
5353

Dental Journal
(Majalah Kedokteran Gigi)

2023 March; 56(1): 53–57

Original article

Physical characterization and analysis of tissue inflammatory 
response of the combination of hydroxyapatite gypsum puger 
and tapioca starch as a scaffold material

Amiyatun Naini,1 Dessy Rachmawati2,3

1Department of Prosthodontics, Faculty of Dentistry, Universitas Jember, Jember, Indonesia
2Department of Dental Biomedical Science, Faculty of Dentistry, Universitas Jember, Jember, Indonesia
3Center of Excellent of Agromedicine (CEAMED), Universitas Jember, Indonesia

ABSTRACT
Background: Cases of bone damage in the oral cavity are high, up to 70% of which consist of cases of fracture, tooth extraction, 
tumor, and mandibular resection. The high number of cases of bone damage will cause the need for bone graft material to increase. 
The bone graft material that we have developed is a combination of hydroxyapatite gypsum puger (HAGP) and tapioca starch (TS) 
scaffold. Purpose: This study analyzes the physical characterization and tissue inflammatory response of the combination of HAGP+TS 
as a scaffold for bone graft material. Methods: Eighteen Wistar rats were used. HAGP+TS were installed into the molar 1 socket for 
7 and 14 days. First, HAGP was evaluated using XRF and SEM before setting up the in vivo experiment. A blood sample was drawn 
and then tested for TNF-α levels using ELISA. Results: The XRF revealed that the main constituents of hydroxyapatite were Ca and 
P. Next, SEM characterization on the HAGP+TS showed an average pore size of 112.42 µm2, which is beneficial for cell activity to 
grow as new bone tissue. In addition, TNF-α on days 7 and 14 on the HAGP+TS scaffold did not elicit an inflammatory response.                    
Conclusion: The combination of HAGP+TS contains a high amount of Ca and also has excellent interconnectivity between pores. It 
also does not trigger an inflammatory response in the tissue; therefore, it is a good candidate as an alternative bone graft material. 
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INTRODUCTION

The occurrence of bone destruction related to oral health 
is prevalent. There are several factors causing bone 
destruction, such as fracture, tooth extraction, periodontitis, 
tumor, mandibular resection, alveolar cleft, and cleft 
palate.1,2 The high number of bone destruction cases is 
causing a rise in the demand for bone replacement materials, 
bone implants, and bone grafts.3 

In prosthodontics, the technological advancement of 
bone grafting techniques can help cases of bone destruction 
and implant placement. The ideal bone graft material 
should be biocompatible, osteoconductive (i.e., providing 
a framework or scaffold for the new bone to grow), and 
osteoinductive (i.e., growth-stimulating materials).4 
Materials that can be used as bone substitutes or bone 

grafts include autograft, allograft, xenograft, alloplastic, 
or synthetic bone substitute (bioceramic).5 

A bioceramic material that a previous study has recently 
developed is hydroxyapatite gypsum puger (HAGP). The 
gypsum puger has been synthesized into a hydroxyapatite 
scaffold, and thus it becomes an alternative graft material 
at a more affordable price and is easy to obtain.6,7 However, 
it still poses some weaknesses, such as low biomechanical 
properties, low porosity, and brittleness.8 Therefore, to 
improve its material properties, it needs to be enhanced by 
combining it with biopolymer materials. One of the natural 
biopolymer materials is cassava.

Cassava is an abundant raw material at a relatively 
affordable price, and it is easy to obtain. Cassava is a 
tuber plant with the Latin name Manihot utilissima from 
the Euphorbiaceae family. Cassava is a polysaccharide 
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containing starch with amylopectin and amylose content. 
Cassava can be processed to produce tapioca starch (TS) 
with many benefits. Tapioca starch is beneficial for health 
since it is a source of carbohydrates, high in calories and 
proteins, and contains B complex vitamins, minerals, 
fibers, and vitamin K, which are beneficial for building 
bone mass.9 HAGP is a new development in bone graft 
material that has improved mechanical properties and 
porosity when combined with cassava starch; therefore, 
the HAGP+TS scaffold material is firm and has good 
mechanical characteristics.

In the case of fractured bones, tissue engineering 
procedures are needed to accelerate the healing process 
and formation of new bone. One of the components of 
tissue engineering is a scaffold. A scaffold is a component 
for inducing cell growth.10 The scaffold material that will 
be used as a bone graft must have characterization in the 
form of an elemental composition test/x-ray fluorescence 
(XRF), a morphological test using scanning electron 
microscopy (SEM), and an inflammation test to determine 
the tissue response to the incoming scaffold/foreign object. 
Inflammation is a reaction to a foreign agent entering the 
body. The tissue damage is caused by the invasion of 
microorganisms, harmful chemicals, and physical factors. 
Inflammatory signs are usually seen as redness, heat, 
swelling, pain, and impaired function.

TNF-α is a cytokine that plays an important role in 
the inflammatory response.11 Inflammation is an initial 
response from the body tissues if there is an injury. A bone 
graft applies foreign matter to the tissues of the human body. 
Therefore, it may cause injury, such as inflammation. The 
purpose of this study is to analyze the elemental composition 
and morphological characterization of the combination of 
HAGP+TS scaffold as a candidate new bone graft material. 
Next, we also examine the tissue inflammatory response of 
the combination to get an overview of the biocompatibility 
of the new bone graft material. 

MATERIALS AND METHODS

The HAGP sample was made using the following 
procedure. Weigh 0.5 g of gypsum, 0.5 g of diammonium 
hydrogen phosphate (DHP), and 500 ml of distilled 
water. Mix them in a beaker and then put the beaker on 
a magnetic hotplate for 15 minutes. Then, put the beaker 
in an oven at 100°C for 30 minutes. Wash the solution 
using distilled water, and at the same time, filter it using 
filter paper several times until the pH is neutral. Then, dry 
the powder in a microwave at 50°C for 5 hours to create 
hydroxyapatite powder. 

The process of making tapioca starch generally 
comprises peeling, washing, grating, extracting, settling, 
and milling. First, weigh and wash 500 g of cassava, and 
then grate it. Add 1 l of water and filter it. Next, let the 
contents rest for 12 hours to settle the starch at the bottom. 
Then dry, mash, and sieve the starch. 

The composite HAGP+TS scaffolds were made through 
the following procedure. Weigh 250 mg hydroxyapatite 
and 300 mg solid gelatin. Add 10 ml distilled water 
and heat to 40°C. Then add 250 mg of HAGP and mix 
until homogeneous. Then add 250 mg TS and 10 ml 
distilled water and mix using an ultrasonic homogenizer 
for 6 minutes. Put the mixture into cylindrical molds 
with a diameter of 5 mm and a height of 5 mm. Then 
freeze and dry with a sublimation/freeze-drying system. 
Sterilize using gamma irradiation. Next, characterize 
them to see the concentration of scaffold content using                                                                    
XRF and SEM. 

This study was an in vivo laboratory experiment using 
a posttest-only control group design. The independent 
variable was the HAGP+TS scaffold, and the dependent 
variable was tumor necrosis factor alpha (TNF-α) levels. 
Eighteen Wistar rats with the following inclusion criteria : 
12-to-14-week-old male Wistar rats with a body weight of 
around 200–250 g were used. The rats were kept with the 
same feed, the rats’ drinks (distilled water), and the rats’ 
caring method. In addition, also the evaluation time, the skin 
area for injection, the time and level of material given, and 
the application method were controlled. Wistar rats were 
divided into 6 sampling groups, with 3 samples (n=3) in 
each group. Inflammatory responses were evaluated by 
enzyme-linked immunosorbent assay (ELISA) analysis 
method,

The prepared HAGP+TS scaffold was ready to be 
applied to the rats with the following steps. First, anesthetize 
the Wistar rats intra-muscularly using 100 mg/ml ketamine 
and 20 mg/ml xylazine base and xylazine ratio with a 
dose of 0.08–0.2 ml/kg body weight. Once the rats were 
anesthetized, the first molar on the left mandible was 
extracted using a needle holder. Then, put HAGP+TS 
scaffold material into the extraction socket. Sew it using 
a 75 cm sewing thread (Dr. Stella Silk Braided USP 3/0). 
Then, wait for 7 and 14 days. Collect the rats’ blood for 
ELISA analysis by using 5 ml of ether on a cotton swab. 
Put the cotton swab in a closed glass box. Put the rats into 
the glass box singly for 5 minutes. Dissect the thoracic 
area of the rats and collect 2 ml of blood from the heart. 
Determine TNF-α levels using ELISA. 

The data obtained were subjected to statistical analysis 
with a Statistical Package for the Social Sciences (SPSS) 
software, version 22 (IBM, USA). All scale variables were 
analyzed for normality and homogeneity tests. The data 
were normally distributed; therefore, parametric tests using 
one-way analysis of variance (ANOVA) were conducted, 
followed by least significant difference (LSD), with p < 
0.05 indicated as statistical significance.

RESULTS 

The results of the characterization analysis using XRF, 
the HAGP scaffold, and the HAGP+TS scaffold produced 
elemental percentages that can be seen in Table 1. The 
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results of SEM characterization used to determine the 
morphology (including the shape, pore diameter, and pore 
area) of the HAGP+TS composite scaffold are shown in 
Figure 1.

The SEM test results of the HAGP scaffold and 
HAGP+TS scaffold in Figure 1 show an irregular pore edge 
shape and inhomogeneous interconnectivity with different 
sizes among samples. The results of the diameter and the 
pore area data for the HAGP scaffold and the HAGP+TS 
scaffold are presented in Tables 2 and 3.

The diameter and pore size of the HAGP+TS and HAGP 
groups were analyzed using the Shapiro-Wilk normality 
test. The analysis showed p > 0.05, which indicated that 
the data is normally distributed. A homogeneity test was 
also conducted using the Levene test. The results showed 
that the significancy of pore diameter  p = 0.13 and pore 
area p = 0.06. It indicated that the variance of the data is 

homogeneous between groups. Moreover, an ANOVA 
test was also conducted. The results of pore diameter 
showed p = 0.03, and pore area showed p = 0.02. It showed 
the difference in pore diameter and pore area between 
groups.

The tissue inflammatory response analysis was 
conducted to analyze the TNF-α levels after the application 
of the HAGP+TS group and HAGP group. Negative controls 
on days 7 and 14 were analyzed using the Shapiro-Wilk 
normality test. The results showed p > 0.05, which indicated 
that the data was normally distributed. A homogeneity 
test using the Levene test was also conducted. The results 
showed p = 0.22, which indicated that the data variance was 
homogeneous between groups. Furthermore, an ANOVA 
test was conducted. The results showed p = 0.75, indicating 
no difference in TNF-α levels between groups. The results 
of TNF-α levels are presented in Table 4. 

A B C

D E F

Figure 1. SEM analysis of HAGP scaffold and HAGP+TS scaffold. A. HAGP scaffold 250x magnification, B. HAGP scaffold 500x 
magnification, C. HAGP scaffold 750x magnification, D. HAGP+TS scaffold 250x magnification, E. HAGP+TS scaffold 
500x magnification, F. HAGP+TS scaffold 750x magnification.

Table 1. The results of XRF test on HAGP and HAGP+TS scaffold

Compound P Ca Cr Fe Ni Cu Yb S
HAGP scaffold 34% 49.5% 5.8% 5.0% 3.4% 1.9% 0.9% -
HAGP+TS scaffold 13.5% 82.9% - 0.39% - 0.081% 0.46% 2.70%

Table 2. Pore diameter of HAGP scaffold and HAGP+TS scaffold

Group Mean SD Minimum Maximum p
HAGP scaffold 143.97 µm 36.15 105.20 µm 217.90 µm

0.03
HAGP+TS scaffold 112.42 µm 18.80 85.33 µm 142.90 µm

Table 3. Pore area of HAGP scaffold and HAGP+TS scaffold

Group Mean SD Minimum Maximum p
HAGP scaffold 16155.08 µm2 6615.77 8687.62 µm2 27272.10 µm2

0.02
HAGP+TS scaffold 10168.69 µm2 3321.66 5715.74 µm2 16030.01 µm2
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DISCUSSION

The results of the XRF test showed Ca and P elements, 
which were the main elements of hydroxyapatite with 
the chemical formula Ca10(PO4)6(OH)2 contained in the 
HAGP+TS scaffold. The addition of TS to the process 
of HAGP scaffold-making resulted in a greater amount 
of Ca compared to the HAGP scaffold without TS. A 
greater amount of Ca can improve the material properties 
of the scaffold. The presence of element P is related to the 
deposition of phosphate from hydroxyapatite.12 There was a 
hydrothermal reaction in the process of making the scaffold 
to obtain single crystals. Hydroxyapatite crystals are the 
same size as bone hydroxyapatite crystals.13,14

The scaffolds used in this research were made of 
HAGP powder mixed with TS, while the scaffolds for the 
control group were processed using a freeze-drying system. 
Microstructural characterization of the HAGP scaffold 
using SEM obtained a three-dimensional interconnected 
pore structure with an average diameter of 143.97 µm, 
and the HAGP+TS scaffold showed an average diameter 
of 112.42 µm. For the pore area (this pore is a hole 
formed on the surface of the HAGP scaffold), the HAGP 
scaffold showed 16155.08 µm2, and HAGP+TS showed 
10168.69 µm2. The HAGP+TS scaffold showed better 
interconnectivity between each pore than the HAGP 
scaffold. It can be assumed that the addition of TS to 
gelatin and HAGP caused interactions with TS particles; 
thus, separating gelatin particles from one another, which 
caused the formation of interconnectivity and more even 
pore distribution.15 

The HAGP+TS scaffold had a smaller pore size than 
the HAGP scaffold. This was due to the constant freezing 
temperature and the addition of TS that helped decrease the 
pore size.16 TS can lower pore size by forming hydrogen 
bonds that increase the strength of the scaffold through 
an interlocking mechanism.16 The small pore size exists 
because of the presence of hydroxyapatite (HA), causing 
the pore size and pore wall to decrease after freeze-drying 
because of the increasing number of ice crystals and the 
closing distance among ice crystals.17 The addition of 
cassava starch polymer allows bond formation between 
the cassava starch polymer and HAGP. The concentration 
of cassava starch polymer influences the pore size. By 
triggering hydrogen bonds to form, the pores shrink.. It 
is conducive to cell activity so that it enters and grows in 

it, which is useful for bone remodeling and bone tissue 
engineering.17,18 The minimum scaffold pore size was 
between 75–100 µm. However, if the pore size diameter 
is > 300 µm, it will be better for bone formation since it 
is easier to facilitate and vascularize the tissue.19 Scaffold 
pores have a retentive shape for cell attachment, being a 
place for cell proliferation and differentiation into osteoblast 
cells.20 In this study, all sample groups produced pore 
sizes with the potential to assist bone growth. This is ideal 
as it meets the requirements for bone graft material, i.e., 
being osteoconductive, that is, providing a framework or 
scaffold to grow.4 

In this study, TNF-α levels were observed on days 7 and 
14. The results of the TNF-α level of the negative control 
group showed that the HAGP scaffold and HAGP+TS 
scaffold were almost the same. In the HAGP+TS group, 
the levels were higher but statistically within the range 
of the HAGP+TS group. For the HAGP and negative 
control groups, the results showed p = 0.75, which 
indicated no significant difference, and thus did not cause 
an inflammatory response. Inflammation is an important 
mechanism needed by the body to defend itself from dangers 
such as tissue damage and invasion of microorganisms, 
antigens, and foreign materials that disrupt the balance of 
the tissue. As a foreign object that enters the rats’ body 
through the tissue, the scaffold can activate macrophages 
and other cells to produce and release various cytokines, 
including TNF-α.21

TNF-α levels on days 7 to 14 were associated with the 
recruitment of osteoclast precursors and differentiation 
into mature osteoclasts in the defect. It corresponds to 
other research findings that defects treated with HA in the 
first week are associated with TNF-α expression from the 
surface osteoblasts markers.22 On day 7, the inflammation 
peaks after the application of the material to the tissues, 
while day 14 has a decrease in the inflammatory response 
and begins to form tissue regeneration. TNF-α levels report 
levels of cytokines, which play an important role in the 
inflammatory response.21

In this study, there was no significant difference 
between the control and treatment groups concerning 
the inflammation test. Thus, the HAGP+TS scaffold 
material is safe for the body (biocompatible) and an ideal 
candidate for bone graft material.4 HAGP+TS scaffold is 
a type of alloplastic bone graft material or synthetic bone 
replacement material (bioceramic), which can be referred 
to as a regenerative material. Based on a systematic review 
study on graft materials related to alveolar regeneration, 
there were no significant differences between regenerative 
materials and iliac crest grafts in the meta-analysis. It 
indicates that this regenerative material still meets the 
requirements for treating bone destruction.3

The conclusions of this study are that the combination 
of HAGP+TS scaffold contains high amounts of Ca and P 
by XRF test, has excellent inter-pore interconnectivity by 
SEM test, and does not trigger an inflammatory response 
in tissue by ELISA test; therefore, this material is a good 

Table 4. The results of TNF-α levels

Scaffold N
TNF-α

Mean SD p
K (-) 7 3 0.10 0.02702

0.75

K (-) 14 3 0.12 0.01493
HAGP 7 3 0.11 0.00902
HAGP 14 3 0.12 0.00987
HAGP+TS 7 3 0.12 0.00513
HAGP+TS 14 3 0.12 0.02178
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candidate for alternative bone graft material. However, 
further research is needed using other biomarkers before it 
can be applied clinically.

ACKNOWLEDGEMENTS

The authors would like to thank all those who have 
participated in this research and in particular the Bioscience 
laboratory of Dental and Oral Hospital, Universitas Jember 
which has allowed and facilitated this research. 

REFERENCES

 1.  Kheirallah M, Almeshaly H. Present strategies for critical bone 
defects regeneration. Oral Heal Case Reports. 2016; 2(3): 127. 

 2.  Mattiola A, Bosshardt D, Schmidlin P. The rigid-shield technique: 
a new contour and clot stabilizing method for ridge preservation. 
Dent J. 2018; 6(2): 21. 

 3.  Alkaabi SA, Alsabri GA, NatsirKalla DS, Alavi SA, Mueller WEG, 
Forouzanfar T, Helder MN. A systematic review on regenerative 
alveolar graft materials in clinical trials: Risk of bias and meta-
analysis. J Plast Reconstr Aesthet Surg. 2022; 75(1): 356–65. 

 4.  Kolk A, Handschel J, Drescher W, Rothamel D, Kloss F, Blessmann 
M, Heiland M, Wolff K-D, Smeets R. Current trends and future 
perspectives of bone substitute materials - from space holders to 
innovative biomaterials. J Craniomaxillofac Surg. 2012; 40(8): 
706–18. 

 5.  Tal H, Artzi Z, Kolerman R, Beitlitum I, Goshe G. Augmentation 
and preservation of the alveolar process and alveolar ridge of bone. 
In: Bone Regeneration. InTech; 2012. p. 139–84. 

 6.  Naini A, Sudiana IK, Rubianto M, Ferdiansyah, Mufti N. 
Characterization and degradation of hydroxyapatite gypsum puger 
(HAGP) freeze dried scaffold as a graft material for preservation 
of the alveolar bone socket. J Int Dent Med Res. 2018; 11(2):                  
532–6. 

 7.  Naini A, Sudiana IK, Rubianto M, Kresnoadi U, Latief FDE. Effects 
of hydroxyapatite gypsum puger scaffold applied to rat alveolar bone 
sockets on osteoclasts, osteoblasts and the trabecular bone area. 
Dent J (Majalah Kedokt Gigi). 2019; 52(1): 13–7. 

 8.  Tripathi G, Basu B. A porous hydroxyapatite scaffold for bone tissue 
engineering: Physico-mechanical and biological evaluations. Ceram 
Int. 2012; 38(1): 341–9. 

 9.  Ndubuisi ND, Chidiebere ACU. Cyanide in cassava: a review. Int J 
Genomics Data Min. 2018; 2: 118. 

10.  Bucholz RW. Rockwood and Green’s fractures in adults. 7th ed. Vol. 
1. Lippincott Williams & Wilkins; 2010. p. 113–4. 

11.  Baratawidjaja KG, Rengganis I. Imunologi dasar. 11th ed. Jakarta: 
Fakultas Kedokteran Universitas Indonesia; 2014. p. 860. 

12.  Naini A, Rachmawati D. Composition analysis of calcium and sulfur 
on gypsum at the Puger District Jember Regency as an alternative 
gypsum dental material. Dentika Dent J. 2010; 15(2): 179–83. 

13.  Choi AH, Ben-Nissan B, Matinlinna JP, Conway RC. Current 
perspectives: calcium phosphate nanocoatings and nanocomposite 
coatings in dentistry. J Dent Res. 2013; 92(10): 853–9. 

14.  Remya NS, Syama S, Gayathri V, Varma HK, Mohanan P V. An in 
vitro study on the interaction of hydroxyapatite nanoparticles and 
bone marrow mesenchymal stem cells for assessing the toxicological 
behaviour. Colloids Surf B Biointerfaces. 2014; 117: 389–97. 

15.  Ramadoss P, Subha V, Kirubanandan S. Gelatin-silk fibroin 
composite scaffold as a potential skin graft material. J Mater Sci 
Surf Eng. 2018; 6(2): 761–6. 

16.  Qi Y, Wang H, Wei K, Yang Y, Zheng R-Y, Kim I, Zhang K-Q. A 
review of structure construction of silk fibroin biomaterials from 
single structures to multi-level structures. Int J Mol Sci. 2017; 
18(3): 237. 

17.  Kaviani Z, Zamanian A. Effect of nanohydroxyapatite addition 
on the pore morphology and mechanical properties of freeze cast 
hydroxyapatite scaffolds. Procedia Mater Sci. 2015; 11: 190–5. 

18.  Khan Y, Yaszemski MJ, Mikos AG, Laurencin CT. Tissue 
engineering of bone: material and matrix considerations. J Bone 
Joint Surg Am. 2008; 90(Suppl 1): 36–42. 

19.  Chocholata P, Kulda V, Babuska V. Fabrication of scaffolds for 
bone-tissue regeneration. Materials (Basel). 2019; 12(4): 568. 

20.  Ariani MD, Matsuura A, Hirata I, Kubo T, Kato K, Akagawa Y. 
New development of carbonate apatite-chitosan scaffold based on 
lyophilization technique for bone tissue engineering. Dent Mater J. 
2013; 32(2): 317–25. 

21.  Abbas A, Lichtman A, Pillai S. Cellular and molecular immunology. 
9th ed. Philadelphia: Elsevier; 2016. p. 359–81. 

22.  Cardemil C, Elgali I, Xia W, Emanuelsson L, Norlindh B, Omar O, 
Thomsen P. Strontium-doped calcium phosphate and hydroxyapatite 
granules promote different inflammatory and bone remodelling 
responses in normal and ovariectomised rats. PLoS One. 2013; 
8(12): e84932. 

Copyrigrt © 2023 Dental Journal (Majalah Kedokteran Gigi) p-ISSN: 1978-3728; e-ISSN: 2442-9740. Accredited No. 158/E/KPT/2021. 
Open access under CC-BY-SA license. Available at https://e-journal.unair.ac.id/MKG/index
DOI: 10.20473/j.djmkg.v56.i1.p53–57

https://e-journal.unair.ac.id/MKG/index
https://doi.org/10.20473/j.djmkg.v56.i1.p53-57

