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Abstract
Osteoinductive capacity of demineralized bone matrix (DBM) is sometimes insufficient or shows high variability between
different batches of DBM. Here, we tried to improve its osteoinductive activity by alkali-urea or trypsin treatment but this
strategy was unsuccessful. Then, we tested the enrichment of DBM with a bone protein extract (BPE) containing osteogenic
growth factors comparing two sources: cortical bone powder and DBM. The osteoinductive capacity (alkaline phosphatase
activity) of the obtained BPEs was evaluated in vitro in C2C12 cells. Specific protein levels present in the different BPE was
determined by enzyme-linked immunosorbent assay or by a multiplex assay. BPE from cortical bone powder showed a lack
of osteoinductive effect, in agreement with the low content on osteoinductive factors. In contrast, BPE from DBM showed
osteoinductive activity but also high variability among donors. Thus, we decided to enrich DBM with BPE obtained from a
pool of DBM from different donors. Following this strategy, we achieved increased osteoinductive activity and lower
variability among donors. In conclusion, the use of a BPE obtained from a pool of demineralized bone to enrich DBM could
be used to increase its osteoinductive effect and normalize the differences between donors.

Graphical Abstract

1 Introduction

Demineralized bone matrix (DBM) is an osteoinductive
allograft that constitutes an attractive alternative to auto-
logous bone. Obtained by decalcification of cadaveric cor-
tical bone, DBM lacks the structural strength but retains the
trabecular structure of the original tissue. It has been esti-
mated that 93% of DBM consists of an osteoconductive
collagen scaffold, while the remainder of its components are
soluble osteoinductive proteins, with residual mineralized
matrix accounting for the additional 2% [1]. By removing
the mineral phase of bone, the osteoinductive proteins are
made more bioavailable; and indeed, DBM shows more
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osteoinductive potential than standard mineralized
allografts [2].

As stated before, the osteoinductive nature of DBM is
attributed to the presence of matrix associated growth factors
[3], being the bone morphogenetic proteins (BMPs) the best
characterized [4]. BMPs belong to the transforming growth
factor beta (TGF-β) superfamily, with BMP-2, BMP-4 and
BMP-7 believed to be the most osteoinductive [5]. In addition
to BMP, bone matrix contains other factors that are able to
modulate the DBM osteoinductive activity, among them TGF-
b1, insulin like growth factor-I (IGF-I), vascular endothelial
growth factor (VEGF) and platelet derived growth factor
(PDGF) [6], although the total protein composition present in
DBM and responsible of its activity is still unknown.

The growth factors concentrations may vary in relation
with donor, extraction techniques and processing [7], and it
is thought that such variability might explain the variable
results found on the osteoinductive potency of DBM [8],
leading to a low level of evidence of the clinical efficiency
of DBM [9].

In the present work we evaluated different strategies for
improving DBM effect, first we tested different extraction
strategies in order to eliminate possible inhibitors of native
BMPs; another strategy was to enrich DBM with a bone
protein extract (BPE) either from cortical bone or from
DBM. Our hypothesis is that the addition to the DBM of a
mixture of multiple growth factors at physiological doses
would enhance its osteoinductive activity while at the same
time decrease variability.

2 Materials and methods

2.1 Preparation of cortical powder

The fragments of bone used in this study (cortical rings from
femoral diaphysis) were obtained from the fragments usually
discarded for clinical use during the processing of bone
tissue from conventional musculoskeletal tissue donations.
The femur epiphysis were used to obtain cancellous bone
and the diaphysis was denuded of soft tissue, cut into bone
rings and milled in a M20 universal mill (IKA®-Werke
GMBH and Co., Staufen, Germany) to powder. The powder
was mechanically sieved to a particle size within the range
250–800 µm by using BA 200N electromagnetic and digital
sieve shaker with appropriately certified test sieves (CISA,
Barcelona, Spain). Then, cortical bone powder was washed
and defatted through sequential washes with milliQ water
(Millipore Corporation, Billerica, MA, USA) at 60 °C, 70%
ethanol (Sigma-Aldrich, St. Louis, MO, USA) and absolute
ethanol (Sigma-Aldrich), and allowed to dry at room tem-
perature. All the process was developed inside a laminar
flow cabinet in sterile conditions.

In both the process of selection as well as in the pro-
curement and processing the Standards of the Spanish
Association of Tissue Banks were followed. The samples
were used, with the approval of the Ethical Committee of
Balearic Islands (CEIC-IB), after an informed consent.

2.2 Obtention of DBM

Cortical powder, previously extracted with PBS or Guani-
dine solution (see next section) was demineralized through
three incubations of 1 h with 0.5 N HCl (Sigma-Aldrich).
Then, demineralized bone particles were washed with mil-
liQ water (Millipore Corporation, Billerica, MA, USA) until
reaching a neutral pH. Finally, DBM samples were frozen
−80 °C for 48 h, lyophilized for 48 h and stored at −80 °C
until use.

Two different DBM groups were obtained (Fig. 1)
according to the extraction buffer that was applied to the

Fig. 1 Diagram of the experimental design followed to obtain the
different BPE and DBM samples. c-BPEPBS: Bone protein extract
obtained by extraction of cortical powder with phosphate buffer saline
(PBS). c-BPEGu: bone protein extract obtained by extraction of cortical
powder with Guanidine extraction solution (Gu). DBMGu: DBM
obtained from cortical powder that has previously been extracted with
Gu. DBMPBS: DBM obtained from cortical powder that has previously
been extracted with PBS. d-BPEPBS: bone protein extract obtained by
extraction of DBMPBS with Gu. d-BPEGu: bone protein extract
obtained by extraction of DBMGu with Gu
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cortical powder used for demineralization: DBMPBS and
DBMGu.

2.3 Obtention of BPEs

BPE were first obtained from cortical powder using two
different extracting solutions: PBS or a Guanidine solution
(Gu) (4 M Guanidin-HCl (Sigma-Aldrich), 50 mM Tris-HCl
(Sigma-Aldrich), 10 mM EDTA (Sigma-Aldrich) at a pH=
6.9), by mixing 300 mg of cortical bone with 5 mL of
extracting solution. The mixtures were maintained under
rotative agitation for 24 h at 4 °C, then, samples were cen-
trifuged at 12,000 × g, at 4 °C for 30 min. Then, the
supernatants were dialyzed against milliQ water through a
dialysis tubing (3000 Da molecular weight cutoff) (Sigma-
Aldrich), frozen at −80 °C, lyophilized for 48 h, and stored
at −80 °C until use.

The cortical powder thus extracted was next deminer-
alized as described in previous section and again extracted
in this case with Guanidine solution.

All the process is depicted in Fig. 1, were can be
observed that 4 different BPE were obtained depending on
the starting material (cortical bone (c) or DBM (d)) and on
the extracting solution (Gu or PBS): c-BPEPBS, c-BPEGu, d-
BPEPBS and d-BPEGu.

2.4 Alkali urea extraction of DBM

DBM was subjected to a process of alkali-urea extraction
[10]. In short, 500 mg DBM was extracted with 3 ml of a
solution that had been prepared by adding equal volumes of
6M urea and 0.1 M KOH. The pH of the solution was
adjusted to 10.5 with 1M KOH and corrected at 0.5, 1, and
4 h but not subsequently. The following day the supernatant
was removed by decanting and the remaining solid material
was then washed with a large volume of water and stored
frozen at −80 °C until use.

2.5 DBM treatment with trypsin

An enzymatic protocol previously described was applied
[11]. Briefly, lyophilized DBM was rinsed with distilled
water and incubated in a solution of 0.05% trypsin
(Sigma–Aldrich) and 0.02% ethylenediamine tetraacetic
acid (EDTA) (Sigma–Aldrich) at 37 °C under continuous
agitation for 24 h. The resultant material was rinsed in PBS
and stored frozen at −80 °C until use.

2.6 Cell culture

The mouse myoblast cell line C2C12 was purchased from
DSMZ GmbH (Braunschweig, Germany). Cells were cul-
tured at 37 °C/5% CO2, and maintained in RPMI (Biowest,

Nuaillé, France) supplemented with 10% fetal bovine serum
(FBS, PAA Laboratories GmbH, Pasching, Austria), peni-
cillin (100 U/mL) and streptomycin (100 µg/mL) (Biowest).

For the in vitro osteoinduction tests, C2C12 cells were
seeded in 24-well plates at a density of 5 × 104 cell/well. At
confluence, cells were subjected to a serum reduction (1%)
and were treated with the different amounts of BPE (0.01,
0.1, 1, 10, 100 µg), DBM samples (5 mg), or a combination
of BPE (1 µg) with 5 mg of DBM per well. After 48 h of
treatment culture media were collected to test cytotoxicity
and cells were harvested to analyze the alkaline phosphatase
(ALP) activity.

When a mixture of DBM and BPE was used to treat
cells, 100 µL containing the desired amount of BPE total
protein were added to 5 mg of DBM and the mixture was
lyophilized for 48 h and stored at −80 °C until use.

An in vivo validated DBM sample used clinically (DBM
Putty, Barcelona Tissue Bank, Banc de Sang I Teixits,
Barcelona, Spain) was used as control DBM.

2.7 LDH activity

Lactate dehydrogenase (LDH) activity in the culture media
48 h after treatment was used as an index of cell death. The
LDH activity was estimated according to the manufacturer’s
kit instructions (Roche Diagnostics, Mannheim, Germany)
by assessing the rate of oxidation of NADH at 490 nm in
presence of piruvate. Results were presented relative to the
LDH activity in the media of cells without treatment
(negative control, 0% of cell death) and of cells treated with
1% Triton X-100 (positive control, 100% cell death). The
percentage of LDH activity was calculated using the fol-
lowing equation: cytotoxicity (%)= (exp. value – negative
control)/ (positive control – negative control) × 100.

2.8 ALP activity

Cell monolayers were collected in order to determine
ALP activity. Proteins were solubilized by adding PBS
containing 0.1% Triton X-100. Then, cell lysates were
put into freeze/thaw cycles to improve protein recovery.
After centrifugation at 33,000 × g for 15 min at 4 °C,
supernatants were acquired and assayed for ALP activity.
The method used measures the cleavage of p-nitrophenyl
phosphate (pNPP; Sigma-Aldrich) in a soluble yellow
end product which absorbs at 405 nm. A volume of
100 µL of this substrate was used in combination with
25 µL of each sample supernatant or standard point. The
standard curve was prepared from calf intestinal alkaline
phosphatase (CIAP, 1 U/µL) (Promega, Madison, WI,
USA) by mixing 1 µL from the stock CIAP with 5 ml of
PBS containing 0.1% Triton X-100 (1:5000 dilution), and
then making a dilution series. Once the reaction was
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carried out, after 2 h in dark at 37 °C, absorbance was
read at 405 nm.

2.9 Bone morphogenetic protein-2 quantification

The bone morphogenetic protein-2 (BMP-2) levels in the
different BPE were quantified using an enzyme-linked
immunosorbent assay following instructions described by
the manufacturer (Quantikine Immunoassay, R&D Systems,
Minneapolis, MN, USA). Total protein was determined
using a BCA protein assay kit (Pierce, Rockford, IL, USA)
and used for correction of BMP-2 levels, expressed in ng
BMP-2/g protein.

2.10 Growth factor analysis

BPE were analysed for fibroblast growth factor 2 (FGF-2),
matrix metalloproteinase 2 (MMP-2), osteopontin (OPN),
hepatocyte growth factor (HGF), PDGF-BB, stem cell
factor (SCF), TGF-B and VEGF-A using the solid phase
sandwich multiplex bead immunoassays (ProcartaPlexTM

Multiplex Immunoassays, Affimetris, eBioscience, San
Diego, CA, USA) according to the manufacturer’s protocol.
Multianalyte profiling was performed on the Luminex®
MAGPIX xPONENT 4.2 (Luminex Corporation, Austin,
TX, USA). Specific protein levels were corrected by total
protein, expressed in pg/mg protein.

2.11 Statistical analysis

All data are presented as mean values ± standard error of the
mean (SEM). The Kolmogorov-Smirnov test was done to
assume parametric or non-parametric distributions. Differ-
ences between groups were assessed by one-way ANOVA
test using Bonferroni or Dunnett’s multiple comparison
tests as post hoc comparisons was used when more than two
experimental groups were compared; when two groups
were compared, differences between groups were assessed
by Student t-test or by paired-t-test. The SPSS® program for
Windows, version 17.0 (SPSS, Chicago, IL, US) was used.
Results were considered statistically significant at the p-
values < 0.05.

3 Results

3.1 Comparison of the osteoinductive in vitro effect
of produced DBM with a certified control DBM

First, we compared the osteoinductive in vitro effect of
DBM obtained from 7 different donors with those of a
control DBM already certified with an osteoinductive
in vivo assay. As shown in Fig. 2, our obtained DBM

induced ALP activity in a similar manner or even more than
the control DBM. It was also evidenced the high variability
of the in vitro osteoinductive effect of the DBM between the
different donors.

3.2 Effect of different pre-treatments on the derived
DBM osteoinductive activity

The presence in DBM of inhibitors of native BMP, like
noggin, that could be eliminated by extracting the DBM
with an alkali-urea solution has previously been described
[10]. We considered plausible that the individual differences
in the osteoinductive activity of BMP preparations obtained
from different donors could be due to the presence of some
of such inhibitors at different levels in the different donors.
In addition, it has also been described [11] that the treatment
of DBM with trypsin increases the proliferation of osteo-
genic cell populations. Following this idea, we were inter-
ested in testing whether the trypsin treatment could increase
the osteogenic activity of DBM, leading to a more homo-
geneous product. However, as shown in Fig. 3 and contrary
to our hypothesis, neither an alkali-urea extraction nor
trypsin digestion resulted in an increase of the osteoinduc-
tive effect of the resulting DBM.

3.3 Osteoinductive effect of BPE obtained from
different sources

Having been unable to obtain an increase of the osteogenic
effect of DBM samples by direct manipulation, we reasoned
that another approach to obtain a homogeneous product
could be the enrichment of DBM with a BPE containing
osteogenic growth factors. Although it has been widely
described that the main osteogenic activity is present in the
BPE obtained from demineralised bone, it has also been
reported [12] that the extract of mineralized bone shows a
certain osteoinductive capacity. Thus, we obtained different

Fig. 2 Comparison of osteoinductive in vitro effect of produced DBM
with a certified control DBM. ALP activity induced by DBM obtained
from different donors with reference to that of a control DBM (dashed
line). Values represent the mean ± SEM
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BPE from both mineralized and demineralised cortical bone
as described in Material and Methods and depicted in Fig. 1.

We tested the capacity of the different BPE obtained to
induce ALP activity in C2C12 cells. Although some
osteoinductive effect could be observed when cortical bone
powder extract (c-BPEGu) was added to the culture, the
results were not consistent and did not reach significance
(data not shown). It should be noted that the c-BPEPBS

group could not be tested since no detectable amounts of
protein were obtained. In contrast, when different BPE
obtained from demineralized bone (d-BPEPBS, d-BPEGu),
were tested individually, a different level of osteogenic
activity in the samples was observed, as shown in Fig. 4, in
accordance with the heterogeneity described with the DBM
preparations.

3.4 Analysis of the presence of osteoinductive
factors in the different BPE preparations

In order to better characterize these data, we decided to
measure the specific protein levels of several growth factors
present in the different BPE. As can be observed in Fig. 5a,
two different patterns of protein content among the different
groups were observed. Those growth factors that were in a
greater extent extracted from DBM (BMP-2, PDGF-BB,
TGF-B, MMP-2, OPN, SCF) and those mainly extracted
from cortical powder (VEGF-A, HGF and FGF-2). It is
important to notice that both, c-BPEPBS and c-BPEGu had to
be concentrated in order to allow determinations; moreover,
BMP-2 levels were about 10-fold lower in BPE from cor-
tical bone compared to those obtained from DBM and that
osteoinductive proteins were present in higher amounts in
BPE obtained from DBM. Moreover, when the concentra-
tion of the different factors was analyzed individually in the
d-BPEPBS a clear pattern of heterogeneity was evident

(Fig. 5b); for instance, the levels of BMP2 showed a
variability of ten-fold and other growth factors were present
in some BPE and absent in others. For that reason, and
given the high variability in such protein levels among the
different donors and in order to obtain a more homogeneous
product, we decided use a pool of BPE from different
donors to enrich the osteoinductivity of DBM.

Fig. 4 Evaluation of ALP activity in C2C12 cells incubated for 48 h
with different BPE. ALP activity in C2C12 cells incubated with 1 µg
of d-BPEPBS or d-BPEGu. Three different donors were used. The
experiment was performed in sextuplicate. Data present mean ± SEM
for each group. Results were statistically compared by ANOVA, no
significant differences were found

Fig. 5 Specific protein levels detected in the different BPE. (a) Pro-
teins levels in BPE represented in a heat map. Cell colors display the
relative amount of protein per row, being red the maximum and blue
the minimum. Values present mean ± SEM. Results were statistically
compared by ANOVA, and student t-test as post hoc test: *p < 0.05 vs.
c-BPEPBS; # p < 0.05 vs. c-BPEGu. (b) Specific protein levels detected
in d-BPEPBS evaluated in six different donors. The determination was
performed in duplicate, means are presented. Those proteins with very
low levels are not shown

Fig. 3 Evaluation of ALP activity in C2C12 cells incubated for 48 h
with DBM obtained from cortical powder that has previously been
treated with trypsin or with urea. ALP activity in C2C12 cells incu-
bated with different types of DBM. The experiment was performed in
triplicate using four different DBM donors. Values represent the mean
± SEM. Results were statistically compared by ANOVA, and Bon-
ferroni as post hoc test: *p < 0.05 vs. inactive DBM
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3.5 BPE-enriched DBM cytotoxicity and
osteoinductive activity on C2C12 cells

For the evaluation of the effect of BPE-enriched DBM
using a BPE obtained from a pool of different donors, we
first tested the enrichment of DBM with different amounts
of BPE. DBM enriched with d-BPEPBS induced higher
cytotoxicity than controls (Fig. 6a), although values were
<3%. Increased ALP activity of C2C12 cells was found in

the BPE-enriched DBM groups compared to DBM alone in
a concentration dependent manner (Fig. 6b). So, our results
demonstrated that 5 mg of DBM enriched with 1 µg of d-
BPEPBS obtained from a pool of different donors per well
enhanced osteoinductive activity compared with using
DBM alone.

Next, we confirmed our findings using different DBM
donors (Fig. 6c), our results showed that this strategy sig-
nificantly induced ALP activity compared to DBM alone. In
addition, variability among donors was decreased from a
coefficient of variation of 40.3% for DBM alone to a 13.7%
for the BPE-enriched DBM group.

4 Discussion

We found that enrichment of DBM with a BPE obtained
from a pull of different DBMs enhances its osteoinductive
activity and decreases variability among donors. Variability
is considered the most important disadvantage to the use of
DBM, since there is considerable inconsistency in terms of
osteoinductive potency as a result of donor and processing
variability [6, 8, 14–16]. In fact, we also found donor-
dependentAvailable clinical studies show a low level of
evidence con differences in the osteoinductive activity
induced by our DBM in the seven donors that were eval-
uated. cerning DBM efficiency [9], having been proposed
that a variable amount of growth factors in the used DBM
product might explain this variable results [8]. Despite this,
many surgeons prefer using DBM, as this product improve
facilitation of new bone formation and avoid the main
problems of the “gold standard” autogenous cancellous
bone, such as limited availability and high morbidity and
morbility during the harvest [13–16].

One strategy to enhance DBM osteoinductivity that has
been explored is the addition of recombinant BMP-2 to
DBM [17, 18]. However, some safety concerns to the use of
recombinant BMP-2 have been raised [19, 20]. We then
hypothesized that the use of a DBM BPE would add to the
DBM a mixture of multiple growth factors at physiological
doses and enhance its osteoinductive activity while at the
same time decrease variability. It has been shown that very
high doses of the recombinant BMPs are needed to achieve
the same osteoinduction levels obtained by the natural
cocktail of BMPs and associated growth factors found in the
DBM. This finding is supported by the observation that a
better osteoinduction is obtained by the heterodimers BMPs
(natural BMPs) compared to homodimers like they are in
the recombinant BMPs [21–23], hence, making our strategy
of using a natural cocktail of growth factors ideal. However,
the resultant DBM after the BPE extraction process lacks
any osteoinductive activity [12], thus in the present study
we evaluated the possibility of using a BPE from cortical

Fig. 6 Evaluation of LDH activity and ALP activity in C2C12 cells
incubated for 48 h with DBM supplemented with d-BPEPBS. (a) LDH
activity and b ALP activity in C2C12 cells incubated with DBM
supplemented with different amounts of d-BPEPBS. Inactive DBM was
used as a negative control. One DBM donor was used and d-BPEPBS

was obtained from a pool of different donors. The experiment was
performed in sextuplicate. Results were statistically compared by
ANOVA, and Bonferroni as post hoc test: *p < 0.05 vs. inactive DBM,
#p < 0.05 vs. DBMPBS without d-BPEPBS addition. (c) ALP activity in
C2C12 cells incubated with DBM supplemented with 1 µg of BPE. Six
different donors were evaluated and the experiment was performed in
triplicate. Both data from each donor and means ± SEM for each group
are presented. Results were statistically compared by paired t test (*p
< 0.05)
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powder extracted prior to demineralization in combination
with the DBM obtained from the same extracted cortical
powder. Unfortunately, no positive results were found when
testing this strategy, since a poor osteoinductive effect was
observed when using BPE obtained from cortical bone
powder, contrary to the positive effect found for d-BPE.

To understand the results obtained, the levels of different
growth factors present in the different BPE were evaluated.
Of importance is to highlight that the amount of protein
extracted from bone cortical powder was far less than the
amount extracted from DBM, and to be able to measure
specific proteins from bone cortical powder, samples were
concentrated by lyophilization. These results can be
explained by the fact that the demineralization process of
DBM results in exposure of the osteoinductive non-
collagenous proteins, making them more available to the
surrounding tissues [2] and to the extracting reagent, as
shown by our results.

The higher levels of FGF-2, HGF and VEGF-A in the
extracts from cortical powder suggest that these proteins are
associated to the mineral component of bone, being mainly
eliminated during the demineralization step during DBM
procurement. In agreement with our observations, it has
been suggested that FGF-2 and HGF adsorbs to hydro-
xyapatite surfaces in a selective and irreversible manner
[24, 25]. Both, FGF-2, HGF and VEGF are potent angio-
genesis inducers [26, 27], which is of particular importance
in bone tissue regeneration.

The factors that were mainly extracted from DBM
account for those that are osteoinductive and are related to
bone formation. Among them, BMP-2 is one of the most
abundant growth factor that we and others [6] detected, the
most extensively studied growth factor regarding induction
of new bone formation [28], and thought to be the main
responsible for the osteoinductive effect of DBM [2, 3, 8,
29–31]. At molecular level, BMP-2 regulates transcription
of osteogenic genes inducing differentiation of progenitor
cells into the osteoblast lineage [32]. In strong connection
with BMP signaling in osteoblast differentiation also acts
TGF-B [33, 34], another of the growth factors that was
mainly extracted from DBM yielding levels within the same
range of those previously reported [31]. Other proteins
found in high amounts in the BPE from DBM in our study
and by others [35] are OPN, a bone matrix protein syn-
thesized by osteoblastic cells that regulates crystal growth
[36, 37] and MMP-2, a metalloendopeptidase that degrades
proteins of the extracellular matrix that has been proposed
to help during new bone formation by facilitating angio-
genesis, growth factor release and mesenchymal stem cell
recruitment [38].

We want to highlight that the only use of the extracted
BPE does not achieve the same osteoinduction levels as it
does when combined with DBM, pointing at the importance

of osteoconductivity for the effect of DBM. Nonetheless,
the ostoconductivity effect of DBM alone is not sufficient
for osteoinduction, as shown when using DBM after BPE
extraction (inactive DBM). Since we did not measure the
osteoinductive activity effect of inactive DBM combined
with the BPE pull, nor combined with recombinant BMP-2,
it is not possible to claim whether our strategy using a
mixture of multiple growth factors at physiological doses
would give better results than using recombinant BMP-2 in
combination with DBM as an osteoconductive scaffold. In
fact, we have only tested the mixture of growth factors
resulting from cortical bone powder or from DBM, and
showed that the protein composition among extracts differs,
thus suggesting that a mixture of both extracts should also
be tested as a potential osteoinductive cocktail.

There are some limitations to the current study. Only
in vitro experiments were performed to support our results,
however, the in vitro assay that we have used has previously
been shown to correlate with the in vivo assay in assessing
the osteoinductive potential of DBM [39]. In addition,
pooling BPEs from different donors might not be acceptable
for clinical use as regards to biovigilance and traceability
[40], as it has been proposed previously [7]. One possible
way to proceed is to use different vials from different donors
combining in each DBM and d-BPE from the same donor.

In conclusion, the enrichment of DBM with a BPE from
the same donor does not enhance the osteoinductive activity
of DBM, neither when the extract is obtained from cortical
bone nor from DBM. In contrast, enrichment of DBM with
a bone protein extract obtained from a pull of different
DBMs enhances its osteoinductive activity and decreases
variability among donors.
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