
IOSR Journal of Dental and Medical Sciences (IOSR-JDMS)  

e-ISSN: 2279-0853, p-ISSN: 2279-0861.Volume 23, Issue 2 Ser. 6 (February. 2024), PP 01-09 

www.iosrjournals.org 

 

DOI: 10.9790/0853-2302060109                             www.iosrjournals.org                                                1 | Page 

The Evolution Bone Grafts In Periodontal Surgery 
 

Dr. Shinu M.D.S, Dr. Sanjeev Jain M.D.S, Dr. Divya Saxena M.D.S 
Department Of Periodontology, 

Guru Nanak Dev Dental College And Research Institute, Sunam, Punjab, India 

 

Abstract 
The health of teeth and supporting structures is object central to the modern day periodontics. To replace the 

diseased alveolar bone, a variety of bone replacement materials are used. These can be further categorized into 

: bone graft substitutes and non bone graft substitutes. We in this particular review will focus on bone graft 

substitutes, their types, evolution, processing and biological response towards them. 
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I. Introduction 
Periodontal pocket formation is the result of inflammation of supporting tissues of tooth caused by 

specific microorganisms present in the dental plaque. It often leads to the formation of periodontal bone defects. 

These bone defects formed in periodontal disease are not uniform. They are either ‘horizontal’ or ‘vertical’ or 

‘most commonly combination of both’. 

The successful periodontal treatment mainly focus on two aspects, one is prevention of the disease and 

other is restoration of the lost periodontal tissue. The disease progression is prevented by performing scaling and 

root planing and the hard tissue destruction is treated either by surgical resection or by regenerative procedures. 

However, regeneration of the periodontium reduced by periodontitis is an object central to periodontal treatment. 

Reconstructive techniques can be subdivided into, non bone graft-associated and bone graft-associated new 

attachment or combination of these two methods can be used. Various bone materials such as autografts, 

allografts, xenografts, and alloplasts have demonstrated regenerative potential and have been successfully used 

in the treatment of osseous defects. 

This article is aimed towards discussing various bone graft materials, their evolution, processing, 

biological response of the tissue towards graft and factors that lead to successful graft incorporation. 

 

II. Bone grafts can be classified based on: 93 
Based on source of donor. 

1. Autogenous bone graft 

2. Allogenic bone graft 

3. Isogenic bone graft 

4. Xenografts 

5. Composite grafts 

 

Based on nature/structure of bone: 

1. Cancellous bone grafts 

2. Cortical bone grafts 

3. Corticocancellous grafts- Blocks 

 

Based on form 

1. Blocks 

2. Cortical 

3. Corticocancellous 

4. Particulate 

5. Cortical 

6. Corticocancellous 

7. Mixture of both 

 

Based on the vascularity 

1. Non vascularised bone graft 
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2. Vascularised bone graft 

3. Pedicled 

4. Microvascular free transfer 

 

Based on function 

1. Bridging graft or inlay graft 

2. Reconstruction graft Contour graft- onlay graft 

 

Laurencin et al  (2006) classification of grafts and graft substitutes: 

1. Harvested bone grafts and graft substitutes 

2. Autogenous bone grafts 

3. Allogenic bone grafts 

4. Growth factor-based bone graft substitutes 

5. TGF-β, PDGF, FGF, BMP 

6. Cell-based bone graft substitutes 

7. Mesenchymal stem cells 

8. Ceramic-based bone graft substitutes 

9. Calcium hydroxyapatite (HA) 

10. Tri-calcium phosphate (TCP) 

11. Bioactive glass 

12. Calcium phosphate cement 

13. Calcium Sulfate 

14. Polymer-based bone graft substitutes 

15. Open porosity polylactic acid polymer 

16. Miscellaneous 

17. Coral 

18. Chitosan and Sponge skeleton 

 

III. History And Evolution Of Bone Graft 
The use of bone grafts in periodontal therapy can be traced to the work of Hegedus (1923).67 He used 

autogenous bone from the tibia to the jaws to treat bone defects caused by periodontal disease. Followed by work 

of Hegedus, the evaluation of bone grafts from other sources became the main focus of attention. Buebe FE and 

Silvers HF (1936)110 used boiled cow bone powder to treat the intrabony defects successfully in humans. Later 

Forsberg H (1956)39 used Os purum material (i.e ox bone that is treated with potassium hydroxide, acetone and 

salt solution) in 11 human intrabony defects. 

Melcher AH (1962)77 grafted 187 bone defects in 163 patients with anorganic bone. This is a bovine 

bone from which the organic material is extracted by means of ethylenediamine and autoclaved. He found that 

the long term sequestration of the graft material and slow resorption were reduced with the use of anorganic bone. 

Patur B and Glickman I (1962)98 got similar results with use of anorganic bone. Boplant was graft procured 

from bovine bone in late 1960s. It was prepared by detergent extraction of the bone from the soft tissue, immersion 

of the bone in chloroform methanol solution to reduce lipid content, sterilization of the processed bone in 

propiolactone, and then it was freeze dried. In 77 intraosseous defects in 56 patients, Scopp IW et al (1966)117 

reported that the use of boplant resulted in pocket depth reduction of 3 mm at 6 months and 4mm after one year. 

But the results noted in widespread clinical use of boplant followed by these reports were not coherent with the 

studies. They basically resulted in routine rejection and failure of the graft. Boplant was subsequently withdrawn 

from the market. 

As autografts are considered to be gold standard, various researchers have developed techniques to 

obtain autografts for use in periodontal defects. These techniques evolved during late 1960s. Nabers CL and 

O'Leary TJ (1965)91 reported that shavings of cortical bone collected during osteoplasty and osteotomy by the 

use of hand chisels could be used as graft in the bone defects. However due to large particle size of grafted bone, 

sequestration of the grafted bone was observed during long term follow ups. Robinson RE introduced the osseous 

coagulam technique in 1969.105  In this technique bone was collected with the use of high or slow speed round 

burs and was mixed with blood. This coagulum obtained was then used as graft. But it was difficult to aspirate 

the graft, quantity and quality of graft obtained, couldnot be measured and difficulty in the manipulation of the 

obtained material, due to its fluidity. Another technique, known as bone blend was proposed by Diem CR, 

Bowers GM and Moffitt WL (1972)28  to overcome these shortcomings. In this technique, shavings of cortical 

and cancellous bone is obtained by trephine or bone ronguers, and then they are triturated in the amalgam capsule 

to a slushy bone mass. Healing extraction wounds, or osteotomy sites served as intraoral donor sites for 

autogenous grafts. Schallhorn RG (1967, 1968)114,115 introduced the use of autogeneous hip marrow grafts (iliac 
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crest marrow) in the treatment of furcation and intrabony defects. As these procedures required a secondary 

surgical site to procure donor material, the morbidity and compliance of the patient was compromised. 

This lead to development of allografts. Hiatt WH and Schallhorn RG (1971) were the first to use iliac 

and cancellous bone and marrow graft.53 But this needed extensive cross matching of donor and recipient, and the 

possibility of disease transfer restrict the use of iliac cancellous bone and marrow allograft. Mellonig JT et al in 

1976 introduced undermineralized freeze dried bone allograft.78Friedlander G (1988)40 and Mellonig JT (1980 

and 1991)79, 83 reported that freeze drying the bone graft rendered it non vital ; however the morphology, 

solubility, and chemical integrity of the original specimen are maintained relatively intact. It also reduced 

antigenicity of a periodontal bone allograft.103, 123 A composite graft of FDBA and tetracycline in a 4:1 volume 

ratio had shown favourable results in the treatment of the osseous defects associated with localized juvenile 

periodontitis.36, 133 Libin BM et al (1975)68 were the first to report the use of cortical and cancellous decalcified 

FDBA (DFDBA) in humans. Urist MR and co-workers further conducted animal experiments to study the 

osteogenic potential of demineralized cortical bone graft.124, 125, 126, 128 Demineralization with hydrochloric acid 

exposes the bone inductive proteins located in the bone matrix.130 These proteins are collectively called bone 

morphogenetic protein (BMP). 130 BMP stimulates the formation of new bone by osteoinduction.129Harkas 

(1984)47 studied that the demineralized graft induces host cells to differentiate into osteoblasts, whereas an 

undemineralized allograft is felt to function by osteoconduction as it affords a scaffold for new bone formation.37 

During late 1980s various synthetic materials were developed. These are called as alloplasts. These 

function only as defect fillers and no true regeneration is seen with them. Various types of bone grafts and also 

their combinations are used with varying degrees of success. The future of bone grafts is likely to lie in the 

industrially manufactured biomaterials in combination with laboratory-grown cells developed by tissue-

engineering. 

 

Processing Of Bone Graft: 

Autogenous grafts: Various autografts that have been used clinically are: 

1. Cortical bone chips 

2. Osseous coagulum and Bone blend 

3. Intra and extraoral cancellous bone and marrow 

 

Cortical bone chips: shavings of cortical bone removed by hand chisel during osteoplasty and 

osteotomy from the sites of surgical area are used in the osseous bone defects for regeneration of the lost tissue. 

However it is reported that due to large particle size of the graft (i.e 1,559.6×183 µm), chances of sequestration 

increases. So osseous coagulum and bone blend were used. 

Osseous Coagulum and Bone Blend:  osseous coagulum is obtained by shaving intraoral bone with 

high or low speed round burs and mixing it with blood. In bone blend technique the cortical or cancellous bone 

is procured by trephine or ronguers. The procured bone is then placed in an amalgam capsule and triturated to a 

consistency of a slushy osseous mass. The particle size is in the range of 210×105µm. 

Intraoral Cancellous Bone and Marrow: this is procured from the healing bony wounds, healing 

extraction socket, mandibular retromolar pad area, maxillary tuberosity and edentulous ridges. 

Extraoral cancellous bone and marrow:  this graft is procured either from the anterior or posterior 

iliac crest. It is generally reported that this graft offers the greatest potential of bone growth. 

 

Allografts: 

As per American Association of Tissue Banks, collection of bone under the following circumstances is 

excluded for processing of graft 4: 

1. Donors from high-risk groups, as determined by medical testing and behavioral risk assessments. 

2. Donors test positive for HIV antibody by ELISA. 

3. Autopsy of donor reveals occult disease. 

4. Donor bone tests positive for bacterial contamination. 

5. Donor and bone test positive for hepatitis B surface antigen (HBsAG) or  hepatitis C virus (HCV) 

6. Donor tests positive for syphilis. 

The main aim in the processing of allograft is to minimize the antigenicity and contamination of the graft 

material. Initially, the technician separates the bone from the soft tissue and section it into smaller and more 

manageable pieces of approximately 5 mm in diameter. Now these pieces are processed under various techniques 

to nearly eliminate the moisture content, reduce antigenicity and increase shelf life at room temperature. The bone 

particles after the first cut are given repetitive wash with solutions like acetone, ethanol or hydrogen peroxide, 

resulting in reduction of the organic matrix and antigenicity, succeeded by treatment with antimicrobials, 

antibacterials and antimycotic solutions. Now the processed bone particles are freezed with liquid nitrogen at a 

temperature of -80ºC, followed by lyophilization or treatment with solvent washes to eliminate remaining 
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moisture content and antigenicity. This is followed by secondary graft cutting to the size of 250-750 µm and  

packing in sterile containers. An additional step is done in case of demineralized bone allograft after secondary 

cutting. The bone graft particles are immersed into hydrochloric acid succeeded by immersion into the buffering 

solution. They are then washed with distilled water to remove the residues of buffering solution, then the graft is 

packed in sterile containers followed by low dose gamma irradiation at low temperatures. 

Xenografts: These are derived from species other than human species. E.g bovine or porcine. These also 

undergo processing techniques that include- decellularization, cross linking of scaffold and terminal sterilization. 

Synthetic materials: These materials are made from hydroxyapatite, calcium carbonate, or tricalcium 

phosphate in combination with hydroxyapatite. Hydroxyapatite is a naturally occurring mineral (main mineral 

component of bone), made from bioactive glass and is better known as  ‘synthetic bone graft’. Grafts made of 

calcium carbonate, are less in usage because it is completely resorbable in short time and makes breaking of the 

bone easier. Alloplasts made of tricalcium phosphate in combination with hydroxyapatite give effect of both, 

osteoconduction and resorbability. 

 

Biological Response To Grafts 

Histological analysis of the wound healing adjacent to the post grafting root surface is needed to 

determine the biological response to allografts. The objectives of the clinician using bone grafts are 

(1) probing depth reduction; 

(2) clinical attachment gain; 

(3) bone fill of the osseous defect; and 

(4) regeneration of new bone, cementum, and periodontal ligament. 

There are largely 4 different cell types responsible for the generation of bone: osteoprogenitor cells, 

osteoblasts, osteoclasts, and osteocytes. Bone reconstruction on a physiologic level is accomplished by 

combinations of three processes: osteogenesis, osteoconduction and osteoinduction.  

 

Osteogenesis: 

Osteogenesis is defined as the formation of new bone. It occurs when viable osteoblasts or 

mesenchymal stem cells are transplanted with bone graft. It is the process by which osteoblasts at the 

defect site express osteoid that subsequently mineralizes, yielding new bone. This occurs only with fresh 

autologous grafts, bone marrow transplants (autograft or allograft).  

 

Osteoconduction:  

Osteo-conduction refers to a bone graft or implant's ability to provide a structural framework 

on which host cells reconstitute. This scaffold enables the ingrowth of vessels, osteoblasts and stem cells 

so that union occurs with the host skeleton. Both viable and nonviable materials may possess 

osteoconductive properties. The process of osteoblastic resorption followed by osteoblastic deposition 

is termed “creeping substitution”. Osteoconductive properties are found in cancellous autografts and 

allografts, demineralised bone matrix, hydroxyapatite, collagen and calcium phosphate, ceramics.  

 

Osteoinduction:  

Osteoinduction is the induction of osteoprogenitor cells (or other non -differentiated cells) to 

differentiate down an osteoblast lineage. There is the recruitment of stem cells from the host bed into 

the graft site, where they differentiate into osteoblasts. Several growth factors which influence this 

process are bone morphogenic proteins (bmps), platelet -derived growth factors, insulin-like growth 

factors, fibroblast growth factors (acidic and basic), epidermal growth factor; tgf -β (β1 and β2)and 

retinoic acid. 

 

HEALING OF BONE GRAFTS 
STAGE ACTION 

1. Inflammation Vasodilation, inflammatory cells attracted by chemotaxis  

2. Osteoblast differentiation Mesenchymal cells differentiate into osteoblast  

3. Osteoinduction Osteoblasts and osteoclasts are stimulated to begin process of healing  

4. Osteoconduction Bone begins to form over scaffold of graft 

5. Remodeling Resorption and new bone formation continues for extended period of time.  

 

REQUIREMENTS FOR A SUCCESSFUL GRAFT 

The outcome from bone replacement graft procedures depends on the various parameters. These 

parameters can be broadly divided into: 

A) Patient related factors 

B) Operator related factors 
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C) Material related factors 

 

Patient related factors: 

1) Patient selection: A patient who is to be treated with bone graft procedures should be: 

I) In good physical health. 

2) Have good oral hygiene and cooperative for long term maintenance program. 

3) Should be a non-smoker. Heasman L et al (2006)50 

 

2) Type of bone defect present: 

The success of the graft is directly proportional to the number of remaining bony walls in the defect to 

be treated. So, the chances of success are in order: three-wall defects > two wall defect > one wall defects. 

Prichard (1968) 

 

3) Plaque Control: good plaque control results in favourable outcome in regenerative procedures. Rosling B et 

al (1976).110 

 

4) Underlying systemic disease: 

Patient related factors such as genetics, age, various systemic conditions and stress have been proposed 

to adversely affect the outcome of regenerative procedures. According to Tomar SL et al (2000)123 diabetics 

have increased risk for failure of regenerative procedure because of increased microbial challenge and delayed 

wound healing. 

 

5) Tooth factors: 

endodontic status of the tooth and hypermobility affect the outcome of regenerative procedures. 21, 28, 87, 

88, 89, 103According to Fleszar TJ (1980)38 higher attachment gain was observed in non mobile teeth after 

periodontal therapy. 

 

B) Operator related factors: 

1) Proper flap reflection and wound stability: 
Preservation of flap tissue is important for regenerative techniques to ensure coverage and containment 

of the graft postsurgically. Additional care should be taken to avoid either flap perforation or loss of the papilla 

due to granulomatous tissue from the lesion that adheres to the inner aspect of the flap. Any granulomatous tissue 

that may be adherent to the inner surface of the flap or papillae from the lesion should be judiciously removed, 

which maximizes the space available for graft material. Excessive thinning, however, can compromise blood 

supply and flap survival.25 

 

2) Revascularization: 

The underlying bone that receives the graft material must good blood supply because prompt 

revascularization is crucial to ensure the survival of undifferentiated mesenchymal cells and osteoblasts at the 

site. Passanezi E et al (1989) 

 

3) Root debridement 

all hard and soft deposits and any altered cementum are completely removed from the root surface for 

good results. 

 

4) Graft management 
The graft is delivered to the bony defect with a (dedicated) amalgam carrier or a spatula and added in 

incremental fashion. Light pressure should be used to maintain space between the graft particles to allow 

neovascularization of the site. 

. The defect should be filled or slightly overfilled to maximize regeneration while not compromising flap 

closure or vascular supply.25 

 

5) Flap closure 
The goal of flap management is to obtain tension-free primary closure over the entire graft or defect 

complex. A monofilament or Teflon suture using vertical mattress or an interrupted technique should be used to 

minimize bacterial wicking. After suturing, to minimize the clot beneath the flap, slight pressure is applied from 

both facial and lingual aspects of flap. It is optional to place a surgical dressing to protect the wound. .25 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Rosling%20B%5BAuthor%5D&cauthor=true&cauthor_uid=767366
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6) Postoperative management/periodontal maintenance 
The administration of antibiotics beginning immediately post-surgery is thought to aid in plaque control. 

A systematic review by Haffajee AD et al (2003)46 reported an additional clinical benefit in attachment level 

gain (weighted mean gain 0.6 mm) when systemic antibiotics were prescribed as an adjunct to surgical mechanical 

debridement in deep pockets. 

 

C)  Material related factors: 

1) Particle size: 
A minimum interparticle spacing of approximately 40µ to 200µ is necessary for the ingrowth of vascular 

and bony tissues. Smaller particle size will inhibit revascularization of the grafted area and consequently will 

retard healing process. Likewise size larger than this will have increased tendency to be exfoliated. 

 

2) Type of material: 
65 Selection of graft material is guided by: 

1. Biologic acceptability 

2. Predictability 

3. Resorbability 

4. Clinical feasibility 

5. Minimal operative hazards 

6. Minimal postoperative sequelae 

7. Patient acceptance 2,3 

 

OBJECTIVES OF BONE GRAFTING 

The main reason for using bonegraft is to enhance the regenerative capability of bone and achieve a new 

attachment apparatus. 

In a meta analysis of bone replacement grafts in the treatment of intrabony defects from 1966 to 2002, 

and the American association of Periodontology (AAP) position paper on periodontal regeneration (2005) 

agreed that bone grafts:4 

1. Increase the bone level. 

2. Reduce crestal bone loss. 

3. Increase the clinical attachment level. 

4. Reduce probing depth when compared with open flap surgery. 

5. Increase clinical attachment level and reduce probing depth when combined with guided tissue regeneration 

(GTR) compared with grafts alone. 

6. Support formation of a new attachment apparatus. 

 

IV. Summary And Conclusion 
Thus, we can conclude that safety, efficacy and cost are three crucial factors when selecting the proper 

bone graft or bone graft substitutes in the treatment of periodontal intrabony defects. Considering these factors, 

one can say that allografts which provide both osteoconductive and osteoinductive properties are reasonably safe 

and effective and holds good promise for periodontal regeneration. 
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