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Abstract The Advanced JAXTM Bone Void Filler Sys-

tem (AJBVFS) is a novel bone graft material manufactured

by Smith and Nephew Orthopaedics Ltd. and comprises b
tri-calcium phosphate granules with carboxymethylcellu-

lose (CMC) gel as a handling agent. This study investigated

the potential, in vitro, of the AJBVFS to function as a

delivery system for cell therapy to enhance healing of bone

defects. The attachment of rabbit bone marrow stromal

cells (rbBMSCs), human BMSCs (hBMSCs) and human

bone-derived cells (hBDCs) to JAXTM granules and the

effect of CMC gel on cell proliferation and differentiation

were investigated. There were slight species differences in

the number and morphology of cells attached on the

JAXTM granules with less rbBMSC attachment than hu-

man. All cells tolerated the presence of CMC gel and a

reduction in cell number was only seen after longer

exposure to higher gel concentrations. Low concentrations

of CMC gel enhanced proliferation, alkaline phosphatase

(ALP) expression and ALP activity in human cells but had

no effect on rbBMSC. This study suggests that AJBVFS is

an appropriate scaffold for the delivery of osteogenic cells

and the addition of CMC gel as a handling agent promotes

osteogenic proliferation and differentiation and is therefore

likely to encourage bone healing.

Introduction

The Advanced JAXTM Bone Void Filler System (AJBVFS)

is manufactured by Smith and Nephew Orthopaedics for use

as a bone graft material. It comprises b tri-calcium phos-

phate (TCP), in the form of 6-armed granules (see Fig. 2)

that interlock to provide an osteoconductive scaffold with

55% intergranular porosity. Carboxymethylcellulose (CMC)

gel is included as a handling agent and is designed to be

mixed with JAXTM in a ratio of 1:1 to aid retention of

granules in the defect site. JAXTM granules have been

approved for clinical use and CMC gel has been used both

clinically and experimentally for a variety of purposes such

as wound healing [1] and drug delivery [2–6].

Current bone substitutes provide an osteoconductive

scaffold but have little or no osteoinductive properties

making their clinical performance inferior to autograft [7].

Attempts to remedy this by adding osteogenic growth

factors absorbed onto a biomaterial [8–12], injected locally

[13–15] or delivered systemically [14] have met with

varying degrees of success in terms of improving bone

healing in experimental models-although some products

are now commercially available such as INFUSE� which is

bone morphogenetic protein-2 (BMP-2) on a collagen

sponge, and OP-1 (BMP-7).
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More recently, scaffolds have been placed in bone de-

fects supplemented with osteogenic cells either in the form

of bone marrow aspirate [16–19] or ex vivo expanded bone

marrow stromal cells (BMSCs) [20–26]. Again, there are

commercially available products in this area such as Hea-

los� bone graft replacement—an hydroxyapatite coated

scaffold designed to be used with bone marrow aspirate.

The rationale for using bone marrow is based on the

presence of mesenchymal stem cells (MSCs) within the

mononuclear cell fraction which give rise to multiple cell

types including osteoblasts and chondrocytes [27]. The

process of using culture expanded autologous cells is

known as cell therapy and has been trialed in patients for

treatment of fracture nonunions (unpublished data) and

myocardial infarction [28].

This project investigated the potential, in vitro, of the

AJBVFS to function as a delivery system for cell therapy to

enhance healing of bone defects. To do this we examined

cell attachment to JAXTM granules and the effect of CMC

gel on cell proliferation and differentiation. In vivo product

testing was to be carried out in a rabbit defect model (Bone

2007; 40(4):939–947) therefore we compared the response

of rabbit BMSCs (rbBMSCs) with human BMSCs

(hBMSCs). Furthermore, as the product is intended for use

as a scaffold for osteogenic cells but will also come into

contact with osteoblasts at the defect site, hBMSCs were

compared with bone derived cells (BDCs) from the same

donors.

Materials and methods

JAXTM advanced bone void filler system

JABVFS is a two-component system composed of b tri-

calcium phosphate granules and a carboxymethylcellulose

hydrogel. JAXTM granules are 4 mm tip to tip and the

interlocking granule arms provide 55% intergranular

porosity in the defect site. It has a resorption time of

9–12 months and is indicated for non load bearing defect

sites less than 4–5 cm. The CMC hydrogel consists of

1.75% (max) CMC and 10% glycerol in water. This is

equivalent to 0.0175 g/mL of CMC.

Patient details

The number of human samples available was not large

enough to allow strict exclusion criteria to be set however,

age, sex and current medication for each donor were noted

to inform analysis (Table 1). All procedures were per-

formed with informed consent following approval from the

Local Research Ethics Committee.

Cell preparation

Bone marrow was obtained from both femora and tibiae of

cadaveric New Zealand White rabbits (male, mean age:

17 weeks) within an hour of death. Bone marrow was

harvested into 5 mL of PBS containing 300 lL of heparin

and stored on ice until use. Human bone marrow was

harvested from the iliac crest during elective surgery. Up to

8 mL of aspirate was taken from a single puncture site,

placed in 500 lL of heparin and stored on ice until use.

The mononuclear cell fraction of bone marrow (both

species) was isolated by density centrifugation using

Lymphoprep according to the manufacturer’s instructions

(Sigma, UK). Cells were plated at 3 · 105 cells/cm2 in

complete medium [aMEM + 20% FBS + 100 lM ascor-

bate-2-phosphate + 2 mM L-glutamine + 100 U/mL Pen/

strep + 2.5 lg/mL fungizone (all Gibco except ascorbate-

2-phosphate:Sigma)], left undisturbed for 7 days then fed

biweekly thereafter. Cells were passaged (1 flask: 4 flasks)

when approximately 90% confluent using 0.25% trypsin/

EDTA (Gibco).

Trabecular bone (approximately 1 cm3), was harvested

from the iliac crest of patients during elective surgery

placed in PBS and stored on ice. Using aseptic technique,

the bone was stripped of soft tissue, chopped into small

fragments and washed several times in PBS until the

fragments were white [29]. These fragments were then

placed in a T75 cm2 tissue culture flask, with complete

medium and left undisturbed for 7 days. Thereafter, med-

ium was replenished biweekly and cells were passaged

(1 flask: 4 flasks) when approximately 90% confluent using

0.25% trypsin/EDTA (Gibco).

All cell types were expanded until there were sufficient

cells to allow all experimental conditions to be performed

on cells from each donor animal or patient.

Cell attachment to JAXTM granules

Six JAXTM granules were placed in each well of a non-

tissue culture, 96 well plate. Cells (average passage 3 (P3)

for BMSC, average explant 11 (E1), P2 for BDC) were

seeded onto these granules at 1 · 104 and 1 · 105 cells/

well and cultured for 1, 7, 14 and 21 days. Medium was

changed biweekly. At each time point, the JAXTM from

one well were processed for SEM (see below). The

remaining 4 wells were washed with carbonate buffer (pH

10.2) several times, then 150 lL of 0.1% Triton-X 100

(Sigma) in carbonate buffer was added to each well and the

plate was freeze/thawed (x4) to lyse the cells. The quantity

of double stranded (ds) DNA in each sample—which

relates to the cell number—was then calculated using a

1 Explant 1 is the first flask of cells to grow from fresh bone chips.
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picogreen assay according to the manufacturer’s instruc-

tions (Molecular Probes).

Scanning electron microscopy

Briefly, JAXTM granules were washed (x3) with sterile

PBS and fixed with 3% glutaraldehyde in 0.1 M sodium

cacodylate buffer overnight at 4�C. The granules were

washed in 0.1 M sodium cacodylate buffer, dehydrated

through increasing alcohols and dried in a critical point

drier. After mounting onto stubs and gold sputter coating in

a Polaron SEM coating system and argon atmosphere, the

samples were viewed in a Jeol JSM-840A scanning elec-

tron microscope.

Effect of CMC gel on cell number

Each of the three cell types were plated into 96 well plates

(average P3 for BMSC, average E1, P2 for BDC) at

1 · 105 cells/cm2 in complete medium. The cells were

allowed to adhere for 2 h after which time the medium was

removed and medium containing increasing amounts of gel

were added. Medium:gel (v/v) ratios used were: no gel,

100:1, 10:1, 5:1, 2:1 and 1:1 (equivalent to CMC doses of 0,

0.2, 1.6, 2.9, 5.8 and 8.75 g/L respectively). Up to four time

points (d1, d4, d7 and d14) and six repeats per treatment

were performed depending on cell yield. Cells were fed

biweekly with continuous exposure to gel. At the end of

each experiment, cells were washed (x6) with carbonate

buffer to completely remove gel, 150 lL of 0.1% Triton-X

100 in carbonate buffer was added to each well and the cells

were lysed as before. The total amount of dsDNA in each

lysate was determined using the picogreen assay.

Effect of CMC gel on alkaline phosphatase

The effect of CMC gel on alkaline phosphatase (ALP)

activity and expression was examined. ALP activity was

measured for all three cell types using the same lysates

prepared above following exposure to medium:gel ratios of

0, 100:1, 10:1, 5:1, 2:1 and 1:1 and ALP expression was

investigated using a colony forming Unit-fibroblastic assay

(CFU-F assay).

ALP activity was determined in cell lysates using a

colourimetric assay. Briefly, 50 lL of samples and p-

nitrophenol standards (Sigma) were placed in a non-tissue

culture 96 well plate. 200 lL of 4-nitrophenol phosphate

(pNPP; Sigma) in 1.5 M alkaline buffer solution (Sigma)

was added to each well and incubated for 30 min in the

dark. The reaction was stopped by the addition of 50 lL of

1 M NaOH and read at 405 nm wavelength [30]. The

results were normalized for the amount of DNA in each

lysate using results from the picogreen assay.

CFU-F assay was performed as follows. Freshly aspi-

rated bone marrow (human and rabbit) was passed several

times through a 21 gauge needle to homogenize the sam-

ple. Following red cell lysis with 2% acetic acid, cell

number and viability in the sample were determined using

a modified Neubauer haemocytometer and trypan

blue exclusion assay [31]. Cells were then plated at

1 · 105 cells/cm2 in 24 well plates and exposed immedi-

ately to medium:gel ratios of 0, 100:1, 10:1, 5:1, 2:1 and

1:1 without a period for cell attachment. Time points were

d7, d14 and d21 with three repeats per treatment. Follow-

ing treatment, the wells were washed several times with

PBS to remove the gel, fixed in 90% alcohol for 30 min

and allowed to air dry. Cells were then stained for alkaline

phosphatase (Sigma kit 86-c), photographed on a light box,

then restained with toluidine blue (0.1% for 1 h) to stain all

colonies. Colony number and area for both total colonies

and ALP-positive colonies were measured semi-automati-

cally using Scion Image freeware (available as a free

download from http://www.scioncorp.com).

Statistics

The data was not normally distributed therefore analysis of

differences between treatments was performed using

Kruskal–Wallis with Mann–Whitney U post hoc testing on

data from individual donors.

Results

Cell attachment to JAXTM granules

SEM micrographs (Fig. 1a–d) showed rbBMSC with a

fibroblast-like, stellate morphology attached to TCP

JAXTM, similar to that seen on tissue culture plastic,

however some cells remained rounded. With time, cell

number increased and cells appeared to proliferate and

migrate on the JAXTM surface.

hBMSCs (Fig. 2a–f) and hBDCs (Fig. 3a–d) on JAXTM

had an elongated morphology but, unlike rbBMSC, there

were no rounded cells seen on the granules. All cells spread

out on the JAXTM surface and even spanned cracks. Again

Table 1 Details of human donors

ID Age Sex Surgery Drugs

2 49 M Spinal fusion Steroid inhaler

3 70 F Foot arthrodesis None

4 73 F Foot arthrodesis Atorvastatin

5 23 F Foot arthrodesis None

8 77 F Foot arthrodesis None

9 59 M Foot arthrodesis Pravastatin Steroid inhaler
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there was an increase in cell number with time and at the

higher cell concentration at d14 confluency caused the cells

to detach. For all cell types the best coverage was seen on

the ‘up’ surface of the granule but by d7 and d14 there was

good coverage over most of the surface indicating that the

cells proliferate and migrate on the JAXTM.

Fig. 1 SEM micrograph:

Rabbit BMSC cultured on TCP

JAXTM showed that some cells

displayed a fibroblast-like

morphology (a) while others

remained rounded up even after

7d in culture (b). There is an

apparent increase in cell number

with time at d7 (c) and the cells

appear to be proliferating and

migrating on the JAXTM surface

(d)

Fig. 2 SEM micrograph

Human BMSC on TCP JAXTM

shown by SEM. All cells were

fibroblast-like shaped (a, b) and

even spanned cracks in the

JAXTM surface (c). There was

an increase in cell number from

d1 (d) to d7 (e) to d14 (f)
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DNA analysis confirmed that more cells attached to

JAXTM at the higher cell concentration (data not shown).

There was a time dependent increase in cell number of

hBDCs but not rbBMSCs or hBMSCs. Absolute amounts

of DNA showed that there were more human cells attached

to JAXTM granules than rabbit at equivalent cell concen-

trations and times.

Effect of CMC gel on cell number

rbBMSC: At earlier time points, CMC gel had no effect on

cell number but by d7 and d14, the two highest concen-

trations of gel reduced the number of cells in each well

(n = 4 except at d14 where n = 2; Fig. 4a). The lower

concentrations of gel continued to have no effect on

rbBMSC number even after 2 weeks in culture. The effect

of CMC dose on cell number was significant on cells from

all rabbits at d7 (p < 0.001, p = 0.001, 0.014, 0.007) and

d14 (p < 0.001, p = 0.045).

hBMSC: At d1 there is no effect of the gel on cell

number and at the later time points there is a reduction in

cell number in the presence of the highest two concentra-

tions of gel (n = 6; Fig. 4b). Unlike rbBMSC however, the

lower concentrations of gel at d4 and d7 increased cell

number. This is consistent for each donor and is lost by

d14. There was a statistically significant effect of gel

concentration on hBMSCs from 2/6 donors, 5/6 donors and

4/6 donors at d4, d7 and d14 respectively. Post hoc testing

using the Mann–Whitney U test found that gel concentra-

tions of 100:1 and 10:1 had a significant effect on cell

number at d4 and d7 in a third of cases.

HBDC: CMC gel had a similar effect on cell number.

No effects were seen at d1 but at the later time points there

was a reduction in hBDC number with the higher con-

centrations of gel (n = 5; Fig. 4c). An increase in cell

number with lower gel concentrations was also seen, with a

peak at the 10:1 dose. There was a significant difference

between treatments in 5/5, 4/5 and 4/5 donors at d4, d7 and

d14 respectively. Post hoc testing showed that there was a

significant difference in cell number between control and

lower gel concentrations in 4/5, 2/5 and 2/5 donors at d4,

d7 and d14 respectively.

Effect of CMC gel on alkaline phosphatase

rbBMSCs: CMC gel had no effect on the ALP activity at

any time point (n = 4; Fig. 4d). hBMSC: There was no

effect of the gel on ALP activity at d1 but an increase in

ALP activity with increasing gel concentration at the later

time points was seen (n = 6; Fig. 4e). This effect was

significant in at least one case at all time points.

hBDCs: There was an increase in ALP activity with

lower gel concentrations at later time points similar to that

seen with the cell number results above (Fig. 4f). This

treatment effect was significant in 4/5 and 5/5 cases at d7

and d14 respectively.

Effect of CMC gel on colony forming efficiency

rbBMSCs (Fig. 5a–c): There was a reduction in both the

total number of colonies and number of ALP-positive

colonies with higher gel concentrations (statistically

Fig. 3 SEM micrograph

Human BDC on TCP JAXTM.

Cells are fibroblast-like shaped

(a) and there is an increase in

cell number from d1 (b) to d7

(c) until confluency at d14 (d)

caused them to detach
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significant at d21). When number of ALP-positive colonies

was normalized as a percentage of the total number, there

was no dose dependent effect on ALP expression. Colonies

exposed to the higher concentrations (2:1; 1:1) of gel were

smaller. ALP-positive colonies were smaller than ALP

negative and showed a similar response to the gel. There

was no effect on colony area at the lower doses of gel.

hBMSC (Fig. 5d–f): Lower concentrations of gel had no

effect on overall colony number but increased the number

of colonies that were ALP-positive (Fig. 5d). The positive

effect on ALP expression is still apparent when the ALP-

positive colonies are normalized as a percentage of total

colony number (Fig. 5f). Lower concentrations of gel

(100:1; 10:1; increased colony area Fig. 5e).

Discussion

This study investigated the potential of the Advanced

JAXTM Bone Void Filler System (bTCP granules and CMC

gel) to support cell growth in vitro. Three different cell

types were used; rabbit BMSC, human BMSC and human

BDC.

SEM showed clearly that cells attached and spread on

the granule surface and both SEM and DNA results (not

shown) suggest that human cells (hBMSC and hBDC)

attached better than rabbit BMSCs.

Statistical analysis was performed on data from indi-

vidual donors. Inter-individual differences in measure-

ments were large therefore many more human and rabbit

samples would be required to achieve statistical signifi-

cance on pooled data. Such large numbers of samples were

not available for this study. However each experiment was

carried out with sufficient repeats to allow statistical

analysis on each data set and effects that were repeated

across donors were deemed noteworthy.

Higher concentrations of CMC gel resulted in a reduc-

tion in cell number with all cell types although it is not

known if this is due to direct cytotoxicity, an inhibition of

proliferation or a combination of the two. All three cell

types tolerated lower concentrations of CMC gel well and

other studies have also reported that CMC gel has no effect

on viability of the fibroblast cell line, 3T3, the osteoblast-

like cell line, MG63 [32] and a murine neural stem cell line

[33]. In the latter study, CMC gel had no affect on viability

until the concentration reached 10 g/L.

In the current study, it was only at later time points that

higher concentrations of gel had a detrimental effect,

suggesting that short-term exposure to the gel would have

little effect. The gel is intended for use in a bone defect site

where it could be diluted almost immediately with blood,

extracellular fluid and inflammatory exudates. If this is the

case it is likely that CMC gel used in the clinical situation

would not be detrimental to cell viability even if used in its

undiluted formulation, but this needs to be verified by

in vivo testing. The gel is quite viscous and its clearance

from the defect site will depend on many factors.

Analysis of individual data showed that in most cases

low concentrations of CMC gel enhanced both cell pro-

liferation and differentiation (shown by ALP expression

and activity) of human BMSCs and BDCs. This finding is

supported by others who found an increase in ALP activity

from human bone marrow derived fibroblasts in the pres-

ence of CMC gel [5]. This effect was not seen with rabbit

BMSCs, although others have reported enhanced healing of

defects stimulated by the CMC carrier alone in a rabbit

model [4] when investigating the use of CMC gel as a

delivery system for osteogenic growth factors.
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Fig. 4 Results from experiments using rbBMSC (a and d), hBMSC

(b and e) and hBDC (c and f); total dsDNA in cell lysates following

exposure to CMC gel (a, b and c) and alkaline phosphatase activity in

lysates following exposure to CMC gel normalised to DNA content

(d, e and f). (mean + std dev)
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In the CFU-F assay, colony size gives an indication of

the proliferative rate of the cell population and colony

number is an indicator of the number of stem cells or

progenitors in the population [34]; those that are ALP-

positive have osteogenic potential. The results from the

CFU-F assays using fresh bone marrow cells therefore are

similar to those using culture expanded BMSCs; there was

a reduction in cell number at higher concentrations of gel

for both species but with human cells there was also an

increase in proliferation and ALP expression in the pres-

ence of low gel concentrations that was not seen with

rabbit. Again this highlights a species difference in

response to CMC gel.

An increase in ALP activity was also found when human

bone marrow cells were exposed in vitro to both low con-

centrations of gel and JAXTM granules combined (results

not shown—assays for cell number and ALP activity per-

formed as above). Therefore it seems likely that the addition

of CMC gel to the AJBVFS would have beneficial effects

beyond its use as a handling agent and may actually enhance

healing by increasing cell proliferation and osteogenic dif-

ferentiation. In vivo testing must be performed to confirm

this hypothesis but the species difference in both cell

attachment to b tricalcium phosphate and response to CMC

gel must be considered. In this instance the most appropriate

model for in vivo testing of AJBVFS (JAXTM plus gel) may

be to use human cells in an athymic animal model.

In summary, CMC gel was well tolerated by all cell

types and only reduced cell numbers after prolonged

exposure to higher concentrations. There were species

differences in both cell attachment to bTCP JAXTM gran-

ules and in response to the CMC gel. Low concentrations

of the gel increased proliferation and differentiation of

human cells (both hBMSCs and hBDCs) and more human

cells attached to JAXTM in culture when compared to

rbBMSCs. This study suggests that AJBVFS is an appro-

priate scaffold for the delivery of osteogenic cells and the

addition of CMC gel as a handling agent is likely to further

enhance bone healing through its positive effects on pro-

liferation and osteogenic differentiation.

w
el

l
.

o
n 

/
C

o
l

y
n

o
a

) 2
m

m( 
n

y
r

A 
e

o
C

ol

ie
s

l
o

c 
o

n
t 
o

ta
l

f
o 

e
g

c
t

n
e

a
r

e
p

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 100:1 10:1 5:1 2:1 1:1 0 100:1 10:1 5:1 2:1 1:1

Total ALP+

C
o

o l
n

y
n  

o
w/.

e
ll

0

5

10

15

20

25

30

0 100:1 10:1 5:1 2:1 1:1 0 100:1 10:1 5:1 2:1 1:1

Total ALP+

C
o

l
y

n
o

r
A 

e
a

(m
m

2
)

0

20

40

60

80

100

120

140

0 100:1 10:1 5:1 2:1 1:1

d14

0

1

2

3

4

5

6

7

8

0 100:1 10:1 5:1 2:1 1:1 0 100:1 10:1 5:1 2:1 1:1

Total ALP+

0

10

20

30

40

50

60

70

0 100:1 10:1 5:1 2:1 1:1 0 100:1 10:1 5:1 2:1 1:1

Total ALP+

0

20

40

60

80

100

120

0 100:1 10:1 5:1 2:1 1:1

P
e

ne cr
ta

g
e

o 
f

ot
l at

oc 
ol

n
i

s e

(c)

(b)

(a)

(f)

(e)

(d)Fig. 5 CFU-F assay using

rabbit (n = 3; a–c) and human

(n = 2; d–f) bone marrow cells

exposed to CMC gel for 21d and

14d respectively. (a and d)

number of total and ALP-

positive colonies, (b and e)

mean area of total and

ALP-positive colonies, (c and f)
ALP-positive colonies as a

percentage of total colonies.

(mean + std dev)

J Mater Sci: Mater Med (2007) 18:2283–2290 2289

123



Acknowledgment This work was supported by Smith and Nephew

Orthopaedics.

References

1. R. B. EGGLESTON et al. Am. J. Vet. Res. 65 (2004) 637

2. P. ASPENBERG and L. S. LOHMANDER, Acta Orthop. Scand.

60 (1989) 473

3. C. H. EWEL et al. Cancer Res. 52 (1992) 3005

4. J. B. RODGERS et al. J. Craniofac. Surg. 9 (1998) 147

5. A. SANTA-COMBA et al. J. Biomed. Mat. Res. 55 (2001) 396

6. M. I. UGWOKE et al. Int. J. Pharm. 205 (2000) 43

7. G. DACULSI, Biomaterials 19 (1998) 1473

8. J. L. ANDRESHAK et al. Anat. Rec. 248 (1997) 198

9. S. A. CLARKE et al. J. Bone Joint Surg. Br. 86B (2004) 126

10. S. A. CLARKE et al. J. Orthop. Res. 22 (2004) 1016

11. P. LAFFARGUE et al. Bone 25 (1999) S55

12. J. M. SCHMITT et al. J. Biomed. Mat. Res. 41 (1998) 584

13. P. ASPENBERG, T. ALBREKTSSON and K. G. THORNGREN,

Acta Orthop. Scand. 60 (1989) 607

14. O. J. KIRKEBY and A. EKELAND, Acta Orthop. Scand.

61 (1990) 335

15. S. R. THALLER, A. DART and H. TESLUK, Ann. Plast. Surg.

31 (1993) 429

16. L. S. BECK et al. J. Pharm. Sci. 87 (1998) 1379

17. F. C. Den BOER et al. J. Orthop. Res. 21 (2003) 521

18. S. M. S. BIDIC et al. J. Dent. Res. 82 (2003) 131

19. T. HISATOME et al. Biomaterials 26 (2005) 4550

20. S. KADIYALA, N. JAISWAL and S. P. BRUDER, Tissue Eng.

3 (1997) 173

21. M. C. KRUYT et al. J. Orthop. Res. 22 (2004) 544

22. G. LISIGNOLI et al. Biomaterials 23 (2002) 1043

23. T. LIVINGSTON, P. DUCHEYNE and J. GARINO, J. Biomed.

Mat. Res. 62 (2002) 1

24. D. P. MUKHERJEE et al. J. Biomed. Mater. Res. Part B Appl.

Biomater. 67B (2003) 603

25. J. Van Den DOLDER et al. Biomaterials 24 (2003) 1745

26. H. ZHENG et al. Calcif. Tissue Int. 74 (2004) 194

27. R. GUNDLE, C. J. JOYNER and J. T. TRIFFITT, Bone 16
(1995) 597

28. S. F. CHEN et al. Chin. Med. J. 117 (2004) 1443

29. R. GUNDLE et al. Marrow Stromal Cell Culture, edited by J.

BERESFORD and M. OWEN (Cambridge University Press:

Cambridge, 1998) p. 43

30. S. L. CHENG et al. Endocrinology 134 (1994) 277

31. S. WALSH et al. Bone 27 (2000) 185

32. R. BARBUCCI et al. J. Mat. Chem. 15 (2005) 2234

33. A. SEN, M. S. KALLOS and L. A. BEHIE, Dev. Brain Res. 134
(2002) 103

34. M. OWEN, Marrow Stromal Cell Culture, edited by J. BERES-

FORD and M. OWEN (Cambridge University Press: Cambridge,

1998) p. 1

2290 J Mater Sci: Mater Med (2007) 18:2283–2290

123


	In vitro testing of Advanced JAX&trade; Bone Void Filler System: species differences in the response of bone marrow stromal cells to &bgr; tri-calcium phosphate and carboxymethylcellulose gel
	Abstract
	Introduction
	Materials and methods
	JAX&trade; advanced bone void filler system
	Patient details
	Cell preparation
	Cell attachment to JAX&trade; granules
	Scanning electron microscopy
	Effect of CMC gel on cell number
	Effect of CMC gel on alkaline phosphatase
	Statistics

	Results
	Cell attachment to JAX&trade; granules
	Effect of CMC gel on cell number
	Effect of CMC gel on alkaline phosphatase
	Effect of CMC gel on colony forming efficiency

	Discussion
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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 [2834.646 2834.646]
>> setpagedevice


