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STICY BONE: STABILITY MEETS BIOLOGY IN PERIODONTAL REGENERATION- A NARRATIVE REVIEW
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Abstract
Periodontal regeneration is a therapeutic procedure aimed at re-establishing the lost tooth-supporting tissues—alveolar bone, periodontal ligament, and cementum—by promoting the formation of new, functional attachment. It is biologically driven, cell-selective phenomenon in which the nature of healing is determined by the specific cell population that repopulates the root surface. Among these, cells derived from the periodontal ligament possess the distinctive capability to form new cementum, alveolar bone, and functionally oriented Sharpey’s fiber’s, thereby enabling true regenerative attachment. Various methods include guided tissue regeneration, bone graft, tissue engineering and enamel matrix derivative. Platelet-rich fibrin (PRF) is a second-generation platelet concentrate that has gained growing recognition in recent years for its applications in regenerative procedures. Sticky bone is created by combining autologous platelet concentrates with particulate bone graft materials, thereby integrating persistent growth factor release with structural scaffold support.
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Introduction
The major proportion of tooth loss are due to periodontal cause stated by Phipps et al. (1)
Periodontal disease is a chronic inflammatory disorder that involves the supporting tissues of the teeth, including the gingiva, periodontal ligament, cementum, and alveolar bone. It is characterized by gingival inflammation, periodontal pocket formation, clinical attachment loss and progressive alveolar bone resorption. and it represents the principal cause of tooth loss. (2)
In periodontal defects, rapidly proliferating epithelial and gingival connective tissues tend to migrate and occupy the wound space, resulting in healing predominantly through the formation of a long junctional epithelium. The application of barrier membranes in guided tissue regeneration (GTR) or guided bone regeneration (GBR) prevents the apical migration of epithelium and gingival connective tissue, thereby allowing selective repopulation of the wound by cells derived from the preserved periodontal tissues and promoting true regenerative healing. (3)
Autologous bone grafting is regarded as the gold standard for alveolar bone regeneration; however, its routine application is constrained by harvesting difficulties, associated surgical trauma and relatively high rates of graft resorption. (4)
Bone substitutes are increasingly recognized as viable alternatives to autogenous bone for ridge augmentation procedures, which reduces the morbidity associated with autogenous graft harvesting. Most grafting materials primarily function as scaffolds, promoting osteo-conduction and osteoinduction by facilitating the proliferation of surrounding osteogenic cells, maintaining space, and stabilizing the blood clot. (5)
Platelets, called as thrombocytes, are small, colourless, anuclear cell fragments derived from megakaryocytes. They play an important role in hemostasis (stopping bleeding) by adhering and aggregating at sites of vascular injury to form a clot. It has growth factors essential for hemostasis and wound healing. It will fasten tissue regeneration and repair; additionally, platelets release vitronectin, fibronectin, and fibrin, which stimulate cell migration and serve as a scaffold for the development of connective tissue. (6)
Using platelet-rich plasma (PRP), Marx et al. invented the first kind of platelet concentrate and has been used extensively in tissue regeneration because of its capacity to promote angiogenesis. PRF naturally produces a fibrin clot within minutes of blood collection and is anticoagulant-free. This clot facilitates tissue regeneration by acting as a scaffold in a three-dimensional network. Thus, the bone graft along with platelet concentrates forms “sticky bone”. (7) 
The sticky bone is a   composite biomaterial, which integrates autologous platelet aggregates such as PRP, PRF and concentrated growth factors (CGFs) with particulate bone substitutes. It minimizes the need for block bone and titanium mesh by adapting to different bony defects, limiting graft movement, and maintaining bone volume throughout healing. Without the need for biochemical additives, its fibrin network attracts platelets and leukocytes, releasing growth factors which is intended for bone regeneration. (8)
Evolution of platelet concentrates & sticky bone (table 1):
First generation:  Platelet-rich plasma (PRP) 
Marx et al in 1998 introduced PRP is a blood plasma enriched with concentrate of autologous platelets. He suggested that addition of PRP accelerated the rate and degree of bone formation in mandibular reconstruction along with cancellous bone marrow grafts. 
Marx proposed a platelet count of 10 lakh/ml in 5 ml PRP as a working definition of PRP on the scientific proof of bone and soft tissue healing enhancement. (9)
Preparation:
A double centrifugation technique is required to concentrate platelets from autologous blood. The first spin, at 700 – 1000 rpm for 20 minutes, separates the red blood cells from the plasma that contains the clotting components, platelets, and white blood cells. These are selectively separated from the plasma by the second spin, with 2500 rpm for 15 minutes. This creates platelet-rich plasma (PRP) and separates it from platelet-poor plasma (PPP) without interference from a high red blood cell count. (10)
PRGF
Anitua et al in 2001 developed plasma rich in growth factors (PRGF) by modifying the procedure of PRP preparation by replacing with animal derived thrombin with calcium for clotting. (11)
Preparation:
To prevent platelet rupture, a huge needle is used to take a blood sample from the basilic vein. After administering anticoagulant to the sampled blood, it is centrifuged. PRGF is removed from the tube's bottom while on centrifugation. Following this, PRGF is mixed with calcium chloride. This action encourages coagulation, which is often achieved in ten minutes or less. To obtain a gelatinous PRGF at the final stage of the procedure, which is then promptly inserted into the surgical site. (12)

PRF, or second-generation platelet aggregates
It was introduced by Choukroun in 2001. The autologous leukocyte platelet-rich fibrin matrix that forms up PRF is a tetramolecular structure that contains cytokines, platelets, and stem cells. 
It functions as a biodegradable scaffold that promotes the growth of micro vascularization and can direct the migration of epithelial cells to its surface. It has a sustained release of growth factors over a period of one to four weeks, stimulating the environment for wound healing. (13)
Preparation: The PRF procedure only requires centrifuged blood, a 10-mL glass or glass-coated plastic tube is used to collect a blood sample without the use of an anticoagulant. The sample is then centrifuged at 3,000 rpm for ten minutes. Three layers are obtained with top layer platelet poor plasma, in the middle layer platelet rich fibrin and the bottom layer red blood cells (14)
CONCENTRATED GROWTH FACTORS (CGF) AND AUTOLOGOUS FIBRIN GLUE(AFG) :
It was introduced by Sacco in 2006 and Autologous fibrin glue was introduced by Sohn et al 2010. With a more robust fibrin matrix along with more growth factors and cytokines, it is effectively an enhanced version of PRF. One intriguing feature is the quick and easy one-step synthesis of bigger, denser, and richer growth factors like fibrin. When compared to other effective PRPs, a fibrin network comprised of both thin and thick fibrillar elements exists, with certain segments trapped inside the network. CGF appears to have strong regeneration potential and adaptability. (15)
Preparation:
Simultaneously CGF membrane and autologous fibrin glue (AFG) to make sticky bone are prepared. 20-60CC of patient’s venous blood is divided to one to two non-coated vacutainers to obtain autologous fibrin glue (AFG), which will make sticky bone and two to seven glass coated test tubes without anticoagulants to obtain CGF layer. A specific centrifuge with a rotor running at a controlled, rotating speed for 12 minutes is used to centrifuge blood that is in the test tubes at 2400–2700 rpm. AFG centrifugation takes vary from two to twelve minutes. After two minutes of centrifugation, the centrifuge is stopped, and the AFG tube is removed first in order to obtain higher growth factors. There are two distinct layers visible in the uncoated tube. Autologous fibrin glue (AFG) makes up the top layer, whereas red blood cells are gathered in the bottom layer and discarded. To prepare CGF, the empty slot is filled with a test tube filled with water for weight balancing and further centrifugation. Three distinct layers are visible in the silica-coated tube following centrifugation.
The most upper layer is platelet poor plasma, and the middle layer is fibrin buffy coat layer represented by a very large and dense polymerised fibrin block containing the concentrated growth factors. The CGF is taken in test tube and placed in the metal storage box and compress with metal cover to convert to CGF membrane. The upper AFG is obtained with syringe and mixed with particulate bone powder and allows for 5-10 minutes for polymerization in order to produce sticky bone which is yellow coloured. For acceleration of polymerization of AFG, exudate taken in the bottom of metal storage box after compression of CGF layer is added when AFG and particulate bone graft is mixed. The sticky bone mixed with autologous thrombin in RBC layer shows red in colour. (16)
I-PRF:
It was introduced by Mourao et al. 2015. (17) The I- PRF used the “low speed centrifugation concept” which tends to migrate less cells towards the bottom of centrifuge tube.  The higher percentage of platelets and leucocytes will be present in the upper compartment providing cells for regeneration. (18) 
Preparation:
i-PRF can be produced by centrifuging at 60 g RCF or 700 rpm for three minutes, according to the low-speed centrifugation concept in a non-coated plastic tube. Following centrifugation, a lower portion that contains red blood cells, a buffy coat in the middle, and a yellow upper portion. The i-PRF to be utilized is collected using a syringe and an 18G hypodermic needle. (19)
STICKY BONE
Sohn et al. in 2010 introduced the term "sticky bone," a composite biomaterial made by mixing plasma products with bone substitutes (such as allogeneic bone, xenogeneic bone, or non-bone graft materials). Sticky bone provides bone grafts in defects stability, that promotes tissue healing and prevents graft resorption.
Sticky bone is a fibrin-encapsulated, bio-cured adhesive bone graft network, according to Sohn et al. (2015). (20) It is a solidified bone graft or growth factor-enriched bone graft matrix with a fibrin network. Autologous fibrin glue (AFG) or platelet concentrates such as Platelet-Rich Plasma (PRP), Plasma Rich in Growth Factors (PRGF), Injectable Platelet-Rich Fibrin (i-PRF), or Concentrated Growth Factors (CGF) are often combined with bone graft materials (autografts, xenografts, allografts, or alloplasts) table2 autogenous bone, deproteinized bovine bone mineral (DBBM), Allograft (mineralized or demineralized), hydroxyapatite, beta-tricalcium phosphate (β-TCP),  to produce a biologically active, adaptable, pliable bio scaffold in the desired shape in the regeneration site. (21,22)
Table 1 – Evolution of platelet concentrates 
	PLATELET 
	AUTHOR & YEAR
	GENERATION
	RPM

	Platelet-rich plasma (PRP) 

	Marx 1998(9)

	Generation:  1st Anticoagulant- used


	1st spin
RPM- 700- 1000
Time- 20 minutes

2nd spin
RPM- 2500
Time- 15 minutes


	Plasma rich growth factors(PRGF )
	Anitua 2001(11)
	Anticoagulant- used
	RPM- 1400
Time- 8 minutes


	Platelet rich fibrin (PRF)
	Choukroun 2001(13)
	Generation:  2nd
 Anti-coagulant- not used


	RPM- 3000
Time- 10 minutes



	Concentrated growth factors (CGF)
	Sacco 2006(15)
	Generation:  2nd
Anticoagulants- coated tube

	RPM:2400- 2700
Time: 12 minutes



	Autologous Fibrin glue (AFG)
	Sohn et al 2010(15)
	Generation:  2nd

Anticoagulants- not coated tube

	RPM: 2400 -2700 
TIME: 12 minutes


	Advanced Platelet rich fibrin (A PRF)
	Ghanaati et al 2014(10)
	Generation: 2nd 

Anticoagulants: not coated tube


	RPM: 1500
Time: 14 minutes (10)


	Injectable Platelet rich fibrin (I PRF)
	Mourao et al. 2015(17)
	Generation: 3rd 
Anticoagulant – not required

	RPM- 700
Time: 3 minutes





	BONE GRAFT
	SOURCE 
	PROPERTY

	Autograft
	Individual own bone
	Osteogenic
Osteoinductive
Osteoconductive

	Allograft
	Human donor (Cadaveric)
	Osteoconductive
Osteoinductive

	Xenograft
	Bovine or porcine
	Osteoconductive

	Alloplast
	Synthetic bone
	Osteoconductive


Table 2 – Types of bone graft


BIOLOGICAL MEDIATORS IN STICKY BONE
Role of platelets and growth factors:
The first cellular components to arrive at the site are platelets, for initiating regeneration. These are megakaryocyte-derived anucleate cytoplasmic fragments that, when activated, release a variety of physiologically active molecules from their alpha granules. (23) These include insulin-like growth factor (IGF), vascular endothelial growth factor (VEGF), platelet-derived growth factor (PDGF), transforming growth factor-beta (TGF-β), and epidermal growth factor (EGF). (24)
One of the first growth factors released at wound sites is platelet-derived growth factor (PDGF), which is crucial for starting tissue repair. It promotes early cellular recruitment and proliferation by acting as a powerful chemotactic and mitogenic agent for osteoblasts, fibroblasts, mesenchymal stem cells, and periodontal ligament cells. (25)
Transforming growth factor-beta (TGF-β) exists in large amounts in platelets and bone matrix. It has a crucial impact on controlling osteoblast differentiation and extracellular matrix production. It boosts collagen synthesis, improves alkaline phosphatase activity, and helps bone matrix maturation. (26)
Vascular endothelial growth factor (VEGF) plays a crucial role as an angiogenic cytokine. It has an influence on the growth of new blood vessels in tissues by providing oxygen, nutrients and migration of the osteoprogenitor cells. (27)
Insulin-like growth factors (IGFs) IGF-I, helps osteoblasts and bone matrix synthesis.it synergize with PDGF and TGF-β to boost bone regeneration. (10) IGF-I also has strong effects on periodontal ligament fibroblasts (PLF) mitogenesis and protein synthesis. (28)
These growth factors directly contribute to angiogenesis, bone formation, and soft tissue regeneration by promoting the chemotaxis, proliferation, and differentiation of osteoblasts, fibroblasts, endothelial cells, and mesenchymal stem cells. (29)


Role of leucocytes:
The monocytes found in platelet concentrates develop into macrophages, which control the inflammatory and reparative stages of healing by releasing growth factors and cytokines that control bone remodelling, collagen synthesis, and angiogenesis. (30)
By preserving a balance between pro-inflammatory and anti-inflammatory mediators, leukocytes also aid in the control of inflammation by fostering an environment that is more conducive to regeneration than fibrous repair. By combining immune modulation, vascular support, and sustained growth factor release, platelets and leukocytes work in concert to improve the biological performance of sticky bone. (31)
When compared to conventional particulate graft materials, this combined cellular activity results in to superior angiogenesis, more rapid bone maturation, improved graft integration, and enhanced clinical healing outcomes. (32)
Role of Cytokines
The release of cytokines and growth factors during platelet activation is essential for controlling the biological processes that involve bone regeneration. These bioactive molecules function as signalling mediators that regulate cellular migration, proliferation, differentiation, and matrix synthesis. (33)
The immune cytokines like Interleukin-1β (IL-1β), IL 6, IL 4, TNF-α which stimulates helper T cells, differentiation of B-cells and provides remodelling capacities of fibroblasts, induces neutrophil cytotoxicity, stimulates cell survival and proliferation. (34)
The localized concentration and long-term availability of growth factors and cytokines in platelet-based regenerative matrices, like sticky bone, produce a favourable microenvironment that promotes angiogenesis, osteogenesis, and soft tissue healing, improving graft integration and clinical results. (35)
Role of Fibrin Matrix and Scaffold Function
The platelet concentrates form a three-dimensional fibrin matrix and polymerizes to a adaptable and structured web to stabilize the blood clot and substructure cellular adhesion, migration and proliferation in regeneration. (36)
In PRF, it results a polymerization of fibrin with equilateral junctions which enhances the stability of the scaffold and accelerate the cellular activity. (37)
The sticky bone forms a fibrin matrix as a cohesive and mouldable mass which prevents defection and improves graft stability by contacting the host site for effective regeneration (38)
CLINICAL APPLICATIONS
Sticky bone can be applied in various defects like
1. Ridge augmentation
2. Intrabony defects
3. Socket preservation
4. Sinus lift
5. Peri implantitis
6. Other periodontal defects
RIDGE AUGMENTATION:
Sticky bone used for alveolar ridge augmentation as bone graft which cross links fibrin meshwork and prevents undesired movement during regeneration. This stabilization on the defect without the support of bone tacks or titanium mesh promotes healing. (39)
“Yazhini et al” 2024 reported in a study, sticky bone and barrier membranes were not combined to treat horizontal ridge deformities. Rather, the defect area was adequately addressed by using sticky bone to keep the graft material inside the subperiosteal pouch. In Patients with a thin gingival thickness 2 mm in the study lowered the risks of excessive tension on the mucosa, which can cause dehiscence and exposure of graft sites. (40)
The change in thickness of the labial bone graft material confirmed that sticky bone has superior mechanical properties to other xenograft in resisting the pressure of wound closure. The bone graft particles mixed with autologous platelet concentrates forms sticky bone with an interlocking network of fibrin, platelets, and leukocytes, and enhanced compression capability. The ideal property is maintaining the contour of the augmenting alveolar ridge more stable and prevent the bone powder particles from migrating and leaking. (41)
INTRABONY DEFECTS:
Sticky bone provides a grafting material which promotes predictable soft tissue healing and accelerated bone development by combining the biological activity of injectable platelet-rich fibrin with the robustness of bone grafts. (42)
 Sticky bone can be moulded into any bony defects without biochemical additives which prevents the migration grafted bone from moving and maintain volume augmentation by reducing the application for block graft and titanium mesh. The fibrin matrix minimizes soft tissue ingrowth and accelerates bone regeneration. (43)
Bandari et al 2023 says the case report using sticky bone with alloplastic graft for regeneration of mandibular grade III furcation defect. The results were reliable both clinically and radiographically with new attachment or a long junctional epithelium between regenerated tissue and the root surface. (44)
SOCKET PRESERVATION:
The sticky bone serves a homogeneous mass with monocytes acts as a scaffold and regulate bone morphogenic protein for initiation for bone regeneration in the socket. The bone in combination with PRF has fibrin, platelets and leucocytes which evidenced increased osteoblastic activity and maturation of the bone histologically after extraction. (45)
 The A PRF in the sticky bone reduced the migration of bone graft and maintained the quantity of bone and prevents resorption both horizontally and vertically. (46)

PERI-IMPLANTITIS:
Sticky bone shows to induce a higher bone to implant contact than PRP in bony defects around implants. Clinically, the healing was satisfactory, the implant and prosthesis stable and radiographic evidence three months post-surgery showed adequate bone ﬁll (47)
SINUS LIFT:
The sticky bone which has autologous blood with bioactive substance is considered for the Schneiderian membrane perforations which stabilizes the bone graft around the implant reducing the micromovement thereby fastens the healing. (48)
Future directions:
Even though sticky bone has shown intriguing clinical results, the sticky bone preparation device facilitates to produce “sticky bone” without the need of different stages of handling.
 Future research comparing the effectiveness of sticky bone to conventional grafting techniques with long-term randomized controlled studies with higher sample sizes can be done.
To produce reliable datasets that AI models may utilize to forecast the results of regenerative operations involving sticky bone. Future research with AI-powered decision-support systems that incorporate a patient's radiographic data, bone quality metrics, and medical history to provide customized protocols for sticky bone preparation and application can inevitably leads to a more predictive and individualized approach to bone regeneration.
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