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Abstract:

Purpose: This review will examine various types of bone grafting materials and procedures used in
implant-supported prosthodontic procedures, as well as other aspects such as patient anatomy, grafting
material types, and surgeons' skill levels. In addition, other methods such as growth factors/stem cells will
also be discussed as possible means to further advance bone regeneration and implant success.
Materials and Methods: This systematic review involved randomized controlled trials to compare
autografts, allografts, xenografts, and prosthetic grafts in dental implant bone augmentation. The values
were assessed in implant survival, graft survival, bone gain, and the stability of the prosthetics. In this
search, we considered PubMed, Medline, and the Cochrane Library in search findings, eliminating cases
where research subjects had syndromic/systemic conditions, animal studies, or where there is insufficient
data. In evaluating research, we use the Cochrane Risk of Bias 2.

Results: Based on 177 articles, 12 satisfied the criteria for selection. The autologous bone grafts produced
better results with fewer complications and a higher rate of success in the augmentation of the site for the
placement of the implant when compared to allografts, xenografts, and synthetic materials.

Conclusion: Bone grafting represents a crucial step in successful implant outcomes. Autografts are
considered to be the gold standard, primarily because of osteogenic properties, although complications at
a donor site cannot be ignored. Other options, such as allografts, xenografts, and alloplastics, have several
advantages, but careful selection of patients, along with accurate surgery, becomes necessary. Recent
developments are promising to improve outcomes in prosthodontic rehabilitation.

Keywords: Bone grafting; Dental Implants; Autologous Grafts; Prosthodontic Rehabilitation; Success
rates.

Introduction:

The quality and quantity of alveolar bone are the most important factors in the success rate of dental
implants in implant-supported prosthodontics. Consequentially, various conditions, including periodontal
disease, trauma, tooth extractions, or long-standing edentulism, often lead to a significant amount of bone
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loss, thereby complicating implant placement. This usually requires several bone grafting techniques
aimed at augmenting the alveolar bone so that a viable osseous base for implant integration can be
achieved. Although bone grafting is a well-established procedure, there are several queries pertaining to
the comparative success rates of different grafting materials and techniques.

Previous research has focused on the different types of bone graft materials, including autografts-the gold
standard owing to its osteogenic capability-allografts, xenografts, and synthetic substitutes. Few literature
reviews are comprehensive with regard to patient-specific factors, material properties, and evolving
techniques. Some of the modern developments in the integration of growth factors and stem cells do appear
promising in improving bone regeneration and implant outcomes, but most of their long-term efficacy
remains unexplored.

This systematic review will try to establish the clinical success rates of various bone grafting materials
and techniques in the augmentation of bone for implant placement, with special emphasis on prosthodontic
rehabilitation. It will compare the outcomes of autografts, allografts, xenografts, and synthetic materials
in an attempt to establish best practices that guide clinical decision-making. Additionally, it will appraise
the impact of emerging trends, such as growth factors and stem cells, on bone regeneration and implant
success.

The null hypothesis of this study will be that no significant clinical outcome difference exists among
various bone grafting materials and techniques when used for augmentation of an implant site.

Materials and Methods:

Registered under PROSPERO, ID:631458. This review focused on all randomized controlled trials that
studied various bone grafting modalities to augment bone in patients requiring dental implants, especially
in those indications with deficient bone. Studies examined success rates with different grafting modalities
in terms of implant survival, graft survival, gain in bone volume, and prosthodontic stability. This study
included people with either ridge resorption, periodontal disease, or trauma, who had grafts with
subsequent implants for at least a year following treatment. The systematic search strategy was carried out
using the databases PubMed, MEDLINE through EBSCO, and The Cochrane Library up to November 5,
2024. Articles were reviewed in duplicate, and any disagreement was resolved by consensus. Any studies
not relevant to bone grafts, dental implants, or dentistry; those using only the implant without grafts; case
report syndromic or systemic diseases; animal studies; and those that did not have sufficient data were
excluded. PRISMA Guidelines and PICO framework were adhered to. Extracted information included
publication data, study design, type of patient, graft, length of follow-up, survival rate for implants, and
success of the implants. Quality of the incorporated studies was assessed using the Cochrane Risk of Bias
2. The search strategy combined keywords like "Bone Grafting," "Dental Implants," and "Success Rate"
within a database to ensure relevance while being inclusive.

Result:

This is described in the tables and figures that are included with this paper. The research question and
criteria for considering studies for the paper are described in Table 1 according to the PICO criteria. The
path taken through the literature searching and selection of studies is described by the PRISMA flow
diagram included with the paper (Figure 1) showing how the numbers reduced at each step. The
methodological quality and risk of bias is shown by a visualization representing overall risk of bias
according to the Robvis 2.0 tool, Figure 2. Depending on the source included we have either checked it
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against  standard  criteria for method quality or made our own  judgments.

Discussion:

The success of bone augmentation for implants cannot be generalized easily. It depends on a combination
of things: what type of graft, type of surgery, type of patient, and length of follow-up. When reviewing
the literature, outcomes of implant survival are generally very high irrespective of the grafting method
used, but the outcome changes considerably according to the type of graft, depending on the biological
properties, and the type of technique used.

What to consider for patients requiring bone augmentation?

Patients who have a localized bone defect or a heavily resorbed ridge often require augmentation in order
to provide enough support for an implant which is prosthetically driven. Due to the fact that cases can vary
greatly, patient treatments must also vary in order to cater to their condition. Such patient-related factors
as smoking, overall health, as well as a possible periodontal disease, can greatly influence the success rate
of grafting as well as implants in patients(1)(2). In some research, periodontal disease can decrease the
success rate of autografting (3).

The type of graft to be used must also relate to the anatomy as well as the treatment objectives. While
autografts have always been the material of choice for vertical as well as horizontal ridge augmentation
due to their inherent ability to induce bone formation, sometimes the ability to maintain the desired volume
is even more important, as with xenografts.

Bone Grafting Materials And Methods: Review And Performance

Autologous Grafts: Autologous bone is always the gold standard because it will offer osteoconduction,
osteoinduction, and osteogenesis. In implants using autografts, there is a survival rate of 93.4% to 96.4%
survival, and this underscores its reliability because implantation is not likely to fail due to biologic
reasons(1). In fact, it has been observed time and again that auto-geneous block grafts are likely to succeed
and survive. Platelet rich fibrin will improve healing and hematostatic fixation(4).

Allogeneic Grafts: Allogeneic grafts avoid complications at the donor site and reduce the time involved
in the surgical procedure. The outcome also shows a survival implant comparable to that of a bone block
harvested from the recipient. Moreover, there are no apparent drawbacks. Dermal allografts also have the
ability to augment the peri-implant soft tissue. This will enhance aesthetics but there can be complications
due to immune reactions and a greater possibility of resorption(5).

Xenogeneic Transplants: Bovine and porcine xenografts have reported an implant survival of more than
95% for sinus augmentation(6). Their natural resistance to resorption and gradual degradation are
advantageous for maintaining space, especially during guided bone regeneration (GBR). However, it still
varies widely based on the type of graft. While particulate grafts may provide very high short-term survival
of implants, collagenated blocks might have lower survival and success in secondary augmentation.
Synthetic Alloplastic Materials: Alloplastic grafts can serve as a substitute for patients for whom a
biologic graft may not be an option. They are osteoconductive rather than osteogenic and may provide
predictable long-term results when properly used. However, the defect may still not always be fully filled,
and horizontal gains may not always be as effective with this type of graft compared with the others above.
The long-term survival rate of the implant may also not always correlate (7).
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Bone Augmentation Techniques

Guided bone regeneration remains the centerpiece of our method because it provides flexibility and
consistently good results. Indeed, excellent implant survival with only marginal loss has always been
achieved (8)(9). By taking a closer look, particulate GBR alone may give an average of 3.7 mm
horizontally and vertically, though this depends on the exact graft mix and the chosen membrane.
Various sinus lift procedures and socket preservation are the milestones for posterior maxillary site
development. Its success depends on factors such as the amount of residual bone at the beginning, chosen
graft material, and patient-related factors. Such methods have been clinically reliable; however, there is
still a lacuna in comparisons of long-term survival within different techniques.

Comparison between Grafting Materials and Techniques

What you clinically obtain will depend on both the material properties and the way the surgery is
conducted. Mau and co-authors, in their study comparing the use of autogenous bone combined with
deproteinized bovine bone mineral versus freeze-dried bone allografts, reported similar contour stability
and only minimal recession of the mucosa (2). Composite grafting, which mixes autogenous bone with its
xenogeneic or allogeneic substitutes, has been able to enhance the formation of bone and improve
horizontal gain, allowing more flexibility in complicated defects. Adding therapies like platelet-rich
plasma can broaden treatment options, with success rates reaching up to almost 90% even in tough cases.

Challenges, Complications, and Mitigation Strategies

Larger augmentation procedures do, indeed, present more complications in the form of infections, wound
dehiscence, and graft exposure. Deluiz and associates identified infection as the significant cause of graft
failure, which emphasizes that exacting surgical technique and effective infection control are paramount
(11). Space-maintaining devices may enhance vertical gain but with the effect of increasing complication
rates, which requires a stringent risk—benefit analysis.

Success Rates and Long-Term Outcomes: Factors That Influence

Patient factors of age, systemic disease, and conditions like diabetes play a big role in the outcomes, with
generally lower success rates for older patients. The skill of the surgeon and adherence to sound operative
principles are important for graft integration and implant longevity.

While there are major advances in graft materials and techniques, the literature is characterized by diverse
study designs and follow-up periods. Only limited data is available on long-term outcomes beyond five
years, especially for xenogeneic and alloplastic materials. Therefore, even as high implant survival is
attainable in the short and mid-term across many grafting approaches, more well-designed randomized
controlled trials with standardized reporting of outcomes are needed to refine indications of material
choice and optimize prosthodontic rehabilitation outcomes.

Future developments

Autologous grafts are less prone to resorption and are also better protected against peri-implantitis; hence,
they are a reliable option for the long term. In a comparison of the use of iliac to mandibular bone grafts,
the mandibular bone graft will most of the time come out on top in terms of higher resistance to resorption
and ease of surgery (Kang et al. 2015). Newer materials, for example, ribose cross-linked collagen and
composite grafts, will also increase the efficacy in this respect.
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Conclusion:

Bone grafting is still at the forefront of the dental implant procedure, with a variety of materials and
methods adapted just for individual patients. The gold standard for bone transplantation is autologous
transplantation, with its strong osteogenic properties, although it is associated with the risk of donor site
morbidity and possible resorption. Other transplantation options, including allogeneic, xenogeneic, and
synthetic grafts, offer a broader approach and a variety of benefits, including the lack of morbidity and
better resistance to atrophy, although with a drawback such as the risk of immunogenicity or decreased
osteogenicity. To make successful transplantation possible, it is crucial to carefully analyze the patient
and perform accurate and precise surgical intervention and experience. Personalized patient attention and
follow-up and prudent post-surgical patient care to deal with arising complications such as infection and
bone graft exposure can help mitigate individual patient-related risk factors such as smoking and
individual patient-related health issues. Innovative progresses and development in the field of material
sciences, such as incorporating ribose cross-linked collagen and composite bone grafts into the generalized
procedure and standardizing the use of such supplementary materials and methods as PRF, will help to
further develop the reliability and efficiency of prosthodontic reconstruction.
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Figure 1. Prisma Chart.
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Figure 3. Success rates of different grafting materials.
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Figure 4. Cumulative Long-term implant survival rates by grafting materials.
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