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Abstract

Porous calcium polyphosphate granules (CPPGs) for hard tissue regeneration were developed using amorphous calcium phosphate

(CaP) glass particles. The glass particles were synthesised using a conventional glass melting technique, and the CPPGs were fabricated

by a cement hardening process consisting of an acid–base reaction and a condensation reaction, which was developed in our previous

studies. The pore sizes of the CPPGs were controlled using polymeric pore generators (porogens) of various sizes. The glass particles and

CPPGs were analysed using X-ray diffractometry and Fourier transform infrared spectroscopy. The porosity of the CPPGs increased

from 33.327% to 48.706% as the size of the porogens was decreased. To evaluate the cellular response to the developed porous CPPGs,

cell proliferation and differentiation tests were performed, and an analysis of the relationship between the porosity and bioactivity was

carried out. The results showed that both pore size and porosity influenced the osteogenic differentiation as well as the cell proliferation.

This was due to the calcium ion release rate, which increased as the porosity increased and affected cellular behaviour. In conclusion, the

porous CPPGs fabricated using amorphous CaP glass particles were shown to have potential as excellent bone graft materials.

& 2012 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Bone graft materials are widely used in orthopaedic and
dental surgery to repair bone defects caused by fractures,
removal of bone tumours and treat various congenital diseases
[1]. Bone graft materials are generally divided into four types
according to their properties (osteoconductivity, osteoinduc-
tivity and osteogenicity) and origin. Autologous grafts are
known as clinical golden standard due to their excellent
osteoinductivity and osteoconductivity, but they are limited
due to donor-site morbidity, induced pain and limited avail-
ability of donor bone [2,3]. Allogenous and xenogenous grafts
can be used as alternative materials; however, due to incon-
sistent quality and drawbacks related to pathology and
immunogenicity, their limited potential for proper bone
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healing poses a major clinical issue [4]. Several synthetic
biomaterials (alloplasts) have been developed to overcome
these limitations and are widely used in clinical fields [5]. In the
field of hard tissue regeneration, general trend is to use
ceramic materials [6]. They are biocompatible while being
osteoconductive, and materials such as calcium phosphate
(CaP) closely resemble the composition of human bone [7,8].
They have also been applied as drug carriers as well as bone
graft materials that showed antibacterial activity in our
previous studies [9–11]. Those studies also introduced a new
type of CaP bone graft material composed of amorphous CaP
glass particles formed from basic materials and water by a
cement setting reaction. The reaction consists of two steps, an
acid–base reaction and a condensation reaction, that trans-
form the original phosphate structure into a polyphosphate
structure. These polyphosphate-structured materials have been
applied as a granular-type materials; therefore, we named
such materials as calcium polyphosphate granules (CPPGs).
Previous studies have demonstrated the potential of CPPGs as
bone graft materials, though consideration of their pore
properties has been excluded.
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There are many critical factors that play a role in hard
tissue regeneration. In this study, we examined the presence
of pores and their properties that influence the extent of bone
formation [12]. It is known that porous matrices facilitate cell
attachment, proliferation and mass transport [13]. In bone
graft materials, representative properties of pores are size and
interconnectivity. Pore size is related to neo-bone ingrowth,
cell migration and proliferation, and matrix deposition in
vacancies. Small pore sizes may impede cell adhesion and
bone ingrowth. In fact, several studies have shown that the
minimum required pore size is approximately 100 mm due to
cell size and migration. Moreover, the pore size required to
enhance the growth rate of neo-bone and the formation of
capillaries is considered to be over 300 mm, and pore sizes in
the range of 300–500 mm promote the mass transport of
nutrients and vascularisation [12,14]. Interconnected pores
provide channels for blood vessel formation as well as cell
distribution and migration, while disconnected pores could
be obstacles for blood vessel invasion [15].

In this study, we hypothesised that porous CPPGs could
improve cell attachment, proliferation and differentiation in
an in vitro environment. Under this hypothesis, porous
CPPGs were prepared with interconnected pores using
polymeric pore generators (porogens). The fundamental
properties of the prepared porous structures were analysed,
followed by an evaluation of cell attachment, proliferation
and differentiation on the CPPGs in relation to the pore
properties. The in vitro studies were performed in a 3D
culture system to mimic the in vivo and the clinical environ-
ment. To our knowledge, this study is the first to evaluate
porous CPPGs fabricated using amorphous CaP glass
particles in a 3D in vitro culture system. Based on the results
described below, the porous CPPGs may be considered as a
promising alternative to synthetic bone graft materials.

2. Materials and methods

2.1. Fabrication of porous calcium polyphosphate granules

Amorphous CaP glass particles were synthesised using
the same method described in previous studies [11,16].
Briefly, a glass batch of the system CaO–P2O5–MgO–
ZnO–CaF2 was prepared with a Ca/P ratio of 0.6. The
raw materials CaCO3 (Samchun Pure Chemical, Korea),
H3PO4, MgO, ZnO (Duksan Pure Chemical, Korea), and
CaF2 (Junsei Chemical, Japan) were used, and the molar
ratio of CaO/CaF2 was fixed to 9. The batch was dried
overnight at 100 1C and melted at 1250 1C for 2 h in a
Kanthal Super furnace. After the batch was melted, it was
Table 1

Group codes according to the porogen size and porosity of each group. The

Porogen size (d, mm) No porogen 212–300

Group code NP P2

Porosity – 48.706
subsequently quenched onto a graphite plate at room
temperature. The amorphous CaP glass was crushed using
an alumina mortar and was attrition milled using zirconia
balls. An X-ray diffractometer (XRD; Ultima IV, Rigaku,
Japan) and Fourier transform infrared spectroscopy
system (FT-IR; Avatar 360, Thermo Nicolet, USA) were
used to analyse the structure and organic matrix composition
of the amorphous CaP glass particles. Particle size distribu-
tion analysis was performed using a dynamic light scattering
technique (DLS; Zetasizer Nano ZS90, Malvern, UK).
Paraffin beads were prepared by the water-in-oil (w/o)

method and used as the porogens [17]. Briefly, melted
Paraplasts (Leica Microsystems, Germany) was added to a
1% polyvinyl alcohol (PVA; Sigma-Aldrich, USA) solution
under vigorous stirring on a hot plate. This suspension was
then poured quickly into iced water for solidification and then
filtered through sieve with openings measuring 100 mm. The
paraffin beads left on the sieve were then washed with distilled
water to remove the residual PVA and lyophilised at �50 1C,
7 mTorr for a day. The dried paraffiin beads were filtered
through sieves with openings of 850, 600, 425, 300 and 212 mm
to obtain various sizes of paraffin beads. The nominal sizes of
the openings were established by international standards [18].
Calcium polyphosphate structures were formed using the

cement hardening process described in previous studies [9–11].
Briefly, the amorphous CaP glass particles were mixed with
7.5 wt% Na2CO3 (Duksan Pure Chemical, Korea) and mixed
with paraffin beads in a 1.5 M NaOH solution in a 30/10/9
(g/g/mL; particles/beads/liquid) ratio. Sodium ions in the
NaOH solution and Na2CO3 provided structural stability in
the aqueous solution and an appropriate setting time. In this
cement system, Na2CO3 also had various effects on the
resulting material properties due to the decomposition of
Na2CO3 through intermediates such as HCO3�, H2CO3,
and CO2 gas, as well as OH� and Naþ . The cement paste
was moulded into a cylindrical shape and hardened by acid–
base and condensation reactions under humid conditions at
37 1C for a day. After hardening, the samples were immersed
in hexane (Duksan Pure Chemical, Korea) to leach out the
paraffin phase. The cylindrical cement block was then crushed
using a mortar; then, granules measuring 425–850 mm were
sieved and collected. The FT-IR spectra of the material were
analysed to compare the granules before and after leaching out
the paraffin phase. The porosity of the CPPGs was measured
using a mercury porosimeter (Autopore IV 9500, Micro-
meritics, USA), and their morphology was observed using a
scanning electron microscope (SEM; JEM-2100F, JEOL,
Japan). As shown in Table 1, the CPPGs were divided into
five groups according to the sizes of the porogens.
porosity increased with decreasing porogen size.

300–425 425–600 600–850

P3 P4 P6

43.899 41.379 33.327
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2.2. Calcium ion release test

To generate calcium ion release profiles, the CPPGs were
placed in a closed polystyrene round-bottom tube containing
distilled water (40.0 mg/mL) and an ionic strength adjustor.
Before the measurement, a calcium ion selective electrode
(calcium ISE; Thermo Scientific, USA) was calibrated using
supplied calcium calibration standards. The released calcium
ions from each group were monitored using the calcium ISE
for 21 days, and the water was replenished every day when
the experiment was performed. The calcium ion concentra-
tion was expressed in parts per million (ppm), and the release
profiles were plotted as a cumulative rate.
2.3. 3D culturing of pre-osteoblast MC3T3-E1

3D cell culturing was performed according to the
methods described in a previous study by using cell culture
inserts (NUNC, Denmark) composed of a polycarbonate
membrane with a 3 mm pore size [19]. Forty milligrams of
the CPPGs was placed in each insert. MC3T3-E1 mouse
pre-osteoblasts (ATCC, USA) cultured on a cell culture
dish were suspended in medium at a concentration of
1.0� 105 cells/mL. One hundred microlitres of cell suspen-
sion was added to each insert and gently mixed by
pipetting. A 24-well culture plate was filled with the culture
medium (1.5 mL/well, i.e., enough to immerse the gran-
ules), and the well plate was stored at 37 1C and 5% CO2.

The initial adherent cells were observed using the LIVE–
DEAD Viability Kit (Invitrogen, USA). After 6 h of
seeding on the granules, the cells on granules were washed
twice using phosphate buffer saline (PBS; Gibco, USA),
and a 2 mM calcein AM solution was added to them.
Images of the cells were obtained from a LSM 700 inverted
confocal microscope equipped with the ZEN software
programme (Carl Zeiss, Germany).
Fig. 1. (a) Typical amorphous CaPs XRD pattern and (b) size distribu-

tion of the amorphous CaP glass particles.
2.4. Measurements of cell proliferation and differentiation

Cell proliferation was performed using the Quanti-
iT

TM

PicoGreens dsDNA Reagent and Kits (Invitrogen,
UK) according to the manufacturer’s instruction. On experi-
mental days, the granules were washed 3 times with PBS,
and seeded MC3T3-E1 were lysed using a 0.1% Triton
X-100 solution (Sigma, Switzerland) in a micro-tube. Cells
were frozen at �80 1C and thawed at 4 1C using a centrifuge
at 12,000 rpm for 10 min to collect the supernatants. Equal
volumes of the supernatants and dsDNA reagents were then
placed into a black 96-well plate. The well plate was
incubated for 5 min in the dark, and a reading was carried
out with a microplate reader (POLARstar OPTIMA Micro-
Plate Reader, BMG LABTECH, Germany) in fluorescence
mode using an excitation wavelength of 485 nm and an
emission wavelength of 520 nm. The results were calibrated
using a standard curve plotted using the lDNA standard
provided with the kits.
Cell differentiation was evaluated by measuring alkaline
phosphatase (ALP) activity following 2 weeks of cell seeding.
An ALP activity test was performed using a Sensolytes

pNPP Alkaline Phosphatase Assay Kit (AnaSpec, USA),
and the results were normalised using the total protein
amounts that were obtained by a bicinchoninic acid (BCA)
assay. Briefly, the cells on the granules were rinsed twice with
PBS and lysed using Triton X-100 at 4 1C for 10 min. The
lysates were centrifuged at 2500g for 10 min at 4 1C, and the
supernatants were placed in the measurement wells with
the same amount of pNPP working solution. The mixture
was allowed to react for 1 h at room temperature, and the
absorbance was measured at 405 nm using a spectrophoto-
metric plate reader (Epoch, BioTek, USA).

2.5. Statistical analysis

All data were statistically analysed using PASW Statis-
tics 18 (SPSS, USA) and one-way ANOVA; Tukey’s post-
hoc doc test was then used to determine significant
differences (po0.05).

3. Results and discussion

3.1. Properties of amorphous calcium phosphate glass

particles

The properties of amorphous CaP glass particles are
shown in Fig. 1. As shown in Fig. 1(a), XRD results for the
particles confirm that no crystalline phase was present in
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the samples; there was only a broad halo peak between 201
and 401. Fig. 1(b) shows that the average radius of the
particles was 458.0723.9 nm. Nano-sized particles are
generally known to be more advantageous than micro-
particles with respect to densification and solidification due
to their specific surface area, and such enhanced densifica-
tion and solidification is expected to improve the mechanical
strength of the particles. The FT-IR spectrum of the particles
is shown in Fig. 2, which shows vibration peaks of the
phosphate structure (P–O and P–OH) between 1500 cm�1

and 700 cm�1.

3.2. Characteristics of porous calcium polyphosphate

granules

Porous CPPGs were fabricated using porogens of
various sizes. Hexane was used to eliminate the polymeric
porogens; hexane is a non-polar solvent that was naturally
removed following the process by evaporation. Fig. 2
shows the FT-IR spectra of raw materials and each group
of CPPGs. There were no peaks typical of hexane (–CH3 in
the region of 3000–2900 and 1500–1400 cm�1) or paraffin
Fig. 2. FT-IR spectra of raw materials and fabricated CPPGs.
(–CH3 and –CH2 in the region of 3000–2800 and 1500–
1300 cm�1) in the spectra of different groups of CPPGs.
However, the amount of phosphate structures, shown in
group NP, decreased slightly with the formation of pore
structures, while the peaks, shown in organic phases, were
eliminated in all of the groups. SEM images of the porous
CPPGs are shown in Fig. 3. The vacancies by the porogens
indented granules, except for those of group NP, and these
structures led to changes in the porosity of each group
(Table 1).

3.3. Calcium ion release profiles

The Ca2þ ion release rate is known to be related to
bioactivity and biodegradability of biomaterials, and bio-
degradability is a critical requirement for ideal bone graft
materials [4]. Biodegradability can induce and promote
significant new bone formation by osteogenic cells [20].
Fig. 4 shows the Ca2þ ion release profiles of CPPGs
produced in this study, which indicate that the release rate
of porous groups was faster than that of group NP during
the experiment; the release rate of group P2 in particular
was overwhelmingly faster than that of group NP. How-
ever, clearly distinct release rates between the other porous
groups (P2, P3, and P4) were not observed.

3.4. Cell adhesion and proliferation on porous calcium

polyphosphate granules

As shown in Fig. 5(a), most of the cells were distributed
on cavities formed by porogens. Such results indicate that
pore structure is important for initial cell adhesion. The
results of the PicoGreen assay are shown in Fig. 5(b).
Columns in the figure indicate the amount of DNA
measured, which can be interpreted as an index of cell
proliferation. The group codes written in each column
represent significant differences in cellular proliferation
from the corresponding group. The results of first day of
seeding on granules show that there was no linear increase
in proliferation as the porosity was increased, but there
were significant differences between some groups. On day
3, the amount of DNA sharply increased in group P2 and
there were significant differences between group NP and all
of the porous groups. On day 7, drastic increases were
observed in all of the porous groups and there were
significant differences between group NP and the porous
groups, as observed on day 3. The significant differences
between group NP and the porous groups seemed to be
due to the grooves formed by the spherical porogens. This
structure resulted in an increase in the surface area and
porosity of the granules.

3.5. Osteogenic differentiation of MC3T3-E1 on porous

calcium polyphosphate granules

To evaluate the level of osteogenic differentiation of
MC3T3-E1 on porous CPPGs, ALP activity, which is



Fig. 3. SEM images of non-porous and porous CPPGs.

Fig. 4. Caþ2 ion release profiles of each group. Porous groups showed a

faster release rate than the non-porous group on experimental days.
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considered as an early marker of osteogenic differentiation
related to osteocalcin for bone mineralisation [21], was
measured following 1 and 2 weeks of cell seeding (Fig. 6).
On day 7, the levels of ALP activity showed linearity with
respect to the porosity of the granules, and there were
significant differences in porosity. After 2 weeks of MC3T3-
E1 seeding on the CPPGs, the ALP activity of all of groups
recorded a threefold increase, and there was no significant
difference between the groups. According to the results
obtained on day 14, the CPPGs enhanced osteogenic
differentiation, whether they were porous or not.

The result of cell proliferation and differentiation on day
7 showed that there were significant differences in the
absolute values recorded as well as statistically significant
differences. These results could be explained by previous
studies [22–24], which concluded that Ca2þ ions play an
essential role in promoting cellular migration and differ-
entiation. According to the results of our Ca2þ ion release
test, the release rate of group NP was slower than that of
the porous groups, which could have affected the prolif-
eration and osteogenic differentiation of MC3T3-E1 on the
CPPGs on day 7.
4. Conclusions

In this study, amorphous CaP glass particles were
developed using a conventional glass melting technique
and porous CPPGs were fabricated using such particles.
The pore size, which is known to be a critical factor in
neo-bone regeneration, was controlled using paraffin beads
of various sizes. Additionally, such granular-type bone
graft materials show an interconnected pore structure and
are expected to easily fill complex defect sites. In this study,
it was shown that the porous structure of CPPGs was able
to enhance cell proliferation, which is known as an initial
stage of cell–materials interactions. An osteogenic differ-
entiation study also revealed that the level of ALP activity
increased with porosity, and there were significant differ-
ences in porosity. The results of this study indicate that the
porous CPPGs can influence cellular responses, where the
activity depends on pore properties and the apparent
structure of the materials. We concluded that porous
CPPGs are good candidates for use as alternative bone
graft materials and will prove to be excellent biomaterials
for clinical applications through future in vivo studies.



Fig. 6. ALP activity of MC3T3-E1 on the CPPGs. Group codes in the

columns indicate that there are significant differences between groups

(po0.05).

Fig. 5. (a) These images show that most of the cells adhere to the

vacancies formed by porogens. (b) Results of PicoGreen assay show the

extent of cell proliferation on the CPPGs. Group codes in the columns

indicate that there are significant differences between groups (po0.05).

M.-H. Hong et al. / Ceramics International 39 (2013) 4991–49974996
Acknowledgements

This study was supported by a grant of the Korea
Healthcare Technology R&D Project, Ministry of Health,
Welfare & Family Affairs, Republic of Korea (A101578).
The authors would like to thank Dr. Jae-Sung Kwon M.D.
for his helpful comments, and Ms. Song-Yi Yang for her
excellent technical support. This study was carried out in
part in the Yonsei-Carl Zeiss Advanced Imaging Center,
Yonsei University College of Medicine.
References

[1] P.V. Giannoudis, H. Dinopoulos, E. Tsiridis, Bone substitutes: an

update, , Injury 36 (Suppl. 3) (2005) S20–S27.

[2] C.J. Damien, J.R. Parsons, Bone graft and bone graft substitutes: a

review of current technology and applications, Journal of Applied

Biomaterials 2 (3) (1991) 187–208.

[3] C.E. Misch, F. Dietsh, Bone-grafting materials in implant dentistry,

Implant Dentistry 2 (3) (1993) 158–166.

[4] D.I. Ilan, A.L. Ladd, Bone graft substitutes, Operative Techniques in

Plastic and Reconstructive Surgery 9 (4) (2002) 151–160.

[5] C. Laurencin, Y. Khan, S.F. El-Amin, Bone graft substitutes, Expert

Review of Medical Devices 3 (1) (2006) 49–57.

[6] M. Mastrogiacomo, A. Muraglia, V. Komlev, F. Peyrin,

F. Rustichelli, A. Crovace, R. Cancedda, Tissue engineering of bone:

search for a better scaffold, Orthodontics and Craniofacial Research

8 (4) (2005) 277–284.

[7] J. Tams, J.-P. VanLoon, B. Otten, R.R.M. Bos, A computer study of

biodegradable plates for internal fixation of mandibular angle

fractures, Journal of Oral and Maxillofacial Surgery 59 (4) (2001)

404–407.

[8] S. Dorozhkin, Calcium orthophosphate cements for biomedical

application, Journal of Materials Science 43 (9) (2008) 3028–3057.

[9] M.-H. Hong, K.-N. Kim, K.-M. Kim, Y.-K. Lee, Release of

tetracycline from calcium phosphate glass bone cement, Journal of

the Korea Research Society for Dental Materials 36 (3) (2009)

229–234.

[10] M.-H. Hong, K.-M. Kim, K.-S. Lee, C.-K. You, Y.-K. Lee,

Biodegradable calcium phosphate bone cement incorporated with

antibiotics, Journal of the Korea Research Society for Dental

Materials 38 (4) (2011) 305–312.

[11] B. Lee, M. Kim, Y.K. Lee, S. Choi, Amorphous calcium polypho-

sphate bone regenerative materials based on calcium phosphate glass,

Key Engineering Materials 396–398 (2009) 209–212.

[12] V. Karageorgiou, D. Kaplan, Porosity of 3D biomaterial scaffolds

and osteogenesis, Biomaterials 26 (27) (2005) 5474–5491.

[13] R. Zhang, P.X. Ma, Synthetic nano-fibrillar extracellular matrices

with predesigned macroporous architectures, Journal of Biomedical

Materials Research 52 (2) (2000) 430–438.

[14] K. Rezwan, Q.Z. Chen, J.J. Blaker, A.R. Boccaccini, Biodegradable

and bioactive porous polymer/inorganic composite scaffolds for bone

tissue engineering, Biomaterials 27 (18) (2006) 3413–3431.

[15] H. Oudadesse, A.C. Derrien, A. Lucas-Girot, Statistical experimental

design for studies of porosity and compressive strength in composite

materials applied as biomaterials, European Physical Journal—Applied

Physics 31 (3) (2005) 217–223.

[16] R.Z. Legeros, Y.-K. Lee, Synthesis of amorphous calcium phos-

phates for hard tissue repair using conventional melting technique,

Journal of Materials Science 39 (16) (2004) 5577–5579.

[17] Z.W. Ma, C.Y. Gao, Y.H. Gong, J.C. Shen, Paraffin spheres as

porogen to fabricate poly(L-lactic acid) scaffolds with improved

cytocompatibility for cartilage tissue engineering, Journal of Biome-

dical Materials Research Part B—Applied Biomaterials 67B (1)

(2003) 610–617.



M.-H. Hong et al. / Ceramics International 39 (2013) 4991–4997 4997
[18] International Organization for Standardization, Test sieves—

technical requirements and testing—Part 1, Test Sieves of Metal

Wire Cloth, 4th ed., International Organization for Standardization,

Geneva, 2000.

[19] F. Boukhechba, T. Balaguer, J.-F. Michiels, K. Ackermann,

D. Quincey, J.-M. Bouler, W. Pyerin, G.F. Carle, N. Rochet, Human

primary osteocyte differentiation in a 3D culture system, Journal of

Bone and Mineral Research 24 (11) (2009) 1927–1935.

[20] X.B. Yang, H.I. Roach, N.M.P. Clarke, S.M. Howdle, R. Quirk,

K.M. Shakesheff, R.O.C. Oreffo, Human osteoprogenitor growth

and differentiation on synthetic biodegradable structures after

surface modification, Bone 29 (6) (2001) 523–531.

[21] A. Horii, X.M. Wang, F. Gelain, S.G. Zhang, Biological designer

self-assembling peptide nanofiber scaffolds significantly enhance

osteoblast proliferation, differentiation and 3D migration, PLOS

One 2 (2) (2007).
[22] S. An, Y. Gao, J. Ling, X. Wei, Y. Xiao, Calcium ions promote

osteogenic differentiation and mineralization of human dental pulp

cells: implications for pulp capping materials, Journal of Materials

Science: Materials in Medicine 23 (3) (2012) 789–795.

[23] M.A.H. Duarte, C.S. Martins, A.C.D.C. Demarchi, L.F. de Godoy,

M.C. Kuga, J.C. Yamashita, S.F. do Sul, Calcium and hydroxide

release from different pulp-capping materials, Oral Surgery Oral

Medicine Oral Pathology Oral Radiology and Endodontology 104

(1) (2007) E66–E69.

[24] T. Takita, M. Hayashi, O. Takeichi, B. Ogiso, N. Suzuki, K. Otsuka,

K. Ito, Effect of mineral trioxide aggregate on proliferation of

cultured human dental pulp cells, International Endodontic Journal

39 (5) (2006) 415–422.


	Development and in vitro assays of porous calcium polyphosphate granules
	Introduction
	Materials and methods
	Fabrication of porous calcium polyphosphate granules
	Calcium ion release test
	3D culturing of pre-osteoblast MC3T3-E1
	Measurements of cell proliferation and differentiation
	Statistical analysis

	Results and discussion
	Properties of amorphous calcium phosphate glass particles
	Characteristics of porous calcium polyphosphate granules
	Calcium ion release profiles
	Cell adhesion and proliferation on porous calcium polyphosphate granules
	Osteogenic differentiation of MC3T3-E1 on porous calcium polyphosphate granules

	Conclusions
	Acknowledgements
	References




