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Abstract
Objectives Bone replacement grafting materials play an im-
portant role in regenerative dentistry. Despite a large array of
tested bone-grafting materials, little information is available
comparing the effects of bone graft density on in vitro cell
behavior. Therefore, the aim of the present study is to compare
the effects of cells seeded on bone grafts at low and high
density in vitro for osteoblast adhesion, proliferation, and
differentiation.
Materials and methods The response of osteoblasts to the
presence of a growth factor (enamel matrix derivative,
(EMD)) in combination with low (8 mg per well) or high
(100 mg per well) bone grafts (BG; natural bone mineral, Bio-
Oss®) density, was studied and compared for osteoblast cell
adhesion, proliferation, and differentiation as assessed by real-
time PCR. Standard tissue culture plastic was used as a control
with and without EMD.
Results The present study demonstrates that in vitro testing of
bone-grafting materials is largely influenced by bone graft
seeding density. Osteoblast adhesion was up to 50% lower when

cells were seeded on high-density BG when compared to low-
density BG and control tissue culture plastic. Furthermore, pro-
liferation was affected in a similar manner whereby cell prolifer-
ation on high-density BG (100 mg/well) was significantly in-
creased when compared to that on low-density BG (8 mg/well).
In contrast, cell differentiation was significantly increased on
high-density BG as assessed by real-time PCR for markers
collagen 1 (Col 1), alkaline phosphatase (ALP), and osteocalcin
(OC) as well as alizarin red staining. The effects of EMD on
osteoblast adhesion, proliferation, and differentiation further
demonstrated that the bone graft seeding density largely controls
in vitro results. EMD significantly increased cell attachment only
on high-density BG, whereas EMDwas able to further stimulate
cell proliferation and differentiation of osteoblasts on control
culture plastic and low-density BG when compared to high-
density BG.
Conclusion The results from the present study demonstrate
that the in vitro conditions largely influence cell behavior of
osteoblasts seeded on bone grafts and in vitro testing.
Clinical relevance These results also illustrate the necessity
for careful selection of bone graft seeding density to optimize
in vitro testing and provide the clinician with a more accurate
description of the osteopromotive potential of bone grafts.
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Introduction

Bone replacement grafting materials have played an important
role in regenerative dentistry for the treatment of bony defects as
well as sinus floor augmentations [1]. Their primary goal is to
facilitate recruitment of bone-forming osteoblasts
(osteoconduction) and increase the production of bone-
inducing substances to the microenvironment (osteoinduction)
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[2]. Avariety of biologic and synthetic materials are available for
the surgical treatment of alveolar bone loss. Although autoge-
nous bone graft is considered the gold standard [3], many other
materials, including bone allografts, xenografts, and alloplasts,
are extensively being studied in order to avoid the drawbacks and
limitations of autogenous bone which include donor site mor-
bidity and additional surgical costs [4–10]. As a result, bone
substitutes have been developed with the aim of supporting bone
regrowth.

In recent years, various bone graft substitutes derived from
human (freeze-dried bone allografts (FDBA)), bovine (xeno-
graft), as well as synthetically fabricated alloplasts (hydroxy-
apatite (HA), beta tricalcium phosphate (β-TCP), polymers,
and bioactive glasses) have been used for the regeneration of
bone in oral surgery with clinical success [11–14]. The addi-
tional use of growth factors such as platelet-rich plasma,
platelet-derived growth factor (PDGF), and bone morphoge-
netic proteins (BMPs) has provided further clinical success
[15–17]. Of particular interest to the field of dentistry is the
commercially available product Emdogain®, which is an
enamel matrix derivative (EMD) harvested from developing
porcine teeth [18, 19]. EMD was initially developed for the
regeneration of the periodontium and has since been used
successfully for a variety of clinical applications including
intrabony, recession, and furcation defects [20].

Prior to human and animal testing of bone grafts, in vitro
research is routinely performed to determine the safety and
biocompatibility of each grafting material. To validate its bio-
compatibility, cell culture systems are utilized to determine
graft’s ability to support cell adhesion, proliferation, and differ-
entiation. Despite a wide range of tested bone-grafting mate-
rials, the effects of bone graft density at the bottom of cell
culture plastic dishes on cell behavior are virtually unknown.
Therefore, the aim of the present study is to determine the
effects of low- and high-density seeding of bone grafting
(BG) particles on cell behavior. Furthermore, the response of
osteoblasts in the presence of (EMD) in combination with bone
grafts seeded at low and high density was studied. A natural
bone mineral (NBM) and EMD were chosen as bone-grafting
material and growth factor, respectively, due to their widespread
clinical use in dentistry as well as our laboratory experience
with their handling [21–23]. We hypothesize bone graft density
significantly influences osteoblast cell adhesion, proliferation,
and differentiation and its ability to respond to EMD.

Methods

Bone graft density and surface coating with EMD

For all experiments, a natural bone mineral (NBM; Bio-Oss®,
Geistlich Pharma AG, Wolhusen, Switzerland) was selected
due to its widespread use, osteoconductive properties, and

surface topography that resembles the human bone (Fig. 1).
EMD was prepared according to Institut Straumann AG stan-
dard operating protocols as previously described [24]. Thirty
milligrams of EMDwas dissolved in 3 ml of 4 °C sterile 0.1 %
acetic acid. For experiments, stock EMD was diluted 1:100 in
0.1 M carbonate buffer at 4 °C giving a working solution of
100 μg/ml. For control samples, 1 ml of EMD solution was
poured onto each well of 24-well culture plates and incubated
overnight at 4 °C. Following incubation, plates were rinsed
with 1 ml phosphate buffered saline (PBS) twice at 4 °C. For
low-density BG samples (Fig. 2a) and high-density BG sam-
ples (Fig. 2b), 1 ml of EMD solution was poured onto 8 and
100 mg of NBM particles, respectively, in wells of 24-well
culture plates and incubated overnight at 4 °C. Following
incubation, samples were rinsed with 1 ml PBS twice at
4 °C, and these conditions were used for the subsequent cell
culture experiments.

Osteoblast cell isolation and differentiation

Human bone chips were cultured according to an explant
model [25] under signed informed consent approved by the
Ethics Committee, Canton Bern, Switzerland, as previously
described [21]. Primary human alveolar osteoblasts from three
donors not demonstrating any signs of periodontal disease
were detached from the tissue culture plastic using trypsin
solution (Invitrogen, Basel, Switzerland). Cells used for ex-
perimental seeding were from passages 4–6. During cell
seeding, α-MEM medium was supplemented with 50 μg/ml
ascorbic acid and 2 mM β-glycerophosphate to promote
osteoblast differentiation. Primary osteoblasts were seeded
on bone grafts at a density of 10,000 cells in 24-well culture
plates (Falcon, Franklin Lakes, NJ, USA) for cell attachment
and cell proliferation experiments and 50,000 cells for real-
time PCR and alizarin red experiments. For experiments last-
ing longer than 5 days, medium was replaced twice weekly.

Adhesion and proliferation assays

Primary osteoblasts were seeded on low-density BG (8 mg/
well) and high-density BG (100 mg/well) coated with or
without EMD in wells of 24-well plates at a density of 10,
000 cells per well. Empty wells (without any coated material)
were seeded with cells in the presence or absence of EMD and
constituted the tissue culture plastic controls. Cells were quan-
tified using measurement of DNA at 4 and 8 h for cell
adhesion and 1, 3, and 5 days for cell proliferation. At desired
time points, cells were washed with PBS and lysed by ultra-
sonic homogenization in 400 μl of 0.1 % (v/v) Triton X-100
(Sigma-Aldrich, Basel, Switzerland). The DNA contents of
the cell extracts were determined using a commercial kit
including the fluorescent dye PicoGreen (Quant-iT,
Invitrogen) under standard protocol. Fluorescent readings
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were performed on an Infinite 200 microplate reader (Tecan
Group Ltd. Männedorf, Switzerland) at an excitation wave-
length of 480 nm and an emission reading of 520 nm. Exper-
iments were performed in triplicate with three independent
experiments for each condition. Data were analyzed for sta-
tistical significance using two-way analysis of variance with
Bonferroni test.

Real-time RT-PCR

Total RNA was isolated using TRIzol reagent and RNeasy
Mini Kit (QIAGEN, Basel, Switzerland) at time points 3 and
14 days for osteoblast differentiation markers. Primer and
probe sequences for genes encoding alkaline phosphatase
(ALP; Hs01029144_m1), runt-related transcription factor 2
(Runx2; Hs00231692_m1), collagen1α1 (COL1A1;
Hs01028970_m1), osteocalcin (OC; Hs01587814_g1), and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH;
Hs03929097_g1) were purchased as pre-designed gene ex-
pression assays (Applied Biosystems, Basel, Switzerland).
Real-time RT-PCR was performed using 20 μl final reaction
volume of TaqMan®’s One-step Master Mix kit. RNA quan-
tification was performed using a NanoDrop 2000c with
100 ng of total RNA that was used per sample well. All

samples were assayed in triplicate, and three independent
experiments were performed. The ΔΔCt method was used to
calculate gene expression levels normalized to GAPDH
values and calibrated to control samples without additional
EMD at 3 days. Data were log transformed prior to analysis by
two-way ANOVAwith Bonferroni test using GraphPad Soft-
ware v. 4 (GraphPad Software, La Jolla, CA, USA).

Alizarin red quantification

Alizarin red staining was performed to determine the presence
of extracellular matrix mineralization after 21 days. Osteo-
blasts were seeded at a density of 50,000 cells per well onto
plastic control, low-density BG, and high-density BG coated
with/without EMD. After 21 days, cells were fixed in 96 %
ethanol for 15 min and stained with 0.2 % alizarin red solution
in water (pH 6.4) at room temperature for 1 h. Alizarin red was
dissolved using a solution of 20 % methanol and 10 % acetic
acid in water for 15 min. Liquid was then transferred to
cuvettes and read on a spectrophotometer at a wavelength of
450 nm. After subtraction of background, absorbance values
were normalized to DNA content and to control bone grafts.
Data were analyzed for statistical significance using one-way
analysis of variance with Tukey’s test.

Fig. 1 SEM images of NBM
particles at low (a) and high
magnification (b). Control non-
coated NBM particles display a
wide range of large
macrotopographies (a) with the
presence of many
nanotopographies resembling the
appearance of the bone (b)

Fig. 2 Demonstration of bone
grafts (BG) placed in the bottom
of a 24-well culture dish at a low
and b high density. While a large
number of cells are able to attach
to tissue culture plastic at low
density, placement of 100 mg of
NBM particles per 24-well
entirely covers the tissue culture
plate making it mandatory for
cells to attach to BG particles
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Results

Osteoblast cell attachment

Primary human osteoblasts were attached on all control, low-
density BG, and high-density BG irrespective of EMD coating
(Fig. 3). Osteoblasts seeded on plastic control surfaces dem-
onstrated cell adhesion of 96.3 % without EMD and 98.3 %
with EMD at 4 h post seeding (Fig. 3). A similar observation
was viewed with osteoblasts seeded on low-density BG irre-
spective of EMD coating. Interestingly, osteoblast cell attach-
ment was significantly higher on EMD-coated BG particles at
both 4 and 8 h in the high-density BG group (Fig. 3). At 4 h
post seeding on high-density BG particles without EMD, only
47.1 % of osteoblast attachment was observed versus 85.2 %
on high-density BG particles with EMD (Fig. 3). At 8 h post
seeding, cell attachment increased by 54.8 and 89.9 % for
high-density BG without versus with EMD, respectively. Cell
attachment was significantly lower on high-density BG parti-
cles when compared to all other groups (Fig. 3, #p<0.05).

Osteoblast cell proliferation

Primary human osteoblasts displayed various rates of cell
proliferation for control, low-density BG, and high-density
BG (Fig. 4). For osteoblasts seeded on control culture plastic
wells, EMD was able to significantly increase cell prolifera-
tion by 51 and 59 % at 3 and 5 days post seeding, respectively
(Fig. 4). Similarly, osteoblasts seeded on low-density BGwere
able to stimulate cell proliferation by 59 and 60 % when
coated with EMD at 3 and 5 days post seeding (Fig. 4).

Interestingly, cells seeded on high-density BG displayed sig-
nificantly lower cell proliferation when compared to control
uncoated cell culture samples irrespective of EMD. Further-
more, the effects of EMD only partially stimulated cell prolif-
eration by 34 %.

Osteoblast cell differentiation

To quantify osteoblast differentiation, real-time PCR was
utilized for quantification of expression of genes encoding
ALP, Col1, Runx2, and OC (Fig. 5). A significant increase
was observed in ALP messenger RNA (mRNA) expression
for plastic control and low-density BG particles pre-coated
with EMDwhen compared to their respective control samples
at 3 and 14 days post seeding (Fig. 5a). Control high-density
BG particles demonstrated significantly higher ALP mRNA
expression at both 3 and 14 days when compared to control
and low-density BG particles for control uncoated samples
(Fig. 5a demonstrated by #p<0.05). Interestingly, EMD pro-
moted upregulation of ALP on control surfaces by a 3.80- and
2.24-fold increase at 3 and 14 days, respectively, on control
surfaces, by 1.65- and 2.04-fold at 3 and 14 days on low-
density BG samples, and by only 1.26- and 1.47-fold in high-
density BG group (Fig. 5a).

Similar results were observed for mRNA expression of
Col1 (Fig. 5b). At all times points, EMD significantly in-
creased mRNA levels of control, low-density, and high-
density BG samples when compared to their respective con-
trol uncoated samples (Fig. 5b). Again, NBM uncoated parti-
cles seeded at high density were able to increase Col1 levels
by 1.89- and 1.65-fold when compared to control and low-
density BG samples at 3 and 14 days, respectively (Fig. 5b). A
similar trend was once again observed with respect to EMD
coating; EMDwas able to upregulate Col1 mRNA expression
by as much as 2.04-fold on tissue culture plastic whereas
EMD increased expression of high-density BG particles by a
maximum 1.36-fold increase at 14 days (Fig. 5b).

Runx2 expression demonstrated very consistent results
amongst all treatment modalities at all time points (Fig. 5c).
No significant difference was observed at any time point, and
expression of Runx2 varied slightly between 0.9- and 1.2-fold
the baseline control values at both time points (Fig. 5c).

Coating samples with EMD were most apparent in the
upregulation of mRNA expression of OC (Fig. 5d). For con-
trol tissue culture plastic, EMD was able to upregulate OC
expression by 2.54- and 2.22-fold at 3 and 14 days post
seeding, respectively (Fig. 5d). Similarly, EMD was able to
stimulate OC mRNA levels by 2.38- and 1.77-fold on low-
density BG samples at 3 and 14 days, respectively (Fig. 5d). In
contrast, EMD stimulated OC production in high-density BG
samples by 1.32- and 1.33-fold, respectively, at 3 and 14 days.
This observation however was dictated by the fact that control
of high-density samples demonstrated an average 1.56- and

Fig. 3 Adhesion assay of 10,000 primary human osteoblasts seeded on
control tissue culture plastic, low-density seeding of bone grafts, and
high-density seeding of bone grafts with and without EMD. Relatively,
all osteoblasts seeded on tissue culture plastic and low-density bone grafts
were able to adhere at 4 and 8 h post seeding. EMD significantly
improved osteoblast attachment at 4 and 8 h when seeded on high-
density BG particles (*p<0.05). Osteoblasts seeded on high-density BG
not containing EMD adhered significantly less when compared to all
other treatment groups (#p<0.05). Data is means±SE. n=9 samples from
three independent experiments
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1.41-fold expression of OC when compared to control tissue
culture plastic and uncoated low-density BG samples. Inter-
estingly, EMD in control uncoated plastic demonstrated sig-
nificantly higher expression of OC when compared to EMD+
high-density BG samples at 3 and 14 days (indicated by %,
p<0.05).

Alizarin red staining at 21 days was used to visualize
formation of mineralized tissue in vitro (Fig. 6). EMD was
able to significantly increase alizarin red staining via normal-
ized absorption at 450 nm at 21 days for all samples. Further-
more, high-density BG was able to stimulate significantly
higher mineralization when compared to control uncoated
tissue culture plastic as well as uncoated low-density BG
samples at 21 days (Fig. 6, demonstrated by #p<0.05).

Discussion

In the past 20 years, the development of bone-grafting mate-
rials has evolved, and as a result, our understanding of the
function and bone-forming ability of various bone grafts has
allowed clinicians a broad range of available replacement
options. Research designed to determine the ability of
osteoconductive scaffolds has largely been tested in vitro prior
to clinical and animal studies. Interestingly, however, a wide
range of in vitro protocols exists for the design of in vitro
testing. The aim of this study was therefore to test the effects
of different bone graft seeding densities on the ability for
osteoblasts to adhere, proliferate, and differentiate onto bone
grafts. The selection of a natural bone mineral (NBM) was
selected based on its widespread use in the dental and ortho-
pedic fields as well as our laboratory’s previous experience
with its handling and in vitro conditions [21, 22]. Similarly,
EMD has extensively been used in periodontology for the

regeneration of periodontal tissues [20]. Previously, the com-
bination of EMD with a natural bone mineral has been dem-
onstrated to improve periodontal ligament (PDL) and osteo-
blast adhesion, proliferation, and differentiation in vitro [21,
22]. For the in vitro experiments presented in this study, the
use of NBM as a bone graft in combination with EMD as a
growth factor was selected.

Interestingly, many different testing densities for bone
grafts have previously been reported ranging from 8 mg per
culture well dish to 100 mg and sometimes unreported densi-
ties [26–38]. Therefore, the focus of this study was to deter-
mine the effects of bone graft density on cell behavior by
studying the extremities of reported densities in the literature,
that of 8 mg per 24-well dish versus that of 100 mg.

The first experiment aimed to determine the effects of high-
density BG in comparison to low-density BG on cell adhe-
sion. Our results revealed that cells adhered significantly less
on NBM particles seeded at high density (100 mg bone graft/
well) when compared to all other treatment modalities. This
finding demonstrates the drawback in using low-density BG
not entirely covering the bottom surface of a culture dish
(typically less than ∼80 mg/well). Since at low-density BG
the cells are essentially able to bind not only to bone grafting
particles but also to cell culture plastic, the experimental
results do not demonstrate a pure adhesion profile to grafting
particles (Fig. 3). For these reasons, a high density presents a
more realistic approach for in vitro testing. Furthermore, EMD
which has previously been described as a promoting cell
adhesion factor [39] was able to rescue in part osteoblast
adhesion onto grafting particles seeded at high-density BG
whereas EMD had no effect on the cells that were binding to
cell culture plastic or low-density BG because their respective
controls attached well to plastic (Fig. 3). A similar trend was
also observed with respect to the proliferation of osteoblasts
on low- and high-density BG (Fig. 4). The proliferation of

Fig. 4 Proliferation of primary human osteoblasts seeded on control
tissue culture plastic, low-density seeding of bone grafts, and high-
density seeding of bone grafts with and without EMD at 1, 3,
and 5 days. At 3 days post seeding, EMD significantly increased osteoblast
proliferation on culture plastic and low-density BG and however failed to
significantly increase proliferation for osteoblasts seeded on high-density

BG. Similar trends were observed at 5 days; however, EMDwas then able
to significantly increase proliferation on high-density BG at 5 days post
seeding when compared to respective controls (*p<0.05). Osteoblasts
seeded on high-density BG with and without EMD adhered significantly
less when compared to all other treatment groups (#p<0.05). Data is
means±SE. n=9 samples from three independent experiments
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osteoblasts was significantly higher on cells in contact with
cell culture plastic again demonstrating the advantages of
using high-density BG.

In contrast, cell differentiation was increased for cells seed-
ed on high-density BGwhen compared to low-density BG and
control samples as assessed by alizarin red staining and by
real-time PCR (Figs. 5 and 6). In the present study, the

housekeeping gene utilized was GAPDH due to its wide-
spread use for in vitro studies using osteoblasts as well as
our laboratories’ previous handling with its use [3, 22, 36,
40–42]. The total mRNA content was also quantified and
corrected using a NanoDrop reader where total RNA and
GAPDH values corresponded well. The results from this
study also support a high-density BG seeding density as the

Fig. 5 EMD increases mRNA
levels of osteoblast differentiation
markers a alkaline phosphatase
(ALP), b collagen 1 (COL1), c
Runx2, and d osteocalcin (OC) at
various time points. Levels of
ALP, COL1, and OC were
significantly higher for control
tissue culture plastic, low-density
BG, and high-density BG at
various time points (*p<0.05).
Osteoblasts seeded on control
high-density BG produced
significantly higher mRNA levels
of ALP, COL1, andOC at 14 days
post seeding (#p<0.05). d
Interestingly, the increase in
osteoblast differentiation markers
such as OC by EMD was more
pronounced on tissue culture
plastic and low-density BG when
compared to high-density BG. c
No significant differences for
Runx2 were observed in
osteoblasts at all time points. All
experiments were normalized to
levels of GAPDH followed by
calibration to mRNA levels at day
3 from control tissue culture
plastic. Data shown is the average
value from three independent
experiments (three replicates per
experiment)±SE
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cells seeded on bone grafting particles are able to adapt and
interact with the surface topography present on the surface of
the grafting particle which simulates an in vivo scenario.
Many cells seeded at low-density BG are attaching to cell
culture plastic not demonstrating the interaction between bone
graft surface topography and cell behavior. It was shown that
the osteopromotive effect of EMD was somewhat reduced on
high-density BG (Fig. 5) For example, at 3 days post seeding,
EMD upregulated ALP mRNA expression by 3.80-fold on
control culture plastic, by 1.65-fold on low-density BG sam-
ples, and by 1.26-fold in high-density BG group (Fig. 5a).
These results suggest that because both bone graft and EMD
are both osteopromotive and increase cell differentiation, their
combination does not necessarily lead to an additive effect.
We have previously demonstrated that EMD affects cell dif-
ferentiation of osteoblasts via an upregulation of gap junction
proteins responsible for cell-cell communication [43]. In this
study, the migration of osteoblasts to form cell clusters was a
precursor to cell differentiation, and migration of these cells
was a vital component. It may be that cells seeded on bone
grafts are limited in their cell mobility and ability to migrate
due to the surface topography present on NBM particles.
Further experiments to investigate this phenomenon are how-
ever required.

It was also observed in the present study that Runx2
mRNA levels remained relatively unchanged in osteoblasts
but were significantly increased in PDL cells overtime. Other
authors have also investigated the influence of EMD on gene
expression of Runx2 in osteoblasts overtime and have not
observed any significant differences in mRNA levels [24,
44–46]. It has previously been reported by Komori et al. that
Runx2 is necessary for early osteoblast differentiation how-
ever at later time points is not activated in mature osteoblasts
[47]. Given that the primary cells isolated in the present study
were isolated from a human alveolar bone which was com-
prised mainly of differentiated osteoblasts, their ability to

express Runx2 is limited when compared to primary mesen-
chymal stem cells or PDL cells which comprise a higher
percentage of undifferentiated progenitor cells.

It is also important to note that the influence of the bone
graft itself in combination with growth factors has a large
clinical significance. For example, findings from controlled
clinical studies suggest that a combination of EMD and certain
types of grafting materials improves the hard and soft tissue
parameters compared to treatment with EMD alone or to
graftingmaterials alone [48–53]. Other studies have, however,
failed to show statistically significant differences [54–57].
These controversial results suggest that the type of bone
graft/bone substitute may influence clinical results and that
the technical features, such as particle size, porosity, surface
topographies, and chemical composition affect biological be-
havior [58]. Furthermore, the ability of growth factors to
adsorb to various bone-grafting materials could pose chal-
lenges as the different topographies and chemistries could
influence adsorption to their surfaces.

Conclusion

The results from these in vitro experiments demonstrate that
bone graft seeding density largely affects in vitro cell behav-
ior. Cell adhesion was significantly lower when osteoblasts
were seeded on high-density BG when compared to low-
density BG and control tissue culture plastic. EMD was only
able to significantly increase cell adhesion on high-density
BG. Furthermore, proliferation of osteoblasts followed a sim-
ilar trendwhereby a lower proliferation rate for cells seeded on
high-density BG was observed when compared to osteoblasts
seeded on low density and control tissue culture plastic. In
contrast, mRNA expression was significantly higher for genes
encoding ALP, COL1, and OC for osteoblasts seeded on high-
density BG when compared to low-density BG as assessed by
real-time PCR. The results from the present study illustrate
that the in vitro conditions largely influence cell behavior of
osteoblasts seeded on bone grafts and in vitro testing. Further-
more, careful selection of bone graft seeding density is neces-
sary to optimize in vitro conditions and provide the clinician
with a more accurate description of the osteopromotive po-
tential of bone grafts. The findings of this study can help better
design pre-clinical studies and provide more realistic informa-
tion on graft materials for bone and periodontal regeneration.
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Fig. 6 Normalized alizarin red staining absorbance values at 21 days
post seeding. EMD significantly enhanced the ability for cells to undergo
mineralization on all tissue culture plastic, low-density BG, and high-
density BG (*p<0.05). Furthermore, osteoblasts seeded on control high-
density BG produced significantly higher levels of alizarin red staining
when compared to control tissue culture plastic samples (#p<0.05)
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