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ABSTRACT 
 

Calcium phosphate cement (CPC) has been synthesized via a straightforward hydrothermal route. Calcium 
oxide and ammonium dihydrogen phosphate were used as calcium and phosphate precursors. The precursors were 
refluxed in distilled water at 90–100 °C and dried overnight until the calcium phosphate powder was formed. CPC 
was then produced by mixing the powder and distilled water at the powder-to-liquid (P/L) ratio of 1.5. Poly(vinyl 
alcohol) (PVA) of 1 to 7% (w/w) was added and its effect on physical properties was investigated. It was proved that 
PVA addition up to 7% (w/w) has shortened the setting time but decreased the injectability. The PVA free CPC has 
the initial and final setting times of 71 and 187 min, respectively and the injectability of 99.92%. The compressive 
strength also increased with the amount of PVA added in CPC. In addition, soaking CPC in Ringer's solution for 7, 
14 and 21 days also gave remarkable effects on cohesion, microstructure and mechanical properties of the cement. 
 
Keywords: calcium phosphate cement; hydrothermal method; poly(vinyl alcohol); setting time; injectability 

 

ABSTRAK 
 

Semen kalsium fosfat (SKF) telah disintesis melalui proses hidrotermal secara langsung. Kalsium oksida dan 
ammonium dihidrogen fosfat digunakan sebagai kalsium dan fosfat prekursor. Kedua-dua presurkor itu telah 
direfluks di dalam air suling pada suhu 90–100 °C dan dikeringkan sehingga terbentuk serbuk kalsium fosfat. SKF 
kemudian dihasilkan dengan mencampur serbuk dan air suling pada rasio serbuk-ke-cairan 1,5. Poli(vinil alkohol) 
telah ditambah ke dalam SKF dengan menvariasikan jumlah kepada 1 ke 7% (b/b) dan efeknya ini telah 
diinvestigasi secara sistematis. Dari hasil kajian, jumlah poli(vinil alkohol) 7% (b/b) terbukti dapat memendekkan 
waktu pengerasan tetapi melemahkan proses injektabiliti. SKF bebas poli(vinil alkohol) mancatatkan waktu 
pengerasan awal pada 71 min dan waktu pengerasan akhir pada 187 min, sedangkan presentase injektabiliti adalah 
99,92%. Kekuatan tekan juga menunjukkan peningkatan apabila jumlah poli(vinil alkohol) pada SKF bertambah. 
Selain itu, proses rendaman SKF di dalam larutan Ringer selama 7, 14 dan 21 hari juga menunjukkan kesan yang 
luar biasa kepada kohesi, mikrostruktur dan sifat mekanik semen. 
 
Kata Kunci: semen kalsium fosfat; proses hidrotermal; poli(vinil alkohol); waktu pengerasan; injektabiliti 
 
INTRODUCTION 
 

Development of bone graft is traditionally focused 
on autografts and allografts which show some limitations 
such as shortage of bone supplies, pain morbidity, 
disease transmissions and immunological reactions 
between patient and donor [1-2]. The use of synthetic 
bone graft substitutes as bone replacement has 
dramatically increased over the last few decades to 
overcome these limitations. Calcium phosphate material 
is the most extensively used biomaterials as synthetic 
bone substitutes due to their compatibility with the 
mineral phase of natural bone. Recently, a number of 
techniques for development of injectable calcium 
phosphate cements (CPC) have been attracting much 
attention from various researchers worldwide. 

CPC can be categorized based upon the final 
product which is brushite (dicalcium hydrogen 
phosphate, DCPD) and hydroxyapatite (HA). CPC with 
HA as the end product have advantages over brushite 
including high strength, low resorbability and high 
osteoconductivity [3-4]. Numerous methods of HA 
powder synthesis have been introduced like 
hydrothermal [5], sol-gel [6], hydrolysis [7] and solid 
state reaction [8]. The hydrothermal method is one of 
the preferable synthesis routes due to the high yield of 
cement production, controlled morphology and 
stoichiometric Ca/P ratio [9]. 

CPC is formed by mixing powder and liquid at 
certain powder-to-liquid (P/L) ratios until moldable and 
injectable paste formed [10-11]. Among advantages of 
CPC are excellent biocompatibility, non-toxicity, 
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osteoconductivity and self-hardening ability [12-13]. The 
handling properties of CPC is significant for bone filler 
application but CPC has shown a few disadvantages 
including long setting time, poor injectability and 
disintegration of cement upon early contact with blood or 
other bodily fluids [4,9]. To overcome these drawbacks, 
an approach to incorporate polymers into the CPC 
formulation, either in the liquid or solid phase has been 
developed. This strategy is one preferred option to 
improve the CPC properties in terms of injectability, 
setting time, cohesion and cell response [3,14]. It is to be 
hoped that high performance calcium phosphate cement 
can be obtained to respond recent increasing demand of 
bone graft substitutes. 

Polymeric additives that have been widely used 
include poly(lactic-co-glycolic acid) (PLGA), 
poly(ethylene glycol) (PEG), poly(vinyl alcohol) (PVA), 
poly(acrylic acid), chitosan, polyamides and alginate [15-
17]. PVA is one of the hydrophilic biocompatible polymer 
that has been investigated for its possibility in numerous 
applications. Composites of PVA with carbonized 
coconut shell [18] and pineapple leaf derived cellulose 
fibers for high performance packaging materials [19] 
have been developed recently. In biomedical 
engineering field, PVA has been evaluated for hydrogel 
use [20], degradable film composite with fish collagen 
[21], polymeric membrane with chitosan and citric acid 
for hemodialysis application [22] and use as a binder for 
calcium phosphate cement [23]. Its high hydrophilicity 
and fast swelling when absorbing water are among the 
main reasons of using PVA to enhance performance of 
CPC [24]. The aim of the present work is to develop an 
injectable CPC with incorporation of PVA for better self-
setting control and cohesion of cement. 
 
EXPERIMENTAL SECTION 
 
Materials 
 

Calcium oxide, CaO (Bendosen Laboratory 
Chemicals) and ammonium dihydrogen phosphate, 
NH4H2HPO4 (Friendmann Schmidt Chemical) were used 
to produce hydroxyapatite powder. The hydroxyapatite 
was used as the solid phase, while distilled water as the 
liquid phase and PVA (R&M Chemicals, MW 144K, 87-
89% hydrolyzed) as the binder. 
 
Instrumentation 
 

The instruments used were a siever (Retsch ZM 
200), a Field Emission Scanning Electron Microscope 
(JEOL JSM 6700F), Gillmore apparatus and Lloyd 
Universal Testing Machine, LR 10 K+. 
 

Procedure 
 
Synthesis of powder 

The preparation of calcium phosphate cement 
(CPC) was conducted by mixing the hydrothermal 
derived hydroxyapatite powder and distilled water. The 
hydrothermal synthesis of HA powder was reported 
elsewhere [25]. The chemical reaction to synthesize 
HA powder is as follows:  

 4 2 4 5 4 4 23
5CaO 3NH H PO Ca PO OH 3NH OH H O      (1) 

On the basis of Equation (1), the stoichiometric 
weight of calcium oxide (CaO) and ammonium 
dihydrogen phosphate (NH4H2HPO4) were used to 
produce hydroxyapatite based on 1.67 Ca/P ratio. The 
synthesized HA was then dried overnight at 85 °C in an 
oven. The dried powder produced was then crushed 
and sieved with a siever. 
 
Preparation of calcium phosphate cement 

The preparation of CPC was done by 
homogenously mixing the powder and liquid phases for 
3 min at the (P/L) ratio of 1.5. PVA content added was 
varied from 1 to 7% (w/w) to the CPC. The CPC paste 
was then filled into a Teflon (PTFE) mould of 10 mm 
diameter and 15 mm height by hand spatulation. 
 
Cement characterization 

Morphological analysis on the powder was done 
using a JEOL JSM 6700F. Sputter coating was applied 
using gold for 50 sec with a deposition current of 60 
mA. Different acceleration condition and voltage were 
applied to observe the microstructure of CPC with and 
without PVA. 

The injectability test was performed through 
extrusion method by filling the 5 mL non-needle syringe 
with the paste. The Lloyd Universal Testing Machine, 
LR 10 K+ model was used to measure the injectability 
of paste under compression mode with a maximum 
load of 300 N and a crosshead speed of 50 mm/min. 
The evolution of the extrusion force (N) against the 
extrusion time (sec) was recorded to determine the 
force of the syringe. The injectability test of CPC 
without PVA and CPC with the addition of 1 to 3% 
(w/w) PVA was then compared. 

The setting times of CPC with PVA 
concentrations of 1, 2, 3, 5, 6 and 7% (w/w) were 
measured using Gillmore method. The CPC paste was 
homogenously mixed before moulded in a polyethylene 
mould. The initial and final setting times were 
performed by applying the thick and thin Gillmore 
needles in vertical position on the cement surface until 
no visible indentation formed. 

The compression strength was performed by 
utilizing the Lloyd Universal Testing Machine, LR 10 K+ 
model at 1 mm/min crosshead rate for all the samples 
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of CPC with the dimension of 10 mm diameter x 15 mm 
length. Before subjected to the compression test, the 
cements were moulded in a Teflon mould and left dried 
overnight. 
 
RESULT AND DISCUSSION 
 
Injectability 
 

Fig. 1 shows the time taken of CPC to extrude the 
whole paste from the syringe using Universal Testing 
Machine. CPC without PVA performed good injectability 
and the time taken for paste extrusion is 40 sec, in which 
99.92% of the cement has been extruded proving an 

excellent injectability. After 2% (w/w) PVA was added, 
the paste shows poor injectability and reduced the 
extrusion time of 33 sec due to the absorption of water 
molecules by PVA which leads to more viscous paste. 
From Fig. 2(a) and 2(b), both the PVA free CPC and 
CPC with 1% (w/w) PVA were able to extrude the 
whole paste from the syringe. However, Fig. 2(c) 
shows that CPC with 2% (w/w) PVA addition has little 
paste remain in the syringe which represents poor 
injectability. None of paste can be injected after 3% 
(w/w) PVA was added as shown in Fig. 2(d). Overall, 
the decrease in injectability was observed after the 
addition of more PVA amount to the CPC. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig 1. Injectability of PVA free CPC and CPC with 2 wt% PVA 
 

 
 
 
 
 
 
 
 

Fig 2. Moldable forms of CPC with variation in PVA concentrations: (a) 0 wt% (b) 1 wt% (c) 2 wt% and (d) 3 wt% 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3. Initial and final setting times of CPC at various PVA concentrations 
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Fig 4. Microstructure of CPC particles: (a) PVA free CPC (b) CPC with 2 wt% PVA 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 5. Compressive strength of CPC with the variation in PVA concentrations 
 
Setting Time 
 

Fig. 3 represents the initial and final setting times of 
CPC without and with PVA. The initial setting time of 
CPC without PVA is 71 min, and decreased to 65, 40, 
33, 21, 15 and 13 min, respectively when PVA with the 
concentrations of 1, 2, 3, 5, 6 and 7% (w/w) were added. 
While, the final setting time of CPC without PVA was 187 
min, and declined to 102, 79, 56, 46, 40 and 35 min 
when PVA were added. The difference in the setting 
times were related to injectability test result discussed 
above. The incorporation of CPC to PVA was able to 
increase the viscosity of cement, which simultaneously 
increased the rate of self-hardening and reduced the 
injectability of cement. This result is not in agreement to 
a previous report [24] which claimed that PVA addition 
with the presence of glycerol to CPC increased the 
setting time, probably caused by the high viscosity of 
glycerol. 
 
Microstructure Analysis 
 

Fig. 4 presents the results of microstructure 
analysis using FESEM. In Fig. 4(a), the particles were in 

spherical and flakes shapes with nanosize particles of 
100 nm long which represents HA powder. The 
agglomerated particles of needle like microstructure 
also formed. The microstructure of CPC with addition of 
2% (w/w) PVA is shown in Fig. 4(b). The HA particles 
were no longer visible because the particles surface 
were fully covered by PVA. 
 
Compressive Strength 
 

The PVA addition has shown an improvement to 
the compressive strength of the CPC. Fig. 5 shows the 
results of compressive strength of CPC without and 
when PVA was added with the concentrations of 1, 2, 
3, 5, 6 and 7% (w/w). The lowest compressive strength 
was achieved by CPC without PVA (1.01 MPa) and the 
highest compressive strength was by CPC with 7% 
(w/w) of PVA (2.86 MPa). An increase in compressive 
strength was observed with the increased amount of 
PVA. This trend is in agreement with setting times 
results shown in Fig. 3. An increase in rate of self-
setting of CPC tends to increase the mechanical 
strength of CPC due to the high viscosity of PVA. 
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Fig 6. Cohesiveness of CPC after soaking in Ringer’s solution for 7, 14 and 21 days 
 

 
 
 
 
 
 
 
 
 
 
 

Fig 7. Compressive strength of CPC after soaking in Ringer’s solution for 7, 14 and 21 days 
 
Cement Integrity 
 
Cohesiveness 

Incorporation of PVA to the CPC has shown some 
effects on the integrity, microstructure and compressive 
strength of CPC after soaking in Ringer’s solution for 0, 
7, 14 and 21 days. Fig. 6 shows the integrity of cements 
after 1 and 2% (w/w) of PVA were added to the CPC at 
different soaking times: 0, 7, 14 and 21 days. CPC 
without PVA shows high integrity and cohesiveness after 
14 days soaking but disintegrates after 21 days soaking 
in Ringer’s solution. However, after PVA was added to 
the CPC, the cements tend to decrease its cohesiveness 
and increase its brittleness with increasing the time of 
soaking in Ringer’s solution. The result differed from a 
report which claimed that PVA with the presence of 
glycerol gives high anti-washout ability to CPC, probably 
caused by the high viscosity of glycerol [24]. The 
hydrophilicity of PVA is presumed to be the main reason 

of disintegration of cement after soaking in the Ringer’s 
solution. 
 
Microstructure analysis 

The disintegration and reduction in cohesiveness 
of CPC was in agreement with the compressive 
strength test and microstructure analysis using 
FESEM. The compressive strength of CPC without 
PVA increased from 1.01 MPa to 2.21 and 2.33 MPa 
after 7 and 14 days soaking, respectively, in Ringer’s 
solution as Fig. 7 shows. Mohammadi et al. [26] also 
reported that CPC tends to increase compressive 
strength after 14 days soaking in Ringer’s solution. 
After 7 and 14 days soaking, the compressive strength 
of CPC shows improvement because of growth and 
formation of tiny apatite phase crystals [27]. However, 
CPC without PVA has reduced compressive strength to 
1.53 MPa after 21 days soaking in Ringer’s solution. 
Meanwhile, after 1 and 2% (w/w) of PVA were added,  
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Fig 8. FESEM images of CPC surfaces after soaking in Ringer’s solution for 7, 14 and 21 days 
 
the compressive strength decreased eventually from 
2.03 MPa to 1.13 MPa and from 2.24 MPa to 1.21 MPa, 
respectively after 21 days soaking in Ringer’s solution. 
Cement with PVA addition has started to show some 
disintegration from the first day of soaking in Ringer’s 
solution. 
 
Compressive strength 

The results of microstructure analysis using 
FESEM was shown in Fig. 8. Without PVA addition, HA 
particles have increased its agglomeration between the 
first day and 14 days soaking in Ringer’s solution. This 
was supported by the compressive strength result where 
the strength of CPC without PVA tends to increase up to 
14 days soaking in Ringer’s solution. Meanwhile, after 1 
and 2% (w/w) of PVA were added, PVA particles that 
cover the HA particles have dissolved in Ringer’s 
solution and fine spherical particles which represents the 
hydroxyapatite particles were then appeared. The 
hydrophilic behavior of PVA has increased the solubility 
of CPC in Ringer’s solution and presumed to be the 
main reason of disintegration of CPC. 
 
CONCLUSION 
 

Poly(vinyl alcohol) was incorporated into 
hydrothermal derived calcium phosphate cement and its 

physical properties was investigated. The PVA free 
CPC shows the initial and final setting times of 71 and 
187 min, respectively, at 99.92% injectability and were 
shortened from 71 to 13 min and 187 to 35 min after 
the addition of 7% (w/w) PVA. Its compressive strength 
increased with the PVA amount which revealed much 
better ductility of CPC. The compressive strength is 
1.01 MPa for CPC without PVA and increased to 2.86 
MPa after 7% (w/w) of PVA addition. CPC with 2% 
(w/w) PVA shows poor injectability compared to pure 
CPC where some portion of the paste remained in 
syringe after extrusion. While, CPC with 3% (w/w) PVA 
was unable to extrude the whole paste from the syringe 
indicate the paste has harden completely in syringe 
before injected. The cohesiveness test using the 
Ringer’s solution revealed that the increase in PVA 
concentrations has lowered the anti-washout ability and 
the compressive strength of the CPC with the 
increasing time of soaking in Ringer’s solution. Without 
PVA, CPC shows high integrity but after 21 days stored 
in Ringer’s solution, the cement washed-out and its 
compressive strength decreased. Overall, PVA was 
proven to be a suitable polymeric additive for the 
hydrothermal derived CPC, which help enhancing the 
compressive strength and shortening the setting time of 
the CPC. 
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