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Abstract: Bone grafts are surgical procedures that involve the transplantation of bone tissue to repair or 

reconstruct damaged bones. They are commonly used in various medical fields, including dentistry, orthopedics, 

and particularly within oral and maxillofacial surgery, prosthodontics, and oral radiology, to promote healing 

and support the integration of implants. This review embarks on a transformative journey through the evolution 

of bone grafting techniques in oral implantology, beginning with the rudimentary harvesting methods and their 

inherent limitations. It transitions to modern innovations, spotlighting synthetic and bioengineered materials 

that enhance biocompatibility and minimize patient morbidity. Key advancements in minimally invasive 

techniques and guided bone regeneration are meticulously examined, along with the revolutionary impact of 3D 

imaging and printing technologies on graft customization. The review underscores the synergy between 

biological principles and cutting-edge technology, illustrating how these breakthroughs not only lead to 

superior surgical outcomes but also foster improved patient healing and satisfaction. Ultimately, the evolution 

of bone grafts marks a significant paradigm shift towards more effective, patient-centered strategies in oral 

implantology. This exploration highlights the pivotal role of advanced bone grafting methods in bolstering 

osseointegration and ensuring overall implant success, showcasing a commitment to enhancing both clinical 

efficacy and patient experience for prosthodontists,  periodontists, oral and maxillofacial surgeons,oral 

radiologists, and dentists alike. 
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I. Introduction: 
Patterns of alveolar bone resorption are influenced by various factors, including tooth loss, periodontal 

disease, and the mechanical load applied to the jawbone. Following tooth extraction, the surrounding alveolar 

bone experiences a predictable pattern of resorption, typically characterized by a rapid reduction in bone volume 

during the first six months, followed by a slower, ongoing resorption over time.1 Bone resorption is primarily 

mediated by osteoclasts, which are specialized cells that break down bone tissue. They attach to the bone 

surface, creating an acidic environment that dissolves mineral components and releases enzymes to degrade the 

organic matrix, leading to the release of calcium and phosphorus into the bloodstream. (Figure 1).2 

http://www.questjournals.org/
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Figure 1: Mechanism of alveolar bone resorption 

Courtesy: https://www.jaypeedigital.com/book/9789386261731/chapter/ch24  

 

This phenomenon often leads to a decrease in both vertical and horizontal dimensions of the alveolar 

ridge, which can complicate future implant placement and negatively impact aesthetics and function. The extent 

and direction of resorption can also be affected by individual anatomical variations, the presence of adjacent 

teeth, and the quality of the remaining bone.3 Additionally, the type of grafting materials and techniques used 

during augmentation procedures play a crucial role in mitigating resorption and promoting bone regeneration, 

ultimately influencing long-term outcomes in dental implant therapy.4 The classification of alveolar bone for 

implant placement is essential for determining the most suitable surgical techniques and implant types, with the 

widely recognized. Lekholm and Zarb classification categorize alveolar bone into four types (Figure 2).5 

 

 
                              Figure 2: Lekholm and Zarb classification of alveolar bone  

 

Additionally, the bone quality classification delineates bone density through D1 to D4 categories 

(Figure 3): D1 signifies very dense bone (Type I), D2 denotes dense bone with some trabecular components 

(Type II), D3 indicates moderately dense bone (Type III), and D4 corresponds to poor-quality bone (Type IV).6   

Type I features dense cortical bone in both the maxilla and mandible, accompanied 
by minimal trabecular bone, providing excellent primary stability for implants. 

Type II consists of thick cortical bone with substantial trabecular components, still 
favorable for implant placement but with slightly lower density than Type I. 

Type III presents thin cortical bone surrounding a larger volume of trabecular bone, 
posing challenges due to lower density, necessitating grafting techniques to 
enhance bone quality.

Type IV is characterized by very thin or absent cortical bone with a predominance 
of low-density trabecular bone, making it the least favorable for implant 
placement and often requiring augmentation techniques to achieve adequate 
bone quality and quantity.

https://www.jaypeedigital.com/book/9789386261731/chapter/ch24
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Figure 3: Categories of bone density through D1 to D4 

Courtesy: https://nhakhoaquocbinh.com/en/jaw-bone-standard-dental-implant/  

 

Grasping these classifications allows clinicians to customize their approach to implant placement 

effectively, increasing the chances of successful osseointegration and enhancing long-term outcomes for 

patients.7 Bone grafting has become a crucial technique in oral implant ology, significantly improving the 

success rates of dental implants and enhancing patient outcomes.8 The term "bone graft" is derived from two 

words: "bone," referring to the hard, dense connective tissue that makes up the skeleton, and "graft," which 

refers to a piece of tissue that is transplanted from one location to another, typically to repair or reconstruct 

damaged areas. Thus, "bone graft" specifically denotes a transplantation of bone tissue to aid in healing or 

reconstruction in medical procedures (Figure 4).9 

 

 

                             Figure 4: Bone grafts inserted into mandibular socket 

Courtesy: Horowitz RA, Leventis M, Rohrer MD, Prasad HS. Bone grafting: history, rationale, 

and selection of materials and techniques. Compend Contin Educ Dent. 2014; 35(4 Suppl):1-6; 

quiz 7.  

 

In recent decades, dental rehabilitation for patients with partial or complete tooth loss through oral 

implants has established itself as a reliable treatment option, consistently yielding long-term success.10 However, 

challenging local conditions of the alveolar ridge—resulting from bone loss, periodontal disease, and trauma—

often lead to inadequate bone volume and unfavorable vertical, horizontal, and sagittal jaw relationships, 

complicating implant placement and compromising both function and aesthetics.11 To address these critical 

issues, five primary techniques have been identified to enhance bone volume in deficient areas: (1) 

osteoinduction, which employs specific growth factors to stimulate bone formation; (2) osteoconduction, where 

grafting materials serve as scaffolds for new bone development; (3) distraction osteogenesis, a surgical 

technique that induces fractures and gradually separates bone fragments to promote natural regeneration; (4) 

https://nhakhoaquocbinh.com/en/jaw-bone-standard-dental-implant/
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guided bone regeneration (GBR), which utilizes barrier membranes to maintain spaces for bone filling; and  (5) 

revascularized bone grafts, where a vital bone segment is transferred to the recipient site with its blood supply 

intact, ensuring immediate viability without the need for remodeling or substitution (Figure 5).12  

 

 

                              Figure 5: Five primary techniques to enhance bone volume 

 

Despite the wide range of bone graft materials available, the debate over the most suitable options for 

clinical practice continues.13 Nearly 50 years after the introduction of bone grafts in implant dentistry, 

establishing a universal gold standard material or technique remains elusive due to anatomical variations, cost 

considerations, diverse clinical scenarios, and rapid technological advancements.14 The selection of the most 

appropriate bone graft material is influenced by the patient’s overall health, the surgical site, and socioeconomic 

factors, while the surgeon's experience and preferences play a vital role in determining the choice of technique.15 

For example, although GBR is the preferred method for managing periodontal defects, the specific materials 

used—whether autograft, allograft, xenograft, or alloplast—can vary significantly among practitioners (Figure 

6).16  
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Figure 6:  Types of bone graft material 

 

As a result, a universal "gold standard" for all cases is impractical, leading each clinician to develop a 

personalized "standard protocol" that incorporates their expertise and experience.17 Remarkably, successful 

outcomes can still be achieved despite the diversity of methods employed.18 To advance this discussion, the 

Korean Academy of Implant Dentistry (KAID) hosted a conference on “Bone Grafts for Implant Dentistry” on 

October 7, 2018, where four leading Korean clinicians gathered to share their standard protocols and preferred 

graft materials. This consensus paper distills their insights and strengthens the theoretical framework through a 

comprehensive literature review of past, present, and future graft materials in implant dentistry, highlighting the 

crucial role of bone grafts in modern oral implantology.19 Historically, the practice of bone grafting can be 

traced back to ancient methods, with early techniques primarily involving autografts, which remain the gold 

standard due to their biocompatibility and integration capabilities.20  Limitations related to bone harvesting, such 

as pain and morbidity, prompted the exploration of alternatives like allografts, sourced from deceased donors, 

and xenografts, derived from other species, typically bovine.21 Today, several types of bone grafts are utilized: 

autografts offer superior compatibility and healing potential; allografts provide a biological scaffold; xenografts 

ensure safety and biocompatibility; and synthetic grafts mimic natural bone properties.22 Recent decades have 

seen significant transformations in bone grafting techniques, driven by advances in minimally invasive surgical 

methods, such as GBR, which effectively prevents soft tissue interference during healing (Table 1).23 

Types

of
• Allografts

Bone 
• Xenografts

grafts

• Alloplastic
materials
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Table 1: Key benefits of each type of graft 

 

Innovations in 3D imaging and printing allow for the creation of custom grafts tailored to detailed 

anatomical data, enhancing surgical precision and patient satisfaction.24 A critical factor in the success of bone 

grafts is biocompatibility, with autografts inherently possessing high compatibility, while allografts and 

xenografts require careful processing to ensure safety.25 The integration of bioengineered materials—

incorporating growth factors or stem cells—further enhances the healing potential of grafts.26 The evolution of 

bone grafts has significantly impacted clinical practice, leading to improved surgical outcomes, reduced 

morbidity, and accelerated healing times, with high rates of osseointegration being essential for the long-term 

success of dental implants (Figure 7).27 

 

 

Figure 7: Bone graft augmented osseointegrated implant 

                          Courtesy:   https://westcoastinternational.com/bone-graft-dental  

 

The journey of bone grafts reflects a remarkable evolution driven by innovation and a steadfast 

commitment to improving patient care. 28As technology continues to progress, the future of bone grafting holds 

immense promise for even greater advancements, ultimately enhancing the efficacy and safety of dental implant 

procedures. 29 This review critically examines the progression of bone grafting methods, tracing their evolution 

from basic harvesting techniques to advanced innovations that utilize cutting-edge technologies and biological 

principles.  This comprehensive exploration underscores the critical importance of ongoing research and 

development in this dynamic field, signaling a new era of patient-centered approaches that address the needs of 

both clinicians and patient’s alike.30 

 

II. Discussion 
Dental implants have become the standard for tooth replacement due to their durability, functionality, 

and aesthetic appeal. However, the success of implant placement is significantly influenced by the quality and 

quantity of bone available at the implant site.31 In cases where patients lack sufficient bone volume, bone 

https://westcoastinternational.com/bone-graft-dental
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grafting procedures have become essential for creating a suitable environment for implant integration (Figure 

8).32  

 

 

Figure 8:  Importance of bone grafting in bone volume 
                                     Courtesy: https://dentalimplantsolutionz.com/autogenous-dentin-grafting/  

 

The evolution of bone grafts in oral implantology has seen a remarkable transformation, moving from 

basic techniques to sophisticated, precision-driven methods.33 Initially dependent on autogenous sources, 

clinicians soon recognized the importance of biocompatibility and integration for effective osseointegration.34 

As time progressed, the introduction of allogenic and synthetic materials broadened the options available, 

providing varying levels of osteoconductivity and osteoinductivity.35 Innovations in surgical techniques and 

imaging technology have further improved graft harvesting and placement, leading to better healing outcomes. 

This review highlights the key milestones in the development of bone grafts, underscoring their vital role in 

achieving optimal results in implant dentistry and the continuous pursuit of enhanced materials and techniques.36  

 

Types of bone graft materials in dentistry:  

In dentistry, several types of bone graft materials are used to augment bone volume and promote bone 

regeneration for various procedures, including dental implants, periodontal surgeries (Figure 8), and oral 

reconstructive surgeries. 37 These materials can be categorized into different groups based on their source and 

composition. Here are some common types of bone graft materials used in dentistry. 38 

 

Autogenous Tooth Bone Graft 

High-quality bone graft materials possess essential attributes, including the ability to revascularize, 

osteoconductivity, osteoinductivity, angiogenic potential, appropriate density, and the remodeling of the grafted 

bone matrix.39 They must also resist infection, be cost-effective, and allow for ease of handling.40 Among these 

attributes, angiogenesis and osteogenesis are critical, as their reproducibility significantly impacts long-term 

outcomes, fostering healthy tissue that minimizes the risk of wound dehiscence and infection while promoting 

early stabilization and epithelialization. 41 Historically, autogenous bone has been viewed as the gold standard 

due to its outstanding osteogenic properties and robust infection resistance.42 However, the harvesting process 

can be challenging, often resulting in inevitable volume loss over time.43 In contrast, widely used xenogenic 

bone graft materials can facilitate sufficient bone formation under optimal regenerative conditions, such as 

socket preservation (Figure 9) or sinus lifts (Figure 10). Nevertheless, they come with risks, including the 

potential for infection that may necessitate complete removal of the xenograft (Table 1) .44  

 

 

 

 

https://dentalimplantsolutionz.com/autogenous-dentin-grafting/
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Figure 9: Socket preservation of maxillary anterior region using bone graft 

          Courtesy: https://www.zerodonto.com/en/2019/01/socket-preservation/  

 

 
Figure 10: Bone graft inserted into maxillary sinus for implant insertion 

 

Courtesy: https://www.hodgesortho.com/blog/2022/12/18/sinus-lift-recovery-timeline-what-214421/ 

 

Table 1: Comparative overview of various graft types and their attributes 

Type 
 

Source 
 

Advantages 
 

Disadvantages 
 

Common Uses 
 

Autograft 
 

Patient's own 

body 
 

Excellent 

biocompatibility; 

promotes osteogenesis; 
no risk of disease 

transmission 
 

Surgical site morbidity; 

limited quantity; possible 

resorption 
 

Bone defects, implants, 

sinus lifts 
 

     

https://www.zerodonto.com/en/2019/01/socket-preservation/
https://www.hodgesortho.com/blog/2022/12/18/sinus-lift-recovery-timeline-what-214421/
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The utilization of teeth as graft materials offers a groundbreaking alternative that significantly enhances 

bone regeneration and integration in a variety of clinical settings.45 The high mineral content of teeth, especially 

in dental tissues, not only provides vital structural support but also delivers bioactive properties that effectively 

promote osteoconduction and osteoinduction.46 Additionally, the unique collagen matrix present in teeth 

facilitates cellular attachment and proliferation, fostering a healing environment conducive to recovery. This 

innovative approach has the potential to transform grafting techniques, leading to improved outcomes in implant 

dentistry.47 Furthermore, the capacity of dental grafts to support angiogenesis— the formation of new blood 

vessels— amplifies their effectiveness in reconstructive procedures.48 As research delves deeper into the 

mechanisms that underpin the efficacy of teeth as graft materials, their role in tissue engineering and 

regenerative medicine is poised to expand, paving the way for novel solutions to complex clinical challenges.49  

This evolution could redefine the landscape of dental restoration and regenerative therapies, offering patients 

enhanced healing and long-lasting results.50 It is an outstanding collagen-rich bone substitute that facilitates 

robust tissue regeneration and boasts strong infection resistance. It can be processed into block or particulate 

forms for diverse applications, and its organic components, including bone morphogenic protein, enhance its 

osteoinductive properties.51 Research in animals has demonstrated the osteogenic potential of particulate dentin, 

suggesting benefits comparable to allogenic graft materials.52 Clinically, autogenous tooth bone graft can be 

readily harvested due to its advantageous composition, leading to excellent crestal bone stability in various 

scenarios, such as maxillary sinus augmentation and ridge augmentation.53 It is particularly effective in 

transmucosal GBR with immediate implantation after tooth extraction and volumetric enhancement in peri-

implant defects, showcasing its ability to heal without infection, even in secondary healing situations without 

membrane coverage.54 As a space maintainer, autogenous bone graft supports horizontal bone augmentation 

through a sturdy matrix, enabling successful vertical augmentation without the necessity for titanium mesh 

space maintainers.55 When employed as a sinus graft, autogenous bone graft initially presents lower bone 

density, which gradually stabilizes over time.56 Future developments in autogenous bone grafts should focus on 

integrating computer-guided surgical techniques with other bone graft materials, emphasizing the importance of 

immediate temporalization to optimize surrounding volume.57 Additionally, it's essential to acknowledge the 

strong affinity these materials have for host tissue during the healing phase to ensure successful integration and 

improved outcomes.58  It offers a compelling solution for preserving both soft and hard tissue morphology in jaw 

defects, exhibiting a strong affinity for soft tissue and osteogenic activity in extracted sockets, periodontal 

defects, and sinus grafts without infection.59 It effectively induces rigid bone regeneration in sinus grafts and 

periodontal augmentations, achieving successful bone formation around immediate temporalization, making it 

an ideal substitute for digital bone grafting.60 

 

Xenograft bone substitutes: 

Several advanced techniques have been utilized to enhance bone volume, such as maxillary sinus floor elevation 

(Figure 11), bone grafting, ridge expansion osteotomy (REO) (Figure 12), GBR, and various types of bone 

grafts, including onlay, inlay, and socket augmentation. 61 

Xenograft 
 

Animal 

(usually 

bovine) 
 

Abundant supply; similar 

properties to human bone 
 

Risk of disease 

transmission; possible 

immune response; less 
osteogenic potential 

 

Socket preservation, sinus 

lifts 
 

Allograft 
 

Donor 

(human) 
 

No additional surgery 

required; greater 
availability 

 

Risk of disease 

transmission; potential 
immune reaction 

 

Bone grafting, joint 

reconstruction 
 

Alloplast 
 

Synthetic 
materials 

 

No disease transmission 
risk; customizable 

properties 
 

Biocompatibility varies; 
may lack osteogenic 

properties 
 

Bone regeneration, filling 
defects, augmentations 
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Graft material inserted after sinus floor elevation 

Courtesy:  https://botiss.com/product/sinus-lift/ 

 

 
Figure 12: Rigid expansion osteotomy 

Courtesy: https://theelitedental.com/ridge-expansion-and-technique-elite-dental-care-tracy/ 

 

However, these procedures are highly technique-sensitive, and the absence of prospective randomized 

studies complicates the assessment of the effectiveness of various methods.62 The intricacies involved in 

comparing materials and techniques in clinical practice pose significant challenges, as numerous factors affect 

the treatment of alveolar defects.63 Clinicians must possess a thorough understanding of these variables, 

including the origin of growth factors, the function of the extracellular matrix, dynamics of inflammatory cells, 

behavior of osteoblasts, and the macro- and micro-structural properties of bone substitutes.64 While 

postoperative outcomes are frequently emphasized, grasping histological results is equally vital for preventing 

unforeseen complications post-grafting. 65 From a fundamental perspective, an interface range of 10 to 100 nm is 

critical between host cells and bone substitute particles, with cell sizes ranging from 30 to 50 μm to several 

hundred micrometers.66 This indicates that new bone formation is unlikely in environments that are either 

mobile or excessively fluid. Initially, manufacturers focused on replicating the macroscopic structure of human 

https://botiss.com/product/sinus-lift/
https://theelitedental.com/ridge-expansion-and-technique-elite-dental-care-tracy/
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bone, a trend that has persisted but has also evolved to include enhancements in microscopic and mesoscopic 

structures.67 The formation of channels within these materials is essential for promoting rapid angiogenesis and 

facilitating the remodeling process needed for effective trabecular anastomosis. When selecting the optimal 

bone substitute, it is crucial to avoid materials with non-porous surfaces, high-temperature-damaged classified 

surfaces, or pebbled textures, as these characteristics can significantly impede grafting success.68 

Several environmental factors should be considered by clinicians prior to the bone grafting procedure (Figure 

13): 

1. Wound Opening: Consideration of whether the wound is open or closed during surgery. 

2. Defect Shape: Assessment of whether the defect is of the contained or non-contained type. 

3. Grafting Material: Decision on whether the grafting material will be mixed with another substance. 

4. Type of Barrier Membrane: Choice between a resorbable or non-resorbable membrane for covering the 

defect. 

5. Wound Closure: Consideration of whether the wound will remain open or be closed.69 

 

 
Figure 13: Environmental Factors to Consider Before Bone Grafting 

 

Histological evaluations post-bone grafting can complicate the differentiation between favorable and 

unfavorable outcomes compared to clinical findings from a clinician’s perspective. Clinicians often categorize 

the density of newly formed tissue during osteotomy, as biopsy results typically take days to weeks.70 This delay 

can lead to confusion when correlating clinically positive findings with histologically questionable results, 

making it essential to reference Kim and Lee’s report in 2017 to categorize remodeling patterns of newly formed 

tissue based on graft activity, mesenchymal organization, inflammatory cell infiltration, and trabecular bone 

anastomosis.71, 72 Moreover, it is highly recommended to utilize the patient’s own pristine natural bone areas 

whenever possible during dental implant placement in previously augmented sites.  

The lack of histological evaluation before implant surgery is particularly concerning.73 Few clinicians 

focus on the physicochemical properties of grafting materials. Checking the pH value of grafting materials 

before surgery and correlating clinical findings with pH levels can be beneficial, especially if the pH deviates 

from the normal range.74 In 2018, Ham's study of xenograft bone substitutes revealed critical insights into their 

pH values and clinical implications. Most materials—bovine, porcine, and equine—fell within a neutral pH 

range of 6.79 to 8.07. However, the exceptions, TiOss and Cerabone, with pH levels soaring to 9.80 and 10.32 

respectively, raised significant concerns.75 Biopsies from these high-pH materials demonstrated a troubling 

absence of new bone formation, marked by severely degenerated fibrous stroma and a lack of host reaction.76 

Wound opening

Defect 
shape

Grafting material

Types of 
barrier 

membrane
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Interestingly, the use of collagenous foreign materials like Gelfoam (Figure 14) in socket preservation 

showcased sclerosed fibrous tissue without inflammatory response. This raises a pivotal discussion among 

surgeons advocating for collagenous materials to maintain soft tissue profiles, enabling dental implant 

placement within 4 to 8 weeks.77  

 

 
Figure 14: Gelfoam 

Courtesy: https://midwestdental.com/gelfoam-12box-size-4-2cm-x-2cm-x-7mm  

 

However, a gap in research exists regarding the performance of various collagenous materials on the 

market. In surgical practice, the focus should be on enhancing angiogenesis and ensuring wound stabilization.78 

While bleeding is essential for healing, excessive hemorrhage can undermine stability, as a conducive 

environment is vital for tissue regeneration.79 Hence, applying high pressure on graft materials is discouraged, as 

it can compromise the critical spaces for stromal tissue and disrupt angiogenic pathways.80 Currently, animal-

origin bone substitutes are the go-to choice in dentistry for augmenting diverse defects, with no significant 

adverse events reported.81 However, clinicians must be discerning in their selection of xenograft materials, 

prioritizing those with robust clinical and histological documentation. The choice should be tailored based on 

the defect's characteristics—shape, size, and location—whether used alone or in conjunction with autogenous 

bone or other substitutes.82 The evidence strongly supports the efficacy of xenograft bone substitutes in intraoral 

bone grafting (Figure 15). Their potential to enhance healing and structural integrity in challenging scenarios 

makes them invaluable assets in modern dental practice.83 

 
Figure 15: Xenografts for intraoral grafting 

Courtesy: https://salvin.com/product/salvinoss-xenograft-bone-graft-material/  

https://midwestdental.com/gelfoam-12box-size-4-2cm-x-2cm-x-7mm
https://salvin.com/product/salvinoss-xenograft-bone-graft-material/
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Alloplastic graft bone substitutes: Alloplastic grafts have surged in popularity due to their remarkable 

effectiveness and pivotal role as scaffolds, particularly with the incorporation of growth factors. This review 

delves into the critical need for alloplastic grafts, their clinical applications, inherent limitations, and promising 

advancements aimed at overcoming these obstacles.84 The World Congress of Biomaterials has outlined 

essential requirements for alloplastic grafts: interconnected macro-porosity, surface micro-roughness, and a 

synergistic blend of beta-tricalcium phosphate, hydroxyapatite , and calcium silicate, which are fundamental for 

ensuring the successful integration and functionality of grafts in clinical settings.85 The evolution of alloplastic 

materials has been profound, particularly in their manufacturing and microstructural design, with Osteon™ 

(Genoss) from Korea exemplifying this evolution.86 Osteon I, the pioneering version, features a hydroxyapatite 

scaffold created using a replica method, showcasing 77% porosity with pore sizes of 300 to 500 μm, though its 

utility in particulate form was limited.87 Osteon II (Figure 16) addressed this limitation by offering a reinforced 

microstructure with interconnected porosity and a reduced pore size of less than 250 μm, resulting in a biphasic 

scaffold of hydroxyapatite and beta-tricalcium phosphate.88 

 

 
Figure 16: Osteon II bone graft 

Courtesy: https://www.aegisdentalnetwork.com/id/products/dentium/osteon-ii  

 

Although challenges in impurity removal during production persisted, advancements continued with 

Osteon III, which leveraged a simplified air-bubble technique to further enhance bone formation while 

maintaining biphasic properties.89 In clinical applications, the long-term maturation of alloplastic bone grafts is 

paramount; Osteon I yielded promising results with block grafts, effectively maintaining volume due to its non-

resorbable hydroxyapatite composition, while Osteon II was engineered for versatility, suitable for socket 

preservation, sinus grafting, and ridge augmentation, despite some volumetric reduction linked to its beta-

tricalcium phosphate content.90 Osteon III rectified this by optimizing the hydroxyapatite and β beta-tricalcium 

phosphate ratio, enhancing interconnectivity and crystallinity, with studies in animal models demonstrating its 

superior scaffold properties and effective bone regeneration, especially when used with resorbable membranes 

(Figure 17).91 

https://www.aegisdentalnetwork.com/id/products/dentium/osteon-ii


From Harvest to Healing: The Evolution of Bone Grafts In Oral Implantology 

DOI: 10.35629/076X-11102341                                 www.questjournals.org                                            36 | Page 

 

 Figure 17: Osteon III bone graft 

Courtesy: https://www.medicalexpo.com/prod/genoss/product-84497-908033.html  
 

Historically, alloplastic grafts have been confined to small or contained defects due to limited 

osteoinductivity, with particle size playing a crucial role; optimal dimensions of 0.5 to 1 mm have been 

identified to minimize tissue absorption.92 While issues with moldability compared to other bone substitutes 

exist, combining porcine collagen has significantly improved graft stability.93 Contouring augmentation, 

necessary for sufficient volume, has shown excellent outcomes in socket preservation and sinus grafting, 

attributed to bioabsorption and gradual replacement by autogenous bone.94 This augmentation can be performed 

with or without collagen membranes, though recent trends favor membrane use for enhanced wound stability, as 

each type of alloplastic graft offers unique advantages based on its composition, with particulate grafts enriched 

with collagen exhibiting accelerated bone formation.95 The recommended approach involves applying Osteon III 

adjacent to implants, covered with a membrane, to ensure volumetric stability and optimal healing.96 The future 

of alloplastic grafts is promising, with advancements leading to block forms suitable for large defects, requiring 

designs that facilitate trimming, drilling, and screw fixation, while many grafts now feature collagen coatings to 

enhance handling.97 The advent of 3D printing technology could revolutionize the field by enabling 

customizable graft designs tailored to specific alveolar defects, thereby improving operability. Additionally, 

enhancing bone quality through innovative additives like Deoxyribonucleic Acid (DNA) or glycoproteins holds 

great potential; for instance, polydeoxyribonucleotide has shown promise in accelerating healing through 

angiogenesis. Continued research and technological advancements will be vital to validate these innovations for 

clinical application, paving the way for a new era in bone grafting.98 Oral and maxillofacial surgeons have 

employed unilateral ramal bone harvests for moderate to severe atrophy or defects involving one to four teeth, 

while iliac bone harvests are selected for more extensive defects.99 Among 216 patients who underwent ramal 

harvesting, approximately 15% reported sensory disturbances immediately post-surgery, but none experienced 

them after six to nine months, highlighting the transient nature of these effects.100  Donor site infections were 

minimal, occurring in less than 10% of cases, while complications such as wound dehiscence affected around 

6%. 101 In a cohort of 49 patients undergoing iliac harvesting, 24% experienced an average of eight days of gait 

disturbance, yet no permanent complications arose from either ramus (Figure 18) or iliac harvests, emphasizing 

the relative safety of these procedures.102 
 

https://www.medicalexpo.com/prod/genoss/product-84497-908033.html
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Figure 18: Ramal harvesting 

Courtesy: Chee Y. Vertical ridge augmentation with mandibular ramus block bone for implant surgery. 

Implantology. 2021; 22:36. 

 

At the recipient site, mild complications were also present, with less than 10% experiencing wound 

dehiscence, graft removal due to infection, or partial graft failure.103 When utilizing a one-stage procedure with 

an autogenous block bone graft, precise selection of the implant's path and position is possible, although 

unexpected resorption may occur around the implant.104 Conversely, a two-stage procedure allows for 

implantation under clinically stable conditions four to nine months post-graft.105 Various studies are conducted 

over years on survival rates of various graft materials (Table 2).106 

  

Table 2:  Graft Types and Survival Rates 

 

 

Future Prospects: The future of bone grafts in oral implantology promises remarkable advancements driven by 

ongoing research and technological innovation. The development of advanced bioengineered materials is poised 

to revolutionize grafting by mimicking natural bone properties while promoting cellular activity and enhancing 

osseointegration. These materials, enriched with growth factors and stem cells, aim to stimulate healing and 

regeneration, potentially reducing recovery times and improving patient outcomes. As our understanding of 

patient biology evolves, personalized medicine will allow for customized grafts tailored to individual anatomical 

and biological needs, enhancing compatibility and clinical results. The continued shift towards minimally 

invasive surgical techniques is expected to reduce discomfort and accelerate recovery, with innovations like 

endoscopic and robotic-assisted procedures refining surgical approaches.107 Advancements in 3D printing and 

imaging technologies will enable the creation of highly accurate, patient-specific grafts that integrate seamlessly 

with existing bone. Additionally, the integration of digital health tools, such as telemedicine and remote 

monitoring, will enhance postoperative care and patient engagement, optimizing healing processes. Longitudinal 

research and data analysis will provide valuable insights into the efficacy and safety of various graft materials 

and techniques, refining treatment protocols. The intersection of oral implantology and regenerative medicine 

holds immense promise, with research into biomaterials that promote tissue regeneration potentially leading to 

innovative solutions that could eliminate the need for grafts in certain scenarios.108 

 

Study/Author Type of Graft 
 

Population 
 

Findings 
 

Survival Rates 
 

Cordaro et al. 
 

Autogenous bone 

graft 
 

Various patients 
 

Resorption rates 

range from 0% to 

25%; up to 42% 

vertical resorption 

within 6 months. 
 

Not specified 
 

Levin et al. 
 

Ramal block bone 

graft 
 

129 implants 
 

88% five-year 

cumulative 

survival rate after 

grafting. 
 

88% at 5 years 
 

Schwartz-Arad et 

al. 
 

Ramus block bone 

graft 
 

633 implants 
 

83% eleven-and-a-

half-year 

cumulative 

survival rate. 
 

83% at 11.5 years 
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III. Conclusion: 
The evolution of bone grafts in oral implantology signifies a groundbreaking advancement in dental 

medicine, transforming implant procedures and significantly improving patient outcomes. From basic harvesting 

techniques to sophisticated methodologies, this field has evolved through technological innovation and a deeper 

understanding of biological principles. The shift from autografts to allografts, xenografts, and synthetic 

materials has addressed earlier shortcomings while enhancing the effectiveness of grafting through innovations 

like guided bone regeneration. The integration of 3D imaging and printing exemplifies a commitment to 

personalized care, allowing precise customization of grafts for optimal fit and integration. As research 

progresses, the advancement of bioengineered materials and growth factors holds great potential to further 

improve healing capabilities. Ultimately, this evolution represents a paradigm shift toward more effective, 

patient-centered approaches in oral implantology, prioritizing clinical efficacy alongside patient satisfaction. 

The future of bone grafting is not merely about restoring function; it’s about transforming lives, ensuring that 

those seeking dental restoration receive the highest quality of care and paving the way for lasting oral health. 
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