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Foreword

The 2008 Toronto Osseointegration Confer-
ence Revisited and this book would not have 
been possible without the enthusiastic support 
of everyone involved.

We are grateful to our conference speakers 
and especially the individuals who spent time 
putting on paper what they consider are the 
important messages to be conveyed.

We thank our industry sponsors for sup-
porting the conference, and our participating 
associations and journals for their coopera-
tion in selecting speakers and program themes. 
We also express gratitude to everybody who 
shared our ambition to organize a conference 

with a main purpose to critically appraise 
where we have come from and where we are 
heading within the fi eld of implant dentistry.

Enormous thanks is extended to my 
husband and editor of this book, Asbjorn 
Jokstad. This book would never have been 
written without his indefatigable energy and 
desire to share scientifi c knowledge with den-
tists and researchers throughout the world.

Dr. Anne M. Gussgard, DDS
Steering Committee Chair

Toronto Osseointegration Conference 
Revisited, May 9–10, 2008
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Preface

Osseointegration and implant dentistry 
research are at an unprecedented peak. More 
than one million dentists worldwide are ready 
to learn more about implant practices and 
eager to offer implant solutions to their 
patients. The consequence is that the market 
today is saturated with new implant manu-
facturers, new implant brands, new surfaces, 
and new marketing strategies. Some say this 
is history repeating itself, that the fi eld has 
regressed to the implant dentistry practices 
and research preceding the fi rst Toronto 
Osseointegration Conference, which was 
organized by Professor Emeritus George A. 
Zarb in 1982.

A 25-year mark is a good point to call a 
time-out, to take stock of our accomplish-
ments, and to question where we have come 

from, where we are, and where we seem to 
be heading. By learning from our past mis-
takes, we may better be able to meet the 
future. What have we achieved over the last 
25 years and what are emerging as new and 
innovative developments in the fi eld of 
osseointegration? This textbook attempts to 
answer these questions by refl ecting on the 
many signifi cant developments of the current 
and future application of implants to support 
intra and extraoral prostheses. A sincere 
thank you to all colleagues who have shared 
this vision and contributed to the Toronto 
Osseointegration Conference Revisited and 
to this textbook.

Asbjorn Jokstad, DDS, Dr. Odont.
Toronto, May 10, 2008
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Introduction

The improvements in implant technology 
and its practical application in the clinic are 
not a function primarily of one specifi c 
implant surface, a treatment procedure, or 
some particular loading protocol. Rather it 
can be understood by conceptualizing the 
individual elements involved in placing one 
or more endosseous implants to support an 
intraoral prosthesis. It is the refi nement of 
each of these individual elements that has 
contributed to the understanding of osseointe-
gration itself, and improved the technology 
to solve our patients’ problems even further. 
The chapters that have been included in this 
collection refl ect these elements. Three inter-
twined treatment planning phases can be 
identifi ed in the practical application process: 
a total treatment planning strategy (chapters 
2, 3, and 4); a surgery planning strategy 
(chapter 5); and a restorative planning strat-
egy (chapters 15 and 16). These planning 
phases take into account patient-centered 
considerations, for example, risk factors 
(chapters 3 and 4), healing predictability 
(chapters 11, 12, and 13), and consideration 
of the probabilities of possible outcomes of 
implant interventions (chapters 18, 19, 20, 
21, and 22). The actual interventions fall 

into four categories, that is, the diagnostic 
and pre-surgical (chapters 6, 7, and 8), the 
surgical (chapter 10), and the restorative 
(chapter 14), although at times some of these 
converge. Each intervention involves the use 
of different biomaterials for possible site 
optimizing (chapter 9) and ultimately for the 
different components of the supra-construc-
tion (chapter 17). The observant reader may 
recognize that the chapter theme order 
follows the natural progression in the every-
day clinical treatment situation. Comple-
menting these practical elements of implant 
therapy are the three remaining chapters on 
the assessment of technology in implant 
therapy (chapter 1), educational require-
ments for practice (chapter 24), and use of 
craniofacial and dental implants in adoles-
cent children (chapter 23).

Chapter 1: Any 4-year-old child is able to 
ask the three essential questions in life—what 
do we know?, how can you say?, and why 
should I? More learned scholars would cate-
gorize these questions using the more philo-
sophical terms ontology, epistemology, and 
ethics. The chapter describes what we know 
about implant therapy outcomes, how we 
should interpret the claims in the literature, 
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xx  Introduction

and on which theoretical basis the practicing 
community should be guided.

Chapter 2: The comprehensive treatment 
planning phase is the most crucial element 
determining a successful or unsuccessful treat-
ment outcome. Experience has shown us that 
it is diffi cult, or at worst impossible, to achieve 
an optimal result if this essential factor is 
neglected. This chapter describes how multi-
faceted treatment planning needs to be in 
order to attain a high probability of treatment 
success.

Chapter 3: Patients with complex rehabili-
tation problems remain a challenge for the 
clinician, whether their condition is due to 
medical factors, multimorbidity, or old age. 
This chapter describes how acceptable treat-
ment results from a functional, psychological, 
and psychosocial aspect can be achieved in 
sometimes very diffi cult situations.

Chapter 4: Do periodontal infl ammation 
and/or infection increase the risks for sys-
temic medical conditions? If drawing a paral-
lel with patients with multiple implants, can 
it be inferred that infl ammatory disease in 
gingival tissues surrounding endosseous 
implants might also affect the patient’s sys-
temic health? This chapter presents new 
knowledge that needs to be considered when 
planning treatment in patients with current or 
past history of refractory periodontitis and/or 
peri-implantitis.

Chapter 5: Placing an endosseous dental 
implant always involves some element of risk 
of adverse events. One important role of the 
surgeon is to be cognizant of the factors asso-
ciated with risks, to assess to which extent 
they apply to the particular patient at hand, 
and to convey the estimated risk to the patient 
before commencing treatment. This chapter 
presents recent fi ndings that challenge our 
perceptions of risk associated with implant 
surgery. Do we still have to avoid placing 
implants in infected sites at all costs? Moreo-
ver, are the margins of operator error reduced 
in special circumstances, for example, by 
using computer-assisted implant surgery 
when there is questionable bone volume or 

bone quality or proximity to vital anatomical 
structures?

Chapter 6: In most cases optimal aesthetics 
and function with implant-supported pros-
thetics can be achieved after a vertical and/or 
horizontal regeneration of damaged hard and 
soft tissues. We have moved from using solely 
autologous bone and soft-tissue transplants 
from remote sites to adopting new alloplastic 
materials, either used alone or in combination 
with autologous bone and various cell con-
stituents, with the ultimate aim of improving 
biomimetics. This chapter describes the 
current state of the science and suggestions 
for clinical practice.

Chapter 7: For the patient with the atrophic 
jaw more invasive surgical grafting proce-
dures are needed to reconstruct the resorbed 
bone. Both inlay and onlay grafts as well as 
interpositional bone grafts are common tech-
niques that are used in individual situations 
where the benefi t is weighed against possible 
added treatment length and morbidity. Hard 
tissue augmentation needs in implant den-
tistry are also infl uenced by upcoming new 
products and applications. This chapter 
describes how advances in bioengineering 
now enable new treatment concepts for the 
reconstruction of atrophic jaws in combina-
tion with implants.

Chapter 8: It has always been a challenge 
to restore the edentulous posterior maxilla 
with implant-supported prostheses. The 
advent of implants with new surfaces has only 
partially improved the situation. Various 
innovative approaches for grafting into and 
onto the sinus have been developed and this 
chapter describes the current surgical tech-
niques, new bioengineering materials, and 
new research avenues.

Chapter 9: The enormous advances made 
in developing innovative recombinant-DNA 
techniques enable us today to use extracellu-
lar matrix proteins. Although their exact role 
in the healing process cascade is currently not 
fully understood, it appears that they have an 
important therapeutic utility. This chapter 
describes the state of the science on regenera-
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Introduction  xxi

tion techniques related to dental implant 
technologies.

Chapter 10: Computer-assisted tools for 
diagnosis and surgical placement were rela-
tively rapidly adopted by implant surgeons. 
These digital technologies have now evolved 
even further and can be applied in treatment 
planning both to the implant placement and 
the complete temporary or permanent resto-
ration. This chapter describes how these new 
digital technologies can be applied, and their 
potential to improve surgical and restorative 
treatment outcomes.

Chapter 11: Implant micromotion has an 
effect on bone healing, but the relationship 
between the two is complex. For example, 
do variations in the macro- and micro-
morphology of the implant infl uence this rela-
tionship? This chapter presents new 
experimental data that underpin what the 
leading authorities today believe is the current 
understanding of the association between 
implant morphology, micromotion, and 
healing responses of the bone.

Chapter 12: We are bombarded with 
“improved” implants with “improved” sur-
faces. How much of the endless focus on mor-
phological differences is hype and how much 
is substantiated by sound research? The asso-
ciation between implant surfaces and osteo-
genesis remains elusive. Surface modifi cations 
are motivated by fi ndings from advanced 
molecular and cellular biology research, com-
bined with advanced bioengineering experi-
ments. This chapter provides perspectives on 
which implant surfaces will most likely con-
tinue to evolve over the next few years and 
which will falter.

Chapter 13: Many clinicians today believe 
that the fi rst generation of titanium implants 
with a turned surface demonstrate less 
favorable and predictive clinical outcomes 
compared to implants with other surface 
geometries, especially in specifi c intraoral 
locations. It is intriguing that we are not 
really sure why, whether it is due to biological 
width, osteoinduction or -conduction, stress 
transfer to cortical bone, or other explana-

tions. This chapter describes the current 
understanding of how the geometries and 
surface topographies of dental implants can 
be related to bone responses.

Chapter 14: Have we arrived at the stage 
where improved grafting materials, implant 
design and surfaces, and innovative surgical 
approaches can accelerate the biological 
responses or is this just wishful thinking? 
Does it carry any signifi cance that such results 
can be demonstrated in, for example, rabbits 
or rats, and should we take it for granted that 
we can generalize what will happen clinically 
from laboratory and animal experiments? 
This chapter examines what is imagination 
and what is the clinical reality.

Chapter 15: Planning the right technical 
solution for the right patient, one that will 
not fail in the foreseeable future, requires 
more than a clinician’s delicate touch. This 
chapter presents two different, but comple-
mentary, principles for restorative treatment 
planning that have been shown to minimize 
the risk of adverse biological and mechanical 
events.

Chapter 16: The fi ner details of the plan-
ning and execution of interventions may 
result in treatment success or failure. Particu-
larly when shortened clinical loading proto-
cols are used, seemingly minor clinical factors 
need to be taken into consideration, while 
making us reconsider some tenets of implant-
abutment connection and immediate and 
early loading in osseointegration that have 
remained unchallenged.

Chapter 17: New prosthetic components to 
attach between the endosseous implant and 
the supra-construction, as well as the supra-
construction itself, are developed using a 
wide range of biomaterials, and by using 
computer-assisted design and/or manufacture. 
The benefi ts for the patient are more individu-
alized technical solutions with optimal 
aesthetic results, and custom-designed three-
dimensional form with improved fi t between 
the components, adapted to functional 
requirements. The chapter details the merits 
and disadvantages of current technologies 
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as well as the history and future of this 
development.

Chapter 18: When the bone mass is limited 
or of a quality that does not allow the place-
ment of routine dental implants, the clinician 
is faced with the option to create bone by 
grafting. Cost-benefi t considerations and per-
ceived risks of associated morbidity caused 
by invasive surgery may exclude this treat-
ment option. Fortunately, specially designed 
implants can be used in clinical situations 
where the placement of standard implants 
will be contraindicated. This chapter presents 
data that underpins an association between 
implant design and clinical outcomes.

Chapter 19: Before Brånemark, oral 
implants were commonly loaded at placement 
because it was believed that an immediate 
loading stimulation resulted in less crestal 
bone loss. The idea never disappeared com-
pletely and in fact has gained acceptance in 
the last few years. This chapter presents and 
debates the scientifi c foundation and clinical 
risks and benefi ts as refl ected from basic, 
translational animal, and clinical studies.

Chapter 20: We are aware of the impor-
tance of somatosensory nerve fi bers for 
recognizing potentially damaging thermal, 
mechanical, and painful stimuli. In addition, 
periodontal mechanoreceptors respond to 
occlusal loads and enable a fi ne motor control 
of tooth contacts through complex central 
and peripheral neural interactions. Implants 
supporting various forms of suprastructures 
induce different regulation mechanisms. 
Moreover, the neurophysiological conse-
quences of the actual implant placement in 
terms of postoperative sensitivity and pain 
remain an active focus of research. This 
chapter presents the relationships between 
elements of the implant suprastructure occlu-
sion, function and dysfunction, pain, and 
basic CNS mechanisms.

Chapter 21: There are no medical interven-
tions that can be called truly predictive, nor 
is it obvious which outcomes best describe the 
effi cacy of interventions. Some outcomes are 
of great signifi cance for many patients but do 
not necessarily concern others. While the 

clinical researchers have slowly moved from 
recording and reporting surrogate outcomes 
of implant therapies, modern clinical research 
focuses more on patient-centered outcomes 
that matter both to the individual patients 
and those responsible for public health plan-
ning. This chapter reviews how treatment 
outcomes were evaluated earlier, and how 
these are being gradually replaced by novel 
ways of appraising outcomes that are more 
meaningful for our patients.

Chapter 22: The term “implant therapy” is 
regarded by many as a misnomer since one 
does not cure nor manage diseases or disor-
ders with an implanted object. Implants are 
only adjuncts, albeit very effective, to securely 
retain dental (i.e., intraoral) or maxillofacial 
(i.e., extraoral) prostheses. These prostheses 
in turn are made to enable patients with 
various amounts of tissue loss to regain a 
certain degree of oral function, acceptable 
appearance, and for some socially dysfunc-
tional patients, even their confi dence to the 
extent that they are able to return to a normal 
social life. A common denominator for many 
patients receiving implant-supported prosthe-
ses is improved quality of life, which does not 
necessarily depend on the sophistication of 
the technical solution that the dentist offers. 
This chapter elaborates on how these factors 
are interdependent and are of importance for 
both provider and patients.

Chapter 23: Maxillofacial deformities, 
whether due to ablative surgery, congenital 
defects, or trauma, can be masked or restored 
by artful design and skillful manufacturing of 
highly individualized prostheses and by using 
a wide range of biomaterials. Nevertheless, 
the advent of oral and craniomandibular 
implants has dramatically increased even 
further the possibilities of achieving optimal 
results from functional and aesthetic perspec-
tives. The outcomes are especially critical 
when treating children and adolescents, and 
this chapter presents an outstanding pano-
rama of challenges, solutions, and experiences 
with these patients.

Chapter 24: Implant therapy is usually not 
a component in the undergraduate curricu-
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lum in most dental faculties worldwide. The 
new graduate as well as the experienced prac-
titioner has to identify and deduce which 
implant course provider can supply the essen-
tial information and basic knowledge required 

for the clinician to provide safe and effi ca-
cious implant therapy. The question is, where 
can you learn enough to place implants? And 
what is “enough”?
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1Implant Dentistry: 
A Technology Assessment

HOW MANY IMPLANT SYSTEMS 
DO WE HAVE AND ARE THEY 
DOCUMENTED?

Asbjorn Jokstad

Introduction

We have today close to 600 different implant 
systems produced by at least 146 different 
manufacturers located in all corners of the 
globe. Last year alone, at least 27 new dental 
implant companies surfaced in the market 
(Table 1.1).

Is anybody troubled? At least some repre-
sentatives of the profession have expressed 
their concern about the seemingly unstoppa-
ble avalanche of new implants. Alarm was 
raised in the United States in 1988 about the 
heterogeneity of implant designs and the 
effectiveness of the then 45 different implant 
systems (English 1988). One of the world’s 
foremost experts in the fi eld, Dr. Patrick 
Henry, in 1995 challenged the profession and 
the industry and asked whether implant hard-
ware changes should be regarded as science 
or just commodity development. He may 

perhaps have succeeded in slowing down the 
output of new products, at least for a few 
years, since by the year 2000 the number of 
implant systems had increased “only” to 98 
(Binon 2000). Not only did the quantitative 
issue cause concern, but also the qualitative 
aspects. Were these new implants really clini-
cally documented? No, according to Albrekts-
son and Sennerby (1991); no, according 
to the American Dental Association (ADA 
1996); no, according to Eckert and colleagues 
(1997); and no, according to several other 
investigators publishing at the time. Around 
the turn of the millennium the FDI World 
Dental Federation was alarmed by the appar-
ent rapid increase in the number of implants 
and implant systems worldwide, and ques-
tions were raised about the quality of all the 
new implants that were being marketed. The 
FDI Science Committee was asked to investi-
gate the issue and the fi ndings were rather 
alarming (Jokstad et al. 2003). The investiga-
tors identifi ed 225 implant brands from 78 
manufacturers, but also discovered that about 
70 implant brands were no longer being man-
ufactured. Of the 78 manufacturers, 10 could 
support their implant system with more than 
four clinical trials, 11 could support their 

3Osseointegration and Dental Implants   Edited by Asbjorn Jokstad  
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Table 1.1. Implant producers of the world.

1. ACE Surgical Supply Company USA
2. Adaptare Sistema de Implantate Brazil
3. Advance Company Japan
4. Allmed S.r.l. Italy
5. Almitech Incorporated USA
6. Alpha Bio GmbH Germany
7. Alpha Bio Implant Limited Israel
8. Altiva Corporation USA
9. Anthogyr France

10. AQB Implant System Japan
11. AS Technology Brazil
12. Astra Tech Sweden
13. Basic Dental Implants LLC USA
14. BEGO Implant Systems GmbH & Co. KG Germany
15. Bicon Dental Implants USA
16. BioHex Corporation (previous name: Biomedical Implant Technology) Canada
17. BioHorizons Implant Systems Incorporated USA
18. Bio-Lok International Incorporated (subsidiary of Orthogen Corporation) USA
19. Biomaterials Korea South Korea
20. Biomedicare Company USA
21. Biomet 3i Implant Innovations Incorporated USA
22. Bionnovation Brazil
23. Biost S.n.c. Italy
24. Biotech International France
25. Blue Sky Bio LLC USA
26. Bone System Italy
27. BPI Biologisch Physikalische Implantate GmbH Germany
28. BrainBase Corporation Japan
29. Brasseler Group (Gebr. Brasseler GmbH & Co. KG) Germany
30. Bredent Medical Germany
31. BTI Biotechnology Institute S.L. Spain
32. Btlock S.r.l. Italy
33. Buck Medical Research USA
34. Camlog Group (previous name: Altatec) Switzerland
35. Ceradyne Incorporated USA
36. CeraRoot Spain
37. Clinical House Europe GmbH Switzerland
38. Conexão Implant System Brazil
39. Cowell Medi Company Limited South Korea
40. CSM Implant South Korea
41. Curasan AG Germany
42. De Bortoli ACE Brazil
43. Dental Ratio Systems GmbH Germany
44. Dental Tech Italy
45. Dentatus Sweden
46. Dentaurum J.P. Winkelstroeter KG Germany
47. Dentium South Korea
48. Dentofl ex Comércio e Indústria de Materiais Odontológicos Brazil
49. Dentos Incorporated South Korea
50. Dentsply Friadent Ceramed Incorporated (Friadent GmbH Germany) USA
51. DIO Implant South Korea
52. Dr Ihde Dental GmbH Germany
53. Dyna Dental Engineering b.v. Netherlands
54. Eckermann Laboratorium Spain
55. Elite Medica Italy
56. Europäische Akademie für Sofort-Implantologie Germany
57. Euroteknika France
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58. GC Implant System Japan
59. General Implant Research System Spain
60. Global Dental Corporation USA
61. Hi-Tec Implants Limited Israel
62. Impladent Limited USA
63. Implamed S.r.l. Italy
64. Implant Direct LLC USA
65. Implant Logic Systems USA
66. Implant Media S.A. (outsourcing manufacturing plant) Spain
67. Implant Microdent System S.L. Spain
68. Implantkopp Brazil
69. IMTEC Corporation USA
70. Institut Straumann AG Switzerland
71. Interdental S.r.l. Italy
72. International Defcon Group Spain
73. Intra-Lock System International USA
74. Ishifu Metal Industry Incorporated Japan
75. Japan Medical Materials Corporation Japan
76. Jeil Medical Corporation South Korea
77. jmp dental GmbH Germany
78. JOTA AG Switzerland
79. Klockner Implants Spain
80. LASAK Limited Czech Republic
81. Leader Italy S.r.l. Italy
82. Leone S.p.A. Italy
83. Lifecore Biomedical Incorporated USA
84. Maxon ceramic Germany
85. Medentis Medical Germany
86. Megagen South Korea
87. MIS Implant Technologies Limited Company (MIS) Israel
88. Mozo-Grau Spain
89. Neobiotech Company Limited South Korea
90. Neodent Brazil
91. Neoss Dental Implant System UK
92. Nobel Biocare Sweden
93. OCO Biomedical (previous name: O Company Incorporated) USA
94. Odontit S.A. Argentina
95. OGA implant Japan
96. o.m.t (previous name: Biocer) Germany
97. Oral implant S.r.l. Italy
98. Osfi x Limited Finland
99. Ospol AB Sweden

100. Osstem Company Limited South Korea
101. Osteocare Implant System Limited UK
102. Osteo-Implant Corporation USA
103. Osteoplant Poland
104. Osteo-Ti UK
105. PACETM Dental Technologies Incorporated (Renick Enterprises Incorporated) USA
106. Paraplant 2000 Germany
107. Paris implants France
108. Park Dental Research Corporation USA
109. Pedrazzini Dental Technologie Germany
110. PHI S.r.l. Italy
111. Poligono Industrail MasD’En Cisa Spain
112. Qualibond Implantat GmbH Germany
113. Quantum Implants USA
114. Renew Biocare USA

Table 1.1. Continued
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6  Osseointegration and Dental Implants

implant system with less than four trials, but 
of good methodological quality, and 29 had 
limited published clinical documentation. It 
was considered quite troublesome that 28 
manufacturers sold implant systems without 
any form of published clinical documenta-
tion. Also worrying was that many manufac-
turers did not appear to follow international 
standards for manufacturing their products. 
The FDI General Assembly in 2004 declared 
that “Implants are manufactured and sold in 
some parts of the world without compliance 
to international standards. It would seem 
prudent to only use dental implants supported 
by sound clinical research documentation and 
which conform to the general principles of 

good manufacturing practice in compliance 
with the ISO Standards or FDA (Food and 
Drug Administration) and other regulatory 
bodies” (FDI 2004).

The major reason for the chaos reigning 
today is that in 1998 the U.S. FDA decided 
to reassign implants made from titanium from 
class III to class II medical devices. Simply 
put, this signifi es that in order to have a new 
titanium implant approved in the United 
States there are no requirements to document 
clinical performance. It should be stated that 
this decision was made following massive lob-
bying by the implant industry at the time. 
One may wonder whether the implant com-
panies that lobbied for the changes at the time 

115. Reuter Systems GmbH Germany
116. RT Medical Research & Technologies Italy
117. Sargon Enterprises Incorporated USA
118. Schrauben-Implantat-Systeme GmbH Germany
119. Schütz-Dental Germany
120. SERF (Société d’Etudes de Recherches et de Fabrications) France
121. Sic Implants Switzerland
122. Simpler Implants Incorporated Canada
123. Sistema de Implante Nacional Brazil
124. Southern Implants (Pty) Limited South Africa
125. Star Group International Implant Developments & Technology GmbH Germany
126. Sterngold Implamed Dental Implant Systems USA
127. Sweden & Martina S.p.A. Italy
128. Swiss Implants Incorporated USA
129. Sybron Implant Solutions (merge from: Innova—Canada & Oraltronics—Germany) USA
130. Tatum Surgical USA
131. T.B.R.® Group (previous name: Sudimplant) France
132. Tenax Dental Implant Systems Canada
133. TFI System Italy
134. Thommen Medical Switzerland
135. Timplant Czech Republic
136. Tiolox Implants GmbH (previous name: Dentaurum Implants GmbH) Germany
137. Titan Implants USA
138. Tixxit GmbH Germany
139. Trinon Titanium GmbH Germany
140. Victory-med GmbH Germany
141. Wieland Dental Implants GmbH Germany
142. Wolf GmbH Germany
143. Zimmer Dental (previous names: Centerpulse & Sulzer Dental & Calcitek) USA
144. Ziterion GmbH Germany
145. ZL-Microdent-Attachment GmbH & Co. KG Germany
146. Z-systems AG (Drachenfels AG) Germany

Table 1.1. Continued
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Chapter 1 Implant Dentistry  7

(several of which have since disappeared 
from the market) are happy today. To be fair, 
though, nobody could have anticipated the 
anarchy this would cause today. What can be 
agreed on is that it is really diffi cult to see 
who benefi ts from this seemingly unstoppable 
fl ood of new implant brands. It can’t be the 
dental profession, who will spend time in the 
future repairing and maintaining the implants. 
It will not be the patient because they won’t 
be able to locate the dentist who will have the 
specifi c required hardware inventory and 
the knowledge about the particular implant 
placed, say, 10 years previously. The estab-
lished implant companies will not benefi t 
because they will need to fend off the often 
aggressive new companies who under the cir-
cumstances market the virtues of their prod-
ucts by extrapolation from bench and animal 
study data. The regulators are also in a prob-
lematic situation, as demonstrated by the 
recent dramatic failures of one particular 
single-piece implant carrying the European 
“CE” mark, indicating that it was an approved 
product in Europe, and was also approved by 
the FDA. Thus, in spite of the fact that the 
implant had been made from the “magical” 
titanium, and assuming approval based on 
bench and/or animal models, implant therapy 
can go horribly wrong in the everyday clinical 
situation. Who under the circumstances is to 
blame in the chain between patient, clinician, 
distributor, manufacturer, and regulators?

Clinical Documentation of 
Implant Systems

The FDI report published in 2003 summa-
rized the clinical research that validated claims 
of implant superiority and documented the 
relationship between particular implant 
design characteristics and clinical outcomes. 
In general, the scientifi c literature until then 
did not provide any clear directives regarding 
claims of alleged benefi ts of specifi c morpho-
logical characteristics of root-formed dental 
implants (Jokstad et al. 2003). Since then, 
about 530 new clinical trials involving 
more than n = 1 patients have been published 
(Fig 1.1).

These studies form the bulk of scientifi c 
evidence for claims of differences in clinical 
performance of today’s various dental 
implant systems. Unfortunately, the situation 
is not very different from 2003 in that more 
than 50% of all trials report on implants 
manufactured by either Nobel Biocare or 
Straumann, and 80% of all trials are limited 
to reports on implants from only six manu-
facturers (Table 1.2).

Thus, the vast majority of the implant 
brands on the market today have zero clinical 
documentation. It is not unreasonable to 
assume that the manufacturers will not spend 
time and resources conducting clinical 
research as long as the current regulations for 

Figure 1.1. Number of clinical 
trials on implant therapy 
published in the scientifi c 
literature since 1967 sorted 
according to year of publication 
(n = 2,029).
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8  Osseointegration and Dental Implants

approval of new implants in the United States 
do not require any clinical studies at all. “In 
accordance with the least burdensome provi-
sions of the FDA Modernization Act of 1997, 
the agency will rely on well-designed bench 
and/or animal testing rather than requiring 
clinical studies for new devices unless there is 
a specifi c justifi cation for asking for clinical 
information to support a determination of 
substantial equivalence” (U.S. Dept. of Health 
and Human Services 2008). This raises the 
question of how well the clinical realities 
are refl ected by “well-designed bench and/or 
animal testing.” The current scientifi c evi-
dence of this assumed correlation is confus-
ing, which may indicate that it is rather 
weak.

Validity and Value of Animal Studies

It can be established that data from animal 
models cannot be directly extrapolated to 
predict longitudinal trial results (Jokstad 

et al. 2003). For example, the relationship 
between the implant surface roughness on 
bone healing, as measured by biomechanical 
tests and/or histology, has been reported to 
correlate (Buser et al. 1998), and not to cor-
relate (London et al. 2002; Novaes et al. 
2002; Vercaigne et al. 1998, 2000). Another 
hypothesis is that such measurements may 
offer some indications within a midrange of 
roughness (Wennerberg and Albrektsson 
2000). Part of the confusion stems from the 
variability of (1) surface topography descrip-
tion; (2) animal model used; (3) measuring 
devices used for roughness characterization; 
(4) lack of consistency of results; and (5) 
unknown surgical technique for implant 
placement.

Regarding surface topography description, 
Wieland et al. (2001) describe several stand-
ards for 2-D and 3-D roughness parameters 
with respect to amplitude, spacing, or com-
bined amplitude and spacing characteristics. 
It is not apparent which one is the most 
appropriate to use, that is, which one best 
correlates with clinical data from humans. 

Table 1.2. Clinical trials published since 2003 (n = 530), sorted according to implant brand.

Implant Brand No. of Studies % Cumulative %

Nobel Biocare: Brånemark / Replace / Nobeldirect / Nobelperfect / 
SteriOss, etc.

176 33 33

Straumann / ITI 101 19 52
Dentsply: Frialit / Frialit2 / Frialit+ / Friadent / Frialoc / Frios / Xive / 

Ankylos
53 10 62

Biomet 3i: Osseotite / Nanotite 41 8 70
Astra 23 4 74
Zimmer: Calcitek / Integral / Omniloc / ScrewVent / Spline / 

Swissplus, etc.
22 4 78

IMZ 16 3 81
Camlog 7 1 83
Biohorizons/Maestro 6 1 84
Southern Implants 5 1 85
Bicon 5 1 86
Defcon 4 1 87
Sweden&Martina 4 1 88
Other or Not stated 67 13 100%
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Animal models that have been used range 
from implants placed in the mandible, maxilla, 
tibia, knee, femur, or humerus in goats, 
canines, rats, rabbits, ewes, miniature pigs, 
baboons, and rhesus monkeys (Sykaras et al. 
2000). What is clear is that no species fulfi lls 
all of the requirements of an ideal model 
(Pearce et al. 2007). Adding to the confusion 
is the variation of the dimensions of the test 
implants as well as the observation times, 
usually varying between 2 weeks and 3 
months. It is in fact remarkable that regula-
tory agencies and clinicians believe in results 
from “well-designed bench and/or animal 
testing,” given the fact that histological and 
biomechanical data are affected by a multi-
tude of experimental variables. Some that 
have been identifi ed as confounders are 
implant length, implant diameter, implant 
design, implant material, surface topography, 
animal model, implantation time, implanta-
tion site, biomechanical loading speed, func-
tional loading conditions, analyzed length 
and thickness, and orientation of the histo-
logical section (Sykaras et al. 2000).

Techniques used to characterize surface 
topographies have all the same advantages 
and limitations and have the potential to con-
found meta-analyses if not properly accounted 
for. The most commonly used, that is, non-
contact laser profi lometry, interference micro-
scopy, scanning electron microscopy (SEM), 
stereo-SEM, focused ion beam, transmission 
electron microscopy, and atomic force micro-
scopy, give different resolution in lateral and 
vertical directions, and different depths of 
focus and presence of artifacts (Jarmar et al. 
2008; Wieland et al. 2001). It is therefore 
perhaps not surprising that when the litera-
ture on implant surface roughness and bone 
healing has been critically appraised, it is very 
diffi cult to draw statistical inferences from the 
heterogeneous data (Shalabi et al. 2006).

Finally, the details that most clinicians 
identify as the most infl uential variables on 
implant success—i.e., how the implant bed in 
the bone was prepared, the relative dimension 
of the prepared bed to the actual implant 
diameter or size, and how the implant was 

actually handled, inserted, angulated, and 
torqued—are seldom described in detail in 
“well-designed bench and/or animal testing.” 
It is surprising that without this crucial infor-
mation, regulatory agencies and many clini-
cians are prepared to extrapolate in vitro 
results instead of requesting documentation 
of realistic clinical performance. It is the 
author’s opinion that it is high time that 
the regulators worldwide, with FDA as 
the leading body, attempt to rectify the 
situation.

WHAT HAVE WE LEARNED FROM 
RANDOMIZED CONTROLLED 
CLINICAL TRIALS ON ORAL 
IMPLANTS?

Marco Esposito, Maria Gabriella Grusovin, 
Paul Coulthard, and Helen Worthington

The aim of this chapter is to present a brief 
summary of fi ndings presented in 13 Cochrane 
Systematic Reviews (www.cochrane.org) on 
the effi cacy and safety of various materials 
and interventions on oral implants.

Methods

Types of studies: Randomized controlled clin-
ical trials (RCTs).

Types of participants: Patients with missing 
teeth who may require oral rehabilitation 
with osseointegrated oral implants.

Types of interventions and time points: 
Dependent on the clinical question; 
however, in general, implant-supported 
prostheses had to be in function for at least 
1 year.

Types of outcome measures: Dependent on 
the clinical question; however, the follow-
ing outcomes were usually evaluated: 
prosthesis failures, implant failures, 
complications, patient satisfaction or 
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10  Osseointegration and Dental Implants

preference including aesthetics; peri-implant 
bone-level changes over time; aesthetics 
evaluated by a dentist; treatment duration 
and costs.

Search strategy for identifi cation of studies: 
The following databases were searched—
the Cochrane Oral Health Group’s Trials 
Register; the Cochrane Central Register of 
Controlled Trials (CENTRAL); MEDLINE; 
EMBASE. There were no language restric-
tions. We wrote to all the authors of the 
identifi ed RCTs, we checked the bibliogra-
phies of all identifi ed RCTs and relevant 
review articles, and we used personal con-
tacts in an attempt to identify unpublished 
or ongoing RCTs. We also wrote to more 
than 55 oral implant manufacturers and we 
requested information on trials through an 
Internet discussion group (implantology@
yahoogroups.com); however, we discontin-
ued this due to poor yield. Several dental 
journals were hand-searched.

Study selection: The titles, abstracts, and, 
when necessary, the full report of all identi-
fi ed trials were scanned independently by 
two review authors to establish whether the 
studies met the inclusion criteria. Disagree-
ments were resolved by discussion. Where 
resolution was not possible, a third review 
author was consulted. All studies meeting 
the inclusion criteria underwent validity 
assessment and data extraction. Studies 
rejected at this or subsequent stages 
were recorded and reasons for exclusion 
explained.

Quality assessment: Undertaken independ-
ently and in duplicate by two review 
authors. Three main quality criteria were 
examined: (1) allocation concealment, 
recorded as adequate, unclear, or inade-
quate; (2) treatment blind to outcome 
assessors, recorded as yes, no, unclear, or 
not possible; (3) completeness of follow-up 
(is there a clear explanation for withdraw-
als and drop-outs in each treatment group?), 
assessed as yes or no.

After taking into account the additional infor-
mation provided by the authors of the 
trials, studies were judged at low risk of 

bias (plausible bias unlikely to seriously 
alter the results) if all criteria were met, or 
at high risk of bias (plausible bias that seri-
ously weakens confi dence in the results) if 
one or more criteria were not met.

Data extraction: Data were extracted by two 
review authors independently using spe-
cially designed data extraction forms. Any 
disagreement was discussed and a third 
review author consulted where necessary. 
All authors were contacted for clarifi cation 
or missing information. Data were excluded 
until further clarifi cation was available if 
agreement could not be reached.

Data synthesis: For dichotomous outcomes, 
the estimate of the effect of an intervention 
was expressed as relative risks (RRs) or odds 
ratios (ORs) together with 95% confi dence 
intervals (CIs). For continuous outcomes, 
weighted mean differences and standard 
deviations were used to summarize the data 
for each group using mean differences and 
95% CIs. The statistical unit was the patient 
and not the procedure or the implant. Only 
if there were studies of similar comparisons 
reporting the same outcome measures was 
meta-analysis done. Odds ratios were 
combined for dichotomous data, and mean 
differences for continuous data, using 
random-effects models.

Clinical Hypotheses and 
Main Findings

The following clinical hypotheses were 
tested:

 1. What is more effective for patients, pre-
prosthetic surgery and a denture or an 
implant-retained prosthesis? (1 included 
RCT) (Coulthard et al. 2002). Last 
search: January 2008.

 2. (a) Are prophylactic antibiotics effective 
in reducing postoperative infections and 
failures? (2 included RCTs); (b) Which is 
the most effective antibiotic, at what 
dose and duration? (0 RCTs) (Esposito 
et al. 2008c). Last search: January 2008.
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Chapter 1 Implant Dentistry  11

 3. Is there a difference in clinical perform-
ance between various implants? (16 
included and 24 excluded trials). Is there 
a difference in the occurrence of early 
failures between turned and roughened 
dental implants? Is there a difference in 
the occurrence of peri-implantitis between 
turned and roughened dental implants? 
(Esposito et al. 2007e). Last search: June 
2007.

 4. Whether and when is fl ap elevation 
necessary? (2 included RCTs). Which is 
the most effective fl ap design or technique 
for specifi c clinical indications? (3 
included RCTs). Whether and when are 
soft tissue correction or augmentation 
procedures necessary? (1 excluded RCT). 
Which is the most effective soft tissue 
correction or augmentation technique for 
specifi c clinical indications? (0 RCT). 
Whether and when the peri-implant 
attached or keratinized mucosa has to be 
increased? (0 RCT). Which is the most 
effective technique to increase the attached 
or keratinized mucosa for specifi c 
clinical indications? (1 excluded RCT). 
Which are the most effective suturing 
techniques or materials? (1 excluded 
RCT) (Esposito et al. 2007a). Last search: 
June 2007.

 5. Is it better to place implants immediately 
after tooth extraction? To wait for a few 
weeks for the soft tissue to heal? Or to 
wait for complete bony healing? (2 
included RCTs) (Esposito et al. 2006). 
Last search: January 2008.

 6. How many implants are needed to 
support different types of prostheses? (2 
included RCTs) (Coulthard et al. 2003). 
Last search: June 2007.

 7. Is it better to load the implants immedi-
ately, early, or after a conventional 
healing period? (11 included and 9 
excluded RCTs) (Esposito et al. 2007d). 
Last search: June 2007.

 8. Is a one-stage implant placement proce-
dure as effective as a two-stage procedure 
submerging the implants under soft tissue 
for undisturbed healing? (2 included and 

1 excluded RCTs) (Esposito et al. 2007b). 
Last search: January 2008.

 9. Whether and when are bone augmenta-
tion procedures necessary? Which is the 
most effective augmentation technique 
for specifi c clinical indications? (17 
included and 23 excluded RCTs) (Esposito 
et al. 2008b). Last search: January 2008.

 10. Are zygomatic implants with and without 
bone augmenting procedures more effec-
tive than conventional dental implants in 
augmented bone for severely resorbed 
maxillae? (no RCT) (Esposito et al. 
2005). Last search: January 2008.

 11. Which are the most effective interven-
tions for maintaining and recovering soft 
tissue health around osseointegrated 
dental implants? (9 included and 9 
excluded RCTs) (Grusovin et al. 2008). 
Last search: June 2007.

 12. Which are the most effective interven-
tions for treating peri-implantitis? (7 
included and 3 excluded RCTs) (Esposito 
et al. 2008a). Last search: January 
2008.

 13. Is hyperbaric oxygen therapy (HBO) 
benefi cial for patients requiring dental 
implants who were irradiated in the head 
and neck? (1 included RCT) (Esposito 
et al. 2007c). Last search: January 2008.

Conclusions and Main 
Clinical Implications

 1. There is weak evidence from the results 
of 1 RCT with 60 subjects that patients 
are generally less satisfi ed with prepros-
thetic surgery and a conventional 
denture than with an implant-retained 
overdenture.

 2. A meta-analysis of two trials suggested 
that 2 g of amoxicillin given 1 hour pre-
operatively signifi cantly reduces early 
failures of dental implants placed in ordi-
nary conditions. More specifi cally, giving 
antibiotics to 25 patients will avoid 1 
patient experiencing early implant losses. 
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12  Osseointegration and Dental Implants

No statistically signifi cant differences in 
postoperative infections and adverse 
events were observed. No major adverse 
events were reported. Therefore it might 
be sensible to suggest the routine use of 
one dose of prophylactic amoxicillin just 
before placing dental implants. It remains 
unclear whether an adjunctive use of 
postoperative antibiotics is benefi cial.

 3. There is no evidence showing that any 
particular type of dental implant has 
superior long-term success. There is 
limited evidence showing that implants 
with relatively smooth (turned) surfaces 
are less prone to lose bone due to chronic 
infection (peri-implantitis) than implants 
with rougher surfaces. There is a tendency 
for implants with a turned surface to fail 
early more often than implants with 
roughened surfaces. No trial described 
implants made or coated with materials 
other than titanium. These conclusions 
are based on RCTs with relatively short 
follow-up periods, few patients, and at 
high risk of bias. So we do not know if 
there are implant characteristics or an 
implant system superior to others due to 
the scarcity of reliable scientifi c research.

 4. There is evidence suggesting that fl apless 
or mini-invasive procedures can cause 
less postoperative pain, edema, and con-
sumption of analgesics than conventional 
fl ap elevation. Flapless surgery performed 
by skillful clinicians in properly selected 
cases can be as successful and complica-
tion-free as conventional fl ap elevation. 
However, there is still insuffi cient evi-
dence regarding a potential increased risk 
of complications or failures using a fl ap-
less approach. Clinicians should select 
patients for fl apless implant placement 
with a great deal of caution in relation 
to their own clinical skills and experi-
ence. Still needing to be assessed are the 
safety and effi cacy of customized surgical 
templates created with the help of plan-
ning software on CT scans to facilitate 
placement of dental implants.

  There is still a lack of evidence about 
the most effective incision or suturing 

techniques or materials, or the most 
effective techniques to manipulate or 
augment soft tissues for aesthetic reasons 
or to increase the width of keratinized or 
attached mucosa, if the latter is of any 
benefi t for the patients.

 5. Post-extractive immediate and immediate-
delayed implants are viable treatment 
options. Immediate-delayed implants 
may provide a better aesthetic outcome 
and are preferred by patients when com-
pared to delayed implants, even though 
they might be associated with increased 
failure and complication rates. More 
RCTs are needed to confi rm these pre-
liminary fi ndings.

 6. Two implants appear to be as effective as 
four implants to support a mandibular 
overdenture.

 7. It is possible to successfully load implants 
immediately or early after their place-
ment in selected patients, though not all 
clinicians may be able to achieve optimal 
results. A high degree of primary implant 
stability (high value of insertion torque) 
seems to be one of the prerequisites for 
a successful procedure.

 8. No relevant clinical differences appear 
to exist between a one- or a two-stage 
implant procedure; however, the number 
of patients included in the trials (45 sub-
jects) was too small to draw defi nitive 
conclusions. If these fi ndings are con-
fi rmed by larger trials, the major clinical 
implication will be that the one-stage 
approach might be preferable since it 
avoids one surgical intervention and 
shortens treatment times. However, there 
might be situations, for instance when an 
implant has not obtained an optimal 
primary stability or when barriers are 
used for guided tissue regeneration, in 
which a two-stage submerged approach 
might still be preferable.

 9. Three trials investigated whether and 
when augmentation procedures are nec-
essary: the augmentation of resorbed 
mandibles of 6–12 mm height with an 
interposed iliac crest graft resulted in 
more surgical and prosthetic complica-
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tions, and statistically signifi cantly more 
implant failures, severe pain, days of 
hospitalization, costs, and longer treat-
ment time than using short implants. 
Current evidence may not justify major 
bone grafting procedures for resorbed 
mandibles. There is evidence that non-
resorbable barriers allow statistically sig-
nifi cantly more bone regeneration than 
no barrier at fenestrated implants; 
however, it is not proven that such newly 
generated bone is of any use or benefi t 
to the patient. While bone regenerative 
procedures at exposed implants might be 
useful, there is not yet reliable evidence 
regarding which are the proper indica-
tions. There is not enough reliable evi-
dence supporting or refuting the need for 
augmentation procedures at immediate 
implants placed in fresh extraction 
sockets.

   Fourteen trials investigated the most 
effective augmentation techniques for 
specifi c clinical indications: bone substi-
tutes (Bio-Oss and Cerasorb) might be 
equally effective as autogenous bone 
grafts for augmenting atrophic maxillary 
sinuses. Therefore they might be used as 
a replacement for autogenous bone graft-
ing, although these preliminary fi ndings 
need to be confi rmed by large multicenter 
trials. Various augmentation techniques 
are able to regenerate bone in a vertical 
direction. There is, however, insuffi cient 
evidence to indicate which technique 
could be preferable. Osteodistraction is 
of little use in the presence of thin ridges 
but may allow more vertical regenera-
tion. Complications with GBR techniques 
are common, and in some cases deter-
mined the failure of the augmentation 
procedure. Clinicians and patients should 
carefully evaluate the benefi ts and risks 
in relation to the desired outcome when 
deciding whether to use vertical ridge 
augmentation techniques. Various aug-
mentation techniques are able to regener-
ate bone horizontally; there is, however, 
insuffi cient evidence to indicate which 
technique is preferable. It appears that a 

bone substitute (Bio-Oss) can be used 
with little higher risk of an implant 
failure. There is no reliable evidence sup-
porting superior success of any of the 
alternative techniques for augmenting 
bone at fenestrated implants or at imme-
diate implants placed in fresh extraction 
sockets. Sites treated with barrier plus 
Bio-Oss showed a higher position of the 
gingival margin (1.2 mm) when com-
pared to sites treated with barriers alone. 
Bone morphogenetic proteins (rhBMP-2) 
used in conjunction with Bio-Oss and 
resorbable barriers may promote bone 
formation at exposed implants with bone 
fenestration and dehiscence. There is 
insuffi cient evidence supporting or con-
futing the effi cacy of various active agents 
such as platelet-rich plasma in conjunc-
tion with implant treatment. Titanium 
screws might be preferable to resorbable 
poly (D, L-lactide) acid screws to fi x 
onlay bone blocks. It can be hypothesized 
that the use of particulated autogenous 
bone collected from intraoral locations 
with bone fi lters attached to suction 
devices might be associated with an 
increased risk of infective complications. 
These fi ndings are based on few trials 
including few patients, some with short 
follow-up, and frequently judged to be at 
high risk of bias.

 10. No published or ongoing RCT and 
controlled clinical trial evaluating the 
effi cacy of zygomatic implants was 
identifi ed.

 11. There is some evidence from one small 
RCT that Listerine mouthwash, used 
twice a day for 30 seconds, as an adjunct 
to routine oral hygiene, is effective in 
reducing plaque formation and marginal 
peri-implant bleeding. Evaluation of the 
other tested maintenance interventions 
was inconclusive because it was based on 
trials having too short of follow-up 
periods (6 months or less) and limited 
numbers of subjects. There is not any 
reliable evidence regarding which could 
be the most effective maintenance regi-
mens from a long-term perspective.
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14  Osseointegration and Dental Implants

 12. The use of adjunctive antibiotic therapy 
(Atridox) to manual debridement was 
associated with additional probing attach-
ment level (PAL) and pocket probing 
depth (PPD) improvements in the range 
of 0.6 mm after 4 months in patients who 
had severe forms of peri-implantitis (i.e., 
having lost at least 50% of the peri-
implant bone) in one trial. The use of a 
bovine-derived xenograft (Bio-Oss) with 
a resorbable barrier (Bio-Gide) was asso-
ciated with PAL and PPD improvements 
of 0.5 mm after 6 months in infrabony 
defects deeper than 3 mm when compared 
to nanocrystalline hydroxyapatite (Ostim) 
in one trial. In four other trials evaluating 
local antibiotics, the Vector system, and a 
laser therapy, respectively, no statistically 
signifi cant differences were observed 
when compared with subgingival debri-
dement. Smoothening of rough implant 
surfaces did not show statistically signifi -
cant differences when compared to 
implants whose surfaces were not 
smoothed. However, sample sizes were 
small, and therefore these conclusions 
have to be viewed with great caution.

 13. It appears that HBO therapy in irradi-
ated patients requiring dental implants 
may not offer any appreciable clinical 
benefi ts.

SYSTEMATIC REVIEWS OF 
SURVIVAL AND COMPLICATION 
RATES OF IMPLANT-SUPPORTED 
FIXED DENTAL PROSTHESES AND 
SINGLE CROWNS

Bjarni Elvar Pætursson

Introduction

In daily practice, dentists routinely face the 
challenge of making quick and often diffi cult 
decisions. These are mostly infl uenced by 
paradigms dictated by basic dental education 
and many years of clinical practice.

There is still an open question as to whether 
or not the practice of evidence-based treat-
ment planning is possible in prosthetic den-
tistry. Ideally, treatment decisions should be 
based on well-performed systematic reviews 
of the available evidence and, if possible, on 
formal quantitative evidence, synthesis, and 
meta-analysis (Egger and Smith 1997; Egger 
et al. 2001a, 2001c).

Reviewing the literature involves grading of 
the available and published studies. Often, 
such gradings are based on study design. 
Usually randomized studies are rated higher 
than observational studies (Grades of Recom-
mendation 2004). Furthermore, the quality of 
studies and trials is of crucial importance: if 
the “raw material” is fl awed, then the fi nd-
ings of reviews of this material may also be 
compromised (Egger and Smith 1997; Egger 
et al. 2001a). The trials and studies included 
in systematic reviews and meta-analyses 
should ideally be of high methodological 
quality and free of bias. As a consequence the 
differences in study outcomes observed 
between patients can confi dently be attrib-
uted to the intervention under investigation. 
If there are no studies on the highest level of 
evidence (randomized controlled clinical 
trials), the systematic review has to be based 
on the highest level of evidence available 
(Egger et al. 2001b; Glasziou et al. 2004) and 
point out what additional research should be 
conducted to strengthen the evidence base.

The studies in the dental literature report-
ing on tooth-supported and implant-
supported fi xed dental prostheses (FDPs) are 
mostly observational studies and single-center 
case cohorts. There are no studies available 
on the highest level of evidence (RCTs) com-
paring tooth-supported and implant-sup-
ported FDPs. In addition, only a few studies 
have reported on the longevity of reconstruc-
tions on implants with the same details.

An RCT to compare tooth-supported and 
implant-supported FDPs would be best con-
ducted in a multicenter setting with long 
enough follow-up time and sample sizes to 
allow the estimation of relevant differences 
between the outcomes of the treatments. 
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However, it must be borne in mind that a 
two-arm study would need to randomize over 
1,000 patients and follow them for at least 5 
years in order to detect a clinically relevant 
difference in annual failure rate with 80% 
power and at a signifi cance level of 5%. It is 
evident that such studies are diffi cult to 
perform, time-consuming, and extremely 
costly. Therefore, it is understandable that the 
literature is lacking in such high-quality 
studies and consequently the professional 
must rely on studies with far less evidence.

In the absence of RCTs that would compare 
head-to-head the six different designs of 
FDPs, a series of systematic reviews, based on 
consistent inclusion and exclusion criteria, 
was performed to summarize the available 
information on survival and success rates and 
the incidence of biological and technical com-
plications of conventional FDPs, of cantilever 
FDPs, of combined tooth-implant-supported 
FDPs, of solely implant-supported FDPs, of 
implant-supported single crowns (SCs), and 
of resin bonded bridges (RBBs) (Jung et al. 
2008; Lang et al. 2004; Pjetursson et al. 
2004a, 2004b, 2008; Tan et al. 2004).

The aim of this section of the chapter is to 
summarize and present the results from the 
systematic reviews that compare the survival 
and success rates of implant-supported fi xed 
reconstructions.

Materials and Methods

Search Strategy and Study Selection

MEDLINE (PubMED) searches were per-
formed for articles published in the dental 
literature. The fi rst search covered the period 
1966–April 2004 and searched for articles 
reporting on implant-supported FDPs (Lang 
et al. 2004; Pjetursson et al. 2004a). The 
second search, in MEDLINE from 1966 up 
to and including July 2006, was conducted 
for English-, and German-language articles 
using search terms modifi ed from the system-
atic review of Berglundh and co-workers 

(2002) to fi nd articles on implant-supported 
SCs (Jung et al. 2008).

Both searches were complemented by 
manual searches of the bibliographies of all 
full text articles and related reviews, selected 
from the electronic search. Furthermore, 
manual searching was applied to relevant 
journals in the fi eld of interest.

Inclusion Criteria

In the absence of RCTs, these systematic 
reviews were based on prospective or retro-
spective cohort studies. The additional inclu-
sion criteria for study selection were that

� The studies had a mean follow-up time of 
5 years or more.

� The included patients had been examined 
clinically at the follow-up visit; that is, pub-
lications based on patient records only, on 
questionnaires, or on interviews were 
excluded.

� The studies reported details on the charac-
teristics and the survival rates of the 
suprastructures.

Selection of Studies

Titles and abstracts of the searches were 
always screened by at least two independent 
reviewers for possible inclusion in the reviews. 
The full text of all studies of possible rele-
vance was then obtained for independent 
assessment by the reviewers. Any disagree-
ment was resolved by discussion. Table 1.3 
describes the process of identifying the 
included studies selected from an initial yield 
of several thousand titles.

Data were extracted independently by two 
reviewers using a data extraction form. Disa-
greement regarding data extraction was 
resolved by consensus.

Excluded Studies

The main reasons for exclusion were a mean 
observation period yielding less than 5 years, 

همیار دندانسازان و دندانپزشکان لابراتوار دندانسازی های دنت

t.me/highdent www.highdentlab.com instagram.com/high_dent



16  Osseointegration and Dental Implants

when no data were available with respect to 
the reconstruction, or if no distinction was 
made between the type of reconstruction 
or between totally and partially edentulous 
patients. Also excluded were publications 
based on questionnaires or interviews without 
clinical examinations, multiple publications 
on the same patient cohorts, and case descrip-
tions of failures without relevant information 
on the entire patient cohort.

Data Extraction

Data were extracted independently by at least 
two reviewers using a data extraction form. 
Disagreement regarding data extraction was 
resolved by consensus.

Information was retrieved on the survival 
and success rates of the reconstructions and 
on biological and technical complications. 
Survival was defi ned as the reconstruction 
remaining in situ at the follow-up examina-
tion visit irrespective of its condition. Success 
was defi ned as the reconstruction that 
remained unchanged and did not require any 
intervention during the entire observation 
period.

Biological complications for implant and 
combined tooth-implant-supported recon-
structions were characterized by a biological 
process affecting the supporting tissues. 
Included in this category were soft tissue com-

plications, peri-implantitis, bone loss exceed-
ing 2 mm, intrusion of abutment teeth, and 
aesthetic complications.

Technical complications for implant and 
combined tooth-implant-supported recon-
structions were denoted by mechanical 
damage of implants, implant components, 
and/or the suprastructures. Included were 
fractures of the implants, fractures of screws 
or abutments, loss of retention, fractures or 
deformations of the framework or veneers, 
loss of the screw access hole restoration, and 
screw or abutment loosening.

For all these categories the number of 
events was extracted and the corresponding 
total exposure time of the reconstructions 
was calculated.

Statistical Analysis

Failure and complication rates were calcu-
lated by dividing the number of events (fail-
ures or complications) in the numerator by 
the total exposure time of the reconstruction 
in the denominator.

The numerator could usually be extracted 
directly from the publication. The total expo-
sure time was calculated by taking the 
sum of

1. Exposure time of reconstructions that 
could be followed for the entire observa-
tion time.

Table 1.3. Search strategy for different types of reconstructions.

Implant-Supported 
FDPs

Combined Tooth-Implant-
Supported FDPs

Implant-Supported 
Single Crowns

First electronic search—titles 3,844 3,844 3,601
Abstracts 560 560 543
Full text articles 151 151 54
Full text articles added by 

manual search
25 25 0

Total full text articles 176 176 54
Included articles 29 14 26
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2. Exposure time up to a failure of the recon-
structions that were lost due to failure 
during the observation time.

3. Exposure time up to the end of observa-
tion time for reconstructions that did not 
complete the observation period due to 
reasons such as death, change of address, 
refusal to participate in the follow-up, 
non-response, chronic illness, missed 
appointments, and work commitments.

For each study, event rates for reconstruc-
tions were calculated by dividing the total 
number of events by the total reconstruction 
exposure time in years. For further analysis, 
the total number of events was considered to 
be Poisson distributed for a given sum of 
implant exposure years, and Poisson regres-
sion with a logarithmic link-function and total 
exposure time per study as an offset variable 
were used (Kirkwood and Sterne 2003).

Robust standard errors were calculated 
to obtain 95% confi dence intervals of the 
summary estimates of the event rates. To 
assess heterogeneity of the study-specifi c event 
rates, the Spearman goodness-of-fi t statistics 
and associated p-value were calculated. If the 
goodness-of-fi t p-value was below 0.05, indi-
cating heterogeneity, random-effects Poisson 
regression (with Gamma-distributed random 
effects) was used to obtain a summary esti-
mate of the event rates. Five-year and 10-year 
survivals were calculated via the relationship 
between event rate and survival function S, 
S(T) = exp(−T × event rate), by assuming con-
stant event rates (Kirkwood and Sterne 2003). 
The 95% confi dence intervals for the surviv-
als were calculated by using the 95% confi -
dence limits of the event rates. All analyses 
were performed using Stata®, version 8.2.

Results

Study Characteristics

The studies were almost exclusively published 
within the past 10 years. The majority of 
studies on implant-supported reconstructions 

(42 out of 57) were prospective in nature. The 
highest proportion (81%) of prospective 
studies was found for the implant-supported 
SCs.

To evaluate the potential infl uence of the 
study design on effect size, ten prospective 
studies and fi ve retrospective studies report-
ing on survival of implants supporting 
FDPs were analyzed separately. For the pro-
spective studies, based on 1,576 implants, the 
summary estimate of the survival was 95.6% 
(95% CI: 93.3–97.2%) and for the retrospec-
tive studies, based on 1973 implants, the 
summary estimate of the survival was 95.0% 
(95% CI: 93.0–96.4%). Formally investigat-
ing the difference in event rates in a Poisson 
regression analysis confi rmed the absence of 
a study design effect (p = 0.64) for this mate-
rial (Pjetursson et al. 2004a, 2004b).

Survival

Survival was defi ned as the reconstruction 
remaining in situ with or without modifi ca-
tion over the observation period.

Conventional FDPs

Fifteen studies provided data on the survival 
of conventional FDPs. The reports were 
divided into two groups: the fi rst group with 
a total of 2,088 FDPs and a mean follow-up 
time of 5.7 years, and the second group with 
a total of 1,218 FDPs and a mean follow-up 
time of 11.9 years.

In the fi rst group, 273 out of 2,088 FDPs 
and in the second group 190 out of 1,218 
FDPs were lost. In meta-analysis, the annual 
failure rate was estimated at 1.28 per 100 
FDP years for the former and 1.14 for the 
latter group, translating into a 5-year survival 
of conventional FDPs of 93.8% and a 10-year 
survival of 89.2%.

Cantilever FDPs

Twelve studies provided data on the survival 
of cantilever FDPs. The reports were, as for 
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the conventional FDPs, divided into two 
groups: the fi rst group with a total of 432 
FDPs and a mean follow-up time of 5.2 years, 
and the second group with a total of 239 FDPs 
and a mean follow-up time of 10.9 years.

In the fi rst group, 31 out of 432 FDPs and 
in the second group 57 out of 239 FDPs were 
lost. In meta-analysis, the annual failure rate 
was estimated at 1.80 per 100 FDP years for 
the former and 2.20 for the latter group, 
translating into a 5-year survival of cantilever 
FDPs of 91.4% and a 10-year survival of 
80.3%.

Resin Bonded Bridges

Twelve of the 17 studies reported on the sur-
vival of the reconstructions. Of the originally 
1,374 RBBs placed, 187 were known to be 
totally lost or have debonded more then once. 
In meta-analysis, the annual failure rate was 
estimated at 2.61 failures per 100 RBB years, 
translating into a 5-year survival of RBBs of 
87.7%.

None of the included studies had a follow-
up time more than 10 years. The longest 
mean observation period (9.1 years), was 
reported by Zalkind and co-workers (2003). 
For this study, the estimated annual failure 
was 4.31 per 100 RBB years, translating into 
a 10-year survival of only 65%.

Implant-Supported FDPs

Twenty studies provided data on the survival 
of solely implant-supported FDPs. The reports 
were divided into two groups: the fi rst group 
with a total of 1,384 FDPs and a mean follow-
up time of 5 years, and the second group with 
a total of 219 FDPs and a mean follow-up 
time of 10 years.

In the fi rst group, 67 out of 1,384 FDPs 
were lost, and in the second group, 27 out of 
219. In meta-analysis, the annual failure rate 
was estimated at 0.99 per 100 FDP years for 
the fi rst group and 1.43 for the second group, 
translating into a 5-year survival of implant-
supported FDPs of 95.2% and a 10-year sur-
vival of 86.7%.

Combined Tooth-Implant-Supported FDPs

Ten studies provided data on the survival of 
combined tooth-implant-supported FDPs. 
The reports were divided into two groups: the 
fi rst group with a total of 199 FDPs and a 
mean follow-up time of 5 years, and the 
second group with only 72 FDPs and a mean 
follow-up time of 10 years.

In the fi rst group, 9 out of 199 FDPs were 
lost, and in the second group, 14 out of 72. 
In meta-analysis, the annual failure rate was 
estimated at 0.92 per 100 FDP years for the 
fi rst group and 2.51 for the second, translat-
ing into a 5-year survival of implant-sup-
ported FDPs of 95.5% and a 10-year survival 
of 77.8%.

Implant-Supported SCs

Twenty-six out of 465 SCs were lost, and the 
study-specifi c 5-year survival rate varied 
between 89.6% and 100%. Ten (45%) of the 
26 SCs were lost when the supporting implants 
were lost, but in the remaining 16 cases 
(55%), only the reconstructions failed. In 
meta-analysis, the annual failure rate was 
estimated at 1.14 per 100 SC years, translat-
ing into a 5-year survival rate of 94.5% for 
implant-supported SCs.

Only one study (Brägger et al. 2005) that 
reported on 10-year survival of implant-
supported SCs was identifi ed. For this study, 
the estimated annual failure was 1.12 per 100 
SC years, translating into a 10-year survival 
rate of 89.4%.

Comparison of Survival Rates

Analyzing the studies with a 10-year follow-
up time, the annual failure rates ranged from 
1.12 to 4.31, and the 10-year survival rate 
ranged from 65% to 89.4%. After a 10-year 
observation period, the lowest annual failure 
rates were seen for implant-supported SCs 
(1.12) and in the conventional FDPs (1.14). 
Cantilever FDPs and combined tooth-implant 
FDPs and RBBs had signifi cantly higher 
annual failure rates of 2.20, 2.51, and 4.31, 
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respectively (Table 1.4). However, it must be 
remembered that the results for combined 
tooth-implant-supported FDPs, implant-
supported SCs, and RBBs after 10-year 
follow-up are based on a small number of 
observations, with 72, 69, and 51 reconstruc-
tions, respectively (Table 1.4).

When the studies reporting solely on metal-
ceramic reconstructions, excluding gold-resin 
and all-ceramic reconstruction, were analyzed 
separately, the lowest annual failure rate 
was seen for implant-supported FDP (0.66), 
followed by implant-supported SCs (0.92) 
(Table 1.5).

Table 1.4. Summary of annual failure rates, relative failure rates, and 10-year survival estimates.

Type of Reconstruction Total No. 
of 
Reconstructions

Total 
Exposure 
Time

Mean 
Follow-Up 
Time

Estimated 
Annual Failure 
Rate

10-Year Survival 
Summary Estimate 
(95% CI)

Conventional FDPs 1,218 10,446 11.9 1.14** 
(0.48–2.73)

89.2%** 
(76.1–95.3%)

Cantilever FDPs 239 2,229 10.9 2.20* 
(1.70–2.84)

80.3%* 
(75.2–84.4%)

Resin Bonded Bridges 51 464 9.1 4.31* 
(2.63–6.66)

65.0%* 
(51.4–76.9%)

Implant-Supported FDPs 219 1,889 10 1.43* 
(1.08–1.89)

86.7%* 
(82.8–89.8%)

Tooth-Implant-Supported 
FDPs

72 517 10 2.51* 
(1.54–4.10)

77.8%* 
(66.4–85.7%)

Implant-Supported SCs 69 623 10 1.12 
(0.45–2.32)

89.4% 
(79.3–95.6%)

* Based on standard Poisson regression.
** Based on random-effects Poisson regression.

Table 1.5. Summary of annual failure rates, relative failure rates, and 5-year survival estimates for different types of 
metal-ceramic reconstructions.

Type of Reconstruction Total No. of 
Reconstructions

Total 
Exposure 
Time

Mean 
Follow-Up 
Time

Estimated 
Annual Failure 
Rate

5-Year Survival 
Summary Estimate 
(95% CI)

Conventional FDPs 1,163 9,301 8.0 1.15**
(0.71–1.87)

94.4%**
(91.1–96.5%)

Cantilever FDPs 304 1,947 6.4 2.00*
(1.44–2.79)

90.5%*
(87.0–93.1%)

Implant-Supported FDPs 948 5,014 5.3 0.66*
(0.52–0.83)

96.8%*
(95.9–97.4%)

Tooth-Implant-Supported 
FDPs

124 712 5.7 1.37**
(0.35–5.32)

93.4%**
(76.6–98.2%)

Implant-Supported SCs 259 1,636 6.3 0.92*
(0.66–1.27)

95.5%*
(93.9–96.7%)

* Based on standard Poisson regression.
** Based on random-effects Poisson regression.
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20  Osseointegration and Dental Implants

Biological Complications

Peri-implant mucosal lesions were reported in 
various ways by the different authors. Several 
studies provided information on soft tissue 
complications and peri-implantitis, while 
other studies reported signs of infl ammation 
(pain, redness, swelling, and bleeding) or 
“soft tissue complications,” defi ned as fi stula, 
gingivitis, or hyperplasia.

In a random-effects Poisson-model analy-
sis, the annual complication rates were 1.79 
for implant-supported FDPs, 1.44 for com-
bined tooth-implant-supported FDPs, and 
2.03 for implant-supported SCs. This trans-
lates into 5-year rates of soft tissue complica-
tions of 8.6% for implant-supported FDPs, 
7.0% for combined tooth-implant-supported 
FDPs, and 9.7% for implant-supported SCs 
(Table 1.6).

For combined tooth-implant-supported 
FDPs, fi ve studies reported on intrusion of 
abutment teeth. After a 5-year observation 
period, intrusion was detected in 5.2% of the 
abutment teeth (Table 1.6).

Nine studies reported on survival of tooth 
and implant abutments in combined tooth-
implant FDPs. After an observation period of 
5 years, 3.2% of the abutment teeth and 
3.4% of the functionally loaded implants 
were lost. At 10 years, this information was 
available only from two studies (Brägger 
et al. 2005; Gunne et al. 1999). The corre-
sponding proportions were 10.6% for the 
abutment teeth compared to 15.6% for the 
implants. The reasons reported for loss of 
abutment teeth were tooth fractures, caries, 
endodontic complications, and periodontitis. 
Loss of retention was frequently associated 
with tooth fractures or caries.

For implant-supported SCs, ten studies 
evaluated changes in marginal bone height 
over the observation period, evaluated on 
radiographs. In Poisson-model analysis, the 
cumulative rate of implants having bone loss 
exceeding 2 mm after 5 years was 6.3% 
(Table 1.6).

Multivariable Poisson regression was used 
to investigate formally whether incidence of 

soft tissue complications and incidence of 
bone loss > 2 mm varied between cemented 
and screw-retained crowns. No signifi cant 
difference (p = 0.42 and p = 0.84) was detected 
regarding infl uence of crown design on these 
biological complications.

Six studies on SCs reported on the aesthetic 
outcome of the treatment. The aesthetic 
appearance was evaluated either by dental 
professionals or by patients themselves. In a 
meta-analysis, the cumulative rate of crowns 
having unacceptable or semi-optimal aesthetic 
appearance was 8.7% (Table 1.6).

Technical Complications

The most common technical complication for 
implant-supported reconstructions was the 
fracture of a veneer material (acryl, ceramic, 
and composite). In a Poisson-model analysis, 
the annual complication rates were 2.53 for 
implant-supported FDPs, 1.51 for combined 
tooth-implant-supported FDPs, and 0.92 for 
implant-supported SCs, translating into 5-
year rates of veneer fractures of 11.9% for 
implant-supported FDPs, 7.2% for combined 
tooth-implant-supported FDPs, and 4.5% for 
implant-supported SCs (Table 1.6). When 
gold-resin reconstructions were excluded and 
ceramic fractures or chippings analyzed sepa-
rately for metal-ceramic reconstructions, the 
5-year complication rates for implant-
supported FDPs decreased to 8.8% and for 
implant-supported SCs the 5-year rate of frac-
tures decreased to 3.5% (Table 1.6).

Comparing the rate of ceramic fracture or 
ceramic chipping of conventional tooth-sup-
ported FDPs and solely implant-supported 
FDPs, the tooth-supported FDPs had a signifi -
cantly (p = 0.042) lower 5-year risk of ceramic 
fracture or chipping of 2.9% compared with 
8.8% for the implant-supported FDPs.

With the exception of implant-supported 
SCs, fracture of the framework of the recon-
struction was a rare complication. The annual 
complication rates were 0.13 for implant-
supported FDPs and 0.33 for combined tooth-
implant-supported FDPs, translating into 
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Table 1.6. Summary of complications by implant-supported reconstructions.

Complication Number 
of Impl. 
or 
Reconst.

Summary 
Estimate 
Event Rates 
(95% CI)

Cumulative 
5-Year 
Complication 
Rates (95% CI)

Number 
of Impl. 
or 
Reconst.

Summary 
Estimate 
Event Rates 
(95% CI)

Cumulative 
5-Year 
Complication 
Rates (95% CI)

Number 
of Impl. 
or 
Reconst.

Summary 
Estimate 
Event Rates 
(95% CI)

Cumulative 
5-Year 
Complication 
Rates (95% CI)

Implant-Supported FDPs Combined Tooth-Implant-Supported FDPs Implant-Supported Single Crowns

Estimated Rate of Soft 
Tissue Complications

751 1.79* 
(1.05–3.03)

8.6%* 
(5.1%–14.1%)

184 1.44* 
(0.35–5.96)

7.0%* 
(1.7–25.8%)

267 2.03* 
(1.05–3.95)

9.7%* 
(5.1–17.9%)

Estimated Rate of Bone 
Loss > 2 mm

n.a. n.a. n.a. n.a. 509 1.31* 
(0.61–2.79)

6.3%* 
(3.0–13.0%)

Estimated Rate of Aesthetic 
Complications

n.a. n.a. n.a. n.a. 418 1.82* 
(0.64–5.12)

8.7%* 
(3.2–22.6%)

Estimated Rate of Abutment 
Tooth Intrusion

n.a. n.a. 506 1.07* 
(0.40–2.87)

5.2%* 
(2.0–13.3%)

n.a. n.a.

Estimated Rate of Implant 
Fracture

2,559 0.11* 
(0.05–0.23)

0.5%* 
(0.3–1.1%)

530 0.20* 
(0.08–0.34)

0.8%* 
(0.4–1.7%)

1,312 0.03* 
(0.006–0.13)

0.14%* 
(0.03–0.64%)

Estimated Rate of Abutment 
or Screw Fracture

2,590 0.30** 
(0.16–0.57)

1.5%** 
(0.8–2.8%)

511 0.11* 
(0.06–0.22)

0.6%* 
(0.3–1.1%)

510 0.07* 
(0.018–0.28)

0.35%* 
(0.09–1.4%)

Estimated Rate of Loose 
Abutments or Screws

2,453 1.15** 
(0.76–1.74)

5.6%** 
(3.7–8.3%)

296 1.44* 
(0.95–2.17)

6.9%* 
(4.7–10.3%)

752 2.72** 
(1.17–6.30)

12.7%** 
(5.7–27.0%)

Estimated Rate of Lost 
Access Hole Restorations

169 1.77 8.9% n.a. n.a. n.a. n.a.

Estimated Rate of Loss of 
Retention

93 1.18* 
(0.60–2.34)

5.7%* 
(3.0–11.0%)

286 1.53* 
(1.09–2.13)

7.3%* 
(5.3–10.1%)

374 1.13** 
(0.44–2.91)

5.5%** 
(2.2–13.5%)

Estimated Rate of Veneer 
Fracture

948 2.53** 
(1.60–4.02)

11.9%** 
(7.7–18.2%)

125 1.51* 
(0.98–2.30)

7.2%* 
(4.8–10.9%)

508 0.92** 
(0.48–1.75)

4.5%** 
(2.4–8.4%)

Estimated Rate of Ceramic 
Chipping or Fracture

521 1.84** 
(1.03–3.27)

8.8%** 
(5.0–15.1%)

125 1.51* 
(0.98–2.30)

7.2%* 
(4.8–10.9%)

402 0.71** 
(0.34–1.46)

3.5%** 
(1.7–7.0%)

Estimated Rate of 
Framework Fracture

623 0.13* 
(0.06–0.32)

0.7%* 
(0.3–1.6%)

120 0.33* 
(0.12–0.91)

1.6%* 
(0.6–4.4%)

348 0.61** 
(0.22–1.73)

3.0%** 
(1.1–8.3%)

* Based on standard Poisson regression.
** Based on random-effects Poisson regression.
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22  Osseointegration and Dental Implants

5-year rates of framework fracture of 0.7% 
and 1.6%, respectively. For implant-sup-
ported SCs the fracture of the crown frame-
work (coping) was reported in seven studies, 
and its annual complication rate was 0.61, 
translating into a 5-year rate of framework 
fracture of 3.0%. This technical complication 
was signifi cantly higher (p = 0.016) in studies 
reporting on all-ceramic crowns.

The second most common technical com-
plication was abutment or occlusal screw 
loosening. In a Poisson-model analysis, the 
annual complication rates were 1.15 for 
implant-supported FDPs, 1.44 for combined 
tooth-implant-supported FDPs, and 2.72 for 
implant-supported SCs, translating into 5-
year rates of abutment or occlusal screw loos-
ening of 5.6% for implant-supported FDPs, 
6.9% for combined tooth-implant-supported 
FDPs, and 12.7% for implant-supported SCs 
(Table 1.6). In this repect one study (Henry 
et al. 1996), reporting on the fi rst generation 
of single crowns on Brånemark implants, was 
a clear outlier. If this study is excluded from 
the analysis, the cumulative incidence of 
screw loosening decreases to 5.8%.

Loss of the screw access hole restoration 
was reported only in one study (Örtorp and 
Jemt 1999). This occurred in 8.2% of the 
anchors.

Another technical complication was the 
loss of retention. From 753 FDPs analyzed, 
this complication occurred in 45 of the recon-
structions. The annual complication rates 
were 1.18 for implant-supported FDPs, 1.53 
for combined tooth-implant-supported FDPs, 
and 1.13 for implant-supported SCs, translat-
ing into 5-year rates of loss of retention of 
5.7% for implant-supported FDPs, 7.3% for 
combined tooth-implant-supported FDPs, 
and 5.5% for implant-supported SCs (Table 
1.6). Two studies reporting on the same 
cohort of patients (Brägger et al. 2001, 2005) 
evaluated loss of retention. The cumulative 
incidence was 2.9% after 5 years but increased 
to 16.0% after 10 years.

Fractures of components such as implants, 
abutments, and occlusal screws were rare 
complications. Out of 3,611 implants ana-

lyzed, 21 abutments and occlusal screws 
fractured. The annual complication rates 
were 0.30 for implant-supported FDPs, 0.11 
for combined tooth-implant-supported FDPs, 
and 0.07 for implant-supported SCs, translat-
ing into 5-year rates of abutment and occlusal 
screw fractures of 1.5% for implant-
supported FDPs, 0.6% for combined tooth-
implant-supported FDPs, and 0.35% for 
implant-supported SCs (Table 1.6).

Out of 4,401 implants analyzed, 21 frac-
tured. The annual failure rates were 0.11 for 
implant-supported FDPs, 0.20 for combined 
tooth-implant-supported FDPs, and 0.03 for 
implant-supported SCs, giving 5-year rates 
of implant fracture of 0.5% for implant-
supported FDPs, 0.8% for combined tooth-
implant-supported FDPs, and 0.14% for 
implant-supported SCs (Table 1.6).

Clinical Implications

When planning prosthetic rehabilitations, 
conventional end-abutment tooth-supported 
FDPs, solely implant-supported FDPs, or 
implant-supported SCs should be the fi rst 
treatment option. Cantilever tooth-supported 
FDPs, combined tooth-implant-supported 
FDPs, or resin bonded bridges should be 
chosen only as a second option.

For implant-supported reconstructions, the 
incidence of biological complications such as 
mucositis and peri-implantitis was similar for 
solely implant-supported, combined implant-
tooth-supported FDPs, and implant-supported 
SCs. Fractures of the veneer material (ceramic 
fractures), abutment or screw loosening, and 
loss of retention were the most frequently 
encountered technical complications. Frac-
tures of the veneer material were more fre-
quent in studies reporting on gold-acrylic than 
on metal-ceramic reconstructions.

The incidence of complications is substan-
tially higher in implant-supported than in 
tooth-supported reconstructions. This, how-
ever, does not necessarily imply that the 
possibilities for corrective measures are more 
cumbersome.
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Although a variety of subjective and objec-
tive aspects heavily infl uences the choice of 
treatment modalities, the knowledge of sur-
vival and complication rates of various recon-
structions based on long-term studies certainly 
helps in optimizing the decision process.

Based on the results of the present sys-
tematic review, planning of prosthetic reha-
bilitations should preferentially include 
conventional and abutment tooth-supported 
FDPs, solely implant-supported FDPs, or 
implant-supported SCs. Only for reasons of 
anatomical structure or patient-centered pref-
erences, and as a second option, should can-
tilever tooth-supported FDPs, FDPs supported 
by combination of implants and teeth, or 
resin bonded bridges be chosen.

Despite high survival rates of fi xed dental 
prostheses, biological and technical complica-
tions were frequent. This, in turn, means that 
substantial amounts of chair time have to be 
accepted by the patient, dental services, and 
society at large following the incorporation 
of FDPs.

Research Implications

It was evident from the search of the entire 
dental literature on fi xed dental prostheses 
that there is a need for longitudinal studies 
with 10 or more years of observation. This 
is especially evident for implant-supported 
reconstructions and there is a defi nitive need 
for more longitudinal studies addressing such 
reconstructions.

The present systematic review revealed 
several shortcomings in the conduct and 
reporting of clinical studies of fi xed dental 
prostheses resulting in the following 
recommendations.

Long-term cohort studies on reconstruc-
tions should have complete follow-up infor-
mation, preferably with similar length of 
follow-up for all patients. This means that 
data on well-defi ned time periods should be 
reported for the entire cohort. Due to various 
defi nitions of success authors should report 

data on survival in combination with inci-
dence of complications. Survival and success 
(free of all complications) of the suprastruc-
tures should be reported.

Well-defi ned criteria should be used for the 
assessment of the biological and technical 
complications. Data from clinical and radio-
graphic assessments should be described using 
frequency distributions. Collaborative efforts 
to conduct a pooled individual patient data 
analysis of the patients and implants in the 
various studies would allow the development 
and use of common defi nitions of complica-
tions and help to obtain a clearer picture of 
the long-term survival.

Biological complications defi ned by (1) the 
threshold level of PPD, (2) the presence/
absence of bleeding on probing (BOP)/sup-
puration assessed at any examination inter-
val, and (3) crestal bone loss over time should 
be described for implants and neighboring 
teeth.

Technical complications should be divided 
into (1) major, such as implant fracture, loss 
of suprastructures; (2) medium, such as 
abutment or abutment fracture, veneer or 
framework fractures, aesthetic and phonetic 
complications; and (3) minor, such as abut-
ment and screw loosening, loss of retention, 
loss of screw hole sealing, veneer chipping (to 
be polished), and occlusal adjustments. The 
type and number of events of technical com-
plications per time interval as well as time/
cost required should also be reported.
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2Comprehensive Treatment Planning 
for Complete Arch Restorations

Introduction

Treatment of the edentulous patient with 
dental implants continues to evolve, from the 
originally described implant-retained fi xed 
prosthesis in the mandible, supported by fi ve 
to six implants ad modum Brånemark, to 
implant-retained overdentures, to full arch 
reconstructions using multiple implants in 
both dental arches.

When dealing with an edentulous jaw or 
with a terminal dentition patient, the clinician 
has various prosthetic and surgical treatment 
alternatives.

Treatment variables include type of restora-
tion (fi xed or removable), number and posi-
tion of implants, loading protocols, interval 
between tooth extraction and implant inser-
tion, prosthetic design, and, if an overdenture 
is planned, attachment type.

Since multiple treatment options are avail-
able, this chapter will focus only on some 
aspects involved in the complex pathway of 
defi ning a treatment strategy for complete 
arch implant-supported restorations:

� Indications for overdenture or fi xed 
rehabilitation

� Number of implants and implant 
positions

� Treatment alternatives for the terminal 
dentition patient

TREATMENT OF THE EDENTULOUS 
MAXILLA AND MANDIBLE WITH 
IMPLANT-RETAINED 
OVERDENTURES

David A. Felton

Introduction

The treatment of edentulism, whether in one 
or both dental arches, continues to be a diffi -
cult clinical task, and one in which all key 
predictors (Beltan-Aguilar et al. 2006; 
Douglas et al. 2002; Marcus et al. 1996; U.S. 
Census Bureau, Census 2000 2008) suggest 
that the demand for treatment by the edentu-
lous patient will not decline in the foreseeable 
future. Although the incidence of complete 
edentulism is on the decline in the United 
States (Waldman et al. 2007), current 
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economic conditions in the United States along 
with a burgeoning population growth will 
continue to provide an increase in the numbers 
of edentulous dental arches for the next three 
to fi ve decades (Douglas et al. 2002). While 
the curriculum for teaching complete denture 
therapy has been reduced in U.S. dental schools 
since the mid-1980s (Rashedi and Petropoulus 
2003), there is perhaps no other group of 
individuals who need access to prosthodontic 
care more than those patients who have no 
teeth, or who wear prosthetic replacements 
that are woefully inadequate. Evidence from 
the New England Elder Dental Survey (Marcus 
et al. 1996) and from the U.S. Surgeon Gener-
al’s report (2000), entitled Oral Health in 
America, strongly suggests that many edentu-
lous patients wear removable prostheses that 
are totally inadequate to meet the basic needs 
of function, phonetics, and aesthetics. Many 
of the patients surveyed simply did not (or 
could not) wear the mandibular prostheses, 
even for social occasions. The McGill Consen-
sus Conference (Feine et al. 2002) has stated 
that the fi rst choice standard of care for treat-
ment of the edentulous mandible is the use of 
an overdenture prosthesis retained by two 
dental implants. Although dental implant 
therapy has emerged in the last 25 years as one 
of the fastest growing areas of dentistry, it does 
not appear that treatment of the edentulous 
patient (estimated at 27 million adults in the 
United States alone) with dental implants has 
reached any signifi cant percentage of the eden-
tulous population. Perhaps access to care, 
associated costs for implant overdenture 
therapy and maintenance, and the increasing 
use of denture adhesives (estimated at over 
$200 million in the United States alone) are 
preventing the denture wearer from seeking 
professional care.

Purpose

The purpose of this section of the chapter is to 
review the indications for, the biomechanical 
considerations of, the types of attachment 

systems used in, and the reported success rates 
of dental implant-retained overdentures.

Indications for Implant-Retained 
Overdentures

Dr. Jocelyn Feine has previously reported 
(2004) that the completely edentulous patient 
meets the World Health Organization’s defi ni-
tion for being handicapped, since patients 
avoid eating in the company of others due to 
diffi culties in chewing, and the defi nition of 
being physically impaired. Additionally, eden-
tulous patients can be defi ned as having a 
disability, since they are limited in their ability 
to perform two of the most essential tasks of 
life (eating and speaking). Given the recom-
mendations of the McGill Consensus Confer-
ence, the indications for implant-retained 
overdentures, at least in the mandibular arch, 
are very well defi ned. What other indications 
for use of dental implants in the edentulous 
patient exist? Dental implants used to retain 
overdenture prostheses should be considered 
for any patient who has a desire to improve 
the retention of his or her removable prosthe-
ses, regardless of the arch. Additionally, dental 
implants should be considered for any patient 
where maintenance of cortical bone is consid-
ered essential to providing both stability and 
retention to a removable prosthesis. Implants 
should also be considered for patients who 
wish to improve their ability to masticate food 
(Boerrigter et al. 1995; Garrett et al. 1998; 
Geertman et al. 1996). Implants are contrain-
dicated in patients whose manual dexterity is 
such that they could not remove the prosthe-
sis, and in those individuals whose health is 
so compromised as to increase the risk of 
adverse events during the surgical phase.

Biomechanical Considerations in 
Implant-Retained Overdentures

The most important biomechanical consider-
ation for dental implant therapy is related 
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to two simple questions: fi rst, how many 
implants are needed, and second, what is the 
ideal location in which to place them? In the 
mandibular dental arch, implants may be 
considered as a single, free-standing retentive 
device in the mandibular midline (Cordioli et 
al. 1997; Krennmair and Ulm 2001); as paired 
implants placed in the mandibular canine (or 
lateral incisor regions) (Cooper et al. 1999); 
in triplicate placed in the mandibular para-
symphasis region (with implants in the midline 
and canine regions); or, if suffi cient vertical 
and horizontal dimensions of bone exist 
above the inferior alveolar canals, as four 
implants with suffi cient antero-posterior 
spacing (A-P spread). In the maxillary dental 
arch, paired implants could be considered in 
the lateral incisor or canine region, or four 
implants could be considered (two implants 
placed bilaterally) with suffi cient A-P spread 
to provide adequate retention and stability. 
From a biomechanical standpoint, one must 
consider that the overdenture prosthesis will 
rotate around multiple axes, and in particular 
in an A-P direction that is perpendicular to 
the patient’s midline. One should also con-
sider the rotation of the prostheses medio-
laterally, around the occlusal plane, and 
occluso-gingivally, around the saggital plane. 
The rotation of the overdenture prostheses 
relative to these fulcrum points will help in 
determining the optimum location of the 
implants to minimize these rotational axes. 
For example, in the maxillary dental arch, 
while the canine eminences are typically the 
location of the most abundant bone, place-
ment of the implants more anteriorly (beneath 
the lateral incisors) may well minimize the 
A-P rotation of the prosthesis when compared 
to those located in the canine regions in a 
paired implant overdenture—the actual loca-
tion of the implants relative to the incisal edge 
position of the prosthetic teeth may be as 
important a clinical decision as the location 
of the most abundant available bone. If one 
considers that implant-retained fi xed partial 
dentures can generally be placed on four or 
more implants, then considerations of the 
placement of fi ve or more implants for the 

overdenture prosthesis might be considered as 
excessive.

Additionally, one must be cognizant of the 
fact that implant components, including the 
abutments and the retentive devices, occupy 
space. This space should never compromise 
the contours or the integrity of the denture 
base. If the contours are compromised, the 
phonetics and/or aesthetics may also be com-
promised; if the integrity of the denture base 
is compromised, the strength of the prosthesis 
is at risk. Thus, it is imperative that the 
removable prosthesis be completed before the 
placement of implants—implant therapy must 
be prosthetically driven. If the implant com-
ponents (abutments or attachments) or use of 
splinted bars to retain the overdenture pros-
thesis compromises the integrity of the denture 
base material, the prudent clinician should 
consider the use of metal bases similar to 
removable partial denture frameworks, or 
metal wire/mesh reinforcement of the pros-
thesis prior to its construction.

Current Types of Overdenture 
Attachment Systems

Currently the dental marketplace is replete 
with various types of overdenture abutment/
attachment systems. These systems can be 
summarized into the fi ve following categories: 
(1) retentive ball anchors with O-rings, metal-
lic or plastic cap attachments; (2) resilient 
attachment systems (Zest Locator and Stern-
gold ERA attachments); (3) magnets; (4) bar/
clip assemblies (clips may be gold or plastic); 
and (5) custom-fabricated components. It is 
prudent that the clinician not only under-
stand the design of these components but also 
the amount of space (both vertically and hori-
zontally) that is required for them to be suc-
cessful; additionally, one must fully understand 
the maintenance of the abutments and attach-
ment systems, as implant-retained overden-
tures will require long-term maintenance 
(Dudic and Mericske-Stern 2002; Kiener et al. 
2001; McEntee et al. 2005).
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For retentive ball anchor abutments, nearly 
every dental implant company offers a spheri-
cal retentive ball anchor abutment with a 
similar diameter (2.25 mm); these are gener-
ally constructed of titanium. This abutment 
allows the use of a variety of retentive attach-
ments, including titanium and gold cap matri-
ces, Preci-Clix attachments (Preat Corp.), and 
a variety of O-ring attachments. The vast 
majority of the gold cap matrices are manu-
factured from a single company in Switzer-
land (Metaux); these matrices have four 
independent gold leaves that can be quickly 
crimped together (to increase retention) or 
separated (to decrease retention) with preci-
sion devices to activate or deactivate the 
attachment; these attachments come with a 
plastic spacer around the gold leaves that 
must remain in place to allow deactivation 
(loosening) of the attachment when processed 
in the denture base. The Clix attachment is 
the spherical plastic counterpart of the plastic 
Hader bar clip. It comes in three levels of 
retention (yellow < white < red), and is easily 
replaced when worn. Care must be taken to 
place the retentive elements parallel to each 
other (a dental surveyor is recommended) 
irrespective of the angulation of the retentive 
ball anchors, in order to maximize the reten-
tion of the prosthesis, facilitate the prosthesis 
insertion, and minimize the wear of the com-
ponents (Gulizio et al. 2005). This report may 
suggest that, with off-axis implants (up to 
30º), a reline impression and laboratory 
processing of the attachments may be pre-
ferred to intraoral attachment pickup 
scenarios.

The resilient cap attachments (Sterngold/
Implamed ERA attachments, and more 
recently Zest Locator attachments) have 
experienced a long history of serving the 
dental community well. Both systems provide 
the opportunity to have good retention (1.5–
5.0 lbs of retentive force for both the Zest 
anchors and the ERA attachments) and long-
term ease of maintenance. Unfortunately, and 
unlike the universal adaptation of the reten-
tive ball anchor specifi cations, dental implant 
companies have aligned themselves with one 

or the other resilient attachment systems. 
And, while the Locator system offers a single 
attachment (green, 4.0 lbs of retention) for 
use when the implants are off-axis, the ERA 
system requires that the abutments be changed 
to their angled varieties to enhance parallel-
ism for their attachment system to work most 
effectively.

Splinted bar-retained overdentures have 
been heavily advocated for use in both dental 
arches, and especially in the maxillary arch 
(because of poor quality of bone), due to 
typical resorption patterns of the maxilla 
necessitating implant placement in off-axis 
locations, or when splinting is thought to be 
required when removing the palatal portion 
of the maxillary denture prosthesis. It is gen-
erally not recommended to remove the maxil-
lary palatal portion from the overdenture 
prosthesis unless a minimum of four implants 
with adequate A-P spread have been placed. 
When removing the acrylic palate, the use of 
a cast RPD framework to provide strength to 
the overdenture prosthesis is highly recom-
mended. When using the retentive bar system, 
the biomechanics must also be considered. 
The bar should allow the overdenture pros-
thesis to rotate under functional occlusal 
loads, rather than placing additional stress on 
the implants, or on the bar or its retentive 
devices. The round bar, the resilient Dolder 
bar, and the Hader bar provide some level of 
rotation around the bar proper. Again, in a 
paired (two) implant/bar scenario, the bar 
should be placed under the confi nes of the 
denture base and allow rotation of the denture 
in an A-P direction perpendicular to the 
patient’s midline. Otherwise, undue stresses 
may lead to premature failure of the retentive 
elements or implant/bar components. One 
must also consider the tremendous amount of 
denture base acrylic resin that is lost in order 
to accommodate the bar beneath it—the 
astute clinician should consider metal wire/
mesh reinforcement of the overdenture pros-
thesis whenever splinted bars are used. When 
using bar-retained overdentures, the patient 
must also be apprised of the increased initial 
costs associated with the additional compo-
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nents required, and the expenses associated 
with casting/soldering/laser welding the bar/
housing components. However, recent evi-
dence suggests that, while the splinted bar is 
initially more expensive to produce, the long-
term after-care costs may be much less when 
compared to the paired implant overdenture 
prosthesis (Stoker et al. 2007). Others have 
previously implicated higher long-term main-
tenance associated with non-splinted implant-
retained overdenture prostheses (Dudic and 
Mericske-Stern 2002; McEntee et al. 2005).

Reported Success Rates for Implant-
Retained Overdentures

Clearly, one must be careful in reporting long-
term implant success, when often, implant 
survival is what has been reported in the lit-
erature. Implant success implies that some 
minimum level of criteria was developed for 
patient-based studies, and that the implants 
(either individually or collectively) surpassed 
those minimum criteria levels. Implant sur-
vival simply means that an implant is still in 
service in the oral environment, whether it 
has met the more stringent success criteria or 
not. Additionally, implant success may be 
arch dependent, and implant and abutment 
system/prosthesis dependent. Given the 
myriad of variables, it appears that in man-
dibular implant-retained, but tissue-sup-
ported, overdentures, the implants tend to 
have high levels of clinical success, irrespec-
tive of the type of attachment system used 
(Attard and Zarb 2004; Ferrigno et al. 2002; 
Gotfredsen and Holm 2000; Naert et al. 
1997; Schwartz-Arad et al. 2005; Spieker-
mann et al. 1995). In the maxillary dental 
arch, the evidence is not so plentiful (Meric-
ske-Stern et al. 2002; Smedberg et al. 1999; 
Widbom et al. 2005).

Although this report is not intended to be 
all-inclusive, it is apparent that implant-
retained overdentures have greatly improved 
the quality of life for patients, above and 

beyond the use of conventional complete den-
tures (Allen et al. 2006; Awad et al. 2000; 
Heydecke et al. 2005; Raghoebar et al. 2000; 
Raghoebar et al. 2003). Additionally, the use 
of transitional “mini” implants to retain over-
dentures in both dental arches is a rapidly 
growing segment of the dental implant sector, 
although few studies of their success/utility 
have been published (Bulard and Vance 2005; 
Shatkin et al. 2007). Perhaps the more inter-
esting long-term evaluation will not be related 
to the success of the implants but rather to 
how well the overdenture prostheses succeed 
(tooth wear, prosthesis fracture, attachment 
loss or wear, etc.) when more securely 
anchored to implants—the biomechanics are 
greatly altered compared to conventional 
denture prostheses, and prosthesis outcomes 
may be dramatically altered. And fi nally, 
recent evidence has been reported (Kawai and 
Taylor 2008) that compared delayed to imme-
diate loading with the implant-retained over-
denture prosthesis; no difference in loading 
protocols with respect to implant success was 
found in this systematic review of conven-
tional endosseous implants.

Summary

All indicators suggest that the number of 
edentulous patients in need of exemplary 
complete denture therapy will increase over 
the next 2–4 decades. The use of dental 
implants to retain, at a minimum, the man-
dibular complete denture prosthesis appears 
to provide the patient with an improved 
ability to masticate food, improved comfort, 
and an improved overall quality of life. 
Splinting of implants with bar-retained attach-
ment systems does not appear to enhance the 
overall success of the implants but may reduce 
the overall long-term maintenance costs asso-
ciated with implant-retained overdentures. 
Dental implants used to retain complete 
denture prostheses succeed at high levels. 
Organized dentistry should continue to strive 
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to make implant-retained overdenture pros-
thesis therapy available to all edentulous 
populations, in an effort to improve oral 
health and function and the patient’s quality 
of life.

KEY IMPLANT POSITIONS 
AND IMPLANT NUMBER: A 
BIOMECHANICAL RATIONALE

Carl E. Misch

Introduction

In the past, treatment planning for implant 
dentistry was primarily driven by the existing 
bone volume in the edentulous sites. As a 
consequence, distal cantilevers were extended 
from anterior implants or shorter implants 
were placed in the posterior regions of the 
mouth. A second historical phase of treat-
ment planning has since developed based 
upon aesthetics. In this scheme, implant posi-
tions are primarily controlled by the teeth 
being replaced. However, the primary causes 
of complications in implant dentistry are 
related to biomechanics (Goodacre et al. 
2003). For example, early loading failures 
outnumber surgical healing failures, espe-
cially in soft bone, when forces are greater 
than usual and/or implant sizes are shorter 
than 10 mm. Neither of these previous treat-
ment plan concepts addresses the biomechan-
ical issue.

Misch (2006) developed a treatment plan 
sequence to decrease the risk of biomechani-
cal overload consisting of (1) prosthesis 
design; (2) patient force factors; (3) bone 
density in the edentulous sites; (4) key implant 
positions and number; (5) implant size; (6) 
available bone in the edentulous sites; and (7) 
implant design. This section of the chapter 
will consider the key implant positions for a 
prosthesis, based upon biomechanical factors, 
followed by the overall number of implants 
to support the restoration.

Key Implant Positions

Some implant positions within the prosthesis 
are more critical than others, with regard to 
force reduction. There are three general guide-
lines to determine key implant positions:

1. Cantilevers on the prosthesis should be 
reduced and preferably eliminated. Hence, 
the terminal abutments in the prosthesis 
are key positions.

2. Three adjacent pontics should not be 
designed in the prosthesis.

3. The canine and fi rst molar sites are key 
positions, especially when adjacent teeth 
are missing.

No Cantilevers

The fi rst rule for ideal key implant positions 
is that no cantilever should be designed in the 
prosthesis. Cantilevers are force magnifi ers to 
the implants, abutment screws, cement or 
prosthesis screws, and implant-bone inter-
face. Cantilevers on fi xed partial dentures 
supported by teeth have a higher complica-
tion rate (including unretained restorations) 
than prostheses with terminal abutments. 
This is especially noted with parafunction 
and/or reduced crown height spaces (Rosen-
stiel et al. 1995). Therefore, ideal key implant 
positions include the terminal abutment posi-
tions when adjacent teeth are missing.

To enforce the rule of no cantilever, the key 
implant positions when two adjacent teeth 
are missing indicate one implant per tooth. 
When 3–14 adjacent teeth are missing, the 
key implant positions include the two termi-
nal abutments, one on each end of the pros-
thesis. A 3–4 unit prosthesis may be fabricated 
with only these abutments, when most of the 
force factors are low and the bone density 
favorable. Restorations of 5–14 units require 
additional abutments.

The ideal treatment plan should eliminate 
cantilevers. However, in some clinical condi-
tions a cantilever is the most prudent treat-
ment option. For example, in an edentulous 
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mandible available bone in the posterior 
regions may be insuffi cient for root form 
implant placement, without advanced proce-
dures (nerve repositioning, iliac crest bone 
grafts, etc.). The fact that on occasion a can-
tilever may be acceptable when force factors 
are low does not negate the ideal goal that no 
cantilever should be designed in the prosthe-
sis. Hence, when two or more adjacent teeth 
are missing, the terminal abutments at each 
end of the prosthesis are fi rst designed in the 
treatment plan.

No Three Adjacent 
Posterior Pontics

In most prosthesis designs, three adjacent 
posterior pontics are contraindicated on 
implants, just as they are contraindicated on 
natural abutments (Shillinburg et al. 1997). 
The adjacent abutments are subjected to con-
siderable additional force when they must 
support three missing teeth, especially in the 
posterior regions of the mouth. In addition, 
all pontic spans between abutments fl ex under 
load. The greater the span between abut-
ments, the greater the fl exibility of the metal 
in the prosthesis. The greater the load, the 
greater the fl exure. This metal fl exure places 
shear and tensile loads on the abutments 
(Bidez and Misch 1999; Smyd 1952). The 
greater the fl exure, the greater the risk of 
porcelain fracture, uncemented prostheses, 
and abutment screw loosening.

A one-pontic span exhibits little fl exure, 8 
microns or less with precious metal under a 
25 lb load. A two-pontic span fl exes 8 times 
more than a one-pontic span, all other varia-
bles being equal. A three-pontic span fl exes 
27 times more than a one-pontic span (Bidez 
et al. 1986; Smyd 1952). Hence, not only is 
the magnitude of the force increased to the 
adjacent abutments when the prosthesis has 
three pontics (since they are supporting two 
abutments and three pontics), but the fl exure 
of the metal increases to a point that the 
incidence of complications makes the treat-
ment plan contraindicated, especially when 

forces are greater (as in the posterior 
region).

It should be noted that the fl exure of mate-
rials in a long span is more of a problem for 
implants than for natural teeth. Since natural 
roots have some mobility both apically and 
laterally, the tooth acts as a stress absorber 
and the amount of material fl exure may be 
reduced. Since an implant is more rigid than 
a tooth (and also has a greater modulus of 
elasticity than a natural tooth), the complica-
tions of increased load and material fl exure 
are greater for an implant prosthesis. Hence, 
since it is contraindicated for three posterior 
pontics in a natural tooth-fi xed prosthesis, it 
is even more important not to have three 
pontics in an implant restoration. Angled 
forces magnify the amount of the force to the 
implant system, and so most maxillary ante-
rior prostheses should also limit the number 
of pontics in the restoration.

To limit the effect of the complications of 
three adjacent posterior pontics, additional 
key implant positions are indicated in pros-
theses missing more than four adjacent teeth 
(Misch 1997). In order to have three potential 
pontics in a restoration, at least four adjacent 
posterior teeth and/or fi ve adjacent anterior 
and premolar teeth must be missing when 
terminal abutments are present. Hence, when 
4–14 missing adjacent teeth are to be replaced, 
key implant positions are located in the ter-
minal abutments and additional pier or inter-
mediary abutments are indicated to limit the 
pontic spans to 2 premolar-size pontics or 
less. Following this rule, a 5–7 unit prosthesis 
has three key abutments (two terminal and 
one pier). An 8–10 unit prosthesis has four 
key implant positions (two terminal and two 
pier). An 11–13 unit prosthesis has fi ve key 
abutments (two terminal and three pier) and 
a 14 unit prosthesis has six key abutment 
positions. In addition to these key abutments, 
additional abutments are usually needed to 
address force factors and/or bone density. 
Rarely is the force factor situation favorable 
and bone density ideal enough to be fulfi lled 
solely with key abutments for a fi xed 
prosthesis.
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Canine and First Molar Sites

A fi xed restoration replacing a canine is at 
greater risk than almost any other restoration 
in the mouth. The maxillary and/or mandibu-
lar adjacent incisor is one of the weakest teeth 
in the mouth and the fi rst premolar is often 
one of the weakest posterior teeth. A tradi-
tional fi xed prosthetic axiom specifi es that it 
is contraindicated to replace a canine and two 
or more adjacent teeth (Shillinburg et al. 
1997; Tylman 1965). Therefore, if a patient 
desires a fi xed prosthesis, implants are 
required whenever the following adjacent 
teeth are missing in either arch: (1) the fi rst 
premolar, canine, and lateral incisor; (2) the 
second premolar, fi rst premolar, and canine; 
and (3) the canine, lateral, and central inci-
sors. Whenever these combinations of teeth 
are missing, implants are required to restore 
the patient because (1) the length of the span 
is three adjacent teeth; (2) the lateral direction 
of force during mandibular excursions 
increases the stress; and (3) the magnitude of 
the bite force is increased in the canine region 
compared to the anterior region. Under these 
conditions at least two key implant positions 
are required to replace these three adjacent 
teeth, usually in the terminal positions of the 
span (especially when one of the terminal 
abutments is the canine position).

When there are multiple missing teeth and 
the canine edentulous site is in a pier abut-
ment position, the canine position is a key 
implant position to help disclude the poste-
rior teeth in mandibular excursions. Hence, 
when four or more adjacent teeth are missing, 
including a canine and at least one adjacent 
posterior premolar tooth, the key implant 
positions are the terminal abutments, the 
canine position, and additional pier abut-
ments that limit the pontics spans to no more 
than two teeth.

The fi rst molar is also a key implant posi-
tion when three adjacent posterior teeth are 
missing. The bite force doubles in the molar 
position compared to the premolar position 
in both maxilla and mandible. In addition, 
the edentulous span of a missing fi rst molar 

is 10–12 mm, compared to a 7 mm span for 
a premolar. As a result, when three or more 
adjacent teeth are missing, including a fi rst 
molar, the key implant positions include the 
terminal abutments and the fi rst molar posi-
tion. For example, in a patient missing the 
second premolar, fi rst molar, and second 
molar, there are three key implant positions 
needed to restore the full contour of the 
missing molar teeth: the second premolar and 
second molar terminal abutments and the fi rst 
molar pier abutment. When one implant 
replaces a molar (for a span of less than 
13 mm), the implant should be at least 5 mm 
in diameter. When a smaller diameter implant 
is selected, the molar may be considered the 
size of two premolars.

Implant Number

In the past, the number of implants was most 
often determined as a function of the amount 
of available bone in the mesio-distal dimen-
sion. For example, in an edentulous arch, six 
implants were used in abundant bone between 
the mental foramina anterior to the maxillary 
sinuses for a full arch fi xed prosthesis, while 
four implants were used in moderate to severe 
resorption for a fi xed full arch prosthesis 
(Adell et al. 1981). However, this treatment 
option does not consider the force magnifi ers 
of crown/height space or the anterior-
posterior distance (A-P spread) of the implants 
in relation to the bilateral posterior cantilev-
ers replacing the posterior teeth.

Summary

A biomechanical-based treatment plan reduces 
complications after implant loading with the 
prosthesis. To reduce stress conditions, there 
are key implant positions for a prosthesis 
replacing missing teeth: (1) ideally no canti-
levers should be designed on the restoration; 
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(2) three adjacent pontics should be elimi-
nated; and (3) the canine and fi rst molar sites 
are important positions in an arch.

Increasing the number of implants is the 
most effi cient method to increase surface area 
and reduce overall stress. Therefore, after the 
key implant positions are selected, additional 
implants are indicated to reduce the risk of 
overload from patient force factors or implant 
sites with reduced bone density. When in 
doubt of the number of implants required, a 
precautionary approach will be to consider 
an additional implant.

TREATMENT ALTERNATIVES 
FOR THE TERMINAL 
DENTITION PATIENT

Luca Cordaro

There are patients for whom we cannot 
provide a treatment plan that will allow us to 
restore or maintain their existing dentition. 
Advanced untreatable periodontal disease, 
failing root canal therapy, a history of failing 
fi xed partial dentures, and an inadequate 
number of natural abutments lead us to con-
sider the patient as a terminal dentition case.

Predictable implant success rate in the 
treatment of edentulous arches has been 
achieved, offering a new treatment approach 
when a dentition with a poor prognosis is 
present or when multiple teeth have to be 
extracted in one or in both jaws (Adell et al. 
1990; Balshi 1988).

Between 1976 and 1986 many papers 
described the treatment of patients with 
advanced periodontal destruction and multi-
ple missing teeth with complex but very con-
servative protocols that did not involve dental 
implants (Nyman and Lindhe 1976). The sug-
gested approach consisted of an extensive 
periodontal treatment followed by the con-
struction of full arch FPD, including canti-
lever units. Although excellent functional 
results have been achieved, some technical 
problems have been reported as well as poor 
aesthetic results (Randow et al. 1986).

Osseointegrated implants have become an 
excellent treatment option when a natural 
abutment is considered at high risk (Lewis 
1996).

If the treatment plan involves the extrac-
tion of all remaining teeth at least in one arch 
there are various treatment strategies that 
may be used:

1. Conventional approach: The conventional 
approach consists of multiple steps. Extrac-
tions of remaining teeth are completed and 
a provisional removable prosthesis that 
maintains function and aesthetics is deliv-
ered to the patient. Implants are placed 
after healing of the extraction sockets. The 
defi nitive rehabilitation may be completed 
after an additional period to allow implant 
integration (this period may vary from 6 
to 24 weeks in relation to a standard or 
early loading protocol). The removable 
denture is used during the two healing 
phases. This protocol was the only one 
used at the time of the fi rst Toronto 
Osseointegration Conference.

2. Immediate loading approach: Extractions 
are performed. Once bone healing has 
occurred, the implants are placed and 
loaded immediately after placement 
(within 24 hours). The removable denture 
is used only for the period of healing 
of the extraction sockets. The technique 
has shown predictable results (Chiapasco 
2004; Ganeles et al. 2001; Schnitman et 
al. 1997). This treatment modality reduces 
the period of removable denture use, but 
a complex and long surgical prosthetic 
session is necessary.

3. Immediate placement approach: If this 
strategy is chosen implants are placed into 
fresh extraction sites; in a second phase, 
after healing, implants are loaded. Func-
tion and aesthetics during implant healing 
are maintained by the use of a removable 
complete denture. The advantage of this 
technique is the reduction of treatment 
time and of surgical steps. Correct implant 
positioning may be facilitated since the 
sockets offer a valid reference for the 
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surgeon. It is diffi cult to foresee the resorp-
tion of the socket walls during healing and 
this may be crucial in aesthetic sites. This 
procedure has been described as safe and 
effective (Schwartz-Arad and Chaushu 
1997; Schwartz-Arad et al. 2000).

4. Immediate loading of immediately placed 
implants approach: Immediate loading of 
implants placed at the time of extractions 
in full arch restorations has been recently 
described (Cooper et al. 2002; Cordaro 
and Torsello 2006; Grunder 2001). This 
technique reduces treatment time and 
eliminates the use of removable provi-
sional dentures. A complex and stressful 
surgical-prosthetic session is needed. 
Unfortunately, long-term results have not 
yet been published.

5. Staged approach: After a standard hygi-
enic phase, the rehabilitation protocol 
starts with strategic extraction of some of 
the remaining teeth to permit the insertion 
of some implants while keeping selected 
residual teeth as abutments for a provi-
sional fi xed partial denture. After healing 
of the previously placed implants that are 
used at this point to support the provi-
sional restoration, some or all residual 
teeth are extracted and, simultaneously, 
second-stage implants are inserted. After 
healing of the second group of implants, 
extractions are completed and defi nitive 
prosthetic treatment is carried out 
(Cordaro et al. 2007). A fi xed provisional 
restoration is used during all treatment 
phases (Table 2.1).

The conventional, the immediate loading, 
and the immediate placement approaches 
include the use of removable dentures during 
some of the healing phases. These protocols 
have shown highly predictable long-term 
results, but the removable appliance may be 
a psychological problem for the patient (Adell 
et al. 1990; Chiapasco 2004; Schwartz-Arad 
et al. 2000).

To avoid the use of a removable provisional 
it is possible to immediately load implants 
placed at the time of the extractions of the 

residual teeth (immediate replacement). The 
safety and effectiveness of this option has 
limited evidence (Cooper et al. 2002; Grunder 
2001).

The staged approach eliminates the need 
for removable provisional prostheses but 
increases treatment time and the number of 
surgical and prosthetic steps.

The introduction of new chemically modi-
fi ed implant surfaces, which have shown a 
faster bone deposition on the implants, will 
further reduce total treatment time. Future 
studies are needed to evaluate the effective-
ness of early loading protocols.

All the described treatment strategies have 
indications and drawbacks that are secondary 
to the patient situation at presentation.

The conditions that must be taken into con-
sideration are presence of acute infections, 
need for major bone augmentation proce-
dures, periodontal biotype, patient compli-
ance, type of restoration planned, and 
inter-arch relation.

The presence of multiple acute infections of 
the residual dentition and the need for exten-
sive bone augmentation procedures may call 
for a standard protocol. Implant insertion 
immediately after the extraction of a root 
with an acute infl ammatory lesion secondary 
either to a periapical or periodontal pathol-
ogy is not well documented. On the other 
hand, major surgical reconstructions of the 
jaws are usually carried out after complete 
healing of extraction sockets.

If a crown and bridge restoration is planned, 
the quality and quantity of soft tissue may 
infl uence the treatment plan. A thin periodon-
tal biotype will increase the risk of aesthetic 
complications when implants are placed at 
the time of teeth extractions in the aesthetic 
zone: a thick gingival biotype will help in 
easily achieving a pleasing aesthetic result.

A patient with reduced compliance may 
benefi t from a standard approach, as oral 
hygiene is easily maintained with a removable 
complete denture; it should be noted that it 
is mandatory to inform the patients that 
oral hygiene should be maintained after 
treatment.
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Table 2.1. Comparison of different protocols that may be used for the treatment of a terminal dentition patient requiring a complete arch FPD. Loading protocols, defi nitions, 
and intervals between extraction and implant placement are according to the ITI consensus (Int J Oral Maxillofac Implants 19[Suppl], 2004).

Treatment 
Strategy

Type of Implant 
Placement after 
Extraction

Implant Loading 
Interval

Timing of Use 
of Removable 
Provisional

Timing of Use 
of Fixed 
Provisional

Total 
Treatment 
Time

Advantages and Indications Drawbacks and 
Contraindications

Conventional After socket 
healing (16 
weeks)

Conventional 
(3–4 months) 
or early 
loading (6–8 
weeks)

6–8 months of 
treatment

Soft tissue 
conditioning 
phase (4–8 
weeks)

7–10 months Safe and well-documented 
protocol. Indicated in case of 
acute infections of residual 
teeth and when alveolar 
reconstruction is required.

Long treatment time. 
Indirect loading of 
implants with 
removable provisional.

Immediate 
loading

After socket 
healing (16 
weeks)

Immediate 
loading (within 
24 hours after 
implant 
insertion)

4 months (to 
allow socket 
healing)

2–4 months 
following 
implant 
placement

6–8 months Reduces the time of denture use, 
good psychological impact for 
the patient.

Long and stressful surgical 
prosthetic phase. Total 
treatment time is only 
slightly reduced.

Immediate 
post-
extraction 
implants

Implants placed 
in the same 
surgical 
session of 
extractions

Conventional (3–
4 months) or 
early loading 
(6–8 weeks)

During implant 
healing (from 
6 weeks to 4 
months after 
implant 
placement)

Soft tissue 
conditioning 
phase (4–8 
weeks)

4–6 months Reduces the number of surgical 
phases and total treatment 
time.

It is critical to precisely 
foresee the hard- and 
soft-tissue response. 
Indirect loading of 
implants with 
removable provisional.

Staged 
approach

Immediate or 
after soft-tissue 
coverage of 
the sockets 
(4–8 weeks)

Early or 
conventional 
loading

Never Throughout 
treatment

4–10 months Fixed provisional restoration is 
used throughout the treatment. 
Minimal risk involved in 
placement and loading 
protocols.

Long protocol with simple 
but multiple surgical 
and prosthetic steps.

Immediate 
loading of 
immediate 
implants

Implants placed 
in the same 
surgical 
session of 
extractions

Immediate 
loading (within 
24 hours after 
implant 
insertion)

Never Throughout 
treatment

4–6 months Fixed provisional restoration is 
used throughout the treatment. 
Reduces the number of 
surgical phases and total 
treatment time.

It is critical to precisely 
foresee the hard- and 
soft-tissue response. 
Long and stressful 
surgical prosthetic 
phase.
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Patients asking for a fi xed provisional res-
toration throughout treatment may benefi t 
from a staged approach or an immediate 
replacement protocol. The staged approach 
reduces the aesthetic risk connected to imme-
diate implant placement but increases treat-
ment time and steps. If this approach is 
chosen, a suffi cient number of residual natural 
abutments should be present in an acceptable 
position to support the provisional restora-
tion (Figs. 2.1–2.6).

Figure 2.1. Female patient 42 years of age with 
advanced periodontal disease. Mobility grade III of all 
upper front teeth.

Figure 2.2. Occlusal view of the upper jaw of the same 
patient: the right fi rst molar and fi rst bicuspid are missing; 
the left central incisor and the second bicuspid and fi rst 
molar are missing. It is decided to provide the patient 
with a fi xed implant-supported rehabilitation without the 
need of a removable provisional prosthesis.

Figure 2.3. The remaining incisors and the fi rst left 
bicuspid are extracted. The cuspids and second molars 
are prepared as abutments for a fi xed provisional partial 
denture.

Figure 2.4. The implants were placed in the position of 
the central incisors, fi rst bicuspid, and fi rst molar bilater-
ally, and after 8 weeks they can be loaded to support the 
provisional restoration. At this time the cuspid may be 
extracted and implants inserted.

The immediate replacement timetable 
(immediate loading of implants placed at the 
time of extractions) reduces overall treatment 
time and treatment steps. It should be noted 
that it is diffi cult to anticipate the fi nal gingi-
val contour when multiple implants are placed 
in fresh extraction sockets, and this may be 
critical in the aesthetic zone. If the clinician is 
planning a hybrid prosthesis with pink acrylic 
or porcelain and an adequate bone volume 
is present apically to the remaining roots 
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(typically in the anterior mandible), the imme-
diate replacement technique may be safely 
used.
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3Comprehensive Treatment Planning 
for the Patient with Complex 

Treatment Needs

THE CHALLENGING PATIENT 
WITH FACIAL DEFORMITIES, 
RARE DISORDERS, OR OLD AGE

Birgitta Bergendal, James D. Anderson, and 
Frauke Müller

Introduction

Treatment with dental implants is now a well-
established treatment modality in partial and 
total edentulousness. The long-term success 
and survival rates of the implants, as well 
as improvement in quality of life, are well 
described in multiple studies of large patient 
samples. However, meta-analyses, systematic 
reviews, and statements from consensus con-
ferences reveal that the evidence in many 
aspects is still limited (Gottfredsen et al. 2008; 
Swiss Society of Reconstructive Dentistry 
2007). Most research on the clinical perform-
ance of dental implants is based on studies of 
healthy individuals, with individuals with 
chronic diseases, rare disorders, and old age 
often excluded. In many groups of complex 
patients, the knowledge base on the use of 
dental implants is very small and there are 

few guidelines for treatment with implants in 
medically compromised patients (Beikler and 
Flemmig 2003). At the same time individuals 
with different kinds of developmental malfor-
mations, chronic and rare diseases, and disa-
bility have an increased risk of early tooth 
loss and are most in need of oral rehabilita-
tion (Nunn 2000; Storhaug 1989).

The mouth as an organ acts in many vital 
functions, such as breathing, sucking, chewing, 
and swallowing (Andersson-Norinder and 
Sjogreen 2000). The subtle interplay of many 
different functions increases the vulnerability 
for damage not only as early as the fetal stage 
but also later in life. Associated with disease, 
disability, and aging, these effects can result 
in compromised orofacial function as well as 
deterioration of the dental status and early 
tooth loss.

Present Knowledge Base

A search in PubMed made in January 2008 
on the criterion “dental implants” gave just 
over 10,000 references, and in combination 
with search terms related to the complex 
patient the following numbers of references 
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were found: “rare disorders” and “craniofa-
cial disorders” <10, “geriatric” or “chronic 
disease” <50, and “oral cancer” <150. Some 
of the references were the same in the differ-
ent searches, and the majority of the refer-
ences do not give any information on the 
experiences and outcomes of treatment with 
implants. This unsophisticated search showed 
that roughly 1% of publications on dental 
implants refer to complex patients. There is 
an apparent need for treatment with dental 
implants in people with chronic diseases and 
congenital or acquired disabilities compared 
to the general population.

However, it seems evident that there is a 
substantial lack of information about treat-
ment outcomes, risks for failure, and compli-
cations in these segments of the population. 
Since the groups are relatively small (and also 
for practical and ethical reasons), there are 
limited possibilities for designing prospective 
studies that would yield a high level of scien-
tifi c evidence.

The Challenging Patient with 
Facial Deformity

The use of implants for facial deformities 
outside the mouth was contemplated quite 
early in the development of the osseointegra-
tion technique. The fi rst extraoral implant 
was placed by Anders Tjellström in 1977 
(Granström 2007) for a bone-anchored 
hearing aid, and the fi rst reports of their use 
appeared as early as 1980 (Tjellström et al. 
1980). Two years later, the same technology 
was used to retain the fi rst reported extraoral 
prostheses (Tjellström et al. 1981). So by the 
time the 1982 Toronto Conference took place, 
the use of osseointegration outside the mouth 
was already established.

Hardware and Technique

Implants

The implant most commonly used in the 
extraoral environment today is a variation of 

the original milled commercially pure tita-
nium dental implant. The development of the 
surgical protocols for these implants has fol-
lowed the dental protocols, including the 
introduction of single-stage surgery. As a 
result of the high success rates, the number of 
implants needed at any site for suffi cient 
retention has diminished over the years 
(Abu-Serriah 2001).

Dentists working in the heavily loaded oral 
environment are accustomed to the occlusal 
forces that dominate our planning decisions. 
Implants that are only 3 mm or 4 mm long 
therefore appear shockingly short (Fig. 3.1).

They are a refl ection not just of the thinness 
of the bone where they are used; they hint at 
the reduced loads these implants are thought 
to support. Whether the reduced loads are so 
low as to be clinically insignifi cant is still an 
open question (Del Valle et al. 1997). The 
original fl ange design was thought to prevent 
traumatic intrusion into the brain (Granström 
2007), as well as to provide some lateral sta-
bility at insertion. The value of this feature is 
questionable, however. Flangeless designs are 
now available.

The implant placement technique is drawn 
directly from dental protocols. Arguably, 
because of access considerations, extraoral 
surgery is substantially easier than intraoral. 
As in the intraoral situation, an atraumatic 
surgical technique and primary stability are 
important conditions for osseointegration. 
Similarly, mobility of the soft tissue around 

Figure 3.1. Three mm and 4 mm fl anged craniofacial 
implants compared to a conventional milled 7 mm long 
implant.
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the abutment compromises the soft tissue 
attachment to the abutment. Therefore, in the 
extraoral environment, unlike in the mouth, 
an aggressive thinning of the skin overlying 
the implant is necessary to achieve a fi rm 
attachment between skin and periosteum, 
with a minimum of intervening subcutaneous 
tissue. This is a principle that runs counter to 
a surgeon’s intuition with respect to maintain-
ing a blood supply in the healing site, so it is 
a new appreciation for surgeons and carries 
with it a signifi cant learning curve.

Prosthetic Hardware

The prosthetic hardware also is analogous to 
the intraoral designs. Bar and clip designs are 
commonly used in the extraoral environment 
in a way that is no different from the intraoral 
design. Angulated abutments also are availa-
ble with much larger angulations ranging 
from 30 to 110 degrees. These abutments are 
substantially different from the intraoral 
designs and are often most useful in the orbit, 
where there is very little room available for 
hardware (Fig. 3.2). Given that the loading 
is thought to be low, retention is placed 
eccentrically from the axis of the implant in 

the expectation of less risk to the bone-
implant interface. Magnetic retention also is 
available.

”Success Rates”

Native Bone

It has been estimated that up to 2007, more 
than 90,000 craniofacial implants have been 
placed in more than 45,000 patients (Gran-
ström 2007). This widespread use is based on 
success rates comparable to the intraoral situ-
ation. However, as in the mouth, the success 
rates are not uniform across different bones. 
In a 10-year follow-up of the earliest cranio-
facial patients, Granström (2007) reported 
the percentage of implants lost from the orbit, 
nasal area, and temporal bone (Table 3.1).

Based on that early experience, implants 
now are typically placed largely in the supe-
rior and lateral orbital rim and the fl oor of 
the piriform aperture. Limiting Granström’s 
original data to those areas yields more favo-
rable results that are consistent with the expe-
rience in other countries (Abu-Serriah 2001; 
Parel and Tjellström 1991; Wolfaardt et al. 
1993).

Drinias et al. (2007) found that the implant 
failure rate in the temporal bone correlates 
with the age of the patient at insertion. 
Patients over 40 years of age have higher 

Figure 3.2. Magnetic retention located eccentrically on 
craniofacial implants where space is confi ned in the 
orbit.

Table 3.1. Percentage of craniofacial implants lost from 
native bone after up to 10 years of follow-up (modifi ed 
from Granström G, Bergström K, et al. 1994. A detailed 
analysis of titanium implants lost in irradiated tissues. Int 
J Oral Maxillofac Implants 9:653–662).

Site % Lost* Modifi ed % Lost‡

Orbit 32 14
Nose 20 12.5
Temporal Bone 5 5

* As reported.
‡ Limited to superior and lateral orbital rim and to fl oor 
of nose only.
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failure rates than patients under 40, and those 
failures tend to occur later after implant 
placement. This effect tended to cause the 
failure rate in the temporal bone to be rela-
tively constant over time, unlike initial loss 
followed by a successful plateau found in the 
intraoral situation.

Radiation

In 1988 there was consensus that placement 
of implants in radiated bone was contraindi-
cated (National Institutes of Health 1988). 
Since then, however, reports have appeared 
detailing relatively successful placement of 
implants in radiated bone (Niimi et al. 1998; 
Parel and Tjellström 1991; Wolfaardt et al. 
1993).

Recent information suggests that the success 
rate of implants placed in radiated bone is not 
as high as in bone that has not been radiated. 
However, the damaging effect of radiation 
seems to vary in different bones, and unlike 
the conventional situation, the failures tend 
to be late. Using pooled data, Granström 
(2003) calculated that in the radiated mandi-
ble, the survival rate does not differ substan-
tially from the non-radiated mandible until 
about 9 years after placement. At about that 
time, the survival rate declines sharply to less 
than 50% at 12 years after placement. In the 
maxilla, the failures start to occur more fre-
quently at about the 5-year mark, progressing 
to a survival rate of about 50% as in the 
mandible. Extraorally, implants placed into 
the radiated temporal bone are much less 
affected by radiation, slipping only to about 
75% survival at 12 years. The radiated orbital 
bone, on the other hand, performs much less 
well, with failures beginning very early and 
giving survival rates of less than 50% at 12 
years (Granström 2003).

Given the higher rates of failure, the ques-
tion then arises as to whether the use of 
osseointegrated implants should be offered to 
patients who have had, or will have, radia-
tion. The question naturally requires a con-
sideration of the consequences of failure. The 
most serious consequence of implant failure 

is osteoradionecrosis (ORN). Several reports 
of follow-ups on implants in radiated patients 
(Granström and Tjellström 1997; Harrison 
et al. 2003) suggest the incidence of ORN is 
remarkably low. With this low risk and given 
that the benefi ts of implant-retained prosthe-
ses are so great, it seems reasonable to 
offer implant solutions to selected patients 
with cautious optimism but fully informed 
consent.

Hyperbaric Oxygen
Hyperbaric oxygen (HBO) has been used for 
many years in the treatment of different con-
ditions including ORN. However, the use of 
HBO in relation to osseointegrated implants 
is intended to be prophylactic, and this appli-
cation has been the subject of debate for 
many years. There are numerous contraindi-
cations and complications associated with 
HBO, and it is an expensive resource. Never-
theless, there is some reason to believe that 
HBO may have benefi cial effects when used 
with osseointegrated implants. HBO has been 
shown to improve angiogenesis (Marx et al. 
1990) and bone turnover, and on this basis 
Granström suggests HBO acts as a stimulator 
of osseointegration (Granström 1998). Gran-
ström (2005) has recently offered useful 
empirical evidence of the benefi t of HBO. 
While the survival rates of implants in all the 
radiated bones of the skull is signifi cantly 
worse after radiation, the survival rates are 
signifi cantly improved with the use of HBO 
in all these bones to near the levels of non-
radiated bone. The exception is the tempo-
roparietal bone. Here the failure rate is only 
reduced from 33% to 30% after HBO, in 
contrast to a commonly reported failure rate 
of less than 5% in non-radiated bone (Tolman 
and Taylor 1996).

Grafted Bone

The fl exibility afforded by osteomyocutane-
ous-free tissue transfer has made it the 
surgical reconstructive method of choice fol-
lowing ablative procedures in the maxilla and 
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mandible. Combined with osseointegrated 
implants, the prospect of near-normal func-
tion is possible. Case series and case reports 
are numerous, all reporting successful use of 
the combined modality, including implant 
failure rates similar to that of native bone 
(Chiapasco et al. 2006; Jaquiery et al. 2004; 
Vinzenz et al. 1996).

The use of implants in grafted bone outside 
the mouth, on the other hand, is much less 
commonly reported than in the intraoral situ-
ation. In a series of 28 patients, Gliklich et al. 
(1998) provided a very useful set of site-spe-
cifi c goals for the use of free-tissue transfers 
when combined with rehabilitation services, 
including implant-retained prostheses. In 
essence, they stated that the main goals of 
free-tissue transfer are to obtain vascular cov-
erage in addition to a smooth contour of the 
scalp and a fl at temporal platform, while for 
the orbit additional aims are maintained 
orbital cavity depth and brow position pres-
ervation. Application of these goals increased 
the successful use of implant-borne prostheses 
in their series.

Skin Reactions

The most common complication following 
the placement of extraoral implants is infl am-
matory skin reaction. However, these compli-
cations are not evenly distributed between 
patients, between age groups, or over time. 
As many as 60% of patients had a soft tissue 
complication in the fi rst 2 years, dropping to 
less than 25% by 5 years in a series reported 
by Abu-Serriah (2001). On the other hand, 
Reyes reported that 70% of patients had no 
reaction over an 8-year follow-up (Reyes 
et al. 2000). But among the early patients in 
that series, Tjellström reported that of those 
experiencing any adverse reactions, only 15% 
of the patients accounted for over 70% of the 
skin reactions observed (Tjellström 1989). 
Similarly, the frequency of skin reactions is 
higher in the younger age groups (Reyes et al. 
2000). In both series, as time from im -
plant placement increased, the incidence of 
skin reactions decreased, and no reactions 

were serious enough to require removal of 
implants.

Applications

Extraoral Prostheses

The traditional prosthetic solutions in cranio-
facial prosthetics include replacement of the 
eye, nose, and ear. The commonest diagnoses 
leading to ear replacement are syndromic in 
nature, such as Treacher Collins and Golden-
har’s. Loss of the nose is most commonly due 
to malignancy later in life, while loss of an 
eye can occur in childhood as a result of 
retinoblastoma or recurrent rhabdomyosar-
coma. Of course, trauma including burns is 
also an important cause of tissue loss in any 
of these locations.

Contraindications include unrealistic 
expectations, alcohol or drug abuse, or any 
condition that might interfere with skin and 
prosthesis maintenance. As with the intraoral 
situation, smoking may limit implant survival 
but, unlike in the mouth, data directly address-
ing this question is limited.

Bone-Anchored Hearing Aid

The fi rst extraoral implant was placed in 
1977 to support a new type of hearing aid, 
the bone-anchored hearing aid. Previously, 
patients who could not wear conventional 
air-conduction hearing aids used a bone con-
duction hearing aid that pressed an amplifi ed 
vibrator against the skin to conduct sound 
through the bones of the skull to the cochlea. 
The problem was that the skin attenuated the 
signal and it became painful with continuous 
pressure. The bone-anchored aid conducts 
sound directly to the bone through the implant 
for better sound transmission with no pres-
sure on the skin (Tjellström and Håkansson 
1995). Patients with external otitis, chronic 
draining ears or canal atresia, and 45 dB 
average hearing loss or better are candidates 
for bone-anchored hearing aids (Wazen et al. 
1998).
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The Autogenous/Prosthetic 
Choice in Rehabilitation

Early in the planning process (particularly 
for the nose and ear), the rehabilitation team 
must decide, together with the patient, 
between an autogenous and a prosthetic solu-
tion. In general, surgical reconstructive pro-
cedures take advantage of all remaining tissue. 
Implant-retained prosthetic solutions, on the 
other hand, are best carried out with minimal 
remaining tissue. The decision between autog-
enous and prosthetic options therefore favors 
the autogenous as a fi rst option to take advan-
tage of remaining tissue, with the prosthetic 
option reserved for salvage. If aesthetically 
acceptable, a surgical reconstruction avoids 
the maintenance problems of a prosthesis 
(Wilkes and Wolfaardt 1994). This decision, 
then, is heavily driven by the availability of 
suffi ciently skilled surgical expertise to under-
take the autogenous procedures, and there-
fore indirectly affects the use of implants in 
rehabilitation.

On the other hand, in the intraoral environ-
ment, where the surgical expertise exists to 
provide well-designed free fl aps, an extremely 
diffi cult rehabilitation problem requiring 
extensive use of implants (Boyes-Varley et al. 
2007) can be transformed into an entirely 
unremarkable dental rehabilitation (Gbara 
et al. 2007).

The Future

There are numerous areas for future develop-
ment in extraoral prosthesis construction 
including new materials (Kiat-amnuay et al. 
2008), rapid prototyping (Chen et al. 1997), 
and robotic prostheses (Klein et al. 1999). 
However, with regard to osseointegrated 
implants, skin infl ammation around abut-
ments remains a signifi cant problem. Some 
work has been done on this (Klein et al. 
2000), but much more is needed. Finally, 
given the rapid changes in surgical planning 
systems and techniques, it is reasonable to 
look forward to the further transformation of 

complex aesthetic and functional dilemmas 
into simpler rehabilitation solutions.

Challenging Patients with 
Rare Disorders

When dental implants were recognized as a 
new treatment alternative in individuals with 
partial and total edentulousness, the oppor-
tunity for habilitation and rehabilitation in 
rare disorders represented one of many chal-
lenging applications. However, it was not 
until 1988, with a case report on the use of 
implants in an adult patient with hypohid-
rotic ectodermal dysplasia (Ekstrand and 
Thomsson 1988), that a report on the use of 
implants in a rare disorder was published.

Defi nitions of Rare Disorders/
Diseases

The concept of rare disorders (diseases) has 
different defi nitions in different countries. 
According to the World Health Organization 
(WHO Rare Diseases Act of 2002) and the 
NIH Offi ce of Rare Diseases (http://raredis-
eases.info.nih.gov), a rare disease is generally 
considered to have a prevalence of fewer than 
200,000 affected individuals in the United 
States, equivalent to 1 in 1,500 citizens. 
EURORDIS, the European Organization for 
Rare Diseases, defi nes a disorder or disease as 
rare in Europe when it affects less than 1 in 
2,000 citizens (Orphan Drug regulation 
141/2000, www.eurordis.org). In Sweden, the 
defi nition used in the Swedish Rare Disease 
Database is disorders or injuries resulting in 
extensive disability and affecting no more 
than 100 in 1,000,000 population, equivalent 
to 1 in 10,000 citizens.

The jaws as well as the teeth are affected 
in many rare disorders since the mouth and 
teeth, with their complicated development 
and sensory and neurological functions, are 
among the most vulnerable to malformation 
and malfunction. Therefore, dentists can play 
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an important role not only in treatment but 
also in the diagnosis of rare syndromes. A 
search of the Winter-Baraitser Dysmorphol-
ogy Database (www.lmdatabases.com), which 
has information on nearly 4,000 syndromes, 
demonstrates that symptoms of the face, 
mouth, and teeth are common in many hered-
itary syndromes (Table 3.2).

Rare Disorders and Dental Implants

A search of PubMed using the search terms 
“rare disease” and “dental implants” in 
January 2008 found one reference to a pub-
lication, which was a case presentation on 
treatment with bone grafts and implants in a 
patient with systemic mastocytosis (Thor et 
al. 2005). This shows that the search criteria 
and keywords are often unreliable. Ectoder-
mal dysplasia (ED) syndromes were the most 
well represented among reports on treatment 
with dental implants with 31 publications (all 
not cited here). In hypohidrotic ED, the most 
common of around 200 different ED syn-
dromes, anodontia of the lower jaw is most 
common in boys with the typical phenotype 
and several case reports of early treatment 
with dental implants, from 1.5 to 6 years of 
age, have been published (Bergendal et al. 

1991; Bonin et al. 2001; Guckes et al. 1997; 
Smith et al. 1993) (Fig. 3.3).

Two retrospective reports on a limited 
number of patients with ED (6 and 14, respec-
tively) have been published (Kearns et al. 
1999; Sweeney et al. 2005). However, there 
is only one prospective study with a substan-
tial number of patients on habilitation with 
dental implants in ED (Guckes et al. 2002). 
Fifty-one patients, aged 8–68 years, had 243 
implants placed in the anterior mandible and 
21 in the anterior maxilla. The survival rate 
was 91% in the mandible and 76% in the 
maxilla. Fourteen individuals (27.5%) had 
lost an implant and all but two were lost 
before loading. Recently a compilation of the 
results of implant treatment in fi ve small 
Swedish children with hypohidrotic ED 
showed that all but one had lost implants 
early after insertion, which was interpreted to 
be caused by the small size of the jaws rather 
than ED per se, since those who had lost 
implants were all successfully re-operated on 
directly after healing or later in their teens 
(Bergendal et al. 2008). In osteogenesis imper-
fecta around half of affected individuals also 
have dentinogenesis imperfecta or aberrant 
dentin (Malmgren and Norgren 2002), which 
can cause early tooth loss, and a few patients 
are reported who were successfully treated 
with dental implants (Ambjornsen 2002; 
Binger et al. 2006; Lee and Ertel 2003; Prabhu 
et al. 2007; Zola 2000). In cleidocranial 

Table 3.2. Number of syndromes matching certain 
search terms in the Winter-Baraitser Dysmorphology 
Database* containing nearly 4,000 syndromes.

Search Term Number of 
Syndromes

Face 1,591
Oral Region 1,211
Mouth 1,074
Teeth 793
 Oligodontia 219
 Premature loss of teeth 51
 Abnormal salivary glands 11

* London Dysmorphology Database 1.0, www.
lmdatabases.com.

Figure 3.3. Implants replacing teeth missing from tooth 
agenesis. Seven-year-old boy with hypohidrotic ectoder-
mal dysplasia. In 1986 at age 6 years, two implants were 
placed in the canine region of the anodontic mandible 
to support an overdenture.
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dysplasia four cases were reported (Angle and 
Rebellato 2005; Daskalogiannakis et al. 2006; 
Lombardas and Toothaker 1997; Petropoulos 
et al. 2004). In hypophosphatasia, a rare, 
inherited metabolic disorder of decreased 
tissue non-specifi c alkaline phosphatase that 
results in defective bone mineralization, 
affected individuals often have a short stature 
and bowed lower legs. Oral manifestations 
are aplasia or hypoplasia of cementum, which 
result in premature loss of primary teeth and 
early loss of permanent teeth. X-linked hypo-
phosphataemic rickets is another rare bone 
disorder affecting metabolism, where the oral 
symptoms are enlarged coronal pulp spaces 
and grossly defective dentine. Even minor 
enamel defects like infractions, minor abra-
sion facets, or superfi cial enamel caries lead 
to pulpal necrosis, abscess formation, and 
osteonecrotic lesions. The infections are dif-
fi cult to treat and teeth are often lost early 
(Fig. 3.4).

Individuals with this disorder also have a 
short stature and bowed lower legs and could 
easily be mistaken for having hypophosphata-
sia. Children are nowadays given medication 
to ameliorate these symptoms. Following the 
breakthrough of increasing knowledge of 
genetics, children and young individuals are 
now diagnosed earlier and are given better 

information about the name and symptoms 
of their diagnosis, while the adult population 
might still be poorly informed. This became 
evident when a Swedish workshop was 
arranged in 2001 to evaluate the outcomes of 
treatment with dental implants in a group of 
individuals with many failed implants (Ber-
gendal and Ljunggren 2001). Not until the 
right diagnoses were set—three had hypo-
phosphatasia and three had X-linked hypo-
phosphataemic rickets—was it evident that 
most of the implants placed in the latter group 
were lost (Table 3.3).

Figure 3.4. Implants replacing teeth lost as a conse-
quence of a rare disorder. Typical dental status of 50-
year-old male with X-linked hypophosphataemic rickets. 
All remaining natural teeth were root-fi lled, some with 
apical periodontitis, and a history of failed implants.

Table 3.3. Outcome of treatment with dental implants in six Swedish individuals with X-linked hypophosphataemic 
rickets or hypophosphatasia (Bergendal and Ljunggren 2001).

Patients Age at 
Implant 
Placement

Number 
of Teeth

Number of 
Root-Filled 
Teeth

Number 
of 
Implants 
Placed

Implant Sites Number 
of 
Implants 
Lost

X-Linked 1 22 26 3 4 43 42 31 33 4
Hypophosphataemic 2 29 19 14 1 45 1
Rickets 3 47 15 14 5 46 44 42 41 3

31

Hypophosphatasia 4 30 23 1 4 12 11 21 22 0
5 34 23 1 1 44 0
6 51 15 4 8 47 46 45 44 0

34 35 36 37
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Treatment with dental implants in one 
patient with X-linked hypophosphataemic 
rickets (Resnick 1998) and one with hypo-
phosphatasia were reported (Slotte et al. 
2006).

Early periodontitis is seen not only in hypo-
phosphatasia but also in Ehlers-Danlos 
syndrome and Papillon-Lefevre syndrome. 
Children with Papillon-Lefevre syndrome 
often lose their primary as well as their 
permanent teeth early, and there are some 
experiences from treatment with implants 
(Adbulwassie et al. 1996; Toygar et al. 2007; 
Ullbro et al. 2000; Woo et al. 2003). In syn-
dromes affecting the oral mucosa, for example, 
dystrophic epidermolysis bullosa (EB), where 
the oral mucosa is very frail, easily bruised, 
and heals with scarring, there is an increased 
risk of tooth loss due to the diffi culties of 
maintaining good oral hygiene without dam-
aging the mucosa. Dental implants have been 
shown to serve well in EB with due caution 
to the frail oral tissues (Lee et al. 2007; Müller 
et al. 2006; Penarrocha et al. 2007; Penarro-
cha-Diago et al. 2000). Low salivary secre-
tion rates and enamel defects have been shown 
in Prader-Willi syndrome (Young et al. 2001) 
and 22q11-deletion syndrome (Klingberg 
et al. 2002). Patients with these conditions 
may be at risk for dental disease and tooth 
loss, and in both syndromes oligodontia is 
also a feature. Hypoplasia of major salivary 
and lacrimal glands often causes dental 
erosion, dental caries, and early tooth loss in 
affected individuals (Entesarian et al. 2005). 
These are examples of diagnoses where dental 
implants could be needed in oral rehabilita-
tion, but where there are no publications on 
outcomes of treatment.

Most tissues and organs in the mouth can 
be affected in hereditary syndromes. Some 
typical examples where a need for treatment 
with dental implants can arise due to tooth 
agenesis or acquired tooth loss are listed in 
Table 3.4.

Table 3.5 contains a compilation of publi-
cations on implant treatment in rare disor-
ders, searching the diagnosis and “dental 
implants” where more than one reference was 

found. Also included are published abstracts 
of posters and presentations at scientifi c meet-
ings, workshops, and consensus conferences.

Five single case reports were also found 
covering implant treatment in Erdheim-
Chester disease (Brahim et al. 1992), nevoid 
basal cell carcinoma syndrome (Gorlin syn-
drome) (Markt 2003), scleroderma (Patel 
et al. 1998), systemic mastocytosis (Thor 
et al. 2005), and Williams-Beuren syndrome 
(Mass et al. 2007). Thus, 57 publications 
were found: 39 (66%) were single case reports. 
In all, 151 patients with a rare syndrome 
treated with dental implants were reported 
and more than 70% had an ED syndrome.

This is a very weak basis on which to iden-
tify risks and complications, and it should be 
remembered that most publications report 
favorable outcomes. In addition to the rare 
disorders with varying degrees of tooth agen-
esis or an increased risk of early tooth loss, 
there are also combinations of symptoms 
that represent rare dental conditions with 
very challenging treatment needs. Only a few 
reports were published on treatment with 
dental implants in case series of individuals 

Table 3.4. Examples of features in syndromes associ-
ated with tooth agenesis or acquired tooth loss.

Feature Examples of Syndromes

Oligodontia Ectodermal dysplasia syndromes
Kabuki syndrome
Prader-Willi syndrome
22q11-deletion syndrome
Williams syndrome

Mineralization Osteogenesis imperfecta
Disturbancies X-linked hypophosphataemic 

rickets
Periodontitis Ehlers-Danlos syndrome

Hypofosfatasia
Papillon-Lefevre syndrome

Oral Mucosal Epidermolysis bullosa
Lesions Pachyonychia congenita
Abnormal Hypoplasia of major salivary 

and lacrimal glands
Salivary 

Glands
LADD—Lacrimal Auriculo 

Dental Digital syndrome
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with disabilities and chronic diseases: an eval-
uation of risk factors in medically compro-
mised patients (Beikler and Flemmig 2003), a 
prospective study on individuals with neuro-
logic disabilities (Ekfeldt 2005), and a case 
series of special care patients (Oczakir et al. 
2005). In the latter two publications, fi ve 
of the patients had Down syndrome, and 
together with one case report (Lustig et al. 
2002), there is now information in the litera-
ture on six patients with this diagnosis. Down 
syndrome is not rare but is the most common 
chromosomal syndrome. Common symptoms 
in individuals with Down syndrome are not 
only multiple tooth agenesis but also low sali-
vary secretion and immunological defects. 
These characteristics increase the risk of early 
tooth loss, often in combination with skeletal 
discrepancies and different levels of cognitive 
impairment.

The Future

Many individuals with rare disorders and 
rare dental conditions have apparent needs 

for habilitation and rehabilitation with dental 
implants. However, reports are still sporadic 
in the literature, and the lack of knowledge 
about oral needs and outcomes of treatment 
with dental implants needs to be addressed 
urgently in clinical research. The challenges 
of biological, psychological, cognitive, and 
technical diffi culties associated with the clini-
cal management of individuals with rare 
disorders make it particularly important to 
communicate any fi nding, favorable or—even 
more important—unfavorable.

Challenging Patients with Old Age

The History of Dental Implants 
in Gerodontology

When dental implants were fi rst introduced 
they were applied to healthy individuals with 
missing teeth. In the very early days the 
implants were not suitable for fragile indi-
viduals or unfavorable anatomical conditions. 
At the same time, clinical success was not yet 

Table 3.5. Publications on treatment with dental implants in rare disorders and syndromes.

Rare Disorder/Syndrome Treated 
Patients

No of Case Reports No of Publications

No. %

Ectodermal Dysplasia Syndromes 110 72.8 19 31
Epidermolysis Bullosa 12 7.9 2 4
Osteogenesis Imperfecta 7 4.6 4 5
Papillon Lefevre Syndrome 5 3.3 3 4
Cleidocranial Dysplasia 4 2.7 4 4
Hypophosphatasia 4 2.7 1 2*
X-Linked Hypophosphataemic Rickets 4 2.7 1 2*
Other Syndromes# 5 3.3 5 5

151 39 57

* Abstract.
 Consensus conference.

# Erdheim-Chester disease, nevoid basal cell carcinoma syndrome (Gorlin syndrome), scleroderma, systemic mastocy-
tosis and Williams-Beuren syndrome.
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Table 3.6. Treatment planning in gerodontology has to 
take into account the general health condition and func-
tional limitations as well as the patient’s socio-economic 
context.

Academic 
treatment 
plan

Treatment demand
Oral examination
Complaints/pain
Medical reasons for a dental 

treatment

Clinical 
treatment 
plan

General health and functional 
fi ndings

Physical or mental handicap
Ratio cost/benefi t
Autonomy

Practical 
treatment 
plan

Subjective treatment demand
Wishes of the family
Financial aspects
Dental preliminary treatment/

invasive diagnostics

Modifi ed 
treatment

Changes in compliance
Changes in general and oral health

backed by long-term scientifi c evidence. In the 
1980s and 1990s the development of sophis-
ticated implant surfaces and bone augmenta-
tion techniques allowed for less invasive 
surgical interventions, and borderline ana-
tomical conditions could be mastered. Encour-
aged by well-documented success rates and 
clinical long-term stability, the indication for 
dental implants was gradually extended to 
groups of patients who were originally con-
sidered at risk, or who were simply at old age. 
Nowadays, implant-supported reconstruc-
tions can undoubtedly be considered a main 
option in restorative dentistry. However, 
despite a number of well-conducted useful 
studies that abnegate an age limit to implant 
restorations, their use is still scarce in the 
elderly population (De Baat 2000).

The Geriatric Patient

Demographics indicate an increasing propor-
tion of the elderly in the population. Physio-
logical aging is irreversible, progressive, and 
general. It starts around the age of 35 years 
and involves an annual decrease of about 1% 
of body functions. In principle, nature has 
provided suffi cient physiological spare capac-
ity to enable health and appropriate function 
throughout life. Nevertheless, healthy aging 
remains the exception. More often life in old 
age is characterized by multimorbidity and 
functional limitations such as reduced mobil-
ity and cognitive impairment (Budtz-
Jorgensen 1999). Another trend is that elderly 
subjects tend to retain their natural teeth 
longer (Hugoson et al. 2005). These develop-
ments present a considerable quantitative and 
qualitative challenge to the dental profession 
and other health care providers.

Treatment Concepts

Dental treatment planning for geriatric 
patients deviates from a purely “academic” 
treatment plan by taking into account the 
general health and physical and cognitive 
impairment as well as the autonomy of the 

patient in handling and maintaining a dental 
restoration (Table 3.6).

Such a “clinical” treatment plan has to 
further be modifi ed by the subjective treat-
ment demand, because the ability and motiva-
tion to enter invasive and lengthy dental 
treatments is largely reduced in most elderly 
patients. Financial aspects and preliminary 
treatment procedures that assess the patient’s 
resilience might further play a role and lead 
to a “practical” treatment plan, which in turn 
has to be modifi ed continuously according to 
contingent changes in compliance and health 
(Riesen et al. 2002).

Restorative work in particular has to be 
planned and designed according to the 
patient’s resilience, manual dexterity, and 
autonomy. Further functional decline and 
potential tooth loss in the years to come has 
to be anticipated. Elderly edentate persons 
prefer removable dentures for aesthetic 
reasons and the ease of cleaning (Feine et al. 
1994). Indeed, in cases of advanced bone loss 
it is easier to replace the missing tissues and 
restore the patient’s profi le with a removable 
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appliance. Furthermore, removable restora-
tions provide all the fl exibility that is neces-
sary to avoid a replacement late in life, when 
the capacity to adapt to a new prosthesis is 
largely diminished.

Benefi ts of Implants in 
Elderly Patients

Prevention of Bone Atrophy

Numerous studies have shown the benefi cial 
effect of dental implants on the preservation 
of the peri-implant bony structures. With ref-
erence to alveolar ridge atrophy in edentulous 
persons, as described in the long-term obser-
vations of Tallgren (1972), peri-implant bone 
loss is slowed down seven- to ten-fold when 
dental implants support a removable denture 
(Jemt et al. 1996; Lindquist et al. 1988; Naert 
et al. 1991). However, occlusal load distribu-
tion needs to be carefully balanced; implant 
support in the lower interforaminal region 
increases the chewing forces and might con-
sequently lead to pronounced bone resorp-
tion in the lower posterior and upper anterior 
edentulous regions (Jacobs et al. 1992; 
Kreisler et al. 2003).

Muscle Coordination

Motor control loses its precision with age due 
to the loss of individual motor units and the 
recruitment of the remaining muscle fi bers 
by neighboring units. These changes are 
also observed in the chewing muscles, which 
renders motor control of complete dentures 
diffi cult. With an increasing prevalence of 
dysphagia in geriatric patients, dentures 
become at risk in aspiration (Arora et al. 
2005; Chapman 2006). In these situations, 
dental implants provide a substantial advan-
tage in retaining a removable denture inde-
pendent of muscle control.

Chewing Effi ciency and Bite Force

Chewing effi ciency with complete dentures is 
limited by three factors: physical retention, 

stability, and pain in the denture-bearing 
tissues. All these limitations are abolished in 
implant-supported overdentures, resulting in 
a signifi cantly improved masticatory effi ciency 
(Van der Bilt et al. 2006; Van Kampen et al. 
2004). However, the muscle bulk diminishes 
with age and bite force is largely reduced. 
This atrophy is even more pronounced after 
tooth loss, probably due to the lack of physi-
ological stimulation (Newton et al. 1993). It 
is likely, but not yet proven, that the stabiliza-
tion of complete dentures by means of dental 
implants counteracts this atrophy with an 
increased utilization of the chewing muscles.

Nutritional State

Undernutrition has a prevalence of 5–8% in 
community-dwelling elderly adults, but it 
rises to 30–60% in the institutionalized popu-
lation (Guigoz et al. 1994). Nutritional intake 
depends on a variety of very different factors 
such as appetite, cognitive state, general 
health, education, mobility, fi nancial 
resources, and cultural and religious habits, 
as well as cooking skills. Despite a confi rmed 
correlation between the number of teeth and 
the nutritional intake, it has to be borne in 
mind that chewing effi ciency is only one 
among many factors contributing to an ade-
quate nutritional intake (Sheiham et al. 2001). 
The stabilization of complete dentures by 
means of osseointegrated implants might 
improve the nutritional state (Morais et al. 
2003), but it is nevertheless recommended 
that any dental restoration is complemented 
by professional nutritional advice (Moynihan 
et al. 2000).

Psychosocial Aspects

Tooth loss and denture-wearing can have a 
substantial impact on self-esteem and psycho-
social well-being. Among the most feared 
incidents of complete denture wearers is the 
loss of retention in a social context, which 
reveals immediately the presence of a remov-
able prosthesis. The inability to fi nish a meal 
within the habitual time is no less feared and 
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might lead to social isolation, even in an insti-
tutionalized context. Wismeijer and his group 
(1997) reported an almost complete psycho-
social rehabilitation of 104 complete denture 
wearers, 16 months after stabilization of their 
lower prostheses by ITI implants. After having 
been restored, the patients felt more com-
fortable visiting their families, entertaining 
friends at their homes, and eating out in 
restaurants.

Risks of Implant Restorations

While the general health and local anatomical 
risk of surgical intervention can be handled by 
careful preoperative anamnesis and diagnos-
tics, there is an unforeseeable risk in elderly 
persons concerning their future health and 
functional impairment. Once autonomy is 
lost, oral hygiene measures and denture 
manipulation rely on carers who generally 
have little experience with sophisticated 
implant restorations. It should further be con-
sidered that with declining health and cogni-
tive impairment, the use of dentures becomes 
less frequent (Taji et al. 2005). Even with sore 
spots a patient might be tempted to eat without 
the prosthesis when a dental appointment is 
not easily available. Implant attachments that 
have the female part in the mouth might then 
fi ll up with food debris (Fig. 3.5).

When reduced vision and dexterity pre-
clude cleaning the attachments, the denture 
can no longer be worn. Treatment concepts 
should therefore avoid attachments that can 
fi ll up with food or calculus. Attachments 
should also not be cemented permanently. 
Terminally ill patients who prefer not to wear 
their dentures, for example when chemother-
apy renders the mucosa sensitive, might want 
to have their implant attachments replaced by 
less disturbing healing caps.

Survival Rates and Peri-implant Bone Loss

Only very few comparative studies looked 
into the effect of age on the osseointegration 
process and clinical success rates. Among the 
fi rst was a Swedish paper by Köndell and co-
workers (1988), who reported on equal sur-
vival rates of dental implants in a group of 
18- to 54-year-old patients and one with an 
age range of 65–84 years. Later, a Dutch 
group conducted a prospective study to deter-
mine the infl uence of age on implant survival 
rates in patients treated with mandibular 
overdentures supported by two implants 
(Meijer et al. 2001). Long-term data are also 
available from a cohort study by Bryant and 
Zarb (2003), while Engfors et al. (2004) 
examined in a retrospective study the out-
comes in patients 80 years of age and over 
and compared the results with a matched 
younger control group. The studies suggest 
no relationship between age and bone loss or 
implant survival rates. Thus, the placement of 
dental implants in elderly patients should not 
be discouraged.

Apprehensions of Elderly Persons

Besides the known barriers to oral health care 
for elderly adults such as access to care 
and fi nancial limitations, implant treatment 
options might furthermore be confi ned by 
their poor general health condition. In addi-
tion to those “objective” barriers, there are a 
number of subjective apprehensions that pre-
clude the acceptance of an implant treatment 
(Table 3.7).

Figure 3.5. This 92-year-old institutionalized female 
patient ate without her dentures because she had sore 
spots and did not dare ask the nurse for a dental appoint-
ment. The locators fi lled with food debris and the denture 
did not fi t anymore.
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Even when cost was removed as a factor, 
36% of elderly and edentulous subjects 
refused implants within the context of a clini-
cal trial (Walton and MacEntee 2005). In a 
semi-structured interview of 92 volunteers, 
Salem investigated the attitude toward and 
knowledge of dental implants, as well as the 
hypothetical acceptance of an implant treat-
ment. A step-wise backward multiple linear 
regression analysis revealed that it is not age 
as such that predicts possible apprehensions 
of an implant treatment but limited knowl-
edge of implants, poor oral health, and being 
a woman, as well as institutionalized living, 
that are the predominant factors (Salem 
2008).

Future Perspective

To increase the number of old and very old 
patients who benefi t late in life from the 
proven advantages of implant-supported res-
torations, implants should be placed when 
the patient is still independent and resilient. 

Also, less invasive surgical techniques should 
be developed. The dissemination of objective 
knowledge on dental implants would help to 
reduce existing apprehensions in the elderly 
population.

Concluding Remarks

Methods for Health Care 
Improvement and Quality Evaluation

Many clinical achievements in complex 
patients fall more appropriately in the cate-
gory of health care improvement than of 
high-level evidence-based research (Bergendal 
2006). Publications of results in small groups 
of patients and in single cases can contribute 
to the gradual building of knowledge of 
methods and outcomes in oral rehabilitation 
for complex patients. However, data can be 
gathered faster by using new information 
techniques, cooperation between centers, and 
networks of professionals.

Table 3.7. Apprehensions concerning a potential implant treatment in 92 volunteers with an average age of 81.2 ± 
8.0 years judged on a 100 mm VAS scale (modifi ed from Salem 2008).

I would not like to benefi t from dental implants because  .  .  .

Women (n = 61) Men (n = 31) p

Mean SD Mean SD

I fi nd implants too expensive 65.1 ±32.8 74.5 ±25.0 n.s
I don’t see the necessity 54.5 ±43.9 64.2 ±46.0 n.s
I consider myself too old 52.0 ±42.4 47.7 ±43.9 n.s
It is not worthwhile 38.5 ±43.0 58.4 ±46.4 n.s
I am afraid of the operation 52.7 ±36.6 9.7 ±13.0 <0.0001
My bone is of bad quality 31.5 ±34.7 3.2 ±6.5 <0.0001
I fear implant rejection 27.9 ±30.1 6.1 ±14.8 <0.0001
I fear a foreign body feeling 25.7 ±30.8 9.0 ±20.1 0.0004
The integration time is too long 17.9 ±27.1 6.5 ±12.5 0.0247
I know persons with bad experience 12.3 ±23.7 5.5 ±18.0 0.0203
Total 37.8 ±17.4 28.5 ±12.8 0.0229
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The establishment of easy access databases 
for evaluation of outcomes of treatment with 
dental implants could be an optimal method 
for continuously adding new information on 
treatment results. Ideally, each patient could 
be given a classifi cation of their medical diag-
nosis. It would then be possible to search for 
patients with a certain disease or syndrome, 
medication, or other characteristics and learn 
the outcome of treatment with dental implants. 
When widely used by clinicians, this type of 
database could supply the information that 
today is scattered and unsystematic. Another 
strategy is to create fora and networks and 
establish multicenter cooperation in order to 
increase study sample size in specifi c projects. 
Consensus conferences can also be an effec-
tive way to gather current knowledge and to 
present statements based on the best available 
evidence (Gottfredsen et al. 2008; Koch et al. 
1996; Swiss Society of Reconstructive 
Dentistry 2007).

Similarly, the establishment of care pro-
grams and research strategies for certain 
groups of patients, like the conferences on 
ectodermal dysplasia (Bergendal et al. 1998) 
and osteogenesis imperfecta (Storhaug 2002), 
would add focused information.
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4Comprehensive Treatment Planning 
for the Patient with Oral or 

Systemic Infl ammation

THE EFFICACY OF 
OSSEOINTEGRATED DENTAL 
IMPLANTS FOR PERIODONTALLY 
COMPROMISED PATIENTS

Myron Nevins and David M. Kim

Twenty-fi ve years have elapsed since the 
North American continent was graced by the 
presentation from P.I. Brånemark and his 
breakthrough research on osseointegrated 
implants at the 1982 Toronto Conference on 
Osseointegration in Clinical Dentistry. His 
team’s treatment regime to reverse edentulism 
and restore the dignity and mastication of 
dentally disadvantaged patients has revolu-
tionized dental treatment planning and sig-
nifi cantly upgraded the prognosis both of 
edentulous patients and partially dentate 
patients (Adell et al. 1981, 1990; Brånemark 
et al. 1977; Buser et al. 1990; Jemt et al. 
1989; Lekholm et al. 1999; van Steenberghe 
et al. 1990).

Since the introduction, the patient popula-
tion who would benefi t from safe and effi ca-
cious prostheses anchored by titanium 
implants has continually expanded. However, 
the debate continues on whether similar 

success and survival rates can be anticipated 
in partially edentulous, periodontally com-
promised patients. These patients demon-
strated damage in quality and dimension of 
the remaining alveolar ridge due to a history 
of periodontal disease and consequential loss 
of teeth (Ellegaard et al. 1997). It may be 
reasonable to anticipate that the risk of peri-
implant infections is higher if the periodontal 
disease is not defi nitely treated before the 
implant placement. A 10-year prospective 
study comparing the clinical and radiographic 
changes in periodontal and peri-implant con-
ditions revealed a correlation between these 
conditions (Karoussis et al. 2004).

Before a pessimistic argument can be 
made for implant treatment in periodontally 
compromised patients, it is necessary to 
evaluate available evidence and collate this 
with an awareness of current treatment 
trends and clinical judgment (Nevins 2001). 
There have been numerous studies docu-
menting a high degree of success in implant 
therapy in properly treated and well-
maintained periodontitis-susceptible subjects 
(Ellegaard et al. 1997; Mengel et al. 2001; 
Nevins and Langer 1995; Sbordone et al. 
1999) (Figs. 4.1a–4.1d).
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Figure 4.1a. Patient was 
diagnosed with generalized 
aggressive periodontitis in 1991.

Figure 4.1b. In 1994, majority 
of maxillary teeth were extracted 
and replaced with dental 
implants.
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Figure 4.1c. In 2000, two 
remaining cuspids required 
extraction and were replaced 
with dental implants.

Figure 4.1d. Twelve years 
following initial placement of 
maxillary implants (2006) 
revealed that the bone level 
around implants remained very 
stable. Interestingly, apical 
portion of the left later incisor 
implant had to be resected due to 
infl ammatory disease. This 
patient is on a strict 3-month 
periodontal maintenance therapy. 
Note the advancement of 
periodontal disease on 
mandibular left molar.
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The results of these studies pointed out that 
implant therapy in periodontally compro-
mised patients has a 3- to 5-year prognosis, 
similar to the well-documented long-term 
prognosis of implant treatment in non-perio-
dontally compromised patients. For example, 
the 5-year survival rates of 258 dental implants 
in patients with a history of periodontitis who 
had previously undergone periodontal surgery 
and maintained a high standard of oral hygiene 
were 97% (two-stage implants) and 94% 
(one-stage implants) (Baelum and Ellegaard 
2004). For this same group, the 10-year sur-
vival rates were 97% (two-stage implants) 
and 78% (one-stage implants) (Baelum and 
Ellegaard 2004). The higher failure rate with 
one-stage implants can be explained by lower 
reported survival rates for hollow screw 
implants when compared to solid screw 
implants (Baelum and Ellegaard 2004; Buser 
et al. 1997). A randomized, controlled clinical 
trial of partially edentulous periodontitis-
susceptible subjects demonstrated that bone 
loss during the fi rst year of function was 
minor, as well as annually thereafter 
(Wennström et al. 2004). Thus, to date there 
is no consensus or evidence to support an 
unfavorable prognosis for implants in perio-
dontally compromised patients.

Early Loss and Late Loss of 
Dental Implants

The decisive factors in implant success rates 
depend on the thresholds chosen to distinguish 
between success and failure. Even though the 
consensus on success varies considerably, 
current criteria for success includes both 
radiographic and clinical confi rmations 
(Albrektsson et al. 1986). They are as 
follows:

1. The individual implant should be clinically 
immobile.

2. There should be no radiographic peri-
implant radiolucency.

3. There should be an absence of persis -
tent pain, infections, neuropathies, and 
paresthesia.

4. There should be 85% success at the end 
of a 5-year period of observation and 80% 
at the end of a 10-year period of 
observation.

5. There should be less than 0.2 mm of bone 
loss annually following the implant’s fi rst 
year of loading.

Longitudinal studies have reported implant 
survival rates of around 90–95% over periods 
of 5–10 years (Berglundh et al. 2002; Esposito 
et al. 1998). Implant failure can be classifi ed 
as “early implant loss” (before functional 
loading) or “late implant loss” (following 
functional loading) (Berglundh et al. 2002). 
An early loss is not synonymous with peri-
implantitis because peri-implantitis is consid-
ered an infl ammatory process affecting the 
tissues around an osseointegrated implant 
that is in function, which ultimately results in 
loss of supporting bone and eventually in late 
implant loss (Albrektsson and Isidor 1994). 
A variety of factors may be responsible for 
early failure, such as surgical trauma, over-
heating during the implant site preparation, 
delayed wound healing, lack of implant sta-
bility, bacterial contamination, or premature 
overloading. Factors associated with late loss 
are less well understood, but may include 
infection and overloading.

Critical Reviews

A systematic approach to reviewing articles 
on the effi cacy of osseointegrated implants for 
periodontally compromised patients is a 
reliable method for understanding current 
knowledge and consensus. In their systematic 
approach to evaluate the long-term (≥5 years) 
success of implants placed in partially eden-
tulous patients with a history of periodontitis 
(evidenced by loss of supporting bone and 
implant loss), Van der Weijden et al. in 2005 
concluded that the outcome of implant 
therapy in periodontitis patients may be dif-
ferent from that of individuals without such 
a history. In contrast to this article, a thor-
ough MEDLINE search of the relationship 
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between susceptibility to periodontitis and 
peri-implantitis with implant outcome up to 
2006 indicated differing results. For example, 
periodontally compromised patients were 
successfully treated with minimally or mod-
erately rough implants, in the presence of 
maintenance therapy (Quirynen et al. 2007). 
Other systematic reviews conclude that in the 
presence of maintenance therapy, associated 
with minimally rough implants, the rate of 
late implant failure did not differ between 
patients with or without a history of perio-
dontitis (Mengel and Flores-de-Jacoby 2005; 
Rosenberg et al. 2004).

Chronic and Aggressive Periodontitis

Karoussis conducted a comprehensive and 
critical review of dental implant prognosis in 
periodontally compromised partially edentu-
lous patients (Karoussis et al. 2007). Implant 
survival rates in patients with a history of 
chronic periodontitis were well above 90% 
for both short-term (<5 years) and long-term 
(≥5 years) studies. These results were compa-
rable to the mean implant survival rates 
reported for the general population. This 
raises the question, why do we expect implants 
to be successful when other periodontal treat-
ment regimes have failed? 

While the short-term implant survival rates 
for patients treated for aggressive periodonti-
tis were above 95%, the long-term survival 
rates of implants in those patients were uncer-
tain. These patients will probably have more 
infl ammatory episodes than patients with 
chronic periodontitis. The above fi nding is in 
agreement with the results of other studies 
(Mengel et al. 2001; Nevins and Langer 
1995).

Confounding Variables to Consider

Microorganisms

The peri-implant microbiota in well-
maintained implant patients resembles that 

found around healthy dentitions (Leonhardt 
et al. 1999; Mombelli et al. 1987). However, 
a past history of periodontitis may represent 
a signifi cant risk factor for complications 
around implants (Van der Weijden et al. 
2005). In partially edentulous patients, micro-
organisms in periodontal pockets may act as 
a reservoir for colonization of the subgingival 
area around implants (Mombelli 2002; Quir-
ynen et al. 2002). Thus, periodontal patho-
gens may be transmitted from residual pockets 
at teeth to implant sites, elevating the risk of 
peri-implant infection (Apse et al. 1989; Lee 
et al. 1999; Leonhardt et al. 1993; Mombelli 
et al. 1995; Quirynen and Listgarten 1990). 
However, a 10-year follow-up of osseointe-
grated implants in individuals treated for 
advanced periodontal disease prior to their 
implant treatment revealed that the mere 
presence of these putative periodontal patho-
gens within implant sites may not infl uence 
the long-term outcome of the implant treat-
ment (Leonhardt et al. 2002). Sbordone 
and Quirynen also reported similar fi ndings 
(Sbordone et al. 1999; Quirynen et al. 2001). 
These species were likely a part of the normal 
resident microbiota, and therefore may be 
randomly presented at both stable and pro-
gressing peri-implant sites (Leonhardt et al. 
2002).

It is reasonable to anticipate that neglected 
or poorly treated periodontal disease would 
increase the risk for development of peri-
implant infections (Leonhardt et al. 2002). 
Therefore the state of periodontal health 
reached following successful periodontal 
therapy is of utmost importance for the 
success of implant treatment. Nonetheless, 
the presence of periodontal pathogens around 
dental implant sites alone should not be con-
sidered as a prediction of implant failure 
(Nevins 2001; Quirynen et al. 2001; 
Sbordone et al. 1999).

Smoking

Smoking is a risk factor for periodontitis, and 
it may also be a signifi cant risk factor for the 
development of peri-implantitis (Leonhardt 
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et al. 2003). Wilson and Nunn (1999) found 
an increased risk for implant failure by a 
factor of almost 2.5 among smokers. Wallace 
also reported failure rates of 16.6% in 
smokers versus 6.9% in non-smokers (Wallace 
2000). Smoking has also been associated as a 
major risk factor for multiple implant failure 
in retrospective analysis (Ekfeldt et al. 2001). 
Smoking cessation in periodontally compro-
mised patients should therefore be recom-
mended and instituted before considering 
implant therapy.

Maintenance Therapy

It has been suggested that patients should not 
be considered for dental implant therapy if 
they present with local infl ammation or inad-
equate oral hygiene (Buser et al. 1997). It is 
important to diagnose existing periodontal 
disease and fi nite end point goal of therapy 
before introducing dental implants. It is 
assumed that red fl ags such as diabetes, 
steroid treatment, bisphosphonate treatment, 
and oncologic-related treatment regimes 
including radiation therapy will be recog-
nized before implant treatment is initiated. 
Individually designed maintenance therapy 
following oral hygiene instruction, debride-
ment procedure, and defi nitive periodontal 
therapy forms the basis of long-term success, 
as it is effective in preventing recurrence of 
periodontitis (Becker et al. 1984). Patients 
with untreated periodontal disease and refrac-
tory periodontitis are at risk for complica-
tions, and a regular maintenance program is 
essential to maintain the health of the perio-
dontium and periodontal tissue (Leonhardt et 
al. 1993). Patients complying with a perio-
dontal maintenance program have histori-
cally outperformed their counterparts. Hardt 
and Wennström both reported a signifi cant 
marginal bone loss with no maintenance 
program compared to almost no bone loss in 
compliant patients (Hardt et al. 2002; 
Wennström et al. 2004). In addition, a 3-year 
prospective longitudinal study of implants in 
patients treated for generalized aggressive 

and chronic periodontitis reported positive 
fi ndings when they underwent periodontal 
surgery and a strict 3-month periodontal 
recall system (Mengel and Flores-de-Jacoby 
2005).

Conclusion (Paradigm Shift 
Since 1982)

Since the 1982 Toronto Conference we have 
witnessed many changes, including implants 
being placed into immediate extraction sites 
and bone enhancement surgeries using a 
variety of osteopromotive materials such as 
autografts, allografts, xenografts, and allo-
plasts with and without barrier membrane. 
These products are also used at the time of 
tooth extraction in order to preserve the ridge. 
This procedure can be done in conjunction 
with immediate implant placement or as a 
staged event with later return for implant 
placement. Horizontal and vertical ridge aug-
mentation has been accomplished, and bone 
is now routinely developed on the fl oor of the 
maxillary sinus to provide implant delivery to 
replace maxillary molars. Perhaps the most 
exciting additions to this fi eld have been the 
emergence of recombinant proteins such as 
recombinant bone morphogenic protein 2 
(rhBMP-2) and recombinant platelet derived 
growth factor (rhPDGF-BB) that potentiate 
the ability to manage bone defi ciencies that 
ultimately save teeth and enhance placement 
of dental implants (Figs. 4.2a–4.2d). Both 
products have passed regulatory scrutiny and 
are available for patient use.

After considerable review of available evi-
dence and clinical evaluation, it is the authors’ 
belief that implant placement and restoration 
can be performed in periodontally compro-
mised patients who are defi nitely treated and 
enrolled in periodontal maintenance therapy. 
With success and survival rates similar to 
those observed among periodontally healthy 
patients, there is no substantial evidence to 
exclude implant treatment options for patients 
with a past history of chronic periodontitis.
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Figure 4.2a. Patient was 
diagnosed with generalized 
chronic periodontitis in 1994. 
Previously, the right maxillary 
fi rst molar was treated with distal 
root resection. However, the 
tooth was not salvageable due to 
severe bone loss and furcation 
involvement. After the extraction, 
the patient was placed on strict 
3-month periodontal maintenance 
therapy.

Figure 4.2b. In 1999, this patient agreed to participate 
in a clinical trial that would provide a novel method to 
restore the edentulous region of the fi rst molar.

Figure 4.2c. It was determined that this patient was 
eligible to participate in a sinus lift study (clinical trial on 
rhBMP-2) and ultimately treated with sinus lift surgery, 
implant placement surgery, and an implant crown by 
2002.
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PROFILES AND TREATMENT 
OPTIONS FOR REFRACTORY 
PATIENTS IN A PERIODONTAL 
PRACTICE

Øystein Fardal and Gerard James Linden

The term “refractory periodontal disease” 
has been used to describe individuals who are 
characterized by continued degeneration of 
the periodontium despite ongoing sanative, 
surgical, and/or pharmacological therapy 
(American Academy of Periodontology 2000). 
Haffajee et al. (2004) have suggested that 
refractory periodontitis may represent a state 
in which the clinician and the patient are 
unable to lower the infectious bacterial burden 
to a level that can be tolerated by the host’s 
innate and acquired resistance. Other data 
have suggested that patients suffering from 
refractory periodontitis may also be hyper-
immune so that they mount destructive 
infl ammatory reactions even against normal 
oral fl ora (Bhide et al. 2006)

It is not known what proportion of long-
term maintenance patients are unresponsive 
to treatment to the extent that they lose mul-
tiple teeth. Tooth loss is ultimately the major 
problem facing both the affected patients and 
their dentists. But limited information exists 
on periodontal maintenance patients who 
continue to lose teeth to such an extent that 
major prosthetic replacements are required. 
Similarly, there is not much information 
regarding the distribution of tooth loss, pre-
disposing factors, or the outcomes of tooth 
replacements. A number of studies have 
reported complications when implants were 
used in patients with a history of progressive 
periodontal disease (Fardal et al. 1999; Hardt 
et al. 2002; Karoussis et al. 2003; Roos-
Jansåker et al. 2006).

All periodontal maintenance patients 
treated initially by the same periodontist in 
a specialist practice in Norway between 1986 
and 2006 were screened to identify and 
characterize refractory patients (Fardal and 
Linden 2008). The refractory cases were 

Figure 4.2d. Full mouth 
radiographs at the 6-year 
follow-up (2008) revealed very 
good implant stability with no 
noticeable bone loss.
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identifi ed as patients who received initial 
periodontal therapy followed by at least 8 
years of maintenance treatment in the spe-
cialist practice, and who lost multiple teeth 
during the maintenance period such that they 
were classifi ed as downhill or extreme down-
hill as defi ned by Hirschfeld and Wasserman 
(1978). In addition, the loss of teeth was not 
part of an initial treatment plan to extract 
hopeless teeth. The maintenance therapy in 
the specialist practice was shared between 
three hygienists and the investigator (øF). A 
control group was selected from age- and 
gender-matched patients who attended the 
specialist practice for treatment and mainte-
nance over the same period. For each case 
two controls were chosen as a representa -
tive convenience sample from the practice 
database.

Gender, date of birth, date of initial assess-
ment, and medical history including drug 
history at the time of the initial assessment 
were obtained from the clinical records for 
all participants. Participants were questioned 
at the initial assessment regarding whether 
they thought they were under stress and 
whether they were currently taking, or had 
taken, antidepressants. Each participant was 
questioned in detail about whether close rel-
atives (parents, children, brothers or sisters) 
had a history of periodontal disease. The 
diagnosis of periodontal disease and the 
type of defi nitive periodontal therapy (non-
surgical and/or surgical) were recorded. 
Smoking habits were recorded in terms of 
the numbers of cigarettes smoked per day. 
Patients who only smoked on social occa-
sions were not classifi ed as smokers. Also 
noted were the average levels of plaque 
control during maintenance (good, moder-
ate, poor) as outlined by Fardal and Linden 
(2005) and compliance with maintenance 
therapy (complete, erratic).

At the fi nal assessment, the type of pros-
thetic treatment carried out to replace lost 
teeth was recorded. The use of implants 
and any complications relating to implant 
treatment such as non-integration, peri-
implantitis, or loss of implants were recorded 
from the clinical notes.

In addition, patients were asked how satis-
fi ed they were with the prosthetic therapy 
they received to replace their lost teeth.

It was found that a total of 27 (17 female, 
10 male) out of 1,251 patients (2.2%) who 
received initial periodontal treatment between 
1986 and 1998 met the criteria for inclusion 
in the downhill/extreme downhill refractory 
group. The average age of these patients at 
their initial examination was 48.5 years (SD 
10.0, range 21–71) and they had on average 
20.6 (SD 4.6, range 13–28) teeth. Twenty-fi ve 
(93%) of the refractory group and 42 (78%) 
of the control group were diagnosed with 
uncertain to poor initial prognosis. Twenty-
three (85%) of the refractory group were 
compliant with the maintenance regimens 
prescribed, while 4 (15%) showed erratic 
compliance. The average period of monitor-
ing of the refractory group was 13.4 years 
(SD 3.3, range 8–19).

On average, each downhill subject lost 10.4 
(range 4–16) teeth during the monitoring 
period, which represented 50% of the teeth 
present at the start of the study. The rate of 
tooth loss in the refractory group was 0.78 
teeth per year, which was 35 times greater 
than that in the control group. The distribu-
tion of tooth loss by tooth type and arch in 
the refractory group is shown in Table 4.1.

The distribution of tooth loss in the present 
study is different from previous tooth loss 
studies (Fardal et al. 2004; Hirschfeld and 
Wassermann 1978). These studies reported 
that the predominant tooth loss was mainly 
in the fi rst and second molar regions. The 
present study shows a more even distribution 
between the teeth, with a slight predominance 
for the anterior and premolar teeth in the 
upper jaw and the second molars in the lower 
jaw. Table 4.2 shows tooth loss distribution 
from a previous study (Fardal et al. 2004) of 
100 regular maintenance patients.

Multivariate analysis indicated that being 
in the refractory group was predicted by 
heavy smoking (p = 0.026), being under stress 
(p = 0.016), or having a family history of 
periodontitis (p = 0.002). A comparison 
between the variables of the refractory and 
control groups is summarized in Table 4.3.
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Table 4.1. Distribution of tooth loss in the downhill group by tooth type and arch: 280 teeth were lost in total (27 
patients, observation period 13.6 years).

Upper 9 12 11 13 11 19 15 13 16 16 16 10 13 6 1

8 7 6 5 4 3 2 1 1 2 3 4 5 6 7 8

Lower 1 11 7 7 6 3 7 8 7 7 5 4 4 9 13

Table 4.2. Distribution of tooth loss in a “normal” maintenance population of 100 patients observed over 10 years, 
36 teeth lost in total (Fardal et al. 2004).

Upper 5 3 3 1 1 2 2 2 3

8 7 6 5 4 3 2 1 1 2 3 4 5 6 7 8

Lower 5 2 1 1 1 1 3

Table 4.3. Comparison between refractory and control subjects.

Refractory Control p

Age initial assessment 48.5 (10.0) 48.1 (10.2) 0.86
Mean (SD)
Years in maintenance since treatment started 13.4 (3.3) 13.9 (3.2) 0.50
Mean (SD)
Teeth present at start of treatment 20.6 (4.6) 25.8 (2.6) <0.0001
Mean (SD)
Number of teeth lost during treatment 10.4 (3.75) 0.3 (0.57) <0.0001
Mean (SD)
Smoking
 Non 11 (40.7) 39 (72.2)
 Light 5 (18.5) 10 (18.5)
 Heavy 11 (40.7) 5 (9.3) 0.0026
n (%)
Systemic disease 8 (29.6) 17 (31.5) 0.86
n (%)
Hygiene
 Good 11 (40.7) 22 (40.7) 0.02
 Moderate 11 (40.7) 31 (57.4)
 Poor 5 (18.5) 1 (1.9)
n (%)
Stress 11 (40.7) 1 (1.9) <0.0001
n (%)
Family history of periodontitis 19 (70.4) 13 (24.1) <0.0001
n (%)
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Implant Therapy in Refractory Cases

Implants were placed in 14 (52%) of the 
refractory group compared with 2 (4%) of the 
control group, p < 0.0001. Those who received 
implants lost 8.8 (SD 3.7) teeth, which was less 
than those who were not treated with implants 
(12.0, SD 3.2), p = 0.027. Those treated with 
implants in the refractory group received an 
average of 4.9 (SD 2.1) implants. Within the 
refractory group there was little difference in 
age at assessment of those who were eventu-
ally treated with implants compared to those 
who were not: 50.2 (SD 10.6) compared with 
46.7 (SD 9.4) years, p = 0.37. Within the 
refractory group the period of supportive peri-
odontal treatment for those who received 
implants was virtually the same as for non-
implant cases: 13.2 (3.9) compared with 13.6 
(SD 2.6) years, p = 0.76. The implants were 
followed up for on average 5.4 years (range 
2–9). A total of 14 implants in 7 refractory 
patients did not integrate. A further 5 implants 
in 4 patients developed peri-implantitis (1 
after 3 years, 1 after 5 years, 1 after 6 years, 
and 2 after 8 years), and 3 of these implants 
were fi nally lost. In total, 17 (25%) of the 
implants placed in the refractory group were 
lost during the study period and 9 (64%) of 
the refractory group lost at least one implant. 
For the patients in the control group none of 
the implants placed were lost. Table 4.4 shows 
a summary of implant therapy for the refrac-
tory group of patients.

The type of restorations used to replace the 
lost teeth, with arch distribution, is given in 
Table 4.5.

The patients gave the highest satisfaction 
scores for fi xed restorations. In addition, the 
combination of a complete or partial upper 
denture with a tooth- or implant-supported 
bridge in the lower jaw scored equally high 
in patients’ satisfaction.

The remaining removable restorations 
scored as only moderately satisfactory except 
for the combination of complete upper and 
lower dentures, which were scored as being 
unsatisfactory.

Table 4.4. Results of implant placement for the refrac-
tory patient group.

Number 
of 
Patients

Number of patients 
receiving implants

24 27

Average number of 
implants placed for 
each patient

 4.9 
(SD 2.1)

24

Average observation 
period (years and 
range)

 5.4 
(2–9)

24

Number of non-integrated 
implants

14 7

Peri-implantitis 5 4
Implants lost due to 

peri-implantitis
3 2

Total number of implants 
lost (%)

17 
(25)

9

Table 4.5. Distribution of tooth replacements by restoration type and arch.

Upper 7 6 3 7 4
Restorations Complete 

dentures
Partial 

dentures
Tooth-supported 

fi xed bridges
Combination tooth/ 

implant fi xed 
bridges

Implant-supported 
fi xed bridges

Lower 3 3 8 3 0
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Conclusion

In conclusion, a small number of periodontal 
maintenance patients seem to be refractory to 
treatment and go on to experience continued 
and signifi cant tooth loss. These subjects also 
have a high level of implant complications 
and failure. Smoking, stress, and a family 
history of periodontal disease were identifi ed 
as factors associated with a refractory 
outcome, and these variables remained sig-
nifi cant after multivariate analysis. In the 
context of the current study it is possible that 
these factors were not only associated with an 
increased risk of progressive periodontitis 
and tooth loss but also with an increased 
likelihood of implant failure.

SYSTEMIC IMPLICATIONS OF 
PERI-IMPLANT INFLAMMATION: 
MIMICRY OF THE PERIODONTITIS-
SYSTEMIC DISEASE MODEL?

Howard C. Tenenbaum, Michael Glogauer, 
Michael Landzberg, and Michael Goldberg

Background

Infl ammation around endosseous implants, 
or peri-implantitis as it is often referred to, is 
a condition associated both with ailing and/or 
failing implants (Mombelli and Lang 1998). 
An upsurge of clinical and animal studies in 
the last two decades has addressed the pre-
vention and management of peri-implantitis 
(Chen and Darby 2003), the goal being to 
avert the loss of a failing implant; however, 
little attention has been paid to the possibility 
that this condition could increase the risk for 
development of systemic illnesses similar to 
that which has been reported in patients with 
gingivitis and periodontitis (Seymour et al. 
2007). As alluded to above, there is clear 
evidence of an epidemiological association 
between periodontal infl ammation and/or 
infection and certain systemic conditions like 

cardiovascular disease (CVD) (Janket et al. 
2003; Khader et al. 2004). Similarly and as 
addressed below, there appears to be a bidi-
rectional relationship between periodontal 
disease and control of diabetes. That being 
said, it is unknown whether a similar risk of 
systemic disease exists insofar as dental 
implants are concerned.

Brief Review of Periodontal Disease/
Systemic Disease Evidence

There is a groundswell of data showing sig-
nifi cant, albeit modest, positive associations 
between CVD and periodontitis, including 
fi ndings from two recent meta-analyses that 
investigated periodontal diseases and the risk 
of coronary heart disease, stroke, and cere-
brovascular diseases (Janket et al. 2003; 
Khader et al. 2004; Seymour et al. 2007). For 
instance, it has been shown that patients who 
suffer from severe chronic periodontitis have 
a signifi cantly increased risk for the develop-
ment of CVD including stroke, atherosclero-
sis, and myocardial infarction. These fi ndings 
appear to hold even after adjusting for the 
traditional risk factors such as smoking and 
serum lipid concentration (Beck et al. 1996; 
DeStefano et al. 1993; Desvarieux et al. 2003; 
Grau et al. 1997; Hung et al. 2003; Jansson 
et al. 2001; Valtonen 1999). Most extraordi-
nary, however, have been the fi ndings showing 
that poor oral health is a signifi cant risk indi-
cator of death due to CVD (Jansson et al. 
2001). Although current opinion on the asso-
ciation between periodontal disease and CVD 
is divided, there are several hypotheses to 
account for this relationship, including the 
notion of a common genetic predisposition 
and pathophysiological mechanisms of seem-
ingly disparate disorders, direct bacterial 
damage to the endothelium, molecular 
mimicry between bacterial and self-antigens, 
and fi nally a role for systemic infl ammation 
concerning increased levels of circulating 
cytokines and other infl ammatory mediators 
(Seymour et al. 2007).
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Further in this regard, there is a signifi cant 
amount of evidence to suggest that diabetes 
is associated with increased prevalence, 
extent, and severity of gingivitis and perio-
dontitis (Mealey and Oates 2006). In fact, 
severe periodontitis has been characterized as 
the “sixth complication of diabetes” (Loe 
1993). Patients with type 2 diabetes mellitus 
have an almost three-fold increase in their 
risks for development of destructive perio-
dontal disease over those without diabetes 
(Emrich et al. 1991) and are four times more 
likely to have alveolar bone loss progression 
than healthy controls (Taylor et al. 1998a). 
Increased gingival pocket depth and loss of 
dentition are other indicators of periodontal 
disease that are seen more frequently in 
patients with diabetes (Emrich et al. 1991). 
Evidence suggests that poor glycemic control 
is a major contributor to poorer periodontal 
health as measured by increased levels of gly-
cated hemoglobin (HbA1c) (Ainamo et al. 
1990; Taylor et al. 1998a, 1998b). A large 
U.S. study showed that patients with poorly 
controlled diabetes, and who had an HbA1c 
level greater than 9, were three times more 
likely to have severe periodontitis than con-
trols (Tsai et al. 2002).

The mechanisms for the association between 
periodontal disease and diabetes include 
decreased collagen production, reduced poly-
morphonuclear neutrophil (PMN) function, 
and the accumulation of advanced glycation 
end products (AGEs) in tissues, including the 
periodontium (Perrino 2007). Interactions 
between AGEs and their cognate receptors 
(RAGE) on infl ammatory cells induce 
increased expression of proinfl ammatory 
cytokines responsible for tissue destruction 
(Schmidt et al. 1996). It is this interaction that 
is central to diabetic complications and that 
may contribute to the increased prevalence 
and severity of periodontal diseases among 
individuals with diabetes (Kinane and 
Marshall 2001; Perrino 2007). Hence insofar 
as diabetes and periodontitis is concerned, 
there is good evidence for the existence of a 
bidirectional relationship between the two, 
such that exacerbation of one disease can lead 

to exacerbation of the other (Grossi and 
Genco 1998; Mealey and Oates 2006). It has 
been hypothesized that the infl ammatory 
process in periodontal disease leads to 
increased levels of TNF alpha, which in turn 
is known to promote insulin resistance 
(Nishimura et al. 2003). This relationship has 
also been demonstrated in interventional 
studies showing that when periodontitis is 
treated in patients who have diabetes, signifi -
cant reductions in glycated hemoglobin occur, 
thus indicating that periodontal treatment 
affects glycemic control in a positive manner 
(Janket et al. 2005). A randomized controlled 
trial of 44 patients with type 2 diabetes mel-
litus showed that patients who received 
mechanical treatment for periodontal disease 
had an 11% reduction in HbA1c levels at 3 
months follow-up compared with a 4% 
increase in HbA1c levels in the control group 
(Kiran et al. 2005). Similarly, when diabetes 
is brought under better control, parameters of 
periodontal disease also improve (Mealey and 
Klokkevold 2002).

There is also new evidence that appears to 
confi rm a possible causal relationship between 
periodontitis in mothers and the delivery of 
pre-term low-birthweight infants. Treatment 
of maternal periodontitis led to signifi cant 
reductions in the incidence of pre-term birth 
and increases in birthweight, as well as 
combinations of the two (Tarannum and 
Faizuddin 2007).

What Is Peri-implantitis?

Dental implants are an effective treatment for 
replacing missing teeth; however, their long-
term success is dependent on whether the 
infl ammatory and regenerative processes at 
work are in proper balance. Peri-implantitis 
is arguably one of the most signifi cant risk 
factors associated with implant failures and 
can be best described as an infl ammatory 
reaction with loss of bone in the tissues sur-
rounding an osseointegrated implant in func-
tion (Albrektsson et al. 1994). Symptoms of 
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peri-implantitis may include but not be limited 
to bleeding on probing, increased probing 
“pocket” depth, mobility, suppuration, and 
pain.

The incidence data for peri-implantitis 
show that in general it occurs relatively rarely 
ranging from 2% to 10% (Berglundh et al. 
2002). However, a higher incidence of peri-
implantitis has been reported in individuals 
with a history of chronic periodontitis 
(28.6%) compared with individuals with 
good periodontal health (Karoussis et al. 
2003). Nevertheless, an estimation of the 
prevalence of peri-implantitis is very diffi cult 
to make and depends on the criteria used to 
differentiate between health and disease (Chen 
and Darby 2003; Karoussis et al. 2003).

The microbiota associated with successful 
implants are similar to the fl ora seen in people 
with good periodontal health, whereas the 
organisms associated with failing implants 
resemble those isolated from individuals with 
periodontitis (Chen and Darby 2003). It 
follows that factors that infl uence the suprag-
ingival and subgingival microfl ora may 
contribute to peri-implantitis. The clinical 
implication of this could be that patients with 
a history of chronic periodontitis may be at 
increased risk of peri-implantitis should the 
need for implantation arise, ideas that are 
discussed elsewhere in this section in relation 
to patients receiving implants who had either 
extremely severe periodontitis or refractory 
periodontitis prior to treatment with implants. 
Successful implants are typically colonized, 
albeit sparsely, by Gram positive cocci, while 
failing implants harbor large numbers of 
Gram negative anaerobes (Mombelli and 
Lang 1992; Mombelli et al. 1987, 1995). Tra-
ditional periodontal pathogens such as Actin-
obacillus actinomycetemcomitans, Prevotella 
intermedia, Porphyromonas gingivalis, Fuso-
bacterium species, and Campylobacter rectus 
have all been associated with failing implants 
(Chen and Darby 2003). The relationship 
between the surface roughness of implants 
and bacterial colonization has also been 
assessed clinically (Quirynen et al. 1993). As 
shown in Figures 4.3 and 4.4 (original photos 

courtesy of Dr. Asbjorn Jokstad, Faculty of 
Dentistry, University of Toronto), plaque/
biofi lm accumulation does occur around 
endosseous implants leading to soft tissue 
infl ammation (Fig. 4.3) as well as peri-implant 
bone loss (Fig. 4.4)—similar to what is 
observed in teeth affected by periodontitis.

It has also been shown that smoking habits 
represent an increased risk for impaired bone 
healing and implant failure and, in parallel, 
smoking also brings an increased risk for 
chronic periodontitis (Albandar et al. 2000; 
Bergstrom 1989). A review of 56 patients 
with a total of 187 endosseous dental implants 
over 4 years demonstrated a signifi cant asso-
ciation between increased implant failure 
rates and cigarette smoking, with failure rates 
of 16.6% in smokers compared to 6.9% in 
non-smokers (Wallace 2000). More recently, 
a retrospective analysis over a 5-year period 

Figure 4.3. Clinical image of failing/ailing implant.

Figure 4.4. Radiograph of failing implants showing 
bone loss.
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of the clinical and radiographic fi ndings of 66 
patients who had received a total of 165 
implants showed that the use of tobacco 
involves a 15.8% risk of implant failure, with 
a 13:1 odds ratio (Sanchez-Perez et al. 
2007).

Systemic Disease and Implants: 
So Is There Much of a Risk?

While the impact of, and relationships 
between, periodontal health on systemic 
disease has been established with increasing 
reliability, the potential infl uence of peri-
implantitis on systemic disease has only 
recently been brought to light. Hence, there 
is no evidence that proves that infl ammatory 
disease in gingival tissues surrounding endos-
seous implants predisposes patients to certain 
systemic illnesses including CVD, while also 
exacerbating other systemic conditions such 
as diabetes. Most implant systems have 
reported multiyear success rates of greater 
than 90% for both fully and partially eden-
tulous patients. It is, however, becoming 
increasingly clear that despite their success, 
osseointegrated implants are still susceptible 
to disease conditions that may ultimately lead 
to their failure (Iacono 2000). It is thought 
that peri-implant infections are the major 
cause of these later failures (Chen and Darby 
2003; Lang et al. 2000).

It is also agreed that the cumulative success 
rate of a dental implant is largely determined 
by its location (Tolstunov 2007). The success 
rate of implants in the anterior region seems 
to be higher than in the posterior region, due 
in part to the quality of the bone: about a 
12% difference between the anterior maxilla 
and posterior maxilla, and about a 4% dif-
ference between the anterior mandible and 
the posterior mandible. An implant treatment 
in the anterior mandible is therefore the most 
successful, whereas an implant treatment in 
the posterior maxilla is the least successful 
(Tolstunov 2007). Interestingly, similar disease 
severity patterns have been reported for peri-

odontitis. That being said, is the risk of sys-
temic disease worthy of attention given the 
relatively low incidence of ailing or failing 
implants? At fi rst glance, one might conclude 
that even if an association between peri-
implant infl ammation and systemic disease 
exists (causality notwithstanding), the impact 
it might have on implant treatment would be 
relatively minor.

Be that as it may, even the slightest failure 
rate could translate into a relatively high 
disease load given the ever-increasing reliance 
on endosseous implants in the rehabilitation 
of partially or fully edentulous patients. 
Implants have become increasingly popular 
since their endorsement by the ADA in 1986. 
According to an ADA survey, the average 
number of surgically placed dental implants 
by dentists who perform the procedure 
increased 49% to 56.2 implants placed annu-
ally per dentist in 1999, compared with an 
average of 37.7 in 1995 (http://www.ada.org/
public/topics/implants.asp; accessed March 
16, 2008). It is now estimated that between 
300,000 and 400,000 implants are placed 
every year in the United States (http://www.
colgate.com/app/Colgate/US/OC/Informa-
tion/OralHealthBasics/CheckupsDentProc/
DenturesAndDentalImplants/WhatAreIm-
plants.cvsp; accessed March 16, 2008). Recent 
fi ndings from Europe show that about 
120,000 implants are inserted in France, 
185,000 in Spain, 410,000 in Italy, and 
420,000 in Germany every year (http://www.
implant-warning.com/definition.html; 
accessed March 16, 2008). At a failure rate 
of about 6.5%, this translates into approxi-
mately 67,000 implant failures per year in 
Europe alone. These fi gures will undoubtedly 
increase over time given that osseointegration 
has become increasingly routine in a relatively 
short period of time. From an economic per-
spective, the total price tag in the United 
States alone (based on 2007 cost data) could 
refl ect about 338 million dollars in additional 
expenses related to implant failure (http://
www.mrg.net/reportView.php?repID=526). 
Taken together then, it is not surprising that 
an imminent tidal wave of ailing and/or failing 
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implants is on the horizon. Apart from the 
clinical treatment implications of this problem, 
it then becomes evident that if a relationship 
between peri-implant disease and systemic 
disease exists, we are also facing a potential 
increase in the incidence and/or severity of 
systemic disorders alluded to above.

How Can This Question 
Be Addressed?

To investigate the hypothesis that peri-implan-
titis is a risk indicator or risk factor for sys-
temic disease, it will be necessary to conduct 
large multicenter cross-sectional or retrospec-
tive studies to determine the degree and extent 
of ailing or failing implants in appropriately 
aged target populations. It is only then that a 
correlation could be made between the preva-
lence or incidence of peri-implant disease and 
the incidence and severity of various systemic 
conditions. That said, it is imperative that 
non-conventional methods be developed that 
will unequivocally differentiate between a 
healthy and a diseased state, as well as the 
severity. It is not absurd to think that already 
available technologies used for assessment of 
periodontal infl ammation could be applied to 
permit evaluation of peri-implantitis. For 
instance, technology such as the Periotron has 
been developed to assess fl uid fl ow (Ciantar 
and Caruana 1998), which in periodontal 
tissues increases with infl ammation. It is 
therefore possible that by measuring the fl ow 
of the fl uid found within the soft tissue sulci 
about an implant, which is not unlike gingival 
crevicular fl uid about a tooth, it might be 
possible to measure the degree of peri-implant 
infl ammation. This transudate could also be 
assayed for markers of infl ammation (i.e., col-
lagenase activity and interleukins) in ways 
similar to those that are used with crevicular 
fl uid from the periodontium.

To this end, we have investigated whether 
oral PMNs can be measured in mouth rinses 
taken from patients with implants in much 
the same way as this approach has been used 

to determine the presence or absence of active/
inactive periodontitis (Bender et al. 2006). 
Pilot studies were carried out in three groups 
of patients. Specifi cally, oral PMN counts 
were determined in patients who were com-
pletely edentulous, in patients with implants 
that appeared to be clinically healthy, as well 
as in patients who had at least one diseased 
and/or infl amed implant. As expected, there 
are few to no PMNs in patients who are 
completely edentulous (see Fig. 4.5a). 
However, even when patients have evidently 
healthy implants, there appears to be an 
increase in oral PMN levels (Fig. 4.5b). The 
number, albeit small, suggests that because 
implants cross the oral cavity-mucosal barrier, 
they allow for the migration of PMNs into 
the mouth, possibly attesting to some degree 
of infl ammation even under a normal clinical 
state. Nevertheless, notable increases in oral 
PMN counts were even more evident for 
patients who had clinically infl amed implants 
(Fig. 4.5c). Presuming the pilot fi ndings are 
accurate, it is possible that oral PMN counts, 
when carried out in combination with the 
other assay methods described here, could aid 
in quantifying the degree of peri-implant 
infl ammation in particular groups. It is our 
hope that the information garnered here 
would assist in the correlation of these meas-
ures of oral infl ammation with measures (sur-
rogate or otherwise) of systemic disease. It 
has yet to be determined whether the inci-
dence and severity of disease should be used 
as an outcome alone, or whether initial studies 
could rely more on surrogate markers of 
disease such as c-reactive protein levels or 
glycated hemoglobin, to name two.

We have also shown that levels of oral 
albumin can be measured accurately to assess 
varying degrees of mucosal ulceration (Shoval 
et al. 2005), the oral albumin presumably 
representing the leakage of serum albumin 
through ulcerated tissue. Such an assay pro-
vides an indirect measure of mucosal integ-
rity. Thus, we propose that whole salivary 
albumin levels could serve as another useful 
measure and predictor of soft tissue break-
down around implants (possibly suggesting 

WWW.HIGHDENT.IR 
همیار دندانسازان و دندانپزشکان



Chapter 4 Treatment Planning for Oral or Systemic Infl ammation  79

impending failure). Health permitting, a para-
metric approach to the evaluation of oral 
infl ammation around implants in general and 
more specifi cally in relation to the oral-
systemic disease continuum would also be 
made possible if we can confi rm that albumin 
“leakage” coupled with other assays noted 
above truly predicts or at least varies propor-
tionately to implant health.

Conclusion

Dental implant placement is an effective and, 
for the most part, successful treatment 
modality for replacing missing teeth. However 

the increasing acceptance of implant place-
ment as a standard treatment option for 
patients will mean that signifi cantly more 
dentists will be involved in the care and 
maintenance of these implants. That said, is 
this a period of calm before the storm of 
failing implants? And, will we be faced with 
an increased incidence in systemic disease 
among implant patients? Knowledge of both 
the relationship between peri-implant disease 
and systemic illness, and of more effective 
ways to differentiate between healthy and 
ailing implants, will surely reduce the number 
of failures and the potential systemic compli-
cations associated with this otherwise very 
successful and indeed remarkable dental 
treatment.

A

C

B

Figures 4.5a–c. Oral PMN counts in (a) completely edentulous patients, (b) patients with clinically healthy implants, 
and (c) patients with visibly diseased implants. Bars represent total oral PMN counts in rinse #2 from individual 
patients.
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5Surgery Phase Planning

ADVANCES IN DIAGNOSIS AND 
TREATMENT PLANNING 
UTILIZING CT SCAN 
TECHNOLOGY FOR IMPROVING 
SURGICAL AND RESTORATIVE 
IMPLANT RECONSTRUCTION: 
TOOLS OF EMPOWERMENT

Scott D. Ganz

Historical Background

Implant dentistry has evolved into one of the 
most predictable treatment alternatives in all 
of medical science. Starting with the early 
subperiosteal implant designs, the plate form 
blade implants, through Brånemark’s early 
work on osseointegration, the discipline has 
moved from an art to a science. Diagnostic 
imaging tools have been a great part of the 
evolution, as the clinician progressed from the 
periapical radiograph, panoramic radiogra-
phy, tomography, CT scan technology, and 
newly introduced cone-beam CT (CBCT). 
The evolution of CT scan technology, 3-D 
image reconstructions, and interactive treat-
ment planning software has empowered clini-

cians with a new set of tools unavailable in 
1982, re-focusing the diagnostic phase as the 
foundation for successful restoratively driven 
implant reconstruction. CT-derived surgical 
guides have become the link between the 
virtual plan and the surgical and restorative 
intervention. The innovation and use of stere-
olithographic models, virtual occlusion, and 
bone volume assessments for pre-surgical 
prosthetic planning are invaluable tools for 
understanding outcomes and increasing accu-
racy. CT scan technology and computer-aided 
surgery provide clinicians with the science, 
removing the guesswork, while providing 
decision-making tools to achieve consis -
tently accurate surgical and prosthetic 
reconstruction.

Presently the panoramic or periapical radi-
ograph remains the choice for implant plan-
ning, despite the inability to assess bone width 
or quality, the true path of the inferior man-
dibular nerve in the mandible, the spatial 
location of the nasal fl oor or sinus volume, 
and the documented inherent distortion 
factor. The periapical radiograph, although 
inadequate, has been successfully utilized to 
plan for implant placement (Figs. 5.1a, 
5.1b).
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Fortunately, the implant placed to restore 
the right mandibular fi rst molar tooth did not 
impact upon the inferior alveolar nerve despite 
the adjacent molar and bicuspid roots being 
shorter than the implant length (Fig. 5.1b).

As the concept of osseointegration gained 
acceptance during the 1980s and 1990s, the 
evaluation of recipient sites for endosseous 
implants was limited to 2-D radiographic 
imaging. The advent of tomography, followed 
by CT scan technology, provided clinicians 
with true, accurate, and meaningful insight 
into the 3-D assessment of patient anatomy. 
Perhaps the technological advancement that 
most signifi cantly improved the clinician’s 
ability to diagnose and treatment plan dental 

implants and other procedures such as bone 
grafting has been the CT scan. CT (computer-
ized tomography) scans have been available 
for medical use since 1973, but it was not 
until 1987 that this advanced imaging tech-
nology was made available for dental applica-
tions. At that time, a patient could only be 
referred to a radiologist for a medical-grade 
CT scan. Specially formatted diagnostic 
images were then created from the scan data 
and printed as many large transparencies to 
be evaluated on a large view box. The result-
ant fi lms offered true 3-D appreciation of the 
patient’s maxillary or mandibular anatomy.

Standard periapical, panoramic, or tomo-
graphic images contain inherent distortion 
that, if undetected, can lead to incorrect ana-
tomical assessment while increasing potential 
risk. Distortion factors were virtually elimi-
nated through advancements in CT scan 
imaging techniques. Therefore, CT scan fi lm 
technology proved to be a valuable tool 
allowing for an accurate assessment of bone 
height, width, identifi cation of soft and hard 
tissue pathology, and location of anatomical 
structures such as the inferior alveolar canal, 
and for measuring the vital qualitative dimen-
sions necessary for proper implant placement. 
In 1988 Columbia Scientifi c, Inc. (Columbia, 
Maryland) developed 3-D dental software 
that worked through standard GE CT scan-
ners linked to an intermediate computer 
workstation called an Imagemaster-101TM 
(introduced in 1990). Software interfaces 
were necessary to interpret the data from the 
many different scanning machines to harness 
the power of CT technology for dental appli-
cations. While a major step, certain limita-
tions were present in the scanning protocols, 
such as the 3 mm cross-sectional slice thick-
ness (Fig. 5.2).

As the personal computer hardware and 
software improved, the graphical user inter-
face (GUI) of the Windows® platform 
provided the foundation and engine to 
revolutionize diagnostic imaging. Clinicians 
were able to assess the CT scan data in an 
environment that greatly surpassed fi lm in 
versatility and interactivity. SIM/PlantTM 

Figure 5.1a. Periapical radiograph does not reveal the 
width or quality of the bone.

Figure 5.1b. The implant appears longer than the adja-
cent tooth roots.
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(Materialise Dental, Glen Burnie, Maryland) 
became available in 1994 on the Windows 
3.1 platform. This innovative software 
program provided the clinician with the tools 
to easily and quickly visualize and manipulate 
axial, cross-sectional, and panoramic images 
while adding treatment planning capabilities 
and bone density assessment necessary for 
dental implant planning. Clinicians were able 
to use their own computers and monitors 
equipped with the proper software to “scroll” 
through distortion-free slices to assess all rel-
evant CT images without the need for a 
roomful of large chest X-ray-size lightboxes. 
Virtual implant simulation allowed clinicians 
to plan receptor sites with an improved under-
standing of the receptor site anatomy.

The cross-sectional view revealed the width 
and height of available bone (Fig. 5.3a). A 
virtual schematic implant replica could then 
be placed in a position to maximize the avail-
able bone volume (Fig. 5.3b). The length, 
width, and angulation of the implant could 
be determined within this 2-D slice. An impor-
tant addition to the planning process was the 
ability to simulate the abutment projection 
from the implant to aid in linking the surgical 
plan to the desired restoration (Fig. 5.3c). 
These new views allowed for the “Triangle of 
BoneTM” concept by the GANZ in 1995 to be 
visualized as a “zone” that would help defi ne 
the bone volume within a potential implant 
receptor site to determine a decision tree for 

Figure 5.2. CT scan fi lm circa 1989, showing 3 mm 
slice cross-sectional images.

the proper course of treatment (Fig. 5.3d). 
Additionally, in the mandible the path of the 
inferior alveolar nerve could be identifi ed and 
traced as an aid to implant placement to 
avoid potential complications. In the maxilla, 

Figure 5.3a. Cross-sectional image revealed the height 
and width of available bone.

Figure 5.3b. A virtual schematic implant placed to 
maximize bone volume.
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the topography of the bilateral sinuses could 
be clearly seen in the axial, cross-sectional, 
and panoramic views to be assessed for 
pathology, thickening of the membrane, and 
as a receptor for augmentation procedures.

The continued maturation of SIM/PlantTM 
included direct manipulation of the 3-D 
reconstructed images and interactive implant 
placement. This was followed by other similar 
software applications introduced to the dental 
implant marketplace for the purposes of 
making CT scan technology available to clini-
cians around the world. Advances in 3-D 
reformatting technologies provided highly 
refi ned, accurate assessment of the CT scan 
data in a manner that exceeded information 
gleaned from fi lm alone. The evolution of the 
software capabilities was then expanded to 
link the virtual plan to a surgical template or 
guide. During this period from the late 1990s 
and early into the new millennium, the tech-
nology was available through links with SIM/
Plant and other software applications, but 
not widely utilized.

As the implant industry developed new and 
improved implants there was a paradigm shift 
from Brånemark’s original two-stage surgical 
protocol to early and immediate loading. 
Immediate loading protocols should obligate 
a better understanding of the underlying bone 
anatomy to achieve long-term success. Despite 
these new modalities, published anecdotal 
papers, consensus position papers, and 
research reporting immediate placement and 
restorations were being accomplished largely 
without the use of advanced diagnostic 
imaging technology or CT-guided surgery. It 
was not until the advent, and the subsequent 
introduction, of new smaller in-offi ce CBCT 
scanning machines such as the NewTom (AFP 
Imaging, Elmsford, New York) and the i-CAT 
(Imaging Sciences, Hatfi eld, Pennsylvania) 
that one major barrier was removed—patients 
no longer needed to leave the offi ce for a scan. 
The second major event that served as a 
potent catalyst to promote the use of CT/
CBCT and guided surgery was when the 
largest dental implant company, Nobel 
BioCare (Göteborg, Sweden), embraced this 
technology with the introduction of their 
NobelGuide™ “total solution” combining 
treatment planning software with data from 
the CT scan and the clinical hardware for 
placing implants with special templates.

Figure 5.3c. The abutment projection (yellow) helped 
link the implant to the desired restoration.

Figure 5.3d. Defi ning the “zone” of the “Triangle of 
BoneTM” for identifying available bone volume.
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Barium Sulfate Scanning Appliance

Prior to the scan itself, a protocol of pre-sur-
gical prosthetic planning should include the 
fabrication of a scanning or scanographic 
appliance. The use of radiopaque templates 
of the desired tooth position can help maxi-
mize the technology and facilitate true restor-
ative-driven implant dentistry. Duplicating a 
patient’s ideal denture or a diagnostic wax-up 
with a mixture of barium sulfate and acrylic 
will result in an appliance that can be worn 
by the patient during the scanning process 
(Fig. 5.4a). The completely opaque template 
will then be visualized in all of the CT scan 
images, but most signifi cantly in the 3-D 
reconstruction, as the ultimate planning aid 
(Fig. 5.4b).

The next evolution of interactive treatment 
planning software was the incorporation of 
realistic implants. The use of realistic implants 
has greatly expanded the application of this 
technology. A Tapered Internal Implant of 
two different diameters is visualized in Figures 
5.5a and 5.5b.

Figure 5.4a. Barium sulfate radiopaque scanning appli-
ance worn during the scan is virtually revealed on the 
interactive software application.

Figure 5.4b. The completely opaque template visual-
ized on the 3-D reconstructed mandible.

Figure 5.5a. A Tapered Internal Implant of two different 
diameters, color-coded (yellow and green) to the manu-
facturer’s specifi cations (BioHorizons, Birmingham, 
Alabama).

Figure 5.5b. Note that all aspects of the implant can be 
appreciated, including thread design and internal hexag-
onal connection.
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Note that all aspects of the implant can 
be appreciated, including the thread design 
and internal hexagonal connection (Bio-
Horizons, Birmingham, Alabama). The 2-D 
cross-sectional image reveals the radiopaque 
scanning appliance and helps the clinician 
evaluate the relationship of the tooth 
and fl ange position to the underlying bone 
(Fig. 5.6).

A realistic implant (Astra Tech, Inc., 
Waltham, Massachusetts) was positioned, 
and a realistic virtual Locator attachment/
abutment (Zest Anchors, Inc., Escondido, 
California) was placed in anticipation of an 
implant-supported overdenture restoration. 
With the scanning prosthesis removed, four 
implants can be visualized and assessed for 
proper placement using the 3-D reconstruc-
tion (Fig. 5.7).

Proper use of this technology is greatly 
enhanced when the available software tools 
are fully appreciated and utilized. For this 
example, the implant-to-implant distance can 
be measured, the proximity to the adjacent 
mental foramina can be visualized, and a 
thorough assessment of the mandibular bone 

can be understood before the scalpel ever 
touches the patient. From this dataset, a CT-
derived template can be fabricated. A bone-
borne stereolithographic template is seen in 
Figure 5.8.

A dual-scan technique was adopted by the 
NobelGuideTM system for soft tissue–borne 
templates as another method for combining 
pre-surgical planning with the CT scan and 
guided surgical intervention. In this method, 
a scanning appliance is fabricated with the 
incorporation of gutta percha markers to act 
as future reference points. The patient wears 
the template when the scan is taken. Different 
from the method previously described, the 
scanning appliance is then placed back in to 

Figure 5.6. The cross-sectional image reveals the scan-
ning appliance, the underlying bone, and a realistic 
Locator attachment (Zest Anchors, Inc., Escondido, Cali-
fornia) placed on a realistic implant.

Figure 5.7. Four Locator attachments placed on realistic 
implants (Astra Tech, Inc. Waltham, Massachusetts) in 
anticipation of an implant-supported overdenture 
prosthesis.

Figure 5.8. Bone-borne stereolithographic surgical 
guide seated on the exposed mandibular symphysis.
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the CT/CBCT machine to be scanned sepa-
rately from the patient. The two datasets are 
then combined with the proprietary Procera 
Planning SoftwareTM (Nobel BioCare, Göte-
borg, Sweden) and the planning can be 
accomplished (Figs. 5.9a, 5.9b).

Presently, this software differs from others 
on the market in that only manufacturer-spe-
cifi c implants can be used with the companion 
surgical armamentarium. CT-derived tem-
plates are then created from the virtual plan 
with stainless steel cylinders that allow for 
both osteotomy drilling and placement of the 
implants through the templates to maximize 
accuracy.

Virtual Teeth and Realistic 
Abutments

Using CT/CBCT scan technology has forced 
clinicians to re-evaluate previous conventions. 
The axial section of the maxilla reveals the 
root morphology of the teeth as they emerge 
from the bone (Fig. 5.10).

This view alone signifi es a new paradigm 
in diagnosis and treatment planning for dental 
implants, as it illustrates the “restorative 
dilemma” as described by GANZ. After 
inspection, it is clear that the root morphol-
ogy of the maxillary teeth is varied in size and 
shape. The implants that we utilize are all 
round in shape. Therefore the “restorative 
dilemma” refers to how we must emerge from 
a round implant platform to re-establish 
correct tooth morphology for the defi nitive 
restoration. In addition, the lamina dura sur-
rounding the individual teeth can be clearly 
visualized, which helps defi ne a new method 
to measure tooth-to-implant proximity—
identifi cation of the periodontal ligament 
space.

The posterior mandible is diffi cult to assess 
for dental implant placement due to the prox-
imity of the inferior alveolar nerve, the mental 
foramen, the lingual concavity, the size of the 
teeth and number of missing roots, and the 
desired scheme of occlusion. With the advent 
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Figure 5.9a. The dual-scan technique soft-tissue tem-
plate adopted by the NobelGuideTM system.

Figure 5.9b. With the scanning template removed, the 
implants and fi xation screws can be clearly visualized on 
the mandible.

Figure 5.10. An axial slice of the maxilla illustrating the 
“restorative dilemma” referring to the actual root mor-
phology compared with the round shape of dental 
implants.
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of 3-D interactive planning, when all of the 
2-D images have been utilized the fi nal plan 
can be assessed with the 3-D model. Three 
implants placed in the posterior mandible are 
visualized with schematic abutment projec-
tions in Figure 5.11.

To properly evaluate implant positioning, 
embrasure design, and the restorative require-
ments of this area, a virtual occlusion can be 
established (Fig. 5.12).

The abutment projections can be visualized 
above the occlusal plane of the virtual teeth 
(Fig. 5.13a). Using an interactive transpar-
ency tool, realistic stock, pre-machined abut-
ments can be chosen to fi t within the envelope 
of each tooth at the proper soft tissue level 
(Fig. 5.13b).

Through software manipulation the man-
dibular bone can be “removed,” and use of 
the “zoom” feature allows for close inspec-
tion of the relationship of the implant, the 
abutment, and the virtual tooth position (Fig. 
5.14a). Additionally the proximity to the 
adjacent teeth and the neighboring mandibu-
lar nerve can be viewed and measured to 
ensure safe placement of the proposed 
implant(s). When the virtual teeth are 
removed, the realistic stock abutments can 
be visualized and examined for soft tissue 
cuff height and accuracy of placement (Fig. 
5.14b).

Using all of the available views and soft-
ware tools, the fi nal position of each implant 
is examined for accuracy and verifi ed in the 

Figure 5.11. Side view of three implants and schematic 
abutment projections placed in a partially edentate pos-
terior mandible.

Figure 5.12. A virtual occlusion can be established to 
properly evaluate implant position, embrasure design, 
and the restorative requirements of this area.

Figure 5.13a. Abutment projections extend above the 
occlusal surface of the virtual teeth.

Figure 5.13b. The interactive transparency tool reveals 
the realistic stock, pre-machined abutments that fi t within 
the envelope of each tooth.
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Figure 5.14a. “Removing” the mandibular bone, and 
zooming in, allows for close inspection of the implant-
restorative complex.

Figure 5.14b. Removing the virtual teeth reveals the 
pre-contoured abutments, which can then be evaluated 
for proper tissue cuff heights and accuracy of 
placement.

Figure 5.15a. The fi nal position of the implant within 
the envelope of the virtual tooth is examined for accuracy 
in the cross-sectional image.

Figure 5.15b. Slicing through the 3-D reconstruction 
allows for further assessment of the position of the implant 
in relation to the inferior alveolar nerve.

cross-sectional image (Fig. 5.15a). Avoiding 
the path of the inferior alveolar nerve is most 
important, and further assessment can be 
accomplished by slicing through the 3-D 
reconstructed view containing the implant, 
the realistic abutment, and the virtual tooth 
(Fig. 5.15b).

Once the plan is fi nalized, the clinician can 
then send it via e-mail for the fabrication of 
a tooth-borne stereolithographic surgical 
template, and in select cases a stereolitho-
graphic model (SurgiGuide, Materialise, 
Lueven, Belgium) (Fig. 5.16a). The original 
and basic SurgiGuide consisted of stainless 
steel cylinders, 5 mm in height and embedded 
into the acrylate material. Three guides were 

to be used for this example, one for each drill 
diameter specifi c to the implant manufactur-
er’s drilling protocol (Fig. 5.16b).

The CT-scan fabricated stereolithographic 
model can be utilized to further link the plan 
to the restoration by utilizing replica implants 
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placed within the acrylate (Fig. 5.17a). Using 
the SIM/Plant plan, six implants were placed 
in parallel on the stereolithographic model 
(Zimmer Dental, Carlsbad, California). In 
this manner, the clinician can have the actual 
reproduction of the patient’s mandible or 
maxilla on hand to evaluate the plan, inter-
implant distance, implant angulation, and 
proximity to the mental foramina (Fig. 
5.17b).

In addition, these models can be mounted 
with proper articulation to aid in the fabrica-
tion of a transitional prosthesis to be deliv-
ered at time of surgery.

Conclusion

CT and CBCT scans allow for an unparalleled 
view of the patient’s anatomy that when prop-
erly utilized removes the guesswork associ-
ated with placing implants, empowers 
clinicians with enhanced diagnostic informa-
tion aiding the process of making informed 
decisions for their patients, and provides an 
improved foundation for communication 
between all members of the implant team. 
CT/CBCT scan technology allows for precise 
measurements of height, width, and depth of 

Figure 5.16a. A tooth-borne stereolithographic surgical 
guide with stainless steel cylinders.

Figure 5.16b. Three guides will be utilized, one for 
each drill diameter specifi c to the implant manufacturer’s 
drilling protocol.

Figure 5.17a. The stereolithographic model of the 
patient’s mandible provides a valuable tool to link the 
plan to the restoration by inserting replica implants into 
the acrylate.

Figure 5.17b. The clinician can have an actual repro-
duction of the patient’s mandible on hand to evaluate the 
plan and the implant placement and to aid in the fabrica-
tion of a transitional prosthesis.
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bone, in addition to diagnostic information 
regarding bone density. Diagnostic imaging 
technology has been further enhanced by soft-
ware applications that allow for true inter-
active CT scan computer-based treatment 
planning in all dimensions prior to surgery, 
and the fabrication of surgical guides that link 
the simulation to the patient. This technology 
has also proven invaluable for assessing donor 
and receptor sites for bone grafting, sinus 
augmentation procedures, third molar extrac-
tions, orthognathic surgery, and orthodontics. 
“It’s not the Scan, it’s the PLAN®” summa-
rizes the need for proper understanding of this 
technology to maximize effectiveness, as the 
most sophisticated surgical template is only as 
good at the original plan. For dental implant 
placement, incorporating the restorative goal 
with interactive 3-D planning tools for the 
creation of CT-derived surgical templates 
allows the highest degree of accuracy in trans-
ferring the treatment plan to the patient at the 
time of surgical intervention.

IMMEDIATE IMPLANTS 
IN INFECTED SITES: 
CONTRAINDICATIONS 
RECONSIDERED

Jay R. Beagle

More than 40 years ago, the advent of endos-
seous dental implants created a paradigm 
shift regarding tooth replacement options for 
patients. Brånemark had discovered that fully 
edentulous patients could be dentally reha-
bilitated using machined screws of commer-
cially pure titanium osseointegrating to the 
jawbone and allowing for fi xed prosthetic 
reconstruction (Brånemark et al. 1969). These 
fi ndings were of principal interest in the initial 
Toronto Osseointegration Conference 25 
years ago, and they have paved the way for 
continuing research and development today.

Brånemark and co-workers developed a 
system of surgical and prosthetic protocols 
enabling a safe, predictable, and cost-effective 

mechanism of rehabilitation with dental 
implants (Adell et al. 1981). These methods 
were both scientifi cally and empirically based 
for the partially and fully edentulous patient. 
To assess the patient’s risk for treatment, a 
variety of factors were evaluated, including 
the systemic medical status, psychological 
status, oral rehabilitation needs, oral disease 
status, and availability of bone, viewed clini-
cally and radiographically (Brånemark et al. 
1985). Over the years, these protocols have 
become more scientifi cally evidence-based 
and less empirical due to clinical and histo-
logical fi ndings in the animal model and 
humans (Buser et al. 1997; Buser and Tonetti 
1997). Of particular interest has been the 
timing of implant placement (Chen et al. 
2004) and loading (Chiapasco 2004; Ganeles 
and Wismeijer 2004), enhanced by infor-
mation gathered from 3-D radiographic 
analysis.

Available bone volume has always been, 
and will continue to be, paramount for endos-
seous dental implant placement. Numerous 
investigators have evaluated the effects of 
tooth extraction on the dimensional changes 
observed with soft and hard tissues (Atwood 
and Coy 1971). These changes have been 
viewed clinically using study cast measure-
ments and re-entry procedures, as well as 
radiographically with cephalometric analysis 
and subtraction methods (Camargo et al. 
2000; Iasella et al. 2003; Johnson 1963, 1969; 
Lam 1969; Lekovic et al. 1997). Findings 
from these studies indicate a signifi cant loss 
of volume of the alveolar ridge during the fi rst 
4- and 12-month intervals following tooth 
extraction. Schropp et al. (2003) described a 
horizontal loss of bone measuring up to 50% 
in mandibular molar regions with 60% of the 
reduction occurring within the fi rst 3 months 
following extraction.

Alveolar bone healing following tooth 
extraction has also been assessed histologi-
cally in both the animal model and humans. 
These fi ndings support the clinical observa-
tion of bone resorption due to a reduction of 
the external contours of the ridge associated 
with the fi lling of the socket fi rst with woven 
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bone, then trabecular bone and bone marrow 
(Araujo and Lindhe 2005; Araujo et al. 2005). 
This loss of bone contour is thought to be 
attributable to the loss of bundle bone in 
conjunction with the extraction, as well as the 
consequence of fl ap elevation, resulting in 
vascular and infl ammatory reactions.

The concept of placing dental implants into 
sockets immediately following tooth extrac-
tion attempted to take advantage of the pre-
treatment alveolar ridge contours (Chen et al. 
2004). Many have noted additional advan-
tages of this technique to reduce treatment 
visits and costs, simplify restorative care, and 
improve the patient’s psychological outlook 
for treatment (Denissen et al. 1993; Lazzara 
1989; Missika et al. 1997; Parel and Triplett 
1990; Schultz 1993; Shanaman 1992; Watzek 
et al. 1995; Werbitt and Goldberg 1992).

Outcomes of immediate placement proce-
dures have been found equally successful as a 
delayed approach and have, therefore, been 
adopted when initial primary stability can be 
achieved (Barzilay 1993; Chen et al. 2004; 
Mayfi eld 1999; Schwartz-Arad and Chaushu 
1997).

Initially, it was thought that the boney 
contour of the pre-extraction site could be 
preserved using immediately placed dental 
implants (Paolantonio et al. 2001); however, 
a recent animal study showed similar loss of 
buccal bone height in control and experimen-
tal sites alike (Araujo et al. 2005). Animal and 
human studies both further conclude that the 
immediate placement of implants would not 
retain the pre-extraction horizontal width 
measurements in either grafted or non-grafted 
cases, even though the horizontal defect 
dimension would predictably fi ll with new 
bone when the measurable gap distance was 
2 mm or less (Botticelli et al. 2004; Cornelini 
2000; Covani et al. 2003; Wilson et al. 
1998).

To harness this available clinical and histo-
logical data, several papers have developed 
classifi cation systems for the timing of implant 
placement following tooth extraction. Terms 
such as “immediate,” “recent,” “delayed,” 
“late,” and “mature” have been used in the 
literature in describing these systems (Chen 

et al. 2004; Mayfi eld 1999; Schropp et al. 
2003; Wilson 1992). Wilson’s description 
concerns soft tissue healing and the predicta-
bility of guided bone regeneration. Mayfi eld’s 
classifi cation focuses on intervals expressed as 
time before installation (Mayfi eld 1999). 
Most recently, Chen and colleagues published 
a report classifying implant placement based 
on morphological, dimensional, and histo-
logic changes that occur following tooth loss 
with regard to the term “immediate” (Chen 
et al. 2004). Each classifi cation type from I to 
IV offers advantages and disadvantages to 
treatment timing, with the evaluation of the 
site ultimately critical in the determination of 
treatment modalities (Table 5.1). It was con-
cluded that the presence of local pathology be 
resolved prior to the placement of dental 
implants using the T-1 approach.

The placement of immediate dental implants 
in the presence of a periapical or periodontal 
infection has been contraindicated by many 
authors using both animal and human models. 
Notably, the argument for not placing imme-
diate implants in the presence of a periodon-
tal infection or periapical infection stems 
from human case reports (Grunder et al. 
1999; Lundgren and Nyman 1991; Rosen-
berg et al. 2004; Rosenquist and Grenthe 
1996; Tolman and Keller 1991; Wagenberg 
and Froum 2006; Werbitt and Goldberg 
1992). Interestingly, these studies utilized 
machine-screw implants and e-ptfe mem-
branes, and showed a lower success rate and 
higher incidence of postoperative infections.

Contrary to these reports, others have 
shown with animal studies that experimen-
tally induced periodontal or periapical lesions 
did not affect the ability for implants to pre-
dictably osseointegrate (Marcaccini et al. 
2003; Novaes Jr. and Novaes 1995; Novaes 
Jr. et al. 1998, 2003, 2004; Papalexiou et al. 
2004). Case reports as well as prospective 
randomized controlled studies in humans 
with periapical lesions have shown success 
rates of 92–100%. Siegenthaler et al. (2007) 
consecutively treated 17 patients having peri-
apical lesions using immediately placed rough 
surface implants. GBR using deproteinized 
bovine bone and a resorbable collagen mem-
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Table 5.1. Protocols for implant placement in extraction sockets and their advantages and disadvantages.

Classifi cation Defi nition Advantages Disadvantages

Type I Implant placement 
immediately 
following tooth 
extraction and as 
part of the same 
surgical procedure

Reduced number of 
surgical procedures

Reduced overall 
treatment time

Optimal availability of 
existing bone

Site morphology may complicate 
optimal placement and anchorage

Thin tissue biotype may 
compromise optimal outcome

Potential lack of keratinized mucosa 
for fl ap adaptation

Adjunctive surgical procedures may 
be required

Procedure is technique-sensitive

Type II Complete soft-tissue 
coverage of the 
socket (typically 
4–8 wks)

Increased soft-tissue area 
and volume facilitates 
soft-tissue fl ap 
management

Resolution of local 
pathology can be 
assessed

Site morphology may complicate 
optimal placement and anchorage

Treatment time is increased
Socket walls exhibit varying 

amounts of resorption
Adjunctive surgical procedures may 

be required
Procedure is technique-sensitive

Type III Substantial clinical 
or radiographic 
bone fi ll of the 
socket (typically 
12–16 wks)

Substantial bone fi ll of 
the socket facilitates 
implant placement

Mature soft tissues 
facilitate fl ap 
management

Treatment time is increased
Adjunctive surgical procedures may 

be required
Socket wall exhibit varying amounts 

of resorption

Type IV Healed site (typically 
>16 wks)

Clinically healed ridge
Mature soft tissues 

facilitate fl ap 
management

Treatment time is increased
Adjunctive surgical procedures may 

be required
Large variations are present in 

available bone volume

From Hammerle CH, Chen ST, Wilson TG, et al. 2004 Consensus statements and recommended clinical procedures 
regarding the placement of implants in extraction sockets. Int J Oral Max-illofac Implants 19(Suppl);27; with 
permission.

brane were utilized in treating the apical fen-
estrations and HDD. All implants were loaded 
at 3 months and observed for 12 months with 
a 100% success rate. The authors concluded 
that a critical aspect of the treatment was 
assessing the diameter of the periapical lesion. 
If the lesion exceeded the diameter of the 
planned implant, then there was a need to 
obtain primary stability in an apical direc-
tion. In these situations, the use of CT diag-
nostics may assist the clinician in treatment 
planning for either an immediate or delayed 
placement protocol.

Treatment planning for immediately placed 
dental implants in infected sites should assess 

aesthetic risk factors as described by Morton 
et al. (2008) (Table 5.2).

The following sequence of photographs 
demonstrate the treatment process (Figs. 
5.18–5.30).

Following the extraction and implant 
placement, suture removal is accomplished 
at 10 days with plaque control/home care 
consisting of lightly wiping the area with a 
cotton swab immersed in 0.12% chlorhexi-
dine digluconate. At 12 weeks the healing 
cap can be accessed via a small gingivec-
tomy if necessary to allow fi xed provision-
alization and completion of the restorative 
work.
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Table 5.2. Aesthetic risk factors when treatment planning for immediately placed dental implants in infected sites 
(Morton et al. 2008).

Degree of Risk

Treatment 
Regulator

Risk Factor Low Medium High

Clinician Skill and 
education

Experienced clinician 
with formal 
postgraduate training 
or high levels of 
implant-specifi c 
continuing 
education

Experienced clinician 
with moderate levels 
of implant-specifi c 
continuing education

Inexperienced clinician 
with limited implant-
specifi c continuing 
education

Experience Extensive implant-
specifi c clinical 
experience

Moderate implant-
specifi c clinical 
experience

Limited implant-
specifi c clinical 
experience

Patient Medical risk 
factors

Absence of medical 
risk factors

Medical conditions 
present though 
controlled

Medical conditions 
that retard or 
diminish implant 
integration and 
smoking

Dental risk 
factors

Absence of periodontal 
or occlusal disease, 
high levels of 
hygiene and 
compliance

History of controlled 
periodontal or occlusal 
disease, questionable 
oral hygiene or 
compliance

Active periodontal or 
occlusal disease, 
poor levels of 
hygiene and 
compliance

Anatomic risk 
factors

Type 1 and 2 bone, 
adequate 
interocclusal space, 
favorable opposing 
dentition

Type 3 bone, 
questionable 
interocclusal space, 
less than ideal 
opposing dentition

Type 4 bone, 
inadequate 
interocclusal space, 
unfavorable 
malocclusion

Esthetic risk 
factors

Low esthetic risk based 
on esthetic risk 
profi le

Moderate esthetic risk 
based on esthetic risk 
profi le

High esthetic risk 
based on esthetic 
risk profi le

Surgical 
approach

Documentation 
and 
evidence

Type III and IV implant 
placement when 
implants with a 
micro-roughened 
surface are used

Type II implant 
placement when 
implants with a micro-
roughened surface are 
used

Type I (immediate) 
placement when 
implants with a 
micro-roughened 
surface are used

Diffi culty SAC 
classifi cation

Straighforward Advanced Complex

Summary

Recent evidence-based literature indicates 
that immediately placed implants in extrac-
tion sockets exhibiting either periodontal or 

periapical lesions do not lead to an increased 
rate of complications and can have similar 
success rates as those placed in non-infected 
areas. Of primary concern is the ability to 
achieve primary mechanical stability at the 
time of placement by engaging bone apically 
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Figure 5.18. Clinically, the appearance of a fi stula is 
often present.

Figure 5.19. The appearance of an associated periapi-
cal radiolucency is common.

Figure 5.20. Following administration of local anesthe-
sia, a 15 blade is used to create a simplifi ed papilla 
preservation fl ap as described by Cortellini and Tonetti 
(2001). A full thickness fl ap is elevated along the buccal, 
gaining access to the planned implant site and the associ-
ated periapical pathology.

Figure 5.21. Following thorough degranulation, the 
tooth is extracted.

Figure 5.22. The socket morphology is assessed to 
determine if primary implant stability will be possible.
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Figure 5.23. The implant bed preparation follows 
standard procedures, ensuring that the implant shoulder 
is 2–3 mm apical to the mid-buccal soft tissue height of 
adjacent teeth and the rough-smooth border of the 
implant surface is placed in an infra-osseous location 
relative to the interdental bone.

Figure 5.24. The implant shoulder is 1–2 mm lingual to 
the buccal aspects of the adjacent teeth.

Figure 5.25. Closure of any bone dehiscence/fenestra-
tion defect is accomplished using an autogenous and 
deproteinized bovine bone veneer graft.

Figure 5.26. The bone veneer graft is protected by a 
resorbable collagen membrane that extends beyond the 
borders of the defect and tightly surrounds the neck of 
the implant.
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or along the lateral walls of the extraction 
site. The use of CT radiographs may offer the 
clinician greater insight to treatment planning 
in these cases for immediate versus delayed 
placement.

IMAGE-BASED IMPLANT THERAPY: 
CURRENT STATUS AND 
FUTURE PERSPECTIVES

Homah Zadeh

The objective of successful implant therapy is 
to achieve predictable replacement of teeth 
with enduring implant-supported prostheses, 
mimicking natural dentition in form and 
function. In the initial stages of the clinical 
application of osseointegration in the early 
1980s, the protocol emphasized the surgical 
aspects of implant therapy. The next stage in 
the progression of concepts recognized the 
signifi cance of implant prosthetics for overall 
treatment success. Current concepts refl ect 
more advanced understanding of the biology 
of implant-prosthesis interactions with host 

Figure 5.27. Tension-free fl ap closure with a semi-
submerged covering of the healing cap is benefi cial, 
especially when treating sites with a thick, scalloped 
periodontium. Buccal view.

Figure 5.28. Tension-free fl ap closure with a semi-
submerged covering of the healing cap is benefi cial, 
especially when treating sites with a thick, scalloped 
periodontium. Occlusal view.

Figure 5.29. Final restorative care can be completed 
with the implant fulfi lling the clinical criteria for success. 
Clinical view.

Figure 5.30. Final restorative care can be completed 
with the implant fulfi lling the radiological criteria for 
success. Radiographical view.
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tissues. Presently, concurrent consideration of 
surgical, prosthetic, aesthetic, and biome-
chanical principles is advocated in planning 
implant therapy. This necessitates a carefully 
devised plan, constructed by all members of 
the treatment team including the surgeon, 
restorative dentist, laboratory technician, and 
patient. It is also important to execute the 
plan with a great deal of precision to achieve 
optimal aesthetics and function. Recent 
advances have provided the enabling tools to 
assist with collaborative virtual planning and 
implementation of that plan during surgery 
and prosthetic implant. Innovations in 
imaging, computer software development, 
and rapid prototyping have provided the 
tools for a new approach in implant therapy, 
referred to as “image-based implant therapy.” 
Image-based implant therapy is the utilization 
of data obtained by diagnostic imaging in the 
planning and implementation phases of treat-
ment. There are three components to image-
based therapy: (1) 3-D diagnostic imaging of 
the relevant anatomical region(s); (2) applica-
tion of interactive image manipulation soft-
ware and its associated tools in pre-surgical 
planning; and (3) transfer of the virtual plan 
to the surgical fi eld.

Diagnostic Imaging

In the past, the evaluation of implant sites 
was limited to 2-D imaging, including peri-
apical radiographs, panoramic radiographs, 
and lateral cephalograms. Two-dimensional 
imaging has a number of shortcomings that 
limits its utility in implant site planning. 
Firstly, 2-D imaging superimposes multiple 
anatomical structures, limiting true assess-
ment of implant sites. Secondly, 2-D imaging 
is more useful for evaluation of bone height 
and anterior-posterior dimensions and will 
not provide width measurement. Thirdly, a 
number of studies have demonstrated signifi -
cant distortion of conventional dental radio-
graphic imaging, such as panoramic images. 
Though the manufacturers provide the mag-

nifi cation factor of their units, different values 
have been obtained in research studies for 
horizontal and vertical distortions (Laster et 
al. 2005). Therefore these studies have sug-
gested that panoramic radiographs should be 
used with caution in making absolute meas-
urements. On the other hand, other investiga-
tors have used a large patient base, patients 
who have safely undergone implant surgery 
to argue for the safety of panoramic examina-
tion. Vazquez et al. (2008) have suggested 
that panoramic examinations are an appro-
priate preoperative evaluation procedure for 
routine posterior mandibular implant place-
ment, when a safety margin of at least 2 mm 
above the mandibular canal is respected.

The accuracy of image acquisition by CT 
imaging depends on a number of factors, 
including slice thickness, voxel size, move-
ment, and metallic artifact. Both CT and 
CBCT have been determined to yield sub-
millimeter accuracy for linear measurements 
(Loubele et al. 2008).

In a position paper, the American Academy 
of Oral and Maxillofacial Radiology 
(AAOMR) has recommended that cross-
sectional tomography should be the method 
of choice for most patients receiving implants 
(Tyndall and Brooks 2000).

The guidelines of the European Association 
of Osseointegration have also suggested that 
cross-sectional imaging should be the method 
of choice for most dental implants. It has been 
suggested that 2-D imaging only be used in 
minor and/or established low-risk surgery 
(Harris et al. 2002).

Three-dimensional imaging is now per-
formed by a variety of techniques. In the 
1970s computed tomography was developed 
and was initially referred to as computed 
axial tomography (CAT or CT scan) and 
body section roentgenography. The fi rst CT 
scanner was developed by Sir Godfrey Houns-
fi eld at EMI Central Research Laboratories in 
England and independently by Allan Cormack 
at Tufts University. Hounsfi eld and Cormack 
shared the 1979 Nobel Prize in Medicine. The 
fi rst patient brain-scan was made in England 
in 1972. More recently, CBCT has been devel-
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oped. CBCT utilizes fl at-panel technology to 
provide volumetric imaging.

In order to capture prosthetic landmarks, a 
scanning prosthesis is fabricated and worn by 
the patient during image acquisition. A variety 
of techniques are currently utilized, incorpo-
rating an array of radiopaque material into 
the scanning of the prosthesis in an attempt 
to provide landmarks that will be visible in 
the diagnostic imaging. The utilization of a 
scanning prosthesis will allow the assessment 
of the concordance of anatomical and pros-
thetic landmarks.

Interactive Image Manipulation 
Software

In order to take full advantage of digital diag-
nostic imaging data, a number of interactive 
image manipulation software programs have 
been developed. By virtue of its digital nature, 
3-D imaging allows a number of manipula-
tions to aid with pre-surgical planning. It is 
possible to scan through various views to 
trace the path of the inferior alveolar nerve. 
It is also possible to reconstruct the images 
into 3-D objects and segment various ana-
tomic structures such as teeth, maxilla, man-
dible, scanning prosthesis, and so forth so 
that these objects can be toggled on or off. It 
is also possible to digitally add objects, such 
as implants, abutments, and teeth in order to 
construct a virtual treatment plan. These tools 
are extremely useful in providing a digital 
platform for collaboration among the various 
members of the treatment team. It allows the 
clinician to test a treatment plan in the digital 
phase and anticipate any pitfalls prior to 
surgery.

Bone quality has traditionally been classi-
fi ed by a variety of indices, most prominently 
by Lekholm and Zarb (1985). Though this 
classifi cation system is widely used and has 
been extremely useful clinically, it is relatively 
subjective. A more objective measurement of 
bone density can be obtained by the imaging 
software. Bone density is measured in Houns-

fi eld units (HU). Type 1 bone measures over 
1,250 HU, type 2 measures in the 850–
1,250 HU range; type 3 bone is 350–850 HU; 
and type 4 bone is less than 150 HU. Quan-
titative measurements of bone density in 
planned osteotomy sites have been positively 
correlated with the cutting torque values 
observed during implant placement (Ikumi 
and Tsutsumi 2005). This observation sug-
gests that quantitative measurement of bone 
density may be possible on pre-surgical CT 
data analyzed by image manipulation soft-
ware. These values provide a predictive 
measure of bone quality and initial implant 
stability. Digital bone density measurement 
can aid in site selection, as well as in determi-
nation of the implant loading protocol that 
will best fi t the planned implant’s stability.

Transfer of Virtual Plan to 
the Surgical Field

There are three general methods for transfer 
of a 3-D plan to the patient. These are: (1) 
stereolithographic drill guides; (2) intraopera-
tive navigation; and (3) robotics. The latter 
two technologies are currently utilized in neu-
rosurgery and orthopedic surgery as well as 
in other areas of medical surgery where preci-
sion is of the utmost importance. Intraopera-
tive navigation and robotics are not currently 
widely available for clinical application in 
dental implant surgery. The present discus-
sion will therefore be limited to the ap -
plication of stereolithographic drill guides. 
Stereolithography, also known as rapid pro-
totyping, is the process for construction of 
physical models. It utilizes a laser beam to 
selectively polymerize a light-sensitive resin. 
It also incorporates rigid sleeves that will 
assist in guiding drills into pre-defi ned posi-
tions. There are two basic approaches for 
utilizing stereolithographic drill guides for 
aiding in osteotomy. In the fi rst approach, the 
osteotomy is performed through a series of 
typically three drill guides with increasing 
sleeve diameter. These drill guides control the 
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axial orientation of the osteotomy. In the 
second method (Fig. 5.31a), a singular drill 
guide is used and the osteotomy is performed 
through a series of drill keys (Van Steenberghe 
et al. 2003).

These drill keys (Fig. 5.31b) serve as adap-
tors for drills with a diameter matching the 
internal diameters of the drill keys.

Figures 5.31a–c. The application of a stereolithographic 
guide in implant surgery. Stereolithographic guide (a) is 
used to control implant positioning. Drill adaptors (b) are 
used along with corresponding drills with depth stops 
(c) to control the depth of placement.

a

b

c
e

d

Figures 5.31d and e. Tooth-supported stereolitho-
graphic drill guide.

The drill guides control the axial orienta-
tion of osteotomy as well as the depth of 
insertion. The osteotomy depth is controlled 
by utilizing stops in the drill shanks to limit 
the entrance of the drill at a pre-determined 
position inside the key depth (Fig. 5.31c).

There are three forms of support for stere-
olithographic drill guides: (1) tooth-supported 
(Figs. 5.31d, 5.31e); (2) bone-supported (Figs. 
5.31f, 5.31g); and (3) mucosa-supported 
(Figs. 5.31h, 5.31i).

Tooth-supported and mucosa-supported 
guides both provide an opportunity for fl ap-
less surgery. These will be indicated when an 
adequate volume of bone is available (Figs. 
5.31j–5.31l).

Bone-supported guides allow implant place-
ment in conjunction with other osseous 
manipulations. For example, in situations 
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f

g

Figures 5.31f and g. Bone-supported stereolithographic 
drill guide.

where a narrow crestal bone is present, it will 
be desirable to perform alveoplasty in the 
crestal area to provide for a wider crestal 
ridge. In addition, bone augmentation may be 
required in conjunction with implant place-
ment, which is only possible if a surgical fl ap 
is refl ected.

The Accuracy of Implant Placement 
Using Image-Based Approaches

The precision of implant positioning is an 
important predictor of implant outcome. It is 

therefore prudent to embrace technologies 
that assist in improving precision. The preci-
sion of implant placement is a potential pre-
dictor of treatment outcome for a number of 
reasons. Firstly, the position of the implant 
can determine the volume of bone and soft 
tissue around the implant. Malpositioning 
can potentially lead to bone dehiscence and 
soft tissue recession. Secondly, correct posi-
tioning of implants is important in order to 
avoid impingement on adjacent anatomic 
structures such as the inferior alveolar nerve, 
the maxillary sinus, or neighboring teeth. 
Thirdly, correct positioning of implants is 
required for concordance of the anatomic 

h

i

Figures 5.31h and i. Mucosa-supported stereolitho-
graphic drill guide.
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Figures 5.31 j–l. In the application of the stereolitho-
graphic guide, the guide is fi rst tested on the stereolitho-
graphic model of the jaw (j) to ensure appropriateness of 
the plan. Next, the guide is positioned in vivo (k), depend-
ing on the form of support for the guide. During this 
phase, care must be taken to apply external irrigation to 
ensure adequate irrigation. Following completion of oste-
otomy, the implant is also placed through the guide (l).

j

k

l

106

position of the implant with the desired pros-
thetic position. Lastly, to ensure favorable 
biomechanical performance, implant position 
determines the direction of forces.

The accuracy of transfer of the preopera-
tive plan from the 3-D images to the surgical 
fi eld by stereolithographic drill guides has 
been addressed in a number of in vitro, ex 
vivo, and in vivo studies. In an in vitro study, 
Sarment et al. (2003a, 2003b) compared the 
traditional surgical guide with the stereolitho-
graphic drill guide. The mean discrepancy 
between the planned implant position and the 
actual osteotomy was 1.5 mm at the entrance 
and 2.1 mm at the apex when traditional sur-
gical guides were used. The same measure-
ments were signifi cantly reduced to 0.9 mm 
and 1.0 mm when stereolithographic guides 
were used.

Ex vivo and in vivo studies using CT as 
well as CBCT and stereolithographic drill 
guides have validated improved accuracy of 
this method over conventional surgical 
templates.

Adjunctive Applications of 
Stereolithography

Stereolithography provides an accurate three-
dimensionally printed rigid appliance with a 
variety of adjunctive applications in addition 
to implant placement. Guides may be fabri-
cated for assistance with the removal of bone 
fi xation screws. Bone reduction templates 
may be fabricated for assistance with alveolo-
plasty. Surgical templates may be fabricated 

WWW.HIGHDENT.IR 
همیار دندانسازان و دندانپزشکان



Chapter 5 Surgery Phase Planning  107

for aiding in precise positioning of a lateral 
window over the maxillary sinus. Engelke 
and Capobianco (2005) have reported on the 
endoscopic subantroscopic laterobasal sinus 
fl oor augmentation (SALSA) technique in the 
atrophic maxilla. As a refi nement of the 
SALSA technique, these investigators have 
utilized stereolithographic templates to aid in 
fl apless subantral augmentation and implant 
placement.

Clinical Applications of Image-Based 
Implant Therapy

Clinical Case 1

The patient illustrated in Figure 5.32a was a 
27-year-old female who presented with peri-
odontitis with severe bone loss in the maxil-
lary incisors.

a b

c d

Figures 5.32a–d. This patient presented with severe bone loss due to aggressive periodontitis in the maxillary incisors 
(a). Following extraction of the incisors and initial soft-tissue healing, an incision was made through the frenum and a 
tunnel was elevated to expose the maxillary anterior region (b). Bone augmentation surgery was performed utilizing 
autogenous bone blocks (c) in conjunction with a mixture of autogenous particulate bone mixed with bovine anorganic 
bone, covered with a collagen membrane (not shown), and sutured (d).

Following extraction of the incisors and 
some initial soft tissue healing, a tunneling 
access was elevated utilizing an incision 
through the frenum to expose the maxillary 
anterior area (Fig. 5.32b).

The rationale for this novel incision and 
tunnel approach was to preserve the vascular-
ity of the overlying mucosa and to prevent 
wound dehiscence during healing. Bone aug-
mentation surgery was performed utilizing 
autogenous bone blocks (Fig. 5.32c) in con-
junction with a mixture of autogenous par-
ticulate bone mixed with bovine anorganic 
bone, covered with a collagen membrane, and 
sutured (Fig. 5.32d).

Following a 6-month healing period, a 
CT scan was taken (Fig. 5.32e) illustrating 
signifi cant volume of bone augmentation. 
Virtual teeth were added digitally and 
implant positions and virtual abutments 
were planned, taking into account their 
optimal position relative to both the 
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Figures 5.32e and f. Following a 6-month healing period, a CT scan was taken (e), illustrating signifi cant volume of 
bone augmentation. Virtual teeth were added digitally and implant positions were planned (f).

Figures 5.32g–j. A tooth-supported stereolithographic guide was fabricated to guide the implant osteotomies (g), as 
well as to guide the driver to the head of the fi xation screws (h) in order that they could be removed with minimal 
incision over the screw heads (i). Radiograph of two implants placed in the position of lateral incisors (j).
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alveolar ridge as well as the planned pros-
thesis (Fig. 5.32f).

A tooth-supported stereolithographic guide 
was fabricated to guide the osteotomy for 
placement of the implants (Fig. 5.32g). In 
addition, a stereolithographic guide was 
devised with sleeves to guide the driver to the 
head of the fi xation screws (Fig. 5.32h) in 
order that they could be removed with 
minimal incision over the screw heads 
(Fig. 5.32i).

To devise a guide that can aid in screw 
removal, in the planning software virtual 
implants with the same dimensions as the 
fi xation screws were positioned superimposed 
over the fi xation screws. Guide sleeves with 
the same diameter as the driver were requested 
from the stereolithographic guide manufac-
turer (Materialise, Glenbernie, Maryland). 
Two implants (Astratech, Molndal, Sweden) 
in the precise position planned were placed 
(Fig. 5.32j). Following a 6-week healing 
period, custom zirconium abutments and pro-
visional restoration were fabricated and deliv-
ered (Fig. 5.32k). A fi nal metaloceramic 
restoration was fabricated and cemented 
(Fig. 5.32l).

Clinical Case 2

The patient illustrated in Figure 5.33a was a 
65-year-old female who has worn a remova-
ble prosthesis for the past 30 years. A pre-
surgical 3-D image by CBCT was performed, 
which revealed severe atrophy of the poste-

k l

Figures 5.32k and l. Provisional restoration following a 6-week healing (k). Final metal ceramic restoration was fab-
ricated and cemented (l).

a

b

c

Figures 5.33a–c. This patient presented with a 30-year 
history of wearing a removable prosthesis. Pre-surgical 
three-dimensional CBCT image demonstrated severe 
atrophy of the posterior maxilla with pneumatization of 
the maxillary sinus (a). Panoramic (b) and cross-sectional 
(c) reconstruction of a CBCT scan taken 9 months post–
sinus augmentation surgery.

rior maxilla with pneumatization of the max-
illary sinus (Fig. 5.33a).

Sinus augmentation surgery was performed 
with anorganic bovine bone graft. After a 9-
month healing period, a follow-up 3-D CBCT 
image was taken, which revealed adequate 
volume of bone in the planned sites (Figs. 
5.33b, 5.33c).
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Figures 5.33d–f. A mucoperiosteal fl ap was elevated (d) and a bone-supported stereolithographic guide was placed 
on the alveolar ridge (e). The implants were placed, using the guide (f).

ed

f

A mucoperiosteal fl ap was elevated (Fig. 
5.33d) and a bone-supported stereolitho-
graphic guide was placed on the alveolar 
ridge (Fig. 5.33e).

The implants were placed, using the guide 
(Fig. 5.33f). Guided bone regeneration was 
performed utilizing tenting screws (Fig. 
5.33g), bovine anorganic bone (Fig. 5.33h), 
and collagen membrane (not shown).

The purpose of this augmentation was to 
support the soft tissues horizontally, espe-
cially in the area of the fi rst premolar 
pontics. This allowed correction of the 
preoperative horizontal atrophy (Fig. 5.33i) 
by fabrication of a fi nal metaloceramic 
restoration that restored ridge form 
(Fig. 5.33j).
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Figures 5.33g–j. Guided bone regeneration was performed utilizing tenting screws (g), bovine anorganic bone (h), 
and collagen membrane (not shown). Preoperative clinical photograph demonstrating horizontal atrophy of the poste-
rior maxilla (i). Final metal ceramic restoration illustrating the restoration of posterior maxilla arch form (j).

Limitations of Image-Based 
Implant Therapy

Despite advancements there are a number of 
limitations for image-based implant surgery. 
Three-dimensional imaging necessitates radi-
ographic modalities that require increased 
radiation dosage. The advent of CBCT has 
provided a 3-D modality with signifi cantly 
reduced radiation dosage. Another limitation 
of current imaging technologies is the lack 
of an ability to image soft tissue volumes. 
Metal scatter artifacts also remain a problem 
(Sukovic 2003).

Stereolithographic guides have the limita-
tion that they lack prosthetic landmarks. It is 
therefore critical to utilize a scanning prosthe-
sis in order to acquire prosthetic landmarks. 
These landmarks will then be considered in 
constructing the virtual plan. However, the 
surgeon cannot modify the osteotomy during 
surgery.

There is limited documentation of the safety 
and effi cacy of implant surgery performed 
with stereolithographic guides. Stereolitho-
graphic guides for applications using rigid 
support (tooth and bone-supported) have 
been well investigated. Mucosa-supported 
guides have a more limited documentation.

g h

i j
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HORIZONTAL AND VERTICAL 
BONE REGENERATION IN THE 
MAXILLA AND MANDIBLE

Burton Langer

At the time of the original 1982 Osseointegra-
tion Conference in Toronto, the major empha-
sis of implant therapy was on rescuing 
edentulous patients who could not wear full 
denture prostheses with any degree of comfort. 
While most cases of mandibular edentulism 
could be treated without bone grafting, many 
maxillary patients required autologous grafts 
harvested from remote sites. Partial edentu-
lism and anterior cosmetics were not a 
priority.

As the indications for implant therapy 
evolved, more people became interested in 
replacing removable partial dentures or 
missing or diseased anterior teeth. The use of 
implants to treat cases of partial edentulism 
and single-tooth replacement became more 
commonplace. As this occurred, augmenting 
bone became one of the most sought-after 
goals.

The late 1980s saw the development of 
many procedures for improving the height of 

the bone inferior to the maxillary sinus. Some 
were aggressive and required major autolo-
gous grafts taken from remote sites. Since 
patients were reluctant to accept these regimes, 
and the results were not always predictable, 
more conservative techniques also were 
developed.

The most conservative of these was men-
tioned by Professor P I Brånemark in his text 
on osseointegration (Brånemark et al. 1985). 
In it he described a technique for lifting the 
sinus membrane superiorly in order to increase 
the height of bone (Fig. 6.1).

However, many clinicians did not succeed 
with this approach unless they added bone or 
a synthetic material into the osteotomy site 
(Davarpanah et al. 2001; Summers 1994a, 
1994b) to induce bone formation at the most 
apical portion. The use of allografts, xeno-
grafts, and alloplasts has all yielded impressive 
results. Another approach is to elevate the 
apical bone in the osteotomy site and the sinus 
membrane as a unit (Fig. 6.2). This gives the 
tissue an inductor from which to form new 
bone at the apex of the implant site.

With the development of the lateral window 
approach to sinus elevation (Boyne and James 
1980; Tatum 1986), clinicians fi lled the sinus 
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cavity not only with autogenous bone grafts 
but also with other bone-grafting materials 

(Langer and Langer 1999; Wallace and Froum 
2003) (Figs. 6.3a, 6.3b).

Most were not bone inducers but rather 
acted as scaffolds on and through which new 
bone could grow. These techniques also 
yielded results that in some cases were as 
favorable as those obtained when using 
autogenous bone (Figs. 6.4a–6.4c).

These procedures made it possible to replace 
missing maxillary posterior teeth in almost all 
cases, regardless of how little bone was 
present at the outset of treatment.

As these techniques evolved, implant mac-
rotopography and surface morphology also 
underwent changes (Buser et al. 1991; Wen-
nerberg et al. 1995). Since it was postulated 
that the augmented bone was of lesser quality 
than the native osseous structures, it was felt 
that a rougher surface on the implants would 
allow for denser apposition of the newly 
grafted bone. Over the years, most implant 
manufacturers gravitated to this concept, and 
dental professionals embraced it. Implants 
also generally became more tapered in order 
to achieve better stabilization in the denser 
alveolar crest of cortical bone. The use of 

Figure 6.1. Internal sinus elevation. Schneiderian mem-
brane elevated to allow bone to grow over the apical area 
of the implant.

Figure 6.2. Internal bone core sinus elevation per-
formed in such a manner as to retain the apical bone 
attached to the Schneiderian membrane to assist in bone-
forming capacity over the apical end of the implant.

Figure 6.3a. Preoperative radiograph showing an insuf-
fi cient amount of bone to place an implant.

Figure 6.3b. Postoperative radiograph with implant in 
place after the internal bone core sinus elevation showing 
an increase in the amount of bone at the apex of the 
implant.
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membranes over the lateral sinus window was 
also introduced to enhance the formation of 
viable bone in the grafted site (Froum et al. 
1998; Tarnow et al. 2000). This approach 
gained popularity with some clinicians, but 
others reported comparably successful results 
without using membranes.

At approximately the same time, the 
concept of extracting teeth and placing 
implants simultaneously was introduced 
(Becker and Becker 1990; Gelb 1993; Lazzara 
1989). This shortened by many months the 
waiting time between extraction and optimal 
dental aesthetics and function. It also intro-
duced many innovative techniques for rejuve-
nating, at the time of implant placement, 
bone that had been lost as a result of perio-
dontal disease or reoccurring apical pathol-
ogy (Figs. 6.5a–6.5e).

Many different types of bone grafting mate-
rials were used—autografts, allografts, allo-
plasts, and xenografts, alone or in combination. 
These were further combined in some cases 
with various types of occlusive membranes. 
Initially, the membranes were non-resorbable, 
but resorbable versions soon proved suitable 
for some indications. Some clinicians advo-
cated guided bone regeneration as the only 
viable way to accomplish extraction followed 
immediately by implant placement. Yet others 
showed comparable results by placing bone 
grafts around the implants without the 
membrane.

Assisting in the quest to build bone both 
horizontally and vertically was the use of sub-
epithelial connective-tissue grafts used over 
the bone-graft material in an attempt to 
restore the normal architecture over the newly 
placed implant (Langer and Calagna 1980, 
1982) (Figs. 6.6a–6.6d).

Often large 3-D defi ciencies could be reju-
venated so that the implant matched the aes-
thetic profi le of the adjacent teeth. This 
approach was particularly suitable when the 
surrounding bone could support the implant 
and bone graft, as when the buccal plate of 
bone was resorbed but the surrounding prox-
imal and lingual or palatal bone were still 
intact.

Figure 6.4a. Diagram showing the technique of the 
lateral window sinus elevation.

Figure 6.4b. Preoperative radiograph showing less than 
2 mm of bone between the crest of the alveolar ridge and 
the maxillary sinus.

Figure 6.4c. Postoperative radiograph showing three 
10 mm implants in place after the lateral window sinus 
elevation and demineralized bone allograft procedure.
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Figure 6.5c. Implants have been placed into the extrac-
tion sites.

Figure 6.5d. Demineralized bone allograft has been 
placed over the implants to cover the defi cient buccal 
plates of bone.

Figure 6.5e. Re-entry showing the horizontal regener-
ated buccal bone.

Figure 6.5a. Preoperative radiograph showing two frac-
tured premolars.

Figure 6.5b. Clinical photograph showing the extrac-
tion sites in which the buccal plates of bone of both 
premolars have been lost.
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tions was that clinicians were able to place 
implants in the most compromised locations 
imaginable. With the advent of new bone 
additives such as growth factors, this capabil-
ity will certainly improve. The same technique 
is often useful in horizontal augmentation.

The development of the split-ridge tech-
nique (Simion et al. 1992) has also enabled 
clinicians to widen thin areas of bone without 
having to harvest bone from remote sites. In 
most cases, grafting material is inserted into 
the spaces created by the separation of the 
buccal and lingual bone plates. Often implants 

Figure 6.6a. Clinical photograph showing two implants 
with loss of three-quarters of the surrounding bone.

Figure 6.6b. Two miniscrews are placed to act as 
tenting screws for a bone graft and titanium membrane 
placement.

Figure 6.6c. Bone graft and membrane uncovered.

Figure 6.6d. Bone regenerated horizontally at the 6-
month re-entry.

When the amount of bone loss resulting 
from infection, trauma, or previous implant 
failure was so signifi cant that bone grafts 
could not be contained, it became necessary 
to use accessory tenting screws and titanium 
membranes to hold the graft material in the 
desired position (Buser et al. 1990; Schenk 
et al. 1994; Simion et al. 1998) (Figs. 
6.7a–6.7e).

Some authors used the implants to hold the 
bone grafts and placed titanium membranes 
over the implants to augment the bone in a 
vertical direction. The result of these innova-
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Figure 6.7a. Preoperative CT scan in cross-sectional 
view showing a narrow bucco-lingual alveolar ridge. 
Insuffi cient width to place implants.

Figure 6.7b. Clinical photograph showing the osteot-
omy at the crest of the ridge, lateral, and apical borders 
of the intended ridge expansion.

Figure 6.7c. Bone spread apart to allow the placement 
of bone.

Figure 6.7d. Bone allograft inserted into the trough 
created when the buccal and lingual plates of bone have 
been displaced.

Figure 6.7e. Re-entry into the area and note the increase 
in width so that 4 mm wide implants could be installed.
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Figure 6.8a. Radiograph showing the bone resorption 
around a blade implant.

Figure 6.8b. Clinical photograph showing the wide 
resorption of bone after the blade implant was removed. 
The extent of the bone loss is encroaching upon the 
mandibular canal.

Figure 6.8c. Minipins inserted into the bone defect and 
extending occlusally to act as a support for a bone allo-
graft and titanium membrane placement.

Figure 6.8d. Bone graft placed and covered with a tita-
nium membrane.

Figure 6.8e. Re-entry showing vertical bone growth 
almost to the top of the miniscrews.

can be inserted into the center of the displaced 
plates of bone, eliminating the need for an 
additional surgical visit (Figs. 6.8a–6.8e).

Onlay and veneer grafts harvested from 
remote sites (Bell 1980) are still needed in 
some situations. This is especially true when 
there is insuffi cient bone in the premaxilla to 
anchor implants.

The fi nal development to enhance vertical 
bone growth was the introduction of distrac-
tion osteogenesis (Chin 1998) and the down 
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Figure 6.9a. Clinical photograph showing severe reces-
sion and bone loss around anterior teeth resulting in a 
cosmetic problem.

Figure 6.9b. Radiograph showing advanced bone loss 
around central and lateral incisors.

Figure 6.9c. After both lateral and central incisor extrac-
tions, the bone inferior to the nasal spine is distracted in 
one visit and stabilized in that position. The void that was 
created by bringing the bone inferiorly was fi lled with an 
allograft.

Figure 6.9d. After 3 months of stabilization, the stabiliz-
ing implants were removed and three 15 mm implants 
were installed.

Figure 6.9e. Final photograph showing a signifi cant 
decrease in the vertical length of the anterior incisors.

fracture (Bell 1975; Blomqvist et al. 1997; 
Cawood et al. 1994) (Figs. 6.9a–6.9e).

This approach relies on the ability of the 
body and its circulation to regenerate bone 
that has been moved away from its original 
position and been brought down in the 
maxilla or occlusally in the mandible.

While these innovations have revolution-
ized ossseointegration, many of the original 
doctrines set forth by the pioneers of the fi eld 
still serve as the basic framework of implant 
therapy.
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PRE-IMPLANT SURGICAL 
INTERVENTIONS TISSUE-
ENGINEERING SOLUTIONS

E. Todd Scheyer

Surgical methods for the reconstruction of 
hard- and soft-tissue defects that are predict-
able, yet without the morbidity associated 
with the autogenous donor site, are a valuable 
tool in reconstructive periodontal and implant 
procedures. Patient preference for procedures 
that bypass the need for a donor site has 
impelled surgeons to search for predictable, 
effi cient strategies that use engineered tissue, 
growth factors, and biomimetic therapies. 
Tissue engineering has been applied to many 
areas of medicine. Tissue-engineered skin 
products have been used in wound healing 
centers for treating burns, venus statis, pres-
sure, and diabetic ulcers and because of this, 
applications have come into dentistry to see 
if the same technology can be utilized to treat 
oral defi ciencies and pathology.

The collection of evidence in the literature 
for guided tissue regeneration is vast and 
growing, while the success of dental implants 
has intensifi ed the need for predictable tissue 
regenerative procedures. For years dental sur-
geons have been using, with high levels of 
predictability, resorbable and non-resorbable 
barrier membranes with techniques that are a 
form of passive tissue engineering around 
teeth and dental implant dehiscence and fen-
estrations (Dahlin et al. 1995; McGuire and 
Scheyer 2008b; Mellonig and Nevins 1995). 
By employing active tissue engineering new 
levels of predictability and success can be 
reached to resolve hard- and soft-tissue 
defects. With the addition of growth factors, 
extracellular matrices, and/or live cell thera-
pies to procedures already using barrier mem-
branes or bone replacement grafts, we can 
make our treatment more predictable in the 
most challenging situations.

Before proceeding, it is necessary to differ-
entiate between small and large volume defect 
classifi cations of periodontal versus alveolar 
ridge defi ciencies. Small volume defects are 

the intrabony and furcation periodontal 
defects along with gingival recession defects. 
This is a simplifi cation of very complex wound 
healing categories, but should help translate 
the benefi ts of using tissue-engineering proce-
dures in all oral defect reconstructive thera-
pies. It is in the small volume defects in which 
periodontal regeneration has occurred, and 
the periodontal literature documenting this 
clinical regeneration has become the founda-
tion for our clinical decision-making tree 
(Scheyer et al. 2002). True periodontal regen-
eration with histological evidence of new 
cementum, periodontal ligament, and alveo-
lar bone has been shown in the human model 
(Camelo et al. 2003; Nevins et al. 2003; 
Yukna and Mellonig 2000). The large volume 
defects are considered the alveolar ridge and 
maxillary sinus defects needing reconstruc-
tion for implant restorations.

The ability to reconstruct these tissues in 
an area that was previously infected with 
periodontal disease serves as the ultimate 
regenerative test. Human recombinant PDGF 
BB plus beta tricalcium phosphate was shown 
to accelerate clinical attachment level gains 
and signifi cantly increase bone growth in 
severe periodontal defects (Nevins et al. 
2005). Materials such as rhPDGF and enamel 
matrix derivative have met the proof of prin-
ciple that true regeneration can be obtained 
when used adjacent to a previously diseased 
root surface (Camelo et al. 2003; Nevins 
et al. 2003; Yukna and Mellonig 2000). Fur-
thermore, new histologic evidence from a 
current study shows proof of principle that 
true regeneration can be achieved with 
rhPDGF + β-TCP + collagen in gingival reces-
sion-type defects (McGuire and Scheyer 
2008a) (Fig. 6.11). Because these materials 
have been through such comprehensive evalu-
ation in periodontics, we begin to see the 
advantages of using biosurgical techniques in 
both periodontics and implant dentistry. 
When evaluating the more challenging aes-
thetic concerns such as open interproximal 
spaces and other severe soft-tissue defi ciencies 
in implant dentistry, there exist no augmenta-
tion techniques that can predictably correct 
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these defects. With the application of cell-
based therapies, there may be opportunities 
to repair challenging defects that in the past 
have remained unpredictable to treat with 
only clinical reports as published evidence for 
success. In summary, it is small volume defects 
that have allowed us to support clinical deci-
sions for material selection when a challeng-
ing defect presents to our clinical practice. We 
then are encouraged to graft the large alveolar 
ridge and maxillary sinus defi ciencies with 
materials that have strong evidence for success 
in the acid test models of periodontal hard- 
and soft-tissue regeneration.

Based on the fi ndings in the periodontal 
defect model, McGuire and Scheyer (2006) 
have used rhPDGF + β-TCP with a collagen 
membrane to treat recession defects in the 
oral cavity (Fig. 6.10).

This was compared to a subepithelial con-
nective tissue graft within a case series 
(McGuire and Scheyer 2006) and more 
recently in a controlled clinical trial showing 
comparable root coverage outcomes between 
test and control (McGuire and Scheyer 2008a, 
2008c) (Fig. 6.10). This study also provided 
histological evidence of true periodontal 
regeneration (Fig. 6.11).

As the evidence for this growth factor con-
tinues to appear in the dental literature, we 
began to combine this potent growth factor 
with composite bone grafts in the maxillary 
sinus. Human histology shows favorable for-
mation of new bone surrounding grafted par-
ticles during the early healing point of 4 
months (Fig. 6.12). This sample was taken 
from a pneumatized sinus, grafted with 
rhPDGF + bovine bone + mineralized freeze-
dried bone allograft.

Recombinant human bone morphogenic 
protein (rhBMP) also has signifi cant research 
supporting its use for large maxillary sinus 
defi ciencies, extraction defects, and peri-
implant defi ciencies in human and animal 
studies (Boyne et al. 1997; Cochran et al. 
1999; Hanisch et al. 1997; Howell et al. 
1997; Jovanovic et al. 2007; Nevins 
et al. 1996; Sigurdsson et al. 1997; Wikesjö 
et al. 2001, 2004). This strong recombinant 
growth factor holds hope for signifi cant 

regenerative success in clinical practice. Boyne 
et al. (2005) evaluated recombinant bone 
morphogenic protein with a collagen carrier 
in the maxillary sinus, which showed favora-
ble de novo bone formation. Others have 
published on the power of this growth factor, 
which is one of the most exciting now avail-
able for implant reconstructive therapy (Boyne 
2001; Fiorellini et al. 2005).

Figure 6.10. a. Before view of test tooth displaying 
advanced gingival recession. b. Six-month postoperative 
view of test tooth treated with rhPDGF + β-TCP + colla-
gen membrane (Figs. 6.10a and 6.10b from McGuire and 
Scheyer 2008c).
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In the future, studies need to validate these 
growth factors’ use in complex extraction 
defects and alveolar ridge defi ciencies. It will 

be valuable to evaluate optimal matrices to 
carry and maintain these growth factors in 
the wound for the appropriate time period 
and in effi cacious concentrations through 
additional wound kinetic studies. We realize 
that during clinical regenerative therapies 
various factors must be considered to main-
tain adequate blood supply and provide 
appropriate scaffolding for new tissue forma-
tion (Cochran and Wozney 1999). When uti-
lizing these recombinant growth factors one 
must understand that it is not only the pres-
ence of the growth factor in the initial wound, 
but that this growth factor remains at the 
correct concentration and volume—and then 
must communicate properly with host cells 
for the appropriate amount of time and work 
with the host feedback mechanisms to alter 
activity during the different stages of wound 
healing. Human recombinant growth factors 
have a valuable and promising future for 
reconstructive therapy in both periodontics 
and implant dentistry by infl uencing the early 
stages of wound healing.

Another line of research in soft-tissue engi-
neering has been the implantation of live 
cell-based skin substitutes or the in vitro 
construction of a transplantable vital tissue. 
Historically, one of the fi rst bioengineered 
skin substitutes consists of autologous 
expanded fi broblast grown from small biop-
sies (Isolagen Technologies, Exton, Pennsyl-
vania). One of the fi rst dental studies 
conducted evaluated autologous fi broblast 
transplantation in an attempt to expand inter-
dental gingival soft-tissue volumes. In this 
study, both the investigators’ and patients’ 
VAS scores showed statistically signifi cant 
improvements with the injection of autolo-
gous fi broblasts when compared to placebo. 
Prior to the injection of these expanded 
fi broblasts, a “priming” procedure was per-
formed in the papillary region to create an 
infl ammatory response. The theory was to 
develop temporary increased tissue volume, 
thus enabling the injection of the concen-
trated cell suspension. The cells were deliv-
ered 5–7 days after the priming procedure 
and then again at two other time points after 
the fi rst injection. The subjects were assessed 

A

B

C

C

D

Figure 6.11. Histology from root coverage graft per-
formed with rhPDGF + β-TCP + collagen membrane. a. 
Tooth root with histological reference notch. b. New 
cementum. c. Periodontal ligament. d. New bone (from 
McGuire and Scheyer 2008a).

A

A

B

C

Figure 6.12. Histology of bone core from maxillary 
sinus grafted with rhPDGF + Bio Oss + FDBA taken at 
4.5 months. a. Graft particle. b. Vital new bone. c. Fatty 
and hematopoietic marrow.
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at 2, 3, and 4 months after the injections and 
these preliminary results indicate a novel 
tissue-engineering technique may hold promise 
in resolving the open interproximal space 
(McGuire and Scheyer 2007) (Fig. 6.13).

Further research is under way to evaluate 
this as a predictable modality of therapy. His-
torically, there have been other studies con-
ducted at our research center evaluating 
fi broblasts dermal substitute to treat gingival 
recession defects where no attached gingiva 
was present. Although this material is not 

available today, it holds promise in develop-
ing new attached gingiva when compared to 
the free autogenous graft (McGuire and Nunn 
2003). Lastly, a current study conducted by 
McGuire et al. (2008) was to evaluate the 
safety and effi cacy of a bi-layered cell therapy 
(BCT) (Organogenesis, Inc., Canton, Massa-
chusetts). BCT was compared to a free gingi-
val graft in generating attached gingiva around 
teeth not requiring root coverage (McGuire 
et al. 2008). To date preliminary periodontal 
results appear encouraging and based on 
these fi ndings a large multicenter trial is under 
way to determine the clinical effi cacy for this 
live cell technology. These therapies will need 
to be validated with human histology and 
other well-controlled clinical trials.

When translating the effi cacy of these engi-
neered soft-tissue materials to implant den-
tistry we must not just consider defi ciencies 
that need to be corrected prior to implant 
replacement but also existing failures from 
previous therapy that are sometimes the most 
challenging defects to correct. It is the author’s 
thought that new technologies will allow us 
to more predictably restore lost tissues around 
teeth and integrated dental implants that have 
suffered tissue losses from pathology and/or 
treatment failure. Further investigation with 
recombinant growth factors, extracellular 
matrices, and live cell therapy needs to be 
conducted to support these methods for eve-
ryday clinical practice. Because of the limited 
blood supply in the most challenging surgical 
defects we cannot rely on just the “old” rules 
for regeneration, but must consider utilizing 
factors and matrix materials capable of induc-
ing blood fl ow into and around the defect. 
Tissue engineering and biosurgery will bring 
us to new levels of clinical success for perio-
dontics and implant dentistry by providing an 
active component to our methods.

Implanting live cells is a new dimension of 
treatment with the idea that live cells will 
communicate with native cells, optimizing the 
infl ux of metabolically active molecules at the 
appropriate time and in the quantity required 
by that wound. The fi eld of hard- and 
soft-tissue engineering is advancing rapidly. 

a.

b.

Figure 6.13. a. Preoperative view of open interproximal 
space. b. Four months after three injections into the 
papilla with the patient’s own expanded and concen-
trated fi broblast. Note the improved papillary form (Figs. 
6.13a and 6.13b from McGuire and Scheyer 2007. 
Reprinted with permission from the American Academy 
of Periodontology). 
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Commercial products are available contain-
ing enamel matrix derivatives (Emdogain, 
Straumann, Basel, Switzerland), rhPDGF 
+ β-TCP (Gem21s-Osteohealth, Shirley, 
New York), and rhBMP, (Infuse-Medtronic, 
Memphis, Tennessee). It will not be long 
before live cell technologies are available to 
practicing dentists, technologies that not only 
deliver growth factors but provide a template 
for cell migration, adhesion, proliferation, 
and differentiation, thus optimizing the regen-
erative response. During the next decade we 
will be able to rewrite some of the rules of 
regeneration, providing our patients with 
improved techniques with less morbidity, 
shorter treatment times, and optimal 
predictability.

For this clinician, it has been the extensive 
evidence for regeneration in the small volume 
periodontal defects that has infl uenced the use 
of biologically active molecules for implant-
related therapies. As we continue our quest 
for the ultimate regenerative outcome in both 
periodontics and implant dentistry, there is no 
doubt that tissue engineering will play a 
greater role in our future, providing tomor-
row’s clinician with bio-active materials that 
strongly infl uence the treatment outcome for 
the patient.

GUIDED BONE REGENERATION 
WITH OR WITHOUT BONE 
GRAFTS: FROM EXPERIMENTAL 
STUDIES TO CLINICAL 
APPLICATION

Nikolaos Donos

Introduction

Loss of teeth and denture wearing result in a 
continuous resorption of the residual alveolar 
ridges that is described as a chronic, gradual, 
irreversible, and cumulative phenomenon 
proceeding slowly over a period of time 
(Atwood 1962; Carlsson and Persson 1967; 
Tallgren 1967). Nowadays, the use of tita-

nium dental implants is considered a success-
ful and predictable treatment of partial and 
full edentulism (Adell et al. 1981; Albrektsson 
et al. 1986). However, a prerequisite for 
the successful placement of implants in the 
ideal, prosthodontically driven position is a 
minimum amount of bone width and height 
of the recipient site that will provide a func-
tional and cosmetic implant-borne restora-
tion for the patient.

Very often in the everyday clinical practice, 
it is not possible to place the dental implants 
in a manner that will avoid the creation of 
fenestration or dehiscence defects.

Furthermore, the presence of thin alveolar 
ridges creates the need for further surgical 
procedures prior to implant placement.

Lateral bone/ridge augmentation proce-
dures are necessary when the width of the 
recipient alveolar ridge does not present with 
the adequate dimensions for implant place-
ment that ultimately will provide the mastica-
tory rehabilitation of the patient. A number 
of surgical procedures have been used for cre-
ating adequate bone width and can be per-
formed either in combination with (1) the 
implant placement (one-stage/simultaneous 
approach)—this would be usually associated 
with dehiscence or fenestration bone defects; 
or (2) prior to the surgical placement of the 
implants and following a period for healing 
(two-stage/staged approach) for thin alveolar 
ridges. One of the most commonly used pro-
cedures for bone regeneration and lateral 
ridge augmentation is guided bone regenera-
tion (GBR) alone or in combination with 
grafting procedures.

Development of the 
GTR/GBR Principle

A series of experimental studies on the regen-
erative potential of the tissues comprising the 
periodontium provided the basis for the 
development of the regenerative treatment 
modality known as guided tissue regeneration 
(GTR) (for review, see Karring et al. 1993). 
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In these experiments it was demonstrated that 
the exclusion of epithelial and connective 
tissue cells from the healing process of a peri-
odontal defect may offer the periodontal liga-
ment cells the required space and time to 
repopulate the root surface and produce a 
layer of new cementum with inserting colla-
gen fi bers (Karring et al. 1993).

The application of the GTR principle in the 
clinic involves the placement of a membrane 
adjacent to the root surface, creating a 
secluded space that can only be repopulated 
by cells originating from the periodontal liga-
ment or the alveolar bone. At the same time, 
the membrane acts as a barrier preventing the 
gingival connective tissue and the oral epithe-
lium from populating the root surface. With 
this technique, new attachment formation can 
be achieved predictably, while regeneration of 
the alveolar bone varies signifi cantly. Never-
theless, this observation indicated that the 
preservation of a secluded space by a barrier 
offers the possibility for bone-forming cells 
emanating from the existent bone surfaces to 
populate the space and promote bone forma-
tion (Karring et al. 1993).

Similarly, the GTR principle with the use 
of different non-resorbable and resorbable 
membranes can be used for the regeneration 
of bone defects or augmentation of defi cient 
sites. For the specifi c applications, the term 
GBR is used.

The use of GBR for the healing of critical-
size defects (bone defects not healing spontane-
ously with bone but with fi brous connective 
tissue) (Schmitz and Hollinger 1986) (Fig. 
6.14) has been shown in different experimental 
animals with bioresorbable and non-biore-
sorbable membranes to predictably result in 
the complete regeneration of various defects 
(Bosch et al. 1995; Dahlin et al. 1988, 1990, 
1991, 1993; Donos et al. 2004; Kostopoulos 
and Karring 1994a, 1994b) (Figs. 6.15–6.17).

Furthermore, the pattern of bone growth 
and development of the regenerated bone 
resembles the healthy bone (Schenk et al. 
1994). The potential of the GBR principle in 
experimental animals is similar irrespective of 
the anatomic location of the defect, and com-

Figure 6.14. Calvarial critical size defect.

Figure 6.15. Macerated specimen. One critical size cal-
varial defect was not treated and remained open during 
the healing period, whereas the contralateral defect was 
treated with GBR and presented complete closure with 
newly formed bone (from Donos et al. 2004).

Figure 6.16. Histological view of an untreated critical 
size calvarial defect at 120 days following operation 
(from Donos et al. 2004).
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plete bone healing following GBR has been 
reported in calvarial defects (Bosch et al. 1995; 
Dahlin et al. 1991; Hämmerle et al. 1992; 
Lundgren et al. 1992; Mardas et al. 2002), jaw 
bone defects (Dahlin et al. 1988, 1990, 1994; 
Kostopoulos and Karring 1994; Schenk et al. 
1994), long bone defects (Bluhm and Laskin 
1995; Nyman et al. 1995), cleft palate defects 
(Matzen et al. 1996), and zygomatic arch 
defects (Mooney et al. 1996).

Provision of space under the membrane is 
one of the factors that signifi cantly affects the 
outcome following GBR procedures. It has 
been reported that collapse of the barrier mem-
branes into the bone defect compromises the 
amount of newly formed bone by eliminating 
the space that is necessary for the bone to form 
(Dahlin et al. 1991; Kostopoulos and Karring 
1994a, 1994b). Therefore the use of bone 
grafts under the occlusive barriers serving as 
space maintainers reduces the risk for compro-
mised amounts of bone regeneration.

A number of bone grafts combined with 
GBR have been used in experimental studies in 
animals for bone regeneration of jaw bone 
augmentation with varying degrees of success. 
These include autogenous bone grafts (Alberius 
et al. 1992; Dahlin et al. 1991; Donos et al. 
2002a, 2002b, 2002c, 2002d, 2005; Gordh 
et al. 1998; Jensen et al. 1995), demineralized 
bone matrix (Mardas et al. 2003), demineral-
ized freeze-dried bone (DFDBA) (Buser et al. 
1998), and xenografts such as deproteinized 

bovine bone mineral (Bio-Oss) (Araujo et al. 
2002; Donos et al. 2004, 2005; Stavropoulos 
et al. 2004a), as well as different bone substi-
tutes such as coral-derived hydroxyapatite 
(HA) granules (Buser et al. 1998), tricalcium 
phosphate (Buser et al. 1998), bioactive glass 
(Stavropoulos et al. 2004b), and a biphasic 
calcium phosphate of HA/TCP (Jensen et al. 
2007).

Experimental studies in animals have dem-
onstrated that membranous-origin autoge-
nous bone grafts tend to resorb less and 
maintain their volume to a greater extent than 
endochondral bone grafts (Phillips and Rahn 
1988; Zins and Whitaker 1983). However, 
when both types of autogenous bone grafts 
were combined with GBR for augmentation 
of the jaws, this resulted in a more signifi cant 
increase of the jaw dimensions irrespective of 
the embryonic origin of the graft (Donos 
et al. 2002d, 2005) (Figs. 6.18–6.24). It is 
interesting, though, to note that once the 
membrane was removed a decrease of the 
bone volume to the initial bone graft dimen-
sions was observed, which was also more 
pronounced at the endochondral-origin bone 
grafts (Donos et al. 2005). Nevertheless, the 
achieved amount of bone formation was 
still signifi cant and suffi ciently adequate to 
augment a defi cient bone site (Donos et al. 
2005) (Figs. 6.25, 6.26).

In all these experimental studies it was indi-
cated that the combination of autogenous 

Figure 6.17. Histological view of GBR-treated calvarial 
defect. At 120 days following operation, complete healing 
of the defect is observed with newly formed bone (from 
Donos et al. 2004).

Figure 6.18. Augmentation of the inferior border of the 
mandible by autogenous mandibular bone graft (from 
Donos et al. 2002a).
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Figure 6.19. Augmentation of the inferior border of the 
mandible by autogenous mandibular bone graft and a 
Tefl on membrane (from Donos et al. 2002a).

Figure 6.20. The mandibular bone graft presented com-
plete resorption following 180 days of healing (from 
Donos et al. 2002a).

Figure 6.21. The site that was treated with autogenous 
mandibular bone grafts and GBR presented with integra-
tion of the bone graft into newly formed bone and 
increased jaw dimension at 180 days following operation 
(from Donos et al. 2002a).

Figure 6.22. Lateral augmentation of the jaw with endo-
chondral origin bone graft (from Donos et al. 2002d).

Figure 6.23. Lateral augmentation of the jaw with endo-
chondral origin bone graft and GBR (from Donos et al. 
2002d).

Figure 6.24. The endochondral origin bone graft is 
encapsulated into newly formed bone under the mem-
brane and the dimensions of the jaw have been signifi -
cantly increased (from Donos et al. 2002d).

132
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Figure 6.25. Macerated specimen at 5 months follow-
ing operation. Calvarial bone graft was combined with 
GBR for augmentation of the inferior border of the rat 
mandible (from Donos et al. 2005).

Figure 6.26. Macerated specimen at 11 months follow-
ing operation and 6 months after membrane removal. 
The newly formed bone presented resorption to the level 
of the initial bone graft dimensions (from Donos et al. 
2005).

formed bone at the recipient site (Alberius et 
al. 1992; Donos et al. 2002a, 2002b, 2002c, 
2002d; Jensen et al. 1995; Lundgren et al. 
1997).

In a clinical situation it would be advanta-
geous not to use autogenous bone grafts due 
to the need for an operation in a second site 
and the risk for the morbidity of the donor 
site. The use of xenografts or bone substi-
tutes with optimal bone graft properties 
(Prolo and Rodrigo 1985) would be an ideal 
situation when combined with GBR. When 
deproteinized bovine bone mineral has been 
used in combination with porcine origin col-
lagen membranes for the treatment of criti-
cal-size defects (Donos et al. 2004), for lateral 
augmentation of the mandible (Araujo et al. 
2002), or for augmentation of jaws under 
Tefl on capsules (Donos et al. 2005; Stavro-
poulos et al. 2001), it was evident that even 
though clinically the defect/site appeared to 
be completely healed with newly formed 
bone (Fig. 6.27), the histological observations 
(Figs. 6.28, 6.29) indicated only a moderate 
amount of new bone formed at the base of 
the graft that was in proximity to the recipi-
ent site. As such, it could be suggested that 
when possible autogenous bone is still the 
graft of choice.

bone grafts with GBR not only decreases the 
resorption of the bone grafts in comparison to 
bone grafting alone but also results in complete 
integration of the bone grafts into newly 

Figure 6.27. The Bio-Oss granules alone did not result 
in healing of the calvarial defect, whereas when they 
were combined with GBR the defect presented complete 
closure (from Donos et al. 2004).
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sites that have been previously regenerated/
augmented with GBR (Buser et al. 1995) as 
long as primary wound closure and no infec-
tion of the membrane is observed during 
healing.

In recent systematic reviews it has been con-
cluded that the survival rate of implants in 
regenerated/augmented sites is similar to 
implants placed conventionally into sites 
without the need for bone augmentation 
(Fiorellini and Nevins 2003; Hämmerle et al. 
2002). The survival rate of the implants was 
more than 90% after at least 1 year of function 
and the success rate of the GBR procedure 
(simultaneous and staged approach) per se 
ranged from 60% to 100% (Chiapasco et al. 
2006). These procedures are currently used in 
everyday clinical practice with varying degrees 
of success (Hämmerle and Hellem 1999).

One of the diffi culties in interpreting the 
data related to the success of the GBR proce-
dure in terms of implant success and long-
term preservation of the ridge dimension is 
that there is a limited number of controlled 
clinical trials where the success criteria of 
implants and GBR procedures have been 
clearly defi ned, or followed for a long period 
and compared to other augmentation proce-
dures once the implants have been loaded. 
Furthermore, in the literature there is a great 
variety of combined treatments applied (type 
of membrane and type of bone graft used) as 
well as evaluation methods that make the 
long-term clinical outcomes related to GBR 
diffi cult to quantify (Chiapasco et al. 2006; 
Donos et al. 2008).

Taking into account that there is signifi -
cant evidence in the literature (for review, 
see Chiapasco et al. 2006) to indicate that 
simultaneous and staged GBR results in 
predictable bone regeneration and implant 
osseointegration, it is important that future 
controlled clinical trials are performed in 
order to evaluate the effect of GBR proce-
dure in the long-term success of the implants 
per se as well as in the long-term mainte-
nance of the dimensions of the augmented 
site in comparison to other lateral augmenta-
tion techniques.

Figure 6.28. The Bio-Oss particles are encapsulated 
into fi brous connective tissue (from Donos et al. 2004).

Figure 6.29. Signifi cant intracranial bone formation has 
been achieved due to the space created by the Bio-Oss 
particles and the intracranial collagen membrane. At the 
center of the calvarial defect, though, the Bio-Oss parti-
cles are encapsulated into fi brous connective tissue and 
bone formation is observed only close to the margins of 
the defect (from Donos et al. 2004).

GBR in Conjunction with 
Dental Implants

A signifi cant number of studies in experimental 
animals have demonstrated that the use of 
GBR alone or in combination with bone grafts 
results in predictable bone regeneration and 
coverage of the exposed implant threads when 
the simultaneous approach is used (Dahlin et 
al. 1989; Hämmerle et al. 1998; Piatelli et al. 
1996; Rasmusson et al. 1997); or that 
osseointegration successfully takes place in 
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7Pre-implant Surgical 
Augmentation Interventions

HARD-TISSUE AUGMENTATION 
TO OSSEOINTEGRATE IMPLANTS

Friedrich W. Neukam, Emeka Nkenke, and 
Rainer Lutz

Introduction

Besides the possibility of augmenting defi cient 
implant sites with autologous bone, which 
has the drawbacks of limited availability and 
donor site morbidity, or bone substitute mate-
rials that have the risk of infection or immu-
nogenic or foreign body reaction (Nkenke 
et al. 2002; Raghoebar et al. 2007), local 
bone can be generated by guided bone forma-
tion techniques or distraction osteogenesis. 
These methods have the disadvantages of 
being complex and time-consuming, which 
makes them expensive and only administrable 
under certain circumstances.

Platelet-Rich Plasma

Growth factors as well as bone morphoge-
netic proteins can be found in the autologous 

platelet-rich plasma (PRP). Clinical trials 
seem to show that the combination of bone 
substitutes and growth factors such as 
cytokines contained in PRP may be suitable 
to enhance bone density (Kassolis et al. 2000; 
Marx et al. 1998). Fennis et al. (2002) 
reported an experimental study in goats eval-
uating a method of mandibular reconstruc-
tion with autogenous scaffolds and PRP. In 
this study, the use of PRP appeared to enhance 
bone healing considerably. In vitro studies 
showed that the combination of certain 
cytokines and growth factors increased oste-
oblast proliferation and differentiation (Lind 
1996). Wiltfang et al. (2003) showed that 
new bone formation was supported to a small 
degree when using beta-tricalciumphosphate 
(TCP) in combination with PRP compared to 
TCP alone in sinus fl oor augmentation. New 
bone formation was 8–10% higher when PRP 
was applied. Similar results in maxillary sinus 
lift procedures were found when applying 
autologous bone in combination with PRP or 
autologous bone only. At the PRP-treated 
sites signifi cantly enhanced new bone forma-
tion could be detected compared to autolo-
gous bone only after 3 months of healing. 
After 6 months, this effect could no longer be 
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observed (Thor et al. 2007). No signifi cantly 
positive effects could be found of PRP on the 
osseointegration of dental implants after 
maxillary sinus augmentation with autolo-
gous bone (Figs. 7.1, 7.2), bioglas (Figs. 7.3, 
7.4), or a fl uorohydroxyapatite after 1–12 
months (Klongnoi et al. 2006a, 2006b).

These results were confi rmed by Schlegel et 
al., who found no signifi cant infl uence of PRP 
on the osseointegration of dental implants 
after maxillary sinus elevation with autolo-
gous bone (Figs. 7.5, 7.6) or hydroxyapatite 
(Fig. 7.7) (Schlegel et al. 2007).

These results corroborate those of other 
investigators, for example, De Vasconcelos 
Gurgel et al. (2007), who found no additional 
effects on bone healing in peri-implant bone 
defects treated with PRP compared to the 
control group. The mitogenetic cytokines 
found in PRP appeared to enhance bone 
healing considerably in the early phase of 
bone regeneration. Applying PRP in combina-

Figure 7.1. Microradiographic image of augmentation 
using autogenous bone at 12 months. From Klongnoi 
et al. 2006a.

Figure 7.2. Microradiographic image of augmentation 
using autogenous bone with platelet-rich plasma at 12 
months (×1.25). From Klongnoi et al. 2006a.

tion with autologous bone in critical-size 
bone defects in an established pig model, a 
signifi cantly accelerating effect on early bone 
regeneration after 2 weeks was found (Sch-
legel et al. 2004). This effect was not evident 
when PRP was added to bovine collagen. 
After 4 weeks, mineralization values of autog-
enous bone grafting were signifi cantly lower 
if PRP was added to the graft. After 12 weeks 
post-surgery, no difference could be seen 
between autologous bone graft with or 
without PRP (Schlegel et al. 2004). In this 
experimental setting PRP modulated the 
expression of the bone matrix proteins colla-
gen I, osteocalcin, osteonectin, and osteopon-
tin, but showed no long-term effects on bone 
formation (Thorwarth et al. 2006). In the 
same model, combination of xenogenic bone 
substitutes with PRP hardly infl uenced bony 
regeneration, degradation of the substitute 
materials, or cytokine expression (Wiltfang 
et al. 2004). Finally, PRP promotes new bone 
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Figure 7.3. Microradiographic image of augmentation 
using Biogran® at 8 months (×1.25). Some particles of 
the Biogran® (arrows) could be partly identifi ed. From 
Klongnoi et al. 2006a.

Figure 7.4. Microradiographic image of augmentation 
using Biogran® with platelet-rich plasma at 12 months 
(×1.25). Biogran® particles at this period were hardly 
identifi ed. The newly formed bone did not exhibit a 
density comparable to that in the autogenous bone group. 
From Klongnoi et al. 2006a.

Figure 7.5. a. 
Microradiographic image 
of a sinus augmented 
with autogenous bone 
plus PRP at the fi nal 
observation period of 52 
weeks (×1.25). b. Same 
specimen in light 
microscopic image 
(toluidine blue O, original 
magnifi cation × 1.25). 
From Schlegel et al. 
2007.
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formation at an early stage of bone regenera-
tion but shows no effects on long-term results. 
So one must question whether the use of PRP 
in combination with autologous bone graft-
ing or bone substitute materials in hard-tissue 
augmentation is really worth the effort.

Bone Morphogenetic Proteins

An alternative of growing interest is the use 
of appropriate growth factors to induce new 
bone formation. Within the growth factors, 
bone morphogenetic proteins (BMPs) as a 
member of the TGF-β superfamily represent 
a group of proteins with mitogenetic and 
morphogenetic properties and therefore play 
an important role in bone regeneration (Urist 
et al. 1983). Since its discovery by Urist 
(1965), many attempts have been made to use 
BMP to heal or reconstruct bone. The estab-
lishment of techniques to clone recombinant 
human (rh) BMP simplifi ed the production of 
BMP and made it available for clinical use 

(Urist and Mikulski 1979; Urist et al. 1983). 
Currently, rhBMP is used clinically and results 
have shown that several BMP devices are 
promising for clinical use (Wang et al. 1990). 
An osteogenic capacity has been shown for 
the members of the BMP subfamily BMP-2, 
BMP-4 through 7, and BMP-9 (Wang et al. 

Figure 7.6. Autogenous bone plus PRP, light micros-
copy at 4 weeks. Graft material is already not clearly 
detectable (toluidine blue O, original magnifi cation × 
10). From Schlegel et al. 2007.

Figure 7.7. a. Microradiographic image of a sinus aug-
mented with Bio-Oss plus PRP at the fi nal observation 
period of 52 weeks (×1.25). b. Same specimen in light 
microscopic image (toluidine blue O, original magnifi ca-
tion × 1.25). From Schlegel et al. 2007.
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1990; Wozney et al. 1988). BMP-2 is a potent 
osseoinductive factor (Wang et al. 1990) 
shown to induce osteogenic differentiation of 
mesenchymal cells, and further administra-
tion of recombinant BMP-2 protein in vivo is 
known to induce orthotopic and ectopic de 
novo bone formation (Cook et al. 1995; 
Govender et al. 2002). After demonstration 
of effi cacy and safety in spinal-fusion cases 
the FDA approved the use of rhBMP-2 in 
human spine fusion procedures (Sucato et al. 
2004). Regarding the use of BMPs in combi-
nation with dental implants, one has to dis-
tinguish between pre-implant augmentations, 
bone regeneration around compromised 
implants, and (due to lack of bone quantity) 
only partially inserted implants. Pre-implant 
augmentation of the alveolar ridge intends to 
create a quantitatively and qualitatively suf-
fi cient amount of bone for primary stable 
implant placement. Recently Dickinson et al. 
(2008) compared the healing process of BMP-
2/resorbable collagen matrix constructs versus 
conventional iliac bone grafting in skeletally 
mature cleft patients. They found increased 
bone regeneration (95% vs. 63% defect 
fi lling) and fewer complications (11% vs. 
50%) in the BMP-2 group. The patients in 
the BMP-2 group, of course, had no donor 
site morbidity, the mean length of stay was 
shorter, and the mean overall costs of the 
treatment were lower (Dickinson et al. 2008). 
Boyne (2001) could show complete regenera-
tion of large continuity critical-sized defects 
(simulated hemimandibulectomy) after appli-
cation of rhBMP in a collagen carrier with 
titanium orthopedic mesh fi xation in Macaca 
monkeys after 5–6 months. In the same model, 
implants were applied in the regenerated bone 
and functionally loaded for 8 months. 
Increased bone density, bone volume, and 
thickness of the trabecular pattern were 
found, both in young and in older (>20 years) 
animals (Boyne 2001). Similar results were 
shown by Jovanovic et al. (2007), who found 
complete bone regeneration after application 
of rhBMP-2 combined with a collagen carrier 
in alveolar ridge defects. Partially inserted 
implants require primary stable inserted 

implants and a stable carrier in order to 
induce peri-implant bone formation (Stenport 
et al. 2003). Another possibility is to release 
the BMP directly from the implant surface 
(Liu et al. 2007; Schliephake et al. 2005). 
Sailer and Kolb (1994) showed that purifi ed, 
concentrated BMP preparations are able to 
achieve implant osseointegration in patients 
with compromised bone or soft-tissue condi-
tions. However, long-term results on the per-
formance of bone generated by BMPs are not 
presently available. Although encouraging 
results have been achieved with BMP-2 and 
other recombinant human BMPs (rhBMPs) in 
animal experiments and clinical applications, 
several problems, such as relatively high 
protein doses as well as a short protein half-
life, are obstacles that still have to be over-
come (Sellers et al. 2000). One possibility for 
overcoming these obstacles is to apply BMP-
DNA via gene therapy and have the required 
BMP produced in the required defect site.

BMP Gene Therapy

Gene therapy can be applied with viral or 
nonviral vectors (Mehrara et al. 1999; Park 
et al. 2003). Although methods using adeno-
viruses and retroviruses are very effi cient, 
they carry some risks, including possible 
immunological reactions and compromised 
safety. Retroviruses, in particular, promote 
long-term expression that is hard to control 
and has the risk of insertial mutagenesis. 
Although non-viral gene transfer provides 
only limited, transient gene expression (Bebök 
et al. 1996), the relatively short-term expres-
sion of a target protein using liposomal gene 
delivery, ranging from a few days to a few 
weeks, was shown to be suffi cient for induc-
ing bone regeneration in a critical-sized bone 
defect (Ono et al. 2004, Park et al. 2003). 
BMP gene therapy provides the possibility of 
applying BMP-2 cDNA to local cells, which 
then begin to produce and secrete BMP-2 
protein. This has the advantage of continuous 
levels of BMP-2 protein secretion over a 
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defi ned time period rather than a single 
administration of a large amount of protein 
(Baltzer and Lieberman 2004). Park et al. 
(2007) showed that direct application of the 
BMP-2 gene using a liposomal vector enhances 
bone regeneration in peri-implant defects, 
and gene delivery in combination with bone 
grafts leads to an effi cient transfection (Fig. 
7.8); this induces rapid bone regeneration 
(Fig. 7.9) and osseointegration of the bone-

implant interface with enhanced bone-to-
implant contact rates (Fig. 7.10) (Lutz et al. 
2008).

These fi ndings are comparable to the 
results of another examination using non-
viral vectors in combination with a porous 
hydroxyapatite carrier. Effi cient gene delivery 
was mainly achieved in mobilized cells sur-
rounding the hydroxyapatite carrier (Ono et 
al. 2004). At present gene therapy is not used 

Figure 7.8. Most of the cells in the trabecular lining seemed to be osteoblasts and were still tightly bound to the bone 
chip surface. These cells stained positively for BMP-2 after immunohistochemical staining of the autologous/liposomal 
group at week 1; a: autologous bone graft/liposomal group, and b: autologous bone graft group. From Park et al. 
2007.

Figure 7.9. Rapid new bone matrix organization in a combined treatment of autologous bone graft/liposomal gene 
delivery. In the early stages of wound healing after bone graft, there was a clear difference in the bone matrix reorgani-
zation of particulated bone chips between the autologous bone graft/liposomal group (a) and the autologous bone graft 
group (b). One week after bone graft, new bone trabeculae were emerging directly from the particulated bone chips, 
and new bone matrix had already begun to be organized. From Park et al. 2007.
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in implant dentistry, but as there is a growing 
requirement for superior solutions to treat 
bone loss and improve implant osseointegra-
tion in compromised bone, it is conceivable 
that gene therapy approaches will reach the 
clinical settings within the next few years to 
decades. Till then much work remains to be 
done. If we intend to use these methods for 
clinical treatment we have to ensure that there 
are no risks to the patient’s health. For that 
purpose liposomal vectors seem to be a prom-
ising approach.

Carrier Materials

Whether applying BMP as protein or BMP-
DNA combined with a vector system the 
carrier plays an important role (Sigurdsson 
et al. 1996; Wikesjö et al. 1998). As the 
optimal carrier does not yet exist, some 
research also has to be done in this area. For 
spacing defects, for example, in sinus lifts, 
alveolar cleft defects, or peri-implant defects, 
collagen carriers have proven to be suffi cient 
(Boyne et al. 1997; Dickinson et al. 2008; 
Li and Sun 2007; Park et al. 2007). 
Nevertheless, Stenport et al. (2003) could not 
induce supracrestal bone growth around par-
tially inserted titanium implants with BMP 

combined with a collagen carrier, covered by 
a titanium mesh for stability, in a dog model 
after 16 weeks. It could be concluded that 
non-spacing defects require carrier materials 
with mechanical stability, such as hydroxya-
patite (HA) or TCP, which bring the disad-
vantages of conventional bone substitute 
materials, even though it has been reported 
that addition of BMP speeds the degradation 
of the substitute materials and increases the 
amount of newly formed bone (Jung et al. 
2003; Maus et al. 2008; Zhou et al. 2007). 
Here mechanically stable, resorbable materi-
als with non-toxic degradation products and 
with defi ned releasing kinetics could decrease 
the amount of BMP required, making the 
therapy more effective and reducing the costs 
and possible side effects for the patients 
(Hosseinkhani et al. 2007; Schliephake et al. 
2008).

Perspectives

The benefi cial effects of BMPs in bone regen-
eration have been shown in several animal 
and preclinical studies. In the future one 
important aspect of research will be to deter-
mine the exact molecular mechanism of the 
infl uence of BMPs on bone regeneration. 
Understanding the pharmacodynamics of 

Figure 7.10. An enhanced 
bone-to-implant contact could be 
detected the collagen/BMP-2 
liposmal vector group (a) 
compared to the collagen-only 
group (b). From Lutz et al. 2008.
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BMPs in higher mammals will help to deter-
mine the optimal concentrations and releas-
ing kinetics of BMPs, and also support 
development of superior carriers for BMP and 
gene therapy. Until now BMPs have been used 
in a pharmacological dosage, which is much 
higher than the physiological one. Possibly 
gene therapy could make the BMP therapy 
more similar to the physiological processes. 
As in nature, information in the form of DNA 
is delivered and the responsive cells produce 
the desired protein in a more biological con-
centration, enabling smart bone regeneration. 
Nowadays BMPs often are applied after con-
ventional methods have failed. In the future 
BMP therapy could reduce the number of 
autologous bone grafts and the use of bone 
substitute materials in bone regeneration.

ONLAY AND INLAY GRAFTING IN 
IMPLANT REHABILITATION: 
CLINICAL ASPECTS

Karl-Erik Kahnberg

With clinical experience traversing over 40 
years, implant rehabilitation has proven to be 
a safe and reliable procedure. Both edentu-
lous jaws and partially dentated situations 
can be rehabilitated with success rates 
between 90 and 100% (Adell et al. 1990a; 
Albrektsson et al. 1986; Lindquist et al. 
1996). Although the mandible provides the 
better quality bone, the maxilla also has 
enough bone volume to give a predictable 
outcome with conventional implant surgery. 
However, in cases with resorption of the alve-
olar process owing to loss of teeth from 
trauma, periodontitis, or caries, the situation 
becomes less predictable. But in the mandible, 
even in cases with severely resorbed jaw 
bones, it is usually possible to perform con-
ventional implant therapy between the mental 
foramen. In the posterior mandible, the man-
dibular canal with the inferior alveolar nerve 
sets the limit for conventional implant surgery 
in resorption cases. In the maxilla, the bone 
is much more spongious and fragile than in 

the mandible, owing to the fact that the man-
dible has the muscle insertion and is the 
mobile part in the chewing system. Further-
more, the nasal cavity and the maxillary sinus 
cavity occupy a large space in the maxilla and 
limit the volume of bone in the alveolar 
process.

Consequently, the indications for bone 
grafting are focused mostly on maxillary 
situations.

Onlay Grafting

The fi rst attempt to increase the bone volume 
in severely resorbed maxillas was onlay graft-
ing by use of bone blocks from the iliac bone 
(Adell et al. 1990b; Kahnberg et al. 1989; 
Nyström et al. 2002). The grafted bone was 
modeled to fi t onto the crest, and the cortical 
bone in the crest was also perforated to facili-
tate bone healing. Large blocks of bone were 
attached to the residual crest with implant 
screws. Initially, these were one-stage surgical 
procedures with a healing time of 6 months 
or more. The clinical results in long-term 
follow-up varied between 70% and 85% 
implant survival and success rates. Problems 
that always arise in onlay procedures are soft-
tissue closure and tension in the fl ap. If the 
fl ap is stretched too much the vascularization 
is compromised and there will be dehiscence, 
with eventual loss of bone graft. It can be 
technically diffi cult with large onlay grafts to 
cover the bone block satisfactorily without 
getting any entrances into the grafted area 
from the mouth, with subsequent infl amma-
tion. The one-stage surgical technique is also 
somewhat risky because the osseointegration 
of the implant does not occur until the grafted 
bone has become vascularized, so the integra-
tion period is prolonged. Yet there are many 
situations that call for onlay grafting, such as 
thin alveolar crests or defects due to trauma 
or infection, where buccal onlays are perfectly 
suitable. The two-stage technique is prefera-
ble, with bone graft healing as a fi rst step 
and the implant surgery some months later. 
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Covering of the bone graft with resorbable 
membranes is, of course, possible but not 
always necessary.

Inlay Grafting

The bone grafting techniques have in many 
respects used orthognathic surgical techniques 
for bone augmentation in atrophied maxillas. 
The maxillary osteotomy according to Le 
Fort I (Sailer 1989) has been successful in 
both restoring the sagittal relation between 
the upper and lower jaws while at the same 
time providing the possibility of fi lling the 
sinus recesses and the nasal fl oor with bone 
graft material (Kahnberg et al. 1999, 2005). 
In addition to the conventional Le Fort I oste-
otomy technique, other techniques for attach-
ing the bone graft and doing one- or two-stage 
surgery have varied among surgeons. Two-
stage surgery with bone grafting and reposi-
tioning of the maxilla in one stage and 4 
months later doing the implant installation is 
a safe and predictable technique with success 
and implant survival rates between 90% and 
100%. Furthermore, the implants can be 
easily positioned in the direction optimal for 
the prosthetic rehabilitation.

The two-stage procedure is also more pre-
dictable with regard to the osseointegration 
process (Kahnberg et al. 2005).

The long-term outcome of bone grafts and 
implants concerning resorption of bone graft 
with the inlay method has been shown to be 
only minor resorption of the bone graft (1–
1.5 mm) over 5 years in a prospective study 
(Kahnberg et al. 2005). Thus, functional 
loading of the inlay grafts is highly predicta-
ble. In cases of partial dentition of the upper 
jaw, where teeth are missing in the posterior 
maxilla and the volume of bone in the alveo-
lar crest below the sinus cavity is minimal, the 
sinus lifting technique is advisable (Figs. 7.11, 
7.12).

The sinus lifting technique is another inlay 
grafting technique. Sinus lift can be performed 
with many variations. The most common 

method is the buccal window technique, 
in which a circumferential window is made 
with a round or diamond burr or piezoelec-
tric surgery on the buccal aspect of the sinus 
cavity. The idea is to approach the sinus mem-
brane without perforating it. If it is perforated 
it has to be repaired with collagen membrane 
or, if possible, by suturing it.

After careful lifting of the sinus membrane, 
thereby exposing the sinus cavity bottom, 
bone graft material is placed in the sinus 
recess.

The methods of attaching the bone graft 
material vary from clinic to clinic; some sur-
geons do not immobilize their graft material 
while others use screws, plates, or wires 
(Fig. 7.13).

The method may also vary depending 
on the clinical situation. The sinus lifting 

Figure 7.11. One-stage sinus lifting procedure with 
implants connected to the bone graft.

Figure 7.12. Healing after 6 months.
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procedure can be done either as a one-stage 
or two-stage procedure. In a one-stage proce-
dure implants are placed simultaneously with 
the bone graft material (Kahnberg et al. 2001; 
Keller et al. 1999; Wannfors et al. 2000).

With one-stage protocol the bone tissue 
below the sinus cavity has to have a certain 
volume—at least 6–7 mm if not more—to sta-
bilize the implants, otherwise there may be 
mobility in the graft material with the 
implants, initiating an infl ammatory process 
with subsequent loss of both bone graft and 
implants.

The two-stage procedure with grafting 
fi rst, then allowing for healing for about 4 
months, and then implant placement is the 
most common (Kahnberg and Vannas-
Löfqvist 2008; Krekmanov and Heimdahl 
2000). This procedure is successful according 
to most publications, with implant survival 
and success rates between 85% and 100%. 
The complication that may arise is, of course, 
when there is a perforation of the sinus mem-
brane. If the perforation is limited in size (3–
4 mm) it is normally possible to cover it with 
a collagen membrane and still succeed with 
the operation. The sinus cavity is a closed 
space with drainage only through the osteum, 

which is why infections can easily be estab-
lished in sinus lifting procedures. Local sinus 
lifting can be done when a single tooth is 
missing in the posterior maxilla and the sinus 
cavity has extended down in to the alveolar 
process. For a local sinus lift we recommend 
using the implant as a tent pin to hold 
the sinus membrane, reserving the space 
around the implant for bone fi lling (Figs. 
7.14–7.18).

The use of biomaterial instead of autolo-
gous bone is becoming increasingly popular. 
Bio-Oss and similar products function very 
well. The only criticism is that healing time is 
extended to almost 2–3 times that of natural 
bone. With the use of zygoma fi xtures in 
resorbed maxillary cases, there are indica-
tions for use of this kind of implant. Zygoma 
implants should preferably be used in eden-
tulous cases with available bone in the ante-
rior region, for placement of three to four 
conventional implants. A combination of two 
zygoma implants and two to three conven-
tional implants has a good success and implant 
survival rate (97%) (Kahnberg et al. 2007). 
However, the weak points of zygoma implants 
are the positioning of the implant from a 
prosthetic point of view and the passage 
through the alveolar process into the sinus 

Figure 7.13. Maxillary osteotomy with bone graft 
attached to the sinus recesses and nasal cavity by use of 
wires.

Figure 7.14. The alveolar crest reconstructed with bone 
graft.
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Figure 7.15. Maxillary sinus 
occupying the posterior part of a 
partially edentulous maxilla.

Figure 7.16. Bone graft reconstruction of the right pos-
terior maxilla by sinus lifting procedure.

Figure 7.17. Complete healing of the bone graft after 4 
months with implants inserted.

Figure 7.18. Radiograph with 
implants and bridge in place.

cavity, which, with sinus fi stulas, can occa-
sionally be problematic.

Summary

The use of bone grafts in implant rehabilita-
tion will continue to play an important role 

for patients with bone defi ciency. Although 
new and better implant surfaces are being 
developed, a certain amount of vital bone is 
still necessary in demanding cases. For 
extremely demanding cases necessitating 
major reconstructions, bone grafts will 
always be a key factor in the rehabilitation 
process.
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IS AUTOGENOUS BONE STILL 
THE “GOLD STANDARD” FOR 
GRAFTING? CURRENT OPINION 
ON THE USE OF AUTOGRAFT IN 
IMPLANT DENTISTRY

Craig M. Misch

Introduction

Autogenous bone grafting is a well-
documented procedure for reconstruction of 
the atrophic maxilla and mandible for resto-
ration with implant prostheses. In many cases 
autogenous bone grafts continue to remain 
the gold standard for repair of jaw atrophy 
and bone defects, especially when there are 
larger bone defects and/or severe atrophy. 
However, clinical studies have found autoge-
nous bone may not be necessary in the man-
agement of smaller intraosseous defects, 
localized bone augmentation procedures, and 
sinus bone grafting (Aghaloo and Moy 2007; 
Wallace and Froum 2003). A systematic 
review of the literature on hard-tissue aug-
mentation techniques concluded that many 
alveolar ridge augmentation procedures lack 
detailed documentation or long-term follow-
up studies (Aghaloo and Moy 2007). Com-
paring clinical studies on the use of autogenous 
bone versus bone substitutes and various 
graft techniques (i.e., guided bone regenera-
tion vs. block bone grafting) is diffi cult. Many 
alveolar augmentation procedures are tech-
nique-sensitive and dependent on operator 
experience (Aghaloo and Moy 2007).

Advancements in biological engineering 
will produce alternatives to autogenous bone 
grafts that may well exceed existing clinical 
outcomes and replace traditional indications 
for their use (Boyne et al. 2005; Fiorellini et 
al. 2005). However, fewer clinical studies are 
available to evaluate the effi cacy of tissue 
engineering for osseous reconstuction. In 
addition, the increased costs of technology 
can be an obstacle to routine use of new 
products. Autogenous bone grafting offers a 
well-proven, predictable method for ridge 

augmentation and defect repair for dental 
implant placement.

The use of autogenous bone with dental im -
plants was originally discussed by Brånemark 
et al. (1975). Early studies focused on the 
use of iliac bone grafts in the treatment of 
the atrophic edentulous maxilla and mandible 
(Breine and Brånemark 1980). Although the 
iliac crest is most often used for major jaw 
reconstruction, it has the disadvantages of the 
need for hospitalization, general anesthesia, 
and alteration of ambulation. Additional 
donor sites have been evaluated including the 
calvarium, proximal tibia, and maxillofacial 
regions such as the mandibular symphysis and 
ramus. Autogenous bone can be used in 
several forms including cancellous marrow, 
particulate bone chips, or cortical and cortico-
cancellous blocks. The timing of graft place-
ment and implant insertion has been well 
researched. The preferred approach in most 
cases of onlay bone grafting is delayed implant 
placement into the healed bone graft. Earlier 
studies of machined screw-type implants often 
found lower survival rates in grafted bone 
(Breine and Brånemark 1980). The use of 
implants with enhanced microtextured surface 
features has improved outcomes in regener-
ated bone with success rates comparable to 
those in native bone (Wallace and Froum 
2003).

Bone Graft Incorporation

Some clinicians are critical of block autograft 
techniques with concerns about graft resorp-
tion. Graft resorption to some degree is a 
necessary sequela of graft incorporation to 
the host site. The graft must be revascularized 
and remodeled through osteoclastic and oste-
oblastic activity (Burchardt 1983). The subject 
of embryologic origin of autologous bone 
grafts has received much attention regarding 
graft incorporation and resorption. Mem-
branous bone grafts, from the mandible or 
calvarium, have been found to reveal less 
resorption than grafts from endochondral 

WWW.HIGHDENT.IR 
همیار دندانسازان و دندانپزشکان



Chapter 7 Pre-implant Surgical Augmentation Interventions  153

sites, such as the iliac crest (Hardesty and 
Marsh 1990; Smith and Abramson 1974; 
Zins and Whitaker 1983). Most studies exam-
ining the infl uence of graft origin on resorp-
tion refer to onlay augmentation with block 
bone grafts. It is important to make a distinc-
tion between the graft morphology (particu-
late, block) and whether the graft is used for 
onlay or interpositional placement. Interposi-
tional bone grafts typically resorb less than 
bone used for onlay augmentation. Sinus 
fl oor augmentations are more comparable 
to interpositional rather than onlay bone 
grafts and therefore less resorption would 
be expected. More recent studies examining 
graft loss have challenged the hypothesis of 
embryologic origin and emphasize the micro-
architecture of the bone used for grafting 
(Ozaki and Buchman 1998). Ozaki and 
Buchman (1998) found that regardless of 
their embryologic origin, cortical bone grafts 
reveal less volume loss than cancellous bone 
grafts. Cortical bone grafts from the mandible 
exhibit minimal resorption. Clinical studies 
have found cortical onlay grafts show a 
volume loss of less than 20% (Proussaefs et 
al. 2002). Upon incorporation they maintain 
their dense quality, making them ideal for 
onlay augmentation prior to implant place-
ment (Misch et al. 1992).

The routine need for barrier membranes 
over block bone grafts has been debated. Cor-
tical bone grafts exhibit minimal resorption 
and do not typically require membrane pro-
tection (Dongieux et al. 1998; Misch et al. 
1992; Ozaki and Buchman 1998; Proussaefs 
et al. 2002). Grafts with a larger cancellous 
component and particulate grafts are more 
susceptible to volume loss. The use of a barrier 
membrane may improve the incorporation of 
the peripheral particulate graft around the 
block (Figs. 7.19–7.24).

Membranes should always be used with 
particulate grafts for ridge augmentation. 
Collagen membranes are preferred, as they 
are associated with fewer complications such 
as exposure and infection than PTFE mem-
branes (Von Arx and Buser 2006). Another 
approach for particulate cancellous bone is to 

Figure 7.19. Mandibular ramus donor site.

Figure 7.20. Maxillary sinus graft window.

Figure 7.21. Cortical block onlay bone grafts and par-
ticulate sinus graft.
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has been reported to enhance and accelerate 
the incorporation of autologous cancellous 
bone grafts (Marx et al. 1998). In addition, 
platelet-rich plasma may be useful as a matrix 
for soft-tissue repair, adhesion of bone graft 
particles, and for improving surgical hemos-
tasis. Adding a prepared concentrate of the 
patient’s platelets to the bone grafted site can 
also enhance and accelerate soft-tissue wound 
healing. The various cytokines and mediators 
found in the alpha granules of the platelets 
promote angiogenesis and collagen synthesis 
(Cromack et al. 1990). This may diminish the 
risk of wound dehiscence and bone graft 
exposure to the oral cavity.

Smoking has been associated with a high 
rate of wound dehiscence and graft failure 
(Levin and Schwartz-Arad 2005). A smoking 
cessation protocol is followed, including the 
use of prescription medications such as bupro-
pion and the nicotine patch. Patients are 
instructed to quit 1 week prior to surgery and 
told not to smoke at least until the incision 
is completely closed approximately 2 weeks 
later.

Autogenous Bone Graft Donor Sites

Mandibular Symphysis

The symphysis of the mandible has been used 
extensively for sinus and onlay bone grafting 
(Jensen et al. 1994; Khoury 1999; Lundgren 
et al. 1996; Misch 1997; Misch et al. 1992). 
The symphysis donor site offers the greatest 
volume of intraoral bone. The average inter-
foraminal distance is approximately 5.0 cm 
and the depth of the anterior mandible usually 
exceeds 1.0 cm (Buhr and Coulon 1996). The 
ease of surgical access is another advantage 
of the symphysis region.

The mandibular symphysis is associated 
with a higher incidence of postoperative com-
plications than other intraoral donor sites 
(Hallman et al. 2002; Nkenke et al. 2001; 
Raghoebar et al. 2001). Altered sensation of 
the lower anterior teeth is a relatively common 

Figure 7.22. Particulate bone packed around block 
bone grafts.

Figure 7.23. Collagen barrier membrane over bone 
graft site.

Figure 7.24. Four months graft healing for implant 
placement.

use titanium mesh to support and protect 
the graft during healing (Boyne and Peetz 
1997).

The addition of supplemental autologous 
growth factors, such as platelet-rich plasma, 
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postoperative symptom when bone blocks are 
removed (Hallman et al. 2002; Misch et al. 
1992; Nkenke et al. 2001; Raghoebar et al. 
2001). Patients describe dullness in sensation 
of the incisors, which usually resolves within 
6 months. The need for endodontic treatment 
of anterior teeth is very rare. Neurosensory 
disturbances in the chin region also may be 
encountered, even when a sulcular incision is 
used (Hallman et al. 2002; Nkenke et al. 
2001; Raghoebar et al. 2001). The incidence 
of temporary mental nerve paraesthesia for 
symphysis graft patients is usually low 
but has been found to be as high as 43% 
(Raghoebar et al. 2001). Although the vast 
majority of these nerve injuries recover, they 
are disconcerting to patients. It is prudent to 
discuss the possibility of temporary altered 
sensation of the teeth and chin prior to 
surgery. Although no postoperative alteration 
in soft-tissue chin contour has been reported, 
patients are often concerned with the possible 
aesthetic consequences of bone removal from 
this area. Filling the donor site with a resorb-
able bone substitute can help alleviate the 
patient’s concerns (Misch et al. 1992).

Mandibular Ramus

The posterior mandible is an excellent donor 
site for bone harvest. Although the ramus 
donor site provides a thinner cortical graft 
than the symphysis the peripheral dimensions 
of a graft can approach 4.0 × 1.5 cm. The 
buccal cortex of the posterior mandible meas-
ures 3.0–4.0 mm, making this donor site ideal 
for veneer onlay grafting (Smith et al. 1991). 
The ramus is the preferred donor site for 
single tooth and small segment defects requir-
ing width augmentation (Misch 1996, 2000). 
It is also the preferred harvest area for the 
narrow posterior mandible, as the donor and 
recipient sites are in the same surgical fi eld 
(Misch 1996, 2000).

Compared with the symphysis region, the 
ramus donor site is associated with a much 
lower incidence of complications (Misch 
1996, 1997, 2000). Patients have shown less 

concern with bone removal from the ramus 
area. The masseter muscle provides soft-tissue 
bulk and augmentation of this donor site has 
been unnecessary. Neurosensory disturbances 
from bone harvest are uncommon if osteoto-
mies are properly planned around the posi-
tion of the mandibular canal (Misch 1996, 
2000). Ramus graft patients appear to have 
fewer diffi culties with managing postopera-
tive edema and pain compared with chin graft 
surgery (Misch 1997). Patients may experi-
ence trismus following surgery and should be 
placed on postoperative glucocorticoids and 
non-steroidal anti-infl ammatory medications 
to help reduce dysfunction. The mandibular 
ramus has signifi cantly less morbidity than 
the symphysis and has become the preferred 
donor site of many clinicians (Peleg et al. 
2004).

Tibia

The proximal tibial metaphysis provides an 
excellent source of cancellous bone for graft-
ing (Catone et al. 1992; Mazock et al. 2004; 
O’Keefe et al. 1991). This donor site offers 
up to 40 ml of cancellous bone with low 
reported morbidity (Catone et al. 1992; 
Mazock et al. 2004). The surgery may be 
performed in an offi ce environment. The most 
common approach to the donor site is later-
ally at Gerdy’s tubercle, a bony protuberance 
located 1.5 cm below the articulating surface 
of the tibia (Catone et al. 1992; Mazock 
et al. 2004). There has been a low reported 
incidence of signifi cant complications with 
this procedure (Catone et al. 1992; Chen et 
al. 2006; Mazock et al. 2004; O’Keefe et al. 
1991). Complications may include hematoma 
formation, wound dehiscence, infection, and, 
rarely, fracture.

Ilium

The grafting of larger areas of bone defi ciency 
often requires bone harvest from the ilium. As 
the tibia offers a convenient site for harvest-
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ing cancellous bone, the ilium is most often 
reserved for cases requiring corticocancellous 
block grafting. In most cases adequate bone 
may be harvested using an anterior approach 
to the hip. A posterior approach to the ilium 
is less often required and is usually reserved 
for major reconstructive surgeries requiring 
large amounts of cancellous bone. In addi-
tion, the need to rotate the patient after pos-
terior bone harvest is an inherent disadvantage. 
Although posterior bone harvest is reported 
to result in lower postoperative pain (Nkenke 
et al. 2004), the use of an anesthetic pain 
pump can minimize the problem with ante-
rior harvest (Hahn et al. 1996). The iliac crest 
is usually cut along its length for unicortical 
bone harvest, leaving the opposing cortex 
intact. When thicker pieces of bone are needed 
for vertical bone augmentation a bicortical 
bone graft may be harvested from the entire 
width of the crest. This graft geometry is typi-
cally used for reconstructing the severely 
atrophic premaxilla.

Sinus Bone Grafting

Over the years numerous bone graft materials 
including autografts, allografts, alloplasts, 
xenografts, and combinations have been suc-
cessfully used for sinus grafting. The 1996 
Sinus Graft Consensus evaluated retrospec-
tive data on various graft materials and con-
cluded that they all seemed to perform well 
(Jensen et al. 1998). However, the data analy-
sis did not factor the amount of residual bone 
below the sinus. Three systematic reviews of 
the literature on sinus bone grafting have 
determined that implants placed into sinuses 
grafted with autogenous bone and/or bone 
substitutes produce high implant survival 
rates (Aghaloo and Moy 2007; Del Fabbro 
et al. 2004; Wallace and Froum 2003). At this 
time, comparative studies using different graft 
materials (i.e., autograft vs. xenograft) may 
be of less value (Aghaloo and Moy 2007). 
Although de novo bone growth has been 
reported with the use of recombinant human 

bone morphogenetic protein, the dental 
implant survival rate was much lower than 
numerous studies using bone substitutes 
(84%) (Boyne et al. 2005). It may be con-
cluded that the choice of bone substitutes for 
sinus grafting may be considered in most 
cases.

There are many advantages in using some 
autologous bone in sinus grafts, especially 
when minimal bone remains below the sinus 
fl oor (Block and Kent 1997; Misch 2002). 
Several studies have found an increase in bone 
formation when autologous bone is used 
alone or added to other grafting materials in 
sinus grafts (Block and Kent 1997; Froum 
et al. 1998; Jensen and Sennerby 1998; 
Lorenzetti et al. 1998). Froum et al. (1998) 
found a statistically signifi cant increase in 
vital bone formation when as little as 20% 
autologous bone was added to bovine-derived 
grafts. The use of a barrier membrane over 
the sinus window has also been advocated to 
increase bone formation when bone substi-
tutes are used (Tarnow et al. 2000). A mem-
brane may not be necessary when a signifi cant 
portion of the graft is autologous bone.

The healing time requirements of autolo-
gous bone grafts are shorter, compared to 
bone substitutes, especially in larger pneuma-
tized sinuses. The healing period for sinuses 
grafted with autologous bone can be as short 
as 3–4 months compared to the 8–10 months 
often recommended for bone substitutes 
(Froum et al. 1998) (Figs. 7.25–7.27).

The addition of autologous bone to com-
posite bone grafts can also shorten healing 
times (Froum et al. 1998; Hallman et al. 
2002). This offers a signifi cant advantage, as 
patients often object to extended treatment 
lengths. Froum et al. (1998) found a mean 
vital bone formation of 27.1% at 6–9 months 
after sinus grafting with mostly bovine 
hydroxylapatite and a small amount of autog-
enous bone (20%).

It is also benefi cial to use autologous bone 
for sinus grafting when additional simultane-
ous onlay augmentation is desired. However, 
implants placed in sinuses augmented with 
particulate grafts show higher survival rates 

WWW.HIGHDENT.IR 
همیار دندانسازان و دندانپزشکان



Chapter 7 Pre-implant Surgical Augmentation Interventions  157

than those placed into sinuses augmented 
with block grafts (Wallace and Froum 2003). 
The posterior maxilla resorbs medially fol-
lowing tooth loss and this pattern of bone 
loss often results in an unfavorable ridge rela-
tionship with the opposing lower dentition. It 
is not unusual to require sinus bone grafting 
to increase the vertical bone dimension as 
well as onlay bone grafting to augment the 
ridge width and/or correct bone defi ciencies 
in the posterior maxilla. Autologous bone 
may be harvested for sinus bone grafting and 
simultaneous residual ridge reconstruction 
using autologous block grafts. The healing 
period of the onlay block and sinus bone 
grafts will be similar, allowing for earlier 
implant placement. This approach may be 
preferred to a staged reconstruction where 
sinus grafting is performed fi rst using bone 
substitutes and autologous block bone grafts 
are placed at a later date. Not only do autolo-
gous bone grafts heal faster than bone substi-
tutes, the quality of the regenerated bone is 
often better. Histological studies have shown 
greater bone formation and higher bone-
implant contact when autologous bone grafts 
are used compared with allografts (Jensen 
and Sennerby 1998). This improved bone for-
mation at an earlier time can allow for shorter 
implant healing periods compared to the use 
of bone substitutes.

Ridge Augmentation

In the reconstruction of larger bone defects 
and severe atrophy autogenous bone has been 
the preferred graft material. Bone substitutes, 
such as allografts, alloplasts, and xenografts, 
lack the regenerative capacity required for 
large volumes of bone regeneration. Although 
guided bone augmentation techniques utiliz-
ing barrier membranes have proven to be 
useful in managing localized defects, they 
have limited application in large areas of 
bone loss (Aghaloo and Moy 2007). The use 
of tissue engineering with growth factors, 
such as rhBMP-2, holds great promise for 

Figure 7.25. Proximal tibia cancellous bone graft donor 
site.

Figure 7.26. Composite graft of cancellous autograft 
and bovine hydroxylapatite used for sinus augmentation 
in a pneumatized sinus.

Figure 7.27. Implant placement into the grafted sinus 
after 4 months healing.
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replacing the need for autogenous bone 
harvest. However, onlay augmentation 
requires structural integrity of the graft matrix 
especially when soft-tissue compression is 
present.

The development of suitable carriers for the 
growth factors with proper scaffold proper-
ties will be necessary for reconstructing larger 
defects (Wozney and Wikesjö 2008). The col-
lagen sponge appears to be a suitable matrix 
for interpositional bone grating such as socket 
defects (Fig. 7.28).

Implant Placement in Onlay 
Bone Grafts

Reconstruction of the atrophic jaws for 
implant placement is usually staged, with 
implant placement after graft healing. Previ-
ous studies on simultaneous bone graft and 
implant placement reveal lower success rates, 
unpredictable bone remodeling, and dimin-
ished bone-to-implant contact (Adell et al. 
1990b; Breine and Brånemark 1980; Jensen 
et al. 1994). Onlay bone grafts should be 
allowed to incorporate prior to dental implant 
placement. Enough time should elapse for 
graft incorporation, but implants should be 
inserted early enough to stimulate and main-
tain the regenerated bone (Nyström et al. 
1996) (Figs. 7.29–7.31).

Figure 7.28. rhBMP-2 used with a collagen sponge for 
socket defect repair.

Figure 7.29. Iliac corticocancellous block bone grafts 
used to reconstruct the maxilla following facial fractures 
and tooth avulsion.

Figure 7.30. Incorporation of the bone graft after 4 
months healing.

Figure 7.31. Placement of implants into the onlay 
grafted maxilla after graft remodeling.
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Autogenous block grafts should heal for 
approximately 4 months before implant 
placement (Matsumoto et al. 2002; Misch 
et al. 1992). Particulate cancellous bone grafts 
with barrier membranes or titanium mesh 
used for ridge augmentation often require 
longer healing periods of at least 6 months.

The placement of implants into healed bone 
grafts is similar to their use in sites that have 
not been grafted. However, the implant site is 
often at the junction between the block and 
host bone. The surgeon should be careful not 
to displace the block from the ridge during 
the implant osteotomy and placement. Fixa-
tion screws are usually removed prior to 
implant insertion. Elevation of large fl aps 
simply for screw removal is discouraged as 
this disrupts the vascular supply to the healed 
graft. Small mucosal incisions over the screw 
heads allows for easy retrieval. If a fi xation 
screw is not in the path of implant insertion 
it may be left intact, especially if it will provide 
added stability to the graft.

The healing period of implants placed into 
incorporated bone grafts is similar to native 
bone. Microtextured implant surfaces have 
diminished healing implant periods to as little 
as 6 weeks (Attard and Zarb 2005). Immedi-
ate implant loading in grafted bone may even 
be considered if primary implant stability is 
adequate. Additional graft resorption follow-
ing implant placement and delayed loading 
has not been noted radiographically (Buser 
et al. 2002).
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8Pre-implant Surgical Interventions 
with Focus on the Maxilla

EVOLUTION OF THE SINUS 
AUGMENTATION 
PROCEDURE: 1982, 2008, 
AND BEYOND

Stephen S. Wallace and Stuart J. Froum

The maxillary sinus augmentation procedure 
has become the focus of signifi cant attention 
since its introduction in 1977 by Hilt Tatum 
and the fi rst published paper by Philip Boyne 
in 1980. Successful sinus grafting allows cli-
nicians to offer their fully and partially eden-
tulous patients the option for either fi xed 
restorative therapy or more retentive and 
functional removable prosthetic solutions. In 
addition, these changes have reduced the 
complexity and morbidity of the surgery, 
thus making this solution acceptable to a sig-
nifi cantly greater percentage of our compro-
mised patients. Changes have been made 
with respect to both the surgical technique 
and to the decisions that we make concern-
ing grafting materials, choice of implant sur-
faces, and the use of membranes over the 
window.

Early Surgical Protocol

Sinus elevation surgery as it was generally 
practiced in the early 1980s was a hospital-
based procedure that involved signifi cant har-
vesting of autogenous bone in the form of 
blocks or cancellous chips from the iliac crest, 
often with simultaneous implant placement 
(Boyne and James 1980; Jensen and Sindet-
Petersen 1991; Keller et al. 1987; Tatum 
1986). This technique continued into the 
1990s and is still used today (Becktor et al. 
2007; Blomqvist et al. 1996, 1998; Johansson 
et al. 1999; Kahnberg et al. 2001; Keller 
et al. 1994, 1999; Raghoebar et al. 1993). 
The technique of placing and stabilizing a 
block graft in the sinus fl oor with machined 
screw implants through the crest is both tech-
nically and biologically challenging. The 
resulting implant survival rates refl ected these 
diffi culties with survival rates in the low- to 
mid-80th percentile common.

Morbidity from this combined intra- and 
extraoral surgery was relatively high. Further, 
a failure of the graft due to loss of stability, 
resorption, or poor bone quality meant a 
concomitant loss of the implants, as this 
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procedure frequently involved simultaneous 
placement of the implants. Patient resistance 
to a procedure that required hospitalization 
and extraoral graft harvesting limited its 
acceptance and thereby doomed many patients 
to a lifetime of removable prosthetics.

In an attempt to reduce morbidity and 
increase patient acceptance of surgical therapy, 
early researchers investigated the utilization 
of bone replacement grafts for this procedure 
(Kent and Block 1989; Smiler and Holmes 
1987; Smiler et al. 1992). Research in guided 
bone regeneration for ridge augmentation led 
to experimentation with membranes over the 
lateral window (Tarnow et al. 2000; Wallace 
et al. 2005). Improvements in implant 
micromorphology were also evaluated for a 
possible effect on the outcome of the sinus 
augmentation procedure.

Evidence-Based Decision Making

With the accumulation of over 25 years of 
clinical and scientifi c research since the intro-
duction of this technique, we now have a 
large database to which to refer to so that our 
therapeutic decisions can be based upon 
sound evidence. Within the past 5 years three 
evidence-based reviews have been published 
that deal with the survival of implants placed 
in the grafted maxillary sinuses. We are 
expected to be knowledgeable about these 
reviews, and further, we are expected to make 
appropriate decisions based upon this infor-
mation to the benefi t of our patients.

These systematic reviews have given us suf-
fi cient evidence to alter our approach to 
surgery (Aghaloo and Moy 2007; Del Fabbro 
and Testori et al. 2004; Wallace and Froum 
2003). Systematic reviews allow us to utilize 
the best available evidence, combine the data 
from selected studies to create a large data-
base, and then isolate the variables that affect 
the outcome of procedure for statistical 
analysis.

The main conclusions of the Wallace 
and Froum review were that implant survival 
could be improved by utilizing rough as 

opposed to machine-surfaced implants and 
particulate as opposed to block grafts, and 
by placing a membrane over the window as 
opposed to no membrane. Further, there was 
no difference between particulate autogenous 
bone grafts and 100% bone replacement 
grafts. The average implant survival rate in 
this review was 91.8%. By utilizing a particu-
late graft, a rough-surfaced implant, and a 
membrane over the window, the survival rate 
increased to 98.6%.

The Del Fabbro and Testori et al. review 
gave further evidence of the superiority of 
rough-surfaced implants but, more impor-
tantly, it gave specifi c implant survival rates 
for different categories of graft material. The 
implant survival rates for autogenous bone, 
composite grafts, and bone replacement 
grafts were 87.7%, 94.9%, and 96.2%, 
respectively.

The Aghaloo and Moy review specifi cally 
discussed implant survival with different 
grafting materials. Implant survival rates in 
alloplasts, autogenous bone grafts, composite 
grafts, allografts, and xenografts were shown 
to be 81%, 88%, 92%, 93.3%, and 95.6%, 
respectively.

These reviews all show that autogenous 
bone is not only unnecessary for this proce-
dure but that its use may result in less favora-
ble outcomes as measured by implant survival. 
The utilization of rough-surfaced implants 
and a barrier membrane over the window were 
also shown to lead to improved outcomes.

The fact that bone replacement grafts, 
specifi cally xenografts, lead to a more favora-
ble outcome than that achieved with autoge-
nous bone seems surprising and must be 
explained.

The early favorable results can be explained 
by three factors as follows:

1. The osteoconductivity of the xenograft.
2. The slow resorbability of the xenograft 

leading to increased density of the receptor 
site.

3. The observation that the residual xenograft 
does not interfere with osseointegration 
(Fig. 8.1).
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Concerns that long-term results may not be 
favorable due to the prolonged presence of 
the non-vital xenograft in the sinus are not 
founded. Histological studies by Iezzi et al. 
(2008) at 5 years and Traini et al. (2007) at 
9 years both show residual xenograft, ongoing 
active bone remodeling, and a lack of contact 
between the xenograft with the implant 
surfaces.

Today’s Surgical Protocols

With less reliance on autogenous bone grafts, 
lateral window techniques today are usually 
performed as an in-offi ce procedure rather 
than a hospital-based procedure. The choice 
between simultaneous and delayed implant 
placement today is made by the clinician 
based upon the ability to achieve primary 
stability of the implant in the residual crestal 
bone. If this stability is achieved, the Wallace 
and Froum review showed no difference in 
implant survival between simultaneous and 
delayed placement.

The traditional rotary technique involves 
lateral window preparation with a high-speed 
or surgical hand piece, elevation of the mem-
brane across the sinus fl oor and up the medial 
wall, grafting with a particulate bone replace-
ment graft, and the placement of a barrier 

membrane over the lateral window (Figs. 
8.2–8.5)

The lateral window procedure is usually 
favored when residual crestal bone height is 
4–5 mm or less. Today we have alternative 
techniques that allow us to utilize less inva-
sive procedures when greater amounts of 
crestal bone are available. Summers (1994) 
introduced the osteotome sinus elevation 
technique, which is a transcrestal approach. 
Since that time a large number of transcrestal 
techniques have been introduced that utilize 
a modifi ed Summers technique (Davarpanah 
et al. 2001), crestal bone core elevation 
(Toffl er 2001), hydraulic sinus fl oor elevation 

Figure 8.1. Sinus core 100% Bio-Oss at 9 months. 
Stevenel’s blue, picric fuchsin. Orig mag × 20.

Figure 8.2. Osteotomy (antrostomy) with #8 high-speed 
diamond bur.

Figure 8.3. Elevation of the membrane up the medial 
wall.
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(Chen and Cha 2005), and balloon sinus fl oor 
elevation (Kfi r 2007). It is diffi cult to assess 
the universal outcome for many of these 
newer procedures, as each is only documented 
by minimal or only a single clinical study. 
There are, however, two evidence-based 
reviews for the osteotome procedure. The 
Wallace and Froum review (fi ve studies; 445 
implants) reported an implant survival rate of 
93.5%. The review by Emmerich et al. (eight 
studies; 1,137 implants) reported implant 
survival rates of 98.2%, 97.5%, 95.7%, 
and 90.9% at 6, 12, 24, and 36 months, 
respectively (Emmerich et al. 2005) (Figs. 
8.6–8.9).

The most exciting innovation in recent 
years for sinus augmentation surgery is the 
utilization of piezoelectric surgery for lateral 

Figure 8.4. Placement of particulate bone replacement 
graft.

Figure 8.5. Bioabsorbable barrier membrane over the 
window.

Figure 8.6. Summers osteotome technique.

Figure 8.7. Crestal core elevation technique.
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window osteotomy preparation and sinus 
membrane elevation (Vercellotti et al. 2001). 
The technique was introduced by Vercellotti 
in Europe 9 years ago, but it has only been 
utilized in North America for 3 years. Its 
popularity can be attested to by the fact 
that, as of this writing, four piezoelectric sur-
gical devices are available in North America 
and others will be introduced in the near 
future.

Piezoelectric surgery, due to its low ultra-
sonic frequency of vibration (less than 

30 kHz), can only cut hard tissue. This prom-
ises a reduction of intraoperative complica-
tions due to bleeding and sinus membrane 
perforations. A study by Wallace has shown 
a reduction in the membrane perforation rate 
from the average of 25% to 5% in a hundred 
consecutive cases (Wallace et al. 2007). 
Animal studies by Preti et al. have shown 
superior wound healing in bone when piezo-
electric surgery is compared to rotary 
instrumentation (Preti et al. 2007). Figures 
8.10–8.12 show the piezoelectric technique 
utilized in sinus surgery. Figure 8.13 
demonstrates the dissection of the posterior 
superior alveolar artery from the lateral wall, 
and Figure 8.14 shows the initial elevation of 
the sinus membrane with a non-cutting 
elevator.

Figure 8.8. Meisinger balloon control lift.

Figure 8.9. Sinu-Lift elevation.

Figure 8.10. Osteoplasty insert to thin the lateral wall.

Figure 8.11. Osteoplasty completed.
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Future Directions

Regardless of the successful outcomes that are 
being achieved today, clinicians and research-
ers are always seeking new techniques and 
technologies that may result in improved 
bone quality and/or a reduction in graft mat-
uration times. Research has been ongoing 
to provide answers to these clinical issues. 
Patient-derived (autologous) growth factors 
(PRP, PRGF) have been in use for many years 
in the hope of improving patient outcomes. 
Over the past decade we have also seen the 
growth of genetic therapies that have led to 
the development of recombinant growth 
factors (rh-PDGF) and bone morphogenetic 
proteins (rh-BMP-2) for use in dental surgery 
today. Also currently being investigated is the 
use of tissue-engineered bone and stem cell 
cultures.

PRP and PDGF

Both platelet-rich plasma (PRP) and plasma 
rich in growth factors (PRGF) clinically 
produce platelet concentrations on the order 
of four to six times that found in whole blood. 
The concentrates contain all of the growth 
factors found in plasma including PDGF, 
TGF-β, FGF, VEGF, EGF, IGF-1, and HGF, as 
well as fi bronectin, osteonectin, and fi brin. 
Extensive evidence exists showing enhanced 
soft-tissue healing in treating diabetic ulcers, 
burns, and other skin lesions (Aldecoda 
2001). While positive results have been seen 
in soft tissue healing for both PRP and PRGF, 
statistically signifi cant increases in vital bone 
formation have only infrequently been 
reported (Kassolis and Reynolds 2005; Marx 
et al. 1998). Other researchers have reported 
less successful results (Froum et al. 2002; 
Thor et al. 2005), and it is the conclusion of 
a recent evidence-based review by Boyapati 
and Wang that there is insuffi cient evidence 
to support the utilization of platelet-rich 
plasma as an adjunctive therapy for increas-

Figure 8.12. Osteotomy to refi ne window.

Figure 8.13. Dissection of artery from the lateral wall.

Figure 8.14. Initial membrane elevation with non-
cutting elevator.
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ing bone formation in maxillary sinus graft-
ing (Boyapati and Wang 2006).

rh-PDGF

After being introduced by Lynch et al., recom-
binant human platelet-derived growth factor 
has become the most extensively studied 
protein-signaling molecule in dentistry (Lynch 
et al. 1989). It is currently available for dental 
use as GEM 21S® (OsteoHealth, Shirley, 
New York) in combination with the carrier 
β-TCP. PDGF is naturally present in the alpha 
granules of platelets, where it is released fol-
lowing injury. Once released, PDGF enhances 
chemotaxis and mitogenesis of osteoprogeni-
tor cells and osteoblasts and also plays an 
active role in promoting angiogenesis. In 
comparison to PRP, which increases the con-
centration of PDGF four to six times that 
found in whole blood, the recombinant PDGF 
in GEM 21S® achieves a concentration of 
1,000 times that of the PRP or PRGF concen-
trate. Clinical effi cacy in treating periodontal 
defects has been reported in studies by Camelo 
and Nevins, and GEM 21S® has been FDA 
approved for this purpose (Camelo et al. 
2003; Nevins et al. 2003). Its use in sinus 
grafting is currently an off-label use. Studies 
are ongoing to demonstrate clinical effi cacy 
in sinus grafting and ridge augmentation 
(Simion et al. 2007).

BMP-2

Bone morphogenetic proteins comprise a 
family of osteoinductive proteins that are 
capable of stimulating the existing host mes-
enchymal cells to form bone. A multicenter 
randomized controlled trial by Boyne et al. 
compared the bone morphogenetic protein 
BMP-2 in two concentrations (.75 and 1.5 mg/
ml) with a sinus bone graft control. Implant 
success rates after 36 months of loading for 
the control group, the .75 mg/ml group, and 

the 1.5 mg/ml group were 81%, 88%, and 
79%, respectively. This was a study done at 
a very high level of investigative rigor. What 
seem like lower-than-expected success rates 
were infl uenced by the high drop-out rate that 
accompanies a study of 5 years’ duration. Of 
further interest, however, was the fact that 
15% of the test cases did not produce suffi -
cient bone volume for the placement of dental 
implants and, when the lower dose was uti-
lized, the maturation time prior to implant 
placement had to be increased (Boyne et al. 
2005).

One of the major shortcomings experienced 
with the use of 100% autogenous bone in 
sinus grafts is the observed tendency of this 
graft to resorb (Johansson et al. 2001). This 
may result in partial re-pneumatization of the 
sinus with resultant loss in graft volume 
accompanied by a decrease in density. Using 
the above rationale, one might speculate 
that the results with BMP-2/ACS might be 
improved by the addition of a slowly resorb-
able or non-resorbable bone replacement 
graft.

The authors (Wallace and Froum) are pres-
ently investigating two clinical applications of 
the addition of bone replacement grafts to the 
BMP-2/ACS system to address the aforemen-
tioned concerns regarding low density and 
loss of volume. The fi rst application presented 
here utilizes Bio-Oss particles rolled in the 
absorbable collagen sponges (ACS) and placed 
into the sinus (Fig. 8.15). The second applica-
tion cuts the hydrated ACS into small strips 

Figure 8.15. Rollatini technique.

WWW.HIGHDENT.IR 
همیار دندانسازان و دندانپزشکان



174  Osseointegration and Dental Implants

before adding the Bio-Oss to form a compos-
ite prior to insertion into the sinus (Fig. 8.16). 
The preoperative condition is seen in Figure 
8.17. The immediate postoperative DentaS-
can panoramic view (Fig. 8.18) shows the 
distribution of the graft for both the rollatini 
technique on the right and the composite 
technique on the left.

Conclusion

The evidence-based literature reviews tell us 
that implants placed in the maxillary sinus 
after lateral window sinus augmentation 
surgery experience an average survival rate of 
approximately 92%. By using an evidence-
based decision-making process we can increase 
that survival rate to over 98%. Further, we 
have seen new sinus augmentation techniques 
such as the osteotome sinus elevation that, 
under certain conditions of available crestal 
bone height, is equally effective. The large 
ranges of implant survival, 61.2–100% with 
the lateral window technique and 88.6–100% 
with the osteotome technique, remind us that 
we are still seeking direction.

Our direction for the future, therefore, is 
multi-factorial and should encompass the fol-
lowing goals:

1. We must re-investigate in a more rigorous 
manner much of the work of the past with 
regard to surgical protocols and graft 
materials. The resulting decision-making 
processes would then lead to a higher sur-
vival rate with a smaller range.

2. We must conduct research in new direc-
tions and adopt new techniques and tech-
nologies only after they have been proven 
to be effective in improving outcomes.

3. Likewise, we must be willing to change 
our mindset and utilize these new tech-
niques and technologies, even when they 
seem to go against our past training.

4. Finally, we must realize, as both research-
ers and clinicians, that our ultimate goal 
is the provision of the highest level of 
patient care. Our responsibility, therefore, 
is to develop, refi ne, and utilize therapies 
that provide our patients with the highest 
predictability. But, as health care provid-
ers, we must do this in a caring manner, 
and we can do this by adopting the least 
complicated and least demanding solu-
tions to our patients’ dental problems.

Our future is as close as tomorrow and we 
must endeavor, through both scientifi c rigor 

Figure 8.16. “Composite” graft technique.

Figure 8.17. Preoperative DentaScan.

Figure 8.18. Postoperative DentaScan.
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and concern for our patients, to make it as 
bright as possible.

BONE AUGMENTATION IN THE 
SEVERELY RESORBED MAXILLA

Lars Rasmusson

Bone augmentation procedures before or in 
conjunction with implant placement are today 
routine procedures utilized to create the 
required bone volume necessary to adequately 
house the implants. Implant placement in the 
posterior maxilla is a special problem due to 
a relatively fast resorption of alveolar bone 
after tooth loss. But before any augmentation 
procedures are planned, one important ques-
tion must be asked. How much bone do we 
need for a successful result? It has been 
claimed that there is an almost linear relation-
ship between implant length and survival 
rate. According to Ferrigno et al. (2006), 
8 mm implants placed in the posterior maxilla 
had a survival rate of 88.9%, and 12 mm 
implants had a survival rate of 93.4% (12-
year cumulative survival rate). It appears that 
a usable residual alveolar bone height of 
around 10 mm should remain for an improved 
long-term implant survival rate.

Not only poor quantity but also defi cient 
bone quality is frequently seen in aging 
patients, in whom osteoporosis is common 
and due to annual loss of bone mass. Loss of 
bone occurs in men as well as women, but 
osteoporotic fractures are more common in 
women, since men have greater original bone 
mass than do women. Additionally, wear 
from dentures is frequently observed, and for 
patients who have had dentures for many 
years maxillary resorption could be extreme. 
There is no defi nite consensus on the defi ni-
tion of bone quality, but factors such as bone 
mineral density and thickness of the cortical 
lamina have been suggested as important by 
several investigators. It is agreed that the 
combination of severe resorption and dem-
ineralization (poor bone quality) increases the 
risk of implant failure.

The anterior part of the maxilla usually 
loses width, while the posterior part loses 
height, both from the superior (sinus) and 
inferior (crestal) directions. The buccal resorp-
tion of the anterior maxilla will subsequently 
result in a sagittal discrepancy between the 
jaws and, in severe cases, a Le Fort I osteot-
omy may be the best option to correct the 
prognathism and at the same time augment 
the maxilla with interpositional bone blocks. 
In less severe cases, a combination of sinus 
inlay and lateral onlay could be the method 
of choice. The use of Le Fort I osteotomy in 
conjunction with autogenous bone graft 
placement was originally described by Keller 
et al. (1987) and has yielded promising results. 
However, a considerable amount of bone 
usually has to be harvested and particulated 
grafts cannot be used since the sinus mem-
brane is lacerated during the osteotomy 
(Fig. 8.19).

Onlay grafting was originally proposed by 
Breine and Brånemark in 1980. They recom-
mended at that time the simultaneous place-
ment of a horseshoe-shaped graft with 
implants to stabilize the transplant and at the 
same time reduce the overall treatment time. 
A two-stage protocol was later suggested by 
Rasmusson and co-workers (1999). However, 
except for donor site morbidity, the healing 
of these grafts takes several months and there 
is a considerable degree of resorption during 
the maturation process of the augmented 
area. Bone resorption in the buccal/palatal 

Figure 8.19. Le Fort I osteotomy with interpositional 
block bone graft (schematic).
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direction for lateral onlay grafts could be as 
much as 60% during the fi rst year according 
to some authors (Johansson et al. 2001; 
Widmark et al. 1997). Autogenous bone is 
grafted in cortical, cancellous, or cortico-
cancellous form and can be placed onto the 
recipient bed either as a piece, en bloc, or 
particulated (Fig. 8.20).

The transplanted bone can then become a 
piece of partially necrotic tissue that over time 
goes through various stages of resorption and 
later acts as a scaffold for new bone forma-
tion. On the other hand, a swift and gentle 
handling of the graft with resultant cell sur-
vival may lead to revitalization of the graft in 
situ. Since osteocytes are dependent on a vas-
cular supply at a distance not further than 
0.1 mm, a cortical bone graft may only have 
small potential to exhibit surviving cells. The 
cells of a cancellous graft, however, may be 

more prone to survival due to the structure 
and possible diffusion of nutrients and revas-
cularization from the recipient bed.

The use of allografts and xenografts such 
as frozen or freeze-dried mineralized or dem-
ineralized bone are alternatives to the autog-
enous bone graft in reconstructive maxillary 
surgery. Many new products in this fi eld have 
been introduced to the market in recent years. 
These are usually far more resistant to resorp-
tion when compared to autogenous bone, 
but they are, on the other hand, only 
osteoconductive.

Local Growth Factors

In order to stimulate new bone formation and 
a faster healing of autogenous bone grafts, 

Figure 8.20. Radiograph showing a resorbed maxilla before treatment, immediately after grafting (lateral onlay block 
bone on patient’s right side and particulate bone anterior left side + sinuses bilaterally), and after 6 months of 
healing.
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growth factors have been studied extensively. 
In 1938 Levander observed ectopic bone for-
mation around periosteal and surface layer–
free bone grafts in non-skeletal sites, and 
much later Urist identifi ed protein extracts 
from demineralized bone matrix that were 
able to induce bone formation. In 1971 Urist 
named this bone morphogenetic protein 
(BMP). The BMPs form a subgroup of the 
TGF-β super family, which is a large group of 
proteins that affect cell growth, migration, 
and differentiation including regulatory roles 
in tissue homeostasis and repair in adult 
organisms.

Platelets are the second most abundant unit 
in blood and they are 1.5–3.0 µm in diameter. 
Their role in hemostasis is central and they 
are vital to wound healing and infl ammation. 
In a resting state they circulate in blood for 
9–10 days. At least three types are released 
upon activation; α-granules, dense core gran-
ules, and lysosomes. The lysosomes contain 
glycosidases, proteases, and cationic proteins. 
The dense granules contain nucleotides such 
as adenine and guanine but also amines such 
as serotonin and histamine.

The α-granules are well known in regenera-
tive surgery. They contain adhesion molecules, 
protease inhibitors, coagulation factors (e.g., 
fi brinogen, plasminogen, and factors V, VII, 
XI, and XIII), and fi nally mitogenic factors 
such as PDGF, VEGF, IGF and TGF-β.

The use of autologous local growth factors 
derived from the patient’s own platelets 
(platelet-rich plasma or PRP) to enhance the 
healing of autogenous bone grafts in maxil-
lofacial reconstruction was fi rst described by 
Marx et al. in 1998 and later others (Grageda 
2004; Thor et al. 2005). The idea is to con-
centrate platelets at the wound-healing site to 
facilitate healing and counteract resorption. 
The gel formed by the platelets can be added 
to particulated bone, producing a moldable 
graft that is easily placed at the recipient 
site.

PRP is usually prepared by perioperative 
withdrawal of 50–450 ml whole blood from 
a peripheral vein. The blood is then trans-
ferred to a gradient cell separator (centrifuge) 

and the separation is done in two steps. The 
second preparation is to fi nally extract the 
platelets in a concentrated form in plasma. To 
achieve anticoagulation during the process, 
citrate phosphate dextrose is usually added. 
When the PRP is ready to use with the par-
ticulated bone, coagulation is initiated with 
10% calcium chloride. The PRP-bone mix, 
now a moldable graft, is then immediately 
applied in the sinus fl oor or applied laterally 
to augment height and the width of the alveo-
lar crest (Figs. 8.21, 8.22).

The implants can be placed after a healing 
period of between 4 and 6 months. If the graft 
maturation time is too short, a soft and imma-
ture graft may result. If the maturation time 
is too long, the graft volume may decrease 
due to resorption. In order to analyze the 
possible effect of the PRP, a platelet count 
must be performed before and after separa-
tion. Generally, the increase in number of 
platelets/unit will be four-fold after a correct 
separation. In many studies this has been the 
only attempt to correlate platelet count with 
effect, the assumption being that the number 

Figure 8.21. Particulate bone from the iliac crest.

Figure 8.22. The same bone mixed with PRP.
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of platelets also correlates with levels of 
released growth factors. However, activation 
of platelets and the subsequent release of 
growth factors is a complex situation that 
does not always coincide with platelet 
numbers.

In a series of studies, Thor and co-workers 
have tried to investigate the healing process 
of autogenous particulated bone grafts har-
vested from the hip and mixed with either 
PRP or whole blood. In a clinical study where 
sinus inlay grafts were compared, biopsies 
showed signifi cantly more new bone forma-
tion on the PRP side compared to the control 
side. The biopsies were harvested after 3 
months of healing and it was concluded that 
PRP had a positive infl uence on the healing 
process during the initial phase of the remod-
elling of the grafts (Figs. 8.23, 8.24).

After an additional healing period of 3 
months (total 6 months), new biopsies were 
harvested at the time of implant installation. 
At this time point no difference between test 
and control could be observed in the histo-
logic slides. Resonance frequency analysis 
(Fig. 8.25) was used to measure implant sta-
bility at implant placement, after 6 months 
(abutment connection), and after 1 year in 
function. There was a tendency of higher sta-
bility for implants installed in the PRP-treated 

Figure 8.23. Biopsy of particulate bone mixed with PRP 
used for sinus fl oor augmentation taken after 3 months of 
healing. NB = new bone formation, OB = old (not yet 
remodelled) bone.

Figure 8.24. Biopsy of particulate bone mixed with 
whole blood used for sinus fl oor augmentation, harvested 
after 3 months of healing. NB = new bone formation, 
OB = old (not yet remodelled) bone.

Figure 8.25. Resonance frequency analysis for stability 
measurements.

sinuses but the difference was not statistically 
signifi cant.

No statistical differences were seen in mar-
ginal bone level alterations and only 2 out of 
152 implants failed during the observation 
period (1 year post-loading).

It can be concluded that local growth 
factors administrated via a concentrate of the 
patients own platelets (PRP) resulted in a sig-
nifi cant improvement in the early phase of 
graft healing. However, a routine use of PRP 
must be questioned since there is little or no 
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clinical benefi t in the long-term treatment 
outcome, except for an improved handling of 
the particulated bone graft.

Activation of Platelets with Titanium

One hypothesis about the superior osseointe-
gration properties of titanium over other 
materials is that its superiority is due to its 
thrombogenicity. Activation of the coagula-
tion cascade is predictable when titanium (but 
also other materials) comes in contact with 
hard and soft tissues during installation. 
Whole blood, PRP, and PPP (platelet poor 
plasma) have been tested in a slide chamber 
model. Activation of the coagulation system, 
as refl ected in the generation of TAT 
(thrombin-antithrombin complex) showed 
that the activation was most pronounced with 
whole blood (Fig. 8.26).

When compared to baseline values, the 
TAT increased 3,000-fold with whole blood, 
2-fold with PRP, and not at all with PPP. In 
addition, the platelet activation showed a 
similar pattern with a 15-fold higher release 
of β-TG (β-thrombo-globulin) in whole blood 
compared to baseline values. With PRP and 

PPP the β-TG values remained at initial levels. 
These somewhat surprising results were not 
able to be repeated when a portion of the 
erythrocytes was left in the PRP. The erythro-
cytes consequently have not only a role in 
oxygen transportation but are also deeply 
involved in the activation of the platelets.

In conclusion, PRP in conjunction with 
grafting of particulated bone to the severely 
resorbed edentulous maxilla does not improve 
the integration and clinical function of dental 
implants installed after 6 months of healing. 
However, signifi cantly more new bone has 
been observed in biopsies of maxillary sinuses 
grafted with autogenous bone and PRP com-
pared to controls without PRP after 3 months 
of healing. Whole blood, not PRP, displays 
signifi cantly stronger activation of the coagu-
lation system with respect to generation of 
thrombin and platelet activation due to the 
lack of erythrocytes in PRP. The relationship 
between the potential effects of PRP in a 
dose-dependent way on cell proliferation in 
experimental cell cultures should be further 
evaluated.
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ALVEOLAR AUGMENTATION: 
PAST, PRESENT, AND FUTURE

Ulf M.E. Wikesjö, Massimo Simion, and 
Michael S. Reddy

Twenty-fi ve years ago dental implant recon-
struction was largely prosthetically managed 
with implants placed into the available resid-
ual ridge. Although the clinicians of the time 
realized that soft tissue and bone loss were 
consequences of tooth loss, it was given very 
little consideration other than its replacement 
with acrylic and ceramic dental materials. 
The predominant literature of the era 
addressed implant surface and load distribu-
tion and studies on various blade-form 
implants. At that time, the concept of 
osseointegration was introduced to North 
American dentists, along with the merits of 
osseointegration to improve implant pros-
thetic treatment as well as traditional restora-
tive approaches.

In 1982 it was well known that following 
extraction of teeth the empty alveolar extrac-
tion sockets fi lled with blood, which sequen-
tially clotted and organized into bone 
(Carlsson and Persson 1967). However, if the 

process were that simple and stopped there, 
dentures that were initially fi tted to the ridge 
in a meticulous fashion would remain stable. 
We now know extraction of teeth disrupts the 
homeostasis of the alveolar bone and that the 
physiologic response is a complex process 
leading to further remodeling, resulting in a 
net loss of bone. Radiographic studies based 
on longitudinal cephalometric images pro-
vided excellent visualization of the gross pat-
terns of destruction of alveolar bone that are 
induced following the loss of teeth (Atwood 
and Coy 1971; Hedegård 1962; Tallgren 
1972). From these studies the mean rate of 
alveolar ridge resorption was found to be 
four times greater in the mandible than in the 
maxilla (Atwood and Coy 1971; Tallgren 
1972). Further, in the most severe cases of 
residual ridge resorption, over 4 mm of verti-
cal bone was lost during the fi rst year after 
the extraction of mandibular teeth (Carlsson 
and Persson 1967).

At the time, it was postulated that residual 
ridge resorption was a multi-factorial biome-
chanical disease that resulted from a combi-
nation of anatomic, metabolic, and mechanical 
determinants. While it was ill-defi ned, it was 
and remains a signifi cant clinical problem 
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brought on by the loss of the natural denti-
tion. Twenty-fi ve years ago approximately 
30% of the North American population over 
the age of 65 was completely edentulous. 
Retention of natural teeth has increased but 
remains a signifi cant problem, with 25% of 
older adults being completely edentulous. 
Osseointegration concepts and implant-
retained restorations became the answer to 
the clinical suffering. The report of a 15-year 
study of a clinically rigid restoration corre-
sponding microscopically to a direct bone-
implant interface without intervening fi brotic 
tissue represented a major announcement of 
signifi cant clinical impact (Adell et al. 1981). 
The placement of endosseous implants pro-
vided for a stable restoration that would 
function much like natural teeth. The minimal 
bone loss found around the osseointegrated 
implant translated into maintenance of the 
residual alveolar bone. In cases of severely 
atrophic mandibular arches, the restoration 
from an edentulous state to a fi xed hybrid 
prosthesis resulted in a reversal of the resorp-
tion process and the potential for functional 
regeneration of the atrophic mandible (Reddy 
et al. 2002).

After the Toronto Conference implant 
dentistry focused on using biocompatible 
materials to obtain a fi xed restoration. This 
bone-preserving approach exercised specifi c 
surgical principles based on preserving alveo-
lar bone. This preservation, rather than a 
regenerative approach, is still the basis for 
much of the current implant surgery tech-
niques. Most surgery techniques are founded 
in creating minimal trauma to the bone. The 
use of copious irrigation and slow speed drills 
limits the zone of bone devitalization and aids 
in the subsequent phase of osseointegration. 
Precise fi t and primary stability of the implant 
was and still is a key step to a successful 
progression to osseointegration. Aseptic tech-
niques and anti-infective procedures kept the 
implant free from infection that might inter-
fere with the implant stability and viability of 
the bone at the implant interface.

The concept of ridge augmentation or site 
development was largely not considered, 

and site preparation was limited to resective 
surgery aimed at modifying the edentulous 
ridge area. The common concept was to 
fl atten the ridge to a dimension of at least 
1 mm wider than the implant diameter. Oste-
oplasty was used to remove bone and reduce 
the edentulous ridge to fi t the implant dimen-
sions or prosthesis. The common diameter of 
the implant was approximately 3.75 mm, 
with a variety of lengths. The surgical 
approach was resective with very little atten-
tion given to alveolar regeneration. Even with 
a resective treatment approach the results 
were profound and had promising long-term 
outcomes. In a 20-year follow-up study evalu-
ating 273 standard implants (3.75 × 10 mm) 
in 47 patients placed in 1982, 30 subjects 
were available for follow-up. The cumulative 
survival rate for these implants was 98.9% 
with a mean crestal bone loss of 1.6 mm 
(Ekelund et al. 2003). Thirty-seven implants 
available for follow-up demonstrated expo-
sure of two threads over 20 years. The inci-
dence of unresolved peri-implantitis was as 
low as 3%. Importantly, all 30 subjects had 
continuous prosthesis function, two subjects 
having had their prosthesis remade during the 
20-year observation period.

Lateral Alveolar Augmentation: GBR 
and a Composite Bone Biomaterial

The most common form of tooth loss is a 
partially edentulous state. Therefore, this also 
represents the most common indication for 
implant-based prosthetic reconstruction. This 
is particularly challenging when ridge resorp-
tion has taken place in only one segment of 
the mouth. Without intervention alveolar 
ridge resorption, even at a single tooth site, 
appears rapid, often occurring within 6 
months (Bartee 2001; Lekovic et al. 1998). 
This leads to a variety of acquired ridge 
deformities that may preclude or limit the 
ability to restore the patient with implants. 
One of the most common current approaches 
to ridge augmentation is the application of a 
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bone graft in combination with a barrier 
membrane (Fiorellini and Nevins 2003; 
Hämmerle and Karring 1998). This guided 
bone regeneration (GBR) method is based on 
the ability of the membrane to provide space 
for bone formation (Hämmerle and Karring 
1998). In order to regenerate bone there is a 
need for cells to migrate into the space, the 
expression of growth factors, an adequate 
blood supply, and a scaffold to support the 
bone growth. Most current clinical GBR ther-
apeutic approaches rely on the bone graft 
itself to provide growth factors and serve as 
a scaffold, while the membrane selectively 
allows repopulation with cells advantageous 
for bone growth.

In a recent study evaluating GBR, a biore-
sorbable synthetic membrane based on 67% 
polyglycolic acid and 33% trimethylene car-
bonate (PGA/TMC) was used to cover a bone 
biomaterial containing assayed demineralized 
bone matrix and cortical cancellous allogenic 
bone chips in a thermoplastic carrier (Geurs 
et al. 2008). The two-center study enrolled 38 
subjects with inadequate ridge width for 
placement of dental implants. The ridge width 
was measured with ridge-mapping calipers at 
the crest and 4 mm below the crest during 
ridge augmentation surgery, and at 6 months 
post-augmentation at implant placement 

using a surgical guide to identify the position 
of the augmented sites. At the time of implant 
placement a 2 mm trephine biopsy was har-
vested from each implant site to be processed 
for histometric analysis. Trephines containing 
the block were embedded in methylmethacry-
late resin and sectioned through the center 
of the trephine, stained with Paragon stain, 
and analyzed for the proportions of new bone 
and residual biomaterial. Figures 9.1 and 9.2 
show representative examples of change in 
alveolar ridge width.

Clinical recordings showed a statistically 
signifi cant 2.8 ± 1.7 mm mean increase in 
ridge width at the crest and a 3.1 ± 1.9 mm 
mean increase in ridge width 4 mm below the 
crest (p < 0.001). The change in ridge width 
for the individual sites is represented in 
Figures 9.3 and 9.4.

Figure 9.5 shows representative photo-
micrographs from the biopsies obtained at 6 
months post-augmentation at implant place-
ment showing new bone formation surround-
ing implanted biomaterials. The histometric 
evaluation estimated new bone formation 
comprising 20.6 ± 8.8% of the biopsies, bone 
biomaterials 36.2 ± 15%, and marrow and 
other tissues 49.9 ± 17.3%.

In this study a long-term synthetic bio-
resorbable PGA/TMC membrane was used 

Figure 9.1. Mandibular lateral 
ridge augmentation using a 
PGA/TMC membrane combined 
with assayed demineralized 
bone matrix (DBM) and cortical 
cancellous allogenic bone chips 
uniformly dispersed in a 
thermoplastic carrier. Left panel 
shows the ridge prior to surgery. 
Right panel shows the site at 6 
months post-surgery following 
harvesting of biopsies with a 
2 mm trephine. Figures from 
Geurs et al. 2008, copyrighted 
by and reproduced with 
permission from the American 
Academy of Periodontology.
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combined with an osteoinduction-assayed 
bone biomaterial. The bone biomaterial was 
suspended in a gelatin matrix that was ther-
moplastic and set to a rubbery consistency 
when cooled to body temperature. After 
setting, the biomaterial was more rigid than 
commonly used particulate bone biomateri-
als. These features facilitated subsequent 
placement of the membrane because the bio-
material was dimensionally stable and tacks 
were not required to stabilize the membrane 
and prevent displacement during healing. The 
membrane itself had excellent surgical han-
dling and bioresorptive characteristics. More-
over, the PGA/TMC membrane may lend 

itself to incorporation of biologic or antimi-
crobial agents. Collectively, these properties 
suggest that use of the PGA/TMC membrane 
combined with the composite bone biomate-
rial may represent a predictable treatment for 
lateral ridge augmentation procedures.

Vertical Alveolar Augmentation: 
Techniques and Trends

The prime prerequisite to predict long-term 
success for osseointegrated implants is a 
suffi cient bone volume at the recipient site. 

Figure 9.2. Maxillary lateral ridge augmentation using a PGA/TMC membrane combined with assayed DBM and 
cortical cancellous allogenic bone chips uniformly dispersed in a thermoplastic carrier (left). The right panel shows the 
augmented site at 6 months post-surgery following harvesting of biopsies with a 2 mm trephine. Figures from Geurs 
et al. 2008, copyrighted by and reproduced with permission from the American Academy of Periodontology.

Figure 9.3. Individual measurements (by site) of alveo-
lar ridge width at the crest prior to and at 6 months post-
augmentation (n = 72 sites).

Figure 9.4. Individual measurements (by site) of the 
alveolar ridge 4 mm apical to the crest prior to and at 6 
months post-augmentation (N = 72).
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Nevertheless, a suffi cient amount of bone is 
frequently lacking as a consequence of trauma 
or advanced periodontitis. A number of 
different techniques have been deployed 
to reconstruct alveolar ridges to allow im -
plant placement using immediate or staged 
approaches. In perspective, vertical bone loss 
in partially edentulous patients appears to be 
a major challenge due to anatomical limita-
tions and technical diffi culties. GBR concepts 
applied to partially edentulous atrophic man-
dibles to achieve vertical bone regeneration 
using titanium reinforced non-resorbable 
expanded polytetrafl uoroethylene (ePTFE) 
membranes were fi rst reported by Simion 
et al. (1994a). By the late 1990s, small varia-
tions in surgical techniques were applied, 
such as adding autogenous or a bone bioma-
terial including demineralized freeze-dried 
bone under the membrane with the intent to 

enhance vertical bone growth. Vertical alveo-
lar augmentation ranging up to 7 mm was 
reported in a study following these concepts 
(Tinti et al. 1996; Fig. 9.6). The long-term 
implant stability and resorption pattern of 
bone regenerated with this technique has been 
reported in a retrospective multicenter study 
following 1–5 years of prosthetic loading 
evaluating 123 implants (Simion et al. 
2001).

However, extra- or intraoral harvesting of 
autogenous bone constitutes a high degree of 
patient discomfort and morbidity. Hence, 
efforts have been applied to decrease the 
volume of autogenous bone harvested by 
applying a 1 : 1 ratio of deproteinized bovine 
bone and autogenous bone under the GBR 
ePTFE membranes for vertical bone regene-
ration (Simion et al. 2007a). Although the 
results reported have been shown to be suc-
cessful, this technique still requires auto-
genous bone harvesting and the use of a 
non-resorbable membrane, which in turn 
demands expert operator skills or the surgical 
site may be prone to wound dehiscences and 
subsequent infection (Simion et al. 1994b).

Advances in tissue engineering may offer 
solutions that resolve bone volume defi cits 
and periodontal defects while at the same 
time eliminating concerns imposed by current 
techniques. Among a number of matrix, 
growth, and differentiation factors, recom-
binant platelet derived growth factor 
(rhPDGF-BB) has been extensively evaluated 
for orthopedic and periodontal indications. 
The principal aim in using a growth factor 
such as rhPDGF-BB is to eliminate the need 
for autogenous bone harvesting and possibly 
the use of membranes. A proof-of-principle 
study recently evaluated rhPDGF-BB for alve-
olar augmentation (Simion et al. 2006). A 
deproteinized bovine bone block infused with 
rhPDGF-BB was used for vertical augmenta-
tion in a canine model to support bone regen-
eration in the three dimensions (Fig. 9.7).

The observations from this study translate 
to the possibility to regenerate bone vertically 
by using a xenograft as a scaffold infused 
with a potent growth factor without the need 

Figure 9.5. Photomicrograph of trephine with bone 
core from an augmented ridge at 6 months post-surgery; 
the high power (10×) view showing new bone and 
marrow surrounding the DBM particles. Figures from 
Geurs et al. 2008, copyrighted by and reproduced 
with permission from the American Academy of 
Periodontology.
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Figure 9.6. Clinical view of edentulous lower right mandible exhibiting severe atrophy and minimal keratinized 
mucosa (top left). Cortical perforations performed with a diamond round bur to enhance bleeding. Two titanium 
implants are inserted to support a membrane and composite graft (top right). Autogenous bone chips mixed in a 1 : 1 
ratio with deproteinized bovine bone particles (lower left). Re-entry at 6 months. The titanium-reinforced membrane 
appears stable with the fi xation screws in place (lower right).

Figure 9.7. Atrophic canine mandible prior to augmentation surgery (left). Clinical re-entry of a deproteinized bovine 
block + rhPDGF-BB site following 4 months of submerged healing (right). Implants are covered by a large tissue mass 
resembling bone.
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to harvest autogenous bone or use a mem-
brane. Two atrophic human alveolar defects 
were successfully treated using the same 
protocol (Simion et al. 2007b). These recent 
studies point to trends of less invasive treat-
ments minimizing complications and side 
effects of the surgery, decreasing patient mor-
bidity, and increasing success rates while 
decreasing technical diffi culties. The applica-
tion of tissue-engineering concepts to clinical 
surgical procedures will indeed create a new 
paradigm.

Alveolar Augmentation and 
rhBMP-2

Recombinant human bone morphogenetic 
protein 2 (rhBMP-2) in an absorbable colla-
gen sponge (ACS) carrier (INFUSE® Bone 
Graft, Medtronic Sofamor Danek, Memphis, 
Tennessee) was approved for orthopedic indi-
cations including spine fusion and long bone 
fracture repair in 2002 and has since reached 
rapid market acceptance. INFUSE® Bone 
Graft was approved for oral/maxillofacial 
indications in 2007 (http://www.fda.gov/cdrh/
mda/docs/p050053.html) following extensive 
evaluation (Huang et al. 2008). Studies have 
shown that rhBMP-2/ACS may induce 
clinically relevant bone formation for inlay 
indications including augmentation of the 
subantral space, advanced vertical/horizontal 
peri-implantitis defects, and extraction socket 
sites. Advanced saddle-type alveolar ridge 
defects have been reconstructed using rhBMP-
2/ACS to allow placement and long-term 
functional loading of endosseous dental 
implants. rhBMP-2/ACS and rhBMP-2 com-
bined with other carrier technologies have 
been evaluated for vertical/horizontal alveo-
lar ridge augmentation. Several studies have 
evaluated BMP technologies for alveolar aug-
mentation and endosseous implant osseointe-
gration. The following represents selected 
critical preclinical studies demonstrating the 
biologic basis, the clinical potential, and the 
versatility of BMP technologies for alveolar 

augmentation and osseointegration as exem-
plifi ed by rhBMP-2.

Using a discriminating canine model for 
vertical alveolar ridge augmentation (Wikesjö 
et al. 2006), our laboratory fi rst showed that 
a BMP construct used as an onlay has the 
potential to induce clinically relevant alveolar 
bone augmentation and osseointegration (Sig-
urdsson et al. 1997). rhBMP-2/ACS or ACS 
control was applied to critical-sized, 5 mm, 
supraalveolar, peri-implant defects in contral-
ateral jaw quadrants. The defect sites were 
subject to histometric evaluation following a 
16-week healing interval. Sites receiving 
rhBMP-2 showed signifi cant bone formation 
and osseointegration, with newly formed 
bone approaching or exceeding the implant 
platform. Controls showed limited, if any, 
bone formation (Fig. 9.8).

These observations appear even more per-
tinent when compared to those evaluating 
decalcifi ed, freeze-dried, allogeneic bone 
(DFDBA) combined with GBR or GBR alone 
in the same model (Caplanis et al. 1997). The 
DFDBA biomaterial remained unaltered in all 
sites receiving this treatment, solidifi ed within 
a dense connective tissue matrix and in close 
contact to the titanium implant surface 
without evidence of bone formation and 
osseointegration (Fig. 9.9).

Bone formation was limited and clinically 
irrelevant for both GBR/DFDBA and GBR 
alone. In contrast to that observed for 
rhBMP-2, the results from this study suggest 
that DFDBA has no relevant osteoinductive, 
osteoconductive, or other adjunctive effect to 
GBR and that GBR has limited potential to 
support osteogenesis at least for onlay indica-
tions (vertical alveolar augmentation). It 
should be noted that the canine model should 
have greater healing potential than clinical 
patients; thus if healing is not observed in this 
model, it should not be expected in clinical 
settings. Conversely, clinically relevant bone 
formation and osseointegration in this model 
is expected to have clinical signifi cance.

Subsequent studies evaluated a space-
providing, porous ePTFE device to support 
rhBMP-2/ACS induced bone formation using 
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Figure 9.8. Critical-sized, 5-mm, supraalveolar, peri-implant defect treated with rhBMP-2/ACS or ACS without rhBMP-
2 (control). Clinical photographs show the supraalveolar defect implanted with rhBMP-2/ACS before and after wound 
closure for primary intention healing. The left photomicrographs show defect sites having received rhBMP-2/ACS 
exhibiting bone formation reaching or exceeding the implant platform, the newly formed bone showing osseointegra-
tion to the machined titanium implant surface (high magnifi cation insert). Control sites show limited, if any, bone for-
mation. Green lines delineate the level of the surgically reduced alveolar crest. Healing interval 16 weeks. Figures 
copyrighted by and modifi ed with permission from Blackwell Munksgaard Ltd. Source: Sigurdsson et al. 1997.

Figure 9.9. Critical-sized, 5 mm, supraalveolar, peri-implant defect treated with GBR (occlusive space-providing 
ePTFE membrane; green arrowheads) with or without a DFDBA. The clinical panels show the supraalveolar defect with 
the GBR membrane, with DFDBA rehydrated in autologous blood, and with the membrane in place prior to wound 
closure for primary intention healing. Note limited regeneration of alveolar bone in absence and presence of DFDBA 
suggesting (1) that the innate regenerative potential of alveolar bone is limited, and (2) that the DFDBA biomaterial 
has limited, if any, osteoinductive and/or osteoconductive properties to support bone regeneration. Green lines deline-
ate the level of the surgically reduced alveolar crest. Healing interval 16 weeks. Figures copyrighted by and modifi ed 
with permission from Quintessence Publishing. Source: Caplanis et al. 1997.
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the canine supraalveolar, peri-implant defect 
model (Wikesjö et al. 2003, 2004). The 
concept behind the design was to provide an 
unobstructed space allowing vascular and cel-
lular elements from the gingival connective 
tissue to support rhBMP-2 induced bone for-
mation, the geometry of which was outlined 
by a porous ePTFE device. Four animals 
received the space-providing, dome-shaped 
device alone or combined with rhBMP-2/ACS 
in contralateral jaw quadrants. Four animals 
similarly received rhBMP-2/ACS solo versus 
rhBMP-2/ACS combined with the porous 
ePTFE device. The implant sites were subject 
to histometric analysis following an 8-week 
healing interval. GBR alone limitedly en -
hanced bone formation (Fig. 9.10).

rhBMP-2/ACS alone induced signifi cant 
augmentation of the alveolar ridge; however, 
the geometry of induced bone was highly 
irregular. In contrast, the dome-shaped, space-
providing, porous ePTFE device–rhBMP-2/
ACS combination predictably produced bone 
formation fi lling the large space provided by 
the device. This study points to important 
tissue engineering principles; BMP bone for-
mation follows the outline or design of the 
matrix.

Recent studies have evaluated alternative 
BMP carrier technologies to ACS exhibiting 
structural integrity for onlay indications. 
rhBMP-2 in a DFDBA/fi brin carrier as 
a stand-alone therapy induced clinically 
relevant vertical alveolar augmentation for 

Figure 9.10. Critical-sized, 5 mm, supraalveolar, peri-implant defects treated with rhBMP-2/ACS, GBR, or rhBMP-2/
ACS combined with GBR using a porous, space-providing ePTFE membrane. The clinical panels show the supraalveolar 
defect with rhBMP-2/ACS and with the porous GBR membrane. Note how rhBMP-2 induced bone fi lls the space pro-
vided by the membrane (green arrowheads), whereas rhBMP-2/ACS alone provides very irregular bone formation (top 
left). GBR alone (bottom left) provides for limited, if any, regeneration of alveolar bone. Green lines delineate the level 
of the surgically reduced alveolar crest. Healing interval 8 weeks. Figures copyrighted by and modifi ed with permission 
from Blackwell Munksgaard Ltd. Sources: Wikesjö et al. 2003 and Wikesjö et al. 2004.
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placement and osseointegration of dental 
implants (Sigurdsson et al. 2001). Using 
the canine model, bilateral, critical-sized, 
horizontal alveolar ridge defects received 
an rhBMP-2/DFDBA/fi brin onlay. Ten-mm 
implants were placed into the rhBMP-2 
induced alveolar ridge at 8 and 16 weeks. The 
implant sites were subject to a histometric 
evaluation at 24 weeks. Ninety percent of the 
bone-anchoring surface was invested in 
rhBMP-2 induced bone (Fig. 9.11).

Osseointegration approximated 55% in 
rhBMP-2 induced and in resident bone of 
similar density, emphasizing the clinical rele-
vance of this candidate treatment. Neverthe-
less, the use of cadaver-sourced biomaterials 
such as DFDBA may have diffi culty in receiv-
ing public acceptance and thus synthetic 
carrier technologies for alveolar indications 
are to be preferred.

A second study evaluating a synthetic 
calcium phosphate cement matrix (α-BSM) as 
a candidate carrier for rhBMP-2 found this 
to be an effective stand-alone protocol for 
vertical alveolar ridge augmentation (Wikesjö 

et al. 2002). Using the supraalveolar peri-
implant defect model, three animals received 
rhBMP-2/α-BSM in contralateral jaw quad-
rants (rhBMP-2 at 0.40 and 0.75 mg/mL), and 
three animals received α-BSM alone (control). 
In defect sites subject to histometric evaluation 
following a 16-week healing interval, rhBMP-
2/α-BSM induced clinically relevant alveolar 
ridge augmentation (Fig. 9.12).

Vertical bone augmentation comprised the 
entire 5 mm exposed implant, the newly 
formed bone exhibiting bone density approxi-
mating 60% (type II bone) with established 
cortex and osseointegration approximating 
27%. Control sites exhibited limited, if any, 
bone formation. This synthetic technology 
shows considerable promise since α-BSM may 
be shaped to the desired contour and set to 
provide space for rhBMP-2 induced bone for-
mation. In addition, α-BSM is injectable for 
inlay and has minimally invasive indications 
and may prove to be an amazing technology 
for maxillary sinus augmentation in conjunc-
tion with placement of oral implants, pin-
pointing bone formation at the implant body.

Figure 9.11. Surgically created horizontal alveolar ridge defect implanted with rhBMP-2 combined with DFDBA 
rehydrated in autologous blood. The clinical panels show the rhBMP-2/DFDBA/fi brin construct placed onto the surgi-
cally reduced fl at alveolar ridge prior to wound closure for primary intention healing. Transmucosal oral titanium 
implants were placed into the rhBMP-2 induced alveolar ridge at weeks 8 and 16 post-surgery. The animals were 
euthanized 24 weeks following the ridge augmentation procedure. The left photomicrographs show implants 
placed at week 8 and the right photomicrographs show implants placed at week 16. Approximately 90% of the bone-
anchoring surface of the implants was housed in rhBMP-2 induced bone exhibiting limited evidence of crestal resorp-
tion. There was no signifi cant difference in bone density between rhBMP-2 induced and the contiguous resident bone. 
Also, osseointegration (approximately 55%) was similar in induced and resident bone irrespective of whether the 
implants were placed at week 8 or 16. Figures copyrighted by and modifi ed with permission from Quintessence Pub-
lishing. Source: Sigurdsson et al. 2001.
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rhBMP-2/ACS has also been shown to 
support re-osseointegration of endosseous 
implants exposed to peri-implantitis (Hanisch 
et al. 1997). Ligature-induced peri-implantitis 
lesions created around hydroxyapatite-coated 
titanium implants in the posterior mandible 
and maxilla over 11 months in non-human 
primates exhibiting a microbiota similar to 
that of advanced human peri-implantitis and 

complex defect morphology were treated 
with rhBMP-2/ACS following fl ap elevation 
and defect debridement. Control defects 
received buffer/ACS. Histometric analysis 
performed following a 16-week healing inter-
val showed clinically relevant three-fold 
greater vertical bone gain in sites receiving 
rhBMP-2/ACS including convincing evidence 
of re-osseointegration (Fig. 9.13).

Figure 9.12. Critical-sized, 5 mm, supraalveolar peri-implant defect treated with rhBMP-2 in a calcium phosphate 
cement (α-BSM) or α-BSM without rhBMP-2 (control). The clinical panels show the supraalveolar peri-implant defect 
before and after application of α-BSM. The photomicrographs show representative observations for jaw quadrants 
receiving rhBMP-2/α-BSM, in this particular jaw quadrant rhBMP-2 at 0.4 mg/mL. Note substantial new bone formation 
at sites treated with rhBMP-2/α-BSM compared to the control (far right) exhibiting limited, if any, evidence of new 
bone formation. The rhBMP-2 induced bone exhibits similar trabeculation, osseointegration, and cortex formation as 
the contiguous resident bone. Also note no evidence of residual biomaterial. Green arrows delineate the apical exten-
sion of the supraalveolar peri-implant defects. Healing interval 16 weeks. Figures copyrighted by and modifi ed with 
permission from Blackwell Munksgaard Ltd. Source: Wikesjö et al. 2002.

Figure 9.13. Re-osseointegration following treatment of chronic peri-implantitis defect with rhBMP-2/ACS. The clini-
cal panel shows the debrided peri-implantitis defect prior to treatment with rhBMP-2/ACS; the green arrow points to 
the aspect of the implant shown in the photomicrographs. Black arrows delineate the apical aspect of the peri-implantitis 
defect; the green bracket depicts a high magnifi cation area (right) showing re-osseointegration. Note that the rhBMP-2 
induced bone exhibits qualities of the contiguous resident bone. Healing interval 16 weeks. Figures copyrighted by 
and modifi ed with permission from Quintessence Publishing. Source: Hanisch et al. 1997.
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The results suggest that surgical implan-
tation of rhBMP-2 may have considerable 
clinical utility in the reconstruction of peri-
implantitis defects and alveolar defects of 
lesser complexity.

A decisive test for any technology aimed at 
alveolar augmentation and osseointegration 
of endosseous implants is functional loading. 
Jovanovic et al. (2003) showed that rhBMP-
2/ACS induces normal physiologic bone 
allowing installation, osseointegration, and 
long-term functional loading of endosseous 
implants. Mandibular, alveolar ridge, full-
thickness, saddle-type defects were surgically 
created in a canine model. The defect sites 
were immediately implanted with rhBMP-2/
ACS. Endosseous implants were placed into 
the rhBMP-2 induced and adjoining resident 
bone (control) following a 12-week healing 
interval. The implants were subject to pros-
thetic reconstruction following 16 weeks of 
osseointegration and were then exposed to 
functional loading for 12 months, at which 
point the implant sites were subject to 
histometric analysis. rhBMP-2 induced bone 
exhibited features of the resident bone includ-
ing a re-established cortex (Fig. 9.14). There 
were no signifi cant differences between 

implants placed into rhBMP-2 induced and 
resident bone for any parameter evaluated. 
The implant sites exhibited some crestal 
resorption and, importantly, clinically rele-
vant osseointegration (50% in rhBMP-2 
induced and 75% in resident bone) support-
ing functional loading over 12 months. While 
previous reported studies demonstrated clini-
cally relevant alveolar bone augmentation 
and osseointegration following surgical 
implantation of rhBMP-2/ACS, this study 
was the fi rst to show the functional utility 
of rhBMP-2 induced bone for implant 
dentistry.

The observations refl ected in this chapter 
on alveolar augmentation point to a signi-
fi cant paradigm shift in implant dentistry. 
Surgical placement of implants can today be 
facilitated through a number of protocols and 
technologies. It is clear that never before have 
clinicians had such an immediate access to 
technologies that predictably support bone 
formation and osseointegration for strategic 
relevant positioning of dental implants for 
prosthetic reconstruction. Only long-term 
studies, clinical experience, and patient 
acceptance will determine the most successful 
approaches.

Figure 9.14. Evaluation of titanium implants placed into rhBMP-2 induced bone subject to 12 months of functional 
loading. The clinical panels show surgically induced mandibular, saddle-type (∼15 × 10 mm), full-thickness alveolar 
ridge defects (two per jaw quadrant). The defects were immediately implanted with rhBMP-2/ACS with or without a 
barrier membrane. Healing progressed for 3 months when endosseous oral implants were installed into the rhBMP-2/
ACS induced bone and into the contiguous resident bone (control). Following 4 months of osseointegration, the implants 
received abutments and prosthetic reconstruction. Prosthetically reconstructed implants were then subject to functional 
loading for 12 months. The photomicrographs show implants placed into rhBMP-2 induced and resident bone following 
12 months of functional loading. There is no discernable difference in bone formation and osseointegration between 
rhBMP-2 induced and resident bone. Figures copyrighted by and modifi ed with permission from Blackwell Munksgaard 
Ltd. Source: Jovanovic et al. 2003.
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THREE-DIMENSIONAL REVERSE 
TISSUE ENGINEERING FOR 
OPTIMAL DENTAL IMPLANT 
RECONSTRUCTION

Michael A. Pikos and Albert H. Mattia

The three-dimensional loss of soft- and hard-
tissue contour in the oral cavity compromises 
implant restoration of aesthetics and func-
tion, and creates a myriad of prosthetic, surgi-
cal, and cosmetic challenges for the implant 
team (Elian et al. 2007). Compromised 
implant angulation and off-axis loading nega-
tively impact case success and longevity 
(Misch and Bidez 1994). Three-dimensional 
reverse tissue engineering is a state-of-the-art 
protocol for the objective design and surgical 
implementation of digitally engineered soft- 
and hard-tissue augmentation for optimal 
dental implant reconstruction.

This chapter will outline a contemporary 
team approach to dental implant rehabilita-
tion, integrating classic clinical diagnostic 
protocols with interactive cone-beam CT 
technology and the most current soft- and 
hard-tissue reconstruction techniques.

Digitally Guided Bone Augmentation 
(DGBA®) will be presented as a proprietary 
approach for three-dimensional reconstruc-
tion and restoration of complex aesthetic 
zone defects. Pre- and post-grafting digital 
prosthetic workup, reverse tissue engineering 
with interactive CT graft assessment, and 
prosthetic-driven implant planning with stent-
driven implant placement is featured.

The creation of an implant prosthesis-
fi xture-tissue complex that restores form, 
function, and aesthetics is the goal of modern 
implant dentistry. Case planning must engi-
neer a biomechanical advantage to the 
complex that will dissipate masticatory forces 
at a physiologically acceptable level to achieve 
predictability and longevity (Isidor 1996). 
Failure in design of the system can result in 
prosthetic and implant failure and further 
breakdown of hard and soft tissue.

Advances in CT imaging and interactive 
diagnostic software allow for three-
dimensional implant planning of unprece-
dented accuracy, and the objective 
quantifi cation of necessary bone grafting 
for a predictable outcome (Sarment et al. 
2003). The practical clinical application 
from this development has been to precisely 
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communicate engineered parameters of virtual 
tissue grafting to the real-time surgical reality 
of the patient. With integration of rapid pro-
totype technology and state-of-the-art surgical 
regenerative concepts, a digitally guided surgi-
cal conduit can be established to direct virtu-
ally planned 3-D bone augmentation.

Phase I: Diagnostic Planning

The optimally engineered implant reconstruc-
tion begins with establishing the 3-D aesthetic 
and functional requirements of the proposed 
dental implant restoration. From a conven-
tional laboratory diagnostic workup, restora-
tion parameters are communicated through a 
custom-fabricated CT scanning appliance to 
a 3-D digital DICOM data volume (Rosenfeld 
et al. 2006) (Fig. 10.1).

After CT imaging with the appliance in 
place, interactive CT software is utilized 
to initiate a sequential diagnostic protocol, 
where patient hard- and soft-tissue anatomy 
are interpreted from the perspective of the 
proposed restoration (Fig. 10.2).

Implants can then be planned with optimal 
3-D axial orientation, including fi xture length 
and diameter for optimal biomechanical pros-
thetic loading (Fig 10.3).

Virtual Tissue Regeneration

Once implant size and trajectory are estab-
lished, virtual anatomic regenerative graft 
planning can be performed. Next, the objec-
tive hard-tissue augmentation volumes are 
designed to support the implant plan (Figs. 
10.4, 10.5).

This represents a signifi cant paradigm shift 
from conventional planning for maximum 
utilization of available bone, which often 
limits implants to unfavorable fi xture size and 

Figure 10.1. Customized scanning template appliances 
communicate 3-D restoration parameters to the CT 
DICOM data volume.

Figure 10.2. DICOM data volume segmentation allows 
visualization of the proposed restoration and interpreta-
tion of bony anatomy with interactive 3-D surface 
renderings.

Figure 10.3. Scanning template interpretation is essen-
tial for 3-D implant planning to optimize biomechanical 
support for the proposed restoration.
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Using an intaglio concept, the surgeon can 
mold titanium mesh to matrix the 3-D volu-
metric aspects of the graft area, and offer a 
direct transfer of the virtual plan to the surgi-
cal graft recipient site (Fig. 10.7).

Pre-Graft Soft-Tissue Augmentation

Complex three-dimensional bony defects 
command large volumes of bony augmenta-

Figure 10.4. Interactive interpretation of restoration 
tissue volume parameters is necessary for virtually engi-
neered augmentations and 3-D quantifi cation of planned 
surgical bone grafts.

Figure 10.5. Interactive cross-sectional imagery con-
trasts the planned virtual bone augmentation with the 
completed DGBA.

trajectories, as well as to negative biomechan-
ical force factors (Yokoyama et al. 2004).

DGBA/Rapid Prototyping/3-D 
Modeling

DGBA® describes the process whereby virtual 
bone grafting is communicated to clinical sur-
gical augmentation. Once the bone graft has 
been fabricated in the virtual phase, rapid 
prototype manufacturing technology can 
create 3-D hard models that refl ect the virtual 
grafting volumes created in the software plan-
ning phase (Fig. 10.6).

Figure 10.6. Rapid prototyping is utilized to create 
three-dimensional stereolythographic resin models that 
accurately refl ect the virtually planned augmentation 
(DGBA model).

Figure 10.7. Titanium mesh can be modifi ed and 
shaped on the DGBA model to predictably communicate 
the three-dimensional graft plan to the surgical graft 
site.
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tion that require tension-free soft-tissue 
closure to maintain blood supply to the 
grafted area (Jensen et al. 2004). This also 
prevents incision line opening, the number 
one complication of large alveolar bone grafts 
(Pikos 2005).

Preliminary soft-tissue augmentation uti-
lizes both allogeneic tissue (freeze-dried 
human dermis), as well as autogenous tissue 
(palatal connective tissue), to prevent vestibu-
lar dehiscence, another common complica-
tion following alveolar bone grafts. Three 
months of healing is required prior to bone 
grafting (Figs. 10.8, 10.9).

Autogenous Bone Grafting

The effi cacy of autogenous bone grafting 
is well documented (Esposito et al. 2006). 

Compared to the hip, the tibial bone harvest 
offers a greater volume of autogenous marrow 
with comparatively lower morbidity (O’Keeffe 
et al. 1991), and the convenience of an in-
offi ce protocol (Figs. 10.10, 10.11).

A slow resorbing bovine-derived xenograft 
is added to the autogenous marrow to mini-
mize graft resorption and provide for long-
term graft volume maintenance (Fig. 10.12).

Figure 10.8. Human dermal tissue augmentation pro-
vides increased soft-tissue volume to allow adequate fl ap 
release and avoid graft dehiscence.

Figure 10.9. Two-week healing of the soft tissue aug-
mentation prior to DGBA grafting.

Figure 10.10. 3-D rendering of the knee joint depicting 
the medullary bone volume of the tibial head.

Figure 10.11. Gerdy’s tubercle is utilized as the lateral 
bony anatomic landmark in tibial harvest with access 
incision lateral to the patellar tendon.
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Platelet-rich plasma is also used to acceler-
ate wound healing and stimulate graft incor-
poration (Marx et al. 1998). The graft complex 
is then added to the preformed titanium matrix 
along the intaglio surface against a slow 
resorbing collagen membrane (Fig. 10.13).

Phase II: Implant Planning

A second interactive diagnosis is performed 
after graft healing to assess progress of the 
phase I tissue grafting, and to fi nalize a guided 
surgical implant plan. New models and 
records and a modifi ed or new CT scanning 
appliance are utilized with a second CT image 

to allow for a restoration-driven interpreta-
tion of the new grafted bone anatomy. Opti-
mized implant planning is now performed a 
second time with attention to a guided surgi-
cal protocol (Fig. 10.14).

Interactive software planning is then per-
formed to allow for selective segmentation of 
3-D models and removal of the graft matrix 
scaffold in virtual planning. This allows 
implant planning to be performed on the 
actual bony architecture (Fig. 10.15).

Figure 10.12. Graft marrow complex is loaded into the 
mesh framework with a collagen membrane barrier 
between graft and mesh.

Figure 10.13. The intaglio surface of the titanium mesh 
matrixes the bone graft against the recipient bony defect 
and communicates the virtual graft plan to the patient.

Figure 10.14. Phase II scanning demonstrates the accu-
rate transfer of the virtual graft plan to the patient and the 
presence of regenerated bone volume necessary for 
optimal implant biomechanics.

Figure 10.15. Axial clipping of surface rendered 3-D 
model illustrates the predictable 3-D reconstruction 
of bone for implants to support a full arch fi xed 
prosthesis.
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A fi nal bone-supported surgical guide is 
designed with tripodial screw fi xation to 
accurately communicate the implant plan to 
the surgical site (Vrielinck et al. 2003) (Fig. 
10.16).

Graft Mesh Removal/Guided 
Implant Surgery

The titanium mesh matrix is removed after 7 
months of graft incorporation (Fig. 10.17).

This allows for direct visualization of the 
3-D osseous reconstruction that is necessary 

Figure 10.16. Software engineering allows virtual 
design of a bone supported surgical guide appliance with 
tripodial screw fi xation.

Figure 10.17. Removal of the titanium mesh scaffold 
matrix reveals defi nitive graft integration and clinical 
reconstruction of the virtual augmentation plan. for seating of the bone-supported surgical 

guide. Tripodial fi xation of the surgical guide 
is achieved with bone screws (Fig. 10.18).

This permits precision ostectomy prepara-
tion. The process accurately communicates 
the three-dimensional implant orientation 
from the virtual implant treatment plan to the 
surgical fi eld. A two-stage implant protocol 
allows for further maturation of the grafted 
bone and minimizes forces on the implants in 
the initial healing period (Fig. 10.19).

Restorative Phase

Implants are exposed after completion of 
stage I healing and preliminary abutments are 

Figure 10.18. Bone-supported surgical guide with tripo-
dial fi xation is used to communicate the 3-D implant 
surgical plan to the grafted maxillary arch.

Figure 10.19. Virtual implant planning has been com-
municated successfully to the clinical surgical setting.
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Conclusion

Reverse tissue engineering with Digitally 
Guided Bone Augmentation is the clinical 
integration of contemporary biomechanical, 
surgical, and restorative concepts with the 
precision of digital rendering and manufac-
turing technologies. It presents a unique 
application of three-dimensional CT imaging 
with interactive digital implant and bone 
graft planning, and establishes a clinical pro-
tocol for predictable regeneration of hard and 
soft tissue for dental implant reconstruction.
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THE HEALING BONE-IMPLANT 
INTERFACE: ROLE OF 
MICROMOTION AND RELATED 
STRAIN LEVELS IN TISSUE

John B. Brunski, Jennifer A. Currey, 
Jill A. Helms, Philipp Leucht, 
Antonio Nanci, and Rima Wazen

Introduction

Micromotion can be defi ned as displacement 
of an implant relative to surrounding bone 
(Brunski 1988). The literature indicates that 
osseointegration is favored by implant stabil-
ity during healing in bone but discouraged 
by excessive implant micromotion (“relative 
motion”) (Brånemark et al. 1977; Brunski et 
al. 1979, 2005; Soballe et al. 1992)—a prin-
ciple that has formed the basis of the well-
established delayed loading protocol employed 
with oral implants ad modum Brånemark.

However, with current increased attention 
to immediate loading (Esposito et al. 2007), 
there is renewed interest in why certain types 
of micromotion promote negative outcomes 
such as interfacial fi brous tissue formation, 

while other types of micromotion may lead to 
positive effects, such as more interfacial bone 
(De Smet et al. 2005; Rubin and McLeod 
1994).

Biomechanically, it is clear that when any 
implant in bone is loaded—either immedi-
ately or after some period of healing—stresses 
and strains must arise in supporting interfa-
cial tissues. Moreover, due to factors includ-
ing mismatch of elastic moduli between 
implant and tissue; the absence of any initial 
adhesive bond between implant and tissue; 
and poor initial fi t of the implant in its site, 
the loading will produce implant micromo-
tion to some degree. Our work has hypothe-
sized that the strain distribution in interfacial 
tissue is a key factor regulating early interfa-
cial cell and tissue response.

Methods

We started to test this hypothesis in a new 
mouse model (Leucht et al. 2007a, 2007b) 
that allows control of implant micromotion 
and interfacial strain fi elds. The model with 
CD1 mice consists of a motion device (with 
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externally mounted load cell and LVDT) that 
allows either stabilization or displacement-
control of 0.5 mm diameter implants installed 
through one cortex of the tibia and extending 
into the medullary canal (Fig. 11.1).

To produce known strain fi elds during 
healing, we designed specially shaped pin and 
screw-shaped implants for installation in two 

different types of interface: (1) a bone-
implant-gap interface (BIGI), and (2) a direct-
bone-implant-interface (DBII). Formed by 
placing a 0.5 mm diameter implant in a 
0.8 mm hole, the BIGI consisted of an initial 
interface in which a moving implant would 
produce known strain fi elds in the early 
healing regenerate. Alternatively, the DBII 
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Figure 11.1. a. Schematic 
diagram of motion device (scale 
bar = 1 mm). b. Device mounted 
on excised mouse tibia. c. Pin and 
screw-shaped implants (OD = 
0.5 mm). d. Example traces of 
motion (red) and force (blue) from 
a 150 µm motion protocol in 
vivo.
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was designed to resemble a more conven-
tional type of interface; a 0.5 mm diameter 
screw was inserted into a 0.4 mm tapped 
hole. All implants were made of 70% L-
lactide/30% D,L-lactide (grade LR706, 
Midwest Plastics, St. Paul, Minnesota, and 
Medical Micro Machining, Inc., Simi Valley, 
California) to allow optimal micro-CT 
imaging and strain analyses. (Current work is 
also done using titanium implants.)

In experiments A and B of this series, we 
tested pin and screw implants, respectively, in 
the BIGI; starting on the day of surgery, pin 
or screw implants were displaced axially by 
150 µm 60 times per day at 1 Hz for 7 days 
total. In experiment C, we placed 0.5 mm 

diameter screws in 0.40 mm tapped holes to 
form a DBII interface on the day of surgery, 
and applied 150 µm axial micromotion 60 
times per day for 7 days. In experiment D we 
followed the same protocol as in experiment 
C but displaced the screw in the DBII by only 
17–70 µm (ave. 43.5 µm). Implants stabilized 
in the BIGI and DBII served as controls.

To assess interfacial strain fi elds, we used 
machine vision photogrammetry (DISMAP) 
to analyze pairs of micro-CT images of the 
interface (Currey and Brunski 2006; Nicolella 
et al. 2001). We also validated and used 
an axisymmetric fi nite element analysis 
(ABAQUS) of the interface as an adjunct to 
the experimental strain analyses (Fig. 11.2).

Figure 11.2. a and b. Contours 
of principal tensile and 
compressive strains around a 
pin-type implant as determined 
experimentally in a mock 
interface using DISMAP. c and d. 
Axisymmetric fi nite element 
simulations of cases a and b 
above.
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Decalcifi ed and undecalcifi ed longitudinal 
sections (Goldner’s stain) through the mid-
plane of implants in the tibia allowed meas-
urement of the distance between implant 
surface and fi rst hit of mineralized bone 
(bone-implant distance, BID). The mean BID 
over the entire implant periphery was based 
on data taken from ∼30 points around the 
periphery of each implant. In some cases we 
also measured BID values at specifi c local 
regions of the interface (e.g., at the base of an 
implant). Statistical tests for differences in 
distributions of BID for control versus 
motion interfaces were conducted using 
Kolmogorov-Smirnov (KS) or Wilcoxon two 
sample tests.

Results

Our previous work (Leucht et al. 2007a) 
showed that for pins moving 150 µm in the 
BIGI (experiment A), the local BID at high 
strain regions (circumferential ridges and base 
of the pin implants) was statistically larger 
than at the lower strain regions (smooth sides 
of the pin) of the same pin. These results were 
consistent with the assertion that principal 
strain magnitudes greater than about 30% 
disrupted interfacial bone regeneration, while 
strains below this level permitted bone regen-
eration. Data from experiments B, C, and D 
also supported that view, as follows. With 
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Figure 11.3. Experiment B results: a. Stable screw in BIGI. b. 150 µm motion screw in BIGI for 7 days. c. Mean 
bone-implant distances (BID) for stable and motion case. d. Finite element predictions of interfacial principal tensile 
and compressive strains.
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stable screws versus screws moving 150 µm 
in the BIGI (experiment B), there was a sig-
nifi cantly larger BID in the motion cases at 7 
days, and these large BIDs co-localized with 
regions of large (i.e., 30–100%) tensile and 
compressive principal strains at the tips of 
the screw threads and beneath the screw 
(Fig. 11.3).

Likewise, in experiment C with stable 
screws versus screws moving 150 µm in the 
DBII interface, there was a signifi cantly larger 
BID for motion cases, which correlated with 

the very large (i.e., 30–100%) tensile and 
compressive principal strain values at screw 
thread tips and beneath the screw in this DBII 
(Fig. 11.4).

On the other hand, in experiment D, where 
screws moved axially by only 17–70 µm in 
the DBII, there was no difference in the BID 
values for stable versus motion cases, which 
correlated with small values of the principal 
strains at the interfaces of the implants 
subjected to motion (i.e., less than about 
0.0003%) (Fig. 11.5).
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Discussion and Conclusions

The largest BIDs (mean values ranging from 
40–80 µm) occurred for interfaces of motion 
implants having high (i.e., >30%) interfacial 
principal strains over nearly the entire inter-
face, that is, experiments B and C. Also, in 
experiments B and C thin undecalcifi ed sec-
tions showed cellular debris, red blood cells, 
and other features consistent with localized 
damage at high strain regions. On the other 
hand, nearly direct bone-implant apposition 
(small BID) occurred in the motion cases of 
experiment D (17–70 µm motion in DBII), 
which also had very small interfacial princi-

pal strains (<0.0003%). In experiment D, the 
mean BID was 20–30 µm for the motion 
implants, which did not statistically differ 
from the mean BID for stable implants in the 
DBII.

These experiments did not pinpoint an 
exact threshold value of principal tensile or 
compressive strain beyond which bone regen-
eration was prevented in the interface. 
However, the data were consistent with the 
existence of such a strain threshold; for 
example, in experiment A bone regeneration 
was disrupted in high strain regions but not 
low strain regions of the same interface. To a 
fi rst approximation, our results support the 
notion that principal tensile and/or compres-
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sive strains exceeding 30% in the early healing 
period cause problems with bone regenera-
tion. Interestingly, this proposed 30% thresh-
old is consistent with work in fracture healing, 
where it has been suggested that dynamic 
axial strains at a healing fracture site of about 
10% permit bone regeneration but strains 
above 30–40% do not (Claes et al. 2002). 
Likewise with oral implants, it has been sug-
gested (Simmons et al. 2001) that strains of 
8% or less were conducive to appositional 
bone formation.

A conclusion from this work so far is that 
while implant micromotion per se is impor-
tant, it is the interfacial strain fi eld associated 
with the micromotion that appears to infl u-
ence the interfacial mechanobiology.
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THE CHANGING INTERFACE

John E. Davies, Peter Schüpbach, and 
Lyndon Cooper

Introduction

Over a quarter of a century has passed since 
the fi rst osseointegration meeting in Toronto. 
During this time there have been major 
advances in our understanding of basic 
biology and a revolution in the treatment 
modalities available to us in clinical practice, 
which have been supported by an equally 
important revolution in technology and com-
munications in general. The human genome 
project was initiated in 1986 and has had a 
profound effect on our approach to modern 
medicine, as have other breakthroughs such 
as the fi rst liver transplant in 1989; the fi rst 
self-contained artifi cial heart in 2001; and the 
emergence of positron emission tomography 
and magnetic resonance imaging as routine 
methods in the detection and diagnosis of 
disease. All this and much more has been 
concomitant with technological advances that 
include, importantly in the context of this 

chapter, the routine employment of fi eld-
emission microscopy in biology, and that 
otherwise range from the emergence of lithium 
batteries and supercomputers, to the discov-
ery of buckyballs, quarks, and leptons and 
the invention of the World Wide Web.

Given these huge and radical changes in 
technology and medicine over the last quarter 
of a century, it is not at all surprising that 
there have also been radical changes in our 
level of understanding of the basic biology 
concerning peri-implant healing in both hard 
and soft tissues. While the 1982 Toronto 
Osseointegration Conference represented the 
fi rst North American overture of a revolution 
in dental implant treatment that had started 
in Europe in 1969, there have since been very 
signifi cant advances in both our understand-
ing of peri-implant biology and the role that 
the material surface plays in orchestrating the 
pattern of healing. From a clinical perspective 
this is clearly witnessed by our now being 
able to successfully place implants in predom-
inantly trabecular rather than cortical bone 
and our increasingly successful use of imme-
diate dental implant placement strategies. 
Importantly, these changes have come about 
as a result of our understanding of the role of 
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micro- and nano-textured surfaces in implant 
design.

It is salutary to note that, as three inde-
pendent authors and active researchers, we 
have each been closely involved with different 
implant manufacturers, yet we are united in 
the view that our ongoing exploration of the 
basic science of the interface between biology 
and materials science will continue to drive 
clinical success in this increasingly important 
area of dental therapy. For this reason we 
have combined in this chapter a brief synopsis 
of the understanding of the tissue implant 
interface at the time of the fi rst osseointegra-
tion meeting in 1982; we have chosen to 
exemplify some of the important characteris-
tics of our current understanding of this inter-
face through examples of our own individual 
research; and we provide a glimpse into what 
we feel are some important aspects that 
require continued research efforts as we 
advance through the next decades.

The Basic Science Status Quo 
in 1982

It is now universally accepted that the devel-
opment of the tissue-implant interface is a 
complex series of cascades of cellular activity 

that are preceded by both ionic exchange 
events and protein adsorption. This wisdom 
is based on early pioneering work undertaken 
to understand the biocompatibility of implant 
materials (reviewed in Williams 1981), the 
atomic and molecular events occurring at the 
inorganic implant surface/tissue fl uid inter-
face (reviewed in Kasemo and Lausmaa 
1988), and the recognition of competitive 
protein adsorption as a hierarchical series of 
collision, adsorption, and exchange processes 
(reviewed in Bamford et al. 1992). Neverthe-
less, in 1982, our understanding of the tissue 
interface with dental implant surfaces was 
still quite rudimentary. Thus while it was rec-
ognized that blood clotted around a newly 
placed implant it was simply stated that “the 
hematoma becomes transformed into new 
bone” (Brånemark 1985). At this time, the 
majority of implants were placed successfully 
in areas of high volumes of cortical bone, 
which necessitated long, submerged healing 
times. Indeed, the creation of a robust inter-
face was best achieved when there was 
close apposition of both bone and soft tissues 
to the implant surface, as is illustrated in 
Figure 12.1, but there was little apposition of 
new bone in cancellous compartments that 
led to the misguided designation of the bone 
in the posterior maxilla as that of “poor 
quality.”

Figure 12.1. Examples of our understanding of the implant interface in 1982. a. The fi brin meshwork (red arrows) of 
the peri-implant blot clot detached from a machined surface. b. In trabecular bone healing, bone formation was by 
distance osteogenesis. c. The smooth interfaces between bone and connective tissue and the implant surface indicated 
an approximation of the tissues to the surface rather than intimate cell/surface interactions.
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The Status Quo in 2008

The Hard-Tissue Interface

We now realize the initial blood contact with 
the implant surface creates a dynamic state of 
cellular activity, starting with the activation 
of platelets and leukocytes in the peri-implant 
hematoma and the attachment of transitory 
structural proteins, such as fi brin, to the 
implant surface. The retention of these pro-
teins by the implant surface is dependent 

upon the surface topography of the latter, and 
it is through this three-dimensional biological 
architecture that putative osteogenic cells 
migrate to the implant surface. The anchor-
age of these early proteins to a machined or 
“turned” titanium-based surface was quite 
poor (Fig. 12.2a) but has been radically 
improved with the employment of microtex-
tured-surfaced implants (Fig. 12.2b).

However, with surfaces that facilitate such 
contact osteogenesis there is also an opportu-
nity, either directly or indirectly, to effect fun-
damental cell-making processes that drive 

Figure 12.2. a. Osteoconduction is the recruitment and migration of osteogenic cells to the implant surface. The 
mechanisms are explained in this animation, which is available at http://www.ecf.utoronto.ca/∼bonehead/. b. SEM 
micrograph of a blood clot on an implant surface. The clot (above) can be seen to contain many red blood cells within 
a rich fi brin matrix that is anchored to the implant surface (below). c. Competitive cellular activity at the implant surface 
can lead to osteogenic cells that come in contact with the implant surface, as can be seen in this SEM micrograph of 
a fi lopodium (Fi) anchored in an open pore of the oxidized surface. d. Apatite deposits in the pores (red arrows) or 
around the volcano-like elevations of the anodically roughened surface (yellow arrows). e. Cement line (yellow arrows) 
interposed between the oxidized implant surface (Ox) and the body of the implant (Imp). f. Osteoconductive bone 
formation outgoing from a contact point between a bone trabeculum and the implant and following the implant surface 
(red arrows). g. Initially formed woven bone on the crystalline oxidized layer. h. Lamellar bone following in a wallpa-
per-like confi guration the contour of the threads.
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reparative mesenchymal cell lineage differen-
tiation, or specifi cally target the anabolic 
activity of the osteoblast. Knowing the details 
of these biological reactions allows us to dis-
tinguish between the sequelae of contact and 
distance osteogenesis and the important effect 
that implant surface microtopography has on 
driving the former phenomenon.

Thus, while the importance of platelets and 
their activation on the implant surface has 
now been robustly demonstrated experimen-
tally, and has not only been shown to be a 
product of implant surface microtopography 
but also that such implant-driven platelet 
activation can result in increases in leukocyte 
activation, what is less well understood is the 
competition for the implant surface by mac-
rophages and cells of the mesenchymal line-
ages within the peri-implant healing area. It 
is only through this competitive cellular activ-
ity that one can anticipate a putative osteo-
genic cell being able to occupy the implant 
surface and beginning to secrete extracellular 
matrix directly on the implant surface as we 
now know to occur in the phenomenon of 
contact osteogenesis (Figs. 12.2c–12.2h).

Indeed, in vitro assays designed to investi-
gate the effects of implant surfaces on cells of 
the osteoblastic lineage (Cooper et al. 1998) 
acquire new relevance with the recognition of 
cellular competition for the implant surface. 
While the recruitment and migration of such 
cells to the implant surface in the endosseous 
compartment still remains a subject to be 
explored, and is discussed again below, over-
whelming evidence has emerged in the last 
two decades to support the view that micro-
topographically complex surfaces can signifi -
cantly increase the degree of bone-to-implant 
contact compared to relatively smooth sur-
faces. This has been exhaustively shown in 
many studies in the dental fi eld but has been 
equally well understood in the orthopedic 
fi eld for many years. Thus it is now clear that 
surfaces with less microtopographical fea-
tures are likely to exhibit distance osteogene-
sis, whereas more microtopographically 
complex surfaces are more likely to exhibit 
contact osteogenesis. However, it should also 

be noted that all surfaces are heterogeneous 
and thus a nominally machined or turned 
commercially pure titanium implant will have 
many microtopographical features formed as 
imperfections in the surface (whereas the 
harder Ti6Al4V alloy will show fewer such 
features and therefore appear smoother). 
Chemical treatment of these metals to render 
them more microtopographically complex 
may reverse this differential between cpTi and 
alloy and, as a result, titanium alloy can be 
shown to outperform cpTi in rigorous bio-
logical assays.

Clearly, in contact osteogenesis, osteogenic 
differentiation has to occur in addition to cell 
migration to the implant surface, and there 
has been a recent explosion of knowledge 
that has illuminated the molecular switches 
that control osteoinduction. At least three sig-
nalling pathways are critical in the regulation 
of osteogenesis (Komori 2008; Marie 2008). 
One pathway leads to the activation of 
RUNX2, a transcription factor necessary and 
suffi cient for osteoinduction. A second leads 
to the activation of Osterix, a second tran-
scription factor needed for robust osteoinduc-
tion and osteogenesis. When either of these 
genes is rendered non-functional in mice, the 
total absence of osteoblasts is observed. A 
third pathway involves a signalling molecule 
called beta-catenin that mediates Wnt signal-
ling. Loss of beta-catenin function leads to 
marked loss of osteoblastic activity. These key 
regulators may represent targets for engineer-
ing of the endosseous implant surface.

However, there are many ways in which a 
metallic implant surface can be modifi ed to 
exhibit micro- and nano-scale surface fea-
tures. One is illustrated by the thickening 
of the surface oxide layer on titanium by 
the process of anodic oxidation (Hall and 
Lausmaa 2000). The thickened oxide layer is 
highly crystalline, containing anatase and 
rutile, which are the most common crystalline 
forms of titanium oxide (Schüpbach et al. 
2005), and results in surface pores within 
volcano-like elevations with diameters in the 
lower micrometer range into which cell proc-
esses may invaginate (Fig. 12.2c). These pores 
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also provide recipient sites for cement line 
deposition by differentiating osteogenic cells 
(Fig. 12.2d), which builds up to form an 
intact layer on the implant surface (Fig. 
12.2e). The result of this contact osteogenesis 
is the establishment of a seam of new bone 
directly deposited on the implant surface 
(Figs. 12.2e–12.2h), which matures in contact 
with the implant surface (Figs. 12.2g, 12.2h) 
to create stable anchorage in the trabecular 
compartment (Fig. 12.2h). In this manner, 
metal oxides can be as effective as traditional 
plasma-sprayed calcium phosphate–coated 
implants (Zechner et al. 2003). Other nano-
scale modifi cations are illustrated in Figures 
12.3a–12.3f in the surfaces of cpTi treated 
with hydrofl uoric acid (Cooper et al. 2006), 
zirconia treated with calcium phosphate 
(Schubach 2008 unpublished), and Ti6Al4V 
(Mendes et al. 2007).

The biological effects of these scales of 
modifi cations have been demonstrated using 
a bone marrow derived adult mesenchymal 
stem cell culture system (Cooper et al. 2006; 
Guo et al. 2007). As illustrated in Figure 
12.4, cells adherent to a nano-scale surface 
displayed higher levels of RUNX2, Osterix, 
and BSP, which would suggest that superim-
position of nano-scale topography on a cpTi 
surface promotes osteoinductive signalling in 
the adherent cell.

The Soft-Tissue Interface

Far less attention has been paid to the soft-
tissue interface with endosseous implants, but 
we do know that the primary function of the 
periodontal tissues is gingival protection. Spe-
cifi cally, the soft tissues provide a seal against 
the contaminated environment of the oral 
cavity, they withstand the frictional forces of 
mastication, and they actively defend the 
hard-/soft-tissue interface with an immuno-
logic peripheral defense system (Bosshardt 
and Lang 2005; Schroeder and Listgarten 
1997). We also now know that the same is 
true for the human peri-implant soft tissues, 
which are in many ways analogous to those 

e

f

Figure 12.3. Three examples of nanoscale modifi ca-
tions of implant surfaces. (a) Grit-blasted titanium oxide 
treated with (b) hydrofl uoric acid; (c) a zirconia ceramic 
surface treated with (d) calcium phosphate; and (e) an 
acid-etched titanium alloy surface treated with (f) nano-
scale individual crystals of hydroxyapatite. Each surface 
modifi cation renders the original more osteoconductive. 
In the case of (f), the implant surface also exhibits bone 
bonding. (Field widths = 23.8, 2.5, and 2.5 microns, 
respectively.)
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of the natural dentition (for review, see 
Rompen et al. 2006). The seal is provided by 
the junctional epithelium directly attached to 
the implant surface or the abutment via a 
basal lamina and the formation of hemidesmo-
somes (Bosshardt and Lang 2005). The junc-
tional epithelium is also the compartment 
of the peripheral defense (Schüpbach and 
Glauser 2007), whereas the stability of the 
peri-implant mucosa is given by the peri-
implant connective tissue (Fig. 12.5a).

The infl uence of surface modifi cations on 
interactions between the implant surface and 
both junctional epithelial cells and connective 
tissue extracellular matrix was recently 
evaluated in a human study using one-piece 
mini-implants with anodically roughened, 

acid-etched, or machined surfaces (Glauser 
et al. 2005; Schüpbach and Glauser 2007).

With machined and acid-etched implants 
the adherence of the junctional epithelium to 
the implant surface was characterized by a 
basal lamina and numerous hemidesmosomes 
(Fig. 12.5b).

But the interface between connective tissue 
and the machined and acid-etched implants 
was smooth, indicating a poor mechanical 
resistance (Fig. 12.5c), with the collagen fi bers 
running a course more or less parallel to 
the implant surface (Figs. 12.5d, 12.5e, and 
12.5i).

On the other hand, with a microtopograph-
ically complex oxidized implant surface, the 
junctional epithelium showed attachment by 
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Figure 12.4. Examples of the effects of nano-scale topography on the levels of adherent cell osteoinductive and osteo-
genic protein gene expression. (a) RUNX-2 mRNA, (b) Osterix mRNA levels, and (c) BSP mRNA levels after 3, 7, and 
14 days of culture of osteoprogenitor cells on grit-blasted (open bars) or grit-blasted and HF-treated (closed bars) cp 
titanium disks. (Ordinates in arbitrary units; adapted from Guo et al. 2007.)
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hemidesmosomes together with mechanical 
interdigitation of the innermost cell layer with 
the open pores or the implant surface, indicat-
ing the presence of a less vulnerable seal 
toward the oral cavity (Schüpbach and 
Glauser 2007) (Fig. 12.5f). The connective 
tissue compartment also exhibited collagen 
functionally oriented toward the implant 
surface (Figs. 12.5g, 12.5h) in the form of a 
pseudo-gomphosis.

Thus substantial structural analogies can 
be demonstrated between gingiva and peri-
implant mucosa in humans. In each case, 
these tissues provide protection of the under-
lying soft tissue and bone. Several specifi c 

antimicrobial defense mechanisms exist 
in the junctional epithelium (Bosshardt and 
Lang 2005; Pollanen et al. 2003). As seen 
around teeth, leukocytes migrate through the 
junctional epithelium and comprise the 
most important defense mechanism around 
implants (Schüpbach and Glauser 2007).

A Glimpse into the Future

We now realize that micro- and nano-
textured implant surfaces can recapitulate 
the bony interface created in natural bone 

Figure 12.5. a. Schematic diagram illustrating the junctional epithelium (JEP), the connective tissue (CT), and the 
alveolar bone crest (B). b. TEM micrograph demonstrating hemidesmosome/basal lamina complexes (red arrows) at the 
interface to a machined implant surface as seen following removal of the implant. c. SEM micrograph showing adapta-
tion of connective tissue (CT) toward a machined implant (IMP) surface (red arrows). d and e. Orientation of the collagen 
matrix and fi broblasts parallel to a machined implant surface. Note the avascular scar tissue-like fi ber rich zone (IZ). 
f. Schematic diagram illustrating the connective tissue (CT) compartment. g. Polarized light microscopic image showing 
functionally oriented collagen fi brils directed toward an oxidized titanium surface. h. SEM image showing connective 
tissue fi bers ending in a pore. i. Polarized view of the circumferentially oriented dense fi ber bundles around an implant. 
Adapted from Schüpbach and Glauser 2007; permission granted by Elsevier Mosby.
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remodelling (Fig. 12.6) and that the mechani-
cally robust interface found at remodeling 
sites can be achieved with bone-bonding 
implant surfaces.

However, it is equally clear that we still 
have much to learn about the biological 
mechanisms that occur at such interfaces, 
since bone loss attributable to osteoclastogen-
esis and osteoclast function (Teitelbaum 2007) 
can also occur in the peri-implant healing 
compartment. Indeed, we know that osteo-
clast and osteoblast activities are coupled to 
provide physiologic control of bone mass. 
Osteoclasts are derived from circulating 
monocytes and are recruited to sites of bone 
turnover by infl ammatory and mechanical (or 
traumatic) signals (Takayanagi 2005). Over 
the past three decades, many fundamental 
aspects of osteoclast regulation have been dis-
covered, not least of which is the identifi ca-
tion of the key inducing ligand RANKL 
(Receptor Activating NF-kappa-B Ligand) 
and its physiologic inhibitor OPG (osteopro-
tegrin). One important question is whether 
implant surface topography can affect the 
process of osteoclastogenesis at or near the 
implant surface. Implant surface topography 
has been shown to alter the expression of 
OPG by adherent MG63 cells (Lossdörfer 
et al. 2004). Indeed, we have shown that cul-
tured human mesenchymal stem cells (hMSCs) 
expressed higher levels of OPG in contact 
with micro-topographically complex surfaces. 
To explore this effect in vivo, we implanted 

grit-blasted and HCl-etched titanium implants 
in rat tibiae for 24 and 72 hours and meas-
ured OPG mRNA expression in implant-
adherent cells (Fig. 12.6c), which was 
profoundly increased in those samples from 
the more micro-topographically complex 
implant group. This work suggests that an 
implant surface topography may affect the 
number and activity of osteoclasts in the peri-
implant tissue, and is a focus of our ongoing 
investigations.

These different observations contribute to 
a body of evidence demonstrating that pro-
genitor cell populations are infl uenced by the 
implant surface. Thus in the future it may be 
possible not only to further enhance osteo-
genesis at the endosseous dental implant 
surface and have the bone matrix bonding to 
the implant surface, but also to infl uence the 
osteoclastogenesis that occurs in the sur-
rounding bone. Given that the process of 
bone adaptation and maturation are critical 
features of the long-term success of osseointe-
gration, continued attention to the molecular 
processes underlying these events may create 
new biological design criteria for implant 
surface design. This will be particularly 
important in the coronal regions of implants 
where crestal bone loss clearly involves a 
complex interplay between the reactions of 
both hard and soft peri-implant tissues, and 
the biomechanical infl uences on the mole -
cular mechanisms of cell/matrix/implant 
interactions. With the advent of a myriad 
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Figure 12.6. Natural bone remodelling (a) is created by the coordinated activities of both osteoclasts and osteoblasts, 
and results in a robust interface between new and old bone. The surface left by the resorbing osteoclast (b) is now 
mimicked by some implant surfaces. Indeed, the microtopography of an implant surface can have a profound effect 
on osteoprotegerin (OPG) levels expressed by implant adherent cells in vivo (from rat tibia after 3 and 7 days) (c), and 
thus may contribute to suppression of peri-implant osteoclastogenesis. Micro- and nano-topographical features of the 
implant surface can also permit bone to bond to the implant surface (d) as is seen in natural remodelling (see text for 
references).
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of “immediate” implant placement regimes, 
many of which involve the use of peri-implant 
bone-fi lling materials, balancing materials 
design with the interactions of both osteob-
last and osteoclasts is becoming ever more 
important (Figs. 12.7a, 12.7b).

Another problem to solve is the provenance 
of the cells themselves. While it is now gener-
ally agreed that mesenchymal stem cells reside 
in all tissues as pericytes (Fig. 12.7c), little is 
understood about how these cells are recruited 
to the implant surface. This is complicated by 
the fact that we also know that mesenchymal 
cells can “home” to sites of injury (Schenk 
et al. 2007), but nothing is currently known 
about the balance between homing to, and 
local cell invasion into, the wound site.

Nevertheless, there are currently over 30 
clinical trials being undertaken worldwide 
using mesenchymal stem cells in a wide variety 
of regenerative therapies (see http://www.
clinicaltrials.gov/). As it is now possible to 
employ either autogenous or allogeneic popu-
lations of mesenchymal stem cells as treat-
ment modalities in dental implantology, 
understanding how these cells survive and 
function during wound healing becomes criti-
cally important to designing realistic cell-
based therapies for the future. Of course, in 
the majority of currently selected dental 
implant patients, these issues may not be of 
importance. However, for those increasing 
populations of prospective implant patients 
with systemic disease, or who have received 

Figure 12.7. Peri-implant bone regeneration is often clinically enhanced using bone fi lling materials. New generations 
of such materials are now becoming available that are fully biodegradable in clinically relevant time frames (a), osteo-
conductive (b), and can be employed as delivery vehicles for either biologically active molecules or stem cells. The 
later mesenchymal stem cells, known to be present throughout the body as pericytes (c—seen here surrounding a 
capillary), can be isolated (d) and grown on biodegradable scaffolds (e), offering new opportunities for bone regenera-
tion therapies (see text for references).

chemo-/irradiation therapy, or who are suf-
fering from new pathologies associated with 
the chronic administration of bone-affecting 
pharmaceuticals, the advent of either mesen-
chymal stem cell and/or tissue-engineering 
strategies to augment implant therapy may 
critically affect the success of their putative 
regenerative treatment.

Concluding Remarks

Great progress has been made in our under-
standing of the role of the implant surface in 
peri-implant healing, for both hard and soft 
tissues, since the Toronto Osseointegration 
Conference in 1982. Due to changes in 
implant design, implants can now routinely 
be placed in bone of predominantly trabecu-
lar architecture, and we understand the 
biology of this success. We also now realize 
how important nano-scale surface features 
are to the phenomena of osteoconduction and 
bone bonding, and recent fi ndings suggest 
that implant surfaces may drive molecular 
mechanisms in peri-implant cells in both 
hard- and soft-tissue compartments. This new 
level of biological understanding will con-
tinue to drive improvements in implant surface 
design but will also lead to the emergence of 
new materials and cell-based therapies to 
enhance peri-implant healing in general.
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13The Implant Design and 
Biological Response

INFLUENCES OF IMPLANT DESIGN 
AND SURFACE PROPERTIES ON 
OSSEOINTEGRATION AND 
IMPLANT STABILITY

Jan Gottlow

Osseointegration

Osseointegration is a prerequisite for success-
ful implant treatment. The term was defi ned 
by Brånemark (1985) as “a direct structural 
and functional connection between ordered, 
living bone and the surface of a load-carrying 
implant”.

Primary Stability

The primary, or initial, stability is the stability 
of the implant achieved at insertion in the 
bone. The primary stability is a result of a 
biomechanical interlocking of the implant 
and the surrounding bone. The stability is 
dependent on the bone quality and quantity, 

the surgical technique, and the design of the 
implant.

Bone Quality—Bone Density

The stiffness of cortical bone is 10 to 20 times 
higher than that of trabecular bone due to its 
content of dense, mineralized lamellae. This 
means that the more compact bone in relation 
to trabecular bone there is, the higher primary 
stability. The term “bone quality” is slightly 
misleading. Soft bone is often referred to as 
poor bone quality. However, there is nothing 
biologically wrong with the soft bone, 
although the biomechanical strength is lower. 
Hence, it would be better to talk about bone 
density (e.g., soft bone and dense bone).

Surgical Technique

O’Sullivan (2001) found that primary stabil-
ity was infl uenced by drill diameter and 
whether pretapping was used or not. In 
essence, thinner drill diameters and omitting 
pretapping resulted in a higher primary 
stability.
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Implant Design

The implant itself has impact on stability 
depending on its geometrical features. In a 
human cadaver study, O’Sullivan et al. (2000) 
evaluated the stability of different implant 
geometries in various bone densities using 
resonance frequency analysis (RFA). The use 
of a slightly tapered implant design placed 
in a site with parallel prepared walls, for 
example, the Brånemark System Mk IV 
implant (Nobel Biocare AB, Sweden), 
increased the stability as compared to a paral-
lel walled implant. Another study in rabbits 
confi rmed the fi nding of better primary stabil-
ity when using a one degree taper compared 
to the standard Brånemark design (O’Sullivan 
et al. 2004). The micro-geometry of the 
implant design, for example, the surface 
texture and roughness, on the other hand, has 
not been shown to infl uence the primary sta-
bility (Rompen et al. 2000).

Secondary Stability

After implant placement the bone tissue will 
respond to the surgical trauma, which with 
time results in a change of the cortical/trabec-
ular bone ratio and an increasing degree of 
bone-implant contact. The bone formation 
and remodelling process may continue up to 
12–18 months after surgery (Roberts et al. 
1984), but the term “secondary stability” 
usually refers to the stability achieved at 
second-stage surgery. The conventional 
healing period of 3–6 months, as proposed 
by Prof. Brånemark, was based on empirics 
rather than biology, since high success rates 
had been demonstrated when utilizing these 
healing periods (Brånemark 1977).

The bone remodelling and formation 
process seems to be infl uenced by the bone 
density in that the development of the second-
ary stability differs between implants placed 
in dense and soft bone. Friberg et al. (1999a) 
found that with time the stability of implants 

placed in soft bone will equal that of implants 
placed in dense bone. This is most likely due 
to a change of the trabecular bone to more 
cortical bone in the close vicinity of the 
implant. In dense bone, on the contrary, 
implant stability slightly decreased over time 
(Friberg et al. 1999b). This fi nding supports 
the application of an immediate loading pro-
tocol in good bone qualities since, in these 
cases, the secondary stability will not be supe-
rior to the stability achieved already at implant 
insertion. The decrease in stability is probably 
due to a slight resorption of the marginal 
bone, thus decreasing the amount of support-
ing cortical bone.

The ability to maintain and to increase the 
primary implant stability is also determined 
by the healing and remodelling capacity, 
which in turn is infl uenced by endogenous 
and exogenous factors such as health, the use 
of drugs, smoking, irradiation, and so forth 
(Sennerby and Roos 1998).

The Machined/Turned 
Implant Surface

The fi rst generation of osseointegrated 
implants had a relatively smooth machined 
(turned) surface (Brånemark et al. 1969). 
Good long-term clinical outcomes have been 
reported on all indications when used in bone 
of high density and using a two-stage proce-
dure (Albrektsson and Sennerby 1991). In 
more challenging situations such as low 
bone densities, grafted bone, and immediate 
loading, increased failure rates have been 
reported (Becktor et al. 2004; Friberg et al. 
1991; Glauser et al. 2001).

Surface Modifi ed Implants

Surface modifi cation is one way of improving 
implant integration and stability, as shown in 
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numerous experimental studies (for review 
see Albrektsson and Wennerberg 2004). 
Davies (2003) proposed that surface irregu-
larities ensure a fi rm contact with the blood 
clot in which primitive cells can migrate to 
the interface, differentiate to osteoblasts, and 
form bone directly on the surface (“contact 
osteogenesis”). In contrast, at a smooth 
implant surface, shrinkage of the blood clot 
will create a gap at the interface and cells 
cannot reach the surface. The new bone will 
form on the old bone of the osteotomy only 
(“distance osteogenesis”). Therefore, it will 
take a longer time to achieve osseointegra-
tion. Thus, implants with a moderately rough 
surface integrate more rapidly and with more 
bone contacts than smooth surfaced implants 
(e.g., Ivanoff et al. 2001, 2003; Zechner et al. 
2003).

Surface Topography and Chemistry

Micrometer Surface Topography

During the last decade research and product 
development have focused on implant surface 
topography at the micrometer level. Mini-
mally rough implant surfaces, for example, 3i 
OsseotiteTM, have a roughness below 1.0 µm 
(Sa value). Moderately roughened surfaces 
have an average height deviation (Sa value) of 
1–2 µm and include implants such as Astra 
Tech TiOblastTM, Nobel Biocare TiUnite®, 
and Straumann SLATM (Albrektsson and Wen-
nerberg 2004). The topography of these 
implants has been created by different proc-
esses. The OsseotiteTM surface is created 
through dual acid etching. The TiOblast 
surface is created through blasting by grains 
of titanium dioxide. The TiUnite surface is 
oxidized via an electro-chemical process 
(anodic oxidation). The SLA surface is sand-
blasted followed by acid etching. The texture 
of the etching procedure is superimposed on 
the rougher topography made by the sand-
blasting. The resulting surfaces show very dif-
ferent textures (Fig. 13.1).

These implants have been extensively docu-
mented in vivo, including long-term clinical 
studies and histological evaluation in humans 
(e.g. Cochran et al. 2007; Glauser et al. 2005; 
Ivanoff et al. 2001, 2003; Rasmusson et al. 
2005; Rocci et al. 2003b; Schüpbach et al. 
2005; Testori et al. 2001; Trisi et al. 2003).

Rocci et al. (2003a) evaluated and retrieved 
immediately and early loaded oxidized 
implants after 5–9 months of loading in the 
posterior mandible. The implants showed a 
very high bone-to-implant contact (mean 
value 84.2%) and bone area values (mean 
value 79.1%). The two immediately loaded 
implants had a mean bone-to-implant contact 
of 92.9% and a mean bone area of 84.9% 
(Fig. 13.2). The study demonstrated that 
excellent osseointegration of oxidized implants 
could be accomplished despite the fact that 
the implants were subjected to immediate or 
early loading.

Glauser et al. (2003) reported a survival 
rate of 97.1% for 102 Brånemark System Mk 
IV TiUnite® implants in 38 patients subjected 
to immediate loading. The implants were pre-
dominantly placed in the posterior regions 
and in soft bone. Three implants were 
removed (in the same patient) after 8 weeks 
of healing due to an infection in the adjacent 
area of a simultaneous guided bone regenera-
tion procedure. The mean marginal bone 
resorption after 1 year was 1.2 mm. The 
outcome is in contrast to a previous study by 
the same research group (Glauser et al. 2001), 
where the Brånemark System Mk IV implant 
with a machined surface was subjected to 
immediate loading. The study involved 127 
implants in 41 patients. A total of 22 implants 
were lost in 13 patients, resulting in a survival 
rate of 82.7%.

It can be speculated that the different out-
comes of the two studies above are due to the 
use of a surface modifi ed implant. This is sup-
ported by the fi ndings of Rocci et al. (2003b) 
following immediate loading in the posterior 
mandible using oxidized and machined 
implants (randomized). They found a 10% 
higher success rate using the oxidized 
implants.
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Nanometer Surface Topography and 
Surface Chemistry

The buzz word of today is surface modifi ca-
tions at the nanometer level and/or claims of 
direct bone bonding due to changed surface 
chemistry. Are these “new developments” 
really new? It’s obvious that all existing 
implant surfaces already possess a nanoto-
pography in addition to the microtopogra-
phy. But, the nanotopography has not been 
characterized by the implant producer due to 
technical diffi culties and/or unawareness of 
the biological (or marketing) value. It should 
also be realized that it is not easy to document 
in vivo if a certain biological response to a 
surface modifi cation is due to the micro-

topography, the nanotopography, or changed 
surface chemistry. It’s also diffi cult to modify 
one of the parameters without changing the 
two others.

The latest surface by Biomet 3iTM is Nano-
TiteTM. The company claims bone bonding 
due to “discrete crystalline deposition” of 
nano-scale calcium phosphate (Mendes et al. 
2007).

Histological evaluation of experimental 
implants placed in the posterior maxilla in 
humans showed signifi cantly more bone-to-
implant contact at modifi ed implants after 4 
and 8 weeks of unloaded healing (Goené 
et al. 2007).

The OsseoSpeedTM surface by Astra Tech is 
a fl uoride modifi cation of the TiOblastTM 

Figure 13.1. a. SEM of OsseotiteTM surface (original magnifi cation × 5,000). b. SEM of TiOblastTM surface (original 
magnifi cation × 5,000). c. SEM of SLATM surface (original magnifi cation × 5,000). d. SEM of TiUnite® surface (original 
magnifi cation × 5,000).
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surface, which improves the affi nity to react 
with phosphates, which in turn will make the 
surface attractive to calcium phosphate nucle-
ation. Thus calcifi cation and bone growth can 
start soon after implantation. Signifi cantly 
more bone-to-implant contact and signifi -
cantly higher removal torque values were seen 
for the fl uoride modifi ed implant compared 
to the non-modifi ed control after 1–3 months 
of healing in rabbit tibial bone (Ellingsen 
et al. 2004). Increased bone-to-implant 
contact to the fl uoride modifi ed implant was 
also reported after 2 weeks of healing in a dog 
model (Berglundh et al. 2007). Clinical docu-
mentation is limited to short-term interim 
reports (e.g., Stanford et al. 2006).

The SLActiveTM surface (Straumann) shows 
hydrophilic properties, whereas the conven-
tional SLA surface is hydrophobic. The 

increased wettability is accomplished by 
storing the implants in glass ampoules con-
taining isotonic NaCl solution following the 
acid-etching procedure. The purpose is to 
protect the pure Ti surface from contamina-
tion with carbonates and organic components 
occurring in the atmosphere and thus main-
tain a chemically clean and reactive surface. 
Buser et al. (2004) found increased bone-to-
implant contact during early healing (2–4 
weeks) in mini-pigs when comparing the 
SLActiveTM surface to that of SLA. Test and 
control implants had the same microtopogra-
phy. An immunohistochemical study in dogs 
(Schwartz et al. 2007) also found signifi cantly 
more bone-to-implant contact at SLActiveTM 
implants during early healing (1–28 days). A 
removal torque study in mini-pigs (Ferguson 
et al. 2006) showed that the SLActiveTM 
surface was more effective in enhancing the 
interfacial shear strength of implants in com-
parison with the conventional SLA surface 
during early stages of bone healing (2–8 
weeks).

Originally, the TiUnite® implants were 
packed in glass ampoules and the implant 
surface had hydrophilic properties. Later, the 
package was changed and the surface became 
hydrophobic. It should be noted that all oxi-
dized study implants used in the cited refer-
ences above (Glauser et al. 2003; Rocci et al. 
2003a, 2003b; Schüpbach et al. 2005) were 
packed in glass ampoules and had hydrophilic 
properties.

The Neoss BimodalTM surface is created 
through blasting in two steps. First, the 
threaded portion is blasted with ZrO2 parti-
cles (100–300 µm). Then the full length of the 
implant is blasted with Ti-based particles 
(75–150 µm). The implants are delivered in 
glass ampoules. The surface shows hydrophilic 
properties. Sennerby et al. (2008) found bone 
formation directly on the bimodal surface 
after 3 and 6 weeks of healing in rabbits. 
Andersson et al. (2008) reported a survival 
rate of 98.1% for 102 Neoss implants in 44 
consecutively treated patients (two-stage pro-
cedure) with a mean bone loss of 0.7 mm 
after 1 year in function.

Figure 13.2. Microphotograph of an immediately 
loaded implant after 9 months in function. The histologi-
cal evaluation showed a bone-to-implant contact of 93% 
and a densifi cation of the surrounding bone. The mar-
ginal bone level is coronal to the fi rst implant thread.
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Thus, it’s obvious that a lot of interesting 
research and product development is going on 
based on refi ned surface modifi cations and 
surface chemistry. The question remains if the 
outcomes are yet of clinical signifi cance or if 
they, presently, rather serve as marketing tools 
for the industry. Nevertheless, I am convinced 
that future research will, sooner or later, give 
us improvements of the biological response 
that also are of true clinical signifi cance.

Summary

Where Were We in 1982?

The principle of osseointegration of a screw-
shaped titanium implant with a machined 
surface was acknowledged. The implants 
were loaded after a submerged healing period 
of 3–6 months.

Where Are We Now?

Numerous studies have documented success-
ful treatment of fully edentulous, partially 
edentulous, and single-tooth replacements in 
all areas of the mouth and in various bone 
densities. Surface modifi cations have short-
ened the healing time. Treatment protocols of 
early loading and immediate loading have 
been established.

Where Are We Going?

Development of bioactive implant surfaces 
will further speed up the osseointegration 
process as well as improve the quality and 
strength of the bone/implant interface. This 
will increase the predictability of treatment in 
soft bone densities and in compromised 
patients. It will also increase the possibility 
and predictability of early/immediate 
loading.

IMPLANT SURFACE DESIGN 
AND LOCAL STRESS FIELDS—
EFFECTS ON PERI-IMPLANT 
BONE FORMATION AND 
RETENTION WITH “SHORT” 
POROUS-SURFACED 
IMPLANTS

Robert M. Pilliar

Introduction

Porous-surfaced implants formed by sintering 
Ti alloy powders over intended bone-
interfacing regions of machined Ti alloy 
substrates display remarkable performance 
as “short” (≤7 mm) implants. Figure 13.3 
shows the structure of Endopore® dental 
implants, so formed based on our early 
studies of this concept (Deporter et al. 1988). 
The porous surface region is approximately 
0.3 mm thick and consists of two or three 
“layers” of sintered Ti6Al4V alloy powders 
securely bonded to the underlying solid sub-
strate. Pore size and the volume percent 
porosity (~35%) allow uninhibited bone 
ingrowth. Notable features of the porous 
region are its mechanical integrity, open-
pored structure suitable for bone ingrowth, 
uniform pore distribution throughout, and 
sub-micron-sized surface features over the 
sintered Ti alloy particles.

Based on observations from human clinical 
and animal studies, these characteristics 
appear to contribute to two signifi cant fea-
tures, namely reliable osseointegration of 
“short” implants (≤7 mm) and rapid bone 
ingrowth (osteoconductivity). The mechani-
cal stress fi elds generated in peri-implant 
tissues during healing and following osseointe-
gration next to the porous surface region 
appear signifi cant in this regard as discussed 
below. A brief summary of clinical per-
formance of “short” Endopore® implants 
follows.
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Clinical Experience with “Short” 
Porous-Surfaced Implants

Porous-surfaced implants have been in clini-
cal use since the early 1990s with 7–10 mm 
long implants being used initially for over-
denture stabilization in edentulous mandibles. 
The longest of these have now been in func-
tion for over 16 years. (The 10-year results 
were reported in a 2002 publication; Deporter 
et al. 2002). Porous-surfaced implants of 7, 
9, and 12 mm length have been used with 
equal success for supporting fi xed partial den-
tures and as free-standing implants (Rokni et 
al. 2005). The success, particularly with 7 mm 
long implants, led to the introduction of even 
shorter 5 mm long wide-body implants (5 mm 
diameter) for use in the highly resorbed 
posterior mandible (Deporter et al. 2008). 
Signifi cant crestal bone loss is especially unac-
ceptable with “short” implants where loss of 
1–2 mm of bone along the length of the 
implant region intended for osseointegration 
can be critical to long-term implant stability 
and survival. This is considered the major 

reason for the relatively poor performance of 
conventional threaded implants of lengths 
≤8 mm (Naert et al. 2002; Tawil and Younan 
2003).

Crestal bone loss with all implant designs 
is attributable to one or more of the follow-
ing factors: establishment of “biologic width” 
(reduced somewhat by use of “platform 
switching”) (Lazzara and Porter 2006), infec-
tion resulting in peri-implantitis, and biome-
chanics as discussed below (either overloading 
or stress shielding resulting in bone loss due 
to disuse atrophy).

Biomechanical Causes of 
Peri-Implant Bone Loss

For threaded implant designs, regions of high 
stress concentration develop in bone during 
implant loading especially adjacent to the 
superior-most threads. This can lead to 
bone microfracture and resorption of the 
damaged bone and inhibition of new bone 
formation preventing the re-establishment of 

a b
c

Figure 13.3. Scanning electron images of sintered porous-surfaced implants: (a) cross-sectioned implant showing the 
300 micron thick sintered porous Ti alloy particles bonded to the machined Ti alloy substrate; (b) surface view of 
porous-surfaced region; (c) higher magnifi cation image showing a sinter neck region (particle-particle bonding) and 
thermal etch lines forming a sub-micron scale texture on the particle surfaces.
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osseointegration. Rather, fi brous tissue forms 
if local distortional strains are greater than a 
critical level (Carter and Giori 1991). Contin-
ued implant loading can result in progressive 
bone microfracture and resorption along the 
length of the implant, resulting in implant 
loosening. Only if fi rm fi xation is able to 
develop early on next to more inferior implant 
regions where lower peri-implant stresses 
and strains are expected will such an inter-
face “unzipping” process be prevented. For 
“short” threaded implants this is less likely, 
which probably explains the low success rates 
of threaded implants of length ≤8 mm.

A strategy that has been applied to threaded 
implant design to potentially reduce this local 
overstressing effect is modifi cation of the 
coronal implant region by introducing 
“microgrooves” (Hansson 1999). The micro-
grooves are intended to allow partial force 
transfer at these more coronal regions, result-
ing in the distribution of forces over a greater 
peri-implant bone volume, thereby lowering 
stresses next to the regular threads.

An alternative strategy for achieving lower 
peak peri-implant bone stresses is to design 
implants that allow effi cient force transfer 
over a greater portion of the bone-interfacing 
implant surface. Designs that result in 3-D 
interfacial interlock of bone and implant do 
this by allowing transfer of tensile as well as 
shear and compressive forces across this inter-
face. Porous-surfaced Endopore® implants 
represent such a design.

The different peri-implant stress distribu-
tions resulting during functional loading of 
porous-surfaced versus threaded implants are 
depicted in Figure 13.4.

As a result of the ability to transfer tensile 
forces across the interface (the interlocking of 
bone with the porous structure “tethers” the 
bone to the implant), peri-implant stresses act 
over a larger bone volume with porous-
surfaced implants. The result is a reduction in 
peak stress within peri-implant tissues for this 
design compared with the threaded implant. 
A recent fi nite element model (FEM) study of 
porous-surfaced and threaded implants used 

Transverse
force

Transverse
force

Vertical
force

Vertical
force

Compressive
stresses

Compressive
stresses Tensile

stresses

Figure 13.4. Illustrations showing the different compressive and tensile stress distributions in peri-implant bone for 
threaded and porous-surfaced implants resulting from the applied forces. Peri-implant shear stresses would also be 
present for both designs.
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as anchorage units during orthodontic (trans-
verse) traction force application in dogs pre-
dicted a more uniform stress pattern with 
lower peak stresses with the porous-surfaced 
design (Pilliar et al. 2006).

Thus, less crestal bone loss as a result of 
overloading was predicted next to the porous-
surfaced implants, a conclusion that appeared 
to be validated by results of the animal study 
on which the FEM was based (Oyonarte et 
al. 2005). The observed success of “short” 
free-standing dental implants used in humans 
also appears to validate the FEM prediction 
(Deporter et al. 2000, 2002b, 2005, 2008; 
Rokni et al. 2005).

Crestal bone loss can also result from 
understressing of bone next to implants (so-
called “stress shielding”). This occurs in 
regions of bone that force bypasses during 
implant loading. This can happen next to 
the “smooth” machined collar region of all 
implant designs including porous-surfaced 
implants (assuming secure fi xation occurs 
more apically). This has been observed both 
in animal studies (Deporter et al. 1988; Pilliar 
et al. 1991) and in human clinical studies 
with porous-surfaced implants (Deporter 
et al. 2002a). However, in virtually all these 
studies, crestal bone loss appears limited to 
the smooth (non-porous) coronal region of 
the implants where lower stresses are expected 
(Vaillancourt et al. 1995). Provided that the 
peri-implant region remains infection-free 
and notwithstanding the extent of bone loss 
due to “biologic width” development, bone 
ingrowth and secure implant fi xation are 
maintained virtually to the smooth-to-porous-
surfaced junction with this design.

Implant Design and Rate 
of Osseointegration

Avoidance of (1) excessive relative movement 
at the implant-host bone interface during 
healing (e.g., due to inadvertent forces acting), 
and (2) establishment of a biofi lm prior to 
connective tissue (preferably bone) formation 

over the implant surface positioned within 
bone are two necessary conditions for 
osseointegration to develop with any implant 
design. The faster that osseointegration can 
occur, the less likely are such undesirable 
consequences. Thus, increasing the rate of 
osseointegration (either by bone ingrowth or 
bone ongrowth) is important for increasing 
the probability of successful implant perform-
ance. Peri-implant stress fi elds as infl uenced by 
implant surface design appear to signifi cantly 
infl uence the rate of bone formation and hence 
osseointegration potential of implants.

We developed an animal model for investi-
gating the early healing response of press-fi t 
implants placed in primarily cancellous bone 
(simulating dental implant placement in 
the maxilla and posterior mandible sites, 
for example). The model involved placing 
implants transversely within the rabbit 
femoral condyle in primarily cancellous bone 
with a thin cortical shell (Simmons et al. 
1999). The initial study compared porous-
surfaced versus plasma spray-coated Ti 
implants following 4-, 8-, and 16-day implan-
tation periods. Implant fi xation was assessed 
by mechanical pull-out testing (to determine 
interface stiffness and shear strength) and 
interface structure assessment (by histology 
and scanning electron microscopy). The 
relatively short implantation periods used 
allowed a comparison of early healing events 
at the implant-tissue interface region leading 
to eventual implant osseointegration. The 
plasma spray-coated design was selected as 
representative of implants prepared with tex-
tured surfaces for comparison to the 3-D 
interlocking surfaces presented by the sin-
tered porous surface structure.

The results indicated signifi cantly faster 
rates of osseointegration with the porous-
surfaced design refl ected by both the pull-out 
tests and structural assessments. Bone forma-
tion was observed within the pores of the 
sintered porous surface zone by day 8, indi-
cating signifi cantly faster osseointegration 
with the porous-surfaced design. A fi nite 
element model study indicated that this 
faster rate of bone formation with the porous-

WWW.HIGHDENT.IR 
همیار دندانسازان و دندانپزشکان



234  Osseointegration and Dental Implants

surfaced design was attributable to differ-
ences in stress/strain fi elds in tissues apposing 
the implants for the two designs (Simmons 
et al. 2001). Lower distortional strains were 
predicted within the porous region that, 
according to the tissue differentiation hypoth-
esis proposed by Carter et al. (1991), repre-
sents a more osteogenic environment leading 
to earlier bone formation. This was consistent 
with the observations made in the animal 
study. This model was used subsequently to 
investigate surface modifi cation of porous-
surfaced implants for further enhancing their 
“osseointegration potential” through the 
addition of a thin calcium phosphate fi lm (a 
sol-gel-formed carbonated hydroxyapatite 
fi lm) (Gan et al. 2004; Taché et al. 2004). The 
rabbit studies suggested that this could 
shorten the time for bone ingrowth and 
osseointegration by about one-third.

Summary

The success of “short” porous-surfaced 
endosseous dental implants is attributable to 
the structural characteristics of the porous 
region with which tissues can interlock to 
form a 3-D tissue-implant interpenetrating 
structure. The resulting peri-implant stress 
fi eld next to porous-surfaced implants favors 
both rapid osseointegration and its mainte-
nance for the long term following osseointe-
gration. These properties are particularly 
signifi cant for the success of “short” (≤7 mm) 
implants as evidenced by over 15 years of 
clinical use.
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14Loading Protocols and 
Biological Response

Current loading protocols have clearly 
changed from the fi rst published, scientifi cally 
established clinical protocol by Brånemark 
and collaborators (1977). Data presented by 
this group showed treatment outcomes of 235 
edentulous jaws with observation periods of 
9 months to 8 years obtaining 85% success 
with all prosthetic suprastructures delivered. 
This original protocol recommended strict 
adherence to surgical and prosthodontic tech-
niques. More importantly, the protocol rec-
ommended a “non-disturbed” healing period 
of 3–6 months. After this healing period, an 
abutment connection surgery was performed, 
and the suprastructure prosthesis was fabri-
cated and screw-retained to the implant (Zarb 
and Jansson 1985). This remarkable proce-
dure to treat the completely edentulous patient 
and long-term clinical results were introduced 
by Brånemark and colleagues during the 
initial Toronto Conference in 1982. Subse-
quent long-term follow-up studies for edentu-
lous jaws (Adell et al. 1990; Lindquist et al. 
1996) and partially dentated jaws (Lekholm 
et al. 1994, 1999) showed high predictability 
of implant treatment is achievable when the 
original loading protocol is adhered to. Since 
this original delayed loading protocol was 

introduced, several authors (Becker et al. 
2003; Ericsson et al. 2000; Payne et al. 2002; 
Tawse-Smith et al. 2002) have evaluated early 
loading protocols and found high success and 
survival rates comparable to the conventional 
loading protocol. Today clinicians are placing 
loading or non-loading forces on implants 
earlier and in some instances immediately. 
However, the clinician often carries out these 
early and immediate loading protocols 
without understanding the science or evi-
dence-based principles to support the clinical 
decisions.

The fi rst area of variability to understand 
is the terminology used for loading protocols. 
Does the clinician know what constitutes 
immediate, early, or delayed loading? Imme-
diate loading represents a prosthesis con-
nected to the implant(s) within the fi rst 48 
hours. Early loading requires the insertion of 
the prosthesis after the fi rst 48 hours but 
prior to 3 months. Delayed loading would 
constitute placement of a prosthesis after the 
initial 3 months of healing, which follows the 
original protocol. Other variables that should 
be considered by the clinician in his or her 
decision-making process are patient variables, 
especially with medically compromised 
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patients, implant design variables, and surgi-
cal and prosthodontic protocol variables.

The implant patient will present with a 
variety of medical and clinical fi ndings that 
will alter the clinician’s decision whether to 
provide immediate, early, or delayed loading 
for his or her patient. The scientifi c literature 
has reported that patients presenting with 
specifi c medical compromises may experience 
a higher failure rate with implants using con-
ventional loading techniques (Moy et al. 
2005). These medical risk factors include 
smoking, diabetes, and radiation therapy to 
the head and neck region, as well as post-
menopause in women. It appears that these 
medical conditions may be associated with an 
impaired healing process and the rate of 
healing in these patients. Due to these impair-
ments, immediate loading or even early 
loading may be a relative contraindication 
for patients presenting with these medical 
fi ndings.

Another patient-specifi c factor that would 
affect the clinician’s decision to provide imme-
diate loading is the quantity and quality of 
bone. The presence of dense bone and ade-
quate volume would provide the clinician 
with the ability to establish adequate primary 
stability, once the implant is placed. Jaffi n and 
Berman (1991) showed increased implant 
failures in areas with loose trabecular bone 
(type D4). Some authors recommended avoid-
ing the use of a tap in the recipient sites that 
demonstrated poor bone quality (Romanos 
2004; Salama et al. 1995; Schnitman et al. 
1990, 1997). When the implant is placed into 
this non-tapped site, it simulates a condensa-
tion technique and improves the mechanical 
stability of the implants during insertion. 
Even though the focus has been on establish-
ing this initial stability during placement, 
there are a variety of other factors that play 
a role in providing the surgeon with the ability 
to establish initial retention of the implant. 
Implant length, as determined by available 
bone quantity, also plays a role in establishing 
primary stability. Micromovements along the 
interface have a tolerance limit of 50–150 µm 
(Brunski 1993; Cameron et al. 1972, 1973). 

Micromotion beyond these limits will result 
in connective tissue encapsulation of the 
implant body, resembling the periodontal lig-
ament of teeth (Pilliar et al. 1986; Szmukler-
Moncler et al. 1998). This has led several 
authors to recommend a minimum implant 
length of 10 mm (Babbush et al. 1986; 
Chiapasco et al. 1997; Jaffi n et al. 2000; 
Ledermann 1996; Tarnow et al. 1997).

The implant design plays a signifi cant role 
in establishing initial stability. Degidi and 
Piattelli (2003) studied the prognosis of 646 
immediately loaded implants placed in 152 
patients. Only six failures were reported in 
the fi rst 6 months of loading. Soft diet was 
recommended for the initial stages of the 
healing. Different implant systems with 
various geometries were used. The authors 
presented different survival rates depending 
on the implant site. Specifi cally, the survival 
rate was very high in the anterior part of the 
mandible and in the full-arch restoration of 
the lower jaw, as well as in the posterior part 
of the maxilla (100%). Signifi cantly lower 
survival rates were found with the posterior 
part of the mandible (91%), the complete 
restoration of the maxilla (98.5%), or the 
anterior maxillary region (87.5%) (Figs. 
14.1a–14.1f).

The geometry of the implant (macrointer-
locking) infl uences the micromotion and 
initial retention of the implant in the recipient 
bone bed. The various design characteristics 
have transformed initially from blade-shaped 
implants to hollow baskets to cylindrical 
forms, and fi nally to the solid screw. These 
designs were also available in one-piece or 
two-piece designs for immediate loading. In 
general, screw-designed implants should be 
used for immediate loading, as their mechani-
cal retention may be better immediately after 
implant placement (Brunski 1992). This was 
confi rmed in anatomical (Bade et al. 2000) 
and photoelastic (Nentwig et al. 1992) studies 
using an implant with progressive thread 
geometry. From a purely mechanical stand-
point, the screw-shaped body provides the 
optimal design to establish the initial stability, 
a prerequisite for immediate loading.
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Figure 14.1a. Placement of six implants in the maxilla 
for immediate loading.

Figure 14.1b. Provisional restoration immediately after 
implant placement in the upper and lower jaw.

Figure 14.1c. Postoperative radiograph presenting the 
bone level immediately after implant placement.

Figure 14.1d. Final restoration placed 6 weeks after 
implant placement in the upper and lower jaw.

Figure 14.1e. Healthy peri-implant soft tissues after 
immediate loading.

Figure 14.1f. Postoperative radiograph 7 months after 
immediate loading in the maxilla and mandible present-
ing no crestal bone loss.
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Prosthetic design also plays a critical role 
in determining whether immediate load is fea-
sible. Depending on the prosthesis, whether 
the implants are splinted or lone-standing, 
and if the prosthesis incorporates a cantilever 
in its design, the clinician may elect to provide 
immediate loading for his or her patient. 
General contraindications for immediate 
loading include patients with inadequate 
compliance for recall visits and patients 
with parafunctional habits (bruxism). These 
patients are considered high risk for immedi-
ate loading since it has been shown that over-
loading from occlusion may change the 
bone-to-implant interface dramatically.

Ledermann (1979, 1983) was the fi rst to 
show that placement of four implants into 
the interforaminal region of the mandible 
could bear loading forces immediately when 
using a bar-retained prosthesis (thus rigid 
immobilization) due to the excellent quality 
of bone in this area of the lower jaw. Leder-
mann (1996) has proven scientifi cally and 
clinically in a study involving 411 patients and 
more than 1,500 immediately loaded implants 
that the cumulative success rate was 92% over 
the course of this study (Figs. 14.2a–14.2c).

Rigid splinting and minimal force applica-
tion were confi rmed as critical factors for 
the success in immediately loaded implants 
(Tarnow et al. 1997). These authors recom-
mended avoiding the removal of the provi-
sional prosthesis in the fi rst 4–6 months of 
healing if the restorations are cemented. This 
technique of avoiding removal of the provi-
sional restoration was recommended to mini-
mize the excessive pull-out forces or reverse 
torque forces leading to implant failures 
(Romanos 2005). Rigid immobilization is a 
critical requirement for success of immedi-
ately loaded implants to eliminate transferring 
micromotions down to the implant-bone 
interface. Cameron and co-authors (1973) 
reported that motions of approximately 
200 µm resulted in fi brous tissue integration 
and not bone formation. When this micro-
motion occurs, the bone formation will be 
dependent on the surface roughness, and its 
presence does not lead to fi brous encapsula-

Figure 14.2a. Preoperative situation of the lower jaw.

Figure 14.2b. Implants placed in the anterior part of the 
mandible and connected with their abutments for imme-
diate loading.

Figure 14.2c. Splinting of the implants using a rigid bar 
immobilization immediately after surgery.

tion per se. Other studies have looked at the 
threshold of acceptable micromovements 
as an important factor in association with 
implant design and implant surface character-
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istics for bone formation (Pilliar et al. 1986; 
Szmukler-Moncler et al. 1998). The threshold 
level of micromotion was 50–150 µm for bio-
inert materials (Søballe et al. 1992). To elimi-
nate the micromovement at the bone-implant 
interface, immobilization of implants is 
necessary through use of rigid splinting. A 
bar-retained, implant-supported restoration 
allows primary and immediate immobiliza-
tion of implants. Another recommendation is 
to provide a fi xed, cross-arch prosthesis to 
control micromovements. The biomechanical 
stability is increased by using a higher number 
of splinted implants. Skalak (1983) recom-
mended this as a biomechanical model to keep 
the micromotion below the critical level.

The prosthodontic principle of mechanical 
stimulation of bone during loading and 
osseointegration is comparable to the surgical 
principle of the healing process for a fracture. 
Relatively early stimulation through mechani-
cal loading (function) is considered advisable 
for conventional healing of an osseous 
fracture (Goodman and Aspenberg 1993; 
Sarmiento et al. 1977) and to accelerate the 
healing process (Goodship and Kenwright 
1985; Kenwright et al. 1991). The applica-
tion of early loading forces to the fracture site 
increases vascularization and osteoid forma-
tion signifi cantly, as well as supporting active 
remodeling (Hert et al. 1972). To achieve this 
effect on the healing process at the bone-
implant interface, it is essential that compres-
sive and tensile forces on the bone are applied 
continuously. This concept highlights the 
importance of controlling masticatory forces 
axially in immediate loading situations. This 
is most critical in the presence of heavy centric 
and lateral excursive contacts where these 
non-axial loading forces must be eliminated. 
An annual remodeling rate of approximately 
30% has been established at the interface of 
functionally loaded implants (Roberts et al. 
1990) and most changes in mechanical param-
eters occur at the region of the bone interface 
(Chen et al. 1994). However, which specifi c 
type of force, compressive versus tensile, is 
the best? The studies are not clear in support-
ing one versus the other. Some studies indicate 

bone forms quicker in areas exposed to severe 
compressive forces, while other studies 
focused on tensile forces as the stimulating 
factor for osteogenesis (Frost 1990; Oda et al. 
1996). Despite this controversy, it is clear that 
control of excessive loading forces is neces-
sary for immediate-loaded dental implants. 
Thus, in cases of immediate loading, the 
clinician must advise patients receiving this 
modality of treatment to stay on a soft/liquid 
(non-chewing) diet (Kan et al. 2003; Romanos 
2004). This is especially important when 
simultaneous augmentation is performed 
around immediately loaded implants. Bruxers 
and patients who have poor compliance 
should be excluded from this treatment option 
of immediate loading due to the inability of 
the clinician to control the lateral occlusal 
forces or to make necessary adjustments (Figs. 
14.3 and 14.4).

Figure 14.3. Occlusal inspection of an immediate-
loaded prosthesis reveals heavy centric contact and 
lateral excursive movements on certain pontics.

Figure 14.4. After occlusal adjustment and equilibra-
tion, lighter, more even contact is found.
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Implant system
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58.25 ± 5.25  (n=10)

55.86 ± 6.89  (n=11)

51.15 ± 17.85  (n=10)

49.15 ± 15.99  (n=10)

Figure 14.5. Histomorphometrical 
fi ndings immediately after implant 
insertion of different implant designs in 
the pig jaw showing the various bone-
to-implant contact percentages.

Surgical principles used to achieve success-
ful immediate loading focus on two primary 
factors: atraumatic surgery and establishing 
initial, rigid stability. Atraumatic surgical 
technique is necessary to maintain cellular 
viability, thus preventing the formation of an 
epithelial connective tissue layer along the 
bone-implant interface and promoting unim-
peded healing (Brånemark et al. 1985). In the 
published literature, it is the consensus of 
most authors that the most important factor 
for determining the success of an immediate-
loaded dental implant is the establishment of 
initial stability. There have been a variety of 
recommendations and techniques used to 
establish this stability. The use of certain 
implant body designs, implant surface, and 
recipient site preparation can affect the sur-
geon’s ability to establish initial stability. The 
geometry of the implant (macrointerlocking) 
infl uences the micromotion and initial reten-
tion of the implant in residual bone. Geome-
try includes the implant length and design 
characteristics. As noted previously, authors 
have recommended that implant length must 
be at least 10 mm. Clearly, the longer the 
implant, the more implant-to-bone contact 
and the smaller the micromovement. More 
importantly, the design characteristics of the 
implant body determine initial stability. A 
progressive thread design presented with 
better primary stability compared to other 
implant geometries in one study (Romanos et 
al. 2007) (Figs. 14.5 and 14.6a–14.6d).

In addition, a tapered body design has been 
shown to achieve higher insertion torque 
levels, as well as reversed removal torque 
values, compared to cylindrical designs 
(Testori et al. 2003). Implant surface charac-

Figure 14.6a. Immediately loaded implants in the 
maxilla.

Figure 14.6b. Immediately loaded implants in the man-
dible with simultaneous augmentations.

teristics infl uence osseointegration (Thomas 
et al. 1985) and improve initial stability 
(Hansson et al. 1983). The porosity of the 
implant surface and its effects on immediate 
or early loading has been studied. TPS-coated 
(titanium plasma sprayed) implants undergo 
osseointegration in both upper and lower 
jaws when allowed to remain non-loaded for 
2 months (Corigliano et al. 1995). Further 
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investigation on implants with porous sur-
faces found that the implants may be loaded 
successfully after only 6 weeks if two implants 
are splinted together (Deporter et al. 1988). 
Another study in monkeys that looked at 
TPS-coated single implants loaded 30 days 
after placement compared to non-loaded 
implants found no signifi cant difference with 
bone levels between the two groups (Piatteli 
et al. 1993). The role of implant surface 
roughness on immediately loaded implants 
comparing the maxilla versus mandible was 
also evaluated (Jaffi n et al. 2000). Lower 
success rates were found with smooth-surface 
implants compared to roughened surfaces, 
especially in poor quality bone sites. Finally, 
when dealing with alveolar ridges demon-

strating poor quality bone, several authors 
have recommended against tapping the reci-
pient sites (Romanos 2004; Salama et al. 
1995; Schnitman et al. 1990, 1997), under-
preparing (Cannizzaro and Leone 2003), or 
using an osteotome technique (Roccuzzo and 
Wilson 2001) to prepare areas with poor 
bone density as a condensation technique 
to improve the mechanical stability of 
the implants during insertion (Figs. 
14.7–14.13).

The partially dentated and single-missing-
tooth patient presents the clinician with a 
different set of problems and issues from an 
immediate loading standpoint. Cross-arch 
splinting is not possible in many of the 
partially dentated situations and with all 

Figure 14.6c. Provisional restoration in place immedi-
ately after implant placement for immediate loading.

Figure 14.6d. Postoperative radiograph 5 years after 
immediate loading in the maxilla and the mandible pre-
senting no crestal bone loss.

Figure 14.7. Site preparation with osteotome in the 
maxillary molar area, where the bone is extremely soft.

Figure 14.8. Implant positioning with primary 
stability.
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single-tooth situations, the implant must 
provide all of the support for any functional 
loading generated by the crown placed onto 
the implant (Figs. 14.14–14.16).

So what factors play a major role in these 
clinical situations and what are the success 
rates for immediate loading in the partially 
dentated and single-missing-tooth patients? 
In general, risks are higher for immediate 
loading in these patients due to bending 
movements applied on fewer implants during 
occlusal loading. Rocci and co-workers 
(2003) have evaluated an immediate loading 
protocol using Brånemark implants, compar-
ing two surfaces (machined vs. TiUnite®). 
The authors noted 10% higher success 
rates with implants coated with TiUnite® 
versus machined-smooth surface implants. 

Figure 14.9. Soft-tissue healing at 3 weeks post-op.

Figure 14.10. Probing at time of abutment connection 
at 35Ncm for fi nal restoration.

Figure 14.11. Porcelain-to-gold fused fi xed partial 
denture.

Figure 14.12. Radiograph of the implant after loading 
with provisional bridge.

Figure 14.13. Radiograph at 1 year follow-up in the 
posterior maxilla (18 early loaded implant).
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Calandriello and co-workers (2003) restored 
Brånemark machined-smooth surface im -
plants placed in the posterior portion of the 
jaw, using the implants to support single 
molar crowns. A 98% survival rate after 1 
year of full occlusal loading was reported. 
Certain criteria were followed: high primary 
stability was established with insertion torque 
values of 40 Ncm, light occlusal contact with 
no contacts in lateral movements, no cantilev-
ering moments were permitted, and patients 
were instructed to stay on a soft diet for 1 
month. The cumulative success rate after 18 
months of functional loading was 98%. Other 
authors (Testori et al. 2003) looked at the 
concept of immediate non-occlusal loading 
in partially dentated jaws, comparing 52 
implants with immediate non-occlusal loading 
with implants receiving early loading. The 
cumulative survival rate after 19 months of 
loading was almost 96%.

In the single-missing-tooth situation, studies 
of immediate loading on these patients have 
been performed and reported by different 
groups using various implant systems 
(Ericsson et al. 2000; Malo et al. 2000; Wöhrle 
1998). Ericsson and co-workers (2000) used 
immediate functional loading of Brånemark 
implants placed anterior to the molars by 
placing provisional crowns for 6 months. The 
defi nitive restoration was delivered after this 
period. Using this protocol, the authors found 
2 implants failed out of 14 placed, for an 86% 
survival rate. They also noted minimal bone 
changes after a mean loading period of 18 
months. This data was confi rmed with a 5-
year observation period (Ericsson et al. 2000). 
Chaushu and co-workers (2001) compared 
immediate-loaded implants placed into healed 
sites with implants placed into extraction 
sockets and found a statistical difference. For 
implants placed into healed alveolar ridges, 
the survival rate was 100%, while the implants 
placed into extraction sockets had a survival 
rate of 82.4% (Figs. 14.17–14.26).

From the studies and articles referenced, 
the biological response by the patient to 
immediate loading is a remarkable one. When 
the clinician follows the proper loading 

Figure 14.14. A NobelGuide® surgical template used 
in fl apless, guided surgery for placement of implants in 
partially dentated patients.

Figure 14.15. The immediate delivery of a fi xed partial 
denture for immediate loading showing a small horizon-
tal cantilever from the width of the pontics.

Figure 14.16. An occlusal view of the immediate load 
prosthesis and the splinting effect from the four units of 
the fi xed partial denture.
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Figure 14.17. A clinical situation with a single missing 
tooth. Note the steep inclines of the buccal cusps of the 
maxillary teeth.

Figure 14.18. After placement of the implant, the stabil-
ity is checked using RFA (resonance frequency analysis) 
to measure the ISQ (implant stability quotient).

Figure 14.19. An ISQ number greater than 50 indicates 
a stable implant.

Figure 14.20. The delivery of an immediate loading 
provisional crown with full occlusal contact.

Figure 14.21. Soft tissue closure around the provisional 
crown.

Figure 14.22. One month follow-up with complete soft-
tissue healing and stable implant.
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protocol, it is possible to provide patients 
with immediate functional loading in all clini-
cal situations, from the completely edentulous 
state to the partially dentated to the single 
missing tooth. The clinician must realize the 
importance of following the principles out-
lined, especially as one moves into the more 
demanding partially dentated patients. The 
most critical factors to observe when attempt-
ing to provide patients with an immediate-
loaded prosthesis are establishing initial rigid 
stability of the implant immediately after 
placement; minimal manipulation of the 
implant-abutment components; splinting of 
multiple implants using the framework of the 
prosthesis when possible; careful observation 
of the occlusal forces with complete removal 
of lateral excursive contacts; and careful 
selection of patients, observing the patient-
specifi c factors that affect the integration rate, 
such as smoking, diabetes, poor quality bone, 
and parafunctional habits. The clinician fol-
lowing these careful selection criteria and 
strictly adhering to immediate loading proto-
cols will be able to achieve very high success 
rates with immediate-loaded implants com-
parable to, or better than, success rates 
found with conventional or early loading 
protocols.

Figure 14.23. Occlusal view indicating a stable clinical 
situation at 1 month post–immediate loading.

Figure 14.24. Inspection with occlusal articulating 
paper; light centric contact is seen on the implant restora-
tion and some lateral excursive contact.

Figure 14.25. Adjusting and removing the contact 
during lateral excusive movements.

Figure 14.26. Note minimal contact in all planes of 
movement on the provisional implant restoration.
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15Restorative Phase 
Treatment Planning

INTEGRATION OF BIOLOGICAL 
PRINCIPLES TO ACHIEVE STABLE 
AESTHETICS

Clark M. Stanford

Introduction

Since the mid-1960s, research on endosseous 
dental implants has revolutionized dental 
care. The clinical success of implants is related 
to improvements in surgical management 
combined with greater understanding of bio-
logical responses and engineering of dental 
implants (Stanford and Brand 1999). While 
high success rates of >95% hold for many 
anatomic sites in the jaws, the bony response 
within the thin cortical plates and diminished 
cancellous bone characterizing the posterior 
maxilla is less successful with conventional 
machined surfaced implants (i.e., 65–85%) 
(Widmark et al. 2001). In a meta-analysis, 
Lindh et al. (1998) observed that implant 
success in the posterior maxillae is less than 
in other regions of the mouth and is highly 
dependent on adequate bone volume in the 
area. Strategies to increase the quantity and 

quality of osseous tissue at the interface are 
an important means to provide predictable 
implant therapy for patients with poor bone 
quality as well as to provide greater predict-
ability for immediate loading of implants at 
the time of placement (Stanford 2005).

As a means to develop initial implant sta-
bility, different implant designs (lengths, 
thread features, surface topography) as well 
as surgical technologies are used to assist the 
primary stability in poor quality bone 
(Stanford 2002, 2003). The healing process 
of conversion from primary to secondary 
bone has been reviewed elsewhere (Brunski et 
al. 2000; Stanford 1999, 2002; Stanford and 
Brand 1999; Stanford and Keller 1991; 
Stanford and Schneider 2004). Dental implant 
surface technologies have used various 
approaches to alter the surface: micro- and 
nano-topography and recently the surface 
chemistry of the titanium dioxide surface. 
Improved bone bonding and accelerated bone 
formation appear to be possible with rough-
ened surfaces modifi ed with certain acid treat-
ments. Sandblasted and acid-etched surfaces 
have been demonstrated to enhance bone 
apposition in histomorphometric and removal 
torque analyses (Shalabi et al. 2006). These 
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studies indicate that a subtractive surface 
modifi cation has an osteoconductive effect 
on bone integration to the implant surface 
(osseointegration) and suggest a synergistic 
mechanism to enhance bone formation occur-
ring between the macro-topography (due to 
blasting procedure) and the microtexture (due 
to the acid etching) of the implant (Bagno and 
Di Bello 2004).

Implant Macro-Retentive Features

Implants used in the oral environment have 
three major types of macro-retentive features: 
screw threads (tapped or self-tapping), solid 
body press-fi t designs, and/or sintered bead 
technologies. Each of these approaches is 
designed to achieve initial implant stability 
and/or create large volumetric spaces for bone 
ingrowth. Implant designs incorporate thread-
cutting profi les to reduce interfacial shear 
stress such as a 15º thread profi le (ITI/
Straumann, Institut Straumann AG, Walden-
burg, Switzerland) with a rounded tip to 
reduce shear forces at the tip of the tread, 
which maintains bone in a favorable com-
pressive zone beneath the thread profi le 
(Schroeder and Buser 1989; Schroeder et al. 
1981, 1996). Other thread designs (Micro-
threadTM Astra Tech AB, Mölndal, Sweden) 
have focused on reducing the surrounding 
transcortical shear forces by reducing the 
height of the thread profi le (reducing the con-
tribution of any one thread) with a rounded 
tip surface, along with an increase in the 
number of threads per unit area of the implant 
surface (Hansson 1999). This has the added 
benefi t of increasing the strength of the 
implant body by increasing the amount of 
remaining wall thickness of the implant body 
(Binon 2000). The addition of microthreads 
to the upper portion of the implant body has 
been copied by other implant designs on the 
market (BioLokTM/BiohorizonTM and the 
GroovyTM implant, Nobel BioCare, Goteborg, 
Sweden). Finally, orthopedic prosthesis (e.g., 
femoral stems, pelvic acetabular caps, knee 

prostheses, etc.) have used various sintering 
technologies to create mesh or sintered beads 
as a surface for bone to grow into. The appli-
cation of this technology to dental implants 
has involved attempts to improve the success 
rate of short implants (<10 mm in length), 
which are associated with the highest failure 
rates (Lindh et al. 1998).

Implant Micro-Retentive Features

Upon the placement of an implant into a sur-
gical site, there is a cascade of molecular and 
cellular processes that provides for new bone 
growth and differentiation along the biomate-
rial surface. The goal of a number of current 
strategies is to provide an enhanced osseous 
stability through micro-/nano-surface medi-
ated events. These strategies can be divided 
into those that attempt to enhance the in-
migration of new bone (e.g., osteoconduc-
tion) through changes in surface topography 
(e.g., surface “roughness”) and biological 
means to manipulate the type of cells that 
grow onto the surface.

What Is Surface Roughness?

A common means to improve implant success 
is through alterations to the implant surface 
topography and surface chemistry. In implant 
design, it is typically assumed that a greater 
surface area (per unit of bulk metal surface) 
will allow a greater area for load transfer of 
bone against the implant surface (Buser et al. 
1991; Hansson 2000; Hansson and Norton 
1999; Wennerberg et al. 1997) (Fig. 15.1).

It should be clarifi ed that surface roughness 
is often a poorly described characteristic 
of implant surfaces, making comparisons 
between implant systems diffi cult (Wenner-
berg and Albrektsson 2000). One advantage 
of gentle acid etching is the increase in the 
roughness of a grit-blasted surface on a 
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nanometer-scale level without losing the 
macro-retentive areas for bone tissue to grow 
into (Brunski et al. 2000; Kasemo and 
Lausmaa 1994).

Various titanium surfaces have utilized 
surface roughness created by a grit-blasting 
and etching procedure or blasting of the 
surface alone under tightly controlled condi-
tions to obtain a pre-defi ned optimal surface 
topography. One such optimization criterion 
has been proposed (Hansson 1999). This cri-
terion suggests an implant surface has an 
optimal balance between pore size on the 
surface (pore sizes of 1–5 µm diameter and 
1–5 µm depth) and number of pores per unit 
area (Hansson 2000; Hansson and Norton 
1999). This model relates the relative shear 
strength of bone (τs) with a topography of 
interfacial load-carrying capacity for a surface 
topographic feature (“pit effectivity factor”) 
combined with a value for the optimal number 
of pits per unit area of the surface (“pit density 
factor”) (Hansson 1999). These topographic 
features are then combined with macroscopic 
implant thread profi les (pitch, angle, and 
position) to provide a high compressive load-
ing (low shear) implant interface (Hansson 
and Norton 1999). This surface topography 
is currently available from one manufacturer 

and shows promise by maintaining crestal 
bone at the level of the head of the implant 
(Abrahamsson et al. 1999; Arvidson et al. 
1998; Astrand et al. 1996; Cooper et al. 1999; 
Davis and Packer 1999; Isidor 1997; 
Makkonen et al. 1997; Nordin et al. 1998; 
Warrer et al. 1993).

Implant Micro-Retentive Features: 
Surface Roughness by 
Blasting/Etching

Various studies have also addressed the issue 
of surface roughness through various means 
of grit-blasting followed by a surface etching 
or coating procedure. This has included tita-
nium plasma spray (TPS) (Buser et al. 1991), 
abrasion (TiO2 blasting or use of soluble 
abrasives), combinations of blasting and 
etching (e.g., Al2O3 with H2SO4/HCL) (Buser 
et al. 1991), thin apatite coating (Vercaigne 
et al. 1998), or sintered beads (Deporter et al. 
1996). Commercially available roughened 
surfaces using the large grit-blasted and acid-
etched surface (ITI/Straumann’s SLA surface) 
have shown both laboratory and clinical evi-
dence of elevated success rates in areas of the 
posterior maxilla (Buser et al. 1991, 1994, 
1996, 2000; Cochran 1999). The role of the 
roughened surface is complex since the actual 
strength of bone contact against a titanium 
oxide surface is low (4 MPa or less); weak 
enough that without macroscopic surface 
topography (e.g., resulting from a grit-
blasting process) little bone contact occurs 
(Brunski et al. 2000). Clinically, the combina-
tion of large grit-blasted and etched surfaces 
in a one-stage surgical procedure has docu-
mented greater than 10-year cumulative sur-
vival rates of 96.2% (Buser et al. 1999). An 
alternative commercially surface-etched 
implant design uses a combination of HCL/
H2SO4 to create a surface topography (Osseo-
titeTM, Biomet 3i Implant Innovations, Palm 
Beach Gardens, Florida). The application of 
a roughened surface topography appears to 
have become the current “state of the art” 

Figure 15.1. Scanning electron micrograph of a fl uo-
ride-modifi ed implant surface following gentle etching in 
a dilute HF solution. The etching process is intended to 
avoid losing the macroscopic roughening necessary for 
bone ingrowth onto the implant surface (magnifi cation = 
1000×).
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with multiple implant systems coming out 
with new or modifi ed products to refl ect this 
increased interest.

Implant Micro-Retentive Features: 
Alterations of Surface Chemistry

Various attempts have been made to system-
atically alter the surface topography and/or 
composition of the oxide surface on commer-
cially pure and Ti-6Al-4V titanium alloy. 
These approaches have involved techniques 
to increase the surface oxide thickness, crea-
tion of repeated patterns (e.g., through addi-
tive or subtractive lithography), or means to 
control oxide composition through the steri-
lization techniques used during or following 
manufacturing. Titanium, being a non-noble 
metal, spontaneously forms a 3–5 nm thick 
oxide surface (primarily dioxide and triox-
ides) upon exposure to air (Stanford and 
Keller 1991; Wataha 1996). In vitro studies 
have been performed to characterize changes 
in the cell and molecular regulation of bone-
related matrix proteins as a function of the 
oxide composition resulting from sterilization 
procedures (Kasemo and Lausmaa 1988; 
Kawahara et al. 1996; Keller et al. 1990; 
Lausmaa et al. 1985; Michaels et al. 1991; 
Stanford et al. 1994). These studies empha-
size the need for implants to be manufac-
tured, packaged, and clinically handled in a 
very careful manner. This then leads to a pro-
vocative question: Can the results of a simple 
cleaning and sterilization process impact sub-
sequent biological healing?

Interestingly, recent studies on surface steri-
lization have led to implant surfaces having a 
relatively enriched oxide content of fl uoride. 
Fluoride appears to play a signifi cant role not 
only in modulating the physical chemistry of 
hydroxyapatite formation but also in stimu-
lating new bone growth, matrix expression, 
and subsequent mineralization (Farley et al. 
1991; Jowsey 1977; Mehta et al. 1995; 
Meunier 1990; Modrowski et al. 1992; Mohr 

and Kragstrup 1991; Mundy 1999; Stein and 
Lian 1993). It is known that fl uoride can 
stimulate the production of new bone, in part 
by stimulating the proliferation of osteoblasts 
(Baylink et al. 1995; Bellows et al. 1990; 
Wergedal et al. 1988). The introduction of 
fl uoride to the oxide surface can be performed 
by initially grit-blasting the surface with a 
known diameter of titanium dioxide particles 
followed by etching in a dilute HF acid solu-
tion. The etching step is carefully controlled 
to create a moderately rough surface with 
potential biological effects on undifferenti-
ated mesenchymal stem cells that migrate 
onto the implant surface by way of the fi brin 
scaffold (Cooper 2003; Ellingsen and 
Lyngstadaas 2003; Ellingsen et al. 2004; 
Keller et al. 2003; Schneider et al. 2003, 
2004; Stanford et al. 2003). In vivo research 
has indicated that following a 3-month 
healing period, fl uoride-modifi ed implant sur-
faces demonstrated signifi cantly higher bone-
to-metal contact and retention to bone 
compared to implants with similar surface 
roughness (Fig. 15.2) (Ellingsen et al. 2004).

Surface modifi cation of titanium with 
fl uoride changes the surface chemical struc-
tures, resulting in an increased affi nity to the 
titanium dioxide surface for calcium and 
phosphate ions. The capability to adsorb Ca 
and PO4 promotes bone formation and the 

Figure 15.2. Micro-CT 3-D imaging of a fl uoride-
modifi ed implant at 8 weeks showing uniform adapted 
bone around the implant surface.
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process of bone bonding in vitro and in vivo 
(Ellingsen et al. 2004; Hanawa and Ota 1991; 
Yan et al. 1997).

In vitro studies have shown that differences 
in the microtopography of an implant surface 
can affect the expression of key bone matrix-
related proteins and osteogenic transcription 
factors that will enhance osteogenesis on 
implant surfaces (Ogawa et al. 2002; 
Schneider et al. 2003; Stanford et al. 2003). 
In a laboratory-based comparison study of 
the fl uoride-modifi ed implant surface 
(OsseoSpeedTM Astra Tech AB, Mölndal, 
Sweden) compared to a hydrophilic surface 
(SLActiveTM, Institute Straumann, Basel, 
Switzerland), Masaki et al. (2005) found that 
the fl uoride-modifi ed surface specifi cally led 
to the up-regulation of a key transcription 
factor, RUNX-2/cbfa-1, vital to the differen-
tiation of osteoblasts. These observations 
were extended by Isa et al. (2006) with an 
analysis of gene expression coupled with 
analysis of the changes in the nano-
topography on the oxide surface due to the 
HF exposure. Other laboratory studies 
(Cooper et al. 2006) have shown effects on 
the BMP-2 expression as well as effects on 
the expression of other key genes involved 
in bone matrix expression (e.g., Bone 
Sialoprotein).

In order to assess the impact of the fl uoride 
modifi cation on tissue-level response, a series 
of animal studies were performed. Using a 
Sprague-Dawley rat tibia model, two differ-
ent threaded implants (1.5 × 2 mm) were 
compared with either a TiO2 grit-blasted or 
blasted and treated with a fl uoride containing 
solution. After 21 days, a signifi cantly greater 
amount of bone contact had occurred on the 
fl uoride-coated surfaces (55.5% vs. 34.2%; 
P < 0.027) (Abron et al. 2001).

Histomorphometrically, the fl uoride-
exposed surface demonstrated greater osteo-
conductive growth of trabecular bone in the 
marrow cavity. In a rabbit tibial model, 
Wennerberg et al. (2000) demonstrated 
enhanced pull-out strengths (57% increase 
from 54 to 85 Ncm at 3 months) and a more 
rapid formation of bone contact on implant 

surfaces that were exposed to this fl uoride 
surface treatment. In a rabbit tibia model, 
Ellingsen et al. (2004) demonstrated greater 
bone-to-implant (BIC) on the fl uoride-
modifi ed surface as compared to a titanium 
dioxide grit-blasted surface at 1 and 3 months. 
As a measure of the interfacial strength, 
removal torque and interfacial shear strength 
values were measured. Whereas the fl uoride-
modifi ed surface did not result in any differ-
ence at 1 month of healing, by 3 months the 
fl uoride-modifi ed surface had a signifi cantly 
higher removal torque (85 ± 16 Ncm) relative 
to the titanium dioxide grit-blasted surface 
(TiOblast) implants (54 ± 12 Ncm) (Ellingsen 
et al. 2004). In a rat tibia model, Cooper et 
al. (2006) demonstrated elevated BIC (55.45 
± 22.01%) relative to the non-modifi ed TiO-
blasted implants (34.21 ± 12.08%) 3 weeks 
following implantation, a difference consid-
ered signifi cant (p < 0.027). In the oral cavity 
canine dog model, Lee et al. (2007) demon-
strated enhanced bone formation around the 
fl uoride-modifi ed implant surface using 3-D 
micro-CT imaging (Fig. 15.2).

This approach showed greater adaptive 
bone contact on the walls of the implant 
surface (osteoconductive properties) and 
holds the potential for predictable implant 
outcomes even in patients with genetic mal-
formations (Figs. 15.3a–15.3g).

Conclusion

Dental implant therapy has undergone an 
explosion in surface technologies and appli-
cations of implant designs. These have led to 
more predictable biology and hold the poten-
tial for predictable long-term clinical out-
comes. It is important for the clinician to 
understand how minor changes to surface 
technology can create the potential for signifi -
cant changes in bone contact and biomechan-
ical strength that have the potential to allow 
more rapid clinical function of implants. This 
can only be validated with rigorous clinical 
testing and evaluation.
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Figures 15.3a–d. Clinical example of stable implant-supported prosthesis in a patient with Witkops/ED Syndrome. 
Combination of surface technologies, stable implant abutment connection, and a prosthetic abutment transition contour 
that allows an integration of biological principles for a predictable outcome. Presenting condition of oligodontia (a and 
b) managed with implants treatment planned for multiple ceramo-metal fi xed partial dentures. Distribution of implant 
placements and impression copings (c and d).

b

d

a

c

CHANGING RATIONALES: 
CONNECTING TEETH WITH 
IMPLANTS BY A SUPRASTRUCTURE

Paul Weigl

Introduction

Connecting a tooth to an implant sharing a 
support for a fi xed bridge may in specifi c situ-
ations be an advantage in treatment planning 
in particular cases compared to a full implant-
borne bridge. One such situation is when 
there is inadequate bone quantity adjacent to 

an already crowned tooth and the patient 
wants to avoid an augmentation procedure. 
Combining tooth and implant with a bridge 
may also be considered when the patient 
prefers a minimally invasive intervention. 
However, an implant tooth-supported fi xed 
partial denture presents a biomechanical 
design problem, because the implant is rigidly 
anchored by the bone, and the tooth is sur-
rounded by a periodontal ligament that allows 
some movement. Until recently, therapy 
guidelines have differed as they have been 
based on biomechanical considerations and 
limited clinical data to support or reject the 
use of tooth-implant-connected bridges. 
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Recent new knowledge may infl uence the 
rationale selecting this particular treatment 
option.

Biomechanics and Related Theories

Due to the different anchorages of a tooth 
and an implant their biomechanical behavior 
under load is quite different. The stiffness 
between bone and implant surface is higher 
than a damped anchorage of a tooth root by 
the periodontal ligament. Therefore, if a one-
piece bridge is loaded solely in the region of 
the abutment tooth, by, for example, chewing 
hard food at this spot, the bridge will act as 
a long cantilever supported only by the 
implant. The cantilever generates a high load 
at the bone implant interface and causes a 
moment of torque at the implant itself and 

especially on the abutment-implant joint in a 
two- or multi-unit implant system. The tooth, 
in contrast, is loaded below normal physio-
logical levels. To diminish the cantilever effect 
and enable a physiological loading of the 
tooth, one solution was to separate the bridge 
with a precision attachment, which would 
ensure a non-rigid connection between the 
tooth and the implant (Figs. 15.4a, 15.4b).

Another biomechanical model has recently 
been put forward that may partially explain 
load transfer from the tooth root into the 
alveolar bone. This model relates to the high 
impulse (Newton-seconds) for fracture during 
the fi rst bite into foods (Dan and Kohyama 
2007). When a high impulse acts on a fl uid 
the viscosity is increased, for example, blood 
in the periodontal ligament. It can therefore 
be hypothesized that the tooth, due to high-
impulse fracturing in fi rst bites, demonstrates 
viscoelastic properties equivalent to that of an 
osseointegrated implant.

fe

g

Figures 15.3e–g. Delivery of fi xed reconstruction (e and f) that established satisfactory aesthetics (g).
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General Consensus in 1982

At the time it was believed that the elasticity 
of a periodontal ligament would preclude 
the stiff connection of a tooth with a rigid 
osseointegrated implant by a suprastructure, 
the consensus arising from the desire to avoid 
an implant overloading. If the tooth and the 
implant were splinted by a non-rigid preci-
sion attachment, an intrusion of the tooth 

was frequently observed. One of the fi rst 
theories was based on the idea that a lack of 
normal stimulation of the periodontal liga-
ment produces atrophy of the periodontal 
ligament and intrusion of the tooth. Thus, 
a tooth-implant-connected bridge—whether 
rigid or non-rigid—was not previously an 
option.

Today’s Rationale: Connecting 
Implants with Teeth

To the surprise of clinicians and biomechanics 
the tooth-implant-connected bridges after 5 
years in function demonstrate a similar esti-
mated survival rate (95.5%) to implant-borne 
bridges (95.2%), as assessed in a systematic 
review of the literature (Pjetursson et al. 
2007). However, clinical studies show that 
the risk for an intrusion of a tooth is higher 
with a non-rigid splinted bridge (Block et al. 
2002; Naert et al. 2001) than with a rigid 
bridge (Nickenig et al. 2006). To explain this 
phenomenon, debris impaction or microjam-
ming, a ratchet effect related to the use of 
precision attachments, are discussed as pos-
sible causes. In other words, the precision 
attachments increase the friction or lock com-
pletely in an intrusive position relative to the 
tooth. Both prevent the relocation of the 
intruded tooth. Therefore, the connection, if 
made, should be completely rigid to avoid 
intrusion of abutment teeth (Palmer et al. 
2005). It can be easily achieved in a one-piece 
bridge by aligning a tilted implant abutment 
to the insertion path of the ground abutment 
tooth. The bridge has to be cemented on the 
abutment tooth as well as on the implant-
abutment (Figs. 15.5a, 15.5b).

In situations where the periodontal liga-
ment of the abutment tooth may not able to 
adequately distribute the load into the alveo-
lar socket, almost the whole load is trans-
ferred to the implant by the bridge acting as 
a long cantilever. Due to the large momentum 
that is created it will seem advantageous to 
use a mechanically very strong implant to 

Figure 15.4a. Scheme of tooth-implant connected 
bridge. The gap of the periodontal ligament allows a 
damped anchorage.

Figure 15.4b. Scheme of tooth-implant connected 
bridge loaded (F) at the region of the abutment tooth. The 
closed gap of the periodontal ligament causes a high 
moment of torque at the implant due to the long 
cantilever.
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prevent technical failure by overload and/or 
by fatigue. One-piece implants or implant-
abutment joints with a lack of dynamic micro-
motion at the implant-abutment interface 
may have benefi ts in this respect (Meng et al. 
2007; University of Frankfurt am Main 2008; 
Zipprich et al. 2007). Additionally, a com-
bined tooth-implant-supported FDP should 
be limited to three units, thereby limiting the 
length of the cantilever as well. All these 
factors related to a rigid tooth-implant-con-
nected bridge give an opportunity to achieve 
in the future the same survival summary esti-
mate of implant-implant-supported bridges 
after 10 years—86.7%—instead of the 77.8% 
estimated by tooth-implant-supported bridges 
(Pjetursson et al. 2007).

Another connection between tooth and 
implant can be easily achieved with a tapered 

crown removable denture. The integrated 
abutment teeth show promising clinical long-
term behavior without any sign of an intru-
sion (Krennmair et al. 2007; Weigl and Lauer 
2000).

Outlook

Following the osseointegration of an im-
plant the trabecular framework retaining the 
implant will adapt to the amount and the 
direction of applied mechanical forces 
(Huiskes et al. 2000). Consequently the 
density and strain-related alignment of the 
three-dimensional trabecular framework 
adjust to the non-axial forces of the implant 
as well (Akagawa et al. 2003; Celletti et al. 

Figure 15.5a. Prepared second left premolar and 
implant at region left second molar.

Figure 15.5b. Cemented tooth-implant connected 
bridge replacing the fi rst left molar. (Source: G. 
Trimpou.)

Figure 15.6a. Orthopantomogram-detail of an implant 
at the region fi rst left molar retaining a molar-crown with 
a cantilever replacing the second premolar. The crown 
cemented on the fi rst left premolar is not connected to 
this implant-borne suprastructure and has therefore not 
been removed.
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1995; Ruimerman et al. 2005). Taking this 
into account, a three-unit bridge connecting 
a tooth and an implant could be workable 
even in the case where the full mastication 
force is transferred only to the implant. The 
bridge can be substituted by an implant-
borne crown that is connected with a pontic 
replacing the missing teeth between the 
implant and the natural abutment tooth. The 
implant-borne crown and the pontic result in 
a shorter cantilever than the estimated can-
tilever of a tooth-implant-connected bridge, 
in which the abutment tooth cannot transfer 
any load to the alveolar bone (Figs. 
15.6a–15.6c).

Future clinical trials will be able to prove 
or reject the hypothesis that an implant-borne 
crown with the one crown-sized cantilever 

Figure 15.6b. Radiograph after the 1-year follow-up. 
No sign of biological failure can be recognized.

Figure 15.6c. The implant-borne crown with a mesial 
cantilever after 1 year in function.

works as well as a rigid, combined tooth-
implant-supported FDP. Furthermore, this 
solution for replacing two missing teeth is 
cost-saving and in avoiding tooth preparation 
represents a minimally invasive approach. 
Also the risk of complications at the abut-
ment tooth, such as caries, apical ostitis, root 
fracture, and so forth, can be avoided 
with the solely implant-borne suprastructure 
(Brägger et al. 2001; Hosny et al. 2000; Naert 
et al. 2001).
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Planning Using Shortened 

Clinical Protocols

STABILITY OF IMPLANT-
ABUTMENT CONNECTIONS

Thomas D. Taylor

In 1982 the only abutment interface available 
on the market for osseointegrated dental 
implants was the external hexagon design of 
the Brånemark implant system as marketed 
by NobelPharma of Sweden. This external 
hexagon connection was the industry stand-
ard for more than 15 years and served more 
than adequately in most clinical situations. 
The most common complication associated 
with this screw-retained connection was screw 
loosening and occasional screw fracture 
(Goodacre et al. 2003). Subsequent to 1982 
additional implant systems appeared on the 
market with different implant abutment con-
nections, but the external hexagon was used 
as the connection of choice by most implant 
manufacturers during the 1980s and early 
1990s.

The mechanics of the external hexagon 
connection are surprisingly complex. It must 
fi rst be realized that the external hexagon on 
the top of the implant was placed there pri-
marily to serve as a wrench-engaging connec-

tion used to insert the implant into the 
osteotomy site. It is questionable whether the 
external hexagon functions at all in the pillar 
of fi nal implant restoration. While the exter-
nal hexagon may be engaged to resist rota-
tional force, particularly in single tooth 
restorations, the external hexagon connection 
is in actuality a fl at to fl at bolted joint 
(Fig. 16.1).

Due to the necessary tolerances between 
parts for ease of assembly, the hexagon is not 
engaged by the abutment and does not add 
strength or stability to the joint. Resistance to 
loosening across this bolted fl at to fl at joint 
is focused in the abutment screw. When tight-
ened the screw effectively stretches and creates 
a clamping force across the joint. This clamp-
ing force is termed “preload.” The greater the 
torque applied to the screw during tightening, 
the greater the preload or clamping force 
across the joint. It is critical to the stability of 
the joint that the preload remain at or near 
its initial level. Micromovement and micro-
abrasion of the bolted joint and the threads 
of the abutment screw may, over time, cause 
a gradual relaxation in the preload level.

Non-axial loading of an implant pillar 
places certain areas of that pillar under 
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compression and other areas under tension. 
In general the side at which the load is being 
applied (ipsilateral side) is placed under tensile 
loading and the contralateral side is placed 
under compression. It is important to realize 
that the application of non-axial forces to the 
implant abutment interface will cause a tem-
porary reduction in the ipsilateral preload 
and simultaneously cause an increase in the 
contralateral preload. As long as the preload 
of the abutment screw on the ipsilateral side 
is not surpassed by the magnitude of the load 
being applied, no additional strain is being 
applied to the abutment screw itself and the 
joint remains stable. If over time the preload 
has been reduced either from micromotion 
loosening or by component wear and/or 
deformation, a non-axial load of the same 
magnitude as had been applied previously 
may now surpass the ipsilateral preload. At 
this point a bending moment is imparted to 
the body of the abutment screw and fl exure 
begins to occur. Ultimately, failure of the 
abutment screw will occur through fl exure 
fatigue (Fig. 16.2).

This mode of failure is clearly time depend-
ent and is based upon the assumption that 
screw preload is not maintained over time. 
If the screw stays tight, the joint does not 
become weakened. If preload is lost, fl exure 
fatigue leading to ultimate failure of the screw 
is a potential result.

Occasional failure of implant-supported 
restorations by fracture of the abutment screw 
led some clinicians to seek alternative types 
of connections that would reduce the poten-
tial for abutment screw failure. Numerous 
manufacturers created alternative designs 
based primarily on a connection that was 
internal to the body of the implant and that 
reduced the dependence on maintaining screw 
preload across a fl at to fl at interface. In the 
late 1990s and into the early 21st century 
internal connections became very popular 
and are the connection of choice today.

The advantages of internal connections, 
particularly those based upon some form of 
tapered connection, are several. The internal 
connection relies less on the preload of the 
abutment screw to keep the joint stable. 
Contact between the abutment and the wall 
of the implant reduces the potential for micro-
motion and loss of preload of the screw, 
making the initial amount of preload less 
critical. Internal connections are inherently 
more resistant to non-axial loading than are 

Figure 16.1. Photograph of an external hexed dental 
implant showing the lack of vertical wall contact between 
the abutment and the hex of the implant. The hex is uti-
lized as a wrench-engaging interface during implant 
placement but it is unlikely to provide resistance to dis-
lodgement or bending forces when coupled with an 
abutment.

Figure 16.2. Clinical photograph of a fractured abut-
ment screw in an external hex implant pillar. The abut-
ment screw was likely subjected to non-axial bending 
moments due to the cantilever of the prosthesis anteri-
orly. The prosthesis had been in place for 7 years.
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fl at to fl at joints. With most internal connec-
tion systems there is minimal rotational misfi t 
or “slop,” and they exhibit strong antirota-
tional resistance. It would seem that the com-
plications associated with loose or fractured 
abutment screws in the fl at to fl at connection 
implants have been largely overcome with 
internal connection implants.

There are several long-term concerns that 
must be considered with internal connection 
implant systems. The wall of the implant 
becomes the load-bearing interface with the 
forces being directed from inside to out. These 
externally directed stresses in a cylindrical 
implant body are termed “hoop stresses” as 
one would see with outward pressure on the 
staves of a barrel or similar container. Resist-
ance to hoop stresses becomes critical to the 
integrity of the implant itself in such inter-
nally connected systems, as the walls of the 
implant must resist these stresses over the 
lifetime of the structure. Stated another way, 
with internal connection–type implant 
systems, if something fails due to fatigue and 
fracture it is likely to be the body of the 
implant itself. While broken abutment screws 
in the original fl at to fl at confi guration can be 
retrieved and replaced with minimal diffi culty, 
a broken implant wall is a catastrophic failure 
that compromises the entire pillar or series of 
pillars of the restoration.

What is the likelihood of implant fracture 
in routine clinical use? The incidence of 
implant fracture in the traditional fl at to fl at 
type of assembly was minimal with only a 
small percent of implants fracturing over 
10–15 years of follow-up. It cannot be deter-
mined at this time what the frequency of 
implant fracture with the newer internal con-
nections will potentially be. Failure through 
fatigue loading is time dependent and the risk 
of failure increases over time. One concern 
is that implant failure due to hoop stress–
induced wall fracture may become a not 
uncommon problem in the foreseeable future. 
Stated another way, we haven’t been using 
internal connection implant systems long 
enough to see the results of long-term loading. 
It is hoped that failure through implant frac-

ture will remain as a very small percentage of 
implants placed and that undue concern about 
failure of these newer designs is unwarranted 
(Figs. 16.3–16.6).

What other options currently exist that 
might increase the chances of long-term 
success of mechanical implant components, 
particularly in the posterior part of the mouth 
where forces are usually very high? Increasing 
the diameter of the implant body and as a 
result the walls of the internal connection 
would seem to be one obvious course to take 
when one is concerned about heavy occlusal 

Figure 16.3. Fractured abutment screws from an exter-
nal hex implant restoration. The cause of failure was most 
likely fatigue fracture resulting from loss of preload across 
the bolted implant to abutment joint.

Figure 16.4. Fractured internal connection dental 
implant. Duration of loading prior to fracture is unknown. 
Note the associated bone loss adjacent to the implant, 
which may be due to percolation of debris from the 
internal aspect of the implant through a crack in the 
implant wall.
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function or parafunction. Increasing implant 
radius does not increase strength linearly but 
rather exponentially (squared) and increases 
resistance to bending load according to the 
principle of moment of inertia. Wall thickness 

similarly controls stress in an exponential 
manner. So a small increase in diameter 
and wall thickness may provide substantial 
improvement in resistance to fatigue over-
load. But even wide-diameter internal connec-
tion implants have been reported to fracture 
under occlusal loads (Fig. 16.7).

It is certainly appropriate to recommend 
that reduced-diameter internal connection 
implants not be placed in posterior areas of 
the mouth where forces are higher. The intro-
duction of solid one-piece implants may 
include the advantage of maximized strength 
for the implant pillar and may be an appro-
priate rationale for the use of this type of 
implant in the posterior part of the mouth 
(Fig. 16.8).

Another design that would likely be more 
resistant to hoop stress fatigue failure is the 
single-stage implant design (Fig. 16.9).

With this design occlusal load is transferred 
through the restoration to the external walls 
of the implant body rather than through the 
abutment to the internal connection of the 
implant. As a result load applied to this design 
actually places the walls of the implant under 
compressive force rather than under tensile 
hoop stress forces as seen with two-stage 
internal connection implant designs.

Figure 16.5. Fractured internal connection dental im-
plant. Duration of loading prior to fracture is unknown. 
Note the unfavorable crown to implant ratio and the 
proximity of the mental foramen, which is at risk should 
an attempt be made to remove the broken implant with 
a trephine.

Figure 16.6. Fractured internal connection dental im-
plant that has been removed surgically. Note that the 
fracture extends through the thinnest areas of the internal 
connection. (Courtesy Dr. Kenneth Kurtz.)

Figure 16.7. Fractured wide-diameter internal connec-
tion dental implant. Duration of loading prior to fracture 
is unknown. Note the associated bone loss and the distal 
cantilever of the supported crown.
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Conclusion

In conclusion, the implant abutment connec-
tion has evolved over the past 25 years and 
will certainly continue to evolve. The external 
connection has largely been replaced by the 
internal connection and the associated prob-
lems have changed from loose broken abut-
ment screws to fractured implant walls. The 
scope of mechanical failure of internal con-
nection implant systems is unknown but is 
likely to become more commonplace as 
implants age with use. The alternative of solid 
one-piece or single-stage implants may prove 
to be superior in heavy load situations and 
should be considered as the implant design of 
choice for posterior sites.

SHORTENED CLINICAL 
PROTOCOLS: THE (R)EVOLUTION 
IS STILL ONGOING

Roland Glauser

Introduction

Original protocols for placing and restoring 
dental implants included a strictly staged 
approach as the standard modus operandi. 
Over the years, a myriad of developments 
have been introduced aimed at simplifi cation 
and concision without jeopardizing treat-
ment outcomes. A main focus is on a reduc-
tion of the number of interventions, the 
invasiveness of the surgery, and the duration 
of the treatment. However, past experiences 
may favor a staged approach in areas with 
challenging tissue status or in aesthetically 
demanding areas. Hence, the future is moving 
toward a differentiation strategy of “when” 
and “how” to favor shortened surgical 
and prosthetic protocols and when to 
follow more traditional staged treatment 
sequences.

Figure 16.8. A solid one-piece implant in which the 
abutment is incorporated as part of the implant may 
provide superior resistance to fatigue fracture in areas of 
heavy occlusal load.

Figure 16.9. A single-stage or transmucosal-type dental 
implant in cross-section. This is a specimen prepared for 
laboratory testing and was not used clinically. Note that 
the crown rests on the external shoulder of the implant 
body. Load transfer from the occlusal table to the implant 
is focused on this external shoulder, resulting in inward 
compressive forces rather than externally directed hoop 
stresses. This implant design may provide superior resist-
ance to fatigue fracture in areas of heavy occlusal load. 
This design also provides abutment retrievability and 
may be used for screw-retained or cement-retained 
reconstructions.
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Factors Infl uencing the 
Clinical Approach

The original treatment approach included 
two main prerequisites for proper implant 
treatment: adequate preoperative examina-
tion and thorough pre-treatment planning 
(Lekholm and Zarb 1985). With regard to 
time point of implant loading and prosthesis 
placement, three concepts are currently dis-
cussed (Aparicio et al. 2003; Cochran et al. 
2004): (1) immediate implant loading/resto-
ration; (2) early implant loading/restoration; 
and (3) late implant loading/restoration. 
These categories can be related to biomechan-
ical and histological differences (Szmukler-
Moncler et al. 1998). With regard to treatment 
outcome on a patient rather than per implant 
basis, current data indicate no statistically 
signifi cant differences between these three 
concepts (Esposito et al. 2007). When the 
feasibility of shortened protocols with early 
or immediate loading/restoration is discussed, 
the initial implant anchorage (i.e., primary 
stability) and the bone quality and quantity 
at the implant site(s) are most often identifi ed 
as key for successful osseointegration (Esposito 
et al. 2007; Szmukler-Moncler et al. 2000). 
However, for overall treatment success a more 
comprehensive appraisal at the time of treat-
ment planning is necessary by assessing 
additional key factors infl uencing treatment 
outcome (Table 16.1):

1. Patient (general and oral health status, 
compliance, expectations)

2. Hard tissues (healthiness, bone quality 
and quantity, presence/absence of defects)

3. Soft tissues (healthiness, width and volume 
of keratinized mucosa, texture and scal-
loping, presence/absence of scars or 
tattoos)

4. Prosthetic protocol (complexity of the 
prosthetic rehabilitation, potential to pre-
manufacture the suprastructure partially 
or completely)

5. Team (skills, routine, timing, and coordi-
nation between clinic and lab technician)

Altogether, these fi ve key factors substan-
tially infl uence whether a shortened protocol 
can be selected and the likely success of such 
an approach. However, even if it is possible 
to successfully load dental implants immedi-
ately or early after their placement in selected 
patients, not all clinicians may achieve optimal 
results when performing these protocols. In 
case of doubt, the conventional late loading 
approach acts as the gold standard and is 
always a feasible modality.

Patient

Besides general operability and general 
medical conditions, it is crucial to evaluate 
oral health status, patient’s expectations (real-
istic vs. unrealistic), and compliance. The 
more complex and demanding the patient-
related factors, the more the treatment adheres 
to traditional staged sequences with late 
implant loading/restoration.

Hard Tissues

With regard to timing, the original and general 
principle has been that the softer the bone the 
longer the healing period (Brånemark et al. 
1977). From the osseointegration point of 
view, the overall goal is to reach adequate 
initial implant stability at placement, and 
to establish a lasting anchorage unit for 
the prosthetic construction via maintained 
osseointegration (Sennerby and Rasmusson 
2001). It is obvious that some implant sites 
allow for immediate or early implant loading. 
Nevertheless, clinicians may consistently 
select a rather conservative approach with 
conventional late loading. Nowadays, insist-
ence on selection of such a standard healing 
period may be considered as resulting in an 
unjustifi ably long waiting time for some 
patients. With regard to an admissible 
reduction of the load-free healing period, 
three main factors infl uence the decision 
making:
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time point of implant loading/restoration

immediate early late

healthy: cooperative/compliant; no occlusal/oral parafunctions

patient’s demands on treatment outcome are well defined and feasible

low smile line high smile line

aged patient; reduced wound
healing or systemic diseases;

smoker;occlusal/oral parafunctions

healed bone site

extraction site
with mainly good
fit of the implant
to the bony walls

extraction site with poor fit of the 
implant to the bony walls

bone quantity A or B; bone quality I, II or III

minor peri-implant bone defects as
class 0, I or II and allowing for a

transmucosal healing modus

reduced bone quantity type C, D or
E and/or bone quality type IV

peri-implant bone defects as class
III to V and/or sinus lift; defects as
class 0, I or II with missing option
for a transmucosal healing modus

no peri-implant bone defects directly
communicating with implant

surface; defect class 0

esthetically and /or functionally
demanding/complex treatment

patient

bone

soft tissue

prosthetics

team

gingiva morphotype = thin, high scallopedgingiva morphotype = thick, low scalloped

healed soft tissues
extraction site with minor needs for 
soft tissue grafting and practicable

at implant surgery

extraction site with mayor needs
for soft tissue grafting

sufficient amount of soft tissue;
sufficient width of keratinized

mucosa; no scars or tattoos to be
corrected

presence of small-sized soft tissue
defects/scars/tattoos where

correction is practicable at implant 
surgery

presence of soft tissue defects with
 a clear need for correction;

presence of scars/tattoos with a 
need for correction

high diagnostic predictability with regard to design of suprastructure

good control of initial implant load possible (number & length of implants,
splinting with suprastructure, infraocclusion)

diagnostic uncertainty of
prospective suprastructure

increased implant loading (reduced
number of implants, short implant
length, suprastructure unspanned)

option to produce implant
prosthetics fully or at least in part

prior to surgery

final prosthetic suprastructure
practicable (no provisional

necessary)

complex prosthetics; stepwise 
approach to final design mandatory

well established treatment sequences with regard to 
implant surgery and prosthetics

dental practice/office set-up limited to either surgery
or prosthetics

excellent communication between clinician(s) and dental technician
limitations (distance, frequency) in

communication between clinician(s)
and dental technician

bone quanitity A-E; bone quality I-IV
according to Lekholm & Zarb 1985

bone defect class D-V
according to Glauser 1999
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Table 16.1. 
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1. Local bone quality and quantity
2. Number of primary bone-to-implant con-

tacts established with implant placement
3. Speed of new bone formation at the bone-

implant interface

Obviously, the more favorable the local 
hard-tissue conditions, the better the initial 
stability is maintained over time and the 
earlier the implant can be functionally loaded 
(Esposito et al. 2007). On the other hand, 
implants placed into extraction sockets with 
remaining bone defi ciencies and/or poor bone 
contact area should be assessed more criti-
cally. The larger the fraction of the implant 
surface without initial bone contact present, 
the more time is needed until newly formed 
bone functionally supports the implant in 
these areas. Nonetheless, due to their mor-
phological confi guration some bone defects 
may allow for faster tissue regeneration (e.g., 
infrabony defects; class I, Fig. 16.10) and 
would allow for an early loading approach. 
In contrast, defect morphologies sparely sur-
rounded by vital bone (class II–V, Fig. 16.10) 
demand a longer load-free healing period 
until osseous regeneration is accomplished. 
Hence, most of the implants presenting with 
bone defects following placement should be 
assigned to delayed loading protocols, regard-
less of technique and/or material used to 

handle these bone defi ciencies (Nkenke and 
Fenner 2006).

Soft Tissues

It is crucial to evaluate the status of the soft 
tissues at future implant sites with regard 
to health, width, and volume of keratinized 
mucosa, texture and scalloping, and presence/
absence of scars or tattoos. Shortened proto-
cols may be selected if the status of the soft 
tissues can predictably be maintained or cor-
rected at implant installation. With respect to 
periodontal and morphologic aspects, post-
operative soft-tissue reactions at immediately 
restored implants are comparable with those 
of conventionally loaded implants (Glauser 
et al. 2006).

Prosthetic Protocol

At the time of treatment planning it is essen-
tial to evaluate whether a prosthetic work-
fl ow for an immediate or early implant 
reconstruction is viable, or if with increasing 
complexity the prosthetic construction is 
achieved safely using a stringent stepwise 
procedure.

class 0

class I

class II

class III

class IV

class V

Glauser 1999

Bone defect management

Figure 16.10. Bone defect 
management according to 
Glauser 1999. Implants placed 
in bone defects of class I–V 
should be assigned to delayed 
loading protocols, regardless of 
technique and/or material used 
to handle these defi ciencies.
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When considering immediate restoration 
following implant placement, the suprastruc-
ture is preferably pre-manufactured com-
pletely or at least in part in order to allow for 
instant mounting. Thus a critical appraisal of 
achievement of correct implant position(s), 
emerging contours, and proper occlusion is 
mandatory (Van Steenberghe et al. 2005).

When considering a delayed loading proto-
col, a satisfactory provisional restoration sup-
ported by remaining teeth or the mucosa is 
instrumental in guiding the patient through 
the longer healing period.

Team

Successful shortening of clinical protocols 
with application of immediate or early implant 
restoration is undoubtedly linked to proper 
diagnostics, treatment planning, and thor-
ough execution. In particular, a close coordi-
nation between the treating team (doctor(s), 
nurses/assistants, lab technicians) is essential. 
As a conditio sine qua non, implant surgery 
and prosthetics are daily routine and corre-
sponding workfl ows well established. Imme-
diate implant restoration is often related to 
time pressure when it comes to fi nalizing and 
mounting of the suprastructure. On the other 
hand, delayed restoration protocols are more 
related to staged workfl ows, thereby reducing 
the time clinicians and technicians are working 
under pressure. Limited expertise in surgical 
and/or prosthetic procedures usually favors 
staged, late protocols where the team can 
better address technical or clinical issues.

Conclusions

Based on adequate patient selection and 
thorough treatment planning and execution, 
success of immediately or early loaded 
implants may be comparable to that obtained 
using the traditional approach (Cochran et al. 
2004; Nkenke and Fenner 2006). Neverthe-
less, a more comprehensive appraisal at the 

time of treatment planning including an 
assessment of the fi ve key factors is recom-
mended to safely guide the overall rehabilita-
tion to success.
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17The Transmucosal Component and 
the Supra-construction Revolution

ABUTMENT DESIGN AND 
MATERIALS USING CAD/CAM 
TECHNOLOGY

Steven E. Eckert

History of Abutments Based upon 
Prosthetic Goals

Early prosthetic designs utilized pre-
manufactured transmucosal elements, known 
as abutments, that connected the endosseous 
implant to the dental prosthesis. The initial 
abutments provided by implant manufactur-
ers created an extension from the implant that 
paralleled the long axis of the implant. These 
abutments were relatively tall, a minimum of 
3 mm in height, and provided little opportu-
nity for a prosthesis to appear to be growing 
from the implant. Described another way, 
these implant abutments were highly func-
tional but lacked aesthetic qualities.

Since the most severe functional compro-
mise related to edentulism was associated 
with the use of mucosal-borne mandibular 
dentures, endosseous implants were initially 
applied to the restoration of this jaw only. 

Early clinical success led to the extension of 
the clinical application to the edentulous 
maxilla. The condition described above 
whereby a prosthesis is suspended above the 
soft tissue would be far more problematic 
in the maxilla than in the mandible. The 
reason for this is that the orientation of 
prosthetic teeth to the underlying residual 
alveolar ridge could affect fl uid control and 
the airfl ow as the tongue contacts the ante-
rior hard palate or the lingual surfaces of 
the maxillary anterior teeth.

Recognition that the early parallel-sided 
abutments failed to provide adequate con-
tours to allow routine restoration of the eden-
tulous maxilla led clinicians to develop other 
types of transmucosal abutment. At fi rst this 
was achieved through efforts designed to 
shorten the abutment, allowing the prosthesis 
to begin at the crest of the residual ridge. This 
approach was somewhat benefi cial in bring-
ing the superior surface of the implant in 
closer proximity to the inferior surface of the 
dental prosthesis, but the confi guration of the 
abutments limited the minimum height to 
approximately 2 mm.

Other approaches utilized custom-cast 
abutments that were cemented into the 
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endosseous implant. This approach created a 
cement line well below the level of the oral 
mucosa. Debridement of the dental cement 
was an arduous task that sometimes led to 
retention of some cement deep beneath the 
crestal tissue. When cement was retained soft-
tissue reactions were observed.

A direct connection between the endos-
seous implant and the dental prosthesis was 
then developed. The so-called UCLA abut-
ment provided a cast gold alloy customized 
abutment design that connected the prosthe-
sis directly to the implant (Lewis et al. 1988, 
1989). The earliest generation UCLA abut-
ment used a burnout pattern that was incor-
porated into the wax pattern for the metal 
framework of the dental prosthesis. Using a 
lost wax technique the implant-supported 
framework was fabricated. Unfortunately the 
casting accuracy using burnout patterns was 
not as predictable as one would want. Con-
sequently the rotational freedom between 
the mating surface of the earliest generation 
UCLA abutments and the superior surface of 
the implant was often excessive. This led to 
a number of screw joint complications and 
may have also contributed to fracture of some 
endosseous implants (Eckert and Wollan 
1998; Eckert et al. 2000).

With the predictable success of endosseous 
implants that undergo osseointegration the 
technique was expanded to situations other 
than completely edentulous arches. Although 
the edentulous maxilla and mandible were 
addressed in somewhat different ways the 
treatment itself was relatively similar for the 
two arches. As the treatment expanded to 
the restoration of partially edentulous arches, 
new challenges were encountered.

The size differential between implants and 
the roots being replaced was a formidable 
problem. With the exception of the mandibu-
lar incisor tooth nearly every other natural 
tooth root is larger in diameter than the 
implant that would be used to replace that 
root. Since the prosthesis needs to be a dimen-
sion that simulates the tooth, the transition 
from implant to inferior surface of the pros-
thesis was often quite abrupt.

The fact that endosseous implants are 
threaded straight cylinders while natural teeth 
have crowns that are not in line with the long 
axis of the root created numerous angulation 
problems between implants and prostheses. 
Often the implant was oriented in such a way 
that the retaining screws passed through the 
facial aspect of the dental prosthesis. With 
experience clinicians began to address this 
situation through the use of restorations that 
were cemented to custom-cast gold alloy 
abutments. Once again the use of the UCLA-
type abutment proved benefi cial for early 
intervention of techniques in partially eden-
tulous patients.

Unfortunately the clinical performance of 
the screw joint is affected by the handling of 
the screw seat. When titanium transmucosal 
abutments are machined, a very specifi c 
surface is created. When a cast gold alloy is 
used to replace the transmucosal abutment, 
the surface of this gold alloy differs from that 
of the traditional titanium abutment. The 
casting process itself causes roughening of the 
screw seat, softening of the cast metal, and 
higher coeffi cient of friction between the 
screw seat and the retentive screw (Carr et al. 
1996). This situation led to early screw loos-
ening, which was implicated in trauma to the 
superior surface of the endosseous implant, 
resulting in an untoward number of fractured 
implants.

Friction and Its Effect on Screw 
Joint Integrity

The next generation of direct connection 
between the endosseous implant and trans-
mucosal abutment utilized machined titanium 
abutments with gold alloy retaining screws. 
Since the abutment was machined and the 
retaining screw was a gold alloy, the coeffi -
cient of friction between the two metals was 
lower than would be experienced with cast 
gold alloys and gold retaining screws. This 
led to a higher clamping force, which reduced 
the number of screw joint complications. Res-
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torations on these abutments were cemented 
into place, a situation that sometimes led to 
deep submucosal margins that were diffi cult 
to debride. As with the earliest cement-
retained abutments, when cement was retained 
beneath the tissue this led to adverse soft-
tissue reactions and may have been implicated 
in the loss of supporting bone.

Improvements in the biomechanical stabil-
ity of the abutment-to-implant interface have 
provided dramatic enhancements in the 
mechanical stability of restorations and 
general improvements in the soft- and hard-
tissue response around implants. Issues related 
to the coeffi cient of friction, use of lubricants 
in the screw seat, affects of casting and divest-
ment, and confi guration of the screw seat all 
infl uence biomechanical stability.

In the early era of osseointegration most 
prostheses were screw-retained. This approach 
seems logical, as the long-term predictability 
of implants, although described in the litera-
ture as favorable, was not thoroughly under-
stood. With clinical experience it became 
evident that implants, once osseointegrated, 
generally maintained stability within bone. 
The increasing predictability of endosseous 
implant therapy reduced the emphasis on 
retrievability of prostheses. This recognition 
led to an increased popularity in the use of 
cement-retained restorations. These restora-
tions could be fabricated without considering 
the screw emergence. Cement-retained resto-
rations therefore provided aesthetic advan-
tages that could not be achieved with 
screw-retained restorations. The additional 
factors related to maintenance of the machined 
screw/screw seat interface led to improved 
clinical performance with fewer mechanical 
complications.

Implant manufacturers responded to the 
need for angulated components by increasing 
inventory (Sethi et al. 2000). Components 
could be fabricated with pre-manufactured 
restorative collars that mimicked the variation 
seen in soft tissue surrounding a natural tooth. 
These components could be fabricated in a 
number of heights, diameters, and cross-
sectional confi gurations. Unfortunately, the 

myriad of components necessary to address all 
clinical situations resulted in ever-increasing 
inventories for the clinicians and the manufac-
turers. One alternative solution was to use 
components to which gold alloys could be 
cast to create favorable contours. This situa-
tion, however, resulted in a return to the con-
cerns of damage to the screw/screw seat 
interface.

Philosophically the ideal treatment approach 
would be to create a machined transmucosal 
abutment that possesses an unadulterated 
screw seat to which an abutment retaining 
screw of appropriate dimensions and physical 
properties could be mated. The most logical 
approach appeared to call for custom fabrica-
tion of most transmucosal abutments. Thus 
was ushered in the era of CAD/CAM.

CAD/CAM

Computer-assisted design, CAD, is a process 
whereby a clinician or technician can utilize 
appropriate computer software to design 
componentry. These designs can be copies of 
existing components or copies of modifi ed 
components that are more applicable to a 
new clinical situation. If designs are copying 
existing or modifi ed components, these 
designs must then be imaged in such a way 
as to allow three-dimensional coordinates to 
be created and used in the manufacturing 
process. Alternatively it may be possible to 
design components virtually. The advantage 
of virtual design is that it eliminates the 
process necessary to image the copied design, 
usually referred to as scanning, and it elimi-
nates the need to create a physical replica of 
the desired design. When designs can be 
created virtually there are obvious savings in 
time and materials. Likewise the need for 
exceptional skill with the creation and manip-
ulation of the components to be copied is 
diminished. Virtual design does, however, 
require strong conceptual understanding of 
the clinical needs (Figs. 17.1–17.5).
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Computer-assisted manufacturing, CAM, 
is a process that takes the digital information 
derived from the physical scans or the virtual 
designs of the CAD process and manufactures 
matching componentry from this informa-
tion. Most of the CAM techniques utilized in 
dentistry today employ milling processes. 
When metals are used, such as titanium or 
titanium alloy, the milling process creates a 
fi nal product from a block of original mate-
rial. When ceramic materials are used this 
situation is somewhat different in that the 
ceramic material is milled to a certain confi g-
uration and then the green state ceramic is 
treated in a process to create a densely sin-
tered ceramic material. When green state 
materials are ground and sintered the initial 
product must be somewhat oversized so that 

Figure 17.1. Prosthesis fabricated in 1978 retained by 
pre-manufactured straight abutments that were con-
nected using an infrastructure to which the prosthetic 
superstructure was luted.

Figure 17.2. Cast infrastructure connects the two 
implants using straight transmucosal abutments.

Figure 17.3. Computer-assisted design created entirely 
in the virtual environment.

Figure 17.4. Custom abutments fabricated in 2001 
using CAD/CAM technology.

Figure 17.5. Prosthesis in place supported by CAD/
CAM abutments.
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it compensates for the shrinkage of the sin-
tered material (Vigolo et al. 2006).

The advantage of the CAD/CAM approach 
is that the technical efforts necessary to 
achieve well-fi tting components are no longer 
the domain of the dental laboratory techni-
cian but instead are established by the quality 
of the scanning equipment, design compo-
nents, and manufacturing equipment. Once 
an acceptable level of quality is achieved it is 
anticipated that this can be repeated ad infi ni-
tum. Since implant manufacturers will not be 
required to stock large volumes of compo-
nents, the cost associated with the CAD/CAM 
approach should actually decrease even 
though every component will be custom 
made. The clinician and patient benefi t from 
improvements in quality, predictability, and 
elimination of concerns related to compo-
nents that are out of stock.

CAD/CAM technology is currently in use 
for the fabrication of custom abutments and 
for the fabrication of restorations that fi t to 
these abutments. Restorations using the CAD/
CAM design may be made in total or may still 
require conventional dental laboratory proce-
dures to create the fi nal restoration. When the 
total restoration is fabricated it is usually 
done using virtual design technology, whereby 
the opposing arch is imaged, the transmu-
cosal abutment is imaged, and a restoration 
is fabricated on the computer using a library 
of anatomic crown designs. The technician 
designing such restorations still must make 
appropriate decisions regarding occlusal 
and interproximal contacts. The alternative 
approach, using the CAD/CAM technology 
only to create a core upon which materials 
are added, depends upon the laboratory tech-
nician to apply materials, traditionally ceram-
ics, to the created core.

Future Directions

Much of the current application of CAD/
CAM technology depends upon an amalga-
mation of traditional technology with CAD/

CAM. Most of the work today is done using 
designs created in wax that are then scanned 
and duplicated. Virtual designs have been 
proposed by a number of manufacturers, but 
the acceptance of these treatment approaches 
has not been universal. The reasons for this 
are unclear. It appears that technicians favored 
the traditional lost wax techniques rather 
than embracing the time and labor-saving 
approaches associated with virtual designs. 
Realistically, given the declining numbers of 
technical training programs, there is the dis-
tinct possibility that the next generation of 
laboratory technician will be more favorably 
versed in the approach that is necessary to 
move into virtual design.

Ultimately the use of traditional impression 
methods that are designed to create anatomic 
replicas of implant and tooth positions will 
be replaced by optical impressions made 
directly in the oral cavity. This approach 
already exists for the fabrication of custom-
milled restorations, but the general accept-
ance of this approach remains low. Since 
endosseous implants demonstrate known 
geometric confi gurations, the complications 
associated with imaging natural tooth prepa-
rations will not apply. Images of soft and hard 
tissue should be relatively easy to develop, 
thereby eliminating the need for traditional 
impressions.

Creation of virtual dental casts, transmu-
cosal abutments, opposing arches, and dental 
restorations is a very real clinical opportunity. 
A number of manufacturers are currently 
involved in various phases of this process. It 
is highly likely that within a relatively short 
period clinicians will possess the technology 
to perform all necessary procedures to design 
and fabricate dental prostheses for most of 
the conditions encountered in a clinical prac-
tice (Figs. 17.6 and 17.7).

Although not the subject of this chapter, it 
is apparent that there is growing interest in 
the use of radiographic imaging to guide 
implant placement. Ultimately the marriage 
between guided implant placement and pre-
fabrication of high-quality, well-fi tting dental 
restorations will allow earlier restorative 
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Figures 17.6a–c. Occlusal, facial, and lateral views of the implant analogs in the master cast.
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Figures 17.6d–f. Corresponding virtual computer-assisted designs of Figures 17.6a–c for custom abutment.
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a b

Figures 17.7. Close-up (a) and facial (b) views of the implant-supported lateral incisor crown using custom abutment 
created through CAD/CAM technology.

intervention at a lower cost and an increased 
quality.

CAD/CAM IN IMPLANT DENTISTRY

Jörg-R. Strub and Siegbert Witkowski

Introduction

Several fabrication methods are available for 
implant-retained and -supported restorations. 
The traditional and most common technique 
is the framework fabrication using the lost-
wax casting technique in combination with 
dental alloys. However, framework design 
and construction are demanding in clinical 
situations with extensive interocclusal dis-
tance due to severe bone resorption as well as 
restoration of jaws with multiple implants 
and increased width. In these cases large 
amounts of alloy are required for the fabrica-
tion of the abutments and frameworks. 
Increased costs as well as diffi culties in casting 
and related distortion of the framework bring 
this technique into question. As a result, 
non-casting approaches have been developed 
(Strub et al. 1996). Laser-welded pre-
fabricated titanium frameworks (Jemt et al. 
2002), laser welded frameworks (Hellden 
et al. 1999), and carbon/graphite fi ber-
reinforced poly frameworks (Bergendal et al. 
1995) have proven to be a clinically reliable 

treatment options. The introduction of CNC 
(computer numeric control)-milled titanium 
frameworks in the early 1990s provided a 
technology that managed to reduce signifi -
cantly the risk and range of misfi t on the 
working model. This approach was continu-
ously improved and can be considered as a 
valid alternative to conventional casting pro-
cedures (Witkowski 2005). From the outset 
improvements have been made in the fabrica-
tion of screw-retained frameworks designed 
for individual veneering, bar-types for 
implant-retained dentures, and custom 
implant abutments. Milling a framework or 
abutment out of an industrial pre-fabricated 
one-piece block is less dependent on manual 
laboratory procedures in comparison to the 
conventional lost-wax casting technique. 
Current CAD/CAM systems with a complete 
digital workfl ow process from intraoral scans 
to CAD/CAM fabrication of abutments and 
implant frameworks are not available (Strub 
et al. 2006). Several manufacturers are 
attempting to develop intraoral scans. 
However, today conventional impression-
taking and pouring for working models 
(master casts) are still essential, especially 
when multiple implant restorations are to be 
fabricated. Thus the precision of the working 
model remains a major key factor for a excel-
lent clinical fi t of implant-supported restora-
tions. With CAD/CAM systems, framework 
deformation during veneering procedures, 
suppositional correct framework dimensions, 
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and design seem to be of minor clinical 
importance.

Table 17.1 provides an overview of various 
restorative systems available on the market 
using digital support to process implant 
prosthodontics in multiple steps. Only a few 
companies use CAD/CAM for implant-sup-
ported frameworks to replace conventional 
lost-wax processing.

Table 17.2 shows the names of the restora-
tive systems, the possible implant systems, and 
the available materials and clinical indica-
tions. The aim of this section of the chapter is 

to describe the present state of fabrication 
techniques applying computer-assisted tech-
nology for custom-made abutments, bars, and 
frameworks for a direct implant connection.

Materials Applied and 
Clinical Experiences

Titanium and zirconia can be used for the 
production of CAD/CAM components such 
as abutments, bars, and frameworks and are 
available for some implant systems.

Intraoral implant(s)

Impression with tray

Working model/articulator

Fabrication by CAM 

Local dental laboratory 

Industrial         Scan- 
    process

Sending by mail

Manual refinement

Finalizing of restoration 
A)Abutment
B)Framework for veneering 
C)Bar

Sending of 
model/pattern

by mail 

Data
transfer

Scan of 
implant

Design
CAD

Scan of pattern

Waxing of scan-pattern

Wax-up/set-up/restorative planning 
(intraoral try-in)

I II

III IV

Table 17.1. Workfl ow of possible techniques (I, II, III, IV) for digital assisted fabrication of implant connected 
restorations.
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Titanium (grade 2) as an alternative for 
gold alloy has been discussed in implant den-
tistry since the early 1990s. The main advan-
tages, especially for extended frameworks 
application, are the reduced weight and costs 
in comparison to noble metals, as well as the 
good biocompatibility. Titanium is therefore 
widely accepted, and clinical experience 
with the material is comparable to conven-
tional cast frameworks made of noble alloys 
(Tschernitschek et al. 2005). Pre-fabricated 
industrial abutments of titanium are used suc-
cessfully in various indications on many 
implant systems. However, titanium frame-
works made by casting or milling with ceramic 
veneering have never become popular and no 
clinical studies are available in implant den-

tistry. In the early 1990s the poor customized 
contour of the CNC-milled frameworks and 
bonding problems between titanium and 
ceramics were reported (ADA Council on 
Scientifi c Affairs 2003). These factors made 
the use of acrylic resin and composite as 
veneering material more popular. Örtorp et 
al. (2003) showed that CNC-milled titanium 
implant frameworks (Procera, Nobel Biocare) 
veneered with acrylic resin teeth can be used 
as an alternative to conventionally casted 
gold alloy frameworks in the edentulous 
jaw.

Yttrium-stabilized zirconia ceramics (Y-
TZP, Yttrium-stabilized Tetragonal Zirconia 
Polycrystals) were introduced in 2003 for 
the fabrication of custom-made abutments 

Table 17.2. Materials, indications, and names of restorative systems using CAD/CAM technology (Ti = titanium; Zr = 
zirconia ceramics) for direct implant connection.

Name of Restorative System

Atlantis Procera CARES ARCHITECH PSR

In
di

ca
tio

ns

Manufacturers Astra Tech, 
Mölndal, Sweden 
www.
atlantiscomp.
com

Nobel Biocare, 
Zürich, Switzerland 
www.nobelbiocare.
com

Straumann, 
Basel, Switzerland 
www.etkon.de

Biomet 3i,
 Palm Beach 

Gardens, FL,
 www.

biomet3i.com
Implant Systems Astra

Biomed 3i
BioHorizons
Lifecore
Nobel Biocare
Straumann
Zimmer
External hex 3.75

Nobel Biocare
Camlog
Astra
Ankylos
Straumann
External hex 3.75

Straumann Biomet 3i
Astra
Straumann
Dentsply
Innova
Nobel Biocare
Camlog
Biohorizons
Zimmer

Abutment 
single-unit

Ti/Zr Ti/Zr Ti/Zr Ti

FPD framework 
multi-unit

Ti/Zr

Bar Ti
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(Procera Abutments Zirconia) and in 2007 
for implant-supported screw-retained restora-
tion frameworks (Procera Implant Bridge 
Zirconia) (Chevalier 2006; Raigrodski 2004; 
Witkowski 2008). Y-TZP frameworks are 
milled as enlarged constructions out of pre-
sintered zirconia ceramic blanks, then sin-
tered to full density and shrunk to the desired 
fi nal dimensions. The fi nal sintering process 
is, however, sensitive and deformation of the 
framework and marginal distortion, espe-
cially with long-span frameworks, have been 
observed (Komine et al. 2005). Since zirconia 
is an opaque ceramic, Y-TZP implant-
supported crowns and fi xed partial denture 
frameworks need to be veneered with com-
patible porcelain materials by using built-up 
layering by hand, sintering, or lost-wax press 
techniques. Positive clinical results using pre-
fabricated zirconia abutments that can be 
customized were published by Glauser et al. 
(2004). They showed no failures after 4 years 
using zirconia abutments with cemented 
Empress (Vivadent-Ivoclar, Schaan, Lichten-
stein) crowns. Larsson et al. (2006) reported 
no fractures of the zirconia frameworks 
(Denzir, Decim AB, Skelleftea, Sweden) of 
FPDs cemented on titanium abutments after 
1 year. Presently there are no clinical studies 
available on zirconia CAD/CAM-fabricated 
abutments or cement- and screw-retained 
FPDs (Kohal et al. 2008).

Applied CAD/CAM Technology

CAD/CAM systems have three functional 
components: data capture (scanning) to 
record the surface (implants, abutments, adja-
cent teeth, occlusal surfaces, and tooth geom-
etry); CAD to design implant abutments or 
restoration frameworks; and CAM to fabri-
cate the abutment or restoration framework. 
Available CAD/CAM systems capture data 
of single and multiple implant units from 
working models, using mechanical or optical 

digitizers of various types. The Cerec system 
(Sirona, Bensheim, Germany) is a recent solu-
tion that scans single implants intraorally 
using a hand-scan unit. 3-D volume data of 
the restoration or abutment can be created 
by either a semi-automatic, knowledge-based 
design with CAD on a digitized surface, or by 
using reverse engineering by scanning and re-
digitizing a wax-up pattern of the fi nal resto-
ration contour. The latter method is also 
known as “double scan” due to the necessity 
for a second scan process. The fi rst scan cap-
tures the surface and implant position and the 
second scan captures the pre-waxed form of 
the fi nal restoration, which has to be fabri-
cated. The software is able to match (overlay) 
the two sets of data on top of each other and 
creates a perfectly fi tting virtual restoration 
on the implant of the model (lab analogs). 
Unlike the CAD design, the processing method 
of reverse engineering has the advantage of 
reproducing the exact contour of the pre-
planned and waxed restorations. Adjacent 
teeth, occlusal surfaces, and teeth geometries 
are registered by an additional scan of an 
intraoral bite registration. However, some 
CAD/CAM systems are limited within extreme 
clinical situations, for example, large implant 
inclinations. The restorations can be designed 
but not fabricated by the milling unit. In addi-
tion, creation of the path of insertion for mul-
tiple abutments or splinted restorations is not 
always possible in CAD. Depending on the 
system used, CAD design options reveal sig-
nifi cant differences in technical handling and 
in the variety of design tools.

The most commonly applied CAM technol-
ogy in manufacturing abutments and frame-
works for FPDs connected to implants is the 
cutting of the contour of the designed restora-
tion out of an industrially pre-fabricated, 
solid block using burs and diamonds. Modi-
fi ed CNC-milling/-grinding machines that 
operate with 5 degrees of freedom are able to 
fi t the framework to the implant. Highly 
sophisticated machines are required for the 
reproduction of complex multiple implant 
frameworks with an occlusal screw implant 
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Figure 17.8. Titanium framework (Procera Implant 
Bridge) on the working model after milling in a produc-
tion center. Supported on six Brånemark implants (Nobel 
Biocare, Gothenburg, Sweden).

Figure 17.9. Final implant-supported FPD veneered 
with pre-fabricated resin denture teeth directly connected 
to the external hexes of the six implants.

connection or for restorations with complex 
morphologies of anatomical topographies 
and coronal abutment contours. Smaller 
CAM machines or in–dental offi ce systems 
with restricted degrees of freedom are limited 
to single abutment fabrication and smaller 
FPDs without occlusal screw holes.

3-D data of the fi nished design of a restora-
tion can also be sent by the dental laboratory 
via the Internet to a production center where 
the information is converted into appropriate 
commands to drive the connected CAM 
system. The outsourcing of the fabrication to 
milling centers allows in particular small 
dental laboratories access to sophisticated 
machining and fabrication facilities. However, 
data acquisition systems and the software 
programs cannot be independently trans-
ferred between different CAD/CAM systems.

Systems and Indications

Table 17.2 shows the present range of materi-
als, indications, and possible implant systems 
of each individual system. The fi rst avail able 
CAD/CAM-fabricated implant-supported 
restoration was the Procera Implant Bridge 
Titanium (formerly All-in-One; Nobel Biocare, 
Gothenburg, Sweden) and was introduced to 
the market in 1998. With this system, long-
span titanium frameworks with a direct 
implant connection using occlusal screws 
could be fabricated. Initially the FPDs were 
designed for veneering with acrylic resin and 
denture teeth (Figs. 17.8–17.10).

Since 1994 individual reproduction of a 
pre-waxed customized framework and abut-
ments has been possible. The working model 
and the wax pattern had to be sent to the 
production center in Sweden. In 2006 scan-
ners for working models and wax patterns 
using the Forte (Procera) scanner were intro-
duced and are located in numerous laborato-
ries (Salinas et al. 2007). In this system the 
production of the framework is outsourced 
by the dental laboratory. The connection of 
the frameworks is offered for several implant 

Figure 17.10. Frontal view of the resin veneered tita-
nium framework in place.
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systems beside those of Nobel Biocare. From 
2003, Y-TZP ceramics could be applied for 
custom-made abutments (Figs. 17.11 and 
17.12) and since 2007 for directly connected 
FPD frameworks (Van Dooren 2007). The 
Procera software allows for abutments and 
frameworks, a CAD design, and a direct scan 
of a pattern.

In 2005 the CARES (Computer Aided Res-
toration Service) system, which combines the 
Cerec InLab (Sirona, Bensheim, Germany) 
with the Straumann implant system (Basel, 
Switzerland), was introduced to the market. 
The Cerec InLab as well as the Etkon scanner 
(es1 Evolution etkon AG, Munich, Germany; 
with Straumann since 2007) can be used for 
digitizing working models with the implant 
analogs. In a production center operated 
by Straumann in Basel, digital custom-made 
abutments can be created by a CAD process 
on the digitized working model, on-screen, or 
by scanning of a wax-up of the restoration. 
Titanium and zirconia are available as abut-
ment materials (Zöller and Benthaus 2006). 
In 2007 intraoral scans using hand-scan units 
(Sirona) became available. The captured data 
can be transferred to the Cerec InLab soft-
ware. So far, only single-unit abutments can 
be designed on-screen based on intraoral scan 
data.

In 2007, Drago and Peterson introduced 
the ARCHITECH PSR (Biomed 3i) system. It 
covers the processing of a wide range of abut-
ments (Encode) and restorations that are con-
nected directly to multiple implants of various 
(ten brands) manufacturers. Bars in three 
designs (CAM StructSURE; Harder or Dolder 
or custom zero degree) can be fabricated for 
implant-retained overdentures. Figures 17.13-
17.16 show an edentulous patient who was 
restored in the maxilla and mandible with 
implant bar-retained overdentures using this 
system. CAD/CAM frameworks can be 
designed for veneering with pre-fabricated 
denture teeth or for individually anatomical 
veneering connecting to several implant 
systems. A scan of the model with the implants 
and a set-up of teeth in wax or wax pattern 
(copy milling) is made. In addition, custom-

Figure 17.13. Try-in of diagnostic set-up of acrylic 
denture teeth in the maxilla and mandible to specify 
aesthetics, phonetics, and functional aspects.

Figure 17.12. Six cemented Procera Zirconia crowns 
on Procera Zirconia abutments 4, 5, 6, 11, 12, 13.

Figure 17.11. Six screw-retained custom-made Procera 
Zirconia abutments on implants 4, 5, 6, 11, 12, 13.
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made titanium healing abutments can be 
designed with this system (Encode Healing 
Abutments) (Drago and Peterson 2007).

Atlantis Components Inc. was founded in 
1996 to develop CAD/CAM-made custom 
implant prosthetic components. Titanium 
(since 2006) (Kerstein and Osorio 2007) and 
zirconia (since 2007) can be applied for 
custom-fabricated abutments. Atlantis abut-
ments are processed in production centers 
in Cambridge, Massachusetts, and Mölndal, 
Sweden, according to send-in models and 
wax patterns.

Summary

Up until now the use of CAD/CAM technol-
ogy has not changed the restorative concept 

in implant prosthodontics. The digitally sup-
ported fabrication of abutments, bars, and 
frameworks out of industrially pre-fabricated 
blocks could increase the predictability of 
implant-supported restorations. Distortion of 
the framework, especially observed in metal 
restorations fabricated using the conventional 
casting techniques, is not an issue with the 
CAD/CAM technique, resulting in better 
overall precision of the restorations. Since 
intraoral scanners for multiple implants are 
not available, the quality of impressions and 
working models still remains a key factor 
for CAD/CAM-fabricated restorations. Out-
sourcing the fabrication of implant-retained 
or -supported restorations to milling centers 
allows for high standardization of the fabri-

Figure 17.14. CAD view (CAM 
StructSURE, Biomed 3i) of virtual 
maxillary bar, soft tissue contour, and 
the diagnostic set-up of the teeth.

Figure 17.15. Titanium bar screw connected to the four 
implants; two attachments (Locator, Biomed 3i) are 
located at the distal extensions of the bar.

Figure 17.16. Bar milled of a one-piece block of tita-
nium with direct implant connection. Overdenture on the 
parallel bar (Harder type) reinforced with a non-precious 
metal alloy. The connection between the bar and frame-
work is casted in type 3 gold.
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cation process and increases the accessibility 
of CAD/CAM techniques to small dental 
laboratories. Clinical studies using zirconia 
CAD/CAM-fabricated abutments and cement 
and screw-retained FPDs must be available 
before these treatment procedures can be rec-
ommended for daily private practice.
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18The Implant Design and 
Clinical Outcomes

CONTEMPORARY DENTAL 
IMPLANTS AND CLINICAL 
PERFORMANCE

John K. Schulte and Shadi Daher

Modifi cation of the shape and surface texture 
of smooth screw-shaped implants has been 
shown to improve clinical performance; 
however, no specifi c shape or surface texture 
has proven to be superior (Kasemo and Gold 
1999; Lee et al. 2005; Van Staden et al. 2006; 
Wagner 1992).

Clinical performance of dental implants 
can be evaluated by many methods. Two of 
the most commonly used methods are sur-
vival analysis and evaluation of crestal bone 
levels. Implant survival over a specifi c time 
period has been used for many years as a 
means of documenting implant performance 
(Adell 1983; Zarb and Symington 1983). 
Removal or loss of the implant is the primary 
response variable associated with survival 
studies. Crestal bone level, a continuous vari-
able, provides information on the current 
status or health of an implant prior to failure 
(Elkhoury et al. 2005). Changes in bone levels 
around the neck of the implant can adversely 

affect aesthetics by altering soft-tissue con-
tours, and for this reason crestal bone loss 
is an important indicator of clinical 
performance.

Three subjects of clinical relevance serve as 
the focus of this section:

1. Crestal bone levels associated with implants 
that are in close proximity to each other 
and natural teeth.

2. Survival and crestal bone levels of 6 mm 
length implants.

3. Crown-to-implant ratio and its relation-
ship to implant survival and crestal bone 
levels.

A brief review of the literature will accom-
pany each of the subjects along with the 
results of retrospective case series studies 
designed to measure the clinical performance 
of the Bicon (Bicon, Boston, Massachusetts) 
dental implant (Fig. 18.1).

The Bicon dental implant is a plateau-
designed, textured-surface implant that has a 
sloping shoulder and utilizes a locking taper 
abutment. The Bicon implant is a good 
example of a contemporary dental implant. 
Undergraduate and graduate students from 
the Harvard School of Dental Medicine and 
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the University of Minnesota School of Den-
tistry conducted these studies. The materials 
and methods used in these studies are similar 
and have been published previously (Gentile 
et al. 2005).

Crestal Bone Levels Associated 
with Implants That Are in Close 
Proximity to Each Other and 
Natural Teeth

Brånemark was one of the fi rst to document 
crestal bone loss (Brånemark et al. 1977). In 
this classic paper he stated that crestal bone 
loss of 1.5 mm during the fi rst year of func-
tion could be anticipated. This is followed by 
a “steady state” in which bone loss of .2 mm 
per year can be expected. Tarnow et al. (2002) 
established that in addition to vertical bone 
loss, horizontal bone loss of 1.5 mm is possi-
ble during the early years of function. This 
may result in loss of the bone crest between 
two implants that are in close proximity. This 
study supports the guideline that in order to 

minimize vertical crestal bone loss implants 
should not be placed closer than 3 mm to one 
another. Esposito et al. (1993) conducted a 
study where they radiographically evaluated 
the marginal bone loss at the tooth surface 
adjacent to single implants. Average bone loss 
associated with anterior teeth was 1.4 ± 
1.5 mm. This study supports the guideline 
that implants should not be placed closer to 
a tooth than 1.5 mm. Additional studies that 
support these guidelines can be found in the 
literature (Gastaldo et al. 2004; Hatley et al. 
2001; Krennmair et al. 2003; Saadoun et al. 
2004). A clinical example of soft-tissue 
changes resulting from crestal bone loss is 
illustrated in Figure 18.2.

A retrospective case series study was 
designed and conducted to determine crestal 
bone levels associated with the Bicon dental 
implant. Crestal bone levels were determined 
by direct measurement of standardized radio-
graphs and mathematically corrected for dis-
tortion. One of the objectives of this study 
was to determine crestal bone levels of implant 
surfaces that violated the guidelines for 
implant spacing. Therefore only implant sur-
faces that were less than 3 mm apart or closer 
than 1.5 mm to a natural tooth were included 
in this part of the study. Measurements that 
were recorded are illustrated in Figure 18.3.

Changes in bone levels associated with 
natural teeth were determined by comparing 

Figure 18.1. Bicon dental implants illustrated with 
locking taper abutments. The Bicon implant is a plateau-
designed, textured-surface, sloping shoulder, press-fi t 
implant.

Figure 18.2. The gingival cleft located on the labial 
surface of the maxillary left lateral incisor developed 1 
and a half years after the placement of the crown. Early 
crestal bone loss is partially responsible for the formation 
of this cleft.
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the bone level at the time of implant place-
ment with the last available radiograph. 
Twenty-six implant surfaces were adjacent to 
an edentulous area and served as a control. 
Fifty-two implant surfaces were adjacent to a 
tooth and 122 surfaces were adjacent to 
another implant. The average length of time 

the implants were in function was 3.2 ± 2.3 
years. The 52 implant surfaces were 1.0 ± 
0.5 mm from a natural tooth. The bone level 
on the implant surfaces that were adjacent to 
a tooth was −0.4 ± 0.8 mm from the top of 
the implant. Pre-treatment bone levels on the 
natural tooth from the cementoenamel junc-
tion were −2.4 ± 1.4 mm. Post-treatment 
bone levels were −2.7 ± 1.4 mm. There is no 
signifi cant difference between pre-treatment 
bone levels and post-treatment bone levels. 
The 122 implant surfaces that were adjacent 
to each other were separated by 1.5 ± 0.8 mm. 
The bone levels on the sloping shoulder were 
−0.8 ± 0.8 mm from the top of the implant. 
The bone crest between implants was +0.8 ± 
1.0 mm above a line connecting the top of 
adjacent implants. Bone levels of the control 
group were −0.6 ± 0.6 mm from the top of 
the implant. There was no signifi cant differ-
ence between test and control groups.

The results of this study show that the 
crestal bone loss associated with the Bicon 
dental implant is less than previously pub-
lished values. The clinical signifi cance of this 
study is that Bicon implants can be placed in 
close proximity to each other and a natural 
tooth without experiencing soft-tissue changes 
due to bone loss (Figs. 18.4 and 18.5).

ba

Figure 18.3. Measurements obtained from standardized 
radiographs. a. Distance of bone crest from cementoe-
namel junction. b. Distance between implant surfaces. 
c. Distance of bone contact from the top of the implant. 
d. Distance of implant surface from natural tooth. 
e. Vertical distance of bone crest from a line connecting 
the top of the implants.

Figures 18.4a and b. Radiograph (a) and clinical photograph (b) of an implant-supported lateral incisor, in which the 
implant is in close proximity to the adjacent teeth. This 12-year post-insertion image displays good bone levels on the 
adjacent teeth.

WWW.HIGHDENT.IR 
همیار دندانسازان و دندانپزشکان



298  Osseointegration and Dental Implants

Survival and Crestal Bone Levels of 
6 mm Length Implants

Goodacre et al. (2003) cited 13 publications 
that reported survival data of implants in a 
paper reviewing complications with implants 
and implant prostheses. A 10% failure rate 
was reported for implants that were 10 mm 
or less in length compared to a 3% failure 
rate for implants longer than 10 mm. Histori-
cally, the use of short implants (6–9 mm) has 
been associated with higher failure rates than 
those for longer implants (Bahat 1993; 
Herrmann et al. 2005; Jemt 1991; Jemt and 
Lekholm 1995; Naert et al. 2002; Weng et al. 
2003; Winkler et al. 2000; Wyatt and Zarb 
1998). Recently, clinical studies have shown 
that short implants have a similar failure rate 
to implants of longer lengths (Goene et al. 
2005; Hagi et al. 2004; Nedir et al. 2004). 
Renouard and Nisand (2006) made reference 
to 12 clinical studies that reported poor sur-
vival of short implants and noted that 11 of 
the 12 studies utilized a machined smooth-
surface implant. They also made reference to 

13 clinical studies that reported good survival 
of short implants and noted that 11 of the 13 
utilized a textured-surface implant. Feldman 
et al. (2004) conducted one of the few studies 
that directly compared the survival of 
machined smooth-surface implants to tex-
tured-surface implants. They reported higher 
survival rates for the textured-surface 
implants. The literature supports the belief 
that textured-surface implants have improved 
the survival of short implants; however, it 
must not be assumed that all textured-surface 
implants will experience a high survival rate 
(Albrektsson and Wennerberg 2004).

Bicon dental implants are manufactured in 
5.7, 6, 8, and 11 mm lengths. Gentile et al. 
(2005) have shown that the 6 mm wide, 
5.7 mm length implant has the same survival 
as the longer length implants. A 5 mm wide, 
6 mm length implant has recently been 
included in the selection of implants for clini-
cal use. A retrospective case series study was 
conducted to determine preliminary results 
on the survival of the 5 × 6 mm implant 
(Fig. 18.6).

Five hundred and forty-two single tooth-
supported implants were placed in 324 patients 
between January 2005 and August 2006. The 
average length of time the implants were in 
function was 13 ± 8.4 months. Thirty-three 
failures occurred for a short-term survival of 

Figure 18.5. Two implants separated by .75 mm. The 
distance was determined by measurement of the space 
between the two analogs after placing them in the impres-
sion. The bone level between the implants is located at 
the top of the sloping shoulder.

Figure 18.6. Bicon short implants. The 5 × 6 mm 
implant is the focus of an ongoing clinical trial.
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94%. Forty-two percent (226) of the implants 
were placed in the posterior maxilla and expe-
rienced a lower survival rate of 92.5%. 
Twenty-eight percent (151) of the implants 
were placed in type 4 bone and experienced a 
survival rate of 91.5%. Expected higher failure 
rates occurred in the posterior maxilla, which 
typically has the poorest quality bone. This 
study was conducted at a private practice 
facility (Implant Dentistry Centre, Boston, 
Massachusetts) and included all patients who 
received a 5 × 6 mm implant between January 
2005 and August 2006. No attempt was made 
to exclude patients who may have had risk 
factors associated with implant failure. All 
restorations were unsplinted single tooth. 
These factors are important when comparing 
the results of survival studies. The methods 
used to select patients and provide implant 
therapy may differ to such a degree that a 
comparison is not possible or advised 
(Malo et al. 2007; Romeo et al. 2006; Ten 
Bruggenkate et al. 1998).

Determining crestal bone levels by evalua-
tion of radiographs is a common practice 
used by clinicians to judge the current status 
or health of an implant. A retrospective case 
series study was conducted to determine the 
crestal bone levels of the 5.7 and 6 mm length 
Bicon dental implants. Measurements of 
mesial and distal bone levels on standardized 
periapical radiographs were used to deter-
mine bone levels. All radiographs were math-
ematically corrected for distortion. All 5.7 
and 6 mm length implants placed between 
February 1997 and December 2005 were 
included in the study. The length of time the 
implants were in function was established by 
calculating the time between loading of the 
implant and most current radiograph. Five 
hundred and thirty-four implants were placed 
in 314 patients. The mean time the implants 
were in function was 15.8 months. The mean 
crestal bone levels on the mesial surfaces were 
−0.2 ± 0.7 mm and −0.2 ± 0.9 mm on the 
distal surfaces. No statistically signifi cant dif-
ferences could be found regarding implant 
width, maxillary versus mandibular, or ante-
rior versus posterior.

The results of this study are impressive 
when compared to what we consider normal 
crestal bone loss during the fi rst years of func-
tion. What is surprising is that the bone levels 
on the 5.7 and 6 mm length Bicon implants 
appear to be better than the bone levels on 
the Bicon implants of greater length.

A few studies related to crestal bone levels 
associated with short implants can be found 
in the literature. Friberg et al. (2000) found 
mean bone loss of 0.5 ± 0.6 mm during the 
fi rst year of function and losses of 0.7 ± 
0.8 mm at 5 years and 0.9 ± 0.6 mm at 10 
years. Tawil and Younan (2003) recorded 
mean crestal bone loss of 0.7 ± 0.65 mm in 
their study. Renouard and Nisand (2005) 
found a mean crestal bone loss of 0.4 ± 
0.5 mm after 2 years of function. The results 
of these studies are superior to what has been 
accepted as normal. Additional studies will be 
required to validate the trend that is develop-
ing with regard to short implants and crestal 
bone levels.

Crown-to-Implant Ratio and Its 
Relationship to Implant Survival 
and Crestal Bone Levels

Excessive crown-to-implant (C/I) ratios have 
been cited in the literature as a risk factor that 
may result in implant failure. However, no 
parameters exist that provide guidelines for 
making a clinical decision concerning C/I 
ratios. Natural teeth, which have reduced 
periodontal support resulting in a crown-to-
root (C/R) ratio of 1 : 1, are considered to 
have a guarded prognosis. Teeth that have 
C/R ratios of 1.5 : 1 or larger are considered 
to have a poor long-term prognosis. A 
common practice is to apply the guidelines 
used for natural teeth to an implant-sup-
ported restoration or potential implant site.

A retrospective case series study was con-
ducted to determine if there was a relation-
ship between C/I ratios and implant survival. 
Additionally, the C/I ratios would be com-
pared to the guidelines established for the C/R 
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ratios of natural teeth (Schulte et al. 2007). 
This study included implants placed between 
May 1992 and April 2004. Measurements of 
standardized radiographs were made to cal-
culate the C/I ratios. The time in function was 
defi ned by the date of abutment placement 
and last visit. Eight hundred and ninety-nine 
implants were included in the study. Sixteen 
failures were recorded, giving a 98.2% sur-
vival rate. The length of time the implants 
were in function was 4.2 ± 3.6 years. The 
mean C/I ratio of those implants in function 
was 1.3 : 1 (Fig. 18.7).

The mean C/I ratio of the 16 failures was 
1.4 : 1. There were no signifi cant differences 
between those that failed and those that con-
tinued to function. The distribution of the C/I 
ratios is illustrated in Figure 18.8.

The average length of the implants in this 
study was 8.6 mm.

Figure 18.7. Example of a C/I ratio of 1.3 : 1.

Figure 18.8. Distribution of C/I ratios.
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Based on the fi ndings of this study the 
guidelines associated with the C/R ratios of 
natural teeth should not be used to evaluate 
an implant-supported crown or potential 
implant site. There was no relationship estab-
lished between C/I ratios and implant 
failure.

Crestal bone levels of the 5.7 and 6 mm 
length Bicon implants have been presented 
previously in this chapter. In addition to eval-
uating crestal bone levels, that study also cal-
culated C/I ratios of the 5.7 and 6 mm length 
implants. The mean C/I ratio of the 534 
single tooth-supported implants was 2 : 1 
(Fig. 18.9).

The distribution of C/I ratios is illustrated 
in Figure 18.10.

The mean crestal bone levels were −0.2 ± 
0.7 mm on the mesial surface and −0.2 ± 
0.9 mm on the distal surface from the top of 
the implant.

In a similar study Rokni et al. (2005) 
reported a mean C/I ratio of 1.5 : 1. Their 
study included 198 sintered porous-surface 
implants of 5, 7, 9, and 10 mm lengths. Mean 

mesial and distal crestal bone levels were −0.3 
± 0.5 mm and −0.4 ± 0.5 mm, respectively. 
Crestal bone levels in the Bicon study were 
determined by measurement from the top of 
the implant. Bone levels were measured in 
Rokni et al.’s study from the junction of the 
smooth collar and porous surface, making 
comparison to the Bicon study impossible. 

Figure 18.9. Example of a C/I ratio of 2 : 1.

Figure 18.10. Distribution of C/I ratios.
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Bone loss recorded for the shorter implants 
in the Rokni study was less than that of 
the longer implants. This trend is similar to 
the observations related to the Bicon 
implant.

THE INTERNAL CONNECTION: 
A CONTRIBUTING FACTOR 
TO ACHIEVING AN 
AESTHETIC RESULT

Antonio Sanz Ruiz

Restoring form, function, and aesthetics has 
always been the goal of oral rehabilitation 
(Adell et al. 1981; Brånemark et al. 1977; 
Laney et al. 1994).

A complex and challenging area of modern 
implant dentistry has been, and remains, the 
“Aesthetic Zone.” An aesthetic zone may be 
defi ned as any area to be restored that is 
visible in the patient’s full smile. An aesthetic 
restoration is one that duplicates every aspect 
of a natural tooth (Higginbottom et al. 1996; 
Laney 2001). Placing implants in the aesthetic 
zone is a technically sensitive procedure in 
which there is no room for error.

Considerations for Aesthetic Sites

Achieving favorable results in the aesthetic 
zone is dependent on many factors. Adequate 
bone volume (height and width), soft-tissue 
volume, the patient’s biotype, and the spatial 
relationship of implant to tooth and implant 
to implant are important factors that require 
consideration. Implant design features, includ-
ing shape, roughness, type of abutment 
connection, and microgap location, are fun-
damental in determining the fi nal result (Hig-
ginbottom et al. 2004; Kazor et al. 2004; 
Sanz et al. 1998, 2001).

Among all these factors, marginal bone 
level is the key to aesthetic soft-tissue con-
tours (Spear 1999). Alterations in the bone 

contours compromise the soft-tissue level, 
altering the aesthetic result. Therefore, pre-
serving the marginal bone level must be one 
of the most important aims of our treatment 
plan.

Immediate implant placement and loading 
preserves the bone volume and optimizes the 
emergence profi le of the tooth to achieve 
better aesthetic results (Kazor et al. 2004). 
Improvements in the design of implants have 
increased the success rate in immediate 
loading. Tapered implants have improved 
primary stability (Martinez et al. 2001; 
O´Sullivan et al. 2004) and reduced stress 
concentration at the bone-to-implant inter-
face (Li Shi et al. 2007). Success rates of 93–
100% have been reported with follow-up 
periods of 1–5 years on immediate placement 
and loading (Attard and Zarb 2005).

Stability of the abutment-to-implant inter-
face is an important design factor that infl u-
ences load distribution at the marginal bone. 
Implants with internal connections are cur-
rently provided by many implant companies. 
An important goal in the design of the inter-
nal connection is stability of the abutment-to-
implant interface, especially when subjected 
to non-axial loads. Morse tapered, internal 
hexagon, and internal lobe type connections 
are some examples (Figs. 18.11a–c).

Internal connections also provide for an 
improved load distribution toward the center 
of the implant and protection of the pros-
thetic abutment screw (Chun et al. 2006; 
Merz et al. 2000; Niznick 1991). Further-
more, internal connections reduce stress con-
centration at the marginal bone level, thereby 
reducing marginal bone loss (Astrand et al. 
2004; Engquist et al. 2002; Norton 1998, 
2001, 2006).

Internal connections also reduce microleak-
age of bacteria (Norton 1998) and facilitate 
prosthetic procedures by reducing the height 
of prosthetic components.

Marginal bone loss has been used to evalu-
ate implant health and clinical performance. 
Bone loss of up to 1.5 mm the fi rst year and 
then 0.2 mm for subsequent years has been 
accepted (Brånemark et al. 1977.)
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The etiologies of early marginal bone loss 
include surgical trauma, occlusal overload, 
the presence of microgap, reformation of bio-
logic width, implant crest module, and others 
(Oh et al. 2002).

Marginal bone loss on single implants is 
related to load distribution. In fl at-top inter-
face implants the stress concentration is 
highest at the level of the bone crest, as has 
been demonstrated in fi nite element analysis 
(Chun et al. 2006; Hansson 2003; Merz et al. 
2000). Studies comparing the performance of 
fl at-top interface implants, such as the exter-
nal hexagon, with internal conical connec-
tions have shown that in the latter, the peak 
bone-to-implant interfacial shear stresses gen-
erated by the conical implant-to-abutment 
interface were less than those produced in the 
fl at-top interface (Hansson 2003).

Chun et al. (2006) studied the infl uence of 
the implant abutment type on stress distribu-
tion in bone under various loading conditions 
using fi nite element analysis. Three different 
types of implants were analyzed: one-piece, 
internal hexagon, and external hexagon 
implant systems. They concluded that the 
magnitude of maximum von Mises stresses 
increased as the inclination angle of applied 

Figure 18.11a. Morse tapered connection. Figure 18.11c. PrimaConnexTM with TiLobeTM 
technology.

Figure 18.11b. Internal hex connection.

In the aesthetic zone marginal bone loss 
may compromise the result due to soft-tissue 
recession following bone loss. Unaesthetic 
changes could be even worse in soft-tissue 
contours associated with two adjacent 
implants where horizontal bone loss is fol-
lowed by the formation of a bone crater 
between implants (Tarnow et al. 2002).
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load increased. Stresses were generated at the 
area of compact bone adjacent to the fi rst 
implant micro-thread for all implant systems, 
and the difference in the level of maximum 
von Mises stress in peri-implant bone increased 
noticeably. The external hexagon implant 
generated the greatest von Mises stress, 
whereas the internal hexagon implant gener-
ated the lowest von Mises stress under all 
loading conditions. The maximum stress con-
centration at the cortical bone level observed 
in external hexagon implants could partially 
explain the marginal bone loss produced after 
loading during the fi rst year. The internal 
hexagon implants presented a comparatively 
smaller stress concentration in the cortical 
bone, at the same loading conditions. In other 
words, there is a better redistribution of the 
load in these implants, which results in less 
marginal bone loss.

Norton (1998) evaluated bone loss in inter-
nal connection implants for 4 years and 
reported an average of 0.51 mm of marginal 
bone loss during the period. Palmer et al. 
(1997) published the results of a prospective 
study in single tooth replacement in 15 
patients, using implants with an internal 
conical design. Their results show at the 
crown insertion a mean bone level of 0.46–
0.48 mm apical to the top of the implant, 
and there were no statistically signifi cant 
changes in the bone level over the 2-year 
study.

Another possible explanation of minimum 
marginal bone loss associated with internal 
connection implants may be minimal micro-
leakage produced at the microgap level, in 
contrast with that observed in the fl at-top 
interface of the Brånemark external hexagon 
design where the microleakage could be par-
tially responsible for the bone loss (Persson 
et al. 1996; Quirynen and van Steenberghe 
1993). Berglundh et al. (1992) also evaluated 
the microgap in second-stage Brånemark 
implants and found infl amed connective tissue 
0.5 mm above and below the abutment-
implant connection, which resulted in 0.5 mm 
bone loss within 2 weeks of the abutment 
being connected to the implant.

Beautiful aesthetic results are certainly dif-
fi cult to attain with implants in the aesthetic 
zone. The alignment of the gingival margin 
and the presence of papilla are essential ele-
ments in the fi nal result. These two soft-tissue 
entities, however, are closely related to the 
biotype and to the quality and quantity of 
underlying structural alveolar bone. The peri-
implant mucosa, particularly if it is narrow, 
with a thin-scalloped biotype, inevitably 
retracts 6 months after abutment connection 
and restoration, due to the reformation of the 
biological space (Small and Tarnow 2000.)

Marginal bone loss reduction diminishes 
soft-tissue recession around the implants, 
which assures better aesthetic results by pre-
serving the contour of soft tissue and inter-
dental papilla (Figs. 18.12a–d).

Conclusions

Achieving aesthetic results in the aesthetic 
zone is always a challenge. Many variables 
must be considered: the remaining bone 
volume, the soft-tissue quality and quantity, 

Figure 18.12a. Intrasurgical view of the immediate 
placement of the PrimaConnexTM implant RD 4.1 × 
13 mm in the alveolar socket of tooth 11.
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The performance of internal connection 
implants has been evaluated and advantages 
have been attributed to them over the fl at-top 
external hexagon connections. One of these 
advantages is the reduction of marginal bone 
loss, which has an important impact on the 
fi nal aesthetic result. The reduction of mar-
ginal bone loss with internal connection 
implants may be attributed to better load dis-
tribution and transmission toward the bone, 
thereby reducing stress concentration at the 
marginal cortical bone level.
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WHAT HAVE WE LEARNED ABOUT 
THE INFLUENCE OF LOADING ON 
THE QUALITY AND MAINTENANCE 
OF OSSEOINTEGRATION?

Ignace Naert, Katleen Vandamme, 
and Joke Duyck

Introduction

Brånemark et al. (1977) introduced the prin-
ciples of osseointegration 30 years ago. 
Primary stability and lack of micromotion 
were considered to be two of the main factors 
necessary for achieving predictable high suc-
cesses of 92–98% for osseointegrated oral 
implants after 10 years in the maxilla and 
mandibula, respectively (Adell et al. 1990). 
To minimize the risk of implant failure, a 
two-stage surgical technique was used and 
oral implants were kept load-protected during 
the healing period of 3–6 months for the man-
dible and maxilla, respectively (Brånemark 
et al. 1977). A longitudinal clinical trial sug-
gested that implants could be loaded immedi-
ately or early in the mandibles of selected 

patients (Schnitman et al. 1990). Nowadays 
immediate and early loaded implants are fre-
quently used in mandibles with suffi cient jaw 
geometry and good bone quality. Neverthe-
less, prospective controlled studies are scarce 
that evidence the implant outcome in imme-
diately or early loaded implants compared to 
delayed loaded ones and to understand the 
rationale behind early and immediate loading 
better. Apart from implant-related factors 
(material, design, topography, and surface 
chemistry), surgical technique, and patient 
variables (bone quantity and quality, health 
condition, smoking habit, bruxism), mechani-
cal loading of the peri-implant bone is con-
sidered to be an important biomechanical 
factor in the implant outcome. During healing, 
excessive micromotion between the implant 
and the peri-implant bone is mentioned as a 
compromising factor, but the exact tolerance 
to micromotion is not known. After initial 
healing, mechanical overload is mentioned as 
one of the main reasons for late implant 
failure, because of component fractures or 
excessive marginal bone loss or implant 
mobility (Sennerby and Roos 1998). This 
contribution will deal with the infl uence of 
loading on healing and healed bone.
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Bone Biology

Peri-implant endosseous healing is governed 
by three phases.

First, the infl ammatory phase, where 
infl ammatory cells are recruited for phagocy-
tosis of wound debris and the diminishing 
oxygen gradient is chemotactic for endothe-
lial and mesenchymal cells.

Second, a regeneration phase divided into 
(1) angiogenesis occurring in the fi rst 48–72 
hours, where the granulation tissue starts at 
day 4 until week 3, followed by (2) osteogen-
esis, where bone morphogenetic proteins, 
naturally released in response to trauma or at 
bone remodelling sites, are the only known 
inductive agents (Lind 1996). However, 
mechanical loading is known to be a particu-
larly potent stimulus for bone cells if it does 
not exceed certain values (Frost 1987; Robling 
et al. 2006). Woven bone formation predomi-
nates within the fi rst 4–6 weeks after implant 
placement.

Third is the remodelling phase, where in 
the second month after implant placement, 
woven bone is gradually replaced by lamellar 
bone. The packaging of the collagen fi brils 
gives lamellar bone the high strength neces-
sary to resist implant loading. The maximum 
bone deposition is achieved only at 3–4 
months.

While during bone modelling the bone 
architecture adapts under mechanical loading, 
during bone remodelling, the bone architec-
ture remains the same, but the bone tissue is 
renewed. The main difference between delayed 
versus immediate loading is that in the former 
one waits to load until “secondary stability” 
is reached (after 3–4 months), while in the 
latter one relies on “primary stability” to load 
the implants (pure mechanical interlocking).

Frost (1987) pointed to the relationship 
between strain and modelling, described in 
the so-called “mechanostat.” Although the 
parameters involved in mechanically medi-
ated (mature) bone modelling have been 
well investigated experimentally (magnitude, 
distribution, frequency, duration, static vs. 
dynamic strain stimulus), the question of 

how they manifest around implants still 
remains.

In addition, biomechanical parameters 
involved in the initial healing process at the 
tissue-implant interface are not well under-
stood, such as the effect of micromotion 
(Szmukler-Moncler et al. 1998). What is the 
critical threshold for implant integration? 
What is the effect of biomechanical coupling, 
such as the effects of macro- and micro-
design? Does >150 µm displacement really 
lead to fi brous encapsulation (Duyck et al. 
2006; Søballe et al. 1992). Biomechanical 
tissue-implant coupling exists when a force 
transfer takes place between both media. The 
implant surface must therefore establish a 
mechanical continuum with the surrounding 
tissues. For this to occur, intimate tissue adap-
tation is essential and dependent on the 
implant macro- and micro-design. We have 
searched for evidence at three levels: using the 
rabbit bone chamber model “gap interface,” 
the tibial guinea pig model “direct contact,” 
and the human mandible “direct contact.”

Healing Bone

Rabbit Bone Chamber Model 
“Gap Interface”

Using the repeated sampling bone chamber 
methodology (Duyck et al. 2004) for the 
evaluation of tissue differentiation and bone 
adaptation around titanium implants under 
controlled mechanical conditions, Vandamme 
et al. (2007a) investigated the histodynamics 
of interfacial bone formation during immedi-
ate loading.

Controlled loading up to 50 µm displace-
ment for a drawn cp Ti implant (Ra = 0.45 µm) 
increased bone formation after 12 weeks. 
In the clinic, controlled implant loading 
might be a key factor in stimulating bone 
formation.

The infl uence of controlled immediate 
loading on the implant macro-topography 
was also investigated (Vandamme et al. 
2007b). Mean values of the bone area frac-
tion were signifi cantly larger for the loaded 
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cylindrical and screw-shaped versus the 
unloaded screw-type implants. The bone-to-
implant contact was only signifi cantly higher 
for the loaded screw-type implants. Thus, the 
screw-shaped implant promoted osseointe-
gration through a favorable local mechanical 
environment for bone formation compared to 
the cylindrical implant. In the clinic, screw-
shaped implants not only favor the primary 
stability but might improve the so-called “sec-
ondary” stability achieved through physio-
logical loading.

In another paper, Vandamme et al. (2008) 
investigated the effect of implant surface 
roughness and loading on peri-implant bone 
formation. They concluded that bone forms 
at a higher incidence adjacent to a roughened 
surface compared to a turned one in the 
unloaded mode. This is in agreement with 
clinical observations (Lazzara et al. 1999). 
However, in the loaded mode implant macro-
design (screw) was more signifi cant than the 
micro-design (roughness). This is in agree-
ment with clinical data (Al-Nawas et al. 
2007).

Lastly, Vandamme et al. (2007c) investi-
gated the effect of the magnitude of micro-
motion on the tissue response around an 
immediately loaded roughened screw-type 
titanium implant in the rabbit. They con-
cluded that micromotion of up to 30 µm of a 
turned cylindrical and turned screw-shaped 
implant did not hamper the osseointegration. 
Moreover, micromotion of up to 90 µm of a 
roughened screw-shaped implant did not 
hamper the osseointegration either. Leucht 
et al. (2007) came to the same conclusions 

based on a 150 µm displacement of a Tefl on 
screw-type implant.

Tibial Guinea Pig Model 
“Direct Contact”

De Smet (2006) installed 194 TiO2-blasted 
(Ra: 1.74 µm) screw-type Ti-6Al-4V implants 
in 11 series of guinea pig tibial bones. The 
implants were left to heal for 1 week and then 
loaded with changing load parameters (fre-
quency, magnitude, or number of cycles) for 
4 weeks. One test implant (n = 97) and one 
control implant (n = 97) were lost over the 
course of the experiment. Differences in bone 
mass (bone mass test–bone mass control side) 
for the distal medullar 500 ROI in function 
of strain rate (strain × freq.) are shown in 
Figure 19.1.

Early controlled loading did not lead to a 
higher implant failure. An optimum stimula-
tion was found combining a low frequency 
(3 Hz) with a force amplitude of 1 N, result-
ing in a calculated strain of 540 µε at the 
interface.

To the present the experimental literature 
on the loading of teeth and implants suggests 
that for teeth physiological loading + infl am-
mation provokes bone loss; excessive loading 
without infl ammation leads to tooth mobility; 
excessive loading + infl ammation results in 
rapid bone loss. For implants, physiological 
loading + infl ammation provokes bone loss; 
excessive loading without infl ammation leads 
to bone/implant loss; not fully proven is that 
excessive loading + infl ammation results in 
rapid bone/implant loss.
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Figure 19.1. Difference in 
bone mass between test and 
control side (delta bone mass) 
for the distal medullar 500 ROI 
in function of strain rate 
(strain × freq.).
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Human Mandible “Direct Contact”

Thirty edentulous patients were divided into 
three groups (De Smet 2006). In group I, two 
implants were loaded after 16 weeks (delayed) 
with a two-implant overdenture; in group II, 
the implants were loaded after 1 week (early); 
in group III, three implants were loaded the 
same day (immediate) with a fi xed hybrid 
prosthesis (Brånemark et al. 1999). Patients 
in groups II and III were given verbal explana-
tions and written soft diet instructions and 
asked to follow that diet for 8 weeks after 
prosthesis handover. Radiographic assess-
ment, bite fork, and strain gauge measure-
ments (groups I and II) were recorded. After 
2 years implant outcomes for groups I, II, and 
III were 2/20, 2/20, and 6/30, respectively. 
The mean marginal bone loss (mean transver-
sal and sagittal plane) between 1 week (base-
line) and 20 months after loading for groups 
I, II, and III were 0.56, 0.75, and 0.85 mm 
respectively (p > 0.05).

The patients in groups II and III were 
instructed to follow a soft diet for the fi rst 8 
weeks, which resulted in lower maximum bite 
forces; however, mean peak axial and bending 
moments did not signifi cantly differ between 
the loaded implants. From these data the fol-
lowing conclusions were formulated: Differ-
ences in implant outcome do not depend on 
the time of loading in the edentulous mandi-
ble. However, occlusal loading, and more par-
ticularly the magnitudes of bending moments, 
do seem to play an important role.

Mature Bone

Marginal bone loss is estimated to be the 
result of excessive loading for that particular 
local bone (Quirynen et al. 1992; Van 
Steenberghe et al. 1999). Implant overloading 
is associated with clinical complications such 
as screw loosening and fractures, veneering 
and prosthesis fractures, implant fractures, 
marginal bone loss, and ultimately implant 
loss. Risk factors seem to be short versus long 

extensions in combination with bruxism or 
soft type IV bone, and excessive load during 
grinding; how does one control these loads? 
Clinical guidelines with biomechanical ration-
ale were elegantly reported by Kim et al. 
2005. Factors to consider in implant occlu-
sion are increased support area and improved 
force direction; which occlusal design is best? 
The rationale for using a particular occlusal 
design in tooth and implant-borne recon-
structions and complete dentures has recently 
been described by Klineberg et al. 2007. To 
summarize the latter: There is no research 
evidence from long-term outcome studies to 
suggest specifying a particular occlusal design 
for optimizing clinical outcomes for implant 
suprastructures. Best practice guidelines for 
implant suprastructure design have been 
developed by extrapolation from biomechani-
cal studies on implant cantilevers and design 
features used for tooth-supported restora-
tions. The latter lack evidence but are based 
on desirable patient outcomes. Another issue 
is dealing with the aging patient. The bone 
turn-over (δ = rho fraction) in humans is a 
minimum of 16 weeks (Frost 1994). In the 
initial phase of bone resorption, osteoid dep-
osition and primary mineral formation lasts 
4–5 weeks (or 30% (δ)). Gradual secondary 
mineralization takes another 11–12 weeks 
(70% (δ) (Parfi tt 1990)). Thus maximal 
strength only gradually returns to the bone 
(Garetto et al. 1995; Parfi tt 1990). Over time, 
by aging (hormonal, vascularity changes, 
etc.), this remodelling process may decline 
even though the occlusal environment has not 
changed, leading the implants to be at risk. 
More evidence needs to be collected. Indeed 
after 15 years an increased number of implants 
with more than a third thread bone loss in 
the maxilla was found (Jemt and Johansson 
2006). Is the occlusion a determining factor 
for implant success? The type of occlusion 
that is used is of minor importance as long as 
occlusal loads are controlled, that is, they are 
within the physiological capacity of the local 
bone (healing or healed) to resist that loading. 
Measures to control these loads rest in good 
empirical prosthodontic handling, as has long 
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been practiced in making restorations on 
teeth. These theories may open the way for 
the adoption of “smart” prostheses that warn 
the patient when the implant gets overloaded 
(http://imload.mech.kuleuven.ac.be).

Conclusions

Controlled implant loading leads to a positive 
effect on the initial bone formation. The 
importance of primary implant stability, 
implant geometry (screw vs. cylinder, implant 
surface texture (turned vs. roughened), bone 
bed status, and health status must all be con-
sidered as well. There is still a lack of rand-
omized controlled clinical trials that may 
provide the risk factors for immediate loading 
in all areas and application in the human jaw. 
When it comes to healed bone, factors to 
consider in implant occlusion are increased 
support area and improved force direction. 
Measures to control these loads rest in good 
empirical prosthodontic handling.
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THE CONCEPT OF EARLY 
LOADING

Hans-Peter Weber

Dental implants have become an integral part 
of modern comprehensive dentistry. This 
development was possible through the dis-
covery of ossoeintegration. This ankylotic 

anchorage of a cp titanium implant in the 
surrounding bone was fi rst observed in animal 
experiments and verifi ed in human studies in 
the late 1960s to early 1980s, and has since 
been accepted as the desirable interface 
between bone as a living tissue and a metal 
implant (Albrektsson et al. 1981; Brånemark 
et al. 1969, 1977; Schroeder et al. 1976, 
1981). Osseointegration has rendered the 
needed short- and long-term predictability to 
implant-supported prostheses of all types 
after other modes of integration such as the 
fi brous-osseous interface postulated by 
Linkow et al. (1973) proved not to result in 
a clinically stable long-term treatment (Smith-
loff and Fritz 1976, 1987).

Biological and biomechanical principles 
and techniques to predictably achieve 
osseointegration in the clinical application 
were proposed in the early osseointegration 
literature (Albrektsson et al. 1981; 
Brånemark et al. 1969, 1977; Schroeder et al. 
1976, 1981). Some of these principles were 
accepted as critically important by both 
Brånemark and Schroeder: commercially pure 
titanium as biomaterial of choice, importance 
of a low-trauma, high-precision implant site 
preparation without overheating the local 
bone, and a suffi ciently long healing period 
without the application of load or stress to 
the implants. Differences existed in that 
Brånemark’s approach included a submucosal 
implant placement and healing for 3–6 
months, while Schroeder postulated transmu-
cosal healing and a somewhat shorter healing 
period of 3–4 months. Notably, these healing 
times, which are defi ned as conventional 
healing times today (Aparicio et al. 2003; 
Cochran et al. 2004), were more empirical in 
nature than based on scientifi c evidence. The 
reasons for proposing such long healing times 
have to be seen in context with the level of 
understanding in the fi eld at that time. Exist-
ing implant concepts such as subperiosteal 
implants or endosteal blades had proven 
clinically unsuccessful if not harmful (Smith-
loff and Fritz 1976, 1987). Since scientifi c 
evidence for minimal bone-healing times for 
dental implants could not easily be created in 
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a short period of time, recommendations for 
clinical practice had to be conservative to 
minimize any risk for failure of the concept 
(Szmukler-Moncler et al. 2000). Additionally, 
the largest body of work on osseointegration 
was based on implants with turned surfaces 
(minimally rough in today’s terms). This also 
impacted the recommendation for longer 
healing times prior to implant loading, prima-
rily for jaw locations with bone of lesser 
quality.

While the above-described conventional 
loading protocol remains, of course, valid as 
the proven predictable approach, more aggres-
sive implant treatment modalities like early 
and immediate loading have moved into the 
mainstream of implant dentistry. In this 
section of the chapter, the concept of early 
loading will be assessed for its clinical validity 
and predictability.

Although the number of publications on 
early and immediate loading has dramatically 
increased in recent years, the overall quality 
of evidence is still surprisingly low. Attard 
and Zarb (2005) found in their literature 
review on clinical studies involving early and 
immediate loading that there is a need for 
thorough investigation of clinical outcomes to 
measure the benefi t of these protocols for a 
patient’s quality of life as well as economi-
cally. They also strongly indicated that more 
accurate long-term studies are required to 
allow meaningful comparisons of such treat-
ment protocols for different clinical situa-
tions. A recent systematic review on the effect 
of time to loading on implants and prosthetic 
outcomes (Jokstad and Carr 2007) demon-
strated that while the average outcome was 
in favor of conventional loading protocols, 
there were no indications that immediate or 
early loading could not be safe procedures. 
This was confi rmed and somewhat more 
specifi ed in another recent systematic review 
by Esposito et al., who came to the following 
conclusion (Esposito et al. 2007a): “It is pos-
sible to successfully load dental implants 
immediately or early after their placement in 
selected patients, though not all clinicians 
may achieve optimal results when loading the 

implant immediately. A high degree of primary 
implant stability (high value of insertion 
torque) seems to be one of the prerequisites 
for a successful immediate/early loading 
procedure. More well designed RCTs 
[Randomized Clinical Trials] are needed. Pri-
ority should be given to trials comparing 
immediately versus early loaded implants to 
improve patient satisfaction and decrease 
treatment time.”

To complicate matters, there are differing 
opinions on what is considered immediate or 
early loading, and similarly, disagreements 
exist on what the term “loading” entails. For 
the purpose of this chapter, the defi nitions 
established by the 2003 ITI Consensus Con-
ference are used (Cochran et al. 2004). Early 
loading is hereby defi ned as the placement of 
an implant-supported prosthesis into occlusal 
contact between 48 hours and 3 months fol-
lowing implant placement. It is apparent that 
the evolution of the early loading concept 
is closely tied to the advances in implant 
surface technology. According to numerous 
experimental studies, surface enhancements, 
that is, optimized roughness, morphology, 
and surface chemistry, will enhance the early 
wound-healing events and, thus, lead to 
improved peri-implant bone healing in time, 
quantity, and quality (Ellingsen 1998).

The application of surface coatings to 
create rough surfaces such as titanium plasma 
spraying (TPS) or hydroxyapatite (HA) rep-
resented early approaches to enhance dental 
implant surfaces for improved healing and 
stability. Schroeder and co-workers used TPS-
coated implants and could demonstrate in 
numerous non-decalcifi ed histological sec-
tions their excellent interaction with healing 
bone (Schroeder et al. 1976, 1981). In a 
canine study, Listgarten and co-workers 
(1992) assessed the intact tissue/implant inter-
face of non-submerged dental implants with 
a rough titanium surface in the electron 
microscope and could show that the peri-
implant bone was intimately adapted to the 
titanium surface without any intervening 
space. The improved bone anchorage of these 
rough surfaces made it clinically feasible to 
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use shorter implants than commonly recom-
mended for minimally rough screws, as well 
as to restore implants after shorter healing 
times (≤4 months) without reducing long-
term predictability independent of jaw loca-
tion (Buser et al. 1997, 1999a; Kim et al. 
2008; Ten Bruggenkate et al. 1998; Weber 
et al. 2000). A true head-to-head comparison 
between rough and smooth-surfaced implants 
in the form of randomized controlled clinical 
trials was never conducted. This fact moti-
vated Cochran to perform a meta-analysis to 
fi nd out if an advantage in the clinical per-
formance of rough versus turned surfaces was 
extractable from data in the literature 
(Cochran 1999). The results led him to con-
clude that the analyzed data from human 
clinical experiences support the documented 
advantage of implants with a roughened 
surface in animal and in vitro experimenta-
tion and indicate that the magnitude of the 
advantage is signifi cant. In contrast, as a 
result of a more recent systematic review, 
Esposito et al. (2007b) found no evidence for 
any particular type of dental implant having 
superior long-term success. The authors 
caution, though, that these fi ndings are based 
on a few RCTs, are often at high risk of bias, 
and also have few participants with relatively 
short follow-up periods.

Meanwhile, implant surface research and 
development continued to evolve. While 
some obvious advantages for the mentioned 
rough TPS and HA surfaces had been dem-
onstrated in various studies, disadvantages 
were recognized as well. They included the 
greater potential for fracture of the implant-
coating interface or coating dissolution in 
case of HA (Ong and Chan 2000), the risk 
for particle detachment and displacement for 
HA or TPS (Weingart et al. 1994), as well as 
the potential greater risk for peri-implantitis 
due to the porosity of these surfaces in addi-
tion to their roughness (Ong and Chan 2000). 
Therefore, the continued search for surfaces 
that would maintain or even enhance the 
positive effects on bone healing while elimi-
nating or reducing the negative ones was 
important.

In 1991, Buser and co-workers could dem-
onstrate the excellent osteoconductive poten-
tial of a moderately rough cp titanium surface, 
which was produced by blasting the endos-
seous portion of a cp titanium implant with 
a large grit powder followed by acid attack-
ing (SLA), in a histometric study comparing 
six different surfaces in miniature pigs (Buser 
et al. 1991). Subsequent histological and bio-
mechanical studies confi rmed the superior 
stability of implants at earlier times in the 
healing process compared to rough (TPS) or 
minimally rough (turned) metallic implant 
surfaces (Buser et al. 1999b; Cochran et al. 
1998). Similar experimental results showing 
improved osteoconductivity and peri-implant 
bone healing were reported for etched implant 
surfaces (Davies 1998; Trisi et al. 2003). Sub-
sequently, clinical studies, in which shorter 
healing times of 6–8 weeks prior to loading 
were used, revealed success or survival rates 
of greater than 97% for implants with 
moderately rough surfaces after observation 
periods of up to 5 years (Bornstein et al. 
2005; Cochran et al. 2002; Roccuzzo and 
Wilson 2002; Roccuzzo et al. 2001; Salvi 
et al. 2004; Sullivan et al. 2001; Testori et al. 
2002). Although these published long-term 
documentations with moderately rough sur-
faces and a defi ned early loading approach do 
not yet reach the length of follow-up of those 
studies with minimally rough or rough sur-
faced implants and conventional loading, 
they have assured that the concept of early 
loading after 6–8 weeks leads to highly pre-
dictable treatment outcomes. In contrast to 
immediate loading or early loading with less 
than 6 weeks of healing, for which a success-
ful outcome is fully dependent on excellent 
primary implant stability, the 6–8 weeks of 
bone healing on implants with optimized sur-
faces means that implants are not loaded until 
secondary stability through osseointegration 
has been achieved. This approach still allows 
for a substantial reduction of healing and 
overall treatment time compared to conven-
tional loading, while maintaining the required 
high predictability. Figures 19.2a–h represent 
a clinical example of this treatment approach 
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Figures 19.2a–d. The replacement of the missing right central incisor with an implant-supported single crown. The 
patient had been wearing a removable partial denture in an otherwise complete dentition for over 10 years after losing 
the tooth. a. A one-stage implant placement (semi-submerged technique using a 2 mm beveled extension healing cap). 
b. The completed tissue healing after 6 weeks. The healing cap was removed after 6 weeks and impression obtained 
for provisional crown (c) and the laboratory modifi ed abutment inserted 7 weeks after surgery (d).

b

c d

a

in a 72-year-old male patient, who was eager 
to have his treatment completed as soon as 
possible.

As the acceptance of this “safe” early 
loading concept continues to grow, further 
surface enhancements are already being pro-
posed, enhancements that positively infl uence 
early bone-healing events. They include nan-
otechnology and changes in surface chemis-
try. One of these chemical modifi cations has 
succeeded in enhancing surface-free energy 
and hydrophilicity (Rupp et al. 2004, 2006). 
Subsequently, it could be demonstrated in 
vivo that this hydrophilic, that is, hydroxy-
lated, chemically active SLA surface led to 
even earlier bone formation than observed 
with a conventional SLA surface (Buser et al. 

2004). Similarly, implants with a fl uoride-
modifi ed, moderately rough TiO2-blasted 
surface demonstrated better retention in bone 
and greater bone integration than unmodifi ed 
titanium implants after a shorter healing time 
in the rabbit tibia (Ellingsen et al. 2004). In 
a subsequent dog study, this fl uoride-modifi ed 
implant surface appeared to promote osseo-
integration in the early phase of healing 
following implant installation compared 
to a not-fl uoride-modifi ed control (Berglundh 
et al. 2007). While both these surfaces are 
already in clinical use, randomized controlled 
clinical trials will have to show if the observed 
stimulation of initial bone healing will indeed 
allow even earlier loading of dental implants 
without reducing predictability.
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WHAT HAVE WE LEARNED FROM 
CLINICAL TRIALS ABOUT EARLY 
LOADING OF IMPLANTS?

Asbjorn Jokstad

The Quantity of the Research

A search in the MEDLINE through PubMed 
using the search criteria “(early OR immedi-
ate) load* implant* (dentistry OR dental)” 
will yield around 700 references. More 
detailed searches using more sophisticated 
search algorithms and including hand search-
ing, reference list searches, MEDLINE Prepub, 
Cochrane library, Cochrane Database of Sys-

tematic Reviews—DARE, the Web of Science, 
Embase, and Bireme will add another 300. In 
total, about 1,000 papers on shortened 
loading protocols of dental implants can be 
identifi ed in the scientifi c literature. Of these, 
280 are clinical trials and about two-thirds 
have been published in the last 5 years 
(Fig. 19.3).

Among the 280 trials, the most common 
implant brands that have been reported are 
the turned and the anodized (TiUnite®) 
implants produced by Nobel Biocare (n = 96) 
and TPS- and SLS-surface treated implants 
produced by Straumann (n = 50) (Table 
19.1).

The largest RCT ever published includes 52 
patients and 104 implants (Testori et al. 

e f

g h

Figures 19.2e–h. A provisional crown was temporarily cemented 7 weeks after surgery. The patient had asked to 
maintain his former diastema (e). The patient had a change of mind and requested the elimination of the diastema with 
the permanent restoration and the diagnostic wax-up of the mesial contour of left central incisor and modifi cation of 
permanent porcelain-fused-to-metal crown is shown (f). The fi nal restoration at the 1-year follow-up shown clinically 
(g) and radiographically (h).
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2007); another 24 patients and 142 implants 
(Fischer and Stenberg 2006). The longest 
follow-up of a published RCT to date is 5 
years (Roccuzzo et al. 2008). The longest 
observation period of any trial is 8–18 years, 
with an average of 12 years for retrospective 
studies on ITI implants placed in the edentu-
lous mandible (Lambrecht and Hodel 2007) 
(Fig. 19.4).

Around 100 papers are reviews, but only 
about 25 fulfi ll the requirements for being 
categorized as a proper systematic (as opposed 
to narrative) review (SR). Due to the volume 
of new clinical trials in the last 5 years, any 
systematic review older than 4 years should 
be considered as outdated. High-quality SRs 
published since 2004 (Attard and Zarb 2005; 
Cochran et al. 2004; Del Fabbro et al. 2006; 
Esposito et al. 2007a; Jokstad and Carr 2007; 
Nkenke and Fenner 2006) have identifi ed 
and/or included different clinical trials for 
critical appraisal (Table 19.2).

There are several reasons why systematic 
reviews appraise different papers, ranging 
from inadequate literature search to selection 
bias to variable inclusion and exclusion crite-
ria for selection of primary studies, and, 
ultimately, due to the PICO question the sys-
tematic review seeks to answer. One way the 
reader can be convinced that a review is 

Figure 19.3. Number of clinical 
trials on shortened loading proto-
cols of implants published in the 
scientifi c literature since 1967 
sorted according to year of publi-
cation (n = 280).

Table 19.1. Clinical trials on immediate and early 
loading sorted according to implant brand.

Brånemark-Std/Mk2/Mk3/Mk4 56
ITI + Straumann 50
Brånemark-Mk3/Mk4-TiUnite 40
3i + Osseotite 22
Friadent/Frialit/Frialit/Frialitplus 22
Astra 12
Replace 10
Xive 9
NobelDirect 8
Brånemark-Conical 7
Maestro 6
NobelPerfect 6
Replace-HA 6
Southern 6
Brånemark-Novum 5
IMZ 5
ScrewVent 4
Ankylos 3
Defcon 3
Spline 3
SteriOss 3
Steri-Oss-HA 3
Swissplus 3
Dentatus 2
Ha-Ti 2
ITI-Bonefi t 2
Klockner 2
NobelSpeedy 2
Paragon 2
Sweden & Martina 2
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exhaustive and not prone to selection bias is 
that not only the identifi ed studies but also 
the excluded ones and their reasons for exclu-
sion are listed (Esposito et al. 2007a; Jokstad 
and Carr 2007).

The Quality of the Research

In spite of the search result of approximately 
1,000 papers, what do we really know about 
the merits and disadvantages of shortened 
loading protocols? Of the multiple questions 
that can be raised, only a few have been 
addressed in the dental literature using appro-
priate clinical study designs and methodolo-
gies (Table 19.3).

(1) Does immediate loading work? (i.e., a 
question of effectiveness); (2) Will immediate 
(as opposed to delayed) loading do more 
good than harm? (i.e., a question of safety); 
(3) Is immediate (as opposed to delayed) 
loading worth paying for? (i.e., a question of 
cost-effectiveness); (4) How does the immedi-
ate loading approach work? (i.e., a question 
of process of intervention or delivery); (5) 
Does immediate (as opposed to delayed) 
loading matter to patients? (i.e., a question of 
salience); (6) Will the patient accept immedi-
ate (as opposed to delayed) loading as a new 

intervention? (i.e., a question of acceptabil-
ity); (7) Is immediate (as opposed to delayed) 
loading the right intervention for particular 
patients? (i.e., a question of appropriateness); 
and (8) Are users, providers, and other stake-
holders satisfi ed with immediate (as opposed 
to delayed) loading as an intervention? 
(i.e., a question of satisfaction with the 
intervention).

Unfortunately, hardly any qualitative 
research has been published in the dental lit-
erature, and the focus has been mainly on 
question number one—does it work?

Space does not permit a comprehensive 
description of how to critically appraise a 
paper reporting on a clinical trial or a sys-
tematic review. In general, the quality of an 
SR is never better than the quality of the 
studies that form the basis for its conclu-
sions. Thus, an SR that aims to clarify 
whether intervention A, say, immediate 
loading, is potentially better than B, for 
example, delayed loading, has to limit itself 
to trials that compare this aspect. The trial 
design with the least risk for confounding 
and bias is the randomized clinical trial, but 
any trial that includes a group drawn from 
an identical patient population and receiving 
an alternative treatment to the experimental 
provides evidence of treatment effi cacy or 
effectiveness (Table 19.4).

Figure 19.4. Number of clinical 
trials on shortened loading proto-
cols of implants published in the 
scientifi c literature since 1967 
sorted according to study meth-
odology (n = 280). Randomized 
controlled trials (n = 33); clinical 
controlled trials (n = 24); pro-
spective case series (n = 110); 
and retrospective case series (n = 
31). Other study designs not 
shown.
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Table 19.2. Systematic reviews with focus on shortened loading protocols published since 2004 (top row). The left column lists the clinical trials that were identifi ed in the 
review by Jokstad and Carr (2007) and included (X) or not (—) in the different reviews.

Study Esposito et al. 
(2007)

Jokstad & Carr 
(2007)

Del Fabbro et al. 
(2006)

Nkenke & Fenner 
(2006)

Attard & Zarb 
(2005)

Cochran et al. ITI 
Workshop (2004)

Dhanrajani & Al-Rafee 2005 — Retro — — — —
Vanden Bogaerde et al. 2005 — CCT — — — —
Ostman et al. 2005 — excluded — X — —
Nedir et al. 2004
Bischof et al. 2004

— CCT — — — —

Salvi et al. 2004 excluded RCT — — — X
Fischer & Stenberg 2004 X RCT — — X X
Testori et al. 2004 — excluded X X X —
Cannizzaro & Leone 2003 X CCT X X X X
Ibanez et al. 2003 — CCT — — — —
Malo et al. 2003 — Retro X — X —
Testori et al. 2003a excluded RCT — X —

Testori et al. 2003b — CCT X — X —
Wolfi nger et al. 2003
Balshi & Wolfi nger 1997

— Submerg X — X X

Degidi & Piatelli 2003 — excluded X X X —
Rocci et al. 2003 — excluded X X X —
Tawse-Smith et al. 2002 X RCT — — X X
Payne et al. 2002 X RCT — — X X
Romeo et al. 2002 X RCT X X X X
Gatti & Chiapasco 2002 — excluded X X X —
Chausu et al. 2001 — excluded X X X —
Chiapasco et al. 2001 X RCT X X X X
De Bruyn et al. 2001 — Submerg — — X —
Røynesdal et al. 2001 — CCT — — X X
Ericsson et al. 2000 — excluded — X X X
Roccuzzo et al. 2001 excluded excluded — — X X
Jo et al. 2001 — excluded — — — X
Randow et al. 2001 — excluded — — — X
Schnitman et al. 1997
Schnitman et al. 1990

— Submerg X — X X

Tarnow et al. 1997 — Submerg X — X —
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Table 19.3. Questions that can be posed about a new intervention and study design considered as the most 
optimal.

Qualitative 
Research

Survey Case 
Control

Cohort RCT Non-
experimental

Systematic 
Review

Effectiveness: Does immediate 
loading work?

� �� � ���

Safety: Will immediate loading 
do more good than harm?

� � � �� � ���

Cost-effectiveness: Is it worth 
paying for the intervention?

�� ���

Process of intervention/delivery: 
How does immediate loading 
work?

�� � � ���

Salience: Does immediate 
loading matter?

�� �� ���

Acceptability: Will the patient 
accept the (immediate 
loading) intervention?

�� � � � ���

Appropriateness: Is immediate 
loading the right intervention 
for this patient?

�� �� ��

Satisfaction with the immediate 
loading intervention: Are 
users, providers, and other 
stakeholders satisfi ed?

�� �� � � �

An SR designed with the objective to clarify 
the relative merits and disadvantages of short-
ened loading protocols versus a delayed 
approach has to be limited to trials designed 
to elucidate this question. Including, case 
series, or single cohort studies or comparisons 
with “historical cohorts” as a basis for con-
clusions cannot be regarded as valid or 
appropriate.

On the other hand, if the systematic review 
aims to answer what is the predictability of a 
certain intervention, either in the average or 
specifi c subset of the population, it should 
include clinical studies that report on a broad 
spectrum of patients that have received the 
same intervention and been followed over 
time. The prospective cohort study design 
with minimal drop-out is considered the best 
evidence to demonstrate prognosis. One may 
argue what time should be appropriate in 

context with the safety and merits of short-
ened loading protocols, and there is no certain 
answer. One argument is the fact that most 
clinical trials report that the effects of short-
ened loading protocol on treatment outcomes 
seem to materialize during the fi rst 12 months 
and relatively minor differences can be seen 
later (Esposito et al. 2007a; Jokstad and Carr 
2007).

Thus, just as a specifi c study design is con-
sidered optimal for answering a specifi c clini-
cal question, the systematic review has to 
focus principally on these clinical studies. 
However, there is a balance between minimiz-
ing the risk of biased conclusions by apprais-
ing only trials with high internal validity 
versus not being able to provide conclusions 
under the pretext that there is “insuffi ent evi-
dence.” An example of the “purist” view is 
that only RCTs can be considered to answer 
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a question on the relative merits of shortened 
versus delayed loading protocols (Esposito 
et al. 2007a). The alternative approach is to 
present all the trials that have been published 
on the topic and attempt to infer from the 
data, taking into account study heterogeneity, 
effect size, and identifi cation of potentially 
confounding or signifi cant variables (Jokstad 
and Carr 2007).

Another issue is whether there is publica-
tion bias in the implant dentistry literature. 
In short, this means that there is a tendency 
for positive study fi ndings to be preferred by 
editors, regardless of the quality of the study, 
while negative fi ndings do not really create 
the same stir. The interested reader should 
consult the raging word wars between the 

proponents and skeptics of research con-
ducted within alternative medicine. Moradi 
et al. (2006) have suggested that there is a 
general tendency for publication bias within 
the implant dentistry fi eld. Whether this is 
the case in the context of shortened loading 
protocols is uncertain. In the State of the 
Science in Implant Dentistry workshop organ-
ized in 2006 by the Academy of Osseointe-
gration, funnel plots of the studies comparing 
immediate and early versus delayed loading 
were developed and presented, but no such 
trends were identifi ed (Jokstad and Carr 
2007).

In the most comprehensive review on the 
topic of the relative merits of shortened 
loading protocols to date, 187 papers report-

Table 19.4. Evidence-based versus experience-based views on science and clinical practice (modifi ed from Rinchuse 
et al. 2005).

Level Therapy/Prevention, Aetiology/Harm Prognosis

1. SR (with homogeneity(1)) of high quality RCTs
OR
Individual high-quality RCTs with narrow 

confi dence interval

SR (with homogeneity(1)) of cohort studies
OR
Individual cohort study with ≥80% follow-up

2. SR (with homogeneity(1)) of cohort studies
OR
Individual cohort study including low-quality 

RCT (e.g., <80% follow-up)

SR (with homogeneity(1)) of either 
retrospective cohort studies or untreated 
control groups in RCTs

OR
Retrospective cohort study or follow-up of 

untreated control patients in an RCT

3. SR with homogeneity(1)) of case-control studies
OR
Individual case-control study

4. Case-series (and poor quality cohort and 
case-control studies(2))

Case-series (and poor quality prognostic 
cohort studies(3))

5. Expert opinion without explicit critical 
appraisal, or based on physiology, bench 
research, or “fi rst principles”

Expert opinion without explicit critical 
appraisal, or based on physiology, bench 
research, or “fi rst principles”

1. I.e., free of worrisome variations (heterogeneity) in the directions and degrees of results between individual studies.
2. Failed to clearly defi ne comparison groups and/or failed to measure exposures and outcomes in the same (prefer-
ably blinded), objective way in both exposed and non-exposed individuals and/or failed to identify or appropriately 
control known confounders and/or failed to carry out a suffi ciently long and complete follow-up of patients.
3. In which sampling was biased in favor of patients who already had the target outcome, or the measurement of 
outcomes was accomplished in <80% of study patients, or outcomes were determined in an unblinded, non-objective 
way, or there was no correction for confounding factor.
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ing clinical data were identifi ed (Jokstad and 
Carr 2007). After excluding papers that did 
not include a patient control group, anecdotal 
or ambiguous data reports, papers reporting 
on old technology, and/or observation periods 
of less than 1 year, 22 papers were critically 
appraised. These were published in the period 
between 1990 and May 2005, reporting on 
19 trials that described the relative effi cacy of 
shortened compared to delayed loading pro-
tocols on treatment outcomes. Seven trials 
were randomized controlled trials, six were 
prospective comparative trials with concur-
rent controls, four were comparative trials 
using submerged implants that were sub-
sequently loaded as controls, and two were 
retrospective trials with concurrent controls. 
The general impression from the papers was 
that (1) the methodological rigor of the trials 
was often not very strong; (2) the reported 
treatment outcomes were mostly surrogate 
and less patient-centered; and (3) the follow-
up times were relatively short. Statistical com-
parisons between subgroups were considered 
inappropriate due to the heterogeneity of 
trials. The data based on these 19 trials 
suggest a 2% higher survival (CI = 0–4%) 
when using the traditional delayed protocol 
compared to shortened protocols. Moreover, 
the shortened protocols were associated with 
more unpredictable outcomes, as indicated by 
wider confi dence intervals of estimated sur-
vival at different time points. The trials varied 
with regard to clinical settings, patient inclu-
sion and exclusion criteria, intraoral implant 
sites, clinical procedures, implant mor-
phology, number of implants to support a 
suprastructure, nature of implant-supported 
suprastructure, treatment outcome criteria, 
and observation periods (1–10 years). The 
authors therefore considered it inappropriate 
to undertake statistical comparisons between 
subcategories of studies as defi ned by, for 
example, bone type, host factors, environ-
mental factors (e.g., smoking, parafunction), 
number of implants, implant geometry, types 
of prosthesis, and local factors (e.g., stage of 
healing following extraction). Nearly half of 
the implants that were evaluated in the sys-

tematic review were located in the interfo-
raminal area. The existing limited data suggest 
that the immediate/early loading of implants 
placed in the interforaminal area can be con-
sidered as a reasonable treatment alternative 
to delayed loading. No guideline conclusions 
could be made regarding shortened loading 
protocols in other anatomic regions but, in 
general, loading protocols in a given clinical 
situation must be considered in the context of 
the unique anatomical, biomechanical, and 
host factors. The competency of the clinician 
should also be considered.

Since the May 1, 2005, cutoff date, about 
30 studies have been published that would 
have met the criteria to be included in the 
review by Jokstad and Carr (2007). These 
papers report on approximately 25 new trials 
(Table 19.5).

Unfortunately the studies published since 
May 2005 are all either relatively small and/
or with short follow-up. In general, the data 
from these articles appears consistent with 
that presented in the 22 articles that were 
included in the systematic review published 
by Jokstad and Carr (2007).

Discussion

The debate among practitioners on the ration-
ale and merits of shortened loading protocols 
contrasted with the delayed loading approach, 
as promulgated by Brånemark et al. (1977), 
can be viewed as a refl ection of the stormy 
debates within the philosophy of science. At 
one extreme we will fi nd the clinicians who 
promote an “experience-based” as opposed 
to an “evidence-based” view as a basis for 
clinical practice (Rinchuse et al. 2005) (Table 
19.6). A less polarized approach is shared by 
clinicians who refl ect the views of the philoso-
pher Paul Feyerabend (1975), who defended 
the idea that there are no methodological 
rules that should always be used by scientists 
and objected to any single superior prescrip-
tive scientifi c method. The majority of clini-
cians would probably fall into a third group 
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described by another philosopher, Thomas 
Kuhn (1962). Kuhn maintained that the 
choice of paradigm, in this case immediate 
loading versus conventional loading, was 
sustained, but not ultimately determined, by 
logical processes. In the case of a general 
acceptance of one paradigm or another, Kuhn 
believed that it represented the consensus of 
the community of clinicians/scientists and 
that the acceptance or rejection of some para-
digm is more a social than a logical process. 
The last group of clinicians practice critical 
rationalism as a basis for clinical practice, as 
they have been training in academic institu-
tions (Brunette 2007; Popper 1934). Within 
this theoretical framework, it is essential to 
understand that scientifi c studies cannot prove 
anything beyond doubt, but claims or hypoth-
eses can be disproved by a properly designed 
experiment or clinical trial.

Conclusion

So what do we do after we weigh all the evi-
dence about immediate loading and realize 
that uncertainty reigns? Many would say that 
the ability to make a clinical judgment in the 
face of uncertainty defi nes the art of medicine 
and sets it apart from reductionist science. 

Thus the bottom line is that the literature has 
not shown that a shortened loading protocol 
in itself is harmful. Considerations beyond 
this must be based on individual patient needs 
and expectations, and the tacit understanding 
that the clinician works in the best interest of 
the patient.
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A NEUROPHYSIOLOGIC 
PERSPECTIVE ON REHABILITATION 
WITH ORAL IMPLANTS 
AND THEIR POTENTIAL 
SIDE EFFECTS

Barry J. Sessle, Iven Klineberg, and 
Peter Svensson

Introduction

Numerous studies reviewed in this book have 
addressed the biomechanics, tissue reactions, 
and the benefi ts of oral implants to restore 
function impaired by the loss of teeth. Some 
neurophysiologic studies have provided an 
initial understanding of the potential neural 
substrate contributing to this restoration of 
function, for example, by documenting that 
stimulation of oral implants evokes neural 
activity in the sensorimotor cortex as well as 
jaw refl exes in humans. Nevertheless, the 
exact site(s) of the sense organs (“receptors”) 
activated by such stimulation (e.g., bone, 
other peri-implant tissues) and their func-

tional properties are still unclear (for review, 
see Abarca et al. 2006; Feine et al. 2006; 
Sessle 2006). Also lacking are detailed inves-
tigations of the learning and adaptive proc-
esses in the brain that may be associated with 
the loss of teeth in the fi rst place, or with their 
replacement. How do we adapt (or not) to 
such an altered oral environment and learn to 
function with the modifi ed occlusion? How 
do clinical approaches aimed at restoring 
orofacial function (e.g., bridges, dentures, 
implants) produce their rehabilitative effect? 
There is emerging evidence that alterations to 
the occlusion or other intraoral tissues 
produce neuroplastic changes in areas of the 
central nervous system (CNS) such as the sen-
sorimotor cerebral cortex that are crucial for 
our ability to learn and adapt our sensorimo-
tor system to the new intraoral environment. 
There is also evidence that dysfunctional neuro-
plastic changes in the CNS may occur in 
response to installation of oral implants and 
in some patients lead to serious side effects 
such as pain and dysesthesia. This evidence 
will be reviewed, but fi rst a brief overview of 
the sensorimotor cortex is provided.
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Overview of the Sensorimotor 
Cortex

The sensorimotor cortex includes a precentral 
gyrus containing the primary motor cortex 
(MI) and the postcentral gyrus that includes 
the primary somatosensory cortical area (SI). 
Studies employing cortical surface electrical 
stimulation, intracortical microstimulation 
(ICMS), or cortical neural recordings in 
animals, or electrical stimulation, transcranial 
magnetic stimulation (TMS), or brain imaging 
techniques in humans have documented the 
topographic representation of muscles or 
movements in MI and shown that the major 
role of MI is in the initiation, control, and 
execution of limb and orofacial movements; it 
also contributes to the learning of new motor 
skills (for review, see Sanes and Donoghue 
2000; Sessle et al. 1999, 2005). In addition, 
studies of the so-called face MI have revealed 
its involvement in the control not only of ele-
mental and learned movements of the face, 
jaw, and tongue (e.g., jaw-opening, tongue 
protrusion) but also of semi-automatic move-
ments such as mastication and swallowing.

MI and also SI receive afferent inputs from 
different regions of the body. In SI in particu-
lar they are represented in a topographical 
arrangement. In processing the somatosen-
sory information generated by these sensory 
inputs, SI plays a critical role in somatosen-
sory acuity, detection, and documentation of 
stimuli applied to the body. It also contributes 
to motor control through its interconnections 
with MI and its descending connections to 
lower parts of the CNS by which it can exert 
corticofugal modulation of CNS regions 
transmitting sensory information that is gen-
erated during movements and transmitted to 
the cortex (for review, see Buonomano and 
Merzenich 1998; Ebner 2005).

Sensorimotor Cortex Neuroplasticity

Learning a new motor skill is associated with, 
and indeed may be dependent upon, func-
tional and structural changes in MI, with the 

size of a motor representation in MI related 
to the motor skill, for example, expansion of 
the digits’ neural representation in limb MI 
when a subject is trained in a novel task 
involving the fi ngers. Such a change refl ects 
so-called neuroplasticity and may also occur 
when there are alterations in the somatosen-
sory inputs to the sensorimotor cortex, for 
example, as a consequence of peripheral 
sensory or motor nerve lesions or manipula-
tions (for review, see Buonomano and Merzen-
ich 1998; Chen et al. 2002; Ebner 2005; 
Sanes and Donoghue 2000). SI may also 
undergo neuroplastic changes in association 
with motor skill acquisition, sensory manipu-
lations, or loss of sensory inputs (“deafferen-
tation” by traumatic injury of a sensory nerve; 
see section below), for example, expansion 
within SI of body representations adjacent to 
a deafferented peripheral site. These neuro-
plastic changes in MI and SI may last months 
or longer, and comparable alterations in audi-
tory and visual cortices underscore what 
appears to be a general principle of neuro-
plasticity of sensory and motor cortices in 
relation to motor learning or changes in the 
sensory environment. Neuroplastic changes 
in subcortical regions (as well as other corti-
cal areas) may also contribute, as noted 
below.

Recent studies indicate that neuroplasticity 
occurs in the face sensorimotor cortex in 
association with orofacial motor skill acquisi-
tion or following manipulations of orofacial 
sensory inputs. After a 1–2 month period of 
training awake monkeys in a novel tongue-
protrusion task, a signifi cant increase occurs 
in the proportion of discrete ICMS-defi ned 
efferent zones for tongue protrusion in the 
monkey’s face MI and a signifi cant decrease 
in MI zones for lateral tongue movement. 
This is associated with a signifi cant increase 
in the proportion of MI (and SI neurones) 
showing tongue protrusion-related activity 
and the proportion of neurones receiving 
tactile sensory inputs from the tongue (see 
Sessle et al. 2005, 2007). Comparable neuro-
plastic changes may also occur in humans 
since after only 1 hour or less of successful 
training in a tongue-protrusion task analo-
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gous to that used in the monkey studies, 
human subjects show a signifi cant increase in 
the MI tongue representation, a signifi cant 
decrease in the TMS-evoked thresholds for 
tongue activation, and an increase in the 
amplitude of TMS-evoked tongue motor 
potentials (Boudreau et al. 2007; Svensson 
et al. 2003, 2006).

Also of interest in these human studies was 
the fi nding that pain induced by intraoral 
application of the irritant capsaicin interfered 
with both the face MI neuroplasticity and the 
acquisition of the tongue motor skill (Boudreau 
et al. 2007). This novel fi nding is consistent 
with other studies reporting that manipulat-
ing facial sensory inputs or motor function is 
associated with neuroplastic changes in face 
MI (for review, see Sessle et al. 2005, 2007). 
The Sessle laboratory has also documented 
face MI neuroplasticity following changes in 
the oral environment (Adachi et al. 2008; 
Sessle et al. 2007). Trimming of the rat man-
dibular incisors (to take them out of occlu-
sion with the maxillary incisors) or loss of 
one incisor (through extraction) or transec-
tion of the lingual nerve produces neuroplas-
tic changes within days in the ICMS-defi ned 
parameters of face MI. Whereas altering the 
occlusion of the teeth by incisor trimming 
induces a signifi cant reduction (compared to 
sham treatment) in the anterior digastric rep-
resentation in face MI, incisor extraction 
induces a signifi cantly increased digastric rep-
resentation of this jaw muscle. Lingual nerve 
trauma initially produces a decreased digas-
tric and genioglossus representation followed 
later by an increased genioglossus representa-
tion. Neuroplasticity of face SI has also been 
reported after incisor extraction and other 
orofacial manipulations (see Henry et al. 
2005; Sessle et al. 2007).

Other Examples of Central 
Neuroplasticity

In addition to the cortical changes noted 
above, neuroplastic changes may also occur 
in subcortical regions following orofacial 

stimulation, trauma, or other alterations in 
the orofacial region. Especially notable is the 
cascade of intracellular events in the second-
order nociceptive neurons of the trigeminal 
brainstem sensory nuclear complex (VBSNC) 
that can occur after peripheral tissue injury 
or infl ammation, and can lead to spontaneous 
discharges, reduced thresholds, and increased 
responses to peripheral stimuli, as well as 
expansion of receptive fi elds of the neurons. 
This “central sensitization” is important in 
spontaneous pain, pain referral, and hyperal-
gesia and allodynia (see below), features that 
are typical of many neuropathic pain condi-
tions; peripheral sensitization refl ecting an 
increased excitability of nociceptive afferents 
may also contribute to some of these features 
(see Hansson et al. 2001; Sessle 2006). Let’s 
now consider further the clinical signifi cance 
of such neuroplastic changes.

Clinical Implications of Central 
Neuroplasticity

Biological adaptability of the stomatognathic 
system to restorations and prostheses is an 
expectation, but also includes the key para-
digm of psychosocial factors for aesthetic 
acceptance and well-being, and neurophysio-
logical factors of central neuroplasticity that 
provide mechanisms for task-dependent adap-
tation to changes in dental status as described 
previously (see also Sessle 2005; Sessle et al. 
2007). These mechanisms allow patients to 
develop confi dence and competence with 
their oral rehabilitation (fi xed and removable 
appliances) (Feine and Lund 2006; Feine 
et al. 2006; Klineberg et al. 2007; Miyaura 
et al. 2000; Sessle 2005; Sessle et al. 2005).

Although the masticatory system has a 
remarkable capacity to adapt, this capacity 
may be compromised by many factors includ-
ing parafunction, psychosocial, and neuro-
logical infl uences. As a result, maladaption 
may occur and lead to physiological develop-
ments including chronic pain and temporo-
mandibular disorders. For example, tissue 
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injury with trauma to peripheral nerve 
branches and possible aberrant nerve repair 
are recognized as a trigger for chronic symp-
toms, since injury may provoke neurological 
change with alteration of neural sodium 
channels and development of peripheral and 
central sensitization associated with neuro-
pathic pain (see below). Longstanding dental 
symptoms may arise from a cusp or crown 
fracture (so called “split-tooth”) and require 
progressively complex dental treatment 
including restorations, endodontic treatment, 
post-core, and crown as a not-infrequent 
approach to the management of persistent 
dental pain. It is also acknowledged that 
extraction of such teeth does not necessarily 
result in pain relief. Continuing symptoms 
under such circumstances are recognized as 
chronic pain of neuropathic origin. Neuro-
pathic pain in medical and dental practice 
presents a management challenge, as it may 
be a manifestation of altered endogenous pain 
control affecting the balance of inhibitory and 
facilitatory infl uences leading to pain persist-
ence. These aspects will be considered in more 
detail in the following section.

Neuropathic Orofacial Pain

Traumatic events such as mechanical, thermal, 
or chemical stimuli to trigeminal nerve 
branches can lead to primary lesions that may 
be, but are not always, associated with neuro-
pathic orofacial pain (NOP). In fact, the 
trigeminal system seems to be less vulnerable 
compared to the spinal system in the risk of 
developing neuropathic pain following a nerve 
injury (Bennett 2004). Operationalized crite-
ria for the diagnosis of NOP have only very 
recently been proposed (Treede et al. 2007) 
together with a suggestion for a new defi nition 
of neuropathic pain as “pain arising as a direct 
consequence of a lesion or disease affecting the 
somatosensory system.” Similar criteria need 
to be developed and tested for NOP (Drang-
sholt et al. 2007). Many diseases can cause 

lesions to the somatosensory system, for 
example, autoimmune diseases, metabolic dis-
eases, infections, vascular diseases, and cancer, 
but here we will only consider dental proce-
dures and trauma that may potentially induce 
NOP of a peripheral origin.

Epidemiology

Extraction of a tooth is a deafferentation (see 
Klineberg and Murray 1999) of the nerve 
supply to the tooth pulp. Fortunately, these 
procedures, which still are very common in 
dental practice due to advanced caries and 
periodontitis, only appear to carry a very 
small risk for development of NOP. It has 
been proposed that chronic infections and 
infl ammatory reactions in the tooth pulp or 
periapical region may in some cases increase 
the risk, but there are no systematic data 
available on this topic (Woda and Pionchon 
2000). The increasing use of oral implants 
and the associated surgical procedures may 
also contribute to risk for trigeminal nerve 
injuries (Jaaskelainen et al. 2005). The litera-
ture is, however, scarce on this topic, most 
likely as a refl ection of the problems with an 
operationalized classifi cation of NOP. There 
is some information on the prevalence of 
somatosensory dysfunction following reha-
bilitation with oral implants. Ellies (1992) 
found in a retrospective study (n = 266) that 
about one-third of the patients had short-
term somatosensory changes and 13% had 
long-term changes. Walton (2000) reported in 
a prospective study that 24% of patients (n = 
75) had short-term changes and only 1% 
long-term (1 year) changes in somatosensory 
function. In general, the prevalence of soma-
tosensory disturbances following insertion of 
oral implants appears to vary between zero 
and 44%, but the numbers are dependent on 
how somatosensory function is assessed, for 
example, patient-based reports or psycho-
physical tests. Dao and Mellor (1998) pointed 
out that the site of implant placement, the 
type of surgical procedure, the design of the 
study, the sensitivity of the testing methods, 
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the choice of outcome parameters, and the 
terminology used could have a signifi cant 
impact on the prevalence of somatosensory 
disturbances and NOP. There is clearly a need 
for a standardization of questionnaires and 
psychophysical testings (Abarca et al. 2006; 
Svensson et al. 2004).

Symptomatology of Neuropathic 
Orofacial Pain

Patients with NOP often complain of a con-
stant burning pain starting with a clear trau-
matic onset; there may, however, be a delay 
between trauma and development of pain. 
Burning is frequently used to describe the 
pain, but other descriptors such as dull, 
aching, sharp, and shooting are also com-
monly reported. In addition to the spontane-
ous pain, there is frequently stimulus-evoked 
pain triggered mainly by mechanical stimuli 
(allodynia and hyperalgesia), for example, 
touching the skin or oral mucosa, or intensi-
fi ed by normal oral functions such as chewing, 
talking, and jaw opening.

Clinical fi ndings are normally rare. There 
are no visible signs of infl ammation and only 
in very rare cases may there be swelling and 
reddening of the facial skin or oral mucosa, 
possibly mimicking complex regional pain 
syndromes (Lewis et al. 2007). One of the 
hallmark fi ndings in neuropathic pain is 
change in somatosensory function (Treede 
et al. 2007). The use of quantitative sensory 
tests (QSTs) has revealed a number of soma-
tosensory disturbances with both hypo- and 
hyperesthesia. According to the new criteria 
suggested by Treede et al. (2007), there may 
be either gain or loss in somatosensory func-
tion within the painful area, possibly because 
deafferentation of small areas can potentially 
be masked by hyperphenomona from the sur-
rounding areas (Finnerup and Jensen 2006). 
It should be noted that although a number of 
QST techniques are available for intraoral use 
(Jacobs et al. 2002; Svensson et al. 2004), 
there are no widely accepted guidelines for 
the standardized assessment of intraoral sen-

sitivity, which varies substantially from region 
to region and with type, thickness, and vas-
cularisation of the tissues. However, in the 
painful facial areas of patients with NOP, 
increased temperature and tactile thresholds 
have been demonstrated in addition to abnor-
mal temporal summation of painful stimuli 
(e.g., Eide and Rabben 1998). Relatively few 
QST studies are available and there appear to 
be modality-specifi c differences, which sug-
gests that a comprehensive battery of QST 
techniques should be used (Rolke et al. 
2006).

A number of electrophysiological tests may 
be of help in the diagnosis of neuropathic 
pain (Cruccu et al. 2004). For example, the 
blink refl ex and recording of sensory nerve 
action potentials can provide important diag-
nostic information about the integrity of 
trigeminal nerve fi bers (Jaaskelainen et al. 
2005). In addition, laser-evoked potentials 
and brain stem refl exes can be used (Cruccu 
et al. 2004).

Pathophysiology of Neuropathic 
Orofacial Pain

The underlying pathophysiology of NOP 
involves the same basic mechanisms linked 
with lesions of spinal nerves and an illustra-
tion of dysfunctional neuroplasticity (Baron 
2006; Campbell and Meyer 2006). In brief, 
the mechanisms involved in an injury to a 
peripheral nerve can be summarized as sensi-
tization of the primary afferent due to up-
regulation of sodium channels and ectopic 
activity. One of the many consequences is an 
increased release of glutamate and activation 
of ionotropic NMDA receptors and metabo-
tropic glutamate receptors on second-order 
neurons in the CNS, for example, in the 
VBSNC, where it can lead to the central sen-
sitization mentioned above. In addition, loss 
of inhibitory control and involvement of glia 
in the CNS, as well as the interaction between 
somatic afferent fi bers and sympathetic activ-
ity, may contribute (see Hansson et al. 2001; 
Marchand et al. 2005; Sessle 2006).
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Management

There are relatively few controlled clinical 
trials on the specifi c management of NOP, but 
generally the same principles and guidelines 
for other neuropathic pain conditions should 
be followed. Thus, low doses of tricyclic anti-
depressants and selective serotonin and nore-
pinephrine reuptake inhibitors would be the 
fi rst choice (Dworkin et al. 2007). Antiepilep-
tics with calcium channel alpha2-delta ligands 
such as gabapentin and pregabalin would be 
second choices, followed by opioids and tra-
madol. Capsaicin and other topical formula-
tions such as lidocaine patches have been 
reported to be effective in some NOP condi-
tions but mainly in open trials. The advantage 
of topical medication is the potential to reduce 
the side effects, but so far there is only limited 
evidence for their effi cacy (Lewis et al. 2007). 
An important point is to avoid further trauma 
to the area by avoiding further explorative 
oral surgery (e.g., tooth extraction, 
endodontics).

Knowledge about the sensory manifesta-
tions and the neuroplasticity in peripheral 
tissues as well as CNS is essential for correct 
diagnosis and management of NOP associ-
ated with insertion of oral implants. Inter-
estingly, recent studies have suggested the 
usefulness of sensory retraining to combat the 
unwarranted somatosensory side effects (“a 
sensory rehabilitation strategy”), and this 
appears to be a promising avenue (Phillips 
et al. 2007). In the following section, the 
effects of implants on oral sensorimotor func-
tion will be considered.

Sensorimotor Function and 
Its Control

The complex regulation of chewing and swal-
lowing is dependent on a learned pattern of 
jaw movements through progressive periph-
eral feedback, which develops from sucking 
during oro-facial maturation; it is encoded in 
the brain stem and sensorimotor cortex, 

through peripheral afferent input from mech-
anoreceptors including periodontium, jaw 
muscles, temporomandibular joints, and skin. 
Of special importance in dentate situations 
are periodontal mechanoreceptors around 
tooth roots, which provide an exquisitely sen-
sitive feedback system to monitor tooth 
loading and the directional specifi cs of occlu-
sal forces.

The following briefl y summarizes the 
key differences in proprioceptive feedback 
between teeth and dental implants in the 
control of jaw function with restorative and 
prosthodontic restorations. Data has been 
derived from clinical studies in humans, sup-
ported by correlated studies in animals.

Proprioception Associated with 
Teeth as Indications for Occlusal 
Scheme Design

Details of periodontal mechanoreceptor func-
tion have been progressively acquired through 
microneurographic recordings in human sub-
jects (see Trulsson 2005, 2006; Trulsson and 
Essick 2004). Periodontal afferents signal the 
effects of vertical and horizontal forces on 
teeth to the brain through “population” 
effects, where many mechanoreceptors are 
evoked, but feedback from individual teeth 
dominate at a particular time depending on 
bite force location. The “population” effect 
allows encoding of load magnitude and 
direction.

Afferents from periodontal mechanorecep-
tors are especially sensitive to low forces, and 
there are specifi c differences between load 
thresholds for anterior and posterior teeth: 
Anterior teeth have a dynamic sensitivity to 
low forces <1.0 N and posterior teeth to 
higher forces of 4.0 N or greater. Anterior 
teeth are able to detect varying loads in all 
directions (presumably arising from the rela-
tively greater number of mechanoreceptor 
afferents associated with anterior teeth; Truls-
son 2006); posterior tooth afferents appear to 
detect loads only in distal and lingual direc-
tions. By contrast, static sensitivity increases 
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progressively from anterior to posterior teeth, 
which is of particular importance in the 
control of increases in bite force on posterior 
teeth to generate the power stroke required 
for crushing food.

These features differentiate neurophysio-
logical roles of anterior and posterior teeth, 
where static responses are similar yet dynamic 
responses are different: Anterior teeth have 
higher sensitivity to low forces but reach their 
force limit early, while posterior teeth have 
higher sensitivity at higher force levels and for 
longer periods. The data also defi ne the role 
of periodontal mechanoreceptors in provid-
ing fi ne control of jaw movements required 
for food manipulation during chewing, and 
in providing dynamic and static infl uences on 
muscle spindle activity.

The clinical implications of these data are 
signifi cant, as they provide evidence for occlu-
sal scheme design. In particular, (1) anterior 
guidance on teeth is desirable based on the 
dynamic sensitivity data (above), as a specifi c 
requirement for anterior tooth form (aesthet-
ics) and function providing the delicate 
control for anterior bite force; and (2) the 
lower periodontal innervation of posterior 
teeth (see Trulsson 2006) is associated with 
the generation of larger posterior chewing 
forces, while the reduced directionally specifi c 
feedback appears to be appropriate for the 
control of vertically and laterally directed 
forces. The provision of narrow posterior 
occlusal width and reduced cuspal inclines 
may be justifi ed to reduce vertical and lateral 
forces.

Proprioception Associated with 
Implants: Osseoperception

The peripheral feedback system is different for 
implants, as a result of the absence in peri-
implant tissues of similar mechanoreceptors 
to those located in periodontal tissues. 
However, given the successful functional reha-
bilitation outcomes in short- and long-term 
studies of implants supporting tooth crowns 
and larger prostheses, other peripheral mech-

anisms appear to play a role (Jacobs and van 
Steenberghe 2006; Klineberg and Murray 
1999; Van Steenberghe and Jacobs 2006). In 
addition, central neuroplasticity (see above) is 
likely to be a feature of restoration of jaw 
function with implants, as noted below.

Functional loading is in general transient, 
unless the food bolus is dense and diffi cult to 
break down. In the latter situation, crown 
load points or areas are important with 
implants, and high loads in posterior quad-
rants are best dissipated (in a mechanical 
context) along the long axis of the implant or 
tooth. However desirable, vertical loads are 
not consistent and heavy loads generate 
bending moments that are transferred to the 
supporting bone. Gotfredsen et al. (2001) 
reported evidence that static continuous loads 
on implants resulted in increased bone density, 
which is supported by data of Heitz-Mayfi eld 
et al. (2004) data indicating that transient 
functional loads are acceptable physiologi-
cally as a trigger for bone remodeling.

Modulation of function where implant 
crowns and bridges are located between 
natural teeth requires minimal adaptation due 
to the established control mechanisms associ-
ated with surrounding teeth, but is likely to 
involve central neuroplasticity in response to 
the changed intraoral situation.

More extensive segmental and full-arch 
implant restorations involve a major change 
in mechanotransduction and feedback associ-
ated with progressive osseointegration of 
the implant-bone interface supporting fi xed 
implant or implant-supported superstruc-
tures, as osseointegration-linked “osseoper-
ception.” Osseointegration was initially 
described as a “direct anchorage to the bone 
tissue” (Brånemark et al. 1977), recognizing 
the unique properties of commercially pure 
titanium (CPTi) when atraumatically placed 
into bone. Research on interface biology over 
the last two decades has included implant 
surface modifi cation of the CPTi to develop a 
polycrystalline surface with surface irregulari-
ties of prescribed size and periodicity. The 
resulting increase in surface crystalinity 
enhances the bone response (Buser et al. 2004; 
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Hall and Lausmaa 2000; Larsson 2000; Sul 
et al. 2005, 2006), which is complex and 
involves stem cell recruitment, cell prolifera-
tion, and extracellular matrix production 
with progressive mineralization. The latter 
specifi cally includes the release of extracellu-
lar matrix proteins osteocalcin and osteopon-
tin during bone matrix expression (for review, 
see Klineberg and Calford 2005). The conti-
nuity of osseointegration linked to a more 
broadly based view of osseoperception as the 
functional requirement is now recognized 
(Feine et al. 2006; Jacobs and van Steenberghe 
2006; Klineberg and Calford 2005; Van 
Steenberghe 2000).

It is evident that the face sensorimotor 
cortex also has a crucial role in the neuroplas-
ticity associated with rapid adaptation to 
dental-specifi c changes. Data on neuroplastic 
changes in face MI and SI, derived primarily 
from animal studies (see above and Sessle 
et al. 2007), have shown that changes occur 
in association with changes in tooth form and 
tooth loss. It is a reasonable expectation that 
neuroplasticity also has a crucial role with the 
restoration of function with implant replace-
ment of lost teeth and occlusal form in im -
plant rehabilitation. The human data from 
Svensson et al. (2006) of rapid neuroplastic 
changes in MI, as a task-specifi c response, by 
implication supports the concept of similar 
adaptive mechanisms with implant replace-
ment of lost teeth and tissues.

The contemporary data on central neuro-
plasticity and its role in adaptation to changed 
intraoral conditions is compelling, as is the 
recognition of the continuous and changing 
peripheral mechanoreceptor feedback required 
for function with teeth and with changes in 
their form with intracoronal restorations, 
crowns, and bridgework, as well as with 
implant rehabilitation of lost teeth and tissues. 
These data for the fi rst time provide the clini-
cian with an evidence-based explanation for 
the remarkable adaptive capacity of the jaw 
sensorimotor system, with dental restorative 
and oral rehabilitation treatment, to ensure 
that function is maintained and possibly 
enhanced.

Conclusions, and a New Paradigm 
for Integrating Form and Function

Clinical outcomes are related to psychosocial 
factors and are dependent primarily on clini-
cian-patient interaction, but not dependent 
on the number of natural teeth remaining, 
nor necessarily on their condition (pain is an 
exception, as described above), nor bite force 
or chewing effi ciency. This is clearly indicated 
with complete dentures for totally edentulous 
patients, as well as with maxillofacial pros-
theses, where the “prosthetic condition” 
(defi ned by De Baat et al. 1997) has no cor-
relation with the patient’s subjective judgment 
of his or her prostheses (De Baat et al. 1997; 
Schoen et al. 2007; Takata et al. 2006). The 
recognition by clinicians of the need for a 
patient-centered focus ensures that each 
patient’s psychological needs are addressed 
through informed consent to optimize patient 
satisfaction including a sense of well-being, 
while background neurophysiological adap-
tation ensures optimization of function.

Clinical treatment is in general provided in 
the wishful expectation that the system will 
continue to function or that function will be 
enhanced, and also is often designed with 
emphasis on specifi c occlusal form and tooth 
contact relationships, without any validated 
clinical evidence to justify these specifi c 
requirements apart from personal preference 
and that it “works in my hands.”

The emerging data on cortical neuroplastic-
ity following intraoral changes provides an 
explanation for adaptation to variations in 
occlusal form and clinical treatment success, 
which is independent of occlusal form or 
tooth contact specifi cs. This prompts a new 
paradigm for understanding clinical outcomes 
since the data available from animal and clini-
cal studies outlined earlier has indicated that 
subtle and gross changes to tooth form (or 
other changes in the oral cavity) lead rapidly 
to changes in somatosensory or motor repre-
sentations in the face sensorimotor cortex. 
These data, by implication, confi rm that plas-
ticity of the face sensorimotor cortex, pro-
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voked to accommodate changes to tooth form 
and occlusal relationships, is crucially impor-
tant for maintaining and enhancing mastica-
tory function. The novel fi ndings of face MI 
and SI neuroplasticity suggest that it refl ects 
dynamic, adaptive constructs that underlie 
our ability to learn new motor skills but is also 
responsive to changes in the oral sensory envi-
ronment to the extent that face MI and SI 
neuroplasticity is crucial for the adaptation 
and learning of new motor skills and behavior 
appropriate to the altered sensory environ-
ment. It is clear from the dental literature that 
adaptive behaviors occur when the occlusion 
is modifi ed or lingual or dental nerve damaged, 
and in some cases maladaptive behaviors and 
development of somatosensory disturbances 
and neuropathic pain may result that compro-
mises even the best-intentioned rehabilitative 
approaches. Building upon its recent fi ndings 
in rat and monkey models, the Sessle labora-
tory is currently examining whether oral 
implants and their loading also are associated 
with neuroplastic changes in face MI and SI 
that may account for our ability to adapt to 
the altered oral environment and acquire the 
necessary motor skill to function within the 
new dental framework. Such studies to clarify 
the cortical, and also subcortical, mechanisms 
associated with changes in the oral sensory 
environment and the adaptive mechanisms 
associated with these changes are crucial for 
understanding how humans learn, or re-learn, 
oral motor behaviors or adapt or not to an 
altered oral environment. Advances in brain 
imaging techniques as well as other non-
invasive neurophysiological measures in 
humans will facilitate such research avenues. 
The fi ndings will also be important for devel-
oping even better rehabilitative strategies to 
exploit these mechanisms in humans suffering 
from orofacial sensorimotor defi cits.
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21Patient Focus on Expected and 
Unexpected Outcomes

DENTAL IMPLANT 
INNOVATIONS—GROWING 
EVIDENCE FOR BEST DECISIONS

Kent Knoernschild

Introduction

Use of dental implants to address disabilities 
for partially and completely edentulous 
patients continues to revolutionize patient 
care. With advances in medicine and technol-
ogy has come recognition that tooth replace-
ment using dental implants is not only 
predictable but also the best solution for 
many. Implant-supported overdentures are 
fi rst-choice options for completely edentulous 
patients (Feine et al. 2002). Implant-
supported single- or multi-unit fi xed partial 
dentures may be at least as predictable or 
more predictable than natural tooth prosthe-
ses depending upon the patient situation and 
time of follow-up (Iqbal and Kim 2007; 
Pjetursson et al. 2004; Salinas and Eckert 
2007; Torabinejad et al. 2007). Such state-
ments were not made with confi dence in 
1982, because osseointegrated implant and 

prosthesis longevity was less well documented, 
and because documentation of tooth-borne 
prosthesis longevity was limited. Psychosocial 
impact of therapy on patient quality of life 
and satisfaction with therapy was also lacking. 
The current volume of evidence, although 
heterogeneous in study design, reported 
outcomes, and clinical interpretations, has 
allowed us to begin developing systematic 
reviews that investigate patient care predict-
ability at implant, restoration, and patient 
levels for the completely and partially eden-
tulous. Such analyses further assist in identi-
fying areas for future research with the vision 
of effectively mitigating patient oral 
disability.

Comprehensive therapy is the goal, and the 
clinical focus must be to best fulfi ll needs 
from the patient perspective. Breadth of 
knowledge and skills required for predictable, 
patient-centered, comprehensive, prostheti-
cally driven therapy continue to increase, and 
lines that have historically separated the 
restoring from the surgical clinician have 
become increasingly transparent. Categories 
for describing patient outcomes (Guckes 
et al. 1996) are presented in Table 21.1. 
Each outcome directly infl uences patient 
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Figure 21.1. Maxillary right central incisor single-tooth implant therapy: (a) pre-extraction, (b) atraumatic tooth extrac-
tion, (c) immediate implant placement, (d) provisional restoration on day of surgery, (e) radiographic result 3 months 
post-surgery. (Photos courtesy of Dr. M. Hallas, UIC Advanced Prosthodontics.)

Table 21.1. Patient outcome categories for therapy with dental implants (adapted from Guckes et al. 1996).

Longevity/Survival Physiologic Psychological Economic

Implant survival Bone response Patient satisfaction Direct cost
Implant success Bite force Quality of life Indirect cost
Prosthesis survival Masticatory effi ciency Body image Cost-benefi t
Prosthesis success Diet Self-concept Maintenance
Morbidity Nutrition Complications
Mortality

perceptions. For example, implant or prosthe-
sis survival or success would affect patient 
maintenance needs while improving mastica-
tory effi ciency and patient satisfaction. 
Patients neither desire nor expect implant or 
prosthesis complications, the incidence of 
which has been well summarized (Berglundh 
et al. 2002; Goodacre et al. 2003). Patients 
expect satisfaction with therapy provided in 
a timely manner with predictable comfort, 
function, and aesthetic results that ultimately 
improve their quality of life (Fig. 21.1). These 

goals will be reached only with credible 
assessment of therapy innovations and analy-
sis of published clinical evidence from those 
assessments.

Clinical Evidence Growth and Focus

Ongoing clinical research provides substan-
tive resources for evidence-based decision 
making. In 1982 fewer than 1,000 citations 
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existed that supported decisions for implant 
patients. Figure 21.2 identifi es the number of 
publications reported on MEDLINE as one 
measure of evidence production from January 
1, 1983, through December 31, 2007. The 
MEDLINE PubMed search strategy per-
formed on March 11, 2008, identifi ed 16,396 
citations, which represented 85% of all cita-
tions indexed with the specifi ed dental implant 
terms. When citations were limited to humans, 
13,528 remained. The number of human pub-
lications increased for each 5-year period 
beginning in 1983, and 55% of identifi ed 
citations were published from 1998 to 2007. 
Since the 1982 Toronto Consensus Confer-
ence a more than ten-fold increase in dental 
implant publications has occurred. The mag-
nitude of increase in publications is likely 
greater because the search strategy did not 
necessarily represent all research areas related 

to implants, and because other electronic 
and manual searching methods were not 
completed.

Expansion in dental implant use led to 
increased numbers of published studies with 
greater rigor in research design including 
clinical trials, randomized controlled trials 
(RCTs), and meta-analyses. Figure 21.2 iden-
tifi es the number of citations of each study 
type by 5-year period using PubMed search 
limits. From the search described above, a 
total of 1,401 citations were indexed as 
human clinical trials (69%), RCTs (27%), or 
meta-analyses (4%), and the incidence of 
each publication type increased over each 5-
year period. The number of publications from 
1998 to 2007 represented 80% of the total 
clinical trials, RCTs, and meta-analyses. Many 
publications including Cochrane Collabora-
tion systematic reviews were recognized with 

Figure 21.2. Number of PubMed dental implant citations limited to humans (search strategy: “Dental Implants”
[Mesh] OR “Dental Implants, Single-Tooth”[Mesh] OR “Dental Prosthesis, Implant-Supported”[Mesh] OR 
“Osseointegration”[Mesh] OR “Dental Implantation”[Mesh]).
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this search strategy. As previously stated, 
additional publications could be identifi ed 
with other search methods.

Evidence quality was also categorized by 
reported outcome. The distribution of publi-
cations identifi ed by clinical outcome category 
(Fig. 21.3) shows that most studies have had 
a focus on bone response and maintenance 
and complications. Although most publica-
tions report implant survival, only those 
explicitly categorized as such through PubMed 
are reported. Table 21.2 shows the distribu-
tion of citations further identifi ed by the 
proportion of clinical trials, RCTs, or 
meta-analyses. By comparison, fewer studies 
addressed psychological and economic cate-

gories, and those studies generally focused on 
completely edentulous patients.

More research for in-depth understanding 
of the impact of implants is particularly 
necessary for partially edentulous patients 
who, as a diagnostic group, present complex 
therapy decision-making issues. Data is neces-
sary to support decision making with indi-
cations for endodontic therapy, single- or 
multi-unit implant restoration, selection of 
restoration design, timing of implant place-
ment after extraction, and timing of loading 
after surgical placement. Systematic reviews 
(Esposito et al. 2006a, 2007a; Jokstad 
and Carr 2007; Quirynen et al. 2007; 
Torabinejad et al. 2007; Weber and Sukotjo 

Figure 21.3. Number of PubMed dental implant citations limited to humans by patient outcome category. Values 
over each category represent total number of identifi ed citations from 1983 to 2007.
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2007) in these areas have produced encourag-
ing but inconclusive prognostic results due 
to study heterogeneity. Further, carefully 
designed studies with long-term follow-up 
must be completed to give deeper insight for 
implant and prosthesis survival and success, 
soft and osseous tissue response, patient sat-
isfaction, and the benefi ts and risks of those 
therapy approaches.

Prognostic Factors, Outcomes, and 
Patient Benefi t

Outlining the growth in understanding of 
benefi ts for all types of patients is unrealistic 
in a short chapter, because partially and 
completely edentulous patients differ in dis-
abilities, treatment needs, and therapy expecta-
tions as diagnostic groups and as individual 
patients. Associations have been made with 
patient, implant, and prosthesis prognostic 
factors and implant or restoration survival 
and success. Bone quantity, bone quality, 
implant site, and implant length are widely 
documented factors for implant survival. 
Fewer prognostic factors have been associ-
ated with physiologic, psychological, and 
economic impact due to the plethora of con-
founding variables. A challenge has been that 
standardized inclusion criteria and assess-
ment mechanisms pre- and post-therapy were 
not developed until CONSORT guidelines 
were established. Data reporting methods 
have been highly variable, and the inclusion 
and assessment of reported data in meta-
analyses and systematic reviews has been 
diffi cult.

Factors affecting healing and ongoing 
adaptive remodeling with function affect 
osseointegration, yet linking specifi c systemic 
or local prognostic factors to patient prog-
noses has been challenging. Although subjec-
tively determined poorer bone quality from 
radiological and clinical assessments has 
been associated with implant failure, defi ni-
tive parameters that objectively defi ne bone 
quality and link quality to implant survival 

and rehabilitation success are lacking. 
Attempts to link suspected systemic condi-
tions to osseointegration have not been con-
clusive. Smoking may be associated with a 
greater incidence of implant failure, but 
studies have often analyzed data at the 
implant rather than the patient level, thereby 
biasing conclusions. Diabetic patients may 
have greater risk of implant failure, but evi-
dence is not strongly supportive due to liberal 
study inclusion criteria. Compelling evidence 
does not exist to link osteoporosis or use of 
oral bisphosphonates to implant failure, yet 
concern does exist with possible post-
surgical side effect of osteonecrosis with 
bisphosphonates. Grafting for adequate bone 
volume has been achieved successfully using 
many site-specifi c procedures (Aghaloo and 
Moy 2007; Esposito et al. 2006b; Wallace 
and Froum 2003), yet implant survival may 
be more a function of residual bone support-
ing the dental implant than the means used 
to obtain viable grafted bone (Aghaloo and 
Moy 2007). Implant designs vary widely, yet 
evidence is currently lacking to support selec-
tion of one implant design over another 
among well-documented systems (Esposito 
et al. 2007c; Jokstad et al. 2003). One- and 
two-stage surgical procedures may have 
similar results in achieving osseointegration 
(Esposito et al. 2007b). Although various 
prosthesis designs have had documented 
success, the best prosthesis design for 
optimum load distribution and adaptive 
remodeling for partially edentulous or com-
pletely edentulous patients is uncertain 
(Weber and Sukotjo 2007). Future research 
is necessary in all areas to improve predicta-
bility and meet patient expectations.

The following sections briefl y summarize 
evidence that supports clinical decisions for 
patient benefi t. Systematic reviews and meta-
analyses were included for reference, but they 
are based upon a wide array of studies that 
are retrospective and prospective with differ-
ences in patient inclusion and treatment. 
Cochrane Collaboration Systematic Reviews 
that answer more explicit clinical research 
questions are also included.
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Completely Edentulous 
Patient Benefi ts

Implant and Prosthesis 
Predictability

Overdenture and fi xed complete denture 
patient studies reported an implant survival 
weighted mean greater than 91% at 5 years 
for both treatment groups (Berglundh et al. 
2002). Studies continue to confi rm these 
trends for both prosthesis groups. Clinical 
results are not yet available to recommend 
design for long-term prosthesis survival for 
either arch due to widely varying designs and 
their application. A possible recognized dif-
ference in implant survival by prosthesis type 
was found at 60 months between maxillary 
fi xed designs (CI: 82.7–92.7%) compared 
to maxillary removable designs (CI: 70.9–
82.3%) (Bryant et al. 2007). Observed 
weighted mean prosthesis 5-year survival rate 
in studies was often 90% and often approached 
100%.

Increased Bite Force; Improved Diet 
and Nutrition

Although bite force can be greater for eden-
tulous patients with implant prostheses, the 
degree of improvement is not predictable by 
patient. Bite force may be a surrogate for 
functional stability, but evidence does not 
exist that bite force directly and consistently 
correlates to patient adaptation. Tooth loss 
can lead to dietary change and compromised 
nutrition (Allen and McMillan 2002; Fontijn-
Tekamp et al. 1996; Hutton et al. 2002; 
Sheiham et al. 2001), and implant-supported 
prostheses, both fi xed and removable, have 
the potential to improve patient-perceived 
ability to masticate and swallow foods 
that are more diffi cult to chew (Allen and 
McMillan 2002).

Positive Psychosocial Impact

Smith and Sheiham (1979) fi rst documented 
a relationship between compromised oral 
health in edentulous patients, unsatisfactory 
prostheses, and daily activities. Survey instru-
ments have been developed for assessment 
of patient perspectives, and the Oral Health 
Impact Profi le (OHIP) (Slade and Spencer 
1994) is the most widely used to assess oral 
health-related quality of life (OHRQoL). 
Impact of implant-supported prostheses on 
the completely edentulous patient’s self-
esteem, quality of life, and satisfaction has 
been documented. A recent analysis (Strass-
burger et al. 2006) of 114 studies suggested 
patient ratings for satisfaction, aesthetics, 
chewing ability, cleaning ability, stability, and 
speech can be improved with removable or 
fi xed prostheses in either arch, but the degree 
of satisfaction may be dependent upon prog-
nostic factors that were not assessed. The 
number of implants needed for a specifi c 
patient may be based upon the prosthesis 
design, which is driven by the patient’s expec-
tations of the comprehensive rehabilitation. 
Two implants may be adequate to achieve 
patient satisfaction with mandibular overden-
tures (Feine et al. 2002; Geertman et al. 1996; 
Naert et al. 2004; Stoker et al. 2007), but 
patients differ in their preference for fi xed or 
removable prostheses (Feine et al. 1994). 
Little information is available regarding 
pre-therapy patient expectations based upon 
comprehensive prosthodontic diagnosis. 
Linking of comprehensive diagnoses and 
patient expectations with therapy outcomes 
has not occurred. This is important because 
patients’ desire for a fi xed or removable pros-
thesis design and their ability to accommo-
date to their prosthesis varies. Focus in these 
clinical research areas is necessary.

Economic Impact

Understanding of costs for therapy is in the 
early stages, and trials have assessed costs and 
cost-benefi t with implant-supported fi xed or 
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removable prostheses (Attard et al. 2005; 
Heydecke et al. 2005; MacEntee and Walton 
1998; Palmqvist et al. 2004; Stoker et al. 
2007). With advances in implant therapy has 
come documentation of complications. Inci-
dence of these complications was frequently 
reported as indicated in Figure 21.3, and a 
summary of complication has been published 
(Goodacre et al. 2003). These complications 
must be considered in the context of alter-
native therapies, benefi ts, and risks. A 
standardized method for documentation of 
complications with linking to potential prog-
nostic factors does not exist.

Partially Edentulous Patient Benefi ts

Implant and Prosthesis Predictability

One systematic review suggested implant sur-
vival for single- and multi-unit prostheses 
may be similar at 5 years, at 94% (Weber and 
Sukotjo 2007), whereas another meta-analysis 
(Lindh et al. 1998) showed greater implant 
survival at 5 years with single-unit (97.5%) 
restorations compared to multi-unit (94.0%). 
Timing of loading is important, and early or 
immediate restoration after placement can be 
successful in selected patients (Esposito et al. 
2007c; Jokstad and Carr 2007). Survival of 
prostheses in both reviews was greater than 
90%. Greater risk of failure may occur in the 
maxillary posterior, and implants in grafted 
sinus have increased risk (Graziani et al. 2004). 
To maintain a specifi c tooth compared to its 
extraction and placement of a tooth or implant-
supported restoration must be focused on 
patient factors often not recorded in studies. 
However, endodontic therapy for periodon-
tally sound teeth with pulpal or periapical 
pathosis compared to a single-tooth implant-
supported prosthesis have substantial and 
similar long-term prognoses (Torabinejad et al. 
2007). Implant pooled success and survival 
rates were 95% (CI: 93–96%) and 97% (CI: 
95–99%), respectively. Tooth-borne FPDs 
exhibited success and survival rates of appro-

ximately 80% at 6 or more years, which was 
consistent with the results of several previous 
meta-analyses. The Pjetursson et al. (2004) 
meta-analysis indicated an estimated survival 
of implants in implant-supported FPDs of 
95.4% (CI 93.9–96.5%) after 5 years and 
92.8% (CI: 90–94.8%) after 10 years. The 
survival rate of FPDs supported by implants 
was 95% (CI: 92.2–96.8%) after 5 years and 
86.7% (CI: 82.8–89.8%) after 10 years.

Bite Force, Diet, and Nutrition

Evidence linking comprehensive restoration 
to physiologic assessments is largely inferred 
from completely edentulous or completely 
tooth-borne situations. Patients may fi nd 
masticatory effi ciency acceptable with a short-
ened dental arch (Sarita et al. 2003; Witter 
et al. 2001; Wolfart et al. 2005). Further 
research is necessary.

Psychosocial Impact

Few studies are available. Research study anal-
yses (Strassburger et al. 2006; Torabinejad 
et al. 2007) report overall satisfaction with 
therapy, mastication, phonetics, and aesthet-
ics with single-tooth or fi xed partial denture 
restorations. Aesthetic results may be less pre-
dictable due to soft-tissue considerations 
(Levine et al. 2005). As for completely eden-
tulous patients, potential associations with 
prosthodontic diagnoses, patient expecta-
tions, and patient-reported outcomes must 
be assessed.

Economic Impact

Little information regarding the costs of 
therapy is available. Prosthesis designs, com-
plications, and maintenance costs vary and a 
standardized means to assess these issues has 
not been developed. Incidence of complica-
tions has been reported (Berglundh et al. 2002; 
Goodacre et al. 2003), but the long-term eco-
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nomic impact of ameliorating these complica-
tions must be addressed in future research.

Growth in Evidence Over the Next 
25 Years

Several factors have led to evidence growth 
since 1982: (1) dentistry’s embrace of evi-
dence-based decision making, which rein-
forced the need for identifi cation and use of 
best available information in decisions for 
individual patients; (2) establishment of the 
Cochrane Collaboration Research Group 
protocols that led to a population of system-
atic reviews with well-defi ned inclusion crite-
ria; and (3) establishment of the CONSORT 
guidelines to standardize approaches for pro-
spective clinical research. Although clinical 
decisions have been based largely on case 
series studies and retrospective data analysis, 
the above factors facilitated identifi cation of 
evidence with strength, fostered development 
of new, well-designed clinical trials, and rein-
forced the need for standardized RCTs for 
patient care applicability and future meaning-
ful systematic reviews.

Future clinical care and research will be 
driven by patients’ expectations of predicta-
ble care, aesthetic outcomes, and effective 
function. Such research will be based on the 
available foundational information, which 
will only be best applied by specifi c patient 
diagnosis. Clinical research to support therapy 
has made enormous progress, yet the pub-
lished results applicable to any individual 
patient situation are still limited for the prac-
ticing clinician. Evidence growth has led to 
clinician confi dence in patient care using 
implants. In the next 25 years confi dence will 
increase because careful analysis of the evi-
dence will provide clinician reassurance for 
decisions as they apply to new patient situa-
tions. Emerging technology and clinical tech-
niques guided by practitioner focus on patient 
expectations will continue to reinforce the 
need for evidence-based analytical principles 
in practice.

Future research efforts in all areas described 
in Table 21.1 will continue with recognition 
that each outcome fundamentally contributes 
to patient satisfaction and quality of life. 
Many questions must be more fully addressed: 
(1) Do patients realize the extent of their 
functional disabilities? (2) How can patient-
recognized disabilities be well documented? 
(3) What expectations do patients have? (4) 
How well do implant interventions meet 
expectations? Furthermore, the greater pro-
portion of future implant patients will be par-
tially edentulous (Naert et al. 2002a, 2002b), 
and further research for that diagnostic group 
is particularly necessary.

To facilitate growth of best evidence to sub-
stantiate patient benefi ts, the following will 
occur in the next 25 years:

1. Validation and adoption of a standardized 
comprehensive diagnostic system for data 
collection: Elements from the American 
College of Prosthodontists Prosthodontic 
Diagnostic Index (McGarry et al. 1999, 
2002) could serve as a framework for a 
standardized comprehensive diagnostic 
and research instrument.

2. Embracing of advancing technology to 
optimize therapy outcomes: Beyond 2030 
patients will most commonly receive 
predictable, defi nitive implant-supported 
prostheses at the time of implant place-
ment, which could often be immediately 
after extraction. Ability to better predict 
implant/prosthesis survival and therapy 
success through appropriate application of 
advanced technology is therefore neces-
sary to achieve this scenario, along with 
innovative approaches for diagnosis and 
therapy using existing technology (e.g., 
computerized tomography, radiofrequency 
analysis, 3-D imaging for treatment plan-
ning, 3-D imaging for restoration fabrica-
tion) and new technology known or not 
yet discovered (e.g., identifi cation host 
genomic characteristics, systemic and cel-
lular metabolic characteristics, use of local 
or systematic bioactive substances for 
osseointegration).
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3. Development of a worldwide multicenter 
research database: Multicenter study 
design and data collection with centralized 
data analysis will occur to increase the 
power of research conclusions and 
applicability.

4. Validation and adoption of standardized 
instruments for prospective assessment of 
objective clinical outcomes, patient expec-
tations, and outcomes from psychological 
and economic perspectives.

5. Ongoing application of a standardized 
instrument (e.g., OHIP) to objectively 
assess effects of implant therapy on 
OHQOL issues.

6. Correlation of prosthodontic diagnosis 
with patient expectations and patient-per-
ceived benefi t: Clear evaluation of patient 
expectations and patient-perceived benefi t 
based on comprehensive diagnosis will 
lead to better prediction of treatment 
outcomes.

7. Widespread use of a single-care provider 
model for implant placement and restora-
tion: For thoughtfully selected situations 
this will effectively meet expectations for 
many patients.

8. Widespread application of a clinician-
friendly evidence-based decision-making 
model that facilitates identifi cation and 
use of the best evidence for patient benefi t. 
Clinician expectations from published 
research, quality of published clinical 
studies, and accuracy in clinician prognos-
tic abilities will increase. The best plans 
will be developed to meet patient expecta-
tions based on best evidence.

SUBJECTIVE AND OBJECTIVE 
EVALUATION OF IMPLANT-
SUPPORTED RECONSTRUCTIONS 
FOR PARTIALLY EDENTULOUS 
PATIENTS

Klaus Gotfredsen

Subjective evaluation is of great importance 
when the indication for, and the outcome of, 

implant-supported reconstructions are evalu-
ated and compared. Patient subjective assess-
ments were once regarded as a secondary 
outcome occasionally useful to complement 
biologic and technical evaluation of implant-
supported reconstructions, but currently the 
subjective evaluation is at the forefront. The 
indication for treatment is normally based on 
insuffi cient masticatory, aesthetics, phonetics, 
and/or psychosocial function (Gotfredsen and 
Walls 2007). Subjective evaluation is espe-
cially important for decision making as 
patients may have the same objective need for 
improving an oral function, but subjective 
need may be the contributing factor in the 
decision for starting a treatment. When 
patient-generated aspects are incorporated 
into the decision-making process, decisions 
initiate treatment and the evaluation of the 
outcome of the treatment becomes easier.

A number of publications have demon-
strated that implant-supported reconstruc-
tions may also increase masticatory effi ciency 
as well as masticatory ability and psychoso-
cial factors, and thereby patient satisfaction 
(Gotfredsen and Walls 2007). To obtain 
information regarding these parameters the 
dentist normally talks to the patient in a rela-
tively unstructured manner. More informa-
tion may, however, be collected if structured 
interview methods are used, for example, 
schedule for the evaluation of individual 
quality of life—direct weighting (SEIQoL-
DW), or standardized oral health-related 
quality of life (OHRQoL) questionnaires 
(Slade 2002). Implant-supported reconstruc-
tions increase the number of prosthetic treat-
ment approaches, and incorporation of 
perspectives gained from instruments such as 
these is critical.

An appealing method to assess OHRQoL 
is to create global questions about a patient’s 
self-rated oral health before and after treat-
ment. The responses may be rated on an 
ordinal scale ranging from “excellent” to 
“very poor” or on a numerical scale, such as 
a visual analog scale (VAS). Numerous spe-
cifi c questions are sometimes used to evaluate 
multiple dimensions of OHRQoL. This 
approach attempts to delineate the specifi c 
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experiences that encompass the researcher’s 
defi nition of OHRQoL.

One of the most widely used and validated 
multi-item questionnaires is the Oral Health 
Impact Profi le (OHIP). The questionnaire is 
based on a theoretical framework derived 
from the World Health Organization’s Inter-
national Classifi cation of Impairments, Disa-
bilities, and Handicaps. The OHIP-49 has 
been used in a number of studies comparing 
conventional prosthesis with implant-
supported prosthesis and has consistently 
demonstrated improvements in OHRQoL 
(Allen et al. 2001; Awad et al. 2000).

A number of cohort studies have evaluated 
the subjective as well as the objective outcome 
of implant treatment. For subjective evalua-
tion, global self-ratings have been used with 
a VAS, and the OHIP-49 was used before 
and after implant treatment. The following 
describes these studies.

In a 5-year prospective study of implant-
supported single-tooth replacements 20 
patients were asked to evaluate the functional 
and aesthetic outcome of the treatment using 
a VAS (Gotfredsen 2004). Patient inclusion 
criteria included (1) healthy patients without 
periodontal disease; (2) single-tooth loss in 
the anterior maxilla; and (3) mesio-distal bone 
width >6.5 mm in the region planned for 

implant therapy. A dentist not involved in the 
study but working with implant-supported 
reconstructions evaluated the aesthetic out-
come of the same treatments using a VAS. 
The objective evaluation criteria evaluated 
yearly were plaque index score, bleeding 
score, probing pocket depth, papilla height, 
crown length, marginal bone level, and techni-
cal complications. A force discrimination test 
was performed at the implant crown as well 
as at the contralateral natural tooth. All the 
implant-supported crowns were followed for 
>10 years with few complications. Only one 
implant lost more than 1.5 mm of marginal 
bone during a 10-year follow-up. One crown 
was remade due to abutment screw loosening 
and another due to ceramic fracture (Fig. 
21.4). The result of greatest importance was 
that demands for prosthetic treatment were 
very different among patients and between 
patient and dentist.

Another study entitled “Oral Function 
and Quality of Life for Patients with Tooth 
Agenesis after Oral Rehabilitation” (Dueled 
et al. 2008) evaluated implant-supported 
reconstructions subjectively and objectively. 
The test group consisted of 129 patients pros-
thetically treated for tooth agenesis. Nineteen 
patients were treated with tooth-supported 
fi xed dental prostheses (FDP), and 116 were 

a b

Figure 21.4. A PFM crown with a ceramic fracture six and a half years after the baseline examination (a). The crown 
could easily be removed by a drilling access to the abutment screw (b).
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treated with implant-supported reconstruc-
tions. Six patients were treated with both 
types of reconstruction. A control group of 
58 patients without agenesis and matched in 
age and sex were included in the subjective 
part of the study. Before and after implant 
treatment all patients fi lled out an OHIP-49 
questionnaire for an evaluation of the oral 
health-related quality of life. Generally, the 
total OHIP scores were low for both test and 
control group and the dimensions concerning 
functional limitation and physical pain were 
the items with highest impact (Table 21.3). 
The mean of the total OHIP score was higher 
for the patients with tooth agenesis treated 
with prosthetic reconstructions compared to 
the control group without tooth agenesis. 
When specifi c OHIP questions were analyzed, 
the major concerns for the patients treated 
with prosthetic reconstructions related to the 
aesthetic result. A subjective aesthetic evalu-
ation was performed based on OHIP ques-
tions 3, 4, 20, 22, 31, and 38. The prevalence 
of patients reporting aesthetic problems occa-

Table 21.3. Oral health impact profi le for patients with 
(test) and without (control) maxillary anterior tooth agen-
esis (Dueled et al. 2008).

OHIP Score

Test Control

1.  Functional limitations 
(OHIP 1–9)

3.9 2.5

2. Physical pain (OHIP 10–18) 3.8 3.4
3.  Psychological discomfort 

(OHIP 19–23)
2.1 1.1

4.  Physical disability (OHIP 
24–32)

1.2 0.5

5.  Psychological disability 
(OHIP 33–38)

1.1 0.5

6.  Social disability (OHIP 
39–43)

0.4 0.1

7. Handicap (OHIP 44–49) 0.7 0.1

Total mean OHIP score 13.2 8.2

sionally, fairly often, or very often was higher 
for patients treated with tooth-supported 
fi xed partial dentures compared to patients 
treated with implant-supported reconstruc-
tions (Table 21.4). There was no difference in 
the number of tooth agenesis between the two 
groups. When the total test group, prostheti-
cally treated patients with tooth agenesis, was 
compared with the control group the fre-
quency of patients with aesthetic concerns 
was highest in the test group. In the same 
study an objective index score was calculated 
based on modifi ed USPHS criteria for buccal, 
mucosal discoloration, crown morphology, 
crown color match score, occlusal harmony 
score, and papilla level score. There was no 
signifi cant correlation between the objective 
aesthetic score and the subjective aesthetic 
score.

In a parallel prospective study (Dueled 
et al. 2008) of patients with tooth agenesis of 
the maxillary lateral incisor, 40 patients 
treated with 58 implant-supported single 
crowns were divided into two groups. Thirty 
zirconium oxide crowns were retained with 
ceramic abutment and compared with 28 
metal-ceramic crowns retained with metallic 
abutments. Differences were observed between 
the two groups (ceramic abutment with all-
ceramic crowns vs. metallic abutment with 
metal-ceramic crowns) following objective 
evaluation of the buccal, mucosal discolora-
tion, and the crown color match score 
measured at the baseline examination. The 
subjective evaluation was also done with the 
OHIP-49 questionnaire before treatment and 
at the baseline examination. No signifi cant 
differences at these two examination times 
were seen for the aesthetic-related questions 
in the OHIP-49 (i.e., OHIP-3, OHIP-4, OHIP-
20, OHIP-22, OHIP-31, and OHIP-38).

In summary, the following can be 
concluded:

1. The demands for implant-supported recon-
structions are very different among patients 
and between patient and dentist.

2. Whereas a great number of studies have 
evaluated objective variables for implant-
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supported reconstructions, only a few 
studies have used subjective variables.

3. Whereas a great number of objective vari-
ables have been used to evaluate the 
outcome of implant-supported reconstruc-
tions, only a few subjective variables have 
been reported.

4. There is a need for more studies evaluating 
the subjective indication for treatment and 
the treatment result.
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Quality of Life and 

Future Implementation

Patient-Based Outcomes

The assessment of the quality and perform-
ance of an oral prosthesis has traditionally 
focused on clinical assessment and laboratory 
testing. Until the end of the last century these 
outcomes were largely the standard, and it 
was rare to fi nd studies in which patient-based 
assessments were measured. Carlsson and his 
colleagues appear to have been the fi rst to use 
patient-based outcomes when investigating 
the performance of conventional dentures 
(Bergman and Carlsson 1972; Carlsson et al. 
1967). Later, the same team included patient-
based outcomes in their studies of implant 
prostheses (Haraldson et al. 1979). In addi-
tion to measuring bite force and masticatory 
muscle activity, they asked participants to 
indicate their satisfaction with their chewing 
capacity (Haraldson et al. 1979). It was only 
in the early 1990s that other groups began to 
publish studies in which patient-based out-
comes were included (De Grandmont et al. 
1994; Wismeijer et al. 1992).

The increased interest in patient-based 
assessment coincided with changes in com-
munication between health care providers 

and their patients. Decision making began to 
move away from the provider being the prime 
decision maker, to shared decision making 
with informed patients with the explanation 
and information often based on discussions 
with their health care providers. Furthermore, 
there was increasing awareness in the profes-
sion that edentulism is a chronic condition, 
for which treatment is by defi nition palliative 
and aimed at improving satisfaction with 
function and improving quality of life. No 
matter how effi cient a prosthesis, it can not 
be considered successful unless the patient 
fi nds it easy to use and comfortable. There-
fore laboratory assessments became less 
important than information from patients 
about how well they could chew and speak, 
how comfortable the prosthesis felt, and 
other prosthetic factors the patients consid-
ered to be important to them (Feine and Lund 
2006). A variety of methods has been used to 
gain information and to assist in understand-
ing how implant support for various types of 
prostheses improve the lives of edentulous 
patients. These methods range from question-
naires designed to measure satisfaction and 
quality of life to interviews and focus groups 
with edentulous individuals (De Grandmont 
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et al. 1994; Heydecke et al. 2005a). Our pro-
fession now has a better understanding of 
how implant support for dentures improves 
patients’ lives. The overwhelming majority of 
the studies based on patient satisfaction and 
quality of life outcomes published to date 
within the whole of restorative dentistry 
involved the assessment of treatment of eden-
tulous patients, and most of these involved 
treatment of the edentulous mandible 
(Thomason et al. 2007).

The Edentulous Mandible

Most of the studies that compared conven-
tional dentures with implant overdentures 
were from seven randomized controlled trials. 
Raghoebar and co-workers reported signifi -
cantly better satisfaction scores for groups 
having implants or preprosthetic surgery 
compared with patients receiving conven-
tional complete dentures with no surgical 
intervention by the end of year 1. At the end 
of year 5 it was the implant overdenture 
group that showed signifi cantly better scores 
when compared to the other two groups 
(Raghoebar et al. 2000). These satisfaction 
fi ndings were shown to impact on the patient’s 
quality of life, certainly in terms of dental 
health-related quality of life (at 1 year), 
although they were not able to show an effect 
on general quality of life markers (Bouma 
et al. 1997).

Meijer and colleagues reported greater 
satisfaction with implant supported overden-
tures than conventional dentures at 1, 5, and 
10 years. Within this study series subjects not 
initially allocated to the implant group were 
offered the opportunity to have implants. 
Despite the conventional denture group con-
taining some patients converted to implants, 
the mean ratings of the conventional denture 
group were still lower than the designated 
implant overdenture group (Meijer et al. 
1999, 2003).

Although Kapur and colleagues reported 
no signifi cant differences in patient satisfac-
tion between implant overdenture and con-

ventional denture groups at 6 months 
post-treatment, the within-group changes 
were signifi cantly better in the implant over-
denture group (Kapur et al. 1998). In both 
groups, however, patients reported a decline 
in perceived taste and texture acceptability of 
almost all test foods (Roumanas et al. 2002). 
A similar situation has been reported by Allen 
and colleagues (Allen et al. 2006). Improve-
ments in both oral health-related quality of 
life (OHRQoL) and satisfaction were reported 
for both conventional denture and implant 
overdenture groups; nevertheless, analysis 
showed no signifi cant post-treatment differ-
ences between the groups. The authors sug-
gested that the use of the “intention to treat” 
analysis may have masked the differences 
between groups and reported that the Oral 
Health Impact Profi le (OHIP) change scores 
for those receiving implants were signifi cantly 
greater than for those who refused them. 
Unfortunately the study was not able to 
show subgroup differences when analyzed 
“per-protocol.”

The positive association between patient 
satisfaction and its impact on quality of life 
(QoL) has been reported in a series of studies 
based on a population of 102 middle-aged 
subjects (age 35–65 years) (Awad and Feine 
1998; Awad et al. 2000a, 2000b, 2003a, 
2003b; Heydecke et al. 2005a; Thomason 
et al. 2003). Satisfaction was measured using 
the McGill Satisfaction Questionnaire, which 
comprises a series of 100 mm visual analog 
scales (VAS) on which the patient can mark 
his or her level of satisfaction. The VAS are 
anchored by phrases indicating “completely 
satisfi ed with  .  .  .” and “completely unsatis-
fi ed with  .  .  .” At 2 months post-delivery 
general satisfaction was signifi cantly higher in 
the overdenture group than in the conven-
tional denture group, as it was for the three 
additional measures: comfort, stability, and 
ease of chewing (Awad et al. 2003a, 2003b). 
These general satisfaction scores can largely 
be explained by gender, patient’s rating of 
comfort, stability, aesthetics, and the ability 
to chew (Awad and Feine 1998). At the same 
time point, the implant group reported signifi -
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cantly better QoL scores (OHIP) (Awad et al. 
2000a). The implant group also reported less 
post-treatment looseness during eating, speak-
ing, kissing, and yawning. They also associ-
ated less unease during kissing and during 
sexual activity than conventional denture 
subjects; a reduction in unease of around 
34% (Heydecke et al. 2005b). At 6 months 
the implant group reported a signifi cant dif-
ference in ability to speak, not present at 2 
months, suggesting that some improvements 
take longer than others to establish. Overall 
the difference between the two groups at 6 
months was greater than at 2 months 
(Thomason et al. 2003).

Similar results were reported by the McGill 
group for a senior population comparing con-
ventional dentures with implant overdentures 
supported by ball attachments (Awad et al. 
2003a, 2003b; Heydecke et al. 2003a). The 
reports that general satisfaction and ratings 
for comfort, stability, and ability to chew 
were also refl ected in the observation that 
the implant overdenture subjects rated their 
OHRQoL greater than the conventional 
denture group (OHIP-EDENT) (Awad et al. 
2003a, 2003b). These differences were not 
detected when using the SF36 (Heydecke 
et al. 2003a).

The Edentulous Maxilla

Although there are no available reports on the 
effect of implant rehabilitation in the maxilla 
with relation to OHRQoL, a number of 
studies report the effect on patient satisfac-
tion of maxillary rehabilitation. In a series of 
case reports Naert and colleagues reported 
high satisfaction ratings with four splinted 
implants supporting a removable prosthesis 
(Naert et al. 1998). The Montreal group used 
a standard crossover trial design to compare 
maxillary long-bar implant overdentures with 
and without palatal coverage; these were 
opposed in the mandibular arch by a fi xed 
implant-supported prosthesis (De Albu-
querque Jr. et al. 2000). There were no sig-
nifi cant differences between treatments, nor 

signifi cant differences compared with the new 
maxillary conventional denture. As a result, 
the authors suggested that maxillary implant 
prostheses should not be con sidered as a 
general treatment of choice in patients with 
good bony support for maxillary conven-
tional prostheses (De Albuquerque Jr. et al. 
2000).

By contrast, the same team demonstrated 
that long-bar overdentures were rated signifi -
cantly higher than fi xed prostheses in the 
maxilla for general satisfaction and also 
speaking (Heydecke et al. 2003a). In this 
study the majority of subjects chose to keep 
the removable prosthesis. The patient’s 
reported speech ratings coincided with those 
of external speech assessors (Heydecke et al. 
2004).

In a separate study, two groups of ten 
patients were treated with either a fi xed pros-
thesis or a removable implant overdenture in 
a non-randomized parallel arm study. Greater 
within-group changes for aesthetics, taste, 
and speech were shown in the implant 
overdenture group, although there were no 
signifi cant differences between groups for the 
major satisfaction outcomes (Zitzmann and 
Marinello 2000).

Attachment Systems

It is possible to draw out a little more infor-
mation relating to patient satisfaction with 
implants from studies comparing different 
types of implant attachment systems where 
patient-centered outcomes have been used.

Naert and colleagues reported an RCT 
comparing three attachment types over a 10-
year period (Naert et al. 1997a, 1999, 2004). 
Each type of attachment showed improved 
satisfaction compared with the old prosthesis; 
at 5 years there were no signifi cant between-
group differences (bar, ball, or magnet group). 
Findings were largely the same at 10 years for 
general satisfaction, although stability and 
chewing comfort were rated signifi cantly 
lower for the magnet group compared to the 
ball and bar groups.
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Similar fi ndings have been reported by 
other authors (Karabuda et al. 2002; 
MacEntee et al. 2005; Stellingsma et al. 2003; 
Timmerman et al. 2004; Visser et al. 2005; 
Walton et al. 2002; Wismeijer et al. 1997). 
This raises the question of the design of these 
studies with regard to their statistical power 
to test differences in satisfaction; was there in 
fact no difference between attachments or 
were the studies lacking the ability to show 
such a difference? This is not clear from the 
current literature.

Although not stated in the paper, the cross-
over study from the Montreal group ex-
amining long-bar overdenture and hybrid 
implant-supported mandibular overdentures 
(Tang et al. 1997) used the same design as a 
previous study (De Grandmont et al. 1994), 
which was powered to see a VAS difference 
of 10 mm or more. They demonstrated that 
factors apart from cleaning were rated better 
with the long-bar overdenture and that all 
subjects chose the long-bar overdenture (Tang 
et al. 1997).

Methodological Issues

The increasing use of validated question-
naires such as the Montreal Satisfaction VAS 
or the OHIP is encouraging, and allows a 
very real way of collecting patient-centered 
outcome and comparing effects between dif-
ferent studies. There is now an accumulating 
body of patient-centered data for implant 
treatment of the edentulous mandible, 
although still very little in other areas of 
implant-supported dentistry or restorative 
dentistry in general. Because of this it is not 
possible to compare different treatment 
modalities in terms of patient satisfaction or 
QoL in relationship to the economics of 
these different treatment modalities except to 
a limited degree. This is an important next 
step. Nevertheless, progress has been made 
in terms of determining the cost of treating 
edentulous patients either with conventional 
or implant-supported dentures. From this 
starting point we welcome further develop-

ment and expansion into other treatment 
areas.

General Evaluation and Options for 
Future Research

Costs Involved with Treating 
Edentulous Patients with 
Dental Implants

Studies published in the last 25 years have 
shown the benefi t of implant over dentures in 
terms of stability, function, speech, and patient 
satisfaction. The McGill Consensus suggested 
implant overdenture on two implants as the 
standard of care for edentulous patients (Feine 
et al. 2002). This raises the question as to 
whether the benefi t of implant overdentures 
is large enough to be proposed as a standard 
of care with their inherently larger costs. The 
fi rst studies analyzing the costs and cost-
effectiveness of dental implants were pub-
lished in the beginning of the nineties 
(Jacobson et al. 1990; Jonsson and Karlsson 
1990). During the last 8 years more studies 
have been published on this subject looking 
further than the initial costs of the treatment 
and going into the costs of after-care as 
well.

When treating patients with any form of 
care, the costs generated are diverse but 
include the following: labor, practice, materi-
als, patient, and environmental costs. The 
direct costs involved with dental care are of 
interest when informing patients about the 
proposed treatment; they can then relate this 
to a long-term prognosis and an idea of likely 
satisfaction levels, so allowing them to esti-
mate their views of the value for money of the 
procedure. These costs are also vital when 
planning the targeting of resources by funding 
agencies or government.

Within the available literature there have 
been diverse ways of defi ning these costs. 
Some authors have calculated labor costs 
based on the tariff structure of the country 
they work in (Attard et al. 2003, 2005a, 
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2005b, 2006; Zitzmann et al. 2005, 2006), 
while others have based their calculations on 
the time spent treating patients (Heydecke 
et al. 2005a; Palmqvist et al. 2004; Stoker 
et al. 2007; Takanashi et al. 2004). Some 
authors then multiply the treatment time by 
the mean hourly wages of the dental profes-
sional (Heydecke et al. 2005a; Stoker et al. 
2007; Takanashi et al. 2004).

The problem involved when calculating 
with standardized tariffs is that these fees 
include a lot of general costs that play a role 
at individual levels. Fees as such do not allow 
for a clean comparison of costs between 
centers or countries. Apart from treatment 
time, one could argue that any general prac-
tice costs should include materials, overhead, 
maintenance, and capital costs of the hospital 
or clinic (building and equipment) where the 
patient is treated. The overhead itself may 
also include cleaning, laundry, electricity, 
heating/cooling, and administration. It is not 
always clear in the literature if these factors 
have been included in the calculations.

Some articles also calculate the patient’s 
costs involved with acquiring the treatment 
(Attard et al. 2003, 2005a, 2005b, 2006; 
Heydecke et al. 2005a; Takanashi et al. 2004). 
These were labeled as indirect costs. When 
considering which indirect costs could be 
considered the following come to mind: travel, 
loss of free time, loss of time at work (income) 
and the impact thereof at the place of work, 
costs involved with replacement, impact at 
home, medication, and impact on accompa-
nying family and friends. As this is rather 
complex these costs are then often simplifi ed 
to mean wages defi ned by gender and occupa-
tion. Some studies gave housewives the mean 
salary of a housekeeper and those patients 
who said they were retired were evaluated at 
the mean retirement income. A cost aspect 
that has not been explored in the cost analysis 
reported in the literature is environmental 
costs. The environmental impact of dispos-
ables, the heating/cooling of the building, 
building costs (building construction), or the 
environmental cost of travel and transporta-
tion have not been reported to date.

When analyzing the studies on costs of 
implant treatment we see that some studies 
divided the costs into direct and indirect costs. 
Direct costs include the costs of labor, materi-
als, medication, laboratory costs, radiography 
fees, and so forth. Indirect costs include the 
patient’s time costs and out-of-pocket costs 
(Anderson 1998; Heydecke et al. 2005a; Taka-
nashi et al. 2004; Zitzmann et al. 2005, 2006).

Other studies performed a slightly different 
analysis. Total costs = (total clinical costs) + 
(time costs). Time costs = (salary per hr) × 
(clinical treatment time). Total clinical costs 
= (initial treatment costs) + (maintenance 
costs). Maintenance costs = (prosthetic costs 
for work other than the fi rst implant-
supported prosthesis) + (recall costs). These 
studies excluded the patient’s travel expenses 
from their equation (Attard et al. 2003, 
2005a, 2005b, 2006).

The study by Heydecke et al. (2005a) used 
the Delphi method and a panel of experts to 
estimate the costs of after-care in the long 
term. Their results are based on expert 
assumptions and not on actual costs, as these 
fi gures were not available in the literature for 
these procedures, so weakening the cost prog-
nosis. As different groups use different strate-
gies to defi ne the costs of the treatment it is 
not easy to compare the results.

Attard and colleagues compared fi xed man-
dibular prostheses (FDPs) with mandibular 
implant overdentures and concluded that 
after a period of 10 years the implant over-
dentures were a signifi cantly cheaper treat-
ment option (45–70% depending on the 
evaluation period) (Attard et al. 2003).

Palmqvist and colleagues compared the 
costs of an FDP with an implant overdenture. 
Both were placed on three implants, which 
makes a comparison with other studies rather 
diffi cult, as implant overdentures are gener-
ally made on two or four implants and FDPs 
on four or more. The authors stated that, due 
to future milling procedures, they expect the 
costs of dental technicians to fall (Palmqvist et 
al. 2004). Their dental technicians spent more 
time fabricating FDPs than they did implant 
overdentures. The clinicians on the other hand 
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Table 22.1 Treatment costs involved with implant treatment in the edentulous mandible. Patient’s time and environ-
mental cost have been excluded.

Author Year Denture N Initial Costs Maintenance 
Costs

Evaluation 
Period Years

% per 
Year

Total Costs

Stoker 2007 2IOD ball 36 2413 euro 997 euro 8 5% 3410 euro
2IOD 37 2602 euro 961 euro 8 4.6% 3563 euro

4IOD 37 3564 euro 984 euro 8 3.5% 4548 euro

Takanashi 2004 2IOD ball 30 2332 Can$ 85 Can$ 1 3.6% 2417 Can$
CD 30 814 Can$ 64 Can$ 1 7.8% 87 Can$

Zitzmann 2006 2IOD ball 20 6935 CH 271 CH 3 1.3% 7206 CH
4IOD 20 15805 CH 364 CH 3 1% 16169 CH

CD 20 2525 CH 126 CH 3 1.6% 2651 CH

Attard 2005 FDP 20 7621 Can$ 1259 Can$ 10 1.6% 8880 Can$
IOD 20 4609 Can$ 528 Can$ 10 1% 5137 Can$

Attard 2003 FDP 25 7567 Can$ 2527 Can$ 9 3.7% 10094 Can$
IOD 25 2505 Can$ 830 Can$ 9 3.7% 3343 Can$

Palmqvist 2004 FDP 11 3.1 hrs 1700 + 3.1 hrs
IOD 6 4.1 hrs 1350 + 4.1 hrs

needed about 25% more time to provide 
patients with their implant overdentures. The 
authors stated that in their opinion an implant 
overdenture and an FDP on three implants 
had comparable costs and the FDP formed a 
lower biological risk (combination syndrome). 
The treatment groups were small (11 and 6 
patients) and the conclusions are speculative. 
Their report does not differentiate between 
direct costs and costs concerning after-care.

Stoker et al. (2007) compared three differ-
ent types of overdentures (two implants with 
ball attachments, two implants with a bar, 
and four interconnected implants). The initial 
costs after 8 years were about 75% of the 
total costs. He concluded that the costs of 
after-care did not differ for the three treat-
ment groups. However, the number of 
unscheduled visits for patients in the two 
implant ball attachment groups was signifi -
cantly higher than in the other groups and, 
based on the number of after-care visits, two 
interconnected implants would be the treat-
ment of choice. More studies reported that 

implant-retained overdentures with ball 
attachments needed unscheduled checkups to 
reactivate the retentive system (Davis and 
Packer 1999; Stoker et al. 2007; Walton et al. 
2002). Abutment design and choice of materi-
als in time might lead to other conclusions.

Takanashi compared two implants with 
ball attachment implant overdenture to con-
ventional denture treatment (Takanashi et al. 
2004). The evaluation time was only 1 year, 
so conclusions on the long-term after-care of 
this treatment modality cannot be drawn. 
From the same Montreal group, however, 
Heydecke, using the Delphi method, asked 30 
experts about their expectations concerning 
after-care for implant overdentures and con-
ventional dentures (Heydecke et al. 2005a). 
They came up with estimated per-year costs 
for implant overdentures of C$395 and for 
the conventional dentures of C$273. This 
was based on Takanashi’s 1-year costs, which 
included all indirect costs, and so seems high 
when compared to the other estimates in 
Table 22.1 (Takanashi et al. 2004). Neverthe-
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less, the point that is made by the group is 
that the cost difference between treatment 
modalities is still small.

Zitzmann et al. (2005) presented a paper 
where they plotted the costs of a conventional 
denture, an implant overdenture, and an FDP 
against the effects of the treatment options. 
The study showed that FPDs were six times 
more expensive, and implant overdenture 
treatment three times more expensive, than 
conventional denture treatment. The treat-
ment effect was much higher for the implant 
treatment options. There was, however, no 
signifi cant difference in treatment effects 
between the FDP and implant overdenture 
groups. This is in line with the study by Attard 
et al. (2003) where it was concluded that the 
implant overdenture was more cost-effective 
than the FDP.

The Montreal group presented a model to 
analyze lifetime cost-effectiveness following 
the cost per quality of life unit (Heydecke 
et al. 2005a). This is a method to measure the 
effectiveness of the treatment, and they calcu-
lated the cost per quality of life score for 
conventional denture and implant overden-
ture treatments. The additional cost of an 
implant overdenture over its expected lifetime 
was 226CAD per year for an average between-
group difference of 15.7 OHIP-20 points, 
which equated to 14.41CAD per OHIP point 
per year. They suggested that “providing the 
implant overdenture instead of the conven-
tional denture improved ORQoL by 33%, 
approximately one standard deviation and 
that compared to this the incremental cost of 
the implant overdenture of $226 per year 
seems relatively modest.”

During the last few years several prospec-
tive studies have been published on immedi-
ate loading of implant-supported overdentures 
in the edentulous mandible, but they all relate 
to four or more implants (Chiapasco and 
Gatti 2003; Degidi and Piattelli 2003). Imme-
diate loading is defi ned by the ITI Consensus 
group (Cochran et al. 2004) as a restoration 
placed in occlusion with the opposing denti-
tion within 48 hours of implant placement. 
The conclusions of the ITI Consensus Confer-

ence based on a literature review on this 
subject were that the immediate loading of a 
minimum of four rigidly connected implants 
with a bar in the intraforaminal area showed 
results comparable to the treatment carried 
out with conventional loading procedures. 
Engelke et al. (2005) published a study in 
which they placed two implants in the eden-
tulous mandible but added another two satel-
lite implants for support during the healing 
period.

There are a few publications on the subject 
of early loading of implant-supported over-
dentures in the edentulous mandible using 
two implants. Roynesdal and co-workers 
published a study on 11 patients with ball 
attachments that were loaded after 14–21 
days (Roynesdal et al. 2001). Studies by Payne 
and colleagues (2002) (12 patients, 10 mm 
implants) and Tawse-Smith et al. (2002) (24 
patients) loaded implants that were either 
connected by a bar or on ball attachments 
after 2 weeks. (Admittedly, treatment groups 
with very small numbers.) Attard et al. (2005a, 
2005b) reported on a group of 35 patients 
with a bar attachment in which the prostho-
dontic treatment was performed 10 days after 
surgery. They report on a study again in 2006 
(Attard et al. 2006) but do not describe the 
prosthetic protocol in that paper. It seems that 
they are referring to the above-mentioned 
study published in 2005. It is in this study 
that they conclude that the immediate proto-
col is not cheaper than the conventional 
loading protocol. It seemed that the prosthetic 
phase of the treatment was associated with 
higher maintenance costs. Ormianer et al. 
(2006) describe what they call a modifi ed 
loading protocol for the immediate loading of 
implant overdentures (n = 10), where they use 
an impression material as a buffer to reduce 
forces in the initial loading phase. This mate-
rial was replaced every 2 weeks during the 
fi rst 3 months after surgery. There was no 
direct attachment of the overdentures to the 
implants. Stricker et al. (2004) reported in a 
paper on immediate loading of two implants 
with a bar and a mandibular overdenture 
(n = 10), a relining procedure in which the 
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overdenture is delivered 7 days after implant 
placement. The patients function without 
an overdenture for 7 days. No studies were 
found where two implants were loaded by a 
bar and an overdenture within 48 hours after 
implant insertion. This leads to the conclu-
sion that this treatment strategy is at present 
not a predictable (evidence-based) treatment 
option for the edentulous mandible.

The studies outlined in this chapter show 
that there is compelling evidence that patients 
are more satisfi ed with implant overdentures 
than conventional dentures and that a similar 
picture is seen for OHRQoL. These improve-
ments in satisfaction also apply to parameters 
such as aesthetics, chewing ability, stability, 
comfort, and speech as well as the impact 
on social and sexual activities. An emerging 
trend is for studies with simpler rather than 
involved treatment, which offers the opportu-
nity to introduce these treatments to a wider 
group than previously considered. The impact 
of early implant loading and the overall real 
cost implications still need further work. Never-
theless, the evidence is strong that OHRQoL 
and patient satisfaction can be signifi cantly 
improved by mandibular prostheses stabilized 
by two implants in edentulous patients com-
pared with a conventional denture.
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23Dental Implants in the Habilitation 
of Young Patients

Both the predictability and success of dental 
implants in adult patients depend on the 
quality and quantity of alveolar bone, treat-
ment planning, sound surgical technique, 
optimal prosthodontic restoration, and long-
term oral hygiene (Brahim 2005). The same 
factors also apply to the success of implants 
placed in children, adolescents, or young 
adults—referred to in this chapter as “young 
patients.” The unique and critical difference 
between treatment of pediatric and adult 
patients is that the wildcard of craniofacial 
growth and dento-alveolar development may 
affect outcome unpredictably (Brahim 2005; 
NIH 1988).

Growth is modulated by a complex inter-
action of many factors including, to name a 
few, familial and genetic factors, trauma, 
endocrine infl uences, acute and chronic ill-
nesses, and exposure to radiation therapy. 
Determining the cessation of growth is dif-
fi cult (Bjork 1963; Brahim 2005; Carmichael 
and Sándor 2008). In the author’s center a 
combination of serial clinical examinations, 
wrist carpal radiographs, and serial lateral 
cephalograms taken 6 months apart are 
used to assess the degree of skeletal matu-
rity of the jaws. The issue of growth and 

estimation of its progress remains a complex 
issue to this day (Carmichael and Sándor 
2008).

Placing implants in young patients is more 
complicated than in adults. For one thing, 
young patients may require general anesthesia 
in order to manage their behavior. Moreover, 
compliance with home-care instructions 
and a child’s dexterity can constitute serious 
impediments to the maintenance of a satisfac-
tory level of oral hygiene, which is critical in 
most situations to ensure the long-term health 
of the reconstructed dentition.

Recognition that dental implants can inhibit 
growth (Kuröl and Ödman 1996; Ödman 
et al. 1991; Thilander et al. 1995) and adap-
tation of the jaws (Bernard et al. 2004) have 
led to dialogue in the literature surrounding 
the earliest possible time at which implants 
can be placed into a patient (Bishara et al. 
1996; Carmichael and Sándor 2008; Forsberg 
et al. 1991; Oesterle and Cronin 2000; 
Tarlow 2004). The author’s center has 
adopted a number of general treatment plan-
ning principles governing management of 
young patients requiring dental implants 
(Sándor and Carmichael 2008). They include 
the following:
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1. Young patients who require dental implants 
to replace single or a few teeth receive 
dental implants only after they attain skel-
etal maturity in order to avoid perturbing 
growth of the jaws.

2. Patients with oligodontia are treated with 
dental implants following the completion 
of orthodontic therapy and the cessation 
of skeletal growth.

3. Patients with global growth perturbations 
such as those having been treated with 
ablative surgery or having suffered severe 
traumatic loss of multiple teeth, surround-
ing tissues, and extensive scarring may 
have dental implants placed prior to skel-
etal maturation. Under circumstances such 
as these, growth is abnormal and likely 
to result in maladaptive compensatory 
growth of undamaged parts of the maxil-
lofacial complex.

4. Implant treatment in young patients pro-
ceeds only if parent and child demonstrate 
signifi cant motivation to undergo complex 
long-term treatment and a willingness to 
maintain proper oral hygiene.

Clinicians should not underestimate the 
weight of the psychological burden borne by 
a child with a severe dental malformation 
(Forsberg et al. 1991). Management must 
include a humane understanding of the psy-
chological and socioeconomic impact of such 
conditions on a patient and his or her family, 
particularly when more than one child is 
affl icted.

A common denominator of many dental 
and craniofacial anomalies is congenital 
absence of teeth or oligodontia. To the extent 
that many acquired dental anomalies also 
involve missing teeth, it is instructive there-
fore to anyone with an interest in the treat-
ment of congenital and acquired anomalies to 
have an understanding of the subjective and 
objective consequences of oligodontia or 
acquired partial edentulism in young patients 
(Fig. 23.1).

These consequences complicate therapy 
and must be understood by the treating prac-
titioner (Table 23.1). Severe oligodontia may 

reduce masticatory effi ciency, resulting in 
decreased alimentation and impaired nutri-
tion (Fig. 23.2).

A variety of malocclusions may present 
together with oligodontia including retrogna-
thism, defi ciency of vertical lower face height, 
or prognathism. Such malocclusions are 

Figure 23.1. Clinical photograph of a 14-year-old girl 
with oligodontia with undermined aesthetics, poor self-
image, and a resultant lack of socialization. There is also 
loss of lower vertical face height. The patient looks older 
than her age.

Table 23.1. Consequences of oligodontia.

Undermined cosmesis
Poor mastication
Malocclusion
Hypoplasia of crowns
Poor orthodontic anchorage
Ankylosis of primary teeth
Disruption of alveolar growth
Agenesis of alveolus
Resorption of alveolus
Depleted periodontium
Periodontal trauma
Attrition with dentine and pulp exposure
Extrusion
Insuffi cient vertical dimension of occlusion
Insuffi cient intermaxillary space
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Figure 23.2. Severe loss of vertical height due to attri-
tion in this oligodontia patient complicated by over-
eruption of the unopposed permanent teeth. Such 
over-eruption makes implant hardware diffi cult to posi-
tion, not allowing the prosthodontist the opportunity to 
camoufl age metal and hardware.

subject to excessive wear of both the mixed 
dentition and the depleted permanent denti-
tion (Fig. 23.3).

Tooth crown form in patients with severe 
oligodontia may be hypoplastic (Fig. 23.4).

Oligodontia may result in severely defi cient 
orthodontic anchorage, which may greatly 
prolong treatment time and compromise 
outcome (Fig. 23.5).

Figure 23.3. Oligodontia patients may have a variety of 
malocclusions with severe attrition of both the remaining 
deciduous teeth and what permanent teeth may exist in 
the mouth.

Figure 23.4. Oligodontia may be accompanied by teeth 
that have hypoplastic crown forms, presenting a variety 
of restorative and treatment planning challenges.

Figure 23.5. Patterns of oligodontia may result in 
severely reduced orthodontic anchorage, which may 
greatly prolong treatment time and could result in com-
promised results.

Traumatic loss of maxillary teeth is common 
in young patients. Restoration of edentulous 
spaces left by traumatic tooth loss should be 
delayed until skeletal maturity is attained 
(Ledermann et al. 1993). In a study of 42 
implants in 34 growing patients with a mean 
age of 15.1 years, there was a 90% rate of 
successful osseointegration, while the major 
complication noted was the failure of the 
ankylosed dental implant to match the verti-
cal growth of the alveolus of the adjacent 
teeth, resulting in submergence and infraoc-
clusion of the restored dental implants 
(Ledermann et al. 1993). The patient in Figure 
23.6 demonstrates submergence of an implant 
placed at the site of the maxillary left central 
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incisor before the cessation of skeletal growth. 
The resulting discrepancy of gingival margins, 
between the natural tooth, which has contin-
ued to erupt, and the implant, which tends to 
relatively submerge as would an ankylosed 
tooth, is very diffi cult to treat (Sàndor and 
Carmichael 2008).

The author endeavors to adhere to a stand-
ard protocol in the management of complex 
anomalies involving missing teeth and requir-
ing dental implants as part of his overall 
treatment (Table 23.2). These cases have 
responded well to such interdisciplinary man-
agement and include many conditions 
complicated by the agenesis or loss of teeth 
(Table 23.3).

Growth must always be considered when 
implant-supported prostheses are inserted 
into growing children. Patients with severe 
oligodontia such as in ectodermal dysplasia 
may be treated at a young age with dental 
implant-supported fi xed prostheses (Brahim 
2005; Guckes et al. 1991, 2002). One past 
attempt to minimize potential growth distur-
bance was to section the prosthesis placed 
across the anterior mandible in the region of 
the symphysis of the lower jaw (Figs. 23.7–
23.11), especially in patients with resections 
for tumor ablation.

Figure 23.6. A 17-year-old male demonstrating sub-
mergence of an implant-supported crown at the site of 
the maxillary left central incisor placed at 15 years 
of age.

Table 23.2. Clinical protocol.

Multidisciplinary assessment
Orthodontic treatment
 Orthodontics alone
 Orthognathic surgery
Grafting of cleft alveolus in alveolar cleft 

patients
Determination of skeletal maturity
Peri-implant alveolar bone grafting
Implant placement
Prosthodontic habilitation
Follow-up

Table 23.3. Some syndromes managed with dental 
implants.

Binders Syndrome
Cleidocranial Dysplasia
Crouzon’s Syndrome
Ectodermal Dysplasias
Epidermylosis Bullosa
Fibrous Dysplasia
Familial Odontodysplasia
Gorlin Syndrome
Hemifacial Microsomia
Lateral Facial Dysplasia
Long Face Syndrome
Pierre Robin Sequence
Singleton-Merton Syndrome
Trisomy 21
Turette’s Syndrome
Incontinentia Pigmenti
Treacher Collins

Figure 23.7. Dental implants placed into the anterior 
mandible of an 8-year-old patient with hypohydrotic 
ectodermal dysplasia.
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These children can be severely debilitated 
by their tumor resections and so are subse-
quently treated with implant-supported resto-
rations during the mixed dentition phase, 
which is a period of intense growth (Bjork 
1963; Brahim 2005; Sándor et al. 2008). It 
was assumed that the prosthesis could be split 
in the midline to accommodate mandibular 
growth in the transverse dimension. Sub-
sequent experience has shown this to be 
unnecessary (Fenton et al. 2007; Sándor et al. 
2008). Not a single patient treated with an 
implant-supported suprastructure that was 
split in the midline of the mandible has devel-
oped a diastema in the midline, even if he or 
she was actively growing. The author’s center 
has therefore stopped splitting suprastruc-
tures in the midline of the mandible solely for 
the reasons of growth.

The alveolus where the dental implants are 
placed is not expected to grow vertically 
(Ödman et al. 1991). As the deciduous molars 
exfoliate and the permanent molars erupt, the 
alveolus will grow vertically in the areas of 
permanent tooth eruption. This may result in 
a vertical discrepancy between the heights of 
the posterior and anterior mandible where the 
resection has been performed and the implants 
were placed. This growth discrepancy may 
necessitate serial remakes of the implant-
borne prosthesis to accommodate the differ-
ential vertical growth in the alveoli and the 
dynamically erupting dentition in the maxilla 

Figure 23.8. The planned restoration is one of a sec-
tional nature with a gap at the midline of the mandible. 
This photograph shows the left part of the restoration on 
the model. This represents an attempt to avoid interfer-
ence of mandibular growth by not crossing the midline 
of the lower jaw. The author’s centers have stopped using 
prosthesis that were sectioned solely for the reasons of 
growth.

Figure 23.9. The implant-borne fi xed restoration in its 
entirety on the dental cast.

Figure 23.10. The fi rst section on the left is installed 
into the mouth.

Figure 23.11. Labial view of the installed mandibular 
anterior prosthesis 2 years after delivery.
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and posterior mandible. In the meantime 
these prostheses help the child adapt func-
tionally and aesthetically, which is especially 
important to the development of self-esteem 
in the pediatric patient, both at school and 
socially (Fenton et al. 2007; Hunt et al. 
2005).

Growth following implant placement may 
occur at the dental alveolus or in other areas 
of the mandible, for example, in cases of man-
dibular asymmetry and prognathism. Man-
dibular growth in such patients is aberrant 
and may occur once growth is assumed to be 
complete. Figures 23.12–23.21 illustrate the 

Figure 23.12. Frontal facial photograph of 16-year-old 
male with anhydrotic ectodermal dysplasia at the time of 
presentation.

Figure 23.13. Panoramic radiograph of patient in Figure 
23.12 showing severe attrition of teeth in patient with 
severe oligodontia.

Figure 23.14. Frontal photograph of patient from Figure 
23.12 now 18 years of age and restored with implant-
supported prostheses.

Figure 23.15. Anterior view of occlusion at the time of 
prostheses insertion and delivery.

Figure 23.16. Occlusal view of maxillary implant-
supported suprastructure.
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Figure 23.17. Occlusal view of maxillary overdenture 
prosthesis.

Figure 23.18. Occlusal view of mandibular fi xed 
prosthesis.

Figure 23.19. Frontal photograph of patient at 21 years 
of age with newly developed mandibular asymmetric 
prognathism. Note the deviation of the chin to the right.

Figure 23.20. Anterior view of asymmetric malocclu-
sion of the prostheses with skeletal and dental midlines 
of the mandible shifted to the right with a right buccal 
segment crossbite, due to late mandibular growth.

Figure 23.21. Panoramic radiograph showing four 
newly placed implants to replace those fi xtures failing 
from occlusal overload from the newly developed 
malocclusion.

case of a 19-year-old male who developed 
an asymmetric mandibular prognathism 
with laterognathia due to late mandibular 
growth.

Some of the dental implants in the right 
mandible became overloaded due to the asym-
metric malocclusion and were lost. Late man-
dibular growth can result in implant overload 
and consequent implant fi xture failure.

WWW.HIGHDENT.IR 
همیار دندانسازان و دندانپزشکان



380  Osseointegration and Dental Implants

References

Bernard JP, Schatz JP, Christou P, Belser U. 
2004. Long-term vertical changes of the 
anterior maxillary teeth adjacent to single 
implants in young and mature adults. A 
retrospective study. J Clin Periodontol 
31(11):1024–1028.

Brahim JS. 2005. Dental implants in children. 
Oral Maxillofac Surg Clinics of North 
America 17(4):375–381.

Bishara SE, Treder JE, Damon P, Olsen M. 
1996. Changes in the dental arches and 
dentition between 25 and 45 years of age. 
Angle Orthodontics 66(6):417–422.

Bjork A. 1963. Variations in the growth 
pattern of the human mandible: Longitudi-
nal radiographic study by the implant 
method. J Dent Res 42:400–411.

Carmichael RP, Sàndor GK. 2008. Dental 
implants, growth of the jaws and determi-
nation of skeletal maturity. In: Dental 
Implants in Children, Adolescents and 
Young Adults. GK Sàndor and RP 
Carmichael (eds.). Atlas of the Oral and 
Maxillofacial Clinics of North America. 
Philadelphia: Elsevier 16(1):1–10.

Fenton C, Nish IA, Carmichael RP, Sàndor 
GK. 2007. Metatastatic mandibular retino-
blastoma in a child reconstructed with soft 
tissue matrix expansion grafting. J Oral 
Maxillofac Surg 65(11):2329–2335.

Forsberg CM, Eliasson S, Westergren H. 
1991. Face height and tooth eruption in 
adults—a 20-year follow-up investigation. 
Eur J Orthodontics 12(4):249–254.

Guckes AD, Brahim JS, McCarthy GR. 1991. 
Using endosseous implants for patients 
with ectodermal dysplasia. J Am Dent 
Assoc 122(1):59–62.

Guckes AD, Scurria MS, King TS. 2002. Pro-
spective clinical trial of dental implants in 
persons with ectodermal dysplasia. J Pros-
thet Dent 88(1):21–27.

Hunt O, Burden D, Hepper P, Johnston C. 
2005. The psychosocial effect of cleft lip 
and palate: A systematic review. Eur J 
Orthodontics 27:274–285.

Kuröl J, Ödman J. 1996. Treatment alterna-
tives in young patients with missing teeth. 
Aspects on growth and development. In: 
Consensus Conference on Oral Implants in 
Young Patients: State of the Art. G Koch, 
T Bergendal, S Kvint, and UB Johansson 
(eds.). Jönköping, Sweden: Institute for 
Postgraduate Dental Research. 77–107.

Ledermann PD, Hassell TM, Hefti AF. 1993. 
Osseointegrated dental implants as an alter-
native to bridge construction or orthodon-
tics in young patients: Seven years of clinical 
experience. Pediatr Dent 15:327–330.

National Institutes of Health (NIH). 1988. 
Consensus development conference state-
ment on dental implants. J Dent Educ 
52:824–825.

Ödman J, Gröndahl K, Lekholm U, Thilander 
B. 1991. The effect of osseointegrated 
implants on the dento-alveolar develop-
ment. A clinical and radiographic study in 
growing pigs. Eur J Orthodontics 13(4):
279–286.

Oesterle LJ, Cronin RJ, Jr. 2000. Adult 
growth, aging, and the single-tooth implant. 
Int J Oral Maxillofac Implants 15(2):
252–260.

Sàndor GK, Carmichael RP. 2008. Rehabili-
tation of trauma using dental implants. In: 
Dental Implants in Children, Adolescents 
and Young Adults. GK Sàndor and RP 
Carmichael (eds.). Atlas of the Oral and 
Maxillofacial Clinics of North America. 
Philadelphia: Elsevier 16(1):60–82.

Sàndor GK, Carmichael RP, Binahmed A. 
2008. Reconstruction of ablative defects 
using dental implants. In: Dental Implants 
in Children, Adolescents and Young Adults. 
GK Sàndor and RP Carmichael (eds.). Atlas 
of the Oral and Maxillofacial Clinics of 
North America. Philadelphia: Elsevier 
16(1):110–126.

Tarlow JL. 2004. The effect of adult growth 
on an anterior single-tooth implant: A clini-
cal report. J Prosthet Dent 92(3):213–215.

Thilander B, Ödman J, Gröndahl K, Friberg B. 
1995. Osseointegrated implants in adoles-
cents. A three year study. Nederlandse Tijd-
schrift Tandheelkunde 102(4):383–385.

WWW.HIGHDENT.IR 
همیار دندانسازان و دندانپزشکان



24Minimum Competency for 
Providing Implant Prosthodontics—

What Should Be the 
Educational Requirements?

GUARANTEEING TREATMENT 
FOR EVERYONE: CHANGING 
EDUCATIONAL CRITERIA FOR 
“GARDEN VARIETY” CASES TO 
MAJOR BONE GRAFTS

Kenneth W.M. Judy

Lest we forget, the reality is that dental 
implants were initially developed in many 
countries by intrepid clinicians in the 1950s 
and 1960s without substantive input from the 
specialties of oral surgery, periodontics, or 
prosthodontics as then constituted. In fact, 
implants were routinely condemned by these 
communities in spite of substantial positive 
clinical research. In 1968 the American Dental 
Association’s (ADA) position was that 
implants were highly experimental and that 
practitioners had to provide extensive 
informed consent to protect potential patients. 
In 1978 the National Institutes of Health 
(NIH) organized its fi rst dental implant con-
sensus conference.

What had happened to motivate the NIH 
to hold this conference? Simply put, implant 
therapists were achieving a more than accept-
able level of success and the public was being 

made aware of the procedures and benefi ts. 
Shortly thereafter, in 1982, the fi rst Toronto 
Osseointegration Conference was held and 
the profession witnessed the beginning of a 
bona fi de transition to evidence based den-
tistry vis-à-vis implantology. In 1988 a second 
NIH consensus conference reinforced the 
level of success of implant therapy (Judy 
1989).

The reality is that in the last 2 decades 
dental implants have become “big business,” 
not only for implant manufacturers and those 
manufacturers of related materials and devices 
but also for engaged generalist and specialist 
clinicians.

Concurrent with expanded implant usage, 
at least four applications for specialty status 
were submitted to the ADA: two by the Inter-
national Congress of Oral Implantologists 
(ICOI) U.S. division, the American College of 
Oral Implantologists (ACOI), and two by the 
American Academy of Implant Dentistry 
(AAID). All applications were denied by the 
Council on Dental Education (CDE), the 
rationale being that dental implantology 
could be readily subsumed into existing spe-
cialties. Needless to say, an intense lobbying 
effort by at least one specialty group against 
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an oral implantology specialty contributed to 
its denial. Ironically, only very recently the 
ADA has required training to the level of 
competence in oral implantology for the spe-
cialties of oral and maxillofacial surgery, peri-
odontics, and prosthodontics. In the author’s 
opinion the ADA denial of specialty status 
was fl awed, resulting in the creation of very 
few substantial university-based graduate 
programs, particularly on the departmental 
level, an unfortunate situation that persists 
today. Clearly the fi eld was set to grow dra-
matically with expanded clinical use and 
applications, research, and multi-level educa-
tional needs. The ADA either had blinders on 
or their processes were too rigid.

During the past 2 decades the fi eld of 
aesthetic dentistry has blossomed, so that 
today patients want spectacular smiles—and 
implants are just a hidden method of securing 
them. Consequently the reality is that implant 
education, especially when coupled with aes-
thetic concepts, has also become big business. 
Because of this coupling there appears to be 
an endless supply of patients globally, not 
only in developed economic areas but also in 
emerging markets. It is apparent that for post-
graduate degree program teaching purposes 
there is a need for practice, long continuing 
education, and methodology for triaging 
patients into simple and complex cases and 
cases needing major bone grafts and other 
procedures (Judy 2008; Perel 2007).

Before addressing the educational require-
ments relating to minimum competency for 
implant restoration, it might be useful to look 
at individual countries to obtain a more real-
istic perspective relating to need. Keep in 
mind the fact that the World Health Organi-
zation (WHO) seems to be encouraging a 
position that patients with traditional full 
denture prostheses are to be viewed as 
“handicapped” in many instances and that 
the implant-supported overdenture should 
become a new “standard of care.” There are 
multi-level disparities that cannot be ignored. 
The reality is that China, for example, cur-
rently has less than 120,000 practicing uni-
versity-trained dentists, approximately the 

same number as the United States. There is a 
large difference in population and average 
income. The situation in Nigeria is much 
worse medically as well as dentally, with a 
population of one-fi fteenth that of the United 
States. With a current population of 80 
million and a 2070 projected population of 
150 million, today’s 20,000 Egyptian practi-
tioners have trouble delivering suitable basic 
services, particularly if average income per 
person (a negative) is factored in with unem-
ployment rates (a negative) and the small per-
centage of Egyptians that avail themselves of 
dental care (a tragic positive).

While the profession should not forget Dr. 
Douglas Atwood’s early call for specialty 
status for implantology as well as that of 
others (Judy 1986; Judy and Misch 1985), 
dental education policy makers should also 
be mindful of trying to bring valid clinical 
benefi ts to the neediest and to the largest seg-
ments of the world’s population. Any educa-
tional criteria for placing, restoring, and 
maintaining dental implants should have this 
altered mindset as a signifi cant basis for 
establishing educational criteria and goals.

In pre-doctoral curricula there is a wide 
range of recommended educational hours and 
little agreement on practical case loads. Two 
years ago at a consensus conference spon-
sored by the ICOI, the Deutsche Gesellschaft 
für Orale Implantologie (DGOI), and New 
York University College of Dentistry, the 
range for recommended pre-doctoral hours 
varied from 8 to 300. One helpful piece of 
educational advice that emerged was that 
whatever hours were established, they had to 
be made requirements or they would possibly 
be ignored by students.

During the developmental period of the last 
50 years, there was an uncompromising 
search for scientifi c truth in all aspects of 
implantology. The reality is that even today 
there is very little credible reportage that 
legitimately compares one company’s implant 
system to another over a meaningful period 
of time—let alone to several companies’ 
systems. It might be a reasonable conclusion 
that restorative competency should be ini-
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tially restricted to perhaps only two or three 
systems. The intensity and duration of system-
specifi c learning then becomes a legitimate 
concern.

Further, the reality is that those clinicians 
placing implants should have extensive diag-
nostic and treatment planning skills; that is, 
have considerable prosthodontic knowledge. 
Likewise, the restoration of implants will 
usually be done by clinicians who have 
directed their placement; that is, also having 
considerable diagnostic and treatment plan-
ning skills. Recent advances in CT-based 
planning, for example, are not just for surgi-
cal placement but also for pre-surgical pros-
thodontic planning. Again we have a clear 
need for triaging patients prior to placing as 
well as prior to restoring implants.

The implant societies gathered here in 
Toronto do not singularly or collectively 
in any country constitute a specialty board in 
the same manner or with the same responsi-
bilities as those in the United States. The 
granting of a dental license there is a state 
issue and no dentist is restricted from placing, 
restoring, and/or maintaining dental implants 
and related prostheses. In the author’s opinion, 
individual dentists should commit early to a 
surgical method of training for diagnoses, 
treatment plans and placement, restoration, 
and maintenance of dental implants (Judy 
1990). Specifi cally, each practitioner should 
study, observe, assist, and then practice what-
ever aspect of implantation that he or she is 
comfortable with.

Didactic study alone cannot possibly be 
completed on the pre-doctoral level, so sub-
stantial commitments to continuing educa-
tion, manufacturer-specifi c courses, and/or 
“institute” training are necessary. A very high 
percentage of needed implants would then be 
legitimately placed as well as restored by gen-
eralists. Complex cases, needing graduates 
of specialty training programs, would then 
become the responsibility of appropriate 
specialists.

The reality is that the challenge the profes-
sion faces is not generalist education vis-à-vis 
implants but increased specialty education 
directed toward solving global health care 
needs. No matter what balance of generalist 
versus specialist placement and restoration of 
implants one proposes, the current and future 
answer is effective education on all levels.

Hopefully, in 2008 the Toronto Osseointe-
gration Conference Revisited will mark the 
coup de grace to anecdotal or unproven 
claims and associated devices. Hopefully, the 
profession will be able to utilize reliable 
devices and proven prosthodontic concepts so 
that each clinician can bring his or her skill 
set to bear and produce consistent, elegant 
results. Hopefully  .  .  .
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The Toronto Osseointegration 
Conference Revisited, 

May 9–10, 2008

Program

Friday 9:00–10:30

Implant Dentistry: A Technology 
Assessment

Marco Esposito
Senior Lecturer in Oral and Maxillofacial 

Surgery, School of Dentistry, University 
of Manchester, Manchester, United 
Kingdom

What Have We Learned from Clinical 
Randomized Controlled Trials on Oral 
Implants?

Michael I. MacEntee
Professor, University of British Columbia, 

Vancouver, British Columbia, Canada
Putting People into Clinical Outcomes

Bjarni E. Pætursson
Professor, Department of Prosthodontics, 

University of Iceland, Reykjavik, Iceland
What Have We Learned from Clinical 

Non-randomized Controlled Trials on Oral 
Implants?

Comprehensive Treatment 
Planning Strategies

Luca Cordaro
Professor and Head, Department of 

Periodontology and Implant Dentistry, 
Eastman Dental Hospital, Rome, Italy

Complete Arch Rehabilitation in Complex 
Cases: Technical Innovations May Reduce 
Patient Discomfort during Treatment?

David Felton
Professor, Department of Prosthodontics, 

University of North Carolina, Chapel Hill, 
North Carolina, United States

We Will Not Outlive the Need for Implant-
Retained Overdentures!

Carl E. Misch
Clinical Professor, Oral Implantology, 

Temple University School of Dentistry, 
Philadelphia, Pennsylvania, United States

Treatment Planning: A Biomechanical 
Rationale
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Pre-implant Surgical Interventions

Nikolaos Donos
Professor and Head, Periodontology, UCL 

Eastman Dental Institute, London, United 
Kingdom

Guided Bone Regeneration/Augmentation 
with or without Bone Grafts. From 
Experimental Studies to Clinical 
Application

Burton Langer
Certifi ed Periodontist, specialty private prac-

tice, New York, New York, United States
The Horizontal and Vertical Bone Regenera-

tion in Both the Maxilla and Mandible

E. Todd Scheyer
Certifi ed Peridontist, specialty private prac-

tice, Houston, Texas, United States
Tissue Engineering for the Oral Cavity: Hard- 

and Soft-Tissue Applications and Our 
Infl uence upon Osseointegration

Friday 11:00–12:30

Comprehensive Treatment Planning 
Strategies of Complex Patients

James D. Anderson
Professor, Department of Prosthodontics, 

University of Toronto, Toronto, Ontario, 
Canada

The Challenging Patient and Implant 
Therapy—Facial Deformities

Birgitta Bergendal
Head, Senior Consultant; National Oral Dis-

ability Centre, the Institute for Postgradu-
ate Dental Education, Jönköping, Sweden

The Challenging Patient and Implant 
Dentistry—Rare Disorders

Frauke Mueller
Professor, Department of Geriatrics and 

Prosthodontics, University of Geneva, 
Geneva, Switzerland

Risks and Benefi ts of Implant Therapy in 
Compromised Elderly Adults

Surgery Phase Planning

Jay R. Beagle
Certifi ed Periodontist, specialty private prac-

tice, Indianapolis, Indiana, United States
Immediate Implants in Infected Sites: Con-

traindications Reconsidered

Scott D. Ganz
Maxillofacial Prosthodontist, specialty private 

practice, Fort Lee, New Jersey, United 
States

Advances in Diagnosis and Treatment Plan-
ning Utilizing CT Scan Technology for 
Improved Surgical and Restorative Implant 
Reconstruction: Tools of Empowerment

Homah Zadeh
Associate Professor, University of Southern 

California, Los Angeles, California, United 
States

Computer-Aided Implant Surgery: Current 
Status

Pre-implant Surgical Augmentation 
Interventions

Karl-Erik Kahnberg
Professor and Chairman, Department of 

Oral and Maxillofacial Surgery, Institute of 
Odontology, the Sahlgrenska Academy 
at University of Göteborg, Göteborg, 
Sweden

Onlay and Inlay Grafting in the Reconstruc-
tion of the Resorbed Maxilla

Craig M. Misch
Certifi ed Oral and Maxillofacial Surgeon and 

Prosthodontist, Misch Implant Dentistry, 
Sarasota, Florida, United States

Is Autogenous Bone Still the “Gold Stand-
ard” for Grafting? Current Opinion on the 
Use of Autograft in Implant Dentistry

Friedrich W. Neukam
Chairman and Head, Department of Oral and 

Cranio-Maxillofacial Surgery, Erlangen-
Nuremberg University Dental School, 
Erlangen, Germany
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Hard Tissue Augmentation to Osseointegrate 
Implants

Friday 2:00–3:30

Oral and Systemic Infl ammation 
and Comprehensive Treatment 
Planning Strategies

Øystein Fardal
Certifi ed Periodontist, specialty private prac-

tice, Egersund, Norway
Profi les and Treatment Options for Refrac-

tory Patients in a Periodontal Practice

Myron Nevins
Certifi ed Periodontist, specialty private prac-

tice, Boston, Massachusetts, United States
Osseointegration for the Periodontally Com-

promised Patient

Howard Tenenbaum
Professor and Associate Dean for Biological 

and Diagnostic Sciences, University of 
Toronto, Toronto, Ontario, Canada

Oral and Systemic Infl ammation; What Is the 
Impact of Endosseous Implants?

Pre-implant Surgical Interventions with 
Focus on the Maxilla

Stuart J. Froum
Clinical Professor, Department of Periodon-

tology and Implant Dentistry, New York 
University Dental Center, New York, New 
York, United States

The Sinus Augmentation Procedure 1982/
2008/and Beyond

Lars Rasmusson
Professor and Maxillofacial Surgeon, Sahlg-

renska Academy and Hospital, University 
of Göteborg, Göteborg, Sweden

Bone Augmentation in the Severely Resorbed 
Maxilla

Stephen S. Wallace
Associate Professor, Department of Implant 

Dentistry, New York University, New York, 
New York, United States

Will Today’s State-of-the-Art Sinus Grafting 
Technique Become Tomorrow’s Evidence-
Based Therapy?

The Implant Design and 
Biological Response

Jan Gottlow
PhD, Department of Biomaterials, University 

of Göteborg, Göteborg, Sweden
Infl uences of Implant Design and Surface 

Properties on Osseointegration and Implant 
Stability

Jaime L. Lozada
Professor and Director, Graduate Program in 

Implant Dentistry, Loma Linda University, 
Los Angeles, California, United States

Clinical Outcomes from the Evolution of the 
Dental Implant Geometry and Surface 
Topography

Robert M. Pilliar
Professor Emeritus, Faculty of Dentistry and 

Institute of Biomaterials and Biomedi-
cal Engineering, University of Toronto, 
Toronto, Ontario, Canada

Implant Surface Design and Local Stress 
Fields—Effects on Peri-implant Bone

Friday 4:00–5:30

Implant Surgical Interventions

Michael S. Block
Professor, Department of Oral and Maxillo-

facial Surgery, LSU School of Dentistry, 
New Orleans, Louisiana, United States

The Art of Healing—Using Implant-Related 
Technology to Reconstruct the Complex 
Patient

Axel J.A. Wirthmann
Adjunct Professor, Department of Implant 

Dentistry, New York University, New York, 
New York, United States, and Klinik Berner 
Stieg, Hamburg, Germany

Cell Physiology and Molecular Biology of 
Bone Regeneration, Then and Now
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Michael A. Pikos
Certifi ed Oral and Maxillofacial Surgeon, 

Pikos Implant Institute, Palm Harbor, 
Florida, United States

Digitally Guided Bone Augmentation: A 
Three-Dimensional Synergy of Interactive 
CT Planning/Soft- and Hard-Tissue 
Grafting for Optimal Esthetic Zone 
Rehabilitation

The Implant Surface and 
Biological Response

Lyndon Cooper
Professor, Department of Prosthodontics, 

University of North Carolina, Chapel Hill, 
North Carolina, United States

Molecular and Cellular Biology: New Instru-
ments for Improving Osseointegration

John E. Davies
Professor, Faculty of Dentistry and Institute 

of Biomaterials and Biomedical Engineer-
ing, University of Toronto, Toronto, 
Ontario, Canada

Implant Surface Design: Evolution and Future 
Challenges

Peter Schüpbach
Professor, Research Institute for Microscopy 

and Histology, Zurich, Switzerland
Osseointegration and Soft-Tissue Integration: 

Impact of the Surface

Biomaterials and Substances for 
Site Optimizing

Michael Reddy
Associate Professor and Chairman, Depart-

ment of Periodontology, University of 
Alabama School of Dentistry, Birmingham, 
Alabama, United States

Dental Implant Regenerative Medicine: Past, 
Present, and Future

Massimo Simion
Professor, Department of Periodontology and 

Implant Restoration, University of Milan, 
Milan, Italy

Ridge Augmentation Using rh-PDGF: Pre-
clinical and Clinical Results

Ulf Wikesjö
Professor and Director, Medical College of 

Georgia School of Dentistry, Augusta, 
Georgia, United States

Bone Morphogenic Proteins and 
Osseointegration

Saturday 9:00–10:30

Restorative Phase Treatment Planning

Peter Scheer
Certifi ed Oral Maxillofacial Surgeon, spe-

cialty private practice, Rancho Mirage, 
California, United States

Intricacies of Anterior Preprosthetic Surgery 
and Immediate Provisionalization

Clark M. Stanford
Professor, Dows Institute for Dental Research, 

University of Iowa, Iowa City, Iowa, United 
States

Integration of Biological Principles to Achieve 
Stable Esthetics

Paul Weigl
Assistant Professor, Department of Prosthetic 

Dentistry, J.W. Goethe-University, Frank-
furt am Main, Germany

Changing Rationales Connecting Teeth with 
Implants by a Suprastructure

The Implant and Biological Response

John B. Brunski
Professor, Department of Biomedical Engi-

neering, Rensselaer Polytechnic Institute, 
Troy, New York, United States

The Healing Bone-Implant Interface: The 
Role of Micromotion and Related Strain 
Levels in Tissue

David L. Cochran
Professor and Chair, Department of Perio-

dontics, the University of Texas Health 
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Science Center at San Antonio, San Antonio, 
Texas, United States

Does the Body React to All Implant Interfaces 
the Same Way?

Niklaus P. Lang
Professor, Periodontology and Fixed Pro-

sthodontics, University of Bern, Bern, 
Switzerland

Early Healing Sequences in Tissue Integration 
of Oral Implants

Beyond the Mouth—Habilitation 
and Rehabilitation

Steve Parel
Professor, Center for Maxillofacial Prostho-

dontics, A&M University System Health 
Science Center, Houston, Texas, United 
States

Implant Options for the Restoration of the 
Compromised Maxillofacial Patient

George Sàndor
Professor and Director, Graduate Program in 

Oral and Maxillofacial Surgery, University 
of Toronto and Mount Sinai Hospital, 
Toronto, Ontario, Canada

Use of Dental Implants in Habilitation of 
Children, Adolescents, and Young Adults

R. Gilbert Triplett
Regents Professor, Department of Oral and 

Maxillofacial Surgery, Baylor College of 
Dentistry, Baylor University Medical Center, 
Dallas, Texas, United States

Reconstruction of the Severely Debilitated 
Maxillofacial Patient Using Principles of 
Osseointegration

Saturday 11:00–12:30

Restorative Phase Treatment Planning Using 
Early Loading Protocols

Roland Glauser
Certifi ed Prosthodontist, specialty private 

practice, Zurich, Switzerland

Shortened Clinical Protocols—The Revolu-
tion Is Still Ongoing

Maurice A. Salama
Certifi ed Periodontist and Orthodontist, spe-

cialty private practice, Atlanta, Georgia, 
United States

Success by Design: Integrating Biology, New 
Implant Design, and Esthetics in Simplifi ed 
and Complex Therapy

Thomas D. Taylor
Professor, Professor and Head, Department of 

Oral Rehabilitation, Skeletal Development 
and Biomaterials, University of Connecti-
cut, Farmington, Connecticut, United 
States

The Stability of Implant/Abutment 
Connections

The Implant Design and 
Clinical Outcomes

Shadi Daher
Assistant Clinical Professor, Boston 

University Goldman School of Dental 
Medicine, Boston, Massachusetts, United 
States

A Scientifi c Basis for the Success, Longevity, 
and Predictability of Plateau-Designed 
Short Implants

Antonio Ruiz Sanz
Professor, Periodontal and Implant Depart-

ment, University of Los Andes, Santiago, 
Chile

Internal Connection: A Contribution to 
Esthetic Results

John K. Schulte
Associate Professor, Department of Restora-

tive Sciences, University of Minnesota 
School of Dentistry, Minneapolis, Minne-
sota, United States

Is Clinical Performance of an Implant Infl u-
enced by Its Design?
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Patient Focus on Neurophysiology

Iven Klineberg
Professor and Head, Jaw Function and Oro-

facial Pain Research Unit, University of 
Sydney, Sydney, Australia

Clinical Implications of Neuroplasticity

Barry J. Sessle
Professor and Canada Research Chair, Facul-

ties of Dentistry and Medicine, University 
of Toronto, Toronto, Ontario, Canada

Neural Mechanisms Underlying “Osseoper-
ception” and Sensorimotor Adaptation to 
Dental Implants and Related Intraoral 
Procedures

Peter Svensson
Professor and Chair, Department of Clinical 

Oral Physiology, University of Aarhus, 
Aarhus, Denmark

Nerve Lesions—A Problem for Oral 
Implants?

Saturday 2:00–3:30

Loading Protocols and Biological Response

Peter K. Moy
Associate Clinical Professor, Department of 

Oral and Maxillofacial Surgery, University 
of California, Los Angeles, California, 
United States

Understanding Loading Principles for Implant 
Dentistry to Optimize Clinical Outcome. A 
Prosthetic and Surgical Decision-Making 
Algorithm for Delayed, Early, and Immedi-
ate Loading

Mario Roccuzzo
Lecturer in Periodontology, University of 

Torino, Torino, Italy
A View from the Future: Predictable and Safe 

Early Loading in Posterior Maxilla

Georgios E. Romanos
Professor of Clinical Dentistry, Divisions 

of Periodontology and General Dentistry, 
Eastman Department of Dentistry, Roches-
ter, New York, United States

Prerequisites and Clinical Opportunities 
Using Immediate Occlusal Loading in the 
Maxilla and Mandible

Patient Focus on Expected and 
Unexpected Outcomes

Klaus Gotfredsen
Professor, Department of Oral Rehabilitation, 

University of Copenhagen, Copenhagen, 
Denmark

Subjective and Objective Evaluation of 
Implant-Supported Reconstructions

Kent L. Knoernschild
Co-Director, Comprehensive Dental Implant 

Center, University of Illinois, Chicago, 
Illinois, United States

Dental Implant Innovations: Best Decisions 
for Patient Benefi t

Alan M. Meltzer
Certifi ed Periodontist, specialty private prac-

tice, Voorhees, New Jersey, United States
Tissue Changes on the Mid-facial of Implant 

Crowns within the Esthetic Zone

The Transmucosal Component and 
the Supra-construction Revolution

Steven E. Eckert
Professor, Department of Prosthodontics, 

Mayo College of Medicine, Rochester, 
Minnesota, United States

CAD/CAM Abutments: From Rescue to 
Routine

Robert L. Schneider
Professor, Hospital Dentistry Institute, Uni-

versity of Iowa Hospitals and Clinics, Iowa 
City, Iowa, United States

Relative Illumination of an All-Ceramic and 
Implant Abutment System

Jörg-R. Strub
Professor and Chair, Department of Pro-

sthodontics, Albert-Ludwig University, 
Freiburg, Germany

CAD-CAM in Implant Dentistry
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Saturday 4:00–5:30

Loading Protocols and Clinical Outcomes

Asbjorn Jokstad
Professor and Head, Department of Prostho-

dontics, University of Toronto, Toronto, 
Ontario, Canada

What Have We Learned from Clinical Trials 
about Early Loading of Implants?

Ignace Naert
Professor, Department of Prosthodontics, 

University of Leuven, Leuven, Belgium
What Have We Learned about the Infl uence 

of Loading on the Quality and Mainte-
nance of Osseointegration?

Hans-Peter Weber
Professor and Chair, Restorative Dentistry 

and Biomaterials Sciences, Harvard School 
of Dental Medicine, Boston, Massachu-
setts, United States

The Concept of Early Loading

Patient Focus on Function and Quality 
of Life

Jocelyne S. Feine
Professor and Director of Graduate Studies, 

McGill University, Montreal, Quebec, 
Canada

1982’s Edentulous Patients Are Now Oral 
Health Care Consumers—What Is Impor-
tant to Them?

Mark Thomason
Chair of Prosthodontics and Oral Rehabilita-

tion, Newcastle University, Newcastle, 
United Kingdom

From Professional to Patient Satisfaction—25 
Years of Change?

Daniel Wismeijer
Professor, Oral Implantology and Implant 

Prosthodontics, ACTA, Amsterdam, the 
Netherlands

Keeping It Simple but Effi cient

Minimum Competency for Providing 
Implant Prosthodontics—What Should 
Be the Educational Requirements?

Kenneth W.M. Judy
Director, International Congress of Oral 

Implantologists and Private Practice, New 
York, New York, United States

Guaranteeing Treatment for Everyone: 
Changing Educational Criteria for “Garden 
Variety” Cases to Major Bone Grafts

Steven E. Eckert
Professor, Department of Prosthodontics, 

Mayo College of Medicine, Rochester, 
Minnesota, United States

On the Provision of Implant Dentistry

Biographies of Speakers

James D. Anderson
Dr. James D. Anderson is a professor at the 

Faculty of Dentistry, University of Toronto, 
where his responsibilities include teaching 
in the graduate program in prosthodontics. 
He is also a consultant for maxillofacial 
prosthetics at several Toronto area teaching 
hospitals. He is director of the Craniofacial 
Prosthetic Unit at Sunnybrook Health 
Sciences Centre, a multidisciplinary unit 
devoted to the treatment of patients with 
congenital and acquired facial deformities. 
He speaks and publishes internationally on 
prosthetics and clinical epidemiology.

Jay R. Beagle
Dr. Jay R. Beagle, DDS, MSD, maintains a 

private practice where he specializes in 
periodontal plastic, reconstructive, and 
dental implant surgery. Having authored 
and co-authored numerous articles in the 
dental literature, Dr. Beagle has primarily 
focused on advanced surgical concepts in 
periodontics and implant dentistry. These 
concepts include but are not limited to 
immediate implant placement, sinus graft-
ing, complex regenerative procedures, and 
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periodontal plastic and reconstructive 
surgery utilizing the surgical microscope. 
He has lectured extensively both nationally 
and internationally, and is actively commit-
ted to education, training, and clinical 
research.

Birgitta Bergendal
Dr. Birgitta Bergendal graduated from 

Karolinska Institute, Stockholm, in 1971, 
and became a specialist in prosthetic den-
tistry in 1978. Beginning in 1982 she was 
a tutor in the specialist program at the 
Institute for Postgraduate Dental Educa-
tion, Jönköping, Sweden. Ten years ago she 
established the National Oral Disability 
Centre for rare disorders in dentistry. One 
focus area of research is diagnosis and 
rehabilitation in disorders where teeth and 
jaws are affected and the use and outcome 
of dental implants in rare disorders.

Michael S. Block
Dr. Michael S. Block graduated from the 

University of Rochester in 1975, attaining 
both a BA in biology and a BS in biomedi-
cal engineering. He completed his dental 
training at the Harvard School of Dental 
Medicine in 1979. He completed his resi-
dency program in oral and maxillofacial 
surgery at the LSU School of Dentistry in 
1983. He remained at the LSU School of 
Dentistry and is currently professor in the 
Department of Oral and Maxillofacial 
Surgery and maintains a private practice 
in the Center for Dental Reconstruction 
in Metairie, Louisiana. Dr. Block is the 
editor in chief of four textbooks and he 
is a past president of the Academy of 
Osseointegration.

John B. Brunski
Dr. John B. Brunski’s research has focused on 

bioengineering aspects of dental implant 
design. He has authored numerous papers 
and textbook chapters on oral implants 
and has given over 150 presentations on 
these subjects at national and international 
meetings. Dr. Brunski serves as section 

editor for biomechanics and biomaterials 
for the International Journal of Oral and 
Maxillofacial Implants; assistant editor of 
the Journal of Biomedical Materials 
Research/Journal of Applied Biomaterials; 
and is a member of the editorial board of 
Clinical Oral Implants Research. In his 
teaching and research, Dr. Brunski has 
received a number of awards for innova-
tion and excellence in engineering.

David L. Cochran
Dr. David L. Cochran received his DDS and 

PhD in biochemistry from the Medical 
College of Virginia. Dr. Cochran is a 
member of many professional dental organ-
izations, currently serving as vice president 
of the American Academy of Periodontol-
ogy. Dr. Cochran has published numerous 
scientifi c articles and abstracts on various 
periodontal biochemistry and implant 
topics. He has received awards for his 
research work at both the national and 
international levels. Dr. Cochran is an 
active basic science and clinical researcher 
who has received funding from both the 
NIH-NIDR and private industry.

Lyndon Cooper
Dr. Lyndon F. Cooper, DDS, PhD, graduated 

from the New York University College of 
Dentistry in 1983 and obtained a PhD in 
biochemistry at the University of Rochester 
in 1990. He trained as a prosthodontist at 
the Eastman Dental Center, Rochester, New 
York. He has held numerous appointments 
in national and international committees, 
including in IADR, AO, and ACP, and 
holds consultant positions for both indus-
try and academia. Dr. Cooper has pub-
lished more than 70 peer-reviewed 
publications in research journals and has 
had more than 200 national and interna-
tional presentations.

Luca Cordaro
Dr. Luca Cordaro, MD, DDS, PhD, was 

appointed assistant in the Department of 
Periodontology at the Eastman Dental 
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Hospital in Rome in 1993. He has lectured 
in Italy, Europe, and the United States. In 
2007 he won the Harry Goldman Prize of 
the Italian Society of Periodontology. His 
professional interests are periodontology, 
implant dentistry, and oral surgery with a 
special interest regarding the reconstructive 
treatment of alveolar atrophies. Dr. Cordaro 
serves as a member of the Education Core 
Group of the ITI. Dr. Cordaro is on the 
editorial board of Clinical Oral Implants 
Research.

Shadi Daher
Dr. Shadi Daher received his BS degree in 

mathematics from the American University 
of Beirut, his DMD degree from Boston 
University Goldman School of Dentistry, 
and his oral and maxillofacial training 
from Boston University and Tufts Univer-
sity. Additionally, he is a diplomate of the 
American Board of Oral Surgeons and a 
fellow of both the AAOMS and IAOMS. 
Dr. Daher is an assistant clinical professor 
at Boston University Goldman School of 
Dental Medicine and surgical director of 
the Bicon Institute.

John E. Davies
Dr. John E. Davies, BDS, PhD, DSc, FBSE, is 

a professor of dentistry and biomaterials at 
the University of Toronto. Trained as an 
oro-maxillofacial surgeon in Wales, he was 
awarded a degree of doctor of science from 
the University of London in 1998 for his 
sustained contributions over 20 years to 
the fi eld of biomaterials. He was elected as 
a fellow of biomaterials science and engi-
neering in 2000 and was the recipient of 
the Society for Biomaterials Clemson Award 
for Basic Research in 2002.

Nikolaos Donos
Dr. Nikos Donos is the head and chair of 

periodontology and the director of the 
Division of Clinical Research at the UCL 
Eastman Dental Institute, London. His 
research track record is mainly on GTR 
and GBR and clinical trials in implantol-

ogy. He has published extensively and is a 
member of the editorial board of the leading 
peer-reviewed journals. He is the director 
of the ITI Scholarship Centre at the UCL 
Eastman Dental Institute and the education 
delegate of the ITI UK and Ireland 
section.

Steven E. Eckert
Dr. Steven E. Eckert is a diplomate of the 

American Board of Prosthodontics and a 
fellow of multiple prosthetic associations. 
He serves on the board of directors for the 
American Academy of Maxillofacial Pros-
thetics, the Academy of Osseointegration, 
and the Academy of Prosthodontics. He is 
an examiner for the American Board of 
Prosthodontics. He has served in editorial 
capacities for a variety of prosthodontic 
journals and is now editor in chief of the 
International Journal of Oral and Maxil-
lofacial Implants. He has published exten-
sively in the scientifi c literature and presents 
at numerous scientifi c meetings.

Marco Esposito
Dr. Marco Esposito is senior lecturer in oral 

and maxillofacial surgery, director of the 
MSc courses in dental implantology, editor 
of the Cochrane Oral Health Group (Uni-
versity of Manchester), associate professor 
in biomaterials (University of Göteborg), 
and editor in chief of the European Journal 
of Oral Implantology. Marco graduated 
with honors in dentistry at the University 
of Pavia, Italy, in 1990, was awarded a PhD 
in biomaterials from the University of 
Göteborg in 1999, and is a specialist in 
periodontics.

Øystein Fardal
Dr. Øystein Fardal, BDS, MDS, PhD, is a 

certifi ed peridontist and has worked in a 
specialty practice limited to periodontics 
and implants since 1986. He completed his 
BDS in 1981, and completed the graduate 
program in periodontology at the Univer-
sity of Toronto in 1985, MDS in 1987, and 
PhD in 2002. He has been a president of 
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the Norwegian Society of Periodontology 
and of the Scandinavian Society of Period-
ontology. Dr. Fardal’s research and publica-
tions have focused mainly on patients’ 
preconceptions and perceptions of therapy 
as well as treatment outcomes of periodon-
tal and implant therapy.

Jocelyne S. Feine
Dr. Jocelyne S. Feine, DDS, MS, HDR, is 

professor and director of graduate studies 
at McGill University, Faculty of Dentistry, 
and associate member, Departments of Epi-
demiology and Biostatistics and Oncology, 
McGill University, Faculty of Medicine. 
Professor Feine’s research involves technol-
ogy assessment studies and randomized 
clinical effi cacy trials of oral rehabilitation. 
She has published book chapters and books 
and over 150 articles in peer-reviewed 
dental and medical journals. Her work is 
supported by the Canadian Institutes of 
Health Research and the Fonds de Recher-
che en Santé du Québec. Dr. Feine is the 
associate editor for clinical sciences of The 
Journal of Dental Research.

David Felton
Dr. David Felton completed his DDS (1977) 

and MS (1984—prosthodontics) degrees at 
the University of North Carolina School of 
Dentistry in Chapel Hill, North Carolina. 
He served as director of graduate prostho-
dontics from 1989 to 1992, and as chair of 
prosthodontics from 1992 to 2002. He is a 
past president of the American College of 
Prosthodontists. He has over 40 published 
journal articles and 120 abstracts and has 
presented at the national and international 
levels. His research interests include dental 
implants, all ceramic crowns and fi xed 
partial dentures, and biological responses 
to restorative dental procedures.

Stuart J. Froum
Dr. Stuart J. Froum is a diplomate of the 

American Board of Periodontology. He is 
the director of clinical research at the 
Department of Periodontology and Implant 

Dentistry, NYU Dental Center, and in 
private practice limited to periodontics and 
implant dentistry in New York City. He has 
served as past president of the Northeast 
Society of Periodontics and the Research 
Committee Academy of Osseointegration. 
He is a trustee of the American Academy 
of Periodontology and has won numerous 
educational and research awards.

Scott D. Ganz
Dr. Scott D. Ganz graduated from the New 

Jersey Dental School, University of Medi-
cine and Dentistry. Dr. Ganz has published 
over 50 articles in various scientifi c and 
professional journals. He has delivered 
presentations both nationally and interna-
tionally on the prosthetic and surgical 
phases of implant dentistry and is consid-
ered one of the world’s leading experts in 
the fi eld of computer utilization for diag-
nostic, graphical, and treatment planning 
applications in dentistry. He currently 
serves as assistant editor for the peer-
reviewed journal Implant Dentistry and on 
the editorial staff of Practical Procedures 
and Esthetic Dentistry.

Roland Glauser
Dr. Roland Glauser received his DDS from 

the University of Zurich. From 1997 to 
2006 Dr. Glauser was assistant professor 
and senior lecturer at the Department for 
Fixed Prosthodontics and Dental Materi-
als, University of Zurich. In 2006, he 
became director of the Zurich Dental 
Center. He has published more than 50 
articles and textbook chapters on the 
subject of restorative dentistry and 
osseointegrated implants. His research 
activities mainly focus on tissue integration 
of oral implants and shortened clinical 
protocols.

Klaus Gotfredsen
Dr. Klaus Gotfredsen is professor and head of 

the Department of Oral Rehabilitation, 
Faculty of Health Sciences, University of 
Copenhagen. He received a Danish PhD 
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degree in 1990 and a Swedish PhD degree 
in 2001. He has mainly researched in clini-
cal and experimental implant dentistry and 
has published more than 65 scientifi c papers 
in the fi elds of implant dentistry and pros-
thetic dentistry. He is reviewer for a number 
of clinical and scientifi c journals and has 
lectured extensively in the fi eld of implant 
dentistry.

Jan Gottlow
Dr. Jan Gottlow is DDS, PhD (Dr. Odont.), 

and licensed specialist in periodontics. 
Currently he is associate professor at the 
Department of Biomaterials, Institute for 
Surgical Sciences, University of Göteborg, 
Sweden, and at the Brånemark Clinic, 
Public Dental Health Service, and Faculty 
of Odontology, Göteborg, Sweden. He is a 
member of the editorial board of Clinical 
Implant Dentistry and Related Research. 
He has published extensively and is a well-
known international lecturer.

Asbjorn Jokstad
Dr. Asbjorn Jokstad is a DDS graduate from 

1979, PhD in 1992, and specialist in pros-
thodontics in 1994. He became professor 
at the University of Toronto Faculty of 
Dentistry in Canada in September 2005 
and has the Nobel Biocare Chair in Pros-
thodontics. He is a former professor in cari-
ology/conservative dentistry and later in 
prosthodontics at the University of Oslo in 
Norway. Dr. Jokstad has produced approx-
imately 150 research and teaching publica-
tions, book chapters, and abstracts with 
emphasis on evidence-based dentistry, clini-
cal trials in restorative dentistry and pros-
thodontics, toxicology, and TMD.

Kenneth W.M. Judy
Dr. Kenneth Judy is the co-chair of the Inter-

national Congress of Oral Implantologists. 
He is a clinical professor, Department of 
Implant Dentistry, New York University 
College of Dentistry, and a clinical profes-
sor, Department of Periodontology and 
Implantology, Temple University, Kronberg 

School of Dentistry, Philadelphia. He has 
authored or co-authored over 100 articles, 
textbook chapters, or editorials related to 
dental implant therapy. Dr. Judy maintains 
a private practice in New York City.

Karl-Erik Kahnberg
Dr. Karl-Erik Kahnberg is a DDS since 1966 

and Odont. Dr. since 1976. He became a 
specialist in oral and maxillofacial surgery 
in 1977 and has been professor and chair-
man of the Department of Oral and 
Maxillofacial Surgery at the University of 
Göteborg since 1988. Dr. Kahnberg has 
published about 100 scientifi c papers in 
oral and maxillofacial surgery with empha-
sis on orthognathic, temporomandibular 
joint, and implant surgery. He currently 
supervises the postgraduate OMS specialty 
training in Göteborg and conducts cranio-
facial surgery and implant surgery that 
often involves bone transplant combined 
with orthognathic surgery repositioning 
and implant installation.

Iven Klineberg
Dr. Iven Klineberg received his BDS from the 

University of Sydney (1963), MDS (clinical 
training and research) (1966), and BSc 
(major in physiology) (1968). He was a 
1967–1968 Dental Health Education and 
Research Foundation Scholar, and earned 
his PhD from the University of London in 
1971. In a specialist practice in prostho-
dontics from 1971, he is a board-registered 
prosthodontist, with emphasis on temporo-
mandibular disorders, orofacial pain, and 
implant rehabilitation. His research has 
been focused on occlusion and orofacial 
pain: occlusion and temporomandibular 
joint neurology—refl ex contributions to 
jaw muscle function, and studies of 
jaw muscle electromyography and jaw 
kinematics.

Kent L. Knoernschild
Dr. Kent L. Knoernschild is a diplomate of 

the American Board of Prosthodontics 
and has a private practice limited to 
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prosthodontics. Dr. Knoernschild has lec-
tured internationally and published numer-
ous papers addressing biocompatibility of 
prosthodontic restorations. Lectures have 
also focused on an evidence-based decision-
making strategy for clinicians that help 
them make the best decisions in practice. 
He actively serves in several prosthodontics 
organizations. He is vice president of the 
American Academy of Fixed Prosthodon-
tics and a past president for the Interna-
tional Association for Dental Research 
Prosthodontics Group.

Niklaus P. Lang
Dr. Niklaus P. Lang is professor and chairman 

of the School of Dental Medicine at the 
University of Bern, Switzerland. His special 
research interests include oral microbiol-
ogy, prevention, epidemiology, patho-
genesis, and therapy of periodontal and 
peri-implant diseases; clinical research; 
diagnostic procedures and risk assessment; 
and biology of wound healing around 
dental implants. He has published nearly 
400 articles in peer-reviewed scientifi c jour-
nals and has delivered more than 1,500 
lectures on fi ve continents. Dr. Lang serves 
as editor in chief of Clinical Oral Implants 
Research and editor of Oral Health and 
Preventive Dentistry.

Burton Langer
Dr. Burton Langer is a diplomate of the 

American Board of Periodontology. He was 
one of the fi rst periodontists trained in 
osseointegration by Professor Per-Ingvar 
Brånemark in 1983. Dr. Langer has lec-
tured extensively throughout the world and 
has written more than 30 articles. He is the 
1997 recipient of the American Academy 
of Periodontology Master Clinician 
Award.

Jaime L. Lozada
Dr. Jaime L. Lozada has been instrumental in 

training residents and fellows in the latest 
techniques in oral implant surgery and 
prosthodontics at the Center for Implant 

Dentistry at Loma Linda University School 
of Dentistry. Dr. Lozada has been involved 
with implant dentistry for 20 years. He is 
an active member of many prosthodontic 
and implant organizations. Dr. Lozada 
has published and lectured nationally and 
internationally on implant dentistry. He 
maintains an intramural private prac-
tice limited to implant surgery and 
prosthodontics.

Michael I. MacEntee
Dr. Michael I. MacEntee, PhD, LDS(I), Dip. 

Prosth., FRCD(C). Professor of prostho-
dontics and dental geriatrics, Faculty of 
Dentistry, University of British Columbia; 
and past president of the Association of 
Prosthodontists of Canada, the Interna-
tional College of Prosthodontists, and the 
Royal College of Dentists of Canada. His 
research addresses oral health and quality 
of life, with a particular focus on frailty, 
and on the identifi cation, distribution, 
impact, and management of oral disorders 
in old age.

Alan M. Meltzer
Dr. Alan M. Meltzer received his dental degree 

from the University of Pennsylvania and 
his master’s in periodontics and oral medi-
cine from Boston University, School of 
Graduate Dentistry. He is a diplomate of 
the American Board of Periodontology and 
a fellow of the Academy of Osseointegra-
tion, where he serves on its Research and 
Education Committees. He is a featured 
speaker for the New Jersey Society of Peri-
odontists, New York University Depart-
ment of Implantology, and the University 
of Milan, Milan, Italy. Dr. Meltzer main-
tains a private practice in Voorhees, New 
Jersey.

Carl E. Misch
Dr. Carl E. Misch holds appointments at 

the University of Michigan, University of 
Alabama, University of Detroit, and Loma 
Linda University. Dr. Misch has been presi-
dent of many implant organizations and is 
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currently the co-chairman of the board of 
directors of the International Congress of 
Implantologists, the world’s largest implant 
organization. He is also co-inventor of the 
BioHorizons Dental Implant System. He 
has published over 200 articles and has 
repeatedly lectured in every state in the 
United States as well as 47 countries.

Craig M. Misch
Dr. Craig M. Misch received postgraduate 

certifi cates in prosthodontics and oral 
implantology and an MSc from the Univer-
sity of Pittsburgh. He continued completing 
specialty training in oral and maxillofacial 
surgery. Dr. Misch is a diplomate of the 
American Board of Oral and Maxillofacial 
Surgery. Dr. Misch is a clinical associate 
professor at both New York University and 
the University of Florida. He is on the 
board of directors of the Academy of 
Osseointegration and serves on the edito-
rial board for the International Journal of 
Oral and Maxillofacial Implants.

Peter K. Moy
Dr. Peter K. Moy received his dental degree 

from the University of Pittsburgh, a certifi -
cate in general practice residency from 
Queen’s Medical Center in Honolulu, 
Hawaii, and his certifi cate in oral and max-
illofacial surgery from UCLA Hospital. Dr. 
Moy has written numerous articles related 
to implant dentistry and osseointegration, 
specifi cally on bone grafting and augmenta-
tion procedures. He maintains his private 
practice in the West Coast Center for Oral 
and Maxillofacial Surgery, located in Brent-
wood, California. Dr. Moy is the director 
of implant dentistry at UCLA and director, 
UCLA Surgical Implant Clinic.

Frauke Mueller
Dr. Frauke Mueller has been professor and 

chair for gerodontology and removable 
prosthodontics at the University of Geneva, 
Switzerland, since 2003. She has a DDS 
from the University of Bonn, Germany, and 
later worked in the Prosthetic Department 

of the University of Mainz. She further 
spent several years at the London Hospital 
Medical College in England in a research 
program in gerodontology. Professor 
Mueller served on the board of many pro-
fessional associations: German Society of 
Gerostomatology, European College of 
Gerodontology, and the Geriatric Oral 
Research Group of the IADR. She is associ-
ate editor of Gerodontology. Her research 
activity is mainly related to gerodontology 
and oral function as well as complete 
dentures.

Ignace Naert
Dr. Ignace Naert graduated from the Catholic 

University of Leuven in 1977 and became 
a doctor in dental sciences in 1991. He 
became a full professor lecturing in fi xed 
prosthodontics in 1995. Dr. Naert is a 
member of the editorial boards of numer-
ous scientifi c journals. He is the current 
president of the Implantology Research 
Group of the IADR and received the IADR 
Distinguished Award in Prosthodontics and 
Implants Research in 2005. He has more 
than 150 publications and has co-edited 
several textbooks. His research interests are 
clinical follow-up studies related to implant-
supported restorations and all-ceramics, 
dynamic force transmission between 
implants, and bone remodeling.

Friedrich W. Neukam
Prof. Dr. med. Dr. med. dent. Friedrich W. 

Neukam completed his dental studies at 
Mainz University in 1976. He was a trainee 
in oral and maxillofacial surgery and senior 
staff at Hannover University Medical 
School between 1979 and 1984, obtained 
a PhD in 1990, and became associate pro-
fessor in 1994. He is the current president 
of EAO and since 2001 the editor in 
chief of Deutsche Zeitschrift für Mund-
Kiefer-Gesichtschirurgie. Dr. Neukam’s 
work focuses on lip and palate clefts, ortho-
dontic surgery, tumor surgery, implantol-
ogy, and bone grafts in combination with 
implants.
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Myron Nevins
Dr. Myron Nevins, DDS, is the editor of the 

International Journal of Periodontics and 
Restorative Dentistry and associate clinical 
professor of periodontology at the Harvard 
School of Dental Medicine. Dr. Nevins is a 
past president of the American Academy of 
Periodontology, where his contributions 
have been recognized with the Gold Medal 
and the Master Clinician Awards. He is a 
professor of periodontics at the University 
of Pennsylvania School of Dental Medi-
cine, a clinical professor at the Temple 
University School of Dentistry, and adjunct 
professor of periodontics at the University 
of North Carolina. He maintains a pri-
vate practice limited to periodontics and 
implantology.

Steve Parel
Dr. Steve Parel received his DDS from the 

Medical College of Virginia in 1969. Dr. 
Parel is a diplomate of the American Board 
of Prosthodontics. His literature contribu-
tions include over 45 scientifi c articles and 
multiple textbook chapters. He was editor 
and co-author of Esthetics and Osseointe-
gration, a landmark reference source for 
implant dentistry. He was co-founder of 
Osseointegration Seminars, Inc., is a board 
member and treasurer of the Osseointegra-
tion Foundation, and is a past president 
of both the American Academy of 
Maxillofacial Prosthetics and the Academy 
of Osseointegration. Dr. Parel serves cur-
rently as a board examiner for the 
American Board of Prosthodontics.

Bjarni E. Pætursson
Dr. Bjarni E. Pætursson obtained a DDS from 

University of Iceland in 1990 and received 
a specialist certifi cate in periodontology 
(EFP and SSP) and doctorate in dentistry 
from the University of Bern, Switzerland, 
in 2004. He has been assistant professor 
and senior lecturer at the Department of 
Periodontology and Fixed Prosthodontics, 
University of Bern, and is presently the 
chairman of the Department of Prostho-

dontics, Faculty of Odontology, University 
of Iceland. Dr. Pætursson is an ITI fellow 
and member of the editorial board of Clini-
cal Oral Implants Research.

Michael A. Pikos
Dr. Michael A. Pikos is a diplomate of the 

American Board of Oral and Maxillofacial 
Surgery, the American Board of Oral 
Implantology/Implant Dentistry, the Inter-
national Congress of Oral Implantologists, 
and the American Society of Osseointegra-
tion. He serves as an adjunct assistant pro-
fessor of oral and maxillofacial surgery at 
the University of Miami, Ohio State Uni-
versity, and Nova Southeastern University, 
and as a courtesy clinical associate profes-
sor of periodontology at the University of 
Florida. Dr. Pikos has written and lectured 
nationally and internationally on dental 
implants and maintains a private practice 
limited to implant surgery in Palm Harbor, 
Florida.

Robert M. Pilliar
Dr. Robert M. Pilliar graduated from the Uni-

versity of Toronto in Engineering Physics in 
1961 (BASc) and then went on to obtain 
his PhD degree from Leeds University, 
England, in 1965. Subsequently, he worked 
as a research scientist in industry before 
returning to the University of Toronto, 
where he has held cross-appointments in 
the Faculty of Dentistry and Faculty of 
Applied Science and Engineering. Dr. 
Pilliar’s research since the early 1970s has 
focused on development of implants for 
orthopedic and dental applications.

Lars Rasmusson
Dr. Lars Rasmusson received his DMD in 

1990 at the University of Göteborg, Sweden. 
From 1995 to 2000, he accomplished the 
training program in oral and maxillofacial 
surgery at the Sahlgrenska University Hos-
pital. He defended his thesis “On Implant 
Integration in Membrane Induced and 
Grafted Bone” at the Faculty of Medicine 
in 1998. His clinical work is concentrated 
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in orthognatic surgery and reconstructive 
implant surgery, and in TMJ surgery at the 
clinic. His scientifi c work is focused on 
healing and integration of bone grafts. Dr. 
Rasmusson is a frequent lecturer at national 
and international congresses and courses.

Michael Reddy
Dr. Michael Reddy, DMD, DMSc, is profes-

sor and chairman of the Department of 
Periodontology at the University of Alabama 
at Birmingham School of Dentistry. He has 
published numerous scientifi c manuscripts 
and has been the recipient of research 
grants from the NIH/NIDCR and industry. 
He is actively involved as a scientist in the 
UAB Center for Aging and the UAB Center 
for Metabolic Bone Disease, where his 
efforts are currently being applied to the 
development of dental implants and surgi-
cal techniques aimed at the regeneration of 
bone.

Mario Roccuzzo
Dr. Mario Roccuzzo is lecturer in periodon-

tology at the postgraduate school of oral 
and maxillofacial surgery of the University 
of Torino, Italy. He has done extensive 
research in the fi eld of mucogingival surgery 
and guided bone regeneration. He is an 
active member of the Italian Society of Peri-
odontology and fellow of the International 
Team for Implantology. Dr. Roccuzzo serves 
on the editorial board of Clinical Oral 
Implants Research and the European 
Journal of Esthetic Dentistry. He has lec-
tured extensively in Europe, Russia, Japan, 
and the United States and maintains a 
private practice limited to periodontology 
and implantology in Torino.

Georgios E. Romanos
Dr. Georgios Romanos, DDS, Dr. med. dent., 

PhD, has full training in periodontics, pros-
thodontics, and oral surgery in Germany. 
He has a doctoral degree in connective 
tissue research and a post-PhD in immedi-
ate loading of oral implants. Between 2004 
and 2007 he was a clinical professor of 

periodontology and implant dentistry at 
New York University. He is an editorial 
board member in different peer-reviewed 
journals and has more than 170 publica-
tions and book chapters. He is the author 
of three books and has lectured in more 
than 300 presentations worldwide.

Maurice A. Salama
Dr. Maurice A. Salama completed his under-

graduate studies at the State University of 
New York at Binghamton in 1985, where 
he received his BS in biology. Dr. Salama 
received his DMD from the University of 
Pennsylvania School of Dental Medicine 
(Penn), where he later also received his dual 
specialty certifi cation in orthodontics and 
periodontics, as well as implant training at 
the Brånemark Center at Penn. He is cur-
rently on the faculty of the University of 
Pennsylvania and the Medical College 
of Georgia as clinical assistant professor of 
periodontics, and is visiting professor 
of periodontics at Nova University in 
Florida.

George Sàndor
Dr. George Sàndor received his dental and 

medical degrees from the University of 
Toronto. He trained as an oral and maxil-
lofacial surgeon at the University of 
Washington in Seattle and in plastic surgery 
at the University of Toronto. He trained as 
a craniofacial surgeon in Paris, France, and 
Bern, Switzerland. Dr. Sàndor completed 
his PhD at the University of Oulu in Finland. 
He received his doctor of habilitation 
from Semmelweis Medical University in 
Budapest, Hungary.

Antonio Ruiz Sanz
Dr. Antonio Ruiz Sanz is a specialist in peri-

odontics from Universidad de Chile, 
Santiago, Chile, and in oral implantology 
from Universidad Complutense, Madrid, 
Spain. He is the head of the Periodontal 
and Implant Department and the graduate 
programs in periodontics and oral implan-
tology in the Faculty of Dentistry at 
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Universidad de los Andes, Santiago, Chile. 
Dr. Sanz is an international speaker and 
active member of many professional organ-
izations. He is past president of the Chilean 
Periodontal Society.

Peter Scheer
Dr. Peter M. Scheer, DDS, MS, is the founder 

of the Mirage Center. He is the primary 
tenant in the Oral and Maxillofacial Surgery 
Department. He is a well-established expert 
in both implant dentistry and orthognathic 
surgery. He received his oral and maxillo-
facial surgery training from Loma Linda 
University, where he is on the faculty. 
Dr. Scheer has lectured internationally on 
implant dentistry and bone healing, as well 
as conducting seminars for medical and 
dental professionals. He is on staff at Eisen-
hower Hospital and a member of the 
trauma team at Desert Hospital. Dr. Scheer 
is a fellow of the American Academy of 
Cosmetic Surgery.

E. Todd Scheyer
Dr. E. Todd Scheyer received his certifi cate 

in periodontics, conscious sedation and a 
master’s degree from the University of 
Texas Health Science Center at San Antonio 
focusing on perio-prosthetic reconstruc-
tion. Dr. Scheyer was awarded the John F. 
Prichard Award for graduate research in 
February 2001. He is a diplomate of the 
American Board of Periodontology and a 
member of many dental organizations. He 
currently serves as an offi cer and committee 
member for many outstanding dental 
organizations. He continues to be involved 
with clinical research and publications 
within the private practice setting, sharing 
his research and perspectives through 
national and international lecturing.

Robert L. Schneider
Dr. Robert L. Schneider works at the Univer-

sity of Iowa Hospitals and Clinics, Institute 
of Hospital Dentistry, Division of Prostho-
dontics and holds the rank of professor, 
where he has a full-time private practice. 

Dr. Schneider received his DDS from the 
University of Southern California and prac-
ticed general dentistry in Arizona for 5 
years before earning his MS and certifi cate 
in prosthodontics from the University of 
Iowa in 1983.

John K. Schulte
Dr. John K. Schulte is co-director of graduate 

prosthodontics and director of the oral 
implantology program for graduate stu-
dents at the University of Minnesota. Dr. 
Schulte graduated in 1973 from the Univer-
sity of Nebraska College of Dentistry. He 
received a certifi cate in prosthodontics and 
a master’s degree in dentistry from the Uni-
versity of Washington in Seattle in 1978. 
He has contributed to the dental literature 
in the areas of occlusion and dental 
implantology.

Peter Schüpbach
Dr. Peter Schüpbach studied natural sciences 

at the Federal Technical High School of 
Switzerland and in 1979 obtained his doc-
toral degree. He spent over 20 years at the 
Dental Institute of the University of Zurich 
as a head of a histological group. He has a 
PhD in biology and was lecturer at the 
Faculty of Medicine of the University of 
Zurich for “Oral Biology and Patho-
physiology.” He is a member of several 
international organizations and author of 
over 50 publications in the fi elds of implan-
tology, bone substitutes, tissue regenera-
tion, cariology, and oral microbiology. He 
is an international lecturer in implantology. 
Today he runs a research center for micro-
scopy and histology.

Barry J. Sessle
Dr. Barry J. Sessle, MDS, PhD, was dean of 

the Faculty of Dentistry at the University of 
Toronto from 1990 to 2001. He is an 
elected fellow of the Royal Society of 
Canada and member of the Canadian 
Academy of Science. He is currently presi-
dent of the Canadian Pain Society and a 
past president of the International Associa-
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tion for the Study of Pain and of the IADR. 
He is editor in chief of the Journal of Oro-
facial Pain, has co-authored/edited 11 
books, and has published 300 journal arti-
cles and book chapters. His orofacial pain 
and neuromuscular research has been 
continuously supported for 33 years by 
both the Canadian Institutes of Health 
Research and the U.S. National Institutes 
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tion, and bone regeneration.
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American College of Prosthodontists and 
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AAOMR. See American Academy of Oral and 
Maxiofacial Radiology

ABAQUS. See Axisymmetric fi nite element 
analysis

Aberrant dentin, 49
Absorbable collagen sponge (ACS), 189

endosseous implants and, 193, 194
supraalveolar peri-implant defect treated with, 

190
Abutments, 29. See also Implant-abutment 

connections
adjacent, 33
CAD, 282f, 285f
CAM, 282f, 285f
ceramic, 356
custom, 282f
designs, 279–85
fractured, 271f
history, 279–80
metallic, 356
projection, 88f, 92f
realistic, 91–94
terminal, 32
UCLA, 280
zirconia, 305f

Academy of Osseointegration, 324
ACOI. See American Congress of Oral 

Implantologists
Acrylic denture teeth, 290f
ACS. See Absorbable collagen sponge

Actinobacillus actinomycetemcomitans, 76
ADA. See American Dental Association
Adhesion molecules, 177
Advanced glycation end products (AGEs), 

75
Advanced periodontal disease, 38f
Aesthetic results, 302–5
Aesthetic sites, considerations for, 302–4
Aesthetic zone defect, 203f
AGEs. See Advanced glycation end products
Alkaline phosphatase, 50
Allografts, 119, 122f, 123f, 176

demineralized bone, 120f
Alloplasts, 119
Alveolar augmentation, 183–94

lateral, 184–86
rhBMP-2 and, 189–94
vertical, 186–89

Alveolar crest, 150f
Alveolar ridge width, 186f
American Academy of Oral and Maxiofacial 

Radiology (AAOMR), 102
American Congress of Oral Implantologists 

(ACOI), 381
American Dental Association (ADA), 3, 77, 381, 

382
Anderson, James D., 386, 391
Anesthesia, 99f
Angiogenesis, 312
Angulated components, 281
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Animal studies, 8–9. See also Guinea pig model; 
Rabbit bone chamber model; Rabbit tibial 
model

Anodic oxidation, 216
Antiepileptics, 338
Antrostomy, 169f
Aplasia of cementum, 50
A-P spread, 29, 30
ARICHITECH PSR, 290
Atrophy of mandible, 188f
Attachment systems, 363–64
Atwood, Douglas, 382
Augmentation, 142f. See also Alveolar 

augmentation; Bone augmentation; Sinus 
augmentation

dermal tissue, 200f
hard tissue, 141–48
inferior border, 131f, 132f
lateral, 132f
lateral ridge, 185f, 186f
pre-graft soft-tissue, 199–200
ridge, 157–58, 185f, 186f
using PRP, 143f

Autogenous bone grafts, 152–59, 175, 
200–201

donor sites, 154–56
Autografts, 119, 152–59
Autologous bone, 150

healing time of, 156
in sinus grafts, 156

Axial clipping, 201f
Axisymmetric fi nite element analysis (ABAQUS), 

207

Bacterial microleakage, 302
Bar/clip assemblies, 29
Barium sulfate scanning appliance, 89–91
Barrier membranes, bioabsorbable, 170f
BCT. See Bi-layered cell therapy
Beagle, Jay R., 386, 391
Bergendal, Birgitta, 386, 392
Bicon, 295, 296f, 297, 301

short implants, 298f
Bicuspid, 38f
BID. See Bone-implant distance
BIGI. See Bone-implant-gap interface
Bilateral sinuses, 88
Bi-layered cell therapy (BCT), 128
Binders syndrome, 376t
Bioabsorbable barrier membrane, 170f
Bio-Gide, 14
Biogran, 143f
Biohorizon, 256

Biological principles, 255–59
bone, 312

BioLok, 256
Biomaterial, 150
Biomechanical models, 261–62
Biomechanical stability, 281
Biomechanics, 261–62
Bio Oss, 13, 14, 127f, 133f, 150, 169f, 174

in fi brous connective tissue, 134f
in intracranial bone formation, 134

Bireme, 319
Bisphosphonates, 350
Bite force, 54, 351, 353
Blasting, 257–58
Bleeding on probing (BOP), 23
Block, Michael S., 387, 392
Bone-anchored hearing aids, 47
Bone atrophy, 54
Bone augmentation, 175–79

local growth factors in, 176–77
Bone biology, 312
Bone-borne stereolithic surgical guides, 90f
Bone defect management, 276f
Bone density, 225
Bone grafts, 121f. See also Inlay grafting; Onlay 

grafting
autogenous, 152–59, 175
collagen barrier membrane over, 154f
complete healing of, 151f
composite, 157f, 174f
cortical block onlay, 153f
endochondral origin, 132f
four months healing, 154f
GBR combined with, 131
incorporation, 152–54, 158f
interpositional block, 175f
mandibular, 132f
membranous-origin autogenous, 131
particulate, 170f
reconstructions, 151f
sinus bone, 156–57
success rates, 46

Bone-implant distance (BID), 208
larger, 210
mean, 209f
for motion cases, 210f
smaller, 210
for stable cases, 210f

Bone-implant-gap interface (BIGI), 206, 208
Bone loss

crestal, 233, 296–97
marginal, 303–4, 314
peri-implant, 231–33
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Bone mass, 313f
Bone matrix expression, 259
Bone matrix organization, 146f
Bone, mature, 314–15
Bone morphogenetic proteins, 13, 144–45, 173–

74, 177
carrier materials, 147
expression, 259
gene therapy, 145–47
perspectives, 147–48

Bone quality, 225
Bone regeneration, 111f

guided, 129–34
horizontal, 117–24
peri-implant, 221f
vertical, 117–24

Bone resorption, 123f, 314
Bone Sialoprotein, 259
Bone-supported surgical guide, 202f
Bone-to-implant contact, 147f, 259
Bone volume, 95
BOP. See Bleeding on probing
Bovine anorganic bone, 110, 111f
Boyne, Phillip, 167
Brånemark implants, 22, 227
Brunski, John B., 388, 392
BSP, 217

CAD, 279–85
abutments, 282f, 285f
applied, 288–89
clinical experiences and, 286–88
corresponding, 284f
future directions of, 283–85
in implant dentistry, 285–92
indications, 289–91
materials applied, 286–88
prosthesis supported by, 282f
restorative systems using, 287t
systems, 289–91
view, 291f

Calcium channel alpha2-delta ligands, 338
Calcium phosphate cement matrix, 192
Calvarial critical size defect, 130f
CAM, 279–85

abutments, 282f, 285f
applied, 288–89
clinical experiences and, 286–88
future directions of, 283–85
in implant dentistry, 285–92
indications, 289–91
materials applied, 286–88
prosthesis supported by, 282f

restorative systems using, 287t
systems, 289–91

Campylobacter, 76
Canine sites, 34
Cantilevers, 32–33
Capsaicin, 338
Cardiovascular disease (CVD), 77

periodontitis and, 74–75
CARES. See Computer Aided Restoration Service
Carrier materials, 147
Cast infrastructure, 282f
CBCT, 88
CDE. See Council on Dental Education
Cement-retained restorations, 281
Cementum

aplasia of, 50
hyperplasia of, 50

CENTRAL, 10
Central nervous system (CNS), 333

glia in, 337
Central neuroplasticity, 335

clinical implications of, 335–36
Central sensitization, 335
Centric contact, 243
Ceramic abutment, 356
Ceramic crowns, 356
Ceramic fracture, 355f
Ceramometal restoration, 203f
Cerec InLab, 290
Cerec system, 288
Chemically modifi ed implant surfaces, 36
Chewing, 54
CIs. See Confi dence intervals
Cleidocranial dysplasia, 49–50, 376t
Clinical evidence

focus, 346–50
growth, 346–50

Clinical experiences
CAD/CAM and, 286–88
on shortened loading protocols, 321f

Clinical photographs, 374f, 378f
Clinical protocols, 273–77

factors infl uencing, 274–77
hard tissues and, 274–76
oligodontia, 376t
patient, 274
prosthetic, 276–77
soft tissues, 276
team, 277

Clinical trials, 69f
citation distributions, 348
on early loading, 319–25
on immediate loading, 320t
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research design, 347
research quality in, 321–25
shortened clinical protocols and, 326t
systemic reviews of, 322t

CNC. See Computer numeric control
CNS. See Central nervous system
Coagulation factors, 177
Cochran, David L., 388, 392
Cochrane Collaboration, 347–48, 353
Cochrane Collaboration Systematic Reviews, 350
Cochrane library, 319
Collagen barrier membrane, 154f
Collagen membrane, 110, 111f
Columbia Scientifi c, Inc., 86
Comfort, 361
Commercially pure titanium (CPTi), 216, 339
Completely edentulous patient benefi ts, 351–52
Composite bone biomaterial, 184–86
Composite grafts, 157f, 174f
Compressive strain, 207f
Compressive stress distribution, 232
Computed tomography (CT), 86, 87, 91, 102, 

106, 108f, 197, 353, 383
phase II, 201–2
preoperative, 122f
scan fi lm, 87f

Computer Aided Restoration Service (CARES), 
290

Computer numeric control (CNC), 285
Confi dence intervals (CIs), 10
Connections. See Implant-abutment connections; 

Internal connection; Morse tapered 
connection

Connective tissue
fi brous, 134f
peri-implant, 218
subepithelial grafts, 126

CONSORT, 350, 353
Contours, 29
Control intervention patient groups, 326t
Cooper, Lyndon, 388, 392
Cordaro, Luca, 385, 392–93
Cormack, Allan, 102
Cortical block onlay bone grafts, 153f
Cortical neural recordings, 334
Costs, 364–68

indirect, 365
treatment, 366t

Council on Dental Education (CDE), 381
CPTi. See Commercially pure titanium
Craniofacial implants, 44f
Crestal bone, 295

with close proximity implants, 296–97

crown-to-implant ratio and, 299–302
evaluation of, 299
loss, 233, 296–97
radiographs and, 299
6 mm length implants, 298–99

Crestal core elevation technique, 170f
Critical size defects, 130

calvarial, 130f
Cross-arch splinting, 245–46
Crouzon’s syndrome, 376t
Crown and bridge restoration, 36
Crowns. See also Single crowns

ceramic, 356
fracture, 336
hypoplastic, 375f
implant-borne, 264f
implant-supported, 376f
implant-supported single, 18, 357t
metal-ceramic, 356
Procera Zirconia, 290f

Crown-to-implant ratio, 295, 299–302
distribution of, 300f, 301f
examples of, 300f, 301f
mean of, 300

Crown-to-root (C/R) ratio, 299
C/R ratio. See Crown-to-root ratio
CT. See Computed tomography
Cusp fracture, 336
Cuspids, 65f
Custom abutments, 282f
Custom-fabricated components, 29
CVD. See Cardiovascular disease

Daher, Shadi, 389, 393
DARE, 319
Data extraction, on implant systems studies, 

16
Davies, John E., 388, 393
DBII. See Direct-bone-implant-interface
Decalcifi ed freeze-dried allogeneic bone 

(DFDBA), 131, 189, 191, 192, 192f
Decision-making, 361
Degranulation, 99f
Delphi method, 365, 366
Demineralized bone allografts, 120f
DentaScan

postoperative, 174f
preoperative, 174f

Dentaurum, 288
Dentinogenesis imperfecta, 49
Dermal tissue augmentation, 200f
Deutsche Gesseltschaft fuer Orale Implantologìe 

(DGOI), 382
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DFDBA. See Decalcifi ed freeze-dried allogeneic 
bone

DGBA. See Digitally Guided Bone Augmentation
DGOI. See Deutsche Gesseltschaft fuer Orale 

Implantologìe
Diabetes mellitus, 350

type 2, 75
Diagnostic imaging, 102–3
Diagnostic planning, 198
DICOM, 198
Diet, 351, 353
Digitally Guided Bone Augmentation (DGBA), 

197, 199, 200f
Direct-bone-implant-interface (DBII), 206

stable implants in, 210
stable screw in, 209f, 210f

Direct contact, 312, 313
Direct weighting, 354
DISMAP, 207
D,L-lactide, 13
Dolder bar, 30
Donor sites

autogenous bone grafts, 154–56
ilium, 155–56
mandibular ramus, 153f
proximal tibia cancellous bone, 157f
tibial, 155

Donos, Nokolaos, 386, 393
Double scan, 288
Down syndrome, 52
Dual-scan technique, 91

Early loading, 315–18
clinical trials, 319–25
in edentulous maxilla, 367
safe, 318

EB. See Epidermolysis bullosa
Eckert, Steven E., 390, 391, 393
Economic impact, 351–52, 353
Ectodermal dysplasia (ED), 49, 376t

hypohidrotic, 49
ED. See Ectodermal dysplasia
Edentulous mandible, 27–31, 362–63

treatment in, 366t
Edentulous maxilla, 27–31, 363

early loading in, 367
Edentulous patients, 364–68
EGF, 172–73
Ehlers-Danlos syndrome, 51
Elderly patients, 52–56

academic treatment plans, 53t
apprehensions of, 55–56
bone atrophy in, 54

chewing effi ciency in, 54
clinical treatment plans, 53t
implant benefi ts in, 54–55
implant restorations in, 55
modifi ed treatment plans, 53t
muscle coordination in, 54
nutritional state in, 54
peri-implant bone loss in, 55
practical treatment plans, 53t
psychosocial aspects in, 54–55
treatment concepts, 53–54

Electrical stimulation, 334
EMBASE, 10, 319
EMI Central Research Laboratory, 102
Empress, 288
Endochondral origin bone graft, 132f
Endopore, 230
Endosseous implants, 280

ACS and, 193, 194
rhBMP-2 and, 193, 194

Endosteal blades, 315
Epidermolysis bullosa (EB), 51
Epidermylosis bullosa, 376t
ePTFE. See Expanded polytetrafl uoroethylene
Erdheim-Chester disease, 51
Esposito, Marco, 385, 393
Esprident, 288
Etching, 257–58
EURORDIS, 48
Evidence-based views, 324t, 325, 327t

decision-making models, 354
growth in, 353–54

Expanded polytetrafl uoroethylene (ePTFE), 187, 
189, 191

Experience-based views, 324t, 325
External hexed implants, 270f
Extraction sockets, 97t, 120f
Extraoral prostheses, 47

contraindications, 47

Facial deformities, 43–52
bone-anchored hearing aid and, 47
extraoral prostheses for, 47
hardware, 44–45
implants and, 44–45
prosthetic hardware and, 45
rehabilitation and, 48
technique, 44–45

Failure rates, 270
annual, 19t
relative, 19t

Familial odontodysplasia, 376t
Fardal, Øystein, 387, 393–94
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FDA. See Food and Drug Administration
FDA Modernization Act, 8
FDBA, 127f
FDP. See Fixed dental prostheses
Feine, Jocelyne, 28, 391, 394
Felton, David, 385, 394
FEM. See Finite element model
Fenestration defects, 100f
Fenestrations, apical, 97
Feyerabend, Paul, 325
FGF, 172–73
Fibrin, 172–73
Fibrinogen, 177
Fibronectin, 172–73
Fibrous connective tissue, Bio Oss in, 134f
Fibrous dysplasia, 376t
Final restorative care, 101f
Finite element model (FEM), 232, 233
First molar sites, 34
Fistula, 99f
Fixed dental prostheses (FDP), 14–23, 264, 365, 

367
biological complications, 20
centilever, 17–18
clinical implications, 22–23
combined tooth-implant-supported, 18
conventional, 17
implant-supported, 18
research implications, 23
technical complications, 20
tooth-supported, 355–56

Fixed partial denture, 247f
Fixed reconstruction, 261f
Flap closure, 101f
Flapless procedures, 12
Fluoride, 258, 259, 318
Food and Drug Administration (FDA), 6, 145
Food bolus, 339
Form, 340–41
FPDs, 288, 289f, 352
Fractures, 271

abutment screws, 271f
ceramic, 355f
crown, 336
cusp, 336
wide-diameter internal connection, 272f

Friction, 280–81
Froum, Stuart J., 387, 394
Function, 340–41
Fusobacterium, 76

Gabapentin, 338
GANZ, 87, 91

Ganz, Scott D., 386, 394
Gap interface, 312–13
GBR, 96. See Guided bone regeneration
General Assembly, 6
Gene therapy, BMP, 145–47
Gerdy’s tubercle, 200f
Gerodontology, 52–56

academic treatment plans, 53t
clinical treatment plans, 53t
dental implant history in, 52–53
modifi ed treatment plans, 53t
patient in, 53
practical treatment plans, 53t
treatment concepts, 53–54

Gingival clefts, 296
Gingival recession, 126f
Glauser, Roland, 389, 394
Glia, 337
Gold alloys, 281
Gorlin syndrome, 376t
Gotfredsen, Klaus, 390, 394
Gottlow, Jan, 387, 395
Grafting. See also Bone grafts

inlay, 149–51
onlay, 148–49, 158–59

Graft marrow complex, 201f
Graft mesh removal, 202
Gram negative anaerobes, 76
Gram positive cocci, 76
α-granules, 177
Graphical user interfaces (GUI), 86
Groovy implant, 256
Growth, 368
GTR. See Guided tissue regeneration
GUI. See Graphical user interfaces
Guided bone regeneration (GBR), 129–34, 

189
bone grafts combined with, 131
in conjunction with dental implants, 134
development of, 129–33

Guided tissue regeneration (GTR), 129–33
Guide sleeves, 109
Guinea pig model, 313

HA. See Hydroxyapatite
Harder bar, 30
Hard-tissue

augmentation, 141–48
interface, 215–17

Hard tissues, 274–76
Harvard School of Dental Medicine, 295
HbA1c, 75
HBO. See Hyperbaric oxygen therapy
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Healing
of autologous bone grafts, 156
bone, 312–14
of bone grafts, 151f, 154f
bone-implant interface, 205–11
factors affecting, 350
methods, 205–8
soft-tissue, 246f, 248f

Health care, 56–57
Hearing aids, bone-anchored, 47
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