Biomaterial Potential of Duck Eggshell-Derived Nanohydroxyapatite and Calcium Hydroxide in Endodontic Therapy
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Abstract. Reversible pulpitis is a pulp disease that can change back to a normal pulp by removing an irritant stimulus. One of the treatments that can maintain the vitality of teeth that have been damaged is the treatment of pulp capping. Calcium hydroxide is one of the gold standard medications in pulp capping treatment but calcium hydroxide medication can cause superficial necrosis. Purpose: This study aims to determine the effect of calcium hydroxide and nano-hydroxyapatite application of duck eggshells on odontoblast-like cells in reversible pulpitis. Method: This study tested the effect of calcium hydroxide and nano-hydroxyapatite application on the formation of odontoblast-like cells in vivo. The samples used came from 3 groups consisting of a group of mice that were not given medicaments, a group of mice given calcium hydroxide medicament, and a group of mice given nano-hydroxyapatite medicament duck egg shells. Observations of odontoblast-like cells were carried out using the Optilab Olympus CX23 microscope with a magnification of 200 times and calculated using raster image software. Result: The results showed the influence of the formation of odontoblast-like cells with an average of group 1 which was 16.56, group 2 which was 20.22, and group 3 which was 25.33. One Way Anova test resulted in p = 0.038 (p < 0.05) which means there is a significant difference. The results of the LSD (Least Significant Difference) Post Hoc test showed a significant and insignificant difference. Conclusion: Based on this study, it can be concluded that nano-hydroxyapatite duck eggshell as a material for pulping influences the formation of odontoblast-like cells in reversible pulpitis.
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introduction
The quality of a person's life is influenced by the condition of their dental and oral health. Disorders of dental and oral health will impact the performance of every person (1). Pulp and periapical disease is a type of disease that has a relatively high number of cases, based on the Basic Tabulation List (DTD), pulp and periapical disease ranks 11th with a figure of 30.06% of all outpatient disease histories in Indonesian Hospitals(2).
One treatment that can maintain the vitality of damaged teeth is pulp capping. Based on the application procedure, pulp capping treatments are divided into two types: direct pulp capping and indirect pulp capping.(3). Direct pulp capping is a treatment performed when the pulp is still healthy but accidentally experiences traumatic injury or occurs due to iatrogenic factors, while indirect pulp capping is a treatment that aims to protect the tooth pulp in cases of deep carious lesions (4). Pulp that is injured will produce a defense reaction in the form of an inflammatory response, collagen synthesis and the formation of reparative dentin. The initial response to the formation of reparative dentin is the formation of odontoblast-like cells. Odontoblast-like cells are cells that can form dentin in response to caries, trauma, or errors in restoration procedures (5).
Some of the materials commonly used to stimulate the formation of odontoblast-like cells through pulp capping treatment include calcium hydroxide, mineral trioxide aggregate, biodentin, and hydroxyapatite (HA). Calcium hydroxide is a gold standard medicament with a powder structure. Calcium hydroxide has good biocompatibility with tissue and has a pH of around 12-13, which can create an alkaline environment and facilitate the formation of new reparative dentin. However, it still has the disadvantage of causing superficial necrosis(6).
Nano-hydroxyapatite derived from duck eggshells was the chosen medicament used in this study. These shells are rich in calcium and phosphate compounds, making them suitable for use as the primary compound in nano-hydroxyapatite synthesis. Calcium phosphate can stimulate stem cell differentiation into odontoblasts and odontoblast-like cells, enhancing dentin regeneration, resulting in reparative dentin(7). Based on the explanation above, the researchers are interested in conducting related research the effect of the application of calcium hydroxide and nano-hydroxyapatite from duck eggshells on odontoblast-like cells in reversible pulpitis.
[bookmark: _Hlk211170447] research methods
This research has received ethical permission issued by the Health Research Ethics Commission of Dr. Moewardi Regional General Hospital with No. 277/II/HREC/2023. This research uses an in vivo laboratory experimental research type. The research design used for this study includes a post-test only control design conducted in the laboratory using Sprague Dawley rats that have been cavity-made using a 008 round diamond bur on the left maxillary molar tooth as research objects. Subjects requiring inclusion criteria will be randomly divided into 3 groups, namely 1 negative control group, 1 positive control group and 1 treatment group. The negative control group is a group of Sprague Dawley rats that are not given medication. The positive control group is a group of Sprague Dawley rats that are given Ca(OH)2 medication, while the treatment group is a group that will be given duck eggshell nano-hydroxyapatite medication. The number of samples used is 27 which is calculated using the Federer formula. This study was conducted for 14 days before decapitation, tissue preparation, and observation of odontoblast-like cells under a microscope at 200x magnification. This study was conducted in the Pharmacology and Anatomical Pathology Laboratory, Faculty of General Medicine, Muhammadiyah University of Surakarta.
Data analysis was performed using SPSS software. Data are presented in the form of average values and standard deviations. Based on the number of samples used to determine the normality of data distribution using the Shapiro Wilk Test, then the data homogeneity test was carried out using the Levene Test, then a parametric test was carried out with One Way ANOVA to test and determine whether there were differences in the number of odontoblast-like cells in all groups and continued with the LSD (Least Significant Difference) test to test differences between groups. 
RESULTS AND DISCUSSION
The subjects of this study were 27 upper left first molar teeth of Sprague Dawley rats which were divided into groups of rats with reversible pulpitis without being given medication and then filled with glass ionomer cement as a negative control group, groups of rats with reversible pulpitis which were given calcium medication and then filled with glass ionomer cement as a negative control group. hydroxide as a positive control group, a group of rats with reversible pulpitis given duck eggshell nano-hydroxyapatite medicament, then preparations were made and odontoblast-like cells were observed using a microscope at 200x magnification. The average results and standard deviations can be seen in Table 1. 
TABLE 1. Average Results of Odontoblast-Like Cells
	Group
	Treatment
	Mean ± SD

	1
	GIC Filling
	16.56 ± 7.33

	2
	Calcium Hydroxide
	20.22 ± 7.83

	3
	Nano-HA Duck Eggshell
	25.33 ± 4.90


The results of the data analysis showed that the highest average formation of odontoblast-like cells was in group 3, namely the group of mice that were applied with duck eggshell nanohydroxyapatite, while the lowest average formation of odontoblast-like cells was in group 1, namely the group with GIC fillings. The results of observations of odontoblast-like cells in tissue preparations can be seen in the image below.
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FIGURE 1. Score 0, Odontoblast-Like Cells without administering medication/directly filled with GIC

FIGURE 2. Score 1.Odontoblast-Like Cells with calcium Hydroxide medicament










FIGURE 3. Score 2, Odontoblast-Like Cells with duck eggshell nano-hydroxyapatite medicament

Figure 3 shows that the formation of odontoblast-like cells was more common in teeth with reversible pulpitis that were treated with duck eggshell nano-hydroxyapatite, whereas in teeth that were not treated with the medicament, only a small amount of odontoblast-like cells was formed.
TABLE 2. Shapiro Wilk Test Results
	Group
	Treatment
	Sig

	1
	GIC
	0.087

	2
	Calcium Hydroxide
	0.697

	3
	Nano-HA Duck Eggshell
	0.122


 The results of the normality test can be seen in Table 2. The table shows that all data groups have p>0.05, meaning the data is normally distributed.
TABLE 3. Levene's Test Results
	Levene's Test
	Sig

	0.842
	0.440


Table 3 shows that the significant value obtained is 0.440, meaning it is significant >0.05, so the data has a homogeneous variance. The data obtained are normally distributed, thus fulfilling the requirements for conducting the One-Way ANOVA parametric test.
TABLE 4. One-Way ANOVA Test Results
	
	Results

	Sig.
	0.038



Table 4 shows the results of the One Way parametric test p<0.05, so there is a significant difference in the number of odontoblast-like cells between the three research groups.




TABLE 5. Results of the Analysis of the Difference Test of Odontoblast-Like Cells Between Groups (Post Hoc LSD)

	
	GIC
	Calcium Hydroxide
	Nano-HA
Duck Egg Shell

	GIC
	-
	0.265
	0.012*

	Calcium Hydroxide
	0.265
	-
	0.125

	    Nano-HA
     Duck Egg Shell
	0.012*
	0.125
	-


*Sig < 0.05, indicates a difference in the number of odontoblast-like cells formed.significantly.
Based on the results of the Post Hoc LSD test, there was a significant difference in the formation of odontoblast-like cells (p<0.05) in the Nano-HA duck eggshell group compared to the GIC group. Other groups, namely the GIC group against Calcium Hydroxide, Calcium Hydroxide against Nano-HA Duck Eggshell showed insignificant formation of odontoblast-like cells (p>0.05).
Pulp capping medicaments can help stimulate an increase in the number of progenitor cells. Progenitor cells function to stimulate an increase in transforming growth factor beta 1 (TGF-β1), which is the initial stage in the formation of odontoblast-like cells produced by undifferentiated mesenchyme cells of the dental papilla. Increased TGF-β1 is a defense mechanism that occurs during trauma. During the process of repair and dentin formation, TGF-β1 plays a crucial role in the proliferation and differentiation of pulp cells. This is in accordance with the goal of direct pulp capping treatment, namely maintaining pulp vitality by stimulating pulp cell formation to form reparative dentin, which functions to close the cavity and protect the pulp from bacteria and external stimuli (8).
The effect of pulp capping medicament application on the formation of odontoblast-like cells is supported by the results of the One Way ANOVA test. The results of the One Way ANOVA parametric test
showed p<0.05, indicating a significant difference in the number of odontoblast-like cells between the three study groups. This indicates that the application of pulp capping medication has an effect on increasing the formation of odontoblast-like cells in reversible pulpitis.
The results of the analysis of the difference test of odontoblast-like cells between groups (post hoc LSD) in the mice in the Duck Eggshell Nano-HA group and the Calcium Hydroxide group showed no significant difference between the two, although the average number of odontoblast-like cells in the group of mice given the Duck Eggshell Nano-HA medicament was greater than the group of mice given the Calcium Hydroxide medicament. Duck Eggshell Nano-Hydroxyapatite and Calcium Hydroxide can both stimulate the formation of odontoblast-like cells, but the formation of odontoblast-like cells carried out by Calcium Hydroxide has a weakness in the form of a reparative dentin structure in Calcium Hydroxide which has pores due to bacterial microleakage. This can stimulate pulp inflammation and can reduce the area of ​​odontoblast-like cell formation. The weakness of Calcium Hydroxide can cause tunnel defects, the medicament becomes easily dissolved in saliva, and long-term degradation occurs (9).
The selection of pulp capping medicament needs to be carefully considered. One factor influencing the success of pulp capping treatment is that the biomaterial must have high biocompatibility, be able to prevent microleakage by adhering to dentin, and be able to support the formation of a dentin bridge. Based on research conducted by Hanafi (2021), the use of nanoparticles has advantages, namely increased absorption and increased stability. Nano-Hydroxyapatite has excellent biocompatibility with human bone and tooth structures. Nano-Hydroxyapatite also contains molecules that have identical properties to human dentin and enamel (10). Nano-hydroxyapatite from duck eggshells also contains calcium phosphate derived from duck eggshells. Calcium phosphate can play a role in stimulating stem cell differentiation into odontoblasts and odontoblast-like cells to enhance dentin regeneration and produce reparative dentin (11).
The insignificant difference in the number of odontoblast-like cells between Nano-Hydroxyapatite and Calcium Hydroxide may be caused by a lack of consistency in research procedures, one of which is the lack of consistency in cavity size at the time.
The tooth is prepared. This can certainly affect the results, as the larger the pulp area exposed, the longer the pulp healing time required. The ability of duck eggshell nano-hydroxyapatite, which contains calcium phosphate and has good biocompatibility, makes this medicament capable of enhancing the formation of odontoblast-like cells.
 
CONCLUSION
The research that has been conducted has concluded that the duck eggshell nano-hydroxyapatite medicament increases the number of odontoblast-like cells in reversible pulpitis more than the calcium hydroxide medicament. Based on the research that has been conducted, there are several suggestions, namely the need for further research related to the most effective dose of duck eggshell nano-hydroxyapatite used as a pulp capping medicament on the formation of odontoblast-like cells. Further research is also needed to determine the peak time of odontoblast-like cell formation in the pulp that was applied with the pulp capping medicament during the 14-day period.
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