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Preface

Implant dentistry has changed and enhanced significantly since the introduction of osseoin-
tegration concept with dental implants. Because the benefits of therapy became apparent,
implant treatment earned a widespread acceptance. Therefore, the need for dental implants
has caused a rapid expansion of the market worldwide. Nowadays, general dentists and a
variety of specialists provide implants to replace partial and complete edentulism.

Dental implantology continues to excel with the developments of new surgical and prostho-
dontic techniques, and armamentarium. The purpose of this book named “Current Concepts
in Dental Implantology” is to present a novel resource for dentists who want to replace miss-
ing teeth with dental implants. It is a carefully organized book, which blends basic science,
clinical experience, and current and future concepts.

This book includes ten chapters and our aim is to provide chapters that people from all over
the world can easily understand, and advance the discipline of dental implantology. We
contemplate that our book, "Current Concepts in Dental Implantology” , will be a valuable
source for dental students, post-graduate residents and clinicians who want to know more
about dental implants.

In bringing this book to life, I sincerely owe my gratitude to many people. Firstly, I would
like to thank all contributors in this book project, who worked hard in creating their chap-
ters and getting them to me in the allocated time. Secondly, I would like to thank InTech
Publisher for believing in the value of this book.

I dedicate this book to my mother, Servet , father, Ilhan , and sister, Ezgi for their tremendous
love and support in all my life.

Ilser Turkyilmaz, DDS, PhD

Assistant Professor, Director, Dental School Implant Clinic,

Department of Comprehensive Dentistry,

The University of Texas Health Science Center at San Antonio, Texas, USA






Chapter 1

Rationale for Dental Implants

llser Turkyilmaz and Gokce Soganci

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/59815

1. Introduction

The loss of just one tooth will eventually have a global impact on the entire stomatognathic
system. Bone loss, shifting of teeth, occlusal changes, decreased bite force and many more
effects are felt throughout the entire system [1-3]. In attempt to prevent the progression of these
effects, dentistry has continually searched for the ideal tooth replacement. With the advent of
dental implants, clinicians can now restore patients higher levels of health and function than
ever before [4-8].

The deleterious effects of tooth loss have been well know for centuries. As early as 600AD we
have evidence of early Honduran civilizations attempting to implant seashells as replacements
of a missing tooth and root complex [9]. As an alternative to replacing the entire tooth complex,
the profession of dentistry has also created innovations targeted at replacing just the coronal
aspect of the deficient site. An example of this would be the classic three unit fixed dental
prosthesis to replace an extracted maxillary molar. This modality of treatment presents many
attractive features. The time involved to restore only the coronal deficiency is minimal, often
times being accomplished in as little as one hour. Commonly, this will involve alteration of
existing, and sometimes virgin, teeth to support a tooth borne, fixed dental prostheses. The
unfortunate side effect of this treatment lies in the eventual development of future complica-
tions on those abutment teeth. [10]. Whether it be recurrent decay, material failure, or a
different ailment, at some point the prosthesis will start to breakdown and the next restoration
will be more invasive, costly and time consuming to both the patient and the practitioner [11].
More importantly, entire system will still experience negative effects because the root was
never replaced. Both hard and soft tissues underneath the pontic site are still subjected to the
cycle of breakdown as if the tooth was never replaced. Even with known future flaws in this
design, the speed and affordability of these restorations have kept them as a popular method
to replace missing teeth.

I m EC H © 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and eproduction in any medium, provided the original work is properly cited.



2 Current Concepts in Dental Implantology

The patient driven treatment plan classically places emphasis on speed of restoration and
direct cost to the consumer. Until recently, implant dentistry has performed poorly in those
two categories when compared to tooth borne restorations. Continued development in both
macroscopic and microscopic elements in implant design have ushered in the era of speedier
implant treatment. Traditional dental implant protocols were known to prescribe long time
periods of healing. Patient and doctor demand have recently placed a high value to shortening
the time period involved in implant dentistry. From dual stage, to single stage to immediate
loading, the trend is consistent in shortening the treatment times to allow for immediate results
[12-14]. Further, the increase in the number of companies in the industry, and improved
methods of manufacturing have helped keep the cost of implant treatment attainable to the
vast majority of patients. Contemporary implant dentistry has not only started to rival classic
tooth borne care, but it is becoming the clear choice for tooth replacement. This has caused the
number of implants being sold and surgically placed to grow exponentially [15]. With the
advent of immediate placement and loading, this industry is poised to command the lion’s
share of the tooth replacement market as it will be satisfying all the demands of both the
patients and practitioners with regard to speed, cost and healthy replacement of the all the
missing components in the system.

Historically, there have been many valuable contributions from clinicians that helped implant
dentistry evolve. Implant dentistry main consistent feature has been constant evolution in
design, materials and protocols. The list of contributors is a different topic of discussion than
what is targeted in this book. However Dr. Per-Ingvar Branemark is deserving of special
attention.

In the 1950’s Dr. Branemark was involved with in-vivo blood flow experiments on rabbits [16].
Initially, titanium chambers were being embedded in the ears of rabbits to record data for their
investigations. When Dr. Branemark moved those chambers into the femurs of rabbits he later
discovered he could not remove the chambers from the bone into which he had placed the
chambers. He found the bone to have grown around the chambers and thus integrated to the
titanium surface. Following this discovery, Dr. Branemark performed additional studies that
verified the phenomenon of osseointegration [17]. His collaborative efforts verified pure
titanium to be the material of choice. His efforts from that point on were largely targeted to
the development of dental implants and improving the quality of life in the edentulous
population or those suffering from maxillofacial defects [17,18].

2. Tooth loss and edentulism

Although the profession of dentistry is developing osteoinductive, osseoconductive and
regenerative products. The native alveolar bone is still the ideal support apparatus for teeth
and dental implants. The lack of osseous stimulation from the tooth complex results in bone
loss. This loss is manifested in both density and volume. Once the tooth and periodontal
ligament are no longer in place, the body initiates changes to remove the alveolar bony support
it had once provided. Osteoclastic activity increases and the alveolar bone is eroded away. If
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the loss of a tooth is followed by placement of a dental implant, the loss of hard and soft tissue
in the patient will be greatly reduced. If this process is not intercepted in a timely manner there
will be a number of negative consequences dealt to the patient. Severe resorption of the bony
processes harms both the quality of life and the quality of dental restorations that are able to
be offered to the patients. The patient that waits to replace their teeth will often be informed
that extensive grafting is needed to support dental implants. This results in increased cost and
complexity. Whereas patients that are proactive in the transition from the dentate to edentate
phases afford the clinician a better scenario to design for optimum results. Procedures such as
“All on 4” have been designed to take an unhealthy, failing dentition to a healthy and fully
restored state in as little as one day [19-21].

3. Expansion of the market

Currently, global populations are living longer. At the time when Dr Branemark discovered
osseointegration, the worlds life expectancy was 52. Currently, the life expectancy worldwide
is 69.2 years. As our populations continue to live longer, there will be an increased demand
on the dental profession’s ability to both maintain oral health and effectively treat the eden-
tulous population. Although there is speculation that the edentulous rate is dropping, the
increased number of people entering the elderly population counters that number to yield an
increase in the number of patients entering edentulism [15]. In fact, the total number of
edentulous arches will climb to 37.9 million by the year 2020. This translates into a rise in the
number of patients requiring at least one full arch of tooth replacement. Current evidence
suggest that the restoration of the edentulous mandible with a conventional denture is no
longer the most appropriate first choice of prosthodontic treatment [22,23].

While this demographic evolution may place strain on the worlds medical model, it serves as
anideal situation for the dental practitioner. Opportunistic clinicians are recognizing this trend
and learning the skills to provide the great services that can be offered using dental implants.

Modern society has placed a high value on appearances. In the midst of an economic recession
in 2009 the United States of America’s population spent 10.5 billion dollars on cosmetic surgery.
Patients exert a demand upon the dental practitioner to provide esthetics and function. The
days of patients succumbing to edentulism and alteration of lifestyle are over. Through various
forms of marketing, the modern population is aware of our ability to restore lost function and
esthetics. The global market for dental implants is currently 3.4 billion dollars, with expected
growth in the coming years.

Contemporary dental practices are in anideal position to provide implant dentistry to patients.
Through marketing and patient to patient interactions, the public is becoming aware of what
implant dentistry can provide to the world. Improvements in surgical protocols and implant
designs have enabled the clinician to immediately restore missing pieces of the stomatognathic
system. However, itis up to the clinician to take the time and learn the techniques and protocols
if they wish to capitalize on this market.

3
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4. Surface technologies

Through the initial experiments of Dr. Branemark and coworkers in 1977 [17] and recent
researchers [24-26], the dental profession adopted commercially pure grade 4 (high oxygen
content) titanium as the material of choice for the implant body. Recently, the alloy form of
Ti-6Al-4V has also been adopted into the dental implant industry to improve strength,
corrosion resistance and density [27-29]. While the use of an alloy gives added strength to an
implant, the lower grade titanium will give an increased osseointegration. Research by
Johansson and coworkers showed only slight differences in removal torque values after
periods of healing when placing implants of various grades in rabbits [30]. These authors
concluded that the level of integration was sufficient in the alloy group and an argument can
be made to use the alloys which give improved strength characteristics. Current dental
research has allowed for further modifications to both microscopic and macroscopic aspects
of dental implants that have improved success rates and healing times.

Surgical integration in combination with healing and loading dynamics are the main factors
of whether or not an implant is integrated successfully. The general purpose of surface
technologies is targeted to specific goals. Increasing bioacceptance, speeding up the healing of
the surgical site and osseiointegration of the implant. Previous improvements on the micron
level have been helpful, but the control of tissue response at the nano technological level is the
current goal of researchers [31-33]. The implant itself will fall into one or a combination of the
three possible categories. Metal, ceramic, or polymer are the three broad chemical classifica-
tions of the materials.

Metals have enjoyed a long successful history in various areas of medical and dental implant
practice. Biomechanical properties and suitability to sterilization are two advantages to this
type of material. One must always remember that when the implant, abutment, or connecting
screw are of dissimilar chemical composition, the risk of galvanic interactions exists [34-36].
Further, a galvanic reaction can yield corrosion, oxidation and even the production of pain in
the host. This sort of complication is rarely reported, but the whenever we use dissimilar metals
in our treatment plans we should be aware of this potential.

Ceramics can be seen as the entire implant or as a surface modification to the metal implant
body. Common forms of coatings are hydroxyapatite, tricalcium phosphate or a form of
bioglass [37-39]. The possibility of surface degradation, especially with hydroxyapatite, has
been an area of contention with many pointing to this element when adverse implant to bone
interactions occur.

Polymers were once thought to have advantageous qualities to be incorporated into implant
design. Specifically, the shock absorbing capability was once thought to counteract the lack of
periodontal ligaments with regards to occlusion. However, research and clinical reports have
shown this material to be inferior to those previously discussed and is seldom incorporated
today.

Surfaces are generally going to be further classified by the biodynamic response they illicit
from the body [40]. No material is completely accepted by the body, but to optimize the
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implant’s performance emphasis is placed on minimizing biologic response while allowing
adequate function. Bioinert, bioactive or biotolerant are the current terms used in this area of
investigation [41,42]. All three of these descriptive adjectives imply biocompatibility to the
host.

A biotolerant material is one that is not rejected by the host but, rather is surrounded by a
fibrous layer. Bioinert materials are described as allowing close apposition of bone to the
surface, lending itself to contact osteogenesis. Bioactive refers to allowing formation of new
bone onto the surface bution exchange with host tissue leading to formation of chemical bonds
along the interface.

When the implant is inserted into the osteotomy site it will have an effect on the bone and
blood clot that it is in intimate contact with. Osseoconductive and osseoinductive are common
terms to describe the body’s response to dental materials. Bioinert and bioactive materials are
grouped into the osseoconductive category [41,42]. This refers to the ability to act as a scaffold,
or allowing bone formation on their surface. Osseoinductive refers to a materials ability to
induce bone formation de novo. An example of this is seen in recombinant human bone
morphogenetic protein 2 [43,44].

A number of microscopic surface coating changes have been shown to provide improved
healing to the implant surface. Generally, surface coatings are sprayed onto the implant. One
must realize that surface coatings rely on adhesive qualities to remain on the implant during
insertion. Bond strengths are currently reported to be in the range of 15-30 MPa. This low
strength brings into question how practical a surface coating may be in the clinical environ-
ment. Speculation exists whether or not the coating is maintained during the placement of the
implant into a osteotomy. However, many manufacturers are using this technology on their
implants which suggests positive feedback from the clinical results.

Turned surfaces, sandblasted, plasma sprayed, acid etched, anodized, HA, zirconia, and more
have been heavily advertised as additions to the to pure titanium body. This list will continue
to grow as implant companies position themselves to achieve faster healing times and thus
allow for immediate loading. The common theme advertised from all the manufacturers is
increasing bone to implant contact in both volume and speed. Examples of popular surfaces
will be discussed. Currently there is over 80 companies producing over 250 different types of
dental implants. Caution is recommended to the dentist with regards to this aspect of implant
dentistry. As this field is rapidly changing. It is up to the clinician to use professional judgement
on whether or not to adopt a new surface into their implant practice. Food and Drug Admin-
istration (FDA) clearance is often a good sign of whether or not a manufacturer’s claim has
undergone any actual scientific investigation.

4.1. Microscopic topography

Currently, most all manufacturers have made the shift from smooth implant surfaces to a
rough surface [5,24,45,46]. Recently, even the smooth collar model that was promoted for
increased hygiene has seen reduced promotion and use. This signals that most contemporary
research points to rough surfaces functioning better in the role of promoting the mechanical
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interlocking of the surrounding tissues. On the microscopic level of this element lies cell
differentiation responses to different microscopic topographies. The appositional response of
the extracellular matrices in the bone to implant environment have shown potential for
providing improvement in implant performance [47,48]. Similar to the computer industry, the
major advances in this area are found in nanotechnological engineering [32,33]. The word
nano-lithography may be the next buzz word in advertisements from implant manufacturers.
As a profession we will get there, but as technologically advanced as this sounds, the reality
of current manufacturing is a surface is being textured by some sort of grit blasting process.

TiUnite is the current surface advertised by NobelBiocare. This adds an osseoconductive
element to implants manufactured by NobelBiocare. It is a highly crystalline and phosphate
enriched titanium oxide characterized by a micro structured surface with open pores in the
low micrometer range. The surface is generated by spark anodization and consists of titanium
oxide [49,50]. The following ptohos show an implant with TiUnite surface, and scanning
electron microscopic (SEM) images of TiUnite surface during osseointegration (Figures 1-4).

Figure 1. NobelReplace Straight Groovy Implant with TiUnite surface.

Strauman currently promotes a surface by the name of SLActive [51-53]. This title denotes how
the implant is conditioned for optimizations. Sandblasting with Large grit followed by Acid
etching ishow the manufacturer achieves the surface topography. To create the ‘active’ surface,
the implant is conditioned with nitrogen and preserved in an isotonic saline solution.

Astratech dental implants are currently promoting a TiOblast and Osseospeed surface [54,55].
Essentially the surface of the implant is grit blasted with titanium dioxide particles to achieve
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Figure 3. SEM view of TiUnite surface when osteoblasts have filled pores on the implant surface.

an isotropic, moderately roughened surface. Later the implant is chemically conditioned with
fluoride to gain slight topographical changes.

Zimmer contemporary surface is called MTX [56,57]. This acronym denotes ‘micro-texturing’
the implant surface. The implant is Grit blasted with hydroxyapatite particles and then
conditioned a non-etching environment to remove residual blasting material.

3i, or implant innovations Inc, uses surface technology termed nano-tite [58,59]. After micro-
texturing like the companies previously listed, the implant is then conditioned into a calcium
phosphate solution.

7
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Figure 4. Another SEM view of TiUnite surface when osteoblasts have filled pores.

If all five of these surfaces from the five major manufacturers are compared, not much
difference exists. Currently, a textured surface is created which is then followed by some
element of conditioning thought to improve bioactivity.

An additional step to spraying on coatings or roughening the surface of implants is seen in the
chemical treatment of the implant surface. The overriding goal in this treatment modality is
to improve the wettability of the implant surface itself, or otherwise, to make the implant
surface more hydrophilic [60]. Clinicians are advised that the contact angle of pre-existing
surfaces was never poor and may be sufficient without additional modification. Early experi-
ments have been promising in showing improvements in this area. However, it is not know
to what extent this actually plays in implant success.

Itis impossible to predict what the next big thing in implant dentistry will be. In fact, dentistry
as a profession is changing so rapidly, it is a challenge for the practicing clinician to remain
current with what the research world can produce. An over-riding principle must always be
to be critical of what is advertised.

5. Macroscopic design

Dental implants have assumed a variety of shapes through the years. From frames to baskets
and cylinders to tapered screw threaded forms, the macroscopic design has seen numerous
functional advances. Currently the threaded implant body enjoys the majority share of the
market. Experiments have shown that screw type implants maintain a higher bone to implant
contact through years of function [9]. With this body shape dominating the market, a discus-
sion in the elements of the screw shape is deserving.

There are four basic types of threads seen in a screw shape [9]. V-thread, buttress thread,
reverse buttress thread and square threads. All of these designs will exert different forces on
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the surrounding tissues when subjected to various load patterns. The thread pitch denotes the
distance between adjacent threads. Thread depth will refer to the distance between the major
and minor diameter of the implant. In addition to load distribution, the geometry of the thread
will impact the surgical behavior of the implant during placement.

Implant bodies are commonly available as tapered or parallel. With regard to immediate load,
clinicians are often looking for immediate stability. The tapered design imparts the ability to
place an implant into an underprepared osteotomy site resulting in higher insertional torque
values [61]. Controversy exists over what is the maximum torque that results in negative effects
on the supporting tissues. Modern implants are being designed to withstand the high torquing
forces on the implant body itself. However, some argue these high forces placed on the
surrounding bone have the ability to cause compression necrosis. This is a current point of
contention amongst various researchers. With regards to implant length, some manufacturers/
researchers are promoting the use of shorter length implants [62,63]. However, caution is
advised to the clinicians in this area, especially for implants shorter than 10mm.

When considering force distribution in the final prosthesis it is imperative to consider both
biomechanics and limitations of biology [64]. By using longer and wider implants, the surface
area of a load is increased. This in-turn lowers the force on the overall system (F=M/A). In
contrast, if a wide platform implant is chosen for a given osteotomy site, one must be careful
not to exceed the biologic parameters of the patient. For example, if a wide implant results in
insufficient buccal bone, the gain in force distribution will be negated by the decrease of
vascularity to the buccal bone in that site and potential implant complications.

The design of the implant to abutment connection is another aspect of treatment that the
clinician must decide upon prior to treatment [65,66]. Whether to use external or internal hex,
trilobe, conical, morse taper, platform switching are all decisions that must be made by the
dentist (Figures 5,6). As in other areas of dentistry, there is a blend of art and science. Some
clinicians use what works best in their hands or make decisions based on feel. Hopefully, as
evidence based dentistry matures and actually starts to produce tangible recommendations,
the decision making tree will become more research based.

Figure 5. Immediate implant placement with NobelReplace implants with internal trilobe connection.

9
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Figure 6. Cast with Branemark implant replicas with external hex connection.

In 1982, Dr. Gerald Niznick introduced the internal hex connection [67]. The purpose of this
design was to create an implant to abutment connection that shifted the force from the implant
screw to the platform connection. Prior to this innovation, screw fractures were a common
complication [10]. Numerous studies have shown this to be a structural improvement with
regards to reducing the stress placed upon the abutment screw [68,69]. Most clinicians
prescribe implants with internal connections. Even with this said, the external hex remains a
viable option and is still used by many dentists. After the decision of making your connection
internal or external (Figures 7-9), the next choice is whether or not to use a platform shift.

Figure 7. Engaging and non-engaging UCLA abutments for NobelBiocare Replace implants with internal trilobe con-
nection.

The term platform shift refers to a mismatched fit of the implant platform and that of the
abutment. In the late 1980s the benefits of platform switching was unforeseen by the practi-
tioners using this mismatched design. Wide diameter implants did not have a matching
platform for the abutments so a regular platform was used. Upon follow up examination, the
crestal bone levels were thought to be equal or better than platform matched connections [70,
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71]. Current research suggests the medial movement of the implant / abutment junction is
beneficial in reducing crestal bone loss. The marginal gap is thought to exert a sphere of
influence on the biological reaction from the bone and soft tissues. A mismatched connection
of.4 mm or greater appears to result in statistically significant less bone loss [72].

Figure 8. Engaging and non-engaging UCLA abutments for Zimmer implants with internal hex connection.

Figure 9. Engaging and non-engaging UCLA abutments for implants with external hex connection.

In implant dentistry, current paradigms for treatment success are based not only on true
clinical outcomes such as implant survival, restoration survival, and patient satisfaction but
also on surrogate clinical outcomes such as dentogingival esthetics and health of surrounding
soft tissues [73]. This is especially important for implant therapy in maxillary and mandibular
anterior regions, where esthetics play a predominant role in treatment success. A variety of
abutments, and restorations differing in design and biomaterials have been introduced to
achieve optimal mechanical, biological, and esthetic treatment outcomes. As an abutment
material, traditionally titanium is selected due to its mechanical properties. However, the color
of underlying titanium abutments negatively affected the appearance of peri-implant mucosa.
To provide more predictable results regarding esthetic aspects, all-ceramic abutments made
out of alumina and zirconia were introduced about 10 years ago. In vitro and in vivo studies
[74,75] demonstrated superior fracture resistance of zirconia abutments with esthetic outcomes
(Figures 10-13).

"
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Figure 11. Zirconia abutment is screwed on the implant.

Figure 12. All-ceramic crown is cemented on zirconia abutment.
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Figure 13. Translucency of natural teeth and all-ceramic restorations is similar, giving more esthetic outcomes.

6. Risk factors for implant candidates

Many attempts to use the phrase contraindications to dental implants have been made [76].
However those lists are often subject to controversy as the severity of a disease or patient
condition exists on a sliding scale. For example, one diabetic patient may be at a higher risk
than another [77,78]. Or one could ask, at what point does tobacco smoking effect implant
survival? Case reports may exist for complications related to various patient conditions, but
the doctor is reminded that those reports fall very low on the scale of strength of evidence the
clinician can use and apply to their patient pool. Recently, the focus has fallen away from
indications and contraindications and more emphasis is placed on risk factors. Risk factors are
characteristics statistically associated with, although not necessarily causally related to, an
increased risk of morbidity or mortality.

Multiple consensus review groups have recommended that risk factors be divided into two
groups [76,79]. Systemic factors and local factors are the groups usually recommended and
the latter is further subdivided into very high risk and significant risk. A noteworthy statement
that resulted from these reports was in regard to the many attempts from other authors to
create a list of relative and absolute contraindications to dental implant placement. This idea
is discredited by this group because for many topics weak evidence exists in placing different
conditions into an absolute contraindication. A case report of limited sample size is simply not
enough evidence to create an absolute contraindication.

The chapter classified very high risk patients as those who could be attributed to having serious
systemic disease, immunocompromised health status, drug abusers, and non-compliant
patients [76]. A systemic disease can interfere with dental implant therapy at the level of local
healing by altering tissue responses to implant placement and surgical treatments. Further,
the medications that a patient may be taking for the systemic disease can interfere with normal
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cellular functions and thereby affect healing and osseointegration. The American Society of
Anesthesiology (ASA) has a well known publication to help classify a patient’s risk to
anesthesia leading into a surgical procedure [76]. Although many dental implants are not
placed under general anesthesia, this classification system is an effective way to gauge the
patients status for receiving any surgical treatment. For patients that fall into categories, dental
treatment is not generally recommended until the patients health status improves and they
are placed in a lower category. Significant risk patients were those who had prior irradiation,
severe diabetes, bleeding disorders and/ or heavy smoking habits. Local factors are of partic-
ular concern with regard to implant survival. Some often highlighted factors are interdental /
interimplant space, infected implant sites, soft tissue thickness, width of keratinized soft tissue,
bone density, bone volume and implant stability.

In the era of immediate loading of dental implants, initial stability is of primary concern
[46,80,81]. Reports have concluded through clinical research that initial stability is related to
success with implant survival. There are a number of ways to measure the initial stability of
an implant. The most common method of that is to measure the insertion torque of the implant
during the final stage of placement using a torque wrench. Resonance frequency has recently
been examined and verified to provide useful intrapatient information [80] (Figures 14, 15).
Specifically, values of multiple implants in the same patient are useful gauges on implant
stability throughout the life of the implant. A correlation between preoperative CBCT scans
and resonance frequency values at the time of placement has shown that primary implant
stability may be able to be calculated preoperatively [81,82].

ED @

Figure 14. Osstell instrument used to determine implant stability.
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Figure 15. Transducer of Osstell instrument attached to implant for measurement.

It is questioned if an adequate amount of interdental space needs to exist between an implant
and an adjacent tooth [83,84]. Studies have shown that interdental spaces of less than 3mm
were associated with increased bone loss around the implants. In this particular study, cases
where this space was compromised seemed to especially result in bone loss around maxillary
lateral incisors.

An infected tooth site is generally defined as one that exhibits signs or symptoms of pain,
periapical radiolucency, fistula, suppuration, or a combination of these. The clinical scenario
whereby an infected tooth is to be extracted and subsequently followed by implant placement
in that site is commonplace in many practices. Whether or not placement of an implant in that
site immediately is a key decision the dentist must face. Several clinical reports have been
published on this topic, all with varying degrees of success [85,86]. However, studies like that
of Villa have shown success in the placement of dental implants and immediate loading into
previously infected sites. This idea is relatively new to dentistry, but the preliminary results
do appear promising.

The subject of bone density and volume is of particular concern to the implant clinician. While
bone density is often a topic of discussion, there exists little data on the relationship of bone
density and implant success. With regard to bone volume, it is generally accepted that there
are critical parameters in bone volume to support the success of a dental implant. An implant
must be surrounded by bone that has adequate vascularity. If the surrounding bone does not
have adequate thickness and therefore compromised vascularity, the implant has a higher
chance of experiencing both soft and hard tissue attachment loss.

In addition to local and systemic biologic factors previously listed, a patient having a positive
history to periodontitis and/or use of smoking tobacco should be noted and considered by the
implant clinician. Drs. Heitz-Mayfield and Huynh-Ba performed a comprehensive review of
the literature on this subject in 2009 [87]. They found numerous studies have targeted at success
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rates in patients that fit this demographic of past periodontal disease and tobacco use. With
regards to patients that had a history of treated periodontal disease they were able to identify
patterns and make following useful conclusions;

a. implant survival in patients with a histoy of treated periodontitis ranged from 59% to
100%,

b. themajority of studies reported high implant survival rates >90% for implants with turned
or moderately rough surfaces,

c. all studies reported regular supportive periodontal therapy.

When discussing the issue of a positive history to tobacco smoking they found results that
enabled them to make the following conclusions;

a. Implant outcomes in 45 patients who were rehabilitated following an immediate loading
protocol in the mandible were evaluated following 1 year of loading. The results showed
there was no statistically significant difference in the smokers and non-smokers with
regards to immediate loading protocol.

b. The majority of studies showed implant survival rates in smokers of 80% to 96%.

¢. Overall there is limited data on the survival and success rates of implants in former
smokers.

d. There are studies that show an increased risk of peri-implantitis for patients that smoke.

The take away message from these reviews for the clinician should be; patients with a history
of treated periodontitis and or smoking have an increased risk of implant failure and peri-
implantitis. However, neither of these risk factors are absolute contraindications to implant
therapy.

7. Conclusion

Implant dentistry has come a long way since the discovery of osseointegration of dental
implants. In the last 40 years, the use of dental implants has dramatically increased. Initially,
very few specialists were trained in surgical placement and subsequent restoration. As the
treatment became more predictable, the benefits of therapy became evident. The tremendous
demand for implants has fueled a rapid expansion of the market. Presently, general dentists
and multiple specialists offer implant treatments. The field is evolving and expanding, from
surgical techniques to types of restorations available.

In this chapter, general information regarding the need for dental implants, implant types and
designs, and possible risks factors for patients who are looking for implant treatments have
been provided. In the following chapters, more detailed information about several topics will
be covered.
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1. Introduction

Although bone autografts have been routinely used as “gold standard” for reconstruction/
replacement bone defects, because they have osteogenic, osteoinductive, osteoconductive
properties, they have a high number of viable cells and are rich in growth factors. However,
the use of autograft is limited by several factors, being one of them the insufficient amount of
donor tissue. Therefore, bone substitute materials have been extensively studied in order to
develop an ideal material for substitution of bone grafts, due to some disadvantages presented
by autografts, allografts and xenografts, such as poor bone quality, an inadequate amount of
bone and possible immunogenicity for allografts and xenografts, which limit the use of these
grafts in specific surgical protocols. These disadvantages have led tissue engineering and
biotechnology to develop new materials and promising methods for tissue repair, especially
for bone tissue. Thus, bone substitutes, synthetic and/or biotechnologically processed have
become potential materials for clinical applications in different areas of health.

An ideal bone substitute (BS) material should provide a variety of shapes and sizes with
suitable mechanical properties to be used in sites where there are impact loading; moreover,
these materials should be biocompatible, osteoconductive, preferably being resorbable and
replaced by new bone formation. In general, resorbable BS materials are preferred, since these
materials are expected to preserve the increased bone volume during the reconstruction and
simultaneously are gradually replaced by newly formed bone.

Synthetic materials, denominated as alloplastics, may act as scaffolds for bone cells providing
tissue growth inside the respective material.

I m EC H © 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and eproduction in any medium, provided the original work is properly cited.
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A scaffold must be highly porous with interconnected pores and have adequate mechanical
properties. The surface of a scaffold should be similar to extracellular matrix (ECM). These
properties enable the scaffold to act as a matrix for tissue regeneration to maintain and improve
tissue/organs functions; therefore, it is considered the key element for the success in tissue
engineering. Numerous physicochemical features of scaffolds, such as surface chemistry,
surface roughness, topography, mechanical properties and interfacial free energy (hydropho-
bic/hydrophilic balance) are important for cell attachment, proliferation and differentiation.
These factors are also critically important to the overall biocompatibility and bioactivity of a
particular material [1-3].

Resorption of a biomaterial is related to several factors, such as, particle size, porosity, chemical
structure (composition and crystallinity), and pH of body fluids [4, 5]. Particles with nano-
metric sizes are reabsorbed faster than micrometric particles, because osteoclasts or macro-
phages act faster on a biomaterial surface. Biomaterial crystallinity also changes the resorption
rate, since highly crystalline structures are more resistant to resorption than an amorphous or
semi-crystalline structure. Moreover, the chemical composition is also important. Impurities
such as calcium carbonate promote faster resorption [6]. The failure or the success of a material
for bone fill or replacement may be related to the resorption rate of the material, as well as the
regenerative capacity of bone tissue. This process can occur in three forms: 1. insufficient
permanence of the material to promote bone apposition and to allow the osteoconductivity; 2.
premature destabilization of newly formed bone due to the complete degradation of the
material; 3. an exaggerated inflammatory response due to the degradation of the material [7].
Thus, bone substitute materials must have suitable resorption rate in accordance with the rate
of tissue formation.

Despite recent advances in the development of new BS for bone tissue engineering, there is
still a search for a material or a composite with mechanical properties and physicochemical
characteristics similar to autograft and a structure closer to the natural ECM.

2. Ceramic-based bone substitutes

Ceramics are compounds between metallic and nonmetallic elements. Ceramic materials have
a several of attractive advantages comparing to other materials. These include high melting
points, great hardness, low densities and chemical and environmental stability. However,
ceramics are severely affected by lack of toughness; they are extremely brittle, and are highly
susceptible to fracture. They are most frequently oxides, nitrides, and carbides, for example,
some of the common ceramic materials include aluminum oxide (or alumina, AL,Os) and silicon
dioxide (or silica, S5i0,), in addition, some traditional ceramics are referred as those composed
of clay minerals (i.e., porcelain), as well as cement and glass [8].

The ability of ceramic materials to bond to the bone tissue is a unique property of bioactive
ceramics. This property has been led their wide clinical application in both areas as orthopedics
and dentistry. The use of ceramics for hard tissues reconstitution has been performed for
centuries, but in clinical practice the use of these materials only began in the late eighteenth
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century with the use of porcelain for making dental prostheses. On the other hand, in ortho-
pedics the use of ceramic materials happened in the late nineteenth century with the use of
plaster of Paris (calcium sulfate hemihydrate, CaSO, ¥2H,0) for bone defects filling [9].

The term "bioceramic” refers to biocompatible ceramic materials applied to biomedical and
clinical use due to certain characteristics such as biocompatibility, excellent tribological
properties and high chemical stability, which is superior to metals in different applications,
moreover excellent osteoconductive [10].

Among bioceramics, calcium phosphates are ceramics with Ca/P molar ratio ranging from 0.5
to 2.0 and are found in different types [11], in which the best known form is hydroxyapatite
(HA), anatural mineral component representing 30 to 70% of the mass of bones and teeth [12].
The chemical structure of biological HA is very complex, because it not presents a totally pure
composition (non-stoichiometric), being frequently calcium-deficient hydroxyapatite enriched
with carbonate ions forming the carbonate-apatite [13]. Some calcium phosphates of biological
relevance are: amorphous calcium phosphate (ACP), dicalcium phosphate dihydrate (DCPD),
dicalcium phosphate (DCP), octacalcium phosphate (OCP), tricalcium phosphate (TCP),
calcium pyrophosphate (CPP) and hydroxyapatite (HA).

Pure HA, calcium hydroxyapatite specifically, is a stoichiometric composition of
(Ca)1(PO,)4(OH), (Ca/P = 1.67). It is main inorganic component of bone tissue and teeth. For
many years, different types of synthesis and applications of these calcium phosphates have
been researched for regeneration/reconstruction of bone structures. Synthetic HA has been
used for this purpose, because they are bioactive material and can have a Ca/P molar ratio less
than 1.67; thus, they are more effective clinically due to its similarities with the composition
of bone tissue and their osteoconductive properties [13, 14].

Bioceramics have different rates of in vitro solubility, which reflects in the in vivo degradation,
i.e., as greater the Ca/P molar ratio lower is the solubility of bioceramics [15]. However, the
rate of dissolution is not only influenced by Ca/P molar ratio, but also may be influenced by
other factors such as local pH, chemical composition, crystallinity, particle size and porosity
of material [5].

Bioceramics when in contact with body fluids and tissues, in this interface material-tissue,
suffer reactions at the molecular scale of type dissolution preferably by the release of Ca* and
PO,* ions; however, in this interface there is an increase of local pH promoted by Ca? ion
release. This increase in pH stimulates alkaline phosphatase activity in pre-existing osteoblas-
tic cells and in newly-differentiated active osteoblasts to synthesize more alkaline phosphatase,
type I collagen, non-collagen proteins and others. Therefore, pH at the material-tissue interface
is gradually reestablished, while occurs the nucleation of crystals of calcium phosphate to the
collagen fibers until forming a chemically phase more stable. This event is related to PO,* ion
release from ATP molecules, pyrophosphate and others, which contain PO,* ion from adjacent
tissues. Moreover the action of biological buffers containing HCO?* ion, which favor the
precipitation of carbonate-apatite as well as the decrease of chemical mediators locally,
produced by leukocytes [13]. Table 1 shows the occurrence of calcium phosphates in biological
systems.
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Apatite phase Formula Ca/P
Monocalcium phosphate monohydrate - MCPH Ca(H,PO,), H,O 0.5
Monocalcium phosphate anhydrous - MCP Ca(H,PO,), 0.5
Dicalcium phosphate dihydrate (Brushite) - DCPD CaHPO, 2H,0 1.0
Dicalcium phosphate anhydrous (Monetite) - DCP CaHPO, 1.0
Octacalcium phosphate - OCP CagH,(PO,)6 5H,0 1.33
Amorphous calcium phosphate - ACP Ca,(PO,), nH,0O 1.2-22

a or B-Tricalcium phosphate - TCP Cay(PO,), 1.48-1.50
Calcium-deficient hydroxyapatite - CDHA Cay(HPO,)(PO,)5(OH) 1.5
Hydroxyapatite - HA Ca,((PO,)6(OH), 1.67

Table 1. Main calcium phosphate phases. Apatite phase, chemical formula and Ca/P molar ratio.

Bioactive ceramics have been used as bone substitute materials for maxillary sinus lift, alveolar
ridge augmentation, inlay bone grafting and as coatings for titanium and their respective
alloys. However, bioceramics present a limitation in clinical application due to their low
mechanical properties, for instance, low elastic modulus, when compared to other metallic and
polymeric biomaterials. Therefore, these ceramic materials cannot be used in sites where there
is a high mechanical loading, but can be used for bone fill materials and coatings of metallic
surfaces or materials of high mechanical properties [16, 17]. These coatings may accelerate
initial stabilization of implants and stimulating bone appositions on the implant surface,
promoting a rapid fixation of these devices [18].

The bioceramics may be employed in dense and porous forms. Despite the increase in porosity
decrease the mechanical strength of ceramics, the existence of isolated pores with suitable
dimensions can favor the ingrowth of tissue through of these pores, promoting a strong
entanglement between the material and newly formed tissue [19], moreover this porosity may
promote circulation of biological fluids, increases the specific surface area, and thus acceler-
ating the biodegradability.

Bioceramics can be single crystals (sapphire), polycrystalline [alumina, hydroxyapatite (HA),
tricalcium phosphate (TCP)] or semi-crystalline structure as glass-ceramics (Ceravital® or
A/W glass-ceramic) and composites, which have an amorphous phase and one or more
crystalline phases. In addition, bioactive glasses (Bioglass®, PerioGlas®, BioGran®) which are
a group of glass-ceramic consist in a structure of amorphous solids.

The initial medical applications of CS were documented in 1961 [20]. This material, plaster of
Paris, was used in many bone defects of trauma. In the dental field, one of the first reports of
the use of CS was in 1961 by Lebourg and Biou [21]. These authors implanted CS in alveoli
after extraction of third molars, even in other bone defects in the mandible and maxilla. After
three to four weeks it has been observed that the material had been completely resorbed, and
bone healing was accelerated in the treated areas in comparison with the control. The authors
concluded that CS was a favorable material for the treatment of bone defects and they justify
it by the ability of the material to supply essential inorganic ions for the repair process.

Clinical studies showed positive results regarding the use of CS as material for bone fill and
barrier to the preservation of alveolar ridge, post-dental extraction, providing a barrier which



Bone Substitute Materials in Implant Dentistry
http://dx.doi.org/10.5772/59487

stabilizes the clot, assisting in the healing and bone regeneration of the local to receive the
implant. The use of CS hemihydrates (CS) (powder, particulate or cement form) and CS
associated with demineralized freeze-dried bone (DFDB) in bone defects, post-extraction
dental and periodontal defects, promotes the increase of the quality and quantity of newly
formed bone preserving the dimensions of alveolar ridge [22-24]. Moreover, CS or CS associ-
ated with DFDB when used to maxillary sinus lift, this bone substitute, favors a good primary
stability of dental implants and with relative bone density [25-27]. In addition to these
advantages, CSis a BSrapidly resorbable and promotes angiogenesis [27-29]; however, in some
clinical situations this rapid absorption in vivo, may be a disadvantage, due to its degradation
which often occurs before the new bone formation.

Other the bioactive ceramics most commonly investigated as bone substitute materials are HA,
B-TCP and bioactive glasses. Synthetic HA, 3-TCP and biphasic calcium phosphates (HA:-
TCP) are routinely employed as BS in block or granule forms. Furthermore, cements based on
HA and/or 3-TCP are excellent bone fill materials, due to their easy manipulation and favor
the bone contour, moreover, are clinically used by their similarity to the bone inorganic
composition and by osteoconductive property. On the other hand, bioactive glasses are most
commonly used in granule forms.

For several years, synthetic HA was used as the main method in the reconstruction of bone
defects involving the craniofacial region, oral surgery, orthopedic and implant dentistry [14,
30-32]. HA presents some disadvantages related to its resorption, because it is hardly absorbed,
which hampers the remodeling and the new bone formation, and results in poor local stability
or permanent stress concentration. Currently, biphasic calcium phosphates, mixtures contain-
ing HA/TCP (a-TCP or 3-TCP) are preferably used in clinical practice with varied proportions
between HA and TCP [33-38] due to their considerably difference in the resorption rate, which
HA reabsorbs very slowly compared with TCP. The difference in the resorption rate influences
in the osteoconductive property of these materials, TCPs are more osteoconductive than HA,
due to their greater biodegradability rate in relation to HA [13, 39, 40]. Clinical and experi-
mental studies have shown that mixture HA/TCP promotes intense activity of bone formation
with high osteoconductivity [34, 41-43], whose mixture has demonstrated to be an excellent
material for sinus lift [34, 37, 38]. However, even the resorption rate of TCP being faster than
HA, clinical studies that used just TCP reported presence of TCP particles after long-term
postoperative of maxillary sinus lift and mandible defects [44-49]. Results show that 3-TCP is
a good material for grafting [44-51], on this account also promotes stability of implants
increasing the survival rate [48].

Furthermore, these bioceramics when associated with biopolymers as hyaluronic acid [49] and
collagen [52, 53] or other osteoinductive biomolecules (growth factors: bone morphogenetic
protein-2 (BMP-2); fibroblast growth factor-2 (FGF-2)) [54-59] have displayed promising
results for bone regeneration. These associations have promoted a better quality and quantity
of newly formed bone [49, 52, 53, 56, 57, 59], consequently they can improve the primary
stability of implants.

Other subgroups of bioceramics quite used as BS material are bioactive glasses and glass-
ceramics. Silica glasses are generally classified as a subgroup of ceramics. The glass-ceramics
are materials formed by a glass matrix reinforced by ceramic crystals obtained from controlled
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crystallization processes [60]. This crystallization process can take place by heat treatment,
resulting in a material containing various crystal phases and controlled grain sizes [10]. The
glass-ceramic materials have relatively high mechanical strengths, low coefficients of thermal
expansion and good biological compatibility. Possibly the most attractive attribute of this class
of materials is the ease with which they may be fabricated, in which conventional glass-forming
techniques may be used [8]. On the other hand, bioactive glasses present limitations in certain
mechanical properties such as low strength and toughness.

In the late 1960s and early 1970s, the several researches for developing implant materials with
a better biocompatibility resulted in the new concept of bioceramic materials, which could
mimic natural bone tissue. During this period, Hench and coworkers [61] developed a new
biocompatible material, silica-based melt-derived glass, for bonding fractured bones, a
bioactive glass denominate 4555 Bioglass®. This denomination was given because the material
mimicked normal bone and to stimulate the new bone formation between the fractures [62].
Bioglass® is a commercially available family of bioactive glasses, based on SiO,, Na,O, CaO
and P,O; in specific proportions, and was one of the first materials completely synthetic with
excellent osteoconductive properties, which seamlessly binds to bone [61, 63]. The bioactive
glasses, since their discovered, have been widely used in dentistry for bone defects repair/
reconstruction, because these glasses exhibit bone bonding, a phenomenon also observed with
other bioactive ceramics [64]. Bioglass offers advantages such as control of resorption rate,
excellent osteoconductivity, bioactivity, and capacity for delivering cells. This process is a
result of the surface reactive silica, calcium, and phosphate groups that are characteristic of
these materials. Silica is believed to play a critical role in bioactivity [64].

In the 1970s, Bromer and coworkers [65] developed a glass-ceramic, Ceravital® through
reduction of alkali oxides in the composition and the phase precipitation of the glass matrix
by heat treatment of Bioglass®. Ceravital® has been used for small bone defects/structure
reconstruction as dentistry [66] as other medical applications, e.g. tympanoplasties [67].

The use of bioactive glasses as alloplastic bone graft materials for alveolar ridge augmentation
[68-71] and maxillary sinus lift [72-74] procedures has received increasing attention in implant
dentistry. Besides Bioglass® other commercial types of bioactive glass have been used for bone
repair such as PerioGlas® [70, 75, 76] and BioGran® [71-73]. Studies have reported presence
of bioactive glass long-term postoperative (1-2 years) [72, 73].

Moreover, several studies have shown that bioactive glasses and glass ceramics stimulates the
secretion of angiogenic growth factors on fibroblasts and endothelial cell proliferation [77, 78].

Although they are quite biocompatible and exhibit bone bonding, bioactive glasses are not
osteoinductive and are not capable of forming bone in ectopic sites (although they can be used
to deliver osteopromotive growth factors) [64].

Another glass-ceramic with potential for application in implant dentistry is apatite/wollas-
tonite (A/W), which was developed by Kokubo et al., in 1982 [79]. This material presents a
great capacity for bone bonding and moderate mechanical strength [80], with excellent results
in orthopedic applications [81-83]. The resorption rate of this glass-ceramic can be increased
when associated with B-TCP [84]. According to Carrodeguas et al. (2008) [85] the report that
the new ceramics containing wollastonite did not exhibit toxicity in cell culture with human
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fibroblasts. Moreover, they are biocompatible, resorbable and bioactive releasing ions of silica
and calcium in the physiological environment, which are capable of stimulating cells to
produce bone matrix [86, 87].

Biosilicate®, glass-ceramic developed by Zanotto and coworkers in 2004 [88], which is highly
crystalline (~100%), has an elastic modulus value close to cortical bone, and displays high level
of bioactivity [89-91]. It is biocompatible and provides efficient new bone formation in sockets
preserving alveolar bone ridge height and allowing osseointegration of implants [92].

Table 2 summarizes some bioceramics used in clinical practice.

Material Application Results Ref.
Promote new bone formation with new
Sinus lift
Calcium Sulphate vessels [27-29, 93]
High resorption in 1 month
Bone graft Promote new bone formation
Sinus lift Produce avoid space for blood clot
HA Increase bone volume in 8 weeks [30, 31, 94, 95]
Promote direct mineralized bone-to-
implant contact in the augmented area
Guide bone
. No induce inflammation
regeneration
B-TCP Sinus Lift Osteoconductive [37, 38, 42-49]
Highly degraded by macrophages and
Bone graft
osteoclast
Bone graft Increase bone volume in 8 weeks
Biphasic calcium phosphate Sinus lift Osteoconductive
[33-38, 40, 41]
(HA:B-TCP) Promote stability of implants
Promote new bone formation
Bone graft Increase bone volume
Bioglass® High bioactivity [68, 69, 93]
Sinus lift
Promote new bone formation
Bone graft Stimulate IGF-1 gene expression
BONITmatrix® [96]
Enhance Coll-1 expression
Bone graft Promote formation of fibrovascular tissue
Biocoral® [93, 97]
Sinus lift New formed bone 39% highly mineralized
Sinus lift Increase bone volume 33%
Fisiograft® (93]
High absorption
OSSANOVA Bone graft Stimulate IGE-1 expression [96]

Table 2. Some bioceramics used in clinical practice.
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3. Composite and polymer-based bone substitutes

Composite materials are described as those that have at least two components or two phases
with distinct physical and chemical properties that are separated by an interface. The purpose
of developing composites is to associate different materials to produce a single device with
superior properties compared with the isolated components [10]. Separately the constituents
of the composite maintains their features, however when mixed they constitute a compound
with their own properties inherent to the new composition. Two examples of natural fiber
composites are: 1. wood, which is basically formed of cellulose fibers and lignin (amorphous
resin which binds the cellulose fibers); 2. bone tissue, which is formed by an inorganic phase,
essentially carbonate-apatite, placed in an organic matrix, whose composition is about 95%
type I collagen. Therefore, the composites are formed by the matrix, which is the continuous
phase ("fiber network") and involves the other phase, the dispersed one. Among the several
types of composites, polymer composites exhibit some advantages such as: low weight,
corrosion resistance, high temperature resistance and good mechanical properties when
compared to conventional engineering materials [98].

However, the current goal of tissue engineering is the development of polymer composites,
metal-free, with mechanical properties similar to living tissue, especially bone tissue, for partial
or total replacement or reconstruction of the organ or tissue being repaired.

Polymers can be classified as natural or synthetic and degradable or non-degradable. These
compounds provide versatility in their structure and can modulate the mechanical properties
of other compounds like ceramics. Degradable polymers may be advantageous in certain
clinical situations.

Composites produced from a combination of natural polymers (collagen, cellulose, polyhy-
droxybutyrate), or synthetic [poly (lactic-co-glycolic acid) (PLGA), poly(lactic acid) (PLA),
poly(e-caprolactone) (PCL)] associated with bioceramics have been highlighted in academic
community [99-106] because they are biocompatible, excellent osteoconductors, bioactives,
have satisfactory mechanical properties, and are absorbable, therefore they are potential
materials for application in regenerative medicine therapies.

Natural polymers or biopolymers have attractive properties for the construction of 3D
scaffolds, such as biocompatibility and biodegradability. Bioactivity of these polymers, if you
need to improve, can also be controlled by the addition of chemicals, proteins, peptides, and
cells. The most commonly studied natural polymers for the purpose of bone engineering are
collagen/gelatin, chitosan, silk, alginate, hyaluronic acid, and peptides [107].

Currently, the most BS, available commercially, for clinical application in implant dentistry
based on polymers are barrier membranes for guided bone regeneration (GBR) or collagen
sponge/BMPs (INFUSE®) for bone reconstruction.

At the beginning of the use of the GBR the treatment was preferably with non-resorbable
membranes based on expanded polytetrafluoroethylene (e-PTFE) [108, 109], because of its inert
characteristic and their biological effective and predictable results as a mechanical barrier.
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However, resorbable membranes have been widely used to the development of new bioma-
terials, due to the predictable and similar results compared to the non-resorbable membranes
[110-112], moreover resorbable membranes can be used on peri-implant defects, i. e., an
advantage in relation to non-resorbable membranes. Among the membranes the most used as
resorbable membranes are: collagen, PLA and PLGA [110-113].

The type I collagen is an example of biopolymers quite used to the development of BS. Itis a
matrix that provides a favorable environment for induction of osteoblasts differentiation in
vitro and osteogenesis in vivo [114]. Type III collagen constitutes the reticular fibers of the
tissues and is also widely used in the manufacture of membranes for GBR. The non-mineral-
ized collagen membranes are usually weak (low tensile strength) making their clinical
manipulation difficult. The great advantage of them is the excellent cell affinity stimulating
the chemotaxis of fibroblasts and acting as support migration of these cells (osteoconduction).
Other advantages are: good adaptation to bone surfaces, especially to dental roots and
hemostatic effect [113]. When embedded in the bone matrix they are gradually metabolized
by the action of collagenase, or can be partially embedded in the bone matrix.

The resorption of collagen occurs parallel to bone formation as well as by the formation of new
periodontal tissue such as cementum and periodontal ligament. The resorption time ranges
from 06 to 08 weeks depending on the strength of the material, however it can last from 04 to
06 months [115]. In this case, the new bone is protected against the growth of connective tissue
within the defect area. Despite prevent cellular infiltration, this membrane is permeable to
nutrients, and the degradation occurs through enzymatic reactions without irritating the
surrounding tissues. These membranes have adequate mechanical resistance [116]; moreover,
they can facilitate the maintenance of the space to be regenerated, similar to the non-resorbable
membranes.

The collagen membranes developed in recent years have shown optimal physicochemical
characteristics for clinical application [117-121]. According to the literature, the determination
of the density of crosslinking reaction (cross-linking) directly influences the physical properties
of collagen matrices, i. e., the increased crosslinking of collagen fibrils provides increased
tensile strength and enzymatic degradation, and higher thermal stability [118, 119, 121, 122].

The membrane Bio-Gide® has been the most membrane widely used for GBR in the last years
[113, 123-126], which is composed of type I and III collagen from porcine. This membrane has
a bilayer structure with a compact layer and other porous. The porous layer (inner face)
promotes a three-dimensional matrix for bone integration. The natural collagen structure of
the Bio-Gide ® is ideal for tissue adhesion, while the newly formed bone is protected against
the growth of connective tissue into the defect region; while preventing cellular infiltration
this membrane is permeable to nutrients, and the degradation occurs through enzymatic
reactions without irritating the surrounding tissues.

Studies with collagen membrane for GBR have reported satisfactory results in vivo, for
example, the rate of bone regeneration has a similar efficacy to the e-PTFE membranes. This
occurred due to the advent of collagen membranes with good mechanical strength. In the past,
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it was difficult to obtain such satisfactory and predictable results due to the difficulty of
producing collagen membranes with these characteristics [123, 127].

4. New perspectives for bone substitutes

4.1. Bone tissue engineering

In recent years, a new generation of bone substitutes have been developed in an attempt to
obtain materials closer to the autograft standard by using biomaterials capable of inducing
specific cellular responses at the molecular level, by integrating the bioactivity and biode-
gradability of these materials [107]. These BS are being based on the concept of bone tissue
engineering. Tissue engineering/regenerative medicine has emerged as an interdisciplinary
field that includes cell-based therapies and use of porous-bioactive materials for development
of functional substitutes for the repair or replacement of damaged tissues or organs [128].
Tissue engineering has achieved great progress in the development of three-dimensional
materials (scaffolds) for repair or replacement of damaged tissues or organs, including
alloplastic materials such as bioceramics, bioactive glasses and polymers [60, 61, 63, 129, 130]
in association to the signaling pathway, molecular and/or biophysical stimulation. Thus, tissue
engineering is based on three elements that must be in synergism: matrix (scaffolds), cells and
signals (mechanical and/or molecules: proteins, peptides and cytokines) [131, 132]; the absence
or dysfunction of one element will halt or delay tissue regeneration. Furthermore, the tissue
formation inside the scaffolds is directly influenced by porosity rate and pore size. In the case
of bone formation, scaffolds should preferably have pores greater than 300 uM for promoting
a good vascularization and a new bone formation, preventing hypoxia and induction of
endochondral formation before the osteogenesis [133].

Porous scaffolds have been developed by variety of conventional methods from alloplastic
materials, such as particle/salt leaching, chemical/gas foaming, fiber bonding, solvent casting,
melting molding, phase separation and freeze drying [134, 135]. However, these methods
present some limitations due to their lack of the controlled formation of pores and do not
produce interconnected structures to favoring cell growth inside the structure. For overcome
these disadvantages, additive manufacturing (AM), also otherwise known as three-dimen-
sional (3D) printing, is a promising option for the production of scaffolds particularly for bone
substitutes.

This technique consists in constructing 3D scaffolds by a tool for direct digital fabrication that
selectively prints a respective material (layer-by-layer) into/onto a bed, whose shape is given
by CAD specifications [136]. A distinctive feature of this layer-by-layer printing process, is the
printing of structures with high geometric complexity and well-defined architecture as well
as patient-specific implant designs, which are not possible to be constructed by any other
manufacturing method (Figure 1).

Some of the commercially available AM techniques are 3DP (ExOne, PA), fused deposition
modeling (FDM, Stratasys, MN), selective laser sintering (SLS, 3D Systems, CA), stereolithog-
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Figure 1. Printed mandibular condyle by Fused Deposition Modeling (FDM) process. Image provided by Centro de Tecno-
logia de Informagdo (CTI) — Renato Archer (Campinas, Brazil).

raphy (3D Systems, CA), 3D plotting (Fraunhofer Institute for Materials Research and
BeamTechnology, Germany), as well as various methods [135]. These AM techniques can be
classified as — (a) extrusion (deformation + solidification), (b) polymerization, (c) laser-assisted
sintering, and (d) direct writing-based processes [135, 136].

Recently, some researches have performed using 3D printed scaffolds for bone regeneration.
Among them we can highlight the use of this 3D printed BS based on bioceramics for vertical
bone augmentation as onlay graft. The results shown by these studies are promising and
efficient as bone graft compared to autografts [137-139]. Li et al (2011) [140] reported a case
report of a 3D printed mandibular condyle implant made of nano-hydroxyapatite/polyamide.
The clinical results suggest that this type of 3D printed implant can be a viable alternative to
the autografts for maxillofacial defects. 3D printed scaffolds base on PLGA have also demon-
strated good results for bone regeneration [141]. So far, as signaling pathway, growth factor
and drug delivery, have been reported the use recombinant human BMP-2 (rhBMP-2) [142]
and alendronate [143]. PCL/PLGA/gelatin scaffolds containing rhBMP-2 did not induce the
osteogenic differentiation of mesenchymal stem cells in vitro, however, in the preclinical
experiements, PCL/PLGA/collagen/ThBMP-2 showed the best bone healing quality at both
weeks (4 and 8 after implantation) without inflammatory response. On the other hand, a large
number of macrophages indicated severe inflammation caused by burst release of thBMP-2
[142]. In addition, a study about 3D-printed bioceramic scaffolds containing alendronate
shows that in vivo local alendronate delivery from PCL-coated 3DP TCP scaffolds could further
induce increased early bone formation [143].
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4.2. Growth factors

Osteoprogenitor cells, osteoblasts and osteoclasts are under growth factors activity. The role
of growth factors is not only to stimulate cell proliferation through cell cycle regulation by
initiating mitosis but also to maintain cell survival and to stimulate the migration, differen-
tiation and apoptosis as well. Osteoblasts proliferate mediated by growth factors released by
themselves and by the bone during the resorption process. Among the most important are the
TGF-p and the factors released by the bone matrix, such as growth factor similar to insulin
(IGF-1 and 2), the fibroblast growth factor (FGF-2) and growth factor derived from platelets
(PDGF) [144, 145] which are potent mitogens [146, 147].

Moreover, other factors are secreted during the repair process, such as BMPs and angiogen-
ic factors (vascular endothelial growth factor - VEGF) [147]. TGF-f3 presents activity in
embryonic development, cell differentiation, hormone secretion and immune function, and
acts synergistically with TGF-a in the induction of phenotypic transformation [146]. The
TGF-p superfamily includes TGF-f1, TGF-32, TGF-$3 and other important factors, such as
BMPs 1-8, which promote several stages of intramembranous and endochondral ossifica-
tion during bone repair [148].

Among these several growth factors, BMP-2 has received attention from the scientific com-
munity due its use in combination with different scaffolds to promote bone repair, especially
in tissue engineering. The literature, in the constant search for developing a biomaterial with
excellent osteoinductive properties, such as autogenous bone for reconstructive surgery, has
recently shown that some polymers and bioceramics can be great carriers for BMPs, especially
the collagen [54, 57, 59, 143, 149-152].

The concept of osteoinduction was first described by Urist in 1965 [153] when he observed new
bone formation inside the demineralized bone matrices. Since then, these proteins, BMPs, have
been reported as factors responsible for bone neoformation [149, 154]. BMPs attract mesen-
chymal cells to the site of bone formation by chemotaxis, and induces the conversion of these
cells to a pre-osteoblastic lineage. BMP-2, 6 and 9 are described as important for the initiation
of the differentiation of mesenchymal cells into pre-osteoblasts, while BMP-4 and 7 promote
the differentiation of pre-osteoblasts into osteoblasts [155].

Clinical studies with thBMP-2 using collagen as a carrier for surgical protocol of vertebral
column showed similar or better results compared to autografts [150, 156-158]. However, the
cost-effectiveness ratio of BMPs is questionable because of the large required amount (12 mg,
1.5 mg.mL"! therapeutic dose of INFUSE®) to obtain an effective bone repair in comparison to
conventional surgical techniques [159].

Inrecent years, the use of synthetic peptides has been highlighted due to the ease of recognition
and binding to specific sites of the extracellular matrix proteins increasing the material-cell
interaction and for do not promote an immunogenic reaction. In this context, the specific amino
acid sequence Arg-Gly-Asp (RGD) of the extracellular matrix proteins, such as fibronectin and
osteopontin is recognized by the transmembrane receptors (integrins) [160, 161], and promotes
better adhesion, and consequently a greater proliferation of osteoblastic cells. This RGD
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sequence has been widely used for functionalization of biomaterials in order to stimulate the
initial process of cell adhesion [162-164].

5. Cytototoxic, genotoxic and mutagenic tests of biomaterials

Biomaterials may have low, medium or high potential risk to human safety, depending on the
type and extent of the patient contact. Safety assessments of medical biomaterials are guided
by the toxicological guidelines recommended by the International Organization of Standard-
ization (ISO 10993-1/EN 30993-1). One of the recommended and appropriate steps for the
biological assessment of potential medical biomaterials consists of an in vitro evaluation of
cytotoxicity and genotoxicity [165].

It is important to consider the possible impact of the composition on processes linked to cell
proliferation and survival. It is essential to ensure that the proportional amounts of each
component do not impoverish the cytocompatibility of the final composite, due to the release
of toxic or irritating components. Therefore, in vitro cytotoxicity tests represent critical
requirements previous to the clinical application of such materials (ISO 10993-12; [166])The
choice of one or more cytotoxic tests depends on the nature of the sample to be evaluated, the
potential site of use and the nature of the use (ISO 10993-5).

Cytotoxicity can be evaluated regarding the cell viability. XTT is a soluble variation of the
widely employed MTT test, which accounts for mitochondrial activity in the tested material
[166, 167]. Dimethyl sulfoxide solubilization of cellular-generated 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) - formazan presents several inherent disadvan-
tages of this assay, including the safety hazard of personnel exposure to large quantities of
dimethyl sulfoxide, the deleterious effects of this solvent on laboratory equipment, and the
inefficient metabolism of MTT by some human cell lines [167, 168]. Recognition of these
limitations prompted development of possible alternative microculture tetrazolium assays
utilizing a different tetrazolium reagent, 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-[ (phenyl-
amino)carbonyl]-2H-tetrazolium hydroxide (XTT), which is metabolically reduced in viable
cells to a water-soluble formazan product. This reagent allows direct absorbance readings,
therefore eliminating a solubilization step and shortening the microculture growth assay
procedure [167]. Therefore, in XTT test mitochondrial dehydrogenase activity is measured by
the ability of such enzymes to reduce the reagent XTT to soluble formazan salts, with differing
color.

To evaluate cell survival, Neutral Red uptake cytotoxicity test detects membrane intact
viable cells by incorporation of the dye in their lysosomes [166, 169]. It is one of the most
used cytotoxicity tests with many biomedical and environmental applications and most
primary cells and cell lines from diverse origin may be used [169]. The procedure is cheaper
and more sensitive than other cytotoxicity tests (tetrazolium salts, enzyme leakage or protein
content) [169].

Bone substitute and implant materials have been evaluated regarding cytotoxicity by different
assays [166, 170-173].
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It is inherent in the provision of safe medical devices that the risk of serious and irreversible
effects, such as cancer or second-generation abnormalities, can be minimized to the greatest
extent feasible. The assessment of mutagenic, carcinogenic and reproductive hazards is an
essential component of the control of these risks (ISO 10993-3). An international standard (ISO
10993) lays down specific requirements for biocompatibility, including the tests based on the
nature of the contact and the duration of implantation of the biomaterial. The standard
stipulates that all materials that will be in contact with mucous, bone, or dentinal tissue if the
contact exceeds 30 days, as well as all implantable devices if the contact exceeds 24h, must
undergo genotoxicity testing [174].

A useful approach for assessing genotoxic activity is the single cell gel electrophoresis (SCGE)
or Comet assay. Singh et al. (1988) [175] introduced a microgel technique involving electro-
phoresis under alkaline conditions for detecting DNA damage in single cells which led to a
sensitive version of the assay that could assess both double- and single-strand DNA breaks as
well as the alkali labile sites expressed as frank strand breaks in the DNA. In this technique,
cells are embedded in agarose gel on microscope slides, lysed by detergents and high salt, and
then electrophoresed for a short period under alkaline conditions [175]. The assay is called a
comet assay because the damaged cells look like a comet under a microscope. Cells with
increased DNA damage display increased migration of DNA from the nucleus toward anode
[176], so it appears like a comet tail that moves away from the unbroken DNA (“comet head”)
(Figure 2). Cells with increased DNA damage display increased migration of DNA from the
nucleus toward anode [175]. Staining with different fluorescent dyes like ethidium bromide,
propidiumiodide, SYBR green quantifies the migrating DNA [176]. The most flexible approach
for collecting comet data involves the application of image analysis techniques to individual
cells, and several software programs are commercially available [176].

Some advantages of the SCGE assay is its sensitivity for detecting low levels of DNA damage,
the requirement for small numbers of cells per sample, its flexibility and the short time needed
to complete a study [176].

The SCGE assay has the capability to assess an increasing genotoxicity of a biomaterial model,
whatever the cause and mechanism of the genotoxicity [174].

The in vitro micronucleus assay is well established in the field of toxicology for screening the
effects of physical and chemical agents that may damage the DNA of eukaryotic cells [177].
The micronucleus assays have emerged as one of the preferred methods for assessing chro-
mosome damage because they enable both chromosome loss and chromosome breakage to be
measured reliably [178]. Because of the uncertainty of the fate of micronuclei following more
than one nuclear division it is important to identify cells that have completed one nuclear
division only [178]. In the cytokinesis-block micronucleus (CBMN) assay the cytokinesis is
blocked using cytochalasin-B (Cyt-B). Cyt-B is an inhibitor of actin polymerization required
for the formation of the microfilament ring that constricts the cytoplasm between the daughter
nuclei during cytokinesis [178].

Micronuclei (MNi) are acentric chromosome fragments or whole chromosomes that are left
behind during mitotic cellular division and appear in the cytoplasm of interphase cells as small
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additional nuclei [179]. MNi are morphologically identical to nuclei but smaller (Figure 3). The
diameter of MNi usually varies between 1/16" and 1/3* of the mean diameter of the main
nuclei [180]. The number of micronuclei in 1000 binucleated cells should be scored and the
frequency of MN per 1000 binucleated cells calculated [178].

Figure 2. CHO-K1 cells exposed to different treatments. We can observe cells with different quantity of DNA damage
obtained from Comet Assay. CHO-K1 cells stained by SYBR green. The cell located more superiorly presents minimal
damage (about 5%) and the other cells show higher DNA damage. The longer is the tail of the “comet”, the greater is
the migration of damaged DNA.

Due to CBMN assay reliability and good reproducibility, it has become one of the standard
cytogenetic tests for genetic toxicology tests in human and mammalian cells [180].

The measurement of nucleoplasmic bridges (NPBs), nuclear buds (NBUDs) and MNi of
binucleated cells led the development of the concept of the cytokinesis-block micronucleus
cytome (CBMN Cyt) assay [180]. The frequency of binucleated cells with MNi, NPBs or NBUDs
provides a measure of genome damage and/or chromosomal instability. An NPB is a contin-
uous DNA-containing structure linking the nuclei in a binucleated cell which originates from
dicentric chromosomes (resulting from misrepaired DNA breaks or telomere end fusions) in
which the centromeres are pulled to opposite poles during anaphase [180]. NBUDs represent
the mechanism by which a nucleus eliminates amplified DNA and DNA repair complexes.
They are similar to MNi in appearance with the exception that they are connected with the
nucleus by a bridge [180]. Figure 3 shows NPB and NBUD in binucleated cells.

Since no single test has proved to be capable of detecting mammalian mutagens and carcino-
gens with an acceptable level of precision and reproducibility, a battery of tests is needed (ISO
10993-3).
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Figure 3. CHO-K1 cells after CBMN assay. We can observe binucleated cells (A, B); a binucleated cell with one micro-
nucleus (C); a binucleated cell with two micronuclei (D); a binucleated cell with NBUDs (E); a binucleated cell with
micronuclei and a NPB between the main nuclei.

5.1. Some biomaterial studies — Cytotoxic, genotoxic, mutagenic assays

Because of the low biodegradation rates of hydroxyatatite (HA), beta-tricalcium phosphate
was added to HA, generating a biphasic calcium phosphate (BCP) composite, which may play
an important role during assisted bone regeneration [166]. The authors [166] evaluated the
cytocompatibility of dense HA, porous HA, dense BCP and porous BCP by three different cell
viability parameters (XTT, Crystal Violet Dye Elution, Neutral Red assay) on human mesen-
chymal cells. No significant differences on mitochondrial activity (XTT) or cell density (Crystal
Violet Dye Elution) were observed among groups. Dense materials induced lower levels of
total viable cells by Neutral Red assay. It was concluded that porous BCP has shown better
results than dense materials and these ceramics are suited for further studies [166].

Authors [165] evaluated cytotoxic, genotoxic and mutagenic effects of fluor- hydroxyapatite
(FHA) and fluorapatite (FA) eluates on Chinese hamster V79 cells and compared them with
the effects of hydroxyapatite (HA) eluate. The results showed that the highest test concentra-
tions of the biomaterials (100% and 75% eluates) induced very weak inhibition of colony
growth (about 10%). On the other hand, the reduction of cell number per colony induced by
these concentrations was in the range from 43% to 31%. The comet assay showed that bioma-
terials induced DNA breaks, which increased with increasing test concentrations in the order
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HA < FHA < FA. None of the biomaterials induced mutagenic effects compared with the
positive control; and DNA breakage was probably the reason for the inhibition of cell division
in V79 cell colonies.

Calcium phosphate cements are an important class of bone repair materials. Dicalcium
phosphate dihydrate (DCPD) cements were prepared using monocalcium phosphate mono-
hydrate (MCPM) and hydroxyapatite (HA) [170]. Degradation properties and cytocompati-
bility of this cement were analyzed and compared with -tricalcium phosphate (3-TCP). The
percent of viable cells as well as the percent of necrotic and apoptotic ones were evaluated by
flow cytometry-based cell viability/apoptosis assay. According to the results, although
conversion to HA has been noted in DCPD cements prepared with (3 -TCP, the conversion
occurred rapidly when HA was used as the base component. HA during cement preparation
seemed to accelerate the process and led to a rapid pH drop, extensive mass loss, a complete
loss of mechanical integrity, and reduced cytocompatibility [170].

Authors [173] evaluated poloxamines, i.e., X-shaped poly(ethylene oxide)-poly(propylene
oxide) block copolymers with an ethylenediamine core (Tetronic®), as an active osteogenic
component and as a vehicle for rhBMP-2 injectable implants [173]. After cytotoxicity screening
of various poloxamine varieties, Tetronic® 304, 901, 904, 908, 1107, 1301, 1307 and 150R1 and
poloxamer Pluronic® F127 were analyzed. Tetronic® 908, 1107, 1301 and 1307 solutions were
the most cytocompatible and it was concluded that the intrinsic osteogenic activity of polox-
amines offers novel perspectives for bone regeneration using minimally invasive procedures
(i.e., injectable scaffolds) and overcoming the safety and the cost/effectiveness concerns
associated with large scale clinical use of recombinant growth factors [173].

Recombinant human bone morphogenetic protein 2 (thBMP-2) has been widely employed for
the induction of bone growth in animal models and in clinical trials [177]. Authors [177]
prepared their own rhBMP-2 and the micronucleus assay was used to evaluate the genotoxic
effect of it. It was concluded that author’s preparations of recombinant human BMP-2 prepared
in E. coli do not promote DNA damage in the concentration range tested.

A fully crystallized bioactive glass-ceramic material (Biosilicate®) for bone repair was
developed and the biocompatibility was evaluated by means of histopathological (after
subcutaneous test), cytotoxic (MTT) and genotoxic analysis (Comet assay). Neonatal murine
calvarial osteoblastic (OSTEO-1) and murine fibroblasts (L929) were employed in this study.
The results indicated that Biosilicate® scaffolds was biocompatible and noncytotoxic and did
not induce DNA strand breaks at any evaluated period [172].

Polymethyl methacrylate (PMMA) is an acrylic resin which is widely used as a biomaterial
due to its excellent biocompatibility and haemocompatibility [181]. In vitro micronucleus (MN)
induction by PMMA bone cement was analyzed in cultured human lymphocyte [181]. The
results showed a highly significant increase in MN frequency in human lymphocytes treated
with PMMA and consequently a genotoxic effect of this substance or of the aphorised residual
ingredients, which continue to be released in small amounts from the polymer. According to
the authors, after the polymerization process, small quantities of ingredients usually present
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in self-curing methacrylate bone cements are released and their rate of diffusion depends on
storage conditions.

Titanium has been one of the most clinically applicable metals in bone tissue to serve as fracture
fixation devices and also as endosseous implants for the rehabilitation of various parts of
human body, especially in the oral maxillofacial region [182]. Piozzi et al. (2009) [182] evaluated
whether liver, kidney, and lung of rats were particularly sensitive organs for DNA damaging
(Comet assay) and cytotoxicity (histopathological changes) following implantation of internal
fixture materials composed by titanium alloy in rats. No histopathological changes in cells of
lung, kidney or liver were observed in the negative control group and in the experimental
groups. The liver, lung and kidney cells did not show any genotoxic effects along the time
course experiment. In the same way, no cytotoxic effects were present since neither tissue
alterations nor signals of metals deposition were evidenced in these organs, even after 180 days
of titanium exposure [182].

Metallic implants can release not only biocompatible ions but also some particles from
mechanical wear or degradation. After corrosion or mechanical wear, these metal biomaterials
release toxic elements such as ions or particles to the environment. Biodegradable metals seem
to be the suitable material for orthopedic applications. Screws and plates made of magnesium
alloys may work as stable biodegradable implants, which avoids the instance of a second
operation. However, despite their use in novel technology, there is no available information
about the possible toxic effects of magnesium particles (MP) from wear debris on human health
[171]. Authors [171] used Mg powder to simulate the presence of MP wear debris within a cell
culture and cytotoxic and genotoxic effects (comet assay and micronucleus induction) were
analyzed. Neutral red (NR) incorporation and acridine orange/ethidium bromide (AO/EB)
staining techniques were used to analyze the cytotoxic effects at 25-1000 pg/mL concentration
range. Changes in lysosome activity were observed after 24 h only at 1000 pg/mL. Accordingly,
AQ/EB staining showed a significant decrease in the number of living cells at 500 pug/mL. A
significant dose-dependent increase in MN frequencies was observed at 25-100 ug/mL range
(nontoxic range). DNA damage induction was observed by comet assay only at 500 pg/mL.
Therefore, authors verified a dose-dependent cytotoxic and genotoxic effects of MP on
UMR106 cells with different threshold values of MP concentration.

6. Summary

This chapter approaches the most current bone substitute materials used in implant dentistry,
as in research as in clinical application, for alveolar ridge augmentation, maxillary sinus lift
and guided bone regeneration, such as: alloplastic materials (bioceramics, bioactive glasses,
glass-ceramics, polymers and composites) and bioactive molecules (peptides and growth
factors). In addition, concepts of tissue engineering used for the development of the new
materials and techniques for implant dentistry were approached. Moreover, this chapter
approached some cytotoxic, genotoxic and mutagenic assays used to evaluate the safety of
biomaterials. Some studies that evaluated cytotoxicity, genotoxicity and/or mutagenicity of
biomaterials were presented.
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Thus, the use of bone substitutes continues to increase along with the availability of new

technologies. Many alternatives for the replacement of autografts, allografts and xenografts

are emerging. Rigorous preclinical and clinical studies are necessary to confirm the cost-

effectiveness of these approaches over traditional bone grafts methods with benefits of

technological advancement exceeding risks to the patient and costs of implantation.
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1. Introduction

Long ago, humanity has sought alternatives to replacing living tissue, mainly due to birth
defects, disease and accidents, using synthetic or natural substances as substitutes, best known
as biomaterials. Thus, tissue engineering has emerged, a new and challenging field of modern
medicine, which aims at recreating tissues and/or healthy organs to replace missing or diseased
body parts [1].

Regenerative medicine which used medical devices and grafts underwent some changes in
recent years, changing to a more biological approach, with use of specific biodegradable
bioactive and supports (scaffolds) with cells and / or biological molecules to create a functional
tissue repair in a diseased or damaged site. Thus, some newer and inter-related strategies are
being used for the regeneration of tissues such as cell injection, cell induction and cells seeded
in scaffolds (cell seeded scaffold) (detailed later in this chapter) [2]. These approaches depend
on the use of one or more key elements, such as cells, growth factors and matrix for guiding
tissue regeneration [3].

The technique used to obtain tissues (tissue engineering) is the regeneration of organs and
living tissues, through recruitment of the patient's own tissue, which are dissociated into cells
and cultured on synthetic or biological carriers, known as scaffolds (scaffolds, three-dimen-
sional matrices, structures, etc.) and then being reinserted into the patient. As a multidiscipli-
nary science, the work involves knowledge of the areas of biology, health sciences and
engineering and materials science [4, 5].

I m EC H © 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and eproduction in any medium, provided the original work is properly cited.
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Thus, one important step for reconstruction of an organ or tissue is the scaffold selection to the
cells, which must take into consideration the type, location and extent of injury. The scaffold
structure provides mechanical support to the cell growth and allows transport of nutrients,
metabolites, growth factors, and other regulatory molecules, both towards the extracellular
environment to the cells, as in the opposite direction [6]. When prepared with bioresorbable
polymeris, scaffolds, the scaffolds have specific implementation strategies [7].

After a degradable polymer is identified as a possible candidate for applications in tissue
engineering, it must be used for manufacturing a porous scaffold [8, 9, 10, 11]. In this case, two
methods are required for proper material manufacture: 1) a method that forms the polymer
into a bulk material; 2) a method to make porous such material [12]. The optimal method of
manufacturing depends in part on the chemical nature of the polymer. Long, saturated and
linear polymers such as PLG are typically formed into bulk materials by entangling the
individual polymer chains to form a loosely bound polymer network. Polymer chain entan-
glement is often achieved by casting the polymer within a mold. The advantage to these
methods is that they are relatively simple. However, since the material is elastic solid only
because of entangled polymer chains, the material is generally lacking significant mechanical
strength. This disadvantage is difficult to overcome without altering the chemical structure of
the polymer [12].

Another method to form a bulk material from a linear polymer involves forming chemical
bonds between polymer chains, known as polymer cross linking [13, 14]. Cross linking is most
often performed between unsaturated carbon-carbon double bonds, and thus this moiety, or
a similarly reactive one, is required to exist on somewhere along the polymer chain. An
initiation system, typically either radical or ionic, is also needed to promote cross-linking. The
initiator system is combined with the polymer and, in response to a signal such as heat, light,
a chemical accelerant, or simply time, the initiator forms species that propagate cross-linking.
As these polymers are formed into bulk materials by covalent cross-linking, they typically
posses significant mechanical strength. Furthermore, their ability to cure in response to an
applied signal allows these materials to be injected into the defect site and cure in situ. The
major disadvantage of crosslinked materials is that the growing complexity of the material, in
terms of the number of components and presence of a chemical reaction, often leads to
problems with cytotoxicity and biocompatibility [12].

In this context, biomaterials are extremely important for tissue regeneration process, and can
be defined as any substance constructed in such a way that, alone or as part of a complex
system, is used for driving, through the control of interactions with components a living
system, the course of a diagnostic or therapeutic procedure, whether in humans or animals [15].

In recent decades, biomaterials have been used to repair tissue function, such as metal
implants, without concern for its effect on local tissues or on the cells. Thus, polymers and
other synthetic materials with biological properties were then developed. More recently,
degradable and natural scaffolds, considered a breakthrough for regenerative medicine have
been used. Thus, there was an evolution of the use of biomaterials that simply replaced the
damaged tissue, to others more specific, allowing the development in three dimensions of a
tissue regenerated in full operation and structurally acceptable [2].
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To use a material with the purpose of replacing a part of the body or induce the formation of
a given tissue, a range of tests and assessments are necessary to establish the potential benefits
and possible adverse effects that the material may have. Thus, biomaterials should have the
following characteristics: not inducing thrombus formation as a result of contact between the
blood and the biomaterial, not inducing adverse immune response, not being toxic or carci-
nogenic, not disturbing the blood flow, and not producing chronic or acute inflammatory
response that prevents the proper differentiation of adjacent tissues [16].

In other words, the biomaterial must be fully biocompatible, that is, must have the ability to
perform its desired function with respect to a medical therapy without inducing any undesir-
able local or systemic effect to the body; but generating cellular and tissue responses beneficial
in that specific situation, and optimizing the clinically relevant responses of that therapy [15].
However, it is worth noting that despite the material having been considered inert for a
considerable time, it was suggested that they may induce physical and chemical changes after
deployment. Thus, before a biological perspective, no material can be considered in fact inert.

2. Strategies for formation and development of tissues

The strategies employed for tissue engineering can be classified into three main classes:
conductive or inductive approaches and cell transplantation.

The conductor/conductive approaches using biomaterials in a passive manner to facilitate the
growth or regeneration capacity of existing tissue such as, for example, use of membranes or
barriers for applied regeneration, adhesion molecules, growth factors, etc. in cases of perio-
dontal diseases [1, 17, 18] or dental implant itself, which is a relatively simple implementation
because the apparatus used does not include the use of living cells or other diffusible biological
signals [19]. In the conductive techniques is usually accomplished the neoformation of
periodontal complex structures, including cementum and periodontal ligament fibers [1]. The
periodontium regeneration is the first engineering technology for dental tissue [17].

In 1965, Urist [20] demonstrated for the first time that the new bone formation could occur in
a non-mineralized site after implantation of powder bone. This discovery led to the isolation
of the active ingredients (specific growth factors - proteins) from bone powder, and the cloning
of the genes encoding these proteins. These concepts have been used by many companies for
production and expansion of these factors on a large scale [21]. Another method employed is
the induction type or inductive approach, which involves the activation of cells near the defect
site with specific biological signals that stimulate proliferation and assist in regeneration and
repair of tissues by use of materials such bone morphogenetic proteins (BMPs) [20, 22] with
promising results for supplementation therapies and the regeneration and bone repair in cases
of fractures and periodontal disease [1].

In other words, an alternative approach is the use of diffusible growth factors, and consists of
placing specific extracellular matrix molecules on a scaffold to allow the tissue growth. These
molecules have the ability to direct or induce the function of cells already present in this
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location, and in consequence, promoting the formation of a tissue type or a particular desired
structure at the location [23].

For the tissue induction can be clinically successful, it is necessary that the biologically active
factors are delivered properly to the desired location and in the correct dose for the time period
necessary. Typically, many such proteins have a short half-life in the body, but must be present
for a long time to be effective. Doctors and researchers have shown these concerns so far by
offering large doses of protein at the sites of interest [19]. The most recent research involves
the development of a controlled release system of these proteins (inducing factors) [24] and,
with the advent of genetic engineering in current biotechnology, a somewhat similar approach
involves transfection of a gene encoding the inducing factor, instead of delivering the protein
itself [19].

Cell transplantation is the third method, which consists of the direct transplantation of cells
grown in the laboratory [25]. This approach is a strategy whose importance is based on the
need for a multidisciplinary team for performing tissue engineering, since it requires the
physician or surgeon in charge of obtaining tissue samples by biopsy, the bioengineer, who
usually participates in manipulating the tissues in bioreactors and prepares the means
necessary for placing the cells obtained from biopsy samples, besides cell biologist, who will
apply the principles of cell biology required for multiplication and maintenance of cells in the
laboratory [1, 18, 26, 27].

Despite having different mechanisms, the three strategies for tissue formation have one
characteristic in common: the use of polymeric materials. In conducting approaches, polymer
is mainly used as a membrane barrier for exclusion of particular cells that can disturb the
regenerative process. In the inductive approaches, these materials act as a carrier for delivery
of proteins (e.g., BMP) or the DNA encoding the protein [24, 28]. With regard to approaches
used to achieve control of the dose and bioavailability of biodegradable polymer carriers
enable localized and sustained release of inductive molecules. The dose rate and the molecule
to be delivered are controlled generally by gradual breakdown of the vehicle [24].

These delivery vehicles are often used in cell transplantation approaches. However, in this
approach the vehicle serves as a carrier of intact cells and even partial tissues [1].

Besides acting as vehicles for the simple delivery of cells, the vehicles also serve as scaffolds
to guide new tissue to grow in a predictable way from the interaction between cells or
transplanted tissue and host cells. The collagen derived from animal sources, and synthetic
polymers of lactic acid and glycolic acid are the main absorbable materials used for tissue
repair in three types of approaches. The collagen is degraded by cells in the tissue during its
development, whereas the synthetic polymers are degraded into natural metabolites of lactic
acid and glycolic acid by the water action at the implant site. From the development and
innovation of biotechnology in tissue engineering various new materials are also being
developed for these applications, such as injectable materials that enable a minimally invasive
delivery of inductive molecules or transplanted cells [1].

Below (Figure 1), a schematic view of the three types of approaches in tissue engineering:
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Figure 1. Schematic representation of the three main approaches for tissue rebuilding in tissue engineering in jaw: I) by
the conductive method where use is made of a barrier that is able to exclude connective tissue cells that may interfere
with the regeneration process and at the same time enables the desired host cells to populate the site to be regenerated.
ID) by the inductive method, in which a scaffold of the biodegradable polymer is used as a delivery vehicle for growth
factors and / or genes encoding this factor in the desired location. As the polymer is being degraded, the growth factor
is being released gradually. III) by the strategy of cell transplantation, which uses a delivery vehicle, similar to that
used in an inductive approach, with the goal of transplanting cells and partial tissues to the place where we want to
regenerate tissue. In this approach can be transplanted only tissues or cells previously formed in the laboratory from
scaffolds.
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Tissue engineering seeks solutions for the regeneration of various tissues associated with the
oral cavity, such as, bones, cartilage, skin and oral mucosa, dentin and dental pulp, and salivary
glands. But in fact, this science will probably have its most significant impact in dentistry
through bone reconstruction and regeneration. The fact that cell transplantation approaches
may offer the possibility of pre-formation of bone structures of large dimensions (for example,
full jaw), which may not be possible to use the other two strategies, makes it the most important
approach in the engineering scope for bone tissue formation [1] (Figure 2).
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Figure 2. Schematic representation of the advances in tissue engineering to regenerate part of the jaw by means of cell
transplantation. A scaffold consisting of biodegradable polymer in the shape of half of the jaw is built (I). Thereafter,
bone precursor cells are seeded on the polymer (beige dots) and stimulated to grow in a bioreactor (II). The scaffold
will then be gradually degraded, while facilitating growth of jaw-shaped bone (III) (Scheme adapted from [1].

Thus, the tissue repair from the in vitro tissue engineering requires the use of cells to comple-
tion and production of similar matrix to the native tissue. The main successful developments
in this field have been using the transplant of primary cells taken from patient and used in
combination with scaffolds to produce the required tissue to re-implant. However, this
strategy has limitations due to the invasive nature of how the cells are removed. Thus, attention
has turned to the use of stem cells, including embryonic stem cells and mesenchymal cells
derived from bone marrow. In addition to being able to turn into all body tissues, these cells
have the capability and advantage of being maintained in culture for long periods, thus having
the potential to obtaining large amounts of cells to tissue. The extraordinary ability of these
pluripotent cells is linked to their ability to form teratoma [29]. Besides the potential to
differentiate into osteoblasts, the possibility of rejection of these cells is greatly reduced.

In cell transplantation, these units can be directly transplanted to the desired location or they
may be cultured in the laboratory on scaffolding. In this case, those cells are stimulated to lay
the groundwork matrix to produce a tissue for transplantation [29].

Currently, several products can be used to achieve tissue regeneration or reconstruction. These
options are divided according to the approach to be used (Inducing, conductive or cell
transplantation) as shown in the scheme below (Figure 3) adapted from [19].
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Figure 3. Products used for bone tissue repair in different types of approaches (Inducing, or conductive cell transplan-
tation) (Adapted from de Kumar, Mukhtar-Un-Nisar and Zia, 2011) [19].

3. Importance of tissues for maxillofacial complex

The maxillofacial complex can be subjected to processes of physical, chemical and biological
nature, which usually determine from minor tissue losses to the involvement of large areas of
structures of this complex. In this context, dentistry has been explored new technologies in
order to change this reality, adapting to new concepts, scientific innovations that include
research on stem cells, tissue engineering, and molecular biology techniques, as tools to
stimulate regeneration or replacement of damaged tissue by tissue engineering.

Considering the scenario of new technologies, however, still in 2001 it was asked: "What impact
could have this engineering in dentistry?" And "What maxillofacial tissues have potential or
are important for that engineering?" According to Kaigler and Mooney (2001) [1], at that time
the answer to the first question was still being formulated, since the engineering probably
would have a revolutionary effect on the field of Dentistry, once almost all types of tissues in
the maxillofacial complex could have potential for engineering. Currently, reality has changed
significantly due to which the tissue engineering has wide application to many different tissue
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types associated with the oral cavity, including bone, cartilage, skin, oral mucosa, dentin and
dental pulp, and salivary glands.

As previously mentioned, inductive, conductive and cell transplantation strategies, which
represent the most used techniques in tissue engineering, are of importance to typically use
different material components in order to achieve the goal of regeneration and / or replacement
of damaged tissues.

Absolutely, all tissues of the maxillofacial complex are important for its proper functioning,
playing a crucial role also in facial aesthetics. Thus, some comments are required about the
major oral tissues and their importance for tissue engineering.

With respect to bone, it can be said that tissue engineering has had a greater impact in dentistry,
particularly with regard to bone regeneration. Bone loss associated with trauma, diseases or
disorders can currently be handled through the use of biomaterials for auto-grafts, allografts
or synthetic, morphogenetic proteins (BMPs) and growth factors. It is reported that even
though these biomaterials stimulate, replace and / or restore the stability and function of tissues
in a reasonably sufficient manner, there are still limitations in their use, which is of importance
for research is increasingly carried out using the three main strategies of tissue engineering in
order to optimize the mechanisms of regeneration in bone areas compromised by various
damaging agents [1, 28, 30].

The importance of cartilage tissue to tissue engineering of structures of the maxillofacial
complex lies in the possibility of reconstruction of craniofacial chondromatosous structures,
the design of polymeric structures with defined mechanical and degradative properties that
can serve as a support structures for cartilage cell proliferation of temporomandibular or
intranasal joints if compromised by trauma or degenerative diseases. One of the limitations of
the use of cartilage tissue in tissue engineering is due to its limited capacity for regeneration
and lack of inductive molecules to the proliferation of their cells; thus it is one of the tissues of
great interest among researchers to develop envisaging bioengineering techniques for
transplanting of cartilage cells [1, 31, 32].

Researches have been and continue to be focused on the production of dentin and dental pulp
by the use of tissue engineering strategies. The importance of these tissues for this engineering
is associated with the possibility to replace material lost by carious processes. There is evidence
that odontoblasts, even lost due to caries, it would be possible to induce the formation of new
pulp tissue cells by tissue engineering based on the use of certain biomolecules stimulating or
inducing odontoblast proliferation and / or nerve cells, and these new odontoblasts, in turn,
could synthesize new dentin material. Furthermore, it is suggested that the tissue engineering
of the dental pulp itself may be possible by using techniques of cultured fibroblasts in synthetic
polymer matrices [33, 34, 35, 36, 37].

One of the most exploited tissues in research of tissue engineering in dentistry is the epithelial
lining of the oral mucosa with significant advances in the use of these tissues in regeneration
and / or replacement of structures of the oral mucosa damaged by various aggressors. Recently,
the introduction of 3D reconstruction of the oral mucosa has significantly impacted the
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approaches to biocompatibility evaluation of tissues and materials to replace and / or regen-
erate oral soft tissues [2, 38, 39, 40].

One of the most challenging areas of genetic engineering applied to the structures of the
maxillofacial complex is the replace of function of salivary glands, since these tissues play
important roles in mastication, phonation and protection of hard and soft tissues of the mouth
by saliva production. In this context, we study the possibility of salivary gland cells trans-
plantation or creating a replacement for compromised glandular structures through the use of
artificial salivary glands consisting of a polymer tube coated with salivary epithelial cells [41].
The success importance of future tissue engineering for these tissues might represent the
possibility of new and more effective approaches to the treatment of conditions associated with
loss of function of the salivary glands, including dysphagia, dysgeusia, rampant caries and
mucosal infections [1].

Regarding the possibility of reproducing teeth, there are numerous growth factors involved
in the development of dental organs and biological processes involved in odontogenesis are
quite complex, reason why we still cannot form a complete tooth; however, some studies have
shown the enamel and dentin formation from stem cells isolated from dental pulp [42, 43]. The
replacement of missing teeth by tissue engineering in humans is still being researched, but
with a real possibility of application in the future.

4. Biomaterials used in craniofacial tissue regeneration

Biomaterials play a crucial role in tissue engineering. They are used for the manufacture of
supports or matrices which allow a suitable microenvironment for optimal cell regeneration.

Biomaterials for constructing scaffolds can be natural/synthetic and rigid/non rigid. Natural
biomaterials offer good cellular compatibility i.e. ability to support cell survival and function
thereby enhancing the cells” performance, and biocompatibility. Their disadvantages include
source variability, immunogenicity, if not pure, limited range of mechanical properties and
lack of control over pore size. Unlike natural biomaterials, synthetic biomaterials can be
manufactured in unlimited supply under controlled conditions, are cheaper and can be
tailored to obtain desired shape, cell differentiation properties and mechanical and chemical
properties especially the strength, pore characteristics and degradation rate suited for intended
applications. However, synthetic biomaterials lack cell adhesion sites and require chemical
modifications to improve cell adhesion

During the last century, various natural or synthetic biomaterials have been used for the
manufacture of supports for tissue engineering (fabrication of tissue engineering scaffolds)
such as metals, ceramics and polymers. However, metals and ceramics are not biodegradable
and its processing is limited, which prevents their application as effective supports (scaffolds)
for tissue regeneration. Thus, the polymers has been the most commonly used because they
have some important characteristics for tissue regeneration such as biodegradability, porosity,
large surface area and ease of processing, among others [44, 45].
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There are two types of polymers: natural and synthetic [46, 47]. The main biodegradable
synthetic polymers include polyesters, polyanhydride, polyfumarate, polycaprolactone,
polycarbonate and polyorthoester [7, 48]. The polyesters such as poly (glycolic acid) (PGA),
poly (lacticacid) (PLA), and their copolymer of poly [lactic-co-(glycolic acid)] (PLGA) are most
commonly used for tissue engineering. The natural polymers include proteins of natural
extracellular matrices such as glycosaminoglycan, collagen, alginic acid and chitosan etc [49,
50]. These polymers of natural origin are biodegradable and possess known cell-binding sites.
However, they have some disadvantages such as the level of immunogenicity and speed of
degradation.

The tissue regeneration from cells transplanted into a polymer scaffold is summarized in
Figure 4.
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Figure 4. Schematic figure illustrating the steps performed in the laboratory for tissue regeneration from the use of trans-
planted cells stimulated to grow on biomaterials. It is necessary to understand the importance of biomaterial to perform
this technique. It can be natural or synthetic and should meet the requirements of biocompatibility and other features al-
ready mentioned in this chapter. It is also important to realize the multidisciplinarity involved in this process. The physi-
cian is needed in order to perform the tissue biopsy to remove the cells (I). This tissue/cell is then taken to the laboratory
to be multiplied several times. Thereafter, the use of principles of cell biology, such as growth factors (II) to stimulate the
cells to grow and maintain their functions will be necessary. It is also required the involvement of engineers for manufac-
turing matrices of biodegradable polymers (III) and the bioreactor (IV). When cells grow in appropriate number, they are
seeded on the polymer scaffold. The tissue is then allowed to grow in the bioreactor until the time of transplantation by
clinical surgeon. Biomaterials can be used to stimulate the growth of several types of tissues, e.g. bone, cartilage or skin.
After the appropriate development, the tissue is transplanted and the area is regenerated.

Other extracellular matrices used as scaffolds include fibrin and fibrinogen. [51, 52, 53].
According to some studies, both can induce angiogenesis during tissue regeneration [54, 55,
56]. Chitosan is a derivative of chitin, a natural biopolymer which is biocompatible, biode-
gradable, antimicrobial and possesses tissue healing and osteoinductive effects. It has the
ability to bind to growth factors, glycosaminoglycans and DNA and can be easily processed
into membranes, gels, nanofibres, beads, scaffolds and sponges. Because of these properties,
chitosan gel alone or in combination with demineralized bone matrix/collagenous membrane
is quite promising in periodontal regeneration [57].
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Considering the bone tissue engineering, porous scaffolds are designed to support the
migration, proliferation, and differentiation of osteo-progenitor cells and aid in the organiza-
tion of these cells in three dimensions. These scaffolds may be made from a wide variety of
both natural and synthetic materials. The naturally derived materials include cornstarch-based
polymers, [58] chitosan [59, 60] collagen, [61] and coral [62, 63]. Among these materials, the
coral has been shown to be an effective clinical alternative to autogenous and allogenous bone
grafts [64, 65].

Examples of synthetic materials include calcium phosphates [66, 67] and organic materi-
als such as poly (phosphazenes), [68] poly (tyrosine carbonates), [69] poly (caprolactones)
[70], poly (propylene fumarates) [71], and poly (a-hydroxy acids) [72, 73]. Composites of
inorganic and organic materials have also been successfully used to create scaffolds for
bone grafts [74, 75]. Poly (a-hydroxy acids) are the most commonly used polymeric
materials for the creation of tissue-engineering scaffolds for bone. The most common of the
poly (a-hydroxy acids) are poly (glycolic acid), poly (lactic acid) (PLA), and copolymers of
poly (lactic-co-glycolic acid) (PLGA). These materials are readily metabolized and excret-
ed when degraded by the body [44].

5. Challenges and future prospects

Tissue engineering is an emerging technology with potential application in various medical
fields. The main focus of recent research is the development of techniques for manipulating
stem cells, aiming at the achievement of restorative treatments of injured and/or lost tissues
and organs. Apart from stem cells, bioengineering requires the presence of factors that allow
their proliferation in a microenvironment closer to tissue reality, including the extracellular
matrix and growth factors. The biomaterials, in turn, are necessary for serving as porous
scaffold upon which tissue regeneration is set. As knowledge is acquired with respect to stem
cells and biomaterials, the potential for treating diseases may extend beyond the craniofacial
region of the body. However, the mechanisms of action of these biotechnologies are not yet
fully understood and offer a promising future, so that research is needed to apply them
clinically.
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1. Introduction

Edentulism, defined as the loss of all natural teeth, is a severe chronic irreversible medical
condition that associates extensive oral changes and has a negative impact on general health,
psychological comfort, social functioning and on the overall quality of life. Despite the efforts
made, edentulism still has a high prevalence, about 7 to 69% in the adult population world-
wide, projections displaying a high rate of occurrence in the next decades, especially in the
elderly population [1,2].

The most common treatment option for complete edentulism is still the conventional complete
denture, an alternative which rather often does not fulfill patients’ needs and is regarded as
having multiple shortcomings, mainly in relation to its instability. The use of implant pros-
theses, fixed or removable, provides a better treatment outcome, with a significant improve-
ment of oral function and quality of life [3].

Implant prosthesis in edentulous patients, despite their increasing use, still register low
prevalence, which is most probably linked to oral, systemic and social factors. Frequently, the
edentulous patients are elderly and face barriers to treatment access (e.g., limited financial
means, transportation difficulties, communication problems linked to loss of hearing or visual
acuity) [4,5]. They show less willingness to accept complex treatment options, with major
surgical interventions, such as bone grafting, or sometimes even implant placement. Often
elderly have systemic comorbidities that are sometimes risk factors for developing complica-
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tions. Considering the previous, simpler treatments with high predictability and easy main-
tenance procedures are preferred.

Despite these factors that limit usage of implant prosthetic rehabilitations in edentulous
patients, due to their better treatment outcome compared to conventional dentures or root
overdentures, in the future most likely they will be standard treatment options widely used.
Supporting the previous, McGill consensus states that two-implant overdenture is the
minimum standard of care for mandibular edentulism, taking into account performance,
patient satisfaction, cost and clinical time [6]. Implant use for prosthetic rehabilitation will
probably increase over time in relation to the advancement of research and technology in the
dental field, combined with decrease of the implant treatment costs and increase of the
acceptance for this treatment option by the general public.

Out of the variety of implant prosthetic options that can be used, the minimally invasive
implant treatment alternatives may be more appropriate for the aged edentulous patients,
considering their oral and systemic status, needs, expectations and barriers [7-9]. Usage of
fewer and less invasive surgical procedures (e.g., avoiding bone grafting; using flapless
technique for implant placement; using a reduced number of implants) is beneficial due to a
shorter healing period and a decreased patient discomfort, represented by either pain or stress
[10]. Additionally, the possibility of immediate implant loading with the regain of function-
ality, the decreased clinical time needed for their execution and the relatively moderate
treatment burden are all positive aspects that should be considered [11-13].

Subsequently, two minimally invasive implant treatment options for the edentulous patient,
one fixed, namely Sky Fast & Fixed (concept derived from All-on-4), and one removable,
namely implant overdentures, will be presented. These are perceived as being minimally
invasive compared to other implant treatment options, with regards to the limited surgical
interventions (they usually don’t require bone grafting; a reduced number of implants are
placed; when appropriate, flapless technique is used) and reduced clinical time, favoring rapid
healing and functionality regaining through immediate implant loading. Both fixed and
removable treatment option were chosen considering patient's needs and expectations.
Therefore, fixed prosthetic restorations are more appropriate for younger patients, who
usually don’t easily accept removable prosthesis, and have better dexterity that is needed in
order to properly maintain the oral hygiene. The implant overdentures are more appropriate
for older edentulous patients, especially for the ones dissatisfied with the conventional
dentures, ensuring a satisfying performance and esthetic rehabilitation, requiring simpler
procedures for oral hygiene maintenance [14].

2. SKY Fast & Fixed — Fixed-prosthetic implant restoration

General presentation. Sky Fast & Fixed defines an option of immediate fixed-prosthetic
implant restoration for complete edentulism, with specific protocol and materials, developed
by Bredent Medical (Senden, Germany). Basically, this treatment concept is derived from All-
on-4 and All-on-6 concepts, previously developed by Professor Paulo Malo, together with
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Nobel Biocare (Goteborg, Sweden) [15-17]. Sky Fast & Fixed differs mainly through the
particularities of the system components, such as implant and abutment design.

The main characteristics of Sky Fast & Fixed treatment concept are presented below:

It is designed for complete edentulism, as current or imminent condition.
It can be applied in one or both jaws.

This treatment concept uses 6 implants in the maxilla and 4 implants in the mandible. The
distal implants are placed tilted, and the other implants are placed axial. Placement of the
distal implants tilted is due to several aspects. It associates a decrease of clinical time and
number of appointments, through avoiding extensive bone grafting, frequently needed in
the posterior area of the jaws in order to have sufficient bone for implant placement and to
avoid maxillary sinus or the inferior alveolar nerve injury. An increase of the prosthesis’
implant bearing area occurs-as prosthesis’ dental arch length, that reduces the need of using
cantilever extremities, and as the occlusal tooth-surface areas that ensures good load
distribution to the dental arch. Tilted position of the distal implants associates an increase
of the osseointegration surface and using longer implants favors a good primary stability
[18,19].

A rigid fixed provisional prosthesis, without cantilever extensions, is used through imme-
diate implant loading. Therefore, for the dentate patients, edentulism treated by removable
prosthesis can be avoided-teeth extraction, implant placement and provisional prosthesis
are done during one appointment. The prosthesis is usually designed as a shortened dental
arch, comprising the anterior teeth and the premolars.

Arigid fixed prosthesis that splints the implants, provides cross arch stabilization, designed
with or without cantilever extensions, is used for definitive restoration [20]. Usually it is
designed as a shortened dental arch, comprising the anterior teeth, the premolars and the
first molars.

Treatment implementation requires a well-trained team, with knowledge of the treatment
concept that must include a dentist with clinical experience in prosthodontics and implan-
tology, and a dental technician.

Sky Fast & Fixed implies the use of some specific materials, components and instruments
of Bredent Medical, some of them developed especially for this concept, such as the implants
and the abutments. The distal implants that are meant to be placed tilted are designed with
length of 14 or 16 mm and diameters over 4 mm. The axial implants should have a length
of at least 10 mm and a diameter over 3.5mm. For implant divergence, compensation
abutments are designed with angulations of 0°, 17.5° and 35°, and an outer cone of 17.5°
Also, the abutments have an unique platform of 4mm and are designed for variable gingiva
heights, from 0.9 mm to 3.6 mm.

Ensures a simpler and fast oral rehabilitation, with limited surgical procedures performed
during one single appointment and with reduced costs, compared to conventional fixed-
prosthetic implant restorations.
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Time sequence of the main phases of Sky Fast & Fixed can be observed in figure 1.

Definitive prosthesis

Figure 1. Sky Fast & Fixed - time sequence of the main treatment phases

Clinical phases. Sky Fast & Fixed is implemented following the regular steps of fixed-
prostheticimplant restorations, with some specific aspects related to this concept and to patient
features. Some of the aspects that should be accounted in treatment planning are synthetized
in table 1, followed by a more detailed presentation.

Patient evaluation should comprise information regarding the oral and systemic health,
considering anatomical and functional aspects, in order to accurately collect diagnostic data,
essential for treatment planning and execution.

Oral examination must consider, among others, the initial dental condition (as dentulous or
edentulous), maxillomandibular relationship, the vertical interarch space (restorative space),
bone features (quality, quantity, anatomical limitations) and plaque control. Dentate patients,
compared to the edentulous ones, present an increased treatment time, linked to the proce-
dures performed previous to implant placement (teeth extraction, bone leveling, removal of
infected tissue), that may have specific complications. Even so, it may be a more favorable
clinical situation considering implants associate a reduction of bone resorption, it is possible
to register the maxillomandibular relationship and identify some of the patient’s natural
esthetic particularities. In edentulous patients, severity of bone resorption and its consequen-
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Diagnostic ¢ oral and systemic health assessment
procedures ¢ facial esthetic evaluation
* analyze of radiographs and computed tomography
* wax-up
¢ informed consent
Preoperative e instruction and motivation on maintaining a proper oral hygiene (antibacterial mouthwash, such as

interventions and

Chlorhexidine 0.12%, is recommended)

instructions ¢ record of maxillomandibular relations and occlusion
* impression used for fabricating the provisional prosthesis
¢ surgical template (guide)
» medication - antibiotics (amoxicillin with clavulanic acid, administered for 5-7 days, starting 1 hour prior
to surgical intervention) and sometimes sedatives
Anesthesia * local anesthesia is usually required
Preprosthetic o teeth extraction, bone leveling, removal of infected tissue
surgery * alveolectomy, when ridge crest is displayed during smiling

* bone grafting procedures

Implant placement

* implant number, position and design (diameter, length)
e usually, first the mesial implants are placed and last the distal implants

¢ exposure of implant site - flap or flapless technique

Additional surgical

procedures

* bone grafting (socket grafting; with autograft and synthetic alternatives; with or without membrane)

® suture

Interim prosthesis

¢ abutments selection (angulation)
¢ impression and record of maxillomandibular relationship
¢ design - dental arch length (number of teeth)

* materials — as acrylic or Visio.lign

Postoperative

instructions

¢ radiological exam

¢ instructions for oral hygiene, diet (soft diet, for at least 10 weeks) and medication (antibiotics, analgesic
drugs)

¢ informing about the need to make an appointment if bleeding, pain, implant mobility, detachment or
damage of the prosthesis occur

¢ establishing the next appointment

Definitive prosthesis e design — dental arch length (number of teeth, usage of cantilever extremities); occlusion scheme; fixation

type, as occlusal screw-retained

® materials

Maintenance

¢ regular check-ups

¢ addressing complications

Table 1. Main coordinates of the clinical interventions of Sky Fast & Fixed

ces (e.g., deficient lip support), particularities of maxillomandibular relationship are important

to be correctly acknowledged in order to obtain an aesthetic and functional outcome. Addi-

tionally to alveolar ridge particularities (bone width, vertical ridge orientation and aspect of

the surface-uniform or with irregularities), the characteristics of the mucosa, such as resilience
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and amount of keratinized mucosa, may be decision-factors for using either a flap or a flapless
technique for implant placement. In dentate patients, registration of maxillomandibular
relations for the implant prosthesis can be eased by initial records or preservation of posterior
occluding teeth. Bone assessment is essential for establishing if this treatment option is viable,
and if it is, it’s very important for treatment planning, as for deciding upon implant number,
position and design (diameter and length). In this respect, a quantitative and qualitative bone
evaluation is required, which includes aspects like ridge width, ridge height, anatomical
limitations and bone density, additional to panoramic radiographies, computed tomography
being highly recommended. Considering that oral hygiene is an important prognosis factor
for all implant prosthesis, patient’s behavior in this respect should be assessed and deficiencies
of it addressed by mechanisms as awareness, motivation and training.

Facial appearance with this type of prosthetic restoration must be assessed and predicted, in
order to provide an adequate esthetic result. The analysis should start with the evaluation of
initial situation (natural teeth or prosthetic rehabilitation), acknowledging also patient’s
perception and preferences. Difficulties in this regard are mainly found in edentulous patients
that have severe facial changes related to tooth loss and bone resorption, especially in the
maxilla due to the centripetal bone resorption. Assessment of facial and lip support can be
done comparing the facial appearance with and without the dentures or using a wax try-in
without the buccal flange [21]. In patients with severe ridge resorption, if between the ideal
artificial teeth location and the ridge there is an increased sagittal discrepancy, in order to
obtain a satisfactory esthetic outcome, a removable denture with a buccal flange may be more
appropriate. For a natural appearance, vertical bone loss is addressed also through the use of
pink acrylic or ceramic.

Implementing this treatment concept should be done in patients with good overall health,
considering the inherent risks of the surgical intervention, but also the considerable physical
and psychological stress related to the increased number of clinical procedures done in only
one day. Therefore, acknowledgement of patient general health status is needed and constant
monitoring of the blood pressure and pulse rate in the dental office is recommended.

The surgical phase mainly comprises preprosthetic procedures and implants placement.

Preprosthetic surgery aims to obtain optimal conditions for implant placement and for the
prosthetic reconstruction (Figure 2). Teeth extraction and related interventions, alveolectomy,
bone grafting, excision of hyperplasic lesions and bone leveling may be included.

Implant placement may be done using a flap or flapless technique. Flap technique is usually
selected, due to the better assessment of available bone and thickness of the crestal area, but
flapless surgery has also numerous advantages related to preservations of circulation and bone
tissue volume at implant site, decrease of surgical time and accelerated healing [22]. In
edentulous patients that do not require preprosthetic surgery and a flapless technique is used,
the interim prosthesis can be done prior to the surgical phase, and minor adjustment are
needed, contributing to a considerable decrease of the clinical time.

Implant placement should be done according to the treatment plan; for a more accurate
position a surgical template can be used. Usually, the axial implants are placed first (Figure
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3), and then the tilted ones (Figure 4). For verifying implant angulation, parallelizing pins can
be used.

Immediate implant loading requires a good primary stability for achieving a successful
osseointegration. This is related to multiple factors, such as bone density, implant diameter
and length and insertion torque of 45 N cm or more. Using the long titled implants favors a
good primary stability due to the fact that they follow a dense bone structure-the anterior wall
of the sinus [23].

After the selected abutments are placed, the sutures follow. Therefore, there is no need for
another surgical phase, as there is in the case of using healing abutments.

S

Figure 3. Axial implant are placed first
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Figure 4. Tilted implants are placed second

Interim prosthesis is fixed, usually made from rigid acrylic material and splints the implants,
protecting them from adverse loading and reducing the stress in the bone around the implant
[20,24]. It is manufactured and placed in the same day with implant insertion. Therefore, it is
mandatory to include a dental technician in the team that, ideally, has the dental laboratory in
the same location with the dental office.

Manufacturing the interim prosthesis basically follows the same steps as other fixed-prosthetic
implant restoration. After placement of abutments and suture, an impression is taken with a
closed or open tray (Figure 5). The impression copings are attached to the implant abutment
without splinting, that associates the risk of positional errors that are reflected as deficiencies
on all forthcoming laboratory phases. After that, maxillomandibular relationship is recorded.

The dental technician manufactures the interim prosthesis, the procedure being simpler, faster
and better adapted to patient’s features (e.g., maxillomandibular relationship) when a wax-up
is previously made. For shortening of the laboratory phase and obtaining a better esthetic
outcome, composite or acrylic prefabricated veneers can be used. The prefabricated veneers
are used for a wax set-up, followed by manufacturing a positioning template for them, through
the use of a silicone impression. Finishing of the interim prosthesis is achieved by transferring
the set-up, adding rigid acrylic material, and fixation of only one implant coping (Figure 6).

After manufacturing of the interim prosthesis by the dental technician, fixation of the remain-
ing implant copings and adjustments are made in the dental office. All implant copings except
one are fixed insitu, directly intraorally by the dentist, in order to address coping errors and
to ensure passive fit and tension-free placement. Only after that occlusal adjustments are made.
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Figure 6. Interim prosthesis — laboratory phases

Therefore, during the osseointegration phase, a comfortable fixed interim restoration is used,
that ensures esthetic and functional rehabilitation, which can be used for a moderate period
of time. Also, during this interim phase, the patient has the time to analyze and form his own
opinion about the esthetic outcome, and declare his own requirements about the changes
desired for the definitive prosthesis.
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Figure 7. Definitive prosthesis execution

Postoperative instructions target mainly postoperative medications, the adequate plaque
control and using a soft diet during the first weeks. In the next appointment, scheduled in the
following days after surgery, occlusal adjustments should be done, considering their impact
on the prognosis..

The definitive prosthesis is a splinted implant fixed restoration, by a rigid metal-based
ceramic or acrylic prosthesis. It is manufactured after at least 4 months after surgery in the
maxilla, respectively after at least 3 months in the mandible.

Clinical phase of definitive prosthesis manufacture are similar to those used for fixed-
prosthetic implant restorations (Figure 7). If desired, implant abutments can be replaced with
others, with different angulation or gingival height. Special attention must be given to
accurately register the implant abutment position. In this respect, a preliminary impression is
taken in order to fabricate an acrylic splint and a custom tray. The acrylic splint manufactured
in the dental laboratory is sectioned in the area between the implants and then splinted
intraorally with acrylic resin. Using this procedure for custom tray impression ensures an
accurate tension-free registration of implant abutment position.

Definitive prosthetic design, as the length of dental arch and decision upon using cantilever
extensions depends on the site of the most distal implant abutment and patient features, as
number of teeth exposed during smile. It is best to use cantilever extension with reduced
length, below 6-8 mm in the maxilla and 10 mm in the mandible [25].
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Definitive prostheses are screw-retained, the screw-access opening being placed on the
occlusal or the lingual side of the prosthesis. Through this method of retention, removal of
prosthesis and professional hygiene procedures are easy to perform.

Metal or zirconium-based ceramic, metal-based acrylic or composite, are all options that can
be used for manufacturing the definitive prosthesis. In the mandible, metal based acrylic and
composite restorations are preferred when opposed by maxillary ceramic prosthesis, as
prevention factor of negative complication that may appear in relation to occlusal or parafuc-
tional forces. In order to obtain a natural aspect, pink material is used for replacing the lost
hard and soft tissue and for restoring the artificial gingival contour.

Indications. Sky Fast & Fixed treatment concept addresses rehabilitation of complete edentu-
lism, as current or imminent condition, through an immediate fixed-prosthetic implant
restoration. It is especially indicated in the cases with severe ridge resorption in the posterior
regions of the jaws that prohibit the axial placement of dental implants, in patients for whom
extensive bone grafting procedures are not an option. It can be used for either dentate patients
that are soon to be edentulous and absolutely refuse interim or definitive removable prosthesis,
or for edentulous patients extremely dissatisfied by their conventional or implant removable
prosthesis who desire a fixed prosthetic restoration. In some systemic conditions or elderly
patients, this treatment option may be more indicated compared to conventional fixed implant
restorations (that usually require major grafting procedures), considering that there are fewer
and less invasive surgical procedures, that cause less trauma and stress, shorter healing period
and a lower risk of developing complications [26, 27].

Contraindications. This treatment alternative basically has the same contraindications as all
implant based restorations, mainly in relation to the risks associated to surgical procedures.
Even so, there are few absolute contraindications (e.g., recent myocardial infarction, stroke,
cardiovascular surgery, and transplant; profound immunosuppression; radiotherapy or
bisphosphonate use), the degree of disease-control being far more important than the nature
of systemic disorder itself [27,28]. Additionally, there are complications or behavioral aspects
that may increase the treatment failure or complication rate, which should be acknowledged
(e.g., diabetes, oral hygiene status, smoking, decreased frequency of using the dental services).

Using this specific treatment concept is limited to cases with severe ridge resorption in the
anterior region of the jaws, in patients for whom extensive bone grafting procedures are not
an option.

Advantages. Sky Fast & Fixed has the general advantages of immediately loaded fixed implant
prosthesis, provided through a less invasive treatment compared to the conventional option.

As an immediately-loaded implant-prosthesis, it ensures immediate functional and esthetic
rehabilitation, with a positive impact on patient’s wellbeing and quality of life. Even more, for
the dentate patients it is possible to avoid the edentulism condition treated by removable
prosthesis, the imminence of this situation being frequently a major stressor for patients.

Compared to conventional fixed implant prosthesis, Sky Fast & Fixed is considered to be less
invasive. The surgical procedure used is simpler, by avoiding extensive bone grafting,
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placement of fewer implants, using when appropriate a flapless technique, no need for a
second stage implant surgery. Also, there is only one-day of surgery. Minor preprosthetic
surgery, if required, is done in the same appointment with implant placement, and there is no
need of a second stage implant surgery. Correspondently, the less the surgical trauma is, the
faster the healing and recovery of the patient is.

Using a reduced number of implants, avoiding some procedures like bone grafting, the
possibility of using metal-based acrylic prosthesis, decrease of the number of clinical appoint-
ments required, are all factors that may contribute to a decrease of the treatment cost. This may
be an important aspect for the edentulous patient that is often aged and has limited financial
means.

This treatment concept has advantages also for the dental team. Aspects like the standardized
treatment protocol, the reduced number of clinical appointments, the relatively easy way of
manufacturing and placement of the interim prosthesis, patient’s satisfaction, all have a
positive impact.

Complications. This treatment option basically has the same complications with any imme-
diately loaded fixed implant prosthesis. Some aspects, mainly related to Sky Fast & Fixed
particularities will be highlighted.

The acrylic interim prosthesis can fracture, this occurring mainly after the ten week period of
recommendation of eating soft diet, when patients fell confident to chew harder food. If
unmanaged, it can lead to implant failure, due to the alteration of the splinting process.
Therefore, the interim prosthesis should not be reinforced, because it may mask the fracture
and delay the patient’s addressing to the dental office.

If chipping of the ceramic of the definitive prosthesis occurs, this being a relative frequent
complication, the interim prosthesis can be used for the time needed for laboratory repairing.

One important risk factor for all implant prosthesis, including this treatment option, that is
linked to sometimes severe complications, is the correctness of the registration of maxillo-
mandibular relations (respecting the coincidence of maximal intercuspal position and centric
relation, and the functional vertical dimension of occlusion). Acknowledging that, in a dentate
patient with posterior occluding teeth it is recommended their preservation until after the
interim prosthesis is manufactured, in order to ensure a correct registration.

3. Implant overdentures

General presentation. An implant overdenture is a removable dental prosthesis supported or
retained by dental implants, through various attachment systems (e.g., ball, locator, magnets,
bar). Benefits of overdentures include increased retention and stability of the prosthesis,
improved mastication and phonation, decrease of the rate of ridge resorption, all having a
positive impact on patients’ well-being and quality of life.

An increased usage of this treatment option occurred as a reaction to the relatively frequent
retention and stability deficiencies of complete dentures that are addressed at more affordable
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costs compared to the ones of fixed implant prosthesis [29]. Moreover, nowadays two implant
overdentures are considered the minimum standard of care for mandibular edentulism, taking
into account performance, patient satisfaction, cost and clinical time [6]. Most probably,
overdenture use will increase even more, in relation to its indications, being most appropriate
for the aged population segment that is estimated to be increasing.

Implant overdenture treatment concept has the following main features:

It is designed for complete edentulism, as interim or definitive removable prosthesis, and
can be applied in one or both jaws.

Overdenture has, with regards to their role, three structural elements: the infrastructure (the
implants), the mesostructure (the connector between implants and overdentures, the
attachment system) and the superstructures (the partial or complete overdentures).

The use of implants and attachment system aims to improve overdenture retention (1), or
retention and stability (2), or retention, stability and support (3).

Implant overdentures can be supported exclusively by implants (1), by implants and soft
tissue (2), or only by the soft tissue (3).

There are different types of implants that can be used for implant overdentures (e.g.,
conventional diameter, narrow or mini dental implants; narrow implants with one-piece or
two-piece design). These are available in different lengths, diameters and sometimes have
different attachment systems (Figure 8).

The number of dental implants placed in the case of implant overdentures vary between 1
to 4 for mandibular overdenture, and 2 to 6 for maxillary overdenture.

Selection of the dental implant, as type, diameter and length and establishing their number
and position must consider the bone features (ridge width and length; bone density) and
treatment objectives (e.g., enhance only overdenture retention, or retention and support).
Usually, implant placement without bone grafting can be done anteriorly to the mental
foramen in the mandible, and anteriorly to the maxillary sinus in the maxilla. Frequently,
for the implants placed in the posterior area of the jaws, bone grafting is required. In order
to avoid bone grafting, narrow dental implants can be used in narrow ridges, and short
dental implants can be used in reduced ridge height. Bone density, according to Misch
classification, should be D1, D2 or D3, not D4 because it is usually accompanied by implant
failure [30].

Depending on patient’s features and the material and treatment option chosen, implant
placement can be done with or without a flap, using one-stage or two-stage implantation
protocol.

Implants can be unsplinted (e.g., with ball as attachment system) or splinted (e.g., with bar
as attachment system). In the first case, implant problems can be more easily addressed by
implant replacement or by placing an additional implant. In case of implants splinted by a
bar, implant failure may be followed by treatment failure. There is no difference between
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Figure 8. Different type of implants, according to their diameter and attachment system

splinted and unsplinted implant overdentures regarding the peri-implant outcome and
patients’ satisfaction. Therefore, considering unsplinted implants prostheses have simpler
manufacturing and repairing procedure, these may be more indicated for aged edentulous
patients [31].

* There are many types of attachment system that can be used for implant overdentures, e.g.,
ball, bar, locator, magnets, telescope, TiSiSnap. Selecting the attachment system must
consider their role, such as only improving overdenture retention (e.g., ball attachment), or
retention and stability (e.g., round bar attachment with non-rigid anchorage), or retention,
stability and support (e.g., milled bars with rigid anchorage). Aspects related to patient’s
features (bone resorption, interarch vertical space, patient ability to perform maintenance
procedures and expectations), situation of the opposite jaw (dentate or edentulous patient,
treated by fixed or removable conventional or implant prosthesis), financial costs, should
be all considered.
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* The overdenture design is related to the other features of the implant prosthesis. Namely,
if ball attachment system are used, that only improve overdenture retention, overdenture
is best to be designed as a conventional denture, with complete coverage of the support area,
until the anatomical and functional borders, with complete peripheral seal. If an implant-
supported overdenture is used, an open palate overdenture can be used, and if desired can
be screw-retained, similar to a fixed implant restoration.

* Overdenture reinforcement, in order to prevent its fracture, is mainly indicated when more
than two unsplinted implants are used and in bars (considering the costs of the repairing
procedure are higher, sometimes being necessary to renew the overdenture).

* In previous denture wearers, sometimes the old denture can be modified and used as the
overdenture.

* Oral hygiene maintenance for implant overdentures is relatively easy to perform, consid-
ering that by removal of the prosthesis patients can have good access to the peri-implant
tissue.

* Usually performing an implant overdenture requires reduced clinical time and number of
appointments, additional to those usually required for a complete denture. In immediate
loaded implant ball-retained overdentures, implant placement and overdenture adjustment
can be done in one day, being accompanied by an immediate functional rehabilitation. In
other cases, a delayed loading is required.

* Regular check-ups are most important during the osseointegration phase and in the first
year of functioning, considering this is the period when most severe complications usually
occur.

There are many treatment planning options when considering treatment of edentulism with
implant overdentures, some being more invasive than other. Selection of one of them depends
mainly on patient’s preferences and needs, and on oral and general health status and partic-
ularities.

Among implant overdenture treatment options, those requiring easier and less invasive
interventions for execution and maintenance will be detailed further on. There will be
addressed mainly the alternatives that require the minimum necessary surgery (mainly
implant placement, according to the anatomical limitations), preferably with immediate
implant loading (ensures rapid functional reestablishment), and unsplinted implants (give
more flexibility in managing future complications, that usually are less severe; maintenance
is simpler). These overdentures mainly improve the retention of the prosthesis, and are
implemented at moderate biological, financial and time costs.

Clinical phases.

Patient evaluation should comprise the common diagnostic data collection for complete
dentures, and implant prosthesis, some of the aspects mentioned below being very important
for treatment planning in case of implant overdenture.
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Patient’s needs, expectations and chief complaints related to the previous prosthetic treatment
should be well-acknowledged. Most often, previous complete denture wearers are dissatisfied
by its retention, aspect that is usually well addressed by implant overdentures. Dentate
patients are often frightened by the idea of removable denture, and have psychological
difficulties in accepting it. Therefore, explaining to the patient the main treatment options, with
their benefits, limitations and cost, is mandatory.

Considering that often edentulous patients are aged, with multiple comorbidities, less invasive
surgery is beneficial. Therefore, bone offer needs to be accurately analyzed, in order to establish
implants type, position, diameter and length. Frequently, sufficient natural bone for implant
placement is found anteriorly to the mental foramen in the mandible, and anteriorly to the
maxillary sinus in the maxilla. In the mandible, bone deficiencies are mostly related to severe
ridge resorption and decreased ridge width. In the maxilla, bone deficiencies are mostly related
to decreased ridge height and reduced bone density. Consequently, when conventional dental
implants cannot be applied without bone grafting, narrow or mini dental implants may be
used in the mandible, and an increased number of conventional diameter implants are
recommended in the maxilla [32]. In the mandible, two conventional diameter implants
(diameter greater than 3.5mm), two narrow diameter implants (diameter below 3.5mm), or
four mini dental implants (diameter below 3mm) are usually placed. In the maxilla four
conventional diameter implants, four narrow diameter implants or six mini dental implants,
of minimum 10 mm length are usually placed.

Thickness of keratinized mucosa should be evaluated in order to properly select the implant
and attachment system that are usually designed with alternatives for different gingiva height.

Treatment planning should consider the condition and treatment of the opposite jaw. For
example, planning an implant overdenture in the mandible should consider if teeth or fixed
restoration, or edentulism treated by conventional denture are found in the maxilla. If teeth or
fixed prosthesis are found in the maxilla, it is recommended to increase the number of
mandibular implants and special consideration should be given to the vertical prosthetic space
that is frequently reduced. If a complete denture is found in the maxilla, signs of combination
syndrome may appear due to anterior movement of the masticatory field, favoring the
instability of the maxillary denture and the increased bone resorption rate in the anterior
maxilla. Consequently, this iatrogenic effect can be managed by using implant overdenture
also in the maxilla [33].

Previous denture analysis may offer diagnostic data and further on, depending on their
correctness, can be transformed or not into the future overdenture. Aspects like registration
of an increased vertical dimension of occlusion or errors in artificial teeth mounting should
lead to the decision of manufacturing a new denture, because these may become risk factors
for implant overdenture complications.

Surgical procedure includes teeth extractions, preprosthetic interventions and implants
placement.

Preprosthetic surgery aims towards obtaining favorable conditions for denture execution and
improving the treatment prognosis. It may include intervention on the bone (for exostosis, tori)
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or the soft tissue (for frenum, hyperplasia). Sometimes, major surgical interventions, such as
bone grafting, sinus lift or mental nerve relocation, are needed. Decision regarding the
preprosthetic surgical intervention used is linked to patient features and treatment parameters
(e.g., using narrow dental implants usually requires less invasive preprosthetic surgical
interventions compared to conventional diameter implants). Preprosthetic surgery can be
performed before or during implant placement.

Implant placement, as implant number and position, is done according to the treatment plan
previously established. In order to obtain the desired implant position and angulation, a
surgical guide or template can be used.

Surgical steps of implant placement vary according to patient’s features, implant placement
protocol and implant type, respecting the manufacturer’s instructions.

Case particularities are determinant for choosing a specific treatment conduct. Alveolar ridge
width and height, bone density, cortical bone thickness, mucosal resilience and width of
keratinized mucosa are decision factors for using flap or flapless technique, one-stage or two-
stage implantation protocol with immediate or delayed loading [30].

Implant surgical protocol is achieved using the main following steps, with variation depending
on the implant type used (e.g., mini, narrow or conventional diameter implant). Firstly, a
surgical exposure of the implant site is done, through flap elevation or mucosal punch, with
a flapless technique. Using a flap technique has the advantage of a better assessment of
available bone and thickness of the crestal area, information deficiently acknowledged when
only clinical examination and panoramic radiographs are used. Flapless technique is mostly
used for narrow dental implants (Figure 9). It has the advantage of reduced bleeding and
decrease of the clinical time required (avoiding incision and flap elevation in the beginning,
and suture in the end), is less invasive compared to the previous therefore promoting a
shortened healing period. Afterwards, initial osteotomy is done with the marking or trepan
drill, this aiming to pierce the cortical bone and define the implant site. With the same or
another drill, usually called pilot drill, the implant osteotomies is initiated, in this stage being
important to verify the implant angulation with a parallel pin. Implant placed with an
unfavorable divergent angle may associate difficulties related to abutment and attachment
system selection and exertion of excessive pressure on the implant during overdenture
placement or removal. Osteotomy depth varies according to bone density, being approxi-
mately 2/3 of implant length in low bone density (D3) and as implant length in increased bone
density (D1, D2). The implant osteotomy is enlarged as necessary using the twist drills. All
previous drilling procedures need to be accompanied by irrigation with refrigerated sterile
saline. Consequently, implant is placed with the ratchet and handpiece. After that, depending
on the implant type and the treatment plan, if the surgical phase is over, placement of cover
screw, healing abutment or prosthetic abutment, with suturing flap, are necessary. The surgical
appointment usually ends with giving the patient the postoperative instructions regarding
care (hygiene, diet and medication), also being scheduled for the next appointment. When
needed, a second stage implant surgery is applied for removal of the cover screw and abutment
placement [34,35].
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Figure 9. Flapless surgical technique used for placement of mini and narrow dental implants

Considering that generally edentulous patients are aged, with systemic comorbidities and less
availability to complex surgical intervention, simpler one-stage surgical interventions are
usually preferred [36].Considering that, mini or narrow dental implants may be preferred for
increasing the denture retention, due to the simpler and shorter medical intervention [37-39].

The overdenture can be executed before or after implant placement. If applicable, the previous
complete denture can be used as interim prosthesis or can be transformed into the new
overdenture.

Overdentures that aim only towards improvement of retention, should be designed as a
conventional denture, with proper support, retention and stability. If previous dentures are
preserved, their correctness should be assessed in order to decide to either keep or replace
them.

Using an implant overdenture associates more frequently a less accurate extension of over-
denture bearing area, due to the misconception that the attachment system will provide all the
retention needed. Overextended flanges dislodge the overdenture during chewing or speak-
ing. Short flanges enhance food and plaque accumulation and retention. Existence of a space
between the overdenture and the oral mucosa in the implant site is a risk factor for peri-
implantitis or peri-implant mucositis. Therefore, a complete coverage of the overdenture
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support area, reaching the anatomical and functional borders, with complete peripheral seal
should be obtained. For the maxillary denture, complete palatal coverage, with posterior
palatal seal is recommended. In order to correctly register the functional limits of the denture
bearing area, a mucodynamic functional impression technique can be used.

L

Figure 10. The worn denture was modified as overdenture, and used as an interim prosthesis during the osseointegra-
tion period

Registration of maxillomandibular relations aims towards recording the correct functional
vertical dimension of occlusion and centric relation. Correctness of this clinical procedure has
a major impact of the treatment outcome. Registration of an increased vertical dimension of
occlusion can lead to prosthesis intolerance and implant loss, consecutive to the high pressure
exerted on them.

In order to obtain a good esthetic outcome, the overdenture can be manufactured first,
according to the esthetic principles and patient wishes, followed by implant placement using
a surgical template.

For implant overdentures, immediate or delayed implant loading protocols can be used.
Delayed implant loading is mainly used for conventional diameter implants. After implant
placement, the healing abutments are placed for 10 to 13 weeks; in this period it is important
to verify the denture, in order not to exert excessive pressure on implant site and interfere with
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implant osseointegration. Immediate implant loading is always used for one-piece mini dental
implants, and sometimes used for narrow and conventional diameter implants. Using it
requires a good primary stability of the implant, linked to a high insertion torque, of 35-40
Necm. When the value of insertion torque is reduced, immediate implant loading can be done
using soft acrylic or silicone materials [40]. In this respect, there are silicone materials especially
developed to be used as matrices, such as Retension.Sil (Bredent), that offer three retention
levels, i.e., 200, 400, 600 gf (Figure 11).

Figure 11. Immediate implant loading with silicone materials.

Attachment systems ensure stable balance (support, retention, stability) of the overdenture.
The usual attachment systems used are: round, ovoid or parallel wall shaped bar; ball; Locator;
magnets; telescopes. Selection of the attachment system depends on oral and prosthesis
features, such as:

* overdenture type (partial or complete) and the role of connection systems (to improve
support, stability and/or retention of the prosthesis);

* the implant number, site, angulation and their parallelism (two implant overdenture can be
splinted with a bar, or used unsplinted with ball attachment; the selection of the attachment
system must take into account the parallelism of the implants, ball attachments can be used
up to 30° divergence while Locator allows up to 40° divergence);
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* prosthetic conditions: interarch vertical space, resilience of the mucosa, magnitude of
occlusal forces, functional particularities, the need for retention;

* patient manual dexterity may be related to selecting a more or less retentive system
(dexterity is relevant for denture handling and oral hygiene maintenance, and elderly
patients frequently have reduced dexterity);

* biomechanical treatment features (splinting the implants with a bar ensures a more uniform
distribution of stress on the implants, but damage to one implant can cause the loss of the
entire attachment system; screw of the connection system must be performed at a torque
lower than the one used for implant insertion);

* financial and clinical time costs of the treatment (selecting the treatment option should not
be based only on finances, but some of them are more expensive than others, e.g., costs of
bar attachments are superior to those for ball attachments).

Figure 12. Placement of the metal matrices in the overdenture base

Postoperative instructions usually target the postoperative medications, the adequate plaque
control, having a soft diet and wearing the overdentures as little as possible until the next
appointment. It is mandatory to schedule the next appointment in the following days, in order
to verify if the overdenture is supported only by the oral mucosa and to make occlusal
adjustments. During osseointegration phase, pressure exercised on the implants is a major risk
factor for implant failure. Additionally, in overdentures with immediate implant loading,
patients have difficulties in assessing the cause of a perceived discomfort (implant pain is
usually mistaken for trauma related to the prostheses or healing after surgery). Therefore,
regular check-ups are recommended and the denture should not be worn overnight.

Indications. Implant overdentures are removable prostheses designed for treatment of
edentulism, considered as the minimum standard of care for this condition. They are indicated
for unsatisfied complete denture wearers, because by a relative simple intervention patient’s
complaints can be addressed, usually solving the problem of ill-fitting dentures. Also, they
canbe used as preventive factor for alveolar ridge resorption in high risk patients (e.g., patients
with tooth loss due to periodontitis, with diabetes, during the menopause and postmeno-
pause). Overdenture can be used as palliative treatment in patients with sensitive mucosa or
hyposialia. They are particularly recommended in the older completely edentulous patients,
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which show a more frequent rate of denture intolerance, this way favoring a better adaptability
with the prosthesis. Implant overdenture are recommended to be used when there are objective
reasons that favor instability of the conventional denture (e.g., mandibular implant overden-
tures are indicated in skeletal class II patients; maxillary overdentures are indicated in skeletal
class III patients). They are also recommended in oral and maxillofacial defects (clefts; after
tumors removal, trauma) and in those with poor neuro-muscular coordination.

Contraindications. Implant overdentures have contraindications, mainly in relation to the
risks associated to the surgical procedures, even if in some cases in can be regarded as a
minimally invasive one. Additionally, using this specific treatment concept is limited to cases
with reduced prosthetic vertical space that makes it impossible to apply the attachment
systems and also provide adequate prosthesis resistance (e.g., using Locators requires a
minimum of 8.5 mm vertical space and 9 mm horizontal space; bar attachments require 10 to
12 mm vertical space) [41]. Implant overdentures are not recommended when there is a
decreased D4 bone density, in bruxism and in severe oral hygiene deficiency.

Advantages. Implant overdentures are a viable alternatives to conventional dentures, being
considered the optimal solution for the edentulous seniors. Its main advantages are related to
the improved retention, stability and support, depending on the attachment system that is
used (e.g., improved chewing efficiency, speaking and comfort, with positive consequences
on the quality of life). Using it associates a lower bone resorption rate, compared to conven-
tional dentures, due to dental implants and improved denture stability, thus limiting the
magnitude of pressures to a biological tolerance level. For the upper arch, if a vomiting reflex
exists, the extension of the maxillary base can be reduced. Plaque control for implant over-
denture is easier compared to implant fixed prostheses, but more difficult compared to
conventional dentures. Considering the relatively easy surgical intervention and the reduced
number of implants used, it is better accepted by patients with fear of complex medical
interventions. Their execution and maintenance implies lower costs compared to the fixed
implant prosthesis, and even if they are not the gold standard treatment, they can be considered
as being cost effective due to their obvious benefits.

Complications. The implant overdenture complications occur in relation to patient’s features,
to surgical procedures or to prosthetic factors, during or after treatment execution. Some of
them are considered as being more specific to this treatment option.

The implants’ failure, as lack of osseointegration or peri-implantitis, can be linked to factors
that affect healing of the bone, such as diabetes, steroids or bisphosphonates treatment, and
smoking, to inadequate bone site and poor quality of the bone, to implant trauma exercised
by the denture, to poor oral hygiene and decreased patient compliance. Prosthetic complica-
tions occur mainly within the first year of functioning [42]. Biomechanical or technical
complications of the overdentures or attachment system used can be encountered, such as
overdenture fracture, retention loss, aging of the material, teeth wear and attachment system
loosening, loss or damage.

Addressing overdenture complications should take into account their nature, etiology and
severity. Acknowledgement of patient’s general and local features, respecting the removable
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implant prosthodontic principles, additional to regular check-ups, represent the basis of their
prevention and control.

4. Conclusion

Sky Fast & Fixed is one of the less invasive fixed-prosthetic implant restoration for edentulism.
It is a relatively simple and quick approach to the patient’s medical problem, implemented
through a decreased number of appointments, using limited surgery and reduced number of
implants. The interim prosthesis is fixed, applied in the same day as implant placement,
therefore the removable prosthesis is avoided. This rapid, less invasive, cost-effective fixed
implant restoration usually ensures rapid regaining of functionality and resumption of social
activities.

The implant overdenture is acknowledged as having a high predictability and numerous
advantages compared to the most widely used treatment alternative, namely complete
denture. Itisimportant to identify the simpler and less invasive options of implant overdenture
when considering the trends of decreasing tooth loss that associate an increasing of the age
when edentulism occurs. Elderly patients require prosthetic rehabilitations that ensure good
functionality, but considering their multiple systemic comorbidities and reduced availability
to complex medical interventions, less invasive treatments with limited surgery, with easy
maintenance procedures and that are cost-effective are more realistic and appropriate to their
expectations. Therefore, the frequent problem of ill-fitting dentures can be relatively simply
approached through placement of a reduced number of conventional diameter, narrow, or
even mini implants, this requiring one clinical appointment, a relatively simple medical
procedure and moderate costs.

Identifying and presenting to the reluctant edentulous patient the less invasive implant
treatment strategies, fixed and removable, with their advantages, disadvantages and limita-
tion, may help overcome their misconceptions and fears towards the implant prosthesis and
lead to applying a treatment with a better outcome that promotes higher satisfaction and
improved quality of life.
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Dental Implant Placement in Inadequate Posterior
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1. Introduction

Hard tissue defects resulting from trauma, infection, or tooth loss often lead to an unfavorable
anatomy of maxillary and mandibular alveolar processes. Dental implant placement in the
edentulous posterior maxilla can present difficulties because of a horizontal or vertical alveolar
ridge deficiency, unfavorable bone quality, or increased pneumatization of the maxillary sinus.
The posterior maxilla has been known as the most difficult and problematic intraoral area for
implant dentistry, requiring a maximum of attention for the achievement of successful surgery.
Both anatomical structures and mastication dynamics contribute to the long term survival rates
of endosseous dental implants in this region [1]. During the past 25 years, surgical procedures
have been developed to increase the local bone volume, thus enabling the placement of
implants [2]. The hard tissue augmentation techniques were separated into two anatomic sites,
the maxillary sinus and alveolar ridge. Within the alveolar ridge augmentation procedures,
different surgical approaches were developed and are currently used, including guided bone
regeneration, onlay grafting, distraction osteogenesis, ridge splitting, free and vascularized
autografts for discontinuity defects, and socket preservation. Among the variety of techniques
have been described, the three that are the most widely used in maxilla are lateral approach,
osteotome technique and ridge splitting [3].

2. Anatomy of the posterior maxilla

The maxillary sinus is a pyramid shaped cavity with an anterior wall corresponding to the
facial surface of the maxilla. The size of the sinus is minimal until the eruption of permanent
teeth. The average dimensions of the adult sinus are 2.5 to 3.5cm wide, 3.6 to 4.5 cm tall, and

I m EC H © 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and eproduction in any medium, provided the original work is properly cited.
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3.8 to 4.5 cm deep. The size of the sinus will increase with age after extraction of the maxillary
molar teeth. The extent of pneumatization varies from person to person and from side to side.
The inner walls of the maxillary sinus is lined with the sinus membrane, also known as the
Schneiderian membrane. This membrane consists of ciliated epithelium cells resting of the
basement membrane. It is continuous with, and connects to, the nasal epithelium through the
ostium in the middle meatus. The blood circulation to the maxillary sinus is primarily obtained
from the posterior superior alveolar artery and the infraorbital artery, both being branches of
the maxillary artery. Many anastomoses are occureed between these 2 arteries in the lateral
antral wall. Among these arteries, the posterior superior alveolary artery and the infra-orbital
artery also supply the buccal part of the maxillary sinus. However, because the blood supplies
to the maxillary sinus are from terminal branches of peripheral vessels, to avoid bleeding
complications, the branches of the maxillary artery should be taken into consideration. Nerve
supply to the sinus is derived from the superior alveolar branch of the maxillary division of
the trigeminal nerve [4].

The objective of sinus lift procedure is to compensate the bone loss by creating increased bone
volume in the maxillary sinus and thus permitting the installation of implants in the posterior
maxilla [4,5]. Membrane perforations and bleeding are procedure-related complications, seen
in lateral wall sinus approach [6]. Therefore, the anatomy of the area should be carefully
examined before surgical interventions.

3. Augmentation procedures

3.1. Vertical ridge augmentation

3.1.1. Sinus lifting procedure

Implant placement in the posterior maxilla is a challenging procedure when vertical deficien-
cies are occured. Maxillary sinus elevation technique is a main surgical procedure which
permits to augment the sufficient bone volume in posterior maxilla in order to place implants.

To increase the amount of bone in the posterior maxilla, the sinus lift procedure, or subantral
augmentation, originally presented in 1977 and subsequently published in 1980 [4]. After
modifications of the surgical procedure, access was accomplished through the lateral wall of
the maxilla. It is preferable techniques to adjust the low residual bone height in the posterior
maxilla performed in two ways: A lateral window technique and an osteotome sinus floor
elevation technique and placing bone-graft material in the maxillary sinus to increase the
height and width of the available bone. Autogenic bone graft is often used in this method. The
bone usually seems to be harvested from the iliac crest, although several anatomic areas have
been used.

When the ridge bone height is more than 6 mm, the osteotome technique can be performed.
In that case, implant placement is usually carried out simultaneously with elevation of the
sinus floor.
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3.1.1.1. Lateral approach

Lateral approach is also known as lateral antrostomy which is a predictable technique to
increase vertically available bone volume of the edentulous posterior maxilla giving the
possibility to place osseointegrated implants. The sinus floor is elevated and it can be aug-
mented with either autologous or xenogeneic bone grafts following an opening bone window
prepared on the facial buccal wall of the sinus.

The 2-step antrostomy is the treatment of choice when the residuel ridge bone height is less
than 4 mm. As part of this approach, the implants are usually placed after a healing period of
6 to 18 months following sinus floor elevation [7]. The 1-step antrostomy is applied when the
ridge bone height ranges from 4 to 6 mm. In this situation, implant placement is performed
simultaneously with sinus floor elevation.

With respect to the grafting procedure, several grafting materials have successfully been used
for elevating and stabilizing the sinus membrane: autogenous bone, allografts, xenografts and
combination of these materials. Sinus floor elevation by lateral antrostomy has provided good
implant survival rates, as reported in several studies. However, it is a demanding surgical
procedure and is quite invasive. The 1-step antrostomy, in which implants are placed during
the same surgical visit as elevation of sinus floor is performed, is similar to the 2-step technique
with regard to advantages and disadvantages. The most important difference is that less time
elapses before initiation of prosthetic therapy [7,8].

Figure 1. (a) Panoramic image before sinus augmentation procedure (b) Cone beam computerized image of the residu-
al alveolar bone
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Figure 2. (a) Preparation of the bony window with a round bur (b) Medial rotation of the bone flap, elevation of the
mucosa of the maxillary sinus and implant placement

Figure 3. Postoperative radiographic view

Figure 4. (a) Clinical view of the implants (b) Final prosthetic restoration
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3.1.1.2. Osteotome sinus floor elevation technique

When the ridge bone height is more than 6 mm, the osteotome technique can be performed.
In that case, implant placement is usually carried out simultaneously with elevation of the
sinus floor. In the original approach, implants were placed after the controlled fracture of sinus
floor and were submerged during the healing phase (Figure 5) [9].

Although the transcrestal approach is decided more conservative than the lateral approach,
the main disadvantage is that the sinus lifting procedure must be performed blindly because
of the impossibility to visualize the sinus floor [10]. In spite of this limitation, membrane
perforation was reported to be less frequent in the osteotome-mediated procedure than in the
lateral approach, for which such complication was occured in 7-35% of cases [11].

Osteotome-mediated sinus lift surgery may be performed with or without using many type
of bone graft material as allograft, autogenous bone, or xenogeneic bone material [12]. No
significant differences in terms of implant survival and surgical success rates were reported
comparing the two methods [13]. Also, the use of platelet derivatives without any bone
substitute is described in literature with the aim of allowing a better control of forces during
sinus floor elevation and reducing the incidence of complications [13].

Figure 5. Osteotome sinus floor elevation technique

3.1.2. Titanium mesh

Natural hard and soft tissue contours allow both ideal implant placement and the emergence
of a restoration. If there is large or small volume hard and soft tissue defects in these contours,
these are prevent three-dimensional implant placement and aesthetic results [14]. Reconstruc-
tive efforts at aesthetic implant sites usually involve more than replacing missing hard and
soft tissue. For reconstruction of these type of defects, the surgeon uses different techniques:
(1) Distraction osteogenesis, which describes the surgical induction of a fracture and the
subsequent gradual separation of the two bone ends to create spontaneous bone regeneration

109



110 Current Concepts in Dental Implantology

between the two fragments; (2) Osteoinduction, which employs appropriate growth factors
and/or stem/osteoprogenitor cells to encourage new bone formation [15, 16]; (3) Osteocon-
duction, in which a grafting material serves as a scaffold for new bone formation; and (4)
Guided bone regeneration (GBR), which provides spaces using barrier membranes that are to
be subsequently filled with new bone [17, 18]. Guided bone regeneration was introduced as a
therapeutic modality to achieve bone regeneration, via the use of barrier membranes and
titanium mesh. Titanium mesh has been used for a variety of clinical applications in recon-
structive implant surgery and reported positive results. Titanium mesh has excellent mechan-
ical properties for the stabilization of bone grafts beneath the membrane [19]. Its rigidity
provides extensive space maintenance and prevents contour collapse; its elasticity prevents
mucosal compression; its stability prevents graft displacement; and its plasticity permits
bending, contouring, and adaptation to any unique bony defect [20]. The common feature of
commercially available titanium mesh membranes is its macroporosity (in the millimeter
range). This is thought to play a critical role in maintaining blood supply and is believed to
enhance regeneration by improving wound stability through tissue integration and allowing
diffusion of extracellular nutrients across the membrane [21]. The most important advantage
of this macroporosity is related to the attachment of soft tissues, which may stabilize and
restrict the migration of epithelial cells. However, this makes the material difficult to remove
at the second surgery. These macro- and multi-porous characteristics also create sharp spots
when the material is cut or bent, and may provide an easy pathway for microbial contamination
into the healing site. Thus, the development of less porous and micropore-sized titanium mesh
membrane could alleviate some of the current difficulties associated with titanium mesh in
dental applications [22].

Although many relevant articles have reported good clinical results without using resorbable
membrane over titanium mesh, it can be considered that the combination of titanium mesh
and resorbable membrane can demonstrate satisfying results. Thus, it was achieved space
creation by using titanium mesh and prevention of fibroblastic cell migration into the defect
site by using resorbable membrane.

Figure 6. Pre-operative intraoral view
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Figure 9. (a) Titanium mesh post-operative 12 months (b) Removal of titanum mesh.
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Figure 10. Implant placement

3.2. Lateral ridge augmentation

3.2.1. Ridge splitting

Alveolar bone splitting technique and immediate implant placement have been proposed for
patients with narrow alveoalar ridge in the horizontal dimension. When the alveolar ridge is
narrower than the optimally planned implant diameter, onlays of bone grafting material or
guided bone regeneration are indicated [23]. This technique provides a selective cutting,
minimal operative invasion and provides an acceptable inter-cortical gap for the placement of
particulate bone grafting [24]. The obvious advantage of this technique is the absence of donor
site morbidity associated to autologous bone harvesting. Crestal split augmentation involved
a surgical osteotomy that was followed by alveolar crest split and augmentation after bucco-
lingual bony plate expansion, prior to implantation [25].

Specific disadvantages have also been reported for each technique: resorption, limited amount
of bone, damaging soft tissues, such as sinus floor membrane, nerves and vessels in bone
grafting; tissue dehiscence, membrane displacement and membrane collapse in guided bone
regeneration; and insufficiency of the distraction line, bone resorption, deficiency of bone
formation and increased healing time for implant placement, in alveolar distraction [26-28].

50-year-old male patient referred to our clinic with atrophy of the alveolar rim in the posterior
maxilla, which had inadequate width and height for implant placement (Figure 11).

A pre-operative computerized tomographic (CT) scan revealed 2.5-3 mm. of bone weightand-
height of themolarareawas 5.64 mm. between the alveolar crest and maxillary sinus (Figures.
12a,b, 13a). We planned segmental split osteotomy, socket lifting and three dental implant
placement at the same section without using any graft materials.
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Figure 12. (a-b) Pre-operative CT scan (c-d) Post-operative CT scan

The surgical procedure was performed under local anesthesia. Full thickness muco-periostal
flap was elevated with vertical and crestal incisions. Ridge splitting was applied with osteo-
tome 8 mm/Obwegeser (Ace Surgical Supply Co., Brockton, MA, USA), after the crest being
prepared with surgical diamond disc in straight high speed handpiece (Figure 14-15). One
centimeter penetration of the osteotome blade in ridge crest would automatically expand the
ridge. Since osteotome thickness increases from tip toward shaft further the osteotome
penetrates, more the ridge will expand. Slight bucco-lingual movement of the osteotome
increases the expansion. 3.5x12 mm implants were placed in the canine and first premolar
region into the ridge splitted crest (Figure 16-17). Muco-periostal flap were sutured primerly
by using 3.0 silk suture (Starmedix LLC, Miami, FL, USA).

The present study reports that the clinical results of narrow ridge splitting. Post-operative
panoramic radiograph (Figure 8) and CT scan (Figure 13b) showed therewas not any compli-
cations around the implants and maxillary sinus. Five months after surgery, final fixed
prosthetic restorations were accomplished.
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Figure 13. (a) Pre-operative CT scan (b) Post-operative CT scan

Figure 14. Pre-operative view of alveolar ridge

Figure 15. Ridge splitting procedure with diamond disc
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Figure 16. Implant placement

Figure 17. Post-operative view after implant placement

Figure 18. Post-operative panoramic radiograph
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3.2.2. Autogenous block graft

Currently, various augmentation procedures have been introduced to rehabilitate of atrophic
maxillary ridges in literature [29-32]. The grafting procedure using autogenous bone block is
considered ideal by many researchers, as it shows osteogenic capability and deformation
resistance [33]. A wide range of bone grafts and synthetic bone graft materials have been used
in thelast two decades for augmentation of inadequate alveolar ridge to facilitate the placement
of dental implants of partially and completely edentulous patients. Various bone graft types,
including autogenous, allogeneic (human), xenogeneic (porcine, equine, or bovine, and
synthetic calcium-based materials (calcium phosphates [(-tricalcium phosphate/p-TCP,
hydroxyapatite/HA], bioactive glasses), calcium sulfate, calcium hydroxide), and a combina-
tion of these with or without the use of membrane and screws have been employed for grafting
procedure [34-37]. Although, allogeneic bone grafts do not have the drawbacks of autografts,
the procedure is more delicate and less successful in clinical practice. They also display several
other disadvantages: risk of disease transmission of the donour site, infection, difficulties in
obtaining and processing, possible rapid resorption [38,39], and partial loss of mechanical
strength after sterilization [40]. Xenogenic bone substitutes of porcine, bovine, or, more
recently, equine origin are used because of their chemical and structural composition similarity
when compared to human bone [32]. They represent an unlimited supply of available material
and may reduce morbidity by eliminating the donor site [31]. Heat or other treatments are
used to deproteinate bone particles and eliminate immunogenicity risks [40]. Synthetic calcium
phosphate ceramics with their excellent biocompatibility are common alternatives to autoge-
nous bone [41]. Autogenous bone grafts have been widely accepted as “gold standard” due to
their compatibility and osteogenic potentials to form the new bone by processes of osteogen-
esis, osteoinduction, and osteoconduction. A particulate and block autogenous bone has been
used to compensate of alveolar ridge deficiency [42]. Extraoral sites of autogenous block grafts
are ilium, calvarium, tibia, rib, and others. The most widely used intraoral potential sites of
autogenous block grafts include symphysis and retromolar-ramus areas. In the clinical
practice, a maxillary tuberosity bone graft has been also used as a particulate graft for aug-
mentation procedures in posterior maxilla prior to or simultaneously with implant insertion
[43]. Some of advantages about the autogenous block graft procedure such as; intra- and extra-
oral donor site morbidity, potential complications and risks associated with the harvesting
procedures may have been reported [44].

Figure 19. Pre-operative view
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Figure 20. Operation site of the rib

Figure 21. Autogenous rib block graft

Figure 23. Post-operative intraoral view after rib grafting
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Figure 24. Post-operative panoramic radiograph of the graft

Figure 25. Implant placement four months after the augmentation procedure

Figure 26. Post-operative intraoral view after implant surgery

4. Zygomatic implants

Maxillary posterior defects that occur after tumor resection or trauma are challenging to
reconstruct and rehabilitate. The aim of rehabilitation is not only to provide a cosmetically
acceptable appearance, but also to restore oral functions, such as deglutition, mastication, and
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phonation [45]. The impossibility of placing conventional implants in posterior maxilla due to
maxillectomy, maxillary sinus pneumatization or the lack of bone volume is currently the main
indication for the usage of zygomatic implants [46].

Various reconstructive approaches, involving differing surgical procedures, graft materials
and endosseous implant systems, have been described for reconstruction of patients with
severe resorption of alveolar bone, and also patients who have undergone maxillary resection
for neoplastic disease. Restorative techniques have been emphasized such as; microvascular
free flaps, local flaps, and obturator prosthesis [47,48]. However, significant obturator retention
and stability problems occur when extensive defects remain following a maxillectomy.
Zygomatic implants are an effective treatment alternative to limit free or vascularized bone
graft procedures, employing the zygomatic bone as anchorage. When determining zygomatic
implant rehabilitation, the patient must present not only resorbtion of posterior maxilla
preventing the placement of additional fixations for supporting the prosthesis, but also
sufficient bone volume in the anterior maxilla -with a 10 mm in height and a 4 mm in width-
to allow the placement of 2-4 conventional fixations [49].

Zygomatic implants were firstly introduced by Branemark in 1998 to rehabilitate the mastica-
tory and aesthetic functions in severe atrophied maxilla caused by trauma, congenital condi-
tions, tumour resection or increased sinus pneumatization. Given the high success rate
reported for zygomatic implant placement, this surgical technique can be considered as a valid
alternative therapeutic approach to bone grafting and invasive surgery to restore function and
improve the esthetic results for patients with atrophic edentulous maxilla [50,51]. The surgical
manipulation may lead to potential risk because of the drill way is close to critical anatomical
vital structures, such as the maxillary sinus, the nasal cavity, and the eyes [52]. However the
limited intraoperative visibility, especially given the anatomical intricacies of the curved
zygomatic bone, makes this kind of surgery a demanding procedure. Traditional complica-
tions of this surgery are secondary infection, sinusitis, pain, periimplantitis and bone resorp-
tion related to implant function [46,53]. The surgical approach consists of using the frontal part
of the zygomatic bone as an anchorage for zygomatic implant, with support from the maxillary
palatal or alveolar bone, without any bone augmentation. This offers a more simplified
treatment approach, a decrease in biological impact and a more comfortable post-surgical
period for the patient thanks to a quicker recovery time [49].

5. Angulated implants

Angulated implant treatment of the maxilla requires presurgical prosthetic treatment planning
for high smile line esthetics to be acceptable [54]. This requires bone removal in the vast
majority of dentate or edentulous patients who undergo full arch treatment.The use of
angulated implants for short-span bridges or even long-span reconstructions to avoid bone
grafts has been used for 10 years, although many of these were not immediately loaded [55].
However, with the advent of the angulated implant immediate function, this became consis-
tently possible using a graftless protocol [56]. Angulated implant concept consists that to avoid
the anatomical structures in the posterior regions by using implants just anterior to the
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maxillary sinus in the maxilla and anterior to mental foramen in the mandible by having them

placed

on a 30-45 degree angle. This concept solves the problem of insufficient bone and

reduces the need for sinus and ridge augmentation.

Angulated implant treatment concept may not be considered or adopted as a conventional
treatment modality by many clinicians. This treatment concept refers four implants to support

a fixed

prosthesis. However, long-term clinical results are inadequate on the effects of

angulation on the development and distrubition of the loading stress within the implant [57].
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1. Introduction

Planning for immediate implant placement requires an accurate diagnosis and specific case
selection [1-3]. Adequate planning can be accomplished using the various technologies that
are available to us today, and it is important to remember that any alteration to position in
relationship to the prosthesis used during planning can compromise the final result with
alteration of occlusion, esthetics and biomechanics resulting. In order to accurately plan, a
thorough clinical evaluation will be necessary and should include assessment of smile line,
gingival morphology, the inter-arch relationship, condition and gingival margin positions of

adjacent teeth, as well as supporting tissue conditions [4-6].

If the presenting conditions are deemed unfavorable, it is important that corrections be made
via reconstruction of soft tissue, bone, and tooth positioning. An adequate amount of bone is
important because a deficiency can jeopardize stability and lead to recession, loss of papilla
and inadequate positioning; an inadequate amount of soft tissue will lead to a poor esthetic
outcome [7-9]. Therefore, when bone quality and quantity are not sufficient, you must use
regeneration techniques during the initial phase of treatment such as guided bone regenera-
tion, orthodontics, and/or grafting. Other important things to be considered for immediate
loading include the implant having primary stability [10,11]. Things that would contraindicate
immediate loading include lack of primary stability, parafunction, pathology in the region of
implant placement, and systemic alterations such as severe periodontal disease, poor oral
hygiene, and smoking. Careful evaluation must be completed before immediate placement
and loading be considered.

I m EC H © 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and eproduction in any medium, provided the original work is properly cited.
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2. Immediate loading

2.1. Concepts and protocols

Ever since dental implants were first successfully employed in restoring completely edentu-
lous mandibles in 1951, implant supported dental rehabilitations of various designs and
complexity have been shown to be a reliable and predictable treatment option for both partially
and fully edentulous patients [12-14]. The original Branemark protocol dictated that the initial
phase of implant integration be at least 4 to 6 months before any restoration was placed [15].
“Conventional loading”, as it is now known, is a reliable, safe, predictable, and accepted
treatment modality that has been used as a point of comparison for other dental implant
loading protocols.

Within the last decade, clinicians have increasingly begun to explore the possibilities of
decreasing treatment time by early placement of the implant-supported restoration, or by
placing implants in extraction sockets at the time of extraction [16-18]. Investigators are now
increasingly reporting protocols designed to promote shortened treatment periods for
implant-supported prostheses.

The concept of implant immediate loading includes all of the advantages of a one stage surgical
approach. Also, during the osseointegration process, the patient does not have to use a
removable denture, which increases function, speech, stability, comfort and improves certain
psychological factors [19]. Splinted implants can decrease the risk of overload to each implant
because of the greater surface area and improved biomechanical distribution [20,21].

The primary goal for immediate loading is establishment of direct bone implant contact. The
terminology when it comes to immediate loading can sometimes be ambiguous and there
many classifications in the literature, so it is important to understand the different techniques
that can be used [22]:

2.1.1. Terminology for the timing of implant loading

Immediate loading: The placement of implants and insertion of restorations are completed in
the same day.

Early loading: The restoration is connected to the implants at a second procedure but earlier
than the conventional healing period of 3 to 6 months; time of loading should be considered
in days/weeks.

Delayed loading: The restoration is connected at a second procedure after a conventional
healing period of 3 to 6 months.

2.1.2. Terminology for implant loading

Occlusal loading: The crown/bridge is in contact with opposing dentition in centric occlusion.

Nonocclusal loading: The crown/bridge is not in contact in centric occlusion with opposing
dentition in centric occlusion.
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The concept of an immediate restoration includes a nonsubmerged first stage surgery and also
implies that the occlusal surfaces and implants are loaded with a provisional of definitive
restoration [23-25]. A delayed or staged loading refers to an implant prosthesis with occlusal
load after more than 3 months (mandible) or 6 months (maxilla) post-implant insertion. Using
a delayed approach allows you to use a 2 stage surgical procedure that covers implants with
tissue or one stage approach that exposes a portion of the implant at the initial surgery.

2.2. Factors affecting time of loading

Some of the variables that can impact your ability to immediately load include surgical trauma,
bone loading trauma, and treatment plans related to implant number. Alveolar and residual
bone has a cortical and trabecular component that can be modified by modeling and remod-
eling. Remodeling allows the bone to respond to its local environment or allows bone repair
after traumatic situation [26]. The bone is generally lamellar bone but woven bone might occur
during the repair process. Typically, lamellar bone and woven bone are the primary bone tissue
types observed around a dental implant. Lamellar bone and woven bone are the primary bone
tissue types found around a dental implant. Lamellar bone is organized, highly mineralized
and is the strongest bone type. Woven bone is unorganized, less mature, less mineralized and
has lower strength and is more flexible [26]. Woven bone can form at a rate of 60um (micro-
meters) per day, whereas lamellar bone forms at a rate of up to 10um per day.

The rationale behind immediate loading is not only to reduce the risk of fibrous tissue
formation but also to promote lamellar bone maturation to sustain a continued occlusal load.
So when compared to the 2 stage approach, the repair of the implant is separated from the
early loading response by 3-6 months. The process of osteotomy preparation and implant
insertion causes a regional acceleratory phenomenon of bone repair around the implant
interface [26]. Therefore, the organized lamellar bone in the preparation site becomes woven
and unorganized next to the implant and at 4 months the bone is still only 60% mineralized
lamellar bone- this is sufficient in most bone types and situation for implant loading.

The concept of immediate loading challenges the conventional load-free healing time of 3-6
months before the insertion of restoration. The bone in the thread design is stronger on the day
of implant placement as opposed to 3 months later as more mature lamellar bone exists in the
implant threads. However, the cellular connection between the implant surface and bone cells
does not exist yet [26,27]. On the day of implant placement, there is residual cortical and
trabecular bone around the implant and the implant has some contact with this prepared bone.
Surgical trauma triggers early cellular repair and increased vascularization to stimulate repair
process to injured bone [26,27]. Woven bone formation by appositional growth may start to
form as early as the second week after implant placement at a rate of 30-50um per day.
Approximately 3-5 weeks after implant placement, the implant bone interface is weakest and
at highest risk of overload since the implant-bone interface is least mineralized and unorgan-
ized during this time.

2.3. Risk factors for immediate loading

It has been found that immediate loaded failure occurred between 3-5weeks post-operative
from mobility without infection [28-29]. The risk of immediate occlusal overload can be
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decreased by utilizing some techniques such as having more vital bone in contact with the
implant interface, minimizing the surgical trauma at implant placement, including thermal
injury and mechanical trauma that may result in microfracture of bone during implant
placement. In addition, the microfracture of bone may lead to osteonecrosis and possible
fibrous and granulation tissue encapsulation around the implant. Death of osteoblasts has been
reported to occur at 40 °C [30-31].

Sharawy et al. [32], reported that heat generated in bone next to implant drills depends on
design and revolutions of the drill. It was found that the drill rpm of 2500 generated less heat
than 2000 rpm and 1250 rpm caused the highest heat and the longest recovery period regardless
of drill design. Some other factors that need to be entertained to keep heat minimum may
include the drill sharpness, the depth of the osteotomy, the amount of bone prepared, the
variation in cortical thickness and the temperature and solution chemistry of the irrigant.

When the implant is substantially compressed against the bone, the interface between implant
and bone has a greater area of repair. Self-tapping via implant itself, meaning the implant cuts
the bone during placement, can result in greater bone remodeling/woven bone around the
implant in initial healing compared to bone tapping before implant placement. The implant
should not have any mobility on insertion; excess strain within the bone from torque and space
filling may also increase risk of microdamage at the interface [33-35].

The recommended protocol for immediate load is to insert the implant with a torque of 45-60
Ncm [36-37]. This stability helps to ensure that the implant has a relatively rigid fixation in
good quality bone. Additional torque may result in pressure necrosis and increase the strain
magnitude at the interface and increase amount of damage and remodeling which could
decrease strength of bone implant interface.

An alternate approach is to use a reverse torque test of 20Ncm to evaluate the quality of the
bone and the interface at initial fixation for evaluating delayed healing. If the implant does not
unthread at 20Ncm the resistance indicates that the bone is sufficient density to consider
immediate loading.

Once the bone begins to receive occlusal loads by the implant restoration, the interface begins
to remodel again. However, the trigger is strain transfer from occlusal function rather than
trauma of implant placement. Repair bone is woven bone from surface trauma but reactive woven
bone is woven bone formed from mechanical or loading response. The remodeling from
mechanical strain can be called bone furnover and not only repairs damaged bone but also
allows the implant interface to adapt to its biomechanical situation. The interface remodeling
rate is the period of time for bone at the implant interface to be replaced with new bone [26].

Strain is the change in length of material/original length measured as % change [26]. The
loaded bone next to an implant changes its shape, which is measured as strain. Micro-
strain conditions 100 times less than the ultimate strength of bone may trigger a cellular
response. Bone fractures at strain levels of 1-2% but bone begins to disappear or form fibrous
tissue, which is named the pathologic overload zone when strain levels of 20-40%. There-
fore, the mechanical load is too severe, fibrous tissue may form at the implant interface
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rather than bone. Fibrous tissue at an implant interface may cause clinical mobility instead
of rigid connection called osseointegration.

The ideal microstrain level for bone is the adapted zone and is called ideal load bearing zone [26].
The remodeling rate of bone in the jaws is in the physiologic zone of 40% of each year; the bone
can remodel and remain an organized, mineralized, lamellar structure at these levels. The
intermediate level of microstrain with the ideal load bearing zone and pathologic overload is
called the mild overload zone [26]. In this strain region, bone begins its healing process to repair
microfractures and the bone that is in a fatigue risk of failure. Bone in this range is reactive
woven bone. Microstrain from overload or trauma causing accelerated bone repair causes less
mineralized bone to form and less organized bone that is weaker [26].

Localized overload and possible implant failure might be possible due to excess stresses along
the implant interface. However, immediate loading does not cause excessive stresses neces-
sarily [26]. Initial response of bone at the implant interface has been evaluated on immediately
loaded implants: direct bone-implant-contact with favorable bone quality around the implant
has been reported. Brunski showed that a direct bone-implant interface may develop as long
as the implant moves less than 100 um and micromotion beyond 150 resulted in fibrous tissue
encapsulation instead of a osseointegration [38]. Studies have shown that immediate loading
of an implant interface did not increase risk of fibrous tissue formation. Long term results
suggest that loaded implants have less marrow spaces and more compact bone. Greater direct
bone contact was noted at the interface, suggesting that early occlusal loading may enhance
bone remodeling and further increase bone density compared with unloaded implants [38].

Canullo et al., reported that the extension of bone remodeling was less extensive in cases of
immediate placement (1.7mm) rather than delayed placement (3.0mm) [39]. Despite this limit
in the healing zone, it has been shown that bone can fill osseous defects around implants if
they are 3-walled in nature and <1.5-2.0mm wide. Other interventions such as autogenous
bone grafts have been shown to be more osteogenic when used in conjunction with immedi-
ately placed implants. However, immediate placement does present some disadvantages.
These can include unpredictable site morphology, a potentially limited amount of soft tissue,
and risk of failure due to residual periosteal infection. Despite these potential disadvantages,
immediate implant placement and immediate implant loading have shown to be favorable in
maintaining or increasing bone heights around implants [1-4].

2.4. Biomechanical considerations

Any treatment plans involving immediate loading should have the goal to minimize the
occlusal overload risk and its resultant increase in the remodeling rate of bone. The regional
acceleratory phenomenon may replace the bone interface without the additional risk of
biomechanical overload. The lower the stress applied to the bone, the lower the microstrain in
the bone [26]. This provides conditions that increase the functional surface area to the implant
bone interface. The surface area of load may be increased by variables including implant
number, implant size, implant design, and body surface conditions. Force applied to the
implant bone interface is related to the strain observed and some other factors such as patient
conditions, implant position and direction of occlusal load.
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Two approaches for immediate occlusal loading with edentulous patient include: over-
engineering by placing more implants than the usual treatment plan for the conventional
healing period; using selected implants around the arch (3+) to immediately restore with a
transitional fixed prosthesis. In this approach, enough number of implants, which are needed
to support a fixed prosthesis, are left submerged for the healing period. So, even if all imme-
diately loaded implants fail, a fixed restoration can still be provided to the patient. If any
immediately loaded implants survive, then they are also used in the final restoration [40]. This
technique can be used where moderate to abundant bone is present in the posterior and
anterior to the mental foramen. A study by Scortecci, involved loading all implants initially
and splinting all for increased area of load transfer which could decrease stresses along the
developing multiple interfaces and increases the stability, retention, and strength of transi-
tional prosthesis during initial healing phase [41]. This technique allows you to use additional
implants.

The functional surface area of occlusal load transfer along implant interface may be increased
by increasing the implant number, especially when the devices are splinted through bridge-
work. The biomechanical approach loads additional implants when immediate loading is
planned. The lowest percentage of survival for a full arch restoration corresponded to a fewer
number of loaded implants.

A rule in traditional prosthetics is that 3 pontics in the posterior of the mouth are contraindi-
cated for a fixed prosthesis because of the amount of force and the flexibility and fatigue
strength of the restoration [27]. When only 3 are used to support an immediate restoration
there are often 3-4 pontics cantilevered. It has been suggested that additional implants should
be placed with the staged healing approach in case one or more fails during the initial loading
period. They can then be used in the final restoration to decrease the number of pontics and
increase retention of final restoration

An increased number of implants reduces the risk of overload due to the increased implant
surface area but also increases the retention of the restoration and decreases the number of
pontics [27]. If fracture to a prosthesis or partially unretained restorations occur, the portion
thatis retained may act as alever and overload the implants. The increased retention minimizes
the occurrence of partially unretained restorations during healing which would be another
source of overload to the implants supporting the restoration [27]. Decreases in pontic number
also reduce the risk of fracture of the transitional restoration that could be a source of additional
load to the remaining implants supporting the prosthesis. As a general rule, more implants
should be inserted in maxilla to compensate for less dense bone and increased directions of
force often found in the upper arch [27].

The most common number of implants used for a mandibular overdenture is 4-6 splinted in
anterior mandible [5,24,42]. In a partially edentulous patient missing multiple teeth, ideally 1
implant should be placed for each missing tooth. For missing single teeth, the implant size,
design or surface may be more important. Load may be reduced by reducing occlusal the
contact and having a nonfunctional scheme.

The greater the benefit:risk ratio or the lower the risk, the more immediate loading should be
considered. For example, a completely edentulous mandible restored with an overdenture
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supported by 4+ implants is a very low risk condition. If the patient can not tolerate a man-
dibular denture and does not wear it, the immediate load protocol would be a high benefit.
An example of a high risk for immediate load would be posterior single tooth implant- the
implant number can not be increased and you can not engage cortical bone; this would be of
low benefit when out of the esthetic zone. Additional studies to evaluate risks especially in
maxilla are expected [43].

2.5. Factors related to implant type/design

The area of load may also be increased by considering implant size, design, and surface. You
can decrease stress by decreasing force applied to the prosthesis. These forces are influenced
by patient factors, implant position, cantilever forces, occlusal load direction, occlusal contact
positions, and diet.

Implant diameter and length are often emphasized in reports as these values give insight into
the bone-to-implant surface area that an implant will provide. Avila et al., described that larger
implants provided greater bone-to-implant contact and less susceptibility to cantilever forces
following restoration [44]. More importantly, thread design and dimensions dictate the
functional bone-to-implant surface area that will resist forces when a given implant is loaded
along a given functional axis. Tapered implants offer a conical shape that is consistent with a
natural root form but have less surface area which in turn results in increased crestal bone
stresses and less primary stability.

For each 3mm increase in length beyond 10mm, you can increase the surface area by more than
20% for a cylinder implant design. Most stresses to an implant bone interface are concentrated
at crestal bone. Therefore, increased implant length does little to decrease stress that occurs at
the transosteal region around implant. But because immediately restored implant loads the
interface before the establishment of a cellular connection, the implant length is more relevant
especially in softer bone.

Benefits of increased length are found in the initial stability of the bone implant interface.
Remodeling of the interface does not occur uniformly around implant- one region of interface
remodels and other remains stable. Added length may allow remodeling in one region while
other can stabilize implant. Added length can also allow implant to engage opposing cortical
plate which can increase initial stability. Cortical bone has a lower remodeling rate and ensures
stable condition during early loading. When trying to evaluate what length implant should be
placed, it is important to consider that the survival rate of 10mm or less implants drops to less
than 85% in traditional healing; Schnitman et al., found a 50% failure rate in immediately
loaded implants with length of 10mm or less [45]. However, recent literature suggests that a
high degree of survivability can be reproduced with implants that are at least 3mm in diameter
and 8mm in length when splinted with other implants [46,47]. These findings, along with the
innovations in implant design, suggest that these values should be revisited.

The functional surface area of each implant support system is related to the width and shape
of the implant. Wider root form implants of the same length provide greater bone contact than
narrower implants. Occlusal stresses are greatest in concentration at the crest of the ridge after
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the implant has integrated, so the width may be more important to the length of the implant
to decrease the risk of crestal bone overload. Overload can cause early crestal bone loss in
immediately loaded implants. The diameter of the implant increases in the molar area for
immediate loading, especially when the density is less or the forces are greater. Increasing the
width of the implant in molar sites or adding additional implants to increase the surface area
in the posterior region can help alleviate overload that may result in crestal bone loss.

The implant body design needs to be more specific for immediate load because maximum
stability is needed at the time of placement. After placement, bone has not had time to grow
into the recesses or undercuts in the implant body or attach to the conditioned surface before
occlusal load is applied. A threaded implant body and insertion process provides a better
chance of stabilization. The implant design has a greater impact on the functional surface area
than the implant size. The functional surface area is greater during immediate load, and a
threaded implant presents many advantages over a pressfit type of implant for immediate load
because the design features do not require integration to resist loads and have a greater surface
area to resist occlusal forces [48].

The number, spacing, and orientation of the threads affect the amount of area available to resist
the forces during immediate loading [49,50]. A greater number of threads means a greater
functional surface area at the time of immediate load. The smaller the distance between threads,
the greater the thread number corresponds to the surface area. Thread depth is also a variable
to consider. Greater depth means a greater functional surf area for immediate load application.
Functional surface area is more important when the number of implants cannot increase (less
than 4 adjacent teeth are being replaced).

Thread geometry can affect the strength of early osseointegration and bone implant interface.
A V- shaped thread design withstands a 10x greater shear force applied to bone compared to
a square thread shape. Bone is strongest in compression and weakest in shear loading.
Compressive force transfer would decrease microstrain to bone as compared to shear force.
Therefore, a square thread design may provide a benefit in immediate load protocols.

The higher the remodeling rate of a loaded interface creates a higher woven bone ratio and
weaker bone interface. A square threaded implant design with deeper threads has a 10x
reduction in resorption rate. When considering a tapered implant design for immediate load,
consider that this type of design allows for a less overall surface area compared to a straight
design of the same length, width, and thread number. A tapered design will also have less
thread depth near the apical portion of the implant, which reduces the surface area but
decreases initial fixation. Thread depth and a tapered body can combine to improve initial
stability, and may be a good option in lower density bone when less than 4 teeth are replaced
and implant position and number can not be manipulated. Implant number, position and
patient factors are more relevant to success and there have been few trials that compare
immediate load with different implant thread designs and tapered implant bodies in the
edentulous patient [50,51].

When the implant surface is modified with a roughened texture, this increases the bone to
implant contact [52,53]. The shear strength of an implant with a roughened texture has been
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shown to be 5x greater than implants with smooth surface. The surface condition also affects
the rate and percentage of bone contact, and lamellar bone formation. Surface coatings and
conditions of the implant have been shown to be most beneficial during the initial healing and
early loading conditions. For immediate loading, the most desirable surface is one that will
allow the greatest percent of bone formation, has the highest bone-implant contact percentage
with the highest mineralization rate, and the fastest lamellar bone formation.

A rough surface will initially increase stability; a machined surface is less successful to do so,
especially in low density bone. A hydroxyapatite (HA) coating has been shown to decrease
resorption rates during occlusal loading, which can increase the percentage of lamellar bone
formation at the interface. If the bone is not an ideal density for immediate loading, the surface
condition of the implant body may decrease the risk of occlusal overload. In summary, arough
surface provides a better condition than a machine surface; and in good quality bone, the types
of surface condition is less relative to the overall implant survival [54].

Strain placed on the bone is influenced by the stress directed to the implant interface [26]. Ways
that stress can be reduced include increasing the surface area that supports the occlusal load
or by decreasing the force that is applied to the prosthesis. It has been recommended to not
remove the prosthesis once it is delivered within first 2 weeks, and that resorbable sutures may
be beneficial.

3. General considerations for treatment planning

Patient factors such as bruxism and clenching parafunction are forces that are high in magni-
tude, extensive in duration, and generate primarily horizontal forces to the implant. Paraf-
unction presents a considerable risk and potential contraindication for immediate load due to
this resulting in the poorest implant survival data [55]. There is an increased risk of abutment
screw loosening, unretained prostheses, fracture of the transitional restoration used in
immediate loading when a lever forms and increasing the risk of occlusal overload.

Implant position is an important factor for the edentulous patient. In the partially edentulous
patient it is important to eliminate cantilevers on two implants supporting 3 teeth rather than
position the implants next to each other with a cantilever. There will be less stress directed
towards the implant interface when implants are not in a straight line in an edentulous site
[24,36]. Cross-arch splinting is a very effective way to reduce stress within the entire implant
support system, especially when there is an antero-posterior (AP) distance between the
splinted implants. The splinted arch concept for the completely edentulous patient is advan-
tageous for the immediate load transitional restoration. A line is drawn from the distal of each
posterior implant. The distance from this line to the center of the most anterior implant is called
the anteroposterior distance (A-P spread). The greater the A-P spread is between the center of
the most anterior implant or implants and the most distal aspect of the posterior implants, the
smaller is the resultant loads on the implant system from cantilevered forces because of the
stabilizing effect of the A-P distance [27].
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Figure 1. A-P spread and length of cantilever for framework (a) and final restoration (b).

A square arch form involves smaller A-P spreads between splinted implants and should have
shorter-length cantilevers. A tapered arch form has the largest distance between anterior and
posterior implants and may have the longest cantilever design [27].

3.1. Treatment planning of mandible

The mandible should be divided into three sections when planning for implant placement:
canine to canine; bilateral posterior. This is different from the maxilla, which needs more
implant support because the bone is less dense and the direction of force is outside of the arch
in all excursive movements; here you must consider the maxilla in at least 4 sections depending
on the magnitude of force and the shape of the arch. These sections include the bilateral canine
area and the bilateral posterior areas; at least 1 implant should be inserted into each section
and splinted during immediate load for the completely edentulous patient.

Concerns about medial mandibular flexure with cross-arch splinting suggests that the final
restoration should be fabricated in at least 2 sections when implants are placed in both posterior
quadrants and fewer than 3 adjacent pontics are present [56]. The following photos show the
restoration of an mandible with a 2-piece implant-supported fixed restoration.

Figure 2. Panoramic radiograph of patient before treatment.
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Figure 3. Scanning of tissue surface of mandibular wax pattern by using CAD/CAM.

Figure 4. Final design of mandibular framework.
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Figure 5. Clinical fit of mandibular framework verified after it was sectioned in two pieces.

Figure 6. Implant-supported screw-retained fixed dental prosthesis, in two pieces, was fabricated in the laboratory.
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Figure 7. Occlusal view of mandibular implant- supported screw-retained fixed dental prosthesis at delivery.

Figure 9. Panoramic radiograph at delivery.
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Figure 10. Intra-oral view after inserting interim maxillary removable partial denture.

3.2. Factors influencing restorative plans

Cantilevers increase moment loads to implant bone interface and can increase the amount of
crestal bone loss observed, increase abutment screw loosening, increased implant body
fracture, and increase the risk of implant failure. The immediate load transitional should not
have a posterior cantilever -not in esthetic zone- and bite forces are greater posteriorly;
especially in the partially edentulous patients without a cross-arch support system. Partially
uncemented restorations may result in a cantilever along the remaining implants; considering
a definitive cement for transitional restoration to decrease the risk of partially retained
restorations can be considered.

An occusal load direction along the implant interface may affect the resorption rate. Axial load
has been shown to maintain the lamellar bone and has a lower resorption rate. The crown
height can also serve as a vertical cantilever when angled forces or cantilevers placed. Flat
occlusal planes in the posterior decrease risk of angled loads. The amount of force can be
decreased by modifying the occlusal contacts so as to decrease or eliminate contact on the
restoration. In the completely edentulous patient, parafunction may be eliminated by restoring
with an immediate load overdenture and having the patient remove it at night. Having a stress
relief attachment to implants can decrease the force transferred while the prosthesis is in
function.

The patient’s diet should also be a factor to consider and can lead to the fracture or loosening
of the transitional due to overload. The patient should be instructed to eat only soft foods
during the immediate loading period. The mechanical properties of bone should be considered
as a less dense bone type has a lower strength. The bone-implant contact decreases for less
dense bone, and the strength of the bone is directly related to its density, with the less dense
bone type being weaker. The rate of resorption of dense cortical bone is slower than trabecular
resorption rates; cortical bone is more likely to remain lamellar during the immediate load
process than trabecular bone.
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In summary, the greater number of implants, the greater length and width of implants, rough
surfaces that provide greater surface area; placement of implants to maximize antero-posterior
spread and decrease cantilevers should be considered in lower density bone types when
planning for immediate load. The bone in the anterior is cortical bone at the crestal and apical
areas; root forms implants should be placed to engage the opposing cortical plate when
immediate load is contemplated to maximize primary stability and optimize mechanical
conditions.

The posterior maxilla has a thin sinus floor and the mandibular canal location does not always
allow engagement of the opposing cortex; the posterior maxilla is the area that caries the
highest risk of implant failure when a 2 stage healing approach is used [57,58]. The implant
number, width, and design are methods to decrease stresses to the interface in these regions.
Use of conventional healing for type 3 or 4 bone quality when less than 10mm height exists.
Bone grafting depends on many factors to be predictable: blood supply and lack of micro-
movement [57-60]. Developing woven bone is at more risk of overload, and grafting is more
predictable when soft tissue covers the graft and membranes are used. Immediately loaded
implants should be placed in an existing bone volume that is adequate for both early load and
thathas the proper prosthetic design. Bone grafting before implant placement and then implant
insertion and immediate loading after graft maturation is suggested when inadequate bone
volume is present for proper reconstructive procedures.

3.3. Restoratively-driven treatment planning

Implant rehabilitation should always be prosthodontically driven [6]. This philosophy
promotes a reduction in implant micromovement through appropriately positioned and
loaded restorations. If restorations are inappropriately designed, a loss of osseointegration
and/or prosthetic failure is more likely to occur. Axial implant loading is a desirable treatment
goal since lateral forces greater than 30Ncm have been shown to produce micromotions greater
than 100um. Non-axial loading can also contribute to the loosening of abutment screws, a
major cause of prosthodontic failure. Nordin et al., described that a high precision and
passively fitting prosthesis reduced stresses and strains that could be detrimental to a healing
implant [61]. In their study, they utilized the “Cresco Precision Method” to allow a high
precision passive fit, intended to reduce stress and strain on the implant-bone interface during
prosthetic fixation. Some researchers have implemented splinting and cross-arch stabilization
on implants that are not loaded along their long axis. In an effort to avoid the maxillary sinus,
Bevilacqua et al., placed distal implants in an angulated manner [62]. This technique has shown
bone loss around the distal implants that is similar to more conventionally placed implants.
Others have demonstrated 100% survivability using a similar concept called V-II-V, where 6
implants are placed into the maxilla at 30-45 degree angulations to the occlusal plane in the
posterior maxilla to avoid the maxillary sinus.

Some researchers have reported that a similar prognosis could be expected whether or not the
splinting of implants was utilized [63,64]. Especially when evaluating implant treatment in the
maxilla, it is more common to find reports supporting reductions in micromovement and
increases in overall survivability and success when splinting and cross-arch stabilization are
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used. Various combinations of prosthodontic materials are available, including: all-resin, metal
reinforced resins and ceramics and all-ceramics. Literature describing the ability of each type
of restoration to adequately splint immediately loaded implants to permit osseointegration
suggests that stability, rather than the material used, is the critical factor. However, Collaert
and De Bruyn reported resin fractures leading to prosthodontic failure and they subsequently
altered their protocol to utilize metal reinforced fixed prostheses [65]. Nordin et al., reported
failures of distal implants supporting all resin full-arch prostheses [61]. This failure is consis-
tent with both Ibanez et al. [66], who reported that stability from splinting is the primary
concern for success rather than other factors such as implant length, and Bergkvist et al.[67],
who described impaired healing of implants under a removable prosthesis. Nordin et al.,
subsequently cited material thinness as the likely cause of inadequate rigidity, suggesting that
if adequately thick, an all-resin fixed prosthesis would provide adequate splinting and cross-
arch stabilization. Since implants are susceptible to overload with excessive micromotion and
since they do not possess a periodontal ligament, pathologic bone strain and fibrotic healing
are more likely to occur with poor occlusal management. An occlusal scheme that is perpen-
dicular to the long axis of the implant, has freedom in centric relation, avoids cantilever forces,
does nothave interferences during excursive or protrusive movements and is in group function
where possible also reduces non-axial forces on the implant and screw fixation components.

4. Conclusion

The more current reports suggest that the prevalence of implant survivability has increased
and that previous recommendations may not reflect the survivability that current treatment
planning and delivery options afford. Careful surgical preparation and performance, consid-
erations in restoration design and maintenance, a regular recall regimen and good oral hygiene
can predictably and consistently yield successful results. This has been proven continuously
in the literature for the mandible. Although the maxilla has yet to prove itself in long term
evidence based studies, the interim results of various investigations suggests that by carefully
following guidelines and respecting the biology of the “softer” maxillary alveolar bone and
the anatomic limitations of the upper jaw, clinicians may achieve long term success rates
similar to those consistently realized in the mandible.
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1. Introduction

When a patient presents with a need and a desire for implants to replace missing teeth, correct
execution will only occur with thorough planning [1-4]. Recently introduced technology may
benefit both the dentist and the patient when restoring with dental implants, in that the
implants will be placed in an ideal, predictable, and planned location [4-7]. Implant dentistry
is constantly challenging the practitioner to be aware of recent advances. Though it may feel
overwhelming for a practitioner to stay informed with the continuous introduction of new
technologies, implant dentistry is undergoing an exciting time, and in order to take full
advantage of it, the practitioner has a duty to practice at the highest level. This chapter aims
to inform the practitioner about the latest technologies, their history and importance, and the
current options on the market.

2. Computerized tomography

Computerized tomography is a tool that is based on the original concept of conventional
tomography [8,9]. Tomography is a type of image in which a 2-D slice is captured and the
surrounded slices are blurred. This works by the sensor and the x-ray tube moving in opposite
directions around the source. During this movement, the plane of interest remains fixed, and
the surrounding planes become blurred due to constantly changing positions on the sensor.
A panoramic image is a single tomographic image [9]. Panoramic radiographs cover large
anatomical areas, have low radiation doses, and are easily and quickly done, though their
distortion and 2-D quality limits their diagnostic value.

Computed tomography (CT) was introduced in 1973 by Godfrey Hounsfield. It works by an
x-ray tube and a series of detectors which rotate in synchronous directions, as the x-ray tube

I m EC H © 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and eproduction in any medium, provided the original work is properly cited.



150 Current Concepts in Dental Implantology

emits fan-shaped beams through the region of interest and onto the detectors. The data
captured is processed in a computer which displays the resulting image in voxels, or volume
elements [10]. Benefits of CT include high resolution and absence of superimposed images,
but they emit large radiation doses and are expensive.

More recently, anew technology called cone-beam computed tomography (CBCT) has become
popular [1,10-13]. This works by the x-ray tube emitting beams onto a 2-D sensor. The x-ray
tube and sensor rotate around the region of interest and expose an image at each degree of
rotation. These slices can subsequently be arranged into a 3-D image which can provide
detailed and accurate information which has been reported to be within 2% of geometric
accuracy. Benefits of CBCT include cost effectiveness, ease of use, low radiation dose, and
accurate gathering of information [14,15].

3. Cone-Beam Computed Tomography (CBCT)

When utilizing CBCT technology, the practitioner should be aware of several features [14,15].
The resolution of a CBCT image acquired is measured by voxel size. The majority of CBCT’s
used for dental implant planning has a voxel size of 0.4 mm, and the accuracy of measurements
made on the CBCT are directly related to this size. When reading a CBCT, one way to analyze
bone density is through the Hounsfield index. This index was named after the inventor of
computed tomography, as previously mentioned. The scale ranges from-1,000 to+1,000, in
which air reads at-1,000, water reads at 0, and extremely dense bone reads at+1,000 [16].
Different anatomical structures have varying Hounsfield units. It is important to know how
to apply the Hounsfield scale because the differences in bone densities will alter the chosen
surgical protocol. For instance, if the CBCT scan shows very dense bone, more implant
preparation drills will be required. Each implant system has a unique protocol for soft and
dense bone. The average Hounsfield units for human tissues are shown in Table 1 [16].

Tissue Hounsfield Unit
Trabecular bone 150-900

Cortical bone 900-1800

Dentin 1600-2400
Enamel 2500-3000
Muscle 35-70

Fibrous tissue 60-90

Cartilage 80-130

Table 1. Average Hounsfield units for human tissues.

Most implant planning software is structured from the images produced by medical computed
tomography. The conversion of a cone beam computed tomography image into a medical
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computed tomography image has not been studied, though it is hypothesized that there is no
difference in linear measurement between the two.

When planning for implant surgery, few complications should occur when utilizing cone beam
computed tomography. The most common complication, called beam hardening, occurs when
the patient already has implants or a large amount of metal restorations [17,18]. This is a
phenomenon that occurs when the metal causes the x-ray to increase in energy and become
“hard” as it passes through an object. Beam hardening makes it difficult to visualize sur-
rounding structures, thus altering the accuracy of measurements of crucial anatomical sites,
such as the inferior alveolar nerve and the buccal plate thickness [17,18].

When ordering a scan, clear written instructions should be communicated from the practi-
tioner to the radiologist. The practitioner should specify the reason for the scan (i.e., implant
placement, sites), the size of the scan (small or large), and any additional anatomical regions
that should be included (such as a TM]J or sinus evaluation). A small volume scan should be
ordered for single tooth implants, and a large volume scan should be ordered for full-arch
implants, inclusion of sinuses, or evaluation of TMJ or OSA.

4. Surgical guides

Not only does cone-beam technology provide valuable information for evaluation before
placing dental implants, but it also translates into completely digital planning of surgical cases.
Utilizing a CBCT scan as a template, a surgical guide may be fabricated based on the precise
location of a planned implant [1,4,19,20]. All of the major implant companies offer software
which can be used for planning the specific location of implants in the CBCT image, and
eventually a guide can be ordered and fabricated. The software allows the virtual placement
of implants into the CBCT scan at the precise location you choose, while taking into account
considerations such as anatomic landmarks, adjacent dentition, type of restoration to be
fabricated, and occlusal scheme.

It is beneficial, and many times essential, to utilize a radiographic guide in order to aid in
choosing the correct position of the implants. If a patient is missing several teeth, a
radiographic guide should be worn by the patient during the CBCT scan. The guide allows
the practitioner to locate where the future teeth will be restored in space. Radiographic
guides can be fabricated in many ways, and one must consider the protocol of the implant
planning software one chooses to use. For example, the Nobel Clinician prescribes a dual-
scan protocol in which the patient wears the guide during the patient’s scan, and then the
guide is scanned separately [21,22]. Fiduciary markers, or small gutta percha points placed
into the radiographic guide, allow the software to overlap the two scans and merge the
two files together. In this way, the guide may be virtually removed and replaced on the
patient’s scan in the computer. Another way to fabricate a radiographic guide is by placing
radiopaque denture teeth into the guide. These teeth will ultimately be visible in the scan
so that the implants may be planned accordingly.
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Regardless of which system is chosen, the practitioner must be able to understand when it is
important to utilize a radiographic guide. When planning for single implant replacements,
with adjacent teeth on both sides, it is often not necessary to use a radiographic guide because
enough adjacent landmarks exist in order to surmise the future location of the single crown.
In an edentulous patient, the decision to use a radiographic guide depends largely upon the
type of restoration that will be fabricated. For a mandibular locator overdenture with two
implants, it is often unnecessary to use a radiographic guide because the clinician has some
freedom in the positioning of these implants. This is unlike an edentulous patient that is
planned to receive metal ceramic restorations in which the abutment-screw access hole must
open through the occlusal surface of the posterior teeth and the cingula of the anterior teeth.
In this case, it is paramount to plan for the precise implant positioning, and the radiographic
guide must have the identical anticipated tooth positions of the final prosthesis. If the patient
is unhappy with the tooth position or shape on the radiographic guide, this must be fixed
before utilizing it as the guide.

5. Virtual implant planning

The purpose of utilizing virtual implant software is to plan the placement of the implants in
prosthodontically driven positions [22,23]. Of course an implant may be placed anywhere the
bony anatomy allows, but in order to build a successful prosthesis for that implant, the correct
planning must be done. In the past, a panoramic tomography scan was performed while the
patient wore a radiographic template with integrated metal spheres at the implant site. In this
manner, the magnification of the radiograph was able to be calculated, and the approximate
placement of the implant was planned. This conventional model was flawed in that it did not
convey any 3-D information [24].

The most contemporary technique utilizes cone-beam CT technology which provides the
essential 3-D information. The technique begins with fabrication of a radiographic guide with
ideal tooth positions. This guide may be a duplicate of the patient’s exiting denture, only if
that denture offers tooth positions that are acceptable by the patient and practitioner. If the
denture is not ideal, a new one should be fabricated until the esthetics and functional demands
are met. It is not until this point that a CBCT scan should be taken. The next step involves
interpretation of the scan and possibly a re-working of the original treatment plan. This may
include an additional surgery for bone grafting, or a different prosthesis choice. For example,
if metal ceramic restorations were originally planned for, but the scan clearly shows that an
implant cannot be placed in the proposed position, either a new design or a new prosthesis
must be chosen. Lastly, the practitioner can virtually place the implants into the bone at the
exact position that optimizes prosthodontic benefit as well as osseointegration potential. These
positions are then translated into the surgical guide which will be used on the day of surgery
for the placement of the implants.

The benefits of virtual planning and fabricating surgical guides from the planning are
numerous. The patient’s chair time is decreased, the surgery is more predictable and less
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stressful, the implants are placed in a restoratively driven manner, and the case difficulty is
learned ahead of time [6,25]. These factors allow the dentist to plan accordingly in regards to
time and fees. Increased lab costs due to customized abutments may be realized during
planning, and extra surgical procedures may be foreseen. The patient will know what to expect
and will appreciate the dentist for the knowledge rendered.

5.1. Indications

As mentioned before, not all cases are advocated for radiographic guides. Similarly, not all
patients are candidates for surgical guides. There are several limiting factors involving surgical
guides. Firstly, the patient must have adequate opening. Depending on the guide, length of
implant, and drill system used, the normal minimal opening is 35 mm at the first molar. This
must be evaluated before ordering the guide, as the guides are custom made and non-
returnable. Secondly, the patient must be aware that this is an added cost to the treatment.
Surgical guides range anywhere from $200 to $1,000 depending on the complexity of the case
and the company chosen to fabricate the guide.

Surgical guides allow prosthodontically driven implant placement, which ultimately will give
the patient the best prosthesis to satisfy esthetic and functional needs. Surgical guides also
allow more accuracy during implant placement. Not only are the implants placed in the exact
pre-determined positions, but the surgery may take less time and ultimately will be more
comfortable for the patient.

5.2. Steps for the practitioner

Some of the steps involved in virtual implant planning are different depending on which
company you choose to utilize, but they are all based on the same principles. As mentioned
before, the first step is to fabricate trial dentures for the completely edentulous patient or a
trial tooth arrangement for the partially edentulous patient. Once this is approved by the
patient and practitioner, the denture may be converted into a radiographic guide.

5.3. Fabrication methods

There are three basic methods of fabricating a radiographic guide. The generic method involves
any type of scan template that has radiopaque material to indicate the desired implant
positions. There are many radiopaque materials that may be used. These include radiopaque
denture teeth (SR vivo TAC, Ivoclar, Vivadent, Amherst, NY), radiopaque acrylic (Biocryl X,
Great Lakes, Tonawanda, NY), and triphenylbismuth added to denture acrylic.

Another type of guide, termed a dual density radiographic guide, is fabricated as a duplicate
denture utilizing denture teeth of a high radiopacity and denture base of a lesser radiopacity.
This type of guide prescribes a single scan protocol.

Lastly, the dual-scan protocol requires a radiographic guide with fiduciary markers placed
into it. These are small divets 1.5 mm in diameter that are filled with gutta percha. Eight
markers must be placed in each guide at different horizontal, vertical, and transverse levels.
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The term “dual-scan” comes from the way in which the patient is first scanned while wearing
the radiographic guide, and then the guide is secondarily scanned alone on a plexi-glass table.

5.4. CBCT scan

Once the type of guide is chosen, the CBCT scan may be performed. During this procedure,
that patient’s occlusion must be opened at least 5 mm. This may be done by injecting PVS
material on the patient’s occlusal surface and having the patient bite down at an open vertical
dimension. A radiopaque material should never be used for this, as it will obscure the region
of interest on the scan. This opened bite allows us to distinguish the maxillary teeth from the
mandibular teeth in the radiograph.

5.5. Digital planning

Next, the case may be planned using the software of your choice. Most major implant com-
panies sell their own software, but there are also universal software companies available which
allow you to place any implant of your choosing. These will be reviewed later in the chapter.

6. Surgical guide support

The type of surgical guide must be chosen at this point. Three types exist based on the type of
supporting tissue: bone, mucosal, and tooth [1,19,26,27].

6.1. Bone-based guides

Bone-based guides are indicated for the fully or partially edentulous arch, when immediate
implants are being placed, when alveoloplasty is required, and when anatomic limitations
exist which require visualization of the bone. Bone-based guides may provide a more accurate
seating of the guide because of the rigidness of the bony base. Sufficient bone support is
essential for a stable guide positioning. During surgery, an incision is made along the alveolar
ridge and mucoperiosteal flaps are elevated. The guide sits directly on the bone and complete
visibility is acquired. Limitations of bone-based guides include a lengthier surgical appoint-
ment, longer healing times for the patient, and difficulties gaining adequate palatal reflection
in certain patients. Some argue that they may be a poor choice in a patient with a thin buccal
plate which can be prone to resorption after tissue reflection.

6.2. Mucosal-based guides

Flapless implant surgery is an alternative method for implant placement. Advantages of a
flapless surgery include less trauma to the hard and soft tissues during surgery, shortened
procedure, rapid healing, fewer postoperative complications, decreased infection risk, and
increased patient comfort [28-31]. A significant advantage of the flapless implant surgery is
the decreased amount of bone loss as well as the preservation of the gingival margin of the
adjacent teeth and interdental papillae [31]. More bone loss occurs during flapped procedures
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since the gingiva is unable to provide nutrients to the bone during the surgery. The preserva-
tion of tissues will help prevent the appearance of black triangles after healing.

Though flapless surgery offers many advantages, many surgeries still require a flap to be
elevated. Reasons for this include the need for more visualization, bone grafting, and alveo-
loplasty. If the patient’s alveolar bone is thin, it is wise to elevate a flap and visualize the bone
before placing an implant.

A mucosal-based guide is a good choice for a fully edentulous arch with a minimum of 2 mm
of bone buccal and lingual to the proposed implant site. This amount of bone is necessary
because of the increased risk of cortical bone perforation related to implant placement without
direct visualization of the bone. The conventional flapless surgery relies on the experience of
the surgeon to correctly predict the shape of the underlying bone when placing an implant.
Recently it has been suggested that using a surgical guide fabricated virtually utilizing a CBCT
may be beneficial in these cases.

Mucosal-based guides are good choices in the maxilla due to difficulty in reflection of the soft
tissue of the palate which is necessary for a bone-based guide [32]. A mucosal-based guide can
also be used in conjunction with osteotome sinus lifts [33]. Limitations include error when
seating the guide due to the mobility of mucosa which ultimately can affect the implant
positions. Furthermore, a mucosal-based guide will mimic the fit of the radiographic guide,
which is most often fabricated as a duplicate of the denture. So it is important that the denture
be very stable before utilizing it as a radiographic guide.

Three retention pins are required to be placed in these guides to stabilize them on the eden-
tulous arch. The retention pins must be spread out, must not protrude into the vestibule, and
must be an adequate distant from the implant sites so as not to hinder their placement.

The literature shows conflicting results when comparing mucosa-based versus bone-based
guides. Some say that mucosa-based guides may have a decreased accuracy as compared to
bone-and tooth-borne guides [27,34] and some say that mucosa-based guides have increased
accuracy as compared to bone-and tooth-borne guides [20]. In the end, the literature shows
that mucosal-based guides offer adequate accuracy of implant placement. Several studies have
displayed a mean of about 1.0mm deviation at the apical aspect of the implant from the planned
placement on the CBCT [20,35]. Some authors recommend a certain safety zone (2.0mm) due
to the inevitable deviation of the planned versus actual osteotomy site [35].

6.3. Tooth-based guides

A tooth-borne guide is indicated for the partially edentulous arch with adequate remaining
sound dentition. A plaster cast or an optical scan of the cast is necessary for the laboratory
fabrication of this type of guide. The remaining teeth will determine how stable a tooth-borne
guide will be, so this must be evaluated carefully. It is recommended to use this type of guide
when placing a single implant or several implants when minimally invasive surgery is
required. Often times, a flapless surgery may be performed with a tooth-borne guide. In a
partially edentulous patient, the treatment planning may be more difficult due to anatomical
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limitations, so utilizing computer-aided techniques can optimize the efficiency and accuracy
of implant placement [36].

6.4. Surgical preparation

When preparing for surgery, several steps must be taken when utilizing a surgical guide. First,
the guide should be disinfected according to the instructions provided from the company who
fabricated the guide. Many guides may be placed in a chemical disinfectant for 10 to 12 minutes,
and most guides will not tolerate heat disinfection. Also, if utilizing a mucosal-based guide, it
is a good idea to place holes into the guide before the surgery begins, so that anesthesia may
be administered throughout the surgical procedure. If this step is missed, the practitioner must
remove the mucosal based guide, after removing the retention pins, administer anesthesia,
and replace the guide in the exact same position. Or the practitioner must drill through the
guide to gain access to the anesthesia locations. Lastly, when seating a mucosal-based guide
on the day of surgery, the same interocclusal record which was used during the CBCT scan
should be placed in the patients mouth along with the guide. At that point the retention pins
can be placed into the bone to lock the guide into place while using the patients occlusion to
stabilize the guide in the correct location.

6.5. Stereolithographic versus conventional guides

Surgical guides can be made through many techniques and several different materials.
Recently, stereolithography has become a popular method of fabricating surgical guides [5,19].
Stereolithography is an additive manufacturing process. This process utilizes a bath of light-
sensitive liquid resin which is cured one layer at a time by a laser which traces the 3-D model
which the computer demands of it. Guides made from stereolithography are light sensitive as
well as heat sensitive. These guides should always be kept in their original packaging in a cool
dry environment.

Stereolithographic guides are very rigid in comparison to a conventional resin cured guide.
When restoring a large edentulous area in which the guide has the potential to flex under
pressure of the implant drill, it may be a wise decision to choose a stereolithographic guide so
that the implant positions are not compromised. Stereolithographic guides also allow more
precision when placing implants as compared with conventional guides. One study compared
the difference between the planned implant position and the actual osteotomy at the apex. The
conventional guides had an average of 2.1lmm difference whereas the stereolithographic
guides had an average of 1.0mm difference [37].

Surgical guides may be fabricated from the radiographic guide. The radiographic guide can
be sent to a manufacturer which will convert it, through a mechanized process, into a surgical
guide with included guide sleeves. If this technique is chosen, the radiographic guide must
incorporate the correct orientation and placement of the implant into the guide. This can be
accomplished either by using a radiographically opaque denture tooth, gutta percha markers
through the long access of the tooth, or any other radio-opaque material which can orient the
planned implant into the radiographic guide.
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Alternatively, a mapping technique may be used to fabricate a computer generated surgical
guide. This is a technique which eliminates the need for a radiographic guide. The patient is
scanned while wearing a radiolucent interocclusal record to disclude the patient’s posterior
teeth by about 5 mm. Then a cast of the patient is scanned and a diagnostic wax-up is scanned.
The computer is then able to orient these images to each other and the practitioner can digitally
plan the implant placement in reference to the patients alveolar bone and planned tooth
positions. A surgical guide can then be fabricated from the digital design.

All of these choices are viable options for fabricating a surgical guide. Each situation is unique
and depending on the practitioners resources and relationship with their radiologist, the
practitioner may choose any option he or she prefers.

7. Companies

The aim of this section is not to advertise any specific company, and we just want to share our
experiences with these surgical guides. Surgical guides are fabricated by many manufactures,
most notable the major implant companies. Each company has a unique planning software
program as well as various choices for scanning protocol, guide materials, and design of the
guide. Depending on the case, different manufacturers must be considered in certain situa-
tions. For example, if dual-scan protocol was desired, only NobelBiocare and Anatomage offer
this option.

Things to Consider When Choosing a System

* How well can you maneuver the software program? Or will your radiologist be manipu-
lating most of the digital implant planning for you?

* If you plan on doing the virtual placement yourself, make sure you are comfortable with
the program. Each company offers a different program and these are not all as user-friendly
as the next.

* What kind of radiographic scanning protocol to you plan on using? Do you prefer the dual-
scan protocol in which a denture can be quickly converted into a radiographic guide? Or
do you prefer to have your lab fabricate a separate radiographic guide for the scan?

* Do you plan on using bone, mucosa, or tooth supported guides? Or do you want to have
the option of using all three, depending on the case?

These are all considerations that must be taken into account before investing in any imaging
software because once you do, you will be limited by that companies available options.

Another consideration is that different implant-planning softwares allow different levels of
resolution of the CBCT data. So even if the CBCT machine is capable of taking high resolution
images, the planning software you choose may not be able to open the full resolution which
was recorded. When placing implants, any fraction of a millimeter in the wrong direction may
have a significant compromise on the outcome.
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Company Implant Support Type Mat‘erial : Cost
Systems Bone Mucosa | Tooth Resin Stereolith
Keystone Universal v v $$
Biohorizon Universal v v v $$
NobelBiocare |NobelBiocare (%4 v v $$
Anatomage Universal v v v v $
Materialise Universal v v v v $$%

7.1. Keystone

Keystone offers one of the most basic surgical guide systems, hence the coined term “Easy-
Guide” for their planning software. EasyGuide can be utilized for planning implant placement
in single tooth edentulous spaces, partially edentulous spaces, and completely edentulous
arches. The Keystone surgical guide can only be used in single tooth edentulous spaces and
partially edentulous spaces.

During the CBCT, the patient wears a laboratory fabricated radiographic guide with barium
sulfate incorporated in the areas where the teeth will be replaced. This guide also has a built
in radiographic “X Marker”, which is subsequently used by Keystone to fabricate the surgical
guide. The clinician then plans the implant placement in the EasyGuide computer program
and virtually sends this information to Keystone to fabricate the surgical guide, if desired.

The surgical guide is fabricated from the digital planning. The clinician must send the
radiographic guide with the incorporated “X Marker” to Keystone, which uses this to orient
the guide to the patient’s jaw. Keystone then will fabricate the surgical guide either as
“directional” or “depth and directional”, depending on the clinician’s wishes. This means that
the guide can be used to direct the implant at the correct angle and it can also be used to direct
it to the correct depth in the bone.

7.2. Biohorizons

Biohorizons is another very simple and basic implant planning program that offers a user-
friendly technique but limited options to the clinician. The surgical guide, called a Compu-
Guide, can be fabricated for single implant placement, partially edentulous multiple implant
placement, and fully edentulous multiple implant placement.

The patient wears a laboratory fabricated radiographic guide during the CBCT which is
fabricated to the planning software, VIP, specifications. Then the clinician may digitally plan
the implant placement using the VIP computer software. This software allows the placement
of any type of implant system.

This information along with the radiographic guide is sent to Biohorizons which fabricates the
Pilot Compu-Guide, a surgical guide that allows only the pilot drills to be sequenced through
the guide. The clinician inserts the Compu-Guide and stabilizes it. The pilot osteomoties are
drilled to length, then the guide is removed, and the twist drills are then used free-hand
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without the guide, according to the implant manufacturer’s protocol. This method increases
the possibility of error because the angulation may be altered when using the twist drills.

7.3. NobelBiocare

NobelBiocare offers a very sturdy stereolithographic surgical guide with multiple indications
for use, but can only be used with NobelBiocare implants. This system can be used for single
tooth edentulous sites, partially edentulous sites, and completely edentulous arches.

The CBCT prescription requests a dual-scan protocol. The dual-scan protocol requires two
scans: one scan of the patient while wearing the radiographic guide and one scan of the
radiographic guide by itself. The radiographic guide has built-in fiduciary markers, which
allow the software to overlay the two separate scanned images. Fiduciary markers are gutta
percha dots added into the radiographic guide. If the patient is already wearing a well-fitting
denture, these markers can be added to the denture very easily. If the patient does not have a
well-fitting denture, a new tooth-set up should be tried in and then duplicated or processed
into a radiographic guide. The fiduciary markers can be added to the radiographic guide by
drilling eight to ten round divots throughout and filling them with gutta percha. They should
be Imm x 1 mm in size, and spread throughout the guide in different horizontal and vertical
levels.

The planning software, NobelClinician, will fuse the two files, using the fiduciary markers, so
that the patient’s anatomy can be visualized with and without the radiographic guide in place.
In other words, the anatomical data and prosthetic data can be visualized separately. Nobel-
Clinician allows various views and reslices of the scan. It also shows a yellow safety zone
around implants, which is especially important when performing flapless surgery. This safety
zone helps prevents implants from being placed too close to anatomical structures or to other
implants. The program also shows technical restrictions in red. For example, the software
prevents the clinician from placing implants close to each other due to the width requirement
of the metal sleeve in the guide. This is a complication of the fabrication of the guide to be the
strongest possible in the areas where the implant drill will be entering. If the acrylic between
two sleeves is thin, the guide may break in that area. If a clinician desires to place implants
fairly close together, another system may be better suited.

NobelBiocare offers tooth-borne and mucosal-borne guides, but not bone-based guides. So for
the completely edentulous patient, a mucosal-borne guide must be chosen. The clinician will
run into a problem if the edentulous patient has very thick gingival tissue. The mucosal-based
surgical guide is fabricated so that the head of the implants are placed 3 mm from the intaglio
surface of the surgical guide, assuming the average patient has 3 mm of gingival tissue
thickness. So if the patients gingiva is more than 3 mm thick, and the implants were digitally
planned to be at the crest of bone, then the intaglio surface of the surgical guide will impinge
upon the patients tissue. The easiest way around this is to relieve the intaglio surface of the
guide around the drill hole, before placing it in the patient’s mouth.

The virtual planning will be completed on NobelClinician, which is one of the only programs
that runs on Windows and Mac OS X. The NobelClinician software also allows planning of
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the abutments with digital visualization. This is particularly useful when placing angled
implants which will need angled multi-unit abutments. The planned information from
NobelClinician is sent electronically to NobelBiocare Production Center where the Nobel-

Guide is produced centrally.

The following photos show how to make a Nobelguide and to restore a patient with an

immediate implant-retained overdenture (Figures 1-20).

Figure 1. Complete denture with fiduciary markers is used as radiographic guide.

Figure 2. Patient wears complete denture with fiduciary markers during CBCT scan.



CAD/CAM Technology in Implant Dentistry 161
http://dx.doi.org/10.5772/59322

Figure 3. Occlusal view of maxillary surgical guide and maxilla on software.

Figure 4. Occlusal view of maxillary surgical guide on sofware after removing maxillary bone.
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Figure 5. Frontal view of maxillary surgical guide and maxilla.

Figure 6. Occlusal view of actual surgical guide fabricated at NobelBiocare production center.
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Figure 8. Anchor pins are placed to secure surgical guide.

Figure 9. Drills are used to prepare implant sockets.
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Figure 10. Implants are placed through metal sleeves.

Figure 11. All implants are placed.

Figure 12. Surgical guide is removed after all implants are placed.
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Figure 15. Enough room is needed for locaters and metal housings.
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Figure 18. Complete denture is converted to immediate implant-retained overdenture.
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Figure 19. Intra-oral view of patient.

Figure 20. Panoramic radiograph of patient.

7.4. Anatomage

Anatomage is a system which offers some of the most options when planning implant
placement with a surgical guide. The biggest downside of this system is that the guides are
fabricated out of a conventional acrylic resin, which easily flexes under high loads of stress
during implant placement. One must be very careful when choosing to use this system in a
patient with a large edentulous area because it can easily be torqued out of position. Due to
the material used, one benefit of this system is that the guides are cheaper than any other
system. The price is a fixed price no matter how many implants are being placed.

This system, similar to the NobelClinician, prescribes for a dual-scan protocol. The company
boasts that their planning software does not require a scanning appliance (or radiographic
guide). Instead, a stone model and/or wax-up is scanned in order to visualize the planned
positions of the teeth on the image. The planning software, InVivo5, allows the planning of
any type of implant as well as bone-based, mucosal-based, and tooth-based guides. InVivo5
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offers high quality volume rendering with some of the best visualization options. The volume
easily switches between transparent hard tissues, as well as detailed bone, airway, or skin
profiles.

The surgical guide is fabricated centrally by Anatomage in order to preserve the fixed price.
Along with the surgical guide, the clinician may choose to order specialized depth control
drills to gain the most guidance.

7.5. Materialise

Materialise offers the most versatile implant planning program. They will provide bone-based,
mucosal-based, and tooth-based guides. And all three types are fabricated by stereolithogra-
phy so that they are the most rigid. A tooth-supported SurgiGuide is suitable for minimally
invasive surgery. Since the guide was fabricated from virtual planning, it is not necessary to
raise a flap for implant placement. A plaster cast of the pre-surgical teeth must be sent to
Materialise with the SimPlant virtual plan. A mucosa-supported SurgiGuide is indicated when
minimally invasive surgery is necessary for a fully edentulous case. A bone-supported
SurgiGuide is appropriate for a partially or fully edentulous case when increased visibility or
more surgical procedures are necessary.

The patient is scanned using the clinicians method of choice, either single-scan or dual-scan
protocol. If choosing the dual-scan protocol, the clinician may purchase the dual scan markers
from Materialise or add the fiduciary markers on their own. The digital planning is then
performed using the software Simplant Planner. SimPlant Planner provides a library with
more than 8000 different implants and abutments to provide easy surgical guide fabrication.
Any implant system may be prescribed when using Materialise. The planned information is
virtually sent to Materialise, and the surgical guide, Surgiguide, is fabricated.

If the clinician would like to convert the CBCT images into the 3D representation, the software
SimPlant Pro is available for this. When using SimPlant Planner this conversion is performed
by Materialise. SimPlant also offers a free software program, called SimPlant View, which
allows anyone to view the files. So when planning a case between different team members,
such as a surgeon, restorative dentist and lab technician, all team members may view the case
on their personal computer.

There are three different options when choosing the surgical guide, SurgiGuide: Pilot,
Universal, and SAFE. The Pilot SurgiGuide offers the guidance during the initial pilot drilling,
and then the guide is removed and the drilling sequence is completed free-hand. This is best
used in straightforward and simple cases. It is similar to Biohorizons Pilot Compu-Guide. The
Universal SurgiGuide offers a fixed implant position and angulation, without depth control.
The drill depth is provided in the prescription sent with the SurgiGuide so the clinician knows
how deep to drill. The drills are guided through the SurgiGuide, and when the drilling
sequence is completed, the guide is removed and the implants are placed in the osteotomies.
Lastly, the SAFE SurgiGuide offers a fixed implant position, angulation, and depth. This guide
provides the most controlled system.
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Materialise also offers bone reduction guides. If the clinician is planning for a prosthesis which
requires more restorative space than is available, a bone reduction guide can first be used to
perform a precise amount of alveoloplasty. Afterwards, a bone-based implant surgical guide
is placed, according to the amount of bone reduction, and the implants are predictable placed
at that new bone level. When positioning the implants in the SimPlant Planner, place them at
the desired subcrestal positions. The white dots around the implants in SimPlant show the
bone height desired after placement. These can be moved up and down as desired. The
SimPlant designers then have enough information to produce the drill guide as well as the
bone reduction guide.

7.6. Laboratory procedures

A virtually planned surgical guide for the placement of implants offers not only a predictable
method for the surgical placement of the implants, but also a more convenient and time saving
method for the fabricating provisional restorations. A clinician may use a surgical guide to its
full advantage by preparing the provisionals before the day of surgery. Either the clinician or
a lab technician can prefabricate the implant provisionals using the surgical template. First, a
master cast is fabricated using the surgical guide. Implant analogs are attached to the guide,
large undercuts are blocked out, a soft tissue matrix is fabricated, and stone is poured into the
guide. This master cast can then be mounted against the opposing cast using the premade bite
index which was utilized during the CBCT scan. Provisional restorations can be fabricated on
this master cast, which will then be ready for chairside pick-up of the implants after surgery.
This method provides an easy way to do immediate loading of implants on the day of surgery.

This is a popular method being advertised worldwide and is an advantageous strategy for
attracting patients to your office. Patients are given an immediate result with predictable
esthetics, phonetics, and function if the laboratory steps and chairside pick-up are followed
correctly.

8. Alternative benefits of virtual planning

Another advantage of using virtual planning for dental implants is the ability to fabricate
implant frameworks through scanning of the master cast. After implants have osseointegrated,
a final implant-level impression is made, and a master cast is made and verified. Then a 3-D
scanner will scan the implant positions and the framework can be designed virtually for the
final prosthesis. From the virtual design, the framework is then milled from a block of metal
[3]. Each scanning company has different milling materials to choose from. The framework
can support a hybrid, bar-overdenture, or implant-supported fixed dental prostheses (such as
screw-retained PFM crowns or FDPs). This framework can either be designed virtually or it
can be designed in acrylic on the master cast and scanned (i.e., copy-milled). The latter of the
two options is a better choice for complicated clinical situations with no room for error, such
as implant-supported fixed dental prostheses. This prosthetic design requires very specific
dimensions for the final porcelain layer, and thus should always be copy-milled. Hybrid cases
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which were planned well with enough restorative space can usually be designed virtually with
retention elements added for the acrylic which will be surrounding the milled metal frame-
work.

Milling provides a much more accurate framework than conventional casting because there is
no shrinkage involved. When a multiple-implant framework is waxed and cast, it takes extra
time because it must be sectioned and soldered after shrinkage. The milled frameworks, on
the other hand, are milled to fit the implant positions exactly and involve no shrinkage or
distortion of the metal. The major disadvantage of choosing a milled framework is that the
companies offer only a limited number of material choices. Most companies do not offer a
metal which porcelain can be added to predictably.

The following photos show how to make a milled titanium framework using NobelProcera
software and scanner and to restore a patient with an implant-supported fixed dental pros-
thesis (Figures 21-34).

Figure 21. Final impression for each arch is made.

Figure 22. Denture teeth are arranged in the laboratory.
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Figure 23. Both trial dentures are verified clinically.

Figure 24. Mandibular definitive cast is sprayed with zinc-oxide powder before placing scanning abutments.

Figure 25. Scanning abutments are screwed on the implant replicas, and definitive cast mounted for scanning.

171



172 Current Concepts in Dental Implantology

Figure 28. Note red line generated by laser probe during trial denture scanning process.
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Figure 29. Occlusal view of trial denture overlapping mandibular cast including implants after scanning process.

Figure 31. Occlusal view of final design of mandibular framework.
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Figure 32. Clinical fit of mandibular framework verified.

Figure 34. Panoramic radiograph after maxillary complete denture and mandibular FDP are inserted.
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9. Conclusion

This chapter aimed to explain virtual treatment planning by using softwares, scanners and
CAD/CAM technology. Each person involved in this process should possess the knowledge

to use these softwares and hardwares, which require advanced training and experience.

Otherwise, failures would be inevitable and costly. Although each step was explained and

illustrated in great detail, the readers need to make to sure that they have proper knowledge,

armemantarium, and experience before attempting to these types of treatment.
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Chapter 8

Role of Implants in Maxillofacial Prosthodontic
Rehabilitation

Derek D'Souza

Additional information is available at the end of the chapter
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1. Introduction

Maxillofacial prostheses play a vital role in comprehensive rehabilitation by restoring
physical and psychological well-being in patients with missing or disfigured anatomical
structures due to congenital abnormalities, trauma, or disease [1]. It is possible to restore
esthetics, function and re-establish the self confidence of the patient by providing a well
designed prosthesis such as a prosthetic ear, eye, nose, cranial plate or a combination of
these.

The last few decades have witnessed a significant increase in extensive malignancies of the
head and neck region [2]. This has resulted in increasing number of patients with exten-
sive post-surgical defects. Many of them need to be suitably rehabilitated to minimize long-
term physical, functional and psychological consequences and ensure early return to normal
life. In addition, these patients could be more willing to accept large surgical resections, if
counseled about prosthetic reconstruction, prior to definitive surgery. It is crucial that all
such patients receive a pre-operative referral to a maxillofacial prosthodontist prior to

surgery [3].

When these patients report to the maxillofacial prosthetic clinic they report with complex
defects and their general health status is also compromised. Achieving adequate retention
of the prosthesis, especially when the defect is extensive, is a big challenge and requires a
multi-disciplinary approach. With the advent of predictable osseointegration, a new era
dawned in the field of prosthodontic rehabilitation of the head and neck region. Cases that
were earlier condemned as “hopeless” were suddenly given a new range of options and
the chance to be comprehensively restored to form and function. This chapter discusses the
role of implants in comprehensive maxillofacial rehabilitation.

I m EC H © 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and eproduction in any medium, provided the original work is properly cited.
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2. Retention of maxillofacial prostheses

Historically the means of achieving retention of facial prostheses has been primarily by use of
medical adhesives or by means of anatomical or mechanical retention using various devices
such as spectacles, springs, studs, clips or magnets [3]. An ideal adhesive should be one that
provides firm functional retention under flexure or extension during speech, facial expres-
sions, and moisture or perspiration contact, however such an adhesive is not yet available.
Facial prostheses may additionally be retained by judicious use of anatomic tissue undercuts,
thereby minimizing the displacement potential caused by other external forces. There is a
potential for tissue irritation with use of this technique and due care and regular follow up is
a must. Special care is warranted where tissues have been previously irradiated.

2.1. Cellular level changes of osseointegration

Itis necessary to have a clear concept about the science of implantation and the healing of bone
following a successful implant placement. Osseous healing along an implant follows a similar
process to fracture healing but is subjective to the nature of the surface of the implant [4]. As
soon as blood comes into contact with the surface of the implant, proteins adsorb to it, platelets
get activated and bind to the adsorbed protein which results in the formation of a clot. This
coagulum at the implant surface supports the deposition of proteins, releases inflammatory
mediators and initiates new tissue formation. The release of numerous signaling molecules
influence the migration of monocytes, neutrophils (both involved in inflammation), and
mesenchymal cells (cells that can differentiate into osteoblasts) towards the implant surface [4].
Following the aggregation of neutrophils and macrophages from nearby capillary beds to the
implant site there is further release of inflammatory mediators which are necessary for the
initiation of osteogenesis. Components of tissue growth factor (3 (TGF-f3) super-family are also
expressed within 24 hours of implantation, including bone morphogenetic proteins (BMPs)
and growth & differentiation factors (GDFs). These signaling molecules result in the collection,
migration, and differentiation of mesenchymal cells, which take part in the formation of woven
bone. Woven bone subsequently undergoes a sequence of remodeling, resulting in the
formation of mature bone which is the desired end result [5].

2.2. Implant surface modifications

Various surface modifications are being commercially marketed since the days of the first
Branemark implants [6]. Grit-blasting and acid etching still remain the most commonly
employed surface modification techniques in use today. Sand blasting increases the surface
area of the implant as compared to machined surfaces. The resultant increase in surface area
has been shown to improve cell attachment and proliferation which results in increased
implant stability [7 - 10]. Electrochemical anodization is another chemical surface modification
method that has been employed. This process increases surface micro-texture and also
modifies the chemistry of the implant coating resulting in a titanium oxide layer that is several
orders of magnitude thicker than a passivated surface [11, 12]. The addition of a ceramic coating
to the roughened surface is another method of improving osseoconductivity. Here a plasma
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sprayed hydroxyapatite (HA) coating is used to create an irregular surface for osseointegra-
tion. The process involves blasting the implant surface with HA particles at a high temperature.
The result is a coating that develops cracks as it rapidly cools. These coatings show enhanced
bone-to-implant contact initially, in vivo, however the mechanical properties of the bone-
coating interface has exhibited non-uniform degradation in the long term [13-16].

In other alternatives, crystalline deposition of nano-sized calcium phosphate and addition of
a fluoride treatment to roughened titanium surfaces have also been tried with varying success
[17-19]. While several advances in surface modification have been made in order to improve
implant osseointegration, no treatment addresses the issue of reducing infection. While some
manufacturers claim to be bacteria-proof due to their tight interlocking, the implant itself does
not prevent bacterial attachment which can lead to formation of biofilms and subsequent
implant failure [20, 21].

2.3. Craniofacial implants

In order to obtain predictable craniofacial osseointegration, different protocols had to be
developed. It was necessary to have certain modifications as compared to the oral implants.
These implants were made from titanium alloys and were generally shorter i.e. 3 -5 mm long,
threaded and with the same machined surface as the oral implants. It was further found
important to attach a flange in the coronal part of the fixture [Figure 1]. The reason for this was
the idea that even if the implant was subjected to a longitudinally directed trauma, the flange
would prevent it to from being pushed into the deeper structures. This has also proved to be
a safe and secure measure, as several trauma cases have occurred, but only a minority have
caused fractures of the skull bone, and none have caused severe damage [22].

Threaded portion

Figure 1. Design of craniofacial implants

The first abutment that was originally used was also of an intraoral type, but with time, extra-
oral abutments of different types were developed. These include abutments for the bone-
anchored hearing aid (BAHA) and abutments for bone-anchored epistheses (BAE). The length
of the fixtures to be used is determined by the thickness of the cranial bones. In a normal adult
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the temporal bone has a thickness of approximately 4 mm. This is also the length of the most
commonly available implants. It may be possible to install longer fixtures in the frontal bone,
zygoma and maxilla. The skin over the abutments has to be reduced to a minimum. This is to
prevent constant discomfort or trauma experienced by the patient when the prosthesis will
move. Patients who have split skin grafts around the implant abutment show the least skin
penetration problems [22, 23].

In pediatric cases the skull bone is much thinner, sometimes barely 1-3 mm thick. In these
cases a different approach is necessitated. A simple technique is by the utilization of a semi-
permeable membrane at the first stage surgery [24]. By utilizing this technique, 1-2 mm bone
can be gained during a 6-month healing period, thus making it possible to install a 4-mm long
fixture also in children. The semi-permeable membrane is then removed at the second stage
surgery.

Osseointegration in irradiated bone was early believed to be contraindicated. Patients who are
recovering from various forms of cancer need comprehensive rehabilitation and can benefit a
lot from the use of osseointegrated implants. Clinically though there were higher failure rates
along with certain other problems such as dehiscence of the soft tissue as well as osteoradio-
necrosis [25]. Taking into consideration that the irradiated bone will take longer to heal it is
advisable to first delay the placement of the implant and also to allow 4 to 8 months for
osseointegration. Another approach is to expose the patients to adjunctive hyperbaric oxygen
therapy (HBO). HBO has been shown to accelerate healing and also prevent osteoradionecrosis
[26, 27]. In 2013, de Oliveira, Abrahao and Dib [28] however found that there is no difference
in implant success between irradiated and normal bone. Keeping all things constant and
knowing the risk factors involved it seems to be better to ensure all precautions are maintained
in case selection, implant placement and also to ensure that the patient receives HBO therapy
to reduce failures in patients who have received some form of radiotherapy and/or chemo-
therapy.

2.4. Factors of importance for predictable osseointegration

There are six factors of importance that must be carefully monitored to ensure predictable
osseointegration [29-31].

Material of the fixture-Titanium alloys are the most commonly used as these are known to
integrate in the bone without causing adverse effects. It can remain incorporated into the bone
for many decades, and be used as anchorage for different prostheses.

Macrostructure of the implant-A screw-shaped implant ensures better primary stability as
compared to a conical shaped implant. This may be due to micro-movements of the conical
shape and reduced osseointegration.

Microstructure of the implant-Original Brdnemark implants had a smooth surface as they were
manufactured by machining. Clinically however it has been observed that very smooth
surfaces have lesser degree of osseointegration, along with minor amount of resorption. On
the other hand a highly roughened surface shows rapid integration; but later secondary
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inflammation and secondary resorption is noticed that can endanger the long-term survival
of the implant.

Osseous bed into which the implant is placed-Geriatric patients with bone that is osteoporotic will
show lesser degree of osseointegration. Similar is the case of patients who have had radio-
therapy or who have sustained severe burns that alter the osseous quality and reduce its
capacity for osseointegration.

Surgical technique — The surgical intervention should be carefully monitored with slow speed,
high torque and copious irrigation with cold water. The temperature should never be allowed
to rise as the osteoblasts are extremely heat labile and get damaged easily. The implant itself
should never be touched by gloves or gauze. It is vital that the surgical bed be free from fibers,
powder and any other foreign matter that might hinder osseointegration.

Loading the implant — The implant should be loaded along its long axis as far as feasible. Lateral,
torsional or cantilever forces are least tolerated and should be minimized by efficient planning
and design.

2.5. Retention of maxillofacial prostheses and craniofacial implants

With the increased use of osseointegrated implants, dependence on adhesive and anatomic
methods of retention has diminished. Magnets or clips can be used to effectively retain the
prostheses [Figure 2] and will also minimize force transfer to the implant and supporting bone.
The resultant decrease in dependence on chemical (adhesives) and anatomic (tissue undercuts)
retention is beneficial to both the patient and the prosthodontist [31 — 35].

Figure 2. Different retention options for attachment of craniofacial prostheses
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Craniofacial implants require adequate osseous thickness of the bone on the temporal and
mastoid regions, for example in the rehabilitation of a case of congenital microtia. Thus,
implant placement may not be as ideal in normal situations or with acquired defects from
accidents. Other designs may also be provided if the distance between the two implants is too
close or too far apart. Other crucial factors in rehabilitating this type of defect are marginal fit,
good retention, and acceptable esthetics. Various studies have shown that retention using
craniofacial implants has improved the satisfaction of patients with craniofacial prostheses.
However, the actual level of satisfaction depends, to a large extent, on the location or type of
defect, sex, and age of the patient [36 — 38].

3. Orbital prosthesis

In order to address the area of rehabilitation of the orbit it is vital to understand the different
types of surgical techniques used in ophthalmic surgeries. Evisceration, enucleation, and
exenteration are the three main surgical techniques by which all or parts of the orbital contents
are removed [39]. Evisceration is the removal of the contents of the globe while leaving the
sclera and extra-ocular muscles intact. Enucleation is the removal of the eye from the orbit
while preserving all other orbital structures. Exenteration is the most radical of the three
procedures and involves removal of the eye, adnexa, and part of the bony orbit.

Evisceration is usually indicated in cases of endophthalmitis unresponsive to antibiotics and
for improvement of esthetics in an eye that is damaged and has lost its vision. Enucleation is
indicated for the above two conditions as well as for painful eyes with no useful vision,
malignant intraocular tumors, in ocular trauma to avoid sympathetic ophthalmia in the second
eye, in phthisis with degeneration, and in congenital anophthalmia or severe microphthalmia
to enhance development of the bony orbit. Exenteration is indicated mainly for large orbital
tumors or orbital extension of intraocular tumors [39].

The first two namely evisceration and enucleation can be easily rehabilitated with excellent
cosmetic results using custom made ocular prostheses [1, 3]. These are fabricated after custom
made impressions using silicone impression materials and can be retained fairly well if the
eyelids and ocular muscles are intact [Figure 3 — 5]. If required then additional soft tissue
components may be fabricated using silicone elastomers which can be shaded and colour
matched to the skin of the subject. They may be retained with suitable eye-frames or by use of
local undercuts and adhesives [1, 3].

Exenteration surgical procedures are far more extensive and need expert and multi-specialty
approach for rehabilitation. Post operatively when the patient reports for rehabilitation it may
be necessary to advise the patient to undergo an additional surgical procedure to deepen the
existing socket or for thinning of the skin flaps used for the initial wound closure. This will
ensure better cosmetic outcome as there will be adequate space to accommodate the retentive
framework, ocular component as well as the bulk of silicone elastomer. These large prostheses
do not function well with adhesives or eye glasses alone [Figure 6 - 8]. Application of implants
in these large orbital defects reduces the need for adhesives and enables easy insertion and
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Figure 3. Ocular Defect Left eye

Figure 4. Custom-made ocular prosthesis

Figure 5. Customised orbital prosthesis in situ

removal of the prosthesis. Patients can easily remove the prosthesis when not in use and also

replace it quickly and effortlessly [39 — 41].
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The ideal locations where craniofacial implants may be placed are the supero-lateral rim and
the infero-lateral rim. The implants are placed in such a manner that they project into the defect
space. The advantage of this is that the boundaries of the prosthesis can conceal the retentive
mechanism effectively. It is advisable to place at least three implants both in the upper and the
lower orbital rims. This ensures adequate retention even if one or more implants fail. In case
the patient has received irradiation as part of the onco-therapeutic process they need to be
advised hyperbaric oxygen therapy as described earlier [25 —27]. The bony architecture in this
region is mostly cortical and therefore shorter implants may be are used. It is advisable to wait
for 6-8 months for complete osseointegration before the implants are uncovered. The eye
prostheses gain maximum retention by use of Neodymium magnets housed in a carrier
superstructure within the orbit. Due to the natural shape of the orbit being oval, the abutments,
once placed on the implants, will converge toward the center of the orbit. It is therefore
important to allow for adequate space of at least 1cm apart between the implants during the
surgical phase so that the abutments do not contact thereby interfering with the superstructure.

Figure 6. Post-exenteration orbital defect

Figure 7. Custom-made orbital prosthesis
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Figure 8. Orbital prosthesis retained with spectacles

After the abutments are attached the fabrication of the prosthesis may be carried out by the
maxillofacial prosthodontic team. The margins of the prosthesis may be thinned to ensure
better esthetic outcome. Simple frames may also be used so that the borders are concealed
[Figure 8]. Patients need to be kept on regular follow-up protocol for any changes in the
implants, skin or colour changes in the prosthesis itself [39, 41].

4. Nasal prosthesis

The nose and its adjacent structures play a vital role in facial esthetics. Unlike other facial
structures it cannot be easily hidden or camouflaged and hence any person with a congenital
or acquired defect looks for early rehabilitation. Small defects are best reconstructed by the
plastic surgeon but when both bone and soft tissue have been lost as a result of malignancy
related surgeries or due to severe mid-face trauma, then other alternatives are required [1,
42]. Retention using less invasive methods such as the use of tissue or bony undercuts or
mechanical with spectacles has been tried with limited success. Even though it may be a
challenge, the use of osseointegrated fixtures will ensure excellent retention and esthetic
outcome. Ideally three implants need to be placed for adequate retention. It is recommended
that a triangular placement around the residual nasal aperture be used. Two implants should
be placed at the area of alar base in a vertical line drawn downward from the medial canthus
of each eye. One additional implant is placed at the nasal bridge in the midline inferior to the
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frontal sinus to complete an isosceles triangle [Figure 9]. The implants at the alar base should
project out at 90° to surface. The implant at the midline of the nasal bridge should project
downward 30° or at the same angle as the nasal bones project from frontal bone [43].

Figure 9. Nasal defect with bar attachment on three implants

Figure 10. Nasal prosthesis in situ

The prosthetic superstructure is fabricated in silicone and retained with the help of clips or
magnets [Figure 10] within the prosthesis that engage a metal bar connecting the implants [1,
3]. The connector framework ensures even force distribution over all the three fixtures. In
certain cases where there is complete or partial loss of the maxilla and associated midfacial
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structures, the nasal component may be magnetically connected to the intraoral obturator
[Figure 11] thus providing mutual retention to each other [44 — 46]. The use of spectacles once
again distracts the observer’s vision from the borders between the skin and the prosthesis and
ensures better esthetic outcome [1, 3].

Figure 11. Nasal and maxillary obturator prosthesis connected with magnets

5. Auricular defects

The auricle may be congenitally malformed as in microtia or may be disfigured as a result of
trauma following road traffic accidents, burns, acid attacks, or animal or human bites.
Surgically they may be removed due to local malignancies. Plastic surgeons may attempt an
autogenous reconstruction of the external ear but it is extremely challenging and technically
demanding. In contrast an esthetically pleasing and excellent shade matched auricular
prosthesis may be fabricated from acrylic polymers or from silicone elastomers [Figure 12 —
15]. The main problem with these prostheses has been their retention. Traditionally tissue
undercuts, mechanical retention with springs, clips, hairpieces and adhesives have been used
to hold them in place [3]. These have serious limitations as retention is not very strong and can
be dislodged by daily activities of life [47 — 50].

Once again osseointegrated implants have proven to be a boon and are presently the method
of choice. In these cases two or three implants placed external to the external auditory meatus
in the temporo-mastoid region are sufficient [Figure 16]. Implants placed to retain a prosthetic
ear are limited in length by the thickness of the mastoid and temporal bones as well as the
mastoid air cells. Positioning of implants in the temporal bone is critical to the overall esthetic
result and so the use of a surgical guide is mandatory. In cases of microtia or where there are
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Figure 12. Bilateral auricular defect following severe burns

amalformed tissue tags it may be beneficial to have them surgically removed prior to the start
of the rehabilitation process [48, 51].

Figure 13. Wax patterns of ear prosthesis

The maxillofacial prosthodontist should fabricate a diagnostic wax-up of the proposed
prosthesis replicating the anatomic features of contra-lateral ear and properly positioned to
provide facial symmetry [51]. Using the wax pattern a surgical guide is then replicated with
acrylic resin or vinyl acetate. The guide should indicate the most optimal location for implant
placement. The implants are usually related to the anti helix of the external ear. In this position
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Figure 14. Finished and polished silicone ear prostheses

Figure 15. Bilateral auricular prosthesis (mechanically retained)

the exposed implants and the retention system have the best opportunity to be hidden from
view. Two retention systems using either metal bars of 2 mm diameter soldered to metallic
cylinders or retention clips may be used separately or in combination [Figure 17, 18]. The
fabrication steps of the silicone prosthesis follow the routine steps as for other external
prostheses. The advantage of having long hair to hide the margins is an added advantage.
Cleanliness and proper maintenance is a must and should be ensured at follow-up [51 - 54].
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Figure 16. Craniofacial implants placed for ear prosthesis

Figure 17. Bar retainer connected to the abutments

Figure 18. Implant retained ear prosthesis in situ
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6. Management of the dentate maxillectomy patient

The dental health status of the patient is the first consideration when planning for prosthetic
implantation. Preservation of all possible teeth and vigorous dental hygiene are important in
the preoperative period to reduce problems in the postoperative period, when cleaning will
be difficult if not impossible. The decision to remove maxillary teeth may come into question
if the patient may receive pre and post-operative radiation. It is felt by most prosthodontists
that the potential risk of osteoradionecrosis resulting from dental treatment in the maxilla is
minimal. Each tooth that can be saved has tremendous potential value as an abutment for the
obturator prosthesis. Therefore, all teeth should be retained except those that are grossly
carious and cannot be restored by any means [55]. In addition to assessment and preservation
of teeth, it important to obtain maxillary and mandibular casts in the pre-operative period.
Two maxillary casts should be obtained; one to be used as a permanent record, and the other
for reproduction of the anticipated surgical defect to be used as a guide for fabrication of the
prosthesis. One copy of the pre-operative cast should be kept at all times and further dupli-
cation done if so required.

Various designs of intra-oral prostheses are possible keeping in mind the principles as
applicable for removable cast framework partial dentures. Where required other forms of
additional retention are possible using the myriad commercially available intra-coronal or
extra-coronal precision attachments. These should suffice to provide a prosthesis that is
functionally stable and acceptable to the patient [55 — 58].

6.1. Obturators

Various types and designs of obturators may be planned. Based on the time of placement they
can be classified as: surgical, interim and definitive. Surgical obturators are those that are
placed immediately after surgery. Although there has been some disagreement about the value
of surgical obturators, they do offer distinct advantages for the surgeon and the patient.

Design of the surgical obturator is a challenge, and involves communication between the
surgeon and the prosthodontist. The preoperative plan should be discussed, and actual
anticipated defects should be clearly marked on the preoperative cast. Areas that will
definitively be resected should be outlined, as well as areas that may be involved. The type
of retention method that the surgeon prefers should be communicated prior to surgery [56,
59]. Retention holes in the acrylic plate should be created on the defect side so that the
edges can be sutured immediately after surgery to the cheek to support the surgical pack
in situ [Figure 19, 20].

Interim obturators are those prostheses which are placed immediately after removal of the
surgical packing and should be used until tissue contracture is minimal [Figure 21 - 24]. Time
between removal of the pack and obturator placement should be minimal, as tissue contraction
and edema will quickly alter the shape of the defect, making it difficult to insert an obturator.
For this reason, it is important to have a post-surgical obturator made prior to removal of
packing. Itis also important that the prosthodontist be present with the surgeon when packing
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is removed so the prosthesis can be inserted immediately after inspection of the surgical site
by the surgeon [59].

The definitive obturator is designed when the surgical defect has stabilized, approximately 3
to 12 months after definitive surgery [Figure 25]. The bulb portion that extends into the defect
area must be kept hollow in order to lessen the weight of the prosthesis [Figure 26]. The design
of the prosthesis should allow maximal distribution of forces to all available teeth, remaining
hard palate, walls of the defect, and areas of remaining alveolus. In addition, occlusion must
be restored to the best extent possible so that the prosthesis can be functional and not just
cosmetic. Regular follow-up is mandatory and modifications should be carried out as required.
The prosthodontist must be careful to note signs that the obturator is no longer functioning,
such as fluid reflux into the nasal cavity, change in voice quality or TM] problems [56, 59].

Figure 19. Surgical obturator with retentive holes on surgical side (left)

Figure 20. Surgical obturator fixed in situ immediately following surgery
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Figure 21. Healed maxillary defect (mirror image)

Figure 22. Impression made in irreversible hydrocolloid

Figure 23. Try-in of maxillary obturator prosthesis
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Figure 25. Definitive obturator prosthesis in situ

Figure 26. Definitive obturator prosthesis showing hollow bulb
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6.2. Management of the edentulous maxillectomy patient

Edentulous maxillectomy patients are always a challenge for the maxillofacial team due to the
complexity of postoperative rehabilitation. Retention of the obturator is a problem since there
is a lack of support of adjacent teeth for stabilization. In addition, the reduced volume of
residual ridge of the edentulous patient demands that stress be distributed to all available
portions of the palate.

Some of the important guidelines to be informed to the maxillofacial surgeon or oncosurgeon
at the time of resection are as follows:-[59-62].

Maintain as much hard palate as possible. Since the edentulous patient must rely on remnants of
the hard palate for primary retention, support and stability, the prosthodontist should advise
the surgeon to resect only that portion of the hard palate that is mandatory to allow for clean
margins [Figure 27]. It is vital to ensure that the ipsilateral palate is preserved which will allow
a tripoding effect. If the anterior alveolus can be maintained, the patient will have better facial
esthetics and less contracture postoperatively.

Figure 27. Maximum retention of hard palate (mirror image)

Skin graft the cheek flap The edentulous patient requires maximal distribution of forces, and the
mucosa on the cheek will be an area of contact with the obturator. The thick squamous
epithelium of a split-thickness skin graft will resist the wear and tear applied by the obturator
as compared to the friable oral tissues.

Remove the inferior turbinate. By removing the inferior turbinate, the prosthesis can be contoured
to fit into the nasal cavity. This vertical height will resist the rotational forces applied during
mastication. In addition, by adding an extension into the nasal cavity, a larger surface of bone
may be utilized to balance the stresses generated during mastication.

Skin graft the maxillary sinus walls This is necessary as the movements of the obturator bulb will
transmit greater force to the sinus walls in the edentulous patient. These walls can be prepared
during surgery to allow the bony undercuts to serve for retention or for vertical support to
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Figure 28. Skin graft on lateral wall of maxillary post-surgical defect

keep the prosthesis from rotating into the defect during mastication. The sinus walls are
covered with respiratory mucosa, which must be denuded and covered with a split-thickness
skin graft. Grafting the sinus walls stops formation of polypoid tissue and mucus generation
within the sinus and allows the walls to become load-bearing areas [Figure 28].

With the increased use of osseointegrated implants, dependence on mechanical and anatomic
methods of retention has diminished. Osseointegrated implants provide excellent retention to
the definitive obturator. Retentive magnets and various designs of clips are available to
minimize force transfer to the implant and supporting bone [3, 63, 64].

For a long time it was considered taboo to place implants in irradiated bone. However
numerous studies have shown that use of hyperbaric oxygen chambers can be of immense
value in such patients and allow for successful osseointegration as discussed earlier [25 —27].

6.3. Zygomatic implants

Remote bone anchorage using zygoma implants for extensive maxillofacial defects is another
option. Effective axial loading of the zygoma implant is accomplished by cross-arch stabiliza-
tion with a rigid splint framework using at least 4 implants with adequate anterior — posterior
spread [Figure 29]. When patients present with maxillary defects that do not have ideal
residual anatomy, it is may be possible to place zygoma implants in areas that will enhance
the desired splinting effect of the bar assembly. The most significant and immediate benefit of
this approach is the ability to extend the prosthesis anchorage points into defect areas, thus
minimizing the cantilever forces on teeth and implants in residual ridge tissue. Maxillectomy
and severely resorbed maxilla are challenging to restore with provision of removable pros-
theses. Dental implants are essential to restore aesthetics and function and subsequently
quality of life in such group of patients. Zygomatic implants reduce the complications
associated with bone grafting procedures and simplify the rehabilitation of atrophic maxilla
and maxillectomy [65, 66].
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Precision

Figure 29. Diagrammatic representation of zygomatic implants

Studies using three-dimensional finite element analysis were carried out to study the impact
of different levels of zygomatic bone support (10, 15, and 20 mm) on the biomechanics of
zygomatic implants. Results indicated maximum stresses within the fixture were increased by
three times, when bone support decreased from 20 to 10 mm, and concentrated at fixture/bone
interface. However, stresses within the abutment screw and abutment itself were not signifi-
cantly different regardless of the bone support level. Supporting bone of 10 mm showed double
the stress as compared to levels of 15 and 20 mm. The deflection of the fixtures was decreased
by two to three times as the level of bone support increased to 15 mm and 20 mm respectively.
Therefore, it important that the zygomatic bone support should not be kept at less than 15 mm.
This will reduce the amount of deflection of the fixture and ensure long-term success of the
implants [67, 68].

Placement of zygomatic implants lateral to the maxillary sinus, according to the extra-sinus
protocol, is one of the treatment options in the rehabilitation of severely atrophic maxilla or
following maxillectomy surgery in the head and neck cancer patients. Studies on a full-arch
fixed-prosthesis supported by four zygomatic implants in the atrophic maxilla under occlusal
loading have shown that maximum von Mises stresses were significantly higher under lateral
loading compared with vertical loading within the prosthesis and its supporting implants.
Peak stresses was found to be concentrated at the interface between the prosthesis and the
fixtures when subjected to vertical load and also at the internal line angles of the prosthesis
when subjected to lateral load. The zygomatic bone exhibited much lower stress levels as
compared to the alveolar bone especially under lateral load. The zygomatic bone overall
showed less values of stress than the alveolar bone and the prosthesis-implant complex under
both types of loading [67]. Further research and long-term studies needs to be carried out on
these types of implants so that the rehabilitation of the atrophied or missing maxilla can be
successfully carried out.
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7. Microimplants and maxillofacial rehabilitation

Patients with craniofacial birth defects present with extreme skeletal deformities and often
require a multi-pronged approach for achieving acceptable esthetic results. Vachiramon et. al.
[69], have described a series of cases in which orthodontic microimplants were used to better
the surgical outcome of such patients. Use of these microimplants for support helped in
distraction osteogenesis procedures involving the mandible, maxilla, or midface. The micro-
implants were additionally used to stabilize the dentition for orthodontic tooth movement or
for resisting change from long-term use of inter-arch elastics. They concluded that microim-
plants appear to have good potential in the approach to treat patients with craniofacial
anomalies. They can also be useful to present an alternative treatment plan in patients who
refuse orthognathic surgery. Microimplants may be of great utility for the rehabilitation of
craniofacial patients with congenitally missing permanent teeth; malformed teeth or patients
with ectodermal dysplasia with reduced dentition that makes reciprocal orthodontic anchor-
age difficult [69].

8. Future trends in maxillofacial rehabilitation

The use of Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) in conjunc-
tion with Rapid Prototyping (RP) have revolutionized the methods of old-fashioned impres-
sions using various types of dental materials and sculpting of the prosthesis by hand in wax
or clay [Figure 30, 31]. Recently advances in 3D optical imaging using 3D whole field profil-
ometer based on the projection of incoherent light and 3D laser eye-safe scanners have been
utilized [70, 71]. The advantages of such a system are that they are non-invasive, have a higher
speed of data acquisition, and the scanners are more rugged and portable than the CT or MRI
scanners [70].

Once the data has been acquired the virtual 3D models are obtained and the final prosthesis
can be designed virtually. Two models one with the defect and another with the built up
prosthesis are generated using epoxy photo-polymerising resins in a 3D printer [Figure 32,
33]. The final prosthesis is then fabricated from silicone rubber using these moulds [70 - 72].

In order to minimize the harmful effects of the metallic implants and their by-products, several
newer materials are being tried. New alloys like tantalum, niobium, zirconium, and magne-
sium are receiving attention given their satisfying mechanical and biological properties. Non-
oxide ceramics like silicon nitride and silicon carbide are being currently developed as a
promising implant material possessing a combination of properties such as good wear and
corrosion resistance, increased ductility, good fracture and creep resistance, and relatively high
hardness in comparison to alumina. Polymer/magnesium composites are being developed to
improve mechanical properties as well as retain polymer's property of degradation [73].

Nanotechnology and tissue engineering along with the concepts of stem cell technology are
poised to dramatically define the next quantum leap in the field of maxillofacial reconstruction.
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Figure 31. Rapid prototype modelling of maxillofacial prosthesis

Whether it is regeneration of new osseous tissue in vivo for placement of implants or even the
regeneration of a complete ear or nose literally ‘grown’ from the stem cells of the person or a
suitable donor-the possibilities are endless [74, 75]. It seems to be just a matter of time before
the dream of autologous reconstruction of defective or missing anatomical structures soon

becomes a reality.
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Figure 32. 3D printer

Figure 33. 3D printed model of mandibular defect

9. Conclusion

The discovery of osseointegration has been arguably one of the most beneficial medical
breakthroughs especially in the head and neck region. The number of successful implants
being placed is increasing rapidly as better implants, more efficient investigative techniques
and superior armamentarium is readily available. These implants have also revolutionized the
scope and the efficacy of rehabilitation of the entire craniofacial region [76].

Despite the rise in cancers of the head and neck region there is also a deeper understanding of
the changes at cellular level and better treatment options and targeted medication. It is hoped
that with each passing day there will be continued dedicated research to fight and eradicate
all these killer diseases. Until then the science of craniofacial implantology will ensure that the
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patients receive the most comprehensive rehabilitation that can be offered and ensure that
their early return to form and function.

In future it is hoped that technological advances in allied fields such as radio-diagnosis and
imaging, CAD-CAM manufacturing, tissue engineering, laser scanning, 3D-printing, devel-
opment of newer nano-based materials and robotic placement of implants will work in tandem
to ensure that larger numbers of patients can be treated early, economically and effectively
[77-79]. Then alone will the dream of health for all be truly a reality.
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1. Introduction

Anchorage control during tooth movement is one of the main factors for ensuring successful
orthodontic treatment. Anchorage can be defined as the resistance that a tooth or a group of
teeth offer when they are subjected to a force [1]. The aim of orthodontic treatment is to
maintain sufficient anchorage control to create appropriate force systems that provide the
desired treatment effects.

Recently, implants have been used as skeletal anchorage devices for orthodontic purposes
[2-5]. Temporary anchorage devices (TADs) [1,9,10], including miniplates, implants and
miniscrews, have been used for skeletal anchorage [6-8]. TADs are inserted into the bone and
aim to enhance orthodontic anchorage either by supporting the anchoring teeth or by being
an independent anchorage unit eliminating the need for supporting teeth; they are removed
once their function has been completed. They can be fixed into the bone either biomechanically
(osseointegration) [11] or mechanically (cortical stabilization) [8]. Clinicians can better control
anchorage by using TADs in orthodontic treatment, thereby achieving more satisfactory
treatment results than could be achieved with conventional mechanics [6,12].

Currently, clinicians mostly prefer to use miniscrews for combined orthodontic treatment [13].
Despite the high success rate of miniplates, their invasive placement procedures require an
oral surgeon and the associated high costs of such a procedure overshadow their use in terms
of anchorage [1]. The use of osseointegrated mini-implants has also been limited because of
the long waiting period for osseointegration, their large size and high cost [14,15]. Miniscrews,
however, are available in favorable sizes, have relatively lower costs and are simple to insert
and remove; therefore, they can be easily placed by an orthodontist with minimal tissue
invasion [13]. Miniscrews obtain their stability mainly from mechanical retention in the bone
[1,9], so they can be loaded immediately after placement [16]. In the literature, there is no
general agreement about the terminology used [17,18]; this varies between ‘miniscrews’,
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‘microscrews’, ‘miniscrew implants’. and ‘mini-implants’ [13,19-21]. In this chapter, we refer
to them as miniscrews. Miniscrews are now accepted as a simple and effective tool in daily
orthodontic practice and orthodontists commonly use them in a variety of clinical situations
[20-25].

This chapter focuses on the principles of application for miniscrews including screw sizes,
application sites and fundamental placement methods. Management of complications, the use
of miniscrews in specific orthodontic situations and appliance design are also discussed.

2. General considerations

2.1. Location and dimensions of the miniscrew

The stability of miniscrews immediately following their placement (primary stability) and
during orthodontic treatment is important for clinicians in terms of achieving their desired
treatment results. The primary factors for stability are the quality and quantity of the bone
[26-28], as well as the thickness, type and health of the soft tissue [29].

Cortical bone with a thickness of less than 0.5 mm is not suitable for miniscrew placement.
Higher success rates have been reported with cortical bone at least 1.0 mm thick [27].

To maximize stability, it is better to place miniscrews in the attached gingiva (keratinized
gingiva), which is more resistant to inflammation and less likely to develop soft-tissue
hypertrophy [26, 29]. However, if the miniscrew has to be placed in non-keratinized mucosa,
a 3-mm vertical stab incision should be used to prevent the soft tissue from surrounding the
miniscrew, as this small incision requires no sutures [1].

Placement site is another important factor in the success of miniscrews [30]. Miniscrews can
be placed in the inter-radicular space between tooth roots, either buccally or lingually; in the
hard palate (midpalatal/parapalatal region); below the anterior nasal spine; and in the
infrazygomatic crest, maxillary tuberosity, edentulous areas, chin and retromolar areas [8,30].

Conflicting reports exist regarding success rates for miniscrews in the mandible and maxilla.
Park et al. [31], found that the maxilla had a higher success rate than the mandible, while others
[16, 30] reported that placement of the miniscrews in the maxilla or mandible was not associ-
ated with the success rate. Moon et al. [30] found that the area between the first and second
premolars in the maxilla and mandible of both young and adult patients had the highest
success rate.

In the maxilla, the buccal and palatal aspects of the posterior region have been defined as safe
areas for miniscrew placement, while the maxillary tuberosity is not suitable because of the
minimal bone thickness in the area [32]. Ishii et al. [33], and Poggio [32] reported that the safest
region for placement is the inter-alveolar septum between the maxillary first molar and second
premolar, 6-8 mm apical to the alveolar crest on the palatal side. The inter-radicular distance
is greater on the palatal side; however, the thickness of the palatal mucosa renders this region
less favorable. This problem could be alleviated by using a miniscrew with a longer head.
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However, the midpalatal suture region is the most favorable placement site for miniscrews in
terms of both bone and soft-tissue characteristics. This region, with its high density of cortical
bone and thin keratinized soft tissue ensures the biomechanical stability of the miniscrews
[23,34] and has been shown to have a higher success rate (90%) than the parapalatal suture
region (84%) [35]. However, the parapalatal area is the most suitable region for miniscrew
placement in adolescents for preventing developmental disturbances of the midpalatal suture,
as the transverse growth of the midpalatal suture continues up until the late teens [36].

In the mandible, the safest region is either between the second premolar and first molar, or
between the first and second molars, owing to the adequate bone thickness [22,32]. The thinnest
bone was found between the first premolar and the canine. If a miniscrew has to be implanted
into this region, it should be placed 11 mm below the alveolar crest [32]. Although the area
between the second premolar and the first molar has thicker cortical bone than the area
between the first and second premolars in the mandible, the success rate in this area is
significantly lower [30]. These results suggest that other factors beyond bone quality, such as
soft-tissue thickness [37], oral hygiene [38] and root proximity [39,40] might also affect the
success rate of miniscrews.

Miniscrews are available in a variety of materials, shapes, head designs, length and diameter,
being 5-12 mm long and having a diameter from 1.2 to 2.3 mm [6,11,20,41-43]. In general, 1.2—
1.6 mm miniscrews are used. Because of its low success rate, the 1.0-mm diameter miniscrew
is not suitable for clinical use [16]. However, the 1.2-, 1.3-and 1.5-mm diameter miniscrews
have had similar or higher success rates than the 1.6-mm miniscrew [16,38]. The design of the
miniscrew also affects primary stability, with a conical thread design achieving superior
primary stability when compared with a cylindrical design [42].

Selection of the correct diameter and length depends on the region in which the miniscrew
will be placed. If it is placed in the inter-radicular region, a miniscrew with a smaller diameter
will be preferred, as it will decrease the risk of root damage [30]. The recommended diameter
is .3 mm in the maxilla, 1.4 mm in the mandible and 1.5 or 1.6 mm in the midpalatal area [12].

Determining the length of the miniscrew primarily depends on the quality of the bone, the
screw angulation, the soft-tissue thickness and the adjacent anatomic structures [8,38,44]. In
regions with adequate cortical density, small miniscrews are preferred, while longer minis-
crews are preferred if stability is required in trabecular bone.

The screw should be embedded into the bone at least 5-6 mm [45,46], yet deeper placements
have been recommended when bone quality is low [47,48]. Minimal depth of placement is at
least 6 mm for the maxilla and 4 mm for the mandible [12]. In maxillary buccal alveolar bone,
7-8 mm miniscrews are recommended, while 5-6 mm long miniscrews are suitable in the
mandibular buccal bone [12]. Short screws can become dislodged when they are placed in the
palatal region owing to the thick palatal soft tissue [44,49]. Long miniscrews (10-12 mm) are
preferred in the palatal region to compensate for the thick palatal soft tissue and to keep 6-mm
miniscrews embedded in the bone [48,49]. Because the midpalatal region has dense cortical
bone, a long miniscrew may not be needed for stability.

213



214 Current Concepts in Dental Implantology

2.2. Placement of the miniscrew

Before placing the miniscrews, clinicians should radiographically assess their position relative
to the roots. Panaromic or periapical radiographs, however, may not provide adequate
information for optimizing the placement of a miniscrew. Computed tomography (CT) or
cone-beam CT can allow clinicians to make an accurate and reliable evaluation of bone
thickness and the adjacent anatomic structures, and therefore improves the success rate and
ensures safe placement of the screws [33,50,51].

The patient is instructed to rinse with a chlorhexidine solution; then, infiltrative anesthesia is
applied. Light local anesthesia is preferred so that the nerve fibers in the periodontal ligament
remain sensitive [12], and the patient is aware if the miniscrew touches the root of the tooth,
allowing the clinician to change the insertion direction.

There are two different placement methods: self-tapping and self-drilling.

Self-tapping method: Before placing the miniscrew, a hole is drilled in the cortical bone and a
miniscrew is screwed through this hole with a hand driver. The diameter of the pilot drill
should be slightly smaller (0.2-0.3 mm) than the inner (or core) diameter of the miniscrew [46].
Care must be taken to keep the axis of the drill stable so as not to enlarge the hole. To reduce
heat generation while drilling, clinicians should not apply too much pressure and should
irrigate the bone with coolants [52,53].

Self-drilling method: Self-drilling is a simpler method for placing the miniscrew than self-
tapping. The miniscrew is inserted into the bone without drilling and screwed in with the hand
driver [12] or motor driver [54]. Using a motor driver is helpful for gaining a higher placement
success rate [54]. Self-drilling screws are reported to have better stability, with more bone to
metal contact than self-tapping screws [55,56].

An incision may be made in the soft tissue before drilling [54,57]. Miyawaki et al. [16], reported
that the flapless (non-incision) group had a higher success rate than the flap surgery (incision)
group. By contrast, Moon et al. [30], found no difference between non-incision and incision
groups in their study.

Generally, miniscrews are inserted in the buccal or lingual cortical plates; this is defined as
monocortical placement. Occasionally, the miniscrew can be placed across the entire width of
the alveolus (bicortical placement). Although bicortical placement provides superior force
resistance and stability compared with monocortical placement, more care has to be taken
during placement. Bicortical placement may be preferred when increased orthodontic loading
is needed or in cases where there is insufficient cortical bone thickness [58-60].

It is usually recommended that miniscrews are placed perpendicular (at an angle of 90°) to the
bone surface [45]. However, this might not always be clinically achievable, and an angular
approach might be needed. If the buccal alveolar bone volume is sufficient relative to the long
axis of the teeth, the miniscrew can be placed at an angle of 30—40° for the upper jaw and 20-
60° for the lower jaw [12]. This angular placement minimizes root contact, as there is relatively
more space [50] and the surface area of cortical bone in contact with the miniscrew is increased,
allowing placement of longer miniscrews and improved stability [12]. When placing a
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miniscrew at an angle into dense cortical bone using the self-drilling method, clinicians can
damage the cortical bone; in such cases, the self-tapping method would be a better option [12].

Clinicians should apply slow and gentle force during insertion to avoid fracture of the
miniscrew. The recommended insertion torque value is 5-10 N cm [61]. Insertion torque values
are associated with the success of the procedure. The success rate of the miniscrew also
depends on the clinician’s experience and the type of the placement: whether self-tapping or
self-drilling. If the self-tapping method is used, the following factors also affect the success
rate: flap or flapless surgery, sterilization, pilot hole preparation depth and diameter, cooling
technique, drill speed and pressure, direction of placement and placement procedure (steady
or wiggling) [6,8,16,18,27,30,43,47].

The stability of the miniscrew should be checked after placement. If any mobility is detected,
the implant needs to be removed. If primary stability is not achieved upon insertion, the
miniscrew implant may loosen during orthodontic treatment [26].

Patients should be informed that they might have pain for 1-2 days and that they can take anti-
inflammatory agents if required. Most patients do not have noticeable discomfort or inflam-
mation. Patients need to be instructed in oral hygiene techniques [35] and should be advised
that they can brush their teeth as usual. A compressed water spray such as Waterpik [12] and
daily use of mouth rinses will be useful. Caution should be taken not to apply excessive force
to the miniscrew while brushing and during mastication.

2.3. Timing of loading, force magnitude and direction

The timing of loading depends largely on the miniscrew type [62-65]. For osseointegrated
miniscrews, loading can commence 2-3 months after placement. Miyawaki et al. [16], observed
no significant difference between loading at 1-2 months and at 3 months after placement.
However, miniscrews that do not require osseointegration are often used, and they can be
loaded immediately [61].

The maximum force-load that a miniscrew can withstand remains controversial [66]. Dalstra
etal. [67], recommended 50 g of immediate loaded force for miniscrews placed into thin cortical
bone and fine trabeculae. Many studies have reported miniscrew stability with loading forces
of 300 g or less [68,69]. In their study, Buchter et al. [69], evaluated the transverse loading of
miniscrews placed in dense mandibular bone and reported that immediate loads of up to 900
centinewtons per millimetre [c(N/mm] remained clinically stable. Kim et al. [70], investigated
whether the specific directions of the force vectors were associated with the stability of
miniscrews. The results indicated that miniscrews were fixed evenly in three dimensions and
were not more resistant to any particular direction of load. Park [12] recommends loading
immediately after placement and keeping the force minimal (< 70 g) until 2 months after
placement, and then increasing the force up to 150-200 g.

Cortical thickness, miniscrew characteristics, force magnitude, direction and loading period
are reported to be factors related to miniscrew stability [16,64-66,71]. However, one study
found that the duration of loading did not influence the success rate of the miniscrews [70].
To prevent the miniscrew from loosening, the moments created during force application that
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may tend to unscrew the miniscrew have to be taken into consideration. To control these
moments, clinicians have to carefully evaluate the force system applied to the miniscrew. If
the application of such undesirable moments to the screw cannot be avoided, indirect anchor-
age is recommended [1,8].

Although the miniscrews may initially be stable, they may not remain stationary when
subjected to orthodontic forces [72,73]. Liou et al. [72], placed miniscrews in the zygomatic
buttress for direct anchorage and reported that when the screw was subjected to orthodontic
force, extrusion and 0.4-mm tipping were observed at the level of the head of the screw. Liu
et al. [73], evaluated the displacement of miniscrews placed in inter-radicular areas of the
maxilla as anchorage for the en masse retraction of anterior teeth using three-dimensional CT
registration evaluations. The researchers observed that both the molars and the miniscrews
were displaced in the direction of force application and drifted mesially, but not by the same
amount. The molars drifted mesially 0.91 mm and the miniscrews moved 0.23 mm on average.
This result implied that the miniscrews might have come into contact with the roots following
treatment. The different mesial-drift ratios of the molars and the miniscrews may be a critical
factor in the loosening of miniscrews [74]. As a precaution, the researchers [73] advised placing
the miniscrews mesially for long-term stability.

The conventional periodontal pressure-tension theory cannot explain the miniscrew displace-
ment process. The Frost mechanostat theory instead identifies complex bone biomechanics
[75,76]. The bone remodelling process at the bone—-screw interface and the mechanism of screw
displacement are correlated to the stress—strain field in the surrounding bone as a result of
dynamic loading [77,78].

3. Complications

Complications may be related to factors such as the clinician, the patient and the miniscrews
themselves [79].

Clinician-related complications: Clinicians’ skills and experience are critical to the success rate of
the procedure [70]. Once clinicians become accustomed to using miniscrews, their success rates
increase [12]. Operators need to develop their skills to avoid damaging adjacent anatomical
structures and the root of the tooth while placing the miniscrew.

Patient-related complications: These result from factors such as systemic diseases, periodon-
tal disease, osteoporosis, drugs, pharmacologic prescriptions such as bisphosphonates, poor
oral hygiene, smoking and cortical thickness of the bone [31,63,80-82], all of which can affect
the stability of the miniscrew. It may be better not to use miniscrews for patients with
adverse risk factors; however, if miniscrews have to be used, longer healing periods should
be allowed and specific loading protocols should be applied [81,82]. It is notable that in
their animal study, Park et al. [83], found that the presence of diabetes and variation in the
placement system (self-drilling or self-tapping) did not affect the initial stability of
orthodontic mini-implants.
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Miniscrew-related complications: Anticipated complications with miniscrews include [6,72,79]:
Pain and discomfort, irritation to tongue or cheek

Inflammation around miniscrews

Soft-tissue impingement

Damage to surrounding anatomical structures

Root injury

Miniscrew mobility or failure

NS e »®» N

Fracture of miniscrews
1. Pain and discomfort, irritation to tongue or cheek

Generally, patients do not experience pain and discomfort following miniscrew placement
[6,16,58,35]. If pain is present, it may last 1-2 days [58,47]. Kuroda et al. [38], analyzed patients’
pain duration and intensity during the first 2 weeks after placement. One hour after placement,
95% of patients reported pain in the group in which miniscrews were placed after raising a
mucoperiosteal flap, whereas in the group who had undergone a flapless approach, only 50%
of patients reported pain. After 2 weeks, the values were 10% and 0% for the respective
techniques.

Cheek irritation was generally not observed when miniscrews were placed in the buccal
alveolar bone; however, when placed in the palatal area, tongue irritation primarily occurred.
Bonding resin or a periodontal wound dressing can be applied to the head of the miniscrew
to smooth its surface and to minimize soft-tissue irritation [1,84].

2. Inflammation around miniscrews

Peri-implantitis is the most commonly observed complication, and is considered to be the
major factor in implant failure [43]. The localization of the miniscrew, its relationship with
the soft tissue and the hygiene habits of the patient are the main factors that affect
inflammation [30]. Takaki et al. [35], reported that inflammation frequency depended on
the degree of mucosal penetration and stated that chronic inflammation mostly occurred
when miniscrews were placed in the anterior alveolar region of the maxilla. When the
miniscrew was placed in the attached gingiva or in the palatal mucosa, less inflammation
was observed [12]. By contrast, when miniscrews were placed in the oral mucosa, deep in
the vestibule or near a frenulum, persistent inflammation occurred [29,31]. If miniscrews
are placed 1 mm below the mucogingival junction, they do not produce serious inflamma-
tion. To prevent inflammation, the screws need to be thoroughly cleaned. Mild infections
can be controlled by using antiseptic mouthwash and by brushing [35]. Taking a differ-
ent view, Kim et al. [70], emphasized that unlike inflammation from poor oral hygiene,
inflammation caused by mobile miniscrews was not controlled with improved oral hygiene.
Therefore, inflammation or swelling around a miniscrew might be the result of it loosen-
ing, rather than the cause. When taking this view, primary stability becomes increasingly
important.
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3. Soft-tissue impingement

In conditions where the miniscrew is placed deep in the vestibule, into the free gingiva or the
retromolar area, the head of the miniscrews may become embedded in the overgrowth of
surrounding soft tissue [85]. Placing miniscrews into attached gingiva can avoid soft-tissue
impingement over the head of the screw. Additionally, the elastic chain, arch wire or coils may
impinge on the gingiva and may cause inflammation, as well as gingival recession. Clinicians
should be careful, as bending of the arch wire can eliminate impingement. Thin soft-tissue
impingement overlying the miniscrew can be exposed with light finger pressure without
having to apply a local anesthetic [85]. Soft-tissue impingement may be minimized by placing
a wax pellet or an elastic separator over the miniscrew. Additionally, patients may be instruct-
ed to use chlorhexidine mouthwash. Rather than acting as an antibacterial agent and mini-
mizing tissue inflammation, chlorhexidine reduces probable soft-tissue overgrowth by
slowing down epithelialization [85,86].

4. Damage to surrounding anatomical structures

While placing the miniscrew, the clinician needs to be careful not to cause damage to adjacent
structures, nerves, arteries and the roots of the teeth. In the mandible, as the inferior alveolar
nerve runs lingual and inferior to the molar roots and moves buccally at the premolar area,
the miniscrews will be placed far above the inferior alveolar nerve and will not cause any
damage. When placing the miniscrew in the palatal alveolar bone, angular placement near the
apex of the roots of the maxillary molars will reduce the risk of making contact with the greater
palatine nerve and artery, which are situated higher in the palate [12].

5. Root injury

Iatrogenic root injury may occur while placing the miniscrew in a narrow inter-radicular space
[87]. Clinicians need to evaluate the distance between the roots using periapical or panoramic
radiographs to avoid root contact during placement. A safety clearance of 2 mm is recom-
mended in interdental areas [64]. When this space is insufficient, the interdental space should
be widened before placement during the alignment of the teeth.

Caution must be taken while placing the miniscrew. A small amount of local anesthesia is
preferred to keep the nerve fibers in the periodontal ligament sensitive [12], so that the patients
can feel it if the miniscrew touches the root. Clinicians can also sense contact with the root.
During insertion of the miniscrew, cortical bone resistance may at the outset be quite strong;
however, after penetrating the cortical bone, resistance remains minimal until the miniscrew
is fully placed. If any strong resistance is felt, it should be used as an indicator of possible root
contact [88]. Should this occur, the clinician should remove the miniscrew and change the
insertion angulation. Angular placement of the miniscrew may minimize root contact. Placing
the miniscrew slightly mesial to the contact point of teeth is also recommended. It has been
shown that the distance from the outer bone surface to the buccal surface of the root is larger
at the second premolars than that at the first molars [50].

Potential complications of root damage include root resorption, devitalization, dentoalveolar
ankylosis and osteosclerosis [79, 89]. Researchers have determined that close proximity or



Miniscrew Applications in Orthodontics
http://dx.doi.org/10.5772/59879

contact between a miniscrew and a root can be a major risk factor for failure of the procedure
[39, 40, 90]. This view is supported by Lee et al. [91], who reported that the incidence of root
resorption increased when the distance between the miniscrew and the root was less than 0.6
mm, and that the incidence of bone resorption and ankylosis was increased when the minis-
crew came close to the root surface, even without root contact.

Asscherickx et al. [89], reported that if damage occurs, recovery time is relatively quick. If
trauma to the root does not involve the pulp and is limited to the cementum or the dentin of
the tooth, the prognosis will not be heavily influenced and healing will take place [85,88]. After
removal of the miniscrew, the damaged root will be repaired in 12-18 weeks [85]. In their
animal studies, Kim and Kim [92] observed that when a miniscrew was left touching the root,
the normal healing response did not occur; the root surface was mostly resorbed and partial
repair began at 8 weeks.

During orthodontic treatment, contact between the root and the miniscrew may occur as the
tooth moves. The tooth will then stop moving and the miniscrew may become mobile. If further
tooth movement is required, the miniscrew must be removed and placed elsewhere.

6. Miniscrew mobility or failure

Miniscrew dislodgement and mobility mostly occur in the first 1-2 months and more than 90%
of the failures occur within the first 4 months [30]. When a miniscrew has resisted more than
a 4-month period of force application, it can be considered successful and stable [30].

When mobility occurs, the clinician can tighten the miniscrew and leave it for 1-2 months with
no loading, or light loading if necessary [1]. Supporting this recommendation, researchers
reported that non-infected dental implants may reintegrate after tightening [93]; even when
accidentally avulsed, an implant can become stable after reimplantation and immediate
loading [94]. If stability cannot be regained, the miniscrew needs to be removed and replaced.

Miniscrew mobility and failure is mostly the result of low bone density owing to inadequate
cortical thickness [85]. The health, thickness and type of soft tissue are other important factors
in this context.

According to Moon et al. [30], sex, age, jaw (maxilla/mandible), soft-tissue management
(incision/no incision) and placement side (left/right) are not related to the success rate of
the miniscrew. By contrast, others have stated that miniscrews placed in the maxilla show
a higher success rate than those placed in the mandible [10,31,35,43,54]. Occlusal stress and
food impaction force may be factors causing mobility and failure of miniscrews in the
mandible [35], while failure of miniscrews placed in the midpalatal area may be the result
of tongue pressure [85].

There are conflicting reports about the relationship between success rate and the patient’s age.
Success rate tends to be lower in younger patients (<20 years old) compared with older patients
(>20 years old) [54]. This may be because of the thinner cortical bone and poorer bone quality
in younger patients. However, in another study, Park [95] reported that against expectations,
the success rate was higher for the below 20 years age group compared with the over 20 years
age group, which might be explained by the higher rate of metabolism in the young adult
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group. Contrarily, Miyawaki et al. [16], stated that there was no significant difference in the
success rates of the below 20 years age group, the 20-30 years age group and the over 30 years

age group.

Excessive stress at the screw-bone interface may cause miniscrew failure. Miniscrew geometry
and the placement method (self-drilling/self-tapping) can have an effect on the stress distri-
bution of the peri-screw bone. Self-drilling miniscrews have been reported to have greater
screw-bone contact (mechanical grip) and holding strength compared with self-tapping
screws [96,97], although the technique causes greater stress to the peri-screw bone. Placing a
pilot hole before self-drilling may reduce this stress.

7. Fracture of miniscrews

Miniscrew fracture is a more serious clinical complication than root contact [87]. Fractures most
commonly occur during the last turn of miniscrew insertion and the first turn of the removal
phase [1,98]. Lima et al. [98], stated that excessive force and the inability of the implant to resist
rotational forces during insertion were the main causes of fractures. Clinicians should apply
slow and gentle force to avoid fracture of the miniscrew. If the insertion resistance reaches the
fracture strength of the implant, it would be better to wait 1-2 min to relieve the internal stress
accumulated in the miniscrew and the surrounding bone [1].

In their in vitro study, Choa et al. [87], evaluated the effects of insertion angle and implant
thread type on the fracture properties of orthodontic miniscrews during insertion. They
reported that maximum insertion torque increased with an increase in insertion angle. When
a miniscrew contacts the artificial root at a critical contact angle, deformation or fracture of the
miniscrew can occur at a lower insertion torque value than that of penetration.

The fracture of a miniscrew may also occur during the removal phase. Miniscrews can be easily
removed by turning them in the opposite direction of placement. To eliminate the possibility
of fracture, clinicians should apply gentle untightening pressure or use an ultrasonic scaler on
the screw’s head until the interface between the miniscrew and the bone breaks. If the removal
torque approaches the fracture torque range, the clinician should wait 1-2 weeks before again
attempting to remove it [1]. The greater the duration of the miniscrew in the bone and the older
the patient, the greater the removal torque of the miniscrew [3]. Stress concentrates in the
cervical part of the miniscrew during removal.

Fracture of miniscrews primarily depends on the screw size. Miniscrews with a smaller
diameter are easier to place between the roots; however, a small decrease in this dimension
results in a meaningful increase in the torsional strength and, therefore, in the risk of fracture
[6,8,10]. Screws with a larger diameter demonstrate minimal fracturing. The core (inner)
diameter affects fracturing more than the outer diameter. Clinicians may prefer to use a
miniscrew with a larger diameter to reduce the risk of fracture; however, doing so will increase
the fracture torque [22,99].

The material that the miniscrews are made of is also a factor that affects the likelihood of
fracture. Pure titanium implants are preferred as they are more biocompatible than titanium
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alloy implants [1]; however, titanium alloys are stronger and provide more resistance to
fracture [6].

4. Clinical applications

Planning of orthodontic treatment should consider the desired force system to act on the teeth
that need to be moved, as well as any undesired effects on the anchorage unit of teeth. This
will guide ideal placement of the miniscrew for the proper appliance design.

Clinicians also should be aware of any anatomical limitations for the placement of miniscrews.
The location of the miniscrew will affect the appliance design and the force system. Therefore,
clinicians should plan the placement area of the miniscrews in the buccal alveolar region and/
or in the palatal alveolar region or midpalatal area according to the required tooth movement.
In conditions where miniscrews cannot be placed in the ideal position, the force direction
should be adjusted depending on the changes in tooth movement during the treatment time.

Selection of the appropriate miniscrew design is crucial. Clinicians mostly prefer miniscrews
with slotted heads, which are convenient for the attachment of different types of orthodontic
wires (round, square or rectangular) and complex wire activations.

Many reports describe the application of miniscrew-supported orthodontic treatment for
achieving a variety of orthodontic tooth movements, including intrusion [25,49,100], extrusion,
space closure (distalization, mesialization) [24, 101], uprighting, eruption of impacted teeth
[102] and the correction of canted occlusal planes [103]. In addition, miniscrews can be used
in the application of dentofacial orthopedics such as rapid palatal expansion and Class II and
III correction (Figure 1) [12,45,104,105]. This chapter does not cover the use of miniscrews for
dentoskeletal orthopedics.

Figure 1. Miniscrews used in the application of dentofacial orthopedics with the placement of four miniscrews be-
tween the inter-radicular areas of the maxilla. Stainless steel arch wire (0.021 x 0.025 inch) was passively connected to
the miniscrews, and two hook shapes were connected to the arch wire in the lateral root region for facemask elastics.
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Miniscrews aim to strengthen orthodontic anchorage either by connecting to a tooth or a group
of teeth to reinforce their anchorage (indirect anchorage) (Figure 2 and 3a) [105], or by acting
as anchorage units themselves, eliminating the need for supporting teeth (direct anchorage)
(Figures 3b and 4) [106].

Figure 2. Miniscrew used as indirect anchorage to avoid buccal flaring of the anterior teeth with a forsus appliance.

Miniscrews are most often used for direct anchorage. Generally, direct forces are applied
between the miniscrew and the target tooth by using elastic chain, elastic thread or a coil spring
to move the tooth toward the miniscrew. If a miniscrew is used as a direct anchor, it is
advantageous to place the miniscrew along the line of the desired tooth movement. If force
applied between the tooth and the miniscrew causes undesirable moments, then the miniscrew
should be used as indirect anchorage to support the anchorage teeth, rather than acting as a
direct anchor [8].

Figure 3. Canine distalization combined with miniscrew use as (a) indirect anchorage and (b) direct anchorage.



Miniscrew Applications in Orthodontics
http://dx.doi.org/10.5772/59879

(a)

Figure 4. a and b: Use of a miniscrew for direct anchorage inserted between the second premolar and first molar where
the molar could not be included in the arch wire because of incomplete eruption.

4.1. Intrusion

4.1.1. Intrusion of posterior teeth

Anterior open bites can be closed successfully through the intrusion of posterior teeth using
various mechanical methods incorporating miniscrews (Figure 5).

Figure 5. Miniscrew placed in the buccal vestibule apical to the maxillary molars, to be used for the intrusion of the
posterior teeth to correct an anterior open bite.

Intrusion of posterior teeth is considered one of the most difficult types of tooth movement to
achieve using conventional mechanics. A miniscrew-combined treatment may solve this
problem. However, side effects such as buccal tipping have to be taken into consideration. As
the intrusive force passes from the buccal to the centre of resistance, it will cause buccal tipping
of the molars. When bilateral intrusion of posterior teeth is the goal, transpalatal arches can be
used to avoid buccal tipping [20,21]. In unilateral intrusion, an additional miniscrew can be
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placed on the palatal side to apply a palatal intrusive force for achieving intrusion of the over-
erupted molar without tipping (Figure 6a and b).

(a)

Figure 6. a and b: Miniscrew in the palate to achieve intrusion of over-erupted posterior teeth.

4.1.2. Intrusion of anterior teeth

Miniscrews may be used to stabilize the molars during the incisor intrusion process, or can be
placed anteriorly and used for direct application of the intrusive force to the incisors. The
miniscrews should be placed as close to the midline of the anterior arch as possible. Alternately
two miniscrews may be inserted into the lateral and canine interradicular area on both left and
right sides.

4.2. Extrusion

While correcting an anterior open bite, activation of an extrusion arch results in mesial tipping
and an intrusive force at the molars [107]. In such cases, miniscrews can be used to avoid these
side effects.

In their case report, Roth et al. [108], treated an occlusal cant with miniscrew-supported
mechanics by extruding the central incisors and the canine teeth. To avoid involving the other
anterior teeth, a miniscrew was placed into the alveolus of the missing upper lateral incisor
and an open coil was applied perpendicularly to an orthodontic wire connecting the central
incisor and the canine.

4.3. Space closure

Generally, miniscrews are best suited to use as indirect anchorage during retraction of the
anterior teeth or protraction of the posterior teeth [20]. In this way, the miniscrew is used to
avoid undesirable movement of anchorage teeth, while conventional mechanics are used to
close the space created (Figures 3a and 7).
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Figure 7. The use of a miniscrew as indirect anchorage during the distalization of the premolars and canine.

When direct anchorage is preferred for space closure, the direction and point of force appli-
cation becomes crucial. Segmented arches may be preferred for canine distalization to provide
a more appropriate force application point (Figure 8a and b). When the miniscrews are placed
apically, a more favourable line of force direction passing closer to the centre of the resistance
of the teeth can be achieved.

Figure 8. Miniscrews used as direct anchorage in canine distalization. Canine distalization with (a) a segmental arch
and (b) a hybrid retraction arch.

Miniscrews can be used as direct anchorage when retracting the anterior teeth. Open coils/
elastic chains are applied directly between the miniscrew placed between the second premolar,
the first molar and the hooks on the arch wire (Figure 9). Therefore, the point of force appli-
cation is close to the centre of resistance of the anterior teeth, so that the anterior segment may
slide bodily with minimal tipping; 150 g of force is used for retraction [109]. In some cases,
miniscrews can be placed in the palatal region. Anchorage may be indirectly reinforced by
connecting a transpalatal bar to a miniscrew in the palate [110].
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Figure 9. En mass retraction of the anterior teeth with miniscrew anchorage. Open coils/elastic chains can be applied
directly between the miniscrew and the hooks on the arch wire.

4.4. Molar distalization

During molar distalization with conventional intraoral appliances, tipping and extrusion can
occur in conjunction with the distal movement. In addition, reactive forces on the anterior
anchoring teeth occur in the form of mesialization of upper anteriors/premolars and increased
overjet. Many types and designs of appliances such as the pendulum [111,116], the Keles slide
appliance [112], the distal-jet [113] and the compressed coil spring [116] can be combined with
a miniscrew anchorage system (Figure 10).

ﬁf\

(b)

Figure 10. Miniscrew-supported pendulum application.

Miniscrew-supported molar distalization can only prevent undesired side effects on the
anterior anchoring teeth; however, the side effects on the molars such as tipping, extrusion
and rotation still remain. To avoid these undesired movements, miniscrew-supported
mechanics can be designed (Figures 11 and 12). For bilateral molar distalization, rotation,
tipping and extrusion can be controlled by placing the miniscrews in both the buccal and
palatal region, and by using transpalatal arches [117].
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(b)

Figure 11. Design of the retraction unit may differ because of anatomic limitations, although the miniscrew is placed in
the same region; (a) the distalizing force passes through the center of resistance of the first molar, which may provide
parallel distalizationM® rather than the system used in (b).

Figure 12. Mandibular second molar distalization with the use of direct miniscrew anchorage for the correction of mild
Class III malocclusion.

4.5. Uprighting

Uprighting is generally needed when second molars are impacted and the first molar tips
mesially because of early premolar extraction. Uprighting vectors with intrusion are very hard
to accomplish; therefore, absolute anchorage is required. Miniscrews can be used as direct
anchorage to prevent reactive forces on adjacent teeth that may result in negative side effects.

For second molar uprighting, a miniscrew can be placed in the buccal inter-radicular area of
the second premolar and first molar. This area is the most reliable mandibular buccal cortical
site.

For first molar uprighting, the miniscrew can be placed mesially in the area between the second
and first premolars; 6-to 8-mm miniscrews are preferable and 0.17 x 0.25 inch TMA wires are
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preferred for preparing sectional arches with tip-back bending. Once the wire has been
engaged by the miniscrew’s head, intrusion and distalization forces are applied to the molar.

5. Conclusion

In dentistry today, it is becoming more difficult to cooperate with and satisfy patients. They
have higher expectations for esthetics and comfort, yet they are impatient with longer
treatment periods. Clinicians will continue to research alternative approaches to provide
patients with their desired treatment outcomes over the shortest time possible. Because
miniscrews provide an alternative to conventional mechanics for anchorage control, clinicians
are showing increasing interest in this field. Desired treatment outcomes that are not possible
with conventional mechanics may be achieved with miniscrew-supported orthodontic
treatment. Miniscrews have recently become commonly accepted as a simple and effective tool
in daily orthodontic practice.

With further studies and the development of new designs, appliances using miniscrews are
expected to become more commonly used not only in orthodontic tooth movement, but also
in the application of dentofacial orthopedics.
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1. Introduction

Bone regeneration is a complex, well-orchestrated physiological process involving a number
of cell types and intracellular and extracellular molecular signaling pathways [1]. Bone grafts
provide a structural framework for clot development, maturation and remodeling that
supports bone formation in osseous defects. These materials must possess biocompatibility
and osteoconductivity, as well as the properties that support osteogenesis. The ideal charac-
teristics of a bone graft are that it must be nontoxic, non-antigenic, resistant to infection, easily
adaptable, readily and sufficiently available to stimulate new attachment and able to trigger
osteogenesis [2].

Osseous defects in the oral cavity have been successfully managed with a variety of biological
and synthetic materials, including autografts, allografts, xenografts and alloplastic materials.
Although autografts are unequivocally accepted as the gold standard, donor site morbidity
and limitations on the quantity of bone that can be harvested demand that clinicians seek
alternatives [3]. In light of the immunological and disease transfer risks from allogeneic bone,
research has focused extensively on developing alloplastic bone substitutes that are predom-
inantly based on ceramics, such as calcium phosphates (CaP), calcium sulfates, and bioactive
glasses [4]. In general, these ceramic materials are renowned for their osteoconductive and
bioactive properties [5]. The most commonly used ceramics are the CaP-based ceramics
hydroxyapatite (HA) and beta tricalcium phosphate [6].

Considering engineered grafts, the most important factor is to prepare a three-dimensional
structure consisting of biodegradable material, generally called a scaffold [7]. The nature and
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structure of the scaffold should support cell proliferation and differentiation, accelerating the
process of tissue regeneration. Furthermore, the growth factor providing a scaffold to an injury
site should enhance progenitors, causing inflammatory cells to migrate and activate the healing
process [8, 9]. However, among the basic challenges for scaffold implantation is to control
infection due to bacterial load, which can create immune problems and finally result in implant
rejection. To overcome implant-related infection and bacterial load on the scaffold, antibiotic
drug incorporation and its controlled release have been suggested as a promising strategy [10].
Bone is among the few tissues of the human body that has high endogenous healing capacity.
Various concepts for local drug delivery to bone have been developed in recent decades to
overcome such healing deficits.

Several methods are used for drug loading and release from scaffolds. However, the basic aim
for drug release is to reduce infections and bacterial load to the site of implant, but if the drug
is released too quickly, there could be a chance of infection because the entire drug has drained
from the scaffold in the initial time itself. Similarly, if there is too much delay to drug release,
infection can set in further, making it more difficult to manage the healing of wounds. Hence,
better options for drug release would incorporate higher antibiotic release at the initial time
and sustained release at an effective rate to inhibit the risk of infection from bacteria in the
scaffold at an effective level [11]. Different techniques have been used for drug loading to the
scaffold, and controlled release has been studied. One of the simplest strategies is the appli-
cation of biodegradable polymer coatings loaded with specific drugs onto the scaffold
structure. The other methods reported for coating the drug-loaded polymer have included
solvent casting, thermally induced phase separation, evaporation, freeze drying and foam
coating. Among these methods, an interesting approach for drug loading and release consists
of combining drug-loaded microspheres with a macroporous scaffold ‘matrix’ [12-15].

In a recent study, a biodegradable nanoporous bioceramic system was used as a highly
bioresorbable matrix for drug delivery. This study emphasized the efficacy of hydroxyapatite-
based material having interconnected nanoporosity as a vehicle for a therapeutic agent. An in
vitro experiment was conducted with the goal of assessing this material and comparing it with
commercially available gentamicin-loaded PMMA cement. It was found that the nanoporous
bioceramic granules could act as antibiotic carriers, exhibiting a high initial burst effect
followed by sustained low-level release for 3 weeks. It was very effective, confirming that the
concentration of drug eluted was greater than that needed to maintain bactericidal levels [16].

In addition to the above-mentioned technique, magnetic nanoparticle-incorporated materials
have also been used as a bone regeneration scaffold, and they are schematically represented
in figure 3 [17]. To obtain homogenous dispersion of magnetic particle loading and surfactant,
a porous structure generated by ceramic crystals, the in-situ method was followed. Further, it
was made to a specific shape, and the specific drug was loaded via dip loading or other
methods. The drug-loaded scaffold was placed at the defective site in the presence of a
magnetic field (MF), which facilitated easy drug release from the scaffold, helping to protect
it from bacterial colonization, and the MF stimulated the scaffold for cell proliferation. Recently
released in vitro results support MF-induced bone regeneration [18-20].
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Engineered biomaterials combined with growth factors, such as bone morphogenetic protein-2
(BMP-2), have been demonstrated to constitute an effective approach in bone tissue engineer-
ing because they can act both as a scaffold and as a drug delivery system to promote bone
repair and regeneration. Despite the substantial progress made in developing porous materials
as bone substitutes, the realization of synthetic structure able to harness fully bone’s capability
of regenerating and remodeling itself and to mimic the complicated physiochemical attributes
of bone continues to present challenges.

In the following sections of this chapter, the materials and drug delivery techniques used to
enhance bone regeneration and to control infection are discussed. The methods to enhance the
surface of titanium implants to promote osseointegration are also detailed.

2. Bone regeneration materials

2.1. Calcium phosphate ceramics

The calcium phosphates have been widely studied due to their biocompatibility, tailorable bio-
absorbability and bioactivity. Calcium phosphates have been used as novel delivery carriers
for antibiotics, anti-inflammatory agents, analgesics, anticancer drugs, growth factors, proteins
and genes [21, 22]. Furthermore, they can be synthesized using simple methods, and these
drugs can easily be incorporated via different routes, such as wet chemical processes, solid
state reactions, hydrothermal and micelle-mediated processes, etc. [23, 24]. Most of the
polymeric systems show an acidic nature, and their degradation by-products can alter drug
activity. The major advantages of CaPs, compared with other biodegradable polymeric
systems, is that the degradation ions are Ca* and PO,* ions, which already exist in the body
in higher concentrations [25].

Nanotechnology-derived calcium phosphates have also successfully maintained a sustained
and steady drug release over time. Calcium phosphate scaffolds not only provide initial
structural integrity for bone cells but also direct their proliferation and differentiation and
assist in the ultimate assembly of new tissue. Therefore, ceramic nanoscaffolds are usually 3-
D and porous, although in some cases they consist of 2-D coatings or films. They mimic the in
vivo environment of cells more completely than nanoparticles.

Therefore, most drug-eluted ceramic nanoscaffolds serve multiple functions, such as drug
delivery, directing cell growth or tissue generation, and mechanical support. Indeed, the
mechanical support provided by ceramic scaffolds far exceeds that provided by polymeric
scaffolds. Studies have shown that drug-release kinetics could be further controlled by
tailoring calcium phosphate nanoparticle grain size, surface area and calcium-to-phosphorus
ratios [26]. Hollow silica nanospheres have been fabricated into well-controlled shapes and
sizes using self-templating molecules [20]. For example, studies have shown that hollow silica
nanospheres were capable of entrapping an eight-fold greater quantity of drug species than
solid silica nanospheres. Time-delayed multiple-stage release profiles were also possible with
these hollow silica nanospheres [27].
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Figure 1. The micromorphology (SEM) of calcium sulfate-phosphate injectable cement. a) The set cement surface of
unmodified low-dimensional medical grade calcium sulfate (crystal sizes less than 5 microns). b) The phosphate-con-
taining material, which inhabits very small crystal formations grown into folding sheets. Energy dispersive (EDS) data,
corresponding to the samples, are shown below each. The phosphorous content in the second sample is evident,
whereas no separate phosphate phase appeared in XRD. The phosphate content resides as a substitution in the calcium
sulfate crystals.

2.2, Porous spherical hydroxyapatite granules for drug delivery

Calcium phosphate-based bioceramics, such as hydroxyapatite (HA), are known for their
excellent biocompatibility due to their similarity in composition to the apatite found in natural
bone [28]. Various forms of HA bone grafts, such as dense and porous blocks, dense and porous
granules, and powder forms, are available as bone substitutes [29]. The porous matrices enable
cell migration and provide favorable conditions for nutrient transport, tissue infiltration, and
vascularization [30, 31]. The spherically shaped particles are suitable for implantation as
injectable bone cements, and the inter-granular space promotes cell migration and the growth
of extracellular matrix [32, 33].

Porous HA is produced using methods such as ceramic slip foaming [34], positive replication
of reticulated foam scaffolds [35], burnout of sacrificial porogens, such as polymer beads [3],
and techniques that exploit naturally occurring porous calcium-based structures, such as the
hydrothermal conversion of either coral or bone [36, 37]. Porous spherical HA granules can be
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used for drug delivery systems. The various pore and channel structures of spherical granules
were obtained by adjusting the ratio of water to HA powder and the amount of sodium chloride
(NaCl). Earlier studies focused on the use of anti-inflammatory or anti-bacterial drug release
from HA, to control inflammation and infection at the site of implantation [38]. Currently,
several drugs have been found to enhance bone formation, and the loading of HA with these
drugs and agents could be a very effective method for enhancing bone formation at the site of
implantation [39, 40]. Research is under way to control the drug release rate using the complex
micro-channel structures of HA granules [41].

Figure 2. Scanning electron microscopic images of: a) polycaprolactone polymer microspheres; and b) magnetic hy-
droxyapatite-loaded polycaproctone polymer microspheres.

2.3. Demineralized bone matrix

Bone void fillers, such as demineralized bone matrix (DBM), offer a broad range of materials,
structures and delivery systems to use in bone grafting procedures. Allogenic DBM possesses
osteoinductive properties and could serve as an ideal drug delivery device for prophylactic
treatment in a variety of different anatomical locations [42, 43]. The use of DBM would allow
for the release of the entire quantity of antibiotic as the material is being remodeled.

2.4. Carriers and delivery systems for growth factors

Growth factors (GFs), such as bone morphogenetic protein, transforming growth factor-beta,
fibroblast growth factor, platelet-derived growth factor, and insulin-like growth factor, are
proteins secreted by cells that act on the appropriate target cell or cells to perform specific
actions. A variety of so-called bone-graft substitutes, including demineralized bone matrix,
calcium phosphate-containing preparations and Bioglass (BG), are also potential carriers for
recombinant proteins [44]. Bioglass and calcium phosphate-based materials, such as hydrox-
yapatite, coralline hydroxyapatite, and tricalcium phosphate, have been shown to be biocom-
patible and to provide osteoconductive scaffolds that could potentially be combined with GFs
to enhance bone repair [45].
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Demineralized bone matrix preparations are particularly attractive as potential carriers for
growth factors because they are osteoconductive and can have some osteoinductive potential
as well. The disadvantages of these materials include poor handling characteristics and
concerns about their overall bio-resorbability, as well as limited potential for remodeling and
an unclear understanding of their effects on bone strength [46]. Recombinant bone morpho-
genetic protein (BMP) has been used to enhance the bone regeneration in graft and implant
osseointegration in dentistry [47]. Recombinant human BMP-2 (thBMP-2) has been shown to
be effective in bone regeneration [48].

Among surface modification techniques, coating the implant surface with bone stimulating
agents, such as GFs, is very promising. The most commonly used GFs include bone morpho-
genetic proteins (BMP-2), TGF-f1, platelet-derived growth factor, insulin-like growth factor
and combinations [47, 49]. The actual mechanisms of GF combinations are not fully under-
stood. From early reported studies, after implantation, both GFs (TGF-$ and BMP) could
directly increase the local pool of osteoprogenitor cells by stimulating their migration [50]. The
circulation of pathways acts as a source of osteoprogenitor cells throughout ectopic BMP-
induced bone regeneration. Similarly, the presence of both TGF-$1 and BMP-7 cooperatively
interact to increase angiogenesis and vascular invasion after their co-administration increased
vessel constitution [51]. The results demonstrated that the presence of GF associated with
implant surfaces improved bone regeneration, vascular invasion and angiogenesis. Research
is under way to optimize the carrier properties and the characteristics of the GF and its dose
to maximize the regeneration potential.

2.5. Nanoscaffolds

The application of nanotechnology for drug delivery and the use of nanometer scale materials
has helped to develop innovative approaches in this field. At this scale, materials display
different physicochemical properties due to their small size, surface structure and high surface
area. The nanoparticles based ceramic scaffolds have also demonstrated great potential for
controlled drug delivery and is currently a fast growing research area. The ceramic nanoscaf-
folds have several advantages such as high porosity, high volume-to-area ratios, high surface
area, high structural stability and long degradation times. These properties make them potent
systems for controlled release of drugs. At the implantation sites drugs/chemical agents are
applied for decreasing infection, reducing inflammation, and increasing bone growth on
titanium surfaces. The nanotubular titania and calcium phosphate-based nanoscaffolds have
showed good potential for drug and growth factor delivery.

2.6. Magnetic nanoparticles (FE-hydroxyapatite)

Superparamagnetic nanoparticles (MNPs) have been progressively explored for their potential
in biomedical applications and in particular as contrast agents for diagnostic imaging, for
magnetic drug delivery and, more recently, for tissue engineering applications [52-54]. MNPs
have been used for biomedical applications, such as in hyperthermia [55], as a contrast agent
for diagnostic imaging [56], for magnetic drug delivery [57, 58] [13], and for cell mechanosen-
sitive receptor manipulation to induce cell differentiation [59].
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Figure 3. Schematic presentation of engineered magnetic scaffold preparation and implantation.

The most popular MNPs used in medicine and biotechnology are iron oxide-based phases, but
their potential as a tissue engineering scaffold has not yet been fully assessed [60]. Although
Fe is a vital element in the human body, its concentration within hard tissue is low, and its
presence into the body scarcely affects bone remodeling [61]. In contrast, the biocompatibility
and bioactivity of HA are already well established [62-64], and, in fact, more than 60% of the
currently available bone graft substitutes involve calcium phosphate-based materials [65].
Hence, a Fe-HA phase endowed with superparamagnetic ability could be used as an active
scaffold for bone and osteochondral regeneration or as a nontoxic, biodegradable, magnetic
nanocarrier [17, 66, 67].

2.7. Chitosan hydroxy apatite

Chitosan is considered an appropriate functional material for biomedical applications because
of its high biocompatibility, biodegradability, non-antigenicity and adsorption properties [68,
69]. The mechanical and biological properties of chitosan scaffolds could be improved by the
incorporation of bioceramics, such as HA, p-tricalcium phosphate and calcium phosphate
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biomaterials, such as gelatin alginate, or inorganic material, such as wollastonite [70, 71].
Chitosan scaffolds are osteoconductive and can enhance bone formation both in vitro and in
vivo [72]. Currently, the development of chitosan-nanohydroxyapatite (nHA) composites
through in situ hybridization by ionic diffusion processes, freezing and lyophilization,
stepwise co-precipitation, and mineralization via double diffusion are being undertaken
successfully [73-75].

3. Surface functionalization of titanium implants

The long-term success of dental implants also depends on the complex biointegration of these
alloplastic materials, determined by the responses of the different surrounding host tissues.
The osteoinductivity of calcium phosphate coatings has attracted significant interest, using
various coating techniques, including plasma spraying, magnetron sputtering, electrophoretic
deposition, hot isostatic pressing, sol-gel deposition, pulsed laser deposition, ion beam
dynamic mixing deposition, electrospray deposition, biomimetic deposition, and electrolytic
deposition [76]. Non-ceramic implant coating is also used, allowing for drug incorporation
during the coating process. The currently available techniques can be broadly divided into
three categories, including hydrogel coatings, layer-by-layer coatings, and immobilization.
Techniques such as ‘dip-coating” methods and ‘layer-by-layer’ (LbL) coating techniques are
used for the incorporation of BMP-2 and TGF-f31 to the implant surface [77].

Figure 4. a) Scanning electron microscopic pictures of HAP microspheres; b) high-resolution SEM picture showing in-
terconnected nanopores.

3.1. Nanotubular titanium surface

Nanotubular titania structures can be readily fabricated via direct anodization of titanium
implants into an electrochemical cell that uses the titanium as an anode and platinum as a
cathode in the presence of fluorine-based electrolytes [78, 79]. Penicillin-based antibiotics could
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be loaded to the nanotubular titania as a drug delivery platform by co-precipitating the drug
and calcium phosphate crystals onto the nanostructures [80, 81].

Anodic oxidation has many advantages for surface modification, such as its ability to fabricate
porous TiO, films through dielectric breakdown, the changeability of the crystalline structure
and the chemical composition of the oxide film depending on the fabrication conditions, and
it has been suggested to provide storage room for the delivery of GFs, such as thBMP-2, to
enhance osseointegration [82, 83]. In vitro studies have suggested that a dose response could
be produced with appropriate period of delivery of the GF to the cells [84].

Figure 5. Scanning electron microscopic image of an anodized titanium implant surface showing uniform nano-tubules
of titanium oxide throughout the surface.

3.2. Hydroxyapatite

Coating of titanium implant surfaces with HA has shown better integration with bone. HA
can be coated to the surface by plasma spraying, sputtering, pulse laser deposition and
electrostatic multilayer assemblies, fabricated using the layer-by-layer technique [85]. HA
coatings enhance new bone formation on implant surfaces with a line-to-line fit, in areas with
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Figure 6. a) An anodized titanium implant; b) An anodized titanium implant coated with hydroxyapatite.

gaps of 1-2 mm between the coated implant and the surrounding bone. The coating also helps
to prevent the formation of fibrous tissue that would normally result due to the micro-
movements of an uncoated titanium implant [86].

HA coatings have been used as a method for the delivery of GFs, bioactive molecules, and
DNA [85, 87, 88]. HA coatings augmented with bone morphogenetic protein-7 (BMP-7), placed
on segmental femoral diaphyseal replacement prostheses, improved bone ingrowth in a canine
extra-cortical bone-bridging model. Titanium alloy plasma-sprayed porous HA coatings,
infiltrated with collagen, recombinant human bone morphogenetic protein (rhBMP-2) and
RGD peptide, improved mesenchymal stem cell (MSC) adhesion, proliferation and differen-
tiation in vitro and increased bone formation in ectopic muscle and intra-osseous locations in
vivo [85].

Another group used hydroxyapatite nanoparticles complexed with chitosan into nanoscale
non-degradable electrostatic multilayers, which were capped with a degradable poly(b-amino
ester)-based film incorporating physiological amounts of rhBMP-2 [89]. Plasmid DNA, bound
to calcium phosphate coatings deposited on poly-lactide-co-glycolide (PLG), was shown to be
released in vitro according to the properties of the mineral and solution environment [87].
These methods of delivery of bioactive molecules extended the function of HA as a coating to
enhance new bone formation around implants.

3.3. Antibiotics: Surface tethering of antibiotics

The initial adhesion and colonization of bacteria to an implant surface are considered to play
key roles in the pathogenesis of infections related to biomaterials [90]. Two recent strategies
are: (1) coating implants with antibiotics; and (2) covalently attaching antimicrobial molecules
onto the implant surface. The objective of these bioactive surfaces is to disrupt the colonization
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Figure 7. Hydroxyapatite-coated titanium implant.

of the microbes or to prevent bacterial adhesion to the implant and subsequent development
of biofilm [91]. Hydrophilic surfaces have been shown to be less prone to become infected with
microorganisms than hydrophobic surfaces [92]. The topical application of antibiotics on the
implant surface might be more efficient because bacteria are killed locally directly upon
binding, before the formation of biofilm. Local delivery of antibiotics has long been applied in
bone cements used to repair orthopedic and dental implants [93].

Antibiotics such as gentamicin are incorporated into the cement, which slowly releases the
drugs after setting in situ. Local delivery can prevent adhesion and growth of significant
numbers of bacteria. HA coatings are frequently applied to dental implants to stimulate
osseointegration and to accelerate bone formation. Antibiotics can be co-precipitated on
titanium surfaces to obtain drug-releasing surface coatings. Studies have shown that antibi-
otics with optimal calcium-chelating properties had long lasting antimicrobial properties [94,
95]. Alt et al [96] demonstrated that both gentamicin-hydroxyapatite and gentamicin-RGD
(arginine-glycineaspartate)-HA coatings could release antibiotics for up to twenty-four hours
without inhibiting new bone formation. Erythromycin-impregnated strontium-doped calcium
polyphosphate (SCPP) was found to inhibit bacterial growth completely for up to 14 days [97]
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Nanoporous implants are suitable for the incorporation of antibiotics to obtain controlled
release of drugs [98]. Nanostructured surfaces play a major role in advanced biomedical
implant design because these surfaces have been studied for their enhanced bioactive prop-
erties, as well as their antagonistic behavior toward bacterial colonization. To maintain
sustained drug elution properties and better bone bonding ability, significant efforts have been
undertaken to develop bioactive hollow nanostructures on implant surfaces [99]. In this
context, one of the implant titania nanotubular surfaces created via anodization showed
enhanced bioactivity, conjugated with the capacity to store diverse compounds and control
their elution. The anodization technique could create porous structures with controlled sizes
of three-dimensional networks on metallic surfaces [100].

Anodization followed by HA coating was adopted as a surface modification technique to make
drug-loadable Ti implants for dental applications. Self-organized titania nano-tubes were
grown on titanium substrate as drug-carrying vehicles by coating HA ceramic using laser
deposition. Nanostructured surfaces were achieved on titanium via anodization in a glycerol-
NH,F electrolyte system, followed by annealing. The nano-tubules were then capped with HA
deposited with pulsed laser ablation. HA-coated polished titanium, nano-structured titanium
and hydroxyapatite coated nano-structured titanium were analyzed for their drug-carrying
capacity using gentamicin sulfate. The ceramic-coated anodized substrates were found to be
most efficient among the aforementioned three compounds in controlled delivery for longer
than 160 h, with drug content of 0.5 pg/cm? compared to the anodized substrate, which
delivered the whole drug within 140 h. It was thus evident that laser deposition facilitated the
controlled release of drug, compared to the anodized and bare substrates. This study proposed
the application of laser deposition of bioceramics, such as HA, over nano-structured titanium
for drug-eluting metallic implants [101].

3.4. Tan-Ag coatings

Due to the risk of the development of antibiotic resistance associated with antibiotic-loaded
coatings, non-antibiotic agents in the coating have been used as alternatives. Among the
various dopants, silver nanoparticles are among the most popular agents used due to their
inhibition of bacterial adhesion, broad anti-bacterial spectrum, long lasting anti-bacterial
effects, and propensity for being less prone to the development of resistance. Ag and Cu are
known to be efficient antibacterial agents because of their specific antimicrobial activity and
the nontoxicity of active Ag and Cu ions to human cells [102, 103]. Sputter coating of Ag, along
with HA, resulted in an antibacterial-bioactive coating, which inhibited bacterial attachment
without cytotoxic effects [104]. TaN-Ag nano-composite coating of titanium dental implants
also showed significant antibacterial properties without any cytotoxic effects. Hence, it could
be concluded that coating of titanium implants with materials having antimicrobial properties
might be useful in preventing infection [105].

3.5. Bisphosphonate

Bisphosphonates (BPs) constitute a group of drugs that inhibit osteoclast action and the
resorption of bone, and they are used to treat metabolic diseases such as osteoporosis, Paget’s
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disease, hypercalcemia of malignancy and multiple myeloma [106]. The nitrogen-containing
BPs are more potent, and they accumulate in maximum concentrations in the matrix and
osteoclasts [107]. BPs have a high affinity for bone minerals and bind strongly to HA, resulting
in selective uptake to the target organ and high local concentrations in bone, particularly at
sites of active bone remodeling. The BPs have similar chemical structures to pyrophosphate,
but their chemical stability is greater. In pyrophosphates, the phosphate group is bonded
through phosphoanhydride bond (P-O-P), whereas in BP, P is bonded through a germinal
carbon atom (P-C-P); hence, these bonds are resistant to hydrolysis under acidic conditions
[108]. The affinity of BP to Ca* ions helps to target specific bony sites, and BP can be coupled
with a gamma-emitting radioisotope, such as technetium, for simultaneous bone scanning
[109]. BPs inhibit osteoclast differentiation, reduce their activity, and induce their apoptosis
[110]. The nitrogen-containing BPs bind to and inhibit farnesyl pyrophosphate synthase
(FPPS), a key enzyme of the mevalonate pathway, thereby preventing the prenylation and
activation of small GTPases, which are essential for the bone-resorption activity and survival
of osteoclasts [111].

Systemic and local delivery of BPs improved the osseointegration of dental implants in
osteoporotic animal models [112-116]. Improved osseointegration and the mechanical stability
of titanium implants were reported in ovariectomized rats supplemented with alendronate
[112]. Kurth et al [113] showed enhanced integration of HA-coated titanium implants via the
administration of ibandronate to osteoporotic rats. Similar observations of enhanced osseoin-
tegration have been reported in other studies via the local release of BPs (pamidronate and
zoledronic acid) from the surface coatings of implants [115, 116]. An experimental study in an
ovariectomized rabbit model showed that systemic zoledronic acid (ZA) administration
improved the osseointegration of titanium implants [117].

3.6. Simvastatin

Statins are prescribed to decrease cholesterol biosynthesis by the liver, thereby reducing serum
cholesterol concentrations and lowering the risk of heart attack. A liposoluble statin, simvas-
tatin, could induce the expression of bone morphogenetic protein (BMP) 2 mRNA and, as a
result, promote bone formation on the calvaria of mice following daily subcutaneous injections
[118, 119]. Another study showed that the topical application of statins to alveolar bone
increased bone formation and concurrently suppressed osteoclast activity at the bone healing
sites [120]. Yang et al [119] demonstrated that simvastatin-loaded porous titanium surface
potently increased ALP activity and the extracellular accumulation of proteins, such as
osteocalcin and type I collagen, in mouse preosteoblast MC3T3-E1 cells. Du et al [121] dem-
onstrated that administration of simvastatin resulted in significant improvement in the
osseointegration of titanium implants in osteoporotic rats. This finding could be attributed to
the increased expression of bone morphogenic protein 2, which stimulates osteoblast differ-
entiation [118]. Statins are known to enhance the expression of VEGF (vascular endothelial
growth factor), a bone anabolic factor, in osteoblasts and to regulate osteoblast function by
increasing the expression of bone sialoprotein (BSP), osteocalcin (OCN), and type I collagen
(COL-I), as well as suppressing the gene expression of collagenases, such as matrix metallo-
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proteinase (MMP)-1 and MMP-13 [122, 123]. Thus the competitive inhibition of simvastatin
interferes with the malevonate pathway, leading to decreased protein prenylation, which is
necessary for normal osteoclast function [118].

Figure 8. A trabecular implant that could be used to load drugs.

3.7. Calcitonin

Calcitonin (CT), produced by the C-cells of thyroid tissue, has been reported to stimulate hard
tissue formation [124]. It acts on bone tissue via the suppression of osteolysis and the induction
of Ca* release. It was reported that CT inhibited osteoclastic bone resorption by binding to
specific cell surface receptors [125]. This hormone favors bone formation, inhibits osteoclastic
activity and prevents osteopenia [126-128]. In vitro and in vivo studies have shown that this
hormone stimulates the growth of bone tissue [40, 129, 130]. Calcitonin also showed increases
in the amount and rate of bone formation, as observed in rat calvaria and extraction sockets
in dogs [131].

3.8. Pantaprazole

A class of substituted benzimidazoles known as proton pump inhibitors (PPIs) have been
shown to promote bone regeneration and peri-implant healing. Examples of these drugs
include omeprazole and pantoprazole, which are employed clinically in the treatment of
gastroesophageal reflux disorder (GERD). PPI-loaded calcium phosphate cements demon-
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strated not only inherent biocompatibility and osteoconductivity but also the ability to retard
bone resorption through a drug delivery mechanism [132, 133]. Pantoprazole-loaded calcium
phosphate cements inhibited osteoclastic resorption without interfering with the peri-implant
bone resorption rate in a study performed rat femoral condyles [134]. Another advantage of
the addition of omeprazole is that it inhibits osteoclastic acidification, which help to inhibit
bone resorption and increases the lifespan of osteoclasts [135]. The drugs were dissolved in
dimethyl sulfoxide to the desired concentration and were added to the liquid phase of the
calcium phosphate.

4. Conclusions

Drug delivery systems (DDS) targeting specific organs and tissues and their bioavailability at
specific sites have become critical issue in modern medicine. Local drug delivery systems in
bone could be used to promote regeneration, prevent infection, or treat post-surgical pain. The
quest for new bone scaffold materials to overcome the shortcomings of existing materials, such
as ceramics and polymers, is undertaken to overcome the limited mechanical properties
required for temporary bone substitutes. Mixing of polymers, natural or synthetic, and
inorganic components, such as HA, TCP and BG, might help to develop better composite
scaffolds that combine the advantages of both biodegradable polymers and bioactive ceramics
[136].

If DDS are used in combination with implants, the coating strategies should allow for the choice
of a drug or combination of drugs and their doses, localization and release due to intra-
operative considerations. HA coatings on titanium implants themselves provide an osteocon-
ductive and an osteoinductive approach for the enhancement of bone formation. These
biological properties could be augmented further by adding growth factors and other mole-
cules to produce a truly osteoinductive platform.

Proteins or glycosaminoglycans, such as collagen and chondroitin sulfate, provide a biomi-
metic coating on the surface of an implant, which can improve osseointegration [137]. Biomo-
lecules such as GFs are also widely used for implant coatings, to modulate cellular functions,
such as decreasing inflammation, enhancing stem cell differentiation, inducing blood vessel
formation, or acting as chemoattractants for circulating osteoprogenitors [138, 139]. Although
the implant materials available for the reconstruction of craniofacial bone defects have shown
favorable results in most craniofacial and dental applications, the presence of complications
related to infection and poor osseointegration still represent challenges in the biomedical field.

The current trend in the field of bone repair indicates that the tissue engineering field is moving
toward the development of biomaterials with improved surfaces that will stimulate bone
formation and avoid infections through the incorporation of surface modification techniques
and antibacterial coatings and agents, as well as the incorporation of GFs, stem cells and other
pharmacological drugs.
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