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ABSTRACT

Introduction: Gypsum, Portland and apatite cement have been developed as dental materials since
a long time ago. Their similarity leads to some relevance approaches to improve the characteristic
of dental material. Water reducing agent is commonly used in detergent or soap and also used as a
conventional method in the industrial cement industry to increase the handling and mechanical property.
Cement paste mixed with water reducing agent is more flowable (ease handling) and the set mass is
harder (mechanical property increased). However, it has a problem with biomaterial cement due to
the biocompatibility. This water reducing agent is harmful to living tissue. Therefore, a new approach
will be demonstrated in this research. Methods: In this study, the hydrophilicity of cement powder was
modified by ozone gas treatment. Ozone gas treatment will be applied to modify the hydrophilicity of
cement particles; therefore, it can act similar to the water reducing. Results: The hydrophilicity of
gypsum, Portland and apatite cement powder was significantly increased after ozone gas treatment. The
hydrophilicity improvement of cement powder increased the ability of water to interact with the cement
powder. The benefit is, it will improve the flowability of cement paste, therefore, the manipulation
index would be increased. The mechanical property also would be increased because the water added for
manipulation is decreased.Conclusion: Ozone gas treatment could improve the hydrophilicity of gypsum,
Portland, and apatite cement powder.
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INTRODUCTION

Gypsum (CaS0,-2H,0), Portland (calcium silicates)
and apatite cement are categorized as bioactive
cement due to its osteoconductive properties.’
These cement have similarities in calcium as
its major component and have self-setting
characteristics after mixed with liquid and can be

used as dental materials.?? Since a long time ago
gypsum has been used in bone fracture therapy
and showed good characteristics in medical uses.*
Portland cement also used in the past to fill the
bone defect and has good clinical results similar
to MTA.>7 Apatite cement is a cement formulation
that sets to form apatite upon setting reaction.®®
Apatite cement initially was invented by Professor
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Monma and Kanazawa in 1976 which found that
a-tricalcium phosphate (a-TCP: a-Ca,(PO,),) could
set in room temperature to form Ca-deficient
hydroxyapatite (cdHAp; Ca9(HPO,)(PO,)5(0H))."
Research and clinical application of all these
cement as bone and tooth substitute materials are
growing rapidly."!-™

Generally, characteristic of cement
powder and liquid formulation is determined the
characteristic of its handling property and final
product or set cement.” More liquid added is
requires for handling in low consistency of cement
paste. When the powder is mixed with more
liquid the set mass will produce porosity which
usually decreasing the mechanical property.'®"
Therefore, the water content has trade-off
relationship with mechanical property. In order to
have good mechanical property of final product,
cement powder should be mixed with less water.®

Technology to improve the manipulation
index of cement without sacrificing the mechanical
property has been developed recently.””?° One
of the method is added water reducing agent to
reduce water required for handling and increase
the mechanical property of harden set cement.
This method is usually applied for non-medical
material.?' 24

Water reducing is amphiphilic agent with
hydrophobic and hydrophilic hand. In soap or
detergent, water reducing agent will act to
decrease the surface charge of water therefore
it can easily remove dirt. Unfortunately, by
adding water reducing agent still a problem for
biocompatibility of biomaterials when used in the
living tissue.

Another method is by modifying the
hydrophilicity of materials. In the similar
mechanism with water reducing agent, when the
hydrophilicity of materials is increases it can be
more easily to react with water. In the other word
the water reducing agent is not needed.??¢ In this
study, modification of hydrophilicity of cement
powder is applied by ozone gas treatment. Ozone
gas has been reported could modify the surface
hydrophilicity of materials.?-3

METHODS

Gypsum powder (Kerr, California, USA) and Portland
cement (ASO, Japan) obtained commercially were
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used without further modification. Apatite cement
powder was consist of equimolar mixture of
tetracalcium phosphate (TTCP; Ca,(PO,)20; Taihei
Chemicals Inc., Osaka, Japan) and dicalcium
phosphate anhydrous (DCPA; CaHPO,;J.T. Baker
Chemical Co., NJ, USA). All cement followed by
drying 24h at 40°C in a dry-heat oven (DO-300A,
AS ONE, Japan).

TTCP and DCPA powders were mixed in a
sample mill (Kyoritsu-Rikou SK-M2, Tokyo, Japan).
Ozone gas treatment Ozone gas was prepared by
discharge method using ozone generator (Keiso
ED-OG-R4, Tokyo, Japan). Each cement packed
in a Teflon tube was exposed to a level of ozone
concentration in 02 gas at a rate of 4 L/min
for 4 h at room temperature and atmospheric
pressure. After exposure, all cements were kept
in a desiccators using P205 as desiccants at
room temperature before characterization and
evaluation.3+%

Hydrophilicity measurement In the present
study, the hydrophilicity of powder was calculated
by water capillary penetration rate.3¢3° In short,
the rate of distilled water penetration into 0.3 g
powder packed in a glass column (10 mm inner
diameter) at the same height was measured by
touching the bottom of powder packed column to
the distilled water surface.

Water mass was measured by electronic
balance connected to a computer. More hydrophilic
material could absorb more water. The schematic
figure of hydrophilicity measurement of powder
was shown in Figure 1.

Electronic balance |
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Figure 1. Schematic figure of cement powder hydrophilicity
measurement
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RESULTS

Figure 2 demonstrated the gypsum treated with
ozone at the beginning time could absorb water
faster than gypsum without ozone treatment. At
the end of time, the gypsum treated with ozone
could significantly absorb more liquid mass than
gypsum without ozone treatment.

The curve trend in the initial phase is
decreasing by times and after that, the state phase
was achieved at similar times but at a different
mass level. Figures 3 and 4 also demonstrated a
similar trend. The Portland and apatite cement
powder treated with ozone could absorb water
faster and more water than powder without ozone
treatment. Each sample when compared with
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Figure 2. Mass of water absorb to the gypsum powder with
and without ozone treatment
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Figure 3. Mass of water absorb to the Portland powder with
and without ozone treatment

Figure 4. Mass of water absorb to the apatite cement powder
with and without ozone treatment

ozone and without ozone treatment statistically
significantly different (p < 0.05).

DISCUSSION

The ability of the powder to absorb water is related
to the hydrophilicity of the powder surface.3'3
On the contrary, the hydrophobic surface could
repel the water. In this study, cement powder
treated with ozone could gain more water mass
than cement powder without ozone treatment. It
was indicated the ozone treatment could modify
the hydrophilicity of dental cement material. This
water mass is needed for cement reaction and
handling property.

Cement paste with more water can flow
easily than added less water. In this case, the
clinician would be adding less water to the
ozone-treated dental cement than without ozone
treatment because the ozone treatment dental
could show better flowability and more easily to
mix (handling property improved). On the other
hand, when the clinician mixed the same quantity
of water with dental cement powder treated with
ozone gas treatment, the handling property could
be better than without ozone gas.

Actually, liquid demand which is mixed
with dental cement powder depends on the
requirement of clinical application. In the case of
dental cement powder used for pulp capping or to
fill a bone or tooth socket, it requires thicker and
moldable paste, therefore, less water is added.
On the contrary, when dental cement paste is
using for minimally invasive surgery and limited
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access in example for intracanal medication, it
requires low consistency of paste. Furthermore,
it requires a syringe to transfer the cement paste
to the target site. However, adding more water
is lower the mechanical property of cement.™
Therefore ozone gas treatment could solve the
trade-off problem of adding more water to the
dental cement because the hydrophilicity of
cement powder could increase the performance
of handling property of dental cement paste. In
the simple illustration, wet cloth fabric more
slippery than a dry one.

The good fact of ozone gas treatment is the
safety and biocompatibility of cement powder.
This dental cement has superior biocompatibility
as biomaterial when it was not mixed with a
possible harmful additional agent in the case of
the same ingredient with detergent or soap for
water reducing agent. The ozone gas treatment
environmentally saved treatment when reacted in
its chamber for the reaction.?

After reactions, the ozone gas would
be decomposed directly to the atmosphere
and release the oxygen. Nowadays, ozone gas
treatment has been widely used as many purposes
for water or air purification, for sterilization and
so on.?3044 Therefore ozone gas treatment for
dental cement would be applicable in dental
practice.

CONCLUSIONS

Ozone gas treatment on dental cement: gypsum,
Portland and apatite cement could improve the
hydrophilicity of cement powder. It would improve
the handling property and mechanical property of
this dental cement.
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