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CHAPTER 1

Current Status of Clinical Practice with Dental Implants:
An Evidence-Based Decision Making Overview

Osseointegration and its application to the
treatment of completely or partially
edentulous patients in clinical practice
Since the first experimental study from the end of 1960s [1], the
titanium implant has been used as a biocompatible feasible alter-
native in the treatment of completely or partially edentulous
patients. Basically, the systematic use of dental implants in dentistry
as a scientifically proven therapeutic approach occurred in the
1980s, while in the 1990s it strongly grew in terms of potential
clinical applications (Figure 1.1 and 1.2).
Currently, titanium implant-based procedures are seen as the

gold standard for the replacement of teeth lost as a consequence of
periodontitis, caries, endodontic pathology, and trauma. As a result,
it can be argued with a high degree of certainty that implant-based
therapies alone or in association with hard- and soft-tissue
reconstructive procedures (most of them developed during the
same period) are essential for the achievement of excellent clinical
treatment in dentistry. These principles are grounded in the
accomplishment of so-called osseointegration between the implant
surface and living alveolar bone, (i.e. a direct bone deposition on
implant surfaces at the light microscopic level) [2]. Additionally,
others factors have influenced implant therapy among professionals
over the last 20 years: the high success rates and the clinical/
functional predictability of prosthetic restorations examined by
long-term periodontal and implant dentistry research (Figure 1.3
and 1.4) [3–8].

Anatomical implications to implant therapy
and the current impact of guided bone
regeneration
The success rate of this treatment modality has been influenced by
many elements, such as the successful osseointegration of the dental
implants, smoking, the relationship between the final restoration(s)
and the adjacent teeth, occlusal loading, and the health of the
surrounding soft and hard tissue [9–18]. However, and apart from
them, the initial anatomical conditions of the site intended to
receive an implant merit close attention as they will drive the initial
treatment path.
The bone defects in the alveolar ridge have always been consid-

ered a major obstacle to clinical therapy with osseointegrated dental
implants, especially in partially edentulous patients. Tooth loss
leads to changes of the alveolar ridge anatomy (i.e. bone resorption

in both height and thickness) and to the development of bone
defects: (a) limited bone thickness, (b) reduced bone height, (c)
vertical bone defects, (d) bone defects’ combined height and
thickness, (e) periodontal attachment loss of the teeth adjacent
to the edentulous area, and (f) large bone loss resulting from
infections/dentoalveolar trauma or previous surgical procedures
(Figure 1.5 and 1.6) [19–24]. These features may not only signifi-
cantly hinder the placement of implants but also affect the proposed
restorative therapy in terms of function and aesthetics.
From the late 1980s and early 1990s, the introduction of the

principles of guided bone regeneration (GBR) in implantology
dramatically changed the treatment of the areas presenting ana-
tomical limitations [19, 21–23]. This therapy involves the applica-
tion of bone-filling materials (in particles or blocks) covered by
barrier membranes isolating the overlying soft tissue in order to
allow cells to populate the bone defect area. As a result, areas
previously contraindicated for implant therapy could be treated
with bone augmentation techniques, prior to or simultaneously
with implant placement [24].
Biomaterials for bone filling, or bone substitutes, have shown

significant progress over the past two decades. Currently, there are
options of biomaterials with osteoconductive properties that can be
effectively and safely used in clinical practice [25]. It is noteworthy
that these materials are responsible for maintaining the space at the
defect area (i.e. the three-dimensional configuration of the future
regenerated bone), providing support for the membrane. It is well
known that membranes are essential for the application of GBR
techniques, as is that absorbable materials are currently the most
widely used membranes, owing to their user-friendliness compared
to traditional, non-absorbable materials (i.e. expanded polytetra-
fluoroethylene (e-PTFE)) (Figure 1.7 and 1.8).
Furthermore, several implant surfaces, designs, and materials

have been settled to increase bone-implant contact (BIC) and
primary implant stability. These advances promote substantial
improvements in success rates for dental implants in posterior
intraoral regions and low-density bone sites. Initial enhancements
on surface roughness leading to more effective microtextures have
been followed by chemical modifications to speed up the initial bone
apposition process, as well as to optimize BIC and the osseointe-
gration interface. These developments have significantly increased
the predictability of implant therapy, and at the same time
decreased periods of wound healing/bone repair (i.e. osseointegra-
tion period). Likewise, such innovations have allowed the
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consolidation of the clinical use of shorter implants (< 8mm in
length), a condition that considerably increases the treatment
options of sites with bone height limitation [26, 27].
In addition, experimental research conducted on the dynamics of

alveolar bone repair has proven what many periodontists had
already perceived by clinical experience: fresh post-extraction alve-
olus/sockets heal differently from edentulous alveolar ridges fol-
lowing the installation of a dental implant [28, 29]. Consequently,
different approaches advocating the use of bone substitutes used to

fill the residual space between the implant surface and the fresh
socket walls have been proposed as a way of counterbalancing future
alveolar ridge dimensional changes/remodeling following tooth
extraction. Comparably, the use of soft-tissue grafts has been
expanded beyond the “conventional keratinized tissue gain” to
promote the maintenance the alveolar ridge contours, particularly
in areas with esthetic demands. Nowadays, there is a great deal of
evidence to support clinical treatment protocols for immediate
implant placement in esthetic sites (Figure 1.9).

Figure 1.1 (A) Initial clinical status with several missing teeth before the full-mouth reconstruction. (B) After osseointegration around six implants in the
maxilla the remaining teeth were extracted. (C) The abutments and the three four-unit porcelain-fused-to-metal restorations: two posterior screw-
retained restorations and one anterior cemented restoration. (D, E) Clinical view of the final rehabilitation in position – occlusal and buccal views.
(F) Panoramic radiograph.
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Implant: Abutment connections
The connections between the implants and abutments can basically
be divided into two groups: external connections and internal
connections. External connections provide a less stable, small
area of overlap between the parts (implant/abutment) that can
lead to loosening of the fixing screw. Currently, these are indicated
for prosthetic rehabilitations containing several connected
implants.
It is important to note that the greater the overlap of the internal

surfaces of the implant/abutment, the greater its resistance to

horizontal loads. Implants with internal connections present
more overlap at the implant/abutment connection, a condition
that provides greater stability, and this makes them better indicated
for cases involving single crown restorations. It should be noted that
the implant systems that have conical internal connections (i.e.
fitting joint) have demonstrated the best mechanical results – for
this reason they are also called “high-stability systems.” Another
condition that should be highlighted in the implant/abutment
connection is the concept of reduced platform (i.e. prosthetic
abutment with a diameter smaller than the implant shoulder

Figure 1.2 (A) Patient smile before treatment. (B) Initial clinical status with several missing teeth before the full-mouth reconstruction. (C) Initial panoramic
radiograph. (D) First mockup shows the unfavorable position of teeth #6, 7, and 11 regarding the planning for restorative treatment. (E) Occlusal view of the
anterior teeth. (F) Panoramic radiograph after the placement of six implants in the maxilla.
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Figure 1.2 (G, H) Clinical views after implant placement before and after teeth extraction. (I) The three four-unit porcelain-fused-to-metal restorations
prior to installation. (J) Clinical try-in of the three four-unit screw-retained porcelain-fused-to-metal restorations. (K) Occlusal view of the abutments. (L)
Right-side partial fixed restoration before the pink gingival application. (M) Pink gingival simulation with acrylic resin.

4 Decision Making in Dental Implantology



C01 09/27/2017 15:39:17 Page 5

diameter - platform switching) - which is considered an excellent
choice for areas with higher esthetic requirements, given that the
success of treatment of these sites seems to be associated with the
stability of the peri-implant bone crests and the greater thickness of
soft tissue around the joint implant/abutment (Figure 1.10) [30–32].

Evolution of imaging diagnosis methods
CBCT has greatly improved the diagnosis and, consequently, the
treatment plan in contemporary dentistry. Currently, high-resolu-
tion scanners acquire far superior images over the three spatial
planes with lower exposure doses. This apparatus can provide high-
definition images from teeth, edentulous areas, soft-tissue thickness
of donor/recipient sites, and other important facial structures. It is
import to consider that modern implantology/implant dentistry no
longer support surgical procedures (i.e. implant placement and
GBR) being performed without the assistance of proper high-
quality diagnostic images (Figure 1.11) [33, 34].

Root-treated teeth: Decision making for
implant placement
Controversy still surrounds the need for replacing teeth with
questionable prognosis by implants. Meticulous clinical and radio-
graphic evaluation (e.g. visual inspection assisted by optical micro-
scope, periodontal probing, exploratory surgical procedures, use of

CBCT imaging) is important before condemning any tooth. The
clinical decision making process can be influenced by several
factors, such as tooth root fragility (by considering its role in future
restorations), occlusal pattern, masticatory forces, and the patient’s
age and ability to chew. A frequent scenario found in clinical
practice regards vertical root fractures (VRF), a condition of difficult
diagnosis, especially in cases where the root fragments are not
separated. At this stage, conventional and/or digital periapical
radiographs are unlikely to be able to show the presence of VRF,
because of the limitation of two-dimensional imaging. To be
radiographically visible, the X-ray beam should be positioned in
the same focal plane as the fracture, because small changes in the
horizontal angle may not allow the detection of the line of the
fracture. The vertical fracture may show clinical signs (e.g. presence
of fistula or swelling of the gingival tissues at the level of root
fracture) and symptoms such as discomfort or pain during chewing
or after a percussion test (Figure 1.12 and 1.13) [33].

Evidence-based decision making in implant
dentistry: “What is the importance of
founding a treatment plan on evidence-
based clinical approaches?”
While it is true that there are many treatment modalities discussed
and promoted in dentistry literature, the validity of dental implants
for modern practice is supported by evidence-based clinical results.

Figure 1.2 (N, O) Restorations completed – occlusal and buccal views. (P) Patient smile after treatment. (Q) Panoramic radiograph.
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Figure 1.3 Two implant sites in tooth #30 with different characteristics. (A) Tooth #30 is missing and a bone defect is present at the alveolar ridge. (B)
Implant site with thin bone walls. (C) Implant in position (4.1mm diameter). A dehiscence-type defect is present at the buccal aspect. (D) Tooth #30 is
missing and the alveolar ridge contour is well preserved. (E) Implant site with thick bone walls (more than 2mm of width). (F) A wide-diameter implant
(4.8mm diameter) in position.
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Figure 1.4 (A) Tooth #19 is missing. (B) Implant bed. (C) A wide-diameter implant (4.8mm diameter) was placed. (D) Wound closure. Non-submerged
healing. (E) Aspect one week after operation. (F) Aspect eight weeks after operation. (G, H) Porcelain-fused-to-metal screw-retained restoration in
occlusion and lingual views.
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Figure 1.4 (I) Eight-year follow-up shows healthy peri-implant soft tissue. (J) Screw-retained restoration. (K) Restoration replaced in position. (L, M)
Eight-year follow-up cone beam computerized tomography (CBCT) image shows excellent bone levels around the implant.
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Figure 1.5 (A, B) Tooth #14 is missing. CBCT shows limited bone height because of the sinus floor presence. (C) Initial clinical aspect. (D) Sinus grafting
using the lateral window technique (sinus lifting procedure). (E) Bone substitute filling the sinus followed by implant placement (simultaneous approach).
(F) Healing aspect six months after procedure. (G) Buccal view of the final restorations. (H) One-year follow-up periapical radiograph.
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Figure 1.6 (A–D) Extended periapical lesion associated with teeth #7 and 8 compromising direct implant placement. (E, F) Surgical treatment – buccal
and palatal views – after apicoectomy of tooth #7 and extensive bone defect cleaning.
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Figure 1.6 (G) Deproteinized bovine bone matrix (DBBM (Bio-Oss® collagen)) filling the transmaxillary defect. (H, I) Collagen membrane covering the
defect – buccal and palatal aspects. (J) Wound closure with interrupted sutures. (K, L) Two-year clinical follow-up after surgery – buccal and palatal
views. (M) CBCT control two years after surgery shows no residual bone defect.
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Figure 1.7 (A–D) Adult female with several missing lower posterior teeth. Localized alveolar ridge defects are present both sides. (E, F) CBCT images.
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Figure 1.7 (G) Implant placement – left side. (H) Buccal cortical perforation for blood supply at the defect site – right side (I) Bone substitute DBBM
(Bio-Oss collagen) filling the bone defect area – right side (J–L) Wound closure bilaterally (nylon 5-0).
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This assumption implies that health promotion must be derived
from the best source of information available in order “to translate
the outcomes of efficacy research into clinical effectiveness” [18], in
other words to adapt the findings of university research to clinical
practice.
To achieve this objective, outcomes gathered from systematic

reviews (SRs) are used throughout this book to recognize and
provide evidence-based solutions to and options for the most
common clinical scenarios found in clinical practice. As an instru-
ment used by researchers and clinicians to establish the decision
making process, an SR is considered the best type of study to
appraise the cost and impact of treatment approaches. Conversely,
many clinicians have not judiciously managed the information (i.e.
its key findings) of an SR. Thus, it is important to provide them with
a way of navigating understanding and those research findings that
can (or cannot) be applied to clinical practice
Given the importance of applying research recommendations to

practice, this book uses SR summaries and evidence-based ratings
when discussing the strength and reliability of various implant
procedures, and supports this with evidence from the literature.
The aim of this is to assign various treatment modalities discussed
in this book a level of validity (i.e. high, moderate, or low), based on
the criteria defined by the US Preventive Services Task Force
(USPSTF) and adapted by the American Dental Association
(Table 1.1 and 1.2) [35]. Consequently, “Clinical Recommendation
Summaries” summarizing “the strengths and weaknesses of the

evidence in terms of benefits and harms” have been generated [35].
These aim to give accurate and explicit rationale for clinical practice,
as well as the reasons for the recommendations. As a result, once the
balance between benefits and downsides is decided, the following
Strength and direction of recommendation regarding the need for
therapy and procedures are applied [35]:
• Strongly in favor: Evidence strongly supports the intervention/
procedure.

• In favor: Evidence supports the intervention/procedure.
• Weakly in favor: Evidence suggests implementing the interven-
tion/procedure after alternatives have been considered.

• Expert opinion for: Evidence is lacking; the level of certainty is
low. Expert opinion guides this recommendation.

• Expert opinion against: Evidence is lacking; the level of certainty
is low. Expert opinion suggests not implementing the interven-
tion/procedure.

• Against: Evidence suggests not implementing the intervention/
procedure or discontinuing ineffective procedures.

These recommendations aim to identify the level of evidence for
–and, at the same time, offer the “scientific truth” behind – the
various procedures and interventions discussed in the current
dental literature on dental implants. It is important to point out
here that these should not be understood as merely a “clinical guide”
but as the preferred modes of treatment that could be implemented
in clinical practice.

Figure 1.7 (M, N) Healing aspect one week after operation. (O, P) Healing aspect 16 weeks after operation.
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Figure 1.8 (A) Presence of infection with fistula associated with tooth #13. (B) Intraoral radiographic exam shows periapical lesion around tooth #13. (C)
After remission of the acute phase, tooth #13 was extracted followed by an immediate implant placement. (D) The bone defect was filled with biphasic
calcium phosphate (Straumann® BoneCeramicTM). (E) Absorbable collagen membrane covering the grafted site. (F) Restorative treatment consisted of a
screw-retained porcelain-fused-to-metal restoration. Healthy soft tissue with no signs of infection. (G) Three-year follow-up intraoral radiograph.
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Figure 1.9 (A) Immediate implant placement at site #9. There is a bone defect at the buccal wall. (B) Defect filling with DBBM (Bio-Oss collagen). (C)
Post-extraction alveolar ridge at site # 3. (D) Immediate implant in position (Straumann SLActive Wide Neck Tissue LevelTM). (E) Gap filling with DBBM
(Bio-Oss collagen).
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Figure 1.10 (A) Implant placed in site tooth #9 – periapical radiograph. (B) Customized cementable abutment in position. Healthy soft tissue two years
post implantation. (C) e.max® cemented restoration. (D) CBCT shows thick bone walls after two years of loading. Bone substitute (DBBM (Bio-Oss
collagen)) is clearly detectable at the buccal wall (arrow).

Figure 1.11 CBCT. (A) Parasagittal section. (B) Transaxial section.
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Figure 1.12 (A) Clinical restorative evaluation of tooth #8. (B) Root evaluation. (C–E) Magnification of root canal examination. (F) After careful
evaluation tooth #8 it was decided not to remove the tooth and a fiberglass post was cemented inside the root canal – periapical radiograph.
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Figure 1.12 (G, H) Restorative treatment with e.max crowns and veneers – buccal and palatal views. (I) Initial X-ray shows endodontic lesion on tooth
#18. (J, K) Clinical examination under microscope detected a fracture line at the mesiolingual canal. (L) Toluidine-blue staining the fracture line.
Source: Courtesy of Dr. Marina Tosta – Endodontist.

Table 1.1 Level of certainty in the body of evidence included in the review

Level of certainty Description

High The body of evidence usually includes consistent results from well-designed, well-conducted studies in representative populations. This conclusion is
unlikely to be strongly affected by the results of future studies.
This statement is strongly established by the best available evidence.

Moderate As more information becomes available, the magnitude or direction of the observed effect could change, and this change could be large enough to
alter the conclusion.
This statement is based on preliminary determination from the current best available evidence, but confidence in the estimate is constrained by one or
more factors, such as:
• the limited number or size of studies
• plausible bias that raises some doubt about the results
• inconsistency of findings across individual studies
• imprecision in the summary estimate
• limited applicability owing to the populations of interest
• evidence of publication bias
• lack of coherence in the chain of evidence.

Low More information could allow a reliable estimation of effects on health outcomes.
The available evidence is insufficient to support the statement or the statement is based on extrapolation from the best available evidence. Evidence is
insufficient or the reliability of estimated effects is limited by factors such as:
• the limited number or size of studies
• plausible bias that seriously weakens confidence in the results
• inconsistency of findings across individual studies
• imprecision in the summary estimate
• gaps in the chain of evidence
• findings not applicable to the populations of interest
• evidence of publication bias
• a lack of information on important health outcomes.

Source: Adapted from [35].
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Table 1.2 Balancing potential benefit and harm

Net benefit rating

Level of certainty Benefits outweigh potential harm Benefits balanced with potential harm No benefit or potential harm outweigh potential harm

High Strong In favor Against

Moderate In favor Weak Against

Low Expert opinion for or against

Adapted from [35].

Figure 1.13 (A) Initial periapical radiograph of tooth #3. (B) Clinical evaluation of tooth #3. Patient reported pain, and temperature variation clinical
tests showed compromised vitality. (C) After removal of an old amalgam filling, microscope check showed a fracture line. (D) After root canal cleaning,
the diagnosis was further confirmed and tooth #3 was referred for extraction. Source: Courtesy of Dr. Marina Tosta – Endodontist.
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