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In the field of restorative dentistry, composite resin is quickly overtaking
other materials in terms of usage. It resolves the issue of the toxic nature
brought on by the amalgams’ mercury content. The mechanical properties
of resin-based dental restorative composites can be enhanced with the ad-
dition of filler material. This study examines the effects of chitosan addi-
tion to dental composites with alumina, zirconia, and carbonate apatite
nanoparticles on their characterization and hardness. The composite for
direct restoration is prepared by mixing UDMA-TEGDMA-DMAEMA-
HEMA as the matrix and alumina—zirconia—carbonate apatite as the filler
in the presence of chitosan as a coupling agent. The weight ratio of filler
to matrix used is 70:30. The effects of various concentrations of chitosan
are varied at 2%, 4%, and 6% . Samples are prepared by a synthetizing
process to obtain alumina-—zirconia—carbonate apatite nanoparticles. The
diffractogram from XRD shows the formation of ¢-ZrO, and dahllite. SEM
images reveals that the particle sizes of each sample with chitosan at 2%,
4%, and 6% are of 87.5 nm, 112.5 nm, and 150 nm, respectively. The
hardness values of each sample with the same chitosan concentration are
of 51.83 VHN, 28.24 VHN, and 25.48 VHN, respectively. Dental compo-
sites with less chitosan concentration promote a smaller size of alumina—
zirconia—carbonate apatite nanoparticles and higher mechanical properties
in dental restorative composites.

VY coepi pecraBpartifinoi croMaToJiorii KOMIO3UTHA CMOJA IIMBUAKO OOTaHsE
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inmri martepidsm 3a piBHeM BuropucraHHA. lle Bupinrye npobiieMy TOKCUY-
HOI IIpUpoOAU, BUKJNKAHOI BMicToM pPTyTi B amasbramax. MexaHiuHi BJac-
TUBOCTi CTOMATOJIOTIiUHUX pEeCcTaBpallilHMX KOMIIO3UTIiB Ha OCHOBi cmoJHM
MOXKYTh OYTUM THOCHJIEHI JOomaBAaHHAM HAIIOBHIOBAYa. Y IILOMY AOCIiMKeHHI
BUBUYAETHCA BIJIMB JOJAaBaHHA XiTO3aHY M0 CTOMATOJOTiYHMX KOMIO3UTIB 3
HAHOYACTUHKAMM TJIMHO3EMY, JBOOKUCY IIMPKOHIiI0O Ta KapOOHATHOTO aIaTu-
Ty Ha iXHi XapaKTepUCTUKHN Ta TBEPAiCcTb. KoMII03uT Ajia mpaAMOi pecraBpa-
il TOTYIOTH IIJIAXOM 3MIilllyBaHHA AuMMeTakpujaTHux MoHoMepiB UDMA-
TEGDMA-DMAEMA-HEMA sk MaTpuIli Ta TNIMHO3eMY—IBOOKIUCY ITHUPKO-
Hil0—KapOOHATHOTO amaTUTy AK HAIOBHIOBaUa B IPUCYTHOCTI XiTos3amy AK
CIIOJIYYHOTO areHTa. Barose CHiBBiHOINIEHHS HaIOBHIOBaua A0 BUKOPUCTO-
ByBaHoi marpuili cranoBuTh 70:30. EderkTu pisHmx KoHIeHTpalliili xiToszamy
Bapirororbess Ha 2%, 4% i 6% . 3pasKu roTyTh 3a AOIOMOTOI0 CHUHTE3yBa-
JILHOTO TIPOIleCYy AJA OAepP:KaHHA HAHOYACTUHOK TJIMHO3EMY—IMPKOHiIO—
KapbomarHoro amatuTy. ludpaKkTorpamMa 3 peHTIeHiBCbKOI qudpakIiii moxa-
3ye yTBOpeHHdA t-ZrO, Ta maniaity. 300pakeHHs CKaHiBHOI eJIeKTPOHHOI Mi-
KPOCKOIIil ITOKa3yoTh, III0 PO3MipM YaCTHUHOK KOMKHOTO 3pas3Ka 3 XiTo3aHOM
Ha 2%, 4% i 6% cranoBaare 87,5 M, 112,56 um i 150 um Bigmosizmo.
3HaueHHsS TBEPJAOCTH KOMKHOTO 3pasKa 3 OJHAKOBOIO KOHIIEHTpAIi€lo XiTo-
3aHy cTtaHOBIATL 51,3 VHN, 28,24 VHN i 25,48 VHN (y uuciax TBepHocC-
T 3a Bikkepcom) BizmoBimHo. CTOMATOJIOTiUHI KOMIIO3UTH 3 MEHIIIOI KOH-
IEeHTPAIli€l0 XiTO3aHY CIPUAIOTH MEHIIIOMY PO3Mipy HAHOYACTUHOK OKCUIY
TJIMHO3eMY—JBOOKHUCY IIUPKOHiII0O—KapOOHATHOTO AaIlaTUTy Ta BUIIUM MeXa-
HIYHEUM BJIACTHUBOCTSM CTOMATOJIOTiUHMX pecTaBpaliliHMX KOMIIO3UTiB.

Key words: chitosan, alumina, zirconia, carbonate apatite, dental restora-
tive composite.
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1. INTRODUCTION

Dental caries is a disease that is still a major problem for oral health
caused by cariogenic bacteria, primarily Streptococcus mutans [1].
This is a form of tooth decay and commonly called cavities are charac-
terized by the demineralization of hard tissue such as bone, cementum,
dentin, and enamel, as well as organic matter [2]. Dental caries can
cause damage to tooth structure and decrease aesthetics; therefore,
restorations are needed as an effort to repair and restore tooth func-
tion and aesthetics. The restoration consists of direct and indirect
methods, with the latter are expected to have better longevity than
former [3]. Although there are many different types of materials used
for dental restorations, amalgam and composite fillings are the most
frequently used [4]. Composite resins are typically made up of Bis-
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GMA and other dimethacrylate monomers (TEGMA, UDMA, and
HDDMA), a filler material, and, in most cases, a photoinitiator. For a
long time, amalgam was the most frequently used material; however,
composite fillings are becoming more and more popular due to their
attractiveness and durability [5]. Following the addition of filler mate-
rial, the composite resins can be customized to match the exact shade
as the dental tissue [6]. It has the advantage of having a more natural
appearance than amalgam, gold, or glass ionomer. Science and tech-
nology that continues to develop rapidly has made people more selec-
tive in choosing direct restorative materials. While composite fillings
are the most popular material, up until now Indonesia has not been able
to process the filler raw materials; so, the price of dental restorative
composites is still relatively expensive because they have to be import-
ed from other countries, even though Indonesia is rich in natural re-
sources that can be used as filler materials [7, 8, 9].

Alumina and zirconia has been used as fillers for dental restorative
composites [10, 11]. Alumina is an oxide ceramic that has very high
strength, is hard, and is resistant to high temperatures. Zirconia is an
oxide ceramic that has excellent physical, mechanical, and biological
properties as a dental material. Pure zirconia cannot produce good sta-
bility; therefore, alumina is used as a zirconia stabilizer. The use of
alumina together with zirconia can produce stable composite materi-
als. Carbonate apatite can also be added as a filler to improve the me-
chanical properties of the composite [12, 13]. It has been reported that
this material can also be used for coating of ceramic dental implant
[14, 15, 16]. The value of hardness can be increased because it contains
calcium phosphate, a widely used material in medical applications such
as bone implants because its bioactivity and biocompatibility. The
combination of the three alumina—zirconia—carbonate apatite materi-
als is expected to have the advantages of each of these material proper-
ties to produce fillers with hardness that meet standards as direct den-
tal restorative composite materials.

The coupling agents such are needed for dental restorative com-
posite to increase the bond between matrix and filler, since resin is
an organic material and the proposed filler are inorganic material.
Chitosan can be used as coupling agents. Several fields such as
health and industry use the material because it has non-toxic, bio-
compatible and biodegradable properties. Chitosan can encase the
surface of the material, so that the particle size does not increase
and agglomerate. The particles can be evenly distributed leads to
increase of mechanical properties.

In this research, it was examined how the hardness and charac-
terization of dental restorative composite materials containing alu-
mina—zirconia—carbonate apatite with the wvariations of chitosan
concentration.
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2. EXPERIMENTAL
2.1. Synthesis of Alumina—Zirconia

Synthesis of alumina and zirconia was carried out by the sol gel
method. First, 9.9042 g of ZrCl, was dissolved in 425 ml of aqua dm
and stirred using a magnetic stirrer for 10 minutes. Next, 10.616
grams AI(NO;), was added to the ZrCl, solution and stirred using a
magnetic stirrer for 10 minutes. The solution is heated until a black
crust appears using the oven followed by grinding with a mortar.
The crust was calcinated using a furnace at 900°C for 2 hours.

2.2. Synthesis of Carbonate Apatite

The procedure for synthesizing apatite carbonate powder is carried
out in by dissolving 2.3615 g of calcium nitrate (Ca(NO;),) in 500
ml of aqua dm for 10 minutes and mixed using a magnetic stirrer.
Ammonia solution was dissolved to raise the pH to around 9-11 us-
ing a pipette. Di-ammonium hydrogen phosphate (NH,),HPO, as
much as 0.7923 g was put into 100 ml of aqua dm. Sodium hydro-
gen carbonate (NaHCO;) of 0.50406 gr was added to 100 ml of aqua
dm. The (NH,),HPO, solution was added to the (Ca(NO;),) followed
by NaHCO; solution. The solution was covered using aluminium foil
and left for 24 hours until a white precipitate formed. The white
precipitate was centrifuged using a centrifugation tube for 15
minutes then transferred into a petri dish and then placed in the
oven to form a paste or ointment. The paste is put into the combus-
tion boat and calcined into powder using a furnace with a tempera-
ture of 700° for 2 hours.

2.3. Synthesis of Chitosan 2%, 4%, and 6% Solution

Synthesis of chitosan solution begins with combining 2 ml of acetic
acid with 98 ml of aqua dm while stirring using a magnetic stirrer.
Chitosan powder of 2 grams, 4 grams and 6 grams was dissolved in
each measuring cup until homogeneous to produce chitosan 2%,
4%, and 6%, respectively.

2.4. Synthesis of Dental Restorative Composites

The dental restorative composites are consisted of matrix and filler.
The matrix consisted of 17% UDMA, 6% TEGDMA, 5% DMAEMA,
10% HEMA, and 2% Champorquinone. The filler consisted of alu-
mina—zirconia and carbonate apatite of 50:50 ratio. The filler and
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matrix were mixed with ratio of 70:30. The mixture were trans-
ferred into a petri dish until homogeneous and put in an oven with
a temperature below 80° to form a powder followed by grinding
with a mortar. It was then mixed with 75 ml chitosan solution with
the concentration of 2% (C-2%), 4% (C-4%), and 6% (C-6%) and
casted into a mould with a diameter of 6 mm and a height of 3 mm
conformed to American Dental Association (ADA) standards. The
composite mixture is inserted layer by layer every 1 mm into the
mould after which it is levelled using a plastic instrument. The
composite was irradiated with light curing unit (LCU) for 40 sec-
onds every 1-2 mm of the composite layer until the entire mould
was filled. After hardened, the sample is released from the mould.
Vickers microhardness testing machine is used.

2.5. Mechanical Properties and Characterization of Dental Restora-
tive Composite

The alumina-zirconia and carbonate apatite powder were character-
ized using x-ray diffraction (XRD). The hardened sample of dental
restorative composites were tested its hardness using micro-Vickers
hardness tester to analyse the effect of chitosan concentration to
hardness of composite. The instrument used is micro-Vickers hard-
ness tester with 100 g load. Cylindrical sample was put in object
table right below indenter, and the load is applied. Resulting inden-
tation can be seen under microscope was a rectangular, which has
diagonal value (d). The corresponding unit of HV is then the kilo-
gram-force per square millimetre (kgf/mmI) or HV number:

HV =1.854/d*.

Both XRD and hardness test were conducted at Solid Oxide Sys-
tem Laboratory, Faculty of Mining and Petroleum Engineering, In-
stitut Teknologi Bandung. For SEM characterization, the composite
was coated with carbon to form conductive layer followed by vacu-
um treatment since it is not a conductive material. Sample was then
transferred into holder and exposed by electron. The characteriza-
tion was conducted at Basic Science Center (BSC) A, Faculty of
Mathematics and Natural Sciences, Institut Teknologi Bandung.

3. RESULTS AND DISCUSSION

3.1. XRD Analysis

The x-ray diffraction (XRD) analysis was performed to identify the
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Fig. 1. XRD of alumina—zirconia (note: ¢ = ¢-ZrO,).
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Fig. 2. XRD of carbonate apatite (note: ¢ = HAp, m = CO;Ap).

resulting compound of alumina—zirconia and carbonate apatite. Fig-
ure 1 shows the appearance of tetragonal phase zirconia (¢-ZrO,;
JCPDS #27-0997) with the highest peak observed at 30.50°, 50.90°,
and 60.90°, respectively. Figure 2 shows the appearances of some
hydroxyapatite (HAp; JCPDS #74-0565) overlapped with dahllite
(CO;Ap; JCPDS #02-1145).

Zirconia, unlike alumina, is a metastable ceramic with monoclin-
ic, tetragonal, and cubic phases. Tetragonal phase zirconia has ex-
ceptional mechanical properties, including high initial hardness and
fracture resistance [17]. Transformation toughening creates a
transformation zone around developing cracks, slowing crack
growth and producing few chips and fractures in the frame material
as long as the tetragonal phase is present in zirconia. The tetrago-
nal form is preferred in dentistry because it has the best mechanical
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properties, such as high fracture toughness [18].

Dahllite is more closely related to biological apatite than hydrox-
yapatite and a number of studies have been done on the bulk prop-
erties of carbonated apatite [19]. This mineral can also be formed in
kidney stones if one person consumed high amount of tricitrates
that also increase the pH of urine. Dahllite is a form of calcium
phosphate that is a naturally occurring derivative of apatite, which
closely related to the inorganic constituents of bones, dental enam-
el, and dentin. The formation of hydroxyapatite was also visible in
the synthesized carbonate apatite powder. This calcium phosphate
mineral, which makes up about 65% of bone and makes an appeal-
ing choice for a synthetic bone composite that aids in natural bone
regeneration and bone replacement materials [20]. The hydroxyap-
atite crystal arrangements can differ in terms of quantity, size, and
shape. These configurations support the bone’s structural capacity,
hardness, and functionality. Aside from bone, hydroxyapatite is al-
so the main component of enamel and one of the most studied bio-
materials in the medical and dental fields [21].

3.2. Vickers Microhardness Analysis

Figure 3 represents the mean hardness values of C-2%, C-4%, and C-
6% , which are of 51.3 VHN, 28.24 VHN, and 25.48 VHN, respective-
ly. The hardness value of C-2% has reached the hardness value as a
composite restoration, namely, of 30-100 VHN, but could not reach
the dentin hardness standard of 60 VHN [22, 23]. Carbonate apatite is
more appropriate to use compared to apatite because it not only con-
tains calcium and phosphate but also carbonate, which is one of the
enamel compounds, so that it can improve the mechanical properties of
the composite material. The hardness value can also be affected by the

60
50
40
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20

Hardness, VHN

2 4 6
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Fig. 3. Microhardness Vickers value of composite with chitosan variations.
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concentration of chitosan used as a coupling agent. Chitosan with a low
viscosity is more effectively used as a coupling agent than chitosan
with a high viscosity. High concentrations of chitosan increase the vis-
cosity of the mixture, which leads to inhomogeneous mixing of the
composite and more distance between each filler particle. The high vis-
cosity of a solution cannot be used clinically in the oral cavity because
it cannot form homogeneous bonds. An inhomogeneous composite mix-
ture can be susceptible to the formation of cavities, cause the compo-
site to crack easily when exposed to pressure, and affect the hardness
value. The viscosities of C-4% and C-6% were high, since they con-
tained more chitosan powder compared, which caused the mixing pro-
cess between filler and matrix to be not as good as with C-2% . Higher
concentration of chitosan also makes stronger bond that occurs in chi-
tosan solution itself rather than the bond between chitosan and compo-
site.

3.3. SEM Analysis

Figure 4 shows the SEM results of the composite with chitosan 2%
addition (C-2%) magnified by x1000 and x10000, respectively.
Based on the figure, it can be seen that the particles are distributed
evenly, though agglomeration is still found. Agglomeration causes
the formation of gaps between composite particles. The average par-
ticle size formed is 0.0875 yum or 87.5 nm.

Figure 5 shows the SEM results of the composite with chitosan 4%
addition (C-4% ) magnified by x1000 and x10000, respectively. Based
on the figure, it can be seen that the distribution of the particles
formed is less homogeneous and quite a lot of agglomeration is formed.
The average particle size formed is 0.1125 ym or 112.5 nm.

Figure 6 shows the SEM results of composite with chitosan 6%
addition (C-6%) magnified by x1000 and x10000, respectively.
Based on the figure, it can be seen that the distribution of particles
is less homogeneous and there are still many agglomerations. The
average particle size formed is 0.15 pm or 150 nm.

The SEM results showed that different chitosan concentrations had
different effects on the distribution and size of the formed nanoparti-
cles. The C-2% with the lowest concentration had a smaller particle
size and a more homogeneous particle distribution. Meanwhile, compo-
site with chitosan concentrations of 4% and 6% produced larger parti-
cle sizes and a less homogeneous particle distribution. A good compo-
site material can be identified by its small particle size, even distribu-
tion, and lack of agglomeration [24]. The C-2% has a mean particle size
of 87.5 nm and less agglomerate compared to the C-4% and C-6% . Ag-
glomeration, which causes the particles to not be dispersed properly,
occurs during the mixing process between the filler and the matrix.
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Fig. 5. SEM results of C-4% magnified by x1000 (left) and x10000 (right).

There is a visually large agglomeration in samples C-4% and C-6%,
and the particle distribution is uneven because there are many cavities.
This affect the mechanical properties of the composite with a lower
hardness value due to the higher chitosan concentration, and their par-
ticle sizes were larger compared to C-2% . The concentration of chi-
tosan in this study has an effect related to the number of amine groups
present in the solution.

The bond formed by dissolving chitosan powder, which has a posi-
tively charged amine group, and acetic acid can cause the solution to
have bioadhesive properties so that it can bond with negatively
charged filler materials. The bond formed between the nanoparticle
filler and chitosan causes the nanoparticles’ surfaces to be enveloped
by chitosan so that the particle size remains small. Chitosan 2%
emerged as the best coupling agent because the bonds formed between
matrix, filler, and chitosan produce a homogeneous mixture with only
a small formation of agglomerates.
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Fig. 6. SEM results of C-6% magnified by x1000 (left) and x10000 (right).

The mechanical properties of the composite are also affected by
the bond formed between the matrix and the filler used during the
mixing process. UDMA as the primary matrix material has a high
viscosity, which makes it difficult to apply clinically, so it requires
an additional matrix with a lower viscosity to be used in the oral
cavity. These include triethyleneglycoldimethacrylate (TEGDMA)
and dimethylamineethylmethacrylate (DMAEMA). In this study, the
light curing method was used for composite polymerization. The
weakness of this method is that it causes shrinkage to the compo-
site. Observation of the distance between the beam and exposed sur-
face and the thickness of each composite layer during the irradia-
tion process can reduce shrinkage possibilities in the composite.
High-intensity curing should be used cautiously in clinical work due
to its conflicting effects on hardness and crosslinking density in
flowable composites [25].

4. CONCLUSION

This study concludes that tetragonal-phase zirconia was formed af-
ter the mixing of alumina and zirconia using the sol-gel method,
while the dahllite and hydroxyapatite phases appeared in the syn-
thesized carbonate apatite. The lower concentration of chitosan re-
sulted in smaller nanoparticle fillers. The composite with decreasing
chitosan concentration produced a higher hardness value. Chitosan
affects the microstructural behaviour of composites. The composite
with the addition of 2%, 4%, and 6% chitosan resulted in nanopar-
ticles with sizes of 87.5 nm, 112.5 nm, and 150 nm, respectively.
The best effect of chitosan on the hardness value of composites was
achieved at a concentration of 2%, which has an average hardness
value of 51.3 VHN. The hardness value already meets the hardness
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standard as a composite restoration for use in dentistry of 30-90
VHN. For future research, it is necessary to carry out further re-
search on dental restorative composites with another polymerization
method such as self-curing as an alternative to reduce shrinkage
generated by the light curing method.
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