 . .

i contour and plaque control. (D) Occlusal view of the screw-retained

1.5 2 1.5 casting on the two implants. (E) Lingual clinical mirror view of the
completed restoration. A porcelain fused metal crown has been

cemented on to the gold substructure. (F) Buccal view of the

completed restoration. The space between the implants has been

contoured to facilitate oral hygiene with a bottle brush. (G) Occlusal

view of the completed cemented crown without access to the

abutment screws.

Figure 4.3 A 13 mm space at crestal level allows placement of
two 4 mm diameter implants. A safer margin between implants and
teeth (1.5 mm) is provided and a minimum of 2 mm between
implants. A 3 mm space between implants is often advocated.
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Figure 4.4 (Continued)
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Figure 4.5 The space at the level of the occlusal surface is
reduced due to tilting of the distal molar, although there is more
bone width available apically. The surgery may be easier but the
prosthodontics could be compromised and in severe cases made
impossible.

n

Figure 4.6 Two 4-mm-diameter implants have been placed with
wider margins between them and the adjacent teeth. The abut-
ments that flare to a wider diameter may touch or leave insufficient
space for a healthy soft tissue collar. This could be improved by
using narrower abutments.
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Figure 4.7 When space is limited, the selection of an alternative
implant system can help enormously. This figure illustrates place-
ment of two Astra Tech implants. Selection of the 3.5-mm-diameter
implant rather than 4 mm would provide an additional saving of 1
mm. The Astra Tech abutments are narrower than the implant heads
and provide space saving for the superstructure and soft tissue.

Figure 4.8 (A) Occlusal view of a single implant healing abutment
to replace a lower molar. (B) Radiograph of the mandibular molar
replaced by a 10-mm-long Nobel Biocare 5-mm-diameter wide-
platform implant. (C) Clinical photograph of the mandibular first
molar replaced by a single wide-diameter implant. The appearance
and soft tissue contours are good. (D) Occlusal view of the
completed restoration. The crown has been cemented to a stan-
dard abutment. However, an access hole (filled with composites)
has been fabricated to allow the crown to be retrievable, this allows
tightening of the abutment screw if it should become loose due to
the considerable occlusal forces in the molar region.
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Figure 4.8 (Continued)

Figure 4.9 (A) Radiograph of a maxillary first molar with failed endodontic treatment and a broken down crown. The adjacent teeth have
small restorations. (B) The first molar has been replaced by a single tooth implant: a 5-mm-diameter wide-platform Nobel Biocare. The

implant is 10 mm in length and extends to the maxillary sinus.

Figure 4.10 A mandibular molar restored with a single 5-mm-
diameter Astra Tech implant. Because of mesial tilting of the
adjacent molar, there is less space at the occlusal level compared

to the bone level.

Figure 4.11 A Straumann wide-bodied, wide-necked implant.
This is a good choice for single molar replacement.
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Figure 4.12
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(A) Radiograph of a maxillary first molar space showing insufficient bone due to an enlarged maxillary sinus. (B) Radiograph

immediately following bone grafting using a lateral window approach to the sinus. (C) Healing of the sinus bone graft after a period of four
months. (D) Completed molar restoration using an Astra Tech 5-mm-diameter implant and a single-piece screw-retained crown.
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Fixed bridge planning

INTRODUCTION

Planning for implant-supported fixed bridges follows the lines
described in the previous chapters. The chapter on single tooth
replacement in the anterior region dealt with the aesthetic
demands and the chapter on molar replacements with some
of the loading and spacing considerations. Small edentulous
spans with adequate bone volume can be relatively straight-
forward (Fig. 5.1A,B). Extensive bridgework in partially den-
tate and edentulous jaws involves planning for placement of
multiple implants in sites that may be more demanding sur-
gically (see chaps. 10 and 12). The number and distribution of
implants in such cases is a complex variable and is discussed
below.

CLINICAL EXAMINATION AND DIAGNOSTIC
SETUPS

Patients requiring extensive fixed bridgework often need more
detailed examination and consideration of treatment alterna-
tives than those requiring more simple restorations. In addi-
tion, evaluation of the edentulous patient needs additional
considerations when compared to the partially dentate patient.
In partially dentate patients:

1. A thorough examination of the restorative, endodontic,
and periodontal status of the remaining teeth is required.
This should reveal treatment needs and give an indica-
tion of the prognosis of the remaining teeth. This is
extremely important as implant restorations can offer a
good long-term prognosis and adjacent teeth or opposing
teeth should for the most part offer a comparable prog-
nosis. This is not always the case and the patient should
be made aware of the potential prognosis of the natural
dentition and the possibilities for future replacement,
should this become necessary. A good example would
be the replacement of missing units in one jaw opposing
teeth in the other jaw that have a limited prognosis.
Although replacement of the opposing teeth may be
straightforward with conventional dentistry or implants,
implant replacement in the opposing jaw may be impos-
sible without involving major bone grafting (Fig. 5.2A,B),
a treatment that the patient may not be willing to
undergo.

2. The degree of ridge resorption is evaluated. It is impor-
tant to recognize not only the degree of resorption that
would compromise implant placement but also that
which would compromise aesthetics because of a high
lip line or insufficient lip support (Fig. 5.3A-C). These
factors should be further assessed using diagnostic wax-
ups and diagnostic removable prostheses.

3. The occlusal relationship in centric jaw relationship and
protrusive and lateral excursions of the lower jaw should

www.highdentlab.com

be examined and recorded. The vertical height within the
existing and planned occlusal vertical dimension is the
other important factor. There may be insufficient height
to accommodate the prosthesis from the implant head
due to overeruption of the opposing teeth or where the
other teeth in the jaw have reduced crown heights (Fig.
5.4A-C). The other extreme is where there is a large
vertical space to be restored, which would produce an
unfavorable restoration height. The crown-implant ratio
is often compared to the crown-root ratio in the natural
dentition. However, this situation is quite different in the
case of osseointegrated implants where forces are con-
centrated at the marginal bone and the abutment-implant
interface compared to a distribution of forces via the
periodontal ligament. This can make the abutment con-
nection vulnerable to technical complications where the
restoration height is excessively high (Fig. 5.5A,B). The
forces on the planned prosthesis are also increased where
the prosthesis is likely to be cantilevered, either distally
in a free-end saddle or anteriorly where the jaw has
resorbed relative to the required tooth position. These
factors assume greater importance in patients who
exhibit parafunctional activities and who have limited
bone volume and/or quality (Fig. 5.6A,B).

Additionally, in edentulous patients, the degree of ridge and
jaw resorption affecting soft tissue support and maxillary-
mandibular relationships should be evaluated. With progres-
sive resorption, patients are more likely to acquire a pseudo
class 3 jaw relationship and very poor lip support. The poten-
tial solutions to this problem are extensive bone grafting/
osteotomy (chap. 12) or provision of overdentures, which is
dealt with in detail in chapter 6.
Other points to remember are as follows:

® Inseverely resorbed cases, a fixed bridge prosthesis will

almost certainly require the addition of prosthetic gin-
givae.

The restoration height is more likely to be unfavorable.
Resorption of the ridge produces a smaller arc of bone to
support the implants than that existed to support the teeth
(Fig. 5.7A,B).

Diagnostic Setups

These should follow the principles described in the chapter on
general planning and single tooth planning. The larger the
restoration, the more complex the evaluation. There is also a
greater need for the patient and clinician to be able to visualize
the potential end result. We would advocate the use of remov-
able dentures with gum-fitted teeth (and labial flanges for
comparison) to achieve this (Fig. 5.8).
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Figure 5.1 (A) Clinical appearance of two implant abutments in a favorable edentulous space with good bone volume. Implant positioning
is ideal for a screw-retained prosthesis. (B) Fitted bridge with a ridge-lap configuration allowing for the cervical margins to be positioned in an
optimal position.

Figure 5.2 (A) Radiograph showing good bone height in the mandible. (B) However, the prognosis for the maxillary teeth may be poor.
Loss of these teeth would put a different perspective on the management of the lower jaw.

Figure 5.3 (A) Patient with an upper complete denture with lips at rest showing good lip support. (B) Removal of the denture and in
particular the flange results in collapse of the upper lip and giving the presentation of a pseudo class 3 jaw relationship. (C) The degree of
ridge resorption that could compromise implant placement and subsequently affect the nature of reconstruction possible without bone
grafting.
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Figure 5.4 (A) Implant patient with short clinical crown heights (due to bruxism) that restricts the available space for the prosthesis from
the implant head. A shorter abutment height has been placed in the most distal implant to accommodate the superstructure. (B) Screw-
retained restoration in situ. With reduced space, screw retention offers retention that could be compromised with a cement-retained bridge.
(C) Diminutive distal crown due to compromised space.

Figure 5.5 (A) A patient with a three-unit implant-supported bridge in the upper right quadrant distal to the lateral incisor. The bridge has
long crowns because of pronounced vertical bone resorption following tooth loss. (B) Radiograph showing sufficient bone to engage
implants of 11 mm in length. Lip coverage was favorable.

Figure 5.6 (A) Implant replacement of missing teeth in the upper left quadrant in a parafunctional patient with buccal bone resorption.
Adequate support provided by the provision of prosthetic “gumwork.” (B) One-year appearance of screw-retained bridge constructed with
acrylic denture teeth to allow resilience and ease of long-term maintenance.
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Figure 5.7 (A) A patient exhibiting a pseudo class 3 jaw relationship with a full-arch maxillary implant bridge. A fixed option was possible in
this case without grafting. (B) Fit surface of the bridge showing extent of buccal buildup and position of implants that are palatally placed in a

smaller arc.

RADIOGRAPHIC EXAMINATION

In some situations, the simpler radiographic techniques of
dental panoramic tomographs (DPTs) and conventional film
tomography will be entirely adequate (see chap. 4). However,
complex cases often demand 3D imaging with computed
tomography (CT) scans offering multiformat images for
detailed planning. They are particularly useful for cases
involving

1. Posterior mandible sites, where the position of the inferior
alveolar nerve is important.

2. Large-span edentulous spaces in the maxillary arch. In the
anterior region, thin ridges may be revealed where DPT
images have suggested adequate bone height, and in the
posterior region, more detailed images of maxillary sinus
involvement are often required.

CT uses X rays to produce sectional images as in conventional
tomography. High- resolution volumetric images are achieved
by initially scanning using a fan-beam in an axial plane, keeping
the sections thin, and by making the scans contiguous or over-
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Figure 5.8 Patient with anterior tooth loss where the
existing denture had a large labial flange to provide lip
support (leff). The use of a diagnostic denture without the
flange can help the clinician and patient visualize the end
result intraorally and assess the lip support (center). The
slight loss of lip support with a gum-fitted setup (right) was
acceptable to the patient to achieve an eventual fixed
result (right).

lapping. The scans should be limited to the area of interest and
avoid radiosensitive tissues such as the eyes. The patient’s head
is aligned in the scanner with light markers, and a scout view
obtained that gives an image similar to a lateral skull film. The
radiation dose of this scout view is low and can be repeated if
the alignment is incorrect. Generally, the mandible is scanned
with slices parallel to the occlusal plane and the maxilla, using
the same plane or one parallel to the hard palate. Deviation from
this alignment will result in the cross-sectional slices not being
in the same direction as the proposed implant placement (see
radiographic stents). In place of conventional film the radiation
is detected by highly sensitive crystal or gas detectors, which is
then converted to digital data. This data can be reconstituted
using a software program to create multiplane sections.
Images can be produced as

1. Standard radiographic negative images on large sheets

2. Positive images on photographic paper, often in book
form

3. Images for viewing on a computer monitor
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The various scan images can be measured for selection of
length and diameter of implant. Although the nominal mag-
nification of the images is 1:1, some machines and cameras
produce images where the magnification may vary. A scale is
usually incorporated alongside the various groups of images
and the real magnification can be determined from this. A
correction factor can then be applied to measurements taken
directly from the films.

Metallic restorations can produce a scatter-like interfer-
ence pattern if they are present in the slice under examination
and the interference will therefore appear in all the generated
sectional images. These beam-hardening artifacts may render a
CT scan unreadable and can be produced by large posts in root
canals or heavily restored teeth where the plane of examina-
tion passes through such a tooth as well as an area of critical
interest. Conventional tomography can be considered as an
alternative if interference is likely to be an issue.

One of the advantages of the computer-based image
software programs (e.g., SimPlant) is that it is possible to
generate images of implants (and their restorative compo-
nents) that can then be “virtually placed” within the CT scan
(Fig. 5.9). This enables the clinician to evaluate the relation-
ships between the proposed implants and ridge morphology,
anatomic features, and adjacent teeth. It is also possible to
assess the abutment space, implant angulation, as well as the
restorative space. Approximation of bone density is also pos-
sible (Fig. 5.10A,B). Planning data can be used to produce
anatomical stereolithographic models useful for the planning,
simulation, and optimization of complex surgical cases. These
models can be used to provide patient-specific surgical guides,
which translate planning to a drill guide allowing correct
angulation and location of planned implant sites. These drill
guides can be bone, mucosa, or tooth supported (Fig. 5.11A,B).

Further evolution of this technology has led to the con-
cept of computer-guided flapless surgery. A mucosa-borne
drill guide is secured to the jaw with fixation screws and
implant surgery is performed with a specific surgical protocol,
using dedicated instruments to position the implants into
predetermined sites. This allows for the precise intraoperative
transfer of preoperative planning facilitating the insertion of a
prefabricated provisional prosthesis on the day of implant
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surgery. Reconstructions of this nature must be considered
complex and only embarked on with appropriate further
training.

More recently, the advent of cone-beam computed tomog-
raphy (CBCT) has led to the development of imaging equipment
specifically for dental practice. Imaging is based on the produc-
tion of a cone-shaped X-ray beam revolving around the object,
which captures 2D data allowing reconstruction into 3D images
using a software program. Apart from cross-sectional images,
CBCT is also capable of producing 2D panoramic images with-
out the superimposition of adjacent structures (Fig. 5.12). CBCT
images also tend to be clearer as the effects of beam-hardening
artifacts such as metallic restorations are less severe. Exposure
to ionizing radiation is substantially reduced when compared to
conventional CT. CBCT machines can also capture varying
volumes of data. This allows radiation exposure to be further
limited to the field of interest. It is, however, still greater than
conventional dental radiography and its use therefore needs to
be justified.

PLANNING IMPLANT NUMBERS

AND DISTRIBUTION

In planning fixed bridgework supported by implants, there are
recommendations regarding the minimum number of
implants that would be required (Table 5.1). Increasing the
number of implants allows for failure of an implant (or more
than one) and may provide improved long-term predictability.
Current concepts have been developed where full-arch
implant bridges are supported by four implants and these
seem to show promising results. Multiple implants (i.e., more
than two) can be staggered and not necessarily placed in a
straight line to improve the mechanical loading (see below).

Configuration and Angulation of Implants

The configuration of the implant sites, the angulation of the
implant sites, as well as the angulation of the implants have
considerable impact on the structural/load bearing capacity of
the prosthesis. In edentulous full-arch cases, it is important to
distribute implants throughout the curve of the arch and
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Figure 5.9 SimPlant (Materialise Den-
tal NV, Leuven, Belgium) software
showing “mock” implant placement in
the maxilla. The image on the left is a
cross-sectional image showing the con-
tours of a virtually placed implant. The
mesiodistal position of the implant can
4 be seen in the panoramic view (bottom
ll. right) and also in the axial view (fop

right).
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Table 5.1 Guide for Implant Numbers in Various Circumstances

Examples of types of replacement required
Full-arch bridges in edentulous maxilla

Full-arch bridges in edentulous mandible
Missing molars

Three missing maxillary anterior teeth
Four missing maxillary anterior teeth

Four missing mandibular incisors

Suggested number of implants and prosthetic solution

At least five or six implants—preferably extending to second premolar region. Additional
implants in molar regions recommended by many clinicians

At least four or five implants in the region between the mental foramina. Additional
implants in molar regions recommended by many clinicians

Two missing molars normally require three standard-diameter implants. Two wide-diameter
implants could be used to support a bridge or two single tooth molar units.

Two or three implants supporting a bridge

If there is sufficient space for three implants, consider three single tooth units

Four upper incisors would require two implants to support a bridge. If there is sufficient
space for four implants consider four single tooth units

Four lower incisors could be replaced using two implants and a fixed bridge. There is usually
not enough room for more implants. The same solution may be adequate to replace
mandibular canines and incisors (which is not the case in the maxilla)

Figure 5.10

Bone Density Graph %]

Outside [HU)

Inside [HU)

Implant:

Mean value

Measurements
Standard deviation

Inside the implant: 650.61 HU 94,56 | HU

Outside the implant: S67.687 HU 176,15 HU
Settings
Mumber of samples: | Medium v
Shell thickness: -I-DD C-' i
[ 5how bone density colars
(B) I Export ] [ Close l [ Help ]

(A) Additional 3D capabilities allowing 3D implant manipulation as well as a realization of the abutment and restorative spaces.

Nerve tissue can be highlighted within the jaw using a transparency tool. (B) The SimPlant software program can also depict bone density
levels around the implant as measured by Hounsfield units.

Figure 5.11

(A) 3D planning used to create an anatomical model as well as a custom-made drill guide (SurgiGuide, Materialise Dental

NV). (B) Drill guides can be used at the time of surgery to provide a seamless link between planning and actual treatment.
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Y iCATVision Copyright (c) 2004-2006 Imaging Sciences International, LLC. All Rights Reserved. Version 1.3.0.4

Figure 5.12 An i-CATVision (Imaging
Sciences, Hatfield, Pennsylvania, U.S.)
scan using cone-beam technology that
leads to a reduction in radiation exposure.
The images are 1:1 allowing distances to
be measured on the cross-sectional
images (bottom right). The panoramic
view generated (top right) is free of super-
imposition of adjacent anatomical tissues.
Manipulation of the “focal trough” on the

[ Bl Delend MindiicDetecied [ imgeDsninMemory W[50 1@ | axial view (fop leff) can be carried out to
Se—— yield an accurate view.
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Figure 5.13 Six implants have been arranged so that the most
distal implants have been placed distal to the first premolars. The
anteroposterior distance between implants has been increased
greatly, providing an improved biomechanical arrangement. Addi-
tionally, this arrangement could more adequately support distal
cantilever extensions.

ideally beyond the premolar areas to the molar zones as this
offers a biomechanical advantage (Fig. 5.13). The possibility of
extending the implant placement beyond the premolar zone
into the molar zone depends on the amount of available bone
(Fig. 5.14A,B). Unfortunately, adequate bone in these zones is
not always present in completely edentulous jaws and faces
the clinician with three choices:

Figure 5.14 (A) Intraoral view showing abutments corresponding
to the distribution and arch form of the implant positions. Implant
placement in the molar regions was possible. (B) Maxillary full-arch
bridge viewed from the under surface showing full distal support
avoiding cantilevers. This configuration is biomechanically advan-
tageous.

1. Surgery to create sufficient bone (see chap. 12)

2. Angling the implant to place the head of the implant into a
more posterior position

3. Not utilizing the area for implant placement (Fig. 5.15)
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Figure 5.15 An example of six implants arranged in the lower jaw
in the region between the mental foramina with the most distal
implant in the first premolar site. In this case, the anteroposterior
distance between implants shown by the dashed lines is not very
great because of the shape of the jaw.

The latter situation may be overcome by distal cantilevering of
a prosthesis. This can often be the case when implants are
placed in the interforaminal region in the mandible (Fig. 5.16).
There are limits to this strategy. The cantilever should extend
no more than twice the anteroposterio spread of the implants
placed (Fig. 5.17A-C).

In edentulous zones in the partially dentate individual,
the configuration of implants assumes the same degree of
importance. It is generally recommended to avoid placement
of multiple implants in a straight line (Figs. 5.18 and 5.19). In
the situation where three implants are provided, offsetting one
implant to produce a tripod arrangement is recommended
(Fig. 5.19). This will improve the situation even if the offset is
minor, which is often the case in the posterior mandible and
maxilla (Fig. 5.20A-C). Two wide-diameter implants can also
be used to support three units in posterior regions if ridge
width is adequate (Fig. 5.21).

Figure 5.16 A mandibular full-arch bridge showing a reduced
anteroposterior span between the most anterior and distal implants.
This restricts the length of the possible cantilever.
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Figure 5.17 (A) A square arch form in the maxilla coupled with
poor bone volume in the molar regions can affect anteroposterior
positioning as shown by this intraoral view. (B) Fit surface of the
maxillary full-arch bridge restricted cantilever extensions to control
leverage forces. (C) “Shortened dental arch arrangement” that, in
this case, was sufficient to maintain function and appearance.

The angulation of the implant sites more or less mimics
the angulation of the natural teeth, with modifications accord-
ing to the design of the final prosthesis and the degree of
ridge resorption. A surgical stent provides important guid-
ance. If the final prosthesis is designed to be retrievable/
screw retained, the ideal angle of the implant passes through
the cingulum area of the anterior teeth and the occlusal
surfaces of the premolar/molar teeth. In a cemented prosthe-
sis, the angulation should be the same in the posterior teeth as
this is also consistent with loading the implants through the
long axis. However, in the anterior zone, the angulation can
be more labially inclined through the incisal tip or toward the
labial surface, potentially improving the emergence aesthetics
(see chap. 9). However, force transmission through the ante-
rior implants may be less favorable as it will be far removed
from axial loading (Fig. 5.22). Further consideration of the
angulation and spacing of different implant designs is given
in the surgical chapters (chaps. 9 and 10).
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Figure 5.18 Two implants are always in a straight line. This
arrangement may be entirely adequate for replacing the four lower
incisors using two implants, and with favorable conditions could apply
to the four upper incisors or the six lower anterior teeth (incisors and
canines). However, it is generally considered an inadequate number
for replacing three posterior units with standard-diameter implants,

where the advantage of a three-implant tripodization arrangement is
recommended.

FIXED BRIDGE PLANNING 43

Figure 5.20 (A) Implants placed with a “staggered” effect to
produce a tripod arrangement. The degree of tripodization can be
restricted by the available bone volume as well as the prosthetic
demands. (B) Radiograph showing three Astra Tech implants
supporting the bridge. (C) A buccal view of the completed bridge.

Figure 5.19 Three implants have been placed to support two
molar units. The lower part of the figure represents a plan view with
the middle implant offset slightly to produce a tripod arrangement
(dashed lines) and improved biomechanical properties.

FIXED BRIDGES OR MULTIPLE SINGLE UNITS

There is a trend to place an implant for each individual
missing tooth, in which case it would be possible to restore
each as a separate single tooth unit. This approach, although
first appearing very logical, is difficult to achieve in practice
and may not be as predictable in its outcome. There are a
number of potential problems with this approach:

1. Some teeth, such as lower incisors, have a small mesio-
distal dimension that is less than most implants.

2. Teeth can function perfectly well with very small amounts
of intervening hard and soft tissue (less than 1 mm),
unlike implants.

3. As teeth are lost and the jaws resorb, the perimeter of the
arch decreases, thus reducing the space for implant

Figure 5.21 Radiograph showing the use of two wide-diameter
implants to support a three-unit posterior bridge.
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Figure 5.22 Forces directed through implants placed in the pos-
terior jaw will usually be in the same long axis as the premolar and
molar teeth. Labial angulation of the anterior implants means that
normal forces are not directed down the long axis.

placement. The implant spacing requirements are natu-
rally affected by the system selected.

4. The angulation of natural roots in the healthy alveolus
may be impossible to mimic in the resorbed jaw. Procli-
nation of natural anterior teeth and anatomical variations
such as crown/root angulations are difficult to mimic
with implants.

5. Tapering of normal root forms may allow more teeth
within a given area of jaw bone. Tapered implants may
have an advantage in certain cases, although few designs
mimic pronounced tapering seen in some natural teeth.

6. Failure of a single implant in a multiple single-unit case
requires replacement of that unit. The fixed bridge solu-
tion may still be workable with one implant less.

7. Provision of a fixed bridge with fewer implants than the
teeth that are being replaced is more economical/cost
effective.

8. The splinting afforded by the fixed bridge may improve
the biomechanical properties.

The potential advantages of multiple single units are as
follows:

®  More natural appearance

® No need for complex casting to precisely fit multiple
abutments

®  Simpler prosthodontic procedures

® Patient can floss between units

But there are additional disadvantages:

®  Multiple cementation of units
®  Multiple paths of insertion and contact points

PROVISIONAL RESTORATIONS

Removable Dentures

The most simple provisional prosthesis is a complete or partial
removable denture. When constructed in acrylic, they provide
an inexpensive and readily adjustable prosthesis that can be
modified to produce a radiographic stent or duplicated and
modified to produce a surgical stent. In cases where the
implant surgery has been extensive, for example, placement
of four or more implants in an edentulous jaw, it is commonly
recommended to avoid wearing the denture for a period of at
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least a week. This avoids early transmucosal loading of the
implants and allows adequate reduction of post surgical
edema to take place, facilitating proper adaptation of the
denture. A complete upper denture can usually be relined
and refitted after one week, but the atrophic edentulous lower
jaw can require a period of up to two weeks of healing before a
complete denture can be worn satisfactorily.

Essix Splint

With small spans, consideration can be given to an Essix splint
modified by the incorporation of artificial teeth as an alterna-
tive to a partial denture. This also has the benefit of avoiding
transmucosal loading.

Fixed Bridgework

Provisional fixed bridgework retained by full-coverage resto-
rations may be the treatment of choice, particularly for
patients having extensive treatment who are not prepared
to undergo a period of time without a fixed restoration. This
assumes the presence of a sufficient number of teeth to
support the provisional restoration. Transitional mini
implants (very narrow diameter implants) placed between
the definitive implants can be considered as provisional
bridge supports and removed before the final prostheses is
constructed. Fixed provisional bridgework enables ridge aug-
mentation procedures to be carried out without the risk of
transmucosal loading and the associated micromovement
affecting the healing, and should reduce complications. The
bridgework may have to remain in place for some consider-
able time, with frequent removal and replacement. Abutment
teeth must be adequately prepared to allow for the casting of
a metal framework of sufficient strength and rigidity and for
the acrylic/composite. Allowance should be made for the fact
that the bridge will have to be modified following abutment
connection.

TREATMENT SCHEDULES
These are usually more complex than those described for
single tooth, but follow the same principles:

1. Initial consultation, clinical evaluation, and radiographic
examination that often involves tomography.

2. Agreement of aesthetic/functional demands using exist-
ing prosthesis or diagnostic setup/new provisional pros-
thesis. Decision on whether to provide a fixed bridge or an
overdenture (see chap. 6).

3. Treatment of related dental problems that could compro-
mise implant treatment, including timing of further
extractions and relationship to implant placement (see
chap. 11 on immediate implant placement).

4. Planning number, type, and location of implants in rela-
tion to planned prosthesis and available bone. Decision as
to whether bone or soft tissue augmentation is required
prior to implant placement.

5. Arranging type of anesthesia—local, local plus sedation,
or general anesthesia.

6. Surgical placement of the implants and provision of tem-
porary prosthesis.

7. Healing phase to allow osseointegration according to
established protocols and complexity of case.

8. Abutment connection and modification of prosthesis or
construction of new implant-borne provisional prosthesis.

9. Number of appointments for prosthodontic treatment.
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CONCLUSION

The treatment planning for extensive bridgework has a far
greater number of variables to contend with and a number of
alternative solutions. The patient needs to be made aware of
these, but in many cases will have to rely upon the treating
clinician for guidance. Good recording, documentation, and
communication are required to maintain a good patient-clinician
relationship. Patients should also realize that the maintenance
requirements of extensive prostheses are likely to be much higher
than those described for single tooth restorations (see chap. 16).
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Diagnosis and treatment planning
for implant overdentures

INTRODUCTION

This chapter describes the diagnosis and treatment planning of
patients for implant overdentures. These prostheses can be
defined as complete or partial dentures supported, retained, or
stabilized by one or more dental implants. In this book, the
term “denture” refers to a patient-removable prosthesis.

The consequences of total tooth loss are well known and
include bone resorption, changes in orofacial morphology and
psychological effects. Treatment with conventional complete
dentures has been shown to be reasonably successful when the
residual alveolar ridges are favorable, when the dentures have
been well made, and when the patient is reasonably philo-
sophical about wearing dentures. However, such treatment
has not been so successful when

1. The residual alveolar ridges are resorbed and even well-
made dentures have poor support and stability.

2. Where movement of the dentures leads to discomfort,
pain, and poor function.

This may be compounded by poor neuromuscular

control in, for example, Parkinson’s disease or following a
stroke.

3. Where the dentures are not well tolerated because of
emotional reasons or because of a strong gag reflex.

4. Where a single denture has poor stability because of
opposing natural teeth. The worst combination is remain-
ing maxillary teeth opposing a mandibular denture on a
severely resorbed residual ridge.

These difficulties can be overcome by the use of osseointe-
grated implants to support, retain, and stabilize dentures, and
such treatment has been shown to be effective in longitudinal
studies. Many of the principles of treatment with implant
overdentures are identical to those of treatment with conven-
tional dentures and those of tooth-supported overdentures.

INDICATIONS FOR IMPLANT OVERDENTURES AS
DEFINITIVE TREATMENT

There are four main indications for implant dentures:

1.  Where complete dentures have been worn successfully for
many years but severe resorption (Figs. 6.1-6.3), or loss of
neuromuscular control, now limits retention or stability
causing movement of one or both dentures; where the
patient has accepted the tooth loss and does not really
mind wearing dentures.

2. Where a fixed restoration cannot provide sufficient
replacement of resorbed hard and soft tissues to produce
an acceptable appearance.

3.  Where remaining natural teeth have an unfavorable dis-
tribution for retention and support of a removable partial
denture (Fig. 6.4).
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4. Where patients have had head or neck surgery that results
in an alveolar defect/compromised anatomy (Fig. 6.5).

Where conventional complete or partial dentures are not well
tolerated because of emotional reasons, the patient may not
accept implant dentures because these prostheses are still
patient-removable and may carry the “stigma” of “false
teeth.” In this situation, the patient may wish to settle for
nothing less than a completely fixed implant bridge. Where
conventional dentures are not well tolerated because of a
strong gag reflex, it may be possible to provide a maxillary
implant denture with reduced palatal coverage, with impres-
sion making being more of a challenge. If sufficient numbers of
implants can be placed, with grafting if necessary, it may be
preferable to plan for an implant bridge at the outset. In the
edentulous mandible, as few as three implants in good quality
bone have been used to retain implant bridges.

Where the complaint is of lack of confidence and fear of
movement of the denture, implant stabilization of the den-
ture may be indicated even though ridge resorption may not
be severe (Fig. 6.6). Where the residual ridges have under-
gone little resorption, however, there may be a shortage of
vertical space for implant components. A lack of saliva
especially in patients who have had radiotherapy or have
been diagnosed with Sjogren’s syndrome may also benefit
from implant overdentures in spite of favorable ridge mor-
phology (Fig. 6.7).

Many alternative treatment plans in practice are devel-
oped because patients find their ideal treatment plan too
expensive. This can lead to dissatisfaction in implant treatment
because the apparently lower-cost option may be denture
based, whereas the patient’s ideal treatment is a fixed restora-
tion. In reality, implant overdentures require considerable
maintenance. Not only do the prostheses need repairing,
relining, or replacing but the various attachment mechanisms
between the implants and the overdenture are also subject to
wear, fracture, and loss, and it is time consuming to replace
them. The cost of this maintenance must be included in any
comparison between the costs of fixed and removable implant
prostheses.

INDICATIONS FOR IMPLANT OVERDENTURES AS
PROVISIONAL PROSTHESES

In those situations where a fixed implant bridge has been
planned but some implants have failed, it may be necessary to
provide a provisional implant overdenture until further
implants can be placed. If the original clinical problem indi-
cated a fixed solution, then that should be pursued. The factors
that caused the first implants to fail may still be present and
any remaining implants are more likely to fail.
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Figure 6.1 A resorbed mandibular ridge. The patient has a
reduced denture bearing area, resulting in poor support for a =

conventional denture.
Figure 6.4 Partially dentate patient with unilateral loss of teeth.

Four implants were placed in the anterior region and a cast bar
constructed to support and retain a partial overdenture. The exten-
sive resorption meant that a fixed prosthesis could not provide the
same facial support.

n

Figure 6.5 Maxillectomy with residual defect. The lack of support
for the obturator will not be corrected by placement of the two
implants, however the retention will be greatly improved.

Figure 6.2 Maxillary ridge with extensive resorption in the tuber-
osity region. The prominent incisive papilla and remnant of the
palatal gingival margin can act as guides to the position of teeth.

Figure 6.3 Dental panoramic tomograph (DPT) is useful for

showing reduced bone height. Caution should be exercised when  Figure 6.6 Substantial alveolar ridges. Despite the good height
evaluating structures near the midline as distortion and magnifica- and width of bone, the patient had not been able to tolerate a fully
tion tend to be maximized in this area. extended upper comp|ete denture.
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Figure 6.7 Mandibular ridge of a patient with Sjogren’s syndrome.
The lack of alveolar ridge is made worse with a lack in saliva. An
implant-retained overdenture will move less over the overlying
mucosa causing less ulceration.

ASSESSMENT OF THE PATIENT

The commonest denture complaints are about looseness, exces-
sive size, pain or discomfort, inability to eat, lack of enjoyment
of eating, lack of choice in foods to eat, poor appearance, and
poor speech. Patients should be encouraged to describe their
complaints in their own language. This will enable the dentist
to gain insight in not only the patients concerns but also their
personality. Some patients are very demanding, and will make
much of a relatively minor problem, and are usually those who
have not come to terms with the limitations of prosthetic
dentistry. Patients, however, cannot be categorized into spe-
cific types, their prosthetic experience is dependent also on
their previous experiences, experiences their friends have had,
their social background, and any personal difficulties.

The recommended method of history-taking is well
covered in standard textbooks about conventional complete
dentures and so will not be repeated here. What you are trying
to find out is whether or not the patient’s clinical situation
comes under the indications mentioned above and whether or
not the patient would benefit from implant treatment. Every
dentist has examined the patient who attends with a bag full of
dentures made by numerous other dentists all of which are
unacceptable. In such cases, it is essential that the treatment
plan recommended is based on reality rather than hope.

Provision of an implant-retained overdenture will not
correct the problems caused by a poorly constructed conven-
tional denture. These problems are generally resolved by bet-
ter conventional dentures construction and these should
certainly be attempted prior to implants unless it is evident
that implant treatment is also indicated. Complaints about
poor appearance cannot be resolved by implant treatment
per se, and poor implant placement may result in a more
compromised appearance. But by setting the denture teeth in a
more favorable position and utilizing appropriate size and
shades of teeth will help. Using photographs of original teeth
when available would be of use.

The medical history should be discussed, although there
are very few contraindications to conventional complete den-
tures as they, and the treatment stages required to make them,
are among the least invasive of any dental procedure. Some
patients consider having dentures as the “beginning of the end,”
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related to aging and the loss of youth. Psychological problems
caused by the loss of all teeth may be helped by implant
treatment, but the outcome may be uncertain: unresolved con-
flict over the loss of the teeth may lead to an irrational response
to treatment.

Inserting implants into bone is a surgical procedure and
contraindications to surgery have been discussed in an earlier
chapter. Prosthodontic contraindications would include lack of
space in which to place components and parafunctional forces
greater than those which the components can bear. However, if
the implants themselves can withstand these forces, then you
and the patient must accept that there will be more mainte-
nance and repairs of the dentures than normal. The alternative
is greater potential for pain, lack of function, and bone resorp-
tion with conventional complete dentures. The patient must be
informed prior to treatment so that any subsequent explana-
tion as to why bits keep breaking off the dentures is not
perceived to be a lame excuse.

Severe mental illness has generally been included in lists
of contraindications for implant treatment because of the
difficulties of reasonable informed consent. However, the
mental problems that lead to severe denture intolerance and
failure to come to terms with the loss of teeth are the same as
those that would pose difficulties were implant treatment to
fail. For patients in this group, it is crucial to know the likely
response to failure of treatment. It is a difficult area to judge
and referral to a clinical psychologist or psychiatrist may be
necessary for advice.

EXAMINATION OF THE PATIENT AND THE
EXISTING DENTURES

While taking a history, the dentist is able to observe the
patient’s lip activity, support, and appearance. The face and
mouth should be examined in a systematic manner for patho-
logical conditions such as angular cheilitis (Fig. 6.8). Extraor-
ally, the amount of lip and cheek support provided by the
existing dentures should be noted as well as the occluding
vertical relationship with the dentures in place (Fig. 6.9).
Intraorally, the resorption of the residual alveolar ridges
should be recorded using one of the established indices as
described earlier in this book or simply as mild, moderate, or
severe. The sulci should be examined for displaceability,

Figure 6.8 Angular cheilitis. A condition associated with a local
fungal infection but may also be an indicator of dentures providing
poor lip support. The condition should be resolved prior to implant
placement.
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Figure 6.9 Lip support of previous denture. A lack of adequate lip
support from the maxillary denture results in the patient showing
deep vertical folds in the upper lip, there also appears to be a
reduced occlusal vertical dimension.

Figure 6.10 Assessing fibrous replacement in the edentulous
ridge. Despite the appearance of a large maxillary edentulous
ridge, examination with a ball-ended burnisher reveals extensive
fibrous replacement, with little underlying bone.

7. Anterior and posterior tooth position
8. Contour and color of the denture base material

It is generally accepted that the occluding vertical relationship
of conventional complete dentures must allow for sufficient
freeway space and that the denture teeth should meet evenly
when the patient closes in the retruded position.

Examination of the dentures out of the mouth will reveal
whether or not there may be sufficient space for implant
components within the denture base should implant treatment
be considered, and give an approximate idea of where the
implants should be placed. This is obviously easier, the better
the technical quality of the dentures. If they have been made at
the correct vertical relationship with a correct occlusal plane,
then the thickness of the denture can be measured with a
caliper. This is the maximum space available from which
something must be subtracted to allow for denture teeth
(Fig. 6.11).

Where existing dentures have too many technical errors
to be useful in assessing proposed implant position, a trial
setup (Fig. 6.12) will be needed as part of the special inves-
tigations. When grafting is planned, such a trial setup will
indicate how much space is available for the graft when the
space for the components and teeth is subtracted (Figs. 6.13
and 6.14).

By this stage, you have listened to your patient and
examined the mouth and existing dentures, and it should be
possible for you to arrive at a provisional diagnosis. This may
include

1. moderate or severe alveolar ridge resorption;

2. unstable dentures;

3. incorrectly constructed dentures with one or more errors
of base extension, tooth position, occlusion, etc.;

4. poor adaptation to dentures after loss of teeth;

5. pathological conditions such as retained roots, mucosal
ulcers, hyperplasia, etc.

Other special investigations may include radiographs to com-
plete the diagnosis and referrals to other specialists for suspi-
cious ulcers, etc. If the clinical situation comes under the
indications mentioned earlier, you will certainly be thinking

width, and depth. A ball-ended burnisher is useful for exam-
ination of displaceable tissue and fibrous replacement of
ridges (Fig. 6.10). The vibrating line of the palate should be
graded as being a broad area or sharply demarcated and the
depth of the hamular notches should be noted. The position of
the coronoid process should be noted as it sometimes occludes
the pterygomaxillary fossa in lateral movements of the man-
dible. The mucosa should be examined carefully in particular
reference to the availability of keratinized tissue around the
potential implant site and any inflammation, ulceration,
sinuses, retained roots, etc., noted. The quantity and quality
of saliva should be assessed.

The existing dentures should be examined for basic
details, such as

Retention and stability

Extension

Occlusal vertical dimension

Occlusal plane

Occlusion and articulation of the dentures
Shape and color of the denture teeth

SANRSLEE IR
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Figure 6.11 Maximum denture thickness. The thickness of a
denture constructed at the correct occlusal vertical dimension can
be measured with calipers. This is the maximum space that is
available from which the space needed for the housing is sub-
tracted to allow for the denture teeth.
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Figure 6.12 Trial setup. This can be used to assess not only tooth
position, shade, and size but also soft tissue support. It is useful to
perform this stage in patients requesting a substantial change in
appearance.

Figure 6.13 Trial setup for grafting. Denture constructed for a
patient who underwent surgery in the maxilla, the thickness of the
denture gives an idea of the volume of bone lost.

Figure 6.14 Surgical guide for bone grafting. A clear acrylic stent
had been duplicated and the fit surface reduced to give the surgeon
an idea of tooth position and the volume of bone to be grafted.
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of implant treatment, and a radiographic examination will be
needed.

RADIOGRAPHIC ASSESSMENT

The standard view is the dental panoramic tomograph (DPT)
with some way of working out the magnification. Many DPT
machines now produce films to a known magnification and
the bone dimension can be measured directly using a ruler
supplied by the manufacturer or a digital ruler on the com-
puter screen. Alternatively, transparent overlays with printed
images of different length implants to known magnifications
can be used to select proposed implant size directly (Figs. 6.15
and 6.16). There is some horizontal distortion with all DPT
machines.

A lateral skull view can be useful for the anterior maxilla
and mandible. But to accurately assess the amount of bone in
other areas, a sectional tomogram will be required. For exam-
ple, a cone-beam CT scan can be used. A stent with radio-
graphic markers is useful to match the scans with the clinical
sites.

Figure 6.15 A Scanora DPT. The radiograph is of a known
magpnification, the four radiopaque lines are markers made in the
denture indicating implant positioning, the numbers at the top
indicate were radiographic sections have been taken.

Figure 6.16 Scanora sections based on the DPT in Figure 6.15 at
position 6, 7, 8 indicating width and height of bone available.
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For mandibular implant dentures, a DPT film will prob-
ably suffice since the implants need only to be placed in the
canine region. This image will indicate whether there is suffi-
cient ridge height, but it is less useful for assessing ridge
thickness. Palpation or ridge mapping under local anesthesia
are other ways of assessing ridge thickness.

The 3D sections either from CT scans or from tomograms
while frequently needed in other areas of the jaw are rarely
necessary in the edentulous mandible. These surveys will,
however, indicate the quality and volume of bone available
for implant placement. In our experience, grafting is very
rarely indicated in the mandible but is sometimes needed in
the maxilla when either the vertical height or width is insuf-
ficient.

DIAGNOSIS AND TREATMENT PLANNING

By this stage, sufficient information should be known to con-
firm the diagnosis and to decide what treatment is appropri-
ate. If the patient’s clinical situation comes under the
indication categories mentioned above, you can decide
whether implant treatment is indicated, whether there is suf-
ficient bone of good quality, and whether there are any contra-
indications to the treatment. The outcome may be that new
conventional dentures are indicated and that there is no real
indication for implant treatment. There is, however, an argu-
ment that all edentulous patients would benefit from implants
in the mandible to support the denture and to prevent further
bone resorption. Certainly, if there were evidence of fairly
rapid bone resorption even though the patient was not suffer-
ing any problem, it would be good clinical practice to inform
the patient of the fact and suggest treatment. The effect of
implant treatment in the mandible on a conventional maxillary
complete denture must also be considered and it may be
necessary to consider implants in both jaws. Fixed implant
bridges may be indicated with or without grafting; these
restorations are covered in the earlier chapters.

Once treatment has been decided, the next step is to plan
the sequence of the stages. Unless the existing dentures are
technically correct, a trial setup is essential to decide proposed
tooth position (Fig. 6.12) and to confirm the amount of space
for the components. Once tooth position is confirmed, a stent
can be made from the trial denture (Fig. 6.17) or duplicate of
the existing denture (Fig. 6.18). Guide holes are then cut in the
stent to indicate proposed implant position and opened out

Figure 6.17 Surgical stent. The access holes in the surgical stent
prevent implants been placed in a too lingual position but does not
prevent them being placed to far buccal.

www.highdentlab.com

Figure 6.18 Duplicate denture. If the patient’s denture is techni-
cally and aesthetically of a good quality, it should be duplicated to
construct a radiographic stent, which subsequently can be used as
a surgical guide.

Figure 6.19 Surgical stent in place. The same guide as in
Figure 6.17, with the implants in the same position as the guide
holes.

buccally or lingually so that the guide pins used during
implant placement can be directly observed (Fig. 6.19). In
general, the proposed implant position should be that which
allows the components to be sited in the thickest part of the
denture resin and within the normal contour (Fig. 6.20).

WHAT PROSTHODONTICS COMPONENTS ARE
AVAILABLE?

All the major implant systems provide various cast and com-
puter-designed bars, and various single attachment systems.

Astra Tech (Sweden)

This manufacturer supplies a 1.9-mm-diameter round gold
alloy bar, 50 mm in length, with small riders (clips) manufac-
tured by Cendres & Metaux (Biel-Bienne, Switzerland). The
bar is soldered to gold alloy cylinders, which are screwed to
20° or 45° uniAbutments ranging in gingival cuff height from 0
to 8.0 mm (Fig. 6.21). There is also the profile bar system where
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Figure 6.20 Denture implant components. Utilizing the surgical
guide ensures the implants are positioned favorably and the den-
ture components are in the thickest part of the denture.

Figure 6.21 Astra Tech 20° uniAbutment. Made of commercially
pure titanium, grade 4. This abutment can manage implants that
have a 20° convergence or divergence.

a customized cast bar is attached to 20° uniAbutments. A metal
housing is cured into the denture and plastic inserts can be put
inside the housing to activate the retention. Three inserts are
available: reduced, normal, and increased.

Astra implants can be restored by a CAD/CAM titanium
milled bar, which can be supported by 2 to 12 implants
(Fig. 6.22). A 3D scanning program is used to design an
optimal bar based on the patients wax try-in (Fig. 6.23). The
advantage of the titanium milled bar is its light weight prop-
erty and the milling process ensures a precision fit with a lack
of porosity.

There is a 2.25-mm-diameter ball attachment, in gingival
cuff heights of 0 to 8.0 mm (Fig. 6.24). Retention can be achieved
either with an adjustable four-tine gold alloy matrix (Fig. 6.25)
that is processed into the acrylic resin of the denture or the Clix
system (Fig. 6.26). This manufacture also supports the Locator™
abutment; this is a titanium alloy abutment with a self-aligning
design, which allows for a 40° angle implant correction
(Fig. 6.27). The height of the abutment selected should be
based on the highest levels of tissue measured with the depth
gauge. This will allow the retention groove to be at the appro-
priate supragingival level (Fig. 6.28). Different levels of retention

t.me/highdent

Figure 6.22 Milled bar. Custom made utilizing CAD/CAM tech-
nology made of titanium, aluminum, vanadium alloy; notice the lack
of welding seams or visible porosities.
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Figure 6.23 3D scan. The wax try-in is scanned and CAD soft-
ware is used to design the bar within the confine of try-in and
related to the position of the implants. The scan shows a Hader bar
design.

Figure 6.24 Astra Tech ball attachment. The gingival cuff height
of this abutment is 8 mm, which is the largest size available; there is
an additional 2.85 mm, which is the height of the ball.

are available, depending on which nylon inserts are being used.
Five inserts are available: blue (680 g), pink (1361 g), clear (2268
g), red (680 g), and green (1361-1814 g). The red and green are
used when the implants are nonparallel (Figs. 6.29 and 6.30). The
metal Locator processing cap is cured into the overdenture
(Fig. 6.31).
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Figure 6.25 Gold cap Astra. Four-tine gold alloy matrix.

Figure 6.28 (A) Depth gauge used to measure the gingival cuff
height to ensure the retentive portion of the abutment is supra-
gingival with the lowest profile achievable. (B) Locator® abutments
in the maxilla with the retentive rim at the appropriate level.

Figure 6.26 Clix system. Anodized titanium cap is processed into
the denture, the plastic inserts are then clicked into place with the
insertion tool. Yellow inserts have average retention and the red
insert has greater retention; in this case the red insert needs
replacing.

Figure 6.27 Locator® abutment. Made of titanium alloy with a

TiN-coating, it has a self-aligning design, making it easier for  Figure 6.29 Standard nylon Locator™ blue, pink, and clear inserts
patients to position and correctly seat the overdentures into place. in increasing order of retention.
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Figure 6.30 Nonstandard nylon Locator® red and green inserts,
used in cases in greater implant convergence or divergence.

Figure 6.31 Locator® housing cap processed into a maxillary
overdenture in a patient with an unrepaired cleft.

Nobel Biocare®™ (Switzerland)

This manufacturer offers various bars and ball attachments for
implant dentures. The original 2-mm-diameter round bar and
small clip system has been expanded to include Dolder™
macro and micro ovoid bars, and Dolder macro and micro
U-shaped bars all with clips that can be cut to the required
length (Fig. 6.32).

These preformed gold bars can be soldered to gold
cylinders, 4.2 mm and 5.5 mm in height, which are screwed
to multiunit abutments or fixture head. They are very useful,
however, for rather superficially placed implants to obtain a
low bar profile.

Nobel Biocare now also supports a CAD/CAM titanium
milled bar. The bar can be designed to fit into the implants
directly or onto multiunit abutments. There are a variety of
attachments, Locator abutments, ball attachments, Hader bar,
or Dolder bar, which can be incorporated into the bar design.

t.me/highdent
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Figure 6.32 Dolder®™ bar clip processed into a maxillary over-
denture with the palate cutout.

The original standard ball attachment consisted of a ball-
headed titanium screw and a 3- to 5.5-mm sleeve similar to the
standard abutment sleeve (Fig. 6.33). The matrix consisted of a
plastic cap (with rubber O ring), 55 mm high and 7.2 mm
diameter, which was processed into the denture. This abut-
ment was replaced by a 2.25-mm ball attachment (Fig. 6.34)
with an adjustable gold cap. The gold cap is 3.14 mm high.
This gold cap is processed into the acrylic resin of the denture
base. The 2.25-mm ball abutment is available in sizes of 1 to
5 mm for all implant platforms and can be used where there is
a maximum implant divergence of up to 30°.

The Locator abutment is also available to use with this
implant system and available in heights of 0 to 6 mm.

Straumann (Switzerland)
This manufacturer supplies mini and regular egg-shaped gold
alloy Dolder bars and clips and U-shaped regular and mini

Figure 6.33 Nobel Biocare large ball. The ball attachment is
screwed into the implant and the sleeve fits around the external
hex. The driver engages an internal hexagon on the top of the ball.
The cross-section shows the fit of the ball within the attachment in
the denture.
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Figure 6.34 Nobel Biocare 2.25-mm ball attachments in place.
The ball attachment is screwed into the implant retaining sleeve
around the external hex. The driver engages the flat surfaces on
the collar of the ball attachment.

Figure 6.35 A Straumann spring.

Dolder bars. The bar is soldered or laser welded to a gold alloy
coping that is screwed to the SynOcta™ abutment. Straumann
also supply mini and regular titanium bars and clip for laser
welding to titanium copings as well as plastic burnout patterns
for casting titanium bars and copings. There is a 2.25-mm-
diameter ball retentive anchor that screws directly into the
implant. There are two types of retentive matrices that are
cured into the overdenture. The titanium elliptical matrix with
an adjustable four-tine gold alloy lamella and a Ti-alloy matrix
with replaceable stainless steel spring (Fig. 6.35). The matrix
requires a special screwdriver to activate or deactivate the
retention.

CHOOSING THE IMPLANT SYSTEM

AND RETENTIVE DEVICE

There is much debate over the type of retention that should
be used with implant overdentures. Whether the implant
overdenture should be mostly implant supported, tissue
supported, or both. Should the retention be resilient or
rigid? How many implants are needed and do they have to
be splinted with a bar? Are distal extensions necessary? In
a recent review by Stoumpis and Kohal (2011), it was con-
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cluded that there is no evidence to show a difference in
implant survival between splinted and nonsplinted design
and that the attachment mechanism did not affect patient
satisfaction.

Mandibular Overdentures

Among the large body of studies on mandibular overdentures,
no evidence supports the superiority of one attachment over
the other. In general, two to four implants placed between the
mental foramina have been suggested with the denture being
retained by clips onto a bar joining the implants, by ball
attachments onto the individual implants, or by magnets.
Bars have been round or ovoid to allow some rotation of the
denture, but it has been shown that the bar configuration does
not appear to be significant.

The results from medium and long-term studies, how-
ever, have shown that two implants placed in the canine
region are sufficient to stabilize a mandibular denture. More-
over, two ball attachments have been shown to be as effective
as a bar and clip system. The implants for ball attachments
should be parallel for best results, although manufacturers
state that divergences of up to 30° are correctable. The
Locator abutment allows for a 40° correction. The major
systems that we have used (Nobel Biocare, Astra Tech,
Straumann) have all been shown to be effective in stabilizing
mandibular dentures whether by bar and clip systems or by
ball/Locator attachments. Since the latter have been shown
to be as effective as bar and clip systems, they should be the
first choice since they are simple to use, require less labora-
tory work, and produce no dead space for overgrowth of soft
tissue.

We have no particular recommendations as to which
implant system should be used in the mandible; all major
systems appear equally effective. If there is sufficient space, the
Locator abutment appears to be the simplest and the easiest to
maintain. The implant should be placed so that the retention
cap will be sited within the thickest part of the acrylic resin and
within the normal contour of the denture (Fig. 6.31).

Where the implants are divergent, a bar/clip system can
be used. The amount of space available must be sufficient for
both the bar and the clip to lie within the contour of the
denture (Fig. 6.32). The final decision as to the exact position of
the bar should be made after the final setup of the implant
denture teeth. It may be necessary to solder the bar lingual or
buccal to the gold cylinders to enable the clip to be positioned
within the contour of the denture or to avoid encroaching on
the lingual sulcus. The original round bar worked well but the
small clips sometimes fractured. The later ovoid bars, both
micro and macro, come supplied with long clips that can be
cut to size. Occasionally, these clips come out of the acrylic
resin entirely. However, advantages of the CAD/CAM tita-
nium milled bar has resulted in this being our bar system of
choice.

Maxillary Overdentures

Fewer studies are available for retention systems of the max-
illary overdenture. Although the consensus appears to be that
the minimum number of implants in the maxilla for an over-
denture is four, there seems to be evidence that they do not
necessarily have to be splinted with a bar. The retention device
can be a clip or clips directly onto the bar or studs or other
attachments can be soldered to the bar with matrices in the
denture. Some studies show higher failure rates for implants in
the maxilla, but they had too many variables to enable

instagram.com/high_dent



OB5301355 g ol s jles
56 IMPLANTS IN CLINICAL DENTISTRY

comparisons to be made between various retention systems.
One study followed 49 patients for up to 10 years comparing
the Nobel Biocare round bar/clip system with the Nobel
Biocare standard ball attachments and found no difference
between the two retention systems (Bergendal and Engquist,
1998). What appeared to be more significant was the quality of
the bone since the bulk of failures occurred in poor quality
bone. It would seem sensible to place four or more implants in
poor quality bone and splint them together. For the maxilla, it
may be more important to select an implant system with
recorded high success rates in poor quality bone.

For bar/clip systems, the implants need to be spaced so
that there is room for clips between the implants. Most
manufacturers have clips that can be adjusted for length.
Clips can be placed on cantilevered bars but the added strain
will lead to occasional solder joint failure and a higher rate of
clip fracture or dislodgement. Whether distal extension fatigue
in milled bars is a problem has yet to be evaluated.

SINGLE-STAGE OR TWO-STAGE IMPLANTS

The surgical aspects of single-stage or two-stage implant
placement have been covered earlier. There are no real advan-
tages or disadvantages of either approach from a prosthodon-
tic point of view. Certainly, the patient will get the finished
implant denture in a slightly shorter time, but the existing
denture may have to be highly modified in order for it to be
worn safely while the implants are deemed to be integrating. If
the denture can be modified with an appropriate soft material,
it will probably be more stable over healing abutments after a
single-stage procedure than over the edentulous ridge follow-
ing the implant placement in a two-stage procedure.
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Basic factors in implant surgery

INTRODUCTION

After planning, the surgical execution of implant placement is
the next critical procedure in attaining successful osseointe-
grated implants. The most important factors to control in
implant surgery are as follows:

1. A sterile technique avoiding contamination of the implant
surface.

2. Avoiding damage to the bone by thermal injury during
the drilling process.

3. Carefully preparing the bone site so that the implant is
stable at placement.

4. Placing the implant in an aesthetically and functionally
acceptable position.

5. Avoiding excessive loading in the healing period. Some
protocols advocate no loading for three to six months.
Newer protocols that allow immediate loading depend
on very careful control of the magnitude of loading (see
chap. 11).

Poor control of these factors can lead to failure of osseointe-
gration, which may be manifested subsequently as

1. Infection at the implant site.

2. Implant mobility or the implant may be rotated when
attempting to detach or attach a component.

3. Pain from inflammation in the bone surrounding the
implant. This may be manifested as pain on pressure on
the implant.

4. A radiolucent space surrounding the implant, which is
consistent with fibrous encapsulation. However, a failed
implant may have a normal radiographic appearance.

Under these circumstances the failed implant would have to be
removed and treatment recommenced or an alternative
sought.

AVOIDANCE OF THERMAL INJURY TO THE BONE
Bone cells will be irreversibly damaged if the temperature is
raised in the bone to 47°C for more than one minute. Bone cell
death will result in more extensive resorption and failure of
osseointegration. This is avoided by

e careful cooling of the bone and drills with copious sterile
saline;
use of sharp drills;
control of the cutting speed;
periodic withdrawal of the drill to allow bone cuttings to
be cleared from the drill flutes.

Coolant is applied to the external surface of the drills or via the
internal aspect in specially designed internal irrigation drills.
The harder and more dense the bone, the more difficult it is to
maintain adequate cooling. In situations where the bone is dense,
the surgeon runs the risk of overheating the bone as the depth of
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the drilling increases. This can be minimized by accepting shorter
implant preparations or by improving the cooling efficiency of
the bone preparation (e.g., more frequent withdrawal of the drill).
The drills should be extremely efficient at cutting bone and the
likelihood of burning the bone must be low if new disposable
drills are used or reusable drills are replaced regularly. A record
of the number of sites prepared (and the hardness of the bone)
may be useful in determining when drills should be replaced.

In all systems, the implant site is prepared with small
diameter drills in the first place and the site gradually made
larger with increasing diameter drills (Figs. 7.1 and 7.2). In
addition to minimizing heat production, the initial use of small
diameter drills also allows modifications to the initial angle or
site of preparation when required.

The cutting speed of the drills during the main prepa-
ration of the sites is approximately 1500 to 2000 rpm. The flutes
of twist drills may be clogged up with bone debris, and
therefore it is important to withdraw them from the prepara-
tion site at regular intervals during the preparation process to
wash away the debris and cool the drill. If the site needs to be
tapped, this is done at speeds comparable with those used to
insert screw-threaded implants (approximately 20 rpm).

ENSURING GOOD INITIAL STABILITY OF THE
IMPLANT

The surgical preparation aims to provide an implant that feels
stable following insertion. This can be judged by

®  simple clinical evaluation (dependent on operator experi-
ence);

®  torque insertion forces—these can be set on the drilling
unit and are usually between 10 and 50 Ncm. Some units
record the torque and provide a print out;

®  periotest values—the mobility can be measured with an
electronic instrument that was originally designed to
measure tooth mobility;

® resonance frequency analysis—this device measures the
stiffness of the implant within the bone through electronic
vibration and recording.

An implant that is loose within the prepared site is unlikely to
osseointegrate. In the early phases of healing, the implant must
not be subjected to forces that will cause movement of the implant,
even if the movement is small. It has been suggested that micro-
movement up to 100 pm may be compatible with healing by
osseointegration, but beyond this, fibrous encapsulation is more
likely to occur. It is not possible to offer comparative data between
implants in this respect. However, various approaches can be
adopted to ensure a stable implant with the different implant
systems. Initial stability of the implant depends on the following;:

1. Length of the implant
2. Diameter of the implant
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Figure 7.1 A series of photographs illustrated surgical preparation and placement of an implant using the Astra system in the upper right
jaw. (A) The upper right jaw with missing canine and premolar teeth. The canine site is to be treated with routine implant placement and the
premolar site using an osteotome sinus elevation. (B) A crestal incision and elevation of buccal and palatal flaps. (C) Initial site preparation at
the upper right canine with a round bur. (D) Establishment of the angle and depth of the site using a 2-mm twist drill (the black bands mark
the lengths of available implants). (E) The surgical stent/guide tried in place with an indicator post in the initially prepared site. (F) Increasing
the diameter of the surgical site using a 3.2-mm pilot drill. (G) Full-depth preparation of the site with a twist drill of 3.2 mm diameter. (H) An
occlusal view showing the 3.2-mm-diameter hole. (I) A conical drill is used in the coronal part of the site to accept the conical head of the
implant. (J) Final preparation with the conical drill establishes the level of the head of the implant. (K) Insertion of the implant using slow
revolutions on a handpiece adapter. (L) The implant fully seated. (M) A cover screw has been placed on the implant at the canine site and
the insertion of another implant at the premolar site has been completed. (N) The wound is closed with vicryl sutures.
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Figure 7.2 A series of photographs illustrating surgical preparation and placement of two implants of the Branemark system. (A) Buccal
and palatal flaps have been raised to reveal the bone ridge. The initial entry point of the site has been achieved with a round bur. A 2-mm
twist drill is used to establish the angulation and depth of the site. (B) The position and angulation of the two implant sites is verified with
direction indicators. These should be viewed from various angles and checked against the surgical stent and the opposing teeth (by asking
the patient to close and gently touch the indicators—they should be directed to the buccal cusps of the lower teeth). The angles can be
adjusted slightly at this stage. (C) Provided that the position and angulation are satisfactory, the sites can be enlarged by using pilot drills and
twist drills. (D) Both sites have been drilled to 3 mm in diameter. A direction indicator is in the distal site and a measuring probe is being used
to verify the depth of the anterior site. (E) The bone cortex is countersunk to accept the implant level with the bone crest. (F) The threaded
implant is inserted using the slow revolutions of the handpiece. (G) Two implants are in place. They have at least 2 mm of intervening bone
between the outer surfaces. The anterior tooth has about 2 mm of bone between it and the adjacent tooth. (H) Cover screws have been
placed on the implant heads to protect the inner aspect of the implant during healing. They are level with the surrounding bone. (I) The flaps
are closed with black silk sutures in this submerged protocol.

3. Design of th,e impl.ant . that of bicortical stabilization. This required that an implant
4. Sufface configuration of the implant . extended from the superficial cortex of the edentulous ridge to
5. Thlckness of the bone cortex and how many cortices the the inferior cortex of the anterior mandible or the nasal floor or

1mple?nt ENgages . floor of the antrum in the maxilla. This is clearly not possible in
6. D.ensny.of the medullary ane t.rabeculatlon . the posterior mandible because of the presence of the inferior
7. D1rr1.en51ons of the preparation site compared with that of dental canal, and in this situation shorter implants with uni-

the implant cortical fixation are used. Bicortical fixation is probably only

advantageous in areas of poor bone quality in the medullary

The philosophy of what constitutes adequate implant length
space. The Straumann system routinely uses shorter implants of

varies between systems. The original Branemark concept was
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Figure 7.3 The Straumann measuring device is used to check
that there is adequate interarch space to accommodate the hand-
piece and drill.

8 to 12 mm in length. This type of implant may be a good choice
for bridgework in the posterior mandible and posterior maxilla
where there may be little height of available bone.

There is one other important proviso about implant
length, and that is to ensure that there is adequate vertical
space when the patient opens mouth to permit insertion of the
planned length of implant together with its insertion device
(Fig. 7.3). The latter could include the handpiece head, hand-
piece connector, and implant mount. Although many systems
offer low profile versions of these components, the length of
the implant may be the most critical feature. This is not usually
a problem for the anterior region of the mouth but is very
important in the molar regions.

Most systems produce implants in wider diameters to
improve stability and strength (see chap. 4). The increased
diameter provides an overall greater surface area and theoret-
ically may provide the equivalent of bicortical stabilization by
engaging both buccal and lingual cortices.

Alternative approaches to improve stabilization in areas
of limited bone height and limited bone quality include the
following:

Tapered implant shapes

®  Modifications to the thread design, for example, double
thread

®  More effective self-tapping end designs

The initial stability of an implant can be improved easily by
inserting an implant into a site that is prepared smaller than
the implant. This approach is used in the Astra system to good
effect. Therefore, when using a 3.5-mm-diameter implant, the
site is routinely prepared to a diameter of 3.2 mm (or 2.7 mm
with the newer tapered apex design) and the implant self-
tapped into position. If, however, the bone at the site is very
dense, the surgeon is advised to prepare the site to a diameter
of 3.35 mm. Similar recommendations are given with the
standard 4-mm-diameter Astra implant with twist drills of
3.7 and 3.85 mm according to the available bone density.
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Implant surface roughness may do little to improve
primary stability but may achieve higher bone-to-implant
contact in the healing period compared to a machine surface,
thereby developing a more rapid secondary stability.

PLACEMENT OF THE IMPLANT IN AN
ACCEPTABLE POSITION

This is dealt with in considerable detail in the chapters on
single teeth (chap. 9) and fixed bridges (chap. 10). Problems
should be avoided by

1. careful planning;
2. using surgical stents;
3. reviewing each stage of the preparation process.

Surgical stents should be constructed using the diagnostic
setups or provisional prosthesis. They should be rigid enough
to prevent distortion and stable to minimize movement
(Figs. 7.1E, 7.4, and 7.5B). Stents constructed in cold-cure
acrylic or a rigid blowdown plastic using adjacent teeth for
stability are ideal. The stent helps the surgeon with the
mesiodistal positioning of the implant (avoiding placement
in the embrasure spaces) and the buccolingual positioning
and angulation. In replacing anterior teeth, it is particularly
important to provide the profile of the buccal aspect of the
prosthesis, including the cervical margin to give the planned
emergence profile to optimize aesthetics. It is more difficult to
provide a stable stent in an edentulous jaw. Under these
circumstances, the stent needs to be extended on to stable

Figure 7.4 (A) Flaps have been raised in the upper incisor region
to reveal good ridge thickness but a moderately large incisive canal.
(B) Sites for implants have been prepared in the lateral incisor
regions. The surgical guide is in place showing the direction
indicators angled toward the incisal tips for this cement-retained
prosthesis.
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Figure 7.5 A series of photographs illustrating surgical preparation and placement of Straumann implants in a mandibular denture case.
(A) The atrophic mandibular ridge with little keratinized mucosa. (B) A cold-cure acrylic stent has been constructed and tried in the mouth.
The stent is a duplicate of the patient’s denture, with slots cut in the regions of the planned implant placement (right and left canine). Initially
trying in of the stent helps to plan the flap design and length of incisions. (C) A crestal incision has been made and midline relieving incision.
The flaps have been raised to reveal the buccal bone contour and to release the soft tissue from the inner aspect of the mandible. The initial
sites in the canine regions have been prepared with a round bur. (D) The stent in position with a depth gauge/indicator post in the patient’s
right side and a twist drill on the left side. The stent is removed to allow complete preparation of the site but is inserted at different stages to
check on the position and alignment. (E) The implants have been placed with the polished collars just above the bone crest. (F) Closure
screws have been attached to the implants and the flaps have been sutured.

mucosa (which is more readily accomplished using the palate),
yet still allow access and retain stability once the mucoperios-
teal flaps are raised. In completely edentulous jaw stents and
long span edentulous spaces, it is important to construct stents
in a material that is sufficiently rigid to retain its shape and not
flexible so as to compromise implant positioning (Fig. 7.5).

The stages of placement can be reviewed using indicator
posts in the prepared sites. These can be evaluated against the
surgical stent (Fig. 7.4). It is recommended that the surgeon
reviews the angles of the indicator posts from various aspects.
Failure to do so can lead to surprising parallax errors.

The position of the indicator posts should also be
reviewed in relationship to the opposing dentition. In the
buccal segments in a patient with a normal buccopalatal rela-
tionship, the maxillary indicator should be directed toward the
buccal cusps of the lower teeth and the mandibular indicators
toward the palatal cusps of the maxillary teeth. This ensures
that the implant is placed in the central fossa area of the tooth
and forces are directed down the long axis.

The level of the head of the implant should be placed to
allow adequate vertical space from the opposing dentition and
to produce good aesthetics. These important issues are dealt
with in detail in the following chapters.

PREOPERATIVE CARE, ANESTHESIA,
AND ANALGESIA

Basic preoperative care should include the following;:

1. Antiseptic rinsing of the oral cavity. Chlorhexidine
gluconate (2% or 1.2% proprietary rinses for 1 minute)
is recommended.
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2. Administration of analgesics. Oral analgesics (ibuprofen
200 mg or 400 mg or paracetamol 1 g) are usually suffi-
cient in most outpatient cases. Control of pain is more
effective if analgesics are given prior to surgery and the
levels maintained to prevent development of pain.

3. Administration of antibiotics. This used to be a routine
procedure and there is some evidence to suggest that
preoperative antibiotics may reduce implant failure. How-
ever, placement of one or a few implants under ideal
circumstances probably does not warrant antibiotics.
Where antibiotics are indicated (e.g., multiple implants
where bone is exposed for long periods or grafting is
carried out), the clinician could use a standard protocol
(e.g., amoxicillin 0.5 to 1 g preoperatively followed by a
5-day course).

Antibiotic and analgesic regimes will differ according to
the status of the patient, the viewpoint of the clinician, and the
country that the treatment is being carried out in. It is therefore
beyond the remit of this book.

Anesthesia

Many cases can be satisfactorily managed with local anesthe-
sia, depending on the skill and experience of the surgeon and
the attitude of the patient. The magnitude and duration of
implant surgery is considerably increased with multiple
implant placement, especially where more than one quadrant
is involved. As a general indication, it is worthwhile consid-
ering sedation techniques in procedures likely to exceed one
hour (e.g., the equivalent of the placement of three implants
or more for the experienced operator). Prolonged difficult
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procedures and those requiring extensive grafting may require
general anesthesia.

Local anesthesia has advantages over general anesthesia.
In particular, the conscious patient is able to cooperate by
performing normal jaw movements in centric and lateral
excursions to help verify appropriate implant positioning.
The vasoconstrictor in the local anesthetic is useful in provid-
ing improved hemostasis and prolonged analgesia. Longer-
acting local anesthetics may be useful in this type of surgery.

BASIC FLAP DESIGN AND SOFT TISSUE
HANDLING

Some surgical texts describe implant placement without flap
elevation, but this can readily lead to lateral perforation of the
bone in inexperienced hands. It is more suited to single
implant placement directly into extraction sockets, and this is
considered in chapter 11. Flap design (see chap. 8) and eleva-
tion should achieve complete exposure of the edentulous
ridge, including any bony concavities and identification of
important anatomical structures. The flap should also be easily
closed with sutures under minimum tension with incision
lines based on sound bone as in any good surgical practice.

Elevation of flaps is best accomplished using periosteal
elevators with a fairly sharp edge especially where the bone
ridge is uneven. Fibrous and muscle attachments, which tether
the flap margins, may need to be released by sharp dissection.
Flaps should be elevated to allow good visualization of the
ridge form but not excessive in opening tissue spaces unnec-
essarily, for example, distal lingual aspect of the mandible.
However, good reflection of the soft tissues on the lingual
aspect of the lower incisors to premolars is advised because
implant preparations in this area may inadvertently perforate
the lingual plate in a natural concavity and damage a branch of
the sublingual artery. This can result in extensive bleeding in
the unreflected tissue, which is not noticed by the surgeon, and
results in a deep-seated sublingual hematoma. This may pres-
ent sometime within the next 24 hours and has been reported
to threaten the patient’s airway.

Before closure of the flaps, it is important to check that
there is no residual bone debris or clot beneath the flaps by
careful irrigation with sterile saline and inspection with suction.
The flaps are carefully closed with sutures of the surgeon’s
choice, either nonresorbable or resorbable. Simple interrupted
40 black silk or vicryl sutures are satisfactory. Vertical mattress
sutures are recommended by some operators where a more
secure seal is required, for example, over a grafted site. Finer 60
or 70 polypropylene sutures as used in plastic surgery are
recommended by others, in which case a larger number are
required and fine suturing instruments are mandatory. How-
ever, the most important factor is to ensure that the wound
closure is free of tension. In difficult cases requiring flap
advancement, periosteal releasing incisions, vertical relieving
incisions, and stabilizing sutures remote from the wound edges
can be helpful. Firm pressure with moist packs should be
applied to readapt the flaps and control bleeding.
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BASIC POSTOPERATIVE CARE

Patients should be prescribed appropriate analgesics, antibi-
otics if indicated, and a chlorhexidine mouthrinse. They
should be advised to use ice packs to reduce swelling and
bruising, which do not usually occur with simple cases. Post-
operative pain should not be severe. Pain should not arise
from the bone because this would indicate poor technique and
damage possibly leading to failure. Surgery close to the infe-
rior dental nerve may result in transient altered sensation and
the patient should be made aware of this possibility.

In many cases patients are advised not to wear their
removable dentures for one to two weeks to avoid pressure
on the wound and implants. This requirement is probably
still valid with implant surgery in the edentulous mandible.
It is acceptable for the patient to wear a removable denture
after surgery with placement of a small number of implants,
where swelling is less likely and there is good wound and
denture stability. However, the denture normally needs to be
relieved and sometimes a soft lining added. The patient
should be seen one week later for suture removal and further
adjustment to their denture if required. Patients who are
provided with a fixed provisional prosthesis have an advan-
tage in this respect, but may need adjustment to the under-
surface of pontics to accommodate healing abutments and
soft tissue changes.
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Flap design for implant surgery

INTRODUCTION

This chapter deals primarily with flap design for partially
dentate cases, describing most examples in the aesthetic zone
for single implant placement. The same principles are appli-
cable to larger edentulous spaces. The last section briefly
describes some aspects of flap design in the edentulous jaw.

FLAP DESIGN IN THE AESTHETIC ZONE

Some surgical texts describe implant placement without flap
elevation, but this can readily lead to lateral perforation of the
bone in inexperienced hands. It is more suited to single
implant placement directly into extraction sockets, which is
considered in chapter 11. Flap design and elevation should
achieve adequate exposure of the ridge, including any bony
concavities and identification of important anatomical struc-
tures. The flap should also be easily closed with sutures under
minimum tension with incision lines based on sound bone as
in any good surgical practice.

A midcrestal incision can be employed in most cases.
The incision can be extended within the gingival crevice of
adjacent teeth (Fig. 8.1) and the mucoperiosteum can be
elevated quite extensively in an apical direction to allow ade-
quate visualization of the bone contour.

However, in many cases, we advocate the use of reliev-
ing incisions to aid flap reflection and exposure (Fig. 8.2).
Relieving incisions next to teeth require particular attention.
The incisions can be kept vertical and parallel overlying sound
bone so that on closure the flaps revascularization is not
compromised. The apical extent can be flared if desired to
improve visualization of the apical bone contour. It is impor-
tant to avoid placing obliquely inclined relieving incisions over
prominent root surfaces, as the wound can break down if there
are underlying bone dehiscences and this can result in gingival
recession (Fig. 8.3).

On placing relieving incisions or reflecting the flaps care
should be taken to protect important anatomical structures
such as the mental nerve. Elevation of flaps over the incisive
canal region has minimal consequences in terms of resulting
paresthesia, and bleeding is seldom a problem (Fig. 8.4). Short
relieving incisions into the palate can also be helpful and do
not need to be extended far enough to cut any major vessels.

Where there is little keratinized tissue it is sometimes
useful to locate the crestal incision toward the palatal aspect in
the maxillary arch, which has considerably more keratinized
tissue as it extends on to the palate (Fig. 8.5). This design is also
a useful strategy in cases where bone augmentation proce-
dures may be required on the labial aspect, to ensure adequate
wound closure remote from any implant surfaces, graft mate-
rials, or guided bone regeneration (GBR) membranes. How-
ever, in these latter cases it is probably prudent to place
relieving incisions at least one tooth width lateral to the area
of augmentation treatment (Fig. 8.6).

www.highdentlab.com

The main controversy in flap design for single tooth
implants is whether to involve and reflect the adjacent papillae
or not. Avoidance of papilla reflection aims to preserve the
aesthetics of these structures, which are difficult or impossible
to reconstruct if lost (Fig. 8.7).

However, in many cases the single tooth space is narrow
mesiodistally and elevation of the papillae may be unavoid-
able (Fig. 8.8). If one can only preserve a narrow strip of soft
tissue on the proximal surfaces of the adjacent teeth, it may
have its blood supply compromised to such an extent that full
reflection of the tissue would be no more damaging. The
present authors have routinely elevated papilla as in the flap
design shown in Figures 8.1 and 8.5 with no detriment to the
soft tissue profile subsequently. We would therefore recom-
mend the following:

1. In sites that are less than or equal to 7 mm mesiodistally,
to reflect the papillae.

2. In sites that are 8 mm or greater, a mesiodistal crestal
incision of 5 to 6 mm and relieving incisions will allow
nonreflection of an adequate width of papillary tissue to
recommend the technique.

3. If doubt exists as to the need to expose anatomical
structures such as the incisive nerve or if augmentation
techniques may be indicated, then the wider flap design
incorporating papillae is again recommended.

The incisions described above are simple incisions through
epithelium, connective tissue, and periosteum down to bone.
More sophisticated incision lines can be used where the tissue
is thick in order to produce overlapping flap margins rather
than a simple butt joint (Fig. 8.9). This requires incision
through the epithelium at one point, horizontal extension of
the incision in the midzone of the connective tissue, followed
by a vertical incision down through periosteum. The resulting
halving joint may provide more secure coverage in areas
where bone augmentation is planned.

ADDITIONAL CONSIDERATIONS IN EDENTULOUS
JAWS

As described in the previous section, a midcrestal incision can
be employed in most cases. Where there is little keratinized
tissue, for example, in the case of the resorbed edentulous
mandible, it is recommended that the incision is made in the
middle of this tissue to retain some keratinized mucosa on
each side of the wound. The maxillary arch has considerably
more keratinized tissue as it extends on to the palate, and it is
sometimes useful to locate the crestal incision toward the
palatal aspect. This strategy can be used to relocate more
keratinized tissue on the buccal surface of the nonsubmerged
implant (or the same at abutment connection surgery).

In the edentulous maxilla or mandible, a midline labial
relieving incision extending into the sulcus enables the
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Figure 8.1 (A) An incision on the crest of the edentulous space is
extended in the gingival crevices of the adjacent teeth to allow
adequate exposure of the ridge. (B) A crestal incision extended into
crevices of adjacent teeth to provide adequate access to the bone

ridge.
\ /
I
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Figure 8.2 A normal incisor space with a midcrestal incision,
vertical relieving incisions on sound bone that are flared at their
apical extent. The relieving incisions extend a short distance into
the palatal mucosa to allow adequate elevation.

Figure 8.3 (A) Itis advised to avoid placing oblique relieving incisions
over prominent root surfaces as recession may result if there is an
underlying bone dehiscence. A broad base to the flap is not necessary
for flap survival as the blood supply and nutrient bed for mucosal flaps
are excellent. (B) A midcrestal incision leaving papillae in situ. The
oblique relieving incisions do not pass over the adjacent root surfaces.

Figure 8.4 Elevation of a palatal flap with the incisive canal
contents under tension.
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Figure 8.5 The crestal incision has been made on the palatal
aspect of the ridge. Reflection of the flap may be slightly more
difficult and the wound margins are more remote from the implant
head. This was once considered to be important in submerged
implant surgery.

Figure 8.6 If augmentation procedures are thought to be required,
it is prudent to base incision lines more remotely to avoid exposure of
grafted materials. The incisions have therefore been made one tooth
laterally on each side and the crestal incision toward the palatal side.

surgeon to elevate under the periosteum more easily, espe-
cially where the crest of the ridge is knife-edged or uneven.
The relieving incision also reduces tension on the buccal flap
making retraction much easier (Fig. 8.10).

When providing just two implants in the lower jaw to
support an overdenture, it is often possible to achieve this
using two small flaps on either side of the jaw (Fig. 8.11) rather
than a single but larger flap extending across the midline.
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Figure 8.7 (A) The wide central incisor space allows an adequate
width flap to be developed in the middle of the space, while allowing
preservation of the papillae. (B) A clinical example showing pres-
ervation of the papillae on the adjacent teeth in this wide central
incisor space. The flap design and reflection has provided good
visualization of the bone during implant insertion. (C) The same
case with the flap nicely approximated around the healing abutment
with two sutures. Relieving incisions may require suturing if they
tend to gape.

FLAP DESIGN IN ABUTMENT CONNECTION
SURGERY

Flap design for abutment connection surgery is important as
it gives the surgeon a chance to modify the soft tissue
profiles. Many of the points raised also apply to handling
of the flaps in single-stage nonsubmerged implant surgery. In
general, incisions are made directly over the implant heads
unless the surgeon wishes to preferentially relocate some of
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Figure 8.8 (A) The narrower incisor space (as is often the case
with lateral incisors) does not allow an adequate width of flap and
avoidance of disturbing the proximal papillae, which are routinely
raised in this flap design. This example uses a mesial and distal
relieving incision. (B) All the soft tissue in the space has been
elevated using a labial relieving incision at the distal line angle of
the central incisor and a crevicular extension at the canine.

e |

———
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Figure 8.9 Where the ridge soft tissue is thick, a split thickness
incision can be employed, which produces a “halving joint.” This is
designed to minimize the chance of breakdown of the incision but
can only be made in thick tissue where this problem is less likely to
occur anyway.

t.me/highdent
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Figure 8.10 (A) Flap design in the edentulous maxilla being
treated with nonsubmerged Straumann implants. The crestal inci-
sion has been made toward the palatal aspect of the planned
placement site. This allows retention of more keratinized tissue
on the buccal aspects of the implants. A midline relieving incision
helps flap reflection and lengthens the flap margin to improve
adaptation around the implant collars. (B) The flaps sutured with
simple re-adaptation and no resection of tissue.

the available keratinized tissue more on one aspect than the
other. In severely resorbed jaws with minimal keratinized
tissue it is important to preserve it all, and in some cases soft
tissue grafting may be required (see chap. 12). Small crestal
incisions over the implant head and minimal soft tissue
reflection to allow abutment connection are easier with
systems that have an internal abutment/implant connection
such as Astra (Fig. 8.12). In systems where abutment seating
is more difficult we would generally advocate more extensive
exposure of the implant head to facilitate abutment connec-
tion, and to allow visual checking of the fit. This should
eliminate the need for radiographic verification of component
seating. Full flap reflection is also needed if bone has grown
over the implant head and this has to be removed with small
hand chisels (our preference), burs, or purpose designed
mills, taking care not to damage the implant. More flap
reflection is required if bone removal is needed, including
use of relieving incisions. It is important to have relieving
incisions remote from the edges of the transmucosal abut-
ment (or collar of a nonsubmerged implant) where the
wound may break down at these points because the flap
margins are not based on sound tissue (Fig. 8.13).
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Figure 8.11 An edentulous mandible treated for two implant
supported overdenture. (A) The atrophic jaw with little keratinized

tissue. (B) Two small flaps in the canine regions following suturing. Figures 8.13 (A) The relieving incisions are made at the line

angles of the abutments and may subsequently breakdown. The
more remote relieving incisions (B) are more likely to heal unevent-
fully and do not generally compromise the papillary form.

In some circumstances the initial straight-line incision can
be closed around the abutments without resecting/reshaping
tissue, provided a good soft tissue profile is achieved. This is
easier where the mucosa is relatively thin or elastic. In other
circumstances, the flaps need to be reshaped by making curved
incisions to match the shape of the abutments. Instead of simply
excising this tissue, it is often worthwhile adopting the strategy
described by Palacci, of retaining the attachment of this tissue at
one end and rotating it around the abutment to ensure good
coverage of the bone. (Fig. 8.14). This will aid the soft tissue
profile but will not necessarily produce papillary height
between adjacent abutments as originally described. Papillary
form is more dependent on the presence of natural adjacent
teeth with good gingival attachment on the proximal surface
and careful development of adjacent emerging crown profiles.

The healing abutment length should be chosen so that it
just emerges through the soft tissue and does not require too

Figure 8.12 Small incisions over an Astra implant allow connec- ~ much modification of the provisional prosthesis. There has
tion of a healing abutment. The implant to the right has the cover been a vogue for advocating different width healing abutments
screw exposed. to match the size of the tooth being replaced, thereby devel-

oping a more appropriate soft tissue form at an early stage.
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Figure 8.14 A series of clinical illustrations of abutment connection surgery. (A) A crestal incision over the heads of the implants extends
just into the crevice of the adjacent teeth. (B) Good flap reflection has allowed removal of bone, which has grown over the cover screws, with
a hand chisel. (C) The flaps are re-adapted around healing abutments. The flaps are reshaped and the tissue that would normally be excised
is preserved and rotated between the healing abutments. (D) The flaps are closed with simple interrupted sutures.

However, the width of the healing abutment can be extreme CONCLUSION
and compromise the soft tissue profile. We would advocate  This chapter has simply dealt with the issue of flap design.

using healing abutments that are slightly narrower than the  Suturing and postoperative care were dealt with in chapter 7.
tooth being replaced and then “stretching” the tissue with the The following chapters deal with the finer points of implant
final or provisional prosthesis. placement.
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Surgical placement of the single tooth
implant in the anterior maxilla

INTRODUCTION

This chapter deals with some of the most important issues of
implant placement that are directly applicable to chapter 10 on
fixed bridgework. Single tooth restorations may be the most
aesthetically demanding of all implant restorations because
they are most frequently used to replace maxillary anterior
teeth where they can be judged against adjacent natural teeth.
To produce the optimum aesthetics, the restoration should
emerge from the soft tissue at the same level and contour as
the natural teeth. This is facilitated by good preexisting soft
tissue and bone contours, meticulous planning, precise posi-
tioning of the implant at surgery, and a high standard of
prosthodontics. It is easiest to consider the ideal situation in
the first place and then more compromised situations. The
ideal situation is where there has been no or minimal bone loss
and the soft tissues are perfectly contoured around the adja-
cent natural teeth.

CONTROLLING VARIABLES IN IMPLANT
PLACEMENT

All implant placements rely on a good 3D perspective by the
operator. There are relatively few variables that affect this:

1. Mesiodistal positioning

2. Buccolingual positioning

3. Angulation of the long axis of the implant
4. Vertical positioning of the implant head

These variables may be easier to consider when judged against
a surgical stent, which provides information on the position
and shape of the labial face and the cervical margin of the
restoration (Fig. 9.1).

Mesiodistal and Buccolingual Positioning

These are decided upon with the initial penetration of the drill
into the bone site. The mesiodistal positioning is relatively
straightforward and in most instances will be in the middle of
the single tooth gap (Fig. 9.2), unless there is planned spacing
to accommodate a wider diastema on one side of the restora-
tion. In anterior sites where more than one implant is placed,
the initial positioning becomes more critical to ensure ade-
quate space between implants and adjacent teeth. This is
illustrated in Figure 9.3, which shows a sequence of surgical
site preparation for the installation of two implants to replace
the maxillary central incisors.

However, in many instances bone resorption will affect
the buccolingual position of the ridge and the angulation,
factors that are more difficult to cope with especially for the
inexperienced clinician (Fig. 9.4). The site may also be affected
by localized ridge defects or the presence of anatomical
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structures such as the incisive canal (Figs. 9.5 and 9.6). There-
fore, a more palatal positioning of the implant is more likely. In
the unusual situation of a very well-formed /broad ridge in the
buccolingual dimension, it is important not to site the implant
too buccally outside the profile of the adjacent teeth.

Buccolingual Angulation of the Implant

Figures 9.7 and 9.8 demonstrate the potential variation in
implant angulation. The implant can be placed in the same
long axis as the crown. This is shown in Figure 9.7A with the
implant/crown at the average angle from the Frankfurt plane
of 110°. The long axis of the implant and abutment passes
through the incisal tip of the crown. This is a common situation
and dictates that the crown is cemented to the abutment. In
many cases the profile of the bone ridge dictates a more labial
inclination of the implant.

In Figure 9.7B, the implant has been angled a further 10°
labially with the crown maintaining its previous position/
angulation. The long axis now passes labial to the incisal
edge and produces a slight crown/implant angulation,
which mimics the crown/root angulation seen in many natural
incisor teeth. This angulation may produce very good aes-
thetics giving a natural form and prominence to the labial
cervical margin similar to the adjacent teeth, that is, optimum
emergence profile (Fig. 9.9). Increased labial angulation
(Figs. 9.7C and 9.10) by a further 10° will still produce a
restorable aesthetic solution, but beyond this the restorative
problems will increase to a point where it may be impossible to
provide an acceptable restoration (Fig. 9.7D).

In contrast, resorption of the bone ridge toward the
palate may promote more palatal angulation of the implant.
Figure 9.8 shows progressive 10° angulations of the implant
toward the palate. Up to 10° palatal angulation there is little
compromise, although there will be a tendency toward less
favorable buccal cervical contour/emergence profile. As the
palatal angulation increases, there will be a need to make up
the loss of buccal cervical contour by progressive ridge lapping
of the restoration. This results in a restoration, which does not
emerge from the soft tissues but a ridge lap that “sits” on the
tissues in a similar way to a conventional pontic in fixed
prosthodontics. The only advantage of the palatally angled
implant is the possibility of access to the abutment screw
through the cingulum of the restoration permitting a screw-
retained restoration rather than a cemented one (Fig. 9.11). The
screw-retained design of single tooth restoration is less impor-
tant than it used to be because of lower incidences of abutment
screw loosening (through better design and adequate tighten-
ing of abutment screws using controlled torque devices).

Figures 9.7 and 9.8 would suggest that an acceptable
angle would be between 20 proclined and 10 retroclined to the
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Figure 9.1 (A) Labial view of a surgical stent for an upper right
central incisor tooth, the blowdown plastic has been trimmed to
indicate the cervical margin. A direction indicator post has been
placed in the initially prepared site. (B) Palatal view showing the
indicator post in the long axis of the tooth to be replaced.
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Figure 9.2 The implant is placed in the middle of the gap of the
tooth it is replacing, in the same position as the root would have
been. This is also indicated in the lateral view in this idealistic
situation where minimal or no bone loss has occurred.

“ideal/normal” long axis. Angulations outside these parame-
ters will compromise the aesthetics and test the skills of the
prosthodontist to the limit where the implant is unrestorable or
aesthetically unacceptable. The following points should help
avoid this situation:

1. Good preoperative assessment and planning

2. Grafting of sites where these difficulties are predicted

3. Utilization of surgical stents and guide pins at each stage
of the preparation to check on angulation and vertical
positioning of the implant head

The above guidelines are approximate (and relatively crude
10° increments) and each case should be judged on its own
merits, particularly with regard to patients who have pro-
nounced natural crown/root angulations and/or class 2 or 3
incisal relationships.

A difficult angulation problem encountered at the time
of surgery may be reduced by preparing the initial entry site of

Figure 9.3 A series of photographs showing the placement of two Astra Tech implants to replace both maxillary central incisors. (A) The
preoperative situation showing good ridge form. (B) Buccal and palatal flaps have been elevated. (C) A cold-cure acrylic stent has been tried
to assess the position of the labial faces of the central incisors to the underlying ridge. (D) The outer cortex of the ridge is penetrated with a
round bur in the appropriate mesiodistal and buccolingual positions.(E) The angulation of the sites is developed with twist drills of increasing
dimensions. Changes to the angulation can be made at the early stages of drilling. References should be made using direction indicators (in
patient’s right site) and the stent. (F) Direction indicators viewed from the labial side. (G) Direction indicators viewed from the occlusal
aspect. (H) After establishing that the site positions and angulations are satisfactory, the sites are enlarged with a larger-diameter twist drill.
(I) The sites are prepared with a conical drill to accept the conical head of the Astra Tech ST implant. (J) The implant is inserted connected to
an adapter. Adapters vary in design and can be used in a handpiece or by hand using slow revolutions. (K) The implants have been placed
with their heads just below the crest of the bone. This is to allow a good emergence profile of the central incisors, which are quite wide
compared with the implant head (4.5 mm). (L) Closure of the flaps in this submerged two-stage protocol.
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Figure 9.3 (Continued)

Figure 9.4 The diagram on the left shows an implant in the long
axis of the root in an ideal situation. The more common situation is
illustrated in the diagram on the right where the implant has been
positioned palatally as the ridge has resorbed in this direction. The
angulation of the implant has been maintained and now passes
through the cingulum of the incisor such that a screw-retained
retrievable restoration would be possible. There is, however, suffi-
cient bone volume to allow proclination of the implant so that the
angle passes through the incisal tip.

www.highdentlab.com
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Figure 9.5 A series of photographs illustrating the effects of
palatal placement of the implant. (A) A patient with a missing
maxillary central incisor. (B) Flaps have been raised and the
implant site prepared in the available bone. It is slightly palatal
because of the loss of labial bone, and slightly distal because of the
presence of a prominent incisive nerve canal. (C) The completed
result showing satisfactory aesthetics, but with the implant crown
slightly ridge lapped to compensate for the palatal placement. (D) A
radiograph of the completed case showing bone levels at the top of
this Astra Tech single tooth implant.
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Figure 9.5 (Continued)

the implant toward the palatal aspect, which would allow a
change in angulation and keep the implant preparation within
the bone contour. It is therefore important to consider whether
the buccopalatal position is in keeping with the required
angulation of the implant and to adjust this if required.

Vertical Positioning of the Implant Head

The vertical position of the implant is important to provide
space for the planned abutment and a restoration margin that
is placed at an aesthetic level in relation to the thickness of the

t.me/highdent
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Figure 9.6 A series of photographs showing the replacement of a
maxillary lateral incisor with an Astra Tech single tooth implant
where the implant angle is through the incisal tip. (A) Initial pre-
sentation showing that the left and right maxillary lateral incisors
had been replaced previously with minimal preparation resin-
retained bridges. The left side had failed and is being replaced
with an implant restoration. (B) Preparation of the site is complete.
There has been little labial resorption allowing very good placement
and an angulation that passes close to the incisal tip. (C) The
completed case showing good aesthetics and emergence profile of
the implant crown. (D) Palatal view of the cemented implant crown
showing normal contour and a small vent hole to allow escape of
excess cement. (E) Radiograph of the completed case showing
bone at the top of the implant and the good emergence profile of the
restoration.
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Figure 9.6

(Continued)

110 deg 120 deg 130 deg 140 deg

Figure 9.7 Implants drawn at various angles from the Frankfurt
plane, with 110° considered to be the average root angulation in a
class 1 incisor relationship. The crown of the restoration has not had
its angulation changed and in each case the implant and abutment
have been progressively labially inclined by 10° increments.

110 deg

100 deg 90 deg

Figure 9.8 Implants are drawn at various angles from the Frankfurt
plane, with 110° considered to be the average root angulation in a
class 1 incisor relationship. The crown of the restoration has not had

its angulation changed and in each case the implant and abutment
have been progressively palatally inclined by 10° increments.

www.highdentlab.com

Figure 9.9 (A) Replacement of both maxillary lateral incisors in a
young patient. This figure shows the impression copings on the
implants during the prosthodontic phase. There is a labial angula-
tion of both implants compared with the adjacent natural teeth.
(B) The completed result showing good emergence profiles.

Figure 9.10 A series showing replacement of a maxillary lateral
incisor with labial angulation of the implant. (A) The wide missing
lateral incisor space. (B) A surgical stent in place, with a direction
indicator in the initially prepared site. (C) The implant has been
inserted and an inserting device is still connected. The implant will
be seated a further millimeter apically. (D) A side view of
the implant inserter showing quite marked labial angulation of the
implant, corresponding to a line through the mid-labial point of the
crown. It is also apparent that the natural teeth have a pronounced
crown/root angulation. (E) The completed result showing good
aesthetics of this cemented implant crown.
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Figure 9.10 (Continued)

Figure 9.11 A series showing marked palatal positioning of an
implant replacing a maxillary central incisor. (A) Occlusal view of
the ridge form showing a labial concavity. (B) Elevation of the flaps
reveals a large incisive canal, further compromising the site. (C) The
site has been prepared in the available bone volume without com-
promising adjacent structures. (D) An Astra Tech single tooth implant
has been placed. (E) The completed result showing compromised
aesthetics because of the palatal position of the implant. The crown is
ridge lapped. The area would have required a moderate sized graft to
overcome this. The patient was prepared to accept the compromise,
particularly as the cervical area did not show during normal function.
(F) Palatal view of the completed case showing the access hole to the
abutment screw. The crown is cemented to a standard abutment, but
the crown/abutment assembly could be removed or the abutment
screw tightened through this access hole. (G) Radiograph of the
completed case showing good contour/emergence in the mesiodistal
Figure 9.10 (Continued) plane, concealing the ridge lap profile in the buccopalatal plane.
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Figure 9.11

(Continued)

soft tissue. Figure 9.2 shows a frontal view with the ideal
arrangement of the implant in the middle of the space in the
long axis of the tooth with the head of the implant about 3 mm
apical to the cervical-gingival margin of the restoration. There
should be little variation in the angle of the implant in this
plane and most of the variation relates to the vertical level of

www.highdentlab.com

Figure 9.12 (A) An implant has been placed to replace an upper
right maxillary central incisor. The implant has been countersunk
approximately 2 mm below the crest of the adjacent bone and a
long cover screw has been attached to the implant. The cover
screw is almost level with the adjacent bone and this will reduce the
possibility of bone overgrowing the cover screw. (B) The temporary
prosthesis in place showing the difference in level between the
cervical margin and the head of the implant. Countersinking of the
implant will allow development of a better emergence profile, par-
ticularly as the implant was placed more distally in the space to
avoid involvement of a prominent incisive canal.

the head of the implant. The distance of 3 mm between implant
head and adjacent tooth cement-enamel junction is quoted as it
usually allows a smooth transition of restoration profile from
an implant of average diameter (4 mm) to the natural crown
contour/dimensions of maxillary central or lateral incisors or
canines (Fig. 9.12). An implant head that is too close to the
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Figure 9.13 Labial view of emergence profile contours from
implants placed at different vertical levels (A—C), apical to the
desired restoration.

crown (Fig. 9.13A) will necessitate an abrupt highly angulated
profile and the possibility of unaesthetic exposure of the abut-
ment or implant head. An implant head that is located further
apically will allow a very smooth transition profile (Fig. 9.13B),
but if this is too extreme it will produce a very long restoration
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that may be more prone to mechanical complications (see
chap. 16). The deeply placed implant head may be more diffi-
cult for the prosthodontist to deal with and failure to maintain
soft tissue height will compromise aesthetics.

The emergence profile therefore depends on

1. the size of the crown to be replaced;

2. the diameter of the implant/abutment;

3. the vertical distance between implant and crown cervical
margin.

An implant diameter can be selected to more closely match the
size of the tooth it is replacing, but the diameter is limited by
the width of available bone. The vertical level of the implant is
still very important to maintain soft tissue aesthetics.

CONCLUSIONS

It should be clear from the preceding discussions and dia-
grams that the angulation, buccopalatal position, and the ver-
tical level of the implant head have a marked effect on the
contour and aesthetics of the single tooth restoration. It is very
important that the clinician who is surgically placing the
implant has a thorough appreciation of these factors. The
utilization of a stent indicating the labial aspect of the planned
restoration will help avoid many of the potential problems,
particularly for the inexperienced operator. The placement of
an implant in an unrestorable or unaesthetic position must be
avoided, and in situations where the bone profile, position, or
quantity is compromised, grafting should be carried out to
correct this, ideally as a separate procedure prior to implant
placement (see chap. 12).
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Implant placement for fixed bridgework

INTRODUCTION
The planning and placement of implants for fixed bridgework
follows the basic rules set out for those described in the
chapter on single teeth, but with more complications of site
selection, the relationship between adjacent implants, and their
relationship to the planned prosthesis. Ideally all of these
factors will have been resolved in the planning phase with
careful matching of the radiographic data, diagnostic setups,
and clinical verification. However, despite the most careful
planning, there are occasions when modifications have to be
made at surgery and it is under these circumstances that it is
advantageous if the surgeon has knowledge of the prostho-
dontic implications, either through his own experience or
through that of an attending prosthodontic specialist.

The requirements for surgical stents, anesthesia, flap
design, and soft tissue handling are dealt with in the chapter
of basic surgery (chap. 7).

IMPLANT POSITIONING AND INSTALLATION
When placing multiple implants it is especially helpful to be
able to refer to a written plan of site location, estimated
implant length and implant diameter, and reference to relevant
radiographs and study casts. Following elevation of the flaps,
the surgical stent is tried in and referred to at various stages
during the site development. The proposed sites of the
implants are marked in the cortical bone with a round bur
with positioning planned in three dimensions. The initial
preparation is checked against adjacent teeth and anatomical
structures, tooth positions on the stent, bone contour at the site,
and implant spacing. Spacing is required between adjacent
implants (and implants and teeth) for an adequate width of
bone (and soft tissue). Interimplant distance should be
between 2 and 3 mm while a space of 1 to 2 mm can be
sufficient for an implant next to a tooth. The angulation of the
site is then developed with the smallest twist drill and checked
with a guide pin. Remember that modifications to the position
and angle can only be made at the early stages of the prepa-
ration process (e.g., the 2-mm twist drill stage). The length of
the site is then established and the system protocol followed
with increasing diameters of drills until the preparation is
complete and the implant can be placed (Fig. 10.1).

IMPLANT SPACING IN MULTIPLE IMPLANT
PLACEMENT

This was dealt with in some detail in the planning chapters
(chaps. 4 and 5), but is helpful to remind the surgeon with
appropriate illustrations. The spacing requirements will vary
depending on whether there is an adjacent implant or pontic
space. The dimensions of the implant and the characteristics
of the implant system will also have a bearing on spacing
(Fig. 10.2). In addition to the surgical criteria, it is important to
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have a full understanding of the dimensions of the prosthetic
components that exist for the system being used. All abut-
ments will exhibit a coronal flare from the dimension of the
implant and this can have an impact on the space available for
the soft tissue, the eventual emergence and appearance of the
restoration, and the long-term stability of the soft tissue.

The emergence of the abutment is usually related to the
nature of the implant-abutment connection. There is a general
tendency for “flat top” implant systems to have a greater flare
as the emergence of the abutment starts from the edge of the
implant (Fig. 10.3). Many such systems now offer a capability
to “platform switch” where the width of the abutment, at
emergence, is narrower than the width of the implant.

Systems based on an internal cone abutment connection
have abutments that are narrower than the implant head at
emergence. This is the case with the Astra system illustrated in
Figure 10.4. Standard implant diameters range from 3 to 5 mm
at the implant head but the conical abutment fits within the
head of the implant. The reduced width of the abutment at the
implant head expands to a maximum diameter that matches
the implant diameter at a distance of 2 mm above the head of
the implant. This conical profile allows a good soft tissue cuff
to be formed and, therefore, permits slightly closer positioning
of the implants. Implant spacing also needs further consider-
ation when implants of a wider diameter are used. As the
initial sequence of drills is the same, additional space for a
wider diameter implant has to be accounted for in the early
phases of site preparation (Fig. 10.5).

Problems can arise when implants are placed too close
together. Not only can the viability of the interimplant bone be
compromised but problems also exist relating to restorative
emergence and maintenance of soft tissue (Fig. 10.6).

Tissue level implant systems like the Straumann system
require a different approach. A standard 4.1-mm-diameter
implant (measured in the endosseous part) has a transmucosal
collar, which enlarges to 4.8 mm in diameter at the top. It is
therefore the width of the collar that determines implant
spacing. The implants should be placed so that there is at
least a 1-mm gap between adjacent collars at their maximum
width, which gives an additional soft tissue space apical to this
(and in turn an adequate dimension of bone) (Fig. 10.7).

In implant systems with a wide range of implant diam-
eters, such as the Frialit system, a different approach may be
required. In this system, the implant sites are first prepared to
an acceptable final depth (Fig. 10.8). The sites are then widened
with successive stepped conical drills that exactly match the
range of implants, which have diameters of 3.8, 4.5, 5.5, and
6.5 mm. Therefore, the initial siting of the implant centers is
very dependent on the planned diameter of the final implant.
If there is a miscalculation and it appears that the implants of
the planned diameter will be too close, then a narrower prep-
aration and implant would have to be utilized. The Frialit
implants are tapered apically and, therefore, this provides
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Figure 10.1 A series of photographs illustrating placement of
Astra Tech implants in the maxilla. (A) The preoperative view of
the maxilla. (B) Flaps raised buccally and palatally revealing the
ridge form with implant positioning checked with guide pins. (C) All
implants have been placed and cover screws inserted. (D) The
flaps closed with multiple sutures.

Figure 10.2 Placement of Nobel Biocare implants into the anterior
maxilla. (A) Ample space has allowed placement with center-to-
center spacing of about 8 mm with no restorative issues. (B) Transfer
copings have been attached so that an impression recording the
position of the implants can be taken. This allows construction of a
provisional bridge that can be fitted at exposure surgery.

Figure 10.3 Implant positioning needs to account for the emer-
gence of restorative components, the flare of which can start from
the edge of “flat top” implants.
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Figure 10.4 The internal conical connection of the Astra Tech
implant allow abutment emergence from within the diameter of the
implant. This can allow closer positioning and still maintain ade-
quate width for the soft tissue.

Figure 10.5 An example of Nobel Biocare implants that were
placed too close together. The implants in the central incisor sites
(those with the abutments connected) have good spacing between
them. The implant in the lateral incisor space (cover screw in place)
has been placed too close. Abutment connection would be ham-
pered by the proximity of the adjacent implant.

adequate bone between implants in the apical zone. However,
this is not so much of a problem as the coronal aspect where
the breach in the epithelium occurs where complications are
far more likely in terms of inflammation or aesthetics.

The initial selection of the site has to take into account:

the planned diameter of the implant,

the proximal contour of the tooth,

the periodontal ligament space of the tooth,

allowance of between 1 and 2 mm of bone between
implant and root,

www.highdentlab.com
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Figure 10.6 A 4-mm-diameter Astra Tech implant has been
placed distal to the upper canine with adequate spacing. The site
distal to the implant is being prepared for a 5-mm-wide-diameter
implant. Position of the osteotomy has been determined in the early
stages to allow adequate spacing.

Figure 10.7 A series of photographs showing the installation of
Straumann tissue level implants. (A) Two implants have been
inserted in the maxilla distal to the canine. The flare of the trans-
mucosal collar from the implant diameter is evident. (B) An occlusal
view of the implants showing a gap of approximately 2 mm between
the outer aspects of the polished collars and the same gap between
the anterior implant and the tooth. (C) A radiograph of the implants
with closure screws in place. The shape of the implants means that
there is more space between them at the bone level than at the soft
tissue level.
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Figure 10.7 (Continued)
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Figure 10.8 A series of photographs showing the installation of
four Frialit implants in the posterior maxilla. (A) The edentulous
ridge prior to surgery. (B) An acrylic stent is in place with a guide pin
to evaluate the position and direction of the mesial site. Note the
stent reflects the size of the intended final restorations allowing
positioning of implants with different diameters. (C) The use of a
step drill to widen the initial site to 3.8 mm. (D) Mesial implant in
place. Initial preparation of the other sites reflects the intended use
of wider implants. (E) All four implants have been inserted with the
distal three being 4.5 mm in diameter. The cover screws are color
coded to reflect the underlying implant diameter.
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Figure 10.8 (Continued)

® allowance of adequate space for the proximal soft tissue

papilla,

®  a path of insertion of the implant, which is not affected by

the tooth contour.

IMPLANT ANGULATION

Guide pins placed in the developing implant sites should be
checked against the surgical stent and the opposing dentition,
and modifications made as necessary. This is very helpful and
should prevent unacceptable angulation of the implants. Ide-
ally the angulation of the implant sites should more or less
mimic the angulation of the natural teeth with modifications

instagram.com/high_dent



t.me/highdent

OB5301355 g ol s jles

o

Figure 10.9 Forces directed through the implants placed in the
posterior jaw will usually be in the same long axis as the premolar
or molar teeth. Labial angulation of the anterior implants means that
normal forces are not directed down the long axis.

according to the design of the final prosthesis and the degree
of ridge resorption. A decision as to whether the final restora-
tion is going to be cement or screw retained should be made
during the planning phase as this will have an impact on
implant angulation. If the final prosthesis is designed to be
retrievable/screw retained, the ideal angle of the implant
passes through the cingulum area of the anterior teeth and
the occlusal surfaces of the premolar/molar teeth. In a non-
retrievable cemented prosthesis, ideally the angulation should
be consistent with loading the implants through the long axis.
However, in the anterior zone, the angulation can be more
labially inclined through the incisal tip or toward the labial
surface, potentially improving the emergence aesthetics (see
chap. 9 on single tooth implant). Although masticatory forces
are lower in the anterior region, force transmission through the
implants may be less favorable as it will be far removed from
axial loading (Fig. 10.9).

An acceptable degree of implant angulation at time of
surgery can also be managed through the prosthetic phase. This
can be of benefit where surgical anatomy may have resulted in
a change of orientation of the implant at time of placement. For
example, implants may be angled more than usual to engage
more bone length at sites next to the maxillary sinus.

Manufactured abutments can allow for angular varia-
tions between implants when screw retention is intended.
Customizable abutments can be used if these values are
exceeded (see chap. 14). Excessive angulation (over 30°) should
be avoided.

LEVEL OF THE IMPLANT HEAD

The last factor to consider in the implant placement is the level
of the implant head. This level will dictate

® available vertical space to the occlusal plane or incisal
plane for abutments and restoration;
®  vertical space for the emergence profile of the restoration.

Submerging the implant head may be necessary to provide
much needed space to accommodate abutments and restoration
in individuals with little vertical space, for instance, patients
with minimal ridge resorption. Minor ridge reduction may also
be indicated in such cases. More often ridge resorption is to
such an extent that submergence of the implant head is not
required other than to optimize the emergence profile and
aesthetics. The deeper the implant head, the easier it is to
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make a gradual smooth transition to the emerging crown. In
contrast, it will have an adverse effect on the height of the
restoration. This can, therefore, produce unfavorable force dis-
tribution and leverage onto the implant-abutment connection.

It is perhaps easiest to contrast the effects of implant
head level between submerged systems such as the Branemark
or Astra with that of a nonsubmerged system such as the
Straumann tissue level system. In the prescribed use of the
Branemark implants, the implant head is countersunk to a
point that allows the cover screw (which protects the external
hexagon) to be level with the crest of the bone ridge. This
facilitates soft tissue coverage and minimizes the chance of
subsequent wound dehiscence and implant loading. However,
to achieve this, the implant site is countersunk and this places
the implant head either within the superficial cortex or below
this if the cortex is thin. This may therefore negate one of the
prime aims of bicortical stabilization with this system. Coun-
tersinking could, therefore, be viewed as destructive of the
cortical anchorage, which could be critical in areas of poor
bone quality, such as the posterior maxilla. It is even more
pertinent when one considers that in the first year of loading
the implant there is bone resorption to the level of the first
thread, further accentuating loss of previous cortical bone.
However, the advantage of this is that the abutment-implant
junction is placed sufficiently far apically to allow good emer-
gence profile of the restoration and an aesthetic subgingival
placement of the restoration margin. The design of the Astra
system allows placement of the implant head at the level of the
crestal bone without countersinking and thereby preserves
cortical bone. This is because the standard implant head has
nearly the same diameter as the main threaded portion of the
implant and the cover screw fits within the implant head. This
system is therefore very useful in the resorbed maxilla, which
may have little crestal cortex, as it can be used to fully utilize
the limited bone height and maintain cortical anchorage.

The standard design of Straumann tissue level implant
has an integrated smooth transmucosal collar that is 2.8 mm in
length incorporated onto the sand blasted and etched and
chemically modified implant body. The transmucosal collar
effectively reduces the height of the crown and thereby the
leverage forces at the implant-abutment junction. In areas of
thin mucosa, the implant head will be above the mucosa and
the aesthetics may be compromised. However, the Straumann
esthetic line has a reduced transmucosal collar height of 1.8 mm
to allow placement within an aesthetic area. Tissue level
implants often need further considerations. As they are not
submerged, it may be necessary to carry out any soft tissue
correction normally considered at exposure surgery at the time
of implant placement. In addition, the transmucosal collar adds
to the height of the implant and this can have a restorative
implication that needs to be considered during surgery.

CONCLUSION

The surgeon must be very familiar with the system used in
multiple implant placement because of the large number of
variables. The dimensional comparisons of the various implant
systems used in this book were described in chapter 1 and an
appreciation of their differences and respective dimensions is
vital to the clinician planning the treatment and those provid-
ing the surgical and prosthodontic phases of treatment. The
surgeon may have to modify the plan during surgery and can
only do this if he has an extensive range of implants at his
disposal and knowledge of the prosthodontic solutions that
exist for any surgical modifications.
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Immediate and early replacement implants

INTRODUCTION

Early traditional implant protocols advocated leaving extraction
sites for 12 months to allow complete healing and maturation of
bone before implant placement. However, the resorption of
bone over extended time periods often led to a situation
where there was insufficient bone for routine implant place-
ment. Protocols have therefore developed in which implants are
placed at the time of extraction of the tooth/root, or soon after,
before significant bone resorption occurs. Bone loss and resorp-
tion can also be minimized by careful extraction of teeth.
Following placement, the implant can be submerged beneath
the soft tissue, left exposed with a healing abutment/cap
attached or restored with a provisional prosthesis. This chapter
will consider the application of these various protocols for the
replacement of single teeth, starting with extraction and
implant placement followed by protocols for immediate resto-
ration or loading. This chapter will not consider more complex
multitooth/full-arch replacement, the prosthodontic manage-
ment of which is considered in chapter 14.

TIMING OF EXTRACTIONS AND IMPLANT
PLACEMENT

There are various recommendations regarding timing of
implant placement following tooth extraction. The implant
can be placed

1. months or years following tooth loss;

2. immediately following extraction during the same surgi-
cal procedure (“immediate implant placement”);

3. following a delay of a few weeks (“early implant place-
ment”); this is normally two to six weeks to allow resolu-
tion of infection/inflammation or some soft tissue
coverage; or

4. following a delay of three to six months (“delayed implant
placement”) to allow some bone healing.

s

The differences between “immediate,” “early,” and “delayed”
implant placement are summarized in Table 11.1. The timing
can be related to the normal healing of an extraction socket.
Healing follows a sequence of clotting, granulation tissue
formation, epithelialization, osteoclastic resorption, and osteo-
blast deposition of woven bone followed by mature lamellar
bone. Any factors that compromise these healing events will
delay the process and may be implicated in implant failure.
The choice of protocol also depends on the complexity, diffi-
culty, and predictability of the case. The immediate protocol is
more applicable if an anterior tooth is being replaced. The
extraction should be relatively straightforward and the socket
not too large to compromise implant stability (Fig. 11.1). In
contrast, a case requiring multiple and/or difficult extractions
and temporization may be best handled in a separate dedi-
cated surgical operation to that of implant placement. Most of
the following considerations apply to anterior tooth replace-
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ment, as the situation with molar teeth is usually far more
compromised because of the larger extraction sockets and less
bone available apical to the socket because of proximity of the
maxillary sinus or inferior dental canal.

ASSESSMENT
The assessment for timing of implant placement mainly relates
to the effect of the extraction socket on the implant placement.
It has already been stated that the area should be free of overt
infection, and if any doubt exists the implant surgery should
be delayed and, if necessary, appropriate antibiotics given.
The main factors to assess can be obtained from a careful
clinical examination and good-quality radiographs of known
magnification and include the following:

1. Periodontal condition of the tooth to be extracted and
adjacent teeth
a. Gingival health/contour of labial gingivae and inter-
dental papillae (Fig. 11.2A)
b. Probing depths, recession, attachment levels
2. Restorative and endodontic status
a. Appearance and position of tooth crown
b. Sinuses/infection
c. Root fractures (Fig. 11.2B)
d. Post crowns
3. Size and shape of roots (Figs. 11.1 and 11.2B)
a. Length
b. Width
c. Taper
d. Number of roots in the case of molars
4. Bone support (Figs. 11.1 and 11.2B)
a. Height of marginal bone supporting the tooth root
b. Distance between apex of root and anatomical limit of
bone (e.g., floor of nose, maxillary sinus, inferior den-
tal neurovascular bundle)
c. Apical, furcal, and lateral bone lesions
5. Difficulty of extraction procedure
a. Simple elevation/forceps
b. Surgical procedure involving bone removal

TOOTH/ROOT EXTRACTION

Tooth extraction can be described as a technique whereby
dilatation of the tooth socket along with severance of the
periodontal ligament allows removal of the tooth. Alongside
this, movement of the tooth preferentially toward the thinner
buccal or palatal socket wall (depending on the individual
anatomy) allows increased dilatation but may also cause frac-
ture of the weaker wall and its concomitant or subsequent loss.
Where immediate implant placement is planned, any fracture
of the socket wall is undesirable and therefore techniques to
minimize such collateral damage need to be employed.
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Table 11.1  Summary of Immediate, Early, and Delayed Implant Placement

Immediate placement Early placement Delayed placement

Timing Implant placement at the same Implant placement 2-6 Implant placed 3—6 months following
surgical procedure as tooth weeks following tooth extraction  tooth extraction
extraction

Advantages -Reduced number of surgical -Allows resolution of -As for early placement, but allows
procedures any infection more fill of socket with woven bone
-Optimizes visualization of -Allows soft tissue healing to to provide initial implant stability in
extraction socket cover socket large socket
-Flap elevation may be -May allow early healing -High predictability
unnecessary of bone (woven bone)
-Immediate restoration possible

Disadvantages -Contraindicated if overt infection -Additional surgical procedure -May be loss of thin labial plate in
is present required resorptive process
-Caution required if extraction - May be insufficient -Protracted treatment schedule
sufficiently traumatic to complicate  bone to achieve primary stability
healing process of the implant

-Immediate restoration/loading
may suffer higher failure rate

i ®

(©)

Figure 11.1 (A) The central incisor root is longer and wider than the lateral incisor. The distance between the apex of the root and the floor
of the nose varies considerably. The bone apical to the root may be important to secure initial stability of the implant. (B) A standard 4-mm-
diameter implant of the same length as the central incisor root may only just attain stability in the apical portion. A longer implant could be
used. (C) A longer 4-mm-diameter implant has been placed more apically in a site prepared apical to the apex of the socket close to the floor
of the nose. The apical bone provides good stability for the implant. There is a reduction in the space between the implant and the socket
walls. The alternative strategies are illustrated in Figures 11.6 and 11.7.

It is essential to carry out the tooth/root extraction In most cases, it is recommended to use gradual and
atraumatically to preserve as much of the socket profile as careful loosening and elevation of the roots with specifically
possible and to prevent the following: designed periotomes and luxators (Fig. 11.3A, B). Periotomes

allow gradual dilatation of the coronal part of the socket and
severance/rupture of the periodontal ligament fibers. The
periotome should be worked circumferentially around the
root, working gradually deeper until the tooth is displaced

1. Fracture of the socket walls

2. Loss of the labial or palatal plates of bone

3. Excessive trauma to the socket wall that could lead to
necrosis of bone or a localized osteitis
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Figure 11.2 (A) A series of photographs showing immediate implant placement for replacement of maxillary central incisors with Astra
Tech ST implants. Preoperative photograph showing aesthetic natural teeth. (B) Radiograph showing fractures of roots in the cervical third.
(C) Flaps have been raised and the roots carefully elevated. The sites are being prepared within the sockets. A stent (not shown) has been
used to check the position of the guide pin in the partially prepared site. (D) The Astra Tech ST implants have been placed. Stability is
achieved by extending the implant length apical to the natural socket. There is only a small void on the labial aspect of the implants that will
fill in with bone without recourse to grafting. (E) The area has healed very well two weeks after surgery. There is complete soft tissue
coverage. The implants were left buried for six months. The abutment connection surgery for this case is illustrated in chapter 8 (Fig. 8.14).
(F) The completed result two years after crown cementation on prepable abutments.
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Figure 11.3 (A) A Periotome® (Friedrichsfeld GmbH, Mannheim,
Germany) with different ends to allow dilatation of the socket and
atraumatic extraction. (B) A selection of luxators with sharpening
stone. It is important to preserve a sharp edge on the instruments to
facilitate insertion into the periodontal ligament space.

with little force. Failure to use the blade of the periotome with
a rocking action along the long axis of the blade will cause
bending or fracture of the blade, it is not possible to exert an
elevatory force with the periotome, it is solely a severance/
dilation instrument. If a socket is dilated circumferentially
close to the apex, a conical root can be eventually displaced
coronally by the apical force of the periotome blade.

In some instances the forces that can be applied via the
small periotome handle are insufficient and greater forces may
then be applied using a luxator. Luxators have larger blades
and handles and are therefore more efficient but can also cause
more damage to the adjacent bone. They can also be used with
a rocking action like the periotome but can also be rotated
around their long axis to dilate the socket further. A combi-
nation of alternate apical instrumentation with the periotome
followed by coronal action of an appropriate luxator can
expand the socket very efficiently. Once an appropriate level
of dilatation has been achieved, final delivery with appropriate
forceps can be achieved.

Careful forceps extraction without prior use of dilators is
also permissible, particularly if small rotational movements are
used and leverage against the labial and palatal plates of bone
can be avoided. This is, however, largely restricted to roots that
have a circular cross-sectional profile. In some cases, exposure of
the alveolus through flap elevation is necessary and this allows

www.highdentlab.com

eod sl §ilwslass Hlgsl Y
IMMEDIATE AND EARLY REPLACEMENT IMPLANTS 85

inspection of the bone and effect of the transmitted forces upon
it. Surgical bone removal should be kept to a minimum and
performed with copious irrigation if burs are used.

Fracture of the root leaving a small apex should not
precipitate the use of excessive bone removal to affect removal.
In cases where there is sufficient bone apical to the fragment
(usually a prerequisite in immediate placement/loading sce-
narios), consideration may be given to removing the apex with
the implant drills as part of the implant placement procedure.
Alternatively, if the labial plate is thin over the apex of the root,
a small fenestration can be prepared in the bone overlying the
apex through which it can be delivered. In some cases longi-
tudinal division of the root with a bur is required with eleva-
tion of the root fragments into the space created. It should be
noted that the more complex the extraction becomes, the more
consideration should be given to delaying implant placement.

Following successful removal of the root, any inflamma-
tory/granulation tissue should be curetted from the socket and
any inflamed periodontal pocket tissue excised. Removal of
residual periodontal ligament fibers by curetting the socket
walls has also been previously advocated, but there is little
evidence to support this protocol. Implant placement should
be postponed if any doubts exist regarding the likelihood of
persistent infection or possibility of osteitis due to traumatic
removal of the tooth root. Under these circumstances and in
planned early-placement protocols, the soft tissue should be
closed as much as possible with sutures. Placement of various
graft materials into sockets to promote bone fill has been
widely described but has not been the subject of vigorous
appraisal. It is the authors’ opinion that such sites are best left
to heal naturally and then measures used to make up for any
deficiencies in healing subsequently. Soft tissue closure can be
facilitated by flap advancement following releasing incisions
and incision of the periosteal surface of the flap. Antibiotics
should be given where appropriate, particularly where an
implant is placed immediately into the socket.

IMPLANT PLACEMENT

It is important to prepare the site for insertion of an implant
that achieves high primary stability. The insertion torque
should be at least 10 Ncm for an implant where restoration
is delayed, but should be at least 30 Nem for immediate and
early loading/restoration protocols. The primary stability can
also be measured using resonance frequency analysis where an
implant stability quotient (ISQ) of over 60 is recommended.
Preparation of implant sites within extraction sockets may not
be as easy as it first appears. In immediate placement, the
socket will have been gently curetted to remove any residual
soft tissue. With the early-placement protocol, the soft tissue is
elevated to allow reinspection of the socket and removal of any
ingrowth of soft tissue. Any woven bone should be left
undisturbed. The surgical preparation (with drills matched
to the system being utilized) more or less follows the angula-
tion of the socket, provided the tooth was in a satisfactory
position and an implant angle through the incisal tip or labial
to it is acceptable (Figs. 11.1 and 11.2C). However, in some
cases involving the maxillary anterior teeth, the bone on the
palatal aspect of the socket is the best to provide a good site
preparation to secure implant stability (Fig. 11.4).

It may also provide more palatal angulation of the
implant to facilitate screw retention of the prosthesis if this is
desirable. It is helpful if the initial preparation of the site is
started with a round bur, which readily penetrates the socket
wall. Drilling into an angled surface within a socket is more
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Figure 11.4 At times the most suitable bone to secure stability of
the implant is on the palatal aspect of the socket, especially where
the labial plate is very thin or has been lost. However, the implant
will be palatally placed and aesthetics may be compromised. A thin
labial plate may be compressed to reduce the volume of the
residual socket.

Figure 11.5 A stepped cylinder implant, Frialit 2, developed for
immediate replacement has a wide enough diameter and length to
almost obliterate the socket. This implant also has a series of
threads to help stability in the immediate replacement situation.

difficult than into a relatively flat crestal platform of bone. A
standard sequence of drills follows the round bur and the
angulation of the site is checked against a guide stent and
opposing teeth. It is usually more difficult to check the
angulation with standard indicators present in most surgical
kits because they are too short and unstable within the socket.
The angulation can always be checked with a twist drill
removed from the handpiece (but with precautions taken to
make sure the drill cannot be swallowed/inhaled). In most
cases it is essential to prepare the site apical to the natural
socket to ensure implant stability and predictable osseointe-
gration into mature bone (Fig. 11.1C). In situations where there
is little or no bone available apical to the socket, a wider-
diameter implant has to be selected (Fig. 11.5) or the procedure
delayed to allow adequate bone healing of the socket. The level
of the implant head is usually placed just within the socket or
slightly apical, according to the aesthetic requirements. A more
apically placed implant head often reduces the size of gap
between implant surface and socket wall (Fig. 11.6), but there
is a limit to this compensatory strategy.

IMPLANT SELECTION
It is very helpful to overlay the radiograph with transparent
outlines of the implant design to be considered in the various
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Figure 11.6 An Astra Tech ST implant has an apical threaded
portion that can be used to engage bone apical to the socket and
provide good stability. The conical microthreaded collar is wider at
the top (4.5 or 5 mm) and reduces the dead space.

lengths and diameters available. Ideally the implant should be
slightly bigger than the root it is replacing to ensure a good fit
in the prepared site within the socket and hence a high degree
of primary stability. This is one of the claimed advantages of a
system specifically designed for this purpose, such as Frialit.
The Frialit 2 has a stepped cylinder design of various diam-
eters to more readily achieve these objectives (Fig. 11.5).
Another implant that is good in such situations is the Astra
Tech single tooth (ST) implant (Fig. 11.6). These have a wider
conical collar (4.5 mm and 5 mm diameters at the fixture head)
than the apical portion (3.2 mm and 3.7 mm, respectively),
giving a good fit in most anterior tooth sockets. The apical
threaded portion gives good initial stability, especially if it can
be extended into bone apical to the socket. This latter feature
is the main way of achieving good stability with parallel
sided, screw-threaded implants. Ideally there should be 4 to
5 mm of sound bone apical to the socket to prepare and
engage with the implant. There is often a gap between the
coronal part of the socket and the implant surface, normally
on the buccal aspect (Fig. 11.2D). The size of the gap is critical.
A gap of 1 mm up to 2 mm should fill with bone and
osseointegration should occur. Where the gap is larger this
may be grafted, preferably using autogenous bone collected
from the site preparation or an adjacent area of suitable donor
bone. In addition it is often possible to reduce the size of the
gap by compressing the walls of the socket by finger pressure
or gentle fracturing of the thin coronal walls of the socket with
a suitable instrument. Implants designed with a wider coronal
portion should help to minimize the gap. However, care must
still be taken to avoid placing an implant too close to an
adjacent natural tooth.

Most of the foregoing discussion is mainly applicable to
placement into anterior single root socket and is not usually
possible with molar sites. The sequence of implant placement
in anterior extraction sockets is shown in Figures 11.2, 11.7,
and 11.8, which illustrates some of the points mentioned
above.

IMMEDIATE AND EARLY RESTORATION/
LOADING

Following immediate and early implant placement protocols,
there has been further developments in immediate restoration
and loading, protocols that also apply to implants that have
been placed at healed sites. It should be reemphasized that
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Figure 11.7 (A) A series of photographs showing immediate replacement of a maxillary canine in a patient with dentinogenesis imperfecta,
using the Frialit 2 system. The crown of the maxillary canine has fractured and worn after many years with a conventional restoration. The
flap design is evident. (B) The root has been carefully elevated. (C) The initial preparation of the socket with the twist drill. The length of the
preparation is established and then increasing widths of stepped drills are used according to the final diameter of the implant that can be
accommodated at this site. (D) The chosen implant, a 4.5-mm-diameter threaded stepped cylinder (Frialit 2). This design achieves very good
stability by preparing the lateral walls of the socket and is aided by the threads. (E) The implant completely fills the prepared site without any
voids. (F) The healed soft tissue showing complete closure at two weeks postsurgery.

Figure 11.8 (A) A series of photographs showing early placement of two Branemark implants to replace the maxillary central incisors. The
maxillary central incisors have drifted and are very mobile due to extensive root resorption. (B) Four weeks following extraction of the incisors, soft
tissue healing of the sockets is good. The patient has been wearing a Rochette provisional bridge, which has been removed to allow installation of
the implants. (C) Buccal and palatal flaps have been raised and residual soft tissue has been removed from the sockets. A plastic stent, based on a
diagnostic setup and provisional Rochette, is stabilized on the adjacent teeth. The measuring indicator, held palatally, has a width of 7 mm
(corresponding to the recommended center-to-center distance between two Branemark 3.75-mm implants). (D) A 2-mm twist drill is used to prepare
the initial implant angulation. (E) A guide pin is placed in the right central incisor socket and the left site is being enlarged from 2 to 3 mm in diameter.
(F) The guide pins show the position and angle of the prepared sites within the sockets in relation to the stent. (G) The implants have been placed
and the cover screws connected. The implants are toward the palatal aspect of the sockets. The small voids labially were grafted with osseous
coagulum collected from the drilling process. (H) The completed result showing the two single tooth implants in an acceptable aesthetic position.
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Figure 11.8 (Continued)

successful osseointegration does require a period of healing
during which movement is avoided. Very small degrees of
movement, micromovement less than 100 pm, may be com-
patible with successful osseointegration. The definitions of the
various loading protocols vary. Immediate loading/restoration
is where the prostheses is fitted within one week of implant
placement. This often depends on the logistics of how rapidly
the prosthesis can be fabricated, which in many cases is on the
same day as implant placement. Early loading has been
defined between one week and two months. Following place-
ment of the implant, the early healing events result in some
bone resorption that may reduce the primary stability of the
implant at two to three weeks postsurgery. This would there-
fore be the most critical period where the implant is vulnerable
to loading. Bone deposition at four to six weeks should
improve the implant stability (secondary stability), and this
osseointegration can occur rapidly with implant surfaces that
are moderately rough (see chap. 1). Therefore, regardless of the
definition an implant that is restored/loaded within the first
three to four weeks may be more vulnerable to loading, and
this is especially the case with implants that have been placed
into extraction sockets.

Single tooth implants can be restored with a provisional
prosthesis with no occlusal contacts but could still be sub-
jected to functional forces by the patient. In all cases the
patient is strongly advised to minimize functional forces
through the prosthesis. The immediate extraction, implant
placement, and restoration protocol for a single tooth is
illustrated in Figure 11.9. Full-arch and extensive prostheses
will inevitably be subjected to loading but splinting together of
several implants can at least distribute the forces and reduce
them on individual implants (see chap. 14).

The immediate protocol should achieve very good
aesthetics, and claims have been made for preservation of

Figure 11.9 (A) Preoperative view of crowned anterior maxillary
teeth. (B) Clinical fracture of the crown of the upper right central
incisor. (C) Radiograph of retained root. (D) Following extraction of
the root, the site was prepared and an Astra Tech 4.5-mm-diameter
implant placed—no flap reflection was performed. (E) An impression
coping has been attached to the implant to record the position of the
implant so that a laboratory prepared provisional crown can be made.
(F) A healing abutment is connected to the implant while the crown is
being made. (G) The screw-retained one-piece provisional crown on
the laboratory cast. (H) The provisional crown fitted within 24 hours.
(I) A permanent abutment fitted after three months of healing. (J) The
permanent crown cemented to the abutment. (K) The radiograph of
the completed case.
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Figure 11.9 (Continued)
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superior soft tissue profiles using these protocols. This has
never been tested with a properly controlled trial. It is
important to appreciate that the protocol aims to preserve
soft tissue aesthetics rather than correct them. It is easier in
many cases to improve the appearance of the crown of the
tooth. In most cases the implant is restored with a provisional
restoration (Fig. 11.9G, H) and a permanent restoration pro-
vided after several months when soft tissue maturation and
osseointegration have occurred (Fig. 11.9K). Screw-retained
provisional restorations tend to make the process easier. In
all cases the costs of treatment are likely to be higher than
conventional protocols as they involve more laboratory pro-
cedures or more clinical time.

CONCLUSIONS
Immediate and early implant placement protocols can offer
highly predictable results, which in clinical trials have been
shown to be comparable to traditional protocols. Immediate
and early loading protocols may present higher risk of failure,
especially in the hands of less experienced clinicians. Many
patients seek implant treatment for the benefit of a predictable,
long-lasting restoration and are quite prepared to undergo a
more protracted treatment schedule. Therefore, immediate
protocols should be used where there is a good clinical or
patient-centered indication.

If one is to adopt these protocols, the following simple
guidance should help reduce complications and failure:

1. Avoid using these protocols in patients who have com-
promised healing, for example, smokers and poorly con-
trolled diabetics.

2. Do not treat patients with bruxism or other parafunctional
activities.

3. Avoid in high force situations such as single molar
replacements.

4. Use provisional restorations that are kept free of the
occlusion as far as possible, especially in protrusive and
lateral guidance.

5. Make sure that the placed implant has a high primary
stability, for example, over 30 Ncm torque value on
insertion.

6. Use on patients with proven compliance and who are
likely to follow simple rules and minimize functional
forces on the restoration.

7. Make sure the patient is fully aware of the risks and
consents to the procedure.

8. Do not use in areas of inadequate/poor bone or where
grafting is indicated.

O 55105 5 0Ll lles

9. Only employ these protocols when you have demon-
strated high success rates with conventional protocols.

10. Be prepared to abandon the immediate protocol and
adopt a more conventional/safer one.
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Grafting procedures for implant placement

INTRODUCTION

The overriding requirement for successful implant placement
is to have enough bone volume of sufficient density to enable
an implant of the appropriate size to be placed in a desirable
position and orientation. Many of the grafting procedures
described in this chapter have been developed as localized
procedures to overcome small anatomical limitations. There is
also occasionally a need to employ more complex techniques
to change the entire alveolar ridge form that may additionally
involve an associated change in skeletal base.

Besides the obvious osseous component to this problem,
there are also many situations where the soft tissue in the area of
proposed implant placement is deficient. The soft tissues play a
vital role in maintaining the long-term health of the peri-implant
environment, and also contribute greatly to the resulting aes-
thetics, particularly in the anterior region. The peri-implant soft
tissues must be able to maintain their structural integrity during
normal function and oral hygiene procedures.

Grafts may therefore be employed to

enable implant placement;
enhance aesthetics and improve soft tissues;
change the preexisting jaw relationship.

The initial planning stages as described in previous chapters
take on even greater levels of importance in potential graft
cases. By their very nature they are more difficult to plan and
execute and the end result may fall short of both the clinician’s
and the patient’s expectations. It is important that all alter-
natives are considered and presented to the patients so that
they can make an informed decision with regard to their
treatment. In particular, it is important to consider whether a
compromise solution using prosthetic techniques may be more
desirable and achievable as well as more predictable in the
long term. Another alternative is to consider whether the
utilization of the various implant designs available may over-
come the problem.

BONE GRAFT MATERIALS

The degree of bone grafting required for implant placement
varies from localized deficiencies to cases where there is a need
to change the entire arch form and/or jaw relationship. There
exist, therefore, a great many techniques and materials avail-
able to facilitate such grafting procedures, many of which may
be used in combination. The interaction between the graft and
the surrounding host bone is very important and is the subject
of much research. Although some grafts will act merely as
space fillers, the ideal graft will be osseoconductive and
osseoinductive. Osseoconduction is the property of promoting
bone growth from the surrounding host bone onto the surface
of the graft material, using the graft as a framework. The graft
material in such cases may be resorbed or remain virtually
intact, depending on the material used. Osseoinduction is the

ability to promote de novo bone formation remote from the
host bone even within noncalcified tissues. Bone morphoge-
netic proteins and other bone-promoting factors have this
latter property and are used increasingly in an effort to opti-
mize the effects of bone augmentation materials.

Autogenous Bone Grafts

The ready availability of autogenous bone has always meant
that it is the first choice of bone grafting material for many
clinicians. However, patient acceptance of autogenous bone
harvesting may be low, given the potential morbidity associ-
ated with such techniques. Although a great amount of
research and clinical time has been spent over many years to
develop substitutes for autogenous bone, it remains the gold
standard by which all other materials are judged and remains
the material of choice for the present authors. Its main advan-
tages are as follows:

®  Availability

e  Sterility

®  Biocompatability

®  Osseoinductive potential
®  Osseoconductive potential
®  Ease of use

The main disadvantages are as follows:

® Limited volumes available particularly intraorally

®  Access to good donor sites

®  Postoperative pain and other operative sequelae

®  Potential damage to adjacent structures

The graft acts as a scaffold for the ingrowth of blood vessels
and as a source of osteoprogenitor cells and bone-inducing
molecules. The graft is eventually resorbed as part of the
normal turnover of bone.

Other Graft Materials

Although the gold standard for bone grafting remains the
patient’s own bone, the limitations on the amounts available
(particularly from sites other than the iliac crest) and the
morbidity associated with harvesting techniques mean that
there remains a great demand for alternative graft materials.
Xenografts are derived from another species, allogenic grafts
(allografts) from a member of the same species, and alloplasts
are synthetic materials.

The macro- and microstructure of these grafts have an
enormous influence on their efficacy. The pore diameter and
volume in particular are considered to be important. The ideal
characteristics of a bone graft material have been described
(Hammerle, 1999) as follows:

1. Sterile
2. Nontoxic
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Nonimmunogenic

Osteoconductive or osteoinductive
Favorable clinical handling

Resorption and replacement by host bone
Synthetic

Available in sufficient quantities

Low in cost

0PN

Allogenic Grafts

Bone derived from cadavers has been widely used in ortho-
pedics and implant dentistry as well as periodontics. The graft
may be freeze-dried or decalcified freeze-dried bone allograft
(DFDBA), both of which are thought to be a good source of
bone morphogenetic protein. It is harvested from donors with
well-documented medical histories and tested for all the com-
mon infective antigens and is considered to be a safe source of
grafting material. The grafts are produced as particulates with
a reasonably uniform grain size or as sheets and large blocks.
They are osseoconductive, providing a framework for new
bone growth, and should be resorbed as part of the normal
turnover of bone but some particles appear to remain intact for
some time after the graft has been placed. The ability of
DFDBA to induce new bone formation (i.e., osteoinductive)
has been the subject of a great amount of research with
conflicting results. This is thought to be due partly to the
differences in the way humans react to graft materials as
opposed to animal models, as well as differences in the source
and processing of the DFDBA grafts.

Demineralized laminar bone sheets are available in varying
thicknesses of 20 to 700 um, and those between 100 and 300 pm
have similar physical properties to the original polytetrafluoro-
ethylene (PTFE) membrane, Gore-Tex™ (W.L. Gore & Asso-
ciates, Flagstaff, Arizona, U.S.), allowing them to be used as
membranes for guided bone regeneration (GBR) procedures.

Despite the rigorous testing of the donors, there remains
the possibility of some cross-infection from the graft, and the
development of other sources of graft materials is likely to
reduce the demand for allografts in the future.

Deproteinized Bovine Bone Mineral

Probably the mostly widely used and documented xenograft
material is Bio-Oss® (Geistlich Pharma, Wolhusen, Switzer-
land), which is bovine sourced deproteinized bone. Deprotei-
nized bovine bone mineral has similar properties to human
cancellous bone, both in its macrostructure and its crystalline
content. The physical properties are also close to that of the
bone that it is used to replace. As a purely mineral graft it is
osseoconductive and is thought to undergo some resorption,
although this has been found to be limited. When used in a
particulate form it is mixed with the patient's blood and
packed into the defect. Some authors have described improved
results when combining this with a membrane to protect the
blood clot.

As deproteinized bovine bone is available in large quan-
tities, it has been used in sinus lift procedures instead of
autografting. The particles may also be used as a filler to
increase the volume of autogenous graft material. In addition,
the graft material is available as thin sheets of bone to cover
and protect defects while retaining their shape as described
above for allografts.

Bio-Oss used in combination with a collagen membrane
bilayer of porcine origin has been well documented as a
technique for augmenting single and multiple implant sites
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in the aesthetic zone but has not been the subject of a
randomized clinical trial comparing it to other techniques.

Bio-Oss Collagen is the latest version of this material
combining bone mineral and collagen to produce a block of
material that can be carved to shape or used as a particulate
graft. The ease of manipulation and lack of patient morbidity
makes this an attractive graft material for many clinicians.

The use of bovine and other animal-derived material,
albeit in a purely mineral and nonantigenic form, may not be
completely acceptable to some clinicians or indeed some
patients.

Alloplastic Graft Materials

Synthetically produced materials have the advantage of hav-
ing no risk of cross- infection but may still give rise to an
antigenic response. Their physical properties can be manipu-
lated to a great degree and they may also be used in combi-
nation with bone-promoting molecules to enhance their
effectiveness. They act as a framework for bone formation on
their surface and are therefore osseoconductive. They include
the following;:

®  Hydroxyapatite

¢  Calcium phosphate

®  Tricalcium phosphate (TCP)

®  Bioactive glasses

This is an ever-expanding field with new products introduced
to the market on an almost daily basis. Although many can be
used on their own, they are increasingly used in combination
within the same product, sometimes with the addition of
collagen to optimize the overall characteristics of the material.
Several have been introduced, which are plastic at the time of
placement and subsequently set to provide a solid graft that
has the optimum shape and does not require covering with a
membrane. Few, if any, of these products have been subject to
randomized clinical trials comparing them with autogenous
bone.

GUIDED BONE REGENERATION
GBR membranes were originally developed to promote new
tissue growth within a protected volumetric defect for peri-
odontal attachment regeneration. The desire to promote new
bone growth without resorting to grafting procedures led to
widespread use of this technique in implant surgery. In
implant dentistry, membranes are largely used in combination
with particulate or block grafts to protect the graft material
rather than creating a protected clot that regenerates as de
novo bone. The main aim is to allow ingress of osteoprogenitor
cells and promote bone formation within the defect. The orig-
inal membranes were expanded PTFE. This is an occlusive
membrane that prevents ingress of soft tissue cells into the
regeneration site without unduly compromising the nutrient
supply to the overlying tissues. It is a nonresorbable material
and requires removal at second-stage surgery. The need for
membrane removal and therefore a second surgical procedure
led to the development of resorbable membranes made of
synthetic polymers such as polylactate and polyglycolic acid,
as well as collagen membranes. Resorbable materials should be
functional for between three and six months after insertion.
However, they may be resorbed or lose their shape too quickly
and limit the amount of bone regeneration achieved.

The creation and maintenance of a volumetric defect is
critical and this may be improved by reinforcing PTFE
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membranes with titanium strips. Further enhancement of the
space-maintaining properties is achieved by the use of fixation
pins and screws that serve to “tent” the membrane (Fig. 12.1).
This can also be achieved by placing small bone chips within
the defect, which will also act as osteoconductive/osteoinduc-
tive grafts (Fig. 12.2). The underlying cortical bone should be
perforated with surgical burs to promote osteogenic cells to
occupy the space created (Fig. 12.3). In cases where a signifi-
cant change in topography is required, a titanium-reinforced
membrane or a titanium mesh can also be used.

GBR is also commonly used at the time of implant
placement to repair small fenestrations and dehiscences

Figure 12.1 The use of screws or pins may be advocated in the
absence of autogenous bone to retain the shape of ridge and
stabilize the membrane, thus optimizing healing. Here, a Memfix™
(Institute Straumann, Waldenburg, Switzerland) tenting screw has
been placed in the middle of the defect to prevent the soft tissues
from collapsing, therefore reducing the volume of bone created.

Figure 12.2 Small bone chips have been placed under a PTFE
membrane to maintain the volume of the graft site. The underlying
cortical bone has been perforated with a small round surgical bur to
encourage ingress of bone cells from the underlying cancellous
bone. Abbreviation: PTFE, polytetrafluoroethylene.

Figure 12.3 Perforation of the host bed with surgical drills allows
proliferation of bone cells and vascular tissue underneath the
membrane and between the recipient site and the grafted bone
material.

around implants (Figs. 12.20 and 12.21). It should be remem-
bered that any such bone created using this technique will not
function to stabilize the implant at the time of placement and
that initial implant stability remains the overriding priority.
The amount of new bone created can be quite substantial but
the degree to which it becomes osseointegrated is variable. The
amount of bone to implant contact of the newly generated
bone is thought to change with time and loading. GBR is most
predictable when attempting to increase the buccolingual
dimension, but increasing the vertical dimension using this
technique is very difficult and unpredictable. Although mem-
branes are designed to allow the passage of nutrients, they
nonetheless tend to compromise the blood supply to the
overlying soft tissues. This can result in breakdown of the
soft tissues, exposure of the membrane, and infection. This
may result in a net loss of bone in the surgical area or failure of
implants to osseointegrate. It is important that all incisions are
kept as remote from the grafted area as possible and that the
wound is sutured hermetically and without undue tension.
Supporting the tissues with sutures that take large bites and
“sling” the flaps can reduce tension at the wound edges.

INTRAORAL HARVESTING AND GRAFTING OF
AUTOGENOUS BONE

Autogenous bone grafts may be taken as trephine or block
specimens both from intra- and extraoral sites. Fairly large
grafts may be taken from the interforaminal region of the
mandible under local anesthesia. Great care is required in
order to avoid compromising the nerve/blood supply to the
anterior teeth. Careful radiographic assessment of the region is
important preoperatively in order to ascertain the amount of
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Figure 12.4 By using a wide-based flap close to the mucogingival
junction, a large portion of the anterior mandible may be exposed.
Owing to the thick labial plate in this case, the roots of the lower
teeth are not visible. Care must be taken to avoid compromising the
vitality of the teeth.

bone available. Once the mucoperiosteal flap has been raised
via a sulcular incision to give wide exposure of the mandible,
the graft can be outlined leaving at least 5 mm of clear bone
below the apices of the incisor teeth (Fig. 12.4). Recent research
has recommended a safety margin of 8 mm below the incisor
apices and no more than 4 mm in depth to avoid compromis-
ing tooth vitality. The root contours and apices can often be
visualized directly once the alveolus is exposed and careful
reference to accurate radiographs is required. For harvesting
blocks of bone, the surgeon has a number of choices:

Fissure burs
Oscillating saws
Rotating discs
Piezo surgery

5. Trephines

LN

The use of standard oral surgery techniques utilizing fissure
burs and a straight handpiece may be the technique of choice
for many operators as they are more familiar with these
instruments. The use of high-speed diamond discs in either
straight or contra-angled handpieces when obtaining large
bone blocks has the advantage of limiting the depth of cut to
2 to 3 mm as well as having excellent guards to prevent soft
tissue trauma (Fig. 12.5). Piezosurgery has the advantage of
ease of access with a variety of tips available to overcome
access problems, potentially reducing patient morbidity. The
relative difficulty of cutting dense bone with a piezosurgical
unit may in turn limit its use in certain situations. Copious
saline irrigation is required throughout any harvesting proce-
dure and this is readily achieved with this technique. It is vital
to cut completely through the labial cortex so that the graft can
be cleaved from the underlying cancellous bone (Fig. 12.6). In
some areas the initial cuts may have to be deepened using
standard fissure pattern burs to the desired depth. Care is
required to limit the cuts to within the body of the mandible
because lingual perforation may lead to hemorrhage from the
lingual soft tissues, which can be difficult to arrest. Once the
outline cuts have been completed, the graft can be elevated
using osteotomes or curved chisels specifically designed for
that purpose. Attempting to elevate the block while the cortical
bone is intact will cause fracture of the graft. Large blocks that
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Figure 12.5 (A, B) Contra-angled and straight handpieces for the
use of diamond discs for bone grafting (FRIOS Microsaws, Friatec,
Mannheim, Germany). Owing to the guards, these may be used in
fairly confined spaces without traumatizing the adjacent soft tissues.

Figure 12.6 Diamond discs cut very finely at a controlled depth,
minimizing the chance of damage to adjacent structures. It is
important to ensure that the cuts meet at each corner to allow
elevation of the block. Bleeding from the depths of each cut
indicates that the cuts are completely through the cortex and into
the cancellous bone.

extend across the midline can prove difficult to elevate and
may need to be divided and delivered in two pieces (Fig. 12.7).

Trephine specimens may also be harvested from the chin
and there are many different sizes of trephine available for this
purpose (Fig. 12.8D). Access to this region with fairly unwieldy
handpieces and large trephines can make this a more difficult
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Figure 12.7 In order to harvest a large graft from the anterior
mandible, the blocks are taken in two pieces, reducing the force
required to mobilize the blocks and minimizing the risk of fracturing
them. Note the depth of the donor sites, which have been deep-
ened by harvesting of the underlying cancellous bone.

procedure than taking blocks, unless extensive soft tissue
reflection has been achieved. Once the corticocancellous
block has been removed, further harvesting of cancellous
chips can be undertaken from the graft bed as well as cortical

chips from the wound edge. Control of any bony hemorrhage
is important before soft tissue closure, and for this the authors
prefer carboxymethylcellulose mesh packed into the graft bed,
although bone wax may be preferred by some operators.
Others advocate packing the defect with bone substitutes
held in place with barrier membranes in order to minimize
any potential change in the bony profile. Good closure of the
soft tissue at the donor site is critical because the tendency for
wound breakdown is quite high and a hermetic-type wound
closure should be aimed for.

Other intraoral harvesting sites are also available but
may be more limited in the amount of bone available. Trephine
specimens taken from the mandibular retromolar area can pro-
vide good-sized grafts of high-density bone (Figs. 12.8A, B and
12.9). The maxillary tuberosities may also be used but the bone
density in this region may be poor. Larger blocks may be taken
from the ascending ramus and external oblique ridge/coronoid
process as well as the buccal aspect of the body of the mandible,
using rotary or piezo instrumentation. This site is preferred over
the chin by many operators (Fig. 12.10).

The amount of bone harvested from any site while using
cutting instruments can be increased by employing harvesting
sieves within the suction apparatus (Fig. 12.11). These collect
the osseous coagulum produced during drilling, which is
considered to have good osseoinductive potential. Owing to
aeration and hydration during cutting, the volume of

Figure 12.8 (A, B) Trephine donor sites from the lower retromolar area. This region can yield good-quality bone grafts but the size of the
grafts can be limited. By increasing the size of the access flap, the ascending ramus may be used as a donor site—in such cases the use of
diamond discs or piezosurgical instruments may be easier and increase the size of the graft obtained. (C) The amount of bone available from
the trephine specimens is variable; in dense bone the graft may be largely cortical as shown. In areas of low density, such as the maxillary
tuberosity, there may be minimal bone recovered. (D) Trephines of various sizes are available for different graft sizes and to allow for limited
access. It is useful to have depth indication lines on the outer aspect to allow monitoring of the cut depth.
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Figure 12.9 (A) A case showing significant loss of alveolar height and buccopalatal width. (B) The extent of the bony defect after raising
buccal and palatal mucoperiosteal flaps. (C) Perforation of the recipient site. (D) A trephine specimen is secured to the underlying bone with
a 1.2-mm-diameter titanium microscrew (Mondeal Medical Systems GmbH, Am Gewerbering 7, 78570 Muhlheim a.d. Donau, Germany).
(E) Once in place, any voids may be packed with osseous coagulum or bone chips. (F) A connective-tissue graft taken from the palatal flap
ensures good primary closure and bulks out the soft tissue profile. (G) The healed site three months after grafting. (H) The bone graft has
maintained volume during the healing phase—this is due in part to the fact that the graft was dense cortical bone. () Implant placement into
the graft showing good implant coverage and ideal implant orientation.
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Figure 12.9

(Continued)
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Figure 12.10 A series of photographs to show harvesting of a block of bone from the buccal aspect of the mandible to augment an upper
central incisor site. (A) A buccal mucoperiosteal flap has been raised and the crest perforated with a fissure pattern surgical bur. Mesial and
distal limiting cuts have been made to control the size of the specimen. A further cut through the cortical bone has been made inferiorly to
encourage the block to fracture at the appropriate level. (B) The graft is mobilized buccally with a bone chisel and then elevated. (C) The
graft having been removed, the level of fracture may be difficult to limit inferiorly. (D) The graft is then trimmed to shape using burs and
irrigation or rongeurs to achieve the correct alveolar profile and allowing for some loss of bone during the healing phase. Having perforated
the recipient site, the graft is secured in place with a microscrew. (E) Good primary closure is achieved by mobilizing the buccal flap,
including relieving the periosteum.

Figure 12.11 (A) A bone trap used for harvesting bone chips and osseous coagulum during bone preparation with rotary instruments. The
disposable white plastic filter collects the bone, which can be used to pack small voids. Fairly large volumes may be collected using this
method, particularly when using coarse cutting instruments such as twist drills and in sites with high-density bone. (B) A BoneTrap™ (Astra
Tech, Sweden). This is a completely disposable bone trap, which allows self-delivery of the recovered bone material directly to the graft site,
minimizing handling of the graft and reducing loss of material. (C) Bone cuttings from BoneTrap being expressed from the end of the delivery

tip.
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Figure 12.11 (Continued)

coagulum produced can be significant, particularly if fairly
coarse rotary instruments have been used. It is desirable to use
a dedicated suction line for bone traps to reduce the risk of
contamination particularly with saliva, etc. When not being
used, the trap should be removed from the suction source to
prevent dessication of the bone material within the trap. The
coagulum forms a paste-like substance that is readily manip-
ulated and can be placed in any residual voids between graft
and recipient bed. Where a change in alveolar profile is
sought, the particulate graft needs protection with a space-
creating membrane or mesh.

An alternative to block grafting for small defects where
osseous coagulum is unlikely to provide enough good-quality
material is the use of bone scrapers such as the Safescraper™
TWIST and Micross instruments (Meta, Reggio Emilia, Italy)
(Fig. 12.12). These allow access to restricted access sites
through small flaps particularly the retromolar area. The
chips harvested may be used to pack voids around grafts or
as graft materials in self-preserving volumetric defects, for
example, sinus lift procedures/extraction sockets or under-
neath space-creating membranes.

Intraoral bone harvesting has become more popular with
the introduction of some of the techniques above and is par-
ticularly attractive in that the dental surgeon is working in a
familiar environment. The fact that these procedures can be
performed under local anesthesia with a relatively low mor-
bidity also makes them the treatment of choice for small grafts.
However, if there is a need for larger blocks of bone, extraoral
donor sites are required. Historically, the site of choice has
been the iliac crest as bone is readily available in large volumes
(Fig. 12.13). However, this requires an appropriately trained
surgeon, a general anesthetic (unless trephine specimens are
considered adequate), and the procedure is associated with
significant morbidity.

Once the graft material has been harvested, it can be
shaped to fill the defect with irrigated burs or hand instru-

Figure 12.12 (A) The Safescraper®™ TWIST is an example of a
fully disposable bone scraper and is available in a straight and
curved design to optimize access. When used on cortical bone,
particularly the mandibular retromolar/external oblique ridge area,
substantial volumes of good-quality bone material can be recov-
ered via minimal flaps/incisions. (B) A view of the collection cham-
ber full of bone material from the retromolar area.

ments such as rongeurs and chisels. Ideally the graft should be
adapted to give a close fit to the recipient bed, with any small
residual deficiencies made good with bone chips and osseous
coagulum. The recipient bed should be perforated with round
surgical burs to promote bleeding from the underlying cancel-
lous bone, to encourage vascularization and union of the graft.
The success of the graft, like that of the implants, is
dependent on the stability of the graft and associated blood
clot. The graft should, therefore, be held firmly in position
using titanium screws (Figs. 12.10D and 12.14B). Further sta-
bility and protection of the graft may be achieved by using
titanium mesh or barrier membranes to cover the graft. These
may be stabilized using small screws or tacks. The use of
barrier membranes in particular has been advocated to reduce
the amount of resorption of the graft that occurs in the healing
phase, which may be as much as 50% over six months. How-
ever, the use of membranes also poses an increased risk of
infection, particularly if they become exposed. The present
authors do not advocate their use with block grafts but accept
that they may be necessary with particulate/milled grafts.
Wound closure at the grafted site must be complete, with
great emphasis on achieving a hermetic seal with as little
tension on the soft tissue flaps as possible. This can be difficult
to achieve with large changes in bone profile and may require
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Figure 12.13 (A) The favored extraoral site for bone harvesting remains the iliac crest, from where substantial blocks of bone and
significant amounts of cancellous chips may be harvested. (B) A bone mill can be used to fragment large bone grafts to produce a particulate
graft that is more readily packed into voids and awkward or confined spaces. Such grafts may be used in sinus lift procedures.

Figure 12.14 (A) View of the upper jaw showing the left canine region requiring grafting prior to implant placement. The crestal ridge profile
appears to be of adequate dimensions on the right but there is a significant buccal concavity present on the left. (B) Two corticocancellous
blocks have been trimmed to shape and secured using 2.0-mm-diameter titanium microscrews that engage the residual ridge. Prior to this
the host site cortical plate is perforated with a small surgical drill (see Fig. 12.3). The grafts are larger than the required ridge profile to allow
for some resorption during healing. Any spaces between the grafts and the host bed are packed with cancellous bone chips and osseous
coagulum. Further osseous coagulum is packed between and over the grafts to produce a smoother profile to the grafted site. (C) Three
months later there has been a little resorption of the grafts, but this underlines the importance of placing larger grafts than are ultimately
required. Protection of the grafts with membranes or titanium mesh may reduce the amount of resorption but can increase the risk of
infection and total loss of graft material. (D) A direction indicator in place after drilling with a 2.5-mm twist drill to show the planned implant
orientation and adequate available bone on the buccal aspect. (E) Placement of an implant in an ideal orientation without any dehiscences
or fenestrations has been facilitated by the use of the grafts.
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Figure 12.14 (Continued)

further soft tissue reflection and periosteal relief to advance the
soft tissues. Due consideration should be given to the potential
problems of closure preoperatively, in particular placing
relieving incisions remote from the grafted site when gaining
surgical access. The potential for wound breakdown over
grafted areas is higher and carries with it a high morbidity.
Patients should receive appropriate pre- and postoperative
antibiotics to minimize the risk of infection.

The length of time between grafting and implant place-
ment has been the subject of much controversy. When using
onlay grafts, the authors prefer a time interval of three to four
months, whereas in GBR techniques it may be better to delay
implant placement for up to six months. Screws and mem-
brane tacks are readily removed at the time of implant place-
ment but the complete removal of PTFE membranes can be
difficult to achieve. When placing implants in areas that have
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recently undergone an onlay graft, great care is required not to
cleave the graft off the underlying alveolus during implant
placement. Incremental drilling procedures and low forces are
therefore mandatory when preparing grafted sites for
implants.

SURGICAL MANAGEMENT OF LARGE ALVEOLAR
DEFECTS

More demanding ridge defects arise from long-standing tooth
loss and denture wearing, as well as trauma and as a result of
some pathological conditions. Grafting in such cases may be
undertaken to allow implant placement but also to change the
profile of the alveolus to enable placement of implants in a more
ideal orientation. Long-standing tooth loss can lead to a con-
siderable change in skeletal relationships (pseudo-class 3 jaw
relation) that may need correction. Treatment of cases with
gross loss of vertical height of the alveolar ridge without
grafting can necessitate the use of short implants, which may
be considered undesirable because it results in a tall, restorative
stack that may cause biomechanical failure in the long term
through component failure or loss of osseointegration (Fig.
12.15). Bone grafting techniques should not only increase the
volume of bone but also create an implant bed of good-quality
bone to ensure long-term implant success.

Large grafts taken from the iliac crest can be fashioned to
produce an entire new alveolar form. This technique is favored
in cases where there is a skeletal base discrepancy or where a
large change in the vertical component of the ridge is required,
particularly where there is a desire to reduce the height of the
prosthesis. Onlay grafting can be performed as a one- or two-
stage procedure, with the implants used to secure the graft in
the one-stage approach (Fig. 12.16). This requires that there is
enough residual basal bone to secure the implants and graft. In
full-arch cases, at least six implants are required to achieve
this. In the two-stage approach, implant placement should take
place around three to four months after the graft procedure.

In cases where the vertical height of the maxillary ridge
is inadequate, inlay grafts may be the treatment of choice.
Large inlay grafts spanning the entire maxillary complex in
combination with a Le Fort I downfracture have been used
successfully, particularly in cases where a change in skeletal

T

Figure 12.15 Placing implants into the residual ridge will require the
use of short implants and produce a tall restorative stack. An onlay
graft would increase the bone volume, allowing the use of longer
implants and reducing the height of the prosthesis (see Fig. 12.14).
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Figure 12.16 Onlay grafts may be secured to the residual alveo-
lus by placing implants simultaneously, provided that there is
enough bone to stabilize the implants. Soft tissue closure may be
difficult in these situations.

relationship is desirable. This technique preserves the intraoral
ridge profile but allows substantial gains in available vertical
height for implant placement (Fig. 12.17).

SINUS LIFT PROCEDURES

Loss of alveolar ridge height, particularly in combination with
pneumatization of the edentulous posterior maxilla, means
that there is frequently a lack of bone height for implant
placement. It is also often the case that any residual bone in
this area is of poor quality. Sinus floor grafting procedures
were developed by Tatum in the late 1970s to overcome these
problems and have been used with great success worldwide
following the principles described by him. There is little evi-
dence of disturbances to sinus drainage following these pro-
cedures.

In the classic approach, a bony window or trapdoor is
created in the buccal sinus wall to gain access to the sinus. It is
vital that clear radiographs are available preoperatively to
show the topography of the sinus, particularly the presence
of any bony buttresses or septa that may prevent elevation of
the window (Fig. 12.18A). In addition, it is useful to ascertain
the buccopalatal dimension of the sinus to ensure that if a trap
door is created it will have space to rotate upward within the
sinus cavity (Fig. 12.18B). The presence of any sinus disease or
a history of severe recurrent sinus infections are contraindica-
tions to this procedure.

The procedure can be carried out under local anesthesia,
and the use of infraorbital blocks is advocated. Good access is
obtained through a wide-based soft tissue incision with its
boundaries remote from the proposed point of entry to the
sinus. Commonly, the sinus wall is thin and the sinus cavity
can be seen as a bluish gray area on the bone surface. This is
helpful in delineating the site for creating the window, which
must be cut over the sinus cavity or it will be impossible to
elevate a trapdoor and/or the sinus membrane. Where the
sinus wall is thick the surgeon has to rely on the preoperative
radiographs or computed tomography (CT) scans to mark out
the shape of the window. The window should extend
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Figure 12.17 (A, B) This patient has a severe skeletal base discrepancy, as well as many developmentally absent teeth. A combination of
bone grafting and maxillary osteotomy using a Le Fort 1 downfracture and advancement is required to alter the skeletal relationship.
Additionally, large maxillary sinuses dictate the use of short implants, unless bone grafts are placed. (C) Intraoral view showing degree of
hypodontia (post-osteotomy). (D) Lateral cephalogram showing the skeletal profile after Le Fort 1 osteotomy and iliac crest inlay graft.
(Orthognathic surgery by Dr Paul Robinson.) (E) Dental panoramic tomograph showing implants in place in the maxilla with the completed
implant-retained bridge in the mandible. The increased available alveolar height provided by the inlay graft allows placement of long implants
with a favorable prosthesis height. (F) The final result with bridges in place. Despite the grafting procedure, the alveolar orientation dictated
the placement of labially inclined implants and buccal access holes for the bridge screws. (G) Lateral cephalogram showing the final
bridgework in situ. Note the improved facial profile and the orientation of the maxillary implants. (H) Clinical photograph showing the final
result, with good profile and facial height.
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(G)

Figure 12.17 (Continued)

mesiodistally as far as the proposed implant sites. If a pro-
nounced bony septum is present, it may be necessary to create
two separate windows or use an alternative approach (see next
section). When raising a trapdoor, the outline is preferably
created with diamond-coated surgical burs using copious irri-
gation, with great care taken not to perforate the underlying
sinus membrane.

The inferior and lateral cuts are taken completely
through the bone but the superior cut is partially perforated
to allow the window to be infractured, leaving the superior
aspect as a hinge. Once the cuts are complete, the surgeon
should be able to move the window inward with fairly gentle
pressure.

As the trapdoor is elevated, the sinus membrane is
gently lifted off the surrounding bone. It is important to
keep the sinus membrane intact throughout this procedure
because it is exceedingly difficult or impossible to suture tears
in the membrane. Small perforations may be patched with
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resorbable membranes or carboxymethylcellulose mesh. Large
tears may dictate that the procedure is abandoned, particularly
if the intention is to graft the sinus with a particulate graft
material rather than a corticocancellous block. The elevation
continues until the desired size of void has been created, with
the membrane pushed medially and superiorly along with the
trapdoor.

The alternative method is to create a window directly in
the lateral wall by removing the bone in its entirety. This can
readily be achieved using an acrylic bur and irrigation. The bur
tends to displace the membrane once the covering bone has
been removed and the lining can then be further elevated from
the perimeter of the window.

The degree to which the sinus floor may be lifted is also
dictated by the position of the osteon on the medial wall,
which allows drainage of the sinus. Once the space has been
created within the sinus, two different approaches may be
taken. If there is enough residual alveolar bone to accept and
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Figure 12.18 (A) Dental panoramic tomograph of a patient requiring implants in the posterior maxilla. The alveolar ridge has a good
intraoral height but the extension of the maxillary sinus on the left side makes it impossible to place more than one implant without using a
grafting procedure. There is no indication of sinus pathology or fluid levels/mucosal thickening. Additionally, there would appear to be no
bony septa running across the lateral wall. The proposed site for a corticocancellous graft from the chin is also outlined. (B) Sectional
tomographs of the patient shown in part A allow evaluation of the space available to elevate the trap door (shown by the yellow line). An
indication of the likely volume of graft required can be ascertained as well as the length of implant that may eventually be placed. The
amount of residual alveolus in this case would not be enough to stabilize the implant at the sinus grafting stage. Implants would be placed as
a separate procedure three months later. (C) Placement of a single implant into the residual alveolus distal to the upper left cuspid is
possible for the patient shown in part A. This may be enough in patients with a restricted smile line or in low load situations but is rarely the
treatment of choice unless solely replacing the upper second bicuspid. (D) A preoperative view of the lateral wall of the sinus. Here the antral
wall is thick and there is no indication of where the sinus cavity lies, often shown by a bluish appearance where the bone is thinnest. (E) The
window has been prepared with an acrylic bur and the membrane has been elevated. The membrane has not remained intact and the
fenestration created in it has been protected with a resorbable membrane. There is not enough residual alveolous (5 mm) to allow
simultaneous sinus lift and implant placement, therefore a graft will be placed into the void created. (F) Residual space within the cavity is
packed with autogenous bone, here sheets of bone have been recovered from the ascending ramus of the mandible. (G) Further bone
material including osseous coagulum is placed around the graft and on the buccal aspect of the void. The graft may be covered with a
resorbable membrane on the buccal aspect to ensure it remains within the void. The flap is then sutured back into place. (H) Preoperative
radiograph showing limited bone height in the posterior maxilla. (I) Postoperative radiograph after a sinus lift has been performed in the
upper left quadrant. The new level of the sinus floor in relation to the installed implants can be seen. Enough residual alveolous was present
in the upper right quadrant to allow implant placement without grafting. (J) Large blocks of corticocancellous graft material may be stabilized
by placing implants through both the residual alveolous and the graft. Ideally the graft should be orientated so that the cortical plate is
superior allowing good fixation of the apices of the implant.
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Figure 12.18

(Continued)

stabilize implants (usually at least 5 mm in height), then they
may be placed immediately, with any residual voids being
packed with graft material. If large blocks of bone are being
placed into the sinus, these may be stabilized by placing the
implants through both the alveolus and the graft (Fig. 12.18]).
In cases where there is little residual alveolar bone, the void is
first grafted and implants are then placed three months later
(Figs. 12.18 and 12.19). This latter technique is probably the
preferred option with more predictable results in all cases. The
preferred graft material is autogenous bone, although this is
frequently mixed with another graft material (Fig. 12.19). Care
should be taken when using particulate graft materials to
ensure that the membrane is intact or that any tears are well
sealed and protected (Fig. 12.18E). Once the graft material
and/or the implants are in place, the trapdoor, if present, is
held in its elevated position, closure of the wound is straight-
forward. The decision to place a GBR membrane over the
buccal aspect of the window is operator dependent, with some
evidence of higher graft success with a membrane.

TRANSALVEOLAR SINUS FLOOR ELEVATION

Implants are often placed with their apices extending into the
sinus cavity by a few millimeters when attempting bicortical
stabilization in the maxilla without any associated problems.
Attempts to lift the sinus membrane through the osteotomy
site have been described and bone apposition around the
apices of the implants has also been shown. A more refined
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technique has been described by Summers, using specific
osteotomes to drive bone apically through the osteotomy site
but to retain it under the sinus membrane (Figs. 12.20 and
12.21). A combination of drilling of the cortical bone and some
part of the coronal alveolar bone can reduce the forces required
to achieve success with this technique. Compacting bone or
placing osseous coagulum/bone chips within the osteotomy
site before the final breakthrough of the floor dissipates the
force delivered through the osteotome and is less likely to
cause a perforation of the sinus membrane. Infracturing of the
sinus floor at each implant site can thus be achieved along with
considerable elevation of the sinus. Implants may be inserted
immediately with this technique so long as the minimum
5 mm of alveolar ridge height preexists, although this tech-
nique has been reported to be successful in sites with less than
4 mm of residual height.

OTHER TECHNIQUES
Management of Extraction Sites
Teeth requiring extraction and subsequent implant placement
may be dealt with in several ways. It should be remembered
that the majority of extraction sites heal uneventfully with
good bone fill of the socket, particularly when only one tooth is
involved and there are adjacent standing teeth.

Preservation of the tooth socket is a prerequisite for
predictable bone fill and this is best achieved using an atrau-
matic extraction method, in particular the use of Periotome™
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Figure 12.19 A series of photographs to show a sinus lift in a patient with developmentally missing teeth. (A) Clinical presentation showing
a significant buccal concavity and exostoses on the buccal aspect of the crest. (B) A window has been created and the membrane elevated
intact. (C) The exostoses have been removed with chisels and the fragments packed into the void. (D) The autogenous bone has been
augmented with tricalcium phosphate granules to stabilize the graft and to stop the soft tissues collapsing back into the sinus.

(Friedrichsfeld GmbH, Mannheim, Germany) or luxators can
be useful in achieving this (Fig. 11.3). Difficult extractions
requiring bone removal and the associated soft tissue involve-
ment may be aided in healing by good wound closure, partic-
ularly soft tissue advancement to affect primary closure.
Placing graft material into the extraction socket and the use
of occlusive membranes have been advocated to improve bone
fill. Problems may arise, however, if the socket and graft/
membrane subsequently become infected, resulting in more
bone loss than would have occurred without the graft
procedure.

Dehiscences and Fenestrations

Small defects created at the time of implant placement such as
marginal dehiscences or fenestrations may require grafting,
depending on their shape, size, and location (Figs. 12.22 and
12.23). The rationale for such procedures must, however, be

questioned as grafts placed in such defects as well as bone
created using GBR techniques are unable to contribute to the
initial stability of the implant and the bone may not ever
integrate with the surface of the implant. Repair of such
defects may be useful in situations where the overlying
mucosa is thin and there is a risk of the implant showing
through the gingiva.

Crest Splitting and Dilation

Placement of an implant into a ridge that is slightly narrower
than the implant diameter can be achieved by increasing the
crest width using one of two techniques. Dilation of a site can
be achieved in its simplest form by allowing the implant to
expand the ridge as it is inserted. This can be achieved where
the bone is thin and soft enough to allow this; it can also be
facilitated by using tapered implants. Formal dilation of the
ridge is achieved using osteotomes, such as Summers’
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Figure 12.20 (A) The floor of the sinus may be elevated at each osteotomy site using Summers’ technique. By pushing a plug of bone
apically with osteotomes, the floor may be infractured leaving the sinus membrane intact. (B) A set of Astra Tech osteotomes for
transalveolar sinus lift procedures. The handles are cranked to improve access and the tips are concave to aid cutting and compression of
the bone. (C) Preoperative radiograph of the left maxilla showing less than 5-mm bone height. (D) Postoperative radiograph one week after a
transalveolar sinus lift. (E) Radiograph after restoration showing bone consolidation around the implants and increase in bone height

beneath the sinus floor.

osteotomes or those for specific systems (Figs. 12.24 and 12.25).
This technique is dependent on there being enough cancellous
bone present between the cortical plates to allow initial site
development with a surgical drill. By gentle manipulation and
the use of osteotomes of slightly increasing diameters, reason-
able expansion of the ridge can be achieved, enabling implant
placement.

Total expansion of a ridge can be performed using
bladed osteotomes or ridge splitting sets. Again, there must
be some cancellous bone present within the ridge to allow for a
natural plane of cleavage. Care must be taken to limit the area
of expansion by placing limiting cuts at each end of the ridge.
The danger of fracturing one cortical plate from the other
should not be ignored and considerable practice is required
to master this technique. In particular, caution should be
exercised in sites with brittle bone, especially older individuals
and smokers. A combination of ridge splitting and individual
site dilation can produce marked changes in ridge profile.

Once the ridge has been expanded, implants, bone graft, or a
combination of the two can be placed in the void. Immediate
placement of implants into sites that have been ridge split may
be complicated by an inability to achieve initial stability of the
implants.

A limiting factor for these techniques is that they do not
allow for any change in orientation of the ridge and therefore
the implant. In areas where implant angulation is important
and the ridge does not allow such orientation, other techniques
are required to augment bone at the desired location.

Distraction Osteogenesis

The use of bone plates secured either side of a surgically
created fracture line, which are then mechanically separated
incrementally on a daily basis, has been described both in
orthopedics and in maxillofacial surgery to increase bone
height. Miniature bone distraction sets have now been
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Figure 12.21 A series of clinical photographs showing a typical
sequence of drills and osteotomes for a 4-mm-diameter Astra Tech
implant. (A) A guide drill is used to mark the site. (B) A 2-mm-
diameter twist drill is used to perforate the cortex and to ascertain
the density of the cancellous bone. If there is minimal resistance,
the drilling is restricted to the cortical bone only. (C) A 2.5-mm
osteotome is introduced and gently tapped apically, and is kept
short of the sinus floor by 2 to 3 mm to create a bone plug at the
apical part of the osteotomy site. (D) With good-quality cortical
bone a 3.2-mm pilot drill is used to open the cortex further. In sites
with poor cortical quality an osteotome of 2.5/3.2 diameter can be
used to compress and compact the cortical as well as the cancel-
lous bone. (E) A 3.2-mm osteotome is introduced and advanced to
the previous depth of the 2.5- mm osteotome. (F) A 3.7-mm pilot
drill or a 3.2/3.7-mm osteotome is used to develop the cortex further
still. (G) A 3.7-mm osteotome is advanced and used to break
through the sinus floor using indirect pressure through the apical
plug of bone. The plug may be augmented in low-density sites with
bone chips or other graft materials before the final push through.
(H) The prepared site prior to implant placement. The integrity of the
membrane can be checked gently with a depth gauge. (I) A 4-mm-
diameter Astra Tech implant 9 mm in length in a site that was
previously 5 mm in height.

Figure 12.21

(Continued)
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Figure 12.21 (Continued)
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Figure 12.22 (A) Small fenestrations such as this are often created at the time of implant placement. The need to graft such defects or to
employ GBR techniques is questionable. The implant has good stability and the majority of it is in good bone; placement of a membrane
could lead to infection and loss of bone. (B) Larger dehiscences such as that on the lower left implant may require grafting to encourage
bone coverage of the exposed threads. Because the threads are outside the labial cortex, a membrane would tend to collapse onto the
threads, thus reducing the amount of bone formed. Support for the membrane to maintain volume should be sought, therefore, by the use of
a titanium-reinforced membrane or preferably using bone chips under the membrane. Abbreviation: GBR, guided bone regeneration.

developed to allow ridge height augmentation over limited
spans and subsequent implant placement.

Nerve Transpositioning/Obliteration

Loss of alveolar height in the posterior mandible will eventu-
ally compromise implant placement unless the mandible is
wide buccolingually and space exists to place an implant to
one side of the nerve. In the majority of cases, this is not
possible and the operator is left with several other options.
Placement of multiple short implants may provide enough
support without compromising the restoration biomechani-
cally. Achieving stability of the implants may be difficult
because the cancellous bone in this region is often sparse

(Fig. 12.26). Placing implants anterior to the mental foramen
and cantilevering distally has been used with great success
and is appropriate in cases with well-spaced implants of good
length and in the presence of a favorable occlusion. Onlay
grafts may also be used in this situation (Fig. 12.27) by
reducing the height of the restoration.

The alternative is to surgically expose the inferior dental
bundle and to move it buccally to allow implant placement
through the bulk of the mandible and thus achieve bicortical
stabilization. This is a difficult procedure and the potential
morbidity, in particular anesthesia or paresthesia of the mental
nerve, should be explained fully to the patient. Good exposure
of the mandible is required, with complete dissection of the
mental nerve as it exits from the body of the mandible. The
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Figure 12.23 A series of clinical photos to show the management of a small dehiscence. This was undertaken to improve the overall ridge
profile and to minimize the chances of the implant showing through the overlying thin mucosa. (A) An upper left canine site with significant
loss of crest height and buccopalatal width. (B) The site has been prepared to accept an Astra Tech 4.5 ST implant accepting some
exposure of the implant surface in the coronal portion. (C) The surrounding bone has been perforated with a round bur. (D) The implant in
situ showing the exposed implant surface. A Resolut™ (W.L. Gore & Associates Inc.) resorbable membrane has been trimmed to cover the
buccal and palatal voids. (E) Osseous coagulum recovered from the osteotomy site has been compacted against the exposed implant
surface. (F) The membrane is molded over the ridge to maintain the desired ridge form—the membrane is being supported peripherally by
sound bone and from beneath by the implant and osseous coagulum. (G) Hermetic closure with resorbable sutures.

buccal plate is then gently removed with burs and irrigation to
facilitate moving the nerve to the buccal aspect over the
required distance. The implants can be inserted and the
nerve placed back in close proximity to them.

The only other neurovascular bundle that commonly
compromises implant placement is the incisive nerve in the
premaxilla. This can be very large and can limit ideal place-
ment of an implant in either of the central incisor spaces.
Removal of the bundle and packing of the canal with bone

graft can render this site amenable to treatment after a three-
month healing period (Fig. 12.28).

SOFT TISSUE GRAFTING TECHNIQUES

The soft tissues around implants serve a functional role as well
as an aesthetic one. Aesthetic problems are commonly diag-
nosed at the planning stage of treatment and their manage-
ment may be carried out alongside the implant treatment.
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Functional problems often appear once the implant prosthesis
is in situ and are frequently managed as a separate entity.

Functional Soft Tissue Problems

The peri-implant soft tissues have the same functional
demands placed upon them as those around the natural den-
tition. They are therefore required to withstand the trauma of
oral hygiene practices and forces placed upon them during
mastication. It is therefore preferable to have implants emerg-
ing through nonmobile keratinized mucosa. The severely

Ol 551058 5 Ol3ludluis Hiles

Figure 12.23 (Continued)

Figure 12.24 A selection of Astra Tech osteotomes for dilation at isolated implant sites. The
bandings correspond to the implant lengths available in this system. When used at multiple
sites they can be used to further expand and split the alveolar ridge mesially and distally.
Great care is required using this technique and case selection is very important.

resorbed edentulous mandible is frequently devoid of attached
mucosa, and implants in such cases are prone to soft tissue
inflammation and reactive hyperplasia. Recurrent problems
associated with mobile and inflamed soft tissues are best
treated by the placement of free gingival grafts taken from
the palate and sutured to a prepared vascular bed around the
implant in the same way as would be performed around a
tooth (Figs. 12.29 and 12.30).

Care must be taken to immobilize the graft during
healing, which can be difficult to achieve in sites with a
shallow sulcus. The use of interpositional connective-tissue
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Figure 12.25 A series of clinical photographs showing Astra Tech osteotomes used to expand the maxillary ridge in a patient with
developmentally missing teeth resulting in a very narrow ridge profile. (A) The sites have been initially prepared through the cortical crestal
bone with a guide drill and 2-mm twist drill. (B) A 2-mm-diameter osteotome is introduced and gently tapped and/or rotated apically to
expand the bone. (C) The osteotome is manipulated to the desired implant length. Note how far the osteotome has now advanced apically.
(D) A 2.0/3.2-mm-diameter osteotome is then used at crestal level followed by a parallel sided 3.2-mm osteotome that is again gently
advanced apically. (E) The distal sites are prepared in the same way. Note how the osteotome in this site has to have a more buccal
emergence due to the alveolar profile that is present. (F) The 3.2-mm-diameter osteotome has been advanced to 13 mm. (G) The completed
osteotomy sites. Note that there has been mild fracturing of the buccal cortex of the two anterior sites. This is a common occurrence as the
palatal bone tends to be stronger than the buccal and is less prone to fracturing. (H) The implants in place showing no exposed implant
surfaces. Good initial stability can be expected with careful planning and a gentle technique.
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Figure 12.25 (Continued)

Figure 12.26 With restricted height available above the inferior dental canal,
the use of multiple short implants may be advocated. Achieving initial implant
stability in such situations can be difficult to achieve because there is often
poor cancellous bone and it is not possible to engage the apices of the
implants in cortical bone. The need to leave a safe margin of error between the
length of the drills and the canal usually means leaving the implants 3 mm
short of the canal, in contrast to the distal implant in the figure.
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Figure 12.27 The use of an onlay graft allows the placement of longer
implants and reduces the height of the prosthesis. The implants engage the
superior cortex of the mandible aiding their stability at the time of placement.

h_.._

Figure 12.28 A series of photographs showing nerve removal and canal obliteration of the maxillary incisive canal. (A, B) Preoperative
views showing the large incisive papilla and the large radiolucency on the intraoral radiograph. Insufficient space is available to predictably
place implants into the central incisor sites. (C) Buccal and palatal mucoperiosteal flaps have been raised to expose the incisive canal and
nerve that is held under tension. (D) The nerve is removed with hand instruments and the canal is curetted to its full depth to remove any
residual soft tissue remnants. (E) Bone chips harvested from the retromolar area with a Safescraper™ TWIST are placed into the void and
compacted (E, F). (G) Soft tissue closure is achieved without the use of a membrane as the graft is within the bony contour and is protected
by the overlying periosteum. Note that the crestal incision has been placed toward the buccal aspect of the crest to keep it remote from the
graft site. (H) Postoperative radiograph to show increased density of bone in the incisive canal region.
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Figure 12.28 (Continued)
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Figure 12.29 (A) The lack of attached gingiva around the abutment of the upper right lateral incisor presents an aesthetic problem for the
patient (despite a low smile line) but also prevents good oral hygiene due to the thin friable nature of the mucosa; a soft-tissue graft is
therefore indicated. (B) A split-thickness flap is raised to include a sound margin of tissue for the graft bed, leaving the papillae intact. (C) The
connective-tissue graft is harvested from the palate and trimmed to the correct shape and size. Some shrinkage should be allowed for and so
the graft should be kept slightly larger than is required for the final result. By harvesting via an epithelial longitudinal incision, a cuff of
epithelial tissue can be incorporated into the graft. (D) The graft is laid into position and held in place with sutures, ensuring good coverage of
the abutment. Note that the epithelialized cuff has been placed around the abutment, with the connective tissue extending apically. (E) Two
weeks postoperatively, the increase in bulk of the tissues is obvious. The increased width of attached gingival and coverage of the abutment
has been achieved. Further maturation will result in a smoother overall gingival profile.
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Figure 12.30 A series of photos to show a free gingival graft to improve the soft tissues around a lower overdenture abutment. (A) Preoperative
situation—the lack of attached keratinized mucosa and shallow sulcus are evident. (B) The recipient bed has been prepared using split-thickness
dissection leaving periosteum on the underlying bone. (C) A free gingival graft taken from the palate has been stabilized using a deeply placed
resorbable suture to the underlying soft tissues. (D) Healing one week later showing an increased band of attached keratinized mucosa and
deeper sulcus with a lack of soft tissue pull. (E) The healing donor site in the palate at one week.

grafts may also provide a more stable and robust gingival
margin around the implant. Free gingival and connective-
tissue grafts may be used in this way at any stage of implant
treatment: preimplant placement, at abutment connection or
once the prosthesis is in place. If grafting is required after the
prosthetic phase is complete, it may be necessary to remove
the prosthesis, bury the implant, and graft the site and then
bring the abutment through the attached mucosa once healing
has taken place.

Aesthetic Soft Tissue Problems

Small soft tissue defects, which may also be associated with a
bone deficiency, may be considered unaesthetic at the initial
evaluation and treatment planning stage, but it should be
remembered that such defects will often be rectified once the
prosthetic components are emerging through the mucosa. Soft
tissue maturation occurs around implants, particularly around
lone-standing single tooth implants with adjacent natural
teeth. This is optimized by good implant placement, allowing
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Figure 12.31 (A) Gross loss of buccal hard and soft tissues of the upper right canine dictates that grafting of this site is required to achieve
an acceptable aesthetic result. The loss of soft tissue is the biggest problem in such cases, particularly the entire loss of the attached
gingiva. Placement of a connective-tissue graft at the time of extraction will replace the lost tissues. (B) Connective-tissue grafts are readily
obtained from the palatal soft tissues by employing a filleting technique via a limited incision. (C) Two months postoperatively there is a good
width of attached gingiva. The height of the adjacent tissues will retain the profile during the healing phase. Once an implant is emerging

through the gingival complex, further restoration of the buccal profile will be achieved.

Figure 12.32 (A) By careful manipulation of the soft tissues at stage Il surgery, the gingival morphology may be optimized and the attached
gingival preserved. (B) Suturing of the flaps allows for healing by primary intention. The use of vertical mattress sutures, as shown in the

midline papilla, maintains the height of the papillary tissues.

a natural emergence profile of the restoration as well as careful
soft tissue handling at all stages of treatment.

Larger defects need to be rectified surgically and this can
be achieved readily using free gingival grafts and interposi-
tional connective-tissue grafts in combination with hard tissue
augmentation for the more severe defects. Such techniques are
usually best performed before or at the time of implant place-
ment to achieve the best results (Fig. 12.31). Once again, the
use of the patient’s own tissue is preferable to any of the other
graft materials available.

Papillary preservation or interdental papillary regenera-
tion has been widely advocated; the degree to which this is
possible is open to question, but the basis of the technique,
careful soft tissue manipulation and the preservation of as

much keratinized tissue as possible, will undoubtedly max-
imize the soft tissue healing potential (Fig. 12.32).
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Single tooth implant prosthodontics

INTRODUCTION

Prosthodontic treatment is not just restricted to the final stage
of implant treatment. The treatment planning chapter will
have demonstrated the need for the correct decision to be
taken regarding the suitability of implant treatment over con-
ventional techniques and the desirability for a clear view of the
desired end result prior to implant placement. The importance
of realistic diagnostic wax-ups or trial restorations and the use
of surgical stents cannot be overemphasized. It is also essential
that provisional restorations that can function and be adapted
during the stages of implant placement and exposure be pro-
vided. Whether one operator provides the implant treatment
from start to finish or if different dentists are undertaking the
surgical and prosthodontic stages, prosthodontic input from
the start is mandatory.

In many respects the prosthodontic treatment for a sin-
gle tooth is straightforward if the planning and placement of
the implant is correct. However, if prior assessment of the
situation or implant positioning is poor, the prosthodontic
correction of the error to achieve an acceptable result can be
impossible. Restoration of single tooth implants can therefore
be the easiest and the most demanding of all implant restora-
tions. The choice of the appropriate single tooth abutment is
one of the most important prosthodontic factors, and this is
dealt with in subsequent sections.

ABUTMENT TYPES
All manufacturers produce a variety of abutments suitable for
single tooth restorations. Abutments attach the crown to the
implant and prevent rotation between components. Many
different types are required to allow for variations in such
factors as implant position, angulations, depth, and soft tissue
contours, and still achieve an aesthetic end result. The final
restoration needs the correct emergence profile to support and
contour the soft tissue. This may require a transition from a
standard 4-mm-diameter implant to the 7-mm-wide neck of a
central incisor tooth within the vertical dimension of only a
few millimeters (Fig. 13.1). The abutment needs to resist con-
ventional compressive and tensile loads and rotational forces,
as it will not be joined to other implants or teeth. There are few
situations in which it is acceptable for a single tooth restoration
to show metal at the gingival margin and so there must be
adaptability in the abutment design to allow for an aesthetic
margin placement. Most anterior single tooth restorations will
be cemented onto the abutment and this will get over any
problems there may be with labial paths of insertion.
Abutments for single tooth restorations fall into the
following categories (Table 13.1):

Standard abutments (readymade)
Semiprepared abutments
e Fully customized abutments

®  Computer-generated abutments [computer-aided design

(CAD)/computer-aided manufacture (CAM)]
Prepable abutments
Abutments for screw-retained crowns

Abutments can also be classified by the material they are made
from, such as gold, titanium, and ceramic. Specific abutments
are also made for permanent and provisional use.

Standard Abutments

Most implant manufacturers have a premade abutment nor-
mally made of titanium. Standard abutments are designed to
be used as made by the manufacturer without modification.
They are therefore normally symmetrical with a flat fixed
gingival margin for the restoration and a set vertical height.
As they are designed for single tooth restorations, they have a
flat facet on the retentive element of the abutment to prevent
rotation of the final crown. This lack of flexibility makes them
unsuitable for high aesthetic areas but straightforward to use
where aesthetics are not important or in ideal clinical situa-
tions. They have the advantage of simplicity, cost effectiveness,
and limited laboratory input required. Standard abutments
can only be used for cemented restorations.

They are usually two pieces with an abutment that fits
onto/into the implant head and a separate abutment screw
that can be titanium alloy or gold alloy. A variety of heights are
offered with a smooth collar that extends from the implant
head to the margin for the crown. Matched impression cop-
ings, temporary copings, laboratory analogues, and gold and
porcelain cylinders are produced to ease manufacture. The
standard technique is illustrated in Figure 13.2.

For the Nobel Biocare external hex implant, the abut-
ment fits onto the flat top and engages the raised hexagon to
give antirotation for the abutment. As with all flat-top implant
designs, it is essential that the abutment properly seats onto the
implant head, so a verification radiograph is required (Fig. 13.3).
The abutment is retained to the implant by a gold alloy screw
that is torqued into position at 32 Nem for a regular platform
implant, once seating has been confirmed. To achieve this exact
level of torque, a mechanical device such as an electronic or
manual torque controller is essential (Figs. 13.2D and 13.20B).
Narrow platform implant abutment screws are normally tight-
ened to 20 Ncm and wide platform abutment screws to 45 Nem.

With conical connection implants (e.g., Astra Tech, Fria-
lit, Nobel Biocare, and Straumann), the abutments have a
matched conical fit surface and also an internal antirotational
element to give the abutment resistance to rotational forces.
Although these implant/abutment connections are self-guid-
ing and easy to engage, it is essential that the abutment is held
and rotation attempted prior to tightening the screw to ensure
that the abutment is fully seated. A verification radiograph is
not usually required but may be used if there is any doubt that
the abutment has not seated properly.
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Figure 13.1 Selection of abutment height. (A) A short abutment
collar places the margin deeper in the soft tissues but allows more
height for development of a suitable emergence angle compared to
a longer-abutment collar height (B).

The coronal part of single tooth abutments needs to
provide adequate retention and resistance form for the
crown to be retained by cement to the abutment. They are
usually cylindrical in shape, either parallel sided or with a
slight taper. A flat facet is required to provide resistance to
rotation. The precision of fit for these restorations, in particular
using the matched gold cylinders, is such that difficulty can be
encountered cementing them into position and cements with a
low viscosity or the provision of a vent hole may be required.
The fixed size of the retentive element for the crown makes
these abutments unsuitable for extremes of interocclusal space,
particularly if the space is under 7 mm when there will be
inadequate space for the crown. Similarly, if there has been
extensive bone loss prior to implant placement so there is

O 55105 5 0Ll lles

Figure 13.2 Two lower molar implants restored using standard
direct abutments from Astra Tech. (A) Healing abutments in
position. (B) The restorative kit includes the abutment, impression
copings, replicas, and cylinders to make the crown and a tempo-
rary restoration. (C) The abutments are placed using a holder.
(D) A torque wrench is used to tighten the abutments. In this case,
a level of 25 Ncm is achieved. (E) The abutments in position. Note
the margin for the restoration is just supragingival as the appear-
ance is not paramount. (F) From the occlusal surface the flat
facets on the abutment are visible. These act as antirotation for
the restoration. (G) Push-on impression copings in place. (H) The
impression copings are picked up in Impregum using a closed tray
technique. (I) The abutment replicas are attached. (J) A tempo-
rary restoration is simply fabricated in the mouth. For simplicity,
this is linked at this stage. (K) A master cast is made with a
detachable silicone gingival replica. (L) Conventional metal-
ceramic crowns on the working cast. (M) Separate crowns have
been made to make cleaning easier. (N) The crowns cemented in
place. (O) From the occlusal surface. (P) The completion peri-
apical radiograph.

excessive interocclusal space (over 12 mm), then the crown
may not have adequate retention as the ratio between retentive
height and length of restoration is unfavorable.

The abutments are designed to be positioned and left in
place while the permanent crown is being made. Therefore, a
temporary restoration normally has to be made at the chairside.

Table 13.1 Examples of Abutment Types
Type Name Manufacturer
Standard abutment Snappy abutment Nobel Biocare
Direct abutment Astra Tech
Cementable abutment Straumann
Semi Prepared abutments Ti Design/Zir design Astra Tech
Esthetic abutment Nobel
Anatomic abutment Straumann
Fully customized abutment AurAdapt Nobel Biocare
Cast design abutment Astra Tech
Gold abutment Straumann
Computer-generated abutment Procera Nobel Biocare
Atlantis Astra Tech
CARES Straumann
Screw-retained crown abutment Gold adapt Nobel Biocare
Cast design Astra Tech

Astra Tech, Astra Meditec AB, MdIndal, Sweden; Friatec AG, Mannheim, Germany; Nobel Biocare, Nobel Biocare AB, Géteborg, Sweden;

Straumann, Institut Straumann AG, Waldenburg, Switzerland.
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Figure 13.2 (Continued)
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Figure 13.2 (Continued)

There are matched impression copings that are simple
push-fit plastic cylinders that can be picked up in an impres-
sion material (Fig. 13.4). The gold cylinders provided are
designed to have wax built up to a contour necessary for a
conventional metal-ceramic crown. Alternatively, plastic
“burnout” copings are available that produce a similar result.
Some manufacturers produce porcelain copings onto which
conventional porcelain can be fired or CAD/CAM techniques
can be used for standard ceramic restoration production.

Advantages/Indications of Standard Abutments

®  Simple to use

Minimal chairside and laboratory time
Predictable fit and retention for crown
Use in “straightforward” cases where optimal space and
implant orientation has been achieved

Disadvantages/Contraindications of Standard Abutments

Margin for crown does not follow gingival contour
Cannot be customized for implant orientation or anatom-
ical features—particularly not suited to very labially
inclined implants

Not suitable for multiple adjacent single tooth restorations
as the path of insertion of the crowns is not adjustable.
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Figure 13.2 (Continued)

Similarly, they are not suitable where the adjacent teeth
are tilted for the same reason
®  Not suitable for extremes of interocclusal space

Customized Abutments

Customized abutments require laboratory input to shape them
to optimize the abutment contour for the clinical situation.
They can be classified into semiprepared, fully customized
(cast or CAD/CAM), or prepable. All share the feature of
making the abutment more anatomic in shape and control the
emergence of the crown through the soft tissue so that it is
close to a natural tooth profile as possible. With a conventional
abutment the entire restoration is circular in cross section at
the implant head and through the abutment. The ideal contour
is developed only from the start of the crown. With a custom-
ized abutment, the abutment itself can be modified to more
accurately resemble the cross-sectional shape of a natural
tooth (Fig. 13.5). For example, an upper central incisor tooth
is roughly triangular in shape at the gingival level with a flat
labial surface. If a circular abutment is put in position this
will tend to either be under contoured mesiodistally, or if a
larger size is used, it will push down the labial gingival margin
in the center, making the clinical crown look longer. Custom-
ization also allows for differing paths of insertion between the
restoration and implant so solving less than ideal implant
positions (Fig. 13.6) and also allows multiple adjacent implants
to be aligned so the crowns can be inserted independent to the
angle of the implant (Fig. 13.7). Extremes of interocclusal space
can also be accommodated by altering the height of the reten-
tive component for the crown.

Figure 13.3 A periapical radiograph demonstration failure to
correctly seat a standard abutment onto an external hex Nobel
Biocare implant.

Semiprepared Abutments
These abutments are similar to standard abutments but have a
more anatomic shape and are designed to be modified in the
laboratory to customize the shape for differing clinical situa-
tions. The amount of alteration is limited by the bulk of
material present at the start so the manufacturers make them
in a variety of widths and heights to suit most clinical
situations with minimal alteration. This includes abutments
with angulation changes built in. The abutments have a
contoured gingival margin to allow for a deeper margin on
the labial aspect in the aesthetic zone and this can be further
modified (Fig. 13.8). The coronal portion of the abutment can
have the height reduced, but not added to, so the abutments
may not be suitable for very long clinical crowns. The cross
section of the abutment is circular, but this can be modified if
required to a limited degree.

As with all customized approaches, the abutment selec-
tion and manufacture of the abutment are carried out on a
model produced from an impression of the implant head. This
is covered later in the chapter. Semiprepared abutments are
two-piece with a separate abutment screw. The abutment
chosen (many manufacturers have a dummy abutment try-in
kit to simplify the choice) is screwed into the working model,
and in the laboratory it is ground with drills to customize its
shape. Normally, the abutment is then tried in to verify that
the correct shape has been produced, in particular that the
gingival margin is such that the crown margin will not show.
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Figure 13.4 A standard Direct abutment used to restore a lower canine Astra Tech implant. (A) Abutment in position. To give a good
appearance the margins for the crown are about 1-mm subgingival. (B) The impression coping in place. (C) The impression coping is picked
up in the impression. (D) A conventional metal-ceramic crown constructed. (E) The completed case.

Semiprepared abutments can be used in two ways:

Abutment prepared and final crown produced in one
stage. This is acceptable for restorations where minor
changes are being made to the implant orientation and
the soft tissue is healthy and will remain stable. This
technique ensures a good marginal fit between abutment
and crown, as it does not require a second impression.
There is a risk of a poor long-term result if the gingival
margin is only placed just subgingivally, because if there
is some recession of the gingival margin following cemen-
tation, some metal will then show. A margin for error with
a slightly deeper margin placement is recommended. It is

often wise to temporarily cement the crown to allow for
soft tissue resolution prior to final cementation.

Abutment prepared and provisional crown produced at
first stage. A second impression is taken with the abut-
ment in place and a final conventional crown made. More
stages are required for this approach, but a more predict-
able result may be obtained. However, it can be difficult to
take an impression of an abutment in position and deep
margins pose a problem, as gingival retraction cord is
hard to use. Acrylic copings can be made in advance and a
pick-up technique employed. Alternatively, once the abut-
ment has been deemed acceptable, it can be removed from
the mouth and the crown framework produced directly on
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(A)

Figure 13.5 An upper central incisor tooth is essentially triangular
in cross section (A). Choosing an implant diameter that is narrower
than the tooth (B) will allow the emergence to be developed through
the contour of the abutment and crown. An oversized implant
(C) will not allow a suitable emergence to be developed.

the abutment. Minor changes to the margin carried out in
the mouth can result in gingival bleeding and so it is best
to remove the abutment and place it back onto the implant
head model for chairside adjustment.

This technique is particularly useful if the emergence and profile
of the soft tissue needs to be significantly modified. The abutment
is produced with a provisional crown that partly satisfies the
desired end contour. Following temporary cementation, the soft

[
/ W
(A) (B) (C)

Figure 13.6 When the desired crown is in the same long axis as
the implant, a standard abutment will achieve a good result (A). If
the implant has a more labial angulation as in (B) and (C) and the
path of insertion of the crown needs to be different to that of the
implant, a customized abutment may be indicated. The crown in
(B) will be too thin on the labial aspect and the customized abut-
ment (C) allows more space for the crown.

Figure 13.7 A standard abutment has been placed to restore the upper left central incisor tooth. (A) The path of insertion for the restoration
is not acceptable—a restoration would not be able to seat into position. (B) A gold customized abutment has been made to change the path
of insertion for the restoration to the distal aspect. (C) The abutment in place demonstrates the required path of insertion. (D) The restoration

immediately after cementation.
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Figure 13.8 (A) A semiprepared titanium abutment before customization (TiDesign from Astra Tech). (B) On the cast the margins and
contours of the abutment are customized. (C) The finished abutment in position. (D) The abutment from the occlusal surface. (E) The crown
in place. (F) The final result.
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Figure 13.9 Construction of fully customized gold abutments. (A) Two abutments are constructed to produce a common path of insertion
for the restorations. (B) An Astra Tech Cast Design abutment consisting of a precious metal implant connection and a burnout waxable
sleeve. (C) On the master cast the sleeve can be adjusted to the correct height. (D) A completed fully customized abutment.

tissue will be deformed and then remodel to the new shape. The
contour can be modified over successive visits by addition to the
provisional crown until the desired contour and gingival emer-
gence has been achieved. An impression of the abutment and
adjacent soft tissue will allow for production of the final crown.

Advantages

e Allows for changes to angulation and crown path of
insertion
Gingival margin contours can be followed

®*  Minimal laboratory input

Disadvantages

Customization limited by size of abutment at start
Circular in cross section so not able to fully simulate
anatomic contours

® Require abutment selection at start (i.e., multiple sizes/
shapes)

Fully Customized Gold Abutments

These abutments share many properties with semiprepared
abutments but they can be produced with even more allow-
ances for compromised implant positioning and customiza-
tion. The abutments have a readymade precious metal

component that is the abutment/implant connection corre-
sponding to the implant design. This ensures a perfect fit
between abutment and implant. The rest of the abutment is a
plastic customizable cylinder that the laboratory technician can
wax on to. The plastic cylinder is a burnout plastic so the
whole abutment shape apart from the fit part is fully custom-
izable by the laboratory technician who can then cast the
abutment using conventional techniques (Fig. 13.9). The result
is a gold abutment that can have a cross section that is not
circular and within limits be the ideal shape required for
support of the final crown. These abutments can also be
used for screw-retained crowns (see later).

The basic procedure is illustrated in Figure 13.10. The
technique has the advantage that only one abutment is
required for all situations so no choices need to be made.
With this process it is possible for an abutment to be produced
to accommodate significant changes in angulation between
implant and crown and also to move the apparent long axis
of the final restoration to a different position to the implant
long axis, although this is limited by the need to retain ade-
quate retentive form for the final crown (Fig. 13.11). The
customization also allows for exact positioning of the margin
of the restoration (Fig. 13.12).

The extra complexities of this process restrict its use to
difficult situations that can only be resolved by full custom-
ization. Where the fit surface of the abutment has been cast
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(A, B) A cast gold abutment viewed from mesial and distal sides demonstrates an oval contour for the abutment and the

gingival margin for the restoration can match the natural gingival contour. (C, D) Gold fully customized abutments and restorations on the

cast.

rather than manufactured, the quality of fit may not be as good.
Conventional abutment screws retain the abutments and the rest
of their use is the same as for all customized abutments.

Advantages

Suitable for cemented and screw-retained restorations
Fully customizable including angulation changes of up
to 35°

Works for extremes of interocclusal space

Easy to align multiple implants

Disadvantages

Gold abutments only
®  Expensive and complex laboratory input required

Computer-Generated Abutments

Several manufacturers have systems available to make abut-
ments, which are fully customized using CAD/CAM techni-
ques (Fig. 13.13). The abutments are produced as part of a
factory process so quality control is high and costs should be

reasonable as centralization of manufacture produces high
volumes and reduced costs. Of particular advantage is the
ability to produce abutments that are fully customized in
ceramic (zirconia) and titanium. Head of implant impressions
are taken as with all customized approaches. Two ways of
manufacture are then available. One technique is to wax up the
ideal abutment shape on the master model and then have this
laser scanned so its exact dimensions are recorded. This digital
information is then sent to the manufacturer and the abutment
made by a milling technique. Alternatively, a scan can be made
of the desired shape of the final restoration either using a
temporary restoration or by a diagnostic wax-up. By orientat-
ing this contour with the position of the implant from a scan of
the master model, a subtraction technique can be performed by
the computer software so that the “ideal” abutment shape can
be made to support the final crown. The abutment is first
imaged on a computer screen so that the laboratory technician
can see and further alter it before the abutment is manufac-
tured. These abutments are often highly retentive as the reten-
tive walls of the prepared surface can be made parallel. As
with all fully customized approaches, the gingival margins,
cross-sectional shape, height, and angulation are all
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Figure 13.11 A customized gold abutment used to make a 30° change in path of insertion for the restoration compared to the implant.
(A) Note the long axis of the implant demonstrated by the abutment screw compared to the angle of the main abutment. (B) On the cast.
(C) In place, the labial position of the abutment is in line with the adjacent teeth and the margin for the restoration is subgingival so no metal
will show. (D) Adequate space is left for the restoration so the labial contour will not be overbuilt. (E) The completed restoration.

customizable. The end result of these abutments is very similar
to gold customized abutments but requires access to highly
skilled technicians who are experienced in the scanning tech-
nique. The remaining process to complete the restoration is the
same as for all customized abutments.

One interesting development of this technique is that
spare or copy abutments can be made that are exactly the same
as the original. This allows for the abutment to be placed in the
mouth and a provisional crown fitted. Rather than have to take
a further impression for the permanent crown at a later date, a
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Figure 13.12 A cast gold abutment used to restore an upper lateral incisor tooth. (A) On the cast. (B) In position—note the labial margin for
the restoration is subgingival. (C) This allows the metal margin to be disguised so the crown has a good appearance. (D) On the palatal
aspect the margin can be supragingival, so excess cement can easily be removed.

second abutment can be ordered for the master model and the
permanent crown made.

Advantages

Fully customized abutments in titanium and zirconia
High precision
®  Costs should be less than gold abutments

Disadvantages

®  Require specialist facilities
®  Some control taken away from local laboratory

Ceramic Abutments

These are essentially the same as semiprepared and fully
customized CAD/CAM abutments and are used in the same
way clinically (Figs. 13.14-13.16). They are made from yttria-
stabilized zirconia, although dense alumina “Procera” porce-
lain can also be used. Clinical trials have demonstrated good
success rates, although the number of trials is limited and there
is little long-term data. The final crown should also be all-
porcelain in construction and be cemented with a tooth-col-
ored lute to achieve optimal results. Ceramic abutments are
not suitable for situations where significant angulation
changes need to be made, as the porcelain remaining following
preparation will be at risk of fracture if it is too thin. The main

indications are for high aesthetic situations where it is desired
that all-ceramic restorations are used, for example, to match
with other all-ceramic veneers and crowns. They are also
useful if there are concerns that metal abutments might
show, for example, if the gingival tissue is thin or the implant
head is close to the surface.

Advantages

® Highly aesthetic and allows all-ceramic restorations
®  Customized contours

Disadvantages

Long-term survival not demonstrated in clinical trials yet
e CAD/CAM techniques require complex laboratory input

Prepable Abutments

Prepable abutments are solid abutments normally made from
titanium or titanium alloy that are customized by preparing
them with a drill, normally in the laboratory but sometimes in
the mouth, into a “crown preparation.” Because they require
significant laboratory input but are limited in their adaptability
by the fixed size of the abutment, they have mostly been
superseded by the other customized and CAD/CAM techni-
ques, although for some implant systems they are still com-
monly used.
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Figure 13.13 Restoration of missing upper canine teeth using CAD/CAM Atlantis abutments. (A) Impression copings show a labial
inclination of the implants. (B) Acrylic screw-retained provisional crowns have labial screw access holes that will be filled with composite
resin. (C) On the computer scan, the desired shape of the abutment can be determined. (D) The position of the abutments is checked on the
labial aspect—the desired angulation change has been achieved. (E) The titanium abutment on the cast with gingival replica removed.
(F) The abutment is tried in the mouth. A putty matrix shows that there is adequate space for the restoration. (G) The completed restorations.

The connection to the implant with these abutments is
the same as for standard abutments and the outline of the
technique is illustrated in Figure 13.17. The retentive element
for the crown is a block of metal, which can be customized to

achieve an ideal preparation contour. The abutments come in a
variety of diameters roughly corresponding to the dimensions of
upper lateral and lower incisors (44.5 mm), upper central
incisors, canines, and premolars (5.5 mm) and molar teeth
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Figure 13.14 The use of zirconia abutments in cases where other all-ceramic restorations are required. (A) An all-ceramic crown is
required for the upper right central incisor tooth. (B) A zirconia abutment is prepared for the left incisor tooth. (C) Both central incisor teeth
restored with ceramic crowns. (D) Another case where crowns and veneers are required. (E) Using a zirconia abutment all the restorations
can be made from the same material. (F) The completed veneers, crown, and implant restoration.

(6.57 mm). A smooth collar extends from the implant head to
this dimension. An impression is taken of the implant head and
a cast made with a silicone soft tissue replica (see later under
laboratory techniques). The abutment is prepared using high-

speed instrumentation either by the dentist or the dental tech-
nician. The metal can be cut back to achieve a preparation
comparable to a conventional crown preparation. The gingival
margin can follow gingival contours and be placed subgingivally
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Figure 13.15 All four upper incisor teeth restored with individual crowns. (A) Four zirconia abutments were produced using a CAD/CAM
technique (Atlantis). (B) Abutments in place. (C) Completed all-ceramic restorations.

Figure 13.16 Nobel Biocare implants restored with porcelain CerAdapt abutments. The implant heads were close to the surface and
conventional abutments could not be hidden. (A) The prepared abutments in position—the abutment screw access holes are sealed with a
tooth-colored material. (B) The abutment screws are torqued carefully into place using an electronic torque controller and a counter torque to
prevent overstressing the implant. (C) The completed Procera crowns cemented with a tooth-colored composite resin cement.
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Figure 13.17 Missing central incisor tooth where an Astra Tech ST implant has a minor labial angulation—a prepable abutment has been
used: (A) On presentation, the healing abutment has been cut back to preserve labial soft tissue. (B) The amount of preparation required
and residual abutment can be visualized. (C) The prepared abutment in place—note the poorly formed gingival contour at this stage.
(D) Following provisional cementation of the crown, the gingiva is healthy and well contoured. The abutment screw access hole has been

filled with gutta percha. (E) The completed restoration.

on the labial and proximal sides but can be supra gingival
palatally. Enough reduction must be achieved to allow suffi-
cient space for the crown. The metal surface that will be
covered by the crown can be left with a coarse finish to aid
retention and does not need to be polished, but any metal that
will be in contact with the soft tissue should be as smooth as
possible.

As with other customized abutments, prepable abut-
ments have the ability to change orientation for the crown
relative to the implant. This is normally required to rectify a
labial inclination of the implant. A prepable abutment can be
cut back on the labial surface in the center but still keep
adequate width mesiodistally and affect a reasonable emer-
gence profile. Prepable abutments should be prepared out of

the mouth. Small changes can be made intraorally with an air-
rotor under copious irrigation, but are best avoided.

Advantages

® Improved flexibility over standard abutments
¢  Copes with angulation changes

Disadvantages

More complex laboratory technique than standard abutment
Customization limited to the basic size/position of the
abutment at start

May require second intraoral impression

Precision of fit of crown to abutment is less predictable
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Figure 13.18 A single Straumann implant placed for a missing upper second premolar tooth: (A) The working cast with replica of the
implant. (B) Completed crown—the screw access hole is centrally placed. (C) Buccal view of the crown in position—the upper teeth are in
cross bite with the lower teeth. (D) Periapical radiograph of the completed restoration.

Abutments for Screw-Retained Crowns

The desirability for screw retention has already been dis-
cussed. For single tooth, the main advantage is simplicity
and ease of insertion and removal (Fig. 13.18). Problems can
arise when cementing crowns (see later), particularly if deep
margins are used. With a screw-retained approach, the porcelain
can be taken further subgingivally with minimal risks.

Usually screw-retained crowns are more applicable to
premolar and molar regions (Fig. 13.19) where occlusal screw
access may be less of an aesthetic problem and in situations
where there may be more of a need to remove restorations (e.g.,
to tighten the abutment screw) or join implants to further
implants in the future.

The technique utilizes gold fully customizable abut-
ments that are waxed up to the contour ready for porcelain
application so that the abutment and crown are in one-piece.
Gold suitable for porcelain bonding is used.

Advantages

® Predictable retention and removal

¢ No margins or cement

®  Easy access to abutment screw if tightening required
®  Very robust

L]

Takes up less space than conventional two-part technique

Disadvantages

®  Screw hole must exit in suitable position cosmetically
®  Screw hole may make occlusion less stable if in critical
occlusal contact position

IMPRESSIONS AND ABUTMENT SELECTION

The previous section described in detail the various abutments
and techniques available. However, before an abutment is
selected, a choice needs to be made between two alternative
techniques:

1. Abutment impressions
2. Implant head impressions

Abutment Impressions

The conventional approach for single tooth restorations using
standard manufacturer-made components is to choose the
abutment and place it into position. An impression is made
of the abutment and a working model produced using ready-
made components (Fig. 13.20). The abutment can be left in
position and covered with a temporary cover or a temporary
crown can be build up using conventional crown and bridge
techniques (with a temporary component from the manufac-
turer).

Alternatively, the abutment can be removed following
impression taking and stored for use at the next appointment.
The healing abutment is therefore replaced. This technique
requires less chairside time and the original provisional resto-
ration (denture or resin-bonded bridge) can be refitted. It is
important that the abutment is stored in a sterile container and
care must be taken to ensure that it will go back into exactly
the same position next time.
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Figure 13.19 A screw-retained single molar restoration with the abutment and restoration in one-piece. (A) Buccal view. (B) Lingual view.

(C) Occlusal view.

Figure 13.20 A Frialit 2 implant placed to replace a missing upper central incisor tooth: (A) Healing abutment in position. (B) The
impression coping. (C) The coping is seated into the implant—the metal part will stay in the implant following removal of the impression. (D)
The blue plastic component is picked up in the impregum impression. The metal coping that remained attached to the implant will reseat
accurately back into this. (E) Working cast with abutment in position. (F) The metal coping for crown manufacture. (G) Completed crown on
cast. (H) Internally the use of a premade coping ensures an accurate fit. (I) Abutment seated. (J) The crown immediately after cementation.

The gingival blanching will resolve in a short time.

Implant Head Impressions

This technique is mandatory for all abutment types other than
standard abutments and has much to recommend it as the
approach of choice. An impression is recorded of the implant
head using an impression coping (see chap. 14 for more
details), which is cast with an analogue of the implant head

to produce a working model (Fig. 13.21). The abutment can be
selected and seated onto the model. Choice of the abutment
outside of the mouth ensures that the correct decision can be
made more easily without taking up clinical time. Any of the
abutment types can be used in this way. Care must be taken
not to damage the abutment assembly, particularly the screw,
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Figure 13.20

(Continued)

and therefore a laboratory screw should be used and the
clinical screw stored until the abutment is seated into the
mouth. The abutment should be sterilized before placement
in the mouth. Some prosthodontists prefer to choose the abut-
ment using this technique but then place the abutment into the
mouth and retake the impression.

Choosing the Abutment

Abutment selection is based on the following features.

Depth of Soft Tissue
The vertical height from implant head to the gingival margin is
measured at the shallowest point on the labial surface. This can

Figure 13.21 (A) An impregum impression of an abutment with
the laboratory replica attached. (B) The soft gingival replica is
poured into the impression.

be measured intraorally with a periodontal measuring probe
or with various devices provided by manufacturers that fit
onto the implant head and indicate the depth. To ensure that
the metal collar of the abutment does not show, the abutment
is chosen so that the labial margin is at least 1 mm subgingival.
Care must be taken to ensure that choosing abutments to suit
the labial margin does not result in an excessively deep margin
elsewhere. The authors find that margins more than 3 mm
deep result in restorations that are difficult to seat, and
removal of excess cement may be impossible. In situations
where there is a marked discrepancy between the gingival
heights around the margin, a customized abutment is indi-
cated as it allows the margin to be placed in relation to the
gingival contour. This technique assumes that the chosen
abutment has a diameter close to that of the cervical margin
of the tooth to be replaced.

Emergence Profile

It is easier to create a good emergence profile if there is at least
3 mm of vertical space from implant head to gingival margin
(Fig. 13.6). This allows a transition from an implant head,
which is often at least 2 to 3 mm less in diameter than the
cervical margin of the proposed restoration. If it is necessary
to flare from the implant head to a wide-necked restoration
in a short vertical space, it is most readily achieved using a
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wide-diameter customized abutment. These can create a dra-
matic change in little vertical space, but care must be taken not
to excessively overcontour this region, which may then be
difficult to seat and maintain. There may be a desire to create a
final restoration with a wide gingival dimension, especially
where the interdental gingival papillae have been lost leaving
“black triangles,” which will spoil the final appearance.

Orientation

Ideally the implant will have been placed close to the long axis
of the missing tooth crown and adjacent clinical crowns.
Implant placement with the long axis of the implant through
the incisal tip or just to the palatal surface is easiest to restore
and any of the abutments can work in this situation. It is a
common scenario, however, for the implant to have a slight or
even pronounced labial inclination. There are several reasons
why this may be the case, including the following:

¢ The bony contour following resorption from tooth loss
often results in an alveolus that dictates implant place-
ment in a more labial inclination.

® As a result of the natural curvature of the original and
adjacent teeth, the roots may be orientated at a different
angle to the clinical crown.

Small degrees of labial angulation (see chapters on single tooth
planning and surgery) can therefore be desirable and easily
accommodated by standard abutments. If standard abutments
are used in situations with more labial angulation, they may
result in either an excessively overcontoured labial surface or a
porcelain surface that is too thin to mask the metal structure
underneath (Fig. 13.22). A better result can be achieved by
using customized abutments, as the path of insertion of the
crown can be different to the long axis of the implant. Changes
of up to 35° can be made; the limiting feature is normally the
need to retain some abutment structure around the abutment
screw hole and the need to provide adequate retention for the
crown.

To assist with the correct abutment choice, the best
approach is to determine the correct labial contour using either
the provisional restoration or from a diagnostic wax-up. A
silicone putty labial mask can be produced from this and placed
either in the mouth or ideally on a working implant head model.
The true orientation of the implant relative to the labial surface is
then clear and the correct abutment choice can be made.

| 4
. L 4
(B) (®)

e

Figure 13.22 Selection of a shorter abutment (A) and (B) allows
more vertical space for possible alterations in labial angulation with
standard abutments compared to a normal selection (C) where the
crown margin has been placed just subgingival.
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Interocclusal Space

The space from implant head to the opposing tooth needs to be
assessed. The shortest standard abutments require a minimum
vertical space of between 6 and 7 mm. If less space exists, a
fully customized abutment may be indicated, although vertical
spaces less than 5 mm are difficult to restore and alternative
conventional dental techniques such as increasing the vertical
dimension of occlusion or the use of “Dahl” appliances should
have been considered or a screw-retained crown could be
used. Once again, correct planning and a deeper implant
placement can avoid this problem. Excessive vertical dimen-
sions can be restored using any of the abutment types but fully
customized abutments where the height of the retentive ele-
ment for the crown can be optimized produces the best results.
The implant crown needs to be made so that the porcelain is
correctly supported by the metal framework underneath.

Retrievability

A screw-retained restoration will be easier to remove at a later
stage if it is envisaged that this will be required. A cemented
crown, even placed on a standard abutment with a temporary
cement, can be very difficult to remove. In general, a restora-
tion can only be made screw retained if the path of insertion
for the screw will be on the palatal or occlusal aspect. Specific
abutments for single tooth are available or a standard abut-
ment can have the crown cemented onto the abutment out of
the mouth and a larger access hole made through the crown to
fit the restoration onto the implant with the abutment screw.
Screw retention can be useful in situations where there is
limited space between adjacent teeth. Access for the cementa-
tion process can be limited and the space needed for the
abutment, cement lute, and crown takes up more space than
a one-piece screw-retained restoration (Fig. 13.23).

Special Aesthetic Requirements

The techniques already outlined aim to provide an aesthetic
restoration with no metal showing. Problems can arise if the
implant head is close to the surface or the labial gingival tissue
is thin so that the metal abutment shows through the gingiva
causing graying and a poor appearance. This can be deter-
mined by attaching an implant head impression coping and
looking for a color change. A ceramic abutment is indicated in
these situations.

Final Restoration

Before a single tooth implant abutment is chosen, the type of
final restoration required must be considered as this will have
a bearing on the abutment selection. When using metal abut-
ments, there is little reason for avoiding the use of metal-
ceramic restorations. All porcelain restorations cemented onto
metal abutments need to be quite thick to avoid the metal
showing through and resulting in a gray restoration. Problems
can arise when single tooth implants are being matched to
adjacent teeth that are already restored with porcelain crowns
or porcelain veneers. It is often best to replace adjacent
restorations so that they can all be reconstructed together in
the same materials, but all-ceramic abutments and crowns give
the technician the best chance to match in these situations.

Abutment Selection Kits

Several manufacturers produce abutment selection kits that
are exact replicas of the different abutments available. They are
normally used on implant head casts but can also be used
intraorally. As it can be difficult to visualize an abutment in
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Figure 13.23 Restoration of an Astra Tech ST implant that is close to the adjacent tooth. There was a large incisive canal that influenced
implant placement. (A) From the implant head model, the lack of space between the implant head and the adjacent tooth can be seen. Use
of an abutment and separate crown would therefore be difficult. (B) Using a cast-to abutment, a one-piece abutment and crown has been
produced. The abutment is completely customizable using a conventional wax pattern and casting technique. (C) The resulting restoration
eliminates the need for cementation and is retained by the abutment screw. (D) On initial insertion, the crown causes blanching to the soft
tissues. (E) Removal of the restoration four weeks later demonstrates a healthy contoured gingival cuff. (F) The completed crown.

position and an incorrect choice can be very costly, their use is
highly recommended (see also chap. 14).

Having chosen the abutment and decided on the final
restoration, the clinical techniques can now be outlined.

Abutment Connection

Deep soft tissue “tunnels” will make abutment seating purely
a tactile process. It may also be an uncomfortable process for
the patient, particularly if the soft tissue is still in a fragile state.
It is essential that healing abutments are not left out for any
length of time as the soft tissue will quickly contract into the
space and will be painful to push back. Local anesthetic may

therefore be required. A degree of soft tissue blanching is to be
expected, but patients should feel/see the area return to nor-
mal within a few minutes.

If the abutment is to be placed in the mouth and left in
place, the abutment screw will need to be tightened to the
manufacturer’s recommendations. Electronic and hand torque
devices are available. It is essential that the abutment is fully
seated and is in the correct position before torquing the screw
as the fit surfaces will be damaged and it can be difficult to
remove if incorrect, or the screw may fracture.

The complications of removing abutments once impres-
sions have been taken and reseating them in the same position
have already been discussed.
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Figure 13.24 Four Nobel Biocare implants to be restored as single restorations. (A) Standard abutment impression copings in place. (B) A
stock tray has been modified to allow the copings to project. (C) An impression taken in impregum—note the finger marks over the copings
due to the operator holding the copings down to prevent their movement while the impression material sets.

Impressions

For standard abutments, plastic push-on impression copings
are seated onto the abutment (Fig. 13.24). These are often a
tight fit but they can tend to lift up from the abutment if
seating pressure is released. If it is obvious that the coping is
not stable, it should be left untrimmed and a hole cut in the
impression tray so that finger pressure can be exerted on the
coping while the impression material is setting. A retentive
impression coping is trimmed so that it does not interfere with
an impression tray. Conventional crown and bridge techniques
can be employed. A stock tray that is rigid enough to support
medium-or heavy-bodied impression material is used. The
impression material used needs to be rigid enough when set
to hold the impression coping without tearing. Light-bodied
materials are therefore not suitable. Putty consistency materi-
als alone are also not suitable, as they will not flow around
the copings. Single-phase materials such as polyethers and
addition-cured silicones (medium or heavy body pastes) are
recommended.

Impression material is syringed around the coping and
the tray seated. A full-arch impression is recommended. Once
set, the impression should retain the coping and it should be
carefully tested for looseness with tweezers. If there is any
doubt that the coping may have moved in the impression, it is
best to retake the impression. The impression should also
record the adjacent teeth and their gingival margins as well
as the articular surfaces of all the teeth in the arch. The
abutment analogue needs to be attached to the impression
coping ready for the laboratory to cast the impression.

Good quality opposing impressions and occlusal records
are required. For a single tooth restoration, it is normally not
necessary for models to be fully articulated, but similar
requirements to conventional crown work should be followed
and a complex occlusal relationship that needs to be copied
may indicate full articulation on a suitable articulator.

For a customized abutment to be used, an impression of
the implant head is required to allow the abutment to be
modified on a model in the laboratory. A “pick-up” impres-
sion technique is followed with an impression coping held into
position with a guide pin. The pin needs to be unscrewed
before the impression is removed from the mouth (see also
chap. 14). Once a customized abutment has been placed, a
secondary impression of the abutment in position and the
gingival contour may be required. If the gingival margin of
the abutment is only just subgingival, it may be possible to

Figure 13.25 Gingival retraction cord placed around prepable
abutments to assist in an accurate impression being taken of the
subgingival margins.

record the margin using a conventional impression technique,
syringing light-bodied material into the gingival crevice.
Deeper margins or situations where there is some gingival
bleeding make the use of gingival retraction cord necessary
(Fig. 13.25). This needs to be packed with care, as it must not be
pushed below the widest contour of the abutment, otherwise it
will be difficult to remove. It is important that the margin of
the abutment is checked after the impression has been
removed to ensure that fragments of material have not torn
from the impression and remain trapped under the convexity
of the abutment. If an impression is proving difficult to take, it
is better to replace a well-fitting provisional restoration and
allow the soft tissue to improve, and then try again or alter-
natively to consider removing the abutment and directly wax-
ing up on the abutment or to construct an acrylic jig of the
abutment which can be picked up in a secondary impression.

Temporary Restorations
Short-term temporary crowns can be constructed at the chair-
side using plastic copings supplied to fit on standard single
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tooth abutments. These can be time consuming to make, and
often it is best to remove the abutment and replace the provi-
sional restoration. Temporary crowns can be constructed from
the diagnostic wax-up using either a putty or a vacuum-
formed mold, in crown and bridge temporary acrylic materi-
als. The temporary crown will need to extend down to the
margin of the coping and the material will not flow down
subgingivally. The temporary restoration needs to be carefully
contoured to have an acceptable emergence profile, and this is
best completed out of the mouth using light-cured composite.
It is may be better not to make the choice of the final abutment
at this early stage, so a combined abutment and crown can be
made to provisionally restore the implant and then a perma-
nent abutment chosen at a later stage. Temporary abutments
are made by most manufacturers, and the restoration is better
made screw retained so that it can be easily retrieved during
the stages of manufacture of the permanent restoration. If the
screw hole emerges in an unfavorable position, it can be
disguised with composite filling materials.

Longer-term provisional crowns to be placed on custom-
ized abutments or to be used for soft tissue molding techniques
(see earlier) are best constructed in the laboratory in advance.
Provisional/temporary crowns can be cemented using conven-
tional materials such as zincoxide/eugenol or Tempbond.

SHADE TAKING AND LABORATORY
PROCEDURES

Ideally the shade should be taken with agreement of the
dentist, patient, and technician. The design of the abutment
should also be a joint responsibility between dentist and tech-
nician. For single tooth restorations, the expectations of the
patient are often very high and only the highest quality aes-
thetics will be acceptable.

Laboratory Techniques

Analogues for either the abutment or the implant head are
attached to the coping in the impression. A soft tissue replica
in a flexible material needs to be incorporated into the working
cast, as a solid material would not allow the restoration to
extend subgingivally and create a good emergence. Several
silicone materials are available and they are placed into the
impression around the impression coping before dental stone
is poured. The soft tissue replica is removable to allow access
to the margin area. Conventional techniques are followed for
crown construction as already outlined.

FITTING THE COMPLETED RESTORATION

Try-in

The restoration can be tried in prior to completion (Fig. 13.26).
Straightforward cases can go to completion from the initial
impression but where significant changes have to be made to
orientation or soft tissue contours, a try-in is advised. The crown
can be seated with finger pressure but will often rise up due to
the gingiva being displaced. It is often difficult for patients to see
the exact result at this time unless the crown is being firmly held
in. The contact points are checked with dental floss as for
conventional crowns. This is more complex than for teeth as
implants are ankylosed and do not move with a periodontal
ligament. This means that there is no “give” when the crown is
seated, so contacts need to be adjusted so that the crown fully
seats and floss passes through the contact point easily. When
multiple crowns are being tried in, this problem is magnified.

Figure 13.26 (A) An acrylic jig is used to locate an abutment in
position. (B) The abutment in place.

Occlusion

The occlusal contacts should be checked prior to and after
cementation. The ideal arrangement is for the implant resto-
ration to be in very light contact when the patient gently holds
the teeth together and to be in full contact only when heavy
load is applied. The best test is for the implant restoration not
to hold shimstock on light contact, while the adjacent teeth do.
As more pressure is exerted, the implant restoration can start
to hold shimstock. This can be difficult to determine until the
restoration is finally cemented. Prior to cementation, it is
probably best to adjust and check the occlusion with occlusal
indicator papers for gross overcontact. The crown should be
adjusted so that it lightly marks and heavier marks are visible
on adjacent teeth. The implant crown should not be placed
without occlusal contact as this could result in movement of
the opposing teeth.

The occlusal contacts are first checked in the intercuspal
position (the position of maximum intercuspation). This may
not be in the retruded arc of closure and so the crown should
be checked in this position to ensure it will not create an
occlusal interference. Next the crown is checked for protrusive
and lateral contacts. In protrusive movement, if the crown is to
be in contact it should be shared with other teeth and not be
the sole point of contact. In lateral movement, the crown
should conform to the existing occlusal scheme, either a
group contact or canine guided. It is not desirable for the
implant restoration to act as the only guiding surface for lateral
movement.
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Figure 13.27 Two single tooth implant-supported crowns with
cement venting holes just visible above the gingival margin on
the palatal aspect. These have been restored with composite resin.

Cementation

It may be prudent for the final restoration to be provisionally
cemented while the patient accommodates to it and to give
time for the soft tissue to mature around the new shape. A
modified temporary cement should be used as well-fitting
crowns can be difficult to remove later, especially as the
smooth shape and lack of an accessible margin can make it
difficult to hold the crown to remove it.

Prior to finally cementing the crown, the abutment screw
should be checked for tightness and some cotton wool or similar
soft material placed over the screw head so that it can be easily
found, and the head remain undamaged if the crown ever needs
to be removed and the abutment taken out in the future.

Traditional cements such as zinc phosphate or glass
ionomers are often recommended but care has to be taken to
ensure that the viscosity of the cement is low enough for the
crown to be fully seated (Fig. 13.27). The quality of fit between
abutment and restoration means that softer cements designed
for temporary cementation are adequate as the definitive
cement. Whatever cement is used, the crown does not need
to be completely filled with cement as excess cement extending
down below the margin can be difficult to detect and remove.
Ideally, exactly the right amount of cement to produce no
excess should be aimed for, and there are few complications to
having an incomplete cement lute compared to conventional
crown and bridgework.

It can often be difficult to seat the crown into position
because of a deep position of the implant, the need to
recontour the soft tissue by overbuilding the proximal
areas, or due to bleeding from the soft tissues. Do not try
to force the crown down with permanent cement. Place it
provisionally first with a temporary cement and remove it
and recement at a later stage once the gingiva have recon-
toured and matured.

Following cementation, a long cone periapical radio-
graph should be taken to

verify seating of the restoration;

®  check that no excess cement is present;

® actas arecord of the marginal bone height for comparison
with follow-up images.
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Instructions to the Patient

The patient must be armed with the knowledge and ability to
maintain the restoration. For single tooth restorations, no spe-
cial oral hygiene techniques are required and the patient
should be able to follow the same cleaning techniques that
they follow for their other teeth. Patients should be warned
that the new implant restoration might feel “hard” and
“heavy” to bite on for a few days, a feeling that soon passes.
It is not normal for patients to feel any discomfort from single
tooth restorations and they should be encouraged to return if
they have any symptoms. The complications of single tooth
restorations are covered in chapter 16.

ADDITIONAL CONSIDERATIONS

Multiple Single Tooth Restorations

The process of providing multiple single tooth restorations
next to each other raises the following issues:

®  Is there adequate space, not only to place the implants, but
also to place abutments and crowns and allow for ade-
quate space for interdental soft tissue to develop? It is
sometimes better to place fewer implants and restore the
space with a bridge.

® A single tooth space normally has some interdental papil-
lae left because of the presence of adjacent teeth. If several
teeth are lost, the ridge often heals with a flat contour.
Placement of individual crowns can result in triangular
dark spaces interdentally. This can to some extent be over-
come by overcontouring the crowns (Fig. 13.28), but may be
better remedied by placing linked crowns. Soft tissue aug-
mentation techniques are considered in chapter 12.

®  Customized abutments are normally always indicated as
the paths of insertion of the crowns need to be aligned and
it is unlikely that all implants are completely parallel to
each other.

®  Seating adjacent crowns can be difficult because of the
contact points and lack of tooth movement on seating. The
crowns should be tried in individually first to verify the fit
and then tried in together with care to ensure the contact
points are correct and all crowns are fully seated.

Restorations from Impressions at Implant
Placement

It is possible to provide an implant-supported crown from
impressions taken at implant placement and insert the abut-
ment and a provisional crown at implant exposure or on the
day of implant placement (see chap. 11 on immediate techni-
ques). This will speed up the process of provision of a resto-
ration and in particular dispense with the need to adjust a
temporary restoration to allow for healing abutments. This
may be a particular advantage where a temporary partial
denture is thin due to the occlusal contacts. Further thinning
of the denture to accommodate healing abutments can make
the denture unusable. It is also proposed that the soft tissue
contours form to the correct shape more speedily, although
this will depend on achieving a correct emergence profile and
margin placement from the limited information available from
the first impression (Fig. 13.29). On the whole, the disadvan-
tages and extra complexity of this technique make it only
worth considering in exceptional situations.

If an impression is taken at implant placement (Fig. 13.30),
as the implant is not integrated at this stage, care must be taken
not to compromise the implant position and stability. An
impression coping is placed onto the implant head and an
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Figure 13.28 (A) Missing lateral incisor and canine teeth. The gingival contour, particularly between the two implants is evident. (B) An
acceptable aesthetic result has been obtained by producing crowns with a long contact area and overcontouring interdentally.

Figure 13.29 A canine tooth is immediately replaced with an implant and restored. (A) The tooth is carefully extracted. (B) The implant has
a standard abutment immediately placed. (C) A readymade metal temporary cylinder is used that will fit the standard abutment. (D) The
temporary crown is built up in stages in composite filling material. (E) The temporary crown cemented in place. A permanent crown can be

made at a later stage.
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Figure 13.29 (Continued)

Figure 13.30 (A) In a healed site, an Astra ST implant is placed. (B) An impression coping is attached. (C) An impression taken, picking up
the impression coping. (D) In a similar case for immediate restoration, a premade acrylic jig is used to attach to an impression coping. (E) A
laboratory replica is attached to the impression coping and this can be located back onto a cast. (F) A healing abutment is temporarily placed
on the implant and the soft tissue sutured. (G) A temporary cylinder suitable for an Astra implant—the base is titanium and the cylinder
acrylic so that a temporary crown can be fabricated on it. (H) The temporary crown is made on the cast. (I) The completed temporary crown
is one-piece and screw retained. (J) The crown can be made and placed within a few hours. (K) The occlusion is adjusted so the temporary
restoration does not take any direct occlusal load.
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Figure 13.30 (Continued)
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Figure 13.30

(Continued)

impression made using a conventional technique. If a provi-
sional crown is required straight away, this can be sent to the
laboratory to fabricate a screw-retained one-piece composite or
acrylic tooth and temporary abutment (Fig. 13.30I). An alterna-
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tive technique is to pick up the impression coping by linking it
with acrylic or composite resin to the surgical stent (Fig. 13.30D).
The study model is then adjusted to accept the stent replaced
with the impression coping attached to an implant analogue. A
new working model is created, which will give a reasonably
accurate representation of the implant position, but it will not
reproduce the gingival contour around the implant. At implant
exposure, the one-piece abutment/crown is seated, and this can
be verified visually. Following healing, a customized abutment
can be produced and a conventional technique can be followed.
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Fixed bridge prosthodontics

INTRODUCTION

The chapters on treatment planning and surgery have empha-
sized the role of prosthodontic planning prior to embarking on
treatment. For fixed bridges, it is essential that thorough
planning has been undertaken to determine the end result
required. From this, a surgical stent can be produced to guide
the surgery and good provisional restorations made that will
be able to function during the stages of treatment until the final
restoration is achieved.

Making a structure that links together multiple implants
requires high clinical and technical standards to take impres-
sions and construct the restoration so that it will fit with a high
level of accuracy. With conventional bridgework supported by
teeth, the displacement of the abutment teeth within the peri-
odontal ligament can compensate for small errors in the fit of a
bridge. Placing a bridge onto implants demands a higher level
of accuracy in fit as the bridge needs to seat passively onto the
rigid implants. This requirement is increased if the bridge is to
be screwed to the abutments rather than cemented.

This chapter uses the term bridge to describe all fixed
dental prostheses where implants are linked together. There
may not necessarily be a pontic or span between implants.

PRINCIPLES

Short-Span and Long-Span Bridges

The abutments and techniques used to construct implant-
supported bridges are the same whether the bridge just
involves two implants linked together or if the full jaw is to
be restored with six or more implants supporting one fixed
bridge (Figs. 14.1 and 14.2). The complexity of achieving an
acceptable fit is, however, increased when multiple implants
are used. Linking implants in a fixed bridge has the following
benefits:

®  Shorter implants (under 8 mm) can be protected from
overload by the other implants, as the rigid structure will
distribute the load over the combined surface areas of the
implants.

¢ Implants placed in areas of high potential stress can be
protected by linked structures. For example, linking to
other implants can protect the most distal implant in a
posterior reconstruction.

¢ Linked implants allow limited cantilever pontics to be
incorporated into a bridge. This is particularly useful with
distal extension bridges. It is often difficult to place ade-
quate length implants in distal positions because of lack of
bone and anatomic features. By linking implants placed
anteriorly, the patient can be provided with teeth in these
regions.

Where several implants are available of adequate dimensions,
it may be advisable to divide the restoration into separate
bridges so it is easier to construct and maintain in the future if

complications arise (Fig. 14.3). Much debate has arisen regard-
ing the desirability of bridges extending across the midline due
to the potential jaw flexure (particularly of the mandible)
during loading. However, clinical trials have not demonstrated
this to be a clinical problem and the authors do not see this as a
potential complication.

Distal Cantilevers

Distal cantilevers may be indicated with free-end saddle
restorations where it has not been possible to place an implant
as far distal as required for appearance and function. The
ability to provide a cantilever depends on several factors (see
also chap. 5):

®  The potential load that might be placed on the extension.
Natural opposing teeth, particularly in a patient with a
previous history of parafunction, require caution com-
pared to a cantilever opposed by a removable restoration.
The greatest potential loads occur if implant restorations
oppose each other.

®  The length and diameter of the most distal implant that
will take the greatest compressive load.

®  The dimensions and position of the most anterior implant
as this will take the greatest tensile load.

® The anteroposterior dimension measured from a line
drawn between the most distal implant on either side, to
the most anterior implant. The greater this distance, the
longer the potential cantilever that can be placed as the
anterior implant will not be subject to as much stress as if
the implants are placed in a straight line.

Some authorities have suggested that cantilevers as long as
20 mm can safely be constructed. The authors would recom-
mend that this figure should be treated with caution and
ideally distal cantilevers even with several implants of ade-
quate size in a good arch shape should be restricted to 10 to 15
mm (two premolar-sized pontics).

The potential complications from cantilevers are mostly
mechanical in nature, including screw loosening, veneer frac-
ture, and even bridge framework fracture (see chap. 16).

Screw-Retained or Cemented Bridges

Attaching bridges to implants with screws allows the possi-
bility of making the restoration easily retrievable and free from
the potential problems of cementation, a concept that can offer
considerable advantages over conventional bridgework based
on teeth. Most implant designs have a manufactured bridge
abutment designed for screw-retained bridges (Fig. 14.4).
These can be one- or two-piece and locate onto or into the
implant head and are held into position with an abutment
screw (Fig. 14.5). The abutment is symmetrical and conical in
design and on the top has a thread for a smaller “bridge”
screw that will retain the bridge. This screw passes through a
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Figure 14.1 Two Straumann implants have been placed in the missing premolar teeth sites. (A) Healing caps in position. (B) SynOcta
bridge abutments for a screw-retained restoration have been placed. (C) Impression copings attached to the abutments. (D) Impression
copings removed in the impression. (E) Metal framework tried in with guide pins. (F) Completed bridge—note the subgingival margin
placement for optimum aesthetics.
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Figure 14.2 A full-arch screw-retained gold-ceramic bridge on eight Astra Tech implants. (A) The master cast showing the implants in
14,13,12,11,21,22,23,24 sites. (B) The completed bridge prior to placement. Note the use of pink composite resin material to replace some
of the missing soft tissue. (C) The bridge is constructed with a gold subframe that is screw-retained and separate cemented metal-ceramic
crowns. (D) Small recesses are built into the crowns to aid removal in the future if required. (E) The bridge part way through assembly in the
mouth. The individual crowns will be easy to repair or replace in the future should problems occur. (F) The completed restoration.

machined gold cylinder that is incorporated into the bridge
structure and seats accurately onto the abutment. Abutments
are also made with a built-in degree of angulation to change
the orientation of the bridge screw relative to the implant itself.
The small bridge screw that retains the restoration is designed
to be the weakest link in the implant assembly and should be
the part to fail if the restoration is overloaded or subjected to
trauma.

The screw-retained bridge needs to be a passive fit onto
the abutments. If a bridge screw is tightened into an abutment
and the gold cylinder is not seating evenly, the screw will be
put under tension and not only will the bridge not be seating
down properly and marginal gaps exist, but there is a high
chance of the screw loosening or fracturing with time. Each
bridge gold cylinder needs to be in this exact relationship and

the complication of constructing a bridge with multiple abut-
ments lies in achieving this degree of accuracy. For many
dentists, the advantage of ease of removal of the bridge is
outweighed by these potential difficulties.

Cemented bridges do not necessarily demand such high
standards of precision, as the cement lute will allow a bridge to
seat without putting the structure under tension (Fig. 14.4).
This is not a justification for poor technical or clinical stan-
dards but reflects a reality that perfection is not reliably
achieved. Cemented bridges are constructed on abutments
that are prepared in the laboratory to resemble prepared
teeth as required for conventional bridges utilizing the same
techniques for customized abutments for single teeth. More
laboratory time is often required compared to techniques
that use standard manufacturer-made components. The
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Figure 14.3 Full upper jaw screw-retained gold-ceramic bridges have been provided on eight implants: (A) The completed case. (B) Four
separate bridges have been used, all linking two implants together with one pontic on each bridge. (C) From the occlusal aspect, the screw
holes are in favorable positions. (D) One of the completion periapical radiographs showing implants in the premolar sites with one distal

cantilever pontic.

retrievability of cemented bridges can be controlled to some
extent by the use of temporary cements as these may allow
removal of bridges if required. The potential for dissolution of
cement from margins will not result in caries as it can with
conventional bridges. Cemented bridges do not require an
access hole for the gold screw through the bridge. Although
this is rarely a problem for most patients, it can present
complications if the screw hole has to be positioned in a visible
area or at a point of essential occlusal contact. Cemented
bridges are therefore often indicated if implants have not
been placed in the long axis of the desired restoration. For
many dentists, the major advantage of cemented bridges is the
similarity to conventional crown and bridge techniques.

The decision between screw-retained and cemented
bridges also depends on the ability of the dental laboratory
to construct an acceptable restoration. The decision should be
based on the clinical situation and articulated working casts
prior to abutment selection and the technique most suited to
the individual situation chosen. Often the choice has been

made at the treatment planning stage following discussion
with the patient.

Advantages of Screw-Retained Bridges

Easily retrieved
Complete seating of the restoration is more readily
ensured
Utilizes manufactured components for all fitting surfaces
No risk of cement retained at margin—allows deep mar-
gin placement

® Can cope with reduced vertical space between implant
head and opposing teeth

Disadvantages of Screw-Retained Bridges

¢ Implants need to be in long axis of the restoration so the
screw holes are on the occlusal surfaces or angled abut-
ments need to be used
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Figure 14.4 Two Nobel Biocare implants supporting an anterior bridge: (A) Guide pins have been placed in the implant analogues
following head of implant impressions. The path of insertion of the implants would dictate labial screw access holes if convention screw-
retained abutments are used. (B) Using angled abutments, the screw access can be realigned to an acceptable position. (C) Angled
abutments in position—note the metal collar that is just visible above the gingival margin. (D) The completed bridge. The bridge structure
has been extended in front of the abutments to disguise the visible metal. (E) The palatal screw access results in a bulky contour. (F) The
same case restored with prepable (TiAdapt) abutments. The angulation change has been achieved by heavily preparing the abutments
labially. (G) The bridge cemented to the abutments. It has not been possible to completely disguise the metal abutment margin. (H) The
resulting palatal contour more closely resembles natural contours than the previous screw-retained bridge.
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Figure 14.4 (Continued)

Figure 14.5 A one-piece screw-retained bridge on Astra Tech implants. (A) Before restoration. There has been extensive hard and soft
tissue loss. (B) The bridge incorporates the abutments into the gold framework and the screw access holes are for the larger abutment
screws. (C) Pink porcelain has been used to make up some of the lost soft tissue. (D) The completed bridge.
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®  Screw hole may be visible or may be in an important area
of the occlusal surface

® Requires a “passive fit” for each gold cylinder onto the
abutments

® Risk of bridge screw loosening or fracture

Advantages of Cemented Bridges

Passive fit not as critical but is desirable

No screw access holes

Similar to conventional bridge techniques

Can easily overcome differences in angulation between
implants and restore implants with adverse angulations

Disadvantages of Cemented Bridges

Retrievability more difficult
More laboratory time required to produce customized
abutments

®  Cementation needs to be controlled especially with sub-
gingival margins

e Difficult to ensure full seating of the bridge especially
with tight or deep gingival “collars”

®  Adequate vertical height required to make the abutments
retentive

Index/Location of Abutments

As discussed in chapter 13, single tooth abutments need to
engage with the index (which can be the external hex in flat top
implants or internal facets in internal conical implants) so that
they are able to remain stable with rotational forces. When
implants are being linked together, this is not required, and for
ease of use, manufacturers make the abutments for screwed
bridges so they do not engage antirotational features on the
implants. When abutments are being used that are customized
in any way, including the use of angled abutments that need to
be located in a specific position relative to the implant, the
abutments need to engage in the index to ensure they are
correctly aligned to each other (Fig. 14.4). This is also essential
if abutments are being transferred from a master model to the
mouth and vice versa to ensure correct positioning. The labo-
ratory can supply a jig to aid in this positioning.

ABUTMENT TYPES

As with single tooth restorations, there are several types of abut-
ments, and the manufacturers’ versions are listed in Table 14.1.

For Screw-Retained Bridges

Bridge abutments can be either one-piece or two-piece and are
designed to cope with differences in angulation between
implants. The abutments have a tapered top that is normally
between 20° and 45° so theoretically severe differences in angu-
lation between implants can be compensated for and a one-piece
framework be seated onto the abutment tops (Fig. 14.6).

The original abutments first designed for implants
(Nobel Biocare standard abutment) were a simple parallel-
sided abutment with a flat top. The bridge construction started
at the top of the abutment and this design lends itself to
reconstructions particularly in the lower jaw where consider-
able resorption has occurred and aesthetics are not demanding
(often described an “oil rig” design). In areas with higher
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Table 14.1 Examples of Abutments Used for Fixed Restorations

Manufacturer Type Name
Nobel Biocare Screwed Multiabutment
Angled abutment
Cemented TiAdapt
AurAdapt
Procera
Astra Tech Screwed UniAbutment
Angled abutment
Cemented TiDesign abutment
Cast design abutment
Atlantis abutment
Friadent Screwed MP Abutment
Cemented Telescopic abutment
AuroBase
Straumann Screwed SynOcta abutment
Multibase abutment
Cemented Gold abutment

Anatomic abutment
Cares abutments

Nobel Biocare, Nobel Biocare AB, Géteborg, Sweden; Astra Tech,
Astra Meditec AB, MéIndal, Sweden; Friadent, Dentsply, York, PA,
USA; Friadent GmbH, Mannheim, Germany; Straumann, Institut
Straumann AG, Waldenburg, Switzerland.

aesthetic demands, the designs already discussed allow the
bridge framework to cover the abutment so it is in effect
hidden under the bridge. Abutments come in a variety of
collar heights to allow for different soft tissue thickness. The
collar height is chosen to allow for a subgingival margin
placement if required. Variations in design also allow for
different abutment head heights. In a situation where there
may be little interocclusal space between the head of the
implant to the opposing tooth, a shorter abutment will be
required. It is not normally possible to restore an implant with
a screw-retained bridge if there is less than 5 to 6 mm of
interocclusal space. Ideally, there needs to be at least 2 mm of
space beyond the bridge screw so that it can be covered with
an aesthetic restoration.

Angled Abutments

The access hole for the bridge screw ideally needs to emerge
through the center of the occlusal surface of the restoration.
Angled abutments are designed to compensate for a different
path of insertion for the bridge and bridge screw compared to
the implant (Fig. 14.7). Angled abutments are available in the
range of 15° to 35°. Depending on the position in which the
abutment is seated on the implant, it is also possible to use this
angulation change to “move” the bridge screw access in a
mesial or distal direction as well. Angled abutments have
matched gold bridge cylinders. When angled abutments are
used, it is normally necessary for the laboratory to provide an
acrylic jig to allow the clinician to orientate the abutment to the
correct position. This can relate either to adjacent teeth or other
abutments. The jig should be kept for the future in case the
abutments ever need to be removed and replaced.

An interesting development is the use of “curved” screw
access holes that allow for small alterations of the position of
the screw access hole relative to the long axis of the implant.
This technique includes the use of a bendable waxing tube that
is incorporated into the bridge structure, which allows passage
of a special screwdriver able to negotiate the curvature.
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(D)

Figure 14.6 (A) Nobel Biocare EsthetiCone bridge abutments in place. (B) Abutment protection caps used as the abutments will be left in
the mouth between appointments. (C) The complete denture is adjusted to accommodate the abutments and caps. (D) Soft reline material is
used to adapt the denture for use while the bridge is being constructed.

For Cemented Bridges
Customized Abutments
These abutments are the same as those already discussed in
chapter 13. Semiprepared or fully customized cast or CAD/
CAM (computer-aided design/computer-aided manufacturing)
abutments can be prepared in the laboratory so that they are
retentive, have margins in an aesthetic position, and have an
acceptable degree of parallelism to each other to be able to have
a conventional bridge cemented onto them (Fig. 14.8).

To construct a bridge using this approach, a head of
implant impression needs to be taken.

Abutments are best chosen using a trial kit of abutment
analogues placed onto the working model. They should be
chosen with the following features in mind:

®  That the dimension and height of the abutment as it sits on
the implant allows for the planned emergence of the
restoration through the gingiva.

® That there is adequate bulk of metal just below the
gingival margin to allow for the abutment to be prepared
to accept an adequate thickness of bridge margin subgin-
givally.

®  That there is adequate height of the abutment to allow it to

properly support the bridge framework.

® That there is adequate bulk of metal in regions where

there may need to be significant reduction of the abutment
to allow for changes in angulation and orientation
between implants. It is sometimes better to choose a larger
abutment.

To accommodate these requirements, it is normal for fully
customized abutments to be chosen either using a casting
technique following a full wax-up or using a CAD/CAM
approach. As implants can be reliably positioned using the
implant index from model to mouth, it is possible for the
definitive restoration to be made on the customized abutments
and then abutments and bridge placed in situ. However, if
there is any degree of gingival recontouring required or if
implants do not have an indexing feature, the customized
abutments need to be seated with a jig and tightened into
position. It is best to place a provisional bridge following
insertion of the abutments, and then take a further impression
of the abutments in position for construction of the definitive
bridge at a later stage. A small degree of adjustment of the
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Figure 14.7 Three Astra Tech implants have been placed to replace the upper canine and premolar teeth. The residual ridge was thin and
was expanded to receive the implants. As a screw-retained bridge was desired, angled abutments are used to place the screw access holes
in the optimum position. (A) Prior to restoration, the healing abutments are in place. (B) From the occlusal view, the narrowness of the ridge
is clear. (C) An angled abutment is screwed into place. The screwdriver, which is tightening the abutment screw, is in the long axis of the
implant. The guide pin is in the bridge screw hole showing the degree of change the angled abutment has produced. (D) A titanium
17° angled abutment from Astra Tech. (E) The pick-up abutment impression copings are attached. (F) A customized tray with a chimney to
support the impression material around the copings is tried in. (G) Impression material (Impregum) is syringed around the copings. (H) The
tray is seated and the tops of the impressions pins identified. (I) On removal, the impression copings are visible and are checked for stability.
(J) Abutment replicas are attached to the copings. (K) The metal framework. (L) From the occlusal surface, adequate space for the porcelain
is prepared. (M) The frame work is tried in to check the fit and a further occlusal record taken. (N) The completed bridge. Note that there is a
small part of the titanium abutment visible on the distal implants but this will not cause an aesthetic problem. (0) The completed bridge in
position. (P) From the occlusal surface, the screw holes are in a favorable place.
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Figure 14.7 (Continued)
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Figure 14.7 (Continued)

Figure 14.8 A cemented four-unit bridge constructed on Astra Tech customized abutments: (A) Three titanium customized abutments
have been made parallel to each other. Temporary filing material fills the screw access holes. (B) A metal-ceramic bridge is constructed.
(C) The bridge from the palatal aspect. Note the space left for cleaning between the implants. (D) The completed bridge on cementation.
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Figure 14.8

(Continued)

abutment can be safely made in the mouth with a high-speed
drill and copious irrigation if necessary.

ABUTMENT SELECTION AND IMPRESSIONS
Abutments can either be selected directly in the mouth or an
impression can be taken of the implant head and the abut-
ments chosen from the resulting cast. Quite commonly, it is not
clear exactly which abutment will be required from a clinical
examination. The incorrect choice of abutment can be costly
especially if the error is not determined until after the resto-
ration has been made. Before the abutment is finally chosen, it
is essential that there is adequate information available to
know exactly what the shape and position the final restoration
should be so that the correct abutment is chosen to achieve that
result. This can be just as relevant for short-span bridges with
only two or three implants as for extensive full-arch recon-
structions.

Implant Head Impressions

An impression of the implant head to produce a laboratory
cast can be used to choose the abutment, to allow preparation
of customized abutments, and often to act as the working
model for complete bridge construction. Impression copings
are placed onto the implant head (Fig. 14.9). With a flat top
implant, a verification radiograph will be required to ensure
the impression coping is fully seated over the external hexa-
gon. The impression coping is secured to the implant by a
guide pin that screws into the abutment screw hole. The top of
the guide pin projects beyond the coping and should be longer
than adjacent teeth. An impression tray is modified so that the
guide pin projects through the tray without touching it (for
more details, see later in this chapter). The coping is picked up
in an impression material that sets rigid and the guide pin
unscrewed. The coping should not move in the impression. An
analogue of the implant is attached to the coping prior to
pouring a cast. The cast should be produced with a soft tissue
replica as the implant head will normally be subgingival and a
rigid replica of the gingiva will not allow access to the implant
head. Using this cast, the abutments can be selected.

Ol 551058 5 Ol3ludluis Hiles

Evaluation Using a Diagnostic Workup
A guide is needed of the required tooth position to relate the
implant head cast to the new restoration. If the patient has a
satisfactory existing denture or bridge that is to be copied, an
impression can be taken of it and a putty mask made of the
labial and incisal surfaces. This can be tried against the implant
head cast and will demonstrate the relationship between the
tooth and implant. Alternatively, if a diagnostic wax-up has
been carried out, from which a surgical stent was provided,
this can also be related to the new working cast.

If no accurate guide is available and there is any doubt as
to the orientation of the implants, it is advisable to produce a
new diagnostic tooth setup that can be tried into the mouth
and agreed with the patient before the abutments are chosen.
This can either be produced as a denture type setup or ideally
a fixed setup. Temporary bridge cylinders are linked together
with acrylic or laboratory composite resin on the working cast
and a diagnostic setup produced in wax or with denture teeth,
which can be tried into the mouth secured to the implants. It
can give an exact idea as to the possible complications that
may be encountered before expensive abutments and labora-
tory work has been undertaken. This information can be
transferred into a provisional bridge and the patient allowed
to live with the restoration for a period to ensure it is satisfac-
tory before the final restoration is made. CAD/CAM techni-
ques are now available to produce bridges directly from a
scan.

Abutment Try-in Kits

Many manufacturers produce replicas of the abutment types
that can greatly assist abutment selection (Fig. 14.10). They can
either be used in the mouth or more commonly on an implant
head cast. Made of aluminum they will not damage the
implant or implant replica, and for ease of recognition they
are often color coded so that different sizes can be easily
recognized. The implant head cast is related to the putty
mask. Abutments can be tried in to get the best possible
screw access position, marginal height, and emergence. The
selected abutment should then be related to the opposing cast
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Figure 14.9 Pick-up implant level impressions: (A) Six implant level impression copings are attached. (B) A special tray is tried in to check
there is adequate space around the impression copings for the impression material. (C) Impression material (Impregum) is syringed around
the abutments. (D) The tray is carefully seated and the tops of the impression pins are located through the wax that was placed over the
open areas in the tray. (E) Once set, the impression pins are unscrewed. (F) The completed impression.

to check for interocclusal clearance. Try-in kits are also pro-
duced for semiprepared abutments.

Abutment Selection and Seating for Screw-
Retained Bridges

In a straightforward situation, where a short-span screw-
retained bridge is to be constructed and it can be certain that

the implant is orientated such that the bridge screw will
emerge through the occlusal surface (placement of a guide
pin into the implant will give a clearer view of the implant’s
orientation), the following clinical steps can be followed:

®  Determine the distance from the implant head to the
opposing tooth using a periodontal probe or dividers. If
the space is under 7 mm, it might be necessary to use the
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Figure 14.10
analogues. The 17° and 30° angled abutments can be compared.

shortest abutment with the most conical top (even if the
implants are well aligned) as this is going to have the
smallest vertical height.

¢  Using a periodontal measuring probe or a manufacturer’s
depth-measuring device, determine the abutment gingival
collar height. The planned margin should be between 1
and 2 mm below the gingival margin at its lowest point on
the visible surfaces.

® Place the abutment but do not tighten it. Check the
orientation and the occlusal clearance. Seating may need
to be verified radiographically.

e If the abutment is going to be left in position and the
temporary restoration can be placed over it, the abutment
screw can be tightened to manufacturer specifications. If
the abutment is to be removed to allow the healing abut-
ment to be replaced between appointments, it should only
be hand tightened.

® A transfer impression of the abutment can be taken (rather
than an implant head impression).

® A protective cap can be placed on the abutment if it is to
be left in situ (Fig. 14.6B), and the temporary restoration
modified to accommodate the resulting dimensions.

If it is not possible for the abutment to be chosen from a clinical
examination, an implant head impression should be taken, and
the abutment selected on the model as already outlined. The
implant head model can be used as the working cast for the
final bridge as long as it is accurate and shows sufficient detail
of the rest of the arch. Many operators have proposed that for
large bridges it is better to choose the abutments from the
implant head cast and then retake an impression with the
abutments seated in the mouth. The authors find that this is
not necessary if the implant head impression is accurate. The
chosen abutments are therefore seated onto the implant head
cast and hand tightened using laboratory screws (as the gold

(A) The Nobel Biocare abutment try-in kit. Replicas of the abutments can be tried on a cast or intraorally. (B) Examples of the

or titanium screws used in the mouth might be damaged in the
stainless steel implant analogues). The bridge is therefore
constructed on the actual abutments that will need to be
cleaned and sterilized before placement in the mouth.

Care should always be taken not to leave the healing
abutment out for any length of time as the gingiva will quickly
contract and it will be painful for the patient when it is
stretched back.

Impression Trays

Custom made trays are useful in a mouth with difficult access
or a complex or outsize shape or in cases with multiple
implants where the chairside time in modifying a stock tray
is longer. They should be rigid in design and should be formed
to support the impression coping along its full height by the
use of a chimney design (Fig. 14.9B). Spacing of at least 2 mm is
recommended.

Stock trays should be of a good quality so that they will
still be rigid following cutting an access hole for the guide pin.
The stock tray size is chosen in the normal manner and the
position of the emergence of the guide pin marked. Access
holes are prepared to ensure that the tray does not encroach on
the impression coping, as they should not touch the tray.

The access holes for the guide pins are covered in wax to
prevent the impression material flowing out through the hole
(Fig. 14.9D).

Impression Materials
Polyethers and silicone impression materials have physical
properties that make them suitable for implant impressions:

®  The material should set rigid enough to support the cop-
ing and prevent movement of the coping on removal from
the mouth and casting of the model.
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¢ Itshould record enough fine detail to properly identify the
gingival contours and other teeth in the mouth.

® It should be dimensionally stable and not react with
materials used in model production such as the gingival
replica.

® It should accept disinfection techniques.

For these reasons, it is not recommended to use light-bodied
impression materials around the impression copings as they
will not be strong enough and heavy putty materials will not
flow around the copings or record fine details. One-phase
medium-bodied paste systems are preferred.

Some operators recommend splinting impression cop-
ings together with acrylic prior to impression taking to ensure
that the copings are stable relative to each other. There is
nothing to recommend such extra complexity.

Pick-up Impressions (Open Tray Technigue)

The most reliable impression technique to follow is the pick-up
technique (Fig. 14.11). As already described, the impression
coping is secured to the abutment with a guide pin. These are
available in a variety of lengths to ensure the correct projection
through the impression tray while still having access with a
screwdriver to the pin. The impression material is syringed
around the coping and the tray filled. As the tray is seated in
the mouth, the guide pins can be felt by the operators’ fingers
through the wax over the access holes. If the pins are not felt,
the tray should be further seated while the impression material
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is still fluid. The tray is stabilized while full set is reached and
the guide pins are then fully unscrewed. The impression
copings will be removed with the tray and so remain fully
seated in the impression material at all times. The guide pins
are used to locate and retain the abutment analogues for cast
production.

Reseating Impressions (Closed Tray Technique)

The reseating technique can be used in areas of difficult access
where locating and unscrewing the guide pins with an impres-
sion tray in the mouth may be difficult. Impression copings,
which have a retentive and distinctive pattern on the surface,
are fully screwed onto the abutment (Figs. 14.12 and 14.13).
They do not project beyond adjacent teeth and a tray should be
used with stops so that it will not touch the copings when
seated in the mouth. Access holes are not cut in the tray.
Impression material is syringed around the coping and the
tray seated. Once set, the tray is removed and an impression
will have been made of the coping shape. The coping will stay
in the mouth following impression removal. The coping is then
unscrewed from the abutment and the abutment analogue
attached for cast production. The impression coping is
reseated into the impression and its stability checked. It is
important that adequate material extends around the coping or
it will not locate and remain stable. Despite reservations that
this technique risks introducing errors, the authors have found
it reliable if used correctly and checked carefully to ensure

Figure 14.11

(A) Nobel Biocare abutment impression copings have been secured to some bridge abutments. (B) The impression copings

record the position of the abutment as well as the soft tissue contours. (C) A stock tray was used, as access was straightforward.
(D) Abutment replicas are secured to the impression copings prior to cast construction.
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Figure 14.12 (A) A reseating impression using Nobel Biocare bridge impression copings. The ribbed contour of the coping can be clearly
seen in the impression. The distal coping and abutment replica have already been reinserted into the impression. (B) Top left the impression
coping and top right the abutment analogue. When screwed together, the coping can be reseated into the impression.

Figure 14.13 (A) Astra Tech implant head reseating impression copings in place. (B) The impression of the copings. (C) The impression
coping and analogue—the impression coping has a flat facet to ensure it can be correctly reorientated in the impression. (D) The coping and
analogue are together reseated into the impression.
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replica stability. It is a useful technique for patients who gag or
have difficulty in accepting impressions as well as in posterior
situations where access for screwdrivers is limited.

For Cemented Restorations

Customized abutments need to be selected and produced on
implant head casts and the technique already described should
be followed. The customized abutments need to be retried in
the mouth with the aid of a transfer jig to assist with correct
orientation. If a further impression of the abutments in position
is required, conventional bridge impression techniques are
employed. Light-bodied materials are syringed around the
abutment and a heavy-bodied material used for the bulk of
the impression. Recording the fine detail of deep margins can
be difficult. Gingival retraction cord does not retain well in the
sulcus and care must be taken not to push it down below the
bulbosity of the abutment where it may be difficult to remove.
Electrosurgery is completely contraindicated. The best results
are achieved by careful removal of temporary restorations and
treating the soft tissue with great care so that marginal bleed-
ing is avoided. Gingival retraction pastes can also be useful.
Acrylic transfer copings can be made in advance in the labo-
ratory at the time of abutment preparation. These can be
picked up in a new impression but are only useful if the
gingival margins have not needed to be altered intraorally.

Impression Verification for All Techniques
The impression is checked for

® coping stability—each coping should be tested with
tweezers to ensure no more than very limited movement
occurs
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® adequate record of immediate gingival contours—at least
4 to 5 mm beyond the coping so that a proper gingival
replica can be made

®  full record of adjacent teeth—to ensure proper contact
point construction and harmonious emergence profiles

e  full record of articular surfaces of whole arch—to accu-
rately articulate casts

OCCLUSAL RECORDS

Good-quality opposing casts are essential and it is recom-
mended that these are made using rubber base impression
materials rather than alginate. As for conventional bridgework,
there are no exact rules to follow; however, it is recommended
that a semiadjustable articulator be used as a minimum for all
full-arch bridges and shorter-span bridges where the occlusal
scheme is likely to be changed by the bridge. This includes all
posterior extension designs and anterior bridges where incisal
guidance may be altered. If a short-span bridge is to be
constructed where adjacent teeth are present and a conforma-
tive occlusal scheme is to be adopted, it may be acceptable for
full articulation to be avoided. Unlike complete denture jaw
relations where stability of a wax rim can be difficult, this is
greatly simplified by construction of a wax rim that is secured
to the implants (Fig. 14.14). The rim can then be trimmed to the
correct vertical height of occlusion and an interocclusal record
taken. It is also useful to mark such features as the centerline
and smile line.

Full information needs to be sent to the laboratory
including occlusal registration (with the abutments in posi-
tion), records of provisional restorations if they need to be
reproduced in the final bridgework, and shade registration. If

Figure 14.14 Upper and lower full-arch bridges constructed on Astra Tech implants. (A) Upper cast following implant head impressions,
implant analogues, and soft tissue replicas are required. (B) Linking three impression copings in a rigid laboratory composite beam, a wax
rim can be constructed. (C) The wax rim is trimmed and indexed to facilitate accurate jaw relations. (D) Trimmed occlusal rims are stable in
the mouth. (E) The occlusal plane is checked. (F) A facebow record can be taken. (G) A final interocclusal record is taken. (H) A full
diagnostic setup of tooth position is produced, supported by the composite beams. (I) The setup is tried in. The jaw relations and
appearance is assessed and altered as required. The patient can see the result and changes can be easily made at this stage. (J) Following
approval of the tooth position, a putty mask is made of the try-in. (K) The putty mask records tooth position. (L) It can be located onto the
working model and the correct abutment chosen to achieve the desired tooth position. (M) The chosen abutments (UniAbutments) in place.
(N) The completed bridges from the fit surface. The gold bridge cylinders can be clearly seen. The underside of the bridge is carefully
contoured and polished to aid cleaning. (O) Occlusal view of the bridges showing the bridge screw access holes. (P) The completed bridges.

(Q) On smiling, the appearance is excellent.
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Figure 14.14 (Continued)
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Figure 14.14 (Continued)
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Figure 14.14 (Continued)

gingival colored material is to be used to mask long crowns or
interdental areas, this should also be shade matched.

PROVISIONAL BRIDGES

The use of provisional bridges to ensure an acceptable appear-
ance has already been discussed. Manufacturers produce tem-
porary components that either attach directly to the implant
head (provisional abutments) or can fit onto permanent abut-
ments. These components are made of either acrylic or metal.
Although a provisional bridge is not usually indicated for long
periods of time, it is still essential that it has an accurate fit. A
provisional structure can damage implants if it is screwed
down tightly when it does not properly fit. Provisional bridges
can also be used to determine tooth position and speech
patterns before final bridge construction (Fig. 14.15). Patients
who have worn dentures particularly for missing maxillary
anterior teeth for many years may have problems adapting

their speech. Placement and subsequent adaptation and mod-
ification of a provisional bridge that can be copied in the
permanent restoration smooths this process.

Following placement of the abutments, the provisional
bridge is used to form the ideal gingival emergence and
margin position, and if necessary the bridge can be altered to
gradually change the emergence contour. Once the ideal con-
tour has been achieved, a conventional crown and bridge
impression of the abutments in position is taken and also an
impression of the provisional bridge in place for the laboratory
to copy.

LABORATORY PROCEDURES

The material chosen for the bridge construction has a signifi-
cant effect on the design and clinical techniques followed.
Original designs favored rigid cast gold beams produced by
waxing together manufactured gold cylinders supporting
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Figure 14.15 The same case as in Figure 14.9. A provisional bridge is required. (A) Healing abutments in place. (B) The master cast
produced from the impression in Figure 14.14F. (C) A diagnostic try-in similar to that used for convention complete denture prosthodontics.
(D) This is checked in the mouth to confirm the desired appearance, tooth position, lip support, and occlusion. (E) The try-in is converted to a
screw-retained acrylic provisional bridge. (F) The provisional bridge in position. It can be used to verify that the teeth are in the correct
position and that the patient is happy with the result before the permanent bridge is made. (G) The provisional bridge viewed from the
occlusal surface.
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acrylic denture teeth embedded in pressure-cured pink den-
ture acrylic. This had the great advantage of being a familiar
technique and as the superstructures were removable, the
problem of acrylic wear was not an issue as the bridge could
easily be refurbished. In a desire to make restorations more
aesthetic, clinicians moved toward the use of porcelain on
bonding gold or titanium frameworks. When constructing
large bridges, this involves a high level of technical expertise,
particularly to achieve a good fit as well as a good appearance.
Some clinicians prefer to undertake postceramic soldering or
welding to ensure that the porcelain firing process does not
distort the metal substructure. Large metal-ceramic bridges are
subject to a significant incidence of long-term porcelain frac-
tures and so are sometimes divided into smaller units and
made easily retrievable where possible.

The development of laboratory composite materials has
allowed the production of extensive bridges with a custom-
ized, durable, and aesthetic surface similar to porcelain, with-
out the need for firing and possible distortion. These materials
are highly suitable for implant-supported bridges, as they are
more resilient than porcelain and can be more easily repaired.
They are not as resistant to wear as porcelain, although evi-
dence suggests they will wear at a rate similar to natural teeth
and are particularly indicated if the opposing restoration is
made of the same material. They will not retain their appear-
ance as well as porcelain but for longer-span bridges they are
clinically acceptable. Patients who are provided with extensive
implant-supported fixed bridges in opposing jaws may report
problems with “noise” and the very hard feeling from the
porcelain surfaces contacting.

Titanium frameworks may offer considerable advan-
tages over the use of gold from the cost and weight aspects.
Titanium is difficult to cast in the conventional way, but
manufacturing processes can be employed to produce
machined frameworks. These are normally produced by mill-
ing a solid piece of titanium-used laser scans of wax-ups using
CAD/CAM techniques (Fig. 14.16). Spark erosion techniques
can also be employed. In the same way, frameworks of cobalt/
chrome are also available, which are comparatively cheap and
strong, but these are only used for acrylic teeth/veneers.

Titanjum frameworks are also available using laser
sintering or printing techniques. All of these developments
are highly laboratory specific and can require considerable

Figure 14.15
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(Continued)

Figure 14.16 A milled titanium framework is tried in to verify the fit.

investment in technology. With the increasing cost of gold, this
investment is becoming more cost-effective and the quality of
fit of CAD/CAM-manufactured frameworks is excellent if the
laboratory is experienced in these techniques.

The technical procedures for implant bridges are similar
to conventional crown and bridge techniques, but the follow-
ing features are of note:

® A soft gingival replica is essential to allow for access to
subgingival implant heads and abutment margins. The
gingival replica is removable to check marginal fit.

® The highest possible standard of metal framework pro-
duction is required to achieve a passive fit.

¢  Care must be taken to ensure no distortion of the frame-
work occurs during firing porcelain. Damage to frame-
work fit has also been reported following acrylic polishing
of full-arch bridges if handled roughly.

® Gold frameworks should be cast in a high gold content
metal compatible to the gold bridge cylinders provided by
the manufacturers.

® The importance of relating the implant position to the
desired tooth position before choosing the abutment has
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already been discussed. Of equal importance in the labo- ~ MATERIALS
ratory is the relationship of the abutment to the final tooth ~ Gold

position so that the framework is the correct contour to Advantages
support the aesthetic portion of the bridge and the correct
occlusal form. Many dental technicians prefer to fully
wax-up the whole bridge and then cut the wax-up back
to allow space for the porcelain or resin to ensure this
contour (Fig. 14.17).

®  Conventional laboratory techniques and high quality fit
with experienced laboratories

®  Compatible with porcelain, acrylic, and composite veneer-
ing techniques

Figure 14.17 Two implants have been placed for a bridge to replace the four incisor teeth: (A) A diagnostic wax-up of the bridge has a
putty matrix of the labial surfaces made. (B) The diagnostic wax-up is contoured to the ideal tooth position. If required, this could be tried into
the patient’s mouth to confirm it is correct before making the bridge. (C) The wax-up is cut back to create the ideal metal framework to
support the porcelain. Note the two cylinders over the abutments incorporated in the wax-up. The putty matrix is used to ensure the correct
space has been achieved. (D) The same wax-up from the labial aspect. (E) The casting on the master cast. (F) The casting is tried in prior to
porcelain placement to verify the fit. (G) The completed bridge on the cast. (H) Completed bridge. (I) Completed bridge from the occlusal
surface. The retaining screw holes have been covered with a tooth-colored restoration.
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Figure 14.17 (Continued)

e  Easy to solder and laser weld
® Use of readymade gold cylinders ensures a good fit to
abutments

Disadvantages

®  Higher material cost
®  Exacting laboratory technique

Titanium
Advantages

Lower material cost
Light and strong
Compatible with acrylic and composite veneering techni-
ques but require more complex laboratory facilities for
porcelain

®  Excellent fit from experienced laboratories

Disadvantages

Requires specialized laboratory facilities
® Different porcelains and techniques required for metal/
ceramic constructions

Porcelain
Advantages

Highly aesthetic and customizable
¢  Durable

Disadvantages

®  DPossibility of framework distortion on large structures
¢  Difficult to repair
¢ High incidence of fractures with long-term use

Acrylic
Advantages

®  Good aesthetics if plenty of space available for teeth
®  Easy to replace missing gingival tissue
¢  Easy to repair

¢ Light and minimal wear to opposing dentition

Disadvantages

®  Wear may be excessive
®  Stains
®  Acrylic teeth can debond from the framework
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Composite ®  Following framework construction, but before placement
Advantages of the veneering material of teeth. Try-in at this time will
allow for full evaluation of the fit of the frame and detec-
tion of errors before time is wasted completing a bridge
that does not fit. The frame is first seated down with finger
pressure and any gross error in fit detected by rocking of
Disadvantages the framework. The bridge screws are then tried in one at
a time to see if tightening a screw results in movement of
the frame away from another abutment. Tight gingival
cuffs or a framework pressing on soft tissues can make
this difficult. Finally, all the screws are tightened and a
misfit may be revealed as discomfort and a tight feeling by

Customization more like porcelain
¢  Easy to repair

®  Chips and wears
® Not as translucent as porcelain

TRY_ING AND FITTING THE RESTORATION the patient. An error in fit detected at this stage is either
Try-in remedied by retaking the impression or by sectioning the
Larger-span or short-span bridges should normally be tried in frame and splinting it in the mouth for it to be soldered or
before fit. Try-in can be carried out at the following times: welded. A frame that has to be sectioned should always be

tried in again before proceeding further.

®  Finally, a bridge can be tried in prior to polishing or at a
biscuit bake if porcelain. This will allow for checks to be
made on appearance and the occlusion prior to comple-
tion.

®  Before framework construction. The gold cylinders are
linked together with a rigid material such as laboratory
composite resin (Fig. 14.18). The accuracy of the impres-
sion can be verified by seating this in the mouth. There
should be no displacement of the frame when screwed
down at either end and the resin connection will normally
crack if the structure is tried in and there is a poor fit. If
this occurs, it is best to retake the impression. The linked
gold cylinders can be used for occlusal records by attach-
ing a wax rim and they can also support a trial setup of
teeth if required.

Placing the Bridge

If the definitive abutments have been removed between
appointments, they should be seated and tightened as recom-
mended normally using a torque device. The bridge is seated

Figure 14.18 (A) An acrylic linkage (in Duralay) is tried in to verify the position of the implants and the master cast. (B) Upper and lower
linkages tried in. (C) Wax occlusal rims locate over the linkage to give a stable base for recording occlusal records.
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onto the abutments and the fit verified as already discussed.
There is little point in trying to verify marginal fit visually
unless the margins are supra gingival. It is quite normal for
there to be some gingival blanching because of pressure on the
soft tissues from the new profile of the bridge. Patients should
be reassured that this is a temporary problem. If the fit is
acceptable, the occlusion is checked.

Occlusion

If the bridge is being placed as a conformative restoration (in a
partially dentate patient), it should be checked first in the
retruded arc of closure to ensure it does not create an occlusal
interference. Next the intercuspal position should be checked.
Ideally the bridge should be only just in contact when the
patient closes lightly and should come fully into contact when
the patient exerts heavy force. This will obviously depend on
how many natural teeth remain and how good their occlusal
contacts are. It can be difficult to properly organize the occlusion
if the remaining teeth have any significant degree of mobility.
This degree of contact is difficult to quantify, but the best way of
proceeding is to first use occlusal indicator paper to get even
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contact between teeth and implants (Fig. 14.19). Shim stock
should then be used, and on light contact, the implant bridge
should not hold the shim stock but the teeth should. As the
patient exerts more force so the implant bridge should hold the
shim stock as well as the teeth. Ideally the areas of contact
should be located as close to the center of the implants as
possible so forces are transmitted down the long axis of the
implant under loading. Cantilever pontics should be loaded as
little as possible.

The bridge is then checked in lateral and protrusive
movements. If a natural canine guidance is present, this will
protect the bridge from lateral loading. If a group function
occlusion exists, the implant bridge should be harmonious
with this. If the canine tooth is being replaced as part of the
bridge, it is normal practice for the occlusion to be reorganized
as a group function occlusion if this can be achieved without
sacrificing appearance. If lateral guidance has to be provided,
this should be shallow, shared over several teeth if possible,
and be centered on the strongest implant.

Protrusive guidance should have been determined prior
to construction, as anterior tooth position will dramatically

Figure 14.19 The occlusion is checked on a lower implant-supported bridge. (A) Articulating paper is used to mark initial contacts under
light pressure. (B) The heaviest marks are present on the natural teeth and the implant bridge (the second and third from the back) are only
lightly touching. (C) Shim stock is used to confirm that the implant restorations are in contact under loading.



WWW.HIGHDENT.IR

O 55105 5 0Ll lles

alter this. The protrusive movement should be smooth and
spread over as many teeth as possible, once again ideally
centered over the implants rather than on pontics.

If a reorganized occlusal scheme were to be adopted, as
for example a full-arch bridge, this would follow normal
crown and bridge and complete denture prosthodontics with-
out the need for a balanced occlusion. The intercuspal occlu-
sion should be provided at the ideal vertical dimension in the
retruded arc of closure (retruded contact position), there
should be an even and flat forward movement of 1 to 2 mm,
the lateral movement should be a group function with multiple
contacts and the protrusive movement shallow and even.

Bridge Screw Tightening

With short-span bridges, the screws can be hand tightened
(normally aboutl0 Ncm of torque). Large implant-supported
bridges should be progressively seated to assist with complete
seating and prevent overtorquing the bridge screws. The
screws in the center should be hand tightened first, moving
distally and alternating from side to side. When the bridge is
first placed, the screw access holes should be sealed with some
cotton wool and temporary filling material. There is a signif-
icant incidence of early screw loosening particularly with long
bridges. The bridge should therefore be checked after one to
two weeks and the bridge screws checked for tightness. Move-
ment of a screw by 90° or less is considered acceptable. Any
screws more loose than this must be checked a further one to
two weeks later. It is unusual for a screw not to retain its
tightness for the second time, and if this occurs, it should be
checked carefully as it may indicate a poor fit for the frame-
work or that the bridge is being overloaded.

Once the screws have remained tight and the patient has
approved all aspects of the bridge, the screw access holes can
be permanently sealed. To allow access in the future without
possible damage to the screw heads, they should be covered
first with a layer of cotton wool to prevent the screw heads
getting blocked with hard material. The occlusal portion of the
screw access hole is best restored with a color-matched opaque
light-cured composite resin filling material and the occlusion
rechecked afterward.

Bridge Cementation

On completion of a cemented bridge, a decision needs to be
made regarding the type of cementation required. With mul-
tiple parallel abutments, the restoration does not require a
hard (permanent) cement as this will make the bridge difficult
to seat fully and will make it impossible to retrieve in the
future. Implant bridges can therefore be “permanently”
cemented with provisional cements as long as they demon-
strate good retention and stability at the try-in.

When the bridge is first completed, it is prudent to
provisionally cement it to allow the patient to “live with” the
bridge for a short while and check on contour, appearance, and
speech before final cementation. Weakened or modified tem-
porary cement is all that will be required. Provisional seating
also allows the gingiva to adapt to the new contour and will
make final cementation an easier technique, as the bridge will
not be prevented from seating by a tight gingival collar.

Prior to final cementation, the abutment screws are
checked for tightness and the screw access holes covered
with cotton wool. The chosen cement is mixed and placed in
the bridge, only a thin layer will be necessary and the excess
cement should be kept to a minimum to ease its removal. If
hard cement such as zinc phosphate has been chosen, this
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should not be mixed as a viscous material or the bridge will
not fully seat. The margins must be very carefully checked to
ensure complete excess cement removal. The occlusion must
be rechecked following cementation.

On completion, long-cone periapical radiographs should
be taken for all implants to confirm seating and act as a future
guide for marginal bone levels (Fig. 14.20). If a cemented
bridge has been placed, excess cement should also be checked
for.

Instructions to the Patient

The patient is given specific hygiene instruction, in particular
how to access the areas between implants. They should be
warned to be careful with the new bridge during function, as
they are more likely to bite their inner cheek, lips, or tongue as
they get used to having a fixed structure rather than a denture.
Patients who have worn a denture long term prior to implant
treatment experience more problems at the start and these are
best discussed before problems arise to prevent the patient
from becoming dissatisfied.

In particular, speech may be affected when restoring the
upper anterior teeth. The perception of speech change is often
more apparent to the patient than to anyone else and usually
returns to normal after one to two weeks. Longer accommo-
dation times are however sometimes needed.

Follow-up

Following final completion of the new restoration it is wise to
arrange for a review, particularly to check home maintenance,
within six months. The marginal bone levels should be checked
for stability with new long-cone periapical radiographs after one
year and approximately every two years following that.

ADDITIONAL CONSIDERATIONS

Joining Teeth and Implants

Ideally, implants should not be linked to natural teeth because
of differential mobility. In particular, it is not advisable for a
tooth to be linked into a bridge that is supported by several
implants. In this situation, the bridge will be purely supported
by the implants and the tooth will be superfluous. With time,
the tooth may unseat from the bridge and intrude into the
alveolus. If design or other factors dictate retention of a tooth,
it is advisable that the tooth be protected by a gold coping so
that movement of the tooth from the bridge will not result in
an unprotected tooth becoming carious.

Success in linking teeth and implants can be achieved if a
single sound and nonmobile tooth is linked to a single implant
(Fig. 14.21). Although there is still the differential in properties
between the two abutments, clinical trials have shown accept-
able levels of success with no increased bone loss or technical
complications. Once again, it is advisable for the tooth to be
protected with a subbridge gold coping that should be
cemented with hard cement and the bridge with a weaker
material. In the event of bridge cementation failure, the tooth
will not be exposed to the potential of caries at the failed
margin. Such linked bridges are useful if there is only enough
bone volumes for one implant to be placed but the patient
requires the provision of two extra teeth. Linking the implant
to the adjacent tooth will allow for either a single-unit canti-
lever bridge or a fixed-fixed design with a tooth and implant
separated by a single missing unit. Provision of a joint as in
conventional bridgework is not advised, as the joint will still
allow the tooth to intrude from the bridge.
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Figure 14.20 A posterior bridge supported by Straumann implants: (A) Three healing abutments are visible. (B) The completed bridge.
(C) Occlusal view—screw retention has been used. (D) A periapical radiograph taken at the end of treatment.

Immediate Bridges

The immediate restoration of multiple implants has become a
more common clinical technique and may have much to recom-
mend it as the implants can be immediately splinted and their
loading more reliably controlled. Several manufacturer-led tech-
niques are available and these can be categorized as follows:

a. A bridge (normally provisional) is constructed prior to
surgery from radiographic scans and diagnostic workups.
A surgical guide is also constructed from the same infor-
mation so that the implants will be placed in a predefined
position. If this works exactly, then the premade bridge
should fit.

b. On placing the implants, an impression is made and a
bridge constructed quickly. To facilitate this and to speed
up the process as much of the provisional bridge as
possible is made in advance and this is located to the
final implant position on the laboratory cast.

A case is outlined in Figure 14.22. Such cases require the
clinician and laboratory to work very closely together prior
to the surgery and on the day of surgery to make the bridge as
speedily as possible. Ideally, the bridge should be fitted on
the day of surgery so the patient does not have to go without
teeth.
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Figure 14.21 A three-unit bridge supported by a natural tooth and an Astra Tech ST implant. (A) A Profile Bl abutment (prepable) has been
placed and the natural tooth prepared. (B) The tooth is protected with a gold coping. (C) The cemented bridge at completion.

Figure 14.22 An immediate bridge is to be provided on the same day as extracting the remaining teeth and placing the implants. (A) At the
start of treatment, the patient has five remaining anterior teeth 13,12,11,21,22, which have extensive bone loss. The patient has a posterior
temporary acrylic denture that they cannot tolerate so an immediate bridge is indicated on loss of the teeth as the patient could not wear a
complete denture. (B) Prior to the day of surgery, standard prosthodontic techniques have been followed to construct an immediate
replacement complete upper denture along with a special tray for implant impressions and a surgical guide (based on the tooth position from
the denture). (C) The teeth have been extracted and eight implants placed according to the surgical guide. The anterior implants are into the
extraction sockets and the posterior implants into healed bone. (D) The eight Astra Tech implants prior to soft tissue suturing. (E) Standard
bridge abutments placed for screw retention. (F) Impression copings attached. (G) The impression with abutment replicas attached. This will
be immediately cast in the laboratory. (H) Abutment protective healing caps are placed of varying size. (I) The premade denture is seated
into place and located over the healing caps with silicone occlusal registration material. (J) The inner aspect of the denture showing the clear
record of the healing caps that allow the denture to be accurately located on the master model in the laboratory. (K) Temporary titanium
cylinders are used in the laboratory incorporated into the bridge fitting on to the abutments. (L) The completed temporary bridge consisting
of the tooth part of the immediate denture supported on the temporary cylinders and linked by acrylic. (M) The temporary bridge viewed from
the occlusal aspect. As the anterior implants were placed in the extraction sockets, the access holes for the bridge are close to the tips of the
teeth. This can be remedied during construction of the permanent bridge after healing. (N) The temporary bridge placed approximately four
hours after the surgery. Resorbable sutures are visible. (O) The temporary bridge about four weeks later showing good healing.



WWW.HIGHDENT.IR
Ol 551058 5 Ol3ludluis Hiles

178 IMPLANTS IN CLINICAL DENTISTRY

Figure 14.22 (Continued)
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Figure 14.22 (Continued)
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Implant overdentures

This chapter will describe the clinical procedures specific to the
construction of implant overdentures. It is assumed that the
reader will have a basic understanding of the principles and
procedures used in the construction of conventional complete
dentures, and this will not be elaborated on. For a more detailed
description of generic procedures, the reader is referred to
textbooks covering complete denture prosthodontics.

Manufacturers are constantly developing their products,
and this new edition covers some of the more recent products
and newer techniques.

SELECTION OF ABUTMENTS

When a two-stage submerged procedure has been carried out,
the patient should be seen about four weeks after second-stage
surgery for selection of abutments and primary impressions.
When a one-stage procedure has been carried out, this pros-
thodontic stage would normally be carried out approximately
three months after implant placement.

The healing abutments are removed and the distance
from the top of the implant to the mucosal surface can be
measured with either a depth gauge or a periodontal probe
(Fig. 15.1). The abutment gingival height selection is based on a
measurement using the abutment depth gauge. The height of
the soft tissue should be at or just below the tapered neck of
the ball abutment. The aim is to achieve the lowest possible
profile when selecting a transmucosal abutment for a bar,
Locator™ abutment, or a ball abutment (Figs. 15.2-15.7) so
that the prosthodontic components are within the intended
contour of the denture. A general idea of what is required
should be apparent from the treatment planning and stent
construction. However, it is necessary to make the final selec-
tion after the mucosa has healed and matured.

Most manufacturers supply a range of abutments in
lengths up to 8 mm. The Straumann tissue level implant has
the transmucosal element already incorporated into the
implant so no choice is possible at this stage; the decision
has already been made at the time of placing the implant.
There is only one size of ball attachment, which has a 2.25 mm
diameter. The original Nobel Biocare standard abutment for
bars (Fig. 15.5) and the large ball attachment (Fig. 15.2) had a
minimum sleeve length of 3 mm, so there was a potential
shortage of space with superficially placed implants; however,
this large ball attachment has been discontinued. The Nobel
Biocare 2.25-mm ball attachment has a minimum abutment
sleeve length of 1 mm (Fig. 15.3). The Nobel Biocare fixture-
head gold coping, which fits directly onto the implant, can be
reduced in height to allow the construction of a bar very close
to the mucosa. The Astra Tech uniAbutments for bars range
from 0 mm to 8 mm (Fig. 15.8) and the ball abutments have a
similar range. The range of components is described in detail
in chapter 6.

RECORDING PRIMARY IMPRESSIONS

Once the measurements for the planned abutments have been
made, the healing abutments should be replaced and primary
impressions made. The purpose of these impressions, usually
made with alginate impression material, is to produce casts on
which custom trays can be made.

A suitable stock impression tray is selected that will
allow a minimum of 3 mm even thickness of alginate material
and that extends to cover the major landmark areas. In the
mandible, these are the buccal, labial and lingual sulci, the
retromolar pads, and the retromylohyoid fossae. In the max-
illa, these are the buccal and labial sulci, the hamular notches,
and the palate. The imprints of the healing abutments are
required for the custom tray design.

The container of alginate impression material should be
shaken to homogenize the powder particles. Water and pow-
der are dispensed using the manufacturer’s measures, warmer
water can be used to accelerate the setting time for patients
who have a strong gag reflex. The tray should be loaded,
bearing in mind the desired thickness of the final impression.
Once a satisfactory impression has been made (Figs. 15.9 and
15.10), it should be rinsed, disinfected, wrapped in damp
gauze or tissue, and placed in an airtight box. A polythene
box is ideal as it prevents the impression drying out and is
rigid to prevent the impression being crushed during trans-
portation to the dental laboratory. Alginate impressions
should be poured up as soon as possible.

CUSTOM TRAY CONSTRUCTION AND FINAL
IMPRESSIONS

A custom tray is made on the primary cast from acrylic resin
tray material or light-cured tray material. We favor the use of a
polyether impression material for the final impressions
because it is sufficiently rigid to hold the various impression
copings that will be used during the impression procedure.
This material requires a 1.25-mm spacer, so a single sheet of
baseplate wax is placed on the primary cast to the desired
outline and areas are cut out for the tray stops (Fig. 15.11).
Extra wax is placed around the abutments to ensure adequate
clearance. In the open tray technique, the custom tray is con-
structed with windows over the abutments and tray material
brought vertically to enclose the impression copings (Fig. 15.12).

The custom tray should be trimmed to be 1 to 2 mm
short of the functional sulci and modified with impression
compound to record the functional sulcus.

The various manufacturers’ implant systems have sim-
ilar principles involved in making the final impressions for
implant dentures. The original standard method for bar-
retained implant dentures involves the attachment of irregu-
larly shaped impression copings by long pins to the selected
abutments that have been attached to the implants. The custom
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Figure 15.1 Measuring gingival height. The healing abutment has
been removed and a depth gauge is used to measure the distance
from the top of the implant to the mucosa.

Figure 15.2 Nobel Biocare standard ball abutment with a sleeve
length to give the lowest profile possible. The ball component
contains an internal hexagon, covered here with debris, into
which the screwdriver is inserted.

tray has a window through which the pins protrude when the
impression is made. Once the material has set, the pins are
loosened and the impression is removed from the mouth with
the impression copings now firmly held in the impression
(Figs. 15.13 and 15.14). After disinfection, laboratory replicas of
the abutments are attached to the impression copings via the
long pins prior to boxing the impression and pouring the cast.
In the standard method, the position of the abutment is
recorded via the coping rather than an impression being
made of it. This is also the same procedure when a CAD/
CAM milled bar is to be used.

In the ball attachment systems, the abutment screw has a
ball head and this is screwed into the implant with the appro-
priate screwdriver. The ball abutments have drivers that enclose
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Figure 15.3 Nobel Biocare 2.25 ball abutment with a sleeve
length to give the lowest profile. The abutment driver engages the
flat surfaces on the collar of the abutment.

Figure 15.4 Locator™ abutment placed so that the retentive collar
is wholly above the mucosa.

the ball and engage suitable flats on the collar (Fig. 15.15). The
Locator abutment has a specific tool for insertion (Fig. 15.16).
The final impression is made of the attachments and laboratory
replicas of them are placed in the impression prior to pouring
the cast. The Astra Tech ball attachment system has plastic
impression copings that are placed over the ball (Fig. 15.17)
prior to the impression and that remain in the impression
when it is removed from the mouth.

Once the final impressions have been made, the bar
abutments, ball attachments, or Locator abutments can be left
in place on the implants but protection caps are essential for
the bar abutments to prevent food debris and calculus from
entering the screw hole for the gold cylinders (Fig. 15.18). The
base of any denture that is being worn will, of course, need to
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Figure 15.5 Nobel Biocare standard abutment into which the cast
bar is screwed.

Figure 15.6 Straumann ball abutments placed at the lowest pro-
file possible. This is dependent on the level at which the implant has
been placed, the transmucosal component cannot be changed.

be adjusted to accommodate the abutments and protection
caps (Fig. 15.19). The abutments or ball attachments can be
removed and the healing abutments replaced until the next
stage. In this case, the base does not need to be modified.
Alternatively, the female components of the ball or Locator
abutment could be processed into the previous denture in the
interim.

VERIFICATION OF FINAL CAST

It can be helpful to verify the accuracy of the final cast,
especially for multiple implants intended for use as bar-
retained dentures, to avoid discovering errors late on in the
treatment (Fig. 15.20). This can be done by linking impression
copings with composite resin in exactly the same way as for
extensive fixed restorations (see chap. 14).

RECORDING THE MAXILLOMANDIBULAR
RELATIONSHIP

For the construction of implant dentures, just as with conven-
tional complete dentures, the spatial relationship between the
maxilla and the mandible is recorded by the use of occlusion
rims on temporary or processed bases. The rims are shaped to

Figure 15.7 Astra Tech ball abutment placed at the lowest profile
possible, this abutment shows signs of wear and tear.

Figure 15.8 Astra Tech 20° uniAbutment replicas. Placed at the
appropriate cuff height to ensure a low profile for the bar.

Figure 15.9 Maxillary alginate impression in alginate.
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Figure 15.10 Mandibular primary impression in silicon putty with
an alginate wash. The major landmarks are recorded and there is
an imprint of the Straumann ball abutments in place.

Figure 15.11 Mandibular acrylic custom-made tray. The tray has
been constructed with occlusal stops on the teeth and space
around the locator. A closed tray technique is used to make the
impression.

Figure 15.12 Maxillary open tray technique. The custom-made
tray has windows cut into it to allow the impression coping to poke
through. Once the impression material has set, the copings are
unscrewed from the implants and are securely held in the impres-
sion material.

Figure 15.13 Locator impression coping on abutment. These
impression coping snap onto the abutment, impression material is
syringed around the coping and a closed tray impression technique
is used. A firm sharp pull once the material has set will dislodge the
coping, again these copings are firmly held in the impression
material.

Figure 15.14 Impression with coping in situ. A suitably rigid
impression material is needed to ensure the copings held in the
impression material do not dislodge or move.

Figure 15.15 Astra ball abutment driver. This is used to insert the
abutment into the implant. The drive is attached to a torque wrench
and the ball abutment is torqued to 20 or 25 Ncm according to
manufacturer’s guidance.
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Figure 15.16 Locator core tool. The Locator abutment is inserted
with the core tool (right) to finger tightness and then torqued down
using the locator bit (/eft) in a torque wrench.

@
@)

Figure 15.17 Astra ball impression coping. These blue plastic
coping are snapped onto the ball abutments prior to making an
impression.

Figure 15.18 Astra Tech proheal caps. These caps protect the
uniAbutments.
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Figure 15.19 Denture modifications. The patient’s current denture
will require modifications to allow for the newly inserted abutments.

Figure 15.20 Impression verification stent. This is used to verify
the accuracy of the impression taken. The stent is made up of the
impression copings splinted together by a composite material. The
stent should screw into place without the composite bar breaking.

prescribe the intended position of the anterior teeth and the
occlusal plane. They are adjusted to provide suitable support
and meet evenly when the patient closes in the retruded
position at an occlusal vertical dimension that allows for
sufficient freeway space. A flowable material is then intro-
duced between the occlusal surfaces of the two rims to record
their relationship.

The base of the occlusion rim can incorporate all or part
of the impression coping to stabilize the rim during the
recording procedure for a bar-retained denture. For a ball
attachment-retained denture, the base of the rim can incorpo-
rate the actual impression caps (Fig. 15.21). The small retention
caps of Nobel Biocare, Astra Tech, or Straumann ball attach-
ments are best incorporated into a heat-cured acrylic resin base
since they pull out of a wax base.
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Figure 15.21 Locator impression copings in a wax baseplate.

The intended vertical relationship is determined by
establishing the resting vertical dimension via a sliding caliper
(Willis gauge) or by the use of dividers measuring between
marks on the patient’s nose and chin. Care should be taken in
patient positioning when recording this value. Tilting the
patients head backward will tend to increase the rest vertical
dimension, while tilting it forward will reduce this dimension.
By convention, 4 mm are subtracted from the measurement of
resting vertical dimension to arrive at a proposed occluding
vertical dimension. This equates to approximately 2 mm of
interocclusal distance (freeway space) at the first molar region.
Whatever method is used to assess these dimensions, it has
always been considered essential to have sufficient interoc-
clusal distance for maximum comfort for conventional com-
plete dentures. It is not clear whether the presence of implants
alters this requirement.

The method of locating the relative position of one
occlusion rim to the other is shown in Figures 15.22 and
15.23: a fluid setting material is introduced between the
occlusal surfaces of the occlusion rims with a working time
sufficiently long to allow an unhurried guided mandibular

Figure 15.22 Recording jaw relations. The left index finger and
thumb are holding the maxillary occlusal rim in place and the right
index finger and thumb are holding the mandibular rim in place. The
right hand guides the mandible into the retruded contact position.
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Figure 15.23 Sealed occlusal rims. A flowable registration mate-
rial is placed on the mandibular rim; the patient is guided to close
and held closed until the material has set.

closure into the retruded position, a setting time sufficiently
short for the material to set soon after this closure, and suffi-
cient durability for the material to remain intact after the
occlusion rims are removed from the mouth. A facebow trans-
fer record can be conveniently made at the same time as the
interocclusal record by placing the facebow fork into the
maxillary rim before the record is made. Once the interocclusal
record material has set, the rims are then stabilized by the
patient keeping the rims together while the facebow caliper is
positioned over the fork and the infraorbital pointer is adjusted
(Fig. 15.24).

After the facebow transfer record has been made, the
entire assembly is removed from the patient and disinfected.
The maxillary cast is then mounted on the upper member of a
semiadjustable articulator with low expansion mounting plas-
ter and with the use of a facebow support. The mandibular cast
is mounted once the maxillary mounting plaster has set.

SELECTION OF DENTURE TEETH
In general, the aim should be to select denture teeth that
resemble the original natural teeth and to arrange them in a
similar way, unless the patient requests a different appearance.
This will usually produce the most natural looking dentures
and the patient will adapt to them more quickly. Photographs
of the patient’s original teeth will help in this procedure or
previous prosthesis that the patient wishes to duplicate.
Posterior teeth should be selected with as much care as
anterior teeth. For the mandibular denture, the space available
is from the distal surface of the proposed canine to the com-
mencement of any slope up to the retromolar pad. It may be
possible to fit two premolars and two molars into this space
but, occasionally, a second molar or a premolar may need to be
omitted, especially in a patient with a class 2 jaw relationship.
In general, narrow occlusal surfaces are desirable to increase
masticatory efficiency, but, in patients with class 2 or class
3 skeletal relationships, wider occlusal surfaces may be
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Figure 15.24 Facebow transfer. To locate the maxillary cast onto
a semiadjustable articulator, a facebow record is needed. The bite
fork is inserted into the wax, the facebow frame is attached, and in
this case an orbital pointer is located and tightened.

necessary to develop and maintain occlusal contact in a range
of mandibular positions.

CONFIRMATION OF CAST RELATIONSHIP ON
THE ARTICULATOR

The relationship of the casts on the articulator is confirmed by
setting up denture teeth (on temporary wax or acrylic resin
bases, or on heat-cured acrylic resin bases) in tight intercus-
pation and in the position prescribed by the occlusion rims
(Fig. 15.25). The trial dentures are then placed in the patient’s
mouth and the patient is guided into closure in the retruded
position. If the denture teeth come together evenly with no
movement of the trial denture base, then the horizontal rela-
tionship of the casts can be considered confirmed. If this
occlusion occurs at an occluding vertical relationship with a
demonstrable interocclusal distance, then the vertical relation-
ship of the casts can also be considered confirmed.

If the denture teeth do not meet evenly when the patient
closes in the retruded position (Fig. 15.26), the occlusion
should be examined with the trial dentures back on the
articulator. If the teeth are not in tight intercuspation, they
should be reset and the trial dentures again placed in the
mouth. If the teeth still do not meet evenly, the cast relation-
ship is incorrect and a new interocclusal record will be neces-
sary. This is carried out by removing one set of posterior teeth,
marking the mandibular incisors with the degree of overlap
required when the new record is being made, and then making
a new record as described earlier. The mandibular cast is
remounted using the new record, the posterior teeth are
reset, and the trial dentures are then replaced in the mouth
to test the veracity of the cast relationship.

Occasionally, the denture teeth may meet evenly in the
patient’s mouth but at a vertical relationship that has insuffi-
cient or excessive interocclusal distance. If the amount is small,

IMPLANT OVERDENTURE 187

Figure 15.25 Working casts have been articulated and the den-

ture teeth have been set up with good occlusal contacts.

Figure 15.26 Poor occlusal contact. The posterior teeth do not
meet evenly and will need to be reset.

the necessary adjustment can be made on the articulator
because a facebow record has been made. If the error is
large, it is better to make a new interocclusal record at the
correct vertical relationship.

The patient’s appearance with the dentures in place
should be assessed, in particular the support provided by
the prosthesis for the lips and cheeks and allowing for suffi-
cient tongue space. The level of the upper occlusal plane and
its arrangement in relation to the lip when the patient is
smiling should be evaluated. The position of the centerlines
on the dentures should be checked in relation to each other
and with the center of the face. Correct anterior tooth position
is accomplished by reference to anatomical landmarks such as
the incisive papilla, preextraction records such as casts or
photographs, speech sounds, and direct patient feedback.
The mold and shade of the teeth should be confirmed with
the patient.
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The final step at this stage is to decide on the posterior
extension of the maxillary denture if this has not already been
done.

COMPLETION OF THE IMPLANT OVERDENTURES

Where a milled bar and clip-retention system is being used, the
trial denture setup is sent to the laboratory where the bar is
now constructed with reference to anterior tooth position and
the contour of the overdentures (Figs. 15.27 and 15.28). If a cast
bar is being used, it should be tried in the mouth prior to
completion of the dentures. If the bar does not fit the mouth
(Fig. 15.29), it should be examined carefully on the cast
(Fig. 15.30). If the bar does not fit the cast, it should be cut
and resoldered or remade so that it does fit. Then it can again
be tried in the mouth. If the bar demonstrates a passive fit on
the abutments (Fig. 15.31), then the denture can be finished. If
the bar does not demonstrate a passive fit, the final impression
must be at fault and will need to be repeated. If, however, the
composite verification stent mentioned earlier has been carried
out, this can be avoided. The problem of passivity of fit should

Figure 15.27 3D scan of the trial overdenture setup with the CAD
bar shown in yellow.

Figure 15.28 Milled titanium Hader® bar. The bar and supporting
cylinders are ideally position to be in the thickest part of the denture
and to provide maximum support.
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not be encountered with milled bars unless the impression/
cast is at fault.

Ideally, the posterior teeth should be set in a bilateral
balanced occlusion. Much has been written about the advan-

tages and disadvantages of such an occlusion. It is certainly
achieve with

difficult to some manufacturer’s teeth.

Figure 15.29 A poor fitting bar on the abutments on the patient’s
right side.

Figure 15.30 An Astra Tech macro gold bar with a gap between
the cylinder and uniAbutment replica.

Figure 15.31 A well-fitting Nobel Biocare gold bar on standard
abutment replicas.
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Figure 15.32 Completed mandibular overdenture with Dolder®™
bar clips.

Figure 15.33 Astra Tech Locator housing cap processed into a
cold-cured acrylic base. The nonactive laboratory black inserts are
still in place.

Figure 15.34 Completed implant overdentures with stained
acrylic resin to stimulate melanin pigmentation.

IMPLANT OVERDENTURE 189

Conventional dentures seem to be more stable with a balanced
occlusion, but it is not clear whether such an occlusion has any
effect on implant overdenture success. However, where there
is evidence of overloading of implants, it would seem sensible
to reduce the loading by reducing the anterior guidance.

The implant overdentures should now be finished with
any clips attached to the bar over appropriate spaces and all
but the retention elements of the clips blocked out with plaster
prior to flasking, packing, and processing in the usual way
(Fig. 15.32). Where ball attachments are being used, the reten-
tion caps are attached to the laboratory replicas and again
blocked out with plaster (Fig. 15.33). Occasionally, gingival
tinting will be required where the patient has melanin pig-
mentation (Fig. 15.34).

INSERTION OF THE IMPLANT OVERDENTURES
Healing abutments that have been left in place in between
clinical stages should be unscrewed and the definitive abut-
ments for bars, Locator, or ball abutment are placed. A torque
driver should be used and components torqued down accord-
ing to manufacturer’s guidelines. Bars should now be attached
with appropriate screws (Fig. 15.35) and torqued down.

The overdentures should be coated with pressure indi-
cator paste to identify pressure areas, especially those created
by the tray stops. These areas should be adjusted with an
acrylic resin bur as well as any obvious sharp edges. The
occlusion should be examined and minor adjustments can be
made chairside. Any major occlusal errors will require a new
interocclusal record and rearticulation of the dentures.

The retention of the overdentures should be assessed
and increased or reduced as necessary by adjusting the clip for
bars or adjusting the female housing for either Locators or ball
abutments. At the time of fitting, it is advised to take baseline
radiographs of the implants when loaded.

Once the dentures have been fitted, the patient should
ideally be seen within one week for any necessary adjustments.
The patient should be warned that some soreness is likely. This
may be caused by pressure areas in the final impression,
overextension, or faults in the occlusion. Use of pressure
indicator paste and verifying the occlusion will reduce the
prevalence of postinsertion discomfort. Occasionally, overex-
tension will be caused by the viscous nature of the polyether
impression material if the custom tray was not correctly

Figure 15.35 A bar on maxillary standard abutments screwed
passively in place.
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extended. In addition, it is very difficult to make impressions
for implant dentures by any other method than a static
method: materials suitable for functional impressions are not
really suitable for picking up the components of implant
dentures or rigid enough to hold the laboratory replicas.

The patient should be seen regularly until the dentures
are comfortable, and then reviewed at least annually as part of
a regular maintenance program.

MAINTENANCE SCHEDULE

After all normal postinsertion adjustments have been carried
out and the patient is comfortable with the new implant
dentures, the patient should be seen at least once every year
for review. The patient should be asked to make contact
immediately if there are any sudden changes such as loosening
of a bar or ball attachment or loosening of the overdentures.
The latter may indicate fracture of a clip or matrix, or deteri-
oration of a rubber ring in a ball attachment retainer.

At the annual visit, overdentures should be tested for
stability on the mucosa and any rocking diagnosed, for exam-
ple, bone resorption or wear or fracture of a prosthodontic
component. Ball attachments should be checked for tightness
using the appropriate screwdriver. Bars can be removed and
individual abutments checked for tightness and implants for
any mobility. With the bar off, any calculus can be easily
removed from the abutments and bar itself with a plastic
instrument. The ball or Locator abutment retainers in the
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dentures should be inspected for any fractures of the tines or
deterioration of the nylon inserts. Clips in the overdentures
should be checked for any fractures or looseness in the resin.
Any repairs or replacements of the overdenture components or
relining of the overdenture should be completed as necessary.
The implants themselves should be radiographed at one
year postloading and subsequently as needed using the same
view, otherwise any changes may not be detected. Where
changes are visible, overloading may be responsible and it
may be worthwhile reexamining the lateral occlusion. The
denture teeth can be adjusted to reduce the anterior guidance
where necessary. It is also very important that the patient
maintains a very good level of plaque control to prevent
inflammation of the peri-implant mucosa and bone loss.
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Complications and maintenance

INTRODUCTION

Complication rates should be low and in most cases avoidable
by careful attention to diagnosis, treatment planning, good
surgical and prosthodontic training and experience. This
should be helped by following well-established protocols
that demonstrate high success and predictability. However,
complications can occur in the early treatment phases, either
surgical or prosthodontic, or following completion of treat-
ment during the maintenance phase. Failure of initial osseoin-
tegration of individual implants should be relatively rare, with
most failures occurring during the initial healing period or
following abutment connection and initial loading.

Longer-term complications may be associated with

general wear and tear;

inadequate attention to oral hygiene;

poorly controlled occlusal forces;

poor design of prostheses;

utilization of an inadequately tested implant system;

soft tissue deficiencies;

patient risk factors such as smoking, periodontitis, and
bruxism.

To measure treatment success and the incidence of complica-
tions, it has been suggested that longitudinal studies of
implant systems should be a minimum of five years (prefer-
ably prospective studies rather than retrospective), with ade-
quate radiographic and clinical supporting data. The
complications relating to surgery are common to all types of
implant treatment and systems and are considered together.
Prosthetic and late complications and maintenance are dealt
with under separate sections for single tooth replacement and
fixed bridges, with a separate chapter on removable over-
dentures.

SURGICAL SEQUELAE AND COMPLICATIONS

It is important to warn patients about the most common
surgical/ postoperative complications. Patients may experience
some postoperative swelling, bruising, and discomfort, even
with straightforward single implant surgery (Fig. 16.1). This is
much more likely in cases involving placement of a large
number of implants or cases involving grafting. These compli-
cations can be minimized with

gentle surgical manipulation of the hard and soft tissues;
avoidance of overreflection of flaps;

preoperative and postoperative analgesics (preferably
ones with anti-inflammatory properties such as the non-
steroidal anti-inflammatory drugs, e.g., ibuprofen);
recommendations to use ice packs to reduce swelling;
pressure applied to the wound postoperatively to control
hemostasis and avoid hematoma formation.

In our experience, the majority of patients have little or no
postoperative swelling /bruising/pain. The success of osseoin-
tegration is dependent on minimal mechanical and thermal
trauma to the bone, and therefore the patient should not
experience pain in the bone sites. Severe pain would suggest
poor technique and may coincide with early failure of the
implant. A more controversial topic is whether pre- and post-
operative antibiotics are required to prevent infection and
subsequent failure of the implant. It was once routine to
prescribe antibiotics. However, as the surgery is carried out
under good surgical conditions and a sterile implant is deliv-
ered carefully into the prepared site, the chance of infection
should be low. Recent systematic reviews have suggested
minimal differences in implant success rates with and without
antibiotic cover. It would be prudent to use antibiotics if

there has been a recent infection at the site;
augmentation and grafting is performed;

the patient has a medical history that suggests a suscep-
tibility to infection;

®  the patient has hard bone (type 1) that has been difficult to

cut and cool.

The following situations could also be considered for antibiotic
cover:

Immediate replacement techniques are used.

Multiple implants are placed where flaps have been raised
extensively or for a long period of time.

The patient is a smoker.

The implant placement has breached the maxillary sinus
floor.

In some cases, patients experience infection in the soft tissue
if the surgeon has left debris under the flap margins or a
large clot has become infected. These cases are largely
avoidable.

Wound Dehiscence

The soft tissue wound may breakdown in the first week
following implant installation (e.g., particularly in the severely
atrophic mandible where the soft tissue is delicate and defi-
cient). This could be a cause for concern where it leads to
implant head exposure in a submerged implant protocol. If an
implant head becomes exposed in a case where it was planned
to be submerged, it is important to keep the area clean with
antiseptic rinses such as 0.2/0.12% chlorhexidine to avoid
inflammation and marginal bone loss. This situation may be
improved by changing the cover screw on the implant for a
healing abutment. Any breakdown of the soft tissue wound
can lead to inflammation/bone loss and is most critical in
grafting procedures where graft vitality and success can be
severely compromised.
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Figure 16.1 Bruising near the chin and submandibular region one
week following implant surgery to place six implants in the upper jaw.

Early Implant Failure
Early implant failures may be associated with the following:

®  Poor surgical technique resulting in thermal damage to
the bone
Low initial stability of the implant
Surgical trauma to an adjacent tooth
The implant communicating with an adjacent endodontic
lesion
Postoperative infection
Uncontrolled early loading

Most early surgical failures of osseointegration are due to poor
surgical technique or placement of implants into bone of very
poor density. Failure of osseointegration may not be obvious
until the surgeon carries out abutment connection surgery or
when the prosthodontist tries to load the implant. It is some-
times difficult for the clinician to assess implant stability and
occasionally a loose abutment may be misinterpreted as a
failed implant. The abutment should be tightened and the
stability reassessed. Tightening of the abutment should not
elicit discomfort/pain unless there is inflammation within the
bone (consistent with failure) or trapping of soft tissue
between abutment and implant head. In most cases mild
discomfort soon resolves and there is no long-term complica-
tion. In other cases the discomfort is a sign that there is a
problem, and more obvious failure of the osseointegration is
revealed some days or weeks later.

Damage to the bone resulting in necrosis, pain, and
subsequent infection is more likely where hard bone has
been prepared with inadequate cooling and or blunt drills
(Figs. 16.2 and 16.3). This is more likely at deep preparation
sites (e.g., over 15 mm). Such deep preparations are not usually
necessary in good-quality bone and should be avoided. The
resultant pain can be severe and an infection that is likely to be
deep seated can track through the soft tissues. In the anterior
region of the mandible the infection may track to the external
skin surface, producing a disfiguring sinus tract, fibrosis, and
scarring (Fig. 16.4).

If during preparation of the implant site the drill dam-
ages the periodontium of an adjacent tooth root, this can lead
to an inflammatory response and early failure of the implant.
The patient complains of pain postoperatively and the affected
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Figure 16.2 Periapical radiograph of an implant placed in the lower
incisor region. There is a radiolucency associated with the apex of
the implant. This was caused by overheating of the bone during the
preparation of the site and presented with considerable pain.

tooth is usually very tender to percussion. Plain radiographic
examination may not provide clear evidence of the trauma due
to overlap and parallax errors.

Cases of early implant failure may be completely unex-
plained in some cases. However, in some cases failure has been
associated with implants entering undiagnosed residual endo-
dontic lesions that are not visible on plain radiographs.

Figure 16.3 Surgical exposure of an apical lesion of bone loss,
probably caused by inadequate cooling of the end of the drill during
preparation of the site. The patient had experienced pain and
infection for several months after implant placement.
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Figure 16.4 A sinus tract appearing on the skin at the lower
border of the mandible. Inadequate cooling of an 18-mm implant
site in hard bone was the likely cause.

Damage to Neurovascular Structures

Loss of sensation to the lower lip caused by trauma to the
inferior dental or mental nerve is a serious injury. Implant
surgery close to these structures is hazardous and great care
should be taken and the patient warned of the possible
consequences (Fig. 16.5). The following points should be
appreciated to avoid this complication:

®  Avoid making relieving incisions in the area of the mental
nerve.

® Do not place crestal incisions over the region of a super-
ficially located mental foramen in the severely resorbed
mandible.

®  Adequately expose, identify, and protect the nerve when
operating close to it.

®  Check for anterior loops of the inferior dental nerve ante-
rior to the mental foramen if utilizing this site by radiog-
raphy or by gentle probing of the foramen.

¢ Plan carefully with good tomographic or CT images that
allow good visualization of the inferior dental canal and
the superficial ridge.

Figure 16.5 A dental panoramic tomograph showing placement of
implants in the posterior mandible with minimal regard to the
position of the inferior dental canal. The implants on the patient’s
right breached the canal and resulted in mental anesthesia; the
implants on the left were placed so close to the nerve that
paresthesia resulted.
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® Take careful measurements of the available height and
width of bone above the canal.
® In some circumstances it may be possible to place an
implant in a plane that safely avoids the canal, which
could not be appreciated using 2D radiography.
®  Avoid thermal damage to the bone that is left between the
implant tip and the nerve canal.
® Allow a safety margin for the following;:
©  Measurement error
© A margin of bone between implant tip and canal,
which we would suggest to be no less than 2 mm
and preferably nearer to 4 mm (although some sur-
geons will place implants very close to the canal)
© Dirill length at the cutting tip (different drills have
various profiles and may overcut 1 to 2 mm longer
than the planned implant length)
© Difficulty of surgical access, vision, and control of
cutting pressure at the depth of the site

Patients are unlikely to complain following damage to the
incisive nerve in the midline of the anterior maxilla. In some
cases this nerve can be removed and the canal grafted to
provide adequate bone for implant placement (see chap. 12).
Damage to the incisive branch of the inferior dental nerve may
go unnoticed in patients with no teeth in the anterior mandi-
ble. However, in dentate patients, an implant placed in the
canine or first premolar region can sever or damage the inci-
sive nerve supply to the remaining lower incisors. The patient
may complain of paresthesia or anesthesia of the lateral incisor
periodontium and this can be distressing. Therefore, it is wise
to avoid violation of the mandibular incisive canal in dentate
subjects. If damage to the inferior dental nerve is suspected, it
is recommended to remove the offending implant within
24 hours after placement to allow best chance of recovery.

A related problem can also occur when bone grafts are
taken from the chin in dentate subjects. An osteotomy cut too
close to the incisor or canine apices can result in alterations of
sensation, or worse, loss of pulp vitality. A safety margin of at
least 5 mm and preferably 8 mm is recommended between the
osteotomy cut and the apices.

Fractures

The severely resorbed mandible can be compromised by
implant placement such that a fracture occurs at surgery or a
short time following this (Fig. 16.6). 3D radiography may be
indicated to adequately assess the profile of the severely
resorbed mandible and avoidance of the placement of too
many implants within zones of low bone volume (e.g., man-
dibular first premolar region).

PROSTHETIC COMPLICATIONS

AND MAINTENANCE

Complications and maintenance requirements vary widely
between patients, depending on

®  susceptibility to caries and periodontal disease in the
dentate patients;
complexity and type of implant-supported prostheses;
functional demands of the prosthesis;
the patient’s ability to maintain an adequate standard of
oral hygiene.

It is generally recommended that patients treated with implant
prostheses are seen at least on an annual basis, but in many
cases they will also require routine hygienist treatment at
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Figure 16.6 A cone-beam CT of an edentulous mandible recon-
structed in a 3D format (and viewed from the under surface)
showing a fracture in the right anterior zone. This occurred after
implant placement, giving rise to considerable pain and infection.
The implant was removed and the fracture required fixation with
plates and screws.

three, four, or six monthly intervals, according to individual
requirements (see section “Routine Hygiene Maintenance
Requirements,” page 203).

Single Tooth Units

Single tooth units should require little maintenance. The most
common reported complication is chipping/fracture of the
porcelain/veneer material (about 1% per annum) (Fig. 16.7).
This complication is more common in more extensive fixed
prostheses. It is thought to be more likely in implant-sup-
ported than tooth-supported crowns due to the rigidity of the
implant system. Repair of porcelain chips is unpredictable and
a new crown may be required.

Many single units are cemented and the integrity of the
cementation should be checked. Crown decementation of
single tooth units is low (about 1% per annum), even in
cases where a relatively weak temporary cement has been
used (Fig. 16.8). This is because of the close fit of the abutment
to the crown, and in some cases a high degree of parallelism
between them, which may make separation difficult or impos-
sible (Fig. 16.7). A complication with parallel abutment
designs is failure to seat the crown at the original cementation
because of failure to relieve hydraulic pressure within the
crown using a cementation vent (Fig. 16.9). The resulting poor
marginal fit and exposure of a large amount of cement lute
may result in soft tissue inflammation because of the
increased bacterial plaque retention (Fig. 16.8). A vent also
helps to reduce excess cement being extruded at the crown
margins, which can give rise to considerable inflammation,
including soft tissue abscess and fistula formation. However,
cement extrusion is less likely in abutments with integral
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Figure 16.7 (A) Fracture of the porcelain on the implant crown at
URT1. This was caused by trauma. (B) Radiograph of the same case
showing an otherwise successful implant restoration with good
bone levels near the top of the implant, eight years following initial
placement. (C) Attempted removal of the fractured crown with
crown removal forceps. (D) Attempted removal of the crown
using a matrix band tightened around the crown to secure a firm
hold. A crown and bridge remover can then be used to apply a
sharp force to the matrix retainer in an attempt to dislodge the
cementation. (E) In this case the crown could not be removed using
forceps or crown removers and an access hole has been prepared
in the palatal aspect of the crown to uncover the abutment screw.
Fortunately, in this case, the long axis of the implant was in line with
the cingulum of the crown. This could be verified by evaluation of
the working casts that were used to provide the original crown.
(F) A new customized cast abutment has been connected to the
implant. (G) A newly fabricated crown has been cemented to the
abutment. (H) A radiograph of the new crown confirming the fit of
the abutment to the implant and crown to the abutment.
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Figure 16.7 (Continued)

cement venting designs, customized abutments with less
parallel walls, and judicious use of cement volume.

Plaque retention and development of inflammation may
also be the initial sign of a loose abutment, due to abutment
screw loosening. This is easy to deal with in a screw-retained
single crown but may be very difficult in the cement-retained
crown that may be impossible to remove from a highly reten-
tive and loose abutment. Drilling through the crown to locate
the screw is usually difficult and may result in the need to
replace both abutment and crown (Fig. 16.7E). Abutment
screw loosening has been reduced in recent years compared
to earlier reports (about 3% per annum) because of better
implant-abutment junction designs and controlled torque
when tightening the screws.

Screw loosening, crown decementation, and crown chip-
ping are more likely to occur in patients who have parafunc-
tional habits. These complications are more likely to lead to
more serious consequences of abutment screw fracture or even
implant fracture (see next section). Patients with nocturnal
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Figure 16.8 (A) The upper left canine is an implant-supported
crown. There is considerable inflammation of the peri-implant soft
tissue. (B) A radiograph of the implant and crown shows that there
is a large cementation gap between the crown and the abutment
and there is excess glass ionomer cement at the joint. It has given
rise to plaque accumulation and development of severe soft tissue
inflammation. The crown had been recemented following failure a
few weeks previously. (C) A base line radiograph of the same case
several years before showing proper seating and cementation of
the crown.

bruxism should be provided with night guards and careful
attention paid to occlusal contacts at each review visit.
Occlusal contacts should be evaluated to ensure that initial
contacts occur on the natural teeth rather than the implant.

Fixed Prostheses

The prostheses should be checked for signs of wear or break-
age on a regular basis. Fixed restorations should have the
cementation or screw fixation checked. This may include
checking the screws that retain the prostheses and those that
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Figure 16.8 (Continued)

Figure 16.9 A radiograph of a gap between abutment and crown.
Failure to seat the crown may be due to hydrostatic pressure between
a parallel abutment and the close fit of the crown, or premature setting
of the cement, or a problem has arisen through recording of the
position of the abutment during the impression process.
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retain the abutments (see below). The occlusion should be
reevaluated, particularly where there has been occlusal wear of
the prostheses or coexisting natural dentition. It is not gener-
ally recommended to routinely remove screw-retained bridge
superstructures unless there is suspicion that there is a prob-
lem with one of the implants/abutments. Fixed prostheses that
have proved difficult to clean by the patient may require
removal to allow adequate professional cleaning, which is
easier with screw-retained fixed prostheses than cemented
types.

The screws retaining a prosthesis to the abutment are
often covered with a layer of restorative material, such as
composite or glass ionomer, which may need replacing.
Screws that are accessible should be checked to ensure that
they have not loosened. This is more likely to occur in an ill-
fitting prosthesis or where high loads have been applied.

Removable Prostheses

Removable prostheses need to be checked for retention and
stability. In the case of prostheses with combined implant and
mucosal support, it is important to check that the implants are
not suffering from overload caused by loss of mucosal support
due to further ridge resorption. It has been suggested that
removable prostheses often require more maintenance in the
form of adjustment and replacement of retentive elements,
compared with fixed prostheses. This is dealt with in detail in
chapter 17.

Screw and Abutment Connections

Repeated chewing cycles may produce screw loosening, either
at the bridge screw level or at the abutment level (Fig. 16.10).
Abutment loosening and development of a gap between abut-
ment and implant will manifest as a loose prosthesis. This can
even appear as though there has been failure at the implant
level. Screw loosening can be minimized by attention to
occlusal contacts and adequate tightening of the bridge and
abutment screw, in the first place by using specifically
designed torque wrenches/handpieces (see chap. 13). Some
implant systems suggest retightening of bridge screws a few

Figure 16.10 A radiograph of a posterior mandibular bridge on
Branemark implants, showing failure to seat the distal abutment on
the hex of the implant and an associated loose bridge screw.
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Figure 16.11 The lower screw is a retrieved fractured Branemark
abutment screw, compared with an intact screw above it. The
fractured screw was removed from the case illustrated in Figure 16.12.

weeks after initial fitting of the prosthesis superstructure. The
designs of abutment-implant interface may also reduce this
complication. The internal abutment connection designs
should produce a more stable joint than the flat top designs.
Even with the latter design, the occurrence of screw loosening
is low provided the correct torque has been applied. Screw
loosening is often an important sign of overload due to

®  poorly fitting prosthesis/nonpassive fit;
poor design, for example, overextension of a cantilever;
long crowns/abutments (from implant head to occlusal/
incisal edge);
inadequate attention to occlusal contacts;
too few implants/teeth to establish an adequate/stable
occlusion;

®  parafunctional activity.

These factors require identification, correction, and proper
management to avoid this complication. Failure to deal with
these problems, particularly in patients who exhibit parafunc-
tional activities, may predispose to screw fracture (retention
screws or abutment screws), which manifests as a loose pros-
thesis (Fig. 16.11). The fractured screws need to be removed
and replaced. In many instances the fractured screw can be
unwound by engaging the fractured surface with a sharp
probe and moving the probe round in a counterclockwise
direction. Alternatively, a commercially designed retrieval kit
may make this process easier. The screw can then be replaced
and due attention given to correction of the cause of the
problem to avoid a repeat of the problem and possibly ulti-
mate failure of the implant. In some instances, removal of the
fractured screw proves to be impossible. Fractured screws are
difficult to remove by drilling without causing considerable
damage to the implant. This may make subsequent restoration
impossible unless it is feasible to construct a custom-made post
that can be cemented within the implant.
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Figure 16.12 A radiograph of three Branemark implants supporting
a maxillary bridge that had been subjected to excessive loading. The
patient was a bruxist. The anterior implant (right) had previously
suffered a fractured abutment screw, the top half of which was
removed and replaced with a gold screw (more radiopaque) but
the apical part could not be removed. The distal implant (/eff) had a
similar history that was subsequently followed by fracture of the
implant at the level of the apex of the abutment screw. The latter
situation usually requires removal or burial of the fractured implant.

Implant Fractures
Fortunately, fracture of an implant is rare (0.1% per annum)
(Fig. 16.12). It is more likely to occur with

® narrow diameter implants, particularly where the wall
thickness is thin;
excessive load;
marginal bone loss that has progressed to the level of an
inherent weakness of the implant, often the level where
wall thickness is thin at the apical level of the abutment
screw.

Implant fracture is rarely retrievable, and requires either bury-
ing the fractured component beneath the mucosa or its
removal (Fig. 16.13). The latter can be difficult and traumatic,
usually requiring surgical trephining that may leave a consid-
erable defect in the jaw bone.

SOFT TISSUE EVALUATION AND PROBLEMS

The mucosa surrounding the implant abutments should appear
free of superficial inflammation. Gentle pressure on the exterior
surface of the soft tissue should not result in any bleeding or
exudate and produce minimal or no discomfort. Inflammation of
the peri-implant mucosa has been termed “peri-implant muco-
sitis” to differentiate it from the more destructive lesion involv-
ing bone loss, so-called peri-implantitis. Probing depths may be
evaluated and will depend on the thickness of the original
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Figure 16.13 A series of photographs showing removal of a
fractured implant. (A) A trephine is used to drill out the bone from
around the implant. The trephine size is closely matched to the outer
diameter of the implant. (B) An occlusal view showing the circum-
ference of bone removed from around the implant. (C) The implant
has been removed and the size of the resulting defect can be seen.
(D) A wide-bodied (5-mm) Astra Tech implant has been inserted into
the site achieving a close fit between the implant and the bony walls.
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Figure 16.14 (A) Severe soft tissue inflammation associated with
the implant at UR1. (B) A mid-labial probing depth of 6 mm is
recorded. (C) A periapical radiograph of the implant bridge. This
demonstrates that there has been some bone loss (approximately 2
mm) associated with the right implant. Apical positioning of the
implants and the long abutments account for much of the increased
probing depth. (D) An ultrasonic scaler with a plastic tip is used to
debride the abutment surface. (E) Two weeks after debridement
there has been some improvement in the soft tissue inflammation
but further treatment is required.

Figure 16.14 (Continued)

mucosa, any overgrowth of soft tissue, and any loss of attach-
ment/marginal bone loss that may have occurred (Fig. 16.14).
Standard periodontal probes with a tip diameter of approxi-
mately 0.5 mm and a probing force of 25 g are recommended.
Ideally probing depths should be relatively shallow (<4 mm)
with no or minimal bleeding. Studies have demonstrated that
probing around implants is not dissimilar to probing around the
natural dentition. In general, the junctional epithelium is quite
delicate and can be breached by the probe. The underlying
connective tissue around implants is not connected by well-
formed fiber bundles to the abutment/implant surface and
forms parallel collagen fiber bundles. This offers less resistance
to probing. In general, the probe stops short of the bone margin
by about 1 mm. If increased probing depths, soft tissue prolif-
eration, copious bleeding, exudate or tenderness to pressure are
found, the area should be examined radiographically (regardless
of whether radiographic reevaluation is scheduled) to determine
whether there has been any loss of marginal bone or loss of
osseointegration (Fig. 16.14C) (see section “Peri-implantitis”). In
these circumstances it may be advisable to dismantle a screw-
retained implant superstructure to allow adequate examination
of individual abutments and implants.

Peri-implant mucositis can be corrected with attention to
oral hygiene and professional cleaning. The latter is also consid-
erably facilitated if the prosthesis can be dismantled and cleaned
outside the mouth. However, there are a number of instances
that may require surgical correction of the soft tissue problem:

Soft tissue overgrowth

Soft tissue deficiencies

Persistent inflammation/infection

Continuing bone loss (see section “Peri-implantitis”)
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(B)

Figure 16.15 (A) A large red firm swelling associated with an
implant-supported mandibular bridge. This epulis was diagnosed
histologically as a giant cell granuloma. (B) A radiograph of the
implant associated with the epulis. There is an area of radiolucency
and bone loss associated with the apex of the implant. The mar-
ginal bone levels appear to be satisfactory.

Soft Tissue Overgrowth

Soft tissue proliferation may occur around bridges with poorly
designed embrasures and under supporting bars of overden-
tures (Fig. 16.15). It may require simple excision if there is
adequate attached keratinized tissue apical to it, or an inverse
bevel resection as used in periodontal surgery to thin out the
excess tissue but preserve the keratinized tissue to produce a
zone of attached tissue around the abutment.

Soft Tissue Deficiencies

The transmucosal part of the implant restoration may emerge
through nonkeratinized mucosa, particularly in situations where
there has been severe loss of bone, for example, edentulous jaws.

Figure 16.16 Recession of the gingival margin at the implant
replacing the upper left canine. The gold abutment is visible, together
with the head of the implant. This patient has a thin gingival
morphotype and recession associated with the adjacent teeth.

Nonkeratinized mucosa looks redder and more delicate than
keratinized tissue and may lack attachment to the underlying
bone (Fig. 16.16). This can give rise to soreness and compromised
plaque control, particularly in overdenture cases. Persistent sore-
ness and inflammation can be overcome by grafting keratinized
mucosa to the site in a procedure that is the same as free gingival
grafting using donor tissue from the palate (see chap. 12).

In situations where there has been loss of interdental soft
tissue papillae, this is usually impossible to correct surgically
(Fig. 16.17).

Persistent Inflammation

Persistent inflammation or discomfort may arise due to poor
implant positioning. It may require recontouring of the soft
tissues to allow patient cleaning, and this may reveal the less
than satisfactory aesthetics produced by poor planning and
execution of treatment (Fig. 16.18). In other more severe cases
the only remedy may be to remove the implants or bury them
permanently beneath the mucosa. Poorly designed or con-
structed prostheses may need to be replaced, but in some
cases this would also involve correction of the implant posi-
tion. A compromise solution may therefore be sought.

EVALUATION OF MARGINAL BONE LEVELS

It is important to establish baseline radiographs when the
prosthesis is fitted. Unfortunately, the timing of baseline radio-
graphs is not universally agreed, with some recommending a
radiograph at implant placement. The frequency of subsequent
radiographs is also quite contentious. It is advisable to at least
repeat radiographs after one year. If there is evidence of
stability of the bone levels, then subsequent radiographs
could be scheduled after a further two years and with decreas-
ing frequency in cases of radiographic stability and absence of
clinical signs of inflammation. In cases where there is doubt
about bone level stability, measures should be taken to ensure
good plaque control, checking of the occlusion, and more
frequent review. In all cases, every effort should be made to
minimize radiographic distortion and produce comparable
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Figure 16.17

(A) The maxillary central and lateral incisors were
replaced with single tooth implants; however, loss of interdental
tissue has produced a very unaesthetic result. The soft tissue
defect is difficult or impossible to correct surgically. (B) The crowns
have been replaced with a splinted unit bearing a pink porcelain
prosthetic interdental papilla. (C) The improvement in aesthetics is
shown with the patient smiling.

reproducible images to allow longitudinal assessment. Many
implant systems report a small amount of bone loss/remodel-
ing in the first year following loading, followed by a steady
state in subsequent years in the majority of implants. More
marginal bone loss has been reported in patients who smoke. If
progressive bone loss is detected, the clinician has to decide
whether this is most likely due to excessive loading or more
commonly the lesion of peri-implantitis.
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Figure 16.18 (A) Clinical appearance of a three-unit implant-
supported bridge replacing a maxillary right lateral incisor and both
central incisors. A small soft tissue abscess is visible at the right
central incisor unit. Initially three implants had been inserted to
replace each of the missing teeth as single units. (B) A radiograph
of the bridge shows that there is a buried unused implant beneath
the right central incisor unit in very close proximity to and in
intraoral communication with the implant in the right lateral incisor
region. This has lead to a submucosal infection at the head of the
buried implant. (C) The buried implant at the right central incisor
site had been deemed to be unrestorable as an individual unit and
it proved impossible to remove by trephining to resolve the infec-
tion. Therefore, the coronal part of the implant was sectioned and
removed, leaving the apical part in situ. (D) The healed result with
resolution of the infection. The loss of soft tissue contour neces-
sitated addition to the bridgework. The bridge was then remade.
This problem could have been avoided by placement of two
implants in the limited space, rather than placing three implants
too close together.
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Figure 16.19

Ol 551058 5 Ol3ludluis Hiles

(A) A clinical photograph of a surgically exposed implant that has suffered from peri-implantitis. The inflammatory tissue has

been removed to reveal bone loss that forms a circumferential gutter. (B) A radiograph of the lesion showing the wide saucerized pattern of

bone loss, typical of peri-implantitis.

Peri-lmplantitis

The reported prevalence of peri-implantitis is dependent on
the case definition, and is more common than was first
thought. A diagnosis of peri-implantitis means that an inflam-
matory lesion has caused obvious bone loss (Fig. 16.19). Usu-
ally the marginal soft tissue will appear inflamed, but this is
not always the case as the lesion may be deep seated. Probing
depths are increased (usually 5 mm or greater) with bleeding
or exudation of pus. Radiographs confirm marginal bone loss,
either as a definitive loss from a defined landmark (e.g., over
2 mm from implant head) or loss of bone compared to the
previous radiographic examination. It is likely that bacteria
that are implicated in periodontitis, such as Porphyromonas
gingivalis, are also the major pathogens in peri-implantitis.
There is therefore a possibility of colonization or infection of
the implant surfaces from preexisting periodontopathic bac-
teria. Therefore, implants should not be placed in patients
with untreated periodontal disease. The destruction of the
supporting tissues of teeth and implants has many similar-
ities, but there are important differences due to the nature of
the supporting tissues. This is particularly noticeable with the
different patterns of tissue destruction observed. Peri-implan-
titis almost always affects the entire circumference of the
implant resulting in a “gutter” of bone loss filled with inflam-
matory tissue extending to the bone surface, rather than site-
specific lesions around tooth surfaces. It would seem probable
that destructive inflammatory lesions affecting both teeth and
implants have stages in which the disease process is more
rapid (burst phenomenon) followed by periods of relative
quiescence.

Unfortunately there have been some very polarized
views as to the incidence and nature of peri-implantitis. Peri-
implantitis occurs more commonly at implants with rough
surfaces that allow bacterial colonization. Historically, bone
loss at smoother implant surfaces was thought to be due to
overload. Clearly, this simplistic distinction is false and
unhelpful and is reminiscent of the debate about the impor-
tance of occlusal trauma in periodontitis. Destruction of the
marginal bone in a bacterially induced peri-implantitis is more
commonly reported than bone loss due to excessive forces. It
should be clear that any lesion giving rise to marked bone loss
should be evaluated for both bacterial and occlusal factors and
treated appropriately.

Bacteria-induced factors are more likely to be implicated
where there is

poor oral hygiene;

a history of periodontitis;

retention of cement in the subgingival area;

macroscopic gaps between implant components subgingi-

vally;

*  marked inflammation, exudation, and proliferation of the
soft tissue;

® wide saucerized areas of marginal bone loss visible on

radiographs.

Occlusal factors are more likely to be implicated in situations
where there has been

a history of parafunction;
® a history of breakages of the superstructure;
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Figure 16.20 (A) A clinical case showing marked inflammation of the soft tissue associated with peri-implantitis. (B) Surgical exposure of
the affected implants reveals bone loss exposing the implant threads. (C) Following thorough debridement of the implant surfaces, the flaps
have been apically repositioned and sutured. (D) The healed result showing improved soft tissue health and a more cleansable situation.

breakages or loosening of screws;

an angular/narrow pattern of bone loss;

too few implants placed to replace the missing teeth;
excessive cantilever extensions.

MANAGEMENT OF PERI-IMPLANTITIS

Peri-implantitis is currently managed in a similar fashion to
lesions of periodontitis around teeth, by improving the
patient’s level of plaque control, carrying out thorough sub-
gingival debridement of the implant surfaces, and surgically
correcting the lesion where response to the former has not
been adequate. The debridement of the implant surface may be
difficult due to surface roughness, presence of threads, and
design of the prosthetic superstructure limiting access. It has
been suggested that standard metal instruments should be
avoided because of damage to the implant surface. However,
as the implant surface is heavily contaminated with bacterial
plaque, this suggestion is not very practical. Specifically
designed curettes and ultrasonic scaler tips have been devised.
Other instruments such as smooth diamond burs, titanium
brushes, and lasers normally require open access afforded by
surgery. During surgery, the keratinized mucosa should be
preserved as much as possible, by employing an inverse bevel
incision to separate it from the underlying inflammatory tis-
sue. Following incision to bone the soft tissue flaps should be

elevated to expose normal adjacent bone. The inflammatory
tissue surrounding the implant is readily removed (Figs. 16.20
and 16.21). The main difficulty is adequately disinfecting the
implant surface. This is more readily accomplished on a rela-
tively smooth surface but may be almost impossible on a very
porous surface such as a titanium plasma sprayed (TPS).
Therefore, rough surfaces require more extensive debridement
than a smooth surface. Rougher surfaces may require removal
of the contaminated layer with burs. Contaminated surfaces
may be disinfected using a topical antiseptic such as chlorhex-
idine, detergents, or topical antibiotics. Peri-implantitis lesions
are not sufficiently common to have allowed comparison of
different methods of cleaning. In many cases the soft tissue
inflammation can be resolved and there may be some repair
of the bone. Some clinicians attempt to regenerate the lost
bone using techniques such as guided bone regeneration.
In cases where regenerative techniques have been used and
bone fill has occurred, most research has concluded that re-
osseointegration is unlikely to occur.

ROUTINE HYGIENE MAINTENANCE
REQUIREMENTS

Single Tooth Restorations

An individual with a healthy dentition and a single tooth
implant replacement should have the simplest maintenance
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Figure 16.21 A series of photographs showing peri-implants affecting central incisor implants. (A) Both central incisors are implant-
supported crowns. The patient has noticed swelling and discharge. The patient is a diabetic and has been poorly controlled. The implants
were provided four years before. (B) The bone levels are at the top of the implant. Periodontal probing confirms a depth of at least 8 mm with
pus and blood discharging. (C) Intraoral radiograph shows extensive bone loss associated with both implants. On the right implant, the bone
loss extends over 50% of the implant length and on the left implant, to the level of the first macrothread. The saucerized bone loss is
consistent with the lesion of peri-implantitis. A thin bone spur exists in the midline. (D) Buccal and palatal flaps have been raised and the
inflammatory tissue removed to show bone loss, consistent with the radiograph. Initial cleaning of the implant surfaces has begun. Excess
glass ionomer cement was noted around the abutment and implant heads. (E) Following thorough debridement of the implant surfaces, the
soft tissue has been positioned apical to the very bulbous crowns. (F) The healed result two weeks after the surgery. There has been some
further shrinkage of the soft tissue margin but there is no obvious inflammation and no exudate.
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Figure 16.22 A series of photographs showing long-term maintenance of a single tooth implant restoration (Astra Tech) replacing a
maxillary lateral incisor. (A) Clinical appearance of the left lateral incisor unit at cementation. (B) Radiograph of the completed restoration at
cementation. The bone levels are at the top of the implant. (C) The improvement of the soft tissue profile and excellent healthy appearance
six years later. (D) Maintenance of bone levels at the top of the implant after six years.

requirements and few, if any, complications. The patient
should be able to maintain the peri-implant soft and hard
tissues in a state of health equivalent to that which exists
around their natural teeth, almost without professional inter-
vention (Fig. 16.22). This can be achieved with routine tooth
brushing and flossing. However, in some circumstances, the
contour of the single tooth restoration is not ideal and instead
of producing a smooth readily cleansable emergence profile,
poor positioning of the implant may have resulted in a degree
of ridge lapping. This will require modification of oral hygiene
techniques to clean under the overhanging crown morphology,
with dental tape or superfloss passed or threaded under the
overhang. Single tooth restorations rarely have calculus for-
mation on their highly glazed porcelain or polished gold
surfaces. Professional scaling is not therefore normally
required.

Fixed Bridges and Removable Prostheses

In patients with more complex fixed prostheses, development
of readily cleansable embrasure spaces by the technician con-
siderably facilitates patients” oral hygiene. Difficulties occur
with poor implant positioning, such as placement in embra-
sure spaces and implants placed too close together. The selec-
tion of abutments may have a considerable impact. Smooth
titanium abutment surfaces are well tolerated by the soft
tissues. With cemented restorations it is advisable to limit

the subgingival extent of the cement junction to allow easier
cementation, removal of excess cement, and checking of mar-
ginal integrity.

Scaling of Implant Prostheses

Supragingival calculus deposition is most frequently seen in
implants in the anterior mandible (often on overdenture
abutments), in much the same pattern as natural teeth. Cal-
culus should be removed from titanium abutments with
instruments that will not damage the surface (Fig. 16.23).
Therefore, instruments are usually made of plastic/compos-
ite. In most cases where patients are treated with prostheses
that have been optimized to produce good aesthetics, the
abutments used are low profile with no exposure of titanium
supragingivally and minimal exposure of the titanium sur-
face subgingivally. Therefore, this problem does not arise.
Steel-tipped instruments are contraindicated on titanium
abutments.

CONCLUSION

Ideally, all patients should be in a recall/maintenance pro-
gram. This is particularly important in patients who have
complex prostheses, where “servicing” requirements may be
greater. Some patients fail to appreciate the importance of
follow-up and complications may arise as a result.
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Figure 16.23 A series of photographs showing evaluation and simple maintenance procedures of a mandibular bridge. (A) The lower
incisor teeth have been replaced with a four-unit prosthesis, supported by two implants. The apical position of the implants and the soft
tissue contours made it more difficult for the patient to maintain good oral hygiene. (B) A periodontal probe demonstrates that the probing
depths are shallow. (C) The patient is instructed in an effective tooth brushing regime. (D) The interdental spaces can be cleaned with small
bottle brushes. (E) The supramucosal titanium abutments are cleaned with a plastic composite scaler. (F) The situation following careful

prophylaxis.
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Prosthodontic complications of implant treatment
and maintenance of implant overdentures

This chapter will describe prosthodontic complications and the
postinsertion maintenance of the completed implant dentures.
Complications may occur before, during, and after the pros-
thodontic phase of implant treatment; maintenance and repairs
of the dentures and components will be required after the
overdentures are fitted. Various studies have shown different
results for the maintenance requirements for implant over-
dentures. There is also conflicting evidence on whether
implant overdentures require more or less maintenance than
fixed restorations.

COMPLICATIONS BEFORE THE
PROSTHODONTIC PHASE OF TREATMENT
Placement of Implants in an Unplanned

Position

Implants may be inadvertently placed in an unplanned bucco-
palatal or buccolingual position, in an unplanned mesiodistal
position, at an unplanned angulation, or at an unplanned
depth. Situations such as these are reduced when a stent is
used but may still occur even when a stent is used if there are
unexpected findings during surgery. Nonparallel placement is
also more likely in post cancer surgery patients, where avail-
ability of suitable and appropriate bone is the deciding factor.

Minor changes from the intended implant position or
angulation can usually be accommodated within an overden-
ture, although an alternative attachment mechanism may have
to be used, for instance, a shorter ball attachment or Locator®
may be needed (Fig. 17.1). All manufacturers provide a choice
of sizes and these have been described in chapter 6.

Deviations from the intended implant position will cre-
ate an abnormal contour in the finished denture. This may be
uncomfortable for the patient, may cause speech difficulties, or
even soft tissue proliferation (Figs. 17.2 and 17.3).

Where an implant has been placed too superficially,
there may be insufficient space for the prosthodontic compo-
nents to be contained within the normal contour of the
proposed denture. Even when there is sufficient bulk of acrylic
resin, and a bar/clip system is planned, the resulting bar may
be several millimeters away from the mucosa (Fig. 17.4). While
this in itself is only critical when short implants are used and
the leverage is increased under loading, the amount of so-
called dead space is increased and there may be tissue over-
growth beneath the bar.

Where several implants have been placed too close
together, there may be insufficient space for clips between
them. In such situations, cantilever extensions may be neces-
sary but the clips are more likely to fracture or be pulled out of
the resin.

Failure of Integration of One or More Implants
One or more implants may fail to integrate prior to the com-
mencement of implant overdenture construction, leaving
remaining implants in an unfavorable distribution. In the
maxilla, the normal recommendation is that a minimum of
four implants should be placed. If one or two should fail, an
implant denture can still be made but the risks of overload are
higher, particularly where there are opposing teeth in the
mandible. If the remaining implants are unilateral, the stability
of the implant denture will suffer (Fig. 17.5).

In these situations, further implants should be placed to
achieve the planned implant distribution. A transitional den-
ture can be constructed but the risks of overloading the
remaining implants must be considered.

Failure of Bone Graft Preventing Implant
Placement

If this happens, it is possible to repeat the procedure but, in our
experience, the patients have usually decided to remain with a
conventional denture. A new denture is usually required
because of the inevitable change of contour of the residual
ridge after the surgery and, more problematically, because of
the change of sulcus elasticity due to scarring.

COMPLICATIONS DURING THE PROSTHODONTIC
PHASE OF TREATMENT

Complications include fracture of the existing denture after
removal of acrylic resin to allow for the temporary soft lining,
and loosening and damage to healing abutments (Fig. 17.6).
Existing cobalt-chromium-based dentures, even when widely
cut away, are particularly hard on healing abutments, ball
attachments, or standard abutments that remain in the mouth
during the prosthodontic phase of treatment. It is always
preferable to have an acrylic resin-based denture, especially
as soft lining materials adhere more securely.

Opposing teeth may damage healing abutments, stan-
dard abutments, or ball attachments, particularly when a
shearing or glancing contact is possible. This possibility must
be taken into consideration during planning stages, even to the
extent of changing the retention system so that such contacts
are vertical onto a flat surface away from a screw head. Where
ball attachments are unavoidable, a soft acrylic mouthguard
can be made for nighttime wear.

Where a cast bar/clip system is being used, it is advis-
able to try the bar in the mouth before the denture is finished.
If the bar does not fit, it should be checked on the working cast.
If it does not fit the working cast, it should be cut and
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Figure 17.3 Completed denture with unfavorable contour. The
palatal positioning of the implants will result in the denture having
acrylic bulge to ensure that the components are within acrylic.

Figure 17.1 Implants placed too buccally. This will result in the
prosthetic component not being in the thickest part of the denture,
which lead to show through of the component or fracturing of the
overlying thin acrylic.

Figure 17.4 Labial placement of the bar necessitating soldering
the bar to the lingual surface of gold alloy cylinders to ensure that
the clips are placed in the thickest portion of the denture.

Figure 17.2 Implant placed in grafted bone. The implant on the
left was placed in sufficient bone but in a region without keratinized
tissue resulting in mucosal inflammation.

resoldered, or remade, prior to trying it in the mouth again. If
the bar fits the cast but not the mouth, the cast must be at fault
and a new final impression will be required.

Dentures Unable to Be Inserted Over Ball
Attachments

If one of the laboratory analogues was not inserted precisely Figure 17.5 Failure of an implant on the right maxillary premolar
into the impression, the error in the working cast may prevent region, leaving only one implant in the upper left premolar region

the completed denture from being inserted (Fie. 17.7). In such with a Locator®™ abutment. The maxillary obturator is still reason-
P & & M) ably stable.
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Figure 17.6 The yellow clix is in good condition, the red clix shows
signs of damage to not only the plastic insert but also the metal
housing.

Figure 17.7 The Locator replica in the maxillary canine has
moved, an error either in attaching the replica to the coping or
the replica moved when pouring the model.

situations, retention caps can be removed and reattached using
autopolymerizing resin in an intraoral procedure.

POSTINSERTION COMPLICATIONS

AND MAINTENANCE

Failure of Integration of One or More Implants

In common with most published studies, our experience has
been that this is very rare in the mandible. Some failures in the
maxilla should be expected, particularly in smokers and where
there are opposing natural teeth. Where a bar is the retention
system, the bar will need to be unscrewed to remove the failed
implant and then sectioned to reduce its length unless the
failed implant is between two other quite close implants. The
latter situation is quite unusual as most failures tend to be the
most distal implants.

Ol 551058 5 Ol3ludluis Hiles

Fracture of Ball Attachment or Implant

Fractures of ball attachments may occur when they oppose
natural teeth. The remaining portion of fractured ball attach-
ment can be unscrewed with a dental explorer or the manu-
facturer may provide a “rescue kit.” In extremis, the portion
can be drilled out but it is difficult to avoid damaging the
internal implant threads. The Nobel Biocare rescue kit comes
with miniature taps to tidy up the internal thread and should
probably be used whenever one of their damaged components
is removed.

Fracture or Wear of Denture and Components

Once implant overdentures have been made, some patients
appear to increase the force exerted upon the dentures during
mastication or possibly parafunction. Although the implants
may be able to withstand these forces, the prosthodontic
components and the denture itself are more vulnerable. Com-
plications include excessive wear of the occlusal surfaces of the
teeth (Fig. 17.8), perforation and fracture of denture base
material (Fig. 17.9), fracture of denture teeth, fracture of
clips, dislodgement of clips from acrylic resin, wear and

Figure 17.8 Excessive occlusal wear on implant overdentures
after three years of use.

Figure 17.9 A midline fracture of a maxillary overdenture after five
years of use. There was a clean break allowing for a simple
laboratory repair.
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Figure 17.10 A fractured gold Dolder®™ clip in a mandibular over-
denture.

Figure 17.12 A worn Astra Tech gold round bar.

Figure 17.11 A mandibular overdenture in which one gold clip
had dislodged from the acrylic base.

fracture of ball attachment matrices, and wear of bars
(Figs. 17.10-17.12). Ball or locator components can be replaced
using cold-cure acrylic resin as an intraoral procedure with
relative ease. There is little chance of “cold curing” the denture
onto the abutments. But extreme care is needed when replac-
ing clips with such an intraoral procedure; it is essential to
avoid the acrylic flowing under the bar. This can be achieved
by blocking out under the bar with wax. It is also advisable to
use a small amount of acrylic initially to merely pick up the
clip and add more acrylic around the clip to fill in any voids. In
cases where multiple clips need to be replaced, it is best to
replace one clip at a time. However, in these situations it may
be prudent to remove the bar and have the clips attached in the
laboratory.

The Ti-alloy matrix available from Nobel Biocare and
Straumann consists of three parts: a retention part that is
embedded in the acrylic resin of the denture, a stainless steel

Figure 17.13 (A) A Straumann ball abutment matrix screwdriver.
The screwdriver removes the cover of the matrix giving access to
the circlip. This allows the circlip to be changed without drilling the
matrix out of the overdenture base. (B) A Straumann titanium
matrix that has been unscrewed and the broken circlip has been
removed.

circlip, and a removable cover for the circlip. If the circlip
needs replacing, the cover can be unscrewed to allow replace-
ment of the circlip without disturbing the retention part
(Fig. 17.13).
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Figure 17.14 Chairside insertion of the Locator housing cap. The
white O rings are placed over the Locator abutments to prevent
acrylic flowing below the housing caps.

Figure 17.15 The Locator housing caps are snapped onto the
abutments. The denture is adjusted to ensure that the caps do not
prevent the denture from fully seating.

The Locator system has color-coded nylon inserts; the
three standard inserts are blue, pink, and clear that are in order
of increasing retention. The core locator tool can be used to
remove and replace the inserts. There are two nonstandard
inserts red and the more retentive green that are used when
there is greater angulation of the implants. The inserts can also
be removed with a sharp probe. If the locator housing needs to
be replaced, this can easily be done chairside. A white washer
is placed over the locator abutment and the new housing caps
are placed on (Fig. 17.14). The old housing caps are drilled out
of the dentures and the denture is tried in to ensure the
denture has sufficient clearance of the new caps (Fig. 17.15).
Autopolymerizing acrylic is mixed and placed inside the den-
ture, the denture is inserted and the patient is asked to close
mouth until the acrylic has set (Fig. 17.16). The denture is
removed and any excess acrylic is trimmed back, the black
laboratory insert is removed and a new insert is placed. It is
common to start with the least retentive insert, which is the
blue.

Cobalt-chromium alloy bases can be used to prevent
excessive wear of acrylic resin, particularly when opposing
crowned teeth (Fig. 17.17) and also to prevent fracture of the
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Figure 17.16 Autopolymerized acrylic is mixed to a relatively
thick consistency and inserted into the overdenture. A closed
mouth technique is used. Once the acrylic has set, the overdenture
is removed, any excess acrylic trimmed. The black insert can be
left for a few weeks or an active nylon insert can be placed
immediately.

Figure 17.17 A cobalt-chromium-based maxillary overdenture
with the palate cut out.

base when this has been reduced in patients who have a strong
gag reflex.

Continued Bone Resorption

Where there is evidence of continued bone resorption in the
edentulous areas away from the implants, implant dentures
can be relined or a new overdenture may be indicated.

Overgrowth of Mucosa Under Bar

Overgrowth of mucosa beneath a bar can be surgically
removed if its presence causes discomfort or difficulty with
cleaning (Fig. 17.18).
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Figure 17.18 Gingival overgrowth under a bar makes cleaning
under the bar difficult and painful. The overgrowth can be surgically
excised. The minor overgrowth at the implant abutment on the
patient’s lower right may reduce with better cleaning.

Difficulty with Speech

This is not uncommon with maxillary dentures where the
palatal contour is bulky to accommodate a cast bar and clip
system, this is less likely if a milled bar has been used
where 3D software has been used in the design of the bar
based on the denture try-in stage. If the patient cannot get
used to the new contour after several weeks, a different
retention system such as ball attachments or Locators may
have to be considered.

MAINTENANCE SCHEDULE

After all normal postinsertion adjustments have been carried
out and the patient is comfortable with the new implant
dentures, the patient should be seen at least once per year
for review. The patient should be asked to make contact
immediately if there are any sudden changes such as loosening
of a bar or attachment or loosening of the dentures. The latter
may indicate fracture of a clip or matrix, or deterioration of an
insert in an attachment retainer (Figs. 17.19 and 17.20).

Figure 17.20 A lost metal housing from a denture is more likely to
occur when the housing has been added chairside.

At the annual visit, dentures should be tested for stabil-
ity on the mucosa and any rocking diagnosed, for example,
bone resorption or wear or fracture of a prosthodontic com-
ponent. Attachments should be checked for tightness using the
appropriate screwdriver. Bars should be removed and indi-
vidual abutments checked for tightness and implants for any
mobility. With the bar off, any calculus can be easily removed
from the abutments and bar itself with a plastic instrument.
The attachment retainers in the dentures should be inspected
for any fractures of the tines or deterioration of nylon inserts.
Clips in dentures should be checked for any fractures or
looseness in the resin.

Attachment retainers or clips can be replaced as an
intraoral procedure as mentioned earlier. Replacement of the
intraoral implant components is unfortunately not a simple
matter of unscrewing the worn part and replacing with a new
part. The torque drive for ball abutments will not engage an
abutment that has become worn. In this situation, artery forceps
may need to be used to remove the worn attachment (Fig. 17.21).

Figure 17.19 A blue nylon Locator® insert that shows signs of
wear and tear after two years of use. The inserts are easily
removed and new inserts replaced using the Locator core tool.

Figure 17.21 Artery forceps can be used to remove worn ball
abutments when their retentive drivers do not engage them. Care
must be exercised to prevent any soft tissue being caught in the
forceps or fracturing any part of the abutment.
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The implants themselves should be radiographed using
the same view, otherwise any changes may not be detected.
Where changes are visible, overloading may be responsible and
it may be reexamining the occlusion. The denture teeth can be
adjusted to reduce any potential overloading where necessary.
Implants supporting overdentures are also susceptible to peri-
implantitis and require appropriate management (see chap. 16).
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Abutments, 121, 122t
ceramic, 132
computer-generated, 130-132
customized, 125
fully customized gold, 129-130
index/location of, 155
prepable, 132-136
protection caps, 156f
for screw-retained crowns, 137
selection of, 181
selection of height, 122f
semiprepared, 125-129
standard, 121-126, 127f
try-in kits, 160-161
used for fixed restorations, 155t
zirconia, 134f
Abutment connection surgery
flap design for, 65-68, 67f-68f
Abutment impression copings, 122f, 142f,
1571, 163f
Abutment impressions, 137
Abutments, types of
for cemented bridges
customized abutments, 156, 160
for screw-retained bridges
angled abutments, 155
Abutment selection and impressions
abutment try-in kits, 160-161
evaluation using a diagnostic workup, 160
implant head impressions, 160
Abutment selection and seating
for cemented restorations
impression verification for all
techniques, 165
for screw-retained bridges, 161-162
impression materials, 162-163
impression trays, 162
pick-up impressions (open tray
technique), 163
reseating impressions (closed tray
technique), 163, 165
Acrylic, 172
autopolymerized, 212f
Acrylic linkage (in Duralay), 173f
Adhesive bridgework, 28-29
Allogenic grafts, 91, 92
for implant placement, 91, 92
Alloplastic grafts, 91, 92
materials, for implant placement, 91, 92
Alveolar defects, large
surgical management of, 102, 102f,
103£-104f
Anesthesia
and implant surgery, 61-62
Angular cheilitis, 48, 48f
Angulation, of implant site, 80-81, 81f
fixed bridge and, 39-43, 41f-43f
Articulating paper, 174f
Astra Tech, 51-52, 52f-54f, 122f
ball attachment, 52, 52f
gold cap, 52, 53f
implants, 70f-71f, 78f, 791, 126f, 151f, 154f,
157f
replacement of maxillary canine with, 23f, 24f
single 5-mm diameter, replacement of
mandibular molar with, 33f
ST implant, 136f, 146f

Autogenous bone grafts, for implant placement,
91, 93-102, 94f, 95f, 96f-97f, 98f-99f, 100f

Autogenous grafts, 91

Autopolymerized acrylic, 212f

Biocompatibility, 4
Bio-Oss", for implant placement, 92
Bleeding disorders
in dental implants, 4
Blue nylon Locator™ insert, 213f
Bone
cells, and implant surgery, 57
factors, 11
grafting, surgical guide for, 50f
loss, 204f
Bone grafts materials, for implant
placement, 91-92
allogenic grafts, 91, 92
alloplastic grafts, 91, 92
autogenous grafts, 91
deproteinized bovine bone mineral, 92
xenografts, 91, 92
Bone levels, evaluation of marginal, 200-201
peri-implantitis, 202-203
Bone loss
radiographic, 1
Branemark concept, 59
Bridges
cementation, 175
follow-up, 175
immediate restoration of multiple
implants, 176
instructions to the patient, 175
joining teeth and implants, 175
occlusion, 174-175
placement, 173-174
provisional, 168
screw tightening, 175
try-in, 173
Bridge prosthodontics, fixed
cemented bridges, 149, 151-152
advantages, 155
disadvantages, 155
distal cantilevers, 149
occlusal records, 165, 168
screw-retained, 149, 151-152
advantages of, 152
disadvantages of, 152
short-span and long-span bridges, 149
Bridges, construction
laboratory procedures, 168, 170-171
materials, 171-173
Buccolingual positioning, 69

CAD/CAM Atlantis abutments, 133f, 135f
CAD/CAM titanium milled bar, 52, 52f
advantages of, 55
Nobel Biocare and, 54
CBCT. See Cone-beam computed
tomography (CBCT)
Cemented bridges, 149, 151-152
advantages, 155
customized abutments, 156, 160
disadvantages, 155
Cemented restorations
impression verification for all
techniques, 165

Cemented /screw-retained crowns, 27, 27f-28f
Chlorhexidine gluconate, 61
Clinical examination
of edentulous space/ridge, 18-19
extraoral/intraoral, 15
for fixed bridge, 35, 36{-38f
for single tooth replacement, 21-23, 22f-24f
Clix system, 52, 53f
Cobalt-chromium-based maxillary
overdenture, 212f
Complications
prosthetic, 193
fixed, 196-197
implant fractures, 198
removable, 197
screw and abutment connections, 197
single tooth units, 194-196
surgical sequelae and
damage to neurovascular structures, 193
early implant failures, 192
fractures, 193
wound dehiscence, 191
Composite, 173
Computed tomography (CT) scans
advantages of, 39
for fixed bridge, 38-39
and implant overdentures, 50-51
for single tooth replacement, 23-26,
24f-26f, 27f
Cone-beam computed tomography
(CBCT), 39, 50
Configuration, of implant site
fixed bridge and, 3943, 41f43f
Controlling variables, in implant placements,
69-76
buccolingual positioning, 69
implant angulation, 69-70, 73f, 74f
mesiodistal positioning, 69
Crest splitting, in implant placement, 107,
108, 112f, 113f-114f
CT scans. See Computed tomography
(CT) scans

Decalcified freeze-dried bone allograft
(DFDBA), 92
Dehiscences, in implant placement, 107, 110f,
111£-112f
Dental implants
age, 2-3
bleeding disorders, 4
patient factors, 1
poor bone quality, 34
poorly controlled systemic disease, 4
previous radiotherapy to the jaws, 4
severe mucosal lesions, 3
tobacco smoking and drug abuse, 3
untreated dental disease, 3
Dental panoramic tomograph (DPT), 19, 19f,
26, 271, 47f
for fixed bridge, 38
and implant overdentures, 50-51, 50f
Scanora, 50f
Dentures. See also Overdentures, implant
defined, 46
existing, examination of, 48-50, 48f-50f
maximum thickness of, 49f
removable, 44, 46
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Deproteinized bovine bone mineral, 92
for implant placement, 92
DFDBA. See Decalcified freeze-dried bone
allograft (DFDBA)
Diagnostic setup
for fixed bridge, 35, 38f
implant restorations, 19
single tooth replacement, 26
Diamond discs, for bone grafting
contra-angled and straight handpieces for
use of, 94, 94f
Dilation, in implant placement, 107, 108, 112f,
113f-114f
Distraction osteogenesis, 108, 110
Dolder" bar clips, 189f
Dolder bars, 54, 54f
DPT. See Dental panoramic tomograph (DPT)

Edentulous space/ridge
clinical examination of, 18-19
evaluation of, 17-19, 18f-19f
fibrous replacement in, assessment of, 49f
mapping of, 21
measurement of, 21, 23f
Edentulous space/ridge, evaluation of, 17-19,
18f-19f
Essix splint, 44
Extraction sites, management of, 106, 107

Facebow transfer, 187f
Fenestrations, in implant placement, 107,
110f, 111f-112f
Fissure burs, for harvesting blocks of bone, 94
Fixed bridge
clinical examination for, 35, 36f-38f
diagnostic setups, 35, 38f
implantation, planning for, 3544
numbers/distribution, 39-43, 40t, 41{-43f
implant placement of, 77-81
angulation, 80-81, 81f
positioning/installation, 77
spacing requirements, 77-80, 78f-80f
radiography for, 38-39, 39f-41f
treatment schedules, 44
vs. multiple single units, 4344
Flaps, 60f, 62
design for implant surgery. See Flap design
elevation of, 63
Flap design
for abutment connection surgery, 65-68,
67f-68f
in aesthetic zone, 63
edentulous maxilla/mandible, 63-65,
64f-65f
for implant surgery, 63-68
for single tooth implant, 63
Flat top implant systems, 77
Fractured Branemark abutment screw, 197f
Frialit 2 implant, 138f
Frialit system, 77, 79
installation of, 80f

GBR. See Guided bone regeneration (GBR)

Gingival height, 182f

Gingival retraction cord, 142f

Gold, 171-172

Gold cap Astra, 52, 53f

Gold-ceramic bridge, 151f, 152f

Guided bone regeneration (GBR), 63,
92-93, 93f

Hygiene maintenance requirements, routine.
See also Maintenance
fixed bridges and removable
prostheses, 205
scaling of implant prostheses, 205
single tooth restorations, 203, 205
Hypodontia, 17f
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I-CATVision, 41
Implant
head impressions, 138-139
Implant design
implant-abutment design, 7-9
implant diameter, 4-5
implant length, 4
implant shape, 5
surface characteristics, 57
Implant head
impressions, 140-141
level of, 81
vertical position of, 72, 75, 75f, 76, 76f
Implant overdentures, 46-56
assessment of patient and, 48
completion of the implant overdentures,
188-189
confirmation of cast relationship on the
articulator, 187-188
custom tray construction and final
impressions, 181-183
diagnosis of, 51, 51f-52f
existing dentures, examination of, 48-50,
48f-50f
indications for
as definitive treatment, 46, 47f-48f
as provisional prostheses, 46
insertion of the implant overdentures,
189-190
maintenance schedule, 190
overview of, 46
radiographic assessment, 50-51, 50f
recording primary impressions, 181
recording the maxillomandibular
relationship, 183, 185-186
and retention device, 55-56
selection of abutments, 181
selection of denture teeth, 186-187
single-stage/two-stage, 56
treatment planning, 51, 51f-52f
verification of final cast, 183
Implant placement, grafting procedures for,
autogenous bone grafting, 91, 93-102, 94f,
95f, 96f-97f, 98f-99f, 100f
bone graft materials. See Bone grafts
materials
crest splitting and dilation, 107, 108, 112f,
113f-114f
dehiscences and fenestrations, 107, 110f,
111£-112f
distraction osteogenesis, 108, 110
extraction sites, management of, 106, 107
GBR membranes, 92-93, 93f
intraoral harvesting. See Intraoral
harvesting
large alveolar defects, surgical
management of, 102, 102f,
103£-104f
nerve transpositioning/obliteration, 110,
111, 114f, 115f-116f
overview, 91
sinus lift, procedures, 102, 104-106,
105f-106f, 107f
soft tissue grafting techniques. See Soft
tissue grafting techniques
transalveolar sinus floor elevation, 106,
108f, 109{-110f
Implant restorations
single tooth. See Single tooth replacement
treatment planning for, 1520
clinical examination, 15
overview of, 15
screening radiograph, 19
study casts/diagnostic setups, 19
vertical position of, 72, 75, 751, 76, 76f
Impregum, 157f, 161f
Impression coping, 126f
Impression verification stent, 185f

Intraoral harvesting, for implant placement,

93-102, 94f, 95f

bone trap used for harvesting bone chips,
98f-99f

diamond discs in, 94, 94f

fissure burs for, 94

iliac crest, extraoral site for, 99, 100f

Micross instruments in, 99

osseous coagulum in, 95, 98f-99f, 99

piezosurgery in, 94

Safescraper™ TWIST in, 99, 99f

sites, 94-95, 95f, 96f-97f, 98f

stability and protection of, 99

titanium screws and, 100f-101f

trephine specimens for, 94-95, 95f, 96f-97f

Keratinized tissue, 18-19, 63

Loading conditions, 11-12
loading protocols, 12
Locator™ abutment, 52, 53f, 54f, 55, 182f, 209f
Locator housing cap, 212f
Locator impression coping, 184f. See also
Abutement impression coping

Maintenance
prosthetic, 193
fixed, 196-197
implant fractures, 198
removable, 197
screw and abutment connections, 197
single tooth units, 194-196
Mandibular bridge, 206f
Mandibular molar
replacement with single 5-mm diameter
Astra Tech, 33f
Mandibular overdentures, 55
Mandibular ridge, 47f
with Sjogren’s syndrome, 48f
Maxillary central incisor tooth
intraoral radiograph of, 24f
labial view of missing, 25f
lower right, replacement of, 23f
small upper, replacement of, 22f
upper right, replacement with Nobel
Biocare implant, 24f
Maxillary first molar, radiograph of, 33f, 34f
Maxillary open tray technique, 184f
Maxillary overdentures, 55-56
Mesiodistal positioning, 69
Metal-ceramic bridge, 159f
Micross instruments, in intraoral
harvesting, 99
Midcrestal incision
flap design and, 63
Milled bar, 52, 52f
Milled titanium Hader®™ bar, 188f
Molars, replacement of, 30-34
single-implant solutions for, 30, 32f-34f
two-implant solution for, 30, 31{-32f

Nerve transpositioning/obliteration, in
implant placement, 110, 111, 114f,
115f-116f

Nobel Biocare®, 54, 54f-55f

abutment impression copings, 163f
abutment try-in kit, 162f

bar/clip system, 56

implants, 78f, 79f, 125f, 135f, 142f, 153f
2.25-mm ball attachments, 55f
replacement of maxillary canine with, 24f

Nobel Biocare EsthetiCone

bridge abutments, 156f

Occlusion, examination of, 21, 24f
Onlay graft, in implant placement, 110, 115f
Osseoconduction, in bone grafting, 91



Osseoinduction, in bone grafting, 91
Osseointegration, 1, 4
Osseous coagulum, in intraoral harvesting,
95, 98f-99f, 99
Overdentures, implant, 46-56.
See also Dentures
assessment of patient and, 48
diagnosis of, 51, 51f-52f
existing dentures, examination of, 48-50,
48f-50f
indications for
as definitive treatment, 46, 47f-48f
as provisional prostheses, 46
overview of, 46
radiographic assessment, 50-51, 50f
and retention device, 55-56
single-stage/two-stage, 56
treatment planning, 51, 51f-52f

Peri-implantitis, 202-203
management of, 203
Piezosurgery, for harvesting blocks
of bone, 94
Poor occlusal contact, 187f
Porcelain, 172
Porcelain CerAdapt abutments, 135f
Postinsertion complications and
maintenance schedule, 213-214
Procera crowns, 135f
Prosthetic complications, 193
fixed, 196-197
implant fractures, 198
removable, 197
screw and abutment connections, 197
single tooth units, 194-196
Prosthodontic complications
postinsertion complications and
maintenance
continued bone resorption, 212
difficulty with speech, 213
failure of integration of one or more
implants, 210
fracture of ball attachment or
implant, 210
fracture or wear of denture and
components, 210-212
overgrowth of mucosa under bar, 212
before the prosthodontic phase of
treatment
failure of bone graft preventing implant
placement, 208
failure of integration of one or more
implants, 208
placement of implants in an unplanned
position, 208
during the prosthodontic phase of
treatment, 208-210
Provisional restorations, 27, 28-29, 44
adhesive bridgework, 28-29
removable partial dentures, 27, 28
Push-on impression copings, 122f. See also
Abutment impression copings
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Radiographic bone loss, 1
Radiography, 19
CT scans. See Computed Tomography (CT)
scans
dental panoramic tomograph. See Dental
panoramic tomograph (DPT)
for fixed bridge, 38-39, 39f41f
for implant overdentures, 50-51, 50f
for single tooth replacement, 23-26,
24£-26f, 27
Reline material, soft, 156f
Removable dentures, 44, 46
Removable partial dentures, 27, 28
Ridge, edentulous. See Edentulous
space/ridge
Safescraper™ TWIST, in intraoral
harvesting, 99, 99f
Scanora, 50f
Scanora DPT, 50f
Scanora (Soredex, Finland), 26
Screw-retained bridges, 149, 151-152, 161-162
advantages of, 152
angled abutments, 155
disadvantages of, 152
impression materials, 162-163
impression trays, 162
pick-up impressions (open tray
technique), 163
reseating impressions (closed tray
technique), 163, 165
Screw-retained crowns, 27, 27f-28f
Sealed occlusal rims, 186f
Shim stock, 174f
Short-span and long-span bridges, 149
SimPlant software, 39, 39f
Single tooth replacement, 21-29
in anterior maxilla, 69-76
controlling variables in, 69-76
cemented /screw-retained crowns, 27,
27f-28f
clinical examination, 21-23, 22f-24f
diagnostic setup, 26
flap design for, 63
overview, 21
provisional restoration, 27, 28-29
radiography for, 2326, 24f-26f, 27f
treatment schedule for, 29
Sinus lift, procedures, 102, 104-106, 105{-106f,
107f
Sjogren’s syndrome, 46
mandibular ridge with, 48f
Soft tissue evaluation and problems, 198-200
deficiencies, 200
overgrowth, 200
persistent inflammation, 200
Soft tissue grafting techniques, 111, 112,
118-119
aesthetic soft tissue problems, 118-119, 119f
functional soft tissue problems, 112, 117f,
118, 118f
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Stents, surgical, 51, 51f
labial view of, 70f
placement of, 60-61, 60f-61f
Straumann ball abutments, 183f, 211f
Straumann implants, 137f, 150f, 176f
Straumann system, 54-55, 59, 60f, 77
spring, 55f
Study casts, implant restorations, 19
Submerged and nonsubmerged protocols,
9-10
Surgery, implant, 57-62
and bone injuries, 57
factors to control in, 57
flap design for. See Flaps
initial stability of, 57, 59, 60
postoperative care, 62
preoperative care, 61-62
preparation of, 57, 58f-60f, 59-60
and single tooth replacement. See Single
tooth replacement
stent placement, 6061, 60f-61f
Surgical sequelae and complications
damage to neurovascular structures, 193
early implant failures, 192
fractures, 193
wound dehiscence, 191
SynOcta™ abutment, 55
SynOcta bridge abutments, 150f

Tissue level implant systems, 77, 81
Titanium, 172
Tobacco smoking and drug abuse
and dental implants, 3
Transalveolar sinus floor elevation, 106, 108f,
109f-110f
Treatment
for fixed bridge, 44
for implant restorations, 1520
clinical examination, 15
overview, 15
screening radiograph, 19
study casts/diagnostic setups, 19
planning for implant overdentures, 51,
51£-52f
for single tooth replacement, 29
Trephine specimens, for harvesting blocks of
bone, 94-95, 95f, 96f
Try-in kits, 160-161

UniAbutments, 165f

Wider-diameter implants, of molars, 30,
32f-34f
Working casts, 187f

Xenografts, for implant placement,
91, 92

Zirconia abutments, 134f
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