
Introduction

Posterolateral and anterior spinal fusions are valuable
surgical approaches for the management of spinal
disorders such as spondylolisthesis, stenosis, and
degenerative disc disease. Autologous bone graft is the
preferred approach to obtain a solid spinal fusion.
Iliac crest harvesting is however often associated with
complications such as increased operative time, blood

loss, and pain at the donor site [6]. Furthermore,
spinal fusion with autologous bone graft may fail.
Novel bone substitutes are therefore increasingly
sought after.

Most bone substitutes are osteoconductors that
lack osteoinductive properties. Therefore, these sub-
stitutes can only promote bone fusion when osteoin-
ductive factors are provided by the bone environment
at the implantation site. These osteoinductive factors
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Abstract The ability of bone substi-
tutes to promote bone fusion is
contigent upon the presence of os-
teoinductive factors in the bone
environment at the fusion site.
Osteoblast progenitor cells are
among these environmental osteo-
inductive factors, and one of the
most abundant and available sour-
ces of osteoblastic cells is the bone
marrow. As far as biological condi-
tions are concerned, the vertebral
interbody space appears as a favor-
able site for fusion, as it is sur-
rounded by spongy bone,
theoretically rich in osteogenic cells.
This site may, however, not be as
rich in osteogenic precursor cells
especially at the time of grafting,
because decortication of the verte-
bral end plates during the grafting
process may modifiy cell content of
the surrounding spongy bone. We
tested this hypothesis by comparing
the abundance of human osteogenic
precursor cells in bone marrow

derived from the iliac crest, the ver-
tebral body, and the decorticated
intervertebral body space. The
number of potential osteoblast pro-
genitors in each site was estimated
by counting the alkaline phospha-
tase–expressing colony-forming
units (CFU-AP). The results, how-
ever, demonstrate that the vertebral
interbody space is actually poorer in
osteoprogenitor cells than the iliac
crest (P<0.001) and vertebral body
(P<0.01), especially at the time of
graft implantation. In light of our
results, we advocate addition of iliac
crest bone marrow aspirate to in-
crease the success rate of vertebral
interbody fusion.
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include the osteoblast progenitor cells. The latter can
be found, for instance, in the periosteum, the perit-
rabecular connective tissue, and the bone marrow. The
most abundant and readily available source is the
bone marrow [1, 7, 8].

Combination of bone substitutes, such as ceramics,
with bone marrow has shown significant osteogenic
potential in vitro and in vivo [4, 10 ]. In a rabbit model
of posterolateral fusion, our group [3] found a signifi-
cant increase in bone formation when bone marrow
aspirate was added to ceramics. Moreover, Curylo et al.
[2] observed a 30% greater increase in bone volume
when bone marrow aspirate was added to autogenous
iliac crest graft in a rabbit model of posterolateral
fusion.

Altogether these results strongly suggest that
addition of bone marrow to graft material can
greatly facilitate bone formation at the fusion site. As
bone growth may be enhanced to a greater extent if
the implantation site is rich in osteogenic precursor
cells, the local bone environment has to be taken into
account when characterizing the implantation site,
i.e., in determining the necessity of adding bone
marrow.

The various possible sites for spinal fusion can be
divided mainly into two categories with respect to the
biomechanical context: the posterolateral and anterior
sites. This paper concerns only anterior sites. They are
theoretically rich in osteogenic precursor cells as they are
mainly surrounded by spongy bone, which is considered
to be rich in osteogenic precursor cells. The presumed
abundance of osteogenic cells at the interbody site may
lead one to believe that addition of bone marrow aspi-
rate from the iliac crest to graft substitutes is not re-
quired for a successful bone fusion. This site may,
however, not be as rich in osteogenic precursors as ex-
pected, especially at the time of grafting, because
decortication and bleeding in the disc space during the
grafting process may modify the cell content of the
surrounding spongy bone.

We tested this hypothesis by comparing the abun-
dance of human osteogenic precursor cells in bone
marrow derived from the iliac crest, the vertebral body,
and the decorticated intervertebral body space. This
enabled us to estimate whether or not addition of bone
marrow aspirate to graft material at the vertebral in-
terbody fusion site was of interest.

Materials and methods

Bone marrow from the iliac crest, the vertebral body,
and the decorticated intervertebral body space was col-
lected by aspiration in 12 patients (7 women and 5 men)
with scoliosis during anterior spinal surgery for fusion
(Fig. 1). Mean patient age was 31 years.

Aspiration technique

Bone marrow aspiration was performed under anesthe-
sia before the surgery. Harvesting from the posterior
iliac crest required that a 2-mm stab incision be made
through the skin. The aspiration needle was advanced
into the intramedullary cavity. The obturator was re-
moved, and a 10-ml syringe containing 1 ml of hepa-
rinized normal saline was attached to the needle.
Drawing back the plunger created negative pressure
which caused marrow to flow into the syringe. Two
milliliters was thus collected.

For the vertebral body samples, bone marrow aspi-
ration was performed using a thoracoscopic approach
and required a long aspiration needle. The needle was
advanced into the vertebral body and 2 ml of bone
marrow was aspirated.

At the interbody fusion site, 2 ml of bone marrow
was aspirated from the disc space after decortication and
preparation of the site for the grafting process.

Alkaline phosphatase–expressing colony-forming units
assay

Alkaline phosphatase is a marker of the early stages of
osteoblastic cell differentiation. The number of potential
osteoblast progenitors can therefore be estimated by
counting alkaline phosphatase–expressing colony-form-
ing units (CFU-AP) [5].

All bone marrow samples were suspended in 5 ml of
alpha minimum essential medium (aMEM) (Gibco, Er-
agny, France). To isolate mononucleated cells, each
bone marrow suspension was subjected to two centri-
fugation steps.

Fig. 1 Sites of aspiration. Two milliliters of bone marrow was
aspirated from three different sites, i.e., the iliac crest, the
decorticated vetebral interbody space, and the vertebral body.
The richness in osteoprogenitor cells of all three sites was
compared.
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Briefly, samples were first subjected to a density
gradient centrifugation. They were layered onto Ficoll-
Hypaque solution (D=1.077 g/ml; Seromed, France)
and centrifuged at 700 g for 10 min. The buffy coat thus
obtained, containing the mononuclear osteoprogenitor
cells, was resuspended in 5 ml aMEM and subjected to a
second centrifugation step at 160 g for 6 min. Each
sample was plated onto a six-well plate at 500·103 cells
per well and cultured with aMEM supplemented with
10% fetal calf serum (Dutscher, Brumath, France).
Plates were incubated at 37�C in 5% CO2. Medium was
changed twice a week. After two weeks, in situ staining
was performed to determine alkaline phosphatase
activity (Fig. 2). CFU-AP were manually counted in
each well, and the mean count for each site of aspiration
was determined.

Results

The number of mononucleated cells and prevalence of
CFU-AP in 2-ml aspirates varied significantly from one
harvest site to another in each patient (Fig.3). The mean
number of mononucleated cells in 2-ml aspirates from
the iliac crest ranged from 7 million to 9 million; in the
vertebral body, it ranged from 5 million to 7 million. In
contrast, the mean number of mononucleated cells in 2-
ml aspirates from the decorticated vertebral interbody
was around 1 million.

The prevalence of CFU-AP was defined as the
number of CFU-AP per 500·103 plated mononucleated

cells. Only alkaline phosphataseexpressing cell clusters
that were 3 mm in diameter or larger were counted. The
mean number of CFU-AP per 500·103 mononucleated
cells was 19.8 (SD±6.08) in aspirates from iliac crest,
15.4 (SD±4.50) in aspirates from the vertebral body,
and 4.2 (SD±2.50) in aspirates from the decorticated
vertebral interbody.

Statistically, the osteoprogenitor cells were signifi-
cantly more abundant in the iliac crest than the vertebral
body (P<0.01) and decorticated vertebral interbody
(P<0.001).

Discussion

With respect to the biological context, the vertebral in-
terbody appears as a favorable site for arthrodesis, as it
is surrounded by spongy bone, which is theoretically rich
in osteogenic cells.

We investigated whether addition of bone marrow
aspirate to graft materials in vertebral interbody fusion
may be of interest to increase the success rate of inter-
body fusion. We compared abundance of osteoprogen-
itor bone marrow cells in the iliac crest (used as a
reference), the vertebral body, and the decorticated
vertebral interbody. We chose the iliac crest as a refer-
ence as it is the most commonly used source of bone
marrow aspirate. The vertebral body was chosen for
comparison as it is easily accessible during surgery and
near to the grafting site, i.e., the vertebral interbody.

Aspiration volume was considered a determining
parameter in this study. Indeed, Muschler et al. [7]

Fig. 2 Bone marrow samples from the iliac crest, the vertebral
body, and the decorticated vertebral interbody (disc space), plated
onto six-well dishes at 500·103 mononucleated cells per well and
maintained in culture for 2 weeks. The numbers of alkaline
phosphatase–expressing colony-forming units in samples from the
three different sites were compared

Fig. 3 Prevalence of alkaline phosphatase–expressing colony-form-
ing units (CFU-AP) as a function of the site of aspiration.
Prevalence of CFU-AP in aspirates from the iliac crest, the
vertebral body, and the vertebral interbody was compared in 12
patients. The number of osteoprogenitor cells is significantly
greater in the iliac crest than in the vertebral body (***P<0.001)
and decorticated vertebral interbody (#P<0.002)
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observed that aspiration volume affects the number and
concentration of osteoblast progenitor cells in marrow
aspirates. Thus, we used the same aspiration volume for
all samples. The chosen aspiration volume of 2 ml is
clinically relevant as it allows the highest concentration
of osteoblast progenitor cells to be collected.

The current study provides an accurate criterion of
the richness in osteoblast progenitor cells from three
different aspiration sites. In the literature, the richness of
the aspirate is most commonly determined by the
number of mononucleated cells and prevalence of CFU-
AP among mononucleated cells. Because not all mono-
nucleated cells have the capability of differentiating into
osteoblasts, we only considered the prevalence of CFU-
AP after 2 weeks of culture to estimate the number of
osteoblast progenitor cells.

A number of probable reasons may explain why the
vertebral interbody site was poorer in osteoprogenitor
cells than the iliac crest. First, peripheral blood may
have washed osteoprogenitor cells away from the dec-
orticated vertebral interbody site. Moreover, dilution by
peripheral blood during the decortication process may
have modified cell content of the interbody grafting site.

The richness in osteoprogenitor cells in the iliac crest
aspirates was also significantly higher than that of the
vertebral body aspirates.

The number of osteoprogenitor cells may increase if
local bone marrow is highly cellular and loosely con-
nected, allowing bone marrow cells in the marrow space
to flow into the aspiration needle. Moreover, it has been
reported [7] that the concentration of bone marrow–
derived cells obtained by aspiration depends on the rate
of dilution with local blood. Dilution rate may be af-
fected by the cancellous bone density in blood vessels
and sinusoids.

Consequently, a high cellularity or a lower number or
lower size of blood vessels and sinusoids could account
for the higher concentrations of osteoprogenitors ob-
served in iliac crest aspirates compared to vertebral body
aspirates.

Conclusion

Osteoprogenitor cells are more abundant in the iliac
crest than the vertebral interbody space and vertebral
body. The vertebral interbody space, which is theoreti-
cally rich in osteoprogenitors, becomes poorer at the
time of grafting due to local bleeding. From a clinical
point of view, it would therefore seem advisable to
perform an iliac crest bone marrow puncture to enhance
vertebral interbody fusion.
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