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Abstract
Purpose Aspirating bone marrow from the iliac crest using
small volumes of 1–4 ml with a 10-ml syringe has been histor-
ically proposed for harvesting adult mesenchymal stem cells and
described as a standard technique to avoid blood dilution. The
disadvantage of repeated small aspirations is that there is a
significantly increased time to harvest the bone marrow. How-
ever, it is not known if a large volume syringe can improve the
rate of bone marrow aspiration without increasing blood dilu-
tion, thus reducing the quality of the aspirate. We compared the
concentrations of mesenchymal stem cells obtained under nor-
mal conditions with two different size syringes.
Methods Thirty adults (16 men and 14 women with a mean
age of 49±14 years) underwent surgery with aspiration of bone
marrow from their iliac crest. Bilateral aspirates were obtained
from the iliac crest of the same patients with a 10-ml syringe
and a 50-ml syringe. Cell analysis determined the frequencies
of mesenchymal stem cells (as determined by the number of
colonies) from each size of syringe. The cell count, progenitor
cell concentration (colonies/ml marrow) and progenitor cell
frequency (per million nucleated cells) were calculated. All
bone marrow aspirates were harvested by the same surgeon.
Results Aspirates of bone marrow demonstrated greater con-
centrations of mesenchymal stem cells with a 10-ml syringe
compared with matched controls using a 50-ml syringe.
Progenitor cell concentrations were on average 300 % higher

using a 10-ml syringe than matched controls using a 50-ml
syringe (p<0.01).
Conclusions In normal human donors, bonemarrow aspiration
from 30 patients demonstrated a reduced mesenchymal stem
cell number in aspirates obtained using a larger volume syringe
(50 ml) as compared with a smaller volume syringe (10 ml).
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Introduction

In the 1960s, Owen and Friedenstein discovered multipotent
progenitors of conjunctive tissue by cultivating bone marrow
cells of rabbits at low density in a liquid medium containing
serum, which resulted in the presence of colonies of spindle-
shaped, plastic-adherent cells with a fibroblastic appearance
[14]. These colonies were derived from one cell type in the
bone stromal marrow and they were named colony-forming
unit-fibroblasts. Bone marrow stromal cells (BMSCs) were
named “mesenchymal stem cells” (MSCs) in the 1990s [1, 8]
and this termMSCwill be used in the text. Due to the BMSC
capacity for ex vivo expansion, BMSCs frequently are used
in innovative therapeutic approaches [3] such as tissue engi-
neering. The therapeutic potential of these cells has drawn
considerable interest in the treatment of various orthopaedic
conditions, ranging from spinal fusions, treatment of non-
unions following traumatic injury, avascular necrosis as well
as in challenging soft tissue sports medicine applications.

Since their first description mesenchymal stem cells have
been found to reside in all tissues, and of course in bone [10,
11, 17]. The most extensively studied source of mesenchymal
stem cells is bone marrow. MSCs are present in the mononu-
clear fraction of medullary cells. Quantification of MSCs
provides an estimate for the number of MSCs in bone marrow
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to be between 1 per 104 and 1 per 106 mononuclear cells [1, 2].
In a normal human (in the absence of disease) a significant
factor affecting this frequency is the age of the donor [2, 6, 12,
13]. The frequency of MSCs in the bone marrow aspirate also
depends on the technique of culture and on the technique of
aspiration because of the risk of blood dilution [13]. Blood
dilution artificially increases the number of mononuclear cells
(MNCs), but does not increase the number of MSCs (because
MSCs are present in very restricted numbers in the blood [9]).

Small volumes of aspirate from 1 to 4 ml obtained with a
10-ml syringe have been proposed and described as a stan-
dard technique to avoid blood dilution [2, 5, 12, 13], and this
technique is frequently reported in the literature. However, a
disadvantage of repeated small aspirations is the longer
aspiration time required to obtain a volume of sufficient bone
marrow. Some surgeons use a larger volume syringe to
improve the rate of bone marrow aspiration. The thinking
behind the use of a larger volume syringe is that it can
generate a stronger negative pressure and therefore aspirate
more MSCs with a larger overall aspirate volume. To our
knowledge, no data are available to guide the surgeon in
selecting the optimum size syringe for bone marrow aspira-
tions. No report has studied the influence of the size of the
syringe and the influence of aspirated volume on the number
of bone marrow MNCs (BM-MNCs) and the number of
MSCs that can be obtained during bone marrow aspiration.

This study had the following goals: to determine (1) blood
dilution as reflected by the number of nucleated cells coming
from blood in the bone marrow aspirates, (2) the number of
BM-MNCs in bone marrow aspirates (3) and the number of
BM-MSCs in bone marrow aspirates obtained during elec-
tive orthopaedic operations in normal patients. The study
also defined how the number and concentration of BM-
MSCs are influenced by aspiration with a 10-ml or 50-ml
volume syringe as well as assessing the influence of aspira-
tion volume in each syringe size.

Materials and methods

Patient demographics

Thirty adult patients scheduled for surgery were enrolled in
this prospective, Institutional Review Board-approved study.
Patients provided informed consent before being included in
the study. The patients included 16 men and 14 women
(mean age 49±14 years) who were scheduled to undergo
an elective orthopaedic procedure with bone marrow treat-
ment. All patients were fully informed with respect to the
rationale of the study and the associated risks, in accordance
with a protocol and a signed consent form approved by the
Henri Mondor Hospital. Patients who were more than
18 years of age were eligible. Patients were excluded from

the study if they had an active infection or had previous iliac
crest harvest. Patients also were excluded if they suffered
from any myeloproliferative disorder or if they were being
managed with chronic steroid medication or chemotherapy.

Study design Each patient had percutaneous aspiration of
bone marrow from both the left and the right anterior iliac
crest after induction of anaesthesia. With use of an established
technique that had been validated in previous studies [6], bone
marrow cells were aspirated directly into 10- or 50-ml syrin-
ges that had been preloaded with heparinised saline solution
(1,000 units of sodium heparin in 1.0 ml of saline solution). A
smear was made at the time of each aspiration to confirm the
presence of nucleated cells and the adequacy of the aspirate.
The schematic drawing of Fig. 1 demonstrates the insertion of
the Jamshidi needle used in this study. Under sterile condi-
tions, a fenestrated Jamshidi needle was pushed through a skin
opening into the anterior aspect of the iliac crest at site 1. The
heparin-treated 10-ml syringe was attached to the needle.
Bone marrow was harvested, and the syringe and needle were
removed. A new needle was inserted into the iliac crest 2 cm
posterior to the previous insertion site (site 2). A distance of
2 cm was selected as aspirations within 1 cm of the previous
draw site demonstrated significantly reduced cell yields (data
not shown). Another heparin-treated 10-ml syringe was
attached and 2 ml of bone marrow was aspirated. The
process was repeated to obtain draws of 4 and 10 ml with
10-ml syringes (sites 3–4). The aspiration procedure was
moved to the contralateral side to harvest 5, 10, 20 and
50 ml volumes of aspirate with 50-ml syringes (sites 7–10).
To confirm equivalent cell yields from the right and left
iliac crest, identical test draws of 4 ml of bone marrow
were performed with a 20-ml syringe (intermediate size
between 10 and 50 ml) with the needle at the same level
(both in the crest and in depth) in the right and left iliac bone of
each patient (Fig. 1, sites 5 and 6). After each patient we
changed the order of right and left iliac crest. For each patient
bone marrow samples from each of the 10-ml syringes were
compared to samples of marrow aspirated from the contralat-
eral iliac crest taken with a 50-ml syringe.

Four parameters were measured or calculated from the
cell analysis of each of the bone marrow aspirate samples.
The first parameter was the dilution of nucleated cells com-
ing from the bone marrow by cells in the peripheral blood.
Blood was collected on a Vacutainer® plastic blood collec-
tion tube (whole blood tube with spray-coated K2ethylene-
diaminetetraacetate). This number was calculated according
to the haematocrit of the bone marrow compared to the
haematocrit of the peripheral blood. Haematocrit was deter-
mined by centrifuging blood in a capillary tube. The second
parameter was the bone marrow nucleated cell count (the
number of bone marrow nucleated cells per 1.0 ml of marrow
aspirate). To assess cell recovery in each syringe, the number
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of total nucleated cells (TNCs) was determined by counting
marrow cells on a haemocytometer. The number of nucleated
cells from the peripheral blood was subtracted. The result
was normalised as BM-MNCs to the volume of marrow
aspirated as a percentage of the total syringe volume filled
for each of the 30 patients in this study. The third parameter
was the concentration of connective tissue progenitor cells
(the number of connective tissue progenitor cells per millilitre
of aspirate) in the bone marrow. The frequency of connective
tissue progenitor cells (the number of connective tissue pro-
genitor cells per million nucleated cells) was assessed by
determining the number of colony-forming units (MSCs) pres-
ent in the cultured sample. The MSC assay was performed by
plating 2 million cells from the bone marrow aspirate into
25 cm2 tissue culture flasks. Following ten days under standard
growth conditions as previously described [6], the number of
colonies containing at least 50 cells was evaluated (Fig. 2). The
concentration of osteogenic connective tissue progenitor cells
was calculated for each sample as the product of the nucleated
cell count and the prevalence of osteogenic connective tissue
progenitor cells. The fourth parameter was the concentration of
connective tissue progenitor cells (the number of connective
tissue progenitor cells per millilitre of volume) in the periph-
eral blood. This was calculated in the same manner as the
concentration of connective tissue progenitor cells in bone
marrow.

Statistical analysis

Data are reported as mean±1 standard deviation and the
significance level was set at a probability value of less than
0.05. The independent factors included the identity of the
patient and the data from the individual aspirates (ten per
patient). Results from the fitting of the statistical model are
reported as model-based means. Ninety-five per cent confi-
dence intervals were calculated for the mean numbers of
colony-forming units and of nucleated cells. Variance

components are reported as the proportion of total variability
attributable to the patients and the aspirates. A multivariate
analysis was conducted to evaluate the relationship between
the set of variables of the groups (group of data with a
syringe of 10 ml and group of data with a syringe of
50 ml). The non-parametric Mann–Whitney U test was used
to identify the significance of the differences between
groups. The chi-square test was used to identify trends within
groups with categorical variables.

Results

Left vs right iliac crest bone marrow aspiration

Despite the inherent variability of bone marrow aspiration
due to differences in marrow architecture within the iliac
crest, the statistical analysis demonstrated no significant
(p=0.52) difference in MSC concentrations in the 4-ml as-
pirates with the 20-ml syringe in the right and left side of the
patients (393±150/ml versus 413±152 MSC/ml).

Fig. 1 Schematic drawing demonstrating the insertion of the ten Jamshidi needles used in this study. To confirm equivalent cell yields from the right
and left iliac crest, identical test draws of 4 ml of bone marrow were performed (sites 5 and 6)

Fig. 2 Flask with MSC colonies
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Number of nucleated cells coming from blood in the bone
marrow aspirates

The mean number of nucleated cells in blood was 7.5±2.1
million cells/ml. To calculate the fraction and concentration
of blood-derived cells, we made the assumption that the
nucleated cell count coming from peripheral blood in the
bone marrow was correlated to the haematocrit of the bone
marrow. For example, if the cell count in the peripheral blood
was 8 million cells/ml with a haematocrit at 45 %, and the
haematocrit of the bone marrow was 30 %, we evaluated that
the nucleated cells coming from the peripheral blood was
5.33 million cells/ml [(8/45)×30]. Therefore, if a mean of 50
million cells were obtained from a 1-ml aspirate, then ap-
proximately 44.7 million cells (50−5.3=44.7), or approxi-
mately 89.7 % (44.7/50), were bone marrow-derived and
11.3 % were blood cells. This approach was used to calculate
the data shown in Table 1. In aspirations performed with a
50-ml syringe, the fraction of peripheral blood cell increases
more dramatically, resulting in dilution of the bone marrow
samples, compared with a 10-ml syringe. Also, each syringe
type showed a rapid increase in the fraction of peripheral
blood when a larger volume of bone marrow was collected.

Bone marrow nucleated cell count

Bone marrow nucleated cells were calculated by subtracting
the total number of nucleated cells from the peripheral blood
as described above. Higher concentrations of BM-MNCs
were achieved when using the smaller 10-ml syringe when
compared to the 50-ml syringe (Table 2). The total number of
nucleated cells per millilitre of aspirated marrow was always
higher (Fig. 3) in the 10-ml syringe with mean values (Ta-
ble 2) ranging from 65±52 to 20±9 (depending on the
volume of aspiration) as compared with the mean values of
the 50-ml syringe ranging from 14±3 to 9±1 (depending on
the volume of aspiration). Likewise, the aspiration of only
10 % of the full syringe volume resulted in a greater BM-
MNC concentration than syringes filled with progressively
higher percentages of the full volume for either syringe size
(Fig. 4). When roughly equivalent volumes are examined

(i.e. 4 ml in a 10-ml syringe and 5 ml in a 50-ml syringe) the
BM-MNC yields in smaller syringes were consistently
higher (Table 2). The cell count for a collection volume of
4 ml in a 10-ml syringe was, on average, about 300 % higher
than the paired (i.e. roughly similar volume of bone marrow)
aspirates obtained with the 50-ml syringe (p=0.001). But
when the collection volume of 10 ml in a 10-ml syringe was
compared with a collection volume of 10 ml in a 50-ml
syringe, aspirates with the 10-ml syringe were, on average,
only 150 % higher (p=0.05).

There was significant variation between patients in the
number of BM-MNCs (Table 2). When these variations were
analysed (with the same volume of aspirate in the same size
syringe), the variations between patients of harvest were
greater with the 10-ml syringe compared with the variations
observed with the 50-ml syringe (Table 2). This may be
explained by the fact that with a 10-ml syringe most of the
variation is related to bone marrow variability compared to
the variation in the 50-ml syringe that is related to the
peripheral blood count variability (between 41 and 86 % of
nucleated cells come from peripheral blood). While there
was variation from site to site of aspiration and patients, the
same order of variations in bone marrow cell count could be
related to individual differences as to the size of the syringe
and to the per cent of volume filled in each syringe size
(Table 2).

Concentration of mesenchymal stem cells in bone marrow

No patient demonstrated any MSC counts in the cultures
from the peripheral blood samples; therefore the MSC colo-
nies were assumed to come from bone marrow. MSC num-
bers showed a similar distribution to that seen with BM-
MNC concentrations, showing a similar dependence on sy-
ringe size and aspiration volume (Fig. 4a). In the cultures of
normal bone marrow from our adult patients, the number of
MSC (Table 3) obtained by each syringe varied from 84 to
7,581/ml aspirate (ratio of variation on the order of 100). The
maximum MSC number (mean 2,062±1,552) was obtained
with an aspiration of 1 ml with a 10-ml syringe and the

Table 1 Percentage of nuclear cells coming from blood in the bone marrow aspirates

Syringe of 10 ml Syringe of 50 ml

1-ml
aspirates

2-ml
aspirates

4-ml
aspirates

10-ml
aspirates

5-ml
aspirates

10-ml
aspirates

20-ml
aspirates

50-ml
aspirates

Per cent blood cells in bone
marrow

10±8.1 21±7.3 28±6.4 35±5.1 41±6.4 53±6.1 74±4.3 83±8.1

Men 9±7.4 20±7.1 28±5.2 35±4.3 41±4.7 53±5.8 74±4.1 86±3.2

Women 11±9.1 22±5.1 28±7.4 35±6.4 41±7.3 53±7.2 74±4.1 86±3.0
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Table 2 Bone marrow nucleated
cell count per millilitre Patients BMNCs BMNCs BMNCs BMNCs BMNCs BMNCs BMNCs BMNCs

Syringe of 10 ml Syringe of 50 ml

1-ml
aspirates

2-ml
aspirates

4-ml
aspirates

10-ml
aspirates

5-ml
aspirates

10-ml
aspirates

20-ml
aspirates

50-ml
aspirates

1 45 47 29 13 12 10 10 8

2 44 32 31 25 10 8 9 8

3 31 22 9 13 18 13 10 9

4 20 26 18 6 14 9 10 8

5 82 47 31 14 18 13 11 9

6 119 45 31 14 18 13 10 9

7 43 48 31 14 12 8 10 10

8 72 58 39 19 18 12 10 10

9 16 43 38 21 15 13 10 8

10 37 23 19 14 12 13 11 9

11 56 42 24 12 11 15 10 10

12 158 48 39 36 20 19 12 10

13 45 17 19 20 12 8 10 10

14 17 28 17 15 13 9 10 8

15 70 43 37 20 15 11 10 9

16 36 26 19 19 16 16 9 9

17 114 33 22 18 11 10 10 8

18 23 39 24 11 10 10 10 8

19 52 43 20 29 17 18 10 8

20 78 61 42 30 17 15 10 9

21 234 139 74 45 20 13 9 10

22 50 42 23 16 10 15 10 8

23 59 36 20 19 14 13 10 10

24 42 44 15 19 14 13 9 9

25 207 67 47 49 18 11 9 8

26 35 52 21 19 15 8 10 8

27 56 42 23 16 10 9 8 8

28 22 33 12 15 14 12 9 9

29 45 25 20 20 12 9 9 8

30 59 48 32 28 16 13 10 9

Mean 65.6 43.3 27.4 20.2 14.4 12.0 9.8 8.6

Standard
deviation

52.7 21.6 12.8 9.5 3.1 2.9 0.7 0.8

Fig. 3 Distribution of bone
marrow nucleated cells
(BM-MNCs) from each
individual patient in this
study
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minimum MSC number (mean 95±8) with an aspiration of
50 ml with a 50-ml syringe (Table 3).

Despite the inherent variability of bone marrow aspira-
tion, aspirates of marrowwith the 10-ml syringe demonstrated
greater concentrations of connective tissue progenitor
cells, as determined by MSC, at all aspirated volumes
compared with aspirates obtained with the 50-ml syringe
(Fig. 4b; Table 3). Also, aspiration of only 10 % of the
full syringe volume resulted in a greater MSC concen-
tration compared to syringes filled with progressively
higher percentages of the full volume for either syringe
size. Additionally, when roughly equivalent volumes are
examined (i.e. 4 ml in a 10-ml syringe and 5 ml in a
50-ml syringe) the MSC yields were consistently higher.
On average, the concentration of osteogenic BM-MSCs
in the 10-ml syringes was 300 % higher than in the paired
(roughly same volume of bone marrow) in 50-ml syringes
(p=0.01). In no patient was the concentration of BM-MSCs in
the 50-ml syringes significantly higher than that in the 10-ml
syringes.

While there was variation from site to site of aspiration
and patients, the same ratio of variations in MSC counts as
related to individual differences could be related to the size

of the syringe and to the per cent of volume filled in each
syringe size (Table 3).

Discussion

The vacuum pressure exerted in harvesting bone marrow is
one of the factors that regulates bone marrow aspiration since
MSCs are attached to bone and some vacuum pressure is
necessary to release them. The magnitude of the pressure
exerted within the marrow will depend on the volume which
has been created within the syringe when the plunger is
retracted. Clearly, a larger syringe can create a larger maxi-
mum negative pressure (MNP). Some surgeons believe that
the use of large volume syringes improves the quality of
bone marrow aspiration. In theory, a larger volume syringe
should generate a stronger negative pressure and therefore
harvest more MSCs with a larger volume of aspiration.
Therefore this study evaluated the numbers of BM-MNCs
and BM-MSCs in bone marrow aspirates obtained during
elective orthopaedic operations in normal patients to define
how their number and concentration are influenced by aspi-
ration with a 10- or a 50-ml volume syringe as well as to

Fig. 4 Average concentration of
a BM-MNCs and b MSCs per
millilitre of bone marrow
harvested from the iliac crest.
The data represent the
mean±SEM. The asterisks
indicate the numbers obtained
with the 20-ml syringe as
indicated on the left and right
sides, respectively
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assess the influence of aspiration volume in each syringe
size.

We found that for both 10- and 50-ml syringe sizes, the
aspiration of only 10–20 % of the full syringe volume
resulted in a higher MSC concentration compared to syringes
that were filled to a greater percentage of the syringe’s full
volume. This means that high-quality harvesting of MSCs
needs strong aspiration to create a negative pressure that
decreases as the syringe is filled. This observation conforms
to previous studies [1, 13]. The augmentation of the volume
of aspiration when filling the syringe leads to dilution by
peripheral blood. The dilution is the result of blood flow in

the iliac crest, and the rate at which dilution occurs is likely a
function of the rate of local blood flow in relation to the
number and size of local vessels and sinusoids. This rate
increases when the volume of aspirated bone marrow in-
creases in the syringe, with the consequence that more nu-
cleated cells come from blood rather than from bone marrow.
The number of nucleated cells in blood is significant, but
there are not significant numbers of MSCs in blood [9]. The
existence of circulating MSCs remains a subject of debate
[15]. Their presence in blood of adult animals has been
discussed [4, 7, 15, 16]; but MSCs are present in very low
numbers in the blood and not found in all tested individuals.

Table 3 MSCs per millilitre of aspirate

Patients MSCs MSCs MSCs MSCs MSCs MSCs MSCs MSCs
Syringe of 10 ml Syringe of 50 ml

1-ml
aspirates

2-ml
aspirates

4-ml
aspirates

10-ml
aspirates

5-ml
aspirates

10-ml
aspirates

20-ml
aspirates

50-ml
aspirates

1 2,349 1,455 832 421 292 198 140 94

2 1,543 1,425 741 473 155 143 139 86

3 1,443 960 800 270 184 126 104 84

4 612 645 221 140 331 201 132 99

5 2,934 840 475 261 259 140 121 86

6 5,608 1,395 813 452 320 189 119 100

7 1,645 1,335 800 556 328 198 137 96

8 2,830 1,440 806 149 162 119 53 110

9 351 1,740 1,001 512 317 182 125 108

10 984 1,305 975 234 162 194 144 84

11 1,754 675 494 308 148 198 169 100

12 4,367 1,260 631 328 194 231 141 105

13 1,245 1,455 1,001 392 356 279 158 111

14 934 510 494 218 162 126 130 86

15 2,179 870 436 392 166 136 137 98

16 987 1,305 969 518 274 171 141 99

17 3,861 795 494 212 281 236 167 92

18 938 1,005 566 497 194 152 97 91

19 1,453 1,170 618 416 147 146 130 86

20 526 645 507 315 302 275 165 96

21 913 1,845 1,086 328 299 224 145 105

22 1,834 4,156 1,924 898 155 194 141 88

23 2,064 1,262 592 372 185 230 85 105

24 1,742 1,095 514 406 163 194 147 97

25 7,581 1,335 377 208 248 192 134 86

26 1,267 2,007 1,229 505 330 168 127 91

27 2,367 1,533 553 312 137 125 107 92

28 1,643 1,259 605 573 176 134 112 88

29 1,632 1,005 319 308 250 178 107 101

30 2,271 716 520 321 140 139 73 84

Mean 2,062 1,281 713 376 227 180 127 95

Standard deviation 1,552 657 333 154 73 43 27 8
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Observations of MSCs in the blood of humans were
invalidated by experiments [9] and attributed to contamina-
tion from fragments of conjunctive tissue. Since there are
few MCSs in the peripheral blood as observed in our data,
blood dilution must decrease the total MSC concentration in
bone marrow aspirates.

We also found that a higher concentration of MSCs was
observed when bone marrow aspirate was obtained with a
10-ml syringe as compared with a 50-ml syringe. It may
appear contradictory that a smaller aspiration volume can
result in a higher concentration of MSCs than a larger aspi-
ration volume. However, this may be explained by some
physical concepts: According to the equation, pressure=
force/area, with the same force a smaller diameter generates
higher pressures and one can generate a more negative pres-
sure with a syringe with a smaller diameter. For an equivalent
force of a draw, the negative pressure created by the syringe
is stronger with a small diameter plunger than with a large
diameter plunger, as is the case with the plunger diameter in a
small vs large volume syringe. In the situation of bone
marrow aspiration in the operating room it also is easier to
draw the plunger of a small syringe at a higher speed as
compared with a large syringe due to reduced drag. The ease
of drawing a small syringe allows greater transmission of
force to the plunger during the aspiration. Friction also will
slow down the speed that the plunger can be pulled. This
friction will have two main components: friction of the
plunger seal as it moves in the barrel and the drag caused
by the fluid itself. This second component can be significant
if the fluid is as viscous as bone marrow. A smaller diameter
plunger minimises frictional resistance as it moves by pro-
viding a smaller area for the frictional forces to exert resis-
tance. These physical concepts may explain what appeared
to be paradoxical results in bone marrow aspiration: “less
volume is more” to get stem cells.

Our study has some limitations. Bone marrow aspiration
from only 30 patients was examined. Aspirates with the
10- and 50-ml syringes were harvested on different sides of
the iliac crest. However, the aspiration with the 20-ml control
syringes demonstrated that the pelvic bone marrow is not
altered by a regional (right or left side) process in the same
patient. The number and function of BM-MSCs in bone
marrow from the iliac crest probably reflect the systemic
physiological status of the donor, despite the inherent vari-
ability of bone marrow aspiration due to differences in mar-
row architecture within the iliac crest at different sites. We
used the number of BM-MSCs that formed under the condi-
tions of culture as an estimate of the number of progenitor
cells. There are various methods to identify MSCs, but the
literature related to bone marrowMSCs supports the concept
that bone marrow-derived colonies giving rise to colony-
forming units are derived frommesenchymal stem cells. There
are other factors in addition to syringe size and aspiration

volume that may affect the harvesting of MSCs from bone
marrow. For example, the number of nucleated cells increases
if the local bone marrow is highly cellular and loosely
connected, allowing bone marrow cells in the marrow space
to easily flow into the aspiration needle. Conversely, the
number of nucleated cells decreases if the marrow cavity is
hypocellular or relatively fibrotic. Some pathologies also may
change the number of MSCs.

In conclusion, if the primary goal is to obtain bone
marrow-derived cells with the minimum number of aspi-
rates, and if the concentration of progenitors cells is not
critical (because higher concentrations can be obtained with
a point of care processing system), then aspiration volume
with a 50-ml syringe or an intermediate size (20 or 30 ml) is
feasible. We estimated that a 5-ml aspirate with a 50-ml
syringe will yield 30 % of the bone marrow cells at a given
site compared with a 10-ml syringe. This may be sufficient to
treat certain pathologies and at this moment the critical
number of MSCs that are necessary to treat a specific pa-
thology is not well known. Successful treatment of some
pathologies (i.e. non-unions [6]) has been shown to depend
both on the total number of bone marrow cells and on the
concentration of cells. Consequently, the recommendation is
to use a small syringe with a large number of aspiration sites
when a large number of cells is needed, because larger
volume aspirates contribute little to the overall number of
bone marrow progenitor cells and can result in unnecessary
blood dilution. The recommendation is also to avoid filling
the syringe to full volume with each aspiration.
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