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Abstract

:

Tissue engineering in the orofacial region with bioactive components by the activation of immune complexes or other proteins is the current focus of biomaterials research. Consequently, natural ground materials and tissue components are being created. Bioactive glass is one of the most promising biomaterials and has bioactive properties making it suited for a range of different clinical dental applications, including the regeneration of hard tissues in the craniofacial region. This narrative review provides a summary of the favorable properties and recent applications of bioactive glass materials for the management of periodontal lesions. Bioactive glass mimics natural calcified tissues in terms of composition and has a bioactive role in bone regeneration. The present review concluded that bioactive glass materials have a promising potential for various periodontal applications including the repair of infrabony defects, gingival recession, furcation defects, and guided tissue regeneration. However, further in vivo studies and clinical trials are warranted to advance and validate the potential of bioactive glass for periodontal applications and translate its usage in dental clinics for periodontology.
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1. Introduction


Biomaterials researchers are now investigating bone regeneration and tissue engineering [1]. Tissue engineering has already been employed successfully in dental tissue regeneration, including dentine, pulp, and periodontium including alveolar bone, therefore it is not as new as we might believe [2,3,4]. Bioactive glass is one of the most used materials for this purpose because it interacts with living tissue in a way that promotes healing and regeneration [5]. Bioactive glass is generally produced by mixing and then heating at high temperature various elemental compounds (silica, calcium oxide, sodium oxide, and phosphorus pentoxide) [6]. There is strong evidence reported in the literature that ions released by bioactive glass support reduction in inflammation and infection, making it a valuable material for a range of medical applications, including bone grafts, dental implants, and wound healing [7]. The first bioactive glass material was developed by Hench et al. in 1969 which was later termed 45S5 (45% silica, 5% phosphate), and the commercial product was marketed as Bioglass® (trademarked by the University of Florida, USA) [8]. The 45S5 bioactive glass is a promising material for use in biomedical engineering and regenerative medicine applications due to its biocompatibility and excellent bioactivity. It is composed of glass that is composed of 45% SiO2, 24.5% Na2O, 24.5% CaO, and 6% P2O5 [9]. The high SiO2 content is critical to the material’s excellent bioactivity, which enables it to bond with surrounding tissues and promote the formation of hydroxyapatite, SiO2, Na2O, CaO, and P2O5 in specific weight percentages [10]. The high SiO2 content enables it to bond with surrounding tissues and promote the formation of hydroxyapatite, which is critical in bone and periodontal regeneration [9,11]. Therefore, 45S5 bioactive glass has been extensively studied for its potential applications in bone tissue engineering, wound healing, and drug delivery. Its unique composition and properties make it a promising material for many applications including periodontal bone regeneration [10,11,12].



Following the host rejection of several commonly used biomaterials for amputation (such as inert metals, and polymers), the trend set out to create a grafting biomaterial that is harmonic with human tissues [13]. This substance was found to be a glass that precipitated hydroxyapatite and could adhere to both hard and soft tissues without being rejected. Due to bioactive glass’ bioactive properties, the healthcare industry has seen a metamorphosis, and it is currently used in numerous clinical settings, including tissue regeneration in both dentistry (Figure 1) and medicine [13,14,15]. A possible mechanism by which bioactive glasses regenerate bone is demonstrated in Figure 2.



Rationale and Aim of the Review


Periodontal defects are caused by the breakdown of the supporting tissues around teeth leading to bone loss, tooth loss, and other complications. The goal of this review is to evaluate the potential for regenerative properties of bioactive glass in managing infrabony defects, gingival recession, and furcation defects in periodontology. Bioactive glass is being studied for its potential use in a range of clinical applications, including drug delivery, tissue engineering, and as a coating for medical devices owing to its unique properties that make it a promising material for a variety of medical and biotechnology applications. Therefore, this paper aims to provide an overview of bioactive glass in periodontology applications.
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Figure 1. Applications of bioactive glasses in dentistry [16]. 
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Figure 2. Mechanism of bone regeneration by BGs. (1,2) On the surface of the Glassbone, calcium and natrium ions quickly interact with body fluids. In addition to causing localized increases in pH and osmotic pressure, the reaction results in the hydrolysis of silica groups; (3) At the surface of Glassbone, soluble silica is converted to create a silica-gel layer; (4) A layer of carbonated hydroxyl apatite (HCA), which is a component of the mineral phase of natural bone, develops on top of Glassbone. (5,6) Growth factors adsorb to the surface of Glassbone due to its structural and chemical similarities to hydroxyapatite. Growth factors cause M2 macrophages to become activated, which aids in wound healing and starts progenitor cell migration to the area; (6,7) Mesenchymal stem cells and osteoprogenitor cells migrate to the Glassbone surface and adhere to the HCA layer as a result of M2 macrophage activation, where they undergo osteogenic cell differentiation to become osteoblasts; (7,8) Type I collagen, the primary protein constituent of bone, and other extracellular matrix (ECM) components are produced and deposited by the attached and developed osteoblasts; [9,10] Following these responses, the newly recruited cells continue to work and support tissue growth and repair, which results in the formation of new bone. Glassbone is still deteriorating and being changed into new ECM material [17]. 
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2. Literature Search Strategies


Recent review studies have mostly focused on bioactive materials and how they are used in dental care. Research on the use of bioactive glass in periodontal applications is still in its infancy. To address this, the current narrative review’s objectives aim to give a thorough overview of the periodontal uses of bioactive glass materials. To facilitate understanding, particular attention is placed on the bioactive glass structure. This narrative review was produced following the standards established by the Scale for the Assessment of Narrative Review Articles (SANRA) [18]. With an emphasis on laboratory and clinical trial research, pertinent material was searched using the search engines Scopus, Google Scholar, and PubMed and the keywords “bioactive glass” and “periodontal defects” or “periodontal intrabony defects” or “furcation defects” or “gingival recession defects” with no time limitations. For this narrative review, the following inclusion criteria had to be met: (1) The use of bioactive glass materials in periodontology; and (2) Bioactive glass material research, including clinical trials, and laboratory and animal-based investigations. Papers that had not yet appeared in indexed journals or published in languages other than English were excluded from the study.




3. Bioactive Glass


3.1. History


Bioactive glasses are known as silicate-based amorphous biomaterials, which are biocompatible and stimulate bone regeneration while disintegrating over time. The original bioactive glass thought to create an interfacial bond with the host after the implantation was discovered by Larry Hench and colleagues in 1969 [19]. The first bioactive glass was designated 45S5 Bioglass® and comprised SiO2 (46.1%), CaO (26.9%), Na2O (24.4%), and P2O5 (2.6%). Hench selected this arrangement because it had a high CaO concentration and some P2O5 in a Na2O-SiO2 matrix. It quickly melted since it is extremely acquainted with a ternary eutectic. They were efficaciously eliminated after one and a half months. In animal studies, the qualities of the interfacial connection between the bioactive glass and cortical bone were similar to or better than the recipient bone [20,21,22].




3.2. Properties of Bioactive Glasses


An interaction between a bioactive substance and the biological environment might result in a specific biological reaction, including the creation of a hydroxyapatite layer and a link between the substance and the tissue. This illustrates how bioactive glasses work in angiogenesis, osteogenesis, and anti-inflammatory and anti-bacterial activities (Figure 3). Calcified tissue composed of hydroxyapatite (Ca10(PO4)6(OH)2) [23], comprises most of the bone, enamel, and dentine. Conversely, bioinert materials do not affect the biological environment and do not elicit any specific reactions. However, they might trigger a foreign-body reaction, produce a fibrous capsule, and eventually cause a prosthetic to fail. Bioactive materials may be osteoconductive and may result in micromovements and eventual failure of a prosthesis. Bioactive materials may be osteoconductive or osteoinductive [24]. The bioactive properties are influenced by the structure and composition of the glass, manufacturing techniques, and the rate of ionic dissolution. This is clearly illustrated when comparing bioactive glasses to the traditional Bioglass® 45S5. Bioglass® 45S5 possesses several shortcomings, which include the possibility of gap formation between the material and host tissues due to a rapid rate of degradation. The configuration, method, and degree of particle accretion must be held responsible for the absence of porosity [25,26]. A pH rise brought on by a high Ca2+ and Na+ leakage in Bioglass® 45S5 can also cause cytotoxicity and delay the development of hydroxyapatite [25,26]. The composition of glass could not be appropriate for the creation of porous scaffolds due to its weak mechanical qualities [27,28]. Future study needs to enhance the bioactive glasses’ mechanical characteristics.



Bioactive glass has been the subject of extensive research due to its potential to enhance tissue regeneration and healing. Its impact on different cell types, including fibroblasts, cementoblasts, osteoblasts, and immune cells, has been investigated in various studies [11,29,30,31]. Bioactive glass can stimulate the proliferation and migration of fibroblasts, increase the production of extracellular matrix proteins, promote the differentiation of osteoblasts, and enhance the mineralization of bone matrix. Moreover, it can interact with immune cells, such as macrophages and lymphocytes, and stimulate their activation and production of cytokines [32]. These effects are dependent on the specific cell type and culture conditions, as well as the composition and structure of the glass. Further research is necessary to elucidate the underlying mechanisms involved in the effects of bioactive glass on cells [33].




3.3. Long-Term Results of Bioactive Glasses


In order to treat degenerative spondylolisthesis, bioactive glass-S53P4 and autogenous bone were employed as bone graft substitutes in a prospective long-term follow-up study from 1996 to 1998. On the left side of the fusion bed, bioactive glass was implanted, and on the right, autogenous bone. X-rays, computed tomography (CT) scans, and a clinical examination were used to assess the surgical outcome. The 11-year follow-up involved 17 patients (12 women and 5 men). In comparison to the preoperative Oswestry Disability Index score of 49 (range 32 to 64), the mean Oswestry Disability Index score during the follow-up was 21 (range 0 to 52). On computed tomography images, a solid bony fusion was visible on the side with autogenous bone in all patients and on the side with bioactive glass in 12 individuals. The L4/5 level and the L5/S1 level both had a fusion rate of 88% for bioactive glass used as a bone substitute (n = 41). In the future, spine surgery may benefit from the use of bioactive glass as a bone graft extender [34].



In a prospective randomized 11-year follow-up study, the clinical and radiological results of bioactive glass-S53P4 and autogenous bone utilized as bone-graft substitutes in depressed tibial plateau fractures were assessed. All of the patients (n = 29) had tibial plateau fractures that were more than 3 mm depressed along the joint line. This long-term follow-up included fifteen patients—five in the bioactive glass group and 10 in the autogenous bone group. Preoperative, postoperative, and long-term follow-up X-rays as well as CT scans were performed to assess the bone substitute, osteoarthritis, the tibial-femoral angle, and mechanical axis deviation. In the bioactive glass group and the autogenous bone group, the mean articular surface depression on X-rays at the long-term follow-up was 1.4 mm, and on CT scans, the means were 2.2 mm and 2.1 mm, respectively. The tibial-femoral angle and mechanical axes’ deviation did not significantly differ between the two groups. With good functional and long-term radiological results, bioactive glass-S53P4 can be employed as a bone substitute in depressed lateral tibial plateau fractures [35].



In order to replace bone grafts in benign bone tumor surgeries performed between 1993 and 1997, a prospective randomized long-term follow-up research of bioactive glass-S53P4 and autogenous bone was conducted. Twenty-one patients took part in a 14-year follow-up (11 in the bioactive glass group and 10 in the autogenous bone group). In addition to getting X-rays and MRIs, the bioactive glass group also had CT scans taken. The filled cavity in the bioactive glass group appeared dense on X-ray. In the group of patients with significant bone tumors, MRI also revealed glass granule remnants and predominantly or partially fatty bone marrow. There was an increase in cortical thickness in enchondromas and non-ossifying fibromas. A safe and well-tolerated bone substitute with positive long-term outcomes is bioactive glass-S53P4. Bioactive glass-S53P4 does not interfere with a child’s ability to build bone [36].




3.4. Composition of Bioactive Glasses


Most Class A bioactive glasses are composed of SiO2 (4052%), Na2O (10-35%), and CaO (10–50%). Additionally, the composition of glass may include B2O3 (0–10%), CaF2 (0–25%), or P2O5 (2–8%). Class B glasses characteristically have a silica concentration of more than 60% and are bioinert [37,38]. Additionally, minerals including tricalcium phosphate, diopside, wollastonite, and fluorapatite may be included in the bioactive glass [39,40]. Fluorapatite (10%), tricalcium phosphate (20%), and diopside make up FastOs® bioactive glass, a commercially available alkali-free, especially Na-free (SiO2—38.49, CaO—36.07, P2O5—5.61, MgO—19.24, CaF2—0.59) bioactive glass.



Network modifiers including P2O5, CaO, and Na2O may be incorporated into the fundamental Na2O-CaO-SiO2 composition to increase the surface as well as the silica network’s reactivity [41]. Na has been thought of as a crucial component of bioactivity because it effectively disrupts the network of glass. However, Na has been eliminated as a necessary component after Na-free bioactive glass was created and shown to have the same bioactivity and dissolution as traditional Na-containing bioactive glass [42]. Apatite formation and degradation rate are also strongly impacted by the connectedness of the glass silica network and the amount of phosphate. Until now, it was believed that P2O5 is necessary for the material to have bioactive properties, but unfortunately, this hypothesis has not been confirmed. Bioactive phosphate-free glasses have shown this to be wrong [43]. Other ions such as CaO and Na2O can be exchanged for MgO and K2O, respectively. Additionally, ions such as F, Ag, Zn, Cu, P, Sr, and Si may be added to change the antimicrobial and bioactive properties and enhance angiogenesis when implanted in the bone [44], whereas Ag might enhance antibacterial qualities [45]; however, excessive amounts might be cytotoxic [46]. Silver or zinc might be beneficial and improve the antibacterial properties. In addition, Zn-doped alkali-free bioactive glass showed an improved apatite synthesis [47]. The glass’s bioactivity is enhanced by Sr, Cu, and Mg. It has been demonstrated that fluoride increases bioactivity for dental applications by producing acid-resistant fluorapatite compared to hydroxyapatite [48], and fluoride in combination with bioactive glass can increase dentine remineralization and lessen the likelihood of dentin-matrix deterioration [49].
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Figure 3. Applications of bioactive glasses in angiogenesis, osteogenesis, and anti-inflammatory and anti-bacterial activities [38]. 
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3.5. Methods for Preparing Bioactive Glasses


To obtain a bioactive glass of any composition, two techniques are mainly used: the melting process of the components and the sol-gel technique. The first method is an older process of obtaining a glass of any composition, which consists of mixing the precursors and melting them at high temperatures, followed by cooling and grinding the obtained glass. This method is still applied today to obtain bioactive glass or other types of glass. The sol-gel method consists of the transformation of precursors, such as tetraethyl orthosilicate, triethyl orthophosphate, and calcium nitrate into a colloidal solution (gel), followed by solvent removal by heating, then crushing of the obtained glass. This can eliminate certain disadvantages that are present in the first process. The sol-gel process allows the attainment of bioactive glass with different compositions and biological properties. Furthermore, using the sol-gel technique, bioactive glasses with different porosities can be obtained [50].




3.6. Bioactive Glasses’ Effect on Periodontal Pathogens


Several studies have investigated the antimicrobial properties of bioactive glass against periodontal pathogens and have provided information on the effect of bioactive glass on periodontal pathogens. Esfahanizadeh et al. [51] investigated the antibiofilm activity of zinc-doped bioactive glass compared with 45S5 Bioglass® on putative periodontal pathogens. In this in vitro experimental study, the nano BG doped with 5-mol% zinc and BG® were synthesized by the sol-gel method. Mono-species biofilms of Aggregatibacter actinomycetemcomitans (A. a), Porphyromonas gingivalis (P. g), and Prevotella intermedia (P. i) were prepared separately in a well-containing microplate. Both doped zinc-doped bioactive glass and 45S5 Bioglass® significantly reduced the biofilm formation ability of all examined strains after 48 h of incubation. Moreover, the anti-biofilm activity of zinc-doped bioactive glass was significantly stronger than 45S5 Bioglass®, which resulted in the formation of a weak biofilm compared with a moderately adhered biofilm observed with 45S5 Bioglass®. Zinc-doped bioactive glass showed a significant inhibitory effect on the biofilm formation of all examined periodontal pathogens. Given the enhanced regenerative and anti-biofilm properties of this novel biomaterial, further investigations are required for its implementation in clinical situations [51].



Similarly, Hiltunen et al. [52] explored the anti-biofilm effects that could result from combining bioactive glass with bisphosphonates, particularly in a dental biofilm model. The experiments were performed with an oral cavity single-specie (Aggregatibacter actinomycetemcomitans) biofilm assay, which was optimized in this contribution. Risedronate displayed an intrinsic anti-biofilm effect, and all bisphosphonates, except clodronate, reduced biofilm formation when combined with bioactive glass. In particular, the anti-biofilm activity of risedronate was significantly increased by the combination with bioactive glass. Overall, these results do provide further support for the promising use of bisphosphonate-bioactive glass combinations in dental applications. These findings are particularly relevant for patients undergoing cancer chemotherapy, or osteoporotic patients, who are known to be more vulnerable to periodontitis. In such cases, bisphosphonate treatment could play a double positive effect: local treatment of periodontitis (in combination with bioactive glass) and systemic treatment of osteoporosis, and prevention of hypercalcemia and metastases [52].





4. Bioactive Glass in Clinical Applications of Periodontal Diseases


There is significant evidence that using bioactive glasses in conjunction with or instead of other biomaterials has great potential to treat periodontal infrabony, furcation, and gingival recession defects. Barrier membranes [53], enamel matrix derivatives (EMDs) [54,55,56], various bone grafts [57,58,59], and growth factors [60,61] have been used to treat periodontal hard and soft tissue problems utilizing bioactive glass.



4.1. Infrabony or Intraosseous Defects


Bioactive glass and autologous platelet-rich fibrin (PRF) were compared by Apine et al. (2020) to treat 30 infrabony deformities. Preoperatively, at 3, 6, and 9 months, clinical and radiographic outcomes (increase in clinical attachment level (CAL), decrease in probing pocket depth (PPD), change in gingival recession, and fill and depth of defects) were assessed. Results at defects treated with bioactive glass were better than those treated with platelet-rich fibrin; however, the differences were not statistically significant. The study’s conclusions show that bioactive glass’s regenerating capability was foreseen and superior to PRF [62]. Similarly, to speed healing, Gupta et al. (2019) sanitized periodontal pockets with a diode laser before injecting bone biomaterial. Twelve people with bilateral infrabony abnormalities participated in a clinical trial research study. Diode laser pocket sanitization had a limited impact on the healing of infrabony defects treated with bioactive glass, according to the corresponding decline in results in both hard and soft tissues in the two groups [63].



To treat infrabony defects, Saravanan et al. (2019) investigated the additive application of PRF and bioactive glass. The periodontal defects were randomly divided into test (PRF) and control (no PRF) groups. The results of this study showed that at six months following periodontal surgery, postoperative evaluations showed a significant PPD decline and CAL increase. Bone formation was also evident in radiographs. When PRF and bioactive glass are combined, periodontal regeneration occurs quickly and effectively, and intraosseous defects repair more efficiently. The authors proposed that this combined approach might serve as a possible alternative therapeutic option for intraosseous periodontal defects [64].



In a recent meta-analysis, Sohrabi et al. (2012) examined the effectiveness of bioactive glass in correcting intraosseous deformities. According to the authors, bioactive glass was superior to the control for both CAL gain and PPD decrease. The studies that compared bioactive glass to open flap debridement (OFD) showed that the bioactive glass efficacy was significant in the subgroup analysis (p < 0.0001). In comparison to both OFD and active controls, infrabony defects repaired with bioactive glass significantly enhance both CAL and PPD [65]. Infrabony lesions were studied by Yadav et al. to determine the clinical effects of guided tissue regeneration (GTR) with collagen membrane (CM) alone (control), CM augmented with autogenous bone graft (group 1), or autogenous bone mixed with a bioactive glass (group 2). (2011). The results showed that both groups showed considerable gains in CAL gain, PPD reduction, and defect resolution after six months, with the test groups performing significantly better. However, there was no discernible difference between the two test groups [66]. Additionally, Demir et al. (2007) examined the clinical outcomes of infrabony defects using bioactive glass and platelet-rich plasma (PRP). The outcomes indicated that both therapeutic modalities were efficient. The CAL gain, PPD decrease, and defect fill for the combo group were 3.3 (1.77) mm, 3.60 (0.51) mm, and 3.47 (0.53) mm, respectively, while for the bioactive glass, these improvements were 2.86 (1.56), 3.29 (1.68), and 3.36 (0.55) mm. The authors suggested that successful therapies for infrabony malformations include both PRP/bioactive glass and bioactive glass alone [67].



Mengel et al. (2006) investigated the efficiency of GTR (test) and bioactive glass (control) for the treatment of intraosseous defects for long-term clinical outcomes. Clinical outcomes for the periodontal surgery patients’ gingival index (GI), plaque index (PI), CAL, PPD, gingival recession, bleeding on probing (BOP), and tooth mobility were noted before the procedure as well as at 6 months and annually for the following five years. Radiographically, the bioactive glass group’s defects were much more filled; yet, after five years, both materials’ CAL and PPD showed notable improvements. The treatment result was enhanced in the postoperative phase by an uninflamed periodontium and appropriate dental hygiene [68]. Sculean et al. compared the management of deep infrabony defects with EMD + bioactive glass to EMD for 12 months. Results showed that the EMD + bioactive glass combination does not appear to improve clinical outcomes. There were statistically insignificant differences between the groups at the start of the study, but after a 12-month review, both groups had significant increases in CAL and decreases in PPD. Nevertheless, there were no intergroup differences in terms of CAL gain and PPD reduction after 12 months [69].



The clinical and radiological outcomes of broad infrabony periodontal lesions treated with EMD alone (group 1) or EMD plus bioactive glass (group 2) for 8 months were examined in a clinical study by Kuru et al. (2006). Clinical and radiological outcomes improved in each group. Due to the strong clinical and radiological improvements that were observed in both groups, the intergroup comparison revealed significant variances in each outcome, indicating a better outcome for the combination therapy. Nonetheless, a combination strategy seemed to have better results in the treatment of wide intraosseous lesions [70]. In a study including 12 people with aggressive periodontitis, Mengel et al. (2003) investigated the effectiveness of bioactive glass and a bioabsorbable membrane to correct intraosseous abnormalities. The clinical parameters GI, PI, CAL, PPD, gingival recession, BOP, and mobility were calculated both before and after surgery (at 6 and 12 months). After 6 months and a year, respectively, both biomaterials produced highly significant outcomes in terms of PPD, crestal resorption, and CAL [71]. Additionally, Sculean et al. (2002) examined the repair of deep infrabony lesions with bioactive glass alone versus EMD + bioactive glass in 28 patients. Soft tissue measurements were undertaken both at the start of treatment and a year thereafter. There were no statistically significant changes between the two intervention groups for any of the examined parameters (p > 0.05). The clinical outcomes under study were significantly improved by both therapies, while the bioactive glass and EMD combination did not demonstrate any improvements in terms of clinical outcomes. [72].



Those with chronic periodontitis were investigated by Park et al. (2001) for the therapeutic advantages of bioactive glass implantation in infrabony periodontal defects 6 months following surgery. In contrast to the 17 control lesions that were simply treated with OFD (control), 21 defects were implanted with a bioactive glass (test). The criteria for comparative observation were gingival recession, CAL, PPD, and bone PPD before and after surgery. There were significant correlations in both groups between CAL and PPD alterations as well as between CAL and changes in bone PPD. In cases with severe pre-surgery CAL and bone PPD, the use of bioactive glass appeared to have a positive impact on post-surgery CAL, PPD, and bone PPD. It also produced noticeably better results in CAL and bone PPD than the OFD alone [73].



A clinical experiment by Ong et al. (1998) explored bioactive glass use for repairing periodontal intraosseous deficiencies. Defects were either corrected using OFD (control) or OFD plus bioactive glass (test). Pre- and postoperative measurements were taken for PI, GI, CAL, PPD, and mobility. Both interventions raised CAL while reducing PPD. Even though the test group had a higher CAL gain and PPD decline than the OFD, no remarkable differences were observed between the groups for the outcomes examined. Whether bioactive glass alloplast is effective in treating periodontal infrabony lesions needs more research [74].




4.2. Furcation Defects


Bioactive glass has been investigated for its potential use in repairing furcation defects, which refers to bone loss in the area between the roots of multi-rooted teeth that may occur due to periodontal disease. The use of BG stimulates the growth of new bone and soft tissue. Biswas et al. (2016) investigated PRF to the 2nd generation bioactive glass (group 1) for the management of grade-II furcation defects (group 2). The clinical measurements were performed for GI, PI, vertical PPD, CAL, and horizontal PPD of furcation involvement. Bioactive glass demonstrated better clinical outcomes, including better PPD reduction, when compared to group 2, indicating the clinical significance of BG biomaterials’ ease of use and higher biological implementation in furcation defects [75].



El-haddad et al. (2014) evaluated the effectiveness of bioactive glass grafting with autogenous bone for treating class II furcation defects. Group 1 included 30 sites treated with bioactive glass grafting, group 2 included 30 sites treated with autogenous bone grafting, and group 3 included 10 sites treated non-surgically only after flap reflection. Following 3 and 6 months of follow-up, groups 1 and 3, and 2 and 3 demonstrated statistically significant differences while groups 1 and 2 experienced a statistically significant decrease in furcation defects. Better results are seen with bioactive glass combined with autologous bone transplants than with OFD alone. The success rate of bioactive glass is equivalent to that of autogenous bone transplants; however, it is less stressful for patients, according to reports [76].



Humagain et al. (2007) examined the influence of horizontal and vertical bone fill in terms of CAL gain with OFD with bioactive glass versus solely OFD in the management of class II furcation defects. Both groups showed notable variations in hard and soft tissue outcomes at 6 months as compared to baseline. Gingival recession, CAL gain, and PPD reduction were soft tissue improvements between groups that were not statistically different from one another. Vertical defect fill was substantially higher at the bioactive glass locations when compared to the control sites. After 6 months, the horizontal PPD dramatically diminished. Clinical outcomes for bioactive glass over OFD were much better, including the filling of horizontal and vertical defects in class II furcation [77]. Fernandes et al. (2005) also investigated the effectiveness of EMD in combination with bioactive glass and GTR in the treatment of class III furcation defects in dogs using histological/histometric methods. Furcation defects were randomly distributed to three groups: EMD + bioactive glass + GTR, test 1, and control. When EMD was combined with both GTR and bioactive glass, as well as when GTR was used alone, the results were comparable to those obtained with bioactive glass mixed with membrane. Cementum and bone regeneration were limited to the apical area of the defect as a result of the three treatment techniques, resulting in partial furcation filling [78].




4.3. Gingival Recession Defects


Gingival recession defects refer to the exposure of the root surface due to the loss of gum tissue. It can be caused by factors such as periodontal disease, aggressive brushing, and tooth malposition. Bioactive glass is a material that has been investigated for its potential use in repairing these defects. The effectiveness of bioactive glass, PRF, and a combination of the two in treating 31 maxillary gingival recession abnormalities were investigated by Swarupa et al. (2019). Over the course of 6 months, clinical parameters such as PPD, recession height, CAL, recession breadth, keratinized tissue height (KTH), and the width of associated gingiva were measured. The biotype changes, mean root coverage, visual analog scale, and root coverage aesthetic score (RES) were calculated biannually. At baseline to 6 months, recession width and recession height were reduced in each group. The intergroup evaluation revealed a negligible difference in parameters between the groups at any given period. Treatment of gingival recession abnormalities was successful with each therapy approach [79].



Bansal et al. (2016) investigated the effects of bioactive glass for the coronally advanced flap (CAF) in terms of increasing KTH, and RES. Clinical indicators pre- and postoperatively at 6 months included CAL, PPD, gingival recession, KTH, and RES. Each evaluated outcome had significant reductions 6 months after surgery. KTH, CAL, RES, and root coverage did not differ significantly between CAF with bioactive glass and CAF alone. Nevertheless, both groups’ measurements of each metric significantly improved from the starting point. To verify these findings, long-term clinical trials are required [80]. Overall, bioactive glass shows promise in the repair of gingival recession defects. However, more research is required to establish the ideal dosage and use of bioactive glass to ascertain long-term outcomes. Table 1 shows different commercially used bioactive glasses in periodontal regeneration.





5. Challenges, Future Directions, and Recommendations


The unique characteristics of bioactive glass make it a promising material for application in periodontology, and further research in this field is ongoing to enhance our understanding. However, several challenges must be addressed before they can be widely used in this field. For example, one of the most challenging areas of bioactive glass is to retain and transform the shape according to the periodontal defect unique to each patient’s need, particularly for larger defects, where the material may need to be packed into place and then stabilized until it sets. There are ample in vivo studies and clinical trials published on using bioactive glass in the form of ‘granular filler, combined with resorbable and non-resorbable membrane’ to achieve periodontal bone repair and regeneration [86,87,88,89]. However, it is challenging to determine which commercial formulation and experimental composition authorize the best experimental model and promising clinical results because of the clinical outcomes due to the variations in specific periodontal defects and selected surgical intervention strategies [86,90,91].



Another challenge is that the bioactivity of the glass may be limited in the oral environment. Saliva and other oral fluids can interfere with the ability of the glass to release ions and stimulate tissue regeneration, reducing its effectiveness. Additionally, the material can be brittle and prone to fracture if not handled carefully. Finally, there is the issue of long-term stability as bioactive glass has shown good short-term results in periodontal defects, but it is not yet clear how well the material will hold up over the long term, particularly in a dynamic oral environment. Despite these challenges, researchers continue to explore the potential of bioactive glass for use in periodontology, and new formulations and techniques are being developed to address these issues. Moreover, a comprehensive understanding of the current state of research in this field, including the advantages and limitations of using Bioglass, the different formulations, and delivery methods should be further explored by considering several experiments.




6. Conclusions


The chemistry of bioactive glass closely mimics the composition of natural calcified tissues, which has significance in the regeneration of bony tissues. Furthermore, bioactive glasses have demonstrated promising outcomes for the management of various periodontal lesions including infrabony defects, gingival recession, and furcation defects. However, further clinical research and evidence are essential to further validate the regenerative potential of bioactive glass materials for periodontal applications.
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Table 1. Commercially available bioactive glasses for periodontal regeneration.
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	Commercial Products
	Manufacturer
	Composition
	Availability and

Comments
	Clinical Study

References





	PerioGlas®
	Sunstar Americas, Inc. Schaumburg, IL, USA

NovaBone Products Ltd. Karnataka, India
	53% silicon dioxide, 23% calcium oxide, and 20% phosphorus

pentoxide, with trace amounts of other

oxides.
	Powder form, a single-use syringe or a vial mixed with saline or blood, to create a paste or putty-like consistency
	[77,81,82,83]



	Unigraft®
	Unicare Biomedical, CL, Laguna Hills, CA, USA

Novabone Products, LLC.

Alachua, FL, USA
	Bioactive glass, calcium phosphates, and may be bovine bone
	Available in different forms, including granules, putty, strips, and blocks,
	[84]



	Grafton®
	Osteotech, Inc. Eatontown, NJ, USA

BioHorizons IPH, Inc. Birmingham, AL, USA
	Bioglass, demineralized bone matrix, bone

morphogenetic protein,
	Available in different forms, including granules, putty, and strips, with or without a carrier
	[85]
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