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Abstracts
The inferior anti-washout property of injectable calcium phosphate cement (CPC) limits its wider application in clinic. In this
study, the improvement of anti-washout performance of CPC by addition of konjac glucomannan or guar gum, which was
dissolved in the CPC liquid, was first studied. The influence of KGM/GG blend with different mass ratios on the anti-
washout property, compressive strength and in vitro cytocompatibility of CPC was estimated. The results revealed that small
amount of KGM or GG could obviously enhance the anti-washout property of CPC. Moreover, the washout resistance
efficiency of KGM/GG blend was better than KGM or GG alone. The addition of KGM/GG blend slightly shortened the
final setting time of CPC. Although the introduction of KGM/GG blend reduced the compressive strength of CPC, the
compressive strength still reached or surpassed that of human cancellous bone. The best KGM/GG mass ratio was 5:5, which
was most efficient at not only reducing CPC disintegration, but also increasing compressive strength. The addition of KGM/
GG blend obviously promoted the cells proliferation on the CPC. In short, the CPC modified by KGM/GG blend exhibited
excellent anti-washout property, appropriate setting time, adequate compressive strength, and good cytocompatibility, and
has the potential to be used in bone defect repair.

Graphical Abstract
The addition of KGM/GG blend significantly improved the anti-washout property of CPC. The best KGM/GG mass ratio
was 5:5, which was most efficient in reducing the CPC disintegration.
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1 Introduction

A self-setting calcium phosphate cement (CPC) was first
reported by Brown and Chow [1]. CPC has been exten-
sively studied in the last three decades and proved to be
highly useful in orthopedics, maxillofacial and dentistry due
to their excellent biocompatibility, good osteoconductivity,
self-setting, injectability, and capacity to fill complicated-
shaped defects [2–7]. However, CPC paste is prone to
disintegrate by excess fluids that may be present at the
surgical site [8–11]. Solid particles separated from CPC
may enter into blood vessels resulting in severe inflamma-
tory reaction, pulmonary embolism and cardiovascular
diseases [12]. The poor anti-washout capacity of injectable
CPC greatly limits its wider application. For this reason, a
great deal of attention has been paid to improve the anti-
washout property of CPC.

Enhancing cohesion and accelerating setting process of
CPC paste are both direct and effective methodologies to
prevent the decay of cement paste. The cohesion of CPC is
commonly enhanced by the increasing viscosity of CPC
liquid, which can be achieved by introducing various syn-
thetic and natural polymers, such as modified starch [9],
xanthan gum [12], cellulose derivatives [13], sodium algi-
nate [14]. In addition, the setting time of CPC is obviously
shortened by the introduction of mesoporous bioactive glass
[15] and wollastonite [10]. The reduction of setting time is
beneficial for the improvement of anti-washout property of
CPC paste. However, many polymer-type anti-washout
agents, such as modified starch, cellulose derivatives and so
on, significantly prolong the setting time of CPC, which
obviously limits its application in clinic [9, 13]. On the
other hand, the inorganic particles used as anti-washout
agents can profoundly shorten the setting time of CPC, but
the improvement of anti-washout property is not obvious
enough and large amount of inorganic particles should be
added in most cases [10, 15].

Konjac glucomannan (KGM) is a water-soluble and non-
ionic neutral natural polysaccharide derived from the tuber
of Amorphophallus konjac C. Koch [16, 17]. KGM consists
of β-1, 4 linked glucose and mannose units [18]. In general,
KGM loses acetyl groups in alkaline environment, then its
molecules aggregate in part with one another by the role of
hydrogen bonds leading to the formation of the gel network
structure [19]. KGM is a nontoxic, biocompatible and
common dietary ingredient [16]. KGM also has high
molecular weight, strong hydration capacity and good
thickening performance. Therefore, KGM has been used
widely in drug delivery, medical dressing and bone repair
materials.

Guar gum (GG) is also a natural plant polysaccharide
consisted of D-mannose residues connected by glycosidic

bonds, and it can be obtained from the seeds of the legume
cyamopsis tetragonalobus [20]. β-D-mannopyranose units
with α-D-glactopyranose units are connected with the
mannose backbone by glycosidic bonds [21]. GG is water-
soluble, nontoxicity, and able to control the release of
drugs, hence GG has been broadly used in the pharma-
ceutical field [20]. GG also has excellent thickening effect,
which is 5-8 times higher than that of starch.

KGM and GG both have excellent thickening perfor-
mance, which make them promising anti-washout agents for
CPC. It is speculated that the hybrid system will form much
stronger composite gel than KGM or GG used alone. To the
best of our knowledge, there is no published work regarding
improvement of the anti-washout property of CPC with
KGM/GG blend.

In this study, we have first studied the effects of addition
amount of KGM or GG alone and then the KGM/GG blend
with different mass ratios on the washout performance of
CPC. The physiochemical and cellular behaviors of the
CPC with these viscous additives were also systemically
investigated.

2 Materials and methods

2.1 Materials

Ca(NO3)2·4H2O, Na2HPO4·12H2O, CaHPO4·2H2O, anhy-
drous ethanol, and guar gum were commercially obtained
from Aladdin’s Reagent (Shanghai) Co., Ltd. Konjac glu-
comannan (KGM) was bought from Beijing Bioco Laibo
Technology Co. Ltd. All the commercial chemicals
were analytically pure. Cell-culture related reagents
were purchased from Gibco (Invitrogen, USA) except
specialized.

2.2 Material preparations

The CPC powder used in this study was a mixture of
partially crystallized calcium phosphate (PCCP) and
dicalcium phosphate anhydrous (CaHPO4, DCPA) as
introduced in the previous work of our research group [22].
In brief, PCCP was synthesized from an aqueous solution
of Ca(NO3)2·4H2O and Na2HPO4·12H2O by chemical
precipitation method. Then the precipitate was cen-
trifugally separated, freeze-dried, and heat treatment at 460
°C for 2 h in a furnace. DCPA powder was obtained by
milling CaHPO4·2H2O in ethanol for 2 h and then dried at
120 °C for 12 h.

Certain amounts of KGM and/or GG were added to
deionized water, then a series of homogeneous solutions at
the concentrations of 0.5, 1.0 and 2.0 wt.% were obtained
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after stirring at 50 °C for 20 min. The cement pastes were
obtained by homogeneously mixing CPC powder with
KGM solutions (0, 0.5, 1.0, 2.0 wt.%) or GG solutions (0,
0.5, 1.0, 2.0 wt.%) at a liquid to powder ratio of 0.4 mL/g.

In order to study the combinatory effect of KGM and GG
on the overall performance of CPC. Various KGM/GG
blend solutions (1 wt.%) were prepared to be used as setting
liquid of CPC. The KGM/GG mass ratio of blend solution
was set at 2:8, 4:6, 5:5, 6:4, 8:2, respectively.
The cement pastes were prepared by mixing CPC powder
with KGM/GG blend solutions at a liquid to powder ratio of
0.4 mL/g.

2.3 Anti-washout property evaluation

The weight (M0) of CPC powders was weighed. After
mixing with CPC liquid, the as-prepared consistency
cement pastes were poured into a disposable syringe with-
out nozzle. Then, the pastes were immediately injected into
simulated body fluid (SBF, 30 mL) solution and shaken at
60 rpm for 0, 15, and 30 min. The SBF was prepared
according to the method described by Kokubo [23]. The
anti-washout property of the cement pastes was visually
evaluated via the extent of decay of the pastes [8]. For
quantitative measurement, the CPC pastes were poured into
stainless steel molds. Subsequently, the cylindrical cement
specimens (6 mm in diameter and 12 mm in height) were
immediately demoulded and soaked in SBF solution (30 mL
for each) and shaken at 60 rpm for 0, 10, 20, 30, and 60 min.
Then the samples were taken out at designed points and
dried at 37 °C. After that, the weight (M1) of samples was
measured. The decay amounts of the cements were eval-
uated according to (1).

Mass loss %ð Þ¼ M0�M1ð Þ=M0 ð1Þ

2.4 Viscosity test

Viscosity of the CPC paste was tested by a rheometer
(ARG2, TA Instrument, USA). The liquid to powder ratio
of CPC was adjusted to 1 mL/g due to the limitation of the
rheometer. The viscosity curves were obtained by measur-
ing the variation of viscosity with shear rate (0.01-100 s-1).

2.5 Setting time measurement

The setting time of each sample was measured by Gilmore
needle method according to ISO standard (9917–1:2007
(E)). The CPC paste was filled into a mold (12 mm in
diameter and 2 mm in height). To measure the initial setting
time, a ‘lighter’ Gilmore needle (2.12 mm in diameter and
113.4 g of weight) was dropped onto the surface of the

sample and stayed for 5 s in every 1 minute, and the setting
time was recorded until the needle tip no longer made an
obvious indentation on the surface of CPC. To measure the
final setting time, a ‘heavier’ Gilmore needle (1.06 mm in
diameter and 453.6 g of weight) was dropped onto the
surface of the sample and stayed for 5 s in every 2 minutes,
the setting time was recorded until the needle tip did not
make an obvious indentation on the surface of CPC.

2.6 Compressive strength test

The CPC pastes were filled into molds (6 mm in inner
diameter, 12 mm in height) and pressed by using a press
machine (HLD, HANDPI, China) under a 10 kg force for
15 s to remove the bubbles in paste. After demoulded, the
samples were incubated at 37 °C and 98% humidified
atmosphere for 3 days, and then dried at 80 °C. The
obtained CPC samples were tested on compressive strength
by using a universal material testing machine (Instron 5567,
Instron, USA) at the crosshead speed of 1 mmmin-1.

2.7 Porosity measurement

The preparation of the samples for porosity measurement is
the same as that for compressive strength test. Porosity of
CPC samples was measured using a density balance
(FA1104J, China) according to Archimedes principle. First,
the dry weight (W0) of samples was weighed, then the
samples were soaked in anhydrous ethyl alcohol under
vacuum ( < 0.08MPa) for 2 h to ensure the infiltration of
ethanol into the pores of CPC. Second, the weight (W1) of
wet samples was measured after wiping alcohol on their
surface with a gauze saturated by alcohol. Finally, the
weight (W2) of samples in the alcohol was weighed. The
porosity of samples was calculated according to the equa-
tion (2).

Porosity ¼ ðW1�W0Þ=ðW1�W2Þ � 100% ð2Þ

2.8 Phase and microstructure characterization

The hydrated samples were grinded into powders, and then
the phase of powdered samples was determined employing
an X-ray diffractometer (XRD, X’Pert PRO, PANalytical,
Netherlands) with Cu-Kα radiation. The XRD patterns were
collected in the 2θ range of 10° to 70° with a step size of
0.013°. Prior to SEM observation, the samples were sputter-
coated with gold. Microstructure of the fractured surface of
samples were observed by using a scanning electron
microscope (SEM, Nova NanoSEM 430, FEI, Netherlands)
with an accelerating voltage of 15 kV.
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2.9 Cytocompatibility assessment

2.9.1 Cell culture

Mouse bone marrow mesenchymal stem cells (mBMSCs,
ATCC, USA) were cultured in cell culture flasks with
complete culture medium in an incubator (37 °C, 5% CO2).
The complete culture medium was consisted of 90 vol.%
high-glucose Dulbecco’s modified eagle’s medium (H-
DMEM) and 10 vol.% fetal bovine serum (FBS). The
medium were refreshed every 2 days.

2.9.2 Cell attachment and morphology

The cement disks (6 mm in diameter and 1.5 mm in height)
were sterilized by γ irradiation at 15 kGy. The disks were
placed in a 48-well plate. Subsequently, 2 × 104 cells/mL
cell suspension (0.5 mL/well) was seeded on the disks.
After 1 day of incubation, the specimens were washed 3
times with phosphate buffer solution (PBS), fixed with
2.5% glutaraldehyde solution for 24 h, dehydrated with
gradient ethanol (30 vol.%, 50 vol.%, 70 vol.%, 80 vol.%,
90 vol.%, 95 vol.%, and 100 vol.%) and air-dried. Finally,
the morphology of cells attached on the cement disks were
observed by using a scanning electron microscope (SEM,

Nova NanoSEM 430, FEI, Netherlands) with an accelerat-
ing voltage of 15 kV.

2.9.3 Fluorescent labeling of live/dead assay

The viability and cytotoxicity of mBMSCs cultured on the
cement disks were characterized by using Live-Dead Cell
Staining Kits (Biotium, No. 30002, USA) following man-
ufacturer’s instructions. Briefly, the disks were transferred
into a new 48-well plate and washed twice with PBS gently
after being cultured for 24 h. Then, 250 μL PBS working
solution containing 2 mM calcein AM (labeling live cells)
and 4 mM EthD-III (labeling dead cells) was added, then
incubated at 37 °C for 45 min under the dark condition.
Finally, the working solution was sucked out, and the disks
were washed twice with PBS gently and observed under a
fluorescence inverted microscope (Nikon, Eclipse Ti-U,
Japan).

2.9.4 Cell proliferation

The CPC disks were placed into 48-well plates and cell
suspensions (500 μL, 2 × 104 cells/mL) was added to each
well. After cell culture for 1, 3, and 7 days, Cell Counting
Kit-8 (CCK-8, Dojindo Laboratories, Japan) was used to

Fig. 1 Anti-washout observation
of the cement pastes with
different KGM contents in SBF
after being shaken for 0, 15, and
30 min
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evaluate the proliferation of mBMSCs on the disks
according to manufacturer’s instructions. In brief, the disks
were transferred to a new 48-well plate. Then, the complete
culture medium (250 μL) containing 10 vol% CCK-8 work
solution was added to each well and the cell-sample con-
structs were incubated at 37 °C for 1 h. The absorbance of
supernatant was read at 450 nm by using a microplate reader
(Thermo 3001, USA).

2.10 Statistical analysis

All data in this study were repeated at least three times and
presented as mean value ± standard deviation (SD). Stu-
dent’s t-test was performed to analyze differences between
experimental groups. A value of p < 0.05 was regarded as
statistical significance (*p < 0.05, **p < 0.01, ***p <
0.001).

3 Results

3.1 Optimization of KGM and GG concentration

Figure 1 exhibits the visual anti-washout inspection of the
cement pastes with different KGM contents in SBF after

being shaken for 0, 15, and 30 min. When the content of
KGM was 0.5 wt.%, a small amount of the cement pastes
was disintegrated after being shaken for 30 min. For the
groups with 1.0 and 2.0 wt.% KGM, the cylindrical pastes
kept well-defined shape, and there was no obvious disin-
tegrated cement powders in SBF solution. Figure 2 shows
the visual anti-washout inspection of the cement pastes with
different GG contents. It is evident that the decay amount of
the cement pastes decreased obviously with the increase of
GG content. Like KGM groups, a lot of cement pastes with
0.5 wt.% GG were disintegrated after being shaken for 30
min; On the contrary, just a few particles were separated
from the cement pastes containing 1.0 and 2.0 wt.% GG.
The washout resistance efficacy of KGM is superior to that
of GG at the same concentration.

From the above anti-washout results of the cement
pastes, it is inferred that the anti-washout property of the
cement paste increased with the increase of KGM or GG
contents. To avoid affecting other properties of CPC after
the addition of excessive polysaccharides, 1.0 wt.% was
selected as the appropriate addition content of KGM or GG
for follow-up study.

Fig. 2 Anti-washout observation
of the cement pastes with
different GG contents in SBF
after being shaken for 0, 15, and
30 min
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3.2 Viscosity of the CPC modified with KGM/GG
blend

The viscosity of the cement pastes at different KGM/GG
mass ratios is plotted in Fig. 3. The viscosity of all cement
pastes decreased with the increase of shear rate, demon-
strating that the CPC slurry is a non-Newtonian fluid fea-
tured with the phenomena of shear thinning. The addition of
1 wt.% GG or KGM alone significantly enhanced the
viscosity of the cement pastes in comparison to the CPC
without additive. Moreover, the viscosity of the cement
pastes with 1 wt.% KGM was higher than that with 1 wt.%
GG at the same shear rate. The viscosity of the pastes
increased first and then decreased with increasing mass ratio
of KGM to GG. It should be noted that the highest viscosity
was shown in the cement pastes as introducing KGM/GG
blend at KGM to GG ratio of 5:5.

3.3 Setting time of the CPC modified with KGM/GG
blend

Figure 4 shows the influence of different KGM/GG mass
ratios on the setting time of the CPC. The initial setting time
of all samples was about 10 min, which was no distinct
difference between each other. However, the addition of
KGM/GG blend whatever the mass ratios shortened the
final setting time of CPC.

3.4 Anti-washout property of the CPC modified with
KGM/GG blend

Figure 5 displays the quantitative results of the anti-washout
property of the cement pastes containing KGM/GG blend
with different mass ratios. It can be seen that the cement
pastes decayed gradually with the prolongation of shaking
time. The sample without anti-washout additive decayed

Fig. 3 Influence of KGM/GG mass ratios on the viscosity of the
cement pastes

Fig. 4 The setting time of the CPC containing KGM/GG blend with
different mass ratios

Fig. 5 Mass loss of the cement pastes containing KGM/GG blend with
different mass ratios after immersion in SBF for 10, 20, 30, 60 min

Fig. 6 XRD patterns of the CPC containing KGM/GG blend with
different mass ratios
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fast and its mass loss reached 63.26% ± 2.95% after being
shaken in SBF for 60 min. By contrast, CPC with 1 wt.%
KGM or 1 wt.% GG did not decay obviously during
shaking. Furthermore, CPC modified by KGM/GG blend
showed better anti-washout effect than that with KGM or
GG alone. When the KGM/GG mass ratio was 5:5, the
obtained cement paste showed the lowest mass loss,
whereas further increase of the KGM/GG mass ratio led to
the increased mass loss of the cement pastes slightly. Within
60 min, the CPC modified with 1 wt.% GG and 1 wt.%
KGM had mass loss of 19.00% and 15.60%, respectively,
while CPC containing KGM/GG blend (KGM/GG mass
ratio of 5:5) decayed only 6.88%.

3.5 Phase and microstructure

Figure 6 shows XRD patterns of the cements containing
KGM/GG blend with different mass ratios after hydration
for 3 days. The characteristic peaks of hydroxyapatite (HA,
JCPDS 00-009-0432) can be seen from the XRD patterns of
all samples. There was no obvious difference among the
XRD patterns of the different groups. Figure 7 presents
SEM photographs of fractured surface of the CPC con-
taining KGM/GG blend with different mass ratios. A lot of
tiny needle-like and plate-like apatite grains interlocked
with each other and plentiful nano and submicron pores
with irregular shapes were observed in the CPC.

Fig. 7 SEM micrographs of fracture surface of the CPC containing KGM/GG blend with different mass ratios

Fig. 8 Compressive strength a and porosity b of the CPC containing KGM/GG blend with different mass ratios
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3.6 Compressive strength and porosity

Figure 8a exhibits the effect of different KGM/GG mass
ratios on the compressive strength of CPC. The addition of
polysaccharides decreased the compressive strength of the
cement. The compressive strength of CPC without anti-
washout additive was about 19.99 MPa, while the com-
pressive strength of CPC with 1 wt.% GG and 1 wt.% KGM
was about 9.01MPa and 8.93MPa, respectively. The
compressive strength of CPC was also affected by the
KGM/GG mass ratio. When the KGM/GG mass ratio was
lower than 5:5, the compressive strength was improved with
increasing mass ratio of KGM/GG. The cement with the
KGM/GG mass ratio of 5:5 had the highest compressive
strength (14.48 ± 0.33MPa). The compressive strength of
the CPC correspondingly reduced when the KGM/GG mass

ratio was above 5:5. As shown in Fig. 8b, the addition of
KGM/GG blend obviously increased the porosity of CPC.

3.7 In vitro cytocompatibility

Figure 9 presents the morphology of mBMSCs attached on
the surface of the CPC disks containing KGM/GG blend
with different mass ratios after culture for 1 day. The cells
completely spread on all the samples with obvious pseu-
dopodium. Figure 10 displays the viability of mBMSCs on
the CPC disks containing KGM/GG blend with different
mass ratios. After 3 days of cell culture, a plenty of green-
fluorescent viable cells attached on the surface of all sam-
ples, only a few red-fluorescent necrotic or apoptotic cells
were observed. The cell proliferation on the CPC samples
with KGM/GG blend is showed in Fig. 11. The cells

Fig. 9 SEM images of the attachment morphology of mBMSCs cultured on the surfaces of CPC disks containing KGM/GG blend with different
mass ratios

Fig. 10 Fluorescence photos of Live/Dead mBMSCs cultured on CPC disks containing KGM/GG blend with different mass ratios
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gradually proliferated throughout the whole cell culture
period. The addition of anti-washout additives promoted
mBMSCs proliferation obviously compared to the CPC
without additives.

4 Discussion

Although CPC has excellent biocompatibility and good
osteoconductivity, the inferior anti-washout property of
CPC limits its wider application in clinic. Our results
indicated the addition of KGM and/or GG could obviously
improve the anti-washout property. Moreover, the washout
resistance efficiency of KGM/GG blend was better than
KGM or GG alone. The best KGM/GG mass ratio was 5:5,
which was most efficient at reducing CPC disintegration.
The possible anti-washout mechanisms of KGM and GG
could be mainly summarized on two aspects. On the one
hand, the formation of strong intermolecular hydrogen
bonds between two polysaccharides leads to produce three
dimensional gel network structure in the cement liquid,
which plays the roles of restricting and covering the CPC
particles. On the other hand, KGM and GG can synergis-
tically enhance viscosity of the cement liquid phase (Fig. 3),
the improved viscosity of the cement pastes was beneficial
to the increase of cohesion of CPC particles, which can
protect the cement pastes from eroding and decay of sur-
rounding liquid, thus improving the anti-washout property
of CPC.

The addition of KGM/GG blend shortened the final
setting time of CPC. The probable reason was the high
water retention of KGM and/or GG polysaccharide mole-
cules; these polysaccharide molecules adsorbed part of
water, thus reducing water participating in dissolution-
precipitation reaction, increasing of oversaturation of ions

and accelerating hydration reaction process. On the other
hand, KGM and GG are all macromolecules, which can
enhance the viscosity of liquid phase after being dissolved
(Fig. 3), leading to the increase of cohesion and close
contact of the cement particles.

Hydroxyapatite (HA) crystals in CPC gradually grow
and form interlocked network during the process of
hydration reaction to ensure the mechanical strength of
hardened CPC [6]. The addition of polysaccharides
decreased the compressive strength of the cement. More-
over, the compressive strength of CPC was also affected by
the KGM/GG mass ratio. When the KGM/GG mass ratio
was lower than 5:5, the compressive strength was improved
with increasing mass ratio of KGM/GG. The cement with
the KGM/GG mass ratio of 5:5 had the highest compressive
strength. The strength of the CPC correspondingly reduced
when the KGM/GG mass ratio was above 5:5. The
mechanical strength of CPC is tightly associated with the
microstructure of CPC, such as porosity [24], pore size [25],
and so on. A lot of small pores form during the hydration
process of CPC [22], and the porosity is one of the
important factors which influences the mechanical strength
and biological performance of CPC [24, 26]. Figure 8b
illustrates the porosity of CPC containing KGM/GG blend
with different mass ratios. It can be seen that the porosity of
CPC without additive was a little lower than that of the
samples with anti-washout additives, which was probable
one of factors resulting in the relative low compressive
strength after the addition of polysaccharides. On the other
hand, the dimensional gel networks formed by the poly-
saccharide molecules may impair the bonding strength
among the inorganic crystals and reduce the mechanical
strength of the hydrated CPC. The variation of compressive
strength of the CPC containing KGM/GG blend with dif-
ferent mass ratios probably was due to the variation of the
polysaccharide gel strength with different KGM/GG ratios.
It was reported that the compressive strength values of
human trabecular bone range from 0.10 to 27.3 MPa [27,
28]. Although the addition of KGM/GG blend reduced the
strength of CPC, the compressive strength of CPC with
KGM/GG blend still reached or surpassed the compressive
strength range of human cancellous bone.

KGM and GG are nontoxic as natural polysaccharide,
which were widely applied in food additives, supplementary
materials and drug delivery. The addition of KGM/GG
blend obviously promoted mBMSCs proliferation com-
pared to the CPC without additives. It was reported that
bone mesenchymal stem cells adhered preferentially to the
KGM and KGM/chitosan scaffolds than the bulk films,
KGM contributed to improve the biocompatibility of chit-
osan material [29]. Due to its good ability of supporting
cells adhesion and proliferation, GG was used to prepare
scaffold for tissue engineering application [30, 31]. The

Fig. 11 Proliferation of mBMSCs cultured on the CPC disks con-
taining KGM/GG blend with different mass ratios
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KGM and/or GG at a small amount could dramatically
enhance the anti-washout property of CPC. Moreover, the
addition of KGM/GG blend slightly shortened the final
setting time of CPC. In spite of this, the final setting time of
CPC modified by KGM/GG still reached about 20 min,
which is suitable to the application in clinic. Therefore,
CPC modified by KGM/GG blend exhibits many advan-
tages for bone defect repair in clinic.

5 Conclusions

In this study, the KGM/GG blend with various mass ratios
was used to improve the anti-washout property of the CPC
pastes. The results revealed that KGM or GG alone greatly
enhanced the anti-washout property of CPC, and the
washout resistance of the CPC pastes increased with
increasing content of KGM or GG. The washout resistance
effect of KGM/GG blend for CPC was better than that of
KGM or GG alone. Moreover, efficiency of KGM/GG
blend in improving bone cement cohesion is dependent on
their mass ratio. The KGM/GG mass ratio of 5:5 is most
efficient in reducing CPC disintegration. The addition of
KGM/GG blend shortened the final setting time of CPC.
The introduction of KGM/GG blend reduced the compres-
sive strength of CPC, but it is still higher than that of
cancellous bone. The modified CPC with KGM and GG
showed good cytocompatibility. The addition of KGM/GG
blend obviously promoted mBMSCs proliferation on the
CPC. We concluded that KGM/GG blend is very effective
additive for improving the anti-washout property of CPC,
and the CPC modified by KGM/GG blend has the potential
to be used in bone defect repair.
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