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PARITAT THAITALAY: DEVELOPMENT OF MECHANICAL PROPERTIES AND
BIOCOMPATIBILITY OF CALCIUM PHOSPHATE BONE CEMENT FOR BONE
SUBSTITUTION. THESIS ADVISOR: ASSOC. PROF. SIRIRAT TUBSUNGNOEN
RATTANACHAN, Ph. D, 207 PP.

Keyword: CALCIUM PHOSPHATE CEMENT/ APATITE-TRICALCIUM PHOSPHATE CEMENT/
BONE CEMENT/ BONE TISSUE ENGINEERING

Although apatite/B—TCP cement is one of the highly effective synthetic bone
grafts, its poor mechanical performance is limited for use under loadbearing condition.
This is a major issue in the treatment of bone disorders such as osteoporosis. Therefore,
this work aimed to improve the mechanical properties of apatite/B-TCP cement to
overcome its limited use only under non-loadbearing conditions in a variety of bone
tissue engineering. In this cement formular, alpha-tricalcium phosphate (Q-TCP) is a
major phase that could be synthesized by conventional (solid state reaction) and new
(wet chemical reaction) method. Thus, the wet chemical reaction method was an
effectively alternative route due to its convenience in preparation with the less cost
when compared with the solid state reaction. However, the wet chemical reaction still
had some issues of strongly acidic solution during the manufacturing process, causing
damage of instrument or toxic environment nearby. Therefore, the strong acid of wet
chemical reaction was adjusted to neutral pH, naming as a precipitation method.

Afterward, the effect of particle size of Q-TCP on the cement properties were
investigated. Thus, the smaller size of Q-TCP resulted in a reduced setting time,
increased compressive strength, and enhanced hydroxyapatite (HA) phase conversion
of cement. In addition, the effective dry heat sterilization was examined for this cement
due to it could cause a damage of chitosan content in this cement system, leading to
unfavorable effect to cellular responses. The result showed that the appropriate

condition of dry heat sterilization was the condition of 121 °C for 10 h due to there



were no significant changes in physical properties of cement or significant damages in
chitosan fibers.

Consequently, various concentration of PAA (0 to 50 v/v%.) was added to the
liquid phase to improve the compressive strength of apatite/ ﬁ-TCP cement. It was
found that 30 v/v% PAA was a critical point, resulting in increased compressive strength
and reduced setting time. However, higher PAA inhibited the HA conversion, which
consequently downregulated the bioactivity of the cement. Therefore, the
concentration of PAA was varied in narrower range from 20 to 35 v/v%, indicating the
highest compressive strength at 25 v/v9% PAA.

Afterward, the poor bioactivity of PAA-apatite/ B—TCP cement was improved by
the addition of 0.5-1.5 wt.% bioactive glass (BG) to the cement powder. The results
showed tpha‘f BG reduced setting time and increased compressive strength of the
cement. Moreover, the poor bioactivity of PAA-apatite/ ﬁ—TCP cement was improved,
indicating higher HA formation on the surface of cement when increasing the BG
content. Due to the highest compressive strength of modified cement was detected
at 1 wt.% BG addition, the unmodified PAA-apatite/B-TCP (p-CPC) and 1 wt.% BG (p-
CPC/1.0BG) were selected for further analysis of cellular responses to these cements
by using different cells (osteoblast, mesenchymal, and adipose-derived stem cell). In
addition, the control cement (CPC) without modification of PAA and BG was used as a
control sample. It was found that those cells favored both p-CPC/1.0BG and p-CPC
more than the control CPC, indicating induced cell proliferation, and supported
osteogenic differentiation. Thus, p-CPC/1.0BG presented the highest level of osteogenic
differentiation production. As a result, p-CPC/1.0BG with excellent biocompatibility

seemed to be the most promising formula for use under loadbearing condition.
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