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PREFACE

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

are in the midst of revolutionary change, primarily because 
of the re� nement of CAD/CAM technologies. These changes 
are by no means con� ned 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 ef� ciency. 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 ef� cient prosthodontic work  ̄ows. 

As in the � rst 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 � rst 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 � rst edition, we indicate when conven-
tional approaches (tooth-supported � xed 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 ef� cient, 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 signi� cant prosthodontic complexities 
such as occlusal plane discrepancies, malposed teeth and 
unfavorable jaw relations, periodontal compromise of exist-
ing dentition, and signi� cant 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 � xed and removable prosthodontics. In 
order to develop an appropriate level of expertise in implant 
prosthodontics, the clinician must have a � rm foundation in 
conventional � xed 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, signi�cant 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 �rst intro-
duced by Brånemark.1 These implants were made of titanium, 
and when placed in the jaws, bone was deposited on their 
surfaces, �rmly 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 �fty designs. He and his colleagues 
�nally 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 suf�cient concentrations is thought to provoke acute 
and chronic in¯ammatory responses. When combined with 
insuf�cient primary �xation and the lack of stability during 
healing and function, �brous encapsulation of the offending 
material is a common sequela (Fig 1-2a). Subsequently, epithe-
lial migration along the interface between the implant and the 
�brous 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 �lled 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 � brous 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 � brin 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 signi� cantly 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 “osteodensi� cation”). 
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 osteodensi� cation 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
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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 bene� cial 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 ̄  ow, 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 � ndings of many clinicians, who have recorded signi� cant 
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 � rst 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 � brin clot from the implant surface. Actually, it 
is well known that an optimal amount of strain is bene� cial 
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 insuf� cient 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 
(� bro-osseointegration), while appropriate microstrain can 
promote a healthy bone-implant interface. These phenomena 
have clinical signi� cance. For example, immediate loading of 
dental implants provides a unique challenge. Implants placed 
into function immediately must be suf� ciently 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 � brin 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 ef� cient 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 de� nitive 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 � bers intermingled 
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with � bers extending outward from the alveolar crest. These 
� bers 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 � bers 
circumferentially con� gured around the neck of the implant 
are interwoven with collagen � bers 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 � bers 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 signi� cant for a number of reasons, including the 
manner in which these tissues respond to the oral micro  ̄ora,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 de� ned 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 de� ned 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 � xture 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 signi� cant 
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 � ndings 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 re� ne the 
peri-implant soft tissue contours. (c) A customized 
impression coping was used to make the de� nitive 
impression. (d) The de� nitive 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, 
de� nitive 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 
fi ]ture�

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 speci� cally 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 de� nitive 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 
signi� cant when restoring single-tooth defects but probably 
not when restoring multiple-tooth defects. Single implants, 
especially in the posterior regions, are subjected to signi� cant 
occlusal forces. The lateral component of these forces may be 
suf� cient 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 signi� cant 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 � xture 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 
bene� t 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  ̄ap 

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 di� erent 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) De� nitive prosthesis. (Courtesy of Dr A. Pozzi.)

a b

c d
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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,  ̄apless implant placement 
in select patients reduces the incidence of surgery-related 
bacteremia and may be bene� cial 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 con� guration 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 � rst 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 
� apless 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

d e

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 � xed 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 insuf� cient. 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 � ap is re� ected. (g) The surgical 
drill guide is positioned, and the osteotomy site 
is prepared. 
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Fig 1-20 Three implants were used to restore the posterior teeth. A 20-year follow-up pho-
tograph. Note the signi� cant mesial migration of the anterior teeth, resulting in a large space 
between the canine and the implant-supported � xed 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 signi� cant patient history � ndings 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 re� nement of loading 
protocols, have improved implant and prosthesis success.
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