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PREFACE

A first edition is always a work in progress, and this is  
especially true in a field as dynamic as implant pros- 
thodontics. Moreover, dentistry and dental education 

are in the midst of revolutionary change, primarily because 
of the refinement of CAD/CAM technologies. These changes 
are by no means confined to implant prosthodontics. For 
example, removable partial denture (RPD) metal frame-
works designed digitally and printed using selective laser 
melting now achieve precision and strength equivalent to 
that produced by the most skilled laboratory technician using 
analog methods. Fabrication of complete dentures using digi-
tal technologies is now possible—although the best outcomes 
are achieved when time-tested analog impression techniques 
are combined with digital methods. The digital revolution has 
allowed us to explore the use of new restorative materials for 
our implant-borne restorations, to visualize the local anatomy 
of our patients in three dimensions prior to treatment, and 
to execute our surgical and prosthodontic treatments with 
improved precision and efficiency. One of the goals of this 
new edition is to illustrate when and how digital technologies 
can be combined with analog techniques to create workable 
and efficient prosthodontic workflows. 

As in the first edition, the book is divided into sections. 
Several new topics and chapters have been added to the 
second edition. In chapter 3, a synopsis of biomechanics as 
it pertains to implant prosthodontics is presented along with 
our view of the proper approach to occlusal and compo-
nent design. Where possible, clinical data are combined with 
engineering principles to illustrate practical application of 
biomechanical concepts. Mechanotransduction and tissue 
response to mechanical loading are included to emphasize the 
dynamic nature of the bone-implant interface. New chapters 
on digital technologies and contemporary materials used 
in implant dentistry have also been added. Issues pertinent 
to maintenance, implant and prosthodontic complications, 
and their treatment are combined in another new chapter. 
The chapter on the use of implants in irradiated tissues has 
been enhanced to include a section on the use of implants 
in patients treated with bisphosphonates. Another chapter 
has been added devoted to implant surgery and tailored for 
nonsurgically trained dentists. 

The impetus for this supplement has been the recent 
mandate by CODA (Commission on Dental Accreditation 

of the American Dental Association) to train prosthodon-
tic residents in the basic fundamentals of implant surgery. 
Furthermore, throughout the book, we have tried to present 
clinical follow-ups of patients displayed in the first edition, 
some over 30 years postdelivery. 

We continue to emphasize the importance of considering 
conventional prosthodontic methods and presenting these to 
the patient. As in the first edition, we indicate when conven-
tional approaches (tooth-supported fixed dental prostheses, 
RPDs, and restoring diseased teeth with endodontic ther-
apy and conventional restorations) should be considered. 
Frequently, conventional treatments are just as effective in 
restoring form and function (and sometimes more so), are 
more time efficient, and more often than not are more cost 
effective than implant options.

We continue to believe that most patients are best served 
with an interdisciplinary effort. Some patients present with 
relatively simple problems and can be handled by a solo prac-
titioner (hence, the addition of the chapter devoted to implant 
surgery for nonsurgically trained dentists). However, most 
patients present with significant prosthodontic complexities 
such as occlusal plane discrepancies, malposed teeth and 
unfavorable jaw relations, periodontal compromise of exist-
ing dentition, and significant bone and soft tissue defects 
associated with the potential implant sites, especially in 
the esthetic zone. Achieving sustainable outcomes for such 
patients requires the prosthodontist or restorative dentist to 
develop close professional interaction with oral and maxil-
lofacial surgeons, periodontists, orthodontists, and endodon-
tists as well as dental technicians and staff associated with 
biomedical modeling centers. 

An important objective of this edition is to reinforce the 
basic principles of fixed and removable prosthodontics. In 
order to develop an appropriate level of expertise in implant 
prosthodontics, the clinician must have a firm foundation in 
conventional fixed and removable prosthodontics. Therefore, 
topics such as occlusal schemes used for the various types 
of implant prostheses, as well as designing proper resistance 
and retention form into customized abutments where the 
prosthesis is to be retained with cement, the principles of 
smile design and esthetics, and other topics pertinent to 
the fundamentals of prosthodontics are emphasized and 
discussed as needed. 
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History and Biologic Foundations 
John Beumer III  |  Robert F. Faulkner  |  Kumar C. Shah  |  Benjamin M. Wu

CHAPTER 1

Introduction and Historical  
Perspectives
Osseointegration has had a greater impact on the practice 
of dentistry than any technology introduced during the last 
60 years. Since the introduction of osseointegrated dental 
implants more than 30 years ago, significant advances have 
been achieved in implant surface bioreactivity, methods used 
in diagnosis and treatment planning—particularly 3D imag-
ing, computer-aided design (CAD), computer-aided manu-
facturing (CAM), additive manufacturing, and surface engi-
neering—enhancement of bone and soft tissues of potential 
implant sites, and prosthodontic approaches and techniques. 
A degree of predictability with implants has been achieved 
that is truly remarkable.

The concept of osseointegrated implants was first intro-
duced by Brånemark.1 These implants were made of titanium, 
and when placed in the jaws, bone was deposited on their 
surfaces, firmly anchoring the implants in the surrounding 
bone1–3 (Fig 1-1). This phenomenon was discovered quite by 
accident. In a series of experiments designed to document 
bone healing in vivo, Brånemark used an optical chamber 
made of titanium placed in a rabbit tibia that was connected 
to a microscope. When he attempted to remove the cham-
ber from its bone site, he noticed that the bone adhered to 
the titanium chamber with great tenacity. He recognized the 
importance of this discovery, and during the next several 
years, he experimented with various sizes and shapes of dental 
implants, testing more than fifty designs. He and his colleagues 
finally settled on a simple screw shape with a hex at the top. 

Most of the previous implant systems were made of cobalt-
chrome alloys and were subject to corrosion and release of 
metallic ions into the adjacent tissues. The presence of these 

ions in sufficient concentrations is thought to provoke acute 
and chronic inflammatory responses. When combined with 
insufficient primary fixation and the lack of stability during 
healing and function, fibrous encapsulation of the offending 
material is a common sequela (Fig 1-2a). Subsequently, epithe-
lial migration along the interface between the implant and the 
fibrous capsule led to development of extended peri-implant 
pockets, and the chronic infections resulting from these pock-
ets led to exposure of the implant framework and its eventual 

CHAPTER 1

Fig 1-1 The gap between the wall of the osteotomy and the surface of 
the implant is filled with bone by means of contact (arrows) and distance 
osteogenesis. (Reprinted from Moy et al3 with permission.)
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Fig 1-2 (a) Subperiosteal cobalt-chrome implants are enveloped by fibrous connective tissue 
slings. (Courtesy of Dr R. James.) (b) Epithelial migration led to the formation of extended peri- 
implant pockets, which in turn developed into chronic infections. The infections led to exposure of 
the implant struts and eventually loss of the implant.

Fig 1-4 (a) The original Brånemark machined-surface implant. (b and c) Machined-surface topography.  

a b c

Fig 1-3 Substantial portions of the hard palate 
were lost secondary to infections associated 
with a subperiosteal implant. (Courtesy of Dr 
J. Jayanetti.)

a b

loss (Fig 1-2b). In general, these implant systems survived for 
5 to 7 years before the infections prompted their removal. 
The infections were particularly destructive of bone and soft 
tissue in the maxilla (Fig 1-3). 

Titanium, however, spontaneously forms a coating of tita-
nium dioxide (TiO2), which is stable and biologically inert 
and promotes the deposition of a mineralized bone matrix 
on its surface. In addition, it is easily machined into precision 
geometries, and the oxide passivation layer provides corro-
sion resistance under most oral conditions. Following place-
ment of the implant, a blood clot forms between the surface 
of the implant and the walls of the osteotomy site.4 Plasma 
proteins are attracted to the area, accompanied by platelet 
activation and the release of cytokines and growth factors.5–7 
Some of these signaling molecules induce angiogenesis, and 
others orchestrate the cascade of wound healing response, 
which includes the recruitment of local stem cells. These and 
other repair cells migrate via the fibrin scaffold within the 
osteotomy site toward the implant surface. The stem cells 
differentiate into osteoblasts and begin to deposit bone on 

the surface of the implant and the walls of the osteotomy site, 
eventually leading to anchorage of the implant in bone (the 
result of contact and distance osteogenesis8; see Fig 1-1). The 
initial events of this process take anywhere from 8 weeks to 
4 months depending on the biologic microenvironment and 
the osteoconductivity (the recruitment of osteogenic cells and 
their migration to the surface of the implant) of the implant 
surface.

The original dental implants developed by Professor  
Brånemark and his colleagues were prepared with a machined 
surface (Fig 1-4). These machined-surface implants were 
predictable in bone sites of favorable quantity and quality, 
such as the mandibular symphysis region, but were problem-
atic when restoring posterior quadrants in partially edentu-
lous patients. Since then, numerous surface treatments (eg, 
sandblasting, acid etching, titanium grit blasting, electrolytic 
processes) designed to change the microtopography of the 
implant surface have evolved that have significantly improved 
the osteoconductivity of titanium implants, making these 
implants highly predictable in less favorable sites, such as 
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when restoring the posterior quadrant of the maxilla in 
partially edentulous patients (see chapter 11).

Prerequisites for Achieving 
Osseointegration 

Uncontaminated implant surfaces 

The osteoconductivity of implant surfaces is impaired if they 
become contaminated with organic molecules; if this occurs, 
the surface charge is changed from positive to negative, the 
surface becomes less wettable, and upon implant placement, 
adsorption of plasma proteins is inhibited. However, implant 
surfaces can be decontaminated by exposure to ultraviolet 
light.9,10 Decontaminating implant surfaces with ultraviolet 
light (photofunctionalization; see chapter 2) enhances adsorp-
tion of plasma proteins initially after implant placement and 
promotes more rapid differentiation of mesenchymal stem cells 
into osteoblasts once they reach the surface of the implant.

Creation of congruent, nontraumatized 
implant sites
Careful preparation of the implant site is important to 
obtaining osseointegration of a titanium implant in bone on 
a consistent basis (Fig 1-5). In an ideal situation, the gaps 
between the wall of the osteotomy and the implant are small, 
the amount of damaged bone created during surgical prepa-
ration of the bone site is minimal, and the implant remains 
immobilized during the period of bone repair. Under these 
circumstances, the implant becomes osseointegrated a very 
high percentage of the time (95% or greater with the modern 
microrough implant surfaces). During surgical preparation of 
the site, excessive bone temperatures (ie, above 47ºC) should 
be avoided because they create a zone of necrotic bone in the 
wall of the osteotomy site, which leads to impaired healing 
and an increased likelihood of a connective tissue interface 
forming between the implant and the bone (see Fig 1-5). 

A similar outcome is seen if excessive torque is employed 
to improve initial implant stability or if osteotomes are used 
to compress the bone adjacent to the osteotomy site in order 
to achieve a similar outcome (so-called “osteodensification”). 
Excessive compression of the bone adjacent the osteotomy 
site increases its density but does not improve initial implant 
anchorage. This practice results in cell death and increases the 
width of the zone of necrotic bone adjacent to the osteotomy 
site. Within 1 day of implant placement, the condensed bone 
interface exhibits microfractures and osteoclast activity. The 
subsequent resorption of this zone of necrotic bone around 
the circumference of the implant increases the dip in implant 
anchorage seen 7 to 10 days following initial implant place-
ment and if the implant is loaded immediately, theoretically 
increases the likelihood of implant failure.11,12 Finite element 
modeling, mechanical testing, and immunohistochemical data 
collected at various time intervals during the osseointegration 
period have shown that osteodensification results in excessive 
interfacial strains, marginal bone resorption, and no improve-
ment in implant stability.12

Primary implant stability 

Osseointegration is obtained more consistently when initial 
primary stability of the implant is achieved in the surrounding 
bone. This is particularly important when one-stage surgical 
procedures are employed, and is obviously necessary if the 
implant is to be immediately placed into function (ie, imme-
diate loading or immediate provisionalization). In attempting 
to establish initial primary stability, often the implant site is 
underprepared when the bone is porous or soft. If the implant 
is not stable in its prepared osteotomy site, many clinicians 
prefer to replace it with an implant of a slightly larger diam-
eter. This was particularly necessary when machined-surface 
implants were routinely employed. Today, implant surfaces 
are considerably more bioreactive, and unstable implants 
(so-called “spinners”) have a reasonable chance of achieving 
osseointegration when the wound is closed primarily and as 
long as the clot remains undisturbed during the initial period 
of healing.

Fig 1-5 (a) Semiguided surgical drill guide. Note the bushings (drill sleeves) incorporated within the drill guide. (b) Implants are being placed.  
(c) Implants in position.

b ca



1
History and Biologic Foundations

6

Appropriate initial implant stability is especially essential 
when considering immediate loading or immediate provi-
sionalization (ie, inserting a prosthesis at the time of implant 
placement). Recently, an increasing number of implant compa-
nies are introducing thread designs with aggressive pitch and 
drill sequences that result in bone compression. Some of these 
systems require high insertion torque. However, as mentioned 
previously, excessive insertion torque appears to actually 
delay healing and may compromise the quality of implant 
bone anchorage ultimately achieved.11,12 These studies have 
generated considerable debate because previously, many clini-
cians maintained that high torque values were beneficial and 
resulted in improved initial implant stability, which in turn led 
to better outcomes when implants were immediately loaded 
or immediately provisionalized with a prosthesis.13,14 Accord-
ing to Cha et al11 and Wang et al,12 excessive compression of 
trabecular bone associated with higher torque levels leads to 
a relatively thick layer of damaged necrotic bone abutting 
the surface of the implant, and this layer must be resorbed 
before contact osteogenesis can begin. This is not surprising 
because it known that high compressive forces shut off angio-
genesis and local microvascular blood flow, and the resultant 
biochemical cascades of cytokines and cellular reprograming 
leads to bone resorption. In fact, compressive stress on the 
leading edge of orthodontic tooth force vector is responsible 
for bone remodeling that is necessary for successful orthodon-
tic movement. The data in this study is also consistent with 
the findings of many clinicians, who have recorded significant 
decreases in implant stability levels 7 to 10 days following 
implant placement.15 The levels rebound, but the patient is 
instructed to avoid mastication for the first 6 weeks following 
implant placement, and restorative dentists are advised to 
avoid manipulations of the prosthesis for at least 12 weeks.16

Implant stability during the healing phase 

It was thought that micromovement of the implant could 
disturb the tissue and vascular structures necessary for initial 
bone healing.17 Furthermore, excessive micromovement of 
the implant during healing was thought to induce the detach-
ment of the fibrin clot from the implant surface. Actually, it 
is well known that an optimal amount of strain is beneficial 
and necessary for most cellular function, from neurons to 
cardiac cells to osteoblasts and many more. Each cell type 
is known to respond to stress state (compression, tension, 
shear) and strain magnitude. The Frost model18,19 describes a 
range of optimal microstrain that promotes osteoblast bone 
remodeling and homeostasis. When insufficient microstrain 
exists, the bone cells can actually stop producing bone, lead-
ing to an osteoblast/osteoclast imbalance. Furthermore, a 
slight increase above the optimal strain range can promote 
bone deposition. However, excessive microstrain can lead 
to necrosis and resorption. The healing processes are highly 

dependent on the microstrain status. Excessive micromove-
ment tends to produce a connective tissue–implant interface 
(fibro-osseointegration), while appropriate microstrain can 
promote a healthy bone-implant interface. These phenomena 
have clinical significance. For example, immediate loading of 
dental implants provides a unique challenge. Implants placed 
into function immediately must be sufficiently stable so as to 
reduce micromovement to physiologic levels during healing. 
Otherwise, the implant may fail to osseointegrate. 

Role of implant surfaces on implant stability 

Any given implant geometry surfaces prepared with a micro-
rough topography are considerably more osteoconductive 
compared with the original machined-surface implants20,21 
(see Fig 1-1). There are several reasons why these surfaces are 
such an improvement over the original machined surfaces. 
First, the modern implant surfaces with microrough surface 
topographies retain the fibrin blood clot more effectively than 
implants with machined surfaces.22 As a result, the initial 
critical events (ie, plasma protein adsorption, clot formation, 
angiogenesis, local stem cell and repair cell migration and 
attachment, cell differentiation) associated with osseointe-
gration are facilitated.

In addition, local stem cells differentiate more rapidly into 
functioning osteoblasts following attachment to the micro-
rough surfaces as compared with machined surfaces. These 
surfaces also upregulate and accelerate the expression of genes 
of the differentiating osteoblasts associated with the osseo- 
integration process.23 This leads to a different combination 
of collagenous and noncollagenous proteins making up the 
bone deposited on the microrough surfaces as compared with 
the bone deposited on machined-surface topographies. As a 
result, bone that matures on implant surfaces with microrough 
surface topography is harder and stiffer than bone deposited 
on machined surfaces.24,25

An active and efficient remodeling apparatus is key to 
maintaining osseointegration during functional loading of 
the implants.26 Osseointegration of the implant with bone 
continues to occur up to 1 year following delivery of either a 
provisional or definitive prosthesis.27 Following initial healing 
and functional loading within physiologic limits, progressive 
osteogenesis continues to where the bone-implant contact area 
approaches almost 90% in favorable sites (Fig 1-6).

The Implant–Soft Tissue Interface 
The peri-implant mucosa is similar to the mucosa circumscrib-
ing natural teeth. It is composed of nonkeratinizing epithelium 
in the sulcus, junctional epithelium, and a supracrestal zone 
of connective tissue. The connective tissue layer contains a 
dense zone of circumferential collagen fibers intermingled 
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with fibers extending outward from the alveolar crest. These 
fibers run parallel to the long axis of the implant. The zone of 
connective tissue adjacent to the implant is relatively avascular 
and acelluar and similar to scar tissue histologically. The soft 
tissue barrier (interface) assumes a minimal dimension during 
the healing process. If this dimension is less than 2 to 3 mm, 
bone resorption occurs in order to establish an appropriate 
biologic dimension of the peri-implant soft tissue barrier.28

The titanium–soft tissue interface appears to be similar to 
but not exactly the same as that seen between gingiva and 
natural dentition (Fig 1-7). The epithelial-implant interface 
is based on the hemidesmosome basal lamina system, simi-
lar to that seen between gingiva and teeth. When implants 
emerge through attached keratinized mucosa, collagen fibers 
circumferentially configured around the neck of the implant 
are interwoven with collagen fibers running from the crest of 
the alveolus and the periosteum to the free gingiva and hold 
the epithelium in close proximity to the surface of the implant. 
The epithelial cells in the sulcus epithelium secrete a sticky 
substance (a protein network of glycoproteins) onto the surface 
of the implants, enabling the epithelial cells to adhere to the 
implant surface via hemidesmosomes. The epithelial cuffs that 
form as a result of the basal lamina hemidesmosomal system 
and the zone of connective tissue just apical to it effectively seal 
the bone from oral bacteria.29 However, what differentiates the 
soft tissues around implants from the gingival tissues around 
natural teeth is the absence of gingival fibers inserting into a 
cementumlike tissue. Hence, the soft tissues around implants 
are more easily detached from the surfaces of the implant than 
are the soft tissues surrounding natural teeth. This difference 
is clinically significant for a number of reasons, including the 
manner in which these tissues respond to the oral microflora,29 
and especially when cement systems are used for retention of 

implant prostheses because of the risk of embedding cement 
subgingivally during cementation of the prosthesis30 thereby 
increasing the risk of peri-implantitis31 (Fig 1-8). 

The phenomenon of biologic width applies not only to the 
natural dentition but also to the soft tissues around implants. 
Biologic width is defined as the combined length of the supra-
crestal connective tissue and the zone of junctional epithe-
lium associated with the epithelial attachment32 (Fig 1-9). This 
dimension averages approximately 3 mm around implants28 
and is slightly greater than that associated with the natural 
dentition. In general, the width of the epithelial component is 

Fig 1-6 Following initial healing and when load-
ing forces are favorable, the bone contact area 
on the surface of the implant continues to in-
crease. Note the bone density of the peri- 
implant bone 7 years following delivery.

Fig 1-8 Peri-implantitis triggered by excess 
cement beneath the peri-implant soft tissues. 
The bone loss has compromised the periodon-
tal support of the adjacent teeth. (Reprinted 
from Moy et al3 with permission.)

Fig 1-7 Soft tissue–implant interface. 

Im
plant surface

Fig 1-9 Biologic width is defined as the combined length of the supra-
crestal connective tissue and the zone of junctional epithelium associat-
ed with the epithelial attachment. (Redrawn from Spear32 with permis-
sion.)

Connective tissue 1.0 mm

Epithelial attachment 1.0 mm

Sulcus depth 3.0 mm

Connective tissue: 2.0 mm

Epithelial attachment: 2.0 mm

Sulcus depth: 1.0 mm
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greater and demonstrates more variability than the width of the 
connective tissue zone. This phenomenon has particular impact 
in the esthetic zone because, as with the natural dentition, the 
level and contours of the underlying bone primarily determine 
the contours and level of the overlying soft tissues. The zonal 
epithelium can be located on either the implant fixture or the 
abutment, depending whether the implant platform is supra-
crestal, crestal, or subcrestal. The dimension of the biologic 
width in relation to the nature and topography of the implant 
surface has been the subject of much debate in recent years. 
However, there is no clear consensus on whether differences 
in biologic width exist with respect to the varieties of surface 
topographies and surface treatments currently in use.33 Also, 
the evidence appears to indicate that there are no significant 
differences in biologic width achieved between one-stage and 
two-stage surgical procedures.

However, it appears that the nature of the microgap between 
the abutment and the implant and its position in relation 
to the bone crest increases the biologic width. The deeper 
the implant-abutment connection in relation to the gingival 
crest, the greater the biologic width will be, particularly the 
epithelial component. It is unclear whether multiple abutment 
manipulations induce an apical migration of the connective 
tissue–epithelial attachment zone, resulting in marginal bone 
loss.34,35 The lack of stability of the abutment-implant connec-
tion may also trigger an apical migration of the connective 
tissue–epithelial attachment zone accompanied by marginal 
bone loss around the neck of the implant, presumably as a 
result of increased levels of bacterial colonization. The long-
term clinical consequences of these findings with respect to 
implant survival have yet to be determined.

In the esthetic zone, techniques have evolved that ideal-
ize the soft tissue contours around the implant prostheses. 

Provisional restorations are designed to support the soft 
tissues and develop ideal contours, and these contours can 
be recorded using customized impression techniques (Fig 
1-10). In addition, surgical procedures have been developed
that can be used to enhance bone and soft tissue contours.

Recent Innovations, Clinical Trends, 
and Impact
Several innovations have been introduced into clinical practice 
in recent years. The number of patients now considered suit-
able candidates for implant treatment has expanded dramati-
cally because of the bioreactivity of modern implant surfaces 
and of our ability to enhance the bone and soft tissues of 
the potential implant sites. In addition, improved site eval-
uation with CBCT scans and the accompanying software, 
tilted implants, guided implant surgery, improved prostho-
dontic designs, the introduction of new materials, and a better 
understanding of the limitations of the prosthodontic mate-
rials previously used in conventional dentistry when used for 
implant prostheses have improved implant success rates and 
prosthesis predictability.

Impact of 3D imaging and CAD/CAM on  
diagnosis, treatment planning, surgical 
planning, surgical placement, and prosthesis 
fabrication

Initially, the workup of potential implant patients was surgi-
cally driven; that is, the suitability of a patient was determined 
primarily by the 3D volume and quality of the bone sites. 

Fig 1-10 (a and b) A provisional implant crown was 
fabricated and altered as necessary to refine the 
peri-implant soft tissue contours. (c) A customized 
impression coping was used to make the definitive 
impression. (d) The definitive restoration. 

a b

c d
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Today, the development and the improving sophistication of 
CBCT scans and CAD/CAM programs permits the workup 
to be driven by the needs of the prosthetic design. With these 
tools, clinicians are able to identify vital structures such as the 
inferior alveolar nerve, determine the 3D nature of the poten-
tial implant bone sites, predetermine implant position and 
angulation with great precision, and fabricate surgical stents 
and surgical drill guides that allow placement of implants 
into their intended positions via semiguided or fully guided 
surgery (Fig 1-11). In addition, CAD/CAM systems allow for 
the design and manufacture of customized implant connecting 
bars, custom abutments, provisional restorations, and now, 
definitive restorations with great precision (see Fig 1-11). All 
those who practice implant dentistry should become inti-
mately familiar with these technologies.

Impact of changes in the design of the  
implant body and the implant platform  
(ie, interface between abutment and implant 
fixture)

Several new implant designs have been introduced, and the 
impact of these designs will be addressed in this new edition. 
For example, recently there has been increased use of self- 
tapping implant designs (Fig 1-12). These are used primarily 
in poor-quality bone sites (poor density), such as the posterior 
maxilla. Another innovation is the development of tapered 
implants designed specifically for immediate loading. With 
these two design changes, during insertion of the implant, the 
trabecular bone of the implant site is compressed around the 
implant, leading to improving primary stability of the implant. 
As a result, in select patients the improved initial anchorage 
allows for immediate loading or immediate provisionalization. 

Fig 1-11 A computer-guided approach enables the implant team to (a) design a provisional prosthesis and determine the positions of the implants, 
(b) design and manufacture abutments and fabricate a provisional prosthesis, and (c) fabricate the surgical template prior to implant surgery. (d) The 
customized abutments. (e) The provisional prosthesis. (f) The definitive prosthesis. (Courtesy of Dr A. Pozzi.)

a b c

d e f

Fig 1-12 A variety of implant shapes, thread patterns, and implant platforms are available. 
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Manufacturers continue to introduce new implant plat-
form designs. However, the clinical impact of these design 
changes is rarely addressed. As a result, restorative dentists 
must increase their inventories of prosthetic components. A 
good example is the continuing debate regarding the use of 
external hex versus internal locking systems (Fig 1-13). The 
nature of the implant-abutment connection may be clinically 
significant when restoring single-tooth defects but probably 
not when restoring multiple-tooth defects. Single implants, 
especially in the posterior regions, are subjected to significant 
occlusal forces. The lateral component of these forces may be 
sufficient to widen the microgaps between the abutment and 
the implant during function in the external hex designs. Some 
have speculated that this may be detrimental to the long-term 
survivability of the implant and the restoration. However, 
clinical reports do not support this hypothesis.36,37 These issues 
are probably not clinically significant when multiple implants 
are splinted together when restoring posterior quadrants or 
fabricating full-arch restorations where multiple implants are 
splinted together across the arch.36

Likewise, the impact of platform reduction is still far from 
settled. Some authors have hypothesized38 that using designs 
where the diameter of the abutment is less than that of the 
head of the implant fixture horizontalizes the epithelial attach-
ment39 and may also redirect the stresses away from the crestal 
bone–implant interface,40 and as a result of these phenomena, 
such designs will reduce the rate of crestal bone loss (Fig 
1-14). The clinical evidence for this claim is not convincing,41 
and randomized clinical trials have failed to demonstrate a 
benefit of platform reduction with respect to maintenance of 
crestal bone levels.42

Impact of surgical innovations

Widening the alveolar ridge with bone grafts has become very 
predictable, and several new techniques have been introduced 
(Fig 1-15). The need to maximize the zone of keratinized 
tissue and retain or restore the interdental papilla has led to 
the development of many new grafting techniques and flap 

Fig 1-13 Implant platform designs. (a) Internal interlocking system. (b) External hex system.

b
Fig 1-14 Platform reduction. The diameter of 
the abutment as it emerges from the implant 
is less than the diameter of the neck of the 
implant.

Fig 1-15 (a) Grafting defects lacking width has 
been predictable, and a number of different tech-
niques have evolved (see Moy et al3). (b and c) 
The zone of attached keratinized mucosa around 
the implants can also be increased predictably. 
(d) Definitive prosthesis. (Courtesy of Dr A. Pozzi.)

a b
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designs (see Figs 1-15b and 1-15c), particularly in the esthetic 
zone.43 Furthermore, a one-stage technique can be used in 
select patients, as opposed to burying the implants beneath 
the mucosa during the healing period. Recent reports have 
also suggested that fully guided, flapless implant placement 
in select patients reduces the incidence of surgery-related 
bacteremia and may be beneficial for patients with medical 
risk factors that require prophylactic antibiotic coverage44 (Fig 
1-16). Many of these techniques are highlighted throughout
the book, including in a newly added chapter 19 that discusses
basic surgical techniques.

Implant manufacturers are increasingly introducing shorter 
and narrower-diameter implants with the promise of reducing 
the need for bone grafting. Despite short-term data, there 
is a lack of clinical evidence that these implants will enjoy 
the same long-term success as traditional-sized implants in 
properly grafted sites.

Impact of tilted implants

The use of tilted implants has emerged as a viable alternative 
to sinus augmentation,45–48 especially in edentulous patients 
(Fig 1-17). This improves the biomechanical configuration in 
edentulous patients (see chapters 7 and 8) and recently has 
also been employed to restore extended edentulous areas in 
the posterior maxilla of partially edentulous patients (Fig 
1-18). When this concept was first introduced, the anterior
wall of the maxillary sinus was exposed in order to precisely
postion and angle the implant. However, with the recent
improvement in the precision of fully guided implant surgery, 
the use of tilted implants has become a less invasive and more
attractive alternative. Tilted implants can also be used for
immediate loading when cross-arch stabilization is possible.
The use of this design concept will be discussed in several
chapters.

Fig 1-16 Fully guided implant surgery enables 
flapless surgery in select patients with ample 
bone and keratinized attached tissue volume.  
(a) The tooth-borne fully guided surgical tem-
plate in position. (b) A circular patch of tissue was 
removed from the implant site with a tissue punch 
before the osteotomy site was prepared. (c) The 
osteotomy site is prepared. (d) The implant is
inserted. (e) A healing abutment has been se-
cured to the implant.

a b c
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Fig 1-17 (a and b) Tilted implants have been placed to support this immediate load prosthesis. (Courtesy of Dr A. Pozzi.)

ba
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Impact of Loading Protocols
The original treatment protocols for using machined-surface 
implants required several months’ delay after implant place-
ment before the prosthesis could be delivered and placed 
into function. Most patients were required to use remov-
able prostheses during this period. During the last several 
years, various immediate and early loading protocols have 
been proposed as implant macro shapes and implant surface 
textures have evolved (see Fig 1-17). Recent advances in CAD/
CAM technologies have provided an additional stimulus to 
this trend. In this new edition, we offer guidelines regarding 
the various loading protocols currently in use, namely immedi-
ate loading, immediate provisionalization, early loading, and 
delayed (conventional) loading. The reader should understand 
that the immediate load prosthesis is a complex, technically 
demanding treatment and should be attempted only after the 
implant team has acquired the necessary experience. Mistakes 
in clinical judgment and execution can lead to a higher inci-
dence of implant failure and loss of the prosthesis. 

Impact of new prosthodontic materials

Several new materials and combinations of materials have 
been introduced to meet the unique demands placed upon 
implant-supported prostheses. Unfortunately, many materials 

used for tooth-supported prostheses have proven to be unsuit-
able for implant-supported prostheses. For example, the craz-
ing and fracture of the resin-bonded systems used to restore 
extended edentulous areas with implant-supported fixed dental 
prostheses in the posterior quadrants was quite disappointing. 
In this edition, we have added an additional chapter (chapter 
4) devoted to materials and, where possible, we provide the 
reader with evidence-based guidelines regarding selection of 
the appropriate materials for any given application.

Impact of digital technologies upon the role 
of the restorative dentist

As mentioned previously, digital technologies have had a 
dramatic impact upon the means of implant site evaluation 
and implant surgery. These new technologies—CBCT scans 
and the associated software for guided surgery, navigation 
systems, and 3D jaw movement recording and analysis 
systems (electronic pantograph)—allow prosthodontists and 
restorative dentists to virtually analyze the 3D characteristics 
of the potential implant bone site and design and fabricate 
accurate surgical drill guides (Fig 1-19). These new technol-
ogies also help prosthodontists and restorative dentists to 
better determine which patients are best served by referral 
to a periodontist or oral surgeon for implant placement as 
opposed to placing the implants themselves. 

Fig 1-18 (a and b) Tilted implants have been used to 
restore an extended edentulous area in the posterior 
maxilla. (Courtesy of Dr A. Pozzi.)

a b

Fig 1-19 (a) The maxillary second premolar is to be 
extracted due to an endodontic failure. (b to d) CBCT 
scans are obtained, and the position, angulation, 
and size of the implant are selected. 

a b c d
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Follow-up data analysis

In recent years, clinical study design has improved, and as a 
result, clinical decisions have become increasingly evidence 
based. However, still far too many studies rely on short 
follow-up times when assessing outcomes. Many current stud-
ies report data with only 1 or 2 years of follow-up data, which 
in most instances is quite insufficient. Even the traditional 
5-year follow-up period may not enable clinicians to make 
truly evidence-based choices, especially when attempting to 
determine whether bone and soft tissue levels ever become 
stable. Even when implant treatment is executed properly and 
under ideal conditions, phenomena such as mesial migration 

and continued eruption of adjacent natural dentition and 
apical migration of bone and peri-implant soft tissues may 
render the outcome suboptimal. These phenomena are rarely 
recognized at 5-year follow-up and therefore have been largely 
ignored in the implant literature and by those presenting 
continuing education programs of instruction. However, these 
phenomena are often seen after 5 or more years of follow-up 
(Figs 1-20 and 1-21), and given their frequency, patients must 
be informed that it is likely that their implant-retained resto-
ration may need to be remade at some future date. In addition, 
it is the clinician’s responsibility to be aware of and plan for 
these eventualities and design prostheses that will mitigate 
their effects.

Fig 1-19 (cont) (e) The appropriate software 
permits the design and fabrication of a surgical 
template. (f) A flap is reflected. (g) The surgical 
drill guide is positioned, and the osteotomy site 
is prepared. 

f g

e

Fig 1-20 Three implants were used to restore the posterior teeth. A 20-year follow-up pho-
tograph. Note the significant mesial migration of the anterior teeth, resulting in a large space 
between the canine and the implant-supported fixed dental prosthesis (black arrow). Note 
also the apical migration of bone and soft tissue around the two posterior implants (white 
arrows).
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Summary 
Osseointegrated implants are highly predictable when used 
appropriately, and in many situations, implant treatment is as 
predictable or even more predictable than any of the conven-
tional restorative procedures used to restore missing dentition. 
The key to predictable outcomes when implants are employed 
is accurate diagnosis and appropriate treatment planning, 
taking into account significant patient history findings such as 
parafunctional activities as well as implant biomechanics and 
the occlusal schemes to minimize undesirable occlusal forces. 
Successful outcomes are best accomplished in a multidisci-
plinary setting. The purpose of these volumes is to share with 
clinicians the approach to patient evaluation and treatment 
that has enabled the authors to provide these services with a 
very high degree of success. Indeed, when implant therapy is 
planned and executed properly, taking into account the basic 
principles of prosthodontics, it is the authors’ expectation that 
once the implants are osseointegrated, while the prostheses 
that are retained by the implants may need to be replaced 
due to wear or breakage, the implants should last the lifetime 
of the patient. Recent innovations, including tilted implants, 
new and improved CAD/CAM systems, advances in implant 
body design, surgical enhancement of bone and soft tissues 
associated with the implant sites, and refinement of loading 
protocols, have improved implant and prosthesis success.
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CAD/CAM techniques for, 151–152, 152f
complications of, 573f–577f, 573–577
connecting bars for, 150f, 150–151, 151f
conventional techniques for, 150f–151f, 150–151
cost of, 126
floor of the mouth posture, 124f
fracture risk during placement of, 127–128
illustration of, 150f
implant diameter, 128
indications for, 150, 150f
interocclusal space, 128, 128f
patient acceptance of, 128–129
patient selection criteria for, 124f
in severely resorbed mandible, 153, 153f
treatment factors, 124–127
wear of, 576

irradiated, implant placement in, 505–506
long-bar overdenture for, 119
nutritional considerations, 120–121
removable implant-supported long-bar 

overdentures in, 117
treatment factors for

alveolar ridge resorption, 125, 125f
cost, 126
esthetics, 126
keratinized attached mucosa, 125, 125f
oral compliance issues, 126, 126f
patient preference, 127

Edentulous maxilla
All-on-four concept for, 582
angled implants for, 209f, 227
bone resorption with

angled implants for, 227
bone grafts for, 233–235, 234f–235f
causes of, 225–228, 226f
crestal onlay grafts for, 233–234
description of, 245
Le Fort I osteotomy with interpositional grafting, 

234, 234f
maxillary antrum and nasal floor inlay grafting, 

234–235, 235f
sinus floor augmentation for, 235, 235f–236f
transsinus implants for, 253f
two-implant overdenture with complete palatal 

coverage, 226–228, 227f–228f
zygomatic implants for, 228f–233f, 228–233

case report of, 222–224
chronic periodontal disease as cause of, 245
fixed implant-supported prostheses for

angulation of implants, 251–252
bone sites, 205
complications of, 577–583, 578f–582f
conversion prosthesis, 288–290, 289f
cost of, 207, 251
definitive restoration, 290, 290f
description of, 203–204
detachable, with connecting bar retention, 272
esthetic considerations, 247–248, 248f
hybrid

advantages and disadvantages of, 266
All-on-four design of, 267–268
clinical and laboratory procedures, 277–278
delivery sequence for, 278, 278f
design of, 266, 267f–268f
illustration of, 267f
impressions for, 274, 274f
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metal framework for, 275–277, 579, 580f
prosthodontic procedures for, 274f–284f, 

274–286
immediate loading of, 287–288
indications for, 207–208, 208f
interocclusal space considerations, 245–247
keratinized attached mucosa and, 250, 251f
lip mobility assessments, 248–249
lip support, 247–248, 248f
lithium disilicate crowns with zirconia 

frameworks, 270, 271f
mastication with, 207
maxillomandibular records, 274–275
maxillomandibular relationships, 245–247, 246f
metal-ceramic. See Metal-ceramic fixed 

prostheses, for edentulous maxillae.
monolithic zirconia

framework of, 271, 272f, 579
indications for, 271, 272f

novel designs, 272
overview of, 244–245
patient compliance issues, 251
patient selection criteria, 245–254
presurgical workup, 257
prosthesis evaluation, 577–579
provisional restorations used with, 272–273
resorptive patterns and, 245–247
selection criteria, 265–266
smile line, 248–249, 249f
speech considerations, 206, 207f, 250, 250f
summary of, 292
surgical templates, 257–263, 258f–262f
technical support for, 254
transitioning from failing dentition to, 263–265, 

264
treatment philosophy of, 266
trial denture setup, 274–275, 275f
types of, 266
zygomatic implants, 291–292

immediate load prostheses for, 287–288, 291, 
341–342

implant-assisted overdentures for
angulation of, 208, 209f, 210, 210f
case report of, 222–224
challenges for, 245
complications of, 573–577
connecting bar

CAD/CAM techniques for fabrication of, 142, 
218–220, 219f–220f

contours of, 217, 218f
conventional techniques, 215–218, 217f
Hader, 217, 218f
illustration of, 210f
screw retention of, 221
wear of, 575–576

delivery of, 220f–222f, 220–222
design of, 208–209, 209f–210f
fixed design, 223
follow-up, 222
on four axially aligned implants, 208–222, 

209f–222f, 228–233
healing abutments, 211, 215f
hex-headed implants, 216f, 216–217
hygiene aids, 222
implant position and angulation, 210, 210f
impression copings, 212, 213f–214f
impressions, 211–214, 213f–214f
indications for, 245
maintenance of, 222
mastication with, 207
maxillomandibular records, 214–215
metal framework, 220, 220f
occlusal scheme, 223
patient preference, 207

peri-implant mucosa, 210–212
preliminary cast, 212
processing of, 220f–222f, 220–222
psychologic considerations, 245
record bases, 211–214
removable design, 223
treatment-planning criteria, 204–208
trial denture, 214–215
unsplinted implants, 222, 223f

implant-supported overdentures for
compliance issues, 206–207
complications of, 573–577
connecting bar for, 237f, 237–240
description of, 203, 236
design of, 236–237
patient preference, 207

irradiated, implant placement in, 506f, 506–507
Kelly’s combination syndrome, 202, 203f, 225, 226f
mandibular implant-supported fixed prostheses 

opposing, 235–236
mini-implants for, 225
overview of, 202–204
palatal defects, 225f
peripheral seal for, 202
resorptive patterns in, 204–205
treatment-planning criteria for

bone sites, 205, 205f
compliance, 206–207
cost, 207
esthetics, 205–206
lip line, 206
lip support, 205–206, 206f
mastication, 207
oral hygiene, 206–207
overview of, 204
patient preference, 207
resorptive patterns, 204–205
sinus pneumatization, 205, 205f
speech, 206, 207f

Electrowetting, 26
Endodontic treatment

cost-effectiveness of, 304b
for posterior defects in partially edentulous patients

healing time, 302
implants versus, 301–304
outcomes of, 303–304
patient selection criteria, 303
periradicular disease, 301–302
success rates for, 304

for single-tooth defects in esthetic zone, 407, 407f
ERA attachments

case report of, 487, 488f
Hader bars with, 147, 147f, 209, 217

Esthetic zone
description of, 8
implant position and angulation in, 256–257
multiple-tooth defects in

abutments
angled, 465, 466f
CAD/CAM, 467–468, 468f
prefabricated, 465, 465f
preparable, 467
titanium, 468, 468f
UCLA, 466f, 466–467
zirconia, 468, 468f

apical migration of bone, 589–590, 591f
CAD/CAM workup, 460–461, 461f
cement-retained prostheses for

placement of, 474–475
screw-retained prostheses versus, 470–471, 

478
chief complaint, 457
clinical examination for, 458
complications of, 588–592, 590f–592f

fixed partial dentures for. See Fixed partial 
dentures, for multiple-tooth defects in the 
esthetic zone.

follow-up, 476, 478
history-taking, 457, 458b
horizontal, 446f
implants for

angulation of, 462–463
Co-Axis design of, 462–463
craniofacial skeleton aging effects on, 

464–465
facial inclination of, 590, 591f
immediate placement of, after tooth 

extraction, 447–448, 448f
loss of, 592
number of, 463
overload-related loss of, 323
position of, 463–464
selection criteria, 461–462
size of, 461
spacing issues, 590–591
summary of, 478

implant-supported fixed detachable prostheses 
for, 455–456, 456f

maintenance of, 476, 478
mandibular anterior defects, 476, 476f–478f
metal-ceramic prostheses for, 472
patient evaluation, 457–461, 458b, 459f–461f
prosthodontic procedures for

bite planes, 475
definitive restoration, 471–475, 472f–474f
impressions, 468–469
maxillomandibular records, 469
provisional restorations, 469f–470f, 469–470
try-in process, 473, 473f

removable partial dentures for
conventional, 454f–455f, 454–455
implant-supported overlay, 445, 455, 456f

screw loosening, 591–592
screw-retained prostheses for, 470–471, 474, 478
size and extent of, 444–446, 445f
summary of, 478
vertical, 446f
workup, 460–461

outcomes in, factors that affect
alveolar ridge augmentation, 448–451, 449f
apical migration of attachment levels, 394, 447
biologic width, 393–394, 399f–400f, 446–447
crestal bone levels and biologic width, 399, 

399f–400f
defect size and extent, 393, 394f, 444–446, 445f
epithelial attachment–supracrestal connective 

tissue zone, 394
gingival tissue restoration with pink porcelain, 

451, 451f
immediate implant placement, 447–448, 448f
interdental papilla, 451
peri-implant soft tissue levels after treatment, 

451
periodontal biotype, 394–398, 447, 447f
ridge preservation, 403, 404f, 447
socket augmentation, 403, 447
timing of implant placement, 399–401, 447–448, 

448f
single-tooth defects in

abutments
anatomical form and contour design, 423
angled, 420, 420f
CAD/CAM, 422, 422f–423f
description of, 419
materials used in, 424f–425f, 424–425
no-tissue-displacement design, 424
prefabricated, 419–420
preparable, 421f, 421–422
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support-contoured soft tissue design, 423f, 
423–424

titanium, 424–425
UCLA, 420–421, 436
zirconia, 422, 423f, 425, 425f, 435f, 436

CAD/CAM workup for, 414f, 414–415
cement-retained restorations, 433–434
challenges associated with, 392, 394f
chief complaint, 408–410
clinical examination for, 410–413, 411b, 411f
complications and troubleshooting

implant fracture, 594–595
subgingival cement accumulation, 434–438, 

585, 593, 594f
titanium show through, 593

complications of, 592–595
endodontic therapy and complete veneer crowns 

for, 407, 407f
fixed partial dentures for. See Fixed partial 

dentures, for single-tooth defects in the 
esthetic zone.

history-taking, 408–410
implants for

abutment and, connection between, 394
angulation of, 417, 417f, 422–423
Co-Axis designs, 342
crestal, 417, 418f
delayed placement of, 399, 403
diameter of, 415, 415f
fracture of, 594–595
in fresh extraction sites, 401–402
immediate loading of, 52, 52f, 401–402
immediate placement of, 399–401
immediate provisionalization of, 401–402
length of, 415
neck of, 415
one-piece, 416
position of, 417, 418f
selection criteria, 415
single-tooth, 407, 415
staged placement of, 399, 403
subcrestal, 417, 418f
supracrestal, 417, 418f
tapered, 415
timing of placement of, 399–401
vertical position of, 417, 418f

with infection, 402, 402f
laminated porcelain crown chipping and fracture, 

595
mandibular incisors, 438–440, 439f
outcomes of, factors that affect, 393–406
patient acceptance, 410
patient evaluation, 408–415, 409f
poor outcomes of, 392, 393f
prosthodontic procedures

cement-retained provisional implant crowns, 
418–419

definitive restoration, 433–434
impressions, 430, 431f
maxillomandibular records, 430
provisional restorations, 425–430, 427f–430f
subgingival cement accumulation, 434–438, 

585
supragingival, esthetic margins, 434–436, 

435f
screw-retained implant crowns, 418, 440
screw-retained restorations, 433
single-tooth implants for, 407
summary of, 440–441
tooth fracture defects with no infection and an 

intact labial plate, 402
workup for, 413f–414f, 413–415

Esthetics
assessment of, 565

craniofacial skeleton aging effects on, 398
of fixed prostheses

for edentulous mandibles, 160
for edentulous maxillae, 247–248, 248f

patients’ perceptions of, 452, 452f
smile design, 452f–453f, 452–453

External hex, 10, 44, 46f, 416
Extracellular matrix, 26

F
Facebow transfer record, 140, 141f, 174, 214, 364
Feldspathic ceramic, 68–69
Feldspathic porcelain, 184
Fibrin clot

formation of
description of, 4, 17–18
diagram of, 18f
fibrin scaffold network created by. See Fibrin 

scaffold network.
implant micromovement effects on, 6
implant surface modification effects on, 17f, 17–18
on titanium surfaces, 17

functions of, 17
Fibrin scaffold network, 18–19, 19f, 20f
Fibroblast growth factor receptor 1 oncogene partner 

2, 114–115, 116f
Fibronectin, 19, 20f
Fixed detachable implant-supported prostheses

with connecting bar retention, 272
multiple-tooth defects in esthetic zone treated with, 

455–456, 456f
novel designs, 272

Fixed partial dentures
for multiple-tooth defects in esthetic zone

abutments, 454
conventional, 453–454, 454f
double abutments with, 454
implant-supported, 444, 456–457
resin-bonded, 454

for single-tooth defects in esthetic zone
resin-bonded, 408
three-unit, 407–408

Fixed prostheses
anteroposterior spread of, 160–162, 161f
for edentulous mandible. See Edentulous mandible, 

fixed prostheses for.
for edentulous maxilla. See Edentulous maxilla,  

fixed implant-supported prostheses for.
metal-ceramic. See Metal-ceramic fixed prostheses.
monolithic zirconia. See Monolithic zirconia 

prostheses, fixed.
zirconia. See Monolithic zirconia prostheses, fixed.

Flapless guided implant surgery, 388
Flaps

advancing of, 553f
closure of, 552, 553f
design of, 548–549
partial-thickness, 553

Follow-up data analysis, 13, 14f
Force(s)

biting, 37–38
central pattern generator-generated, 38
occlusal

calculation of, 37
magnitude of, 37–38
materials to withstand, 77–79
nominal, 37–38

translational, 38
Forced orthodontic extrusion, 519
Fracture

implant. See Implant, fracture of.
of laminated porcelain, 586, 587f

Framework. See Metal framework.
Free palatal grafts, 125f, 324–325, 325f
Freehand guided surgical template, 166, 166f, 260–261, 

347, 349
Full-arch suprastructure materials, 67–72, 69f–72f
Fully guided controlled directional drilling, surgical 

template for, 166–167, 261, 261f
Fully guided implant surgery, 11f, 102f, 349
Fully sintered zirconia block, 185

G
Genetically engineered implant surfaces, 26
Gingival recession, 590f
Gingival smile, 534f–536f
Gold palladium, 67
Gold-coated screws, 44
Grafts

bone. See Bone grafts.
free palatal, 125f, 324–325, 325f
onlay

crestal, 233–234
sinus floor augmentation with, 235

veneer, 235f
Growing children. See Children.
Growth factors, 27
Guided implant surgery

antibiotic prophylaxis for, 559
complications of, 560
computer-generated surgical guide for, 558–559
definition of, 555
description of, 100–103, 101f–102f
flap closure, 557
flap design for, 557
fully guided, 11, 11f, 102f, 349
hemostasis control, 559
implant placement, 557, 557f
implant site osteotomy preparation, 556f–557f, 

556–557
incisions for, 557
postoperative instructions for, 559
preoperative preparation, 555–556
simulation in, 555
surgical template for, 555f
suturing, 557
two-piece guides for alveolar ridge reduction, 

557–558, 558f

H
Hader bars

ERA attachments with, 147, 147f, 209, 217
illustration of, 117f, 136f, 144f
implant-assisted overdenture retention using, 136, 

136f, 141, 144f, 147, 217, 217f
implant-supported overdenture retention using, 

150–151
shaping of, 217, 217f
wear assessments of, 575–576

Hader clip, 576f
Hard machining/milling, 74, 75f
Healing abutments

description of, 447
fixed hybrid prostheses, 174, 174f
illustration of, 363f, 438f
implant-assisted overdentures for edentulous 

maxillae, 211, 215f
placement of, 429f
removal of, 429, 430f

Hemidesmosomal system, 7
Hemifacial microsomia, 518f
Hemoglobin A1c, 539
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Hex-headed implants, 216f, 216–217
Hot isotatic pressing, of zirconia blocks, 185
Hounsfield scale, 127
Hybrid ceramics, 79
Hydrophilic implant surfaces, 20f, 29
Hydroxyapatite

bisphosphonate binding to, 541
crystalline deposition of, 27–28, 28f
surface of, platelet adhesion on, 18

Hyperbaric oxygen, 540

I
Immediate loading, of implants

advantages of, 287
considerations for, 189
definition of, 56, 188, 287
fixed implant-supported prostheses for edentulous 

maxillae, 287–288, 291
implant-assisted overdenture, 135–136
implant-supported fixed prostheses, 187–193
for single-tooth defects in esthetic zone, 401–402
tilted implants, 11, 11f
zygomatic implants, 233

Immediate provisionalization
benefits of, 341
customized healing abutment for, 403–404
definition of, 188, 287
in posterior quadrants with extended edentulous 

sites, 341–343
for single-tooth defects in esthetic zone, 401–402

Implant(s)
abutment and, connection between, 8, 43–47, 338
anchorage of, 4, 306–307, 340, 533, 534f–536f
angulation of

attachments versus, 137
for edentulous maxillae, 240f
in esthetic zone, 256–257
excessive labial, 437, 438f
fixed implant-supported prostheses for 

edentulous maxillae, 251–252
fixed prostheses for edentulous mandibles, 164, 

165f
illustration of, 223f
implant-assisted overdentures, 208, 209f, 210, 

210f
implant-assisted overlap removable partial 

denture, 485
multiple-tooth defects in esthetic zone, 462–463
posterior restorations in partially edentulous 

patients, 306, 311, 312f
single-tooth defects in esthetic zone, 417, 417f, 

422–423
wear and, 222

body design
changes in, 9f, 9–10
tapered implant with straight collar, 335–336

bone anchorage of, 4
bone contact with. See Bone-to-implant contact.
composition of, 31
configuration of, 160
contamination of, 29
corrosion of, 3
crown, fitting of, 53–54
curvilinear design of, 41–43
degradation of, 31
design of

biomechanics of, 40–43, 45–47
curvilinear, 41–43
linear, 41–43
new types of, 9f, 9–10
splinted, 40–41

diameter of
biomechanics of, 46
innovations in, 11
in partially edentulous patients, 309–311, 313f
for single-tooth defects in esthetic zone, 415, 415f
wide-diameter, 46, 310, 310f

epithelial migration with, 3–4
failure of

description of, 306, 306f
in irradiated maxilla, 506

fracture of
description of, 576–577
with fixed prosthesis, 580, 580f
risks for, 127–128
zirconia implants, 66–67

framework of, 88, 89f
healing phase for, 6, 25f
immediate loading of. See Immediate loading.
internal connection, 416
irradiation of, 507–508. See also Irradiated tissues.
length of, 46
linear design of, 41–43
long, 46
loss of, 3, 581–583, 587–588
machined-surface. See Machined-surface implant.
mandibular overdentures retained with, 112
micromovement of, during healing phase, 6
misalignment of, 195, 198f
mobility assessments, 565–565
natural teeth versus, 39
neck of, 338, 338f, 415
one-piece, 46
osteoconductivity of, 30, 334
overloading of, 40, 306, 306f, 584, 584f
partially edentulous posterior quadrants treated 

with. See Partially edentulous patients, 
posterior quadrants in.

photofunctionalization of, 29–32, 30f
platelet adherence to, 17
platform reduction, 10f, 337–338
primary stability of, 5–6
screws for. See Screw(s).
short, 46
single-tooth. See Single-tooth implants.
soft tissue interface with, 6–8, 7f
splinted, 40–41, 314–315, 386
survival rates for, 4
tapered, 9, 335f–336f, 335–336
thread design for, 47
tilted. See Tilted implants.
titanium. See Titanium implants.
zirconia. See Zirconia implants.
zygomatic. See Zygomatic implants.

Implant materials
alumina, 63
description of, 60
milling-facilitated production of, 105
titanium. See Titanium.

Implant placement
cement embedding in subgingival space during, 7, 7f
clot formation after, 4
delayed, 399, 403
flapless, 11
in fresh extraction sites, 339–341, 340f
immediate

in extraction sites, 255–256
for multiple-tooth defects in esthetic zone, 

447–448, 448f
for single-tooth defects in esthetic zone, 399–401

mesiodistal space requirements for, 544f
navigation-guided, 103–104, 104f
robotic surgery for, 104
staged, 339–341, 399, 403
surgical approach to, 552

Implant site
creation of, 5, 5f
infection in, 562
osseointegration affected by creation of, 5, 5f
3D analysis of, 12

Implant surface
acid etching of, 17
adsorbed protein interaction with, 16
advances in, 32
bioactivity of, 32
biologic aging of, 29
biomimetic, 26–27
bioreactivity of, 3
bone contact area on, 6
creation of, 334
decontamination of, 5, 31, 571–573
degradation of, 31–32
double acid-etched, 27
fibrin clot formation affected by modifications to, 

17f, 17–18
genetically engineered, 26
hydrocarbons on, 30
hydrophilic, 20f, 29
hydroxyapatite on, 26
machined-surface

illustration of, 4f
microrough surface topography versus, 6
osseointegration of, 5
osteoconductivity of, 334
posterior quadrants in partially edentulous 

patients restored with, 307
microrough. See Microrough implant surface.
nanoenhanced, 26–27, 28f, 334
osteotomy site and, 5, 5f
plaque accumulation on, 567–568
recombinant peptides on, 27
topography of, 334, 334f
tribocorrosion on, 31
uncontaminated, 5
wettability of, 26

Implant surgery
American Society of Anesthesiologists Physical 

Status Classification system, 539–540, 540t
background on, 538–539
in bisphosphonate-treated patients, 540–541
bone volume considerations, 546
computer-planned, 100–103
conventional, 546–555
digital systems used in, 544–545
flaps. See Flaps.
guided. See Guided implant surgery.
head and neck irradiation as contraindication for, 

540
implants

drilling sequences for, 549f, 549–550
exposure of, 548
parallel wall, 546, 549f
placement of, 552
sites

assessment of, 541–542
surgical preparation of, 548

sizes and shapes of, 547f
tapered, self-tapping, 546, 549f

incisions, 548–549
informed consent, 545
innovations in, 10–11
in medically compromised patients, 539–540
parafunctional habits, 539
patient selection for, 539–542
in posterior single-tooth case, 552–553
preoperative preparation, 546–547
presurgical workup for

chief complaint, 543
clinical examination, 544
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diagnostic evaluation and workflow, 545
history-taking, 542–543
informed consent, 545
optical scans, 544–545
overview of, 542–543
past dental history, 543
past medical history, 543
past social history, 544
radiographic examination, 544

rationale for, 538–539
referral criteria, 539–542
simulation software for, 545, 545f
soft tissue considerations, 553–555
suturing, 552, 553f
two-staged approach, 547

Implant-assisted overdenture
biting forces, 37
for edentulous mandible. See Edentulous mandible, 

implant-assisted overdenture for.
for edentulous maxilla. See Edentulous maxilla, 

implant-assisted overdentures for.
occlusal design for, 54–55, 55f

Implant-assisted prosthesis, 124–125
Implantoplasty, 31
Implant-supported fixed detachable prostheses

with connecting bar retention, for edentulous 
maxillae

description of, 272
multiple-tooth defects in esthetic zone treated with, 

455–456, 456f
occlusal design for, 55–56, 56f

Implant-supported overlay removable partial denture, 
300–301, 588

Impressions
closed tray, 362, 363f
custom tray, 139
digital, 87, 93, 97–98
in esthetic zone

for multiple-tooth defects, 468–469
for single-tooth defects, 430, 431f

for fixed hybrid prostheses
edentulous mandible, 170–174, 171f–173f
edentulous maxilla, 274, 274f, 281, 284f
monolithic zirconia, 281, 284f

for implant-assisted overdentures
edentulous mandibles, 138f–139f, 138–140
edentulous maxillae, 211–214, 213f–214f

open tray, 363f
Infection, single-tooth defects with, 402, 402f
Inferior alveolar nerve

exposing of, 125f, 150f
lateralization of, 321

Inflammatory fibrous hyperplasia, 578f
Informed consent, 545
Integrated Abutment Crown, 359
Intensity-modulated radiation therapy, 540
Interdental papilla

description of, 451
grafting technique to restore, 10

Internal implant connection, 416, 586f
Internal interlocking system, 10, 10f
Interocclusal space

for fixed prostheses
in edentulous mandible, 162–163, 163f
in edentulous maxilla, 245–247

fully guided surgery affected by, 349
for implant-supported overdentures, 128, 128f
lack of, 585f

Interproximal contacts, 53f, 368, 371, 583–584
Interradicular spacing, 532
Intramembranous ossification, 24
Intraoral scanners, 89
IPS e.max, 78

Irradiated tissues
bone-to-implant contact in, 500–501
craniofacial sites, 507
edentulous mandible, 505–506
edentulous maxilla, 506f, 506–507
histology of, 498, 498f
implant surgery contraindications, 540
implant-assisted connecting bar, 506, 506f
implants in

animal studies of, 500–502
bone quality issues, 501
craniofacial sites, 507
edentulous mandible, 505–506
edentulous maxilla, 506f, 506–507
existing, 507–508
failure of, 503
human studies of, 502–504
osteoradionecrosis risks, 499, 504, 505f, 508
radiation dose effects on, 502–503
success rates for, 501
timing of placement, 507

osteoclasts in, 498, 499f
osteoporosis effects, 508–509
wound healing in, 500

J
Jaw growth, 491–492
Jaw osteoradionecrosis

description of, 499
medication-related, 509–512, 510t, 511f, 541

Jig, 372f

K
Kelly’s combination syndrome, 112, 128, 128f, 202, 

203f, 226f
Keratinase, 22
Keratinized attached mucosa

assessment of, 331, 565
edentulous mandible treatment planning based on 

amount of, 125, 159–160, 160f
edentulous maxilla fixed implant-supported 

prosthesis treatment planning and, 250, 251f
health evaluations, 565
mucosal repositioning flaps used to expand, 331, 

332f
in thick, flat periodontal biotype, 397

“Knife-edge” residual ridge, in osteoporotic women, 
113, 114f

L
Labiolingual dimension, 127, 127f, 176
Laminated porcelain chipping and fracture, 581, 581f, 

586, 587f, 595
Le Fort I osteotomy with interpositional grafting, 234, 

234f
Leukocyte-platelet-rich fibrin, 571
Linear configuration, 41–43
Lingualized occlusion, 315
Lip line, 206
Lithium disilicate

crowns, with zirconia frameworks
for edentulous maxillae, 270, 271f
fracture of, 579–580
illustration of, 241f
mock-up, 285, 286f
procedures for, 285–286

history of, 78
for implant-supported fixed dental prostheses, 79f

milling of, 75
monolithic, 182, 370
occlusal uses of, 78

Load magnification, 39
Loading

delayed, 188, 287
early, 188, 287
immediate. See Immediate loading.
progressive, 188–189, 287
protocols for, 12

Locator abutment-attachment system, 131, 131f–132f
Locking systems, 10, 10f
Long face syndrome, 492
Long implants, 46
Long-bar overdenture, for edentulous mandibles, 119
Lost wax technique, 75, 104
L-PRF. See Leukocyte-platelet-rich fibrin.

M
Machined-surface implant

illustration of, 4f
loading protocols for, 12
microrough surface topography versus, 6
osteoconductivity of, 334
posterior quadrants in partially edentulous patients 

restored with, 307
Macrophages, 18–19
Magnetic attachments, for implant-assisted 

overdentures, 148f, 148–149
Mandible

anterior, defects of, 476, 476f–478f
edentulous. See Edentulous mandible.
implant effects on growth of, in children, 491, 496
implant placement in, 48f

Mandibular body
implant effects on bone density of, 114–115
resorption of, 176–177

Mandibular first molar
ankylosed, 517f
extraction of, 529f

Mandibular incisors, 438–440, 439f
Mandibular overdenture, 54–55
Mandibular second molar, 517f
Manufacturing

additive, 76–77, 94, 104, 144
new techniques in, 93–94
subtractive, 74–76, 94

Mastication
edentulous maxillae treatment options and, 207
two-implant overdenture effects on, 116–117

Maxilla
edentulous. See Edentulous maxilla.
implant effects on growth of, in children, 491

Maxillary left central incisor, 409f
Maxillary osteotomy, 496, 497f
Maxillary sinus pneumatization, 320
Maxillary tuberosity, 240, 241f
Maxillofacial defects, 487, 489, 489f
Maxillomandibular records

fixed hybrid prostheses, 174, 174f
implant-assisted overdentures

for edentulous mandible, 140–141, 141f
for edentulous maxilla, 214–215

multiple-tooth defects in esthetic zone, 469
posterior quadrants in partially edentulous patients, 

364, 364f
Maximum biting forces, 37
Mechanoreceptors, 48
Mechanostat hypothesis, 47
Medication-related osteonecrosis of the jaws, 509–

512, 510t, 511f
Mesenchymal stem cells, 4, 6
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Mesial migration, 13, 464, 583–584, 584f, 595, 595f
Mesiodistal space, 532
Metal framework

CAD/CAM, 178–179, 179f, 276–277
cantilever length of, 175f, 176f, 276
cantilever section of, 176–177
cast, 178, 178f
fabrication of, 178f–179f, 178–179, 276–277
finish line of, 177
for fixed hybrid prostheses

design of, 275–277
fabrication of, 276–277
in mandibular region, 175–179

interproximal brush access in, 176, 276
milling of, 179
screw access channels in, 176, 176f
tissue surface of, 177, 177f–178f

Metal-ceramic fixed prostheses
for edentulous mandibles

description of, 169–170
fabrication of, 183f, 183–184
gold alloy occlusal surfaces, 182
illustration of, 170f

for edentulous maxillae
abutments, 279, 279f
angulation of implants, 278–279, 279f
cemented designs, 268, 270, 270f
occlusion of, 280
screw-retained designs, 267–268, 268f
segmental design of, 279–280
telescopic designs retained with auxiliary screws, 

268, 269f
for multiple-tooth defects in esthetic zone, 472

Metals, 4
Microdontia, 526, 528f
Microrough implant surface

developments associated with, 26–29, 27f–28f
disadvantages of, 334
hydroxyapatite crystals on, 27–28
illustration of, 335f
titanium coating on, 27
topography of, 3f, 6, 334f
zirconia implants, 67

Midpalatal implants, 533
Milling

of cobalt-chromium alloys, 75
connecting bars, 152
implant material productions using, 105

Mini-implants
edentulous mandible treated with, 147–148, 148f
edentulous maxilla treated with, 225
transitioning from failing dentition to implant-

supported fixed prostheses using, 263
Miniscrews, 533
Minocycline, 572
Molars, 378–381, 379f–382f
Monolithic lithium disilicate, 182, 370
Monolithic zirconia. See also Zirconia.

CAD/CAM systems, 105
description of, 182
forms of, 79
frameworks, with lithium disilicate crowns. See 

Lithium disilicate, crowns, with zirconia 
frameworks.

for implant-supported fixed denture prostheses, 370
occlusal uses of, 78–79, 80f
properties of, 68, 69b
wear of, 362

Monolithic zirconia prostheses
applications of, 68
fabrication of, 70–71
fixed, for edentulous mandibles

CAD/CAM applications, 185
coloring of, 184

definitive restoration, 187, 187f
description of, 169–170, 170f
diagnostic mock-up, 281, 282f
failure of, 185b
frameworks for, 184
illustration of, 170f
impressions, 281, 283f
master casts, 281
master casts for, 185–186
processing of, 184
prototype restoration, 185–186, 186f
provisional restoration, 186
restorative workflow, 184–187, 281–285, 

282f–284f
sintering of, 185
technology used in, 183–184
zirconia block manufacturing, 185

fracture of, 70
full-contour restorations, 69
fully sintered, 89f
processing of, 69–70
restorative workflow for, 70–71

Moore’s law, 89
MRONJ. See Medication-related osteonecrosis of the 

jaws.
Mucoperiosteal flaps, 548
Mucosal repositioning flaps, 331, 332f
Mucositis. See Peri-implant mucositis.
Multiple-tooth defects. See Esthetic zone, multiple-

tooth defects in.
Myeloid-derived suppressor cells, 19, 19f

N
Nanoenhanced implant surfaces, 26–27, 28f
Nanohybrid composites, 71–72
Nanostructuring, of titanium implant surface, 28f, 

28–29
Nasal floor inlay grafting, for resorbed edentulous 

maxillae, 234–235, 235f
Natural teeth

implant versus, 39
intrusion of, 587, 587f–589f
mesial migration of, 595, 595f

Navigation-guided implant placement, 103–104, 104f
Negative marker, 346, 346f
Neutral axis, 41
Nickel-titanium-alloy, 360
Nonaxial loading, 38–40
Nonsurgical debridement, 569–570
Normal axis, 38
Novum system, 198
Nutrition, 120–121

O
Occlusal design

for anterior implants, 51–52
for completely edentulous patients, 54–56
description of, 40
for implant-assisted overdenture, 54–55, 55f
for implant-supported fixed prostheses, 55–56, 56f
for partially edentulous patients, 49–54, 49f–54f
for posterior implants, 49–51, 49f–52f

Occlusal forces
calculation of, 37
magnitude of, 37–38
materials to withstand, 77–79
nominal, 37–38

Occlusal index, 143f
Occlusal table, 369f
Occlusal vertical dimension, 50, 574, 578

Occlusion
adjustments to, 53–54
assessment of, 566, 583
overloading of, 40, 584

O’Leary plaque control index, 563, 563b
One-piece implants, 338, 416
Onlay grafts, 233–235
Open tray impressions, 363f
Optical coherence tomography, 92
Optical scanning

clinical application of, 92–93
presurgical, 544–545
technologies for, 91–92

Oral compliance
in edentulous mandible treatment planning, 126, 

126f, 159
implant-supported overdentures, 206–207

Oral health quality of life, 118
Oral hygiene, 206–207
Oral rinses, for peri-implant mucositis, 569
Orthodontic extraction, 519
Orthodontic implant site switching, 520, 530
Orthodontics

implants, as temporary anchorage devices, 533, 
534f–536f

preimplant
cephalometric radiographs, 521–524, 523f
growth stabilization evaluations, 523
indications for, 516, 517f
mesiodistal space created with, 516
skeletal imbalance evaluations, 523–524

single-tooth implants in
indications for, 524–531, 525f–531f
space requirements, 532
summary of, 536
treatment-planning uses of, 526, 529f

summary of, 536
Osseointegration

bone-to-implant contact. See Bone-to-implant 
contact.

duration of, 6
fibrin clot formation. See Fibrin clot.
history of, 3–5
illustration of, 4f
introduction to, 3–5
long-term function of, 498
platelet activation in, 17
prerequisites for achieving, 5–7, 498
summary of, 14
zirconia, 65

Osteoclasts, 26, 498, 499f
Osteoconductivity, 30, 334
Osteocytes, 25
Osteodensification, 5
Osteogenesis imperfecta, 21
Osteogenic proteins, 27
Osteopontin, 22–23
Osteoporosis, 113, 114f, 508–509
Osteoprotegerin, 32
Osteoradionecrosis, 499
Osteoradionecrosis of the jaw, 504, 505f

description of, 499
medication-related, 509–512, 510t, 511f, 541

Osteotomy
for distraction osteogenesis, 449
maxillary, 496, 497f

Osteotomy site, 5, 5f
Ovate pontic, 472f
OVD. See Occlusal vertical dimension.
Overbite, 528f
Overdenture(s)

for edentulous mandibles. See Edentulous mandible, 
implant-assisted overdenture for.

for edentulous maxillae. See Edentulous maxilla, 
implant-assisted overdentures for.
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Overdenture bar
cobalt-chromium, 73
loss of retention with, 73
materials used for, 73–74
titanium, 73

P
PAEK, 71, 272
Palatal bone

defects of, implant-assisted overdentures for, 224, 
225f

pyramidal process of, implants that engage, 240, 
241f

Palatal positioning, 396
Parafunctional activity, 50, 54, 317–319, 539
Parallel confocal scanning, 91
Parallel wall implant, 546
Partial dentures

removable. See Removable partial dentures.
types of, 482

Partially edentulous patients, posterior quadrants in
bone volume evaluations, 331
case studies of, 382–388, 383f–385f, 387f
chief complaint, 330–331
endodontically restored teeth. See Endodontic 

treatment, for posterior defects in partially 
edentulous patients.

examination and workup, 330–334
fixed partial dentures for

conventional, 305–306
implant-supported, 299, 300f, 305–306
outcomes of, 305f
removable partial dentures versus, 299

free palatal grafts for, 324–325
fresh extraction sites, implant placement in, 

339–341, 340f
implants for

abutments
angled, 351–352, 352f
connection with, 338
custom, 356–359, 357f–359f
definition of, 351
emergence profile of, 357
material options for, 361–362, 362f
one-piece, 352
prefabricated, 351–353, 352f
preparable, 356
selection of, 351–362
shape memory sleeve, 360–361, 361f
stock, 351–353, 352f
two-piece, 352f
UCLA, 353–355, 354f
zirconia, 361–362, 362f

anchorage of, 306–307
angulation of, 306, 311, 312f
anterior guidance, 331, 333f
arrangement of, 306, 307f
biomechanics of, 306–319
bone contact with, 307f
bruxism effects on, 317, 319, 319f
CAD/CAM techniques for, 314, 315f, 345f–346f, 

345–347
cantilevers, 311–312, 312f–313f, 314, 325
case studies of, 382–388, 383f–385f, 387f
cephalometric radiographs before placement of, 

521–524
Co-Axis design of, 338–339, 339f
complications of, 320b, 583–588
connecting of, to natural dentition, 317, 318f
curvilinear arrangement of, 307, 307f
defect size as determinant of, 312, 313f
diameter of, 309–311, 313f

distraction osteogenesis, 321–322, 322f
endodontically restored teeth versus, 301–304
external hex, 337
in fresh extraction sites, 322–324, 339–341, 340f
grafting before, 320f, 320–321
immediate provisionalization/immediate loading, 

341–343
inferior alveolar nerve lateralization, 321
internal connection, 337
interproximal contacts, 583–584
length of, 309–310
linear configuration of, 308–309
machined-surface, 306
in mandible, 308, 309f
in maxilla, 308, 308f
mesial migration, 583–584, 584f
natural tooth abutments, 317, 318f
neck of, 338, 338f
nonsplinted, 315
number of implants per dental unit, 308, 308f
occlusal factors, 315–316, 316f, 331–334, 

332f–334f
one-piece, 338
orthodontic intrusion, 521
overloading of, 306, 306f
parafunctional activity effects on, 317–319
passive fit of, 314
platform reduction, 337–338
posterior contacts, 315, 316f, 331, 368
removable partial dentures versus, 298–300
ridge preservation, 322–324, 323f
selection criteria, 334–339
single-tooth, 338f
site selection, 343f–346f, 343–347
socket augmentation, 322–323
solitary, 317, 318f
splinted, 314–315, 386
staged placement of, 339–341
staggered configuration of, 308–309, 309f
summary of, 325–326
surface topography of, 334, 334f
tilting of, 357f
treatment planning, 306–319
vertical dimension considerations, 316, 331
wide-diameter, 310

keratinized attached mucosa assessments, 331
multiple implants, 49–51
occlusal design for, 49–54, 49f–54f
occlusion, 315–316, 316f, 331–334, 332f–334f, 388
prosthodontic procedures

bite planes, 376, 376f
case studies of, 382–388, 383f–385f, 387f
definitive restoration

cement-retained prostheses, 367, 368f, 
374–376, 386

delivery of, 371–376
fabrication of, 367–368
monolithic zirconia, 370
occlusal materials, 369f, 369–370
retention of, 365–367
screw-retained prostheses, 366–367
try-in, 371–376, 372f

digital impressions, 363
impressions, 362–363, 363f
maintenance, 376
maxillomandibular records, 364, 364f
provisional restorations, 364–365, 365f–366f
screw-retained restorations, 372, 374
summary of, 388
transfer impression coping, 362
virtual articulation, 364, 365f

pulpal disease in, 301
radiographs, 330, 332f

single-tooth defects
description of, 337, 376
molars, 378–381, 379f–382f
premolars, 376–377

treatment planning for, 298
PEEK, 71, 72t, 92
PEKK, 71, 72t, 272
Peri-implant bone

biomechanical characteristics of, 21
bone-to-implant contact, 21–24, 23f–24f
definition of, 21
examination of, 577, 578f
extracellular matrix in composition of, 26
genome microarray gene expression of, 24f
hardness of, 21
interfacial shear strength, 21–24
long-term stability of, 24–26
loss of, 567, 568f
maintenance of, 562–566
on microrough implant surface, 27
osteoclastic bone resorption and, 26
radiographic examination of, 563–564
synthesis of, through contact osteogenesis, 22f

Peri-implant diseases
cumulative interceptive support therapy protocol 

for, 572
epidemiology of, 566
treatment of, 31, 567–568

Peri-implant health, 566
Peri-implant mucosa

description of, 7
implant-assisted overdenture for edentulous 

maxilla, 210–212
Peri-implant mucositis

cetylpyridinium chloride for, 569
chlorhexidine for, 568–569
debridement of, 569–570
definition of, 566
epidemiology of, 566
essential oils for, 569
follow-up evaluation of, 570
illustration of, 566f
nonsurgical debridement of, 569–570
oral hygiene modifications for, 568
oral rinses for, 569
plant alkaloids for, 569
treatment of, 568–570

Peri-implant pockets, 3
Peri-implant soft tissue

apical migration of, 589–590, 591f
examination of, 577, 578f, 592
maintenance of, 562–566
margin recessions, 565
plaque assessments, 563, 563b
probing of, 564f–565f, 564–565
visual examination of, 563

Peri-implantitis
antimicrobials for, 571, 571f
bone loss caused by, 572f
classification of, 566–567
clinical presentation of, 570
complex management and maintenance approach 

for, 572–573
cumulative interceptive support therapy protocol 

for, 572
definition of, 566, 570
description of, 7, 7f, 32
epidemiology of, 566
illustration of, 567f
nonsurgical debridement of, 570
oral hygiene modifications for, 570
scaling and root planing for, 570
surgical intervention for, 571
treatment of, 570–573
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Periodontal biotype, 394–398, 447, 447f
Periodontal disease, 265, 583
Periodontal ligament, 39, 53–54
Periodontitis, 566
Periradicular disease, 301–302
Photofunctionalization, 29–32, 30f
Pickup-type copings, for fixed hybrid prostheses, 

171f–173f, 171–174
Pink porcelain, 405, 406f, 451, 451f
Plant alkaloids, for peri-implant mucositis, 569
Plaque, 563, 563b, 574f
Plasma proteins, 4–5
Platelet(s) , 17–18
Platelet-derived growth factor, 27
Platelet-rich plasma, 17f
PMMA

denture teeth, 80
milling of, 75, 88f–89f, 265
properties of, 71–72
provisional restorations, 88, 365, 366f, 469–470, 

470f
Polyaryletherketone. See PAEK.
Polyetheretherketone. See PEEK.
Polyetherketoneketone. See PEKK.
Polymethyl methacrylate. See PMMA.
Polyvinyl siloxane, 214
Porcelain

chipping of, 580–581
fracture of, 581f
laminated, 581, 581f, 586, 587f
pink, 405, 406f, 451, 451f
titanium and, 72–73

Porcelain-fused-to-zirconia restorations, 184, 185b
Porphyromonas gingivalis, 32
Posterior gingival smile, 534f
Postmenopausal osteoporosis, 113, 114f
Preparable abutments

description of, 356
illustration of, 357f, 467
for multiple-tooth defects in esthetic zone, 467
for posterior teeth in partially edentulous patients, 

356
for single-tooth defects in esthetic zone, 421f, 

421–422
Pressure-indicating paste, 132f, 133, 146f
Probing, 564f–565f, 564–565
Progressive loading, 188–189, 287
Prostheses

fabrication of
CAD/CAM systems effect on, 8–9, 9f
3D imaging effects on, 8–9, 9f

fixed. See Fixed prostheses.
immediate loading of, 56, 57f
screw-retained. See Screw-retained prostheses.

Prosthetic materials
full-arch suprastructure, 67–72, 69f–72f
gold palladium, 67
gold platinum palladium, 67
silver palladium, 67
type IV alloys, 67

Prosthodontics
goal of, 37
materials, 12

Protein adsorption, 16
Proteoglycans, 22
Provisional restorations

challenges associated with, 273
in esthetic zone

immediate loading, 52, 52f
for multiple-tooth defects, 469f–470f, 469–470
for single-tooth defects, 425–430, 427f–430f

PMMA, 88, 365, 366f, 469–470, 470f
posterior quadrants in partially edentulous patients, 

364–365, 365f–366f

for transition to fixed implant-supported prosthesis 
in edentulous maxilla, 272–273

Pseudo-Class III maxillomandibular relationship, 245, 
245f

Pulpal disease, 301
Pure translational movements, 38

Q
“Quad four” arrangement, 253

R
Radiation. See Irradiated tissue.
Radicular cyst, 302
Radiopaque cement, 375
Radiopaque markers, 259f
Receptor activator of nuclear factor kappa b ligand, 

25, 32, 509
Recombinant human bone morphogenetic protein-2, 

27
Recombinant human bone morphogenetic protein-7, 

27
Recombinant peptides, 27
Removable partial dentures

design principles for, 489
digitally designed framework for, 94f
extension base

description of, 482
implants for added stability, retention, and 

support in, 482–485, 483f
implant applications with

abutment teeth replacement, 486–487, 487f
extension base stability, retention, and support, 

482–485, 483f
failure of implant in key positions, 486
lack of abutment teeth, 487
maxillofacial defects, 487, 489, 489f
overview of, 482
prosthodontic procedures for, 484
restoration of implant with questionable 

anchorage or biomechanically unfavorable 
configurations, 483f–484f, 484–486

implant-supported overlay, 300–301, 588
multiple-tooth defects in esthetic zone treated with, 

454f–455f, 454–455
partially edentulous posterior quadrants treated 

with, 298–300
as provisional restoration in esthetic zone, 469, 

469f–470f
Resection dentures, 149, 149f
Resin printing, 94
Resin-bonded fixed partial dentures, in esthetic zone

fracture of, 408
for multiple-tooth defects, 454, 454f–455f
for single-tooth defects, 408

Robotic surgery, 104
Root convergence, 532

S
Scalers, 569, 570f
Scaling and root planing, for peri-implantitis, 570
Scalloped periodontal biotype, 394, 396, 447, 447f
Screw(s)

biomechanics of, 43–45
cemented crown-abutment complexes retained 

with, 436
cross-pinning, 45f
fracture of, 576–577, 577f, 580
gold-coated, 44

loosening of, 44, 578, 584–585, 591–592
materials used for, 44
preload force on, 43
set, 45
tension on, 43
tightening of, 43, 180
uses of, 43

Screw channels
angulated, 422
fixed hybrid prosthesis metal framework, 176, 176f

Screwless, cementless abutments, 359–361, 360f
Screw-retained implant crowns, for single-tooth 

defects in esthetic zone, 418
Screw-retained prostheses

advantages of, 367
metal-ceramic, 268, 268f–269f
multiple-tooth defects in esthetic zone treated with, 

470–471, 474, 478
placement of, 372–374
posterior teeth in partially edentulous patients 

treated with, 372, 374
retrievability of, 366–367
screw mechanics, 372
stock abutments for, 351

Sealing zone, 26, 509
Selective laser melting, 76–77, 77f, 94
Selective laser sintering, 76
Semi-guided controlled directional drilling, surgical 

templates for, 166, 261–262, 262f, 349–351
Semi-guided surgical drill guides, 103
Set screws, 45
Settling, 44
Shape memory sleeve abutments, 360–361, 361f
Sharpey fibers, 374
Shim stock, 51, 371, 388, 473
Short face syndrome, 492
Short implants, 46
Silicone index, 175
Silver palladium, 67
Sim/plant, 545
Single-tooth defects. See Esthetic zone, single-tooth 

defects in.
Single-tooth implants

in esthetic zone, 51
occlusal design of, 49
occlusal forces on, 10
orthodontic uses of. See Orthodontics, single-tooth 

implants in.
single-tooth defects in esthetic zone treated with, 

407
two-tooth defect restored with, 475

Sintering, 185
Sinus augmentation, 235, 235f–236f, 320f, 320–321, 

325
Sinus pneumatization, 205, 205f, 320
Sjögren disease, 202
Skalak models, 42–43
Skeletal imbalance, 523–524
SLM. See Selective laser melting.
SLS. See Selective laser sintering.
Smile arc, 534f
Smile design, 438, 452f–453f, 452–453
Smile line, 248–249, 249f
Socket augmentation, 255, 322–323, 403, 403f, 447
Socket shielding, 324, 400–401
Soft machining/milling, 74, 75f
Soft tissue, implant interface with, 6–8, 7f
Software programs, 86
Speech

edentulous maxillae treatment and, 206, 207f, 250
palatal contours of prosthesis effects on, 250

“Spinners,” 5
Splinted prosthesis, 40–41
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Splinting
description of, 40–41
of zygomatic implants, 233

Stacked surgical templates
alveolectomy uses of, 167, 168f
applications of, 128
case report of, 194
examples of, 128f, 134f
for fully guided controlled directional drilling, 261, 

262f
Stainless steel, platelet activation on, 17
Straight collar, 335–336, 336f–337f
Strain, 47
Streptococcus mutans, 11
Stretch-sensitive ion channels, 48
Subcrestal implants, for single-tooth defects in 

esthetic zone, 417, 418f
Subepithelial connective tissue grafts, 324–325
Subgingival accumulation, of cement, 7, 7f, 374f–375f, 

374–376, 434–438, 585–586, 586f, 593, 594f
Submucosal resection, 126
Substructures

titanium, 72–73
type IV noble alloys, 73

Subtractive manufacturing, 74–76, 94
Suppuration, 565
Supracrestal implants, for single-tooth defects in 

esthetic zone, 417, 418f
Surface of implants. See Implant surface.
Surgical drill guide, 5f, 133f, 191f, 347, 351, 378f
Surgical guide

applications of, 100
bone-borne, 103
digital, 87, 88f, 101
fully guided surgery uses of, 103, 103f, 558f
semi-guided, 103
tooth-borne, 103f
two-piece, 558, 558f

Surgical innovations, 10f, 10–11
Surgical templates

description of, 164–167
digitally designed, 88f
for edentulous arches, 166–167, 257–263, 

258f–262f
for fixed prostheses in edentulous maxillae, 257–

263, 258f–262f
for freehand drilling, 166, 166f, 260–261, 347, 349
fully guided, 166–167, 349–351
for fully guided controlled directional drilling, 

166–167, 261, 261f
for semi-guided controlled directional drilling, 166, 

261–262, 262f, 349–351
stacked. See Stacked surgical templates.
two-piece, 558, 558f

Surgical titanium, 61
Suturing, 552, 553f
Swept-source optical coherence tomography, 92

T
Tapered implants, 9, 335f–336f, 335–336, 546, 549f
Telescopic metal-ceramic prosthesis, 268, 269f
Temporary anchorage devices, orthodontic implants 

as, 533, 534f–536f
3D imaging, 8–9, 9f
3D printing, 77
3Y-TZP, 65, 68, 78–79
Tilted implants

AP spread with, 252, 252f
cone beam computed tomography applications 

to, 162
description of, 11, 11f–12f

for edentulous areas
in mandible, 162
in posterior maxilla, 11, 12f

immediate loading uses of, 11, 11f
immediate provisionalization with, 341

Time-domain optical coherence tomography, 92
Titanium

abutments made from, 75, 424–425, 468, 468f, 594
biologic aging of, 29
body-centered cubic crystalline structure of, 61
commercially pure, 60
corrosion resistance of, 4
b-eutectoid stabilizers, 62
grades of, 60–61
impurities in, 62
milling of, 75, 105
overdenture bar, 73
porcelain and, 72–73
properties of, 60–63, 61t
prostheses, 72–73
stable phases of, 61
substructure uses of, 72–73
surgical, 61
type V, 68

Titanium dioxide
acid etching effects on, 17
description of, 4
zeta potential of, 18

Titanium implants
double acid-etched, 27, 28f
existing, irradiation of, 507–508
fibrin clot formation on, 17
hydrophobic, 30
in irradiated tissue, 500
saline packaging of, 26
site preparation for, 5
soft tissue interface with, 7
surface of

carbon molecules on, 29
degradation of, 31–32
hydrocarbons on, 30
hydrophilic nature of, 29f
nanostructuring of, 28f, 28–29
wettability of, 30

surface of, platelet adhesion to, 17
zirconia implants versus, 64–66

Titanium oxide, 62
Titanium-zirconium, 62
Tooth extraction

bone resorption rate after, 112–113, 113f, 114f
tooth migration after, 516

Tooth migration, 516
Torque wrench, 45
Trabecular bone, 9, 25
Transfer copings, 362

for fixed hybrid prostheses, 171f, 171–172, 274
for implant-assisted overdentures, 138, 138f
for multiple-tooth defects in esthetic zone, 468

Transformation toughening, 65
Translational forces, 38
Transmucosal abutments, 140, 140f
Transsinus implants, 253f
Treatment planning, 3D imaging effects on, 8–9, 9f
Treatment protocols

digital, 87–88, 94–106, 95f
traditional, 94

Trial dentures, 140, 141f
Tribocorrosion, 11
True Definition Scanner, 91
Tumor necrosis factor-α, 31
Two-implant overdenture

edentulous maxillae with resorption treated with, 
226–228, 227f–228f

mastication affected by, 116–117

Type III noble alloys, 77–78
Type IV noble alloys, 73–74, 77–78
Type I collagen, 512
Type IX collagen, 26
Type X collagen, 23–24

U
UCLA-type abutments, 94, 136, 182, 212, 217, 217f, 

275f, 353–355, 354f, 356, 412, 424, 436, 466f, 
466–467, 593, 595f

Ultraviolet light, for implant surface decontamination, 
5

V
Veneer grafts, 235f
Vent holes, 374, 375f
Vroman effect, 16

W
Wax-up, digital, 87f, 98–99, 99f
Wettability, of implant surface, 26
Wide-diameter implants, 46, 310, 310f
Wound

closure of, in edentulous mandibles, 114f, 114–115
healing of, in irradiated tissues, 500

Wound-inducible transcript 3.0, 114, 116f, 208

Z
Zirconia

abutments, 361–362, 362f, 422, 423f, 435f–436f, 
436, 468, 468f, 593

air abrasion of, 66
blocks of, 64, 71, 185
fatigue of, 66–67
fracture resistance of, 66–67
frameworks, 68–69, 579, 580f
history of, 63
low-temperature degradation of, 66
milling of, 75
monolithic. See Monolithic zirconia.
osseointegration of, 65
phase transformation of, 63–65
properties of, 63–67, 69b
prosthodontic restorability of, 65–66
soft tissue response of, 67
surface treatment of, 66

Zirconia implants
microroughened, 67
one-piece, 66
surface treatment of, 66
titanium implants versus, 64–66, 66f

Zirconia prostheses
coloring of, 69
for edentulous mandible, 169–170
fixed. See Monolithic zirconia prostheses, fixed.

Zirconia restorations
for multiple-tooth defects in esthetic zone, 472
porcelain-fused-to-zirconia restorations, 184, 185b
processing of, 69–70

Zirconium-titanium, 62
Zygomatic implants

for edentulous maxillae, 228f–233f, 228–233, 253f, 
291–292

immediate loading of, 233
splinting of, 233
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