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Abstract: 

Aim: The aim of the study was to develop a bi-phasic scaffold using the Chitosan, gelatin and 

BMP-2 protein and evaluation of the tensile strength and the scanning electron microscopic 

analysis of the scaffold. 

 
Materials and methods: 

The scaffold has been prepared by addition of 50 ml of acetic acid to 250 microlitre of De- 

ionized water to this solution 1 gram of Chitosan is added. The mixture of 5 grams of gelatin 

powder to 50 ml of deionized water and heating the solution in a 65 degree water bath for 30 

minutes leading to dissolution of gelatin in the water. Then the solutions are mixed and then the 

gel is dried at 35 degrees for 24 hours for the scaffold formation. Then the scaffold is tested for 

the tea isle strength as well as the SEM analysis is done. 

 
Discussion: Tensile strength test reveals that the Chitosan and gelatin concentration and 

composition can tolerate the strength above 1 MPa , hence the combination of Chitosan and 

gelatin scaffold has the stable tensile strength. The scanning electron microscopy test has 

revealed that spread well on both scaffolds, the fibers roughness is maintained and the spread 

is even in the SEM analysis. 

 
Conclusion: The bi- phasic scaffold prepared by using Chitosan, gelatin and BMP-2 based 

scaffold shows good tensile strength and SEM analysis has even spread of the components. 

 
 
 
 
 

 
Introduction: 

The dental root cementum, the periodontal ligament (PDL), the gingiva with the dentogingival 

sulcus, and the alveolar bone make up the multi-tissue system known as the periodontal 

apparatus, which serves as an anchor for teeth to the jaw bones (19). Periodontal tissues are 

gradually disrupted by chronic periodontitis, which ultimately results in tooth loss. According to 

Richards (2014), severe periodontitis affects 11% of people worldwide and has a negative 

impact on public health. 
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In order to stop the inflammation, current therapies include local debridement using dental 

scaling and root planing. These procedures frequently cause the fibrin clot to become less 

adherent to the root surface and cause epithelial cells, which multiply more quickly than 

mesenchymal cells, to colonize the deficiency(Rödenbeck et al. 2023) (20). In order for the 

cementum or PDL fibers to form, a "long junctional epithelium" must first be created, which 

prevents multi-tissue periodontal repair (1). 

 
The goal of regenerative periodontal treatment (RPT) is the morphological and functional 

regeneration of several tissues. RPT treatments include surgical approaches for wide defects, 

like open flap debridement paired with grafts or membranes (2). Infection and dehiscence at the 

membrane or graft site, as well as periodontal attachment, are the main challenges of RPT 

because it is difficult to promote perpendicular and oblique fiber insertion from the cementum 

into newly formed alveolar bone. Wound compartmentalization is the primary goal of RPT (22). 

(Mani et al. 2021) 

A naturally occurring polysaccharide is chitosan. Its units are made up of a mixture of 

N-acetyl-D-glucosamine (acetylated unit) and -(1-4)-linked D-glucosamine (deacetylated unit) 

(3). Because of its superior biocompatibility, biodegradability, nontoxicity, bioactivity, and 

multifunctional groups, chitosan has been studied as a natural cationic biopolymer(Kumar et al. 

2021) (4). Due to a variety of fantastic qualities it contains, it is also being thoroughly 

researched for food packaging film, bone substitutes, artificial skin, biomedical applications, and 

pH sensitive drug delivery, among other uses (15). 

 
Natural collagen is partially hydrolyzed to form a mixture of peptides and proteins called gelatin 

(5). One of its remarkable characteristics is the carboxyl groups on its chain backbones, which 

give it the potential to create hydrogen bonds with chitosan for a well-mixed hybrid (17). Also, 

the fact that it is utilized in the production of cosmetics and pharmaceuticals, among other 

things, demonstrates its complete safety for human consumption(Jayan et al. 2020) (7). This 

explains why gelatin is preferred in research work because any adverse effects from substances 

created using it as a precursor can be minimized (16). In this study, to conduct hemostatic and 

cell barrier functions, we created multifunctional scaffolds with sandwich-like structures as GTR 

membranes (6). 

 
Materials and methods: 

 
Bi-phasic scaffold preparation: The scaffold preparation begins with the dissolution of 1 gramme 

of commercially available chitosan. The dissolving is carried out in a solution that is made by 

combining 250 microliters of deionized water with 50 milliliters of acetic acid. Then, 5 grams of 

commercial gelatin powder are added to 50 ml of deionized water separately. The mixture is 

then cooked in a 65 degree water bath for 30 minutes, causing the gelatin powder to thoroughly 

dissolve in the water. 

 
The two distinct solutions are combined, a gel is prepared, and the gel is then dried at 35 

degrees for 24 hours in a hot air oven in order to build a scaffold. 
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SEM analysis: The morphology of multilayer scaffolds was examined using a scanning electron 

microscope (SEM) (Quanta 200, FEI, US). Using ImageJ software v1.52e (NIH, Wisconsin, US) 

to scale SEM images, fiber diameters (n = 12) and pore sizes (n = 30) were measured. The 

thickness of multilayer scaffolds was determined using thickness gauge (n = 6). 

 
Tensile strength: The scaffolds' tensile mechanical qualities were evaluated in accordance with 

the previously described approach [25]. The samples were divided into pieces measuring 30 

mm by 10 mm, placed in PBS, and tested using an Instron tensile testing machine (Norwood, 

Massachusetts, US) with a load of 100 N at a rate of 10 mm per second. In addition to reporting 

the stress-strain curve, the maximum stress and elongation at break were determined (n = 6). 

 
Results: 

 
An analysis of the biphasic scaffold's characteristics: 

SEM was used to examine the topography of multilayer scaffolds, as illustrated. All fiber ratios 

were uniformly smooth, dense, and randomly oriented (9). Bi-phasic scaffolds were around 1 

mm thick (8). Cross-sectional views showed that the bi-phasic scaffold was thicker. Gelatin and 

freeze-dried chitosan were used to create a porous connection between two layers. The mixture 

of multilayers displayed a good sandwich-like structure since it was homogeneous and well 

packed (10). 
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Tensile strength/mechanical characteristics: The scaffold's ability to be stretched to between 

70% and 90% of its original length demonstrated that two-layer scaffolds superimposed on top 

of one another had better mechanical qualities than single-layer scaffolds alone (12). The 

results of the stress and strain testing are displayed. The Chitosan and gelatin concentrated 
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bi-phasic scaffold can bear the strength above 1 MPa, according to a tensile strength test (15). 

Hence, the bi-phasic scaffold made of chitosan and gelatin exhibits a consistent tensile strength 

(11). 

 
Discussion: 

People's quality of life is significantly impacted by periodontal disease. The use of GTR 

materials in clinical periodontal surgery is common (18). By promoting cell adhesion, 

proliferation, and differentiation, GTR techniques have been used to promote periodontal tissue 

regeneration [23]. Because of their good biological activity, hemostasis, and barrier function, the 

multifunctional Chitosan gelatin and BMP 2 integrated scaffolds were created in an effort to 

improve current commercial materials. 

 
Chitosan, gelatin, and BMP 2 protein were all used in this investigation. Gelatin and chitosan 

fibers both displayed random fiber dispersion. When the chitosan was submerged in gelatin 

solution, it was able to completely saturate the space between the fibers. Chitosan and gelatin 

could bind closely and create a stable structure after being lyophilized. In order to resist 

masticatory pressures and prevent membrane collapse, GTR's mechanical qualities are crucial 

[25, 28]. The various groups' Young's moduli exceeded 0.25 MPa, which was considered to be 

appropriate for periodontal regeneration [25]. 

 
Porosity and swelling capacity play crucial roles in the flow of oxygen and nutrients inside the 

scaffolds. They also have significant impacts on cell migration and infiltration [23], which are 

helpful for the preservation of blood and growth factors. Pore sizes of the various PG fiber ratios 

were less than 10 m, which could create a thick barrier to thwart cell invasion. This is a perfect 

characteristic for periodontal GTR membranes because it promotes bone development beneath 

the membrane and is necessary for them to prevent soft tissue from penetrating the faulty area 
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[27]. The sandwich-like scaffold's porous structure might yet allow for improved swelling 

properties. Hydrophilic substrates were found to have an impact on cell adhesion, proliferation, 

and wound healing in earlier studies [29]. An essential quality is optimal hydrophilicity for the 

GTR membranes. 

 
Moreover, cells (like macrophages) that build up near implant sites may provide a walling effect 

that encourages the breakdown of scaffolds. For instance, the body's enzymes, acidic 

byproducts, and free radicals may accelerate the process of breakdown [29]. The creation of 

new tissue can be delayed by scaffolds with slow disintegration rates because they can set off a 

persistent inflammatory response. To synchronize the regeneration of periodontal tissue with the 

rate of membrane resorption, the membranes normally need to be functional for at least 4-6 

weeks (27). 

 
Bi-phasic scaffolds containing chitosan, gelatin, and BMP-2 showed extensive characteristics 

overall (2). The studies support the scaffold's modification to increase its functionality and widen 

its range of potential applications (5). For instance, the introduction of BMP enables us to 

encourage the repair of alveolar bone and soft tissue. Clearly, animal models are also 

necessary to demonstrate the effects of our multilayer scaffolds on periodontal regeneration, 

and a thorough comparative research with commercial products would be appropriate in this 

case (9). Overall, our bi-phasic scaffold with chitosan gelatin and BMP 2 has excellent potential 

for further development for use in periodontal tissue regeneration (12). 

 
Conclusion: In our study, better GTR membranes were created utilizing a bi-phasic scaffold 

made of chitosan and gelatin. The findings of the experiments showed that the bi-phasic 

scaffolds had favorable bioactivity and readily controllable characteristics by varying the 

proportion of chitosan and gelatin. The scaffold made of Chitosan and gelatin has a higher 

tensile strength. Gelatin and chitosan scaffolds with filaments and small pores may function as 

efficient barriers to stop cell infiltration. Animal models will be required in future experimental 

studies to examine the tissue regeneration capabilities of scaffolds in vivo. In conclusion, our 

bi-phasic scaffold made of chitosan and gelatin might offer adequate qualities for periodontal 

regeneration. 
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