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Abstract

Dental implants have become an essential component of modern restorative dentistry, offering a predictable and long-
lasting solution for tooth replacement. Their widespread acceptance is attributed to high success rates, preservation of
alveolar bone, and improved esthetics and function. This review aims to provide a comprehensive overview of the
foundational principles in implantology, covering the biological basis of osseointegration, anatomical considerations,
implant types, assessment methods, surgical protocols, prosthetic planning, and future innovations. Emphasis is placed on
the importance of thorough treatment planning, appropriate case selection, and a multidisciplinary approach to ensure
optimal outcomes. This paper serves as a practical guide for clinicians seeking to strengthen their understanding of
implantology and apply evidence-based protocols in clinical practice.
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INTRODUCTION osseomt.egratlon, marklng a turning point in the s.01ent1ﬁc
i . foundation and widespread acceptance of dental implants

Dental implants have emerged as a reliable and [1-4]

widely accepted solution for the replacement of missing '
teeth, playing a crucial role in the management of both With increasing patient awareness and

complete and partial edentulism. Their clinical success
and numerous advantages, such as reduced risk to
adjacent teeth, preservation of alveolar bone, and high
long-term success rates, have made them a preferred
alternative to traditional fixed dental prostheses. An
implant is typically a biocompatible structure surgically
placed within the jawbone or beneath the oral mucosa,
serving as a foundation for fixed or removable prosthetic
restorations. The evolution of implant dentistry can be
traced back to ancient civilizations, including the
Mayans who used shell fragments to replace missing
teeth as early as 600 AD. Modern implantology began to
take shape in the 19th and 20th centuries, with significant
contributions from pioneers like Maggiolo, the Strock
brothers, Formiggini, and Dahl. However, it was the
groundbreaking work of Dr. Per-Ingvar Branemark in the
mid-20th century that introduced the concept of

expectations for aesthetic, functional, and long-lasting
dental restorations, implant therapy has become an
integral component of contemporary dental practice.
Advances in biomaterials, surgical techniques, and
digital planning tools have significantly improved the
predictability and success of implant procedures.
Moreover, innovations such as computer-guided implant
placement, immediate loading protocols, and surface
modifications have broadened the clinical indications for
implants, even in compromised anatomical situations. As
implant treatment continues to evolve, a strong
foundational understanding of the biological principles,
clinical protocols, and prosthetic considerations is
critical for dental professionals to ensure optimal patient
outcomes and minimize complications [5].

Citation: Latifa Elbanna et a/ (2025). Fundamentals of Dental Implantology: A Comprehensive Review. Saudi J Oral Dent 308
Res, 10(8): 308-315.



Latifa Elbanna et al; Saudi J Oral Dent Res, Aug 2025; 10(8): 308-315

Despite the remarkable progress in the field,
successful implant therapy requires more than just
technical proficiency; it demands a thorough
understanding of the fundamental biological principles,
patient assessment protocols, surgical procedures, and
prosthetic planning. Missteps in any stage of treatment
can compromise implant stability, lead to complications
such as peri-implantitis, or result in prosthetic failure
[6,7]. Therefore, this review aims to provide a
comprehensive overview of the essential concepts in
implantology, including implant types, osseointegration,
treatment planning, surgical techniques, prosthetic
considerations, and long-term maintenance. A solid
grasp of these basics will equip clinicians with the
knowledge needed to deliver predictable, evidence-
based, and patient-centered implant care.

Anatomy and Biology of Osteointegration

A thorough understanding of anatomical
landmarks and their variations is critical for accurate
implant placement and to prevent potential iatrogenic
complications. Careful assessment of key anatomical
features, such as the position and trajectory of the

cortical bone thickness, and overall bone quality, is
essential for selecting the appropriate implant type and
determining optimal placement. In the maxillary arch,
vital structures include the nasal floor and nasopalatine
canal in the anterior region, and the maxillary sinus
posteriorly. Among the most common complications in
the posterior maxilla is sinus perforation, which can be
minimized through the use of shorter implants or
augmented with sinus lift and grafting procedures when
necessary.

In the mandible, the inferior alveolar canal is of
particular concern, as it houses the inferior alveolar nerve
and associated vasculature. Accidental damage to these
structures during implant surgery may result in
complications such as paresthesia, prolonged pain, or
hemorrhage. Therefore, precise localization and
evaluation of the canal’s configuration through
radiographic imaging is a crucial step in pre-surgical
planning. Advanced imaging techniques like CBCT
(Cone Beam Computed Tomography) offer detailed
anatomical visualization, significantly enhancing both
the safety and success of implant therapy [8,9].

mandibular canal, the proximity of the maxillary sinus,

Implant Placement (Surgical Phase)
e The titanium implant is surgically inserted into the
jawbone.
= Hemostasis occurs and the wound is closed.

Blood Clot Formation (Immediate Post-op)
« A blood clot forms around the implant.
Fibrin matrix serves as a scaffold for cell migration.

“

Inflammatory Phase (Days 1-3)
* Recruitment of neutrophils and macrophages.
* Clearance of debris and bacteria.

4

Proliferation Phase (Days 4-14)
« Mesenchymal stem cells migrate to the site.
« Angiogenesis and fibroblast proliferation begin.
* Pre-osteoblasts start to differentiate.

L

Osteoid Formation (Weeks 2—-4)
« Osteoblasts deposit unmineralized bone matrix
(osteoid) on implant surface.
« Begins at the implant—bone interface.

4

Bone Maturation & Mineralization (Weeks 4-12)
* Osteoid is mineralized into woven bone.
= Woven bone is remodeled into stronger lamellar bone.

1

Bone R deling & Ft i | Loading (Months 3—6 and

beyond)

* Continuous bone remodeling by osteoclasts and
osteoblasts.

« |Implant becomes anchored via mechanical and

biological stability.
* Functional loading further enhances bone density
around implant.

Figure 1: Steps in Oseointegration
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Methods to Assess Osseointegration

Assessment of osseointegration is critical for
evaluating implant success and ensuring long-term
functional stability. A variety of clinical, radiographic,
and instrumental methods are used to assess the extent of
osseointegration, each with distinct advantages and
limitations.!%!!

1. CLINICAL METHODS

a) Tactile Sensation (Manual Torque Testing):
Gentle manual torque is applied to the implant

to assess its stability. The absence of movement suggests

favourable osseointegration. However, this method is not

routinely recommended due to the risk of damaging the

bone-implant interface.

b) Percussion Test:

Tapping the implant with a dental instrument
produces a sound that reflects its stability. A high-
pitched metallic sound typically indicates good
integration, while a dull sound may suggest mobility or
failure. The test is subjective and operator-dependent,
limiting its reliability.

¢) Reverse Torque Test:

This method involves applying a reverse torque
force (approximately 20-30 Ncm) to the implant.
Resistance to this torque is interpreted as a sign of
successful osseointegration. Due to the risk of
compromising the interface, it is not commonly used in
clinical practice.

2. Radiographic Methods

a) Periapical Radiographs: These are commonly used
to monitor crestal bone levels around the implant. The
presence of radiolucency or progressive bone loss may
indicate implant failure or poor osseointegration.

b) CBCT: CBCT provides three-dimensional imaging of
the bone-implant interface. It is valuable for assessing
peri-implant bone density, detecting bone defects, and
evaluating pathologies that may affect implant
integration.

3. Advanced Instrumental Methods
a) Resonance Frequency Analysis (RFA): RFA is
considered the most reliable non-invasive method for
evaluating implant stability. It uses a transducer device
(e.g., Osstell) to measure the Implant Stability Quotient
(ISQ).

e ISQ > 70: High stability

e ISQ 60-69: Moderate stability

e ISQ < 60: Low stability

b) Periotest: This device uses an electronically
controlled tapping rod to assess implant mobility. It
provides Periotest Values (PTVs), with more negative
values indicating higher stability. While useful, it is
generally less sensitive than RFA.

4. Histological Evaluation (Experimental Use Only):

Histological examination involves microscopic
evaluation of the bone-implant interface following
sectioning. It provides direct evidence of bone-to-
implant contact and remains the gold standard in research
and animal studies. However, it is not applicable for
routine clinical assessment in humans.

5. Intraoperative Observation

Observations during implant placement, such as
insertion torque, tactile feedback, and bone bleeding, can
provide valuable insights into primary stability. These
factors indirectly reflect the potential for successful
osseointegration and help guide clinical decision-making
[10-12].

Components of Dental Implants

A dental implant system is composed of
multiple parts that work together to mimic the function
of a natural tooth. Understanding these components is
essential for proper surgical placement, prosthetic
design, and long-term maintenance [13-15].

1. Implant Fixture (Body)

The implant fixture, also known as the implant
body or root-form, is the portion that is surgically
inserted into the alveolar bone. It serves as the artificial
root and provides the foundation for the prosthesis.
Typically made of titanium or zirconia, the fixture can
vary in shape, length, diameter, and surface texture to
match different anatomical needs and promote
osseointegration. Surface modifications of the fixture
enhance biological integration by increasing bone-
implant contact.

2. Abutment

The abutment is a connector placed on or within
the implant fixture after osseointegration has occurred. It
serves as the intermediate component between the
implant and the final prosthesis (crown, bridge, or
denture). Abutments may be prefabricated or custom-
made, and are available in various materials such as
titanium, zirconia, or gold alloy. They are either
cemented or screw-retained, depending on the clinical
requirement.

3. Prosthetic Crown or Superstructure

This is the visible part of the dental restoration
that mimics the form and function of a natural tooth. It is
typically fabricated from ceramics, metal-ceramics, or
zirconia and is attached to the abutment via cementation
or screw retention. The design, material, and occlusal
relationship of the prosthesis are critical to long-term
function and aesthetics.

4. Healing Abutment

A healing abutment, also called a healing cap,
is used temporarily during the healing phase after
implant placement. It helps shape and maintain the soft
tissue architecture around the future prosthetic crown. It
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is commonly used in two-stage implant surgeries before
the final abutment is connected.

5. Cover Screw
Used in two-stage surgical protocols, the cover
screw is a flat or dome-shaped component placed over

the implant fixture after insertion to protect the internal
threads and prevent soft tissue ingrowth during the initial
healing phase. It is removed when the second-stage
surgery is performed to expose the implant and attach the
healing abutment or prosthetic components [13-17].

Crown

Implant fixture

i )
l\ jiAbutment Screw

Ah

Yv¥Y

Healing Abutment

Figure 2: Implant Components

Classification of Dental Implants

Dental implants have evolved into a highly
versatile treatment option, and their classification is
based on various structural and material attributes.
Understanding the components and classification of
implants is essential for appropriate clinical selection and
long-term success. [18-20]

1. Based on Shape

Implants are available in a variety of geometries
designed to suit different anatomical and functional
needs. The most commonly used designs include:

e Screw-type implants: These are threaded
implants that offer enhanced primary stability
and are widely preferred due to their ease of
placement and high success rates.

e Cylinder-type implants: These implants lack
threads and depend more on press-fit mechanics
for initial stability.

e Blade implants: Primarily used in narrow
ridges where traditional root-form implants are
unsuitable, though their use has declined with
the advent of modern bone augmentation
techniques.

2. Based on Material Composition
Implant materials must be biocompatible,
corrosion-resistant, and able to withstand functional
loads. The two main materials used are:
e Titanium: The most widely used material due
to its excellent biocompatibility and ability to

promote osseointegration. Commercially pure
titanium and titanium alloys (e.g., Ti-6Al-4V)
are commonly used.

e Zirconia: A metal-free, ceramic alternative
offering  superior aesthetics and good
biocompatibility, making it suitable for patients
with metal sensitivities or high esthetic
demands.

3. Based on Surface Modifications

The surface characteristics of dental implants
play a pivotal role in influencing cell adhesion, bone
integration, and healing time. Common surface
treatments include:

e  Machined surfaces: Traditionally smooth, but
associated with slower bone integration.

e Sandblasted, Large-grit, Acid-etched (SLA):
Enhances surface roughness to promote faster
osseointegration.

e Plasma-sprayed and anodized surfaces:
Improve surface area and biological activity for
enhanced bone response.

4. One-piece vs. Two-piece Implants
e  One-piece implants: Integrate the abutment
and implant body into a single structure,
simplifying the restorative process and
eliminating the microgap at the abutment
interface. However, they offer less prosthetic
flexibility.
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e Two-piece implants: Feature a separate
implant and abutment, allowing for greater
prosthetic customization and better
management of angulation and soft tissue.

5. Based on Implant Location

e Endosteal implants: Placed within the
jawbone and are the most commonly used type
today. They include screw, cylinder, and blade
forms.

e Subperiosteal implants: Placed beneath the
periosteum but above the bone. These are
custom-designed and typically used in patients
with severe bone resorption where bone
grafting is not feasible [19-21].

Surgical Techniques in Implant Placement

The success of dental implants is closely linked
to the surgical techniques employed during placement.
Over the years, various approaches have been developed
to optimize osseointegration, minimize patient
discomfort, and enhance functional and esthetic
outcomes. The choice of surgical technique depends on
multiple factors, including bone quality, quantity,
anatomical considerations, and patient-specific needs.

Flap vs. Flapless Technique

Traditional implant placement typically
involves raising a mucoperiosteal flap to expose the
underlying bone, providing direct visualization and
access for precise osteotomy preparation. This flap
technique allows for better control but may increase
postoperative morbidity due to soft tissue trauma.
Conversely, the flapless technique involves placing
implants through the mucosa without flap elevation. This
minimally invasive approach reduces surgical time,
preserves blood supply, and enhances postoperative
healing and patient comfort. However, it requires careful
preoperative imaging and surgical planning to avoid
complications such as implant malposition or damage to
vital structures. [22] A meta-analysis by Lemos et al,
compared flapless and open-flap implant placement and
found no significant differences in implant survival,
marginal bone loss, or complication rates over an
average follow-up of 21.6 months. This suggests that
flapless surgery offers similar outcomes to the
conventional open-flap technique [23].

Immediate vs. Delayed Placement

Implant placement can be performed
immediately after tooth extraction or after a healing
period. Immediate placement reduces overall treatment
time and preserves alveolar bone height but may carry a
higher risk of initial implant instability if the extraction
socket is compromised. Delayed placement allows for
complete healing and maturation of the extraction site,
providing a more predictable foundation for implant
stability, though it extends treatment duration. A
systematic review and meta-analysis by Patel et al.
compared implant survival rates between immediate and

delayed implant placement. [24] Analyzing 10 studies
with a total of 700 implants, the authors found no
significant difference in survival rates (97.4% immediate
vs. 97.5% delayed; risk ratio 0.99, 95% CI 0.96—1.02, p
= 0.45). Although the overall survival was comparable,
some studies reported slightly higher failure rates in the
immediate placement group, with survival ranging from
90-95%, compared to over 95% in delayed placement.
These findings suggest both approaches are viable, with
delayed placement showing a marginally better success
profile [25].

Single-Stage vs. Two-Stage Surgery

Single-stage implant surgery involves placing
the implant with an attached healing abutment that
protrudes through the mucosa, eliminating the need for a
second surgery to expose the implant. This approach
shortens treatment time and reduces patient morbidity
but may not be suitable in all clinical scenarios,
especially where bone augmentation is needed. The two-
stage technique places the implant completely
submerged under the mucosa during initial healing,
which can protect the implant from premature loading
and contamination, often preferred in cases requiring
bone grafting or compromised bone conditions. A
Cochrane systematic review by Esposito et al. evaluated
randomized controlled trials comparing one-stage and
two-stage dental implant placement protocols.
Analyzing data from five RCTs involving 239 patients,
the review found no statistically significant difference in
implant or prosthesis failure rates between the two
approaches. However, trends slightly favoured the two-
stage technique in fully edentulous patients. The authors
concluded that while the one-stage procedure may be
advantageous in partially edentulous cases due to fewer
surgical interventions and shorter treatment time, the
two-stage approach remains preferable when primary
stability is insufficient or when guided tissue
regeneration (GBR) is required [26].

Guided Bone Regeneration (GBR) and Sinus Lifting

In cases of inadequate bone volume or density,
adjunctive procedures like GBR and sinus lifting are
employed to create a suitable site for implant placement.
GBR uses barrier membranes and bone graft materials to
facilitate new bone growth in deficient areas. Sinus
lifting, either via a lateral window or transcrestal
approach, elevates the maxillary sinus floor to allow
vertical augmentation of bone height in the posterior
maxilla. These techniques have expanded the range of
patients eligible for implants by overcoming anatomical
limitations [27].

Postoperative Care and Complications

Postoperative management is critical to ensure
successful osseointegration and long-term implant
survival. Patients are advised on oral hygiene protocols,
diet, and medication to control infection and
inflammation. Common complications include soft
tissue inflammation, infection, implant mobility, and, in
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rare cases, implant failure. Early identification and
management of these complications are essential for
optimal outcomes.

Prosthetic Considerations

Prosthetic planning plays a crucial role in the
long-term success of dental implants, influencing
esthetics, function, maintenance, and patient satisfaction.
Selection of the appropriate prosthetic design depends on
the number and position of implants, anatomical
limitations, and patient-specific needs.

Types of Prostheses
Dental implants can support a variety of
prosthetic restorations, ranging from single crowns for

individual tooth replacement to implant-supported
bridges, overdentures, and full-arch fixed prostheses.
Single-unit crowns are the most common and
straightforward option for replacing isolated missing
teeth. Implant-supported bridges are used when multiple
adjacent teeth are missing, reducing the number of
implants required. Overdentures, often supported by two
or more implants, offer a removable solution for
edentulous patients, improving retention and stability.
For full-arch rehabilitation, fixed hybrid prostheses or
full-arch bridges provide a more permanent solution with
improved masticatory efficiency and patient satisfaction
[28,29].

Figure 3: A- Single Implant, B- Implant Supported Overdenture, C- All-on-4 Implant Placement

Cement-Retained vs. Screw-Retained Restorations

Prostheses can be retained using either cement
or screws, each with specific advantages and limitations.
Cement-retained restorations offer better esthetics due to
the absence of screw access holes and are often easier to
fabricate. However, excess cement can cause peri-
implantitis if not completely removed. Screw-retained
restorations, on the other hand, allow easier retrieval for
maintenance or repair, reduce the risk of cement-induced
inflammation, and are often preferred in full-arch cases.
The choice depends on prosthetic angulation, esthetic
demands, and clinical accessibility [30].

Abutment Types and Materials

Abutments serve as the intermediate connection
between the implant and the prosthesis. They may be
prefabricated (stock) or custom-made, with the latter
allowing for better emergence profile and esthetics,
especially in anterior regions. Abutments are made from
various materials, including titanium, zirconia, and gold
alloy. Titanium abutments offer high strength and
biocompatibility, making them suitable for posterior
regions. Zirconia abutments are increasingly used for
their superior esthetics and favourable soft tissue
response, particularly in the esthetic zone [31].

Occlusal Considerations

Proper occlusal design is essential to minimize
mechanical complications and ensure implant longevity.
Unlike natural teeth, implants lack a periodontal
ligament, which limits their capacity to absorb occlusal
forces. Therefore, occlusion should be carefully adjusted
to distribute forces evenly, minimize lateral loads, and

avoid overloading the implant. Concepts such as
implant-protected occlusion are employed, emphasizing
light centric contacts, reduced cusp inclines, and
avoidance of contact in lateral excursions [32].

Future Trends in Implantology

The field of implant dentistry continues to
evolve rapidly, driven by advances in digital technology,
biomaterials, and biologic sciences. These innovations
aim to improve precision, reduce treatment time,
enhance  osseointegration, and elevate patient
satisfaction.

Digital Implantology

Digital workflows are transforming the way
implants are planned and placed. Technologies such as
CAD/CAM systems, 3D printing, and Al-assisted
planning tools allow for highly accurate virtual treatment
simulations, guided surgery, and custom prosthetic
fabrication. Digital impressions reduce patient
discomfort and improve clinical efficiency. Surgical
guides generated through 3D printing enable precise
implant placement, minimizing the risk of deviation from
the planned trajectory [33].

Biologic Enhancements

Emerging biologic approaches are being
explored to accelerate and enhance implant healing and
integration. The use of growth factors (e.g., platelet-rich
plasma, bone morphogenetic proteins) and stem cells has
shown promise in promoting bone regeneration and
improving soft tissue healing around implants. These
therapies may reduce healing times and increase the
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predictability of outcomes, especially in compromised
sites [34].

Innovations in Materials and Surface Coatings

Advances in implant materials and surface
modifications are being developed to enhance
osseointegration and reduce peri-implantitis risk.
Zirconia implants offer a metal-free alternative with
excellent biocompatibility and esthetics, particularly
suitable for anterior regions. Surface coatings
incorporating nanotechnology, bioactive molecules, or
antibacterial agents are being studied to improve the
bone-implant  interface and reduce  microbial
colonization [35].

Minimally Invasive Procedures

Minimally invasive techniques are gaining
popularity due to reduced postoperative discomfort,
faster healing, and improved patient acceptance.
Techniques such as flapless implant placement,
piezosurgery, and computer-guided surgery allow for
precise intervention with minimal trauma to soft and hard
tissues. These approaches align with the growing
demand for patient-centered and efficient treatment
protocols [36].

CONCLUSION

Dental implantology has become a cornerstone
of modern restorative dentistry, offering reliable and
long-lasting solutions for tooth replacement. This review
has outlined the fundamental aspects of implantology,
including implant components, osseointegration,
surgical techniques, prosthetic considerations, and
emerging trends. Understanding these core principles is
essential for achieving predictable clinical outcomes and
ensuring long-term success.

A strong grasp of the basics enables clinicians
to make informed decisions tailored to each patient's
anatomical, functional, and esthetic needs. As implant
therapy continues to evolve, practitioners must stay
updated with the latest technologies, materials, and
evidence-based protocols. Continued education and a
case-specific, multidisciplinary approach are key to
optimizing patient care and advancing clinical practice in
implant dentistry.
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