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Foreword

Basal implantology is both an art and a science. Restoration of the lost dental organ
must adequately fulfill the esthetic, phonetic, and functional requirements of the
patient and last in a state immune to disease. Multidisciplinary research and clinical
trials have played an essential role in the development of state-of-the-art implant
systems that satisfy both professional needs and the public’s demand for safe, effec-
tive therapy that is both affordable and as rapid as possible.

It has been our endeavor to present a sound application of proven principles,
placing emphasis on the importance of familiarity with the biological, mechanical,
and prosthetic aspects of basal implants and their supporting structures as revealed
by analysis of more than three decades of clinical studies, research projects, and
experimental investigations.

This manual is a guide to the practical application of biological and mechanical
principles in the everyday practice of basal implantology and osseointegration (BIO
concept), from single tooth replacements to full arch reconstructions. In particular,
it provides an introduction to techniques to improve the future implant bed by acti-
vating the patient’s own stem cells (application of bone matrix osseotensors several
weeks before implant installation) and multicortical osseointegration obtained using
specially designed maxillo-mandibular basal Diskimplants®. Used by leading
restorative implantologists for more than 30 years, these well-established treatment
modalities offer patients an attractive alternative to more invasive procedures. In
desperate clinical situations, basal implantology can represent the last chance for an
oral invalid to have fixed teeth once again and thus be able to pursue normal per-
sonal, professional, and social activities. However, basal implantology is also indi-
cated in less complex cases. For partially edentulous patients with little available
bone, laterally inserted Diskimplants® represent a safe and rapid solution. The same
is true for patients reluctant to undergo a bone graft procedure when bone anatomy
is too shallow or too thin to receive a root-form implant.

Guillaume Odin

ENT and Maxillo-facial Surgery Department
Institut Universitaire de la Face et du Cou
University of Nice-Sophia Antipolis Medical School
Nice, France



Preface

Basal implantology has undergone tremendous growth in recent years correlated
with multiple innovations, including the flat implant emergence profile, screw-
secured plate-form Diskimplants®, micro-threaded tubero-pterygoid Fractal®
implants, and bone matrix osseotensors. CAD/CAM technologies, 3D treatment
planning, and digital workflow processes have all contributed to this progression.

As applied sciences, medicine and dentistry are a training ground. Regardless of
the implant system selected, the clinician must be prepared both technically and
psychologically to manage potential complications and failures. Unexpected reac-
tions or events can occur at any time and surprise even the most experienced teams
using the most reliable systems. Hands-on courses and training with mentors are
thus essential to develop skill in this particular field.

Of course, more important than the brand of implant is the ability of the profes-
sional to make the correct diagnosis and establish an appropriate treatment plan,
paying attention to anticipation of potential problems. This may even mean decid-
ing not to use implantology at all. When implants are indicated, patients must be
followed up over the long term so that any necessary preventive and curative actions
can be taken. While this is no absolute guarantee against failure, it reduces the
potential severity and consequences. Should a problem arise, effective solutions
exist. For example, screw-retained prostheses on basal implants are easily retrieved.
This facilitates verification of individual implants and makes correction of problems
easier and less expensive.

Today, all well-trained surgical and prosthodontic teams can incorporate basal
implantology in their implant practice to successfully perform oral rehabilitation
without more invasive procedures. This book is written to help professionals in this
way.

Having followed these simple rules over so many years, I can say that I still enjoy
practicing basal implantology as it allows so many oral invalids to once again ben-
efit from fixed teeth.

Nice, France Gérard M. Scortecci
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Fundamental Basis
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updates

Principles of Basal Implantology

Gérard M. Scortecci, Carl E. Misch, and Guillaume Odin

1.1 Definition of Basal Implantology: Dynamic Dental
Implant Classification

Endosseous dental implants can be categorized according to their shape, surface
characteristics, chemical composition, or the manner in which they are inserted into
the jaw. Based on their dynamic mode of insertion, all dental implant systems can
be divided into one of two categories (Fig. 1.1):

Axially Inserted Crestal Dental Implants (Root-Forms, Blades,
Mini-pins, etc.)

Osteotomy is initiated on the crest of the jaw and proceeds axially (downward in the
mandible, upward in the maxilla). The one exception is staple implants. This category
includes blades (vertical platform dental implants) and root-form dental implants such
as screws and cylinders. The crestal approach allows the surgeon to insert the implant
perpendicular to the crest or tilted, i.e., angulated with respect to the bone crest.

C. E. Misch (Deceased)
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University of Nice-Sophia Antipolis Medical School, Nice, France
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Laterally Inserted Basal Dental Implants (Diskimplants®)
(Figs. 1.2,1.3,and 1.4)

Osteotomy is initiated apically on the basal bone of the buccal or lingual/palatal
aspect of the jaw. The entire procedure is performed laterally, at the same initial
depth. This category covers all types of Diskimplants® and their clones (cf. “Disk
implant,” ICOI glossary, 2017).

Basal Implantology

This term refers to the lateral insertion of disk-form implants into basal bone and,
more generally, to the anchorage of implants in basal bone (e.g., root-form implants
placed in the zygomatic and/or pterygoid process). The range of designs (single-,
double-, and triple-disk implants, horizontal plate-form implants secured with
osteosynthesis screws, etc.) allows management of the diversity of anatomic situa-
tions and bone qualities.

Fig. 1.1 Lateral
osteotomy (basal implants)
and crestal osteotomy
(axial implants)

Fig. 1.2 Basal
Diskimplant® inserted
laterally above the
mandibular canal
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Fig. 1.3 Lateral osteotomy with a titanium cutter; full-thickness flap procedure (submerged pro-
tocol; waiting period 4-6 months)
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Fig. 1.4 Three root-form
implants and one laterally
inserted double
Diskimplant®
(7G2-DDM5) were
installed to replace the two
missing lower right molars
and the missing lower right
premolar (immediate
loading protocol). The
lateral osteotomy was filled
in with autologous bone
chips from the axial
drilling procedure for the
root-form implants

Diskimplants®

These laterally inserted basal dental implants are installed such that their wide apical
base extends from the buccal cortical plate to the lingual or palatal cortical plate. The
Diskimplant® design combines a horizontal platform (similar to blade implants) and
a perpendicular cylindrical shaft (equivalent to a root-form dental implant). A spe-
cific titanium instrument, called a cutter, is utilized to prepare the “T-shaped” oste-
otomy. This unique tool “cuts” the bone horizontally and vertically at the same time.
Diskimplants® were first presented at the International Congress of Oral Implantology
in Munich, Germany on June 13, 1984. The BIO concept (Basal Implants and
Osseointegration) was internationally developed at the First European BIO Forum in
Paris on Nov. 29, 2001. Over the years, Diskimplants® have undergone various modi-
fications (external threaded shaft, external hexagon, internal thread, Monobloc flat
emergence profile, etc.). However, three features have remained unchanged: one-
piece fabrication from titanium bars (i.e., true even for the large horizontal plate-
form Diskimplants®), a non-modified surface machined ad modum Branemark, and
use of one-piece T-shaped titanium cutters for lateral osteotomy.

1.2  Objectives of Basal Implantology

The main objective of basal implantology is restoration of the vital function and
characteristic beauty of the masticatory apparatus in difficult or extremely difficult
anatomic situations using a minimally invasive procedure based on rational applica-
tion of biologic, anatomic, physiologic, and mechanical principles with respect of
hygiene and esthetic requirements. Straightforward basal implant techniques are
generally preferable to invasive high-risk procedures involving long waiting peri-
ods. A “root-form implant only” approach, for example, may require prior modifica-
tion of the bone anatomy using grafting procedures before implant placement is
feasible.

As oral implantology is not an emergency procedure, the only candidates for this
prosthetically driven technique procedure are physically and mentally fit
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individuals, preferably non-smokers. Well-controlled ASA 1 to ASA 3 patients may
also be suitable implant candidates. Along with general good health, satisfactory
oral hygiene and absence of infection are essential.

Basal implants enlarge the scope of implant dentistry without requiring recourse
to complex techniques such as distraction, bone splitting, grafting, etc. prior to
implant installation. Of course, they can also be used in combination with more
invasive procedures (sinus elevation, lateral displacement of the inferior alveolar
nerve, calvarial bone graft, iliac bone graft, pedicled fibula bone graft, etc.). Root-
form dental implants and basal Diskimplants® can be used separately or in associa-
tion to provide stable and reliable support for fixed, implant-supported restorations.
This is especially useful for immediate functional loading protocols (Figs. 1.5 and
1.6). Laterally inserted Diskimplants® are often indicated whenever root-form
implants cannot be installed directly due to insufficient bone volume and/or quality,
but they can also be placed in much larger bone volumes if so desired.

Basal implants are always placed in native living bone. Bone grafting and GBR
may be performed at the time of installation in order to increase bone volume, but
not to provide mechanical anchorage.

Fig. 1.5 Panoramic
radiograph: atrophic
posterior upper left maxilla

Fig. 1.6 Two monodisk
Diskimplants® and a
tubero-pterygoid root-form
implant. Screw-secured,
implant-supported fixed
ceramic bridge. No sinus
elevation was required
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Diskimplants® are particularly indicated in the following cases:

— High, thin bone ridges less than 3 mm thick (Fig. 1.7). Technical reduction of
such ridges is unnecessary because the osteotomy starts from the apical portion
of the bony implant bed.

— Flat ridges with an available bone height of less than 5 mm (Figs. 1.8, 1.9, and
1.10).

— Extremely atrophic jaws, which can be directly managed with basal implants
associated with guided bone regeneration (GBR) and immediately loaded with a
highly rigid, screw-secured fixed prosthesis.

The various indications and contraindications for basal implants are developed in
more detail in Chap. 6.

The surgeon, prosthodontist, and dental technician must all be trained in the
fundamental concepts of basal implantology that differ in many aspects from those

Fig. 1.7 Laterally inserted
Diskimplant® placed from
the lingual aspect in a high
knife ridge (bone thickness
at crest level <2 mm)
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Fig. 1.8 Typical
indication for basal
implantology in an
atrophic posterior
mandible with less than
1.5 mm of bone height
available above the
mandibular nerve. The flat,
wide ramus area is an
indication for a horizontal
plate-form Diskimplant®

Fig. 1.9 Occlusal view of
a posterior lateral
osteotomy in a dry
mandible at a bone depth
of 1.5 mm (disk diameter
9 mm)

Fig. 1.10 Periapical radiograph after 10 years of function (initial bone height was less than
2 mm). No bone loss. Bone gain visible above the three Diskimplants®. After removal of a failing
cobalt-chromium subperiosteal implant, the lateral osteotomy was performed starting on the lin-
gual aspect of the mandible. The final cement-retained bridge was installed after 6 months (delayed

loading protocol)
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for root-form implants. Mastery of basal implant procedures, which require full-flap
elevation, involves a progressive learning curve that is longer than for root-form
implants; continual practice and close collaboration with a dental laboratory famil-
iar with the technique are paramount. The surgeon must be familiar with maxillofa-
cial surgical anatomy and be trained in sinus elevation procedures and intraoral
bone grafting. Immediate loading protocols for rehabilitation of completely edentu-
lous arches require both surgical skills and prosthodontic expertise; in particular, the
surgical team must be able to take the impression and register primary inter-arch
occlusion in the operating room at completion of surgery.

1.3  Basic Principles of Basal Implantology

No superstructure can be more enduring than its foundation. Occlusal stress and
foundation resistance are reciprocal forces which must be properly balanced to
obtain durable functional efficacy. The long-term function of an osseointegrated,
cortically anchored basal implant restoration requires establishment of an active
bond between the tissues and the Diskimplant®. Thanks to an osseo-adaptative pro-
cess, the multicortical basal implant is incorporated into the hard and soft tissues,
which gradually adapt to their new function through the remodeling process.

Creation and maintenance of this structural and functional bond between bio-
logical and non-biological materials mandate precision during the various stages of
treatment plus respect of basic principles:

— Adequate treatment planning and presurgical bone matrix activation of the future
implant bed with osseotensors to promote stem cell recruitment and improve the
blood supply

— Use of an aseptic protocol to avoid contamination and infection of the implant
site

— Preservation of the peri-implant blood supply by atraumatic handling of the soft
tissues, especially the periosteum, during full-thickness flap elevation and use of
a lateral osteotomy procedure under copious irrigation to prevent thermal injury

— Achievement of multicortical support providing absolute primary implant stabil-
ity in dense living native bone (including pedicular grafts such as fibula grafts),
not in bone substitute material or a free bone graft

Respect of Bone Biology: The Importance of Initial
Osteogenic Activation

The future recipient bone bed should be activated prior to implant placement using
a bone matrix osseotensor in order to reinforce the local blood supply, stimulate
bone cell growth, and improve initial bone quality for better osseointegration of the
intended basal implant (see Chap. 5 for more details).

Care must be taken not to contaminate the super-clean surface of the basal
implant to allow establishment of a reliable primary biological bond and to avoid
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the risk of peri-implantitis in the future by limiting metal release during mastication.
Finally, the body of the basal implant should never be in direct contact with the soft
tissues; autologous bone grafts, bone substitute material, and PRF should be used to
completely cover any protruding titanium surfaces.

Multicortical Anchorage and Long-Lasting Primary Stability

The wide horizontal platform of the basal implant (disk or other horizontal design)
must be installed with multicortical anchorage because absolute primary stability is
essential to obtain osseointegration that is maintained over time. The design and
dimensions of the implant must permit the connection of prosthetic components in
a functionally useful manner to create a fixed prosthesis. The occlusal forces trans-
mitted via the future prosthesis must be properly distributed so as not to exceed the
breaking point of the bone and the prosthetic components.

In extremely atrophic jaws, multicortical anchorage of extra-maxillary and extra-
mandibular plate-form Diskimplants® using orthopedic screws placed in the major
skeletal pillars of the jaws ensures functional stability during mastication over the
long term (Figs. 1.11, 1.12, and 1.13).

In high knife ridges (crestal bucco-palatal bone thickness <2 mm), double- or
triple-disk basal Diskimplants® can serve as scaffolding for bone substitute material
and PRF membranes to increase bone volume at the implant site by guided bone
regeneration (GBR) (Figs. 1.14 and 1.15). Thin ridges of this type are not suitable
for horizontal plate-form Diskimplants®, which require a wide, flat bone bed for
correct installation. Primary basal implant stability is mandatory in both situations.

Fig. 1.11 Basal bone in
an atrophic jaw; the
alveolar bone has
completely disappeared.
The blue lines show the
main bony buttresses for
reliable anchorage of basal
implants in the maxilla and
the mandible
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Fig. 1.12 The main areas
for installation of
horizontal plate-form
Diskimplants® in the
maxilla. Zygomatic
Diskimplants® can be
installed such that they
span lateral openings in the
sinus wall; absolute
stability is obtained by
firmly screwing them onto
the dense malar and palatal
bone. They must then be
covered by bone substitute
material and PRF. Strong
distal anchorage is
achieved in the tubero-
pterygoid area with
microthreaded root-form
Fractal® implants

Fig.1.13 The ramus area offers dense bone for placement of horizontal plate-form Diskimplants®.
Sharp crestal soft tissue incisions should be made until the scalpel reaches the bone crest. The
plate-form Diskimplant® must fit passively into the bony site prepared by the titanium cutter and is
stabilized by mini orthopedic screws (4—-6 mm in length). The same technique is used for the
canine and zygomatic areas of the upper jaw. A screw-secured, fixed maxillary prosthesis acts as
an external orthopedic fixator for the implants. All extra-mandibular portions of the basal implant
must be fully covered by bone substitute material (Bio-Oss®, CoreBone®, Dentin Grinder graft,
Ivory®, etc.) and PRF membranes before closing the full-thickness flap
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Fig. 1.14 Full-mouth rehabilitation: high maxillary knife ridge (bucco-palatal width <2 mm at
crest level) managed with double and triple Diskimplants®. The protruding disk base is covered by
bone substitute material for GBR (immediate functional loading protocol). Horizontal plate-form
Diskimplants® are not indicated in this anatomic situation. Root-form implants can be installed in
the mandible depending on available bone volume and quality

Fig.1.15 The protruding
portion of the
Diskimplant® is used as
scaffolding for GBR (tent
effect) with bone substitute
material and PRF
(submerged technique for
single-tooth replacements)
in mandibular knife ridges
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Implant Loading Protocols

Loading protocols vary as a function of the clinical situation:

— Immediate loading of full-arch restorations is possible using a highly rigid, fixed
prosthesis that is screw-secured to basal implants with a flat emergence profile
(Monobloc emergence).

— Delayed loading of basal implants is recommended for implant management of
partial edentulism and single-tooth replacements with difficult occlusal conditions.

Biomechanical, surgical, and prosthetic requirements mandate close collabora-
tion between the surgeon, prosthodontist, and dental laboratory. Passive fit of the
final prosthesis is critical for satisfactory mastication and speech. Use of a transi-
tional prosthesis for a period of time allows verification that functional and cosmetic
requirements are met.

Maintenance and Follow-Up

3D imaging investigations are necessary for assessment of any biological or
mechanical complications at an early stage. The radiological images around the
base of a Diskimplant® must always be correlated with clinical findings as they can
differ from those seen with conventional root-form implants. For example, minimal
radiolucency around the base of a disk without any pain or mobility does not man-
date removal. Implant mobility associated with pain, however, is cause for implant
removal. Awareness of these differences can prevent unnecessary removal of what
is actually a well-integrated implant.

Appropriate maintenance (plaque control) and atraumatic, well-balanced occlu-
sion is essential for long-term success. The gingiva surrounding prosthetic abutments
and implant emergences must be kept in a clinically healthy state by appropriate
peri-implant soft tissue management and local hygiene. Revision and correction of
complications, when necessary, can be achieved in a minimally invasive manner
thanks to the easy retrievability of screw-secured, bone-anchored prostheses.

Anticipation of potential problems is also an important factor for the long-term
success of basal implant-supported restorations. The knowledge and experience
needed to satisfy these requirements cannot be improvised nor can they be acquired
without appropriate theoretical and practical training. Coordinated treatment plan-
ning, precise execution, careful follow-up, and maintenance over time are the keys
to successful, long-lasting fixed basal implant-supported rehabilitations.

1.4  Divisions of Available Bone Anatomy and Bone Density
Divisions of Available Bone (Figs. 1.16, 1.17, 1.18,and 1.19)

Long-term success in implant dentistry requires the evaluation of more than 50
dental criteria, many of which are unique to this discipline [1]. The training and
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Fig. 1.16 Division A: there is sufficient bone volume for root-form implants. However, volume
alone is not sufficient; bone density is more important. In case of low density, even with sufficient
volume, it is safer to use basal implants with anchorage of the wide base in the cortical plates

Fig. 1.17 Division B: sufficient bone volume for root-form implants (short implants in the poste-
rior area, sinus elevation, or short implants in the posterior maxilla) or basal implants. Here, again,
bone density is more important, and it is safer to place basal implants if low-density bone is

( VOL)\{X);;

L —

Fig. 1.18 Division C:
insufficient bone volume in
the posterior sectors
(maxilla and mandible).
Root-form implants
combined with prior bone
grafting and/or GBR or
basal implantology are
indicated

Fig.1.19 Division D:
skeletal basal bone. This
situation can be managed
either immediately, by
basal implantology, or by
performing an autologous
extraoral bone graft
procedure prior to implant
placement
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experience of the doctor and the volume, density, and shape of the available bone
are primary determinants of success for an individual patient. The Misch/Judy clas-
sification of available bone (Divisions A, B, C, and D) follows the natural patterns
of bone resorption in the jaws. Each division is associated with unique surgical and
prosthetic approaches.

Division D (Deficient Bone)

The completely edentulous Division D patient is the most difficult to treat in
implant dentistry. Benefits must be weighed carefully against the risks. Although
the practitioner and patient often regard this condition as the most dramatic pos-
sible, these patients do not usually have oral antral fistulae or deviated facial
features prior to treatment. If implant failure occurs, the patient may become a
dental cripple, unable to wear any prosthesis. Treatment of the Division D arch
requires more training and results in more frequent complications related to
grafting, early implant failure, and soft tissue management. Treatment options
thus include a more guarded prognosis. When physical and psychological gen-
eral health, smoking habits, and occlusal conditions are aggravating factors, a
wise and safe decision is to not install implants (not even basal implants) and to
maintain the patient with a conventional denture. The prudent solution is to edu-
cate the patient about the risks of his or her situation when proposing basal
implantology and GBR after initial osteogenic preparation with bone matrix
osseotensors. The choice to render treatment is the doctor’s, not the patient’s.
Initial bone support must not be compromised if implant failure could result in
significantly greater risks.

1.5 Alveolar Bone and Basal Bone (Figs. 1.20 and 1.21)

Characteristic of human jaws, these complementary bony structures are correlated
with the presence or the absence of teeth and their periodontal apparatus.

Alveolar Bone

This highly differentiated bony structure is “born with the tooth, develops and func-
tions with the tooth, and progressively disappears after tooth loss.” The alveolar
bone lies above the basal bone, without any visible anatomical landmarks. Alveolar
bone is connected to the teeth by means of the periodontal ligament that has a dense
blood supply, lymph vessels, and nerves. The periodontal ligament and related
fluids represent a shock-absorbing mechano-hydraulic system. This sophisticated
apparatus is also the pathway for the mechanoreceptors involved in proprioception
and directly connected to the brain via the trigeminal nerve. Alveolar bone can pro-
gressively disappear as the result of periodontal disease, tooth extraction, or trauma
and can be drastically reduced in cases of agenesis. Alveolar bone is also capable of
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Fig.1.20 D3 bone is very
common in the maxilla. In
this situation, a root-form
implant can easily be
installed in the palatal
aspect immediately after
extraction of the second
upper premolar. If the
buccal plate is absent, a
double-disk asymmetric
Diskimplant® (7 x 5 mm)
must be inserted laterally
and covered by bone
substitute material and
PRF membrane (delayed
loading 6—7 months)

following the tooth pathway during orthodontic movements, whereas an osseointe-
grated implant directly anchored in bone remains in place and does not move.

Basal Bone

The skeletal bone that remains after tooth loss and complete resorption of the alveo-
lar crest is termed basal bone. This bone structure has a very low turnover (ten times
less than alveolar bone) and is highly sensitive to thermal injury and infection.
Besides reduced bone volume and extreme differences in density depending on the
sector (D1 in the mandibular mental area versus D4 in the posterior maxilla), basal
bone has a limited blood supply. In atrophic jaws, for example, the main source of
blood is the inner layer of the periosteum. This explains why maintenance of aseptic
conditions during surgery, careful handling of the periosteum, profuse saline irriga-
tion during lateral osteotomy, and primary stability are of paramount importance for
bone healing after basal implant installation.
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Fig. 1.21 Comparison of alveolar bone and basal bone (from Evers and Haegerstam, 1982)

1.6  Bone Density

Particularly important in implant dentistry, “available bone” describes the external
architecture or volume of the edentulous area considered for implants. The internal
structure of bone is described in terms of quality or density, which reflect its strength.
As stated by Wolff [2]: “Every change in the form and function of bone or of its
function alone is followed by certain definite changes in the internal architecture,
and equally definite alteration in its external conformation, in accordance with
mathematical laws.” Bone density may be determined preoperatively by tactile
sense using a manual osseotensor, by tactile determination during osteotomy, or,
more accurately, by CT scans.

Clinical Evidence Highlighting the Influence of Bone Density
on Implantation Success Rates

The anterior mandible has greater bone density than the anterior maxilla. The pos-
terior mandible has poorer bone density than the anterior mandible. The poorest
bone quality in the oral environment typically exists in the posterior maxilla and is
associated with high failure rates. Jaffin and Berman [3] reported a 44% failure rate
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when poor density was observed in the maxilla, with the majority of failures noted
after second-stage surgery. Of all implant failures in their study sample, 55%
occurred in soft bone. The group documented a 35% implant loss in all regions of
the mouth when bone density was poor. Engquist et al. [30] also reported a high
percentage of clinical failures (78%) in soft bone types.

The Misch Bone Density Classification

The degree of crestal bone loss has also been related to stress and bone density.
In 1988, Misch defined four bone density groups independent of the regions of
the jaws, based upon macroscopic cortical and trabecular bone characteristics.
The regions of the jaws with similar densities were often consistent. A sug-
gested implant design, surgical protocol, healing, treatment plans, and progres-
sive loading time spans have been described for each bone density type.
Following this regimen, similar implant survival rates are observed for all bone
densities.

The Misch bone density classifications are shown in Tables 1.1 and 1.2. Dense
and/or porous cortical bone are found on the outer surfaces of bone and include the
crest of an edentulous ridge. Coarse and fine trabecular bone are found within the
outer shell of cortical bone and occasionally on the crestal surface of an edentulous
residual ridge. These four macroscopic types of bone may be arranged from the
densest to the least dense:

1. Dense cortical (Fig. 1.22)
2. Porous cortical (Fig. 1.23)
3. Coarse trabecular (Fig. 1.24)
4. Fine trabecular (Fig. 1.25)

Table 1.1 Misch/Scortecci bone density classification

Description of bone

D1 bone Dense cortical bone with very little spongiosa within

D2 bone Thick dense cortical bone plate and coarse trabecular bone within
D3 bone Thin cortical bone plate and fine trabecular bone within

D4 bone Fatty trabecular bone with no cortex

D5 bone Immature, non-mineralized bone

Table 1.2 Usual anatomic location of bone density types (% occurrence)

Bone site
Classification Anterior maxilla Posterior Anterior mandible Posterior
D1 bone 0 0 8 2
D2 bone 45 5 67 51
D3 bone 65 50 25 46

D4 bone 5 45 0 1
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Fig. 1.22 D2 thick cortical bone plate and porous spongiosa

Fig. 1.23 D3 coarse
trabecular bone and thin
cortical plate

These four macroscopic densities describe and, in combination, establish four
categories of bone located in the edentulous areas of the maxilla and mandible. The
regional locations of the different densities of cortical bone are more consistent than
the locations of trabecular bone, which are highly variable.

The macroscopic description of Misch bone density classification D1 bone is
primarily dense cortical bone. D2 bone has dense to thick porous cortical bone on
the crest and coarse trabecular bone within. D3 has a thinner porous cortical crest
and fine trabecular bone. D4 bone has almost no crestal cortical bone. Almost all of
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Fig. 1.24 Extraction of
the maxillary molars may
result in creation of an
oro-antral communication.
Socket preservation with a
bone substitute material is
mandatory

Fig. 1.25 Simulation of a 9-mm-diameter monodisk Diskimplant® placed beneath the sinus; the
disk base extends from one cortical plate to the other

the total volume of bone next to the implant is composed of fine trabecular bone.
A very soft bone, with incomplete mineralization, may be addressed as D5 bone.
This description is usually of immature bone.

Bone Density Determined by Tactile Sense

In order to communicate broadly to the profession relative to the tactile sense of
different bone densities, this classification is compared with materials of varying
densities. Drilling and placing implants into D1 bone is similar to drilling into oak
or maple wood. D2 bone is similar to the tactile sensation of drilling into white pine
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or spruce. Balsa wood is similar to drilling into D3 bone, and D4 bone is similar to
drilling into Styrofoam™. Perception of bone density is similar with manual and
rotary osseotensors.

Bone Density by Location

A review of the literature, blended with a post-surgery survey of 200 consecutive
completely and partially edentulous patients, found that the location of different
bone densities may be superimposed with the different regions of the mouth. D1
bone is almost never observed in the maxilla but may be found in the pterygoid
process and the zygoma. In the mandible, D1 bone is observed approximately 8%
of the time. D1 bone is observed four times as often in the anterior mandible com-
pared with the posterior mandible (8% versus 2%). As the bone is reduced in vol-
ume, especially in the anterior mandible, D1 bone will occur with greater frequency
and may reach 25%, whereas D3 will be less and be reduced to under 10%. The
edentulous mandible often exhibits an increase in torsion and/or flexure in the ante-
rior segment between the foramina during function. This increased strain causes the
bone to increase in density.

Bone density D1 may be encountered in the anterior Division A mandible of a
Kennedy Class IV partially edentulous patient with a history of parafunction and
recent extractions. It may also be observed when angulation of an anterior implant
requires the engagement of the lingual cortical plate in a Division A bone
volume.

Bone density D2 is the most common bone density observed in the mandible.
The anterior mandible consists of D2 bone two-thirds of the time. More than one-
half of patients have D2 bone in the posterior mandible. In the maxilla, D2 bone is
found less often than in the mandible. Approximately one-quarter of patients have
D2 bone, and this is more likely in the partially edentulous patient’s anterior and
premolar region rather than in completely edentulous posterior molar areas. Single-
tooth or two-tooth partially edentulous spans almost always have D2 bone.

Bone density D3 is very common in the maxilla (Fig. 1.26). More than one-half
of patients have D3 bone in the upper arch. The anterior maxilla has D3 bone about
65% of the time, while almost one-half of patients have posterior maxillae with D3
bone (more often in the premolar region). Almost one-half of posterior mandibles
also present with D3 bone, whereas approximately 25% of anterior edentulous man-
dibles have D3 bone.

The softest bone, D4 (Fig. 1.27), is most often found in posterior maxillae
(approximately 60%), especially in the molar regions or after a sinus graft augmen-
tation (where almost two-thirds of patients have D4 bone). The anterior maxilla has
D4 bone less than 10% of the time, more often after an onlay iliac crest bone graft.
The mandible presents with D4 bone in less than 3% of patients. When observed, it
is usually Division A bone in a long-term, completely edentulous patient after an
osteoplasty removes the crestal bone.
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Fig. 1.26 D3 bone in the anterior maxilla. Severe facial trauma resulted in loss of the six upper
front teeth along with their anterior buccal plate, leaving a high knife bone ridge. Four double-disk
Diskimplants® were placed in 1985. The panoramic radiograph taken in 2016 shows these implants
that are still in service after 31 years with no signs of peri-implantitis. A bone gain is visible in
many areas

Fig. 1.27 D4 bone in the
posterior maxilla

Generalizations for treatment planning can be made prudently, based on loca-
tion. It is safer to begin by planning for less-dense bone so that the prosthesis is
designed with slightly more, rather than less, support. The anterior maxilla is usu-
ally treated as D3 bone, the posterior maxilla as D4 bone, the anterior mandible as
D2 bone, and the posterior mandible as D3 bone. Bone bed preparation with osseo-
tensors prior to implant installation can dramatically improve initial bone density
(see Chap. 5). The use of rotary osseotensors in D1 and D2 bone transforms the
bone to active D2 status (i.e., D2 bone with active new bone cells and new blood
supply [see Chap. 4]); an 8- to 15-day waiting period must be respected before pro-
ceeding with implant installation. Use of manual osseotensors in D3 and D4 bone
promotes transformation to active D2 status but requires a longer waiting period
(45-60 days) prior to surgery.
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Radiographic Bone Density and 3D Anatomic Shape
(Figs. 1.28 and 1.29)

Periapical or panoramic radiographs are not helpful for determining bone density
because the lateral cortical plates often obscure trabecular bone density and bone
shape. Furthermore, such radiographs cannot quantify the subtle changes of D2 to

Fig. 1.28 The panoramic
view gives the illusion that
there is sufficient bone
volume

Fig. 1.29 Cone beam CT showing the considerable discrepancy between panoramic radiographs
and cone beam CT: high knife ridge with a thickness of less than 3 mm but a bone height of more
than 13 mm. Typical high knife ridge (D1 bone) suitable for double Diskimplants®. The remaining
natural teeth are maintained by just a thin shell of alveolar bone. Extraction of natural teeth is
particularly challenging because as much surrounding bone as possible must be preserved
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D3 bone. Bone density and bone anatomy may be determined more precisely using
tomographic radiographs, especially computerized tomograms (CT) and cone beam
CT. Computed tomography produces axial images of the patient’s anatomy, perpen-
dicular to the long axis of the body. In general, the higher the CT number, the denser
the tissue. Modern CT scanners and cone beam CT units can resolve objects less
than 0.5 mm apart. The Misch bone density classification may be evaluated on CT
images by correlation to a range of Hounsfield units: D1 corresponds to values
greater than 1250 HU, D2 to 850-1250 HU, D3 to 350-850 HU, D4 less than 150—
350 HU, and D5 bone less than 150 HU. The very soft bone observed after some
bone grafts may be 100-300 HU.
Bone density is determined clinically using CT determination, as follows:

D1: >1250 Hounsfield units
D2: 850-1250 Hounsfield units
D3: 350-850 Hounsfield units
D4: <350 Hounsfield units

Evaluation of Bone Density During Lifetime

Bone density and bone anatomy (Fig. 1.30) are implant treatment plan modifiers in
several ways: they influence not only pre-surgery bone management, selection of
root-form and/or basal implants, implant dimensions, design, surface condition,
number, the implant loading protocol, but also prosthetic choices (Figs. 1.31, 1.32,
and 1.33). Consideration must be paid to the hormonal changes that occur in post-
menopausal patients as considerable decreases in bone density can occur rapidly
starting around the ages of 49-53 years. This is why multiple sites of initial cortical
implant anchorage are so important.

A decrease in bone density is accompanied by a decrease in the strength of the
bone. Reduction of the incidence of microfractures requires reduction of the strain

Fig. 1.30 After tooth loss,
the residual high knife
ridge (buccal-lingual width
<2 mm) is managed with
double-disk Diskimplants®.
The protruding disk base is
then covered with bone
substitute material and
PRF (immediate loading
protocol). Mini orthopedic
screws are placed at the
base of the disk in order to
guarantee primary stability
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Fig. 1.31 Full-mouth
rehabilitation with basal
implants (immediate
loading 48 h post-op): this
patient suffered multiple
maxillary and mandibular
fractures in an automobile
accident (panoramic view
after 13 years of function)

Fig. 1.32 Multicortical anchorage of double Diskimplants® above the mandibular nerve in a high
knife ridge (D1 bone) after 13 years of function (same patient as Fig. 1.30)

applied to the bone. As strain is directly related to stress, the stress placed on the
implant system should also be reduced as the bone density decreases. Stress is
equal to the force divided by the functional area over which it is applied, such that
S =F/A.

One way that biomechanical loads on implants may be reduced is by prosthesis
design. For example, cantilever length may be shortened or eliminated, narrower
occlusal tables designed and offset loads minimized, all of which reduce the amount
of load. Night guards and acrylic occlusal surfaces distribute and dissipate
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Fig. 1.33 Tricortical support of a 9-mm monodisk Diskimplant® placed 2 mm above the man-
dibular nerve in the flat bone ridge of this atrophic mandible (same patient as Figs. 1.37 and
1.38). A buccal orthopedic screw was placed at the base of the Diskimplant® to increase initial
stability

parafunctional forces on an implant system. As the bone density decreases, these
prosthetic factors become more important.

Stress may also be reduced by increasing the functional area over which the force
is applied. Increasing the number of basal implants is an excellent way to reduce
stress by increasing the functional loading area.

The width of the base of a Diskimplant® firmly anchored in the buccal and
palatal or lingual cortical bone plate decreases stress by increasing the surface
area. For every 0.5 mm increase in width, the surface area increases between
10% and 15%. Wider basal implants should be used in D4 bone compared with
D1 or D2 bone.

Progressive Bone Loading

Progressive bone loading provides for a gradual increase in occlusal loads, sepa-
rated by a time interval to allow the bone to accommodate. The softer the bone, the
more important progressive loading. This can be achieved with a highly rigid CoCr/
titanium/acrylic resin restoration screw-secured to basal implants instead of a
ceramic bridge.
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1.7  Surgical Anatomy Considerations (Figs. 1.34, 1.35, 1.36,
1.37,1.38,and 1.39)

Basal implantology is applicable in a variety of clinical situations, from single-tooth
replacement to full arch reconstructions. Even for oral invalids with moderately or
severely atrophic jaws, the technique represents a unique means to restore fixed
teeth without painful, time-consuming, expensive, and invasive preimplant bone
grafting.

Fig. 1.34 Important
anatomic landmarks:
surgical anatomy showing
critical areas to be
avoided— Mandible: lingual
and mandibular nerves and
the submental artery—
Maxilla and tubero-
pterygoid area: maxillary
artery and infraorbital
nerve

Fig. 1.35 Maxillary sinus
area: very soft bone, if any
(“eggshell-thin” bone). Use
of a bone matrix
osseotensor is mandatory
(cf. Chap. 4)
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Fig. 1.36 Maxilla: the
dense bones of the nasal
floor, zygoma, and canine
pillar area are suitable for
basal implants screw-
secured with
osteosynthesis screws
(length 4, 5 or 6 mm).
Lateral view of the
tubero-pterygoid area: this
long root-form implant
engages the dense bone of
the pterygoid process

Fig. 1.37 Atrophic
mandible: dense D1 bone
in the mental area. The
mandibular nerve foramen
opens out on the crest.
Lingual and mandibular
nerves are critical
structures that must be
protected during surgery
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Fig. 1.38 Missing central
incisor with complete loss
of the buccal plate replaced
by a double Diskimplant®

Fig. 1.39 Front view of a basal rehabilitation of an atrophic maxilla and mandible using an imme-
diate loading protocol. Root-form implants were combined with plate-form Diskimplants®. The
basal implants were screwed onto the zygomatic process and the trigone area using 5 mm long
orthopedic screws. Radiographic status after 2 years of service (2015-2017)
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Atrophic Maxilla

The limits of maxillary sinus buccal landmarks are easily identified because basal
implantology is a full-flap procedure. Atraumatic elevation of the periosteum by
gently separating the tissues using a gauze pad avoids injury to the inner layer of the
periosteum and inadvertent penetration of the sinus through the fragile eggshell-thin
lateral wall. The bottom and the vertical borders of the nasal fossae must be delin-
eated during flap elevation. The entire bony structure must be visualized before
starting osteotomy. Where applicable, the infraorbital foramen must be exposed; the
infraorbital nerve remains in the full-thickness buccal flap.

Sharp crestal soft tissue incisions should be made until the scalpel reaches the
bone crest. During osteotomy, the soft tissues and nerves should be protected by
holding them with a large, rigid plastic suction tube maintained firmly against the
buccal bony plate. In the tubero-pterygoid area, full-thickness buccal and palatal
mucoperiosteal flaps are elevated using the same approach. Major and minor palatal
arteries must remain in the full-thickness palatal flap. This can be obtained by
remaining in close contact with the palatal bone during flap elevation. Use the gauze
separation technique and a flap retractor.

Atrophic Mandible

Two critical anatomic elements must be avoided during basal implant installation:
the lingual nerve and the mandibular nerve. A sharp crestal incision should always
be made in the middle of the remaining attached gingiva. The scalpel must be in
contact with the bony crest.

The full-thickness flap must be elevated from the lingual side first, always keep-
ing close contact with the bony wall. The gauze separation technique is recom-
mended to avoid damaging the periosteum or mandibular nerve. This technique also
eliminates the risk of injuring the lingual nerve because this structure remains inside
the lingual flap. This is important because the lingual nerve cannot be visualized on
CT scans or cone beam CT exams. The procedure is then repeated from the buccal
aspect in order to identify the mental foramen. As for the atrophic maxilla, critical
soft tissue structures can be easily protected during rotary osteotomy by holding a
large plastic suction tube firmly against the bony plate.
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2.1 Basal Implants and Osseointegration (Fig. 2.1)

Considerable attention is currently directed at determination of the optimum surface
characteristics and the degree of super cleanness required for titanium basal implants,
because these parameters influence early osseointegration and long-term results under
functional and/or possible parafunctional masticatory forces. This is especially impor-
tant with basal implants as they are placed in small bone volumes. In extreme situa-
tions, minute metal wear particles released at the bone interface from modified, rough
titanium surfaces can compromise initial osseointegration by promoting peri-implan-
titis over time [1]. The principles of osseointegration, discovered by P-I Branemark,
were defined on the basis of this original state of surface, and implants with these
surface characteristics offer the largest long-term follow-up results in human jaws.
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Fig.2.1 Full rehabilitation of an atrophic maxilla with eight basal Diskimplants® in 1984 (patient
aged 77 years). Root-form implants were placed in the lower jaw when the patient was 86 years old
(submerged protocol). Panoramic view in 2007 with the bridge still in place: no peri-implantitis is
visible after 23 years of service (patient aged 100 years). These titanium implants had a non-
modified, ad modum Branemark state of surface

2.2 Titanium as a Biomaterial
Selected Properties

The proven high biocompatibility of titanium as an implant material is related to the
properties of its surface oxide. For decades, titanium oxide powder has been used in
pharmacology as a baby powder (talc). In air or water, titanium quickly forms an
oxide thickness of 3—5 nm at room temperature. Titanium can form several oxides
of different stoichiometries: TiO, Ti,0;, and TiO,. TiO,, the most common, can have
three different crystal structures but can also be amorphous. As TiO, is very resistant
to chemical attack, titanium is one of the most corrosion-resistant metals, particu-
larly in the chemical environment with which we are concerned in the mouth. This
is one contributing factor to its high biocompatibility. This property is also shared
with several other metals such as tantalum, aluminum, and zirconium, which,
respectively, form TaO,, ALLO; and ZrO, on their surfaces.

Another unique physical property of TiO, is its high dielectric constant, which
can range from 50 to 170, depending on crystal structure. The high value of this
constant would result in considerably stronger van der Waal’s bonds on TiO, than
on other oxides, a fact that may be important for interface biochemistry. Like many
other transition metal oxides, TiO, is catalytically active for a number of inorganic
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and organic chemical reactions, which also may influence interface chemistry.
Finally, the metal titanium itself is a material of more than sufficient strength for
most clinical applications and especially for the long-lasting function of basal
implant-supported rehabilitations.

2.3  Surface Characteristics of Titanium Diskimplants®

Early, non-modified ad modum Brdnemark titanium fixtures have been in service for
more than 50 years. Very few cases of peri-implantitis have been reported in the
literature with this super clean titanium finish. In fact, the term peri-implantitis was
never even mentioned in Branemark’s 1985 book Tissue-Integrated Prostheses.
From the very beginning, Diskimplant® basal implants have been manufactured
from bars of wrought titanium with this very same non-modified, super clean sur-
face (i.e., without any surface contaminants); this is still true today. At an ultra-
microscopic level, the microgrooves on the machined titanium surface are beneficial
because they significantly increase the contact surface between the implant and the
bone.

Surface Roughness

The impact of the surface roughness of titanium implants differs as a function of the
geometric dimensions involved. From a mechanical standpoint, rough or porous
surfaces (approx. 100 pm or more) may sometimes be advantageous because they
increase the surface area in contact with the bone and provide immediate stability.
According to many publications, this effect is especially notable early on, at implant
installation, and at later stages, when high torque values are required if implant
removal proves necessary. However, if metal ion dissolution occurs, especially dur-
ing long-term function, a very rough or porous surface can be a disadvantage,
because the total exposed area, and thus the amount of dissolved metal ions, will be
greater.

Whereas rough surfaces have been associated with bone loss [1], this complica-
tion has rarely been reported with perfectly smooth dental pins without any form of
macroscopically visible mechanical retention. For example, removal of unthreaded,
non-modified straight tantalum pins (Scialom implants) can prove difficult, even
with strong pliers. In some cases, and particularly in type I bone in the mandible, an
osseointegrated Scialom pin must be cut at the crestal level and left in place.

Effect of Corrosion and Wear Particles on Living Tissues
Corrosion is not a problem with titanium implants so long as the dense passivation

layer of titanium oxide on the non-modified machined metal surface remains intact.
A single scratch has no consequences since the oxide layer regenerates in an
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electrolyte environment within a short time. In contrast, implant instability causes
constant rubbing of root-form implants and basal disks against cortical bone. The
oxide layer is destroyed with each loading cycle and does not have a chance to
regenerate, resulting in a continuing corrosion process.

Differences in the mechanical properties of implants and bone always lead to a
minute degree of relative motion between the two, with the possibility of fretting
between the implant and bone surfaces and subsequent release of corrosion products
over longer periods. Fretting of titanium implants results in a grayish staining of the
surrounding tissues but causes no adverse tissue reactions. Modified implant sur-
faces such as rough and/or coated titanium surfaces (TPS, SLA, TioBlast, HA) cause
increased fretting with the bone tissue in case of primary implant instability and are
subject to alterations over time, especially in type I bone. Use of an approach based
on slightly smaller osteotomy dimensions than those of the intended implant permits
achievement of immediate implant/bone stability without need for a rough surface.

In orthopedic surgery, metal release from total hip prostheses may contribute to
bone loss by osteolysis. The effects of titanium, cobalt, and chromium debris on
human osteoblast-like cells inhibit the synthesis of type I collagen. Wear particles
from implants are deposited in peri-implant tissues in which they are phagocytosed
by mononuclear and multinuclear macrophage-like cells. Wang et al. [2] demon-
strated that osteoclasts are capable of phagocytosing particles of titanium while
remaining fully functional, hormone-responsive, bone remodeling cells. In contrast,
osteoblasts are affected by titanium particles. The biosynthesis of both type I and
type III collagen was decreased in cells that had been contaminated with titanium
particles, but neither their viability nor proliferation was affected [3]. Titanium par-
ticles smaller than 3 pm suppressed expression of the gene that codes for collagen.
This phenomenon was related to the size, but not the composition, of the particles.
Polymeric particles of the same dimensions cause the same damage.

Finally, the deleterious effects of wear particles are not limited to metals. The
March 2017 FDA update on mammary prostheses described a dramatic rise in peri-
implant pathologies when soft silicone prostheses were replaced by rough versions,
due essentially to release of polymer particles during body movement.

24 Peri-implantitis (Figs. 2.2 and 2.3)

The clinical success of dental implants, like orthopedic implants, is based on abso-
lute initial stability in dense living bone and an uncontaminated environment. Rough
titanium surfaces drastically increase metal release during function, leading to a
high level of macrophage activity. Extensive in vitro studies have shown that mac-
rophages can be activated by polymeric or metallic particles and can show bone-
resorbing activity [3]. Fibroblasts stimulated by debris play an important role in
peri-implant osteolysis because they enhance metalloproteinase synthesis. This is
the beginning of the peri-implantitis process. Titanium particles can also migrate to
other parts of the body (lungs, lymph nodes) and may provoke allergic reactions.
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Fig.2.2 Severe peri-
implantitis and an oroantral
communication developed
after 8 years of function
around these immediately
loaded, root-form titanium
implants with a

modified surface state

Fig. 2.3 Cone beam CT
of basal implants with a
non-modified surface state
after 14 years of service
(2003-2017). Immediate
loading procedure
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In vivo, excessive quantities of metallic debris released during function and/or
parafunction can be toxic. Decreased bone formation by osteoblasts and the bone-
resorbing activity of osteoclasts can both disturb the bone remodeling process and
result in osteolysis. In vivo, the interfacial membrane provides access for particulate
matter caused by wear to the peri-implant space and influences bone resorption.
Osteoblast function is altered by exposure to debris from wear. Friction during func-
tion between the titanium implant and bone is critical with rough surfaces. The
posterior mandible is particularly susceptible to this phenomenon, especially in the
second premolar and first molar sectors [4]. The peri-implant soft tissue membrane
contains fibroblasts, macrophages, and foreign-body giant cells associated with par-
ticulate wear debris. In 1997, Haynes and coworkers suggested that bone loss
around orthopedic replacement prostheses may be related to the activation of mono-
nuclear phagocytes (MNP). Particle-activated mononuclear phagocytes may thus
alter the balance between bone formation and resorption by a number of
mechanisms.

Recent research has shown that debris activates macrophage activity. There are
two types of macrophages. Macrophage type 1 is dedicated to catabolic activity,
inflammatory response, and phagocytosis of debris. If there is too much debris,
macrophage type 1 activity can become more aggressive, leading to pathologic
activity because type 1 macrophages remain too long in too great a quantity. At this
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point, type 2 macrophages cannot be produced in sufficient amounts; in the end, the
inflammatory process (which is enhanced by bacterial activity) starts to destroy the
implant environment. With non-modified surfaces, there is very little release of
metallic particles. In this situation, type 1 macrophages are rapidly replaced by type
2 anabolic macrophage activity that promotes stem cells for formation of new blood
vessels. This favorable environment is less susceptible to be destroyed by bacterial
activity.

In addition to bone resorption, the implant body may be exposed, and calculus
may form on the surface of the titanium; these are the characteristic features of peri-
implantitis. Interestingly, one of the most common chairside treatments for peri-
implantitis is removal of the rough surface of a modified titanium implant using
burs, followed by polishing to try to obtain a smooth, clean surface very similar to
the non-modified ad modum Branemark surface.

Peri-implantitis has been extensively described around dental implants with the
more recent and, for a time, very popular modified (rough) surfaces. In contrast,
non-modified, machined titanium dental implants free of contaminating overlayers,
coatings, or sand-blasting appear to offer the surface characteristics least suscepti-
ble to release wear particulate debris during long-term function. This could explain
the low incidence of peri-implantitis observed around Diskimplants® machined ad
modum Branemark after more than 30 years of continual clinical use. This is par-
ticularly relevant because the original machined titanium Branemark implants have
been successful in clinical use for more than 50 years. Today, these implants offer
the longest documented surface state for a material implanted in human jaws.
Interestingly, IMZ implants and the first Straumann plasma-sprayed hollow cylinder
titanium implants are no longer on the market, having been replaced by implants
with surfaces that are not as rough.

2.5 Human Jaw Cell Cultures: In Vitro Studies
(Figs.2.4,2.5,2.6,2.7,and 2.8)

Specific Biocompatibility, Cytotoxicity, Mutagenicity

In 1991, cytotoxicity, mutagenicity, and specific biocompatibility assays were con-
ducted using human jaw osteoblasts, fibroblasts, and epithelial cell cultures to deter-
mine their reactions to machined ad modum Branemark titanium disks identical to
the finished titanium surface of Diskimplants®. Such multiparametric analyses on
pertinent biological samples accurately reflect the biological interactions between a
given cell type (osteoblasts) and biomaterials that are widely used in oral implantol-
ogy and are equivalent to those encountered in clinical practice. The absence of
cytotoxicity or mutagenicity in cultures of gingival cells (epithelium and connective
tissue) and bone cells (osteoblasts) confirmed the biocompatibility of this non-
modified, machined titanium surface and the importance of metal surface character-
istics. Precautions are thus essential when handling dental implants to avoid
contamination.
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Fig. 2.4 Tissue culture of
cells from human jaws
grown on titanium disks
with modified and
non-modified surface states

Fig.2.5 Cell culture of
osteoblasts from human
jaws: growth is visible as
attachment of the cell
pseudopods to the titanium
disks with a non-modified
surface (courtesy Prof.

P. Doglioli)

Fig. 2.6 Osteoblasts are
well-aligned, perpendicular
to the non-modified
titanium surface of the
Diskimplant®




42

G. M. Scortecci et al.

Fig. 2.7 Contaminated
titanium surface

Fig. 2.8 Cell culture:
growth of gingival
epithelium is disorganized
on the contaminated
titanium surface.
Hemidesmosomes cannot
attach to the rough surface
of the disk
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Spectrofluorometric Analysis of Specific Biocompatibility

Using a spectrofluorometric technique that facilitates determination of osteocalcin
and type I collagen expression in the presence and absence of biomaterials, human
osteoblast cultures were grown on titanium disks with a modified rough surface,
titanium disks coated with hydroxyapatite and non-modified, ad modum Branemark-
machined titanium disks with a surface identical to that of Diskimplants® [5].
Alkaline phosphatase activity and osteocalcin expression on the hydroxyapatite
disks and the modified titanium disks were always lower than on the non-modified
titanium disks.

2.6 Animal Studies (Figs. 2.9, 2.10,2.11, 2.12, 2.13, and 2.14)

Starting in 1983, animal studies on Diskimplants® were conducted at the University
of Marseilles, France, at Boston University, USA, and at the Catholic University of
Louvain, Belgium. Block sections of all animals were sent to the Department of
Histology, University of Louvain for histological analysis.

Fig. 2.9 Lateral T-shaped
osteotomy with a titanium
cutter (dog mandible). The
solid, one-piece cutter
allows preparation of the
vertical and horizontal
osteotomies in a single
operation thanks to the
teeth on the disk base and
shaft. Insertion of the
Diskimplant® base close to
the periosteum

Fig.2.10 Reentry 3
months later revealed
complete reconstruction of
the lateral T-shaped
osteotomy, thanks to the
osteogenic effect of the
inner layer of the
uninjured, full-thickness
periosteal flap (submerged
Diskimplants®). No bone
substitute material was
used
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Fig.2.11 At 3 months,
functional fixed teeth with
two cantilevers (one on
each side) were screw-
secured to the
Diskimplants® and left in
service for 6 months before
a block section was
obtained for microscope
examination

Fig.2.12 A block section
of a functionally loaded
Diskimplant® was obtained
after 6 months. This
macroscopic view shows
the intimate contact
between the titanium and
the bone; there is no soft
tissue at the interface. It
was impossible to separate
the Diskimplant® from the
bone; the cortical and
cancellous areas were
completely reconstructed
and had remained stable
under function

1983-1985: Studies on Beagle Dogs (University of Marseilles,
France)

Two series of experiments were conducted on six beagle dogs for gross analysis of
corticalization, defined by Scortecci [6] as osseointegration within the cortical bone.
No bone substitute material and/or membrane was used to close the lateral T-shaped
osteoincision after implant placement.
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Fig.2.13
Microradiograph showing
complete osseointegration
of the Diskimplant®

Fig. 2.14 Tetracycline
labeling demonstrated
living bone at the
titanium Diskimplant®
interface, attesting to
osseointegration of the
functional basal implant
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Specific aims included investigation of:

— Potential pathological effects (cytotoxicity, genotoxicity, sensitization), acute
inflammatory response, or allergic reactions (mucositis, bone destruction)

— Whether normal bone tissue reforms after lateral osteotomy and has the same
gross appearance as cortical bone

— Whether renewal of this bone occurs after implant loading with functional teeth
(dynamic study by labeling with tetracycline)

— The clinical appearance of the soft issues surrounding the Diskimplant® emer-
gence (irritation, inflammation, pus, etc.)

— Possible Diskimplant® rejection.

Light microscopy studies were also conducted at the Faculty of Medicine,
Department of Histology, Louvain, Belgium, by Professor Dhem and coworkers
(see [7, 8]). Block sections obtained from two beagle dogs sacrificed 6 months after
implant installation with functional teeth were radiographed, and sections were pre-
pared for microscope examination. Microradiographs revealed intimate contact
between the bone and the titanium implant, without any intermediate fibrous tissue.
Fluorescence investigations (UV) allowed dynamic evaluation of the newly formed
bone in intimate contact with the implant; no intermediary fibrous tissue was
observed around any of the implants. The histological aspect of the bone tissue was
healthy, without any pathological signs.

Conclusion: The non-modified titanium surface of the Diskimplants® did not
elicit any allergic or inflammatory reactions, and osseointegration of these basal
implants was maintained with function over time.

1986-1987: Studies on Mongrel Dogs (Boston University, USA;
G. Scortecci and D. Nathanson)

A study at Boston University (Department of Biomaterials, Henry M. Goldman
School of Graduate Dentistry) was conducted by Prof. D. Nathanson, Dept.
Chairman, in collaboration with Dr. Z. Mazjoub. A total of twelve Diskimplants®
(four per animal) were placed in three mongrel dogs using a high-speed drill, with
and without spray. Examination of bone biopsies revealed clinical osseointegration
of all of the implants. At gross analysis, the titanium implants appeared integrated
in the cortical bone at all points. After labeling with tetracycline, bone sections con-
taining the implants were obtained from one dog prior to loading with a restoration.
Microradiograph and histological analysis at the University of Louvain revealed
healthy bone tissue, osseointegration, and corticalization.

2,7  Other Histological Studies

Several studies of BOI implants (a clone of Diskimplants®) were conducted in 2003
by Dr. Stefan Ihde (Switzerland), Dr. Zora Aleksic (Belgrade, Serbia and
Montenegro), and Pr. Dr. Vitonius S. Konstantinovic (Serbia and Montenegro) [9].
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Most of the histological specimens analyzed were obtained from experiments on
dogs, but there were also two human specimens that had been obtained fortuitously.
In these particular specimens, total bone height above the implant disk ranged from
2 to 3 mm. Macroscopic and microscopic examination revealed complete osseoin-
tegration of the entire surface of the implants.

2.8 Human Block Sections (Figs. 2.15, 2.16, 2.17, and 2.18)

1984: Human Block Section of a Laterally Inserted, Immediately
Loaded T3D Titanium Basal Implant for Single-Tooth Replacement
After 9 Years of Function (University of Louvain, Belgium)

The T3D implant, marketed in the USA by Oraltronics (NYC, NY) from 1974 to
1984, was the substantially equivalent precursor of the present-day Diskimplant®.
In 1984, a block section of a free-standing, laterally inserted T3D implant used to
replace a maxillary central incisor became available for study 9 years after immedi-
ate functional loading in 1975. All of the patient’s remaining natural teeth (includ-
ing the implant) had to be extracted prior to radiotherapy. An injection of tetracycline
was administered 6 weeks before implant removal. Microradiography and tetracy-
cline labeling confirmed that osseointegration had been achieved with the immedi-
ate loading protocol, as previously demonstrated in animal research.

2012: Block Sections of a Human Cadaver with Upper and Lower
Jaws Fully Implanted with Diskimplants® Obtained After 24 Years
of Functional Loading (1988-2012) (University of Nice-Sophia
Antipolis, France; G. Odin, P. Hofman)

By chance, during an anatomic workshop conducted at the University of Nice
Medical School in 2012, both the upper and lower jaws of a cadaver were found to
have been rehabilitated with Diskimplants®. A search of our archives revealed that
the patient had been operated on 24 years earlier by one of the authors.

Fig.2.15 Radiograph of a
human block section
containing an
osseointegrated T3D basal
implant that had been
placed 9 years earlier for
single-tooth replacement
(although the immediate
loading protocol was
successful in this case, it is
not recommended for
single-tooth replacements).
Block section obtained in
1986 prior to radiotherapy




48 G. M. Scortecci et al.

Fig.2.16 Postmortem panoramic view of the full mouth, implant- and tooth-supported rehabilita-
tion. The Diskimplants® in the mandible had been in function for 24 years (1988-2012). The bone
height above the basal disks varied from 0.8 to 2.7 mm

First-generation Diskimplants® had been placed in 1988; root-form implants had
been installed in 1991 and in 2005. Radiological and histological examination
revealed extraordinary long-term functional integration of the Diskimplants® in a
bone of height less than 3 mm in the mandible and in the eggshell-thin maxilla
(bone thickness 0.5-2 mm). This example confirms the long-term functional valid-
ity of the BIO concept (basal implants and osseointegration).

29 Effect of Temperature on Bone Tissue During
High-Speed Osteotomy (Figs. 2.19, 2.20, and 2.21)

Albrektsson [10] and Eriksson et al. [11, 12] published several studies demonstrat-
ing that heating to 47 °C for 1 min significantly reduces the amount of bone that
grows into a porous implant, whereas heating to 42 °C for 1 min causes no demon-
strable reduction in bone formation. Since lateral osteotomy with a cutter causes
minimal operative trauma without thermal bone injury, this procedure is compatible
with osseointegration, even in small bone volumes. Micro channels along the cutter
shaft ensure continuous and profuse irrigation of the bone site during the osteotomy.
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Fig. 2.17 Postmortem macroscopic view of the mandible. Some disks are partially covered by
bone, while others are completely embedded in the bone

Fig. 2.18 Osseointegrated
root-form implant between
the pterygoid processes
(same postmortem
specimen) after 24 years
of service (1988-2012)

Cooling takes place instantly, as demonstrated by in vivo measurement using elec-
tronic thermal transducers (Digitem No. 3995, Germany) with an accuracy of 0.1 °C
(with a water spray at 18 °C, drilling occurs between 26 °C and 28 °C). As reported
by Peyton [13], Scortecci and coworkers [14, 15], and Lyer et al. [16, 17], a high-
speed turbine with abundant water cooling generates less heat than other rotary
instruments.

In addition to facilitating evacuation of the water spray, the lateral bone window
created by the cutter used for Diskimplant® placement allows the escape of air, pre-
venting accumulation in the tissues [18]. Placement of a rigid plastic surgical
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Fig.2.19 High-speed
osteotomy is performed
under copious irrigation.
The water “adheres” to the
base and shaft of the cutter
due to the force of suction
during high-speed rotation

Fig.2.20 The metal
thermal probe, which has
the same hardness as
high-density type 1 bone
(worst-case scenario), is
ground by the titanium
cutter during the osteotomy
procedure under copious
irrigation
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Fig. 2.21 Both electronic
thermometers show a
temperature of 26 °C under
copious irrigation
(worst-case scenario).
There is no risk of thermal
injury despite the very high
speed (> 120,000 rpm).
Initial water temperature
22 °C

suction tube against the osteotomy site is an additional safety measure. The lateral
osteotomy technique has been used routinely for over 35 years without any report of
emphysema. Use of cutters is detailed in Chap. 8.
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Guillaume Odin and Gérard M. Scortecci

3.1 Mechanical Evaluation of Titanium Basal Implants:
Fatigue Testing

The fracture of osseointegrated dental implants is always a serious problem. Such
fractures are difficult to manage physically, psychologically, and financially for the
patient as well as the practitioner. Besides the implant, associated prosthetic compo-
nents and the attached artificial teeth may also be involved. Basal implants must
thus always be safely installed in the major bony buttresses of the jaws in order to
properly absorb mechanical stress during masticatory function (Fig. 3.1).

Early Mechanical Tests

A dedicated test machine for investigation of the mechanical properties of dental
implants prior to clinical use was developed by Victory (Nice, France) as early as 1996
(Fig. 3.2). As it could reproduce critical situations (in molar and premolar areas) and
difficult mechanical conditions such as type I bone, the practical information provided
was immediately applicable. In worst-case situations, two forces F1 and F2 (range
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Fig. 3.1 Major
maxillomandibular bony
buttresses for anchorage of
basal implants in severely
atrophic jaws

100—400 N at various angles from O to 35°) were applied at a distance of 12 mm from
the bone level (4 mm transgingival abutment plus 8 mm of tooth height, which is the
average height of a human premolar). The system was thermocycled at 37 °C (NaCl
9 g/1), in agreement with oral temperatures. Titanium root-form implants with a diam-
eter of 3.75 mm, the most common type in clinical practice, were selected for calibra-
tion purposes. The number of cycles selected as a criterion of resistance (five million)
corresponded to a functional lifetime of over 10 years, the recognized desirable duration
of an implant at the time (ISO/TC 106/SC8/WG4 N21 ISO/WD 14801, Tokyo, 1995).

Test Protocol

The titanium Diskimplant® was laterally inserted into an Altuglas® support, which has
a density similar to that of type D1 bone (Misch classification), and thus corresponds
to the worst-case scenario from a mechanical standpoint. A stainless steel cap on a
titanium abutment was used to reach a height of 4 mm above the top of the flat
Monobloc emergence profile. Secured by a gold screw and Loctite® glue (Henkel), this
cap had two inclined surfaces so that the loads were applied perpendicular to their
surface. The loads were applied at an angle of 35° with respect to the main axis of the
implant by two jacks functioning in alternating manner (distance between the tips of
the jacks 6 mm). The frequency was initially set at 0.5 Hz, and the displacement of the
cap at point A was measured for 100, 200, 300, and 400 N using a mechanical compari-
son device. A total of 100 cycles were completed before the load was modified. The
same protocol was repeated at frequencies of 1 Hz, 1.5 Hz, 2 Hz, and 2.5 Hz.
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Fig. 3.2 Fatigue testing
machine for dental
implants (courtesy Hervé
Richard, Anthogyr)

Results

Neither the titanium abutment nor the gold screw loosened at any time during test-
ing. This was true for all amplitudes and all loads. As soon as the frequency exceeded
1.5 Hz, the total amplitude of displacement was no longer effective, meaning that
we were no longer correctly reproducing the natural model, which has a lower fre-
quency. Below 1.5 Hz, the model appeared to be suitable. The amplitude of dis-
placement was closely correlated with the load applied.

3.2 Finite Element Analysis (Figs. 3.3,3.4,3.5,3.6,3.7,3.8, 3.9
and 3.10)

One measure of the success of basal dental implants is their length of service. Long-
term results are influenced by the risks of infection, tolerance of the implant mate-
rial, and distribution of the occlusal forces applied to the implant and surrounding
bone. The first two parameters have been extensively evaluated in microbiologic
and histologic studies as well as investigations on biomaterials. Stress estimates for
systems composed of an implant and adjacent structures were originally calculated
by photoelastic stress analysis [1]. Today, increasing use is made of computerized
techniques such as finite element analysis (FEA) [2].
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Fig. 3.3 Finite element analysis: Diskimplant® placed at a bone depth of 2 mm (courtesy Prof.
G. Odin)

Fig.3.4 Finite element analysis: monodisk (base diameter 9 mm, shaft diameter 2.35 mm); tricor-
tical anchorage above the mandibular canal (courtesy Prof. G. Odin)

Fig. 3.5 Diskimplant®
installed 1.5 mm above the -
right mandibular canal;
1.2—1.8 mm of bone above
the disk (base diameter

9 mm)
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Fig.3.6 Dense bone
around the base of
functionally loaded
Diskimplants®. The yellow
area reveals the dramatic
increase in bone density
compared to the less dense
spongiosa, seen in blue

Fig. 3.7 Horizontal plate-form Diskimplant®. The base extends from the buccal cortical plate to
the lingual wall. The distance from the mandibular canal is 1.5 mm. The basal implant must be
completely covered by bone substitute material and PRF membranes before the full flap is sutured.
Whenever possible, a notch should be prepared for the implant in the bone using a titanium cutter
or a piezotome

Fig. 3.8 After 15 years of
function (1986-2001)
(Fig. 3.5), an additional
plate-form Diskimplant®
was installed in the
posterior left mandible to
avoid a cantilever. A bone
gain of 1.5 mm occurred
above the basal implant
(panoramic view 2016).
Machined ad modum
Branemark surface. No
sign of peri-implantitis
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Fig.3.9 Distal
intracortical anchorage in
an atrophic knife ridge
mandible with two double
Diskimplants® on each
side. There is no need for
cantilevers and mechanical
problems with prosthetic
components are avoided
(panoramic view after

14 years)

Fig. 3.10 Atrophic posterior mandible (flat shallow ridge) equipped with wide, screw-secured
horizontal plate-form Diskimplants®. Five root-form implants were installed between the two
foramina (immediate functional loading protocol). Final fixed, screw-secured Zirkonzahn bridge.
Panoramic view after 15 years of service (2002-2017)

The distribution of mechanical stress during function of a Diskimplant® differs
from that occurring with axially inserted, root-form implants. Comparison of stress
distribution by large diameter root-form implants and Diskimplants® (measured
along their long axis) has revealed that stress is dissipated more evenly along basal
implants. The large horizontal base of the Diskimplant® constitutes the largest bone-
anchored diameter and works mainly in compression, as shown by finite element
analysis. This geometric design undergoes less dramatic change in stress magnitude
along its long axis than a root-form implant. It thus offers better structural stability
and transfers stress more evenly to surrounding bone. The cortical support provided
by Diskimplants® and horizontal plate-form Diskimplants® also eliminates the
zones of deformation seen around root-form implants due to shear stress. The basal
implant must be firmly locked in the bone bed in order to neutralize any rotational
moment during the healing phase.

3.3  The Stability Principle and Multicortical Anchorage

A proper balance of function and stability in dense living native bone is essential for
successful basal implant integration. Primary stability, in particular, is a recognized
requirement for the development of a mineralized versus a non-mineralized tissue
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in areas of mandibular bone fracture [3]. The importance of intracortical stability is
highlighted by the fact that instability and/or overload often lead to post-implantation
fibrosis (instead of osseointegration) and various complications.

Implant designs providing greater primary stability may thus reduce micromo-
tion to such a degree that bone regeneration is possible even with early loading. A
case in point is the disk form implant which offers a geometry compatible with
immediate functional loading of full arch restorations, even in extremely resorbed
jaws. The major maxillomandibular buttresses of the facial skeleton offer suitable
sites of firm anchorage for these purpose-designed basal implants.

Because basal implants are indicated for cases where bone volume is critical and bone
density can be unfavorable, intracortical stability is a major determinant of the quality of
bone healing. Cortical bone is highly resistant and keeps almost the same structure
throughout life, whereas cancellous bone is more sensitive to physiological and biologi-
cal changes. Dramatic alveolar bone loss can occur around implants due to hormonal
changes, especially in menopausal women. In osteoporotic situations, even basal bone
may resorb drastically, leading to spontaneous fracture of the mandible. Modifications in
bone density during lifetime may partially explain the late loss of osseointegration with
root-form implants. They may also contribute to the development of peri-implantitis
around root-form implants anchored primarily in cancellous bone or, to a great extent, in
bone substitute material. Such implants are also subject to late loss of osseointegration,
after 8-10 years of service, due to fatigue microfracture of the spongiosa.

Distal Intracortical Anchorage in Atrophic Jaws

Conventional root-form implants, designed for use in types I, II, III, and IV bone, can
be installed when there is a minimum bone height of 8 mm and a bone width of 6 mm.
Other clinical situations are better managed with single, double, or triple disk
Diskimplants® and plate-form Diskimplants®. The base of the Diskimplant® must
engage both cortical plates (buccolingual/palatal); placement in a single cortical plate or
in the middle of fragile type IV spongiosa is insufficient. Other means to increase initial,
reliable long-lasting stability in basal bone includes stabilization with orthopedic screws
and the use of double-disk Diskimplants® and screw-secured plate-form Diskimplants®.

In the maxilla, Diskimplants® or pterygoid Fractal® implants can be placed in the
tubero-pterygoid area to obtain the desired distal cortical support. Distal anchorage
in the molar sector of the atrophic mandible is safely provided by single- or double-
disk Diskimplants® or wide (33 X 9 mm or 43 x 9 mm) screw-secured, plate-form
Diskimplants®. Distal anchorage avoids the need for a cantilever, thereby reducing
fatigue of the bone-anchored assembly.

34 Number of Basal Implants Required (Figs. 3.11, 3.12
and 3.13)

Reliance on root-form implants alone may necessitate prior bone grafting and/or
GBR in areas of bone resorption. In totally edentulous patients, unfavorable bone
density and/or geometry in the posterior jaw areas may result in compromises in
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Fig.3.11 Complete set of
natural teeth, including
wisdom teeth. As a result
of natural selection, molars
have more roots to be able
to withstand the high
masticatory forces in the
posterior sectors

Fig.3.12 After a 5-year
period of clinical success,
these two short implants
(diameter 4.2 mm, height
6 mm) lost their initial
osseointegration in the
mandibular molar sector

treatment planning, such as placement of a minimal number of root-form implants
solely in the premaxilla and/or mental area and fabrication of a bridge with a distal
cantilever. This, in turn, can lead to metal fatigue and subsequent fracture after
4-5 years of service. In other instances, a technically complex and time-consuming
bone graft procedure might be needed prior to root-form implant installation.
Including wisdom teeth, the upper jaw has a total of 30 roots, while the lower jaw
has 24 roots that support masticatory function over lifetime. Each maxillary molar is
“equipped” with three roots as the result of natural selection over millions of years,
yet certain clinicians, owing to the paucity of residual alveolar bone, still attempt to
manage this mechanically demanding sector with wide, short, or even ultra-short
(5 or 6 mm in height) root-form implants. Almost all implant candidates can recover
anormal occlusal relationship in the molar area, thanks to strong, distal basal implant
support in dense bone as opposed to a reduced prosthetic device with a cantilever.
In the extremely resorbed edentulous mandible and maxilla, the size, location,
number, and shape of basal implants plus the design of the corresponding highly
rigid, screw-secured fixed prosthesis are fundamental in achieving predictable,
reproducible, and durable results as a function of the patient’s age and physical
condition, including muscle tone. For the completely edentulous maxilla, six to ten
implants are usually sufficient for an immediate loading protocol. For the mandible,
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Fig. 3.13 Atrophic maxilla and mandible: high knife ridges. Buccal-lingual/palatal bone thick-
ness < 3 mm. Immediate loading protocol (handicapped patient). No cantilever was used.
Panoramic view after 21 years of service (1995-2016). The number of basal implants installed is
related to the number of natural roots present in the area

five to nine implants are required for immediate loading (use of a small cantilever
or no cantilever at all depends on the number of implants placed).

Important hormonal changes appear in women over age 50, a possible conse-
quence being severe alveolar bone loss. Even well-osseointegrated root-form
implants 8-11 mm long can be lost, and great care should thus be taken when con-
sidering ultra-short implants. Installation of an adequate number of cortically
anchored basal implants, respecting the principle of absolute intracortical stability,
remains the guiding policy for implant treatments designed for long-term success
(=10 years).

Severely Atrophic, Completely Edentulous Jaws: An Indication
for Immediate Loading

Use of a removable full denture by a patient during the healing phase for submerged
basal implants is the main cause of primary implant loss before osseointegration can
occur. This is understandable because stress is placed on each implant individually
during chewing, clenching, speaking, etc. In contrast, a highly rigid, screw-secured-
to-implant fixed bridge prevents micromovements, primary loss of osseointegration,
early infection, bone loss, etc. In some situations, a bone gain is observed.
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In highly atrophic, eggshell-thin maxillae, a temporary transpalatal bar con-
nected to the fixed, screw-secured basal implant prosthesis provides immediate
cross-arch stabilization and reduces stress on the underlying bone. This bar can be
removed after 6-12 months (Figs. 3.17, 3.18, 3.19 and 3.20). The passive fit of the
implant-supported prosthesis and atraumatic occlusal conditions help maintain
osseointegration of the implant during function, with very little, if any, bone loss
over time. Interestingly, increased bone density and even increased bone volume
have been observed after years of function in atrophic mandibles managed with
fixed, basal implant-supported prostheses [4].

Rigid External Fixation: An Orthopedic Concept (Figs. 3.14, 3.15,
3.16and 3.17)

For completely edentulous atrophic jaws treated by basal implants placed immedi-
ately in function, the occlusal section of the prosthetic appliance and the cortically
anchored implant material are of equal importance in maintaining an accurate and
functional inter-arch relationship (i.e., occlusion between the upper and lower
teeth). Postoperative occlusal stability must be guaranteed during function by means
of a fixed, rigidly splinted-to-implant prosthesis and well-balanced tooth-to-tooth
relationships. This rigid appliance serves a purpose similar to external fixation in
orthopedic surgery: it protects the implants from micromovements during the

Fig.3.14 Atrophic eggshell maxilla. After losing eight maxillary root-form implants, this patient
wore a removable full denture for 2 years. Because her maxilla was totally flat, large amounts of
denture adhesive cream were required to hold the appliance in place. After osteogenic preparation
60 days prior to surgery, four basal implants and two pterygoid implants were placed and con-
nected together with a highly rigid, chromium-cobalt/titanium framework. Cross-arch stabilization
was obtained with a solid transpalatal bar (no added parts or welds)
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Fig.3.15 Intraoral view
of the highly rigid, fixed
prosthesis screw-secured to
basal implants. After each
implant was checked
individually, the smooth,
one-piece palatal bar was
removed I-year postop
(same patient as Fig. 3.14)

Fig.3.16 The transpalatal
bar (0.6 mm thick,

width > 10 mm) must
extend from molar to
molar

Fig.3.17 Panoramic view
4 years postop, after
removal of the transpalatal
bar (same patient as

Figs. 3.14, 3.15 and 3.16)

osseointegration process, thereby facilitating bone reconstruction while preventing

displacement and allows the patient to rapidly return to a normal lifestyle.

Partial Edentulism: A Two-Stage Procedure Remains the Safest
Option (Figs. 3.18, 3.19 and 3.20)

For single-tooth replacements and Kennedy class I and II situations, the most reli-
able procedure for Diskimplant® success is to leave the implants submerged under
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Fig. 3.18 Panoramic view
in 1991. Treatment
planning for partial
edentulism must be
mechanically oriented
because remaining natural
teeth affected by ongoing
periodontal disease may be
lost over time. This patient
wore removable upper and
lower dentures

Fig. 3.19 1In 1992, the second lower right premolar fractured. A monodisk Diskimplant® and a
double-disk Diskimplant® were installed in the molar area when the fractured tooth was removed.
Delayed loading procedure. In 2000, the lower left posterior teeth had to be extracted; a double-
disk, a single-disk, and a plate-form Diskimplant® were installed (immediate loading procedure).
Many maxillary teeth had become loose and were also extracted. An immediate, partial removable
denture was fabricated (same patient as Fig. 3.18)

the periosteum for 6 months and let the tissues heal without functional loading.
Immediate functional loading is only possible in selected cases where occlusal con-
ditions are favorable.

3.5 Flat Emergence Profile and Passive Fit (Figs. 3.21, 3.22,
3.23,3.24 and 3.25)

When anatomic conditions prevent parallel installation of implants, various types of
abutments can be used to finalize the prosthetic project: commercial or personalized
angulated abutments, UCLA abutments, Monobloc flat emergence transgingival
abutment, etc. Direct prosthetic connection to implants with a flat emergence profile
widens the possibilities for management of problems due to undesirable angulation
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Fig. 3.20 After 6 months, in February 2001, the patient requested fixed implant-supported teeth
in the upper jaw. Six basal implants and two pterygoid root-form implants were installed, and an
immediate, screw-secured prosthesis was placed. Panoramic view showing the 45° difference in
angulation between the pterygoid root-form implant (Fractal, Victory, France) and the zygomatic
basal implant managed thanks to the flat Monobloc emergence profile. Panoramic status 16 years
postop (March 2017) (same patient as Figs. 3.18 and 3.19)

Fig.3.21 Dry atrophic
maxilla. Note the
considerable difference in
angulation between the
basal Diskimplant® and the
root-form pterygoid
implant, both featuring the
same Monobloc flat
emergence profile

Fig. 3.22 Maxillary
prosthesis with machined
flat titanium copings to be
screw-secured onto
implants with a Monobloc
flat emergence profile
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Fig. 3.23 Internal view of
the flat connecting
components

Fig. 3.24 Prosthesis in
place: compression forces
are transmitted to the main
basal pillars of the atrophic
maxilla

Fig.3.25 Occlusal view
of the prosthesis screw-
secured to the
extramaxillary zygomatic
Diskimplant®

(Table 3.1). First introduced by Victory (Nice, France) in 2000, the Monobloc flat
emergence profile characteristic of Diskimplants® facilitates impression taking
regardless of implant angulation, allows easy access for maintenance, and ensures
improved stress distribution during function. This profile serves as a reliable base
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Table 3.1 Prosthetic possibilities for various types of abutments

Angle correction Compression  Shear stress
(degrees) Passive fit (%) stress (%) (%)
0-15° 0-30° 0-90° 70% 85% 100% 30 70 90 70 30 10
Flat Monobloc X X X X
connection
Angulated X X X X
abutment
Multiunit X X X X

for the connection of a Monobloc transgingival abutment or a hex abutment post for
cemented restorations. Passive fit of the prosthesis, which must be checked radio-
logically after placement of the prosthesis, is facilitated for screw-retained single-
tooth restorations by use of a transparent occlusal guide. A positioning screw
compatible with the Monobloc emergence thread (M1.4) is helpful to position a
multiunit bridge while retaining screws are placed. More recently, firms such as
Anthogyr (2016) and Nobel Biocare (2017) have introduced similar emergence
profile designs.
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4.1 Diskimplants®: Continuous Improvement from 1984
to the Present

The first generation of laterally inserted, tricortical artificial titanium dental roots
was patented and commercialized in 1984 under the name Diskimplants® [1, 2]. The
T3D precursor basal implant of 1974 was not tricortical because the horizontal base
remained essentially in the spongiosa. Based on computerized analysis of implant
geometries and their indications as a function of bone density, volume, and anatomy
plus the mechanical and biological properties of titanium, Diskimplants® are
designed to achieve primary multicortical support even in very small bone volumes
and weak bone densities not directly accessible to root-form implants. The basic
concept is achievement of bi-cortical buccolingual (or palatal) anchorage in addi-
tion to crestal anchorage [2-71].

At the outset, the titanium cutter (osteotome) used for lateral osteotomy was left
in place to serve as the implant. The slightly larger, identically shaped first-
generation Diskimplant® with an external thread was developed soon afterward. The
system and results of initial applications were first officially presented at the World
Implantology Congress in Munich, Germany, in June 1984 [1]. Double and triple
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Diskimplants® were developed thereafter, followed by improved implant emergence
profiles (external hexagon, flat Monobloc emergence profile combining an external
hexagon and a Morse cone, internal octagon).

The wide plate-form Diskimplants® that are used in combination with osteosyn-
thesis screws were developed starting in January 2000 for the management of
extremely atrophic jaws and fractured mandibles without recourse to prior bone
grafting. The year 2005 saw the addition of bone matrix osseotensors for presurgery
bone bed preparation to improve the blood supply and bone quality at the future
implant site (Figs. 4.1, 4.2, 4.3, 4.4 and 4.5). In 2013, use of a temporary transpalatal
bar for extremely atrophic, eggshell maxillae was generalized in order to guarantee
absolute immediate stability of basal bone-anchored fixed full-arch restorations.

Today, basal implants are most often used to treat difficult anatomic situations
where traditional root-form implants cannot be placed directly unless associated
with other procedures such as bone grafting, nerve displacement, bone distraction,
GBR, etc. This must be kept in mind when comparing statistics on success and fail-
ure rates. Excluding early implant failures, multicenter studies on the Diskimplant®
system after, respectively, 9 and 30 years yielded success rates of 85-92%, which is
comparable to the results reported for titanium root-form implants [71, 72]. For
basal implants installed in atrophic jaws, the criterion for success is usually set at a
minimum of 85% after 5 years of service and 80% after 10 years (Table 4.1).

Fig.4.1 Six years after Diskimplant® placement, this patient fell and fractured her posterior pen-
cil mandible in December 1999. Two plate-form Diskimplants® were installed in January 2000.
Panoramic aspect 4 years postop (Feb. 2004)
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Fig. 4.2 Panoramic view
of the initial status.
First-generation, horizontal
plate-form Diskimplants®
were installed at a bone
depth of 0.8-1.1 mm in the
atrophic, upper right
posterior maxilla of this
71-year-old woman
(non-submerged approach)

Fig. 4.3 Ceramic-baked-
to-metal bridge screw-
secured to basal implants
placed after the patient
used a screw-secured
transitional fixed prosthesis
with acrylic teeth for

1 year (same patient as
Fig. 4.2)

Fig. 4.4 Intraoral occlusal
view of the screw-secured
restoration. The screw
access holes were closed
with Teflon™ and
composite




72 G. M. Scortecci and G. Odin

Fig. 4.5 Panoramic view
15 years postop (2000—
2015). Two zygomatic
plate-form Diskimplants®
were placed in the
infra-sinus, first molar
region on both sides

Table 4.1 Proposed criteria for basal implant success

1. An individual basal implant is immobile in all directions when tested clinically

2. An individual basal implant with no complaints from the patient and no clinical symptoms
(no pain, infection, or inflammation; soft tissues healthy) that is slightly mobile when tested
manually does not need to be removed

3. A radiograph may demonstrate minor peri-implant radiolucency that is of no clinical
significance (i.e., no pain or infection). Isolated radiologic findings of this nature are not the
cause for removal of a Diskimplant®, especially if it has been in service for years without any
complaint from the patient

4. Vertical bone loss around the implant is <0.2 mm annually following the first year of service

5. Individual implant performance is characterized by an absence of persistent and/or
irreversible signs and symptoms, such as pain, mobility, infection, neuropathies, or
paresthesia

6. The cosmetic outcome fulfills the patient’s reasonable expectations in light of his or her
initial status

4.2 Long-Term Clinical Studies of Basal Implants

Single-Center Study of Laterally Inserted T3D Basal Implants
(Follow-Up 42 Years) (Fig. 4.6)

In 1974 and 1975, eight titanium T3D implants (the precursor of the Diskimplant®)
with a machined surface finish were installed in seven patients (five women, two
men) ranging in age from 28 to 42 years at the time of implant placement. All of the
implants were immediately loaded (free-standing or connected with natural teeth).
Two of these patients were available for follow-up in 2017. Their T3D implants
were still functional, without any signs of peri-implantitis, and no bone loss had
occurred. Due to the difficult freehand surgical protocol in which a carbide dental
bur was used to laterally prepare the “T-shaped” osteotomy, T3D implants were
abandoned in favor of easier-to-install Diskimplants®. Development of calibrated,
one-piece titanium cutters greatly facilitated implant surgery and opened the way
for widespread diffusion of the Diskimplant® technique.
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Fig. 4.6 T3D implant
placed in 1974 and still in
service in 2016 (42 years).
Machined surface state, no
sign of peri-implantitis

Table 4.2 Early multicenter study of 5848 Diskimplants® placed between 1979 and 1989

Number of Total implants/ Healthy
Year patients Women Men year Failed implants  implants
1979 11 7 4 31 0 (0) 31 (100%)
1980 92 62 30 246 40 (16%) 206 (84%)
1981 117 88 29 316 63 (20%) 253 (80%)
1982 128 97 31 381 58 (15%) 323 (85%)
1983 132 99 33 405 52 (13%) 353 (87%)
1984 146 116 30 438 46 (10.5%) 392 (89.5%)
1985 172 121 51 506 40 (8%) 466 (92%)
1986 189 122 67 612 38 (6.2%) 574 (93.8%)
1987 213 132 81 780 32 (4.1%) 748 (95.5%)
1988 272 185 87 960 46 (4.8%) 914 (95.2%)
1989 295 202 93 1203 85 (7%) 1118 (93%)
Total 1588 1061 527 5848 590 (10.9%) 5258 (89.1%)

NB: 1979-1984 corresponded to a period of limited clinical trials

Early Multicenter Analysis of the Outcome of 5848 Diskimplants®
(1979-1989) (Table 4.2)

A total of 1588 patients (1061 women, 527 men) ranging in age from 14 to 84 years
(average 58.2 years; 65% were older than 58 years) were equipped with
Diskimplants® over a 9-year period, including early clinical trials (1979-1984).
Two 14-year-old patients received implants during this period. Today, the consensus
is to wait until patients reach 18-20 years and have completed their growth. An
exception is young patients with total agenesis, as can occur in ectodermal dyspla-
sia. These Diskimplants® were placed at 12 different centers (Germany, three; Italy,
two; Switzerland, two; Belgium, two; and France, three centers). Only 482 patients
were followed up regularly over 9 years; the 429 patients lost to follow-up were not
included in the 1989 survey. As of June 2017, only four of the patients in this first
treatment population were still being seen for their annual checkup (Figs. 4.7, 4.8,
4.9,4.10,4.11,4.12,4.13, 4.14, 4.15, 4.16, 4.17, 4.18 and 4.19).
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Fig. 4.7 This patient received 11 Diskimplants® in the lower jaw in 1984 (one of the implants is
not prosthetically useful, but the patient refused to have it removed because there was no pain and
the implant was completely stable, even though located in less than 1 mm of bone). The patient was
lost to follow-up from 1985 to 2015 but returned in 2016 to request implants in the upper jaw, at
which time this panoramic radiograph was taken

n~a —

Fig. 4.8 Cone beam CT (same patient as Fig. 4.7). This double Diskimplant® (distance between
two disks 3 mm) was placed 1.4 mm beneath the crest and is still in service after 32 years (non-
modified titanium surface)

The criterion for determining success was survival of the implant and not the
fixed prosthesis. Failure analysis was carried out by two radiologists and two expe-
rienced clinicians by means of a survey listing factors commonly observed with
failed implants. Practitioners were requested to identify any factor or group of fac-
tors that may have contributed to failure and then make a subjective judgment as to
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Fig.4.9 Same patient as Fig. 4.7. Tomographic view after 32 years of service (1984-2016). This
Diskimplant® (disk base diameter 7 mm) was installed 1.6 mm above the mandibular canal and
1.4 mm beneath the bone crest. No peri-implantitis or bone loss

AN
] > L

Fig. 4.10 Mono-disk Diskimplant® installed in 1984 for replacement of a single tooth (delayed
loading protocol) (courtesy of Dr. Christian Bezzina). In 2016, after 32 years of service, a digital
panoramic view showed the perfectly osseointegrated implant, without any bone loss

the primary cause (i.e., surgical wound healing failure, early peri-implantitis, late
peri-implantitis, prosthodontic failure, unknown, etc.). Of the 590 failures identified
in the database, 272 were included in completed surveys that were returned for
analysis (89 were in the molar region, 82 were in the premolar region, and 101 were
in the anterior area). Failed implants were generally not discovered until abutment
connection was attempted, and the specific reasons for the lack of osseointegration
were thus purely speculative.
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Fig.4.11 Cosmetic aspect
after 31 years of service:
thick gingival biotype
around the six
Diskimplant®-supported
front teeth (canine to
canine)

Fig.4.12 Intraoral view
of the screw-secured,
6-element ceramic-to-
metal bridge supported by
basal implants
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Fig.4.13 Panoramic view
after 31 years of service:
the six front teeth were lost
following facial trauma.
Rehabilitation with four
double Diskimplants® did
not require bone grafting
prior to implant installation

Fig.4.14 Periapical
radiograph at 31 years. No
bone loss visible in this
thin knife alveolar ridge

Fig.4.15 This highly
satisfied, 72-year-old
patient (2016) had suffered
severe trauma at the age of
41 years. No caries or
periodontal disease
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Fig.4.16 Diskimplants®
installed at a bone depth of
1.5-2 mm (lingual
approach) immediately
after removal of a failing
subperiosteal implant in
1984 (patient aged

64 years)

Fig.4.17 The implant
was left 6 months without
functional prosthetic teeth.
This technique works very
well in calm patients.
Today, basal implants
placed in this area are left
completely submerged to
protect them from tongue
thrusting

Fig. 4.18 Retroalveolar
radiograph after 26 years
of service. No bone loss
(bone depth <1.5 mm)
Disk diameter 7 mm.
Occlusal conditions were
favorable (no bruxism)

Significant medical compromise was present in patients in whom more than two
implants were lost. Smoking was reported as a factor in 30% of the implant failures
surveyed. Alcohol abuse was considered a factor in 3% of the implant losses. End-
stage peri-implantitis was cited as a cause in only two Diskimplant® failures. This
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Fig. 4.19 Aspect of the
patient in 2010 at age 90;
this patient was highly
compliant with
recommendations
concerning hygiene and
maintenance, did not
smoke, and paid particular
attention to her diet

survey is merely a general descriptive tool since results were not analyzed statisti-
cally. However, average bone loss during the first year was <0.8 mm, and in certain
cases, a bone gain was noted.

Long-Term Follow-Up (1984-2017) of Four Totally Edentulous
Patients with an Extremely Atrophic Jaw Treated
with Diskimplants®

In 1984 and 1985, a total of 37 titanium Diskimplants® with a machined ad
modum Branemark surface were installed in four patients (three women, one
man). Initial available bone height for implant installation was less than 5 mm. A
delayed (6 months) loading protocol was used for all patients. Two implants were
lost in the first year due to non-osseointegration. Total vertical bone loss mea-
sured on perpendicular apical radiographs was <1 mm. In two patients, bone
gain was >1 mm. Thirty-five implants were still in function in November 2017
(Figs. 4.20 and 4.21).

Immediately Loaded Basal Implants

Study results for 72 patients with completely edentulous maxillae treated from 1993
to 1997 are presented in Tables 4.3, 4.4, and 4.5.

The results obtained for 198 patients (112 women, 86 men) with severely atro-
phic, completely edentulous jaws aged 42—78 years at the time of treatment from
2000 to 2016 are presented in Table 4.6. The standard Diskimplants®, plate-form
Diskimplants®, and root-form implants were all placed by the same team using an
immediate functional loading protocol. A total of 18 implants were lost: 4 plate-
form Diskimplants®, 3 Fractal® pterygoid implants, 4 Diskimplants®, and 7 root-
form implants (Fratex®, Fractal®; Victory, France). Seventy percent of the patients
(134) had been lost to follow-up by 2015.
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Fig.4.20 Completely
edentulous maxilla with
first-generation
Diskimplants® placed in
1984 after removal of a
failing subperiosteal
maxillary implant;
implants still in service in
November 2017 (33 years)

Fig.4.21 Completely
edentulous maxilla with
first-generation
Diskimplants® (1985) still
in service after 32 years.
The lower jaw was
equipped in December
2017 (immediate
functional loading
procedure)

Table 4.3 Study population of 72 patients with completely edentulous maxillae treated with an
immediate functional loading procedure (September 1993—February 1997)

Follow-up
Fourth year
Third year
Second year
9 months
Total

Women Men Total
11 5 16
12 7 19
15 8 23
10 4 14
48 24 72

Mean age at implant installation 62 years (range 42—85 years)

Table 4.4 Implant type and location by anatomic site (641 Diskimplants®, 142 Structure® root-

form implants)

Implant type
Structure® root-form
Single disk

Double disk

Triple disk

Total by site

Location in the upper jaw

Premaxilla® Sinus area® Tuberosity® Total
24 0 118 142
0 142 2 144
105 35 8 148
309 24 16 349
438 201 144 783

First premolar, canine, incisors
"Second premolar, first molar, second molar

“Third molar
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Table 4.5 Periotest® values in 72 patients (the lower the value, the higher the stability)

Number of implants (72 patients: 48 Mean Periotest® value after 6
Location women, 24 men) mo. of function (xSD)
Premaxilla® 438 (24 Structure® root-form implants, 504 —2.2 (+2.05)

Diskimplants®)
Sinus area® 201 Diskimplants® 0.8 (x1.9)
Tuberosity* 144 (118 Structure® root-form implants, —1.02 (x2.24)

26 Diskimplants®)
Total 783 implants —-1.3(x2.2)

Incisors, canines, first premolar
®Second premolar, first molar, second molar
“Third molar

Table 4.6 Severely atrophic, completely edentulous jaws treated by the same team with standard
Diskimplants®, plate-form Diskimplants® and root-form implants using an immediate functional
loading protocol (2000-2016)

Number Mandible: Maxilla: Other

of Total Number disks and  disks and  Fractal® root-

implants  implants  of plate-form plate-form pterygoid form
Year lost placed patients Maxilla Mandible disks disks implants  implants
2000 O 78 11 5 6 12 20 10 36
2001 0O 90 13 7 6 12 29 13 36
2002 0 82 12 6 6 12 24 12 34
2003 1 67 9 5 4 8 20 10 29
2004 2 77 11 6 5 10 24 12 31
2005 2 90 13 7 6 12 28 14 36
2006 1 70 10 6 4 8 24 10 28
2007 3 83 12 7 5 10 28 14 31
2008 O 84 11 6 5 20 20 12 32
2009 0 95 14 8 6 12 22 15 36
2010 1 81 12 7 5 10 26 14 31
2011 1 84 12 7 5 10 28 14 32
2012 0O 93 13 8 6 12 30 16 35
2013 2 93 14 9 5 10 33 18 32
2014 0 98 15 10 5 10 38 19 31
2015 3 101 16 9 7 14 31 17 39
2016 2 103 16 10 6 12 32 19 40
Total 18 1469 214 123 92 194 467 39 569
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Initial Bone Bed Activation: Bone Matrix
Osseotensors—Tissue Engineering
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5.1 Principles

Early techniques aimed at improving bone graft incorporation were performed

using a variety of standard dental instruments (drills, burs, needles) to decorti

calize

the jaw bone surface after full-flap exposure and make it bleed. The results were
painful and unpredictable, however, mainly because of heating, metal and bacterial
pollution, non-calibrated trauma, and inappropriate instrument surface characteris-
tics. In the early 1970s, Henry Goldman (Boston University, USA) described the
use of an anesthesia needle to mechanically stimulate the periosteum in order to
treat severe periodontal disease. Despite promising initial results, this manual
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needling procedure had a number of drawbacks (soft tissue contamination due to the
hollow cylinder of the anesthesia needle, bacterial and metal contamination) and
was thus progressively abandoned.

5.2 Stem Cell Activation, Distraction Osteogenesis,
Neoangiogenesis

Complex interactions have been demonstrated between bone matrix tensions and
signaling molecules (extracellular matrix/bone cells/cell nuclei). In addition to the
existence of osteo-regulation processes based on mechano-transduction, osteoten-
sion triggers and regulates bone regeneration, thereby stimulating the human body’s
capacity for self-repair.

The philosophy behind minimally invasive mechanotherapy using an autolo-
gous, flapless approach is promotion of angiogenesis and osteogenesis by activa-
tion of local stem cells with minimal trauma. Recent work in mechanotherapy
has revealed the “gene activation effect” of distraction osteogenesis. When the
capacities of the human bioreactor (HBR) are ignited by osseotensors, the
cascade of molecular events brings the mechanical signal into the nuclei and

Fig.5.1 The human
bioreactor: the vascular
route for BMP signaling
molecules
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Fig.5.2 Bone as a
mechanical receptor is
dependent on muscle
activity

Bones are associated
with muscles

Bones receive continual
tensions from mechanical
forces and gravity

Fig. 5.3 Blood supply of
the head, one of the most
highly vascularized areas
of the body

activates the appropriate gene for tissue regeneration (Figs. 5.1, 5.2, 5.3, and
5.4). Flapless application of mechanical stress to bone tissue (compression, dis-
traction, trauma, microfracture, etc.) activates repair mechanisms via signaling
molecules. Just as mechanical microtrauma of the periosteum induces subse-
quent repair, surgical trauma of the bone results in a burst of localized hard tissue
remodeling via bone callus formation. The cascade of biological responses
includes recruitment of stem cells, both locally and at a distance, that participate
in bone remodeling. The localized micro-cracks caused by penetration of the
osseotensor into the spongiosa induce the release of bone matrix growth factors
(BMP, IGF-I and IGF-II, IGF-beta) that have a range of biologic properties. The
trauma caused by the micro-cracks releases osteo-inductive proteins from the
bone matrix; these proteins in turn recruit stem cells which participate in the
bone remodeling process.
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Fig. 5.4 After bone matrix
osseotensor application,
signaling molecules target
specific receptors in the
extracellular matrix, bone
cells, and cell nuclei

(DNA and gene

activation)

These observations, along with research findings in such fields as mechanobiol-
ogy, tensegrity, corticotomy, distraction osteogenesis, and angiogenesis, prompted
the development of a specific instrument capable of producing calibrated micro-
cracks without bacterial contamination, metal debris, or thermal damage to tissues.
Bone matrix osseotensors were presented for the first time in 2005 at the Oral
Implant Forum organized by the Medical School of the University of Nice-Sophia
Antipolis, France. The ultimate goal of these purpose-designed calibrated instru-
ments is (a) to minimize the inflammatory response and (b) to activate the patient’s
jaw stem cells in order to create new blood supply, stimulate progenitors, boost
osteogenesis, and improve initial bone quality and quantity before installation of
implants with or without guided bone regeneration (GBR). The autologous, flapless
approach is particularly useful with basal implants which are primarily placed in
small bone volumes. Osseotensors are also indicated when sinus lift procedures
(Fractal® lift) and bone grafting are planned. In this last case, both the donor and
recipient sites are activated.

Since 2005, these instruments have become an integral component of presurgery
management to improve the bone quality several days or weeks (depending on ini-
tial bone density) before installation of Diskimplants® or root-form implants.

Diphasic Effect of Bone Matrix Osseotensors (Figs. 5.5, 5.6, 5.7, 5.8,
5.9,5.10,and 5.11)

Transparietal penetration of the DLC-coated (diamond-like carbon) tip of the instru-
ment through the osteogenic compartments (periosteum, bone matrix, endosteum,
vascular walls, bone marrow) instantly modifies the bone matrix tensions impli-
cated in bone homeostasis. The resultant distraction osteogenesis induces two time-
related antagonist effects.
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Fig. 5.5 Stem cell sites in human jaws (inner periosteal layer, endosteum, perivascular sheath,
bone marrow). The intrabony blood supply in extremely atrophic bone is limited. When a jaw
fracture occurs, the majority of the cells involved in the repair process come from the inner layer
of the periosteum. This explains why bone grafting procedures performed before implant installa-
tion are often unsuccessful. Basal implants are an alternative to bone grafts because they are placed
directly in the remaining living native bone

(a) Catabolic Phase from t =0 to t = 21 Days

The bone is softened due to macrophage type 1 phagocytosis and osteoclast
activity. During this initial catabolic phase, which begins 3 minutes after trauma
with an inflammatory response, the bone “softens” as the result of primary mac-
rophage activity the first 3 days. Macrophage 1 activity then ceases progres-
sively. Macrophage type 2 activity, which promotes neoangeogenesis, begins
after 3 days. This ongoing process of stem cell differentiation for tissue repair
develops over 3 weeks.

(b) Anabolic Phase from t = 21 to t = 45 Days

The anabolic phase that follows the catabolic response is characterized by
osteoblastic activity with reconstruction and strengthening of the bone due to
formation of a callus. The suitable waiting period for implant installation and/
or bone grafts in type IV or III bone is 45 to 90 days, depending on the initial
bone condition and the patient’s age.
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Fig. 5.6 Manual and rotary bone matrix osseotensors. Different materials and surface states were
tested in cultures of cells from human jaws. Mirror-smooth, diamond-like carbon (DLC) gave the
best results. Human osteoblasts from the maxilla attached perpendicularly to the DLC surface via
their pseudopods

Fig. 5.7 Transparietal
tissue penetration under
local anesthesia: the bone
matrix osseotensor must
pass through the sinus
membrane

5.3  Practical Use of Bone Matrix Osseotensors (Figs. 5.12,
5.13,5.14,5.15,5.16,and 5.17)

Manual Osseotensors for D3 and D4 Bone Densities

The purpose-designed Osseotensor® for spongy bone is a manual, size-calibrated
surgical steel instrument with a diamond-like carbon-coated (DLC) tip specially
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Fig. 5.8 The cascade of
biological events that occur
after tissue penetration

Day 3: new blood supply

. 5. Bone regeneration, osteoclasts and osteoblasts
progenitors (stem cells)

4. Blood vessels regeneration (neoangiogenesis)
with endothelial stem cells

2. Phagocytosis of debris and dead cells by macrophages
= PN neutrophils, osteoclasts and macrophages

6 hours : fibroblast (stem cells) invasion of the
blood clot

¢
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Fig. 5.9 Clinical application of osseotensors in the sinus area. Implants were placed using a flap-
less procedure 60 days later; they were left submerged 4 to 6 months as a function of bone thick-
ness and quality. No bone substitute material was used. The dense area in the left maxillary sinus
is the result of callus formation caused by bleeding under the Schneiderian membrane following
osseotensor penetration

designed to condense and expand type III and type IV soft bone without any drilling
effect. After topical and local anesthesia of the gingiva, a manual osseotensor is
“press fit” through the gum and the periosteum into the spongiosa; this flapless pro-
cedure is performed with slight manual rotation. The operator must first check the
bone surface mm by mm with a manual osseotensor and select the weakest area of
bone that is easy to penetrate manually. A manual osseotensor should never be
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Fig. 5.10 Timetable of the biological events that occur following the use of bone matrix
osseotensors

forced into areas of already-dense cortical bone as this could damage the tip. The
number of manual impacts in very soft and/or eggshell-thin D4 or D5 bone is not
limited, but a minimum distance of 2 mm should always be respected between two
impact sites. In contrast, in dense D1 or D2 bone, a single impact with a rotary
osseotensor suffices.

The size of each manual impact is smaller than the tip of a transfusion needle.
The solid design of the diamond-like carbon-coated instrument avoids transporta-
tion of metal debris, bacteria, and soft tissue into the sterile bony environment.
When used in the sinus regions, it can easily traverse the eggshell-thin bony sinus
wall and pass through the Schneiderian membrane. Blood from the well-irrigated
connective tissue extravasates under the respiratory epithelial lining of the sinus
cavities and acts as a balloon that atraumatically elevates the Schneiderian mem-
brane. Penetration of the sinus membrane is comparable to the use of a needle for
local anesthesia, but without the risk of foreign body transportation since the osseo-
tensor tip is closed. Consequently, the manual osseotensor tip can completely pass
through the sinus floor and the healthy sinus membrane without provoking hemor-
rhagic bleeding inside the sinus cavity. When the operator pulls outs the manual
osseotensor, the Schneiderian membrane closes up immediately, just like when a
transfusion needle is removed. The immediate closure of the membrane is due to
gravity, atmospheric pressure, and cell-to-cell adhesion of the respiratory sinus epi-
thelium. Any blood is maintained under the respiratory epithelium in the connective
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Fig.5.12 Clinical and radiological views of the use of bone matrix osseotensors in the sinus area
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Fig.5.13 Panoramic view
of an atrophic maxilla
before application of bone
matrix osseotensors (same
patient in Figs. 5.14, 5.15,
5.16,5.17,5.18, 5.19, 5.20,
5.21,5.22,5.23, and 5.24)

Fig.5.14 77-year-old,
female oral invalid

tissue compartment. The balloon effect of the slow blood flow in the connective
tissues that gently raises up the Schneiderian membrane creates a space for forma-
tion of a callus on the sinus floor. The bone gain measured by 3D cone beam CT
imaging generally ranges in height from 1.3 to 6 mm (Figs. 5.18, 5.19, 5.20, 5.21,
5.22,5.23,5.24,5.25,5.26, 5.27,5.28, 5.29, 5.30, 5.31, and 5.32).
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Fig.5.15 Intraoral view

Fig.5.16 The 3D
stereolithographic
reconstruction helps the
surgeon to identify the
weakest areas of the bone
for application of a manual
osseotensor in order to
induce callus formation

Fig. 5.17 Manual bone
matrix osseotensor: the
instrument of choice for
bone stimulation in
patients with atrophic
maxillae

Regional Accelerated Phenomenon (RAP)

Each osseotensor impact site is the point of departure of accelerated reparative
osteogenesis. Mineralization of the subperiosteal blood clot leads to formation of a
bone callus after 45 to 90 days; this corresponds to the bone consolidation con-
stantly observed for closed fractures without displacement. For type III and type IV
soft bone, the micro-cracks (similar to distraction osteogenesis) created in the
spongy bone 45 to 90 days prior to implant surgery and/or bone grafting procedures
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Fig.5.18 The osseotensor
procedure is performed
using a flapless approach
under local anesthesia. A
transparent acrylic
osseotensor guide allows
evaluation of the
improvement in bone
density at the exact same
bone sites 45 to 60 days
later

Fig.5.19 Cone beam CT
60 days after application of
bone matrix osseotensors
in the right maxillary sinus
area (bone gain 2-3 mm)

induce local bony condensation and expansion without destroying the outer archi-
tecture of the area, which remains intact.

Type III and type IV bone can thus be “hardened” into active type II bone.
Depending on the severity of bone atrophy and the age of the patient, the procedure
must be repeated at intervals of 45 to 90 days until the surgeon can manually feel a
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Fig.5.20 Left maxillary
sinus area 60 days after
bone matrix osseotensor
application (bone gain
4.8 mm)

Fig.5.21 3D
reconstruction before
implant installation

marked improvement in bone quality in the area. However, a single session suffices
in the great majority of cases. For extremely atrophic maxillae, several months of
treatment may be required before basal implants can be installed safely. Such wait-
ing periods are usually well-accepted by oral invalids who have previously experi-
enced implant failure or an unsuccessful bone graft. Cone beam CT alone cannot
always visualize the improvement of the initial bone density. This change must be
confirmed by tactile perception, by probing the area with a manual osseotensor.
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Fig.5.22 Prosthesis
secured to basal implants
72 h after surgery
(immediate functional
loading). Cosmetic
outcome

Fig.5.23 Intraoral view
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Rotary Osseotensors for D1 and D2 Bone Densities

Mounted on handpieces (20,000 rpm) and used under copious irrigation, rotary
osseotensors are reserved for D1 and D2 dense cortical bone, which is encountered
almost exclusively in the mental area of the mandible. Limited areas of D2 bone
occur in the maxilla (pterygoid process, zygomatic process, nasal floor, vertical
nasal wall). A single axial impact into the bone per future implant site suffices using
a flapless approach (impact depth from 3 to 11 mm). At the same time, outside of
the cortex, periosteal stem cells can be activated with a manual osseotensor by tun-
neling the surrounding periosteum; the bleeding that occurs under its inner layer of
bone cell progenitors will promote new blood supply. Performed under local anes-
thesia, the procedure is painless and remains sterile because no flap is elevated.
Subperiosteal bleeding is contained and the original bony architecture and periph-
eral blood supply are maintained.

Rotary osseotensors are the opposite of a conventional drill since they essentially
condense the bone rather than remove it. They work by perforating the outer cortex
and pushing the endosteal trabeculae against the remaining buccal, lingual, or pala-
tal bone wall. The drilling effect is minimal because only the tip has a cutting func-
tion; the remainder of the DLC-coated surface is smooth. D1 bone shows little, if
any, bleeding and is unsuitable for direct implant placement. Root-form implants, in
particular, are likely to fail in such an environment because D1 bone contains less
than 1% living cells and almost no intrabony blood supply capable of promoting
osseointegration. In such cases, even with absolute initial stability, an implant may
fail because the new bone regeneration cascade requires a new blood supply. This is
why a rotary osseotensor should be used for D1 bone sites 8 days prior to implant
installation in order to promote neoangiogenesis (a single 10-mm deep impact suf-
fices for each implant site).

Hyperdense, D1 sclerotic bone and D2 bone are “softened” into active D2 bone
(i.e., bone with osteoclastic activity) in 6 to 8 days (8 days marks the end of the post-
trauma catabolic macrophage-1 phase). This is the best moment for implant place-
ment, distraction, or bone grafting on dense bone; there is no need to wait more than
8 days for an increase in bone density since the bone is already hyperdense. When
bone grafting is scheduled, the donor and recipient sites are both activated 8 days
before surgery. The effects of bone softening do not last indefinitely, however. Bone
splitting, for example, should be performed 8 days post-application, during the ini-
tial catabolic phase, before the bone begins to consolidate. This procedure is very
helpful for removal of a fractured osseointegrated implant or an impacted canine or
wisdom tooth 1 week after use of a rotary osseotensor. In these situations, four
impacts down to the level of the apex of the tooth or the implant to be removed are
recommended, taking advantage of the initial catabolic phase.
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Fig.5.24 Panorex at 12
years post-op

Fig.5.25 Cone beam CT before osseotensor application (69-year-old patient); initial condition of
the atrophic maxilla

Fig.5.26 Manual
osseotensor applied 60
days before basal implant
installation
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Fig.5.27 Cone beam CT 90 days after osseotensor application; both the bone volume and density
have increased

Fig. 5.28 Cone beam panoramic view after basal implant installation in the major maxillary
buttresses
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Fig.5.29 Pterygoid and
zygomatic anchorage of
basal implants

lAan 21

Fig. 5.30 Anchorage of a 20-mm-long root-form implant (Fractal®, Victory) in the dense bony
pterygoid process

54 Indications and Contraindications for Osseotensors

Successful clinical use of osseotensors for over a decade has led to the establish-
ment of safe, reliable protocols and identification of potential complications
(bending of the instrument, fracture of the tip, bone necrosis due to excessive
impacts with a rotary osseotensor, infection due to application through an infected
sinus, etc.).
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Fig.5.31 Front view of
basal implants firmly
anchored on the zygomatic
processes (major bony
buttresses of the maxilla)
using 5-6-mm-long
orthopedic screws

Fig.5.32 Sagittal view of
an angulated root-form
implant in the pterygoid
process, a zygomatic
plate-form Diskimplant®,
and basal implants secured
with orthopedic screws on
the canine buttresses (same
patient as Fig. 5.31)

Indications for Manual Osseotensors (Used Mainly in the Maxilla)

Manual osseotensors can be used in three different ways: transparietal penetration
of the bone site, tunneling of the periosteum, and as a manual probe to check bone

quality.

— Flapless application 45-60 days before implant installation and/or sinus eleva-
tion. Only insert the osseotensor through “weak,” easy-to-penetrate areas of can-
cellous bone identified by tactile perception. The number of manual impacts
depends on the anatomic situation. When a sinus elevation procedure is planned,
the manual osseotensor must pass through the lateral eggshell-thin sinus plate
and the sinus membrane. Wait 45 days, and then manually recheck the site. If the
density is satisfactory, an immediate loading protocol can be used for manage-
ment of total edentulism. A submerged protocol is required for partial edentulism
(allow a 6- to 9-month waiting period before loading implants placed in initially

weak bone).
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— Flapless tunneling of the periosteum in order to increase the initial blood supply
and activate periosteal stem cells:
(a) One week before GBR and afterward as a manual probe for verification of
bone density
(b) One week before autologous free and/or pedicle bone grafts

Caution: Never attempt to penetrate dense cortical bone with a manual osseoten-
sor as there is a risk the instrument tip will bend or break. Always try to locate and
manually penetrate areas of soft, cancellous, and/or eggshell-thin bone that will
harden following formation of a callus.

Indications for Rotary Osseotensors (Used Mainly
in the Mandible)

The rotary osseotensor must penetrate to a bone depth of 10 mm under copious
irrigation. Indications include:

— Flapless application 1 week before implant placement (a single intrabony impact
suffices).

— Flapless application 1 week before extraction of an impacted tooth or
mobilization of an impacted canine (four or five impacts around the tooth to be
extracted).

— Flapless application 1 week before retrieval of a fractured, osseointegrated
implant (three or four impacts around the implant to be removed).

— Flapless application 1 week before distraction and/or crestal expansion (com-
bined with use of a manual osseotensor for the periosteum). A single impact with
a rotary osseotensor is sufficient to reduce the density of high knife-ridge cortical
bone and allow ulterior distraction/expansion.

Use of Osseotensors for Diskimplants® and Plate-Form
Diskimplants®

— Rotary osseotensor 1 week before implant placement in type I or type II bone
(anterior mandible) (a single impact at each recipient site). For atrophic mandi-
bles, a single impact in the mental area and an impact in each of the posterior
areas above the nerve suffice.

— Manual osseotensor 45-90 days before surgery for type IIl or type IV
bone (mainly encountered in the maxilla). The number of manual impacts is not
limited in soft or eggshell-thin bone, but already-dense bone areas should be
avoided.

— Manual osseotensor for periosteal stimulation of the posterior mandible 1 week
before placement of a ramus plate-form Diskimplant®.
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Use of Osseotensors for Root-Form Dental Implants

— Rotary osseotensor 1 week before implant installation in type I or type II bone
(anterior mandible); one impact per intended implant site.

— Manual osseotensor 45-90 days before implant placement in type III or type IV
bone (maxilla); the number of manual impacts is not limited (usually one impact
every 2 mm in eggshell-thin or “butter-like” bony areas).

Verification of Bone Density with a Manual Osseotensor After
Sinus Lift Procedures and GBR

Manual osseotensors allow easy tactile evaluation of the results of sinus lift proce-
dures and GBR. After mild local anesthesia (articaine 1:200 000) plus a flash of 2 g
amoxicillin, the instrument is inserted using a flapless approach through the mucosa
and into the bony area in order to evaluate the density of the grafted material. Once
the density of the grafted bone site is judged acceptable, i.e., when the osseotensor
no longer easily penetrates the bony area using manual pressure, basal and/or root-
form implants can be installed and left submerged for 4 to 6 months (delayed load-
ing protocol).

Contraindications

Since oral implantology and regenerative medicine are elective procedures, bone
matrix osseotensors should only be used for physically and mentally healthy indi-
viduals. In particular, patients on intravenous, high-dose bisphosphonates are not
candidates for osseotensors. Patients with sinusitis, oral infections, inadequate oral
hygiene, or poor dental conditions must first be treated and educated before osseo-
tensors can be considered. Finally, patients with mental disorders should be evalu-
ated by a psychiatrist before they can be considered candidates for the procedure.

5.5  Minimally Invasive Sinus Lift: Fractal® Lift

Forty-five to sixty days after osseotensor application, specially designed Fractal®
root-form implants (Victory, Nice, France) can be installed in the posterior maxilla,
where 2 to 4 mm of residual bone generally remains beneath the sinuses. Installation
requires just a single osteotomy with a step drill (Fractal® final drill or pilot drill).
Thanks to their reverse micro-thread design, these implants act as stem cell eleva-
tors (Fig. 5.9) that prevent perforation of the sinus membrane during implant instal-
lation. The apex raises up the Schneiderian membrane without tearing it. Lateral
openings and channels permit evacuation of hydraulic pressure at the crestal level.
The Fractal® lift procedure does not require placement of any biomaterial.
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Fig.5.33 Root-form

implant: bone gain after Resuits
osseotensor application in

the sinus area (flapless ¢ Bone gain: from 1.2 to 6 mm
crestal approach). No bone

substitute material was * 682 implants placed:

used 677 osteointegrated

5 lost

o Grafts
recipient sites: neoangeogenesis +++
donor sites: bone « softening » ++

When 24 mm of bone height are available beneath the sinus floor, an 8 mm
Fractal® implant can be placed 60 days after bone matrix activation with a manual
osseotensor. If there are at least 4 mm of available bone, an 11-mm Fractal® implant
can be installed. When only 2—3 mm of bone are available, only one implant should
be placed at a time, at intervals of 45 days, to avoid interrupting the blood supply. A
lateral window or a basal implant is appropriate when there are less than 2 mm of
initial bone height available under the sinus.

Delayed loading is mandatory for single-tooth replacement and cases of partial
edentulism. A waiting period of 6 months or more is necessary for reduced bone
heights. Bone density should always be verified manually with an osseotensor
before proceeding with osteotomy. If bone density is inadequate, an additional
osseotensor session should be performed, with a waiting period of 60 days rather
than 45 days before surgery.

Results (Fig. 5.33)

Cone beam CT scans (Planmeca) were used by Vermeulen in 2012 to analyze a
series of 682 implants placed 45 to 60 days after application of bone matrix osseo-
tensors; a bone gain of 1.2 to 6 mm was noted in the sinus area (677 of the implants
were osseointegrated; 5 had been lost). Results for use of osseotensors in combina-
tion with bone grafting revealed that bone graft incorporation and new bone forma-
tion were significantly increased at the recipient sites thanks to the initial
improvement of the blood supply.

5.6 Tissue Engineering and PRF

Biomaterials (BioOss®, CoreBone®, autologous dentin prepared with a Dentin
Grinder®, Ivory® Dentin, etc.) and PRF are often used in GBR tissue engineering
and regenerative medicine as scaffolding for the new blood supply, new bone for-
mation, and tissue augmentation. Application of osseotensors is thus essential for
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initial preparation of target sites for applied tissue engineering protocols. These
instruments are also helpful as probes for verification of the result of GBR before
implant placement. To increase the initial blood supply and stimulate recruitment
of bone progenitor stem cells, manual osseotensors and rotary osseotensors should
be used, respectively, 45 days (in D4/D3 bone) to 1 week (in D1/D2 bone) before
surgery.

5.7 Platelet-Rich Fibrin (PRF): A Natural and Biological
Blood Concentrate

Joseph Choukroun and Alexandre-Amir Aalam

Wound healing is a complex biologic process that includes active participation of
cells, connective tissue, extracellular matrix (ECM), and soluble factors and their
continuous interaction. Numerous studies have demonstrated that local delivery of
multiple growth factors can enhance soft and hard tissue formation. However, since
angiogenesis is closely linked with osteogenesis, the ideal scenario is to deliver a
cascade of multiple growth factors to induce bone formation.

During the normal wound healing process, a fibrin clot forms immediately after
trauma and contains platelets, fibrin, and ECM proteins. In the field of platelet con-
centrates, the concept of platelet-rich fibrin (PRF) is to obtain a fibrin clot by a
centrifugal spin. The PRF clot with integrated growth factors and cytokines pro-
vides a favorable environment for cell migration and rapid vascularization.

Platelet-Rich Fibrin (PRF): A Natural Fibrin Matrix Concept

PRF was first developed in France by Choukroun et al. in 2001 [1]. The concept of
PRF is to collect an autologous growth factor-concentrated fibrin clot. This tech-
nology requires a centrifuge and a blood collection system (PRF Duo, Process for
PREF, France). The PRF protocol is very simple: the absence of anticoagulant and a
specific tube design allow for quick activation of the blood sample platelets that are
in contact with the tube walls and the release of the physiologic coagulation cas-
cade. Fibrinogen is initially concentrated in the top layer of the tube before the
circulating thrombin transforms it into fibrin. A fibrin clot is then obtained in the
middle layer, just between the red corpuscles at the bottom and acellular plasma
(PPP) at the top.

What Is Fibrin?

Fibrin is an activated form of fibrinogen, which is a soluble fibrillar glycoprotein
abundantly present in both plasma and platelet alpha-granules. It plays a
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determinant role in platelet aggregation during hemostasis. It is transformed into a
biologic glue which aids in establishing the initial platelet clumping and results in a
protective wall for the ruptured endothelial vessel lining. Fibrinogen is transformed
into an insoluble fibrin by thrombin, while the polymerized fibrin gel constitutes the
first healing matrix for the injured site [2].

Platelets and Cytokines

Platelets are trapped in large numbers in the fibrin mesh. They are formed in bone
marrow from pinched off cytoplasmic fragments of megakaryocytes and are released
into the circulation. They are discoidal and anuclear structures with an 8- to 10-day
life span. Platelets contain alpha-granules, dense granules, and other granules that
are secreted at the time of activation. Alpha-granules contain platelet-specific pro-
teins (B-thromboglobulin), non-platelet-specific proteins (fibronectin, thrombos-
pondin, fibrinogen) and other coagulation factors, growth promoters, fibrinolysis
inhibitors, and immunoglobulins. Dense granules contain adenosine diphosphate
(ADP), adenosine triphosphate (ATP), ionized calcium, histamine, and serotonin.
The platelet phospholipid double layer membrane contains glycoproteins that func-
tion as receptors for collagen and other molecules. Activation is fundamental to
initiate hemostasis due to platelet aggregation at the injured site and in the interac-
tion with coagulation mechanisms [3, 4].

Cytokines

Cytokines and growth factors are small proteins released from platelet alpha-

granules after clotting whose function is mediated through specific cell receptors.

The release of cytokines during degranulation stimulates cell migration and prolif-

eration within the fibrin matrix, launching the first stages of healing [2]. There are

numerous cytokines in PRF:

— Transforming growth factor 81 (TGF-B1) is the most powerful fibrosis agent of
all the cytokines.

— PDGF (platelet-derived growth factor). Mesenchymal cell mitogen is an essen-
tial regulator for migration, proliferation, and survival of mesenchymal cells,
according to its specific receptor distribution.

— The IGF axis: protective cell agent (insulin-like growth factors—IGFs).

- EGFE

- FGE

Slow release of growth factors by the PRF membrane: Several studies clearly
demonstrate that the PRF membrane sustains a substantial slow release of key
growth factors for at least 1 week [5, 6].


http://en.wikipedia.org/wiki/Adenosine_triphosphate
http://en.wikipedia.org/wiki/Calcium
http://en.wikipedia.org/wiki/Histamine
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Leukocytes: A Key Parameter

The literature dealing with platelet concentrates often ignores the impact of leuko-
cytes, which are key participants: they produce large amounts of VEGF and PDGF
which are crucial for promotion of angiogenesis [4, 7].

Evolution of PRF

1. Advanced Platelet-Rich Fibrin (A-PRF)

Since 2012, considerable evidence has been accumulated about the role of white

cells in vascularization and bone formation [8]. Granulocytes play a major role

in vascularization and improve the function of monocytes which are now named

“supercells for bone regeneration” [9]. Monocytes and macrophages produce

BMP-2 [10]. The synergy of fibrin and monocytes is evident. Understanding the

g-force role on white cell loss during the spin leads to a reduction of the centrifu-

gal force (in rpm). Thus, the matrix function is improved [11].

2. Injectable Platelet-Rich Fibrin (i-PRF)

With the same concept of a non-additive system, the i-PRF was designed in

2014. Blood is drawn into a specially designed tube that is centrifuged at very

low speed for a short time (3 min). The objective was double:

— To enhance the amount of physiological inflammatory cells and mesenchy-
mal stem cells (detected by flow cytometry analysis according to the charac-
teristics published by the International Society for Cell Therapy): we found
20 times more white cells in the supernatant than in the PRP, and 1-2% of the
cells in this supernatant are MSCs.

— To obtain a liquid form of PRF at the end of the spin that clots after several
minutes. This technique allows liquid injection into the site (gingiva or PDL)
or into the bone graft. When the i-PRF is injected into the bone graft (already
mixed with the A-PRF fragments), it clots very quickly (1 min) and permits a
more cohesive and malleable bone graft.

This technique is specifically interesting for sinus lift procedures where a more
solid bone graft reduces bone graft particle migration into the maxillary sinus. The
stability of the bone graft particles embedded in a fibrin clot allows much easier
adaptation and more rapid vascularization.

Clinical Use and Indications (Figs. 5.34, 5.35, 5.36, 5.37, 5.38, 5.39,
5.40,and 5.41)

Clinically, PRF is used as a tissue matrix and as a recipient bed for growth factors.
Clots are prepared in a metal PRF container (PRF Box), which permits their slight
compression into membrane or plug form. This form permits the easiest clinical
application. All clinical situations in oral surgery may be improved by the use of
A-PRF or i-PRF: socket preservation, bone grafts, and soft tissue management [12].
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PRE DUO Centrifuge A-PRF tube i-PRF tube

Fig.5.34 PRF Duo centrifuge and A-PRF and i-PRF tubes

Fig.5.35 Blood tube after
centrifugation

Fig.5.36 PRF
membranes
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Fig.5.37 Sockets after
extraction

Fig.5.38 Filling with
A-PRF

Fig.5.39 Follow-up at 4
months
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Fig. 5.40 Follow-up at 4
months; sinus lift with only
PRF

Fig.5.41 Follow-up at 6
months

5.8 Conclusion

The very simple and inexpensive PRF technique provides an autologous fibrin
matrix with slow release of growth factors. With over 15 years of experience in the
use of PRF, more than 500 articles on the subject are available in Medline, confirm-
ing the validity of the approach. However, it remains a technique in progress, and
future enhancements will be made with the evolution of tissue engineering.
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Step-by-Step Basal Implantology



Check for
updates

Indications and Contraindications 6

Gérard M. Scortecci

6.1 Medical and Dental Risk Assessment in Basal
Implantology

Basal implant therapy requires respect of the same principles and diagnostic method-
ology as for root-form implants. The medical and dental history, vital signs, compre-
hensive clinical examination of the head and neck, and laboratory studies indicate
whether the patient is in good health. They may reveal significant pathological condi-
tions and serve as the basis for risk assessment. They also document the need to
obtain a medical consultation to diagnose a suspected systemic disease and, if neces-
sary, obtain treatment by a specialist. The family physician or medical specialist also
provides his expertise and experience to fully evaluate physical or mental status and
the special risks of general anesthesia or the use of intravenous sedation together with
local anesthesia in medically compromised patients. Medications that are prescribed
pre- and postoperatively may interact with the patient’s existing drug regimen.
The following guidelines are means to avoid unforeseen complications.

— Primum non nocere (Hippocrates, fifth century BC): the physician’s mission is to
safeguard the health of the people and not aggravate it. The normal course of any
therapy is to improve the patient’s health. This is especially the case for dental
implant installation, which is not an emergency procedure.

— Examination, diagnosis, and prevention of problems: many potential complica-
tions can be avoided by simple preventive measures, the best of which is an
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adequate patient history and examination, including vital signs and the psycho-
logical status of the patient. All pertinent information obtained during initial and
subsequent preoperative visits should be conserved.

— Long-term objectives for implant treatment: poor oral hygiene, drug and tobacco
abuse, and difficult mechanical and occlusal conditions can all compromise
long-term success and patient compliance. Risk/benefit analysis is required
before a decision is made.

— Reliable treatment planning: overly risky basal implant treatment options must
be avoided. Alternative conventional denture treatment should be considered first
and discussed with the implant candidate. This includes the possible use of bone
grafting prior to placement of root-form or basal implants. Three-dimensional
implant planning using appropriate planning software with a basal implant
library and stereolithographic models allows determination the optimum number
of basal implants and their positions.

— Informed consent and cost: the patient must be clearly informed of the risks and
benefits of basal implant treatment. Psychologically unstable patients are not
good implant candidates. The procedure must be fully explained to the patient
prior to the start of therapy, including prosthetic considerations and maintenance
and timing. The total duration of the basal implant treatment must be explained.
Patients must be informed of potential risks and the fact that the occurrence of
unforeseeable events may require modification and/or corrections with possible
return to a conventional appliance.

The total cost must be also indicated as soon as possible.

— Strategy for management of potential failures: preference should be given to
easy-to-retrieve or easy-to-manage basal implant systems permitting rapid return
to the pre-implant surgery situation without compromising the use of conven-
tional removable prosthetic devices.

— Osteogenic activation with bone matrix osseotensors before implant surgery to
improve the bone density of the future recipient bone bed.

6.2 Contraindications to Implant Therapy
Relative Contraindications

As for axial implants, there are a number of relative contraindications for basal
implant treatment that require particular attention before a decision is made to pro-
ceed with implant placement. Successful implant therapy will obviously be com-
promised in heavy smokers and individuals with poor oral hygiene unless lifestyle
changes are made. A history of substance abuse or chronic ethylism should also
prompt thorough assessment of the patient’s capacity for compliance. Finally,
implant installation is generally not advisable during pregnancy.

Implant candidates with inadequately controlled diabetes, erythropoietic or
phosphocalcic metabolic disorders, or immunodeficiency syndrome can receive
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Table 6.1 Oral manifestations of aging

Manifestation
Loss of teeth

Alveolar bone loss
Basal bone loss

Attrition
Oral mucosa

Gingivae

Saliva

Tongue

Lips

Masticatory muscles
Maxillary sinus
pneumatization

Oral invalidity

Oral manifestations of
neurodegenerative diseases/
Parkinson’s disease
Alzheimer’s disease

Cause/consequence

Primarily caused by degeneration of periodontal and/or dental
(caries) structures

Atrophy of the posterior mandibular and maxillary sectors due
to tooth loss and subsequent wear of a removable denture
Periodontal disease, bone atrophy, iatrogenic effect of denture(s)
The bone remaining after alveolar bone loss is mainly basal
bone, which has a poor blood supply and algodystrophic areas.
This bone can continuously disappear if stress is applied by a
removable denture.

Rate is influenced by diet and masticatory habits (bruxism)
Loss of elasticity with dryness and atrophy; tendency to
hyperkeratosis

Loss of stippling, edematous appearance; keratinized layer thin
or absent; tissue friable and easily injured. Bleeding due to
medication

Highly sensitive mobile mucosa with very little attached gingiva
Diminished function of salivary glands with relative or absolute
xerostomia owing to atrophy of cells lining the intermediate
ducts; xerostomia also results in abnormal taste sensations and
stomatodynia

Atrophic glossitis, probably caused by concurrent vitamin B
complex deficiency

Angular cheilosis is very common and probably is related to
concurrent vitamin B deficiency and close bite; cheilitis and
“purse-string” mouth caused by dehydration

Myoatrophy caused by hypofunction

Descent of the bone structure and upper molars following sinus
expansion

Patient is unable to wear a full or partial denture for physical
(including gag reflex) and/or psychological reasons; remains
without teeth and eats only soft meals directly on the gums; is
incapable of adapting to any type of removable appliance

The constant rotational movement of the tongue seen in patients
with Parkinson’s disease makes it difficult to wear a removable
denture

Patient unable to cope with a removable denture. Possible loss
of the removable appliance

implants in certain cases, but expert medical advice should be sought first (Table 6.1).
This is also the case for patients undergoing radiotherapy, individuals with a history
of prolonged use of corticosteroids, and those taking anticoagulants or at risk for
cardiac disease. Likewise, IV administration of bisphosphonates has been linked to

osteonecrosis of the jaw.

Absolute Contraindications

The so-called “absolute” contraindications comprise systemic diseases that are life-
endangering or may seriously jeopardize the patient’s health, as well as compromise
the long-term success of implants [1]. At-risk patients should always be referred to
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their general physician or a specialist before a final decision is made to proceed with
implant therapy. The following is a non-exhaustive list of common absolute
contraindications:

— Heavy bruxism, clenching, uncontrolled malocclusion, and/or a history of frac-
tured teeth, especially when associated with psychological problems

— High-dose IV bisphosphonates for treatment of severe osteoporosis or cancer
(risk of osteonecrosis of the jaw)

— Facial and trigeminal neuropathies associated with a depressive state, epilepsy

— Severe heart disease, recent stroke, or heart attack (risk of infectious
endocarditis)

— Severe or uncontrolled diabetes

— Untreated renal insufficiency

— Ongoing radiotherapy for cancer (risk of osteoradionecrosis of the jaw, espe-
cially after radiation of the head and neck region)

Basal Implants in Childhood and Adolescence

Basal implants represent an interesting therapeutic approach with very specific
indications in young patients. The limitations and contraindications to their use are
related primarily to their long-term impact. One of the main problems is the fatigue
resistance of the implanted material: fracture of the implant body may require
either repeat surgery or abandon of the fractured implant in situ and return to a
conventional approach. Basal implants should not be installed in adolescents who
have not yet completed their growth. The current consensus is that implants should
not be installed before 18-20 years of age, except for patients with complete agen-
esis, as can occur in certain cases of ectodermal dysplasia. In Europe, the USA,
and Japan, the life expectancy of teenage implant patients is approximately
60 years. The outcome of basal implants subjected to the stress of mastication for
such long periods is still not known. To date, the longest observation period for a
continuously functioning freestanding central incisor Diskimplant® is 33 years
(1984-2018).

Cosmetics remains a difficult problem because osseointegrated implants do not
follow the same pattern of continuous eruption as natural teeth. The implant margin
remains fixed, whereas the natural tooth margin tends to descend in the upper inci-
sor area of young patients, which is the most critical site for esthetics.

Psychological Contraindications

The following conditions are generally regarded as psychiatric contraindications to
implant treatment:

— Psychotic syndromes, i.e., schizophrenia or paranoia
— Alcohol or drug abuse, if not diagnosed with great certainty as secondary to the
oral problem
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— Severe character disorders and neurotic syndromes, i.e., hysteroid and borderline
personality

— Body dysmorphic disorder (BDD) and patients with extreme and unrealistic
expectations and demands regarding the cosmetic outcome of the operation
rather than functional results

— Syndromes associated with cerebral lesions and presenile dementia

Patients presenting with the above disorders must be identified as early as pos-
sible. However, it is equally important to offer treatment to those patients whose
edentulism is a causal factor of their psychiatric or social problems. Owing to the
importance of correct patient selection, a psychiatrist should be consulted when
necessary. In general, dysmorphophobic and bipolar patients are not suitable candi-
dates for extensive basal implant treatments, but they can be accepted after psychi-
atric evaluation and treatment for limited implant protocols, such as single-tooth
replacement, if oral conditions are not extreme.

There are also patients who consider a complete, fixed implant-supported restora-
tion the ultimate solution to all of their problems. They may believe that the elimina-
tion of any remaining teeth will forever eliminate all of the discomfort and pain they
have endured in the past, thus obviating the need for any future dental care. These
patients may therefore demand the removal of teeth that perhaps can be restored
successfully. For other individuals, however, the loss of remaining teeth is a tremen-
dous psychological blow, and it may take some time for them to accept the diagno-
sis. Basal implantology offers an alternative to conventional removable dentures in
many cases and makes it possible to help patients who, for anatomical or psycho-
logical reasons, have been unable to cope with conventional prosthetic treatment.

6.3 Indications for Basal Implant Treatment [2-26]

1. Bone volume incompatible with direct placement of axial (crestal) root-form
implants (Figs. 6.1 and 6.2).

2. Bone volume suitable for root-form implants but bone quality is poor (D4).
Basal implants can be considered in such cases thanks to their wide base pro-
viding multicortical anchorage. Osseotensors should be used to improve bone
density 45 days prior to implant placement.

3. Reduced buccal opening preventing axial drilling (premolar/molar mandibular
sectors).

4. Bone grafting and/or sinus floor elevation refused by the patient or contraindi-
cated (Figs. 6.2, 6.3,6.4, 6.5, 6.6, 6.7, 6.8, 6.9, 6.10, 6.11 and 6.12).

5. Salvage surgery after failure of root-form implants and/or bone grafting
(Figs. 6.2, 6.3 and 6.4); an immediate loading protocol can be used for com-
pletely edentulous patients (Figs. 6.13, 6.14 and 6.15).

6. Extraction-immediate Diskimplant® implantation with simultaneous GBR
when the entire buccal plate has been destroyed (Figs. 6.16 and 6.17).

7. High, thin knife ridge (buccal-lingual width <3 mm) with simultaneous GBR at
Diskimplant® installation.
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Fig. 6.1 The bone quality
and volume of this
extremely atrophic dry
maxilla are incompatible
with installation of
root-form implants unless
bone grafting is performed
first. This is a typical
indication for plate-form
Diskimplants®

Fig. 6.2 Extremely atrophic dry maxilla: this is not an indication for prior bone grafting. Plate-
form Diskimplants® are indicated in the canine pillar and zygomatic areas. An immediate loading
protocol is mandatory with a highly rigid, screw-secured fixed prosthesis acting as an external
orthopedic fixation appliance. Use of a removable denture would irrevocably compromise the
basal implant rehabilitation

8. Severe maxillary and/or mandibular atrophy: ultrashort monodisk Diskimplants®
(bone height <4 mm) (Fig. 6.8) or plate-form Diskimplants® (Fig. 6.9) can be
installed without prior bone grafting.

9. Totally edentulous patients: 45-60 days after local stem cell activation with a
manual osseotensor, a rapid return to fixed teeth is possible for eggshell-thin
maxillae using an immediate functional loading procedure with simultaneous
placement of bone substitute material and/or GBR (Figs. 6.10, 6.11, 6.12, 6.13,
6.14, 6.15, 6.16, 6.17, 6.18, 6.19 and 6.20).

10. Partially edentulous patients: immediate functional loading for the posterior
maxilla and mandible may be an option if clinical parameters are favorable and
at least three or four implants are connected together. Delayed loading remains
safer for single-tooth replacements and two implants.

11. Connection with strong, healthy natural teeth is possible in selected cases.
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Fig. 6.3

Stereolithographic model
of an eggshell-thin maxilla
(64-year-old woman)

Fig. 6.4 Fenestration of
the sinus: the Schneiderian
membrane is delicately
pushed up with a specific
round-tipped instrument
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Fig. 6.5 Sinus membrane
elevation with bone
substitute material

Fig. 6.6 Basal implant
screw-secured onto the
dense zygomatic bone

Fig. 6.7 Teleradiograph at
6 months (fixed prosthesis
removed) (same patient as
Figs. 6.3, 6.4, 6.5, and 6.6)




6 Indications and Contraindications 129

[} ka/

1 020 | 0 40 50 [ 6 o 7 ol s o[l ol ool 10120081 30

Fig.6.8 Cone beam CT at 6 months. The maxillary sinuses are clear and healthy (same patient as
Figs. 6.3,6.4, 6.5, 6.6 and 6.7)

Fig. 6.9 Cone beam CT of the pterygoid implant placed between the two pterygoid processes
(same patient as Fig. 6.8)
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Fig.6.11 Cone beam CT showing a plate-form Diskimplant® screw-secured onto the right zygo-
matic process. Note the bone substitute material 6 months after sinus membrane elevation. The
sinuses appear clear and healthy
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Fig.6.12 Intraoral view
of the fixed, screw-
retained, immediately
functional prosthesis with
a wide transpalatal bar (to
be removed after 6 months)
(same patient as Fig. 6.3)

Fig.6.13 Failing
root-form implant 4 years
post-op. Although a
panoramic radiograph
alone is not sufficient for
accurate implant treatment
planning, it provides a
good overview of the
patient’s oral status before
more invasive
investigations are
conducted

Fig.6.14 Same patient as
Fig. 6.13: the situation was
corrected using basal
Diskimplants® (single,
double, triple disk models)
and root-form implants
(immediate functional
loading protocol). Panorex
after 16 years of service
(2001-2017)
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Fig.6.15 Same patient as
Figs. 6.13 and 6.14:
Sagittal view of the final
rehabilitation after

16 years. The sinus is
healthy. Note the strong
distal anchorage obtained
with bilateral pterygoid
implants

Fig.6.16 The maxillary
front teeth have no buccal
plate. This is a good
indication for immediate
extraction of the
hypermobile teeth and
installation of a double
Diskimplant® and GBR to
fill in the buccal defect

4

[
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Fig. 6.17 Mandibular
teeth without any buccal
plate following tooth loss.
This is another indication
for double Diskimplants®
and GBR. In both
situations (Figs. 6.5 and
6.6), delayed loading is
safest (6 months) unless
the clinical conditions are
highly favorable

Fig. 6.18 This mandibular high knife ridge (D1 bone) can be directly managed with a double or
triple Diskimplant® plus GBR and PRF. Because the bone is <3 mm thick at the crest level, place-
ment of root-form implants would necessitate a bone graft or extensive reduction of the bone
height in order to dispose of an acceptable bone width
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Fig.6.19 A flat posterior mandible is an indication for monodisk Diskimplants® or a plate-form
Diskimplant® (2 mm of available bone above the mandibular canal). Cone beam CT after 28 years
of service (1989-2017)

6.4 Indications by Type of Diskimplant®

Indications for Monodisk Implants

Wide round atrophic crest (height <5 mm, apical width >7 mm)
Available bone height >2 mm

— Posterior maxilla/resorbed anterior maxilla

Posterior mandible/resorbed anterior mandible

Indications for Multidisk Implants (Two or Three Disks, Inter-disk
Distance 3 mm)

— High, thin maxillary or mandibular knife ridges (crest width <3 mm; bone
height >6 mm)

— Single-tooth replacement when the vestibular bone wall has been completely lost
at the time of extraction or after failure of a bone graft or GBR
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Indications for Screw-Secured, Plate-Form Diskimplants®

Plate-form Diskimplants® (33 or 43 mm in length, 7 or 9 mm in width) can be
installed even where there is <1 mm of bone height; they can also be installed
directly on the bone crest. These implants can also be used to span a bone opening
in the sinus area. When sufficient bone height is available, the wide basal disk is
inserted laterally 2—5 mm under the top of the ridge. Crestal bone loss is minimal,
and clinical results are better than with wide-diameter, screw-type implants installed
in similar clinical situations. Plate-form Diskimplants® are maintained in place by
preparing an endosseous notch with a 7 or 9 mm cutter. After positioning the implant
in the notch, mini osteosynthesis screws (4, 5, or 6 mm in length) are placed through
specially designed eyelets to hold the implant down tightly against the dense bone.
Partial juxta-osseous support and sectorial endosseous anchorage, reinforced by the
mini orthopedic screws, are essential to prevent plate mobility deleterious to osseo-
integration. Using GBR, these basal implants must always be completely covered
by autologous bone chips, a bone substitute material, and/or a membrane such as
PREF, in order to obtain osseointegration of the subperiosteal portion.

In the maxilla, these implants are installed on the canine pillar and in the infra-sinus/
zygomatic zone. In the mandible, they are installed in the posterior sector.

Specific indications include:

— Severe to extreme bone atrophy

— Flat, shallow bone areas above the mandibular canal (idem for the maxilla)
— Bone height <2 mm

— Bone width 7-9 mm

— Minimum mesiodistal length of available bone 25 mm

Contraindication: Plate-form Diskimplants® are never indicated for single-
tooth replacements. They must always be used in conjunction with other implants or
connected to healthy natural teeth by means of a fixed bridge.

6.5 Indications by Implant Site
Maxilla: Upper Canine Pillar

When neither root-form implants nor standard Diskimplants® are indicated, a plate-
form Diskimplant can often be screw-secured onto the canine pillar. The plate must
be placed as close as possible to the vertical border of the nasal canine wall. The
surgeon must bend the plate at a 90° angle and introduce it through a crestal bone
cut prepared with a 9 mm diameter cutter. Alternately, the crest can merely be flat-
tened and the implant placed on top of the crest and then screw-secured to the pala-
tal bone and the canine pillar.
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Severely Atrophic Maxillae (Available Bone Height <2 mm):
Zygomatic Diskimplants®

Anchorage in the dense zygomatic bone is possible using 43 x 9 mm or 33 x 9 mm
plate-form Diskimplants® screw-secured by two to five mini orthopedic screws. The
malar bone is always very dense, but the palatal bone is weak. This eggshell-thin
residual buccal and palatal basal bone must be densified using osseotensors 45 days
or more before implant installment in order to allow formation of dense new bone
in the form of a callus.

Zygomatic Plate-Form Diskimplants® and Simultaneous Sinus
Floor Elevation

If there is an opening in the wall or floor of the sinus, a sinus lift procedure with
placement of PRF and bone substitute material is necessary before a plate-form
Diskimplant® can be installed (the implant must never be in direct contact with the
sinus membrane).

Pterygoid Process: Tubero-Pterygoid Implants

Cylindroconical Fractal® root-form implants (Victory, Nice, France) with a monob-
loc crestal emergence diameter of 4.5 mm require at least 6 mm of bone width at the
crest level of the tuberosity. With their atraumatic, 2.5 mm diameter rounded apex
and micro-threads that render them entirely self-tapping over their total length (20
and 23 mm), these pterygoid implants are compatible for use in any bone density. In
type L, II, and III bone, the implant can be screwed into place. In type IV bone, the
implant can be impacted (press fit), thanks to the external micro-threads interrupted
by four parallel guide channels, and then locked in place by slight rotation (the
“press and turn” technique). When there is not enough available bone, single, dou-
ble, or triple Diskimplants® can be installed in this sector. Since the residual basal
bone in the tuberosity is very weak (type IV), the use of osseotensors 45-60 days
prior to implant installation is mandatory.

Mandible

Wide, Round Shallow Ridges: Wide-Diameter, Ultrashort Root-Form
Implants Versus Diskimplants® and Horizontal Plate-Form
Diskimplants® for the Posterior Mandible (Bone Height <5 mm)

Routine use of wide diameter (4.75 mm or more) and short (7 or 8 mm) or ultrashort
(<6 mm) root-form implants remains controversial. Osteotomy for wide-diameter
screw-type implants (¢ 5 mm or more) entails considerable bone destruction, espe-
cially at the crest level. Threads are more likely to be exposed with time during
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mastication due to the powerful pull of the masseter muscles, opening the way for
rapid onset of peri-implantitis. As a consequence, crestal bone may continue to
resorb after initial osseointegration of the implant body during function. Laterally
inserted Diskimplants® can be placed in bone heights of 5 mm or less; available base
diameters range from 7 to 11 mm. The shaft diameter at the crestal alveolar bone
level is 2.35 mm.

Wide, Flat Shallow Ridges with Less than 3 mm Above

the Mandibular Nerve

In highly atrophic mandibles, installation of screw-secured plate-form Diskimplants®
(43 x 9 mm or 33 x 9 mm) is indicated in the posterior area. Full arch restorations
including these plate-form implants necessitate an immediate loading protocol. In
contrast, plate-form Diskimplants® installed to treat partial edentulism are compat-
ible with both submerged and non-submerged protocols. As mentioned earlier,
plate-form Diskimplants® must be fully covered by autologous bone chips and/or a
bone substitute material (Bio-Oss®, CoreBone®, InterPore®, etc.) and PRF.

Maxilla and Mandible

High Knife-Edge Ridges: Double Diskimplants® and Triple
Diskimplants® Versus Small-Diameter Root-Form Implants (Figs. 6.18,
6.19)

Conventional screw-type implants often necessitate technical reduction of the crest
that must be flattened before axial osteotomy can be performed. In contrast, because
lateral osteotomy is initiated at the base of the jaw rather than on the crest,
Diskimplant® installation eliminates the need for surgical reduction of thin maxil-
lary or mandibular knife ridges. Subsequent crestal bone loss and gingival retrac-
tion, if any, are less severe. A better esthetic outcome is thus possible without prior
systematic bone grafting although bone substitute materials are often placed at the
moment of basal implant installation in order to promote GBR.

Basal Implant Treatment for Ectodermal Dysplasia (Figs. 6.20, 6.21,
6.22,6.23,6.24,6.25,6.26 and 6.27)

The conventional approach to treatment of these challenging situations involves
bone grafting followed by installation of root-form implants after a waiting period.
Basal implant placement can obviate the need for grafting and makes it possible to
equip the jaws using an immediate loading protocol.

When a crestal bone width of at least 3 mm is available, small-diameter (3.3 mm)
root-form Fratex® (Victory, Nice, France) implants can be safely installed after bone
preparation with an osseotensor 2 weeks beforehand. Fratex® implants can expand
a 3 mm thick alveolar crest up to 6.6 mm. If less bone is available, bone splitting and
horizontal bone distraction are not technically possible. Preimplantation bone graft-
ing is sometimes an option but involves a waiting time of at least 3 months before
implants can be installed. A more attractive, less time-consuming solution offering
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Fig.6.20 A 22-year-old
patient with ectodermal
dysplasia

Fig.6.21 Intraoral view
of the patient with his baby
teeth

Fig.6.22 Removable
appliance worn since the
age of 12 years
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Fig. 6.23 Preoperative
stereolithographic model

Fig. 6.24 Cosmetic result
1 year post-op

Fig.6.25 Close-up view
of the upper rehabilitation
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Fig. 6.26 Panoramic view
of the total rehabilitation
after 1 year

Fig. 6.27 The transpalatal
bar was removed 6 months
later. Panoramic view after
6 years (January 2018)

predictable long-term results is lateral insertion of a double Diskimplant®. The pro-
truding double disks are covered over by bone substitute material and serve as scaf-
folding for GBR. As always, absolute primary Diskimplant® stability is essential.
Insertion of a 5 or 6 mm long mini orthopedic screw against the apical base of the
double Diskimplant® can help prevent micromovement.
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Treatment Planning 7

Gérard M. Scortecci and Guillaume Odin

7.1 Reliable Basal Implant Treatment Options

The treatment plan must take into account both clinical and economic factors. If the
patient and/or his or her insurance company cannot or will not accept the treatment
plan that will reasonably guarantee the long-term (10 years) success of the restor-
ative implant therapy, a conventional alternative solution is advisable.

Creation of acceptable function and esthetics requires determination of the opti-
mum number, type, position, and orientation of the planned basal implants. With
study models mounted on an articulator, the clinician or technician can produce a
self-cured acrylic template depicting the teeth in the area where the implants are to
be located. CT imaging is then performed with the diagnostic template seated intra-
orally. Treatment planning software (Materialise, Dentsply) containing the
Diskimplant® library allows the clinician to accurately plan the location of basal
implants, taking into account the optimal prosthetic locations marked on the diag-
nostic template, including implant dimensions and angulation.

A wax-up and mock-up can then be fabricated to simulate the suggested treat-
ment result and to show the patient the anticipated outcome. Based on the wax-up,
a surgical stent is fabricated. After obtaining the consent of the patient, initial bone
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bed preparation with manual osseotensors is followed 45-60 days later by basal
implant surgery in type III or IV bone. For type I and type II bone, surgery is pos-
sible 8—15 days after application of a rotary osseotensor (a single impact per implant
site). The prerequisites for diagnosis and treatment planning in basal oral implantol-
ogy are discussed hereafter.

7.2  Delayed Versus Immediate Loading

The decision to use a submerged technique, an immediate loading protocol, or a
removable appliance has a direct impact on the success and reproducible osseointe-
gration of basal implants.

Total Edentulism

— Removable dentures on basal implants are not recommended for extremely atro-
phic jaws as such appliances promote micro movements and continuous bone
resorption.

— Immediate loading with a functional, screw-secured bridge acting as an external
orthopedic fixator is recommended for totally edentulous, extremely atrophic jaws.
Delayed loading is not an option in these situations because use of a full denture
during the 6-month waiting period can damage and/or mobilize the basal implants.

— Immediate fabrication of a transitional screw-secured CrCo/titanium prosthesis
is advisable as this appliance allows evaluation of esthetics, proper fit, occlusion,
hygiene, phonetics, etc.

Partial Edentulism

— Except for a very few favorable clinical situations, immediate loading is not rec-
ommended for partial edentulism. Temporization must be well planned from the
outset to avoid damage to basal implants during the healing phase (6 months). In
the esthetic zone, an Invisalign®-like appliance with a commercial tooth or teeth
is recommended. When implants are installed in the posterior sectors, the patient
is advised not to wear this removable denture during meals.

7.3 Recommended Number of Basal Implants (Figs. 7.1, 7.2,
73,74,75,76,7.7,7.8, and 7.9)

The rule of one implant per tooth is generally the safest solution for partial edentu-
lism. For the completely edentulous maxilla, 6—10 basal implants usually suffice for
12—-14 teeth. For the mandible, 5-9 implants may be sufficient for 12—14 teeth using
an immediate loading procedure.
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Fig. 7.1 Human skeletal
model: 32 teeth with 30
upper dental roots and 22
lower dental roots. The
pressure of natural
selection has promoted
highly efficient support in
the posterior areas

Fig.7.2 Initial post-op
panoramic radiograph of
an “all-on-four”
mandibular implant
treatment

Fig.7.3 Implant loss at 6
months. The upper
maxillary rehabilitation
placed in 1992 is still in
service (26 years)
(courtesy Dr Philippe
Brenier)
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Fig. 7.4 Successful maxillo-mandibular rehabilitation (3 years post-op): basal and root-form
implants were placed in the maxilla, and the mandible was restored using an all-on-five combina-
tion of root-forms and basal Diskimplants®. A reduced number of artificial roots may be acceptable
in the mandible in elderly patients with decreased muscle tone

Fig.7.5 Similar
maxillo-mandibular
rehabilitation: fixed,
all-on-five mandibular
restoration using root-
forms (3 years post-op)
and maxillary
rehabilitation associating
basal implants and
pterygoid implants (10
years post-op)

Fig.7.6 Partially
edentulous posterior
mandible treated with two
root-form implants to
replace a lower molar on
each side. Panoramic
radiograph 2 years post-op
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Fig. 7.7 Root-form and
basal implants used for an
immediate functional
loading protocol to treat
the upper right and upper
left posterior maxilla.
Panoramic radiograph after
24 years (2016). Same
patient as Fig. 7.6

Fig.7.8 Three root-form
implants were installed in
the posterior lower right
mandible in 1988. In 1991,
basal and root-form
implants were installed in
the posterior right and left
maxilla (immediate
functional loading
protocol)

Fig.7.9 1In 2014, after 23 years of service, the same patient as in Fig. 7.8 broke the three lower
root-form implants, probably due to loss of the lower left pontic and mechanical problems owing
to fatigue at the crestal implant level. The internal hexagons were damaged as the result of fatigue
and overload. A conventional full lower denture was made because the patient, now aged 89 years,
did not want to undergo implant placement in the mandible
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“All-on-a-Few” or “All-on-More”?

Reducing the number of implants has a number of advantages when managing com-
plete edentulism:

— Easier and faster surgical procedure, hence shorter period of bone exposure.

— Impression taking and laboratory procedures are facilitated.

— Lower costs for patient, doctor, and dental laboratory.

— Placement of the prosthesis is easier, and retrieval, if necessary, is faster and less
complicated.

Limitations

The “all-on-four” concept disregards the natural human model of root support
(Fig. 7.1) (i.e., maxilla 16 teeth, 30 roots (including wisdom teeth); mandible 16
teeth, 22 roots (including wisdom teeth)) and is thus incompatible with long-term,
reliable, and prudent full-mouth implant-supported rehabilitation. One of the major
problems with “all-on-four” restorations on a limited number of implants is the
need for a cantilever and reduced or absent tooth-to-tooth support in the second
molar area, with all of the well-known mechanical consequences, discomfort, and
occlusal and TMJ disorders.

Despite these drawbacks, an “all-on-five” rather than an “all-on-four” approach
can be an option in selected clinical situations (Figs. 7.4 and 7.5) of complete eden-
tulism. Partial edentulism can be a far more critical situation: the dental status can
change drastically over time, and reduction of the number of implants can raise
serious mechanical and biological problems.

Cantilevers

A 7-14 mm cantilever (one molar or two premolars) is generally accepted by the
dental implant community, but not all patients are good candidates because this
option raises potential biological and mechanical problems (screw loosening, frac-
ture of prosthetic components, implant fracture, implant loss due to overload).

7.4 Diagnosis and Treatment Planning Sequence
First Appointment: Initial Patient Interview
— Patient preselection: listen to the patient’s expectations.

— Inclusion/exclusion criteria at initial interview.
— Medical and dental history.
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— Clinical examination (oral, gingival, dental, TMJ status).

— Photographs (AP, profile, smile).

— Radiographs.

— Presentation of treatment options.

— Discussion of alternative conventional treatments: GBR, autologous bone graft,
etc.

— Basal dental implant option, number and location of basal dental implants, and
risk/benefit analysis.

— Discussion of treatment timing, including pre-implant bone bed preparation
(osseotensor)/immediate functional loading protocol or delayed loading (waiting
period unloaded 6 months).

— Orthodontics if necessary.

— Prognosis; what solutions are available if problems (or even failure) occur?

— Estimated cost of the complete treatment, including the final prosthesis.

— Answer all questions the patient may have.

— Brief implant-oriented questionnaire for the patient’s medical doctor and request
for laboratory tests.

— Impression taken and imaging studies ordered if the patient agrees.

Second Appointment: Patient Interview and Treatment Planning
(Figs.7.10,7.11,7.12,7.13,7.14,7.15,7.16,7.17,7.18,7.19,7.20,7.21,
and 7.22)

Phobic patients must be detected at this point because they may require iv sedation
or general anesthesia; patients with extremely atrophic jaws and/or complex situa-
tions may also necessitate special arrangements.

— Listen to the patient again; beware of unrealistic expectations.

— Inclusion/exclusion criteria reviewed at second interview.

— Analysis of all data collected (information provided by the patient’s medical
doctor).

— Analysis of laboratory tests, if any.

— Analysis of models in occlusion.

— Analysis of imaging studies (cone beam CT, stereolithographic model, etc.) —
surgical guide 3D planning.

— Anticipate the esthetic aspect of the final basal implant-supported restoration
(wax-up, mock-up).

— Initial treatment of any oral, gingival, and/or dental problems.

— Strategic extraction of unsalvageable teeth.

— Plan should failure occur.

— Answer any questions.

— Patient/doctor final decisions.

— Obtain informed consent (Table 7.1).
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Fig.7.10 Panoramic
radiograph for initial
treatment planning

Fig.7.11 Initial intraoral
status (first appointment)

Fig.7.12 New denture:
verification of comfort,
occlusion, speech, and trial
cosmetic outcome
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Fig.7.13 New denture:
registration of static and
dynamic occlusions (third
appointment)

Fig.7.14 Model mounted
on a fully adjustable
articulator (Denar, USA)

Fig.7.15 Transparent
surgical guide for basal
implants
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Fig.7.16 Basal implant
emergences placed in
accordance with the
surgical guide

Fig.7.17 Post-traumatic
situation (car accident).
Primary general and local
healing must take place
first, before any decision is
made concerning implant
placement

Fig.7.18 Panoramic
radiograph 2 months after
a car accident (same
patient as Fig. 7.17)
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Fig.7.19 Reconstructed
CT panoramic view of the
maxilla (same patient as
Fig. 7.17)

Fig.7.20 Occlusal scan
view (same patient as Fig.
7.17)

Fig.7.21 Diskimplant® = PR

library (Materialise, G3-DM

SimPlant®, Dentsply) G4-DM
G3-DM
G4-DM
i1-DDM
i1-TDM
2-D0M
2-ToM
1-DDM
1-TOM
2-00M
2-DM
2-ToM
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Fig.7.22 3D simulation for basal implant placement

Pre-implantation Periodontal Surgery, When Required
Preoperative Botox, if Necessary (Heavy Bruxism)

Third Appointment: Bone Bed Preparation and Activation of the Patient’s

Stem Cells

— Osteogenic activation of the recipient bone bed is performed with a flapless
approach under local anesthesia plus a flash of 2 g amoxicillin:

e Manual osseotensors are used for the upper jaw (45-60 days before implant
placement in type III or IV bone).

* Rotary osseotensors are reserved for dense bone in the lower jaw (8—15 days
before implant placement in type I or II bone).

— Extraction-implantation is possible at this appointment if conditions are favor-
able. If not, extraction with socket preservation should be followed by a waiting
period of 45 days to 6 months before implants are installed. As extraction auto-
matically induces an osteogenic response, the use of osseotensors is not
necessary.

— Implant surgery modalities are explained to the patient, including pre-op and
post-op recommendations.
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Table 7.1 Model consent form for implant surgery, including basal implants (Diskimplants®) and
anesthesia

Instructions to Patient

Please take this document home and read it carefully. Note any questions you might have.
Bring this document back to our office at your next appointment, and the doctor will review it
with you before you sign.

1. My doctor has explained the various types of implants used in dentistry, with and without
prior bone grafting, including laterally inserted basal implants (Diskimplants® of various
designs), and I have been informed of the alternatives to implant surgery for replacement
of my missing teeth. I have also been informed of the foreseeable risks of those
alternatives. I understand what procedures are necessary to accomplish the placement of
implant(s) under the gum, in or on the bone, and the use of bone substitute material if
necessary.

2. I have further been informed that if no treatment is elected to replace the missing teeth or
existing dentures, the non-treatment risks include, but are not limited to:

(a) Maintenance of the existing full or partial denture(s) with relines or remakes every
3-5 years or as otherwise may be necessary due to slow, but likely, progressive
dissolution of the underlying denture-supported jaw bone.

(b) Any present discomfort of chewing inefficiency with the existing partial or full
denture may persist or worsen in time.

(c) Drifting, tilting, and/or extrusion of remaining teeth.

(d) Looseness of teeth, periodontal disease (gum and bone), possibly followed by
extraction(s).

(e) A potential jaw joint problem (TMJ) caused by a deficient, collapsed, or otherwise
improper bite.

3. I am aware that the practice of dentistry, dental surgery, and oral implantology (including
basal implantology) is not an exact science, and I acknowledge that no guarantees have
been made to me concerning the success of my implant surgery, the associated treatment
and procedures, or the postsurgical dental procedures. I am further aware that there is a
risk that the implant surgery may fail, which might require further corrective surgery or
the removal of the implant with possible corrective surgery associated with the removal.
Such a failure and remedial procedures could also involve additional fees being assessed.

4. T understand that implant success is dependent upon several variables including, but not
limited to, operator experience, individual patient tolerance and health, anatomical
variations, patient home care of the implant, and the implant material and design. I also
understand that implants are available in a variety of designs and materials, and the choice
of the implant, including basal implants (Diskimplants® of various designs), is determined
in the professional judgment of my dentist.

5. I have further been informed of the possible risks and complications of implant surgery,
anesthesia, and the proposed drugs including, but not limited to, failure of the implant(s),
inflammation, swelling, infection, discoloration, numbness (exact extent and duration
unknown), inflammation of blood vessels, injury to existing teeth, bone fracture, sinus
penetration, delayed healing, or allergic reaction to the drugs or medications used. No one
has made any promises or given me any guarantee about the outcome of this treatment or
these procedures. I understand that these complications can occur even if all dental
procedures are performed properly.

6. I have been advised that smoking, alcohol, drug abuse, or sugar consumption may affect
gum healing and may limit the success of the implant. Since there is no way to accurately
predict the gum and the bone healing capacities of each patient, I know I must follow my
dentist’s home care instructions and report to my dentist for regular examinations as
instructed.
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Table 7.1 (continued)

7

10.

11.

12.

13

14.

15.

16.

. I have also been advised that there is a risk that the implant(s) and/or implant-supported

teeth may break, which may require additional procedures.

.Tauthorize Dr. ..................... to perform dental services for me, including basal

implants and other related surgery such as adding bone substitute material, bone grafting,
and/or prior bone stimulation by osseotensors. I agree to the type of anesthesia that he/she
has discussed with me, specifically (local) (IV sedation) or (general). I agree not to
operate a motor vehicle or hazardous device for at least twenty-four (24) hours or more
until fully recovered from the effects of the anesthesia or drugs given for my case.

. If an unforeseen condition arises in the course of treatment that calls for the performance

of procedures in addition to or different from that now contemplated, and I am under
general anesthesia or intravenous sedation, I further authorize and direct Dr.
............................ or his/her associates or assistants of his/her choice to do whatever
he/she/they deem necessary and advisable under the circumstances, including the decision
not to proceed with the implant procedure.

I approve any modifications in designs, materials, or care, if my dentist, in his/her
professional judgment, decides it is in my best interest.

To my knowledge, I have given an accurate report of my health history. I have also
reported any prior allergic or unusual reactions to drugs, food, insect bites, anesthetics,
pollens, and dust, blood or body diseases, gum or skin reactions, abnormal bleeding, or
any other condition relating to my health or any problems experienced with any prior
medical, dental, or other health care and treatment.

I authorize my dentist to take photos, X-rays, or any other visual aids of my treatment to
be used for the advancement of implant dentistry in any manner my dentist deems
appropriate. However, no photographs or other records that identify me will be used
without my express written consent.

. I realize and understand that the purpose of this document is to evidence the fact that I am

knowingly consenting to the implant procedures, including basal implants
(Diskimplants®), recommended by my dentist.

I agree that if I do not follow my dentist’s recommendations and advice for postoperative
care, my dentist may terminate the dentist-patient relationship, requiring me to seek
treatment from another dentist. I realize that postoperative care and maintenance
treatment are critical for the ultimate success of dental implants.

Questions I Have to Ask My Dentist:

I CERTIFY THAT I HAVE READ AND FULLY UNDERSTAND THE ABOVE
AUTHORIZATION AND INFORMED CONSENT TO IMPLANT PLACEMENT AND
SURGERY AND THAT ALL OF MY QUESTIONS, IF ANY, HAVE BEEN FULLY
ANSWERED. I HAVE HAD THE OPPORTUNITY TO TAKE THIS FORM HOME
AND REVIEW IT BEFORE SIGNING IT.

Dentist signature:
Witness signature:
Patient signature:
Witness signature:
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Fourth Appointment: Basal Implant Placement
Basal implant installation is always a full-thickness flap procedure, and can be per-
formed under:

Local-regional anesthesia without oral sedation

— Local-regional anesthesia with oral sedation

Local-regional anesthesia with iv sedation

General anesthesia for complex cases and/or phobic patients

Follow-Up and Maintenance Explained in Detail to the Patient,
Including the Importance of Oral Hygiene and Regular Verification
of Occlusion

— 24 h after implant placement, at 1 week, 45 days, 6 months, and then
annually

Immediate Functional Implant Loading, with Appropriate

Explanation of Special Recommendations

When an immediate functional loading protocol is decided on, the prosthetic phase
starts in the operating room as soon as surgery is completed. After meticulous sutur-
ing, an impression is taken and the occlusion is recorded. The fixed, transitional
screw-secured prosthesis is installed 48—72 h later. A transpalatal bar is recom-
mended for full-arch restorations of extremely atrophic maxillae. This bar can be
removed 6-12 months later, after all implants have been checked individually. A
soft diet must be respected for 45 days; only moderate forces must be applied for 6
months to the fixed appliance, which must be checked regularly.

Example of Specific Treatment Planning for Fully Edentulous
Atrophic Jaws

— Evaluate the patient’s general physical and mental status, paying particular atten-
tion to oral conditions (Figs. 7.23, 7.24, 7.25,7.26, 7.27, and 7.28).

— Discuss the various treatment options, including bone grafting and/or basal
implants with the patient.

Fig.7.23 Extraoral
sagittal view of a
42-year-old patient with an
atrophic jaw who requested
a full-arch fixed implant-
supported restoration. This
patient had already
experienced multiple
implant failures and
refused any bone grafting
procedure
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Fig.7.24 Difficult
intraoral mechanical
conditions (same patient as
Fig. 7.23)

Fig.7.25 Iatrogenic
removable partial
maxillary dentures
aggravate continuous
anterior bone resorption

" AAUDy L UL MM

Fig.7.26 The remaining e AT DY
upper molars have
over-erupted in the
mandibular area. Two

posterior mandibular
implants on both sides
were lost 4 months after
installation. Full removable
lower and upper dentures
were worn for | year after
teeth extraction and
implant removal
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Fig.7.27 Sagittal view
after 1 year. Immediate
functional loading
procedure of a full-arch,
implant-supported
rehabilitation

Fig.7.28 Cosmetic aspect
of the fixed, screw-secured
rehabilitation on basal and
root-form implants after 2
years (same patient as

Fig. 7.23)

— Explain the difference between axial and basal implants. The discussion must
also cover the total cost, the treatment timeline, the need to stop smoking for
smokers, and the possible utility of preoperative Botox for heavy grinders and/or

clenchers.

Atrophic Maxilla

For completely edentulous patients with severely atrophic maxillae who request
bimaxillary implant-supported teeth, never begin with a fixed prosthesis of the
lower jaw. Start by equipping the maxilla. Use a manual osseotensor to activate the
future bone recipient bed 45-60 days before surgery. After the maxillary implants
have been installed and equipped with an immediate fixed, screw-secured transi-
tional functional denture, wait 1 year before installing implants in the lower jaw.
Have the patient wear a removable lower denture for 6-9 months in order to reduce
the mechanical stress on the eggshell-thin maxillary bone during the osseointegra-

tion process.
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The patient in Figs. 7.23—7.28 was reluctant to undergo any prior bone grafting
procedure and instead opted for basal implant-supported rehabilitation of both jaws.
All remaining natural teeth were removed, and two full dentures were made in order
to reestablish esthetics and occlusion. The patient had already lost root-form
implants previously installed in the posterior mandible (Fig. 7.26). The bone was
allowed to heal for 6 months. All implants were checked individually after retrieval
of the screw-secured, fixed maxillary rehabilitation.

Explanation of the Two-Stage Submerged Implant Loading Protocol
(Not Suitable for Fully Edentulous Patients)

If a delayed loading protocol is selected, the basal implants remain unloaded, com-
pletely covered over by the periosteum, for 4—6 months before the prosthetic phase
is started. Patients must be told that a second procedure, performed under local
anesthesia, will be required to uncover the implants and to install healing abutments
and/or transgingival abutments, if necessary. The patient must be advised not to
wear his or her partial removable denture during meals. Temporization must be
respected in order not to compromise the outcome, especially when GBR is part of
the procedure. When the implants are uncovered, osseointegration is checked, any
necessary transgingival abutments are placed, and x-rays are taken to check the
implant/abutment connection.

7.5 Implant Identification Card

Future generations of dentists will be responsible for managing the implants
installed by their predecessors. Young practitioners and dental students should be
informed of the potential risks of screw loosening, cement wear, implant body frac-
ture, etc. They should also be taught the protocols for repair and rescue of existing
implant-supported restorations and the means for return to a conventional denture
with minimum damage, when necessary. Implant identification cards carried by
patients are a simple means to help practitioners to recognize the wide variety of
implants and components, and they facilitate contact with the patient’s former den-
tist and implant manufacturers. This is particularly important for basal implants,
which have specific criteria for determination of when such devices can be safely
left in place or when they should be removed, and specific protocols for actual
removal when necessary. Communication via the Internet greatly facilitates
exchange of information about the patient’s implant status.
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8.1 Pre-implantation Procedures
Periodontal Surgery

Respect of the general principles of mucogingival and bone surgery, including alve-
olar bone preservation techniques, is obviously essential. The available bone vol-
ume must also be carefully preserved. After radiographic and topographic
delimitation of the area destined to receive basal implants, the amount of attached
gingiva must be analyzed. Both free and pedicle gingival grafts can be used to
increase the height of attached gingiva. Whenever the territory next to the implant
site allows, a laterally sliding flap is preferable.
Pre-implant procedures should include:

— Removal of plaque and calculus and correction of any overhanging restorations
to avoid future plaque buildup

— Elimination of any purulent discharges that may not only compromise results but
also increase the omnipresent risk of osteitis
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— Correction of all removable total or partial dentures, which irritate the soft tis-
sues and hinder mucosal healing
— Correction of iatrogenic muscle insertions.

Constant muscle pull is one of the major sources of implant neck exposure and
subsequent chronic pain and a starting point for peri-implantitis. Any muscle inser-
tions lying close to the future point of implant emergence must be eliminated. When
required, osteoplasty is generally performed at the time of surgery. If mucogingival
corrections prove necessary after the implant-supported prosthesis is in place, con-
ventional periodontal surgical techniques can be used to improve soft tissue man-
agement and the amount of keratinized tissue around the implant abutment.

Botox® Injections

This procedure can be helpful in patients with very powerful muscles. The masseter
and temporal muscles must be injected on both sides 2 weeks before installation of
basal implants. This prevents future overload and stress, especially when dealing
with eggshell-thin maxillae and/or pencil mandibles.

Bone Bed Stem Cell Activation with Osseotensors (See Details
in Chap. 5)

The use of bone matrix osseotensors (manual and/or rotary) is an integral part of all
treatment plans. It improves initial bone conditions by promoting angiogenesis and
osseogenesis 1 week to 45 days before basal implant surgery. This is particularly
helpful before installation of tubero-pterygoid implants because a manual osseoten-
sor can drastically improve D4 bone in the tuberosity; 45-60 days after osseotensor
application, the bone callus obtained will have transformed into active D2 bone. The
same procedure is used prior to basal implant placement in the sinus area.

In the mandible, when the bone is already dense, it is important to promote and/or
increase the surrounding blood supply to improve closure of the soft tissue incision line.
This is achieved by activating the periosteum with manual osseotensors (tunneling) 1
week before basal implant installation. In dense D1 bone in the mental sector, a rotary
osseotensor must be used 1 week before surgery (a single impact per implant site).

8.2  Organizational Requirements (Figs. 8.1 and 8.2)

To reduce the risks of contamination, the operating room should be isolated from the
rest of the dental office or clinic by two sets of doors and must be disinfected regularly.
The air may be filtered or flow past an ultraviolet radiation device to reduce bacterial
counts. Operating room equipment must include the specific instrument sets for axial
and lateral osteotomy, general surgical instruments, and an appropriate assortment of
implants in various lengths and diameters. The organizational advantages of a



8 Surgery 165

Fig. 8.1 Operating room dedicated to dental implant surgery. Trained team: the surgeon and two
dental assistants are necessary to properly handle basal implantology

Fig. 8.2 Specific high-speed and low-speed handpieces and basal implant instruments

standardized instrument system suitable for the various implants envisaged, including
extra “helper” implants, and a standardized operating protocol are obvious.
Preservation of the sterility of surgical instruments between the time of autoclaving
and placement in storage, as well as during storage in packs or trays, is paramount.
Before entering the operating room area, the surgeon and assistants must put on
masks, gowns, gloves, caps, and special shoes or shoe covers. Likewise, draping
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isolates the future surgical site from other parts of the patient’s body and from non-
sterile operating room equipment. Availability of an intraoral digital imaging system
in the operating room is extremely useful during the initial stage of lateral osteotomy.
The angulation of the pilot cutter (dia. 5 mm) can be checked directly on the screen
and corrected if necessary. A chairside digital periapical radiograph can be taken with
the cutter inserted only partly into the buccal bone plate to check proper positioning.

8.3  SoftTissue and Bone Management
Patient Preparation

Intraoral preparation consists in the use of 2% chlorhexidine. Cleansing is best
achieved with a spray or jet lavage, with Ringer’s solution and hydrogen peroxide
serving as the primary media. Antiseptics such as Betadine® povidone-iodine may
also be used. The patient’s lips should be protected with Bepanthen® cream (Bayer)
or vaseline. A flash of 2 g of amoxicillin is given 20 minutes preop. If the patient is
allergic, three tablets of clindamycin 500 mg are administered.

Flap Elevation and Incisions

Exposure of the bone, the target organ of basal dental implants, requires meticulous
elevation of full-thickness flaps of the soft tissues, including the periosteum, to
ensure hemostasis, uncomplicated healing, an acceptable scar, and the preservation
of essential vascular and nerve structures (e.g., palatal arteries, lingual and man-
dibular nerves). During surgery, saliva, bone debris, bacteria, and other contami-
nants are sucked into the inner workings of the handpiece. Maintaining the sterility
of the handpiece and turbine is therefore essential.

Atraumatic soft tissue handling requires mastery of the scalpel technique. Skill
in the use of interchangeable blades (no. 15 or no. 11) and soft tissue retractors is
mandatory as is careful and atraumatic handling of the periosteum.

Bone is a bradytrophic tissue, and the mechanisms by which it compensates for
a sudden disturbance in blood flow take time to become operative. Preservation of
maximum blood supply during osteotomy and implant installation requires:

» Sharp incision of the soft tissue, including the periosteum, down to the bone crest

» Elevating (rather than scraping) the periosteum from the bone (a smoothly ele-
vated, uninjured periosteal surface is a sign of atraumatic technique)

* Limiting the duration of exposure of the jaw bone

* Avoiding excessive temperature elevation by continuous profuse saline irrigation
during the osteotomy and use of titanium cutters with a high cutting capacity

e Uncontaminated water and air.

Neglect in these areas can result in failure of an initially stable implant due to
impaired blood supply, gradual loss of bone strength, and eventually mobilization of
the implant.
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8.4 The Diskimplant® System (Figs. 8.3, 8.4, 8.5, 8.6, 8.7, 8.8,
8.9,8.10,8.11,8.12,8.13,8.14,8.15,8.16 and 8.17)

The wide range of disk diameters and heights along with multiple-disk and plate-
form Diskimplants® allows achievement of bilateral cortical support in the
vestibulo-lingual direction, even below the sinuses and above the mandibular

Fig. 8.3 Extremely
atrophic dry mandible:
difficult to graft, such cases
can be more easily handled
with plate-form
Diskimplants® placed in
the posterior sectors

Fig. 8.4 Pencil mandible restored with plate-form Diskimplants® in the posterior regions and
three root-form implants in the mental area
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Fig. 8.5 Plate-form
Diskimplants® of various
dimensions to manage
anatomic requirements

Fig. 8.6 Titanium cutter
used under copious
irrigation to prepare the
recipient bone bed in this
atrophic mandible

Fig. 8.7 A long internal
lingual notch is prepared in
order to laterally engage
the plate-form
Diskimplant®. Note the
small bone opening

0.5 mm above the
mandibular nerve

canal. The narrow shaft of the Diskimplant® allows passage through narrow
ridges. Both submerged and non-submerged implant techniques can be used,
depending on local bone anatomy, gingival thickness, and the type of edentulism.
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Fig. 8.8 The basal
implant is gently tapped
into the lateral lingual
mandibular bony notch and
then firmly screw-secured
with 5-mm-long
orthopedic screws in order
to ensure absolute primary
stability. When there is a
risk of mandibular canal
penetration, the surgeon
must angle the screw
lingually or buccally

Fig. 8.9 The plate-form
Diskimplant® must be
intimately adapted to the
recipient bone by tapping
the implant base with a
round-tipped seating
instrument

Fig. 8.10 Bone substitute
material (CoreBone®,
Interpore®, BioOss®, etc.)
must completely cover the
basal implant

The lateral osteotomy procedure minimizes technical bone loss at the crest level.
Only the basal apical portion of the bone is of concern for primary Diskimplant®

stability.
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Fig.8.11 An autologous
PRF membrane is placed over
the bone substitute material
in order to hold it in place
before suturing the full-
thickness mucoperiosteal flap
(4.0 suture)

Fig. 8.12 Six months after failure of bilateral autologous bone grafts, correction was achieved
with an immediate, screw-secured restoration on basal and root-form implants

Diskimplant® Emergence Profiles

Various generations of Diskimplants® with different emergence profiles have been
developed since 1984:

— External thread (M2-0.40, then M2-0.25)
— Internal thread with an external hexagon (M2-0.25)
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Fig.8.13 Cone beam CT showing the posterior mandibular plate-form Diskimplant® 2 mm above
the mental nerve

ou L ‘ | &

Fig. 8.14 Initial high knife ridge in the mental area (D1 bone)
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Fig.8.15 Class III patient: sagittal view 48 hours post-op of a basal implant rehabilitation with an
immediate loading protocol. Distal bone anchorage is mandatory to avoid a risky cantilever and
ensure long-term success

Fig.8.16 Front view of
the same patient 10 years
post-op (2007-2017)

— Internal M1.4 thread with a Monobloc flat emergence profile (protected external
hexagon plus Morse cone conical seal)
— Internal M2-0.40 thread with an internal octagon.

The characteristic features of current-day Diskimplants® include:
* A Monobloc crestal emergence identical to that of the Monobloc transgingival

abutment originally developed for implants with an external hexagon. The cervi-
cal portion of the 3.5 mm high crestal cylinder is tapered slightly to form a
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Fig.8.17 Cone beam CT
at 10 years: the double
Diskimplants® are
perfectly osseointegrated
despite the thin knife ridge

0.5 mm inverted truncated cone; the smooth surface of the cylinder prevents
plaque buildup and facilitates cleaning. This taper guarantees correct implant
placement in the bone site and prevents the implant from moving out of position,
thereby improving primary stability.

A vertical cylindrical shaft, slightly larger in diameter (2.35 mm) than the verti-
cal osteotomy created by the cutter.

A horizontal circular or asymmetrical base, perpendicular at its center to the
shaft, that allows the device to withstand occlusal forces and lateral forces in all
directions. The symmetrical perforations in the base promote blood supply and
osseointegration; bone ingrowth helps prevent rotation. The same is true for dou-
ble- and triple-disk Diskimplants®.

Plate-form Diskimplants® secured by mini orthopedic screws (5-6 mm) are used
for severely atrophic jaws.

Titanium cutters for lateral osteotomy to avoid polymetallism.

Armamentarium (Fig. 8.18)

The instruments required for Diskimplant® placement are as follows:

Yok

Titanium cutters of different lengths and diameters

. High-speed handpiece (160,000 rpm) or air turbine set at >3 kgf/cm?/60 psi

minimum

Scalpels (Bard-Parker® no. 15), resorbable and/or non-resorbable suture thread
(000, 0000)

Periosteal elevators (medium and large)

Bone and gum scissors

Manual gum retractor, automatic retractor

Seating instruments (straight, curved, bayonet)

Surgical mallet

Needle holder
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Fig. 8.18 Armamentarium for basal implant installation

10. Suture scissors
11. Self-tapping osteosynthesis screws for plate-form Diskimplants® and the cor-
responding screwdriver

8.5 Titanium Cutters for High-Speed Lateral Osteotomy

The specific instrument used for osteotomy, termed a “cutter,” consists of a titanium
shaft with cutting blades and a toothed circular base. These solid one-piece instru-
ments, without any welds or added parts, allow precise lateral T-shaped osteotomy
with sprays of water and air without risk of polymetal contamination. As it rotates,
the cutter functions as a circular micro-saw that prepares the T-shaped implant lodg-
ing in a single step that lasts only several seconds. The microcanals on the wide cir-
cular cutter generate an aquaplaning phenomenon thanks to the copious irrigation;
this promotes irrigation within the bone incision, thus preventing thermal injury.
The mechanical and biological qualities of these rotary titanium instruments opti-
mize preparation of a bone recipient site corresponding exactly to the future implant:

e Continuous visual and tactile control

e No heat buildup

* No contamination by foreign metal particles (Diskimplants® and cutters are both
manufactured of titanium)

e Minimal trauma

» Rapid surgical procedure
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The cutter shaft adapts directly to all standard high-speed turbines and high-
speed motor contra-angles (120,000 rpm); no special contra-angle is required.
Turbines should be operated at >3 kg/cm? (60 psi) under copious irrigation plus
lateral irrigation with saline solution. A turbine with a small head is necessary for
narrow passages between natural teeth. Air turbines are preferable: despite their
high speed, their extremely low torque considerably limits the Joule effect. High-
speed contra-angles with micromotors are recommended for dense mandibular bone
under copious irrigation. Titanium cutters are reusable and should be sterilized in an
autoclave. The number of uses (maximum 10) depends on wear of the cutter teeth.
Brand-new titanium cutters should be used for dense mandibular bone, whereas
previously used cutters are suitable for soft maxillary bone.

Titanium cutters are available in different diameters, heights, and shape for
osteotomy corresponding to the intended Diskimplant®, itself selected according to
the bone anatomy. Each cutter diameter corresponds to a Diskimplant of identical
diameter (the cutter is slightly smaller in dimension than the implant to ensure
primary stability when the implant is impacted into the bone). For example, a
diameter 9 mm cutter is used to install a 9 mm diameter Diskimplant®. Double-disk
and triple-disk cutters exist for double- and triple-disk Diskimplants®. The distance
between two cutting disks on multi-disk cutters is always 3 mm. A cutter with a
diameter smaller than that of the intended implant can be used first to verify correct
positioning; the site is then enlarged with a cutter corresponding to the implant
diameter.

8.6  Specific Instruments for Critical Areas

In order to pass close to very high teeth, it may be necessary to prolong the turbine
cutter by using an Orthoroad extender (Orthoroad, Paris) (Figs. 8.19 and 8.20).
When the dimensions of the handpiece prevent passage between two teeth, either an
L series cutter can be used with an extender or a mini-head high-speed handpiece
set at >3 kgf/cm? can be utilized.

Fig.8.19 Cutter extenders
for high-speed turbines are
helpful for lateral
osteotomies in narrow
spaces
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Fig. 8.20 An extender for
cutters mounted on a
high-speed handpiece
facilitates lateral osteotomy
between teeth

Prior to use, operation of the cutter must always be checked outside of the mouth
after mounting on a high-speed contra-angle or air turbine. The irrigation system
must also be verified. If the turbine or contra-angle is damaged, or if the cutter shaft
is bent, the patient may be injured.

8.7 Osteotomy Procedure

Proper planning of the implant position at the outset is essential. Lateral osteotomy
allows direct visual control of bone penetration and tactile awareness of passage
from one cortical plate to the other. An appropriate surgical guide should be used
when necessary. The high-speed air turbine or contra-angle handpiece must be gen-
tly guided laterally, without exerting excessive pressure to avoid the cutter from
becoming blocked in the bone or bent. Diskimplant® cutters are designed to control
the drilling speed: if the operator exerts too much pressure manually, the turbine
stops automatically. As soon as the pressure lessens, bone cutting resumes. After the
cutter has begun to cut the horizontal groove in the bone, the high-speed handpiece
cannot deviate from its trajectory along this plane because the upper and lower sur-
faces of the cutter are perfectly smooth. Once the cutter shaft enters the bone, the
instrument is automatically “piloted” by the disk’s guide surfaces. Care must be
taken to orient the shaft osteotomy vertically, taking prosthetic requirements into
consideration (parallelism, axis of insertion, etc.).

When the treatment plan calls for installation of several Diskimplants® next to
one another, the osteotomies must be offset slightly to avoid creating a bone block
fracture. The full-thickness mucoperiosteal flap should be protected by holding a
large, rigid plastic suction tip firmly against the bone plate. The cutter must always
remain in this “safety box” during osteotomy. In certain cases, a transparent surgical
guide with an open lateral window can be prepared on the study model mounted in
occlusion and used for initial lateral osteotomy. An ultrasonic surgical generator
(Piezotome, Acteon) may prove useful for initiation of the lateral osteotomy, which
should be completed by the use of a calibrated cutter.
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Special Precautions During Lateral Osteotomy

— For Diskimplants®, a small lateral cut is first made in the cortical bone with a
5 mm diameter cutter. This cutter can be left in place in the initial cut to radio-
graphically verify correct positioning (2 mm above the mandibular canal, for
example) before continuing with a larger diameter cutter. If need be, the position
of the cut can be modified (higher, lower, to one side). A piezotome may prove
useful for the posterior mandible.

— The soft tissues, periosteum, and mandibular nerve must be protected by firmly
holding a large plastic suction tip against the buccal or lingual bone plate when
using a cutter.

— For the mandible, start with a 5 mm diameter cutter (single or double disk), and
then use the final cutter (7 or 9 mm diameter). In soft maxillary bone, it is better
to use a 7 or 9 mm cutter directly.

— A brand-new cutter guaranteeing optimum cutting performance should always
be used for dense cortical bone.

Cylindrical Monobloc Diskimplants® (Figs. 8.21, 8.22, 8.23,
8.24 and 8.25)

Elevation of both lingual (or palatal) and buccal full-thickness flaps permits visual-
ization of the moment when the cutter reaches and starts to enter the opposite corti-
cal plate. This allows avoidance of injury to the periosteum.

If part of the implant protrudes outside of the bone after Diskimplant® installa-
tion, it can be left as a graft holder for autogenous bone chips that have been col-
lected in situ or for placement of a non-resorbable biomaterial such as autologous
dentin, BioOss®, CoreBone®, Ivory®, Interpore®, and/or a PRF membrane
(Figs. 8.26, 8.27 and 8.28). The full-thickness flaps are then sutured passively. For
single-tooth replacements in the esthetic zone, an Invisalign®-like removable tem-
porary should be used during a waiting period of 6 months (Figs. 8.29 and 8.30).

Fig.8.21 Typical
situation for single-tooth
replacement using either
root-form dental implants
with prior bone grafting or
immediate placement of
basal implants (double
Diskimplants®)
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Fig. 8.22 Angulated soft
tissue incision including
the two adjacent teeth

Fig.8.23 A full-thickness
flap is elevated; a gutta-
percha root canal filling
trapped in the bony defect
caused the recurrent fistula

Fig. 8.24 Very little bone
remained after removal of
the foreign body; only the
palatal plate remains intact
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Fig. 8.25 This patient
refused a bone graft but
accepted basal implant
treatment (7G5-DDM
double Diskimplant®).
Lateral osteotomy was
performed under copious
irrigation

Fig.8.26 A double
Diskimplant® was inserted
laterally and absolute
primary stability was
checked

Fig.8.27 Full coverage
with bone substitute
material and PRF
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Fig.8.28 After a high
horizontal internal
periosteal incision, the
full-thickness flap was
passively sutured with 4/0
Glycolon® suture material

Fig.8.29 An Invisalign®-
like temporary template
was made with commercial
teeth and left in place for

6 months

Fig.8.30 The temporary
appliance must not injure
the implanted area. At

6 months post-op, a
titanium/composite tooth
was screw-secured onto the
double Diskimplant®.
Healing at 1 week post-op.
Complete submerged
technique. Second surgery
at implant exposure

6—7 months later
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Asymmetrical Monobloc Diskimplants®

Depending on the planned direction of insertion, a cutter corresponding to the larger
or the smaller diameter is used (e.g., a 87 mm or 5 mm cutter for a Diskimplant®
with a 7 x 5 mm rectangular base). Mesio-distal preparation of the osteotomy is
achieved using a discrete back-and-forth movement of the corresponding cutter
(single-, double-, or triple-disk cutter corresponding to the future implant). This
slightly enlarges the vertical shaft cut, permitting a gentle press fit of the Diskimplant®
using a surgical mallet and an appropriate implant-seating instrument (Fig. 8.31).
The Monobloc emergence profile can be installed at bone level or just above
(Fig. 8.32). A small diamond-coated wheel bur can be used to create an appropriate
crestal bone housing if needed. Protruding disks should be covered with a bone
substitute material (BioOss®, Ivory®, CoreBone®, Dentin Grinder® graft, etc.) and
PRF (Figs. 8.33 and 8.34). The full-thickness flaps (lingual/palatal and buccal) must
then be sutured passively (Fig. 8.35).

Fig.8.31 Knife ridge (D1
bone) in the mental area:
lateral osteotomy for
installation of a triple
Diskimplant® that must
engage the lingual plate

Fig.8.32 The vertical
cortical bone wall of the
lingual plate must be
preserved, otherwise the
entire bone height and the
Diskimplant® can be lost
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Fig.8.33 The protruding
portion of the triple
Diskimplant® must be
completely covered by
bone substitute material.
Adding an orthopedic
screw (diameter 2 mm,
length 5 mm) after
Diskimplant® installation is
sometimes useful because
absolute primary stability
is mandatory

Fig.8.34 PRF
membranes are placed over
the bone substitute material
to hold it in place

Fig. 8.35 Release of the
periosteum using a
horizontal incision allows
passive suturing of the
full-thickness flap. An
immediate loading
procedure with a fixed,
screw-secured bridge is
mandatory
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Plate-Form Diskimplants® with Osteosynthesis Screws (Figs. 8.36,
8.37,8.38, 8.39, 840, 8.41, 8.42, 8.43, 8.44, 8.45, 8.46 and 8.47)

Plate-form Diskimplants® must always be rendered endosseous; they must not
remain subperiosteal. This can be achieved by inserting the plate in a lateral bone
cut and covering it with a bone substitute material and PRF, or, when preparation of
a bone notch is not feasible, by simply covering it with a non-resorbable bone sub-
stitute material (BioOss®, Interpore®, CoreBone®, Synthograph®, or equivalent)
plus autologous PRF membranes using GBR technology. The periosteum and/or
Schneiderian membrane (for plate-form Diskimplants® secured on the zygomatic
process) should always be kept at a distance from the plate to avoid future exposure
with time due to the pull of masticatory muscles. The plate portion of the basal
Diskimplant® must always remain in intimate contact with the bone bed. A round-
tipped seating instrument and a surgical mallet should be used to gently shape the
titanium plate to the bone crest.

Fig. 8.36 Atrophic dry
maxilla with basal implants
inserted on the major
maxillary buttresses

Fig. 8.37 Occlusal view
of basal implants firmly
screw-secured in the
remaining dense bone. The
wide base of the plate-form
Diskimplant® (43 X 9 mm)
provides reliable support
for a fixed, screw-secured
prosthetic appliance
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Fig. 8.38 Closeup view of
basal implants in close
contact with the recipient
bone site

Fig. 8.39 The zygomatic
Diskimplant® spans an
oro-antral communication
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Fig. 8.40 The sinus
membrane must be
elevated using PRF
membranes

Fig. 8.41 Bone substitute
material is used to cover
the entire area

Fig. 8.42 Bone substitute
material is placed over the
PRF membranes in order
to close the lateral opening
in the sinus wall
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Fig. 8.43 Bone substitute
material must cover the
entire area; no portion of
the basal plate should
remain exposed

Fig.8.44 Fratex® implant
firmly anchored in the
pterygoid bone

Fig. 8.45 A transparent
surgical guide made with
the full upper denture can
be helpful for basal
implant installation
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Fig. 8.46 In atrophic
jaws, distal anchorage in
the major skeletal
buttresses is mandatory. A
tubero-pterygoid root-form
implant can be angled at
45° without problem
because its flat emergence
profile makes it easy to
screw-secure the fixed
prosthesis

Fig.8.47 Screw-secured
prosthesis in place with
space for maintenance and
easy cleaning

— Mandible: The recipient bone bed is first flattened with a 7 or 9 mm diameter
cutter. Whenever possible, a notch should be prepared in the bone to anchor the

plate on the lingual or buccal aspect of the recipient bone site.

— Maxilla: Use a 7 or 9 mm diameter cutter, depending on the dimensions of the
basal implant selected. In the zygomatic area, prepare a cut passing completely
through the crest or simply flatten the surface for placement directly on the crest.
If the sinus is effracted, push the membrane away with PRF membranes and bone
substitute material, then install the wide plate-form Diskimplant®. Firmly secure
the implant to the zygomatic process and the palatal maxillary bone with 2 to

5 mini orthopedic screws (5 or 6 mm in length, diameter 2 mm).

In the canine pillar area, the plate must always be bent at a 90° angle. A lateral

osteotomy is prepared at the crestal level.
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8.8 Diskimplant Placement at Bone Level

Implant placement at bone level is recommended when using a submerged approach.
When very little bone height is available (as is most often the case in basal implan-
tology), the desired bone level can be obtained artificially by GBR with an autolo-
gous bone graft and a biomaterial plus a PRF membrane at the time of basal implant
installation. The basal implant provides a “tent” effect for GBR. Any protruding
part of the Diskimplant® must be covered over by bone substitute material and soft
tissue, then sutured without tension. A scalpel technique or soft brushing can be
used to release the periosteum in order to gain soft tissue coverage and permit pas-
sive flap closure. Osteogenic activation of the periosteum with bone matrix osseo-
tensors is indicated several weeks before implant installation and GBR in order to
increase local blood supply and thereby avoid flap necrosis.

8.9 Indications for Transgingival Abutments

Transgingival Monobloc abutments with a smooth, machined surface are used to
manage the peri-implant soft tissue compartment. These 3.5 mm high, cylindrical
titanium components (ref. PLM-3.5) raise the emergence of the implant from an
intragingival bone level to a paragingival or supragingival position. This facilitates
hygiene and eliminates the need to re-intervene on the transmucosal “biological
zone.” A stable biological link is created between the titanium abutment and the
surrounding mucosa (connective tissue and epithelium). Guidelines for the use of
transgingival abutments for screw-retained and cement-retained restorations are
given in Table 8.1.

The emergence profile of the PLM-3.5 abutment is identical to that of
Diskimplants®. This simplifies the prosthetic phase because the same components
can be used (impression copings, analogs, etc.). The use of a specially designed
driver for abutment installation (ref. PP) allows a “no touch” procedure, just as for
implant placement. These cylindrical abutments can be placed:

1. Immediately after implant installation, in order to augment the initial tissue vol-
ume at the emergence by creating a “tent effect” when the flap is closed. Release
of the periosteum and use of GBR with a biomaterial and PRF are necessary.

2. Atreentry, in order to maintain the full-thickness flap and increase the amount of
attached vestibular gingiva.

Table 8.1 Guidelines for use of transgingival abutments

Soft tissue thickness Procedure

<4 mm Single-tooth restoration directly on the implant. No abutment is required

>4 mm Place one cylindrical titanium Monobloc abutment (PLM-3.5, h 3.5 mm)
on top of the implant

>7 mm Use two cylindrical titanium Monobloc abutments placed one on top of

the other
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Transgingival Abutment Installation

After placing the PLM-3.5 abutment on the implant using the abutment driver (ref.
PP) mounted on a handpiece, tighten it with a mini hollow hex driver (ref. CHMM).
A digital or conventional periapical radiograph should be taken perpendicular to the
implant, before taking the impression, to make sure that the transgingival abutment
is seated correctly. Tighten the abutment to 10-15 Ncm with a manual torque
wrench. Depending on gingival thickness, a cover screw or a 3-mm-high healing
abutment should be installed to avoid soft tissue closure while the prosthesis is fab-
ricated. In esthetically demanding areas, the abutment should be slightly shorter
than the gingival thickness to anticipate tissue retraction. For example, if the gingi-
val thickness at the Diskimplant emergence is 4 mm, place one Monobloc abutment.
If the gingival thickness is <4 mm, no abutment is required; the prosthesis can be
prepared directly on the implant.

8.10 Immediate Loading of Basal Implants

For over 40 years, endosseous root-form dental implants have been placed rou-
tinely using a two-stage procedure, in accordance with Branemark’s original
philosophy. Histomorphometric data, however, indicate that much earlier load-
ing is compatible with osseointegration. This can be attributed at least in part to
improved implant designs with greater retentiveness that reduce micromotion to
such a degree that bone regeneration is possible even with immediate loading.
Osseointegration can be obtained with both approaches provided absolute stabil-
ity is achieved.

Immediate Functional Loading of an Atrophic Edentulous Maxilla
Using Basal Implants (Figs. 8.48, 8.49, 8.50, 8.51, 8.52, 8.53, 8.54, 8.55,
8.56,8.57,8.58, 8.59, 8.60, 8.61, 8.62, 8.63, 8.64, 8.65, 8.66, and 8.67)

Following IV sedation or local-regional anesthesia, full-thickness buccal and palatal
periosteal flaps are elevated to completely expose the edentulous maxillary bone up
to the two tubero-pterygoid processes, the nasal floor, and the two zygomas.

The density of the tuberosity is checked manually using a manual osseotensor.
Two pterygoid Fractal® implants must be installed first to generate strong reliable
and absolutely stable bony anchorage for the immediate loading procedure. These
implants (total length 20 or 23 mm, including the Monobloc emergence crestal cyl-
inder) can be screwed into place (self-tapping) or gently “press-fit” (tapped at the
end of insertion) for better primary stability (Fig. 8.53). Should a problem occur, an
unstable pterygoid implant can be removed and the defect filled in with bone substi-
tute material. The full denture is then put back in place; after a 3- to 6-month waiting
period, another attempt can be made to equip the eggshell-thin maxilla. To pursue
the surgery without having first ensured strong initial distal bone anchorage in the
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tubero-pterygoid area would put the patient at risk, which is unacceptable as many
patients in this situation have already experienced implant and/or bone graft
failures.

After successful placement of the two pterygoid implants (Fig. 8.55), a lateral
osteotomy is prepared (1.5 mm bone depth, just under the sinus floor) using a
9 mm diameter cutter (Figs. 8.56 and 8.57). Two plate-form Diskimplants® are then
firmly anchored on the zygomatic process and the palate using mini orthopedic
SCIews.

The two plate-form Diskimplants® for installation on the two canine pillars are
shaped at an angle of 90°. A 9 mm cutter is used for lateral bucco-palatal osteotomy
in order to prepare an endosseous bed at the crest level. The basal canine implant is

Fig. 8.48 Facial aspect of
an elderly patient with
atrophic jaws

Fig. 8.49 Panoramic view
45 days before implant
installation. Osseotensor
application was performed
under local anesthesia
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inserted in such a way that the vertical loop borders the vertical maxillary nasal
bone wall. The orthopedic mini screws are then screwed into the palatal bone and
the canine bone. Installing the basal implant close to the vertical nasal wall elimi-
nates the risk of injury to the infraorbital nerve (Figs. 8.58 and 8.59).

Intimate contact with the recipient bone bed is completed by gently tapping the
plate-form Diskimplants® with a seating instrument (Fig. 8.60). All exposed por-
tions must be entirely covered buccally and palatally with a bone substitute material
and PRF.

Fig. 8.50 Crestal incision
line for full-flap elevation

Fig.8.51 A manual
osseotensor is always used
to verify the bone density
in the tubero-pterygoid
area before starting
osteotomy with a pterygoid
pilot drill
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Fig.8.52 Low-speed
placement of a self-tapping
tubero-pterygoid Fractal®
implant (19 mm in length)

Fig. 8.53 Final seating is
achieved by tapping the
implant through the
pterygoid processes

A high horizontal incision to release the buccal periosteum allows complete clo-
sure of the grafted area without tension. This can be improved by using a palatal
poncho flap (Figs. 8.61 and 8.62) and 2/0 and 4/0 sutures. An impression is taken
and the occlusion is recorded using the existing full denture. This step is performed
in the surgical room just after suturing. A highly rigid, screw-secured prosthesis is
installed 48 hours post-op (Fig. 8.63). Six months later, the fixed bridge is retrieved
and a cone beam CT scan is taken (Fig. 8.64). A frontal view shows the bone-
anchored basal implant and the mini orthopedic screws in the zygomatic area
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Fig. 8.54 Peroperative
digital radiograph for
verification of proper
implant positioning

Fig.8.55 The two
pterygoid implants should
be installed first. Should a
problem occur (improper
positioning, absence of
initial absolute stability,
etc.), it is easy to remove
the implant, graft, put back
the full denture, and make
anew attempt 3 months
later
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Fig.8.56 Lateral
osteotomy at a bone depth
of 1.5 mm, just beneath the
sinus floor. If there is a
small sinus opening, PRF
and bone substitute
material should be packed
in before placing the
zygomatic Diskimplant®

Fig. 8.57 Zygomatic
implant in place in the
crestal bone cut and firmly
screw-secured both to the
palate and the zygomatic
process

Fig. 8.58 Plate-form
Diskimplant® shaped at
90° for installation on the
canine pillar
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Fig. 8.59 The basal
implant is screw-secured to
the canine pillar, adjacent
to the nasal rim, and to the
palatal plate

Fig.8.60 The Diskimplant®
is adapted to the anatomy of
the canine pillar by tapping it
with a round-tipped seating
instrument

(Fig. 8.65). All implants are checked individually to make sure they are clinically
and radiologically osseointegrated, without pain, micromovement, or inflammation.
In this example, both sinuses appear healthy (Fig. 8.66), and the patient was satis-
fied with the final cosmetic outcome (Fig. 8.67). In highly challenging situations
such as patients with a history of implant and bone graft failure, a molar-to-molar
transpalatal bar is advisable. This bar can be removed 6 to 9 months later, after
osseointegration has been achieved.
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Fig. 8.61 Full-thickness
flap repositioned using the
“poncho” technique

Fig. 8.62 Soft tissue
healing one week post-op.
The immediate, screw-
secured fixed bridge was
retrieved for suture
removal

Fig.8.63 Cone beam CT
panoramic view at

6 months. A bone gain is
visible compared to the
initial status
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Fig. 8.64 Cone beam CT view of a basal implant screw-secured onto the canine pillar and zygo-

matic process

Fig.8.65 Front view of
the full implant
rehabilitation of an
atrophic maxilla (2-year
check-up). The fixed
bridge was unscrewed to
allow individual
assessment of all implants.
The zygomatic plate-form
implant and the pterygoid
root-form implant are
clearly visible. Both
sinuses are healthy

Fig.8.66 Panoramic view
with the fixed bridge in
place 2 years post-op
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Fig. 8.67 Final cosmetic
outcome (same patient as
Fig. 8.48)

8.11 Delayed Loading of Basal Implants

A submerged technique, where the basal implant is left covered by the gingiva for
healing purposes, is the recommended procedure for single-tooth replacements and
rehabilitation of partial edentulism with Diskimplants®. In such situations, GBR is
always associated with implant installation in order to protect and increase the ini-
tial bone volume. When bone quality can be considered excellent or good, a waiting
period of approximately 6 months is necessary for the maxilla and 4 months for the
mandible. Longer healing periods (9 months) are required for bone of lesser quality.
Implants can be lost with the submerged approach because of the iatrogenic effect
of the removable appliance worn during the healing phase. Insufficient space
between the implanted area and the opposite dental arch can also become a prob-
lem, even if the patient does not wear a provisional denture. If local conditions allow
use of a fixed appliance on the remaining natural teeth during temporization, this is
the preferred option. A free inter-arch space of at least 4 mm is mandatory. When
less space is available, the patient may accidentally chew on the sector and subse-
quently open the incision line, expose the bone, contaminate the GBR, and ulti-
mately mobilize the Diskimplant®.

8.12 Postoperative Instructions for Patients

A control visit is usually scheduled the day after surgery. The following recommen-
dations should be followed after implant placement to ensure adequate healing.

1. Place ice packs over the surgical area (20-minute applications), starting right
after the operation and continue for 24 hours.

2. Do not rinse your mouth or brush the surgical site during the first 48 hours after
the operation.
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10.
11.

. Starting 48 hours after surgery, gently rinse your mouth with a single-dose

saline solution after each soft meal. Begin gentle gingival cleaning with Dakin
Cooper solution on a cotton swab (toothbrushes and interdental tips are forbid-
den). Do not use the Dakin Cooper solution as a rinse or mouthwash.

. If nasal bleeding occurs, do not blow your nose vigorously. Block the bleeding

nostrils with packed cotton.

. If bleeding begins in the surgical area, apply gentle pressure to the area by bit-

ing on a roll of gauze for 20 minutes. If the bleeding does not stop, please
contact Dr. ....

. Use an elevated headrest or an extra pillow for the first two nights after the

operation.

. Stay on a liquid and soft diet for the first 3 weeks after the operation. Do not

smoke or consume alcoholic beverages during the first week.

. Do not practice any violent physical activity until complete relief of postopera-

tive symptoms. In particular, avoid diving or swimming under water.

. Do not wear your removable denture until it has been relined (this applies only

to delayed loading protocols).

Carefully follow the directions for any prescribed medications.

If you have any questions or any problems arise concerning your operation,
please contact Dr. ....
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Gérard M. Scortecci, Laurent Morin,
Isabelle Morin, and Fabio Levratto

9.1 Laboratory Techniques and Implant-Supported
Restorations [1-11]

The laboratory steps that require special equipment and experience are usually del-
egated to a commercial dental laboratory familiar with basal implant prosthodontic
procedures. The dentist should clearly define his expectations and inform the tech-
nicians of the specific prosthetic components and materials required.

Regardless of whether the laboratory procedures are performed in the dental
office or in a commercial dental laboratory, the dentist must supply high-quality
clinical work and explicit written and oral instructions. Inadequate impressions,
misfit of transfer impression copings and machined analogs, unrealistic implant-
supported constructions due to poor implant positioning, casts, and jaw relation
records should be returned to the dentist with an explanation of why they are unac-
ceptable. If instructions are not clear or are insufficient, clarification should be
obtained from the dentist before proceeding. The specific components and materials
requested by the dentist must be used, even if they are not “customary” laboratory
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procedures. The dentist has complete responsibility for the patient’s treatment and
must carefully check the quality of all laboratory work. Unacceptable work must be
returned to the laboratory with a detailed description of all deficiencies. This allows
the laboratory technician to progress on his own learning curve with basal implant-
supported prosthodontics. Transfer of information over the Internet between the
dental office and the dental laboratory greatly facilitates the prosthetic phase.

9.2  Flat Emergence Connection (Fig. 9.1)

All Diskimplants®, Monobloc Fractal® implants, and the Monobloc transgingival
abutment feature the same flat emergence profile (Monobloc concept) patented by
the author in 2000. A combination of three elements, a flat joint and an external
hexagon protected by a cylindroconical seal (Morse cone), this emergence ensures
a passive fit even in an angulated and/or divergent position.

Prosthetic options for Monobloc implants include:

— Prolongation with a Monobloc transgingival abutment in case of gingival thick-
ness over 3.5 mm

— Direct screw retention of the prosthetic element to the implant

— Hex abutment posts for cement-retained prostheses

— Ball attachments

— Locator®Equator® option

— Telescope

— Castable plastic copings for single-tooth replacements and multiunit bridges.

When a Diskimplant® is installed in a sector with thick gingiva (>3.5 mm), addi-
tion of a Monobloc transgingival abutment (height 3.5 mm) at the moment of sur-
gery may be helpful for bone height augmentation and soft tissue management. This
abutment can be removed ulteriorly should gingival retraction occur. The fit between
the abutment and the Diskimplant® must be checked immediately after the abutment
has been seated. Even a small gap means that the impression will be inaccurate, the
prosthesis will not seat properly, and the forces from the superstructure will not be
optimally transferred to the implant. This may lead to screw loosening or fracture of
the abutment screw or the implant body itself.

Fig.9.1 Diskimplant®
with a Monobloc flat

emergence profile and a
transgingival Monobloc
abutment (same profile)
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Small misfits can best be detected using periapical or intraoral digital radio-
graphs that provide high geometric resolution at a low radiation dose. The X-ray
beam is directed at a right angle to the longitudinal axis of the implant. The incident
beam must be parallel to the upper surface of the implant and the opposing surface
of the abutment: even small deviations can prevent visualization of a clinically sig-
nificant gap. Panoramic images are recommended for abutment verification when
intraoral radiographs are difficult to obtain (patients with edentulous atrophic jaws)
or when anatomic conditions render intraoral films insufficient; they are particularly
helpful for assessment of extensive rehabilitations and full-arch restorations.

9.3 Impression Techniques (Figs. 9.2, 9.3 and 9.4)

Diskimplants® use the same prosthetic components as Monobloc Fractal® root-form
implants that have the same flat emergence profile. Conversion abutments with the
Monobloc emergence profile also exist for root-form bone-level Fractal® implants
with an internal octagon emergence. This considerably reduces the number of com-
ponents required, thereby simplifying procedures when basal implants and root-
form implants are combined.

Fig.9.2 Impression
copings in place. Even
though the pterygoid
implant is angled 45°, the
flat emergence profile
makes it easy to take the
impression

Fig. 9.3 Impression
copings connected with
Luxabite®. A transpalatal
bar is used to prevent
distorsion of the
impression




206 G. M. Scortecci et al.

Fig. 9.4 Impression taken
with heavy silicone, no
tray required

Fig. 9.5 A plaster
impression is used to
validate absolute passive fit

Except in certain clinical situations such as a reduced buccal opening, an open
impression tray and pick-up-type titanium impression copings are recommended.

— For partial restorations (bridges), pick-up-type titanium impression copings
(for abutments or implants) connected together with Luxabite® resin are used
with an appropriate open impression tray. The same cylindrical analog is used
for transgingival Monobloc abutments, Diskimplants®, and Monobloc Fractal®
implants.

— For completely edentulous patients, a pick-up impression can be taken without
an impression tray. All of the titanium impression copings must be firmly con-
nected together with Luxabite®. The procedure for the mandible is similar. For
the maxilla, a transpalatal bar from molar to molar is necessary to avoid
distorsion.

— Use of a plaster rim to check accuracy is highly recommended (Fig. 9.5).
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9.4  Transfer of Interarch Relationships and Recording
of Occlusion (Figs. 9.6, 9.7 and 9.8)

There are three major clinical situations:

1. Fully edentulous patients
This is a critical step in prosthetic rehabilitation for long-term implant success.
After the impression is taken, a first interarch relationship is recorded using a
direct hard silicone bite or the existing full denture relined with silicone. This
allows the dental technician to prepare a rigid, screwed-to-implant occlusal resin
rim with six anterior commercial teeth and a posterior wax block in order to
recheck the occlusion.

Fig.9.6 Screw-secured,
acrylic/titanium occlusal
rim with six commercial
front teeth for evaluation of
occlusion and cosmetics

Fig.9.7 Titanium flat
emergence bonding
cylinder to be glued into
the framework of the fixed
prosthesis
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Fig. 9.8 Internal view of
the screw-secured bite
appliance

2. Partially edentulous patients; this group can be subdivided into two categories:

e Patients who still have some reliable natural teeth in occlusion. A silicone
bite, Luxabite®, or Beauty Pink® hard wax can be used to give a reliable inter-
arch relationship to the dental lab.

e Patients without any opposing natural teeth in occlusion. In this case, a screw-
secured occlusion rim must be made by the dental lab to record the interarch
relation.

3. When a patient already has a screw-secured-to-implant transitional prosthesis,
this appliance can serve as a transfer using the pick-up impression technique.

9.5 Fabrication of Transitional and Final Prostheses
(Figs.9.9,9.10,9.11,9.12,9.13,9.14,9.15 and 9.16)

Screw-Secured Fixed Restorations (Figs. 9.17,9.18,9.19, 9.20, 9.21,
9.22,9.23,9.24,9.25,9.26,9.27,9.28, 9.29, 9.30, 9.31, 9.32, 9.33, 9.34,
9.35,9.36,9.37,9.38,9.39,9.40, 9.41,9.42,9.43,9.44,9.45,9.46,9.47,
9.48,9.49,9.50 and 9.51)

— Pick-up impression taken with titanium impression copings. For delayed loading
procedures, the impression and occlusion are taken 4—6 months after implant
placement. For the immediate loading protocol, the impression is taken immedi-
ately after surgery, and a transitional, fixed screw-secured titanium/resin restora-
tion is installed 2472 h post-op.

— Occlusion, phonation, and esthetics are then checked.

— 6 months later, a new pick-up impression is taken with the transitional prosthesis
or new impression copings. The wax-up and mock-up are checked and the final
prosthetic restoration is then completed. If full zirconia is selected (Zirkonzahn),
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machined titanium bonding cylinders are glued into the full zirconia prosthesis
and screw-secured directly to the implant(s) or to the transgingival abutments.

— Follow-up and maintenance: 1 month, 3 months, and 6 months after restorative
treatment (and yearly thereafter).

Fig. 9.9 A positioning
screw allows easy
placement of the bridge to
be screw-secured on the
flat emergence profiles

Fig.9.10 Placement of
the lower fixed-to-implant
prosthesis. The positioning
screw holds the bridge in
place during the screwing
procedure

Fig.9.11 Cobalt-
chromium frames with
resin teeth: screw-retained
full maxillo-mandibular
restoration. Immediate
functional loading protocol
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Fig.9.12 Panoramic view
at | year

Fig.9.13 After | year of
function with the
transitional bridge, the
final ceramic-baked-to-
metal bridge was made

Fig.9.14 The transitional
bridge was used to transfer
information
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Fig.9.15 Occlusal view
of the flat emergence
Monobloc analog and the
corresponding abutment
for a single tooth

Fig.9.16 Various options
are available for the flat
emergence profile

Fig.9.17 Anterior
Maryland bridge screw-
secured to four implants
(immediate functional
loading)
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Fig.9.18 Cosmetic aspect
48 hour post-op

Fig.9.19 The Maryland
extensions were cut and
removed after 6 months.
Each implant was checked
individually

Fig.9.20 “Pop-in”
impression copings in
place for a hydrocolloid
impression for the final
prosthesis
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Fig.9.21 In order to give
the dental laboratory the
actual situation in the
mouth, the impression
coping must be connected
to the transgingival
abutment that is screwed
onto the analog

Fig.9.22 The assembly is
“popped” back into the
hydrocolloid impression
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Fig.9.23 Master model
with pink silicone gingiva

Fig.9.24 Transgingival
abutment installation with
an abutment driver




9 Prosthodontics

215

Fig.9.25 Transgingival
abutments are removed
from the analogs that have
the same emergence profile
as the implants

Fig.9.26 Selected
multiunit abutment

Fig.9.27 Multiunit
abutments positioned on
the implant analogs
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Fig.9.28 Trial of the
framework prepared for
secondary bonding

Fig.9.29 Opaque in place

Fig.9.30 Ceramic
mounted
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Fig.9.31 Intraoral
verification

Fig.9.32 Silicone
impression

Fig.9.33 Ceramic-baked-
to-gold with secondary
welds (gold)
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Fig.9.34 Palatal view of
the final screw-secured
prosthesis

Fig.9.35 Cosmetic aspect

Fig.9.36 Fractured teeth
and implant on the upper
left side
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Fig.9.37 Intraoral aspect
of the defect

Fig.9.38 The fractured
elements were removed

Fig.9.39 Immediate
installation of a screw-
secured plate-form basal
implant on the zygoma
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Fig.9.40 Immediate
functional screw-secured
fixed bridge. One year
post-op, the gingiva had
retracted, and the
transgingival abutment had
to be removed

Fig.9.41 Panoramic
radiograph 1 year post-op.
The sinuses are clear

Fig.9.42 Master model:
the Monobloc analogs with
their flat emergence profile
can be seen after removal
of the transgingival
abutments
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Fig.9.43 Preparation for
a cemented prosthesis on
three implants and screw
retention on the pterygoid
implant

Fig.9.44 Wax-up
showing the palatal escape
channel for the cement

Fig.9.45 Metal frame
with a palatal cement
escape channel
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Fig.9.46 Ceramic baked
on gold alloy frame

Fig.9.47 Occlusal view
of the pontic. Gold
surfaces were necessary
due to the occlusal
conditions. The tubero-
pterygoid implant was
placed solely to secure the
restoration; no prosthetic
tooth was placed at this
site. Immediate functional
loading protocol

Fig.9.48 Intraoral
cosmetic aspect
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Fig.9.49 Panoramic view
of the final cemented and
screw-retained bridge

Fig.9.50 Screw-retained
zirconia-on-titanium
single-tooth restoration

Fig.9.51 Occlusal aspect
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Cement-Retained Restorations (Figs. 9.52, 9.53, 9.54, 9.55,
9.56,9.57 and 9.58)

Titanium hex abutment posts screwed onto the flat Monobloc emergence profile can
be used when implants are parallel and for suitably located single implants.

— A pick-up impression is taken using titanium impression copings.

— The interarch relationship is recorded with a silicone bite or Beauty Pink® wax,
depending on the clinical situation.

— If the implants are not perfectly parallel, the dental lab must prepare a custom-
ized angulated abutment with a positioning stent and a rigid plastic bite for a new
occlusal record.

— A classic impression of the customized abutment is taken and sent to the dental
lab, along with an occlusal record, for fabrication of the final cement-retained
fixed bridge. During this time, the patient wears a transitional cemented acrylic
fixed bridge.

— Use of specific intraoral and in-lab scan bodies allows virtual prosthodontics on
basal implants. The scan body is placed on the implant directly in the patient’s
mouth; the scan data and an occlusal record are sent to the dental lab for prepara-
tion of a customized abutment (this applies to single-tooth replacements and
small bridges only).

Digital Flow Prosthodontics

Increasing numbers of dental offices and laboratories are equipped for CAD-CAM
and scan technologies. A trial wax-up and mock-up of the final restoration should
always be checked in the patient’s mouth for approval before fabricating the defini-
tive basal implant-supported prosthesis.

Digital milling machines require accurate transfer of implant position before
starting to make any prosthetic rehabilitation with an absolute passive fit. All

Fig.9.52 The flat
emergence profile is visible
on the master model
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Fig.9.53 Screw-secured
straight abutment on the
flat emergence. A lingual
escape channel was
prepared

Fig.9.54 Same escape
channel in the zirconia
tooth

Fig.9.55 Occlusal view
of the cemented tooth
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Fig.9.56 Resin cement
and monomer (liquid)

Fig.9.57 Abutment in
place

Fig.9.58 Intraoral
cosmetic aspect after
cementing
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transfer impression copings must be connected with plaster on the master model in
the dental lab; they must then be checked in the patient’s mouth by screwing them
onto all of the implants. This allows easy detection and correction of any cracks in
the connecting plaster before the final restoration is fabricated.

9.6 Prosthetic Materials for Transitional and Final
Prostheses (Figs. 9.59, 9.60, 9.61, 9.62, 9.63, 9.64, 9.65, 9.66,
9.67,9.68,9.69,9.70,9.71,9.72,9.73,9.74,9.75, 9.76,9.77,
9.78 and 9.79)

Immediate, screw-secured transitional restorations generally consist of a CrCo
framework with machined titanium copings and conventional resin teeth (Phonares®
denture teeth [Ivoclar Vivadent] for the anterior teeth, Premium® denture teeth
[Heraeus Kulzer] for the premolars). Preparation of a transitional resin restoration
on pick-up-type titanium impression copings cut to size is possible for single-tooth
replacements. Esthetics, speech, mastication, and maintenance can all be evaluated

Fig.9.59 Telescope
screwed onto an implant
with a flat emergence
profile that was angled too
far buccally

Fig.9.60 Ceramic-baked-
to-gold tooth to be
cemented with resin
cement
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Fig.9.61 Cosmetic
outcome

Fig.9.62 Occlusal view
of a full zirconia bridge
(different patient)

Fig.9.63 Master model
with Monobloc flat
emergence profile analogs
(screw-secured bridge)
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Fig.9.64 Prosthetic
components for a bridge
screw-secured onto
implants with a flat
emergence profile

Fig. 9.65 Pink zirconia
gingiva and full zirconia
Zirkonzahn teeth

Fig.9.66 Internal aspect
of the full zirconia bridge
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Fig.9.67 Titanium
bonding cylinder to be
glued into the Zirkonzahn
tooth; the brass centering
cylinder on the right is
only used on the master
model in the dental
laboratory

Fig.9.68 Equilibration on
an articulator

Fig.9.69 Full zirconia
prosthesis prepared with
special milling burs
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Fig.9.70 Coloration prior
to sintering

Fig.9.71 Final cosmetic
aspect of the upper and
lower restorations
(Zirkonzahn) screw-
secured to basal implants

Fig.9.72 Computerized view of the rehabilitation mounted on an articulator



232 G. M. Scortecci et al.

Fig.9.74 Brass centering
cylinders in place

Fig.9.75 Intraoral
esthetic aspect
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Fig.9.76 Occlusal view
of the Zirkonzahn
rehabilitation

Fig.9.77 Final esthetic
outcome

Fig.9.78 Panoramic view
of the initial intraoral
status (2009)
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Fig.9.79 Panoramic view
of the restoration in 2017
(immediate functional
loading protocol)

during the minimum 6-month period that the transitional appliance is in function.
Use of machined abutments is generally preferable, but castable plastic copings can
also be used.

6—12 months after validation of the transitional implant-supported tooth or pros-
thesis, the final restoration can be prepared by the laboratory with a minimum of
modifications. The transitional prosthesis can be used as a transfer for the final res-
toration. In certain cases, it can even be maintained as the final restoration for clini-
cal, mechanical, and economic reasons. Several options exist if the patient desires a
more sophisticated final prosthesis: fabrication of a new framework, ceramic-fused-
to-metal (precious metal, non-precious alloy or titanium), or prototyping technol-
ogy (titanium on cobalt-chromium, which avoids the need to glue titanium cylinders
into the framework).

Another possibility is full zirconia with titanium connecting components (tita-
nium coping coupled to zirconia with Attachment Bond®) (Heraeus Kulzer,
Germany) or a similar adhesive developed for cementing to zirconia. More recently,
TRINIA® and PEEK abutments and frameworks have emerged as other options for
implant-supported restorations.
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Single-Tooth Replacement: The Esthetic 1 0
Zone and Posterior Sectors

Gérard M. Scortecci, Charles Savoldelli, and Franck Afota

10.1 Single-Tooth Replacement with a Basal Implant
Epidemiology

In the anterior region, absence of a tooth is generally related to trauma or agenesis (lat-
eral incisors); maxillary canines are sometimes impacted. Fracture, infection, and peri-
odontal disease are the main causes of tooth loss in the molar and premolar sectors.

Agenesis

Agenesis can be managed in several ways. In some cases, a double Diskimplant®
can be installed directly, without initial hard- or soft-tissue management. In other
instances, a soft-tissue graft or a bone graft is required before an implant can be
placed. If the mesiodistal space is too narrow crestally and/or apically, prior orth-
odontic movement and space maintainers are needed in order to obtain sufficient
space for implant placement without injury of adjacent natural teeth. A minimum of
4 mm mesiodistally is required for narrow root-form implants versus 5.5 mm mesio-
distally for Diskimplants®.
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Immediate Basal Implant Placement Following Extraction

Basal implants are indicated when there is extensive loss of the buccal alveolar plate
and not enough bone is available for direct placement of a root-form implant. If
clinically possible, immediate implant placement is the recommended option.
Removal of the tooth should be performed carefully so as to preserve the initial
alveolar bone volume. The apical portion of the Diskimplant® (i.e., the basal disk)
must be anchored firmly in the maxillary or mandibular bone and be wider than the
extracted root. The remainder of the implant body must be solidly fixed in the dense
palatal or lingual aspect of the remaining alveolar bone and fill in the crestal alveo-
lar gap as closely as possible.

Delayed Implant Placement After Extraction

When immediate implant installation is not possible because of insufficient bone
quality and/or quantity or because there is a high risk of infection, it is advisable to
wait 3 months for alveolar bone reconstruction to take place, and all sources of
infection have been eliminated. Repeat radiographic analysis is required before
implant placement. Direct evaluation of bone density with a manual osseotensor is
mandatory 45 days before installation of a basal implant.

Bone Grafting After Extraction

If a bone graft is necessary, the soft tissue at the extraction site must first be allowed
to heal for 1 month in order to obtain a sufficient amount of mucosa to protect the
future free bone graft. The best intraoral donor sites are the ramus and the mental
area. Usually, implants are not installed at the time of bone grafting. It is preferable
to let the free bone graft become incorporated (waiting period 3 months) with estab-
lishment of a new blood supply. This process of neo-angiogenesis is essential for
successful implant integration. If there is enough remaining bone, root-form
implants can be installed. If not, basal implants (double Diskimplants®) can be later-
ally inserted and left submerged for 6 months before loading. Immediate loading is
possible in certain favorable clinical situations. Use of a night guard is advisable.

10.2 Loading Modalities for Single-Tooth Basal Implants
Immediate Functional Loading

Immediate loading of single-tooth and partial arch replacements remains controver-
sial because this approach involves numerous hard-to-control parameters. In par-
ticular, patient compliance is mandatory. If clinical evaluation is favorable, a
single-tooth restoration can be placed 24 hours after implant installation. Alternately,
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a fixed transitional titanium-resin unit can be fabricated immediately using a tita-
nium pick-up impression coping to create a screw-retained Maryland bridge-type
restoration. Indirect click-in type impression copings can be used with a regular
impression tray and light and hard silicone impression materials. A full-arch night
guard including the basal implant-supported tooth is advisable during the first
6 months post-op in order to guarantee initial and long-term stability.

Inclusion criteria for immediate functional loading (modified from [1]) are as
follows:

— Non-smoking patient

— Physical and psychological health status compatible with the procedure

— Good oral conditions, including hygiene

— Amount and quality of available dense bone compatible with reliable and stable
initial anchorage of a Diskimplant®

— Dental arch relationship allowing bilateral occlusal stability

— A minimum distance of 4 mm between the implant emergence (crestal level) and
the occlusal surface of the opposite tooth

Exclusion criteria include:

— The canine, premolar, and molar areas: a submerged technique is recommended
in these sectors.
— Patients with bruxism or tongue thrust habits.

Risk/Benefit Analysis

Delayed loading is the recommended procedure for 98% of single-tooth restorations
on Diskimplants® and for 100% in posterior edentulous sectors. The waiting period
is 6 months or more, depending on patient age (> 50 years) and initial bone volume
and quality. However, whenever possible, it is always better to place a Diskimplant®
immediately after an extraction in order to preserve the remaining alveolar bone. As
the lateral osteotomy procedure provides a natural pathway for drainage, the risk of
“trapping” a source of infection is very low.

10.3 Single-Tooth Impressions
Pick-Up Impression with an Anti-rotational Impression Coping

Before taking the impression, make sure that the titanium hex impression coping for
single-tooth replacements (ref. TPMU) is positioned correctly on the Diskimplant®
or PLM-3.5 abutment (check this radiographically). The TPMU coping is held in
place with an M 1.4 titanium laboratory screw (Diskimplant® carrier screw). A trans-
parent plastic open impression tray is used with heavy silicone. Secure the
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impression coping to the tray with Duralay® or Luxabite® to prevent rotation during
the connection of the implant analog (ref. APL) in the dental laboratory. This tita-
nium pick-up-type impression coping can be reused to fabricate a transitional resto-
ration with a denture tooth prior to fabrication of the final prosthetic element.

“Click-In" Impression Technique

The “click-in” or “pop in” impression coping (ref. TP) is compatible with standard
commercial trays and silicone or hydrocolloid impression materials. The laboratory
phase is the same as with pick-up-type impression copings. This technique can be
used for all types of single-tooth restorations on a Monobloc abutment. Make sure
that the impression coping “clicks” back into the impression, and then secure the
impression coping/analog assembly before pouring the plaster into the impression
tray.

10.4 Single-Tooth Prosthodontics

There are two techniques for single-tooth restorations, each with its advantages and
drawbacks:

1. Screw-retained restoration directly on the Diskimplant®, when gingival thick-
ness is less than 4 mm, or on a cylindrical transgingival titanium Monobloc abut-
ment (ref. PLM-3.5)

2. Cement-retained restoration on a two-piece hex abutment post that is screw-
secured directly onto the Diskimplant® or to a transgingival cylindrical Monobloc
abutment.

In cosmetically demanding areas where the gingival thickness is less than 4 mm,
the restoration can be prepared directly on the implant. If the implant emergence is
buccal or incisal, cement-retained technology is indicated. The final decision
depends on implant position, occlusion, gingival thickness, esthetics, and cost.

Screw-Retained, Single-Tooth Restorations (UCLA Concept)

When the gingival thickness is less than 3.5 mm, the UCLA concept can be used if
the implant emergence is occlusal or lingual/palatal. If the gingival thickness is
>3.5 mm, a screw-secured single-tooth restoration can be prepared on a titanium
Monobloc abutment (PLM-3.5) placed on top of the implant. The emergence of the
basal implant must be located in the middle of the cingulum for incisors and canines.
Although occlusal screws may be visible and recurrent screw loosening may occur
if the screw is not retightened 24 hours after installation, this type of restoration is
easy to retrieve and repair. Anti-rotation is provided by the design of the Monobloc
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emergence profile (external hex plus conical seal) and use of appropriate prosthetic
components for single units.

Impression

The impression is taken using a machined titanium, pick-up-type hex impression
coping (ref. TPMU) held in place by an M1.4 laboratory screw. Hex impression
copings provide maximum precision and anti-rotation effect due to friction grip
(cylindrical impression copings are intended solely for bridges). A “click-in”
impression coping (ref. TP) may also be used provided the implant is not exces-
sively angulated. A Monobloc analog (ref. APL) is then screwed onto the assembly
which is given to the dental laboratory.

Laboratory Procedure
The laboratory phase for screw-retained, single-tooth restorations directly on
Diskimplants® and on Monobloc abutments is the same for both “click-in” and
“pick-up”-type impression techniques.

A single-tooth unit can be fabricated using a castable plastic single-unit coping
(PCMU) or by modifying a hex impression coping (ref. TPMU). These components
are held onto the Monobloc analog with the M 1.4 laboratory screw.

— The plastic castable coping for single units features a hex for anti-rotation. It
must be waxed and overcast in order to prepare a suitable emergence profile for
the corresponding prosthetic tooth.

— A machined titanium hex impression coping can be shortened to prepare a rela-
tively inexpensive composite crown directly.

The single-tooth prosthetic element is secured using an M1.4 retaining screw
tightened manually to 10-15 Nem.

M1.4 Screws

Gold M1.4 retaining screws (ref. VFO-M1.4) are recommended for fixation of sin-
gle crowns as they are easy to retrieve if they fracture. Titanium retaining screws
(ref. VFT-M1.4) should be used with caution owing to the risk of formation of a
cold solder. The long titanium M1.4 carrier screws supplied with Diskimplants® can
be cut down in the dental laboratory (1.5 mm from the occlusal level) and used for
temporary single crowns on implants or Monobloc abutments. All retaining screws
should be retightened after 24 hours to prevent screw loosening.

Cement-Retained Single-Tooth Restorations

If the implant emergence is buccal, a cement-retained restoration on a customized,
screw-secured UCLA abutment is indicated. Depending on implant position and
gingival thickness, a machined titanium hex abutment post (ref. FMT-5, FMT-6, or
FMT-7) can be screw-secured directly into the basal implant or into a transgingival
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PLM-3.5 abutment placed on top of the implant. Cementation to a hex abutment
post screw-secured directly into the implant is indicated if the implant emergence
requires angle correction and gingival thickness is less than 4 mm.

Impression

— The hex abutment post can be left in the mouth and an impression taken directly,
just as for a natural tooth.

— Alternately, a hex impression coping for single-tooth units (ref. TPMU) can be
used to take the impression.

Laboratory Procedure

If a hex abutment post is not left in the mouth, the dental laboratory can either use a
machined hex post or fabricate a post using a castable plastic single-unit coping.
This coping must be re-shaped, waxed, and overcast; the final unit must be trimmed
and highly polished in order to obtain a suitable emergence profile for the final
tooth. The dental technician then prepares the single-unit ceramic crown to be
cemented directly onto the screw-secured hex abutment post or custom post. Three
or four layers of die spacer should be used to allow room for the resin cement that
absorbs shocks during function and parafunction.

Cementing

Duralay® or a resin cement is recommended to hold the single crown to the post.
The slot of the abutment post retaining screw should be protected with eugenol-free
temporary cement or a Teflon™ pellet. In order to eliminate any air trapped during
cementation, the technician should prepare an escape channel for the resin cement
(approx. 1 or 2 mm in diameter) on the lingual side of the crown and another escape
channel on the corresponding screw-secured abutment post. The two channel open-
ings are aligned to create a continuous resin pin through the cingulum of the single
crown and through the screw-secured hex abutment post.

Retrieval of a Cemented Crown

If retrieval of the cemented crown proves necessary, the resin pin can be eliminated
easily using a carbide bur mounted on a high-speed handpiece. Drilling without
spray causes the resin cement to expand. A drop of eugenol is then placed in the
“now open” channel to dissolve the resin. A new drilling sequence is then per-
formed at high speed with a small diamond bur, again without spray. Another drop
of eugenol is next introduced in the small access channel. The patient must wait
20 minutes in the waiting room for the product to soften the resin cement (or they
can return the next day, if necessary). A crown removal appliance is then inserted in
the access channel on the lingual side of the crown to be retrieved. A gentle tap is
sufficient to separate the resin-cemented crown from the screw-secured abutment
post. This is a simple means to safely retrieve a definitive cement-retained single-
tooth restoration on an implant.
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10.5 Cleft Palate and Agenesis: Surgical Management
with lliac Bone Grafting of the Palate (Figs. 10.1, 10.2,
10.3,10.4,10.5,10.6,10.7,10.8,10.9,10.10, 10.11, 10.12,
10.13,10.14,10.15,10.16, and 10.17)

This patient was followed up since the age of 7. The cleft was successfully closed
with an iliac crest bone graft, but the height of the bone available under the nasal
floor was insufficient for installation of even a short root-form implant. Both disks
of a 7-mm-diameter double Diskimplant® advantageously engaged the remaining
nasal bone in addition to the autologous grafted bone. The delayed loading protocol
included a 6-month waiting period before functional loading. At follow-up in
January 2018, after 2 years of service, the implant was fully osseointegrated.

Fig. 10.1 Patient aged
7 years: extraoral view
(cleft palate)

Fig.10.2 Same patient as
Fig. 10.1: intraoral view
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Fig. 10.3 Extraoral view
at age 18 years

Fig. 10.4 Intraoral view
before surgery

Fig. 10.5 The braces were
removed and replaced by
an Invisalign®-like space
maintainer. Intraoral view
of the bone exposure due
to elevation of an extensive
full-thickness flap. The
base of the nasal floor is
visible
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Fig.10.6 A 5-mm-
diameter double cutter is
used to determine the
osteotomy site. The
position can easily be
checked at this step by
taking an intraoral
radiograph. If necessary,
the osteotomy site can be
moved

Fig.10.7 A 7-mm-
diameter cutter is used to
finalize the “cut” in the
bone-grafted area

Fig. 10.8 The double
Diskimplant® is gently
impacted and immediate
absolute stability is
checked
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Fig. 10.9 Bone substitute
material is used to
completely cover the
Diskimplant® buccally,
crestally, and palatally

Fig. 10.10 PRF
membranes are placed, and
a passive, full-thickness
flap is repositioned and
meticulously sutured with
4/0 sutures (Glycolon®)

Fig. 10.11 Panoramic radiograph at 9 months. The 7-mm-diameter Diskimplant® is mesially and
distally anchored in native living bone; the rest of the implant is in the remaining iliac crest graft.
The distance between the two disks is 3 mm. The apical disk lies | mm under the nasal floor
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Fig.10.12 Cone beam CT: sagittal view showing the difficulty of the situation. The crestal emer-
gence of the implant remains in the prosthetic corridor for a screw-secured single tooth

Fig. 10.13 Removable
Invisalign® appliance with
an incorporated resin tooth

Fig.10.14 Aftera
9-month waiting period,
the double Diskimplant®
appears osseointegrated
clinically and
radiologically (no pain,
mobility, sign of infection,
or radiolucency)
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Fig. 10.15 A transitional
titanium/composite resin
tooth was screw-secured
on the double
Diskimplant® and placed in
function for 1 year (a night
guard was worn)

Fig. 10.16 Placement of a
zirconia-to-titanium,
screw-secured final tooth

Fig. 10.17 Panoramic
radiograph 2.5 years
post-op

10.6 Management of the Anterior Region

Single-Tooth Basal Implant (Maxilla) After Traumatic Loss of the
Buccal Plate (Delayed Loading) (Figs. 10.18, 10.19, 10.20, 10.21, 10.22,
10.23,10.24,10.25, 10.26, 10.27, 10.28, 10.29, 10.30, 10.31, and 10.32)

The buccal plate and tooth 11 were lost during a fall from a bicycle. An initial autolo-
gous ramus graft failed, and the patient refused a second bone grafting procedure.
After obtaining her informed consent and esthetico-functional analysis including a
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3D cone beam exam and the Diskimplant® software library, it was decided to place
an asymmetrical double Diskimplant® (base diameter 7 x 5 mm, distance between
the two disks 3 mm). As the most apical disk was located 13.5 mm from the bone
level emergence, a cutter extender (Orthoroad, France) was required.

Fig. 10.18 Panoramic
view showing post-
traumatic loss of the upper
right central incisor

Fig. 10.19 Intraoral view
of the knife ridge 6 months
post-trauma

Fig. 10.20 An initial free
autologous bone graft
failed due to the iatrogenic
effect of the temporary
removable single-tooth
prosthesis
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Fig. 10.21 Lateral
osteotomy with a
7-mm-diameter double
disk titanium cutter

Fig.10.22 A 7-mm-
diameter double
Diskimplant® with a long
shaft was used to create a
crestal notch in order to
place the Diskimplant®
emergence at bone level

Fig.10.23 Autologous
bone chips collected from
the vertical buccal plate
were used to cover the
lateral bone cut
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Fig. 10.24 Bone
substitute material and
PRF were used to fill in the
defect and the crestal
portion of the
Diskimplant® emergence

Fig.10.25 The full-
thickness flap was
repositioned passively and
sutured with 6/0 sutures

Fig. 10.26 Temporary,
removable single-tooth
appliance without any
occlusal contact to avoid
placing pressure on the soft
tissues
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Fig. 10.27 Panoramic
view at 6 months

Fig.10.28 Final
screw-secured, zirconia-
glued-to-titanium
restoration fabricated after
the patient had used a fixed
transitional resin tooth for
1 year

Fig. 10.29 Final
gingivo-alveolar aspect of
the initial defect site

2 years post-op
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Fig. 10.30 Intraoral
cosmetic aspect 4 years
post-op (same patient as
Fig. 10.29)

Fig.10.31 Loss of the
upper left central incisor in
2001

Fig. 10.32 Panoramic
radiograph 16 years
post-op (2017)

[

~

Following a flash of 3 g of amoxicillin 30 minutes before surgery, the protocol
was as follows:

Local-regional anesthesia.

Crestal incision with distal and mesial releasing incisions.
— Elevation of a full-thickness mucoperiosteal flap.
Osteotomy with a cutter under copious irrigation.
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— Implant impacted from one cortical plate to the other.

— The buccal cut was filled in with small autologous bone chips and a bone substi-
tute material and covered by PRF membranes.

— Flap sutured without tension (4/0 or 5/0 Glycolon® sutures).

— 6-month waiting period (delayed loading).

Single-Tooth Basal Implant After Traumatic Tooth Loss:
Immediate Loading (Figs. 10.33, 10.34, 10.35, 10.36, 10.37, 10.38,
10.39, 10.40, 10.41, 10.42, 10.43, 10.44, and 10.45)

Two months after this patient broke his central incisor, the fractured tooth was
removed and replaced by a double Diskimplant®. An immediately loaded Maryland
appliance was screw-secured to the basal implant.

Fig.10.33 Intraoral view
of an upper left central
incisor that had fractured

1 year earlier. The patient
had no pain, but a chronic
fistula was periodically
treated with antibiotics and
mouthwash. A long
full-thickness flap
including both adjacent
teeth was elevated
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Fig. 10.34 Extensive
vestibular defect. The
entire alveolar buccal wall
has been lost

Fig.10.35 The fractured
tooth was removed with a
large segment of
inflammatory soft tissue
(12 x 8 mm)

Fig. 10.36 Meticulous
cleaning with 10%
Betadine® and 3% peroxide
plus saline solution
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Fig. 10.37 Lateral
osteotomy with a
5-mm-diameter triple-disk
cutter and then a
7-mm-diameter cutter

Fig. 10.38 Placement of a
7-mm-diameter triple-disk
Diskimplant®

Fig. 10.39 Placement of
bone substitute material
(ProOsteon®)
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Fig. 10.40 Flap sutured
passively with 5/0 sutures.
A click-in impression
coping was used

Fig. 10.41 Hydrocolloid
impression; impression
coping and implant replica
(analog) in place

Fig. 10.42 Immediate,
transitional single-tooth
Maryland bridge-type
restoration (screw-secured
resin-to-metal)
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Fig. 10.43 Cosmetic
aspect: intraoral buccal
view

Fig. 10.44 Palatal view of
the screw-secured
Maryland bridge glued to
the adjacent teeth

Fig. 10.45 Panoramic
view at 6 months
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10.7 Management of the Posterior Region (Figs. 10.46, 10.47,
10.48,10.49, 10.50, 10.51, 10.52, and 10.53)

This patient aged 66 years was rehabilitated by installing Diskimplants® in the pos-
terior maxilla and three root-form implants in the mandible. After a 1-year course of
chemotherapy for breast cancer, she lost two of the root-form implants (one in the
left posterior region and one on the right side). Following discussion with her oncol-
ogist, it was decided to place new implants. As the spongiosa did not appear suffi-
ciently dense, two 9-mm-diameter Diskimplants® were installed between the
cortical plates on each side. Individual ceramic prosthetic teeth were fabricated
6 months later. Nine years post-op, the patient was in complete remission, and all
implants appeared clinically and radiologically integrated.

Fig. 10.46 Intraoral view
in 2008 of an upper jaw
that had been rehabilitated
in 1998 (Diskimplants®
and tubero-pterygoid
implants)

Fig. 10.47 Panoramic
view 6 months post-op:
these two Diskimplants®
were installed in the
posterior mandible in 2008
(submerged technique),

2 months after two
root-form implants had
been lost in the same sector
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Fig. 10.48 An abutment
was screw-secured onto
each implant

Fig. 10.49 Master model
for three individual crowns
(Empress® ceramic)

Fig. 10.50 Intraoral view
of the crowns screw-
secured to the implants in
the upper jaw; cemented
single implant-supported
tooth in the mandible
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Fig. 10.51 Panoramic
view in 2016

Fig.10.52 Periapical
radiograph of the left
posterior mandible: no
bone loss or
peri-implantitis

Fig. 10.53 Same situation
on the right side
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11.1 The Complexity of Partial Edentulism
Epidemiology of Partial Edentulism

Millions of individuals worldwide over the age of 18 years are partially edentulous.
Such clinical situations are often more complex to handle than total edentulism and
interdental single-tooth replacement. Patterns of partial tooth loss can be classified
into three categories: (i) single interdental, (ii) multiple interdental, and (iii) free-
end loss. Accepted treatments include fixed restorations on natural abutments,
removable partial dentures, and implant-supported fixed partial dentures.

Patient Selection and Treatment Planning

Treatment planning for basal implant placement in partially edentulous patients must
be designed mechanically for long-term success. This requires a thorough evaluation
of the status of the remaining teeth and oral hygiene. All tooth-related pathologies
must be treated or brought under control before surgery. The extent of the planned
restoration and the related cost must be clearly explained to the patient before implant
surgery is performed. In particular, individuals who have lost teeth in different
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quadrants and periodontally compromised, partially edentulous patients with limited
finances are often best managed with a conventional removable appliance until a
state of total edentulism is reached, at which time implants may be reconsidered.
This approach can sometimes actually prove less expensive in the long run.
Selection criteria for implant placement in partially edentulous patients include:

— Psychological and physical health (general and local) compatible with implant
surgery. Only individuals who are able to maintain an acceptable level of oral
hygiene should be considered acceptable candidates. Heavy smokers must be
fully informed of the potential risk of implant loss.

— Bone quality and quantity at the surgical site capable of providing reliable sup-
port for the selected endosseous implants.

— Favorable occlusion (at least 4 mm of available prosthetic space between the
gingival level and the opposite occlusal surface).

Periodontal Conditions

Although dental implants can be used safely for selected, partially edentulous
patients with periodontal disease, conventional prostheses are often more predict-
able and less expensive, especially if the disease process is ongoing. Patients with
advanced periodontitis must be fully informed of the long-term clinical and finan-
cial aspects of implant treatment because repeated implant surgery and related costs
must be expected during subsequent years as additional teeth are lost.

Occlusal Conditions: Parafunctions

The type of edentulism and the presence or absence of the canine teeth correspond
to completely different clinical situations. Bruxism and clenching habits in particu-
lar must be detected at this point. Preparation of models mounted in occlusion on
semi-adjustable or fully adjustable articulators permits anticipation of problems,
evaluation of the prosthetic space and the required number of implants, and fabrica-
tion of a surgical template for implant placement. An increase in the vertical dimen-
sion may prove necessary, but such cases require a major full-mouth rehabilitation.

— Kennedy class Il patients: if the cross side is compromised, rehabilitation must
be included in the treatment plan and carried out first.

— Kennedy class I patients: both sides must receive dental implants. Surgery can be
performed simultaneously or consecutively, but the fixed implant-supported par-
tial denture must be installed simultaneously on both edentulous sides in order to
restore normal function and avoid TMJ disorders.

Cantilevers on implants should be avoided for partially edentulous patients, espe-
cially when opposite natural dentition is present, because they are a major source of
fatigue problems, screw loosening, and fracture of components and/or implants [1, 2].

Temporomandibular Joint (TMJ) Disorders

Acute pain and/or reduced mouth opening must be treated prior to implant installa-
tion. Occlusion can then be re-evaluated using a conventional removable denture
and bite plane.
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Infra-sinus Area

When implants are planned for the posterior maxilla, the patient should always be
asked two questions: “have you ever been treated for sinusitis or rhinitis?” and “do
you suffer from allergies involving the sinuses?”. If the patient answers yes to one
or both of these questions, he or she should first be referred to an ENT specialist,
even if the CT scan or cone-beam CT does not reveal any radiologically evident
pathology. A resorbed posterior maxilla is an indication for a sinus lift or installa-
tion of a zygomatic and/or pterygoid basal implant.

Delayed Versus Immediate Loading Protocol

The number and location of implants, bone quality and quality, and dental, occlusal,
and periodontal conditions must all be evaluated carefully prior to making a deci-
sion. A delayed loading protocol is usually preferable for treatment of partial eden-
tulism (one to three implants). However, immediate functional loading provides
predictable results in selected cases when three or more basal implants are planned
and occlusal conditions are favorable [3].

Connection with Natural Teeth

It is technically possible to include natural teeth in an implant-supported denture
[4]. This approach can be used in certain cases with a fair long-term prognosis.
However, as teeth and implants react differently, connection with natural teeth
should generally be avoided for mechanical and biological reasons:

— Mechanically speaking, implants are rigid, whereas teeth are slightly mobile
because of the periodontal ligament.

— Biologically, including natural teeth in a highly rigid system eliminates func-
tional stimulation. Periodontal problems and tooth intrusion can occur. Teeth are
sensitive to decay and may be lost. The entire fixed partial denture may then have
to be redone and new implants installed in the extraction sites.

Such problems must be anticipated before connecting implants with teeth [4—13].
Moreover, for psychological reasons, patients generally prefer to keep their remain-
ing teeth “as they are” rather than have them included in an implant-supported
denture.

11.2 Case Studies

Case Study 1: Kennedy Class II (Immediate Functional Loading Protocol)
(Figs. 11.1, 11.2 and 11.3)

These two patients were fully informed of their clinical situation and were given
a choice between a sinus lift procedure and basal implants. Conventional root-
form implants had been in service in the mandible before the upper jaw was final-
ized. The posterior maxillae were rehabilitated with Diskimplants® and a
tubero-pterygoid root-form implant (panoramic checkup at 20 years:
1995-2015).
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Fig. 11.1 Panoramic view
of basal implants located
under the right sinus after
20 years of service

Fig. 11.2 Occlusal view
of the ceramic-baked-to-
gold final rehabilitation
(same patient as Fig. 11.1)

Fig. 11.3 Basal
Diskimplants® under the
left sinus and one
pterygoid implant.
Immediate loading
protocol. Panograph after
24 years of function
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Fig. 11.4 Atrophic
posterior left mandible:
two mono-disk
Diskimplants® were left
submerged for 6 months
before loading. Two short
(6 mm) implants had been
lost previously. Panoramic
view 4 years post-op

Fig. 11.5 Periapical view.
An orthopedic bone screw
was inserted against the
distal Diskimplant® to
improve primary stability

Case Study 2: Posterior Mandible (Figs. 11.4 and 11.5)

Following placement of short implants in the posterior left mandible in 2009, peri-
implantitis developed over the next 3 years. In 2012 these implants were lost and
replaced by two mono-disk Diskimplants® (dia. 9 mm) that were left submerged for
6 months. A panoramic radiograph and retro-alveolar films taken in 2017 revealed
complete osseointegration (bone depth <3 mm).

Case Study 3: Partial Edentulism, Kennedy Class II with Two Impacted
Canines (Figs. 11.6, 11.7,11.8,11.9, 11.10 and 11.11)
This patient wished to keep her three front teeth. Retrieval of the two impacted
canines would have definitively compromised the entire premaxilla, with loss of the
front teeth and extensive bone defects.

In 1991, both sides were equipped with root-form and basal implants using an imme-
diate loading protocol (the prosthesis was placed after 48 h). The provisional rehabilita-
tions were monitored for 1 year. After individual verification of all implants to check
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Fig. 11.6 Two impacted
upper canines left in place.
Basal and axial implants
had been placed 23 years
earlier.

Fig. 11.7 Same patient as
Fig. 11.6. This patient
fractured the shaft of a
mono-disk Diskimplant®
under the right sinus when
she bit down on a hard
object. A Fractal®
root-form implant (Victory,
France) was placed
through the fractured disk

Fig. 11.8 CT scan of a double Diskimplant® under the impacted upper left canine
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Fig. 11.9 Mono-disk
Diskimplant® under the
left sinus

Fig. 11.10 Double Diskimplant® touching the canine without any untoward reaction after
23 years of service

osseointegration, the final prostheses were installed in 1993. In 2007, the patient bit on
a hard object in a piece of food that loosened the right prosthesis and fractured the shaft
of the Diskimplant® in the upper right second molar position. A root-form implant was
inserted through the Diskimplant® with the fractured shaft and left submerged for
6 months. The upper bridge was cut at the level of the first molar and then screwed back
into place. A new upper right bridge was fabricated in 2008. In 2017, the entire partial
rehabilitation was still in service. A cone-beam CT scan revealed complete osseointe-
gration with no bone loss or peri-implantitis, not even in the impacted canine area. In
some areas, less than 1 or 2 mm of bone covered the disk.
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Fig. 11.11 CT scan showing a triple Diskimplant® in front of the upper right canine. Note the
complete bony reconstruction of the triple-disk bone cuts

Fig. 11.12 Mono-disk
Diskimplant® placed under
the sinus and a root-form
pterygoid implant after

17 years of service

Case Study 4: Complex Partial Edentulism (Figs. 11.12 and 11.13)

— Kennedy class II in the upper right: verification after 22 years of service
(1996-2018).

— Kennedy class I maxilla and class I mandible: the upper right was rehabilitated
in 1992 and the restoration was still in service in 2017. The upper left and lower
left were rehabilitated 10 years later (2002). Checkup in 2017.
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Fig. 11.13 Panoramic
view showing the
complexity of partial
edentulism over a period of
time: the upper right was
equipped 24 years ago, the
lower left 12 years ago,
and the upper left 6 years
ago

Fig.11.14 Three
Diskimplants® were
installed in 1987 (ad
modum Branemark
machined surface identical
to that of the root-form
implant placed in the lower
left in 1995). The patient
broke his first premolar in
2012. Panoramic view in
2017: no peri-implantitis

Fig. 11.15 Retro-alveolar
view after 30 years of
function revealing a

bone gain without
peri-implantitis (same
patient as Fig. 11.14)

Case Study 5: Posterior Mandible (Figs. 11.14 and 11.15)

Three Diskimplants® were installed in 1988; the two left root-form implants were
placed in 1992. After a checkup in 1994, the patient was lost to follow-up for 20
years. When seen again in 2014, she had just lost her lower right first molar. A root-
form implant was placed and a new bridge was fabricated. Periapical radiographs in
2017 revealed a bone gain at the crestal level after the 29 years of service of the
Diskimplants® that were still functional.
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Case Study 6: Ameloblastoma (Figs. 11.16, 11.17, 11.18, 11.19, 11.20, 11.21,
11.22,11.23 and 11.24)

The anterior portion of the lower jaw was completely removed, and a vascularized,
pedicular bone graft was obtained from the fibula in a 12-hour surgery including
micro-sutures with 9/0 sutures under a microscope to connect the vascularized bone

Fig.11.16 Pedicular
fibula graft after complete
removal of the anterior
mandible for treatment of
an ameloblastoma

Fig. 11.17 Instruments
for transplantation of the
pedicular graft

Fig.11.18 Submandibular
incision and tracheotomy
for an extraoral surgical
approach




11 Partial Edentulism 277

transplant to the superior thyroid artery. Implant rehabilitation was decided on after
the surgery had proved successful (1 year post-op). Three root-form implants (two
Fractal® implants and one Diskimplant®) were installed just above the screw-
retained plate that was left in place. Seven years later, the implants were still in
service, with no signs of mobility or bone loss.

Fig. 11.19 Vascular
recipient bed for the
pedicular graft

Fig. 11.20 Removal of
the cutaneous pedicular
fibula graft from the leg

Fig.11.21 Intraoral view
at 6 months
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Fig.11.22 Four Fractal®
root-form implants and one
mono-disk Diskimplant®
installed above the
orthopedic plate

Fig. 11.23 Cosmetic
aspect after 4 days
(immediate loading
protocol)

Fig. 11.24 Panoramic
view of the screw-secured,
full zirconia bridge after
12 years of function

Case Study 7: Posterior Mandible (Fig. 11.25)

Long-term follow-up after 15 years of function of a Kennedy class I posterior man-
dible with a knife ridge: a bone gain is visible on both sides. This case illustrates the
advantage of dental implants compared to removable partial dentures that cause
continuous bone loss over time.
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Fig. 11.25 Panoramic
view after 15 years. The
implants placed in this
mandibular knife ridge
using a delayed loading
protocol feature a
machined, ad modum
Brdanemark surface. A bone
gain is visible at the crest
level behind the last molar
on each side. No
peri-implantitis
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12.1 Basal Implant Therapy for the Completely Edentulous
Atrophic Maxilla (Figs. 12.1,12.2,12.3,12.4,12.5, 12.6,
12.7,12.8,12.9,12.10,12.11,12.12,12.13,12.14, 12.15,
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The upper dental arch is formed by a process of two paired bones that are fused
together to form the anterior lower walls and floor of the nasal cavity. The maxillary
complex sustains and protects the organs of sight, smell, and taste. Each
hemi-maxilla contains an air-filled sinus that is connected by a continuous mem-
brane with other sinuses in the upper face.
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Fig. 12.1 Panoramic view in
2004. Extremely atrophic
maxilla of a 78-year-old
patient

Fig. 12.2 Typical “bird-like”
profile of an atrophic maxilla
without the full denture
(same patient as Fig. 12.1)
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Fig. 12.3 Plate-form
Diskimplant®

(33 mm x 9 mm; Victory,
France) that is installed
laterally after osteotomy of
the crestal bone with a cutter

Fig.12.4 Plate-form
Diskimplant® screw-secured
to the dense bone of the
zygomatic arch (same patient
as Fig. 12.1)

Fig. 12.5 After a horizontal,
apical periosteal incision and
six syringes of biomaterial
(non-resorbable HA), the
full-thickness flap is tightly
sutured without tension
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Fig. 12.6 Panoramic
radiograph after 2 years
showing full osseointegration
of all of the implants placed
(same patient as Fig. 12.1)

Fig. 12.7 After 2 years of
service, the transitional
bridge was retrieved, and the
osseointegration of all
implants was checked by
imaging studies and clinical
examination. The porcelain-
fused-to-metal final
restoration was then
fabricated (same patient as
Fig. 12.1)

Fig. 12.8 Cosmetic outcome
2 years post-op (same patient
as Fig. 12.1)
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Fig.12.9 Stereolithographic
model of an extremely
resorbed maxilla. The
remaining teeth were affected
by periodontal disease and
had to be removed; basal
implants were installed
immediately

Fig.12.10 Intraoral view of
the screw-secured, ceramic-
baked-to-metal final
prosthesis in 2001 (2 years
post-op) (same patient as
Fig. 12.9)

Fig.12.11 Panoramic
radiograph after 18 years of
service (2017) (same patient
as Figs. 12.9 and 12.10)
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Fig. 12.12 Cosmetic aspect
(same patient as Fig. 12.11)

Fig. 12.13 Pink ceramic
was used to improve the

patient’s “gummy smile”
(same patient as Fig. 12.12)

Fig. 12.14 Following
traumatic injuries in a major
car accident, autologous
grafts were taken from the
hip, and calvaria (arrows) was
used to reconstruct the upper
jaw, but there was not enough
bone to install root-form
implants. Basal implants
were placed in 2003
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Fig. 12.15 Front view of the
upper and lower jaws. Basal
implant rehabilitation

14 years post-op (same
patient as Fig. 12.14)

Fig. 12.16 Sagittal view of
the jaws 14 years post-op
(same patient as Fig. 12.14)

Fig. 12.17 Panoramic view
of an atrophic maxilla in
2001
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Fig. 12.18 Panoramic view
in February 2014 showing the
final, fixed screw-secured
ceramic-baked-to-metal
restoration (same patient as
Fig. 12.17)

Fig. 12.19 Intraoral
cosmetic aspect (same patient
as Fig. 12.17)

Fig. 12.20 Palatal view of
the screw-secured ceramic
bridge (same patient as
Fig. 12.17)
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Fig. 12.21 Initial status
prior to extraction/immediate
implant placement

Fig. 12.22 An immediate
function, ceramic-to-metal
bridge was secured to
root-form implants placed
immediately in the extraction
sites in 2002 (same patient as
Fig. 12.21)

Fig. 12.23 After 6 months
of function, all of the
root-form implants were
mobile and had to be
removed. This panoramic
radiograph taken in 2003
reveals the tremendous bone
loss that had occurred.
Alveolar bone preservation
did not succeed after
immediate implant placement
(same patient as Fig. 12.21)
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Fig.12.24 CT scan illustrating the severe bone resorption after total implant loss (same patient as
Fig. 12.21)

Fig. 12.25 Facial aspect
after severe maxillary bone
resorption (same patient as
Fig. 12.21)

The maxillary alveolar bone is highly responsive to biochemical and physical
stimuli. Excessive external stimuli of mechanical origin can destroy the alveolar
bone in a continuous process. During a lifetime, the dental arch gradually resorbs,
primarily as a result of loss of teeth and periodontal disease associated with sys-
temic disorders. Alteration of the bone’s internal architecture occurs first, with
thinning of the trabeculae that become increasingly fragile. Up to 75% of bone
mass may be lost before the external shape of the ridge is modified. Evaluation of
potential implant sites by conventional radiographs alone can thus be misleading.
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Fig. 12.26 Intraoral view of
the hard and soft tissue loss

Fig. 12.27 Stereolitho-
graphic model and full upper
denture (barium teeth) (same
patient as Fig. 12.21)

Fig.12.28 A double
Diskimplant® is particularly
indicated in knife ridges of
the premaxilla
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Fig. 12.29 Bone substitute
material (non-resorbable HA)
was used to cover the
protruding portion of the
basal implants (same patient
as Fig. 12.21)

Fig.12.30 A PRF
membrane was added to
maintain the bone substitute
material and promote tissue
repair and bone formation
(same patient as Fig. 12.21)

Fig.12.31 Immediate,
screw-secured fixed, highly
rigid bridge in place 48 h
post-op. Cosmetic result at
1 year post-op (same patient
as Fig. 12.21)
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Fig.12.32 Sagittal view
after 8 years showing the
basal implants that were
installed in the tubero-
pterygoid and zygomatic
sectors and the premaxilla
(same patient as Fig. 12.21)

Fig. 12.33 42-year-old
patient with aggressive
periodontal disease

Fig. 12.34 Panoramic view
at 9 years: 10 basal
Diskimplants® were installed
in the maxilla and 4
root-form implants in the
posterior mandible (Victory,
France) (same patient as

Fig. 12.33)
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Fig. 12.35 Cosmetic aspect
of the rehabilitation (same
patient as Fig. 12.33)

A number of guidelines should be followed when implants are planned for totally
edentulous atrophic jaws:

— Use manual osseotensors to prepare the recipient bone bed before basal implant
placement in the maxilla. This improves the quality of D3 or D4 bone, thereby
optimizing initial stability compatible with immediate placement of a fixed,
screw-secured-to-implant prosthesis.

— Augment the implant/cortical bone surface contact area by increasing the num-
ber of implants, or use multidisk or monodisk implants or plate-form
Diskimplants® with a wide base diameter.

— Take advantage of the major cortical skeletal pillars (i.e., canine pillars, zygoma)
and tubero-pterygoid sector for solid implant anchorage.

— Administer preoperative Botox® to reduce postoperative stress in patients with
strong, hyperactive muscles.

— Guarantee a strong, rigid inter-implant and cross-arch connection with a CrCo
screw-secured-to-implant frame acting as an external orthopedic fixator. A tran-
sitional transpalatal bar must be added when necessary.

— Reduce masticatory stress by using acrylic teeth.

— Use reduced occlusal surfaces and lingualized occlusion.

— Instruct the patient to eat soft meals for 45 days. A transitional prosthesis should
be used for 1 year or more before fabricating the final restoration. This immedi-
ately loaded transitional prosthesis can also be kept as the final fixed denture
after any necessary corrections have been made.

The Premaxilla and Dental Implants

The alveolar ridge flares outward in the anterior region. Less bone flanks the teeth
labially/buccally than palatally, and the root of the incisor is covered by only a very
thin plate of bone. Natural buccal alveolar bone fenestration on natural teeth is com-
mon in the anterior area. This precludes extensive use of so-called “easy”
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immediate implantation protocols following tooth extraction. The integrity of the
palatal aspect and the buccal bone plate must be examined carefully before implant
installation.

The maxillary ridge tends to resorb inwardly and obliquely off the horizontal
plane faster than the crest height decreases. The palatal aspect of the residual ridge,
usually less adversely affected than the labial/buccal aspect, is thus higher. These
resorption patterns are responsible for the knife-edge anatomy common in the eden-
tulous anterior maxilla.

Misconception of the true profile of the hard tissues has had serious implications
in implantology. For example, numerous attempts have been made to design an
implant shaped like the root of a tooth. Such designs are of limited application
because the bone narrows more rapidly than it loses height. The incisive canal must
also be taken into account because soft tissue invagination into an implant site can
interfere with osseointegration.

Double Diskimplants® present a suitable design for installation in knife-ridge
premaxillac when the crest is less than 3 mm in thickness. Otherwise, narrow
Fratex® root-form implants can be placed, drilling from the palatal aspect. For flat
anterior areas with less than 5 mm of available bone height, a monodisk Diskimplant®
is more appropriate.

Some individuals have only a very thin plate of bone separating the crest and the
nasal floor. CT scan or cone-beam CT studies can facilitate selection of the most
appropriate implant design and dimensions. The premaxilla provides adequate bone
of good quality for implant placement. Bone grafts of intraoral origin (mental buc-
cal plate or retromolar mandibular buccal plate) are sometimes required for proper
installation of screw-type implants. Bone from the maxillary tuberosity is unsuit-
able for grafting purposes since it is usually of poor quality. Furthermore, harvesting
bone from the tuberosity can compromise ulterior adaptation of a conventional den-
ture should implant failure occur. Following bone grafting, a waiting period of 3 to
9 months is necessary before root-form implants can be inserted. The total waiting
period is thus almost 1 year, even with a successful bone graft.

Single, double or plate-form Diskimplants® are an attractive alternative to grafts.
They represent a safe and reproducible method for immediate functional loading in
patients with a totally edentulous maxilla.

Nasal Cavity

The maxillary and palatine bones separate the oral cavity from the nasal cavity. The
anterior, and major, portion of the nasal floor is formed by the palatine process of
the hemi-maxillae; the posterior portion is formed by the horizontal process of the
palatine bones. The nasal floor is smooth and concave, with that process toward the
midline rising to join the process of its bilaterally paired opposite. This prominence
serves as a base for the cartilaginous septum that divides the air passage into two
fossae. The most anterior part of the prominence, the anterior spine, forms the cleft
of the piriform aperture, seen as an upside-down, roughly heart-shaped outline on
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radiographs. The incisive canal is located posterior to the nasal spine, close to the
septum. Within the body of each hemi-macxilla, the canal runs anteriorly and toward
the midline until the two canals typically join into a common opening, the incisive
fossa.

The relationships between the nasal cavity and the oral cavity interest the surgeon
primarily in terms of the amount of bone separating the anterior portion of the cavity
from the residual dental crest in the incisor region. In some individuals, the crest of
the alveolar ridge is separated from the nasal cavity by only a thin plate of bone. In
others, considerable bone exists between the two structures, in which case more sup-
port remains for the lip; such generous bone of good density is suitable for a root-
form implant. The labial bone below the nose, which extends bilaterally into the
canine pillar area, is usually quite dense. In this area, single, double, or triple
Diskimplants® can always find sufficient initial cortical support. Should the base of a
Diskimplant® protrude on the buccal or palatal aspect, it can serve as a graft holder
for autogenous bone chips collected in the vicinity or biomaterial such as hydroxy-
apatite (HA) and tricalcium phosphate (TCP) or resorbable membranes such as PRF.

The soft tissues of the nasal cavity (the nasal membrane) are thicker and more
richly supplied with blood vessels, nerves, and glands than those of the paranasal
sinuses. The vestibule lying in front of the inferior meatus is lined with a continu-
ation of the skin, stratified squamous epithelium, guarded by hairs and lubricated
by sebaceous and sweat glands. As the soft tissues pass into the atrium, or begin-
ning of the nose, they become firmly attached to the bone. Perforation of the bone
at this point thus nearly always results in perforation of the soft tissues. This can
be prevented by intraoral elevation of the nasal floor membrane during implant
installation. Bone pushers, bone spreaders, and bone splitting instruments can be
used in this area to increase bone volume. However, special training is required
for proper manipulation of these manual instruments to avoid fracturing the ves-
tibular bone plate.

Canine Pillars and Plate-Form Diskimplants®

The cuspid is well supported because the strong column of bone in which it is
located helps divert occlusal forces upward, away from the dental arch. The labial
plate of the cuspid is thicker than that of its mandibular counterpart. The cuspid also
flares outward less than the maxillary incisors, and this is an additional security
against dislodgement. The cuspid area is anatomically ideal for implant installation
in the maxilla, even though mechanical stress and material fatigue must be expected
with time. The canine plays a major role during mastication. In some circumstances,
part of a canine root may protrude into the sinus area. When bone thickness is at
least 3 mm and 12 mm in height, a microthreaded narrow diameter Fratex® root-
form implant is advisable. If the alveolar ridge is too thin (less than 3 mm), a double
or plate-form Diskimplant® can provide reliable intra- and supra-bony support with-
out the need for a prior bone-grafting procedure.
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In most cases of total and partial edentulism, regardless of how the arch appears at
visual examination or upon palpation, CT and clinical studies have demonstrated that
maxillary bone is initially lost principally from the labial/buccal aspect. The width of the
ridge is maintained by the thickening of the submucosal tissues. The patterns of ridge
resorption vary considerably. A high, knife-edge ridge precludes the use of root-form
implants and requires installation of double Diskimplants®. In contrast, a flat bone plate
is more appropriately handled by a plate-form Diskimplant. A compact bone height of
1-2 mm is sufficient to obtain reliable bony anchorage since the base of Diskimplants®
is only 0.5 mm thick. Pre-implant bone grafting is not required in such cases.

Maxillary Sinus Region and Zygomatic Basal Implants

Each hemi-maxilla contains a pneumatic sinus that communicates with the nasal
cavity and the other paranasal sinuses (frontal, ethmoid, sphenoid). The paired,
bilateral paranasal sinuses are rarely symmetrical. The largest of the paranasal
sinuses, the maxillary sinus, measures about 34 mm posteriorly, 33 mm supero-
inferiorly, and 23 mm laterally and has an average fluid capacity of 15 ml. The
maxillary sinus is pyramidal in shape. The base of the pyramid forms the lower wall
of the nasal septum; its apex is directed toward the zygomatic arch. One wall of the
pyramid faces superiorly, toward the orbital cavity; one faces posteriorly, toward the
infratemporal fossa; one faces anteriorly, toward the face; and the last faces inferi-
orly, toward the dental arch and palate. The walls curve to accommodate other cra-
nial structures and slope to join one another.

The upper molar area is reportedly the most difficult sector to manage with den-
tal implants. Mechanical problems such as implant fracture, microfracture of the
peri-implant bone, and subsequent implant loss after 5 years of function are most
likely to occur in this region. A failure rate of 44% has been reported in type IV
bone in premolar and molar sites equipped with root-form implants of different
lengths. In order to avoid such mechanical problems, Diskimplants® or a plate-form
Diskimplant® anchored in the dense zygomatic bone are recommended.

Zygomatic root-form implants are a reliable option only if the recipient bone site
is at least 6 mm wide and 6 mm high. The maxillary bone crest must also provide
6 mm of good quality bone for crestal anchorage of a zygomatic implant.

Tubero-Pterygoid Site for Microthreaded Pterygoid Implants
(Figs. 12.36, 12.37,12.38, 12.39, 12.40, 12.41, 12.42, 12.43, and 12.44)

Use of manual bone matrix osseotensors 45 days prior to implant surgery is manda-
tory in order to improve bone quality in this strategic area. When planning implant
treatment for the fully edentulous maxilla, the tubero-pterygoid areas should be
equipped first. If major difficulties are encountered, it is easy to postpone the implant
surgery, suture, put the full denture back in place, and wait 2 months without ruining
the future implant site.
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Fig. 12.36 Panoramic view
of an extremely resorbed
maxilla (patient aged

77 years)

Fig. 12.37 Very little bone
was left, even in the
premaxilla (eggshell-thin
upper jaw). Two sessions of
bone matrix osseotensors
(Victor, France) were
performed 45 and 90 days
before surgery to improve the
bone quality, augment the
blood supply, and promote
formation of a callus

Fig. 12.38 Extraoral aspect
(“bird face”™)
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Fig. 12.39 Pterygoid i 7
implants in the upper left and
upper right maxilla

Fig. 12.40 Zygomatic
plate-form Diskimplant in
place

Fig. 12.41 All protruding
implant parts are covered
with bone substitute material
and PRF membranes
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Fig. 12.42 Impression
copings screwed onto the
implants and held together
with resin for an immediate
post-op impression

Fig. 12.43 Immediate,
screw-secured titanium/
Cr-Co bridge with resin teeth
(48-hour post-op)

Fig. 12.44 Panoramic view
15-year post-op

The tuberosity joins the pterygoid process of the sphenoid bone. This tubero-
pterygoid area usually retains its distinct shape and depth even after extensive alve-
olar ridge resorption because the pterygoid process is formed by dense, compact
bone. Posteriorly, the tuberosity is frequently covered by a layer of compact bone
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and thus can bear weight. If a microthreaded pterygoid root-form implant or a
Diskimplant® can be extended through that portion of the crest below and distal to
the sinus wall, it can be anchored in solid bone.

The distinct morphology and dense, pterygoid compact bone structure of the
tubero-pterygoid region allow solid anchorage of microthreaded root-form implants
(length 20 or 23 mm) or a Diskimplant®. The most apical portion of these tubero-
pterygoid implants is anchored in the pterygoid process that forms the posterior wall
of the cleft. This area provides the only possible posterior maxillary cortical bone
support in a maxilla with a severely ballooned sinus that has invaginated the crest
anteriorly and the maxillary tuberosity posteriorly. A pterygoid implant is first gen-
tly installed through the pterygoid process, extending forward on the dense palatal
aspect of the alveolar crest, and through that part of the tuberosity enclosing cancel-
lous bone, distal to the sinus. If a pterygoid implant cannot be safely installed, a
monodisk Diskimplant® (base diameter 9 mm) can be inserted palatally backward,
in the thin alveolar crest under the sinus floor, and be connected to anterior implants.
This multiunit assembly of interconnected dental implants will bear the prosthesis,
so that excessive force is not applied directly to any part of the fragile ridge under
the sinus floor. Wide plate-form Diskimplants® (33 or 43 mm in length) are another
option. Following elevation of the sinus wall, the Diskimplant® is impacted laterally
from the buccal aspect of the tubero-pterygoid area until it reaches the vertical sinus
nasal wall (perpendicular plate of the palatine bone). This provides a wide, solid
distal support in dense bone for a fixed, implant-supported restoration. This is a reli-
able alternative for patients who refuse a bone graft and for salvage of failing intra-
sinusal grafts.

Although very resistant, the pterygoid process can be fractured by application of
excessive force with a manual bone spreader for alveolar crest expansion or during
dental implant impaction or forceful insertion of a wide, conventional screw-type
implant. Microthreaded, self-tapping pterygoid root-form implants are ideal in this
region since their design eliminates the risk of bone cracks during implant installa-
tion. Implants with larger threads and/or an aggressive, self-tapping apex may be
used in selected cases where the pterygoid process is thick and very solid. When
conditions dictate the use of single or multidisk Diskimplants®, the base of the disk
must be gently impacted laterally into the bone site with a manual seating instru-
ment. Accurate placement of a tubero-pterygoid implant requires exposure of the
site. The full-thickness flap incision for exposure of the pterygoid bone should be
confined to the crest of the ridge or made 1 mm palatally. A correctly executed inci-
sion should parallel the course of the major palatine artery, well away from it.
Vestibular angulated transverse releasing incisions are recommended distal to the
pathway of the tuberosity vessels. A slight palatal transverse release incision can be
made distal to the palatal foramen.

The crestal soft tissue incision should never come near the greater and lesser
palatine foramina or their emerging vessels. The greater foramen is located on the
hard palate and must remain medial to any crestal incision made for the installation
of a root-form implant in the pterygoid region. In soft bone, the use of a manual
bone condenser (2 mm diameter) is recommended until a denser area is reached.
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The operator should then switch to a specially designed stepped pilot drill mounted
on a low-speed handpiece (800 rpm). Use of this drill permits penetration through
the cortical plate without cracking or separation of the pterygoid bone from the
tuberosity. The osteotomy can then be pursued manually with a 2-mm bone con-
denser, after which a self-tapping microthreaded tubero-pterygoid Fractal® implant
can be gently inserted with using a very-low-speed handpiece. A pterygoid root-
form Fractal® implant can also be gently press-fit or tapped into the bone site.

If the major palatine artery is touched just slightly during manual bone site prep-
aration (but not during an incision for flap elevation), placement of the implant body
will stop the hemorrhage, and the flap can be sutured safely.

Emergency Procedures

Should the major palatine artery be accidentally severed, local pressure should be
applied quickly in the region of the last molar, where the vessel emerges through the
greater palatine foramen. Clamping and ligation should follow immediately. If the
palatal artery retracts into the bony channel, the hemorrhage must be stopped by
filling the bony foramen with resorbable bone wax (Ethicon®). The flap must then
be closed and sutured tightly. The patient’s former denture is immediately reinserted
and maintained in occlusion for 20 minutes. The patient is advised to keep the den-
ture in place for 24 hours, stay on a liquid diet, and then return for a checkup the
next day. This is why the two pterygoid implants must be installed first in extremely
atrophic maxillae: should a problem occur, it is easy to close the flap and return the
patient to an easily retrievable full denture. After flapless verification of bone den-
sity with a manual osseotensor 60 days later, the other scheduled implants can be
placed in denser bone.

12.2 Basal Implant Therapy for the Completely Edentulous
Atrophic Mandible

The use of osseointegrated screw-type dental implants in the completely edentulous
mandible is the most documented type of long-term osseointegrated implant ther-
apy. Placement of four or five screw-type implants between the mental foramina
using a two-stage method is a reliable and safe means to provide patients with a
fixed, implant-supported prosthesis. Nobel Biocare later on introduced the
“Branemark Novum®” concept for rehabilitation of the edentulous mandible with
just three wide screws (5 mm diameter, 12 mm long) placed in the anterior mandible
to sustain a fixed, screw-retained, immediately loaded prosthesis with 15 mm canti-
levers on each side. Thereafter, Paolo Malo developed the “all on four” concept with
two distally tilted root-form implants. By reducing the cantilever, these procedures
may give predictable results in small, moderately resorbed mandibles in selected
clinical situations. However, they are difficult to apply for patients with a strong bite
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and large mandibles who require reliable molar support to avoid implant loss and
mechanical problems due to overload and cantilever with time. Many patients also
complain of loss of second molars and may develop TMJ disorders.

In totally edentulous patients, absence of the mandibular second molar has a
negative effect on the removable full upper denture. The upper denture must be
stabilized by means of molar occlusion, and exclusive anterior and/or reduced mas-
tication should be avoided. Otherwise, the remaining bony structure of the premax-
illa may resorb, and the upper denture will have to be constantly relined or remade.
Highly atrophic mandibles cannot be handled safely at long term with just three or
four screws and a fixed full denture.

Work in applied prosthodontics has clearly demonstrated the mechanical
problems encountered with cantilevers over time [1]. In order to avoid fracture of
components, fracture of the jaw, and/or loss of osseointegration, distal anchorage
in the molar area with wide diameter Diskimplants® (9 mm or 9 x 11 mm) placed
in dense bone with a pyramidal bone crest profile is recommended. Only 2-3 mm
of bone depth is required for such wide Diskimplant® bases. In more highly
resorbed, completely flat bone areas, plate-form Diskimplants® (33 x 9 mm,
43 x 9 mm or 43 x 7 mm models) secured with orthopedic screws and covered
with bone substitute material and PRF are recommended. Narrow Fratex® root-
form implants can be used providing there are at least 3 mm of crestal bone width
buccolingually.

High Knife Ridges (Figs. 12.45, 12.46, 12.47,12.48, 12.49, 12.50, 12.51,
and 12.52)

Double Diskimplants® are particularly adapted for use in completely edentulous
high and very thin mandibles and maxillae. A series of several basal implants of this
type can be installed and immediately loaded without a cantilever.

Fig. 12.45 Pre-op extraoral
view (1997)




304 J.-M. Donsimoni et al.

Fig. 12.46 Pre-op
panoramic view (same patient
as Fig. 12.45)

Fig. 12.47 Pre-op CT scan of a high knife ridge (thickness < 2 mm)

Fig. 12.48 Lateral
osteotomy with titanium
cutters. The horizontal basal
disk can pass from the buccal
to the lingual plate (the
lingual flap must be protected
by a flap holder). The vertical
shaft of the cutter should
never pass completely
through to the other side. Just
a small notch is made to
maintain the integrity of the
lingual bony wall
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Fig. 12.49 The protruding
portion of the disk creates a
“tent” with the flap that
serves as scaffolding for bone
substitute material and PRF

Fig. 12.50 Panoramic view
in 2017 after 20 years of
service (immediate loading
protocol)

Fig.12.51 CT scan:
occlusal view
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Fig.12.52 CT scan after 20 years showing the integration of basal Diskimplants® in an extremely
high knife bone crest (see Fig. 12.47)

Initial Stabilization of Mandibular Implants

The accurate initial anatomical fit of the Diskimplant® in the receptor site is neces-
sary to avoid fibrosis. The basal plate of the Diskimplant® should always extend
from the buccal cortical plate to the lingual plate. Since the atrophic mandible can
be highly flexible, especially in the area of the second premolar, primary implant
stabilization in dense living cortical bone is essential. This is one reason why the use
of Diskimplants® of appropriate diameter is recommended in high knife ridges or
when the height of good quality, clinically useful bone is under 8 mm.

Several measures can be used to prevent early basal implant failure in fully eden-
tulous mandibles:

— Place implants in dense buccolingual cortical bone in areas of minimal flexion
and torsion, i.e., between the foramina and in the molar areas; avoid the second
premolar region in highly atrophic flat mandibles.

— Use an immediate functional loading technique rather than delayed loading. This
requires the limitation of implant micromovements during the healing process (less
than 100 pm of bone-implant relative motion), otherwise fibrous tissue can develop
instead of bone. Adding mini orthopedic fixation screws in order to lock the
Diskimplant® base may help to ensure absolute primary stabilization. Installation of
a rigid fixed, screw-secured prosthesis 48 hours after surgery immobilizes the
endosseous dental implants during function and thus permits subsequent osseointe-
gration. The patient is required to eat a soft diet for the first 45 days after surgery.
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Fig. 12.53 Dry mandible
showing the future treatment
plan

Pencil Mandible (Fig. 12.53)

In the totally edentulous atrophic flat mandible, installation of dental implants
should be avoided in the zone of maximum flexion, i.e., the second premolar area
close to the mandibular foramen. Microthreaded root-form implants and
Diskimplants® must be distributed in the two areas where flexion and torsion are
minimum: the mental area between the foramina and between the molar and the
retromolar regions when an immediate loading protocol is used. Wide-diameter
(43 x 9 mm) plate-form Diskimplants® are recommended in these areas of dense
bone (type I or II) provided the ridge is flat and wide. Double Diskimplants® are
reserved for high knife ridges while single-disk implants are used when the ridge is
wide and round.

Management of Areas of Dense Bone in the Extremely Atrophic
Mandible

Implant placement in dense bone is challenging, especially in pencil mandibles,
because of the poor intrabony blood supply that manifests as the absence of bleed-
ing during osteotomy. If an implant is installed despite insufficient blood supply, it
may be expelled early on, several days to several weeks after placement.

When planning a root-form implant in the mental sector in combination with
basal implants installed in the posterior mandible, the quality of the recipient bed
for the root-forms can be improved by the use of a rotary osseotensor. This is the
only indication for rotary osseotensors in conjunction with basal implants in the
mandible. A single rotary osseotensor impact at each scheduled root-form implant
site 1 week before surgery suffices to “soften” hard D1 bone into active D2 bone
as the result of the catabolic response initiated by bony penetration of the
instrument.

For the mandible, use of a manual osseotensor in basal implantology is limited
to tunneling the periosteum 1 week before placement of a Diskimplant® or a plate-
form Diskimplant® in the posterior sector in order to promote stem cell activation
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and improve local blood supply and callus formation at the osteotomy site. For the
upper jaw, manual osseotensors are reserved for intrabony penetration of D4
or D3 sites when basal implants or root-form implants are planned.

12.3 Extreme Clinical Situations

Ectodermal Dysplasia (Figs. 12.54, 12.55,12.56, 12.57, 12.58, 12.59,
and 12.60)

This patient was followed up by the family dentist starting at the age of 6 years. In
2003, at the age of 22, basal implants were installed under general anesthesia at the
Medical School in Nice, France. The anatomic conditions were so difficult that no
root-form implants could be safely installed. The patient received his fixed prosthe-
sis 78 hours post-op. In October 2017, a follow-up examination revealed the absence
of any bone loss around the basal implants after 14 years of service.

Fig. 12.54 Ectodermal
dysplasia: patient aged
22 years (2003)
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Fig. 12.55 The patient had
worn two removable dentures
since the age of 7; the
appliances were constantly
remade as his jaws grew

Fig.12.56 Stereolitho-
graphic model of the tooth-
less mandible (ectodermal
dysplasia)
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Fig. 12.57 Simulation of the future implant sites using the basal implant library

Fig. 12.58 Intraoral view of
the screw-secured, fixed
lower prosthesis (same
patient as Fig. 12.54)
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Fig. 12.59 Flat posterior
mandible suitable for
plate-form Diskimplants®:
panoramic view after
14 years of service (same
patient as Fig. 12.54)

Fig. 12.60 Cosmetic aspect
after 14 years (2017); patient
aged 36 years (same patient
as Fig. 12.54)

Neurofibromatosis (“Elephant Man Disease”) (Figs. 12.61, 12.62,
12.63,12.64,12.65, 12.66, 12.67, 12.68, and 12.69)

Jean-Marie Donsimoni

Bone Disorders

— Gonial angle 180°; no tuberosity; the upper molars are anchored directly in the
orbital floor.

— Forty-four teeth present on the arch or impacted.

— Terebrant infiltrations of the neurofibromatosis lesions in the bone, which meant
there was hardly any remaining bone after excision.

Soft tissue disorders : End-stage periodontal disease with extremely volumi-
nous and very hemorrhagic neurofibromatosis lesions. Following excision, edema
was so severe that intubation had to be maintained during the 8 days of healing.
Surgery was performed under general anesthesia when this male patient was
27 years of age.
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Fig. 12.61 Initial
preoperative status of a
27-year-old patient with
“elephant man disease”
(courtesy Dr. J-M
Donsimoni)

Fig. 12.62 Pre-op 3D
reconstruction (lateral view)
(same patient as Fig. 12.61)
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Fig.12.63 Pre-op 3D
reconstruction: front view

Fig. 12.64 Pre-op intraoral
view (maxilla) (same patient
as Fig. 12.61)
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Fig.12.65 Initial panoramic
view after basal implant
installation

Fig. 12.66 Intraoral view of
the screw-secured, ceramic-
to-metal bar (maxilla)

Fig. 12.67 Panoramic view
of the upper and lower
bridges in place after 14 years
of service
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Fig. 12.68 Intraoral view of
the final upper and lower
prostheses

Fig. 12.69 Cosmetic
outcome in 2017

After Surgery

To avoid glare on future CT studies, the implants and the prosthetic frameworks
were fabricated of pink ceramic on titanium (hence nonmagnetic); the prostheses
were fabricated of resin cemented to the frameworks but were retrievable. The small
diameter shafts of the Diskimplants® used make them less susceptible to infectious
infiltrations. The very wide and high embrasures compensate for the difficulties
encountered to reach up this high with a toothbrush (very high vertical dimension);
these embrasures also limit the risks of infection. Recurrence of the neurofibroma-
tosis lesions is unlikely in light of the patient’s age.
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Long-Term Follow-Up (2007-2017)

After nearly 10 years, there have been no complications despite the difficulties for
oral hygiene and especially despite the immunosuppressive treatments that can
render even the slightest infection critical in only a few days.

12.4 Clinical Evaluation of Inmediately Loaded, Screw-
Secured Fixed Rehabilitations in Extremely Atrophic
Jaws (Figs. 12.70,12.71,12.72,12.73,12.74,12.75, 12.76,
12.77,and 12.78)

A series of patients with extremely resorbed, fully edentulous upper and/or lower
jaws were rehabilitated with immediately loaded, screw-retained fixed prostheses
from February 2000 to November 2017 (Tables 12.1 and 12.2). The age of these 416
patients (female 286, male 130) ranged from 42 to 86 years (mean 64 years). In all,
3428 implants were installed, including Diskimplants® (D), plate-form Diskimplants®

Fig. 12.70 Pre-op e
panoramic view showing the
extremely resorbed maxilla of
a patient who had worn a full
upper denture since the age
of 22

Fig. 12.71 Panoramic view
of the final screw-secured
ceramic-fused-to-metal
prosthesis in 2017 (14 year
post-op) (same patient as
Fig. 12.70)
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Fig. 12.72 Final cosmetic
outcome (same patient as
Fig. 12.70)

Fig. 12.73 Occlusal view of
the rehabilitation (same
patient as Fig. 12.70)

Fig. 12.74 Final cosmetic
aspect of a patient with an
extremely resorbed maxilla,
6 months post-op
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Fig. 12.75 A wide
transitional transpalatal bar
was made to ensure
cross-arch stability for this
patient who had lost all of his
root-form implants 3 years
earlier (same patient as

Fig. 12.74)

Fig. 12.76 Panoramic view
2 years post-op with the
transpalatal bar in place

Fig. 12.77 Intraoral view
showing removal of the
transpalatal bar after 2 years
of service
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Fig. 12.78 Resin teeth on
machined titanium cylinders
bonded to the Co-Cr metal
frame; this ensures a precise
fit of the prosthesis screw-
secured on the implants

Table 12.1 Long-term survey of 416 patients with extremely resorbed atrophic jaws managed
with basal implants alone or in combination with root-form implants from 2000 to 2017

Total implants Number of
placed root-form implants
between Feb placed
2000 and Oct R: regular
2016 NR: narrow
Total (check-up Tl

number of  July

patients 2017)—100%
(2000 immediate,
2017) 9 screw-

months—18  secured-to- Number of

years implant Diskimplants® Number of

Severely functional placed (single, plate-form

atrophic loading double, triple  Diskimplants® PtR: pterygoid
jaws procedure disk) placed root-form

416 3428 D PfD R NR PtR

Female Maxilla: 159 Maxilla: 1432 Maxilla: 346 Maxilla: 493 213 78 302
Age 42-86 Mandible: = Mandible: 875 Mandible: 101 Mandible: 283 428 63 Max

years 127 only
(mean 64)
Total 286 2307 447 776 Pt D 641 141
patients implants Diskimplants®
Male Maxilla: 82 Maxilla 697  Maxilla: 106 ~ Maxilla: 252 149 28 152
Age 44-82 Mandible: 48 Mandible 424 Mandible: 62  Mandible: 94 246 22  Max
years only
(mean 63)
Total 130 1121 168 346 Pf D 30 50
patients implants Diskimplants®
Number  Females 12 2 2 3 3
of Males 9 2 1 2 2|2
implants  Total 21 4 3 4 5 |3
lost®
(2000—
2017)
Diskimplants® Diskimplants® Root-forms
+ root-forms

280% of patients were lost to follow-up over time; see Table 12.2
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(PfD), Fractal® implants (regular root-form R or pterygoid root-form PtR), and
Fratex® implants (narrow root-form, NR). Follow-up varied from 9 months to
17 years.

None of the patients could be managed directly with only root-form implants
(not even short, narrow and/or narrow platform blade implants). Anatomic condi-
tions were not favorable for root-form zygomatic implants.

Bone Grafting

Bone grafting and/or sinus lift procedures were not performed for a variety of
reasons:

* The patient refused a bone graft and/or sinus lift.

e A graft had already been attempted but failed.

e Extensive bone grafting before implant placement was medically contraindi-
cated in light of the patient’s general health status.

e Free bone grafting of the atrophic jaws was not advisable due to the poor quality
and quantity of the recipient bone.

Treatment Procedure

Following pre-surgery osteogenic activation, all patients were fully equipped with
Diskimplants® (including plate-form Diskimplants®), associated or not with root-
form implants. Bone activation was achieved by applying a bone matrix osseotensor
to the intended recipient site 2 weeks (mandible, type I bone) to 45-60 days (max-
illa, type IV bone) prior to implant placement.

The number of implants installed depended on the anatomic conditions.
Treatment for the maxilla consisted in 6 to 12 implants, while mandibles were
equipped with 5-9 implants. The immediate functional loading protocol involved
placement of a prosthesis screw-secured directly to the implants (with or without
transgingival abutments) 48 hours post-op. This transitional prosthesis used tita-
nium bonding cylinders glued into a CrCo framework and commercial composite
resin teeth (Premium® by Kulzer/Phonares® by Ivoclar).

Patient Follow-up: Initial verification was performed 48 hours post-op, 1 week
post-op, and 45 days post-op.

Six months post-op, the screw-secured prosthesis was retrieved, and all implants
were checked individually (panograph, periapical x-rays, cone-beam CT).
Thereafter, a checkup was scheduled annually (the screw-secured prosthesis was
retrieved only if necessary).

Maintenance instructions consisted in mouthwashes with salt water or bicarbon-
ate, application of Dakin Cooper solution to the gingiva with a cotton swab for the
first 45 days, and careful brushing with a soft toothbrush (100 pm). Use of a
Waterpik® appliance was permitted after 4 weeks.
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12.5 Results

After 1 year, either the transitional prosthesis was conserved (with or without any
necessary occlusal adjustments) or a new, definitive prosthesis was fabricated of full
zirconia (Zirkonzahn). All but one of the patients declared high or very high satis-
faction with the outcome. The exception was a bipolar psychiatric patient with body
dysmorphic disorder (BDD) who had not been detected initially and who eventually
returned to a full denture. She continuously added acrylic resin to the buccal aspect
of the full denture because she felt it improved her esthetic appearance.
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Gérard M. Scortecci

13.1 Multicenter Application of Basal Implants

The following case studies illustrate the excellent results achieved by implant spe-
cialists and general practitioners trained in basal implant dentistry. These private
practitioners or full-time hospital or university staff generally carried out all stages
of the therapeutic plan (treatment planning, basal implant surgery, and prosthodon-
tics). All had received specific training in the use of Diskimplants®, the majority at
the University of Nice-Sophia Antipolis postgraduate program in basal implantol-
ogy or in practical courses organized by the Implantoral Club International (ICI)
since 1984 (Table 13.1).

A comprehensive medical and dental history was obtained from each implant
candidate, followed by clinical examination and 3D imaging studies. Written
informed consent was obtained in all cases after the patient had been thoroughly
informed of the nature of basal implant therapy and other treatment options (con-
ventional prosthetic approach, bone grafting, etc.). Approximately 90% of the
patients underwent flapless treatment with a bone matrix osseotensor to improve the
recipient bone bed 10—45 days before implant installation.

Delayed loading or immediate functional loading protocols were executed
according to the inclusion/exclusion criteria described elsewhere in this book:

— All basal plate-form Diskimplants® were completely covered by bone substitute
material and PRF membranes.
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When the submerged technique was used, the implant sites were allowed to heal 6
to 8 months, depending on bone quality and the individual appointment schedule.
When an immediate functional loading protocol was used, the highly rigid fixed,
implant-supported screw-secured titanium/CrCo/resin prosthesis was installed
48-72 hours after implant placement.

All prostheses were fabricated by commercial dental laboratories familiar with

the use of basal implant components. The final prosthetic options included:

Dk e

Continued use of the transitional titanium/CrCo denture with resin teeth
Ceramic-fused-to-metal with machined titanium copings bonded to the frame
3D machined titanium frame (resin or ceramic teeth)

3D machined CrCo framework (resin or ceramic teeth)

Full zirconia technology (e.g., Zirkonzahn, Prettau)

Table 13.1 European versus US tooth positions

Maxilla Upper right Upper left

USA 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16
Europe 18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28
Mandible Lower right Lower left

USA 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
Europe 48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38

Case Study 1: Edentulous Resorbed Mandible
Dr. Alain Ansel, Thionville, France (Surgery and Prosthodontics)
Follow-Up: 2015-2017

Female, 71 years old at implant placement

Non-smoker, good general health

Atrophic posterior mandible, knife ridge anterior mandible, loss of teeth in
the incisor-canine sectors

Oral mucosa: Healthy

Oral hygiene: Good, check-up every 6 months, no problems noted at last
visit

Preop management:
— Osseotensor treatment of the mandible
— Relief of the lower denture

Surgical and prosthetic procedures: Local anesthesia, immediate func-
tional loading 96 hours post-op of five Diskimplants® (two plate-form
Diskimplants® covered by bone substitute material and PRF membranes,
three double Diskimplants®) and two Fractal® root-form implants with a fixed,
screw-secured highly rigid prosthesis

X-rays/imaging: Panoramic radiographs, CT scan (Figs. 13.1 and 13.2)



13 Multicenter Clinical Applications 327

Fig. 13.1 Initial panoramic
radiograph. April 30, 2015

Fig. 13.2 Bridge installed.
Oct. 16, 2015

Case Study 2: Complete Maxillo-mandibular Implant Rehabilitation
Dr. Philippe Cotten, Barcelona, Spain (Surgery and Prosthodontics)
Follow-Up: 2011-2018
Female, 46 years old at implant placement
Atrophic posterior mandible on both sides
Mandibular nerves exposed
Correspondents in Bogota, Colombia: Dr. Carolina Castiblanco, Dr.
William Romero
Oral hygiene Dental visits Days lost from work
Satisfactory 17 15 days

Occlusion: Stable group function

Surgical and prosthetic procedures (3):

Maxilla (2 surgeries):

Sept. 9, 2011: Local anesthesia, oral sedation

Implants placed in positions 18 and 28 (2 pterygoid Fractal® root-form
implants, dia. 3.3 mm, length 16 mm)

Sept. 12, 2011: General anesthesia
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Placement of four Fractal® root-form implants (dia. 3.75 mm, length
11 mm) in the premaxilla and two zygomatic plate-form Diskimplants®
(43 x 9/9G2-DP), immediate loading protocol

Mandible: Aug. 28, 2012, local anesthesia and oral sedation

Extraction-implantation, immediate loading protocol.

Four Monobloc root-form implants (dia. 3.75 mm, length 11 mm) and two
ramus plate-form Diskimplants® (43 x 9/9G2-DP).

All plate-form Diskimplants® were completely covered by BSM and PRE.

Progress:

Maxilla: Transitional bridge with a metal framework; the final zirconia
bridge was placed 4 years later (April 19, 2016).

Mandible: Transitional bridge with a metal framework and resin teeth placed
3 days after surgery; the final zirconia bridge was placed 3 years later (April 19,
2016).

Subsequent treatment: Annual check-ups in Mexico

X-rays/imaging: Panoramic (10), full-mouth CT scan (1), stereolitho-
graphic model (maxilla and mandible)

Follow-up as of February 2018: The patient was satisfied and had no
complaints (Fig. 13.3).

In 2006, a LeFort procedure with osteosynthesis plates was completed by an iliac
bone graft and installation of six cylindrical root-form implants in the maxilla. The
bridge was placed 9 months later.

In 2010, the patient began to notice that the bridge was mobile; she lost her ante-
rior implants and returned to a removable maxillary denture.

She first presented at our consultation in June 2011 (Figs. 13.4, 13.5 and 13.6).

On Sept. 9, 2011, a first surgery was performed under local anesthesia. Two
pterygoid Fractal® root-form implants (ref. 3.3 h16-MF4) were placed in the ptery-
goid processes (positions 28 and 18) under radiologic guidance.

The other maxillary implants were installed on Sept. 12, 2011, under general
anesthesia:

— Two zygomatic plate-form Diskimplants® (ref. 43 x 9/9G2-DP) in the right and
left infra-sinus regions
— Four root-form implants (ref. 3.75 h11) in the anterior maxilla
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Fig. 13.3 May 18,2006

Fig. 13.4 June 17,2011

Fig. 13.5 CT scans revealed
the locations of the
osteosynthesis plates and the
amount of residual bone
following loss of the
implants. Occlusal view
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— Sept. 14, 2011: Immediate loading with a highly rigid transitional titanium/
chromium-cobalt/resin bridge and a cross-palate bar

Aug. 28, 2012: Complete implantation of the mandible after removal of the ante-
rior bridge and the residual roots

— Installation of four Monobloc root-form implants (ref. 3.75 h11)
— Two ramus plate-form Diskimplants® (ref. 43 x 9/9G2-DP).

Aug. 30, 2012: Immediate loading of the highly rigid, transitional titanium/
chromium-cobalt/resin bridge.

The transitional bridges were left in function for 4 years before fabrication of
full-arch maxillary and mandibular prostheses (Prettau zirconia technique)
(Figs. 13.7, 13.8 and 13.9).

Fig. 13.6 CT scans revealed
the locations of the
osteosynthesis plates and the
amount of residual bone
following loss of the
implants. Front view

Fig.13.7 April 19, 2017
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Fig. 13.8 June 17,2011

Fig. 13.9 June 20, 2017
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Case Study 3
Dr. Louis Dagnelie, La Hulpe, Belgium (Surgery and Prosthodontics)
Follow-Up: 2008-2017.
Male, 66 years old at implant placement
Advanced periodontal disease
Oral hygiene: Fair
Preop management:
— Extraction of upper teeth (periodontal disease)
— Full upper denture worn for 3 months

Surgical and prosthetic procedures: Local anesthesia

Five double Diskimplants®, two triple Diskimplants®, and one single-disk
Diskimplant® placed and loaded immediately with a fixed, screw-secured
CrCo-resin bridge

X-rays/imaging: Panoramic, CT scan (Figs. 13.10 and 13.11)

Fig.13.10 2008

Fig.13.11 2017
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Case Study 4: Maxillary Implant Treatment

Dr. Hassan Idrissi Ouedghiri, Casablanca, Morocco (Surgery and
Prosthodontics)

Follow-Up: 2014-2017

Male, 43 years old at implant placement

Atrophic maxilla

Oral mucosa: Healthy

Oral hygiene: Fair

Preop management:
— Sinus lift and bone graft substitute, extraction of lower right molar

Surgical and prosthetic procedures: Local anesthesia and oral sedation;
immediate loading protocol; fixed bridge screw-secured to two zygomatic
plate-form Diskimplants®, two pterygoid Fractal® implants, and six root-form
implants in the premaxilla

Progress: Final ceramic-baked-to-metal fixed bridge

X-rays/imaging: Panoramic, CT scan (Figs. 13.12, 13.13 and 13.14)

Fig. 13.12 Post-op occlusal
view

Fig. 13.13 Immediate
functional loading of the
fixed screw-secured bridge
(same patient as Fig. 13.12)
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Fig. 13.14 2017

Case Study 5
Dr. Charles Minoyan, Chojnice, Poland (Surgery and Prosthodontics)
Follow-Up: 2014-2017

Female, 54 years old at implant placement

No health problems

Bridge 34-38 mobile, roots of 38 carious

Oral hygiene: Satisfactory

Preop management: 38 removed; for financial reasons, the bridge was
sectioned to conserve 34, which was only slightly mobile.

Surgical and prosthetic procedures:

Two monodisk Diskimplants® and one double Diskimplant® were installed;
bridge fabricated from a block of PMMA.

X-rays/imaging: Panoramic radiograph (Figs. 13.15 and 13.16)

Fig. 13.15 2014
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Fig.13.16 2016

Case Study 6: Maxillo-mandibular Implant Treatment
Dr. Pierre Monsarrat, Albi, France (Surgery and Prosthodontics)
Follow-Up: 2010-2017

Female, 56 years old at implant placement

No longer wanted to wear the full denture she had had for 20 years but
waited 18 months before deciding to proceed with implant placement.

Non-smoker

Oral mucosa: Healthy, no inflammation

Oral hygiene: Fair.

Surgical and prosthetic procedures: General anesthesia; immediate
loading protocol

Maxilla: One Fractal® implant 3.75 h8-MF1

Two zygomatic plate-form Diskimplants® (33 mm)

Two canine pillar plate-form Diskimplants® (43 mm)

Two pterygoid Fractal® implants (3.3 h16-MF4)

Mandible: Six Fractal® implants dia. 3.75 mm (8 mm and 11 mm)

Transitional prostheses replaced 8 months later with the final prostheses:

Maxilla: Ceramic to metal with titanium bonding cylinders

Mandible: Zirconia prosthesis

X-rays/imaging: Panoramic, CT scan (Figs. 13.17, 13.18 and 13.19)

Fig.13.17 Oct. 19, 2010:
Preop panoramic radiograph




336 G. M. Scortecci

Fig. 13.18 May 31,2017

Fig. 13.19 Pre-op study

Case Study 7: Maxillo-mandibular Implant Treatment
Dr. Renaud Petitbois, Antibes, France (Surgery and Prosthodontics)
Follow-Up: 2002-2017

Male, 45 years old at implant placement

Maxillary knife ridge

Oral mucosa: Advanced periodontal disease

Oral hygiene: Average

Preop management: Extraction of periodontally affected teeth

Surgical and prosthetic procedures:

Maxilla: Tmmediate loading of eight root-form implants, two double
Diskimplants®, two single-disk Diskimplants®, four triple Diskimplants®, and
one pterygoid Fractal® implant

Mandible: Delayed loading protocol (3 months) for the five root-form implants

X-rays/imaging: Panoramic, CT scan (Figs. 13.20 and 13.21)
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Fig. 13.20 2002: Initial
panoramic radiograph

Fig. 13.21 2017

Case Study 8: Maxillary Implant Treatment
Dr. Lari Sapoznikov, Basal Implant Center, Tel Aviv, Israel (Surgery and
Prosthodontics) Follow-Up: 2011-2017

Female, 60 years old at implant placement

Extremely atrophic maxilla

Full upper and lower dentures

Heavy smoker, quit 1 month before implant surgery

Oral mucosa: Healthy

Oral hygiene: Good

Preop management: Osseotensor 45 days before basal implant
placement

Surgical and prosthetic procedures: Local anesthesia and IV sedation;
immediate fixed acrylic prosthesis screw-secured to two zygomatic plate-
form Diskimplants®, two canine pillar plate-form Diskimplants®, and three
root-form implants 24 hours post-op; ceramic/composite-fused-to-metal
bridge placed 10 days later. She remained with her full lower denture.

X-rays/imaging: Panoramic, CT scan (Figs. 13.22 and 13.23)
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Fig. 13.23 2017: 3 years post-op

Case Study 9: Maxillary Implant Treatment
Dr. Martin Schweppe, Telgte, Germany (Surgery and Prosthodontics)
Follow-Up: 2006-2017

Female, 66 years old at implant placement

Atrophic maxilla

Oral mucosa: Advanced periodontal disease

Oral hygiene: Good

Preop management: First consultation in 2005

Surgical and prosthetic procedures:

Local anesthesia; immediate loading of two pterygoid Fractal® implants,
two zygomatic plate-form Diskimplants®, three triple Diskimplants®, two
double Diskimplants®, and two single Diskimplants® placed in 2006; full zir-
conia bridge placed in 2008

X-rays/fimaging: Panoramic, CT scan, control panoramic in 2016
(Figs. 13.24, 13.25, 13.26, 13.27, 13.28 and 13.29)
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Fig. 13.24 2005: Initial
panoramic radiograph before
implant placement f

Fig.13.25 Full implant-
supported Zirkonzahn
rehabilitation

Fig. 13.26 Intraoral
situation 2 years post-op.
Front view

Fig. 13.27 Intraoral
situation 2 years post-op.
Occlusal view
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Fig. 13.28 Situation in 2017

Fig. 13.29 Panoramic view
in 2017

Case Study 10: Maxillo-mandibular Implant Treatment
Dr. Jacques Vermeulen, Flumet, France (Surgery and Prosthodontics)
Follow-Up: 2004-2017
Female, 37 years old at implant placement
Oral mucosa: Healthy
Oral hygiene: Good
Preop management:
— New upper and lower full dentures
— 3D Simplant® treatment planning

Surgical and prosthetic procedures: Immediate loading protocol

Maxilla: seven root-form implants (two in the pterygoid processes), one
Diskimplant®, one double Diskimplant®

Mandible: two Diskimplants®, two ramus plate-form Diskimplants®, four
root-form implants

X-rays/imaging: Panoramic, CT scan

Days lost from work: 1 week (Figs. 13.30, 13.31, 13.32 and 13.33)
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Fig. 13.30 2004: lateral
view

Fig. 13.31 2004: front view




342 G. M. Scortecci

Fig. 13.32 Follow-up
radiograph 8 years post-op
(2012)

Fig. 13.33 Esthetic outcome . N
12 years post-op (2016) \
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Complications: Prevention, Correction, 1 4
and Maintenance

Gérard M. Scortecci and Guillaume Odin

14.1 Prevention

The best treatment of complications is prevention. This can be achieved, to a great
extent, by appropriate diagnosis and treatment planning following adequate surgical
and prosthetic training, appropriate oral hygiene, daily maintenance, and annual
checkups. However, even the most “successful” implant systems and well-trained
teams can encounter problems due to medical conditions or accidents. Despite the
proven biocompatibility of titanium Diskimplants®, a number of recommendations
should be respected:

— Follow training courses on Diskimplant® placement, use of associated prosthetic
components, avoidance of pitfalls, and management of potential complications.

— Start with simple cases in non-smokers and psychologically stable patients;
extensive reconstructions are difficult even for experienced dentists.

— Carefully review the patient’s dental history (tobacco or substance abuse, caries,
periodontal disease, oral infections, sinusitis, allergies, bisphosphonates, neural-
gia, tooth fractures, bruxism, wear, etc.).

— Check to be sure that occlusal, periodontal, and oral hygiene conditions are
favorable.
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— Ensure thorough prosthodontic evaluation using models mounted in occlusion,
wax-up, and preparation of a surgical guide prior to implant surgery.

— Carefully determine the available bone volume and quality. Respect the size
requirements for the basal implant. Check bone quality during pre-surgery osteo-
genic activation with bone matrix osseotensors.

— Place the basal implants in a prosthetically useful position with the aid of a sim-
ple surgical guide made in the dental lab or with 3D technologies. Respect the
concept of absolute primary implant stability in dense living bone.

— For single-tooth replacements with Diskimplants®, immediate loading is to be
avoided except in very specific conditions.

— For partial edentulism (including single-tooth replacements), delayed loading
with a 6-month waiting period is advisable if the clinical situation cannot guar-
antee long-lasting absolute primary stability during function. Always verify that
the removable denture does not damage the implants during the waiting period.

— For total edentulism, immediate functional loading is the safest approach with
basal implants.

— Passive fit, rigidity, and precision of the fixed, basal implant-supported super-
structure are mandatory. Ensure primary stability of the bone-anchored basal
implants using passive, highly rigid, and strong fixed implant-supported pros-
thetic superstructures: their elaboration must take into account the principles of
occlusion, mechanics, and hygiene maintenance. Numerous failures in implanto-
logy result from poorly designed (imprecise, fragile) or defective prostheses,
associated or not with malocclusion, overload, and lack of maintenance and/or
inadequate oral hygiene [1, 2].

— Should a problem occur (screw or cement loosening, fracture of components or
an implant body, etc.), take immediate action to minimize or avoid additional
deterioration.

— Following implant placement, patients should be given a document listing all
details required for identification of the implant(s) and all prosthetic components
used, plus the address of the professional who managed the case.

14.2 Preoperative Precautions
Allergy to Titanium (Figs. 14.1 and 14.2)
Although titanium is generally well accepted in the human body, there have been

reports of allergic reactions. A titanium disk placed on the skin by a dermatologist
can help to make a preoperative diagnosis when an allergy is suspected.

Anticipation of Mechanical and Biological Problems (Figs. 14.3
and 14.4)

Poor management of temporary prostheses in heavy smokers: in the case illustrated
here, all implants were lost.
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Fig. 14.1 Cutaneous test for r
titanium allergy: titanium

disks placed on the shoulder
of a patient who claimed a

history of multiple metal
allergies

Fig. 14.2 Verification on day
5: the absence of redness or
any irritation indicative of an
allergy to titanium meant that
titanium implants could be
safely installed (same patient
as Fig. 14.1)

Fig. 14.3 Early loss (after 4
months) of all root-form
implants in a 52-year-old
woman who was a heavy
smoker
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Prevention of Peri-implantitis by Avoiding Rough Surfaces
(Figs. 14.5,14.6, 14.7, 14.8 and 14.9)

Non-modified, machined surfaces are preferable because they have the longest his-
tory of functional osseointegration in human jaws [3]. While rough surfaces may
provide an immediate advantage in terms of primary stability, they are the source of

Fig. 14.4 After implant loss,
the surgeon attempted to
place another implant in the
lower left mandible, but it
also failed (same patient as
Fig. 14.3)

Fig. 14.5 Peri-implantitis
around plasma spray-coated
root-form implants after 6
years of service

Fig. 14.6 Removal of the
cemented bridge and the
posterior root-form implant
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Fig. 14.7 Late loss of an
osseointegrated implant with
a plasma spray coating after 8
years

Fig. 14.8 Early loss (after 8
months) of a single-tooth
replacement that had been
placed in function
immediately

Fig. 14.9 Short (6 mm)
root-form implant with a
non-modified surface state
(Structure® implant, Victory,
France) after 21 years of
service (patient aged 81
years). No bone loss or
peri-implantitis
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considerable metal release during function. Furthermore, should bone retraction
occur, it is impossible to adequately clean an exposed rough implant surface [4].

Consensus on the Prevention of Bacterial Endocarditis

Surgery and invasive diagnostic procedures always carry a risk of introducing bac-
teria into the bloodstream. This is usually of little consequence unless the patient
has a severe deformity of the endocardial surface. The American Heart Association
recommends that patients at risk receive prophylactic antibiotics prior to dental and
other surgical procedures.

— Standard regimen: 3 g amoxicillin per os 1 h before surgery

— Patients allergic to penicillin: 600 mg clindamycin per os 1 h before surgery or
500 mg clarithromycin per os 1 h before surgery or 500 mg azithromycin per os
1 h before surgery

Bisphosphonates (Figs. 14.10, 14.11, and 14.12)

As high-dose IV bisphosphonates can rapidly put a patient at risk of osteonecrosis
of the jaw, such individuals are not candidates for any type of implant, including
basal implants. Some patients have had dental implants for years, however, and
require bisphosphonates for cancer therapy. A thorough checkup of oral status is
mandatory. All teeth and implants at risk should be removed before starting IV
bisphosphonates. Should the bone and implants become exposed, failing implants
must be removed with a minimum of trauma.

Fig. 14.10 Maxillary bone
exposure 3 months after
bisphosphonate
administration for treatment
of bone metastases. Povidone
iodine is applied daily to
reduce local infection by
actinomycetes
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Fig. 14.11 [Initial status
before bisphosphonates (the
implants had been installed
18 years earlier)

Fig. 14.12 Four
Diskimplants® were retrieved
in the upper right quadrant.
The fixed bridge on basal
implants was maintained for
4 years. The patient died at
age 86 years old from
generalized cancer; the fixed
implant-supported bridge was
still in service at the time of
death

14.3 Anesthesia and Sedation

Anticipation of Pharmacologic Complications and Related
Problems

Most basal implant surgery can be performed in a specially organized dental office.
The need for general anesthesia in a hospital or clinic is generally reserved for
extremely complex cases and phobic patients.

Sedation

When intravenous sedation is used in the dental office, it must be administered by a
well-trained professional. A prior consultation with the anesthesiologist is mandatory.
Should a problem occur, all necessary equipment must be in good working order and
all necessary drugs readily available. Patients should refrain from liquids and solids for
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6 h prior to administration of the drugs. When oral sedation is planned, patients should
be instructed to eat breakfast or a light lunch in order to avoid the potential risk of
hypoglycemia. Oral sedatives should be given in the dental office. It is irresponsible to
assume that all patients and all clinical situations can be managed using only oral seda-
tion. If the patient becomes nervous under oral sedation, it is better to stop the proce-
dure, suture, and give another appointment, at which time more sophisticated sedatives
or anesthetics can be used. In some cases, general anesthesia is required.

Sedation and acute retrograde amnesia provided by most benzodiazepines (Valium®
20 mg) are beneficial for preoperative use but establish the need for postoperative
assistance. This means that patients must be accompanied and have proximal assis-
tance for at least 24 h after surgery. Hydroxyzine (Atarax® 100 mg) given 20 min
before surgery is a valuable adjunct. This antihistamine (H1 blocker) exerts a sedative
effect by central blockade of the excitation transmitters acetylcholine and histamine.
When combined with Valium®, the effects of both drugs are potentiated. Their anti-
cholinergic and antiemetic actions may have both prophylactic and therapeutic uses.
Hydrazine is also effective for the prevention of allergic reactions. It is important to
emphasize the positive effects of low-dose adrenaline (1:200,000, articaine, Dentsply)
in local anesthetics against respiratory depression and anaphylactic shock.

Local-Regional Anesthesia

Many patients can be treated solely with local anesthesia, without sedation. Although
the toxicity of local anesthetics has been described in numerous comprehensive
reports, life-threatening reactions are virtually inexistent when they are given fol-
lowing recommended dosage guidelines.

In the USA, profound intraoral anesthesia is most commonly induced using a 2%
lidocaine 1:100,000 epinephrine formulation characterized by rapid onset (1-3 min)
and a duration of 60—90 min (safe maximum number of cartridges, 8—14). In Europe
and Canada, articaine (Alphacaine, Dentsply) 4% and 1:200,000 adrenaline (vaso-
constrictor) give the same results for longer anesthesia (safe maximum number of
cartridges, 8—12). Bupivacaine (Marcaine) 0.5% with epinephrine 1:200,000 pro-
vides 6-9 h of long-lasting local anesthesia (safe maximum number of cartridges,
10). Mepivacaine 3% alone, without a vasoconstrictor, is usually not recommended
for oral implant surgery because it is safer to have some adrenaline, even a low
concentration, in the tissues (safe number of cartridges, 6-9).

14.4 Complications During Surgery
Intraoperative Bleeding (Figs. 14.13, 14.14, and 14.15)

Any intrabony bleeding that occurs after osteotomy can be easily stopped by impact-
ing the Diskimplant®, closing then suturing the flap, and afterwards having the
patient bite down for 20 min on an appropriate surgical pack. Bleeding can be pre-
vented by always making a mid-crestal full-flap incision into the attached gingiva.
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Fig. 14.13 Postsurgical
hematoma; intraoral view
48 h post-op

Fig. 14.14 Extraoral view of
an extensive hematoma after
basal implant surgery. The
patient had no pain and was
not particularly worried

Fig. 14.15 The fixed,
screw-secured prosthesis was
installed on basal implants 3
days after surgery. Antibiotic
therapy was maintained until
complete resolution of the
hematoma (10 days)

Straight vertical incisions should be avoided in the muscle. A horizontal or angu-
lated posterior or anterior release incision is preferable. Gently elevate a full-
thickness flap lingually and buccally, taking care not to damage the periosteum (use
of a sterile gauze to “push” the tissues back is recommended).
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Mandibular Nerve Injury

The most common neurologic problem is injury of the mandibular nerve.
Mechanically related injury can occur as the result of stretching, compression, par-
tial resection, or total transection during flap elevation or drilling procedures. The
incision line is of paramount concern. For basal implant installation, crestal inci-
sions must always remain in the middle of the attached gingiva. Alterations in the
blood supply owing to local hematoma or thermal injury can also affect the nerve.
Should this occur, implant installation should be postponed; a basal implant can be
placed after complete resolution of all local signs. If the patient continues to com-
plain of pain and/or anesthesia in the lower lip 2 weeks after uneventful implant
installation, remove the implant, and wait for total clinical relief before attempting
new implant surgery. Normally, healing occurs within several weeks. Never wait for
implant integration if neuralgia persists.

Lingual Nerve Injury

Injury to the lingual nerve is impossible to identify radiologically and may last for
years, with only partial and unpredictable recovery. This nerve may be damaged
during extraction of mandibular wisdom teeth. Patients commonly report paresthe-
sia and a burning sensation in the lateral part of the tongue. Injury of this type has
also been reported in connection with placement of root-form implants in the molar
area through the lingual plate. This complication can easily be prevented by avoid-
ing any type of release incision in the lingual direction. Incisions should always be
crestal, with vestibular release incisions. Full-thickness flaps on the lingual side
must be elevated carefully, in continuous tight contact with the bone. A flap holder
should be secured safely against the exposed lingual bone plate during lateral oste-
otomy because the nerve remains within the full mucosal flap. A partial-thickness
flap should never be elevated in this highly critical area.

Injury of the Infraorbital Nerve

Injury to this nerve can cause partial anesthesia or dysesthesia of the upper lip. This
complication can be avoided by careful handling of the full-thickness flap using sterile
gauze to push back the tissues. During osteotomy, a large, rigid plastic suction tube
should be held firmly against the buccal bone plate under the infraorbital nerve foramen.

Treatment of Neuralgia (See Also Sect. 14.10)
Minor nerve damage can heal spontaneously in several days to several months (gen-

erally 3 months). The recovery time depends on the extent and type of injury and the
blood supply (scar tissues heal slowly). Administration of clonazepam (Rivotril®),
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carbamazepine (Tegretol®), pregabaline (Lyrica®), or pyridoxine (vitamin By) is
often recommended for treatment of more severe injuries. Microsurgery with 9/0 or
11/0 sutures performed under a microscope may succeed in repairing a mandibular
nerve sectioned during major maxillofacial surgery, but healing is unpredictable.
For acute mandibular nerve neuralgia or causalgia, injection of specific drugs
around the stellate (cervicothoracic) ganglion in the cervical area may provide
relief, but the response to such therapy is also unpredictable. Since neuralgia is so
difficult to treat, prevention is essential. In complex situations, the patient should be
referred to a specialized pain management facility.

Fracture of the Severely Atrophic Mandible

The mechanical strength of the mandible is reduced, at least temporarily, by multi-
ple implant site preparations. Fracture can occur with bone site preparations or, later
on, as a result of late infection and excessive stress during mouth opening (yawning)
and/or function. Numerous cases of spontaneous fatigue fracture under full man-
dibular dentures have also been reported in pencil mandibles, even without implant
installation. Extreme caution should thus be exercised when dealing with the thin
mandible, which is particularly vulnerable to thermal injury and infection owing to
its dense cortical nature and extremely poor intrabony blood supply.
Mandibular fracture may be prevented as follows:

— Bilateral Botox® injection into the temporal and masseter muscles 1 week
pre-op.

— Patients should be cautioned to limit stresses to the jaw during the prolonged
healing period (soft diet for a minimum of 45-60 days).

— Use of Diskimplants® or microthreaded self-tapping, small diameter root-form
implants (Fratex®) that require just a single drill, rather than standard root-form
implants requiring a series of drills.

Management of a Mandibular Fracture (Figs. 14.16, 14.17, 14.18,
14.19,14.20, and 14.21)

Fracture of a severely atrophic edentulous mandible is always a challenge because
of the diminished central blood supply, decreased bone vitality, and dependency on
the periosteal blood supply. The situation is aggravated when multiple implants are
present: little bone is available for customary screw-and-plate repair, and additional
periosteal reflection is undesirable. Treatment possibilities include:

— Immediate implant retrieval from the fractured zone followed by immediate place-
ment of plate-form Diskimplants® on both sides, with rigid intraoral connection to
osseointegrated implants in the mental area. A screw-retained prosthesis should be
used as a rigid external fixator in order to obtain immediate initial stability.
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Fig.14.16 Fractured pencil
mandible

Fig. 14.17 In December
2000, this 64-year-old woman
fractured her right posterior
mandible 2 years after
Diskimplant® installation.
Interestingly, she experienced
very little pain and just
thought that a screw securing
her fixed appliance had come
loose

Fig. 14.18 In February
2001, the first plate-form
Diskimplant® was developed
to provide a rapid solution for
this extreme situation,
because the patient was at
risk of losing her entire
horizontal mandibular arch
(the left side was also at risk)
(same patient as Fig. 14.18)

— Stabilization of the fractured zone with mini plates, in which case the patient
must wait several months before receiving a new prosthesis.

— In all cases, the patient should be instructed to stay on a soft diet for 45 days.
Critical situations may require maxillo-mandibular immobilization with special
intraoral or extraoral appliances.
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Fig. 14.19 Complete
resolution after 6 years
thanks to immediate, absolute
immobilization of the
fractured mandible. A bone
gain was obtained on both
sides (same patient as

Figs. 14.17 and 14.18)

Fig. 14.20 Spontaneous
fracture of the mandible
under a removable denture

Fig. 14.21 Fixed rehabilitation of the fractured mandible (8 years post-op) (same patient as Fig. 14.20)
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Fig. 14.22 Extensive maxillary bone loss with a large oro-antral communication in a heavy
smoker after failure of an all-on-four procedure 9 months post-op

Makxilla: Penetration of the Nasal Floor and/or Sinus Floor
(Fig. 14.22)

Thorough preoperative investigations (cone beam CT or a stereolithographic
model) should provide the clinician with enough information about the adequacy
of bone volume and density under the nasal and sinus floors. When bone height
and density are limited, apical anchorage of an implant in the dense bone of the
nasal floor or sinus floor cortex is technically acceptable as this provides initial
stability without complications. A Diskimplant® can be safely installed to avoid
a bone graft when bone height is under 7 mm. A nasal membrane lift and/or a
sinus membrane lift can be performed at the time of basal implant installation.
Bone substitute materials and PRF must be placed between the membrane and
the implant.

Oro-antral Communication (Figs. 14.23, 14.24, 14.25, 14.26, 14.27,
14.28, and 14.29)

Small oro-antral communications can be managed with a palatal pedicle graft.
Large communications subsequent to multiple implant removals and/or failure of a
sinus lift require referral of the patient to a maxillofacial or ENT Department for
surgical treatment and closure with a pedicle fat pad.
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Fig. 14.23 Stereolitho-
graphic model showing the
large bone defect on both
sides

Fig. 14.24 Intraoral view of
an oro-antral communication
2 years after implant loss

Improper Basal Implant Placement

Whether the result of inadequate planning, poor judgment, or loss of spatial orienta-
tion during surgery, basal implants are sometimes installed in positions or at angula-
tions that are less than ideal for the intended prosthetic purpose. They may be placed
too far buccally or labially and impinge on the soft tissues of the lip or cheek. When
placed too far lingually in the mandible, implants may irritate the thin, mobile, and
vulnerable mucosa of the floor of the mouth and cause problems during speech. This
may be the result of bone being locally deficient in volume or unsuitable in density,
factors that were perhaps not adequately appreciated preoperatively. When basal
implants are too close together, it is difficult to maintain adequate hygiene and the
health of the mucosa suffers. One of the most common errors is implant placement
too far buccally. This inevitably leads to exposure of part of the basal implant and
difficulties in obtaining a satisfactory soft tissue environment and acceptable cos-
metic outcome.

Initial cortical support is mandatory for Diskimplants®, especially in low-density
bone. If the disk diameter is not wide enough to engage both cortical plates (buccal
and lingual or palatal), poor osseo-adaptation and loss of integration under excessive
stress must be expected, especially with type IV bone (Misch classification D4).
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Fig. 14.25 Bone matrix activation with a manual osseotensor in order to stimulate blood supply
90 days before surgical closure of the oro-antral communication

Fig. 14.26 60 days after
osseotensor application, the
oro-antral communication
had already reduced in size
(compare to Fig. 14.24)
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Fig. 14.27 PRF, a bone
substitute material
(CoreBone®), and collagen
membranes were placed
using a multilayer approach.
A vascularized maxillary fat
pad is mandatory in such
situations to complete the
closure of the defect

Fig. 14.28 Collagen
membranes and CoreBone®
were added with PRF

Fig. 14.29 The full-
thickness flap was closed
without tension
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Basal Implant Placement in the Sinus

This problem can be prevented by careful preoperative planning, including 3D cone
beam investigation, pre-surgery application of bone matrix osseotensors, wax-up,
and joint consultation with the prosthodontist. Care must be taken not to mistake the
projection of the hard palate for the floor of the sinus on a panoramic radiograph.
Bone measurement with calipers on a stereolithographic model and cone beam 3D
simulation allow selection of the optimum base diameter for placement in the dens-
est available bone. In soft bone, the largest diameter possible should be used. If a
small opening is observed in the sinus during osteotomy with a cutter, the sinus
membrane should be gently elevated by pushing PRF membranes and bone substi-
tute material through the opening into the sinus. A large diameter, monodisk implant
can be placed safely, provided that its position between the buccal plate and the
palatal plate guarantees multicortical anchorage. For more difficult situations, a
plate-form Diskimplant® is mandatory. A non-osseointegrated Diskimplant® in the
sinus can easily be removed through a lateral bone window.

Accidental Swallowing or Inhalation of Components and/or
Instruments

When coated with saliva, small implant components and the instruments used for
their manipulation may escape the clinician’s grip and fall into the oropharynx,
where reflex swallowing may take the item out of sight almost immediately. The
item may be ingested or, even worse, inhaled. This is a particular risk with recum-
bent patients. Should this occur, immediately turn the patient’s head in order to stop
the swallowing reflex, then place him or her in a head-down position and attempt to
recover the lost component. If this proves impossible, the practitioner should accom-
pany the patient (placed in a head-low position) to the hospital and give all neces-
sary information to the emergency medical team. Endoscopic removal may prove
necessary for larger components that are ingested or inhaled. Ingestion of very small
components such as screws or veneers is usually less serious and requires only that
the patient be placed on a high-fiber diet.

Manual screwdrivers and similar instruments should always be equipped with a
safety line of dental floss (minimum length 10 cm). Small components such as trans-
gingival abutments should be handled using purpose-designed titanium drivers.

14.5 Postoperative Complications
Management of Postoperative Swelling, Hematoma, and Pain
The best results are obtained by application of an ice pack immediately after sur-

gery. When necessary, the following corticoid regimen can be administered: 60 mg
Solupred® per os post-op plus 60 mg per os the day after surgery and then 60 mg per
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os the second day after surgery. For extensive hematomas, antibiotic therapy (amox-
icillin 2 g/day) should be maintained until complete resolution is achieved.
Painkillers (paracetamol 1000 mg) and anti-inflammatory drugs plus an ice pack are
the best means to reduce pain after surgery.

Incision Line Opening

The main cause of this complication is soft tissue suturing with tension at surgery.
To prevent the incision line from opening due to the pull of the muscles, an internal
release incision should be made in the periosteum with a scalpel or soft brushing;
this will ensure passive positioning of the flaps at suturing. This is particularly
important when using basal implants together with bone augmentation (GBR). If
the design of the removable interim prosthesis is the cause, it must be modified
extensively so as not to exert force on the area of basal implant exposure. The patient
should not wear the denture for 3 days after suturing and, thereafter, just for cos-
metic reasons, and must stay on a soft diet for 45 days.

Attempting to resuture a flap that opens after 3 or more days is both use-
less and painful. Allow the wound to heal by secondary intention, which takes
about 3 weeks. The site must be gently rinsed with physiological saline three
times a day.

Subgingival Plaque Associated with Peri-implant Complications

The microbiota associated with successful basal implants and that associated
with peri-implant complications are basically similar to those associated with
periodontal health and disease, respectively. Bacteria-host interactions suggest
that patients with osseointegrated basal implants could benefit from preventive
measures. Claims that mechanical debridement every 3 months can maintain
peri-implant health for osseointegrated implants are simply not true. Such so-
called prevention can actually result in peri-implant mucositis and/or
peri-implantitis.

Plastic scalers and rubber cups are generally recommended for professional
cleaning of natural teeth but should be avoided with “healthy” and calculus-free
dental implants. This cleaning technique may actually increase contamination by
opening the hemi-desmosomal biologic seal between the highly polished titanium
surface of Diskimplants® and the surrounding soft tissues, with subsequent risk of
fistula formation. In the case of transgingival abutment contamination with fistula
formation, surgical debridement of infiltrated soft tissues and removal of the exist-
ing abutment is recommended, after which a new, sterile transgingival component
should be installed.

Patients with recurrent saliva-related calculus buildup may benefit from screw-
retained full zirconia prostheses (Figs. 14.30, 14.31, 14.32, 14.33, and 14.34)
because calculus does not adhere to highly polished zirconia surfaces.
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Fig. 14.30 Ultrarapid
calculus buildup required
bridge retrieval every 3
months

Fig. 14.31 The calculus
covered the entire internal
surface of the lower
screw-secured denture

Fig. 14.32 Full zirconia
without pink ceramic under
the pontic was mandatory to
prevent the adhesion of
calculus
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Fig. 14.33 Upper and lower
full zirconia prostheses
(Zirkonzahn)

Fig. 14.34 Panoramic
radiograph 12 years post-op
(same patient as Fig. 14.33)

Protrusion of a Portion of an Osseointegrated Diskimplant®

Occasionally, the base of a Diskimplant® protrudes slightly into the oral cavity
through the alveolar mucosa after years of function. Patients generally feel no pain,
but the professional detects the protruding titanium disk at annual checkups. This
portion of the disk must be eliminated without flap elevation to avoid soft tissue
contamination by metal particles.

Following local injection of an anesthetic around the protruding disk, a round
diamond bur mounted on a high-speed turbine can be used to remove it under
copious irrigation. On rare occasions, the entire disk of a triple or double
Diskimplant® lies exposed above the gingival level as the result of bone resorp-
tion. The exposed disk can be eliminated by cutting the metal connecting it to the
central vertical shaft with a diamond or carbide bur. Preparation of a 2 mm space
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around the external portion of the disk allows lateral retrieval of the circular base.
Use of long shaft, double Diskimplants® (7G5-DDM or 7G5-DDM5) instead of
triple disk versions avoids this problem. Should a portion of a mandibular plate-
form Diskimplant® protrude lingually, it can be removed but only if the remainder
of the implant is osseointegrated. If not, the entire plate-form Diskimplant® must
be removed and the defect filled in with bone substitute material and PRF
(Figs. 14.35, 14.36, and 14.37).

Fig. 14.35 Full-flap
exposure of the lingual aspect
of a plate-form Diskimplant®
in the posterior left mandible.
Partial bony coverage of the
plate is visible

Fig. 14.36 The protruding
portion of the plate was cut
off with a carbide bur under
copious irrigation. The
remainder of the plate was
completely embedded in the
mandibular bone. Aspect of
the retrieved titanium lingual
bar

Fig. 14.37 Bone substitute
material (CoreBone®) plus
PRF were used to cover the
defect. The full-thickness flap
was then sutured without
tension
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Peri-implantitis

Peri-implantitis is infrequent (less than 0.1%) with Diskimplants®, even in peri-
odontally compromised patients. The machined, vertical shaft of the Diskimplant®
is narrower (approx. 2 mm) than conventional screw-type implants, a feature that
minimizes iatrogenic trauma to the alveolar crestal bone. In certain cases, mini-
mally invasive peri-implant surgery, including soft tissue removal and laser treat-
ment, may prove helpful.

Exposure of a Plate-Form Diskimplant®

Should a plate-form basal implant become partially exposed during the healing
period, no attempt should be made to cover it by resuturing the flap.

— Exposure of a small portion of a non-painful and nonmobile plate-form
Diskimplant® implant at the crestal emergence will slowly heal and be covered
by the mucosa in several weeks.

— If a small area of exposure remains on the buccal aspect after 45 days, light anes-
thesia permits the exposed metal to be impacted using a flapless procedure. The
fixed, screw-secured prosthesis must be left in place during impaction. The
patient should merely clean the exposed surface with saline solution on a dispos-
able cotton swab. The problem can be corrected later on, after osseointegration.

— If a large portion of a plate-form Diskimplant® becomes exposed through the
tissues, the implant should be rapidly removed. To avoid this problem, make
sure that the basal implant fits tightly into and/or onto the bony bed (maintained
in intimate contact with the recipient bone by preparation of the site with a cut-
ter) and is completely covered by an adequate layer of bone substitute material
and PRF.

Strategy When Faced with Apparent Failure of a Diskimplant®

A failing (mobile and/or painful), non-osseointegrated basal implant must be
removed as soon as possible. When conditions are favorable, a larger-diameter
Diskimplant® can be installed immediately in the existing implant site. However, so
long as the prosthetic restoration is stable and the patient is comfortable, without
pain or infection, Diskimplants® can often be left in place. This is particularly true
in edentulous patients. A Diskimplant® that is slightly mobile (movement less than
0.5 mm) but not painful can be left in place if the implant-supported prosthetic res-
toration is highly rigid and provides overall stability. Flapless placement of a 5- or
6-mm-long orthopedic fixation screw against the disk under local anesthesia may
provide additional stability. This should be done with the screw-secured prosthesis
in place. In favorable occlusal conditions, reintegration of Diskimplants® is also
possible provided the prosthetic rehabilitation is absolutely stable.
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Sometimes, apparent implant failure is actually due to fracture of the prosthetic
framework (Figs. 14.38, 14.39, and 14.40). Fabrication of a new, rigid, and much
stronger fixed bridge often allows complete healing at the bone/implant interface
after 6 months.

Fig. 14.38 Immediate
loading of full upper and
lower rehabilitations.
Unfortunately, the lower left
framework was too thin and
fractured after 7 months

Fig. 14.39 The lower left
Diskimplant® started to lose
its osseointegration but was
not painful and there were no
signs of infection, just slight
mobility

Fig. 14.40 A completely
new, stronger, and highly
rigid framework was made.
Six years post-op, clinical
examination and radiological
studies demonstrated
complete recovery
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Retrieval of a Failing Diskimplant®

A Diskimplant® that fails to osseointegrate owing to an error in selection of the base
diameter or poor positioning in cancellous bone without initial multicortical support
must be removed as soon as possible if painful and highly mobile. Removal of a non-
osseointegrated Diskimplant® involves minimal bone loss owing to the small dimen-
sions of the osteotomy. Furthermore, the shallow depth of bone used for anchorage
(usually 3—5 mm) favors subsequent healing and repair and reduces the risk of per-
manent injury. Traumatic block section removal should be avoided.

When necessary, Diskimplants® can be retrieved using the same lateral pathway
as for insertion:

— If the initial osteotomy has already been filled in by bone tissue, use the corre-
sponding titanium cutter to reopen the T-shaped site. A carbide bur may be uti-
lized to reduce bone destruction. A sharp bone scissors is used to grasp the base
of the Diskimplant®.

— If the initial T-shaped osteotomy has been filled in by fibrous tissue rather than
bone, a No. 11 blade and a carbide bur suffice to free the Diskimplant®.

— A piezotome may prove helpful for retrieval of a failing basal implant.

14.6 Management of Mechanical Problems

The mechanical problems encountered with basal implants are similar to those seen
with root-form implants and should be taken care of as soon as possible.
Recommendations for correction of potential problems are listed below:

— Never let the situation deteriorate. Mobile implant-supported teeth, pain, and
infection should always be treated first.

— Prepare a realistic plan to manage the complication (including the possibility of
implant removal) after a frank discussion with the patient. If the implant(s) were
placed by another practitioner, he or she should be contacted as well. Alternative
conventional solutions must also be discussed.

— Correction is not always a straightforward procedure and may involve risky and/
or expensive restoration. Inform the patient of all potential problems and costs
before any work is performed.

— If unfamiliar with the implant system used, suggest that the patient return to the
professional originally in charge of the restoration. If the patient is reluctant to do
so, or if this is not feasible, obtain advice from other professionals and/or the
implant manufacturer so as not to compromise the patient’s initial oral status and
entail unnecessary expenses.
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Prevention of Mechanical Problems

— Never under-equip a patient with a strong bite or a heavy grinder with a history
of dental and prosthetic fractures.

— Avoid a cantilever whenever possible.

— Use a highly rigid, screw-secured titanium framework with a transitional
transpalatal bar for patients with extremely atrophic, completely edentulous jaws.

— Stable inter-arch dental relationships are mandatory.

— A night guard can reduce stress in compromised clinical situations.

— Botox® injections may prove useful for heavy grinders.

— Use transitional commercial teeth mounted on a solid metal framework before
fabricating a final prosthesis in order to reduce the initial occlusal stress during
the first 6 months after functional loading.

Fracture of Cosmetic Components

— Check the occlusion.

— Determine the cause of the fracture.

— A resin fracture can be repaired chairside with acrylic resin and a denture tooth
or composite restoration.

— Ceramic fracture: grind the remaining ceramic down to the metal frame, then
take an impression of the prepared sector to make an individual telescopic
ceramic or full zirconia crown. Make a chairside resin temporary for use during
fabrication of the final tooth. An occlusal metal surface may be required for
patients with a strong bite with little space. Cement the ceramic crown back on
with resin cement; remove all excess with the liquid monomer and a sharp instru-
ment. Check the occlusion.

— A night guard is mandatory for patients who clench or grind; bilateral Botox® is
indicated for difficult cases.

— Full zirconia can be a reliable option for heavy grinders who can destroy conven-
tional ceramic-to-metal prostheses (Figs. 14.41, 14.42, 14.43, and 14.44).

Fig. 14.41 Implant placed in
1991. Severe bruxism and
clenching led to multiple
fractures of the resin
cosmetic elements. Botox®, a
night guard, and increase of
the vertical dimension
reduced ongoing fractures for
a limited period
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Fig. 14.42 1In 2005, it was
decided to replace the gold/
resin bridge with a full
zirconia (Zirkonzahn)
rehabilitation screw-secured
on basal implants (same
patient as Fig. 14.41)

Fig. 14.43 Cosmetic
outcome (same patient as
Figs. 14.41 and 14.42)

Fig. 14.44 Panoramic
radiograph taken in April
2017 (26 years post-op:
1991-2017). No visible
fracture of any cosmetic
elements (same patient as
Figs. 14.41, 14.42, and 14.43)
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Loosening of a Prosthetic Retaining Screw

Repeated loosening of a retaining screw is a warning sign of future screw fracture.
In most cases, this is caused by poor fit of the prosthesis at the implant/abutment
interface that is aggravated by occlusal stress, unilateral mastication, malocclusion,
under-equipment necessitating placement of an additional implant, and bruxism. In
some cases, the prosthesis must be entirely redone, and/or additional implants must
be planned. A night guard is advisable.

Management depends on when loosening occurs:

1. Early screw loosening, less than 6 months after prosthesis installment: gold
M1.4 screws can merely be retightened at 10-15 Nem following verification of
the occlusion.

2. Late screw loosening, more than 6 months after placement of the prosthesis:
Never try to retighten loose screws in this situation as they may break and
become impossible to retrieve. Use of a new screw is recommended. Check the
occlusion.

3. Very late screw loosening, many years after prosthesis installment, is more likely
related to metal modification with time, elongation, wear, and metal compres-
sion. When a prosthetic restoration becomes loose after years of service, all
screws should be replaced and retightened after 24 h, and the occlusion must be
rechecked.

In all cases, prosthetic retaining screws should be retightened 24 to 48 h after
placement (in one day, teeth come into contact 1000 to 1500 times, and even more
often in case of bruxism).

Screw Loss

— When possible, check the patient’s records to be sure that the proper retaining
screw was used.

— Install a new screw. Gold M1.4 screws should be tightened to 10-15 Ncm; larger-
diameter M2 screws must be tightened to 20-30 Ncm.

— Have the patient return the next day to retighten the screw and recheck the
occlusion.

Fracture of an Abutment Screw or a Prosthetic Retaining Screw
(Figs. 14.45 and 14.46)

Fracture of an abutment screw requires replacement of the entire abutment. Check
the accuracy of fit at the prosthetic interface with a periapical radiograph, and
verify the occlusion before replacing it. If a retaining screw breaks, it must also be
replaced. When retrieving the fractured portion of a retaining screw, the primary
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Fig. 14.45 Specially
designed instrument operated
in reverse with a high-power,
slow-speed handpiece
(60-80 rpm) for retrieval of
fractured screws

Fig. 14.46 A cylindrical
tube is used to help maintain
the correct direction

rule is “never aggravate the situation.” This means do not use ultrasound devices.
Proceed as follows:

— Take a periapical radiograph to localize the fractured part.

— Always lubricate the screw access hole before attempting to remove a fractured
screw. A drop of eugenol can be used as a lubricant.

— The fractured portion of the screw is usually not flat but somewhat jagged.
Using a rigid dental probe, push down against the uneven surface and turn
counterclockwise. The broken portion generally unscrews easily. A very thin,
brand-new diamond flame bur mounted on a contra-angle disconnected from
the unit and activated manually in reverse, as with a probe, may prove helpful.
Be careful not to damage the internal threads of the implant. After removal of
the fractured piece, verify the implant threads with a manual tap. Take a digital
retroalveolar radiograph before activating the tap to ensure that it is correctly
positioned in the axis of the implant in order not to damage the threads. A
cylindrical pickup type impression coping can be used as a guide when activat-
ing the tap.

— If retrieval of a fractured screw proves difficult or impossible with the above
approach, use a screw-removal instrument mounted on a low-speed (60—80 rpm),
high torque handpiece operated in reverse. Alternately, after lubrication of the
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fractured screw, push down on the surface with a cotton swab and turn counter-
clockwise; the cotton fibers wrap around the remaining screw threads and may
allow removal.

Gold prosthetic retaining screws are generally recommended to avoid creation of
a cold solder as can occur with titanium screws. The latter are sometimes impossible
to retrieve if they break.

Loosening of a Transgingival Abutment

— Unscrew the abutment retaining screw to retrieve the prosthesis secured to the
transgingival abutment.

— Retighten the transgingival abutment after checking to be sure it is not damaged;
otherwise use a new abutment.

— Replace the prosthesis and secure it with the appropriate retaining screw.

— Check the occlusion.

— A night guard is recommended.

Loosening of Cement-Retained Prostheses

Should a screw-secured hex abutment post become loose, retrieve the cement-
secured bridge by gently pulling on it with a dental crown extractor. If the metal
prosthetic components have formed an undetachable cold solder as the result of
high masticatory forces, it may be necessary to completely cut and open the restora-
tion at the abutment post site and fabricate a new prosthesis.

14.7 Management of a Fractured Diskimplant® (Figs. 14.47,
14.48, 14.49, 14.50, 14.51, 14.52, 14.53, 14.54, 14.55, 14.56,
and 14.57)

An aggressive bone block section to retrieve a fractured Diskimplant® should be
avoided because much less invasive solutions exist as a function of the clinical
context:

— Non-osseointegrated Diskimplant®: removal can be performed easily along the
path of initial insertion using a scalpel and a 700 XXL carbide bur.
— An osseointegrated Diskimplant® can be left in place and:
(a) A conventional prosthetic appliance can be fabricated if the patient is reluc-
tant to undergo new implant placement.
(b) A new Diskimplant® can be placed mesially and/or distally.
(¢) Another Diskimplant® can be installed above or below the initial site. Start
the lateral osteotomy; when the titanium cutter touches the fractured disk,
replace it with a carbide bur in order to pass through the titanium base of the
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Fig. 14.47 The excessively
long cantilevers created
mechanical problems

Fig. 14.48 Multiple fatigue
fractures of older generation,
externally threaded
Diskimplants® after 11 years
of function

Fig. 14.49 A plate-form
Diskimplant® was placed
posteriorly on each side, and
new Diskimplants® were
installed in the mental sector
to replace those that had
fractured. Panoramic
radiograph after 13 years

Fig. 14.50 Fractured,
screw-secured bridge
(fracture occurred at the
weakest point of the metal
framework)
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Fig. 14.51 Highly atrophic

dry posterior mandible. The

mental foramen is located on
the crest

Fig. 14.52 Multiple fractures of root-form implants in the mental area due to a cantilever. The
patient was rehabilitated by placing a plate-form Diskimplant® on each side

fractured Diskimplant® left in place. Copious spray and lateral irrigation are
mandatory. Once the track is completed with the carbide bur, use the corre-
sponding titanium cutter to finish the osteotomy, and insert a new Diskimplant®.

(d) Alternately, the axial shaft of a fractured Diskimplant® can be eliminated
with a carbide bur, after which the perforations in the disk are connected and
enlarged with appropriate drills allowing passage of a root-form implant
through the Diskimplant® base. In certain situations, the existing fixed pros-
thesis can be reutilized after modification.
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Fig. 14.53 Panoramic
radiograph (1998): fracture of
three early-generation
Diskimplants® installed 12
years earlier, in 1986. The
third implant in the second
premolar position had not yet
fractured. Bone height above
the disk ranged from 0.8 to

2 mm

Fig. 14.54 At bridge
retrieval, the shaft of the third
Diskimplant® had fractured.
Bone completely covered the
disk, placed at a depth of

2 mm. The well-
osseointegrated distal disk
can been seen by
transparency under the bone.
No sign of peri-implantitis
after 12 years of service
(same patient as Fig. 14.53)

Fig. 14.55 Three
microthreaded, root-form
implants were placed after
the openings in the basal disk
had been enlarged using a
carbide bur, then a diamond
bur, an axial dense bone drill,
and a metal tap

(e) A Diskimplant® can be removed using a titanium cutter, a carbide bur, and
a sharp bone chisel to free the base. A piezotome can also be used
(Fig. 14.57). Grasp the base with a dental rongeur and gently rotate it out.
Install another Diskimplant® with a larger base. Wait 6 months for healing
before loading.
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Fig. 14.56 A temporary,
screw-secured titanium
bridge was installed 24 h
post-op (same patient as
Figs. 14.53, 14.54 and 14.55)

Fig. 14.57 Lateral access
for the piezotome in the
posterior mandible for
retrieval of a fractured disk
when necessary. A piezotome
can also be used for
Diskimplant® placement

14.8 Salvage Procedures for Complete Implant Failures

Clinical Case No. 1 (Figs. 14.58, 14.59, 14.60, 14.61, and 14.62)

This patient received root-form implants that all failed. Revision and correction
were possible with basal implants. An immediate fixed, screw-secured prosthesis
was installed 48 h post-op.

Clinical Case No. 2 (Figs. 14.63, 14.64, and 14.65)

Following accidental trauma, this patient lost her fixed, basal implant-supported
prosthesis and had to wear a transitional full denture for 6 months. Revision and
correction were performed with an immediate, fixed functional loading procedure
(the prosthesis was screw-secured to basal and root-form implants).
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Fig. 14.58 Two root-form -
implants affected by
peri-implantitis were mobile
under a removable full
denture with ball attachments.
The bar attached to two
root-form implants in the
lower jaw was also mobile

Fig. 14.59 Extensive bone
loss: 9 mm diameter basal
implants were installed
through the palatal aspect
(lateral palatal bone cut seen
from the buccal aspect)

Fig. 14.60 Guided bone
regeneration with bone
substitute material and PRF
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Fig. 14.61 Intraoral view of
full-thickness flap sutures

Fig. 14.62 Panoramic view
after 18 years of service
(same patient as Fig. 14.58)

Fig. 14.63 Basal implants in 1988 - 1998
the intraforaminal region of a [
knife-ridge after 10 years of
service
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Fig. 14.64 This patient fell
on a hard surface and broke
the fixed mandibular
rehabilitation. A removable
denture was worn for 6
months (same patient as
Fig. 14.63)

Fig. 14.65 After 6 months,
five new implants were
installed (immediate
functional loading
procedure). Plate-form basal
Diskimplants® were placed
on both sides in the posterior
mandible. Panoramic
radiograph after 8 years
(2016) (same patient as
Figs. 14.63, 14.64)

1999 - 2000

2000 - 2016

14.9 Prevention of Potential Problems Related to General
Anesthesia (Figs. 14.66, 14.67, 14.68, 14.69, and 14.70)

Extremely atrophic maxillae are eggshell-like bony structures. Such situations can
be a risk when patients must undergo extraoral surgery under general anesthesia.
The implant surgeon should prepare a palatal silicone ball chairside to prevent a
LeFort fracture during forced mouth opening by the anesthetist.
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Fig. 14.66 Panoramic radiograph with the rehabilitation in place (14 years of service). Eggshell
maxilla managed with a “zygomadisk™

Fig. 14.67 Intraoral view
(same patient as Fig. 14.66)
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Fig. 14.68 Complications can be prevented by placing a silicone ball in the mouth

Fig. 14.69 Silicone ball in
place

Fig. 14.70 Patients who
require an extraoral surgical
procedure under general
anesthesia are given a
silicone ball in order to
prevent an iatrogenic LeFort
fracture of the upper maxilla
during intubation
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Table 14.1 Maintenance of peri-implant health and management of complications

Successful basal implant maintenance

— Oral hygiene instructions and recall

— Mechanical maintenance of prosthetic components (screw retightening, recementing,
closure of screw access holes)

—  Occlusion/night guard

Reversible problems

— Minor mechanical problems (screw loosening, fracture of resin or ceramics, screw fracture)

— Peri-implant mucositis, calculus removal

— Laser therapies

— Traumatic occlusion—correction

— Replacement of a fractured element (ceramic, resin, prosthetic retaining screw, titanium
abutment screw, etc.)

Compromised osseointegrated basal dental implants

— Oral hygiene instructions/reinforcement

— Stop smoking

— Check the occlusion—night guard

— Shorter maintenance intervals

— Antimicrobial mouthwash and/or irrigation

— Laser therapies

— Change the transgingival abutment (in case of a fistula or fracture)

— Systemic antibiotics selected according to susceptibility test

— Nonsteroidal anti-inflammatory drugs

— Tetracycline

— Drugs to enhance bone reconstruction and mineralization

— Minor surgical treatment

— New prosthesis when prosthetic misfit is identified at implant interface

— Removal of the protruding metallic portion (disk) of an osseointegrated basal implant with a
diamond or carbide bur under copious irrigation

— Placement of an additional transparietal orthopedic screw (5—6 mm) against the base of the
compromised Diskimplant® with the screw-retained bridge in place.

— Addition of new implants if necessary and possible

Irreversible problems

— Major esthetic, speech, or functional problems

— Major biological or mechanical problems (implant or jaw fracture)

— Peri-implantitis associated with pain and implant mobility

— Acute neuralgia/severe psychological problems

— Complete bone breakdown and basal implant mobility/pain/infection

Failed basal implant

— Implant removal—correction of the bone defect with biomaterials and membranes

— Bone grafting (1 or 2 sessions; bone matrix cell activation with an osseotensor mandatory
60 to 90 days before surgery)

— Major surgical treatment, including closure of any oro-antral communication; return to a
conventional partial or complete denture

— New implant placed after a waiting period (at least 1 year for extremely atrophic edentulous
jaws)

— New basal implant-supported prosthesis
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14.10 Maintenance (Table 14.1)
Follow-Up and Postoperative Care

During the immediate postoperative period, patients are instructed to refrain from
brushing the surgical site. Mouthwashes are also prohibited for 48 h after surgery.
The preventive program for patients with partial or full restorations on osseointe-
grated basal implants should include specific oral hygiene instructions and regular
professional checkups. Primary and secondary prevention techniques are aimed at
plaque control by the patient and the dental hygienist or dentist. For daily home
care, oral hygiene can be ensured with standard Waterpik®-type appliances and
superfloss and/or special peri-implant care using 3% hydrogen peroxide and dispos-
able cotton swabs, depending on the patient’s individual situation. Toothbrushes
become contaminated by bacteria and should be used to clean only artificial teeth
and peri-implant areas where there are at least 2 mm of peri-implant attached gin-
giva. In regions with no or very little attached gingiva, disposable cotton swabs with
3% hydrogen peroxide diluted in hot water should be used for daily cleaning of
implant emergence profiles. Dakin Cooper solution or 2% chlorhexidine on a dis-
posable cotton swab (never as a mouth wash) is also helpful to prevent local inflam-
mation of the mucosa around basal implants.

Annual verification of well-balanced occlusal status is necessary to reduce or
avoid mechanical problems.
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Gérard M. Scortecci, Patrick Missika, and Alp Alantar

15.1 Terminology

Major medical terms necessary for a clinical approach to neurological involvement
in the context of implant surgery include:

e Neuropathy: a general term indicating a disorder of the peripheral nerves [1].

e Postimplantation neuropathy: a relatively recent term referring to any neurologi-
cal disorder induced by the placement of implants; usually of immediate onset, it
may be transient or become chronic.

e Allodynia: pain caused by a normally non-painful stimulus, corresponding to a
lowering of the pain threshold [2]; identification of the triggering stimulus is
essential, because not all types of stimuli cause pain in all patients (mechano-
induced allodynia, thermo-induced allodynia, etc.) [3].

e Painful anesthesia: pain felt in a hypoesthetic area [2].

e Paresthesia: any abnormal sensation, usually characterized by a reduction in
cutaneous sensitivity (hypoesthesia or anesthesia) [4].

e Dysesthesia: any painful abnormal sensation unrelated to a stimulus [2]; dyses-
thesia thus differs from paresthesia by its painful nature.
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e Hyperalgesia: exaggerated response to painful stimuli [2].

e Hyperesthesia: exaggerated perception of sensations [2].

e Neuropathic pain: neuropathic pain is defined by the International Association
for the Study of Pain (IASP) as pain arising as a direct consequence of an injury
or disease affecting the somatosensory system. The term “pain” encompasses a
very broad group of syndromes that differ by their pathogenesis, symptoms, and
treatment; the generally accepted classification is based on the site of neural
involvement [5]:
— Peripheral neuropathy (painful polyneuropathy, lancinating neuralgia, phan-

tom pain, nerve compression, neurinoma).

— Central neuropathy (central pain).
— Mixed neuropathy (postherpetic neuralgia).

In this review, the term “neuropathic pain” denotes chronic pain syndromes
attributable to a postimplantation lesion of the mandibular branch of the trigeminal
nerve (cranial nerve V3). Pain syndromes resulting from central nervous system
injuries and pain caused by physiological activation of the nociceptors that inner-
vate the neural sheaths (e.g., inflammation, tumor invasion, etc.) are thus excluded.

15.2 Diagnosis
Positive Diagnosis

Positive diagnosis is based on subjective clinical symptoms sought during a careful
clinical history and objective clinical signs detected during physical examination,
completed by radiologic studies.

Clinical Assessment

Clinical assessment of orofacial neuropathies must be preceded by a careful clinical
history to elicit any complaints of pain and/or discomfort. Differentiation of dyses-
thesia and paresthesia is the first step in such evaluation. The following questions
allow distinction:

. Do you have any abnormal sensations in the skin, lips, tongue, nose, or cheek?

. Do you have any abnormal sensations on the right or left side?

3. How do you describe the sensation? Is it spontaneous, or does it occur only when

you touch the zone, chew, or talk?

4. Do you experience pain? if so, where? Is it continuous (burning) or intermittent
(lightning-like)? Is it spontaneous or triggered by touch, mastication, or speech?

. How long does it last?

6. What exacerbates this pain? What alleviates it? [4].

DN =

9]

Out of the 266 patients investigated by Ellies [6], 80% claimed that they had no
problems during daily activities. Among those with complaints, the most commonly
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altered functions were speech, mastication, and ability to drink fluids. In practice, it
is important to differentiate paresthesia and dysesthesia and to determine whether
the pain and discomfort are stimulus-generated or spontaneous [4]. Diagnosis of
neuropathic pain can be confirmed by using the “DN4 Questionnaire” (sensitivity,
83%; specificity, 90%) [7]. The first seven items relate to the following sensations:
burning, painful cold, electrical shocks, tingling, pins and needles, numbness, and
itching. The last three items assess hypoesthesia to touch and prick and allodynia to
light brush.

Intraoral clinical examination follows the same principles as those for cutaneous
neurological examination, i.e., sensitivity to light touch, pinprick, cold, and heat,
existence of allodynia, and hyperesthesia, and should be extended from the gums to
the mucosa of the vestibules and cheeks. Early diagnosis of pain or discomfort is
essential for at least two reasons:

1. These patients must be evaluated and treated differently from those with a non-
painful paresthesia.

2. Evaluation of the pain or discomfort depends entirely upon subjective patient
responses, not on the objective signs sought by neurological tests [4].

15.3 Physical Examination

Clinical evaluation is based on techniques to map the distribution of defects and
tests of primary sensation and discrimination.

15.4 Mapping (Fig. 15.1)

The technique for mapping postimplantation labiomental neuropathies is not spe-
cific to implantology but can usefully be applied to this discipline [8]. The main
steps in the technique proposed by Essick [9], which can easily be performed during
consultations for implant surgery, are described hereafter.

Fig. 15.1 Trigeminal
neuralgia: the zone of
paresthesia is delimited by
a mapping procedure
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In an initial step, patients are requested to circumscribe the periphery of the
involved zone with their index finger. In a second step, stimulation is performed
with a dental probe equipped with an endodontic stop. This permits the patient to
memorize a pricking sensation in an uninvolved control zone innervated by the
contralateral mental nerve (or infraorbital nerve in case of bilateral involvement).
Patients are then requested to close their eyes, and stimulations (duration of 1 sec-
ond) are applied along a linear axis starting 15 mm from the periphery and directed
toward the center of the involved zone. Patients are asked to raise their hand each
time the sensation feels “different,” and a mark is made at this point with a derma-
tological marker. Connection of the various marks delimits the zone of paresthesia.
Although mapping does not allow objective measurement of sensory capacity, it
permits:

1. Identification of the affected area and evaluation of the severity of the subjective
sensation

2. Follow-up of the affected area and severity of involvement over a period of

time

Selection of a site for objective sensory tests [9]

4. Documentation of the progressive or regressive nature of the neuropathy for
medicolegal purposes

(O8]

15.5 Neurosensory Tests

Evaluation of postimplantation neuropathies makes use of the same procedures as
those utilized after extraction of wisdom teeth or orthognathic surgery. The main
examinations are tests of thermal sensation, soft touch, brush stoke direction, two-
point discrimination thresholds, perception of pain, and perception of pressure
[10]. These tests are generally performed in a Neurology Department. However,
brush stoke direction and two-point discrimination thresholds can be tested in the
dental office during a consultation for implants. When preliminary explorations
suggest severe involvement, patients should be addressed to a Neurology
Department.

The brush stroke direction test, which evaluates the o fibers and partially the &
fibers, allows simultaneous evaluation of touch localization. A brush (von Frey
fibers or a toothbrush) is used to apply light pressure on the skin of a healthy control
site innervated by the contralateral mental nerve or, in case of bilateral involvement,
by the infraorbital nerve. The site being tested is first stroked from top to bottom and
then from bottom to top. Before each series of stimulations, the practitioner says
“first series” or “second series.” The patient is then asked to indicate during which
series the brush had been moved from top to bottom [11]. Described by Sekular
et al. [12], this forced choice between two alternatives eliminates any biases related
to the patient (loss of attention, fatigue, emotion, etc.), who might be tempted to
consider that “yes” is a correct response during an interrogation based on a “yes-no”
mode.
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15.6 Two-Point Discrimination Thresholds

This test permits exploration of the large-diameter myelin fibers (alpha fibers) by
evaluating the patient’s capacity to discriminate contact at two points on the tongue
or the lip. It is particularly indicated for assessment of neuropathies consecutive to
inferior alveolar nerve repositioning because it is selective for the o fibers that are
sensitive to traction and pressure [13]. The test is performed on patients with their
eyes closed using special calipers and a ruler graduated in millimeters
[9]. The caliper is first applied closed and then progressively set apart, 1 mm at a
time, until the patient can distinguish two points. The minimum distance separating
two points that the patient can distinguish is recorded. The two points of the caliper
must be applied simultaneously to the site being tested. Each site is tested five times
and the values are averaged. For the lower lip, the mean acceptable threshold is 8§ mm
[14, 15]. A discrimination capacity of less than 14 mm is considered normal [13, 16],
while values between 14 and 20 mm are considered indicative of an “altered” dis-
crimination capacity [14, 15]. A threshold over 20 mm is abnormal [15, 16], and the
discrimination capacity of such patients is considered null [13]. Owing to the exis-
tence of wide interindividual variations [17], these absolute values must, however, be
used with caution. Comparison with a control site is thus essential. For Bailey and
Bays [11], mean distances — greater or less than 2 mm compared with the control
value for the same side — are arbitrarily considered abnormal.

15.7 Radiographic Examination

A suspected nerve injury or a patient presenting with numbness following an
implant procedure is an indication for an early radiographic exam in order to facili-
tate the choice between (1) temporization with medical treatment followed by clini-
cal control and (2) removal of the implant. Radiographic examination should be
performed perioperatively when a patient relates acute pain during a surgical proce-
dure. Periapical and panoramic radiographs will be completed by CT scans in com-
plex cases (e.g., morphology of the body of the mandible and/or atypical symptoms
and/or multiple implants, etc.).

Radiographically, compression is suggested when the apex of the implant is con-
tiguous with the superior lamina dura of the mandibular canal, without interruption
of the canal (Fig. 15.2), or when only a thin band of medullary bone (less than
2 mm) is seen between these two elements. Penetration of the canal (Figs. 15.3 and
15.4) is visualized as an interruption of the superior lamina dura, with the apex of
the implant superimposed over a variable height of the canal. Section of the nerve is
seen as superposition of the implant over the entire height of the canal and some-
times even beyond. CT is indicated for patients with atypical symptoms such as
lingual involvement. Berberi et al. [18], for example, reported a case of paresthesia
of the anterior two-thirds of the tongue visualized on coronal CT scans by the lin-
gual position of two implants plunging into the floor of the mouth.
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Fig. 15.2 Panoramic
view showing implant-
induced canal
compression

Fig. 15.3 Coronal CT scans revealing effraction of the canal. The implant must be removed

Fig. 15.4 Panoramic view
showing implant-induced
canal compression and
nerve transfixation by
implants in positions 36
and 37, both of which must
be removed

15.8 Etiology

Transient or permanent anesthesia, paresthesia, or dysesthesia may result from dis-
placement, compression, or injury of the inferior alveolar nerve [19].
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Compression

The dental nerve runs throughout the posterior mandible to its foramina and can be
injured during drilling or screwing of the implant. Neuropathic pain can be second-
ary to compression or laceration [20]. For Bert [21], transient paresthesia is more a
sign of compression of the nerve fibers by an internal hematoma than penetration of
the nerve trunk.

Penetration of the Mandibular Canal

The frequency of neuropathies is not significantly different between implants placed
anterior to the mental foramen and those installed posterior to it. Implants placed
behind the foramen are, however, associated with a higher rate of persistent lesions
(longer than 6 months) than those placed in front of the foramen (50% versus 30%)
[6]. Shulman and Shepherd [19] described a patient with neurological complica-
tions after placement of implants in the premolar sector. In that case, penetration of
the left and right mandibular canals with perforation and displacement of the man-
dibular nerves resulted in immediate anesthesia and severe dysesthesia in one site
and chronic paresthesia in the other.

Lesions Resulting from Traction on the Inferior Alveolar Nerve

Sunderland [22] demonstrated that stretching of a nerve, especially when performed
rapidly, can rupture the endoneurium and the perineurium, leading to fibrotic modifica-
tions in the nerve and the loss of axonal guidance. For Jensen and Nock [23], exces-
sively brutal manipulation of a nerve can sever the perineural vascularization; in such
cases, recovery may be only partial and result in a permanent deficit. The rate of neu-
ropathies following nerve repositioning depends on the technique and the number of
implants placed. In a series of ten patients, Smiler [24] reported one case of minor
unilateral neurapraxia that disappeared after 3 weeks. Gued; [25, 26] described minor
permanent dysesthesia in one out of eight patients. Rosenquist [ 16] observed neurosen-
sory loss 1 week after implant surgery in 47 out of 100 patients. For Jensen and Nock
[23], complications vary with the number of implants placed. These authors reported a
higher frequency of neurosensory dysfunction in sites where three implants had been
placed compared with sites where two implants had been installed.

Lesions Resulting from Mental Bone Sampling for Grafting

Jensen et al. [27] reported dysesthesia in 5% of their patients who underwent mental
bone sampling. All patients eventually recovered normal sensation. In the series of
121 cases reported by Antoun et al. [28], sequelae of injury to the mental nerve and
the incisive nerve were always minimal and transient. The mental hematoma may
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explain transient paresthesia of the skin of the chin. However, this etiology can no
longer reasonably be incriminated when paresthesia persists for more than 1 week;
injury to the most medial inferior labial branches during incision is a more likely
cause in such cases. Similar lesions can also occur during flap elevation.

15.9 Predisposing Medical Factors

As reported by Ellies [6] in his study of 266 patients, diabetic individuals show a
significantly higher incidence of neuropathies. Other risk factors include immuno-
deficiency, delayed cicatrization, and a predisposition for microangiopathies, neu-
ropathies, and arteriosclerosis [29].

15.10 Differential Diagnosis

The major differential diagnosis is implant-related psychalgia. For Shulman and
Shepherd [19], emotional disorders are not in themselves a contraindication for the
placement of implants. For these authors, implant therapy may actually help certain
patients with depression. However, another category of emotionally disturbed
patients demands the removal of dental implants and then subsequently requests
repeat placement. Persuaded that their facial pain is of dental origin, these patients
often give a history of multiple dental extractions that have never given conclusive
results. When requesting that their implants be removed, they frequently complain
of pain equivalent to that which had prompted the earlier dental extractions.

Anesthesia diagnosis can be used to test for implant psychalgia: locoregional anes-
thesia of the involved nerve trunk, which should suppress the sensation in case of iatro-
genic dysesthesia, does not suppress the dysesthesia in case of psychalgia [30].
Confirmation that psychological disorders can be a cause for implant removal was
made in the study of Albrektsson et al. [31]. In their series of 400 patients, three
required implant removal (total number of implants removed was ten). One of the
three, a 60-year-old female psychiatric patient, required removal of seven screw-type
maxillary implants supporting a bridge after 30 months of function.

15.11 Treatment

A literature search retrieved very few data with a high level of evidence concerning
the treatment of orofacial neuropathic pain after dental implant placement [20].
Pharmacological treatment

Drugs should be administered as early as possible to avoid pain chronicization [32—
34]. Indeed, the efficacy of an appropriate treatment can be significantly reduced if



15 Postimplantation Neuropathies 393

treatment initiation is delayed by 9 months or more [35, 36]. An initial treatment
with high-dose oral steroids (dexamethasone, 1 mg/kg) is recommended [37, 38].
However, in the context of neuropathic pain, the most frequently used drugs are
anticonvulsants and antidepressants [33, 39-42]. Oxcarbazepine, an anticonvulsant
which is better tolerated than carbamazepine, with less drug interaction [43, 44], is
considered the first therapeutic option for various forms of orofacial paroxysmal
neuropathic pain [45]. However, the proposal of considering oxcarbazepine as the
first-line drug treatment in the context of dental implant-induced neuropathic pain,
especially including paroxysms, remains to be confirmed by prospective controlled
studies. The dose regimen should be refined depending on the frequency of parox-
ysms, which may coexist with permanent neuropathic pain. A number of controlled
studies also illustrate the efficacy of gabapentinoid molecules (gabapentin and pre-
gabalin) or antidepressants (tricyclics or other compounds) in various types of neu-
ropathic pain [46—48].

Regarding gabapentin, Park et al. [33] analyzed the efficacy of this medication
administered for more than 12 weeks for the treatment of dental implant-induced
neuropathic pain in 47 patients. The dosage was gradually increased from 300 mg/d
up to 1800-2400 mg/d. After 1 month of treatment, patients who developed side
effects or reported inefficacity with gabapentin were prescribed a tricyclic antide-
pressant for the next 2 months. Overall, 46% reduction of pain intensity was
obtained with the use of gabapentin.

The results obtained with pregabalin for treatment of postoperative pain may be
more variable [49]. In case of cutaneous allodynia, oral medication can be associ-
ated with topical application of local anesthetics, such as 5% lidocaine [41, 42, 50].

Surgical Treatment

The indication for early implant removal (full or partial) depends on clinical fea-
tures and the distance between the implant and the dental nerve canal, objectively
estimated on panoramic views and, in case of superimposition between the implant
and the nerve canal, on CBCT exams [51]. On clinical grounds, full removal of the
implant should be performed in case of neuropathic pain with allodynia, if possible
within the first 2—4 days after surgery. Early removal (within 36 hours after implant
placement) significantly improves the clinical prognosis [38]. In any case, an
implant should be removed within 21 days following surgery, during the osseous
catabolic phase. If implant removal is performed later, it can induce bone trauma
and worsen nerve injury [52]. On the other hand, microsurgical nerve repair cannot
be routinely recommended because of inconsistent results [53].

In conclusion, when a patient presents with post-implant neuropathic pain, a
detailed assessment should be immediately conducted, including at least orthopan-
tomography. If the implant is distant from the canal, early pharmacological treat-
ment and regular clinical follow-up are recommended, as in the first scenario. If
there is a simple contact between the implant and the canal wall, the implant should
be unscrewed to maintain a distance of at least 2 mm from the canal. If there is a
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breach in the integrity of the dental canal, complete removal of the implant is man-
datory, especially if there is allodynia. The suggested treatment regimen consists of
oral steroids, 1-2 mg/kg for 10 days, and anticonvulsants, 300 or 600 mg/day ini-
tially for oxcarbazepine or gabapentin, respectively, and then gradually increased in
a month up to 1800 to 2400 mg/day before reevaluation.

15.12 Prognosis
Posterior Implants

Paresthesia is usually transient. The affected area decreases in size spontaneously,
without removal of the implant, over approximately 3 months, and paresthesia dis-
appears completely in 6 to 8—12 months [54, 55]. Penetration of the mandibular
canal is associated with more prolonged involvement. For Ellies [6], the mean dura-
tion of long-term paresthesia is 4.5 years (range 6 months—11 years).

Inferior Alveolar Nerve Transposition

The prognosis depends on the technique used. For Rosenquist [13], neurologic dis-
orders were frequent (seven out of ten cases) and sometimes persisted for nearly
6 months (two out of ten cases). However, in that study, all cases had resolved after
1 year. In the series of seven patients (14 nerves transpositioned) treated by Sethi
[55] using the technique of Tatum [56], 50% presented hyperesthesia 24 hours after
surgery. Complete recovery occurred in all patients within 6 months. Smiler [24],
who transpositioned ten nerves but did not displace the mental nerve, did not observe
any durable neurologic sequelae, although two patients presented moderate unilat-
eral neurapraxia that disappeared in under 3 weeks.

Prevention

— Anterior implants: Considering the risk of a prominent anterior loop, a safety
distance of 4 mm should be respected between the posterior aspect of the implant
and the mental foramen [57-59].

— Posterior implants: To prevent any nerve lesion after dental implant placement in the
posterior mandible, a safety distance of 2 mm should be respected between the
implant and the mandibular canal [51, 60, 61]. Only reconstructed sagittal views of
the mandible using standard CT or CBCT are acceptable for this purpose [62—68]. In
any case, drill stops are useful surgical tools [51].
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15.13 Conclusion

Preliminary evaluation of implant-related neuropathies can be accomplished by
mapping the involved cutaneous zone (in cases of extensive involvement), a careful
clinical history, and objective tests, such as the direction of movement, and touch
localization. Severely affected patients such as those with allodynia or anesthesia,
who have a poor prognosis, should be treated early with high-dose oral steroids
associated with anticonvulsants and addressed to a Neurology Department. The
accuracy and comprehensive nature of the information provided by the dental prac-
titioner constitutes a valuable element for optimum management of these patients.

Key Points

* A suspected nerve injury or a patient presenting with numbness following
an implant procedure necessitates an early radiographic and clinical exam
in order to facilitate the choice between (i) temporization with medical
treatment followed by clinical control and (ii) removal of the implant.

* A radiographic examination should be performed perioperatively when the
patient relates acute pain during a surgical procedure. Periapical and pan-
oramic radiographs will be completed by CT scans in complex cases (e.g.,
morphology of the body of the mandible and/or atypical symptoms and/or
multiple implants, etc.).

» Radiographically, compression is suggested when the apex of the implant
is contiguous with the superior lamina dura of the mandibular canal, with-
out interruption of the canal (Fig. 15.3), or when only a thin band of med-
ullary bone (less than 2 mm) is seen between these two elements.

e Penetration of the canal is visualized as an interruption of the superior
lamina dura, with the apex of the implant superimposed over a variable
height of the canal.

* Section of the nerve is seen as superposition of the implant over the entire
height of the canal and sometimes even beyond. CT is indicated for patients
with atypical symptoms such as lingual involvement.

* An initial treatment with high-dose oral steroids (dexamethasone, 1 mg/
kg) is recommended. However, in the context of neuropathic pain, the most
commonly used drugs are anticonvulsants and antidepressants.
Oxcarbazepine, an anticonvulsant which is better tolerated than carbam-
azepine, with less drug-interaction, is considered the first therapeutic
option for various forms of orofacial paroxysmal neuropathic pain.

* In case of cutaneous allodynia, oral medication can be associated with
topical application of local anesthetics, such as 5% lidocaine.
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