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Abstract An injectable calcium phosphate cement (CPC)

with porous structure and excellent anti-washout ability

was developed in the study. Citric acid and sodium bicar-

bonate were added into the CPC powder consisting of

tetracalcium phosphate (TTCP) and dicalcium phosphate

dihydrate (DCPD) to form macro-pores, then different

concentrations of sodium hyaluronate (NaHA) solution, as

liquid phase, was added into the cement to investigate its

effect on CPC’s performance. The prepared CPCs were

tested on workability (injectable time and setting time),

mechanical strength, as well as anti-washout ability. The

experimental results showed that addition of NaHA not

only enhanced the anti-washout ability of the CPC dra-

matically but also improve its other properties. When

NaHA concentration was 0.6 wt%, the injectable time

elongated to 15.7 ± 0.6 min, the initial and final setting

times were respectively shorten to 18.3 ± 1.2 and

58.7 ± 2.1 min, and the compressive strength were

increased to 18.78 ± 1.83 MPa. On the other hand, Addi-

tion of NaHA showed little effect on porous structure of the

CPC and enhanced its bioactivity obviously, which was

confirmed by the apatite formation on its surface after

immersion in simulated body fluid (SBF). In conclusion, as

an in situ shaped injectable biomaterials, the CPC with

appropriate addition of NaHA would notably improve its

performance and might be used in minimal invasive sur-

gery for bone repair or reconstruction.

1 Introduction

Since CPC was reported by Brown and Chow in 1986 [1],

it has been widely regarded and extensively studied. With

nature of self-setting in low temperature and in situ, inti-

mately adaption to neighboring bone even for irregularly

shaped cavities and excellent surface bioactivity, injectable

CPC has been developed as a promising bone repair or

substitute material and could be used in minimally invasive

surgery [2–5].

As thus, several formulations of CPCs have been

developed for bone cement applications, and the final

products are mainly hydroxyapatite (HAP), DCPD or

amorphous calcium phosphate (ACP) [6–9]. It is known

that HA have excellent biocompatibility and osteocon-

ductivity due to its similarity to the mineral phase of bone,

so the CPC has been increasingly regarded and used for

treatment of vertebral body fracture, anterior cruciate

ligament reconstruction, and some reconstructions of non-

stress-bearing bone [10–12]. When used in clinic, the

injectable CPC must have the following characteristics:

better injectability while keeping the physico-chemical

properties suitable for surgical use, proper setting time

convenient for surgery, excellent anti-washout ability

preventing the cement from crumbling in biological fluids,

and good mechanical strength [13–15]. So far, some

additives, such as critic acid, chitosan and sodium algi-

nate, have been used to optimize the properties of CPC

[7, 16, 17]. It has been reported that addition of a certain

amount of citric acid could improve the injectability and

compressive strength of CPC, but its anti-washout ability

was still poor [7, 18, 19]. On the other hand, some doc-

uments have confirmed that the anti-washout ability of

CPC could be effectively improved by the addition of

chitosan and sodium alginate. However, these two
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biopolymers would inhibit the setting process and the

formation of HAP, leading to decrease of the mechanical

strength [13, 16, 17, 20, 21]. Furthermore, the addition of

them would influence the cements’ rheology and reduce

the injectability.

NaHA, a polysaccharide having a disaccharide repeat-

ing unit (D-glucuronic acid and N-acetyl-D-glucosamine),

is a sort of water soluble polymer and known to be a

bioactive biomaterial. Besides, NaHA has good visco-

elastic and hydrating properties when it is in the dissolved

state. In extracellular matrix, hyaluronate participates in a

hydrated network and acts as an organizing core in the

intercellular matrix, connecting complex intercellular

aggregates [22–24]. If the special network is introduced

into CPC, the viscosity and other properties of the cement

might be enhanced. In this study, NaHA, as the liquid

phase, was introduced into the CPC system and its effect

on the workability, mechanical strength, anti-washout

ability and bioactivity of the cements was investigated

systematically.

2 Materials and methods

2.1 Material preparation

All chemicals of analytical grades were commercially

available from domestic companies except those men-

tioned specially. The CPC powder was prepared by mixing

TTCP and DCPD at a molar ratio of 1:1. TTCP powder was

prepared by us according to previous report [25]. 13.3% of

HAP powders (supplied by Engineering Research Center

for Biomaterial, Sichuan University, China), 5% of sodium

bicarbonate (NaHCO3) powders and 4% of citric acid

powders at mass fraction were added into the CPC powders

and uniformly mixed.

NaHA solution, which was prepared by dissolving

sodium hyaluronate with a molar mass of Mn = 1.0–

1.5 9 106 g/mol in 0.2 M PBS, was used as the liquid

phase in this study. PBS without NaHA (0%) was used as

control. Different concentrations of NaHA solutions (from

0.1% to 1% with 0.1% as interval) were made. The liquid

to solid ratio of 0.35 ml/g was selected in this study.

2.2 Morphology and phase characterization

The CPC powder was homogeneously mixed with NaHA

solution using a mortar to form a paste, then the paste was

injected into a stainless-steel mold (6 mm in diameter and

12 mm in height) and incubated at 37�C and 100% relative

humidity for 24 h. Then the hardened cement samples were

removed and characterized by X-ray diffraction (XRD,

Y-200, China). The fractured surfaces of the hardened

cement samples were observed by a scanning electron

microscope (SEM, JSM-5900LV, Japan).

2.3 Setting time measurement

The setting time of the CPC was measured using Gillmore

needles according to ASTM C191. After the newly pre-

pared CPC paste was poured into the stainless-steel mold,

the initial setting time and final setting time were deter-

mined by the light needle (113.4 g in weight and 2.13 mm

in diameter) and the heavy needle (453.6 g in weight and

1.06 mm in diameter), respectively. Each test was per-

formed in triplicate.

2.4 Injectability test

A 5 ml syringe, which was fitted with a needle of 1.6 mm

inner diameter, was used to test the injectability of the

cement. The newly prepared CPC paste was poured into

the syringe, and the injectable time was determined by the

time interval from the starting point of mixing the paste to

the time when the paste can be hardly pushed out through the

needle under the pushing force of 20 N. The tests were

performed under the condition of 37�C and 100% relative

humidity. Each measurement was carried out in triplicate.

2.5 Porosity and compressive strength measurement

The newly prepared CPC paste was injected into the

stainless-steel mold and incubated at 37�C and 100% rel-

ative humidity for 24 h. After hardening, the porosity (P)

of the samples was defined as follow:

P ¼ dHAP � dmeasuredð Þ=dHAP ð1Þ

where dHAP is the density of fully dense hydroxyapatite

which is 3.14 g/cm3, and dmeasured was the specimen’s

density which was measured as mass/volume [10].

The hardened specimens were subject to compressive

strength measurements, which were performed by a com-

puter-controlled universal testing machine (WDW-50,

China) at a crosshead speed of 1 mm/min. The compres-

sive strength was calculated by using the fracture load

divided by the cross-sectional area of the specimen. Each

test was performed in triplicate.

2.6 Anti-washout ability observation

The newly prepared CPC paste was poured into the syringe

and immediately injected into the distilled water at 37�C,

and then the behavior of the cement was observed at 5 min,

1 h, and 24 h, respectively. After immersion in water for

24 h, the non-decay parts of the cements were collected

and freezing-dried. The percentage of remaining cements
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was calculated, and each measurement was performed in

triplicate.

2.7 Incubation in simulated body fluid (SBF)

The paste of CPC without and with 0.6% NaHA were

injected into stainless mold, then the cement samples were

removed after setting for 3 h and incubated in 28 ml of

SBF at 37�C. The SBF was prepared according to kokubo’s

method [26], and changed every 2 days. The surface

morphology of the samples was observed after incubation

for 1d, 3d, 7d and 14d.

3 Results

3.1 Morphology observation

SEM images of the fractured surface of the CPCs without

and with 0.6% NaHA concentration are shown in Fig. 1. A

lot of macro-pores with the diameter of 100 * 300 lm

distributed in both CPCs can be seen in Fig. 1a and b.

Besides, the higher magnification SEM images (Fig. 1c and

d) show that both CPCs are composed of reticulations, in

which a lot of micro-pores occur, and the crystals are

interlocked each other strongly. Besides, comparing with

each other, there were not obvious morphological differ-

ences in both CPCs, proving that addition of NaHA had

little influence on the structure of the CPC.

3.2 Phase transformation of CPC

Figure 2 shows the XRD patterns of the CPCs with

different concentrations of NaHA after setting for 24 h.

For comparison, the XRD patterns of the starting solid

powder are also shown (pattern a). Obviously, there was

a phase transformation occurred during the hardening

process of the CPC paste. It should be clearly observed

that the peaks of DCPD in the hardened CPCs (pattern b,

c and d) almost disappeared, and the intensity of TTCP

decreased sharply. Besides, the peaks of HAP presented

higher diffraction intensity, indicating that new HAP

phase formed during the hardening process and there was

still a few TTCP and DPCD left. Basically, the three

types of CPC showed almost the same XRD patterns,

meaning that addition of NaHA hardly changes the for-

mation of HAP.

3.3 Setting time and injectability

Results of the setting time and injectable time of CPC with

different concentrations of NaHA are shown in Fig. 3.

Obviously, the addition of NaHA cut down the setting time

of the CPC. The final setting time of the CPC paste without

NaHA was 80.7 ± 3.5 min, and it decreased to the shortest

value (55.3 ± 4.0 min) when the concentration of NaHA

was 0.5%. Later, the setting time increased gradually with

the increasing of NaHA concentration from 0.5% to 1.0%.

It should be noted that the initial and finial setting times of

Fig. 1 SEM images of the

fractured surface of the CPCs

without and with 0.6% NaHA:

a and c for CPC without NaHA;

b and d for CPC with 0.6%

NaHA
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the CPC with NaHA were obviously shorter than those

without NaHA.

Similar with the variation tendency of the setting time, the

injectable time of the CPC paste declined when NaHA

concentration increased from 0% to 0.4%, and then it

increased with the increasing of NaHA concentration from

0.4% to 1.0%. The percentage of the cements expelled in the

injection time was above 90% for the cement with every

concentration of NaHA. Besides, in the entire process of

injecting, the cements were homogenous and there was no

powder–liquid phase separation during the injection process.

3.4 Porosity and mechanical strength

The porosity and compressive strength of CPC with dif-

ferent concentrations of NaHA are shown in Fig. 4. It could

be found that addition of NaHA had little influence of the

porosity of the cements, and the porosity stayed between

55% and 60%. The compressive strength of the hardened

CPC increased with the increasing of NaHA concentration

at the starting stage, and it reached to the biggest value

(18.78 ± 1.83 MPa) when the concentration of NaHA was

0.6%. But later, the compressive strength declined when

NaHA concentration increased from 0.6% to 1.0%.

3.5 Anti-washout ability

Figure 5a shows the behaviors of the cements with dif-

ferent concentrations of NaHA, which were injected into

distilled water at 37�C for 5 min, 1 h and 24 h. The cement

without NaHA started to decay after immersion in water

for 5 min, and the extent of decay enlarged with the

increase of immersion time. However, after addition of

NaHA, the anti-washout ability of the cements became

stronger than before, and the cements could almost remain

its initial shape and no obvious decay was observed when

NaHA concentration reached to 0.3% or more. After

immersion in water for 24 h, the mass percentages of the

remaining cements with different concentrations of NaHA

are presented in Fig. 5b. The mass percentage of the

remaining cement without NaHA was below 50%, but with

addition of NaHA, it increased sharply and maintained

above 90% when NaHA concentration increased to 0.3% or

more.

3.6 Incubation in SBF

Figure 6 shows the SEM photographs of the cements

without and with 0.6% NaHA after soaking in SBF for 1d,

3d, and 7d at 37�C. As shown in Fig. 6a and e, after

soaking in SBF for 1d, no precipitation formed on the

surface of the former while reticulations appeared on

Fig. 2 XRD patterns of the starting powder and the CPCs

Fig. 3 Influence of the concentration of NaHA on the setting times

and injectable time of the pastes

Fig. 4 Influence of the concentration of NaHA on the porosity and

compressive strength of the cements
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the surface of the latter. When the soaking time was 3d, the

surface of the cement with 0.6% NaHA was covered by

ball-like particles (Fig. 6f), and only a few net-like textures

appeared on the surface of the cement without NaHA

(Fig. 6b). After soaking in SBF for 7d, both cements were

covered completely by those ball-like particles (Fig. 6c and

g), proving that the deposition of bone-like apatite layer

[26]. Besides, it should be noted from Fig. 6d and h that the

lower magnification photos confirmed that the apatite layer

formed on the cement with 0.6% NaHA was thicker than

that on the cement without NaHA, which showed the faster

growth of bone-like apatite on the cement with NaHA.

4 Discussion

A major disadvantage of current bone implants such as HA

ceramics is that they are pre-shaped and generally need to

be carved to match with the shape of the surgical site. An

injectable CPC setting in situ can overcome the problem

and show great advantage in complex shaped defects for

minimal invasive surgery. In the present study, an inject-

able CPC, which might be used in minimally invasive

surgery for bone repair or substitution, was developed by

addition of some extra additives.

An appropriate porous structure is favorable for ingrowth

of bone tissue and can promote the degradation of the

cement after implantation. It is known that calcium phos-

phate ceramics with appropriate porous structure had

excellent osteoconduction and even osteoinduction [27–31].

The results of SEM observation (Fig. 1) and the porosity

(Fig. 4) confirmed that the hardened CPCs all had the por-

ous structure, whose formation should be ascribed to the

solid components of citric acid and sodium bicarbonate.

When contacting with the liquid phase, they would react

with each other to form CO2. Moreover, addition of NaHA

showed no adverse effect on the porous structure formation

in the hardened body.

In the CPC system, after mixing with liquid phases,

TTCP and DCPD powders will react to transform to HAP.

A thoroughly transformation to hydroxyapatite is one of

the guarantees for the strong mechanical strength of

CPC[7]. The XRD analysis (Fig. 2) of the cements con-

firmed this transformation. Either with or without NaHA,

most of the starting powders had transformed into HAP,

and there was no obvious difference in XRD patterns

between the cements without and with NaHA. It had been

reported that some extra organic phases, such as chitosan,

would influence this transformation process [21, 25].

However, little inhibition for HAP transformation was

observed in this CPC system, as might be ascribed to the

relatively lower content of NaHA in the cement. On the

other hand, there were a few of TTCP and DCPD phases

left in the hardened CPC due to the short reaction time, and

the transformation would complete finally after implanta-

tion and exposed to body fluids [21, 32].

As the hardening reaction happens in a low temperature

(below 40�C) and the components in the CPC system are

hydrophilic and lack of chemical bonding, the surrounding

water is likely to invade the paste and destroy the con-

nection among the crystals thus lead it to decay [16, 17,

33]. It is known that hyaluronate has the intrinsic feature to

form a network with water and then to enhance the vis-

cosity of the liquid phase to form gels [34, 35]. When

NaHA was introduced into the CPC system, a network

spreading all over the paste could be formed, resulting in

the good maintenance of its shape even exposing to water.

The high viscosity and the chelate reaction between

Fig. 5 a The behaviors of the cements with different concentrations of NaHA injected into distilled water at 37�C for 5 min, 1 h and 24 h. b The

mass percentages of remaining cements with different concentrations of NaHA after immersion in 37�C water for 24 h (n = 3)
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hyaluronate and Ca2? would make HAP crystal nucleus in

position, which promoted HAP crystal interlocking. As a

result, the anti-washout ability of CPC was enhanced dra-

matically with addition of NaHA.

The injectable time, setting time and compressive

strength all had a similarly trend of variation: there was a

gradually decrease (or increase) in the beginning stage and

later an adverse increase (or decrease) with the increasing

of NaHA concentration. The reduction of the setting and

injectable times at the low concentrations of NaHA could

be explained by the viscosity increasing and the chelate

reaction between hyaluronate in the liquid phase with Ca2?

dissolved from the powder phase happened during the

initial hardening reaction of the cements. The binding

between Ca2? and the N-acetyl and carboxylate groups in

hyaluronate resulted in the increase of the paste viscosity

and formation of NaHA’s network structure, which would

promote the hardening of the CPC paste. When NaHA

content further increased, free Ca2? bound with hyaluro-

nate decreased, and the excessive hyaluronate molecules

might hold a lot of hydroxy groups by hydrating and absorb

water molecules, leading to elongation of the setting time

as well as injectable time.

The variation of compressive strength from the initial

increasing and later decrease could also be explained from

the reasons mentioned above. The chelate reaction and the

Fig. 6 SEM photographs of the

CPCs without and with 0.6%

NaHA after soaking in SBF for

1d, 3d, and 7d at 37�C. Mark

‘0%’ for CPC without NaHA

and ‘0.6%’ for CPC with 0.6%

NaHA

1600 J Mater Sci: Mater Med (2009) 20:1595–1602

123



network links formed by hyaluronate would make more

crystals interlocked tightly, so the compressive strength

would firstly increase by addition of NaHA [7, 18]. How-

ever, when NaHA increased to a higher concentration, as

mentioned above, the excessive hyaluronate molecules

might hold a lot of hydroxy groups and water molecules

that might inhibit the formed HAP crystals to interlock so

as to decrease the compressive strength.

Whether a material has the ability to form bone-like

apatite layer on its surface has been regarded as a key

criterion to evaluate the bioactivity of the material [26].

According to Fig. 6, bone-like apatite formed on CPC with

NaHA was faster than that on the CPC without NaHA after

incubation in SBF. This could be explained by the reason

that Ca2? ions in the CPC binding with hyaluronate would

release quickly with the dissolution of NaHA after soaking

in SBF, leading to the increased concentrations of Ca2?,

HPO4
2- and PO4

3- around the samples. These supersatu-

rated ions would congregate to reach the threshold of the

apatite precipitate quickly and then form apatite crystal on

the surface. Therefore, the CPC with NaHA might have

better bioactivity than that without NaHA.

5 Conclusion

In this study, the performance of the CPC containing citric

acid and sodium bicarbonate was significantly improved by

using NaHA solutions as the liquid phase. Addition of

NaHA could hardly affect the transformation of HAP and

could maintain the porous structure of the CPC. Besides,

the injectability, setting time and mechanical strength

could be adjusted by using different concentrations of

NaHA. Especially, the anti-washout ability and bioactivity

of the CPC were significantly enhanced by the addition of

NaHA. Therefore, the injectable CPC with NaHA might be

a promising bone repair materials used in minimal invasive

surgery.

References

1. Takagi S, Chow LC, Ishikawa K. Formation of hydroxyapatite in

new calcium phosphate cements. Biomaterials. 1998;19(17):

1593–9.

2. Ginebra MP, Traykova T, Planell JA. Calcium phosphate

cements as bone drug delivery systems: a review. Journal Control

Release. 2006;113(2):102–10.

3. Habraken W, de Jonge LT, Wolke JGC, Yubao L, Mikos AG,

Jansen JA. Introduction of gelatin microspheres into an injectable

calcium phosphate cement. J Biomed Mater Res A. 2008;

87A(3):643–55.

4. Comuzzi L, Ooms E, Jansen JA. Injectable calcium phosphate

cement as a filler for bone defects around oral implants: an

experimental study in goats. Clin Oral Implant Res. 2002;13

(3):304–11.

5. Tamimi F, Torres J, Lopez-Cabarcos E, Bassett DC, Habibovic P,

Luceron E, et al. Minimally invasive maxillofacial vertical bone

augmentation using brushite based cements. Biomaterials. 2009;

30(2):208–16.

6. Burguera EF, Xu HHK, Weir MD. Injectable and rapid-setting

calcium phosphate bone cement with dicalcium phosphate dihy-

drate. J Biomed Mater Res B-Appl Biomater. 2006;77B(1):

126–34.

7. Liu H, Li H, Cheng WJ, Yang Y, Zhu MY, Zhou CR. Novel

injectable calcium phosphate/chitosan composites for bone sub-

stitute materials. Acta Biomater. 2006;2(5):557–65.

8. Xu H, Simon CG. Self-hardening calcium phosphate composite

scaffold for bone tissue engineering. J Orthop Res. 2004;22(3):

535–43.

9. Wang XP, Ye JD, Wang YJ, Wu XP, Bai B. Control of crystal-

linity of hydrated products in a calcium phosphate bone cement.

J Biomed Mater Res A. 2007;81A(4):781–90.

10. Xu HHK, Burguera EF, Carey LE. Strong, macroporous, and in

situ-setting calcium phosphate cement-layered structures. Bio-

materials. 2007;28(26):3786–96.

11. Wang XP, Ye J, Wang YJ. Influence of a novel radiopacifier on

the properties of an injectable calcium phosphate cement. Acta

Biomater. 2007;3(5):757–63.

12. Tien YC, Chih TT, Lin JHC, Ju CP, Lin SD. Augmentation of

tendon-bone healing by the use of calcium-phosphate cement.

J Bone Joint Surg Br. 2004;86B(7):1072–6.

13. Leroux L, Hatim Z, Freche M, Lacout JL. Effects of various

adjuvants (lactic acid, glycerol, and chitosan) on the injectability

of a calcium phosphate cement. 9th European Meeting on Inject-

able Bone and Joint Substitution Materials; 1999 Mar 01–02;

Lausanne, Switzerland; 1999. p. 31S–34S.

14. Khairoun I, Boltong MG, Driessens FCM, Planell JA. Effect of

calcium carbonate on clinical compliance of apatitic calcium

phosphate bone cement. J Biomed Mater Res. 1997;38(4):

356–60.

15. Takagi S, Chow LC, Hirayama S, Sugawara A. Premixed cal-

cium-phosphate cement pastes. J Biomed Mater Res B-Appl

Biomater. 2003;67B(2):689–96.

16. Shie MY, Chen DCH, Wang CY, Chiang TY, Ding SJ. Immer-

sion behavior of gelatin-containing calcium phosphate cement.

Acta Biomater. 2008;4(3):646–55.

17. Wang XP, Chen L, Xiang H, Ye JD. Influence of anti-washout

agents on the rheological properties and injectability of a calcium

phosphate cement. J Biomed Mater Res B-Appl Biomater.

2007;81B(2):410–8.

18. Watanab M, Tanaka M, Sakurai M, Maeda M. Development of

calcium phosphate cement. J Eur Ceram Soc. 2006;26:549–52.

19. Sarda S, Fernandez E, Nilsson M, Balcells M, Planell JA. Kinetic

study of citric acid influence on calcium phosphate bone cements

as water-reducing agent. J Biomed Mater Res. 2002;61(4):653–9.

20. Khairoun I, Driessens FCM, Boltong MG, Planell JA, Wenz R.

Addition of cohesion promoters to calcium phosphate cements.

Biomaterials. 1999;20(4):393–8.

21. Rau JV, Generosi A, Smirnov VV, Ferro D, Albertini VR,

Barinov SM. Energy dispersive X-ray diffraction study of phase

development during hardening of calcium phosphate bone

cements with addition of chitosan. Acta Biomater. 2008;4(4):

1089–94.

22. Almond A, DeAngelis PL, Blundell CD. Hyaluronan: The local

solution conformation determined by NMR and computer mod-

eling is close to a contracted left-handed 4-fold helix. J Mol Biol.

2006;358(5):1256–69.

23. Shin DY, Hwang E, Cho IH, Moon MH. Molecular weight and

structure characterization of sodium hyaluronate and its gamma

J Mater Sci: Mater Med (2009) 20:1595–1602 1601

123



radiation degradation products by flow field-flow fractionation

and on-line multiangle light scattering. J Chromatogr A. 2007;

1160(1–2):270–5.

24. Brown MB, Jones SA. Hyaluronic acid: a unique topical vehicle

for the localized delivery of drugs to the skin. J Eur Acad Der-

matol Venereol. 2005;19(3):308–18.

25. Li DX, Fan HS, Zhu XD, Tan YF, Xiao WQ, Lu J, et al. Con-

trollable release of salmon-calcitonin in injectable calcium

phosphate cement modified by chitosan oligosaccharide and

collagen polypeptide. J Mater Sci Mater Med. 2007;18(11):

2225–31.

26. Kokubo T, Takadama H. How useful is SBF in predicting in vivo

bone bioactivity? Biomaterials. 2006;27(15):2907–15.

27. Xu HHK, Weir MD, Burguera EF, Fraser AM. Injectable and

macroporous calcium phosphate cement scaffold. Biomaterials.

2006;27(24):4279–87.

28. Kondo N, Ogose A, Tokunaga K, Umezu H, Arai K, Kudo N,

et al. Osteoinduction with highly purified beta-tricalcium phos-

phate in dog dorsal muscles and the proliferation of osteoclasts

before heterotopic bone formation. Biomaterials. 2006;27(25):

4419–27.

29. Zaffe D. Some considerations on biomaterials and bone. Micron.

2005;36(7–8):583–92.

30. Link DP, Van den Dolder J, Van den Beucken J, Cuijpers VM,

Wolke JGC, Mikos AG, et al. Evaluation of the biocompatibility

of calcium phosphate cement/PLGA microparticle composites.

J Biomed Mater Res A. 2008;87A(3):760–9.

31. Habibovic P, Gbureck U, Doillon CJ, Bassett DC, van

Blitterswijk CA, Barralet JE. Osteoconduction and osteoin-

duction of low-temperature 3D printed bioceramic implants.

Biomaterials. 2008;29(7):944–53.

32. Generosi A, Smimov VV, Rau JV, Albertini VR, Ferro D,

Barinov SM. Phase development in the hardening process of two

calcium phosphate bone cements: An energy dispersive X-ray

diffraction study. Mater Res Bull. 2008;43(3):561–71.

33. Han Y, Li H, Zhou C, Rong J. Experimental studies on calcium

phosphate bone cement containing carboxymethyl chitosan.

J Jinan Univ (Natural Science). 2007;28:288–91.

34. Napier MA, Hadler NM. Effect of calcium on structure and

function of a hyaluronic acid matrix: Carbon-13 nuclear magnetic

resonance analysis and the diffusional behavior of small solutes.

Biochemitry. 1978;75:2261–5.

35. Furth G, Knierim R, Buss V, Mayer C. Binding of bivalent cat-

ions by hyaluronate in aqueous solution. Int J Biol Macromol.

2008;42(1):33–40.

1602 J Mater Sci: Mater Med (2009) 20:1595–1602

123


	Addition of sodium hyaluronate and the effect on performance �of the injectable calcium phosphate cement
	Abstract
	Introduction
	Materials and methods
	Material preparation
	Morphology and phase characterization
	Setting time measurement
	Injectability test
	Porosity and compressive strength measurement
	Anti-washout ability observation
	Incubation in simulated body fluid (SBF)

	Results
	Morphology observation
	Phase transformation of CPC
	Setting time and injectability
	Porosity and mechanical strength
	Anti-washout ability
	Incubation in SBF

	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


