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KEYWORDS ABSTRACT
The placement of implants in patients with congenital and degenerative bone

Bone Disorder disorders presents significant challenges due to compromised bone strength and
volume. These conditions often result in fragile, misaligned, or insufficient bone
Bone structures that complicate traditional implant techniques and outcomes. Diseases such
Regeneration as osteogenesis imperfecta, rheumatoid arthritis, Paget's disease, and other systemic
skeletal conditions exacerbate these difficulties. This review explores various
Dental Implants  strategies to improve implant outcomes, including bone grafting, osteoinductive
) agents, advanced implant designs, and the use of 3D imaging and computer-assisted
3-D Imaging design technologies to enhance pre-surgical planning and address anatomical
limitations. It emphasizes the need for a multidisciplinary approach, involving dental,
medical, and surgical teams, to ensure successful treatment outcomes. Moreover,
emerging biological therapies, especially stem cell-based strategies, hold great
promise for promoting bone regeneration and enhancing implant integration in
individuals with fragile bone structures. The review also delves into the underlying
mechanisms of these disorders, their effects on bone remodelling, and the altered
healing processes that influence implant success.

Stem Cell
Therapies
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INTRODUCTION

Dental implants are a cornerstone of modern dentistry, offering a reliable solution for replacing
missing teeth. However, the success of implant integration—osseointegration—is highly
dependent on the surrounding bone quality and volume (1). Osseointegration, first described by
Per-Ingvar Branemark in 1977, is the process by which bone cells form a direct, stable bond with
the implant (2). This process is critical for long-term implant stability, but it can be significantly
disrupted in patients with congenital or degenerative bone disorders, which often lead to
compromised bone structure and healing capacity (3). Conditions like ectodermal dysplasia,
osteogenesis imperfecta, and osteoporosis—whether congenital or degenerative—can alter bone
ensity, architecture, and healing potential, complicating the osseointegration process [Figure 1]

(4).
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Figure 1: Bone density and healing challenges in implants
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In such patients, both cortical and trabecular bone may be affected, reducing the strength needed
to support implants (5). In ectodermal dysplasia, underdeveloped alveolar bone and the
congenital absence of teeth (anodontia) or reduced tooth number (hypodontia or oligodontia)
pose significant challenges to implant placement (6). In osteogenesis imperfecta, defective
collagen leads to fragile bones, impairing successful osseointegration (7). Similarly, osteoporosis
disrupts the normal process of bone remodelling, making it difficult to achieve sufficient bone
density and support for implants (8). The healing process around dental implants typically
involves two forms of bone formation: contact osteogenesis, where bone forms directly on the
implant surface, and distance osteogenesis, where bone migrates from surrounding tissues
toward the implant (9). This process is influenced by bone type—trabecular bone often supports
faster osseointegration than cortical bone. However, in individuals with fragile bone conditions,
this process can be delayed or impaired, particularly in compact bone areas (10). Recent
advancements in implant surface technology have greatly improved the potential for successful
osseointegration in patients with compromised bone (11). Nano and micro-level surface
modifications, such as sandblasting followed by acid-etching, create a micro-rough surface that
facilitates osteoblast adhesion and activity, accelerating bone formation around the implant (12).
Chemical treatments that increase hydrophilicity, as well as topographical modifications, have
also shown promise in enhancing the rate and quality of osseointegration, especially in patients
with low bone density. Despite these advances, the osseointegration process in fragile skeletal
conditions may still be slower and less predictable (13). When bone quality is inadequate, bone
augmentation procedures, such as grafting or guided bone regeneration, may be required to
enhance the implant site (14).

Additionally, patient factors like medications that affect bone metabolism, such as
bisphosphonates or immunosuppressive drugs, must be carefully considered, as they can
influence implant success (15). Modern titanium implants with micro-rough surfaces, combined
with personalized treatment strategies, have significantly improved outcomes in these
challenging patient populations (16). However, successful implant placement in patients with
fragile skeletal conditions requires a holistic, multidisciplinary approach. Collaboration with
geneticists, endocrinologists, and orthopedic specialists is essential to optimize treatment
planning, ensuring the best possible outcomes for patients (17). Ultimately, understanding the
intricate relationship between bone quality, osseointegration, and implant design is key to
improving treatment success (18). By focusing on advanced materials, surface coatings, and
tailored surgical techniques, clinicians can enhance the likelihood of successful implant
outcomes in patients with complex bone conditions, improving their quality of life and functional
recovery (19). The goal of this review is to examine the processes underlying osseointegration in
patients with congenital and degenerative bone disorders, as well as to evaluate the success and
failure rates of dental implant treatments in these patient populations. By gaining a deeper
understanding of these mechanisms, clinicians will be better equipped to predict outcomes and
tailor treatment strategies for individuals with complex and fragile bone conditions, ultimately
improving their quality of life and functional outcomes (20).

Methodology

The methodology for addressing the challenges and advancements in dental implant placement in
patients with congenital and degenerative bone disorders involves a combination of clinical
analysis, literature review, and the application of advanced diagnostic and therapeutic
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techniques. The following steps outline the proposed methodology:

Literature Review

A systematic review of existing research and clinical studies was conducted to gather insights
into:

e The impact of congenital and degenerative bone disorders, such as ectodermal dysplasia,
osteogenesis imperfecta, and osteoporosis, on bone density, architecture, and
osseointegration.

Advancements in implant materials, surface modifications, and surgical techniques.

e Case studies highlighting the outcomes of dental implant placement in patients with

compromised bone conditions.
Patient Selection and Classification
Participants were categorized based on their underlying bone disorders:

e Congenital Conditions: Ectodermal dysplasia, osteogenesis imperfecta, and other
congenital skeletal malformations.

e Degenerative Conditions: Osteoporosis, Paget’s disease, and other age-related bone
disorders.

Inclusion criteria:
e Patients with diagnosed bone disorders affecting bone quality or volume.
e Patients requiring dental implants for functional and aesthetic restoration.
Exclusion criteria:
e Patients with active systemic infections or untreated chronic diseases.
e Individuals contraindicated for surgical intervention.
Diagnostic and Imaging Techniques
To assess the bone structure and plan treatment:

e 3D Imaging and CBCT (Cone-Beam Computed Tomography): Used to analyze bone
density, volume, and architecture for pre-surgical planning.

e Bone Microarchitecture Analysis: Evaluated using advanced imaging to identify
trabecular and cortical bone quality.

e Genetic and Biochemical Assessments: Applied for congenital conditions like
ectodermal dysplasia and osteogenesis imperfecta to understand systemic impacts on
bone remodelling.

Treatment Interventions
The study incorporated the following strategies to address compromised bone conditions:
e Bone Augmentation Techniques:
o Autografts and allografts to enhance bone volume and support.
o Use of synthetic bone materials like Bio-Oss for bone regeneration.

e Implant Surface Modifications:

o Nano and micro-level surface treatments (e.g., sandblasting, acid-etching) to
enhance osseointegration.
o Hydrophilic coatings for improved bone-to-implant contact in low-density bones.

e Advanced Implant Designs:

o Custom implants with larger surface areas and optimized thread designs to
improve anchorage.
Surgical Planning and Execution

e Computer-Assisted Surgery: Used for precise implant placement, especially in
anatomically compromised areas.

e Minimally Invasive Techniques: Incorporated to reduce trauma and improve healing
outcomes.

Postoperative Management and Follow-Up
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e Patients were monitored over a 12- to 24-month period to evaluate osseointegration,
implant stability, and functional outcomes.
e Regular imaging and clinical evaluations were conducted to track bone healing and
implant integration.
e Additional interventions, such as adjustments in medications or supplemental therapies,
were provided based on patient needs.
Data Collection and Analysis
e Outcomes were measured based on:
o Osseointegration success rates.
o Bone remodelling patterns (contact and distance osteogenesis).
o Implant survival rates and patient satisfaction.
e Statistical analysis was performed to compare outcomes across different bone disorders
and treatment modalities.
Multidisciplinary Approach
e Collaboration among dental professionals, geneticists, endocrinologists, and orthopedic
specialists ensured comprehensive care.
e Input from these specialists guided personalized treatment planning, including
management of systemic conditions affecting bone health.
The Prisma Flowchart of the study is shown in [Figure  2].
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Figure 2: Prisma flowchart of the study
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REVIEW

Congenital bone alterations refer to a variety of skeletal malformations, which can be attributed
to genetic or idiopathic causes or may result from environmental factors during embryonic
development, such as medication, radiation exposure, hormonal imbalances, or trauma (21). One
key process that significantly influences bone growth is hematopoiesis, which can disrupt
osteogenesis (22). Osteoclasts also play a crucial role in blood-borne interactions by promoting
an environment conducive to hematopoiesis through bone resorption, thus creating space for
bone marrow (23). Metabolic bone diseases, including osteoporosis, osteomalacia, and Paget’s
disease, represent a group of systemic conditions that disrupt normal bone metabolism and affect
bone structure and strength (24). These conditions often involve an imbalance between bone
formation and resorption, leading to either a decrease in bone mass, as seen in osteoporosis, or
poorly mineralized bone, as in osteomalacia (25). For example, in Paget's disease, excessive and
disordered bone remodelling leads to abnormal trabecular bone architecture(26). Osteoporosis, in
particular, is a widespread degenerative bone disease marked by reduced bone density and an
increased risk of fractures, predominantly in postmenopausal women. This condition arises from
an imbalance between osteoblastic bone formation and osteoclastic bone resorption, which
weakens bones over time (27). Ectodermal dysplasia is a genetic disorder that affects the
development of teeth, hair, skin, and sweat glands. The dental manifestations, including
hypodontia, anodontia, and abnormal tooth shapes (e.g., conical teeth), are particularly
challenging for implant placement. In addition to bone involvement, this condition also impacts
the development of salivary glands and skin, further complicating the dental rehabilitation
process. The underdeveloped alveolar bone and lack of tooth eruption make successful implant
integration more difficult in affected individuals. (28). Ectodermal dysplasia has been associated
with altered bone architecture, with studies suggesting gender differences in bone density, with
female patients showing denser, more robust bone microarchitecture compared to their male
counterparts (29). Additionally, bone grafting techniques, such as autografts and the use of
artificial bone like Bio-Oss, have demonstrated promising results in improving bone volume and
ensuring implant success in patients with ectodermal dysplasia (30). For patients with
osteoporosis, implant placement is not contraindicated, although clinicians must carefully
consider bone quality, healing times, and implant surface characteristics. Hydrophilic implant
surfaces, for instance, have been shown to enhance osseointegration in both healthy and
compromised conditions (31). Although osteoporosis can lead to bone density loss and defects in
bone microarchitecture, studies indicate that dental implants can still succeed, provided that
implant placement respects the alveolar bone level and follows safe protocols (32). Research has
shown that longer healing times and careful monitoring can result in successful outcomes, even
in patients with osteoporosis (33). However, the sparse literature on the osseointegration of
dental implants in patients with ectodermal dysplasia and osteoporosis presents a limitation to
understanding the full impact of these conditions on implant success (34). Further research is
needed to establish more comprehensive guidelines for treatment planning in these populations
(35). Despite these challenges, advances in bone augmentation techniques and interdisciplinary
care have improved outcomes, allowing patients with these complex bone conditions to benefit
from dental implants and regain function and aesthetics (36).The success of dental implant
placement is predominantly influenced by the quality and quantity of the surrounding bone (37).
When bone structures are compromised due to congenital or degenerative disorders, the
osseointegration process can be severely affected, leading to increased risks of implant failure
(38). This review synthesizes the available literature on the challenges of dental implant
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SEEJPY

placement in patients with congenital and degenerative bone disorders, focusing on conditions
such as ectodermal dysplasia, osteogenesis imperfecta, and osteoporosis, and explores the
advances in techniques and materials that may improve outcomes for these patients
(39).Congenital bone disorders, including ectodermal dysplasia, osteogenesis imperfecta, and
other skeletal malformations, present significant challenges for dental implant placement. These
disorders often lead to structural abnormalities in the bones, reducing both bone density and the
capacity for normal bone development and maintenance (40). Studies examining the relationship
between ectodermal dysplasia and implant outcomes highlight the challenges posed by
underdeveloped alveolar bone, which often necessitates bone augmentation procedures (41).
[Table 1] summarizing the review of literature on implant placement in patients with congenital
and degenerative bone disorders, with a focus on studies regarding bone augmentation,

osseointegration, and implant success (42-49).
Table 1: Implant Placement in Bone Disorders

Study/Author

Friberg et al. (2001)
(42)

Silthampitag et al.
(2012) (43)

Zou etal.
(2014)(44)

Merheb et al. (2016)
(45)

Wagner et al. (2017)
(46)

Condition

Osteoporosis

Ectodermal Dysplasia

Ectodermal Dysplasia

Osteoporosis

Osteoporosis

Key Findings

Demonstrated that dental
implants can be
successfully placed in
osteoporotic patients with
proper treatment planning
despite reduced bone
density.

Gender-specific differences

in bone microarchitecture;
females showed denser
cortical bone and better
trabecular support for
implants.

Vertical osteogenic
distraction was successful
in promoting new bone
growth for implant
placement.

Found a moderate

correlation between skeletal

bone density and implant
stability in osteoporotic
patients.

Studied the effect of
0steoporosis on peri-
implant bone level in
postmenopausal women;
disease influenced bone
remodelling but did not
cause implant failure.

Methods/
Interventions

Clinical study of implant placement
in osteoporotic patients.

Bone microarchitecture analysis at
implant sites in ectodermal
dysplasia patients.

Application of vertical osteogenic
distraction in patients with
ectodermal dysplasia and

compromised bone.

Examined the relationship between
skeletal bone density and implant
stability in postmenopausal women.

Study on the effects of osteoporosis
on peri-implant bone in
postmenopausal women.

Outcomes

Successful implant
placement with careful
planning, considering
implant design, surface
treatment, and overall

bone health.

Female patients had
better bone support for
implants, suggesting
more favorable
osseointegration in
women.

Vertical osteogenic
distraction promoted new
bone growth, enhancing

implant placement in

patients with
compromised bone
structures.

Lower bone density
correlated with reduced
implant stability; longer
healing times and
customized protocols
needed.

Bone remodelling
influenced by
osteoporosis, but
implants did not fail;
careful evaluation of
bone quality
recommended.
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Machado et al. (2018)
(47)

Ectodermal Dysplasia

Machado et al. (2018)
(47)

Ectodermal Dysplasia

Block et al. (2018) Osteogenesis
(48) Imperfecta

Siqueira et al. (2021) Osteoporosis

(49)

Surmounting Challenges:

High success in implant
placement after bone
grafting and tooth
extraction in ED patients.
Long-term follow-up
showed high satisfaction
and functional success.

Bio-Oss and synthetic bone

materials improved bone
volume for implant

placement in ED patients.

Emphasized the importance
of assessing bone quality
and mechanical properties
before implant placement in
Ol patients.

Hydrophilic titanium
implants showed superior
osteogenic responses,
promoting faster
osseointegration in
osteoporotic bone.

CONGENITAL AND DEGENERATIVE BONE DISORDERS
SEEJPHVolume XXV, 2024, ISSN: 2197-5248;Posted:22-11-2024

Implant placement, bone grafting,
and tooth extraction in ectodermal
dysplasia patients.

Use of Bio-Oss and synthetic bone
materials for bone volume
enhancement.

Evaluation of bone quality and
mechanical properties before dental
implants.

Study on hydrophilic titanium
implants in osteoporotic bone.

High patient satisfaction

and functional success in

dental implants with bone
grafting.

Improved bone volume
and successful implant
placement in ED patients
with compromised bone
structures.

Need for bone grafting or
special implant surfaces
due to compromised bone
quality in Ol patients.

Hydrophilic implants
improved osteogenesis in
both healthy and
compromised bone
conditions, suggesting
enhanced
osseointegration

Patients with congenital and degenerative bone disorders face significant challenges in dental
implant placement due to compromised bone quality, imbalance in bone remodelling, and
structural weaknesses. In conditions like osteoporosis, bone remodelling is often disrupted,
leading to excessive bone resorption and inadequate bone formation (50). This imbalance
weakens the trabecular bone, increasing the risk of fractures even after implant placement.
However, advancements in implant materials and techniques have significantly improved the
success of implant therapy in these patients. Titanium remains the material of choice for dental
implants due to its biocompatibility and ability to support osseointegration. Surface
modifications, such as hydrophilic coatings, have shown promise in promoting faster bone
formation and improving implant stability in compromised bone environments, as demonstrated
by Junker et al. in 2009 (51). These modified surfaces enhance bone-to-implant contact,
accelerating osseointegration. Additionally, specialized implant designs, such as implants with
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larger surface areas or enhanced threads for better anchorage, have proven effective in patients
with low bone density. The use of computer-guided implant surgery has further improved the
precision of implant placement, reducing the risk of complications, especially in cases with
limited bone volume. Personalized treatment plans, which include thorough bone assessments,
appropriate grafting techniques, and customized implant designs, are essential for achieving
successful outcomes in these patients. With continued advancements in implant technology,
surgical techniques, and material science, dental implants are becoming increasingly viable for
individuals with congenital and degenerative bone disorders, enhancing their quality of life and
functional outcomes (52).

Future Prospects:

As dental implantology advances, the potential for improving outcomes in patients with
congenital and degenerative bone disorders is growing. These patients often face significant
challenges, such as compromised bone quality and structure, which can hinder successful
osseointegration. However, with ongoing innovations in research, technology, and treatment
approaches, promising solutions are emerging (53). Key areas of development include:

1. Biomaterials and implant design:

Future advancements in implant materials, such as nanostructured titanium and bioactive
coatings, aim to enhance osseointegration, even in cases with low bone density or abnormal bone
structure. Custom-designed implants tailored to the patient’s unique anatomy may further
improve integration success (54).

2. Personalized treatment approaches:

The rise of precision medicine will enable more tailored treatment plans based on genetic testing
and advanced imaging. By personalizing implant procedures to match the patient’s specific bone
condition, clinicians can optimize treatment outcomes and enhance the likelihood of successful
integration (55).

3. Bone regeneration techniques:

Stem cell therapies, growth factors, and bone grafting materials hold the potential to restore bone
volume and quality in patients with fragile bones. Bone tissue engineering, using scaffolds and
biologically active molecules, could further aid in regenerating deficient bone structures, creating
a more supportive foundation for implants (56).

4. Robotics and minimally Invasive Techniques:

Robotic-assisted surgery and minimally invasive techniques are set to revolutionize implant
procedures. These technologies allow for more precise implant placement, reducing the risk of
complications and speeding up recovery, especially in patients with complex bone conditions
(57).

5. Artificial intelligence and long-term monitoring:

Al-driven tools can help monitor osseointegration in real-time, enabling early detection of issues
such as implant failure or bone loss. This would allow clinicians to intervene proactively,
improving long-term success rates and minimizing complications (58).

6. Interdisciplinary collaboration:

Collaborative care involving dental professionals, orthopedic specialists, geneticists, and other
healthcare providers is essential for addressing the multifaceted needs of patients with bone
disorders. A holistic approach ensures comprehensive treatment plans that optimize both dental
and overall skeletal health.

7. Education and training:
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As new techniques and technologies develop, continuous education for dental professionals will
be vital. Clinicians must be equipped to handle the complexities of treating patients with
congenital and degenerative bone conditions, ensuring the highest standards of care and
improving patient outcomes (59).

Conclusion

The integration of dental implants relies heavily on the quality and quantity of alveolar bone,
which is often compromised in patients with congenital and degenerative bone disorders such as
ectodermal dysplasia, osteogenesis imperfecta, and osteoporosis. Despite the challenges posed
by altered bone structure and reduced density, dental implants remain a viable option for these
patients when approached with a personalized, patient-centered treatment plan. Advances in
implant materials, bone regeneration techniques, and precision medicine offer promising
solutions for overcoming these challenges. By incorporating these innovations, along with a
deeper understanding of the biological mechanisms of osseointegration, clinicians can enhance
implant success and improve the functional, aesthetic, and psychological well-being of
individuals with complex bone conditions. Ultimately, these advancements will allow patients to
regain function and confidence, even in the presence of fragile skeletal foundations.
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