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ABSTRACT 

INTRODUCTION: Guided tissue regeneration or GTR is a predictable and effective surgical 

treatment method for regeneration and treatment of periodontal defects. Hydroxyapatite is a 

calcium phosphate apatite that has been used as graft material with great success. Thus, a novel 

GTR membrane from HA, Gelatin and eggshell-derived hydroxyapatite could be beneficial in bone 

remodelling and in the treatment of periodontal defects among periodontally compromised patients 

whose bone formation levels are affected due to age or other factors. 

MATERIALS AND METHOD: Eggshell-derived hydroxyapatite was fabricated by calcifying the 

eggshells at 900 degrees Celsius, adding 0.5M diammonium hydrogen phosphate solution and 

drying it at 100 degrees Celsius overnight. GTR membrane was prepared and the samples were 

then assessed for tensile strength, contact angle SEM and FTIR. 

RESULTS: The average contact angle of the control sample is 70.01°. 0.5% EHA GTR membrane 

shows an average contact angle of 68.12° and 1% EHA GTR membrane shows an average value 

of 71.05°. In our study, it was seen that the fabricated samples showed similar contact angles to 

the control. All the peaks of EHA were assessed on the FTIR spectrum of EHA-HA gelatin 

membrane which indicates the successful mediation of EHA into the sample.  

CONCLUSION: Eggshell-derived hydroxyapatite is a versatile and novel bone graft substitute 

that showed promising results within the study limitations. It is a safe synthetic graft substitute 

that exhibits good physical properties and is cost-effective and economical.  

 

INTRODUCTION: 

Periodontitis is one of the most commonly occurring 

diseases in the oral cavity that involves the periodontal 

tissues and its response to bacterial populations based on 

the immune response of the host1. It is the acute or 

chronic inflammation of the periodontium surrounding 

the tooth that leads to bone resorption, and infra bony 

defects and can eventually lead to tooth resorption if not 

treated. An effective management of the condition is 

required in order to improve the overall health and 

quality of life of the patient. The main aim of 

regenerative periodontal therapy is to regenerate the 

functional attachment of tissues that are destroyed by the 

disease, namely, the cementum, the alveolar bone and 

the periodontal ligament3. Guided tissue regeneration or 

GTR is a predictable and effective surgical treatment 

method for the regeneration and treatment of periodontal 

defects4. It aids in the creation of space around the 

diseased area by the placement of a non-resorbable or 

resorbable membrane that allows the alveolar bone and 

periodontal ligament cells to proliferate and cover the 

defects. It also aids in preventing the epithelial cells of 

the gingiva from migrating into the bony defect site5. 

There have been many innovations in the field of guided 
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bone and tissue regeneration including 

polytetrafluoroethylene (PTFE) which is a non 

resorbable membrane that is bioinert and non-reactive 

chemically. However, it is not cost-effective and due to 

its non-resorbable nature requires a second procedure to 

remove the membrane which can lead to an increased 

rate of failure of the procedure6. Resorbable membranes 

such as collagen membranes are widely used in 

periodontal bony repairs. However, collagen membranes 

can potentially cause an inflammatory response in the 

host tissue7.    

Hyaluronic acid (HA) is a nonsufated anionic 

glycosaminoglycan widely used in the medical field for 

faster wound healing and cosmetic procedures. It is also 

used in orthopedic and ophthalmic surgeries8. HA has a 

wide range of regenerative and bone healing properties 

and also facilitates the cell migration and differentiation 

in the stage of formation of tissues and their repair9. It 

has bone induction properties and increases bone 

formation by osteoblastic cells by increased 

differentiation and migration of mesenchymal cells. HA 

aids in both hard and soft tissue repair and decreases the 

possibility of bacterial contamination of surgical sites in 

guided tissue regeneration surgeries because of its 

bacteriostatic and bactericidal action10. HA has the 

ability to induce angiogenesis, promote cell migration, 

adhesion and proliferation which helps in regeneration 

of the defects11. Previous studies indicate the ability of 

HA to promote clinical attachment gain when used in 

treating infrabony defects of the periodontium as an 

adjuvant12. Calcium hydroxide is an odorless white 

powder that exhibits potent antibacterial properties by 

the damage of protein, cytoplasmic membranes and 

DNA via release of reactive hydroxyl ions in aqueous 

fluid. Several studies have shown the effects of calcium 

hydroxide in various types of bony defects13. It is also 

easily available and is proven to have antimicrobial and 

hard tissue formation properties. Calcium hydroxide 

tends to increase the grouping, migration and 

proliferation of stem cells of the periodontal ligament 

and also promotes cementogenesis and remineralisation 

of bone. However some studies contradict these 

observations due to the dose dependent effect of calcium 

hydroxide14.  

Hydroxyapatite is a calcium phosphate apatite that has 

been used as graft material with great success15. 

Hydroxyapatite tends to show high bioactivity levels and 

forms a fast bond with bone. Previous studies indicate 

that the bioactivity of hydroxyapatite is attributed to its 

ability to concentrate activated fibronectin on its 

surface16. Hydroxyapatite is generally available in a 

granular form or in a porous, dense block form. It is 

biocompatible and does not cause any foreign body 

reaction in the host tissues17. For a long time, eggshell 

formulations have been used as mineral-supplying 

agents and as trace elements18. Bone healing in rats has 

been observed on usage of eggshell powder. Previous 

studies show the efficacy of eggshell power that has 

been surface modified as having osteoconductive 

properties and indicate its utility as a bone-filling 

material with advantages in bone regeneration19. 

Literature shows that the mechanical and material 

properties of eggshell-derived hydroxyapatite (EHA) is 

better in comparison with graft materials that are 

commercially available20. Histological studies show the 

good new bone formation property of EHA21. In 

addition, the preparation of hydroxyapatite from 

eggshell waste is both cost-effective and economical19. 

Thus in this study, we are assessing the properties of 

GTR membrane fabricated with hyaluronic acid, 

calcium hydroxide and eggshell derived hydroxyapatite. 

 

MATERIALS AND METHOD: 

FABRICATION OF EGGSHELL DERIVED 

HYDROXYAPATITE: 

Egg shells were collected and heated at 900-degree 

celsius in a box furnace to induce calcification and 

decompose the organic material in order for the 

conversion of eggshells into calcium hydroxide after 

exposure to air. The product was ground finely in a 

mortar and pestle. 0.3M suspension was formed with 

calcium hydroxide and distilled water. 0.5M 

diammonium hydrogen phosphate solution was added to 

the mixture. Irradiation of the mixture was done in a 

microwave oven and then repeatedly washed with 

distilled water for the removal of unwanted ions. It was 

dried in an oven at 100 degrees Celsius overnight to 

obtain EHA. 

 

GTR MEMBRANE FABRICATION: 

The fabrication of the GTR membrane involved 

dissolution of 0.5g of hyaluronic acid and 2.5g of gelatin 

in 50ml of distilled water. Nitric acid was added drop by 

drop till the carbon sediments formed. The carbon 

sediments were the filtered using a filter paper. 

Phosphoric acid was added followed by ammonia until 

the pH of the solution turned 10. 250mg of 1-Ethyl-3-(3-

dimethylaminopropyl) carbodiimide (EDC) and 146mg 

N-Hydroxysuccinimide (NHS) were added to the 

mixture at the temperature of 40 degree celcius. The 
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mixture was allowed to stir using a magnetic mixture 

until a homogeneous solution was obtained. The mixture 

was then divided into 3 parts labeled A, B and C and 

kept in separate beakers. 0.5% EHA was added to beaker 

A, 1% EHA was added to beaker B and beaker C was 

kept as a control. The solutions were poured into petri 

dishes of film thickness 2mm and incubated for 48 

hours. The obtained membrane was then characterized. 

 

CHARACTERIZATION OF GTR MEMBRANES: 

The membranes were cut into 2x2cm and 2x4cm 

dimensions for testing. 2x2cm strips were used for 

checking the Contact angle using the contact angle 

goniometer and for Fourier transform infrared testing 

(FTIR). Tensile strength was assessed on the 2x4cm 

membranes using INSTRON Universal Testing 

Machine E-3000.  

 

RESULTS: 

1. CONTACT ANGLE: 

0.5% EGG SHELL DERIVED HYDROXYAPATITE: 

FRAME 

NUMBER 

TIME (s) LEFT 

ANGLE (°) 

RIGHT 

ANGLE 

(°) 

AVERAGE 

ANGLE (°) 

LEFT 

CONTACT 

POINT 

(Pixel) 

PGHT 

CONTACT 

POINT (Pixel) 

DROPLET 

WIDTH 

(Pixels) 

0.0 0.0 72.95 63.29 68.12 820.6 1210.0 389.4 

Table1: Contact angle analysis of 0.5% EHA in HA Gelatin membrane 

 

 
Figure1: Contact angle analysis of 0.5% EHA in HA Gelatin membrane 

 

1% EGG SHELL DERIVED HYDROXYAPATITIE: 

FRAME 

NUMBER 

TIME (s) LEFT 

ANGLE (°) 

RIGHT 

ANGLE 

(°) 

AVERAGE 

ANGLE (°) 

LEFT 

CONTACT 

POINT 

(Pixel) 

PGHT 

CONTACT 

POINT 

(Pixel) 

DROPLET 

WIDTH 

(Pixels) 

0.0 0.0 72.7 69.4 71.05 780.5 1151.7 371.2 

Table 2: Contact angle analysis of 1% EHA in HA Gelatin membrane 

 

http://www.jchr.org/


  
 

1576 

Journal of Chemical Health Risks 
www.jchr.org 

JCHR (2024) 14(2), 1573-1582 | ISSN:2251-6727 

 
Figure 32: Contact angle analysis of 1% EHA in HA Gelatin membrane 

 

CONTROL: 

FRAME 

NUMBER 

TIME (s) LEFT 

ANGLE (°) 

RIGHT 

ANGLE (°) 

AVERAGE 

ANGLE (°) 

LEFT 

CONTACT 

POINT 

(Pixel) 

PGHT 

CONTACT 

POINT 

(Pixel) 

DROPLET 

WIDTH 

(Pixels) 

0.0 0.0 68.74 71.28 70.01 699.0 1040.7 371.7 

Table 3: Contact angle Analysis of HA Gelatin control membrane 

 

 
Figure 3: Contact angle Analysis of HA Gelatin control membrane 
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2. FTIR: 

 
Figure 4: FTIR analysis of the 0.5% EHA-HA Gelatin membrane 

 

 
Figure 5: FTIR analysis of the 1.0% EHA-HA Gelatin membrane 
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Figure 6: FTIR analysis of the HA Gelatin control 

 

3. TENSILE STRENGTH: 

 

SPECIMEN LABEL TENSILE STRENGTH AT BREAK (STANDARD) 

(MPa) 

1% Egg shell 41.07 

0.5% Egg shell 77.29 

Control 48.60 

Table 4: Tensile strength analysis of control and samples 

 

4. SEM ANALYSIS: 

http://www.jchr.org/
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Figure 7: SEM analysis images of A: HA Gelatin control membrane; B: 0.5% EHA-HA Gelatin control membrane; C: 

1.0% EHA-HA Gelatin control membrane 

 

DISCUSSION: 

The above study shows the fabrication of hyaluronic 

acid, calcium hydride and eggshell derived GTR 

membrane and characterisation of its physical properties 

including contact angle, tensile strength, FTIR and 

scanning electron microscopy analyses. Table 1, 2 and 3 

show the contact angle of the samples. The average 

contact angle of the control sample is 70.01°. 0.5% EHA 

GTR membrane shows an average contact angle of 

68.12° and 1% EHA GTR membrane shows an average 

value of 71.05°. In previous invitro and invivo studies,, 

it was found that hydrophilic surfaces promote 

osteoblast cell adhesion, differentiation and bone 

formation in the early stage22. Both epithelial and 

fibroblastic movements should be inhibited by GTR 

membranes. GTR membranes should also promote 

migration of osteoblasts. Invivo studies on rats show that 

increased hydrophilicity of GTR membranes tends to 

increase the fibroblast attachment on the membrane23. 

Table 4 shows the tensile strength of the sample. Contact 

angle is also inversely proportional to wettability24. 

Wettability is required for a certain amount in order to 

transport nutrients to the areas requiring regeneration. 

However, high levels of wettability can compromise the 

stiffness of the membrane and can cause easier tearing 

of the membrane. In our study it was seen that the 

fabricated samples showed similar contact angles to the 

control.  

 

FTIR analysis was used to assess the functional groups 

present in the sample. Figure 5 shows the FTIR spectra 

of 0.5% EHA-HA gelatin membrane where the 

hydroxyapatite peaks were found to be around 1026.42 

cm-1, the peak for NH group of hydroxyapatite was 

around 3272.32 cm-1, for CH group at 2928.54 cm-1 and 

C=O at 1631.07 cm-1. For the 1% EHA-HA gelatin 

sample the hydroxyapatite peaks were around 1027.85 

cm-1, NH group peak was around 3270.75 cm-1, CH 

group peak was around 2922.68 cm-1 and C=O peak 

was seen to be around 1628.59 cm-1 (Figure 6). All the 

peaks of EHA were assessed on the FTIR spectrum of 

EHA-HA gelatin membrane which indicates the 

successful mediation of EHA into the sample. Based on 

the tensile strength, 0.5% EHA membrane shows 

significantly higher tensile strength (77.29 MPa) when 

compared to the control (48.60) and 1% EHA sample 

(41.07) (Table 4). SEM analysis (Figure 7) shows the 

electron microscopy pictures of the samples. A is seen 

to have a smooth surface with minimal surface 

irregularities under 10k x magnifications (scale bar= 

10µm). B for 0.5% EHA-HA gelatin membrane showed 

embedded amorphous particles in the membrane and C 

with 1% EHA showed tightly packed amorphous 

particles in the membrane. 

 

Egg shell derived hydroxyapatite has been a subject of 

interest in the research field due to its economical nature, 

cost efficiency and ease of access. Previous literature 

indicates the use of egg shell derived hydroxyapatite in 

the field of regenerative periodontics. EHA is seen as a 

viable regenerative material due to its biocompatibility, 

ease of use and lack of disease transfer risks. EHA added 

at the right amount is hydrophilic in nature and is 

absorbed by the blood and other body fluids thus 

increasing the ease of handling. In a study by Kattimani 

et al., it was seen that EHA showed a higher bone density 

in osseous defect sites when compared to bovine derived 

hydroxyapatite19,25. Further research also showed that 

EHA showed high bone regeneration rates comparable 

to that of synthetic hydroxyapatite21. In a similar study 

by Wardhana et al., it was seen that EHA promoted 

complete bone regeneration in periodontal defects and 
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also resulted in increased bone density similar to that of 

synthetic hydroxyapatite in the grafted area26. When 

EHA was placed in extraction sites, increased density of 

bone with a trabecular bone pattern was observed within 

3 months. There was reduction in the bone depth during 

the follow up period and the area showed better bone 

regeneration without any infections or inflammatory 

reactions27. Research by Kavarthapu et al. with EHA as 

a graft and membrane material showed it to be a good 

interposition material which discouraged epithelial 

migration and aided in neovascularization and 

osteoblastic proliferation28. Thus, from this study it can 

be inferred that egg shell derived hydroxyapatite apatite 

is an effective material for regeneration therapy and 

showed better physical properties when compared with 

the control sample. 

 

CONCLUSION: 

Guided tissue regeneration has been a subject of interest 

in the field of periodontal therapy for the past years. 

There have been various alterations of similar HA 

gelatin membranes with the addition of different 

materials. Eggshell derived hydroxyapatite is a versatile 

and novel bone graft substitute that showed promising 

results within the study limitations. It is a safe synthetic 

graft substitute that exhibits good physical properties 

and is cost effective and economic. Bone formation 

assays can be further done to assess the osteogenic and 

osteoconductive properties of EHA. Further research on 

this material can aid in development of newer and 

superior graft materials which can help in the 

formulation of better treatment modalities.  
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