








Figure 2. Scanning electron micrograph of the fracture surface of 
Cement A showing the formation of nanosized hydroxyapatite 
crystals. The four cements had similar fracture surface features 
at three days. ~lm: Micrometer. 

DISCUSSION 

CPC possesses excellent osteoconductivity and 
bone replacement capability and is highly 
promising for use in a number of restorative 
dental and craniofacial procedures.12.14 The FDA 
approved it for craniofacial indications a decade 
agoY However, when CPC was used in peri
odontal bone repair, tooth mobility resulted in 
early fracture and eventual exfoliation of the 
rigid and brittle implants. 15 CPC is a typical 
brittle ceramic and can fracture catastrophically 
at a small deformation strain of about 0.2 per
cent. Therefore, it is desirable to have CPC in a 
nonrigid form that can sustain large deformation 
strains without fracture, thereby providing the 
needed compliance for tooth motion in alveolar 
bone repair for periodontal disease. The addition 
of TTCP to the CPC powder together with 15 per
cent chitosan resulted in a nonrigid CPC. For the 
conventional CPC, the setting mechanism was 
the reaction between TTCP and DCPA: 
2Ca4(P04)20 + 2CaHP04~ Ca1o(P04MOH)2 
(hydroxyapatite). For the CPC-chitosan com
posite, another faster setting occurred. Chitosan 
is soluble in acidic solutions but insoluble at alka
line pH. The mixing of the chitosan liquid with 
the CPC powder increased the pH and caused the 
soft CPC-chitosan paste to transform to an elas
tomeric solid. Hence, the initial setting of the 
CPC-chitosan composite was caused not by the 
relatively slower TTCP-DCPA conversion to 
hydroxyapatite, but by the faster chitosan setting 
due to increasing pH. The TTCP-DCPA conver
sion to hydroxyapatite proceeded within the elas
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Figure 3. Effect of immersion time on the nonrigid calcium phos o ...... 
phate cement control and the new nonrigid Cement A at 21 days o 
and 28 days of immersion in a physiological solution. Each value is 
mean ± standard deviation; n = 6. JIm': Joules per square meter. 
MPa: Megapascals. 

tomeric chitosan matrix. The reason that cements 
A through C set faster than the control (Table 1) 
likely was due to the extra TTCP (which was 
alkaline), which further increased the pH. This 
caused faster setting than the control, which did 
not have extra TTCP. 

The setting time was four to five minutes for 
the new cements, compared with 17 minutes for 
the control. Fast setting should enable the cement 
to attain mechanical strength and geometrical 
integrity ...vithin a short period postoperatively. In 
a study in which conventional CPC was mixed 
with water and implanted subcutaneously, it 
failed to set and elicited a severe inflammatory 
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Figure 4. Scanning electron micrograph showing cracks in the surface and cross-section of the nonrigid calcium phosphate cement (CPC) 
control developed previously and the new nonrigid Cement A at 28 days of immersion in a physiological solution. Arrows indicate cracks in 
the control. No such cracks were observed in Cement A. Ilm: Micrometers. 

response, probably owing to a low initial mechan
ical strength.23 Hence, the rapid setting of the new 
cements should improve the initial mechanical 
strength, thereby avoiding implant disintegration. 
While a setting time of five minutes (Table 1) 
appeared to be appropriate for surgical placement, 
the cement remained nonrigid and could be 
molded after the initial setting. 

The control had a strain-at-peak-Ioad value of 
4.4 percent at 28 days, compared with 0.2 percent 
for the conventional CPC.16 The control, though 
nonrigid, had three deficiencies: low strength, low 
durability and a propensity to crack over time. 
The flexural strength of the control ranged from 
1.3 MPa at 21 days to 1.8 MPa at 28 days. These 
values were lower than the reported flexural 
strength, which ranged from 2 to 11 MPa for sin
tered porous hydroxyapatite implants,7 and a ten
sile strength of about 3.5 MPa for cancellous 
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bone. 24 The control degraded during immersion 
with the occurrence of cracks. In contrast, the 
flexural strength of Cement A reached 5.5 MPa, 
overlapping the strengths of sintered porous 
hydroxyapatite and cancellous bone. 

Cement A maintained its strength after immer
sion for 28 days. This improved durability in com
parison with the control likely was a result of the 
higher powder:liquid ratio of 2:1, compared with 
the control's ratio of 1:1. A higher powder:liquid 
ratio increased the mineral content in the CPC
chitosan composite, thereby enhancing its struc
tural integrity. This mechanism is not unlike that 
of dental resin-based composites, in which high 
levels of inorganic particles enhance the com
posite properties.25

•
26 However, in our preliminary 

studies, when the powder:liquid ratio was 
increased to 3:1, the cement became brittle. While 
the optimal mineral:chitosan ratio possibly 
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