Brief Overview and Comparison of Hard Tissue Grafts used in Periodontics
Autogenous Bone Graft
  	Autogenous bone grafting from an intraoral source to repair osseous defects as a result of periodontal disease was first attempted by Hegedus in 1923 [1,2].  Autogenous bone grafting was revived by Nabers and O’Leary in 1965 by utilizing cortical bone shavings applied to the surgical site [3]. The resulting autogenous bone graft provided an increase in bone height coronally [4].
	Another type of autogenous bone graft described by Robinson in 1969 involves a mixture of bone powder and blood referred to as osseous coagulum.  Two major disadvantages to osseous coagulum were the inability to use aspiration while placing the mixture and the questionable quality and quantity of bone particles in the mixture [5].  Other intraoral autogenous bone grafts include: (1) a bone blend technique where a combination of cortical and cancellous bone is triturated into a workable mass that can be packed into osseous defects, (2) a bone swaging technique where bone from an edentulous area adjacent to the osseous defect is pushed into contact with the root surface while keeping the bone at the base of the edentulous area intact, and (3) cancellous bone obtained from healing sockets, edentulous areas, and maxillary tuberosity [2].
	Between 1968 and 1972, Schallhorn, et al., used iliac bone marrow biopsy and iliac cancellous bone for treatment of furcation and osseous defects and were able to gain as much as 3 to 4 mm in crestal bone [6,7,8].  In addition to the added risk, time, and expense associated with the surgical procedure required to obtain iliac autogenous grafting material, there is also the problem that grafting material obtained from the iliac contains the monoblastic precursor to osteoclasts so that resorption may be observed when the graft is placed adjacent to a tooth root [4].  Autogenous bone grafts are the gold standard for hard-tissue grafts because of its osteogenic, osteoconductive, and osteoinductive properties, as well as no risk of host rejection, infection transmission, and minimal inflammatory response [4].  However, the risk of infection, inflammation, and ongoing pain at the donor site presents a problem, whether the source is intraoral or extraoral.  A systematic review and meta-analysis was conducted by McKenna, et al., to compare iliac autogenous grafts to intraoral autogenous grafts on implant survival.   Out of the 23 studies that were included in the systematic review, 14 provided implant survival data.  Based on implant survival, significantly longer implant survival was observed for implants with intraoral autogenous grafts compared to implants with iliac autogenous grafts. Significantly better survival for implants placed with intraoral autogenous grafts compared to implants placed with iliac autogenous grafts was observed for 6 months, 12 months, 24 months, 60 months, and 120 months.  At 6 months, dental implants placed with intraoral autogenous bone grafts had a 98.4% survival rate compared to 95.8% survival rate for dental implants placed with iliac autogenous bone grafts.  At 120 months, dental implants placed with intraoral autogenous bone grafts had a 95.2% survival rate compared to 88.8% survival rate for dental implants placed with iliac autogenous bone grafts [9].
Allograft
	An allograft is bone from a genetically dissimilar individual of the same species.  The two most common types of bone allografts used in periodontics are (1) Freeze-Dried Bone Allograft (FDBA) and (2) Demineralized Freeze-Dried Bone Allograft (DFDBA).  Mellonig, et al., published some of the early studies of allograft (FDBA and DFDBA) applied to periodontics [10,11].  Initial studies by Mellonig, et al, involved FDBA with later studies including DFDBA with significantly better results obtained from DFDBA compared to FDBA [12].  In another study by Sanders, et al., osseous defects were randomly treated with either FDBA or a composite of FDBA and autogenous bone with the composite of FDBA and autogenous bone providing significantly better results [13].  In a systematic review of bone grafting materials, autogenous bone grafts were found to have significantly more vital bone and less soft connective tissue compared to allogenic bone grafts [14].  
Allografts are the most frequent alternative to autogenous bone for bone grafting procedures in periodontics in the United States [15].  A DFDBA has an osteoconductive surface and osteoinductive factors.  For FDBA and DFDBA, the freeze-drying process drastically reduces the risk of disease transmission and antigenicity [2].
Xenograft
	A xenograft is bone obtained from a different species than humans.  Three sources of xenografts used in periodontics are: (1) bovine-derived bone xenograft, (2) natural coral, and (3) porcine-derived bone and collagen xenografts.  Bovine bone and natural coral are structurally similar to human bone and are biocompatible to human bone [16].  
Bovine-derived xenograft consists of deproteinized, sterile bovine bone with 75-80% porosity and a crystal size of approximately 10 mm in the form of cortical granules.  Examples of bovine-derived xenograft include Bio-Oss® (Osteohealth Co., Shirley, NY) and Osteograf/N® (CeraMed Dental, LLC, Lakewood, CO).  The advantages of bovine-derived xenografts are the following: (1) it is easily manipulated and (2) it has predictably positive results when proper surgical technique is utilized [17,18].  Since some European countries restrict the importation of human-derived hard tissue grafting material, this is another advantage of xenografts.  The disadvantages include the following: (1) the potential for antigenicity, and (2) possible disease transmission, such as bovine spongiform encephalopathy in the United Kingdom (i.e., “mad cow disease”), although the risk of disease transmission from xenografts is relatively low [19].  
Porcine-derived collagen is obtained from healthy pigs [2].  Porcine-derived hard tissue xenografts with a particle size of 250-1000 µm are available as MinerOss XP® (Biohorizons, Birmingham, AL).  Porcine-derived hard tissue xenografts and porcine-derived collagen xenografts resulted in less ridge resorption following extraction compared to extraction sites not treated with porcine-derived bone or porcine-derived collagen xenografts [17].  A randomized controlled clinical trial was conducted to compare the histological and dimensional properties of ridge preservation with porcine-derived xenografts versus bovine-derived xenografts.  Porcine-derived xenografts resulted in similar dimensional stability and histological properties as bovine-derived xenografts.  While no statistically significant differences between the porcine-derived xenograft group and bovine-derived xenograft group were detected in terms of new bone formation, more implants in the porcine-derived xenograft group required additional hard tissue grafts at the time of implant placement [20].
Coralline calcium carbonate is a natural coral xenograft derived from the exoskeleton of coral and marketed as Biocoral® (Inoteb, Saint Gonnery, France).  In a clinical trial that compared bovine-derived xenograft, coral-derived xenograft, and a synthetic sponge graft based on polylactic-polyglycolic acid technology was conducted.  The synthetic sponge graft had significantly less residual biomaterial at 2 months at 5.6%±8.9% compared to the coral-derived xenograft with 12%±16.4% and the bovine-derived xenograft with 20.2%±17%.  All grafts provided primary stability and rigidity for implant placement [21].
Alloplast
	An alloplast is a completely synthetic or inorganic hard-tissue grafting material.  Alloplasts are classified by ability to be bioabsorbable.  Bioabsorbable materials include ceramics, β‑tricalcium phosphate, hydroxyapatite (HA), carbonate apatite (CA), calcium sulfate (CS), and calcium carbonate (CC).  Non-bioabsorbable materials include porous hydroxyapatite (porous HA), dense hydroxyapatite (dense HA), bioglass (BG), and a calcium‑coated polymer of hydroxyl ethyl methacrylate and polymethyl methacrylate (PMMA).  Since alloplasts are synthetic, risk of antigenicity and disease transmission is virtually eliminated.  In addition, alloplasts are biocompatible, long-term resorbable with replacement by host bone, available in particulate and molded forms, easy to manipulate, no growth of oral pathogens, nonallergenic, and positive clinical results, such as reduction in probing depths, increased clinical attachment levels, and hard tissue fill of intra-bony defects.  The disadvantages of alloplasts include longer recovery time, variability in repair, unpredictable outcome, and greater expense [2].
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