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Implant Site Development Techniques: A Comprehensive Narrative Review of Hard and Soft-Tissue Augmentation Approaches
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ABSTRACT 
	The significance of replacing missing teeth is undeniable. Increasingly, patients are opting for implant-supported prostheses. Nevertheless, several challenges arise during the implant placement process. The most crucial criterion for implant placement is the availability of adequate bone at the edentulous site. Since numerous patients lack ideal bone dimensions, such as height and width, it is necessary to implement certain measures to preserve or promote bone formation in that region. It has been proven that Alveolar Ridge Preservation (ARP) or Implant Site Development (ISD) is superior to unassisted socket healing, and it minimizes post-extraction alveolar bone loss and soft-tissue loss. There are various techniques of ISD, such as bone grafting alone or in combination with Guided Bone Regeneration (GBR), Socket Seal Surgery (SSS), Maxillary Sinus Floor Augmentation (MSFA), Immediate Implant Placement (IIP), socket shield technique, Distraction Osteogenesis (DO), Forced Orthodontic Eruption (FOE), the ridge split technique, and the root submergence technique. A literature search was conducted across PubMed, Google Scholar, Scopus, and Cochrane using keywords such as “implant site development,” “ridge augmentation,” “alveolar ridge preservation,” and “sinus lift,” on studies published between 1982 and 2025. Nevertheless, given the lack of sufficient evidence to determine the superiority of different approaches, knowledge of this topic is crucial in making an informed choice of methods in specific clinical situations. The technique selection should therefore be based on defect morphology, anatomical constraints, and clinical expertise. This review article highlights a comprehensive range of implant site development techniques from various dental specialties. Current trends include minimally invasive approaches, digitally driven techniques, and bio-printed materials. Limitations include a lack of high-quality long-term randomised control trials following CONSORT guidelines with adequate sample sizes and consistent results, making direct comparison among different techniques difficult.
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1. INTRODUCTION
An adequate volume of healthy alveolar bone at the recipient’s site is crucial for predictable implant placement, achieving successful osseointegration, as well as favorable esthetics in the long term (Apostolopoulos & Darby, 2017). After tooth extraction, a significant reduction in ridge dimensions occurs due to disuse atrophy, where the bone no longer receives functional stimuli from tooth loading (Y.-K. Kim & Ku, 2020). Post-extraction alveolar ridge dimensional changes occur more predominantly in molar sites compared to non-molar sites, and ridge resorption is more pronounced in the horizontal direction, followed by vertical mid-facial and mid-lingual regions. Notably, non-molar sites require additional bone augmentation more frequently than molar sites (69.7% vs 45.9%) (Couso‐Queiruga et al., 2021).
 ARP facilitates implant site development, including both hard and soft tissue augmentation. Hard tissue augmentation can be further divided into horizontal and vertical augmentation. There are various techniques and methods through which implant site development can be attained. ARP has been shown to minimize horizontal and vertical bone loss, promote favorable healing, and decrease the incidence of peri-implant complications (Pye et al., 2009)

2. methodology 
[bookmark: _Hlk190385495]The search strategy for selecting research papers included a digital search in online databases like Medline (PubMed), Google Scholar, Scopus, and Cochrane for research works conducted between 1982 and 2025. A manual search for the articles was also conducted on Google for relevant topics. Keywords such as “implant site development,” “ridge augmentation,” “alveolar ridge preservation,” and “sinus lift” were used. Electronic database searches were performed using Boolean operators: implant site development, alveolar ridge preservation, bone grafting, root submergence technique, sinus floor augmentation, extraction socket preservation, ridge splitting technique, guided bone regeneration, immediate implant placement, and sinus lifting. Inclusion criteria include studies that focus on alveolar ridge preservation techniques, and study designs included were randomized controlled trials, systematic reviews, and meta-analyses with publications in the English language only. Studies were excluded if they were published in languages other than English or if they constituted grey literature. The search resulted in 403 articles, from which the titles and abstracts were read. After eliminating irrelevant and duplicate articles, it resulted 65 articles.
The following questions were formulated and discussed in this narrative review:
1) What are the different ridge preservation techniques available?
2) What are the advantages and disadvantages of ARP?
3) What are the recent biomaterials and bone substitutes used in the ARP?
4) What is the current evidence-based concept regarding ARP? 

3. discussion

3.1 Alveolar ridge preservation
[bookmark: _Hlk192871956]The terms Alveolar Ridge Preservation and Extraction socket preservation (ESP) are used synonymously (Y.-K. Kim & Ku, 2020). The difference is that ESP sockets are filled with bone substitute material and/or sealed with membranes, whereas in ARP, damaged extraction sockets are also included (Willenbacher et al., 2016). ARP is a technique used to minimize alveolar bone loss and maintain the alveolar ridge after tooth extraction, and with the help of various methods and bone grafting materials, it can contribute to the conservation of the quality and quantity of bone (Fok & Jin, 2024; Y.-K. Kim & Ku, 2020). However, it is important to note that ARP can only decrease but cannot prevent post-extraction changes. A careful examination of the extraction region is required to decide whether maintaining the socket is needed, and the evaluation should consider the position of the final implant and the available space for a proper emergence profile (Dayakar et al., 2018; Fok & Jin, 2024). It is not recommended for all patients; for instance, posterior teeth with an intact socket and adequate basal bone height may not benefit from this procedure. Therefore, through the selection of appropriate candidates and the proper use of ARP, clinicians can improve the preservation of the bone and the chances of dental implant placement in the future (Fok & Jin, 2024). The most common ARP technique is the placement of grafts in the extraction socket and then covered with a membrane and flap to obtain primary closure (Y.-K. Kim & Ku, 2020). There is no evidence that one ridge preservation technique or material is more effective than others. (Apostolopoulos & Darby, 2017). And there is general agreement that implants can be placed after four to six months of ARP (Jayaraman, 2015; Y.-K. Kim & Ku, 2020).
ARP is indicated in situations where implant placement should be delayed after tooth extraction, in areas where minimizing resorption is critical as in aesthetically important areas or posterior sites with proximity to anatomically important structures, when expected alternative augmentation procedures or immediate implant placement are not compatible with the patient’s expectation or practitioner’s preference, and in cases where single tooth loss causes marked ridge resorption (Fok & Jin, 2024; MacBeth et al., 2017). ARP enables the achievement of primary stability after placing the implant, enables the implant osseointegration in ridge-preserved sites, reduces the alveolar bone loss, reduces the need for additional bone grafting and sinus augmentation procedures, improves survival and success rates of implants, and improves the esthetic outcome of the final prosthesis (Apostolopoulos & Darby, 2017; Fok & Jin, 2024; Y.-K. Kim & Ku, 2020; MacBeth et al., 2017; Pagni et al., 2012; Vignoletti et al., 2012; Willenbacher et al., 2016).
There are various techniques and methods through which implant site development can be attained, such techniques include bone grafting alone or in combination with Guided Bone Regeneration (GBR), Socket Seal Surgery (SSS), Maxillary Sinus Floor Augmentation (MSFA), Immediate Implant Placement (IIP), socket shield technique, Distraction Osteogenesis (DO), Forced Orthodontic Eruption (FOE), the ridge split technique, and the root submergence technique.
3.1.1 Guided Bone Regeneration (GBR)
GBR techniques employ barrier membranes to halt gingival cells from penetrating the region to be regenerated (Y.-K. Kim & Ku, 2020; Willenbacher et al., 2016). According to Pinho et al (Pinho et al., 2006) space maintenance is more crucial than grafting materials. Barrier membranes minimize alveolar bone resorption, and it has been shown by many studies that grafts combined with membranes result in more bone formation than grafts alone. The main idea of using bone grafts together with barriers is that it might cause rapid bone formation inside the extraction sockets, utilizing a double mechanism (Y.-K. Kim & Ku, 2020; Mardas et al., 2023; Moy & Aghaloo, 2019; Pagni et al., 2012; Chen et al., 2022). Regardless of the approach selected, all techniques must meet three main principles of regeneration: healing by primary intention, space provision, and wound stability (Vignoletti et al., 2012). Membranes allow adequate bone formation to support implants (Donos et al., 2023; Gallo et al., 2022; S. Kim & Kim, 2024; Y.-K. Kim & Ku, 2020; Wang & Lang, 2012). A summary of the classification, advantages, and disadvantages of membranes is given in Table 1.
TABLE 1: Summary of classification, advantages, and disadvantages of membranes
	Summary of classification, advantages, and disadvantages of membranes

	Membrane
	Advantages                                   
	Disadvantages

	Resorbable (Collagen; polymeric - PLGA, poly (d,l) lactic acid)
	Biocompatible, Easier handling, Cell-occlusive/porosity, Biodegradable
	No space maintenance, Early resorption, and Inflammatory body reactions.

	Non-resorbable (ePTFE, dPTFE, Ti-d-PTFE, Ti-mesh)  
	Biocompatible, Cell-occlusive/porosity,
Space making, Resist soft tissue compression,
Vertical bone augmentation and repair of large defects are possible. 
	Difficult handling, Need second surgery for removal, Membrane exposure


	[bookmark: _Hlk192872216]PLGA, Polylactic glycolic acid; ePTFE, expanded polytetrafluoroethylene; dPTFE, high-density polytetrafluoroethylene; Ti-dPTFE, Titanium-reinforced high-density polytetrafluoroethylene; Ti-mesh, Titanium mesh



3.1.2 Grafting
Graft material functions as a space maintainer and scaffold to stabilize blood clots and protect the site from external destabilizing factors, facilitating osteoconduction, progressive mineralization, and eventual graft replacement with host tissue. Types of grafts are given in Table 2. It’s better to do socket grafting procedures at the time of extraction, as it can prevent future sinus lift procedures in the case of the maxillary arch (Fok & Jin, 2024; Pagni et al., 2012).
TABLE 2: Types of Grafts and their examples
	[bookmark: _Hlk192860515]Types of Grafts and their examples

	Grafts
	Description 
	Examples                                  

	Autografts

	Bone grafts from the same individuals
	Block graft and particulate graft from intra- or extra-oral sites; DDM; APDDM; AWTG

	Allografts

	Bone graft from a genetically different member of the same species.
	Fresh frozen bone, FDBA, DFDBA, DBM.

	Xenografts
	Bone substitutes from different species
	Bovine (DBBM, ABB), Porcine (cortico-cancellous porcine bone), Equine, Coralline, and Algae

	Alloplasts

	Synthetic, non-human materials

	HA, β-TCP, calcium silico-phosphate, PLGA, Bioactive glasses, Polymers, Titanium particles

	Growth factors/ Bioactive materials 
	Biologically active substances

	Growth factors (rhBMP-2, rhPDGF-BB), ABPs, platelet concentrates (PRP, A-PRF, L-PRF), EMD - amelogenins, Synthetic variants (HA, Tricalcium phosphate), Putty P15, TRCs, PCL, BMAC®

	Composite grafts
	A combination of different graft materials
	Autogenous + xenograft/alloplastic; allograft + alloplastic; growth factors + allograft/xenografts

	[bookmark: _Hlk192872239]DDM, demineralized dentin matrix; APDDM, autogenous partially demineralized dentin matrix; AWTG, autogenous whole tooth graft; FDBA, freeze-dried bone allograft; DFDBA, demineralized freeze-dried bone allograft; DBM, demineralized bone matrix; DBBM, deproteinized bovine bone mineral; ABB, anorganic bovine bone; HA, hydroxyapatite; β-TCP, beta-tricalcium phosphate; PLGA, poly-lactic-glycolic acid; rhBMP-2, recombinant human bone morphogenetic protein-2;  rhPDGF-BB, recombinant human Platelet-Derived Growth Factor; ABPs, autologous blood products, PRP, platelet-rich plasma; PRF, platelet-rich fibrin; A-PRF, advanced platelet-rich fibrin; L-PRF, leukocyte rich platelet-rich fibrin; EMD, enamel matrix derivatives; HA, Hydroxyapatite;  Putty P15, synthetic cell binding peptide P-15; TRC, Tissue repair cells; PCL, Polycaprolactone; BMAC, Bone Marrow Aspirate Concentrate



The material's selection is determined by the desired biological activity, such as bone formation, space maintenance, resorption rate of the material, and the patient's psychological and religious beliefs (Moy & Aghaloo, 2019). Advantages and disadvantages of grafts are given in Table 3.
TABLE 3: Advantages and disadvantages of grafts
	Advantages and disadvantages of grafts

	[bookmark: _Hlk185839614]Grafts
	Advantages
	Disadvantages 

	Autografts


	Osteogenic, osteoinductive, osteoconductive, no disease transmission or immunogenicity
	Additional harvesting procedure, Donor site morbidity, limited quantity, increased operative time, Higher rate of resorption

	Allografts




	Osteoinductive, osteoconductive, unlimited quantity, eliminate donor site morbidity, reduce treatment duration, various shapes, dimensions, and particle size available, relative availability
	Risk of infection, immune rejection, and disease transfer, religious concerns, very slow resorption rate, thus limits total volume of new bone formation; cannot be used in larger defects; remnant residual graft particles

	Xenografts



	Osteoconductive scaffold, unlimited quantity, eliminates donor site morbidity, reduces treatment duration, high availability
	Delay in new bone formation; Risk of prion disease transmission, religious concerns, remnant residual graft particles in the site; heightened pain perception

	Alloplasts


	Osteoconductive, unlimited quantity, no donor site morbidity, shorter surgical time, can be 3D printed, and can be tailor-made according to requirements.
	Remnant residual graft particles; limited space maintenance property; 

	Growth factors/ Bioactive materials 



	High rate of mineralized tissue formation; eliminates the need for bone harvesting, donor site morbidity, and complications; avoids damage to adjacent teeth and anatomic structures; reduces treatment duration and amount of graft material needed.
	Dose-dependent effect, contraindicated in patients with allergies, pregnant women, in infection or tumor; risk of root resorption and ankylosis of adjacent teeth, and developing neoplastic lesions



3.1.3 Socket Seal Surgery (SSS)
Landsberg (Landsberg, 2008; Landsberg & Bichacho, 1994) and Bichacho (Landsberg & Bichacho, 1994) introduced the concept of SSS. SSS employs either a barrier membrane (GBR) or a soft tissue graft (autogenous or exogenous) to fasten the entrance of the socket with or without a bone graft or substitute (Landsberg, 2008; López-Pacheco et al., 2021). It is often used for managing extraction socket wounds, which have to be primarily sutured to encourage bone regeneration. The process involves placing a round-shaped epithelial tissue graft, obtained from the palate or a membrane of the same dimensions as the alveolus to be preserved (López-Pacheco et al., 2021). The materials used in SSS are listed in Table 4. 
TABLE 4: Materials used in the Socket seal technique
	Type
	Example

	Resorbable
	[bookmark: _Hlk192872313]Free gingival graft (FGG);
Collagen matrix (CM);
Collagen sponge (CS);
Acellular dermal matrix (ADM).

	Non-resorbable
	expanded polytetrafluoroethylene (ePTFE);
dense polytetrafluoroethylene membrane (dPTFE)



[bookmark: _Hlk175072178]The ideal width of the epithelial graft should be 2mm and should be sutured with 6-0 gauge.(Landsberg, 2008) SSS is preferable in cases with >1mm buccal table thickness, where bone filling may not be imperative.(Apostolopoulos & Darby, 2017; Fok & Jin, 2024; López-Pacheco et al., 2021)  
Advantages: Early graft integration (>50%) after 6 weeks, aesthetically acceptable color, maintains and increases the keratinized tissue, limits post-operative external contour shrinkage
Disadvantages: partial or complete necrosis of the graft
3.1.4 Sinus floor elevation/ Sinus lifting/ Maxillary Sinus Floor Augmentation (MSFA)
Inadequate bone in the maxillary region necessitates the need for sinus augmentation techniques to place implants (Saleh et al., 2025). Sinus lift procedures can be performed using either a single-stage where implants are placed simultaneously, or a dual-stage method, where implants are placed after bone augmentation. The traditional sinus lift (lateral window) was given by Tatum (Tatum, 1986) in 1975. Summers (Summers, 1994) introduced the trans-alveolar methods (crestal osteotome) in 1994, offering a less invasive alternative to traditional sinus lifts. The procedure involves entering the sinus via a lateral window and then gently raising the membrane to facilitate implant placement. Graft materials are often used to fill the space created during sinus lifting, but certain research suggests that non-grafted procedures can also be done (Alshamrani et al., 2023; Fok & Jin, 2024; Li & Wang, 2008; Nasr et al., 2016). 
Indications: Residual bone height: if >5mm, trans-alveolar approach is used; if height is severely reduced, lateral window technique is utilized; Schneiderian membrane of 1-2mm; Absence of sinus septa; Alveolar-antral artery of <1mm diameter; Multiple adjacent missing teeth. 
Contraindications: Residual bone height of less than 2mm; Schneiderian membrane of <0.8mm or >3mm; Presence of one or more incomplete or longitudinal sinus septa; Alveolar-antral artery of >2mm diameter; Single missing tooth
Advantages: A height of up to 9mm can be achieved; Using a piezoelectric tip can reduce membrane perforation; High implant survival rates (>95%)
Disadvantages: Perforation of the Schneiderian membrane (most common); Postoperative infection; Sinusitis; Graft exposure/loss of graft particles; Swelling; Haemorrhage of alveolar-antral artery
3.1.5 Immediate Implant Placement (IIP)
[bookmark: _Hlk192872056]Lazarra(Lazzara, 1989) gave the concept of IIP in 1989. It means the placement of implants immediately post-extraction (Laney, 2017). Usually, bone grafting must be combined with IIP to eliminate peri-implant bone defects. IIP is categorised as a complex procedure, based on the SAC (Straightforward, Advanced, Complex) categorization system. It is the therapy of choice in sites with ideal clinical conditions. At least a 2mm gap must be there between the implant and the internal aspect of the facial bone, advised to facilitate bone graft placement and blood clot formation. IIP can be refined using techniques like socket shielding or socket sealing to enhance outcomes and minimize complications (Dhami et al., 2019; S. Kim & Kim, 2024; Laney, 2017).
Indications: Intact facial bone wall; Thick wall phenotype (>1mm); Thick gingival biotype; Absence of acute infection in the extraction site; Sufficient bone volume apically and palatally; Tooth extraction due to trauma, root fracture, root perforation, and unfavorable crown-to-root ratio.
Contraindications: Dehiscence or fenestration defects of facial bone; Loss of bone during extraction; Periodontal disease.
Advantages: Reduced number of surgical interventions; Reduced treatment time; Better patient acceptance
Disadvantages: Lower implant survival; Difficulty in achieving primary stability; Difficulty in managing soft tissue aesthetics; Facial malpositioned implants; Flattened soft tissue contours
3.1.6 Socket shield technique 
Hurzeler(Hürzeler et al., 2010) and colleagues developed the Socket shield technique, which is derived from the concept that the root piece preserved around an immediately placed implant can minimize bone resorption. It exhibited effective conservation of the buccal bone and favorable osseointegration of implants. It is frequently performed in the aesthetic zone, and he postulated that a 1.5mm thick root fragment must be left on the buccal aspect of the proposed implant site to ensure optimal results (Blaschke & Schwass, 2020; Dayakar et al., 2018). 
Advantages: Reduces the need for invasive bone grafts; Subtle facial changes
Disadvantages: Clinical data to support this technique is very limited; Socket shield exposure (most common); Socket shield resorption; Peri-implantitis; Implant non-integration or failure
3.1.7 Ridge Split Procedure (RSP)
RSP is a minimally invasive procedure originally developed by Dr. Hilt Tatum(Tatum, 1986) and later revised by Simion and Scipioni (Scipioni et al., 1994). Involves cutting the ridge to increase its width and bone volume, enabling implant placement in the narrow ridges (Misch, 2004; Tolstunov & Hicke, 2013). The split depth is calculated according to the implant fixture length and the position of the anatomical structures. A guideline for ridge augmentation after RSP is the "7-8-9-10 rule," which should provide at least 7-8 mm of bone width and 9-10 mm of bone height. Due to variations in bone density, RSP is often carried out in two stages for the mandibular arch and in a single stage for the maxillary arch. It allows for simultaneous implant placement or placement of the implants four to six months following the surgery, with an overall implant survival rate of 97% (Tolstunov & Hicke, 2013). 
The three surgical principles involved with this method are:(Cullum, 2008; Isola et al., 2022; Tolstunov & Hicke, 2013)
- Bone density influences the feasibility of expansion, the probability of complications, and the success rate of the procedure. 
- Preservation of the periosteal vascularization to the buccal cortical plate 
- Wound healing occurs by secondary intention
Indications: Horizontal bony augmentation; Insufficient ridge width with sufficient ridge height; Collapsed alveolar ridge with less than 5mm width
Contraindications: Insufficient bone height; Poor oral hygiene; Acute infection; Systemic diseases; Smoking
Advantages: No need for a second (donor) surgical site; Decreased risk of inferior alveolar nerve injury; Less pain and swelling; Simultaneous implant placement; Reduced treatment time and short recovery time; Preservation of the bone’s natural architecture; Minimized patient trauma
Disadvantages: Fracture of the osteotomized segment (most common); Infection; Uncontrolled bleeding; Neurosensory complication
3.1.8 Distraction osteogenesis (DO)
DO was described by Codivilla (Codivilla, 2008), later improvised by Illizarov (Ilizarov et al., 1980), and Block (Block et al., 1993) et al. DO allows augmentation of alveolar ridge height and new bone formation. It is based on the principle of secondary wound healing. DO involves an osteotomy that distracts a bone segment from the basal bone at the rate of 1mm/day and allows the new bone to fill the distraction gap. Proper distraction rates are crucial. Too rapid distraction causes non-union, and too slow distraction causes premature union. Implant survival rate up to 90-100% reported (Isola et al., 2022; Moy & Aghaloo, 2019; Sumra & Kulshrestha, 2017). 
Advantages: Decreased treatment time/ shorter waiting time for placing implants (3-12 weeks); Vertical augmentation possible (5-15 mm); Reduced bone resorption; No need for a second (donor) surgical site; Low morbidity and infection rates; Simultaneous sinus lifting is possible; Simultaneous augmentation of soft tissues with bone; Possibility to avoid bone grafts, blood transfusions, membrane exposure, and inter-maxillary fixation
Disadvantages: Fracture of the mandible or transport segment; Breakage of the distractor; Difficulty completing the osteotomy on the lingual side; Incorrect direction of distraction; Perforation of the mucosa by the transport segment; Suture dehiscence; Bone formation defects; Pain during activation of the distraction device
[bookmark: _Hlk173418801]3.1.9 Forced Orthodontic Eruption	
Pioneered by Salama and Salama (Salama & Salama, 1993), it is a technique that refers to the controlled movement of the entire tooth and its attachment apparatus in a coronal direction, using gentle and gradual forces (Alsahhaf & Att, 2016; Amato et al., 2012; Korayem et al., 2008; Salama & Salama, 1993). Korayem (Korayem et al., 2008) et al. highlight that three crucial factors influence the outcome: the amount, direction, and rate of force applied (Korayem et al., 2008). Optimal forces are light and constant (15 g for the anterior teeth and 50 g for the posterior teeth), with the maximum rate of movement limited to 2 mm/month (Alsahhaf & Att, 2016; Arun & Shreemogana, 2018; Isola et al., 2022). Immediate post-extractive implant placement is recommended to preserve the hard and soft tissue volume gained through the orthodontic extrusion (Amato et al., 2012; Arun & Shreemogana, 2018; Isola et al., 2022; Korayem et al., 2008). 
Advantages: Increase in the dimensions of the attached gingiva and bone; High implant survival rate of 96%; Bone augmentation (70% success rate); Gingival augmentation (65% success rate); The amount of regenerated bone was not affected by the limited residual attachment level on the tooth to be extruded. 
Disadvantages: Prophylactic endodontic therapy is necessary to prevent pulp damage and ensure the procedure's success; Longer treatment time (9 to 18 months); The only limitation to vertical augmentation is the interarch space. 
3.1.10 Root submergence technique
Decoronation is done to leave the root intact, which preserves the alveolar ridge and allows for pontic site development or ridge support. It is a form of therapy known as partial extraction (PET) (Du Toit et al., 2023; Von Wowern & Winther, 1981). 
Advantages: Preserve the buccal bone and minimize ridge resorption after extraction; Reduce the need for complex and invasive augmentation procedures; Maintain soft-tissue stability and deliver exceptional aesthetic results.
Disadvantages: Root exposure; Dehiscence; Incomplete soft tissue coverage.
3.2 CATEGORIZATION OF IMPLANT SITE DEVELOPMENT TECHNIQUES
These multiple techniques have been grouped under different categories:
· Biological augmentation techniques: GBR, grafting, growth-factor and stem-cell based techniques
· Mechanical expansion techniques: ridge splitting, DO, sinus lifting
· Hard-tissue augmentation techniques: GBR, grafting, sinus lift, ridge split, distraction osteogenesis.
· Soft-tissue augmentation techniques: socket seal surgery, socket shield technique, soft tissue grafting. 
· Immediate approaches: immediate implant placement, socket shield technique
· Delayed approaches: GBR, DO, Sinus lift, Grafting, ridge split.

3.3 COMPARATIVE EVALUATION AND CRITICAL APPRAISAL OF ARP MATERIALS AND TECHNIQUES
Current literature indicates that no single ARP material performs best in every situation, and outcomes are largely shaped by factors such as socket morphology, buccal plate thickness, esthetic demands, and the amount of remodeling required. ( Aribau-Gumà et al., 2022).

Overall, choosing a material should be based on the specific defect and clinical priority:
· Allograft, alloplast, or ATB may be preferred when faster remodelling and greater vital bone formation are desirable (De Risi, et al., 2015).
· Xenograft with a membrane remains the most predictable option for thin buccal plates and esthetic-zone sockets where contour stability is critical (MacBeth et al., 2020).
· PRF or collagen alone may be used in small, well-contained sockets where the focus is on soft-tissue quality rather than maximal dimensional preservation (De Risi et al., 2015).
· GBR or block grafting is required for severe ridge defects that exceed the capability of ARP

3.4 RECENT ADVANCES IN MATERIALS USED FOR ISD
Some recent advancements in materials used for implant site development include Patient-specific titanium mesh, injectable bone repair materials, Such as calcium phosphate cement, bioactive glasses, and nanocomposite hydrogels, and 3D bone repair materials, Such as the MSC-EC-F127DA system.(Guo et al., 2023; S. Kim & Kim, 2024) other recent inventions in this field includes, biomimetic scaffolds reinforced with nanostructured hydroxyapatite-collagen composites, graphene-based biomaterials, and biologically active agents such as concentrated growth factor (CGF) and stem-cell–derived exosomes has the ability to accelerate and enhance overall outcomesw (Lv et al., 2023; Wang et al., 2022; Parvini et al., 2020).

3.5 ALTERNATIVES TO ISD
The edentulous site is often characterized by unfavorable bone topography, compromising three-dimensional implant position. There are alternatives to bone augmentations like short dental implants (SDIs), narrow dental implants (NDIs), tilted dental implants, and zygomatic implants that can provide graft-less solutions, but long-term evidence is still lacking and should be used cautiously.(Hoefler & Al-Sabbagh, 2019)

4. CONCLUSION
Accurate diagnosis is more crucial than the treatment provided, as post-extraction dimensional changes can vary significantly between individuals and even between different extraction sockets in the same patient. Augmentation procedures are technically demanding and require specialized training and expertise for dental practitioners. It's essential to acknowledge the substantial heterogeneity in study results, and these techniques should be applied with caution. Currently, there is no consensus on the most favorable biomaterial or surgical procedure, and a lack of standardized protocols and long-term clinical data hinders the establishment of efficacy and safety. Therefore, a careful and individualized approach is necessary.
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Abbreviations

ISD - Implant Site Development
ARP - Alveolar Ridge Preservation
GBR - Guided Bone Regeneration
SSS - Socket Seal Surgery 
MSFA - Maxillary Sinus Floor Augmentation 
IIP - Immediate Implant Placement  
DO - Distraction Osteogenesis 
FOE - Forced Orthodontic Eruption
OHRQoL - Oral Health-Related Quality of Life 
ESP - Extraction socket preservation
BTE - Bone Tissue Engineering 
SAC - Straightforward, Advanced, Complex
PLGA - Polylactic glycolic acid
ePTFE - expanded polytetrafluoroethylene
dPTFE - high-density polytetrafluoroethylene
Ti-dPTFE - Titanium-reinforced high-density polytetrafluoroethylene
Ti-mesh - Titanium mesh
DDM - demineralized dentin matrix
APDDM - autogenous partially demineralized dentin matrix; 
AWTG - autogenous whole tooth graft; 
FDBA - freeze-dried bone allograft; 
DFDBA - demineralized freeze-dried bone allograft; 
DBM - demineralized bone matrix; 
DBBM - deproteinized bovine bone mineral; 
ABB, anorganic bovine bone; 
HA - hydroxyapatite; 
β-TCP - beta-tricalcium phosphate; 
PLGA - poly-lactic-glycolic acid; 
rhBMP-2 - recombinant human bone morphogenetic protein-2;  
rhPDGF-BB - recombinant human Platelet-Derived Growth Factor; 
ABPs - autologous blood products, 
PRP - platelet-rich plasma; 
PRF - platelet-rich fibrin; 
A-PRF - advanced platelet-rich fibrin; 
L-PRF - leukocyte-rich platelet-rich fibrin; 
EMD - enamel matrix derivatives; 
HA - Hydroxyapatite;  
TRC - Tissue repair cells; 
PCL - Polycaprolactone; 
BMAC - Bone Marrow Aspirate Concentrate
FGG - Free gingival graft 
CM - Collagen matrix
CS - Collagen sponge
ADM - Acellular dermal matrix
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