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ABSTRACT

A study was conducted to investigate the possibility of a composite material containing a composite resin as a matrix and

hydroxyapatite (HAp) powder as a substitute material for tooth repair. As the content of HAp increased, hardness value (111.9

HV at 9%) increased and flexural strength (73.3 MPa at 9%) decreased. Observation of the microstructure after immersion in a

simulated body fluid (SBF) solution confirmed a dense structure due to mutual coagulation and curing. It was thought that fine

HAp recrystals were formed with the lapse of time, and they were entangled to form a condensation structure and had a dense

structure. In addition, since the activity was shown by the ion migration on the surface of a tooth, it was highly likely that a bio-

compatible bond occurred during tooth contact. Therefore, it could be used as a substitute material for tooth repair.
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1. Introduction

ecently, dental materials have become a key element in

all fields of dentistry, such as preservation and prosthe-

sis, and the most commonly used are impression materials,

adhesives, and restorative materials. Dental materials used

as restorative materials for tooth regeneration include

metal materials, ceramic materials, polymers, and compos-

ite resins. Although these materials have improved their

physical properties, none of them have fully satisfied oral

conditions to date. Among them, precious metal materials,

such as gold and the like, are expensive and are problematic

in regard to esthetics. Amalgam and nickel alloys have been

developed as substitute metal materials, but they are

known to be carcinogenic substances. Therefore, their bio-

compatibility is inadequate due to serious mercury poison-

ing, side effects, and environmental problems.1-3) For an

ideal dental restoration, it is desirable to replace damaged

teeth with materials similar in structure and physical prop-

erties to natural teeth. Demand for metal restorative mate-

rials has also been decreasing as interest in esthetics has

increased and as patients' interests have been linked to

health and environmental concerns of metal restorations,

such as amalgam.4,5) Composite resins, widely used as esthetic

restorative materials in dentistry, are increasingly used due

to their biocompatibility, economic properties, and improved

physical properties. However, there is no composite resin

that meets all of the mechanical, physical, and biocompati-

ble properties required by the dental industry. For this rea-

son, it is important to develop a composite material capable

of improving the properties of a composite resin. One of the

efforts to develop a composite resin having excellent esthet-

ics, physical properties, and biocompatibility is to combine

ceramics and polymers, and research is underway.3,5,6) The

purpose of this study was to investigate the possibility of

using hydroxyapatite (HAp) as a composite material for

tooth regeneration treatment. The hardness and bending

strength of composite resin and HAp were measured, and

they were immersed in a biofilm solution for a period of time

to indirectly observe the ionic activity through the micro-

structure. We investigated its usability. 

2. Experimental Procedure

2.1. Materials

Hydroxyapatite [Ca10(PO4)6(OH)2, HAp, Bone Tech. Co,

Korea] powder with a purity of 98% and a particle size of

125–300 µm, was used. HAp is a phosphorus calcium-based

ceramic, which is chemically and crystallographically the

R

Review

Table 1. Composition of B&E Flow Resin

Major inorganic filler particle size: ≤ 0.7 (m)
Volume ratio of major inorganic filler: 65 (%)

Raw material Quantity (%)

2,2-bis[p-2-hydroxy-3methacryloylpropoxyl] 
phenylpropane derivatives (Bis-GMA)

10

Triethylene glycol dimethacrylate (TEGDMA) 10

Diurethane dimethacrylate (UDMA) 30

Barium glass 50



522 Journal of the Korean Ceramic Society - Sungu Hwang et al. Vol. 56, No. 6

same substance as the mineral component constituting the

bones of the human body, and it has excellent biocompatibil-

ity and bone conductivity. Because of these characteristics,

bone grafts in the human body can be used with implants in

the medical and dental fields because they are compatible

with the surrounding cells and have quick chemical bonding

directly to the bone on the joints.2,6,7) The experimental com-

posite resin used in this study was prepared by mixing bar-

ium glass with a 0.7 µm or less silane-treated resin matrix

composed mainly of Bis-GMA, TEGDMA, and UDMA. B&E

flow resin was used and cured by light curing (Table 1).

2.2. Preparation of specimens

On the glass, frames were made with rubber tape with

lengths of 3 cm, widths of 1 cm, and heights of 2 mm each.

The mixture of 0.6 g of flow resin with 0 wt%, 1 wt%, 5 wt%,

7 wt%, and 9 wt% contents of Hap powder, respectively,

were mixed and dispersed to prepare the specimens. In

order to obtain the flat surface of the specimens, the glass

was covered, and the bubbles were removed. The polymer-

ization was carried out by using a D-Lux LED Curing Light

(DiaDent Group International, Korea) on both sides of the

specimen. Light curing (1600 mW) was carried out for 60 s

at a time. For the bending strength test, the specimens,

with lengths of 25 mm, widths of 2 mm, and heights of 2

mm each, were prepared according to the International

Organization for Standardization (ISO 4049).8,9) 

2.3. Three-point bending strength

The bending strength was measured by three-point bend-

ing strength measurement and conducted according to the

method specified in ISO 4049 and ANSI/ADA Specification

No. 27. A Universal Testing Machine (SM Tester, SME-001-

05T, Korea) was used, and the distance between the speci-

men supports was 18 mm. The three-point bending strength

(δ, MPa) was calculated as follows.9,10,11)

δ = 3F1 / 2bh2 (1)

F (N): Maximum load

l (mm): Distance between supports (± 0.01 mm)

b (mm): Width of specimen (measured just before testing)

h (mm): Thickness of specimen (measured just before testing)

2.4. Vickers hardness

For hardness value (Hv) measurements, a Vickers hard-

ness meter with a diamond indenter was used. The average

HV was calculated by measuring four times per specimen

under the condition of 0.3 kg of force for 10 s. The Vickers

hardness measurement (HV) was calculated as follows: 3,12)

HV = surface area of load / pressure particle mark = 1,854

× P/d2 (kg/mm2). (2)

2.5. Tooth immersion in HAp sol

To observe HAp and tooth reactivity, HAp (5 wt%) was

ground and mixed with distilled water (95 wt%) using an

attrition mill (700 rpm for 3 h). The tooth was immersed for

3 months in the HAp sol to observe its surface microstruc-

ture. 

2.6. Immersion in simulated body fluid

Simulated body fluid (SBF) was prepared with a chemical

composition similar to human body fluids and with the inor-

ganic constituents of human blood plasma and similar ion

concentrations. Activity of the SBF can indirectly determine

the potential for bonding to a tooth.9,13) The composite speci-

mens were immersed in the SBF for 1 month, and the

microstructures were observed. 

3. Results and Discussion

3.1. Measurement of bending strength

The bending strength of the specimens is shown in Fig. 1.

The results of the bending strength test showed that the

specimens with 0 wt% HAp and 1 wt% HAp showed the

highest average values (117.3 MPa), and the specimens

with 9 wt% HAp content showed the lowest average values

(73.3 MPa). In the case of the specimens with 0 wt% HAp

and 1 wt% HAp content, the bending strength was the same

(117.3 MPa). However, as the HAp content increased from 1

wt% to 9 wt%, the bending strength decreased. These

Fig. 1. The results of bending strength measurement (MPa)
with the amount of hydroxyapatite (wt% HAp).

Fig. 2. The results of the Vickers hardness measurement
(HV) with the amount of hydroxyapatite (wt% HAp). 
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results suggested that as the amount of HAp increased, it

interfered with the resin monomer connection. In particu-

lar, the specimen with 9 wt% HAp had a value of 73.3 MPa,

which was below the ISO’s recommended strength of 80

MPa.

3.2. Measurement of Vickers hardness

The average Vickers HV of the prepared specimen is

shown in Fig. 2. The results showed that the HV increased

as the content of the HAp increased, compared to a stan-

dard specimen containing 0 wt% HAp. The specimens with

0 wt% HAp had the lowest value (83.5 HV), and the speci-

Fig. 3. Microstructures and morphologies of the tooth in HAp solution: (a) original tooth, and (b) tooth after 3 months.

Fig. 4. Microstructures and morphologies of the specimens with different hydroxyapatite (HAp). content after 1 month in the sim-
ulated body fluid (SBF) solution: (a) 0 wt%, (b) 1 wt%, (c) 5 wt%, (d) 7 wt%, and (e) 9 wt% HAp powders, respectively.
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mens with 9 wt% HAp had the highest value (111.9 HV).

The HV of the specimens with a content of 1 wt% HAp and 5

wt% HAp were not significantly changed, but the HV of the

specimens with more than 5 wt% HAp content significantly

increased. Therefore, it was found that the hardness

increased with an increasing HAp content. This result sug-

gested that the abrasion resistance of a specimen also

increased with an increasing amount of mineral mixed on

the resin surface due to an increased HAp amount.

3.3. Microstructure observation results

The microstructure of the tooth immersed in HAp solution

was observed. The surface of the tooth was porous; however,

after immersion in the HAp solution, dissolved HAp filled

the pores and was believed to have been deposited on the

surface of the tooth by recrystallization (Fig. 3). The sug-

gested chemical equation of this HAp recrystal reaction is

as follows:

Ca5(PO4)3(OH) + nH2O ↔ 

xCa2+ + y(PO4)
3 + z(HPO4)

2+ mH2O.  (3)

The microstructure and morphology were observed at 20.0

k magnification through a scanning electron microscope

(DNI 5.0 kV, 20.0 k) after immersing each composite speci-

men in the SBF solution for 1 month (Fig. 4). The micro-

structures of all the specimens had pores, but as the HAp

content increased, the pore size and amount decreased. The

microstructure of the 9 wt% HAp sample had the most

dense structure, and it was thought that the calcium salt

(Ca2+) and the phosphate (PO4
3) ions in the SBF solution

migrated. Fine crystals formed as time elapsed, and the

dense structure was considered to have formed by the HAp

deposition and recrystallization. In addition, the HAp of the

specimen showed activity in the SBF solution. In the case of

tooth recovery, the adhesive force of the polymer acted pri-

marily on the tooth, and a mutual ion exchange occurred

secondarily between the HAp and the tooth.2,10) Therefore,

the HAp composite resin was regarded as suitable to repair

tooth damage.

4. Conclusions

 In this study, Vickers hardness and strength were mea-

sured to investigate the material properties after mixing

HAp powder with the composite resin as a substrate and

after immersion in the SBF solution.

1. The results of the Vickers hardness test showed that

hardness increased with increasing HAp contents. It was

found that the addition of HAp increased the abrasion resis-

tance of the resin composite surface.

2. As a result of the bending strength measurement, the

strength decreased as the HAp content was increased over 1

wt%. In this case, the optimum bending strength was 80

MPa as recommended by the ISO. Therefore, in order to use

it as a substitute material for tooth regeneration treatment,

we found it was appropriate to mix using a HAp content

below 7 wt%. 

3. Observation of the microstructure showed that dis-

solved HAp was filling the pores. It was believed to have

been deposited on the tooth surface by recrystallization and

entangled to form a condensation structure and have a

dense structure. In addition, since the activity of the cal-

cium salt (Ca2+) and phosphate (PO4
3) ions in the SBF solu-

tion was exhibited at the surface of the tooth, it was

considered that the possibility of biobonding is high during

tooth contact.

These results suggested that it is possible to use HAp

composite resin as a substitute material for tooth regenera-

tion treatment.
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