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ABSTRACT

Background: There are several cases in dentistry that cause alveolar bone defects, including periodontal disease, major 
trauma after tooth extraction, post-cyst enucleation, and post-surgery. Healing of alveolar bone defects can be treated in 
the form of bone grafting to restore the function and structure of damaged bone tissue. Hydroxyapatite has been proven 
to have some good properties such as biocompatible, bioactive, and osteoconductive. Osteoconductive materials serve 
as scaffold for osteoblasts to attach, grow, and differentiate to form new bone. Osteoblasts will synthesize collagen type 
1 which functions to mineralize the bone matrix. Purpose: To explain the role of hydroxyapatite on collagen synthesis in 
alveolar bone defects healing. Reviews: In this review article discusses the healing process of alveolar bone defects, the 
characteristics of the hydroxyapatite material, collagen synthesis and also 4 kinds of natural substances that can be used 
as a source of hydroxyapatite material for supporting the bone healing process. These natural materials include bovine 
bones, egg shells, crab shells, and calcite rocks. Conclusion: Hydroxyapatite material has a role in collagen synthesis in 
the healing process of alveolar bone defects.
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INTRODUCTION

Alveolar bone defects in dentistry can occur due to 
periodontal disease, major trauma after tooth extraction, 
post-cyst enucleation, and post-surgery. The healing 
process of alveolar bone defects is a complex and dynamic 
process consisting of four phases that are continuous, 
overlapping, and well programmed that involve tissue 
repair and regeneration. The process in every phase must 
occur precisely and regularly, including cells chemotaxis 
to the affected area, differentiation of mesenchymal cells, 
proliferation of bone-forming cells, synthesis of the 
extracellular matrix, osteoid mineralization, maturation, 
and bone remodeling. 1–3.

Bone grafting is a way to restore the function and 
structure of bone tissue that has been damaged. Ideal 
bone grafts must be biocompatible and have osteogenic, 
osteoinductive, and osteoconductive capabilities. One of 
the biomaterials that is often used as a material for bone 
graft substitute is hydroxyapatite which has the chemical 
formula Ca10 (PO4) 6 (OH). Hydroxyapatite has been 
proven to have good biocompatibility and osteoconductive 
properties so that it is well tolerated by the tissues of 
the human oral cavity and is able to stimulate osteoblast 

differentiation  4,5. Osteoblasts will synthesize collagen and 
glycosaminoglycans (GAGs) which play a role in the bone 
mineralization process 6.

Collagen is the main protein of connective tissue and is 
the most abundant protein in mammals, making up about 
30% of the total protein content 7,8. Currently there are 28 
types of collagen that act as structural proteins that form and 
regulate the extracellular matrix (ECM), which is needed in 
wound healing, scar tissue, and the formation of bone matrix 
9,10. An important process in bone healing is the synthesis of 
various collagens, especially type I collagen, which makes 
up about 90% of the bone organic matrix and is required 
for adequate mineralization 11. The purpose of this literature 
review is to explain the role of hydroxyapatite materials on 
collagen synthesis in alveolar bone defects healing. 

REVIEW(S)

Alveolar bone defects healing

The process of bone defects repairing or healing consists 
of 4 phases, namely haemostasis phase, inflammatory 
phase, proliferation phase, and bone remodeling.12,13                                     
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The haemostasis phase in alveolar bone defects occurs due 
to the dynamic interaction of platelets and endothelial cells, 
coagulation and fibrinolysis also in balance situation which 
results in an increase of  stable blood clots formation 13. The 
second phase is the inflammatory phase. The manifestations 
that appear in the inflammatory phase are erythema (soft 
lumps), edema (swelling), pain and warmth, and usually 
lasting about three days. In the inflammatory phase there 
is an increase of vascularization and the migration of 
inflammatory cells such as lymphocytes, granulocytes and 
monocytes 14.

At the molecular level, the proliferation phase is 
mediated by several growth factors such as TGF-β, BMP, 
FGF, IGF, and PDGF. In the proliferation phase of alveolar 
bone healing, bone formation occurs by intramembranous 
ossification, where bone develops without cartilage as 
an intermediary to form immature bone or woven bone. 
Growth factors will stimulate mesenchymal stem cells to 
differentiate into osteoblasts which produce an extracellular 
matrix which mainly consists of type I collagen and 
bone proteins such as osteocalcin. The extracellular bone 
matrix then undergoes calcification through the activity of 
osteoblasts which store calcium phosphate crystals in the 
extracellular matrix. When osteoblasts become “trapped” 
in the calcified extracellular matrix, osteoblasts will 
differentiate into osteocytes which serves as the constituent 
of a new bone 13,15,16.

In the remodeling phase, woven bone that contain 
various types of collagen fibers and mineralized tissue will 
be resorbed by osteoclasts. Osteoblasts will turn into an 
active stage to produce osteoids so that the cavities made 
by osteoclasts can be filled again with bone matrix. The 
balance between osteoclast and osteoblast activity will 
make woven bone replaced with lamellar bone which has 
better mechanical stability and strength. 13,16,17. On the other 
hand, collagen synthesis and degradation are also in balance 
condition. The deposition of new extracellular matrix still 
continuous, but occurs more slowly when compared with  
granulation tissue proliferation phase, whereas collagen 
degradation occurs due to excessive amounts of collagen in 
the defect area. Excessive amount of collagen can cause loss 
of normal anatomical structure, function, and tissue fibrosis. 
Collagen crosslinking takes place gradually which results in 
collagen fibers becoming more organized and tissue stability 
is also increased. The process of bone remodeling will result 
in restoration of the integrity, structure, and function of 
damaged bone tissue 15,18,19.

Hydroxyapatite materials

bone defects can actually heal normally, but there are 
many conditions that make the healing process disturbed, 
such as inadequate vascularization, mechanical instability, 
infections, and systemic diseases 20. The use of bone grafts 
is performed to fill or replace damaged bones as well as 
support the healing process to take place more optimally 
21. In dentistry, there are several bone graft materials that 
serves as a ridge preservation and augmentation of alveolar 
bone defect. Based on the constituent material, bone graft 

is classified into 1) autogenous, 2) allogenic, 3) xenogenic, 
and 4) synthetic or alloplastic. Autogenous bone graft is 
considered as the gold standard because it has osteogenic, 
osteoinductive, and osteoconductive abilities, but has 
several weakness such as limited availability of materials, 
causing bone resorption, and high morbidity 22. 

Biomaterials alternative that widely used as a bone graft 
material is hydroxyapatite. Raw materials for hydroxyapatite 
manufacture are easily available in large quantities and the 
costs required are relatively cheap 23. Materials containing 
hydroxyapatite can come from natural materials such as 
mammalian bones and teeth, shells, coral and eggshells. 
Meanwhile, the artificial hydroxyapatite material can be 
processed through a series of chemical processes that 
carried out in the laboratory 5. Hydroxyapatite bone graft 
has various sizes of porous matrix. The properties and end 
results after the application of hydroxyapatite material 
depend on the macro and micro porosity, such as volume 
fraction, pore size and pore connectivity.  24,25

Hydroxyapatite has good biocompatibility properties, 
it can be accepted by human oral cavity tissue without 
causing toxicity. Hydroxyapatite also has the ability to 
bind to bone tissue chemically (bioactive), and is able 
to stimulate osteoblasts in the bone formation process 
(osteoconductive) 5,26,27. Hydroxyapatite acts as a scaffold 
which is a biomaterial that is conductive to host cells and 
has functions to stimulate cell growth, differentiation and 
migration. 28. The good characteristics of hydroxyapatite 
cause hydroxyapatite become  widely used to treat various 
cases in dentistry, such as bone tissue reconstruction, dental 
implant coatings, soft tissue engineering and treatment of 
periodontal defects, filler restoration materials such as glass 
ionomer cement and composite resin 5.

Collagen synthesis and expression

Mesenchymal stem cells and their derivates (fibroblasts, 
osteoblasts, odontoblasts, chondroblasts and cementoblasts) 
are the main producers of collagen. Several other cells that 
have a function to synthesize collagen are epithelial cells, 
endothelial cells, muscle and Schwann cells 29. Type I 
collagen comes from procollagen type I which is produced 
by fibroblasts and osteoblasts. Type I procollagen contains 
N-amino and C-carboxy terminal propeptides which will 
be broken down by protease enzyme during the conversion 
of pro-collagen to collagen and then the bone matrix is 
formed 30.

Type I collagen is the collagen that makes up more than 
90% of the organic mass of bone and is the main collagen 
in the tendons, skin, ligaments, cornea, but very few in 
hyaline cartilage, brain and vitreous. Type I collagen is also 
synthesized in response to injury and occur in scar tissue. 
Collagen type I has a trimeric archetype with a Gly-X-Y 
triple helix structure that does not break and converge to 
form structural fibrils 10,31.

In defects area, collagen type 1 first appeared on day 
3 to day 5 then experienced a peak expression on day 7 to 
day 14. Collagen type 1 continues to increase rapidly until 
day 21 and followed by the slower accumulation until day 
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90 32. In the formation of bone tissue, osteoblasts synthesize 
and store collagen type I as the main constituent protein 
of the bone matrix. Collagen arranged in two types of 
arrangements, namely in the form of woven and lamellar. 
In woven bone, collagen fibers are arranged randomly while 
in lamellar bone collagen fibers are arranged longitudinally 
and transversely which called orthogonal pattern 33. 

DISCUSSION

Healing of alveolar bone defects is a complex and harmonious 
physiological process that relies on a wide variety of cells 
to restore the structure and function of damaged tissue. To 
maximize the healing process of alveolar bone defects, 
bone grafting was performed using hydroxyapatite 
materials. Hydroxyapatite is a mineral source of calcium 
and phosphate which is needed in bone reconstruction. 
Hydroxyapatite also has good osteoconductive properties 
so that it can act as a scaffold or a medium for osteoblasts 
to attach, grow and differentiate. In the healing process 
of bone defects, osteoblasts will secrete collagen type 1, 
which functions to mineralize the bone matrix to form new 
bone 14,34.

One of the natural hydroxyapatite materials used as 
bone substitute is bovine bone. Bovine bone has a similar 
mineral structure and properties of human bones. The 
composition of bovine bone is 93% hydroxyapatite (Ca10 
(PO4) 6 (OH) 2) and 7% β-tricalcium phosphate (Ca3 (PO4) 
2, ß-TCP). The results of research conducted by Khotib et 
al. (2019) with the object of research is rat’s femur defect 
is showing the value of the bone alkaline phosphatase. 
On day 14 showed a significant increase of BALP in soft 
callus formation because there had been a reaction between 
osteoblast formation and type 1 collagen. This faster bone 
formation occurred in the group given hydroxyapatite 
from the implant matrix Bovine Hydroxiapatite. BALP in 
the mineralization process served to prepare the alkaline 
atmosphere in the osteoid that was formed so that calcium 
could be easily deposited in the tissue. The deposition of 
calcium and phosphate minerals with ALP can cause bone 
formation, so that if the bone formation can be increased, 
the fracture healing can also be faster  35.

A natural substance that can also be used as a source 
of hydroxyapatite is chicken egg shells. Egg shell consists 
of calcium carbonate (94%), calcium phosphate (1%), 
organic matter (4%) and magnesium carbonate (1%). 
In the research of Kattimani et al. (2019), chicken egg 
shell waste is processed into nanohydroxyapatite material 
which is applied into the socket after tooth extraction. The 
results of the study using micro-CT analysis concluded that 
preservation of the socket with nHA resulted a good bone 
regeneration. On micro-CT analysis, a new bone image 
is seen in the form of woven bone with thin trabeculae 
that contain lots of cellular osteoid and collagen fibers. 
Osteoids show eosinophilic areas with borders surrounded 
by osteoblasts and  no osteoclasts or inflammatory cells 
were observed 36,37.

Besides chicken egg shells, crab shells can also be 
used as a hydroxyapatite material. Crab shells contain 
15.60-23.90% protein, 53.70-78.40% calcium carbonate, 
and 18.70-32.20% chitin, which also depends on the type 
of crab and where it lives. Dahlan et al. (2020) conducted 
a research that used hydroxyapatite gel from crab shells 
(Portunus pelagicus) which was applied to the socket after 
Wistar rats tooth extraction. The research was carried out 
by histopathological examination with Masson’s Trichrome 
(MT) staining and observing collagen density on days 14 
and 28. The results showed a significant increase of collagen 
fibers density in the group given hydroxyapatite gel from 
crab shells. Hydroxyapatite made from crab shells (Portunus 
pelagicus) contain high calcium carbonate (CaCO3) of 
around 40-70%. Calcium carbonate has properties that 
are easily absorbed by tissues, easily biodegradable, and 
osteoconductive so that it can support the process of forming 
new bone 23.

Hydroxyapatite sources can also be synthesized from 
calcite rock. Calcite is rich in phosphor and can be obtained 
from clots of volcanic material, metamorphic rocks, and 
sediments such as limestone. Calcite has its constituent 
chemical elements, namely calcium (Ca2+) and carbonate 
(CO3). Research conducted by Ardhiyanto et al. (2012), 
used hydroxyapatite synthesized calcite (PT. Omya, 
Surabaya, East Java) which is made through a hydrothermal 
process. Calcite hydroxyapatite bone graft was applied to 
the femur defect of Sprague Dawley rats and the osteoblast 
cells were observed using a microscope. In the group treated 
with hydroxyapatite calcite, the image of the soft callus has 
spread around the edges of the bone graft material, while in 
the negative control group the image of soft callus was just 
starting to fill the bone defect. The number of osteoblasts 
on day 28 increased in all groups compared to day 14. 
Osteoblasts will synthesize collagen to help mineralize the 
bone matrix so that on day 56 the osteoblasts in soft callus 
begin to turn into osteocytes and form hard callus 38.

The hydroxyapatite material used as bone graft is 
very dependent on the porosity of the material, because 
the higher the porosity on the surface of bone graft, the 
osteoconductivity of bone graft will also increase 24,38.
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