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Chapter 40
Bone Marrow Derived Stem Cells  
and Their Application in Pain Medicine

Christopher J. Centeno, Matthew W. Hyzy, and Christopher J. Williams

Bone marrow is increasingly being used to treat musculoskeletal disorders. There is 
promising early clinical data on the treatment of knee, hip, and shoulder osteoarthri-
tis, as well as intervertebral disc disease [1–10]. The most common type of therapy 
uses bone marrow concentrate (BMC), which is comprised of the isolation of the 
buffy coat found within centrifuged bone marrow aspirate [11]. It is considered that 
the active components within bone marrow are mesenchymal stem cells, but other 
cells are also present.

Treatment with BMC is allowing for a shift in orthopedic care from surgeries to 
remove or modify tissue to precise, image-guided injections to help the healing of 
injured or degenerated tissues. The advantages to this approach are obvious: the 
ability to reduce the morbidity associated with more invasive surgical procedures, as 
well as the ability to prompt tissue healing. Finally, the implications for pain man-
agement clinicians are also game-changing, as their interventional skill set fits well 
with these new approaches to orthopedic problems.

40.1  �Indications

As of 3 April 2016, a total of 8428 patients had been treated for orthopedic 
conditions with any type of bone marrow stem cell therapy and had their results 
(outcomes or adverse events) published and listed in the U.S. Library of Medicine. 
Table 40.1 lists the disease areas with the most published outcome information for 
bone marrow concentrate (BMC).
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40.1.1  �Osteonecrosis

The largest published study is Hernigou et al. (n = 342) [12]. Hips of Association 
Research Circulation Osseous (ARCO) grade 1 or 2 showed approximately an 80% 
long-term likelihood of not requiring arthroplasty. With more severe grades (ARCO 
grades 3 and 4), there was declining success.

40.1.2  �Knee Osteoarthritis

Table 40.2 summarizes the major studies, including both BMC and culture-expanded 
mesenchymal stem cells (MSCs) for the treatment of knee osteoarthritis (OA):

•	 Published data demonstrate good clinical results. The Vangsness study [13] 
revealed an increase in meniscus size in one in four patients, and the Vega study 
[14] showed improvement in cartilage signal on follow-up MRI.

•	 We have published a large case series demonstrating promising pain and func-
tional outcomes; the addition of a fat graft did not improve outcomes over inject-
ing BMC alone [15].

40.1.3  �Shoulder Rotator Cuff

Two published studies support the use of BMC for shoulder OA and rotator cuff 
tears (Table 40.3):

•	 Hernigou et al. [6] published a comparison trial of surgical shoulder rotator cuff 
repair with or without the use of injected BMC. The BMC group had approxi-
mately one half the re-tear rate of the surgery-only group.

•	 The authors have completed a case series of 102 patients with shoulder OA and 
rotator cuff tears who demonstrated significant reductions in pain and increases 
in validated functional metrics [1].

Table 40.1  Summary of 
evidence for common 
orthopedic conditions treated 
with bone marrow 
concentrate

Pathology Total treated, n References

Osteonecrosis 342 [12]
Knee osteoarthritis 1018 [4, 13]
Shoulder rotator cuff 200 [1, 6]
Hip osteoarthritis 201 [17, 18]
Degenerative disc disease 47 [7–9, 19, 20]
Ankle disorders 92 [18, 21]
Epicondylitis 30 [22]
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Table 40.2  Summary of published research using BMC or culture-expanded bone marrow MSCs 
for knee osteoarthritis

Study Study type Intervention Patients, n
Stem cells 
used

Functional 
improvement Notes

Vangsness 
et al. [13]

DB RCT Partial 
menisctomy 
with MSC 
injection

55 Allo cultured 
bone marrow 
MSCs

Yes 1 in 4 
patients 
with 
increased 
meniscus 
volume

Centeno 
et al. [15]

Prospective 
case series

Image-guided 
injection

840 BMC Yes 2/3 of 
patients 
were TKA 
candidates

Kim et al. 
[16]

Prospective 
case series

Injection 49 Autologous 
cultured bone 
marrow 
MSCs

Yes Full-
thickness 
chondral 
lesions 
<6 cm/2 
responded 
best

Vega et al. 
[14]

RCT Injection of 
MSCs vs HA

30 Allo cultured 
bone marrow 
MSCs

Yes Improved 
cartilage 
signal on 
MRI T2 
mapping

BMC bone marrow concentrate, DB double blind, HA hyaluronic acid, MSCs mesenchymal stem 
cells, RCT randomized, controlled trial, TKA total knee arthroplasty

Table 40.3  Summary of published research using BMC for shoulder osteoarthritis and rotator 
cuff tear

Study Study type Intervention Patients, n

Stem 
cells 
used

Functional 
improvement Notes

Centeno 
et al. [1]

Prospective 
case series

Image-guided 
injection

105 BMC Yes Patients failed 
conservative 
management

Hernigou 
et al. [6]

Prospective 
case 
controlled

Arthroscopic 
rotator cuff 
repair with 
MSCs vs repair 
only group

45 BMC Yes 100% healing 
of tendon on 
MRI vs 67% in 
control group at 
6 months; intact 
tendon in 87% 
vs 44% at 
10 years

BMC bone marrow concentrate, MSCs mesenchymal stem cells
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40.1.4  �Hip Osteoarthritis

The response rates are generally lower in severe disease. Table 40.4 summarizes 
published research using BMC for hip OA:

•	 The author’s case series of 196 patients treated through injection of BMC dem-
onstrated that patients over age 55 (i.e. likely those with more severe disease) 
showed poorer outcomes [17].

•	 Emadedin et  al. published a smaller case series of five patients treated with 
culture-expanded bone marrow MSCs [18].

40.1.5  �Lumbar Intervertebral Disc (Degenerative Disc 
Disease)

Table 40.5 summarizes the published clinical data on BMC for degenerative disc 
disease (DDD):

•	 Pettine et al. published 1- and 2-year results, in which patients with the highest 
MSC dose (as demonstrated by Colony Forming Units) reported the best out-
comes [8, 9].

•	 Other published studies have used isolated and culture-expanded MSCs, autolo-
gous nucleus pulposus cells, allogeneic culture-expanded cord blood MSCs, and 
autologous cord blood MSCs [7, 19, 20].

Table 40.4  Summary of published research using BMC for hip osteoarthritis

Study Study type Intervention Patients, n
Stem cells 
used

Functional 
improvement Notes

Centeno 
et al. [17]

Prospective 
case series

Image-
guided 
injection

196 BMC Yes Majority of 
patients 
were THA 
candidates

Emadedin 
et al. [18]

Prospective 
case series

Unknown 5 Culture-
expanded 
bone 
marrow 
MSCs

Yes Severity 
unknown

BMC bone marrow concentrate, MSCs mesenchymal stem cells, THA total hip arthroplasty
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40.1.6  �Ankle Disorders

•	 A study published in 2015 that used cultured MSCs for the treatment of osteoar-
thritis of the ankle showed a significant reduction in pain, improved function, and 
a decrease in subchondral edema on MRI 6  months after the procedure, in a 
subset of the patients [18].

•	 Hernigou et al. [21] published a study on the treatment of ankle non-union in 
diabetic patients. One arm of the study received the standard treatment with an 
iliac crest bone graft; the other arm was treated with autologous BMC. Those 
treated with BMC had a success rate of 82% versus 62% in those treated with the 
bone graft.

40.1.7  �Epicondylitis

A case series of 30 patients treated with a single injection of BMC for lateral epi-
condylitis showed a significant reduction in symptoms at short and medium follow-
up intervals [22].

Table 40.5  Summary of published research using BMC, culture-expanded MSCs, and other cell 
types to treat degenerative disk disease

Study Study type Intervention
Patients, 
n

Stem cells 
used

Functional 
improvement Notes

Mochida 
et al. [19]

Prospective 
case series

Surgical 
implant

9 Autologous 
nucleus 
pulposus 
cells

No—
minimal 
MRI changes

Safety study

Pettine 
et al. [8, 
9]

Prospective 
case series

Injection into 
IVD

26 BMC Yes Possible slight 
changes in 
MRI, but within 
error of DDD 
grading scale

Pang 
et al. [20]

Prospective 
case series

Surgical 
implantation

2 Autologous 
cord blood 
MSCs

Yes No imaging

Orozco 
et al. [7]

Prospective 
case series

Injection into 
IVD

10 Autologous 
culture-
expanded 
bone marrow 
MSCs

Yes No 
improvement in 
disc height, 
some increase 
in T2 signal

BMC bone marrow concentrate, DDD degenerative disc disease, IVD intervertebral disc, MSCs 
mesenchymal stem cells
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40.1.8  �Anterior Cruciate Ligament (ACL) Tears

A small case series published by Centeno et al. [23] demonstrated healing on pre- 
and post-procedure MRI after treatment with BMC for partial and complete ACL 
tears (Fig. 40.1).

40.2  �Microanatomy and Biochemistry

What is a stem cell? At its most basic, it is a cell that has the following three 
properties:

•	 Undifferentiated
•	 Capable of differentiating into many cell types
•	 Can divide through mitosis to give rise to new stem cells

The fact that bone marrow contains stem cells was first discovered in the 1960s 
[24]. Since then, a number of stem cell types that are potentially important to pain 
management physicians have been discovered:

•	 Mesenchymal stem cells (MSCs): Multipotent, adult stem cells that show clinical 
potential as therapeutic agents in regenerative medicine [1–5].

–– Also known as marrow stromal cells, these cells are also derived from other 
mesodermal tissues. MSCs were later assayed and renamed “colony forming 
fibroblasts” in the 1970s [7].

–– Experiments through the 1980s and 1990s demonstrated that local environ-
mental clues differentiated MSCs into different cell types. For example, cul-

Fig. 40.1  Exemplar MRIs showing improved complete anterior cruciate ligament (ACL) tear sig-
nal on sagittal T2 MRI before and 3 months after precise ACL bone marrow concentrate (BMC) 
injection with fluoroscopic guidance and contrast confirmation. The left image is the pre-procedure 
knee ACL tear. It shows a white tear (inside the yellow dashed circle) diagonally through the dark-
appearing ACL. The right image shows the follow-up MRI at 3 months after the injection of the 
patient’s own BMC. No tear is seen inside the yellow dashed circle. The yellow triangles in both 
images delineate the course of the ACL

C.J. Centeno et al.
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turing these cells with ascorbic acid, inorganic phosphate, or dexamethasone 
could differentiate cells to osteoblasts, whereas exposure to TGFβ caused 
cells to differentiate into chondrocytes [1].

–– More recent research has revealed that MSCs are actually a heterogeneous 
population of similar cells rather than one distinct cell type [8].

–– International groups have attempted to provide a definition of MSC that con-
sists of adherence to plastic, MSC-specific cell surface markers, and multilin-
eage mesodermal tissue differentiation [9].

•	 Hematopoietic stem cells (HSCs): These cells give rise to the nucleated cells of 
the blood but also are secondarily involved in muscle repair [25].

–– In the body, HSCs are routinely recruited from the bone marrow when local 
muscle satellite cells are unable to complete muscle repair.

•	 Endothelial progenitor cells (EPCs): These cells are recruited from the bone 
marrow to facilitate vascular homeostasis and neovasculogenesis [26].

–– Because many chronically injured musculoskeletal tissues have poor blood 
supply, this cell type may be useful for reestablishing vascularity.

•	 Pericytes: These cells are also recruited from the bone marrow for neovasculo-
genesis, as these cells reside around blood vessels [27].

–– Some believe that pericytes can differentiate into MSCs when injury is 
detected [28].

•	 Osteochondral reticular cells: These recently discovered cells are concentrated 
in the metaphysis of long bones, but not in the perisinusoidal space.

–– These cells can differentiate into osteoblasts, chondrocytes, and reticular mar-
row stromal cells [29].

•	 Multilineage-differentiating stress-enduring (MUSE) cells: These cells can dif-
ferentiate into all three embryonic layers (endoderm, mesoderm, and ectoderm).

–– These cells act as a reserve cell source; they are difficult to kill and are acti-
vated by physical stress. They are also involved in regenerative homeostasis 
and tissue repair.

40.2.1  �Bone Marrow Concentrate Versus Adipose?

Several sources have suggested that adipose contains a higher stem cell count than 
bone marrow [30, 31]. This misconception seems to be the result of a difference in 
nucleated cell content between the two tissues:

•	 Bone marrow has as many or more stem cells per unit volume as adipose tissue.
•	 Adipose tissue is less cellular and has a much lower nucleated cell content per 

volume than bone marrow. For example, bone marrow has approximately 100 
times more total cells than adipose tissue [32].
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•	 Adipose tissue has a much higher percentage of stem cells, as compared with 
nucleated cells; 1–5% are MSCs, versus 0.01–0.5% in bone marrow.

•	 Adipose tissue contains significantly fewer HSCs (4 × 10−6% versus 1–2%).

40.3  �Basic Concerns and Contraindications

BMC safety in orthopedic diseases has been well established via two large studies:

•	 Hernigou et al. [33]: 1873 patients monitored for 12.5 years for the occurrence 
of neoplasm (not all adverse events).

•	 Centeno et al. [34]: 2372 patients treated at multiple sites, followed for up to 
9 years for all adverse events, showing an excellent safety profile. 1835 patients 
received BMC; the remainder received cultured expanded MSCs.

Common contraindications include anemia, uncontrolled bleeding disorders, and 
active neoplasm or a history of neoplasm. The paper by Hernigou et al. [33] showed 
that cancer patients treated with BMC injections for orthopedic conditions did not 
show any increase in new neoplasm rates. Hence, though injecting MSCs directly 
into a tumor is ill-advised because of a risk that the cells may differentiate into 
tumor cells or promote cell proliferation, an existing neoplasm may be a relative 
contraindication.

40.4  �Preoperative Considerations

•	 Explanation of potential complications and alternative treatments.
•	 Hematocrit and overall patient health as appropriate for a surgical procedure.
•	 Anticoagulation and bleeding disorders that may prevent or complicate the clot-

ting process after penetration of the periosteum.
•	 Physical examination of the area of potential harvest for infection, skin ulcer-

ation, or necrosis.
•	 Heparin produces fewer clots in bone marrow aspirate (BMA) than ACD (acid-

citrate-dextrose). It is essential to ensure that the patient has no history of 
heparin-induced thrombocytopenia. If this is suspected, ACD should be used in 
place of heparin.

Research on maximizing the MSC yield from BMC has yielded several key 
points:

•	 The posterior superior iliac spine contains double the nucleated cells of other 
bone aspiration sites, like the tibia [35].

•	 Drawing a large volume (>20 mL) from a single bone site reduces MSC yield; 
drawing small volumes (5–15 mL) from many sites increases that yield [35].

C.J. Centeno et al.
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•	 MSCs reside in the subcortical areas, and pericytes reside around blood vessels. 
Hence, drawing from more sites maximizes subcortical MSC yield and allows 
access to pericytes. Travelling through the bone marrow space sacrifices subcor-
tical MSCs, however.

•	 Even small concentrations of bupivacaine or lidocaine are toxic to MSCs, so 
BMA should not be allowed to come in direct contact with either anesthetic. The 
only safe drug to use is ropivacaine (0.25% or less) [36, 37].

40.5  �Radiographic Guidance

The hallmark of interventional orthopedics is the use of imaging guidance to 
precisely place cells into the damaged or diseased tissue. Both ultrasound and 
fluoroscopic guidance are commonly used. Each has its benefits and its 
drawbacks.

40.5.1  �Ultrasound

•	 Benefit: Superior in imaging superficial soft tissue
•	 Drawback: Unable to image deeper structures obscured by bony tunnels or bone
•	 Example: Suggested for injecting the shoulder rotator cuff, but less than ideal 

for injecting the knee ACL, because the origin is buried in the trochlear 
groove.

40.5.2  �Fluoroscopy

•	 Benefit: Superior for imaging bone and deeper structures with the aid of 
contrast

•	 Drawback: Unable to image soft tissues; produces radiation exposure, and cost 
is higher

•	 Example: Suggested for injecting stem cells into an osteonecrotic lesion of the 
hip, but would be less appropriate to inject a rotator cuff tear

Attempting bone marrow aspiration without either ultrasound or fluoroscopic 
guidance is below the standard of care, because the thick areas of the pelvis that 
have appropriate depth to cannulate are very close to very thin areas that cannot be 
cannulated (Fig. 40.2).

40  Bone Marrow Derived Stem Cells and Their Application in Pain Medicine
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40.6  �Equipment

•	 10–15 mL of 1% lidocaine or 0.25% ropivacaine
•	 5000 IU vial of heparin
•	 20,000 IU and 10,000 IU vials of heparin
•	 Preservative-free normal saline
•	 30 G needle (for anesthetizing skin)
•	 25 G 3.5-in. spinal needle (for anesthetizing periosteum and underlying tissue)
•	 Sterile 11-G disposable trocars (one for each side of access)
•	 5-mL syringe
•	 30-mL syringes

–– At least one study has suggested that using multiple 5- or 10-mL syringes may 
increase MSC yield [38]. We have been unable to replicate these results, 
which may be an artifact of the larger 50-mL syringes used as comparison.

Most physicians using BMC utilize a commercially available 510 K approved 
bedside centrifuge, which uses a disposable kit, such as those systems listed here:

•	 Accelerate: Autologous Platelet Concentrating System
•	 Accellerated Biologics: BC 60 and BC 120 Pure
•	 Arthrex Angel

Fig. 40.2  A slice through the bony pelvis showing two marrow draw angles. The first goes through 
the “thin area” or the area identified as more radiolucent on plain radiographs. This is a thin area 
of the pelvis, where the likelihood of passing through the marrow space is very high. The “thick 
area” is a more opaque area on radiographs. This area has a large marrow space with less risk of 
passing through the marrow-rich area and much higher likelihood of aspirating whole marrow. 
PSIS posterior superior iliac spine

C.J. Centeno et al.
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•	 Celling ART BMC
•	 EmCyte 544E
•	 EmCyte PureBMC
•	 GenesisCS Component Concentrating System
•	 Harvest Technologies SmartPReP 2
•	 ISTO CellPoint

Some physicians also use manual processing and a biologic safety cabinet. The 
advantages of a bedside centrifuge using a kit are ease of use, lower start-up costs, 
and a requirement for very little training. The disadvantage is that frequently a stan-
dard volume is inputted and a standard volume is delivered in this one-size-fits-all 
approach.

40.7  �Technique

40.7.1  �Harvesting BMC

Bone marrow can be obtained easily via an aspirate procedure. This is a safe proce-
dure; one large registry in the UK, which included bone marrow aspiration and tre-
phine biopsy, showed 15 serious adverse events in 20,323 procedures [39].

The suggested target for harvesting BMC is the pelvic crest. The steps for bone 
marrow aspiration are as follows:

•	 The patient is placed prone on a procedure table.
•	 After sterile prep, 10–15 mL of either 1% lidocaine (which must not come into 

contact with the BMA) or 0.25% ropivacaine are injected.

–– It is critical for the numbing to occur under guidance, with careful attention 
paid to the exact areas that are injected; straying out of the anesthetized area 
will cause significant pain. It is also critical that the skin, soft tissues, and 
periosteum are injected. In my experience with more than 1000 bone marrow 
aspiration procedures, the single biggest cause of pain is inadequate numbing 
of the soft tissues.

•	 Sufficient time must be allowed to pass for the area to be adequately 
anesthetized.

•	 Prep the draw syringes by adding 1000 units of heparin per milliliter drawn (or 
follow the instructions of the point-of-care automated centrifuge). Thus 30-mL 
syringes would have 30,000 units of heparin per syringe.

•	 Prep one additional 5-mL syringe with 5000 units of heparin in normal saline.
•	 If using ultrasound, the entry must be at a shallow angle to the probe (Fig. 40.3). 

If using fluoroscopy, the entry point is at a steeper angle (Fig. 40.4). The draw 
sites are around the posterior superior iliac spine (PSIS), as shown in Fig. 40.5. 
These target the thick areas of the bone marrow and avoid the thin areas.
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•	 The trocar is placed against the bone cortex, and forward pressure is used 
while the device is turned back and forth, using the angled tip to bore a hole 
in the bone. The trocar is advanced 5–10 mm until it is seated in the cortex. 
Note that many trocars have 1-cm markers on the shaft, making it easy to 
gauge the depth.

Fig. 40.3  The ideal ultrasound linear probe and trocar placement for identification of the posterior 
superior iliac spine (PSIS) during a bone marrow aspiration procedure. MSK US musculoskeletal 
ultrasound

C.J. Centeno et al.
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•	 To ensure that the trocar is properly seated in the bone, the trocar should be 
wiggled gently back and forth; if solid, no further advancement is required. If it 
can still be moved, then the trocar is advanced until it is solidly in the bone.

•	 Remove the stylet from the trocar and make sure the trocar is still firmly implanted 
in the cortex by performing a second wiggle test. If it is not firmly implanted, 
advance the trocar until firm, not exceeding approximately 1 cm in depth.

Fig. 40.4  The ideal fluoroscopic C-arm and trocar placement for identification of the PSIS during 
a bone marrow aspiration procedure

Fig. 40.5  Depiction of the 
PSIS located on the 
posterior pelvis. This is the 
ideal area for three or four 
draw sites from each PSIS

40  Bone Marrow Derived Stem Cells and Their Application in Pain Medicine
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•	 Because clotting of the marrow sample traps unrecoverable MSCs in the clot, 
avoiding this event is important. Hence, before aspiration, the 5-mL syringe with 
the 5000 units of heparin is placed on the trocar and approximately 500–750 units 
of heparin is injected into the marrow space immediately on entry into the cortex. 
This is performed for each bone site entered.

•	 Attach the draw syringe to the trocar. Pull back on the plunger to patient toler-
ance. The BMA will not naturally mix with the heparin, so the first few milliliters 
of BMA must be mixed with the heparin using gentle agitation of the syringe.

•	 Once mixed, draw no more than 5–15 mL per site. Once complete, move the 
trocar tip to a new cortex site, using the same skin site (i.e., not removing the 
trocar from the skin).

•	 Draw volumes are dependent on patient weight and the size of the area to be 
treated.

–– For women less than 105 pounds, draw no more than 50 mL.
–– For women between 105 and 120 pounds, the most appropriate draw volume 

is 60 mL.
–– For heavier patients of either sex between 120 and 180 pounds, up to 90 mL 

can be drawn.
–– For men over 180 pounds, 120 mL can be drawn.

40.7.2  �Processing BMC

There are many commercial systems to process BMA. Some physicians also process 
via manual means in a biologic safety cabinet. The goal of BMA concentration is to 
isolate the buffy coat, which is the smaller, grey, middle section in a centrifuged BMA 
sample. Automated bedside systems all concentrate the buffy coat and have devel-
oped many proprietary ways to perform this simple task. To date, little third-party 
research is available comparing the MSC outputs of various concentration devices.

40.7.3  �Dosing BMC for Use

The dose of BMC can be quantified as follows:

•	 Colony Forming Unit (CFU) assay: BMC is placed in monolayer culture and 
incubated until colonies of plastic-adherent MSCs form. These are then counted 
as a rough metric of MSC content [40].

–– This technique is helpful for research, but is little help to the clinician at the 
bedside.

•	 Flow cytometry: The cells in BMC are stained via fluorescent antibodies to spe-
cific cell surface markers and run through a flow cytometer, which uses laser light 

C.J. Centeno et al.
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to identify collections of markers. MSCs have a known marker panel, commonly 
considered to be CD34−, CD14−, CD105+, CD44+, CD90+, CD73+ [41].

–– This technique can be used clinically, but the expertise required to run and 
analyze the results and the cost of this technology make it unlikely to be used 
for most clinical settings.

•	 Total Nucleated Cell Count (TNC): The number of nucleated cells in the BMC is 
counted using either a manual hemocytometer or a commercial automated count-
ing system [42].

–– TNC can be used at the bedside for clinical settings. Note that it is not a direct 
MSC count, but an indirect measure of a proxy for that count.

The research on dosing of BMC and clinical outcome has consistently shown that 
higher CFU counts or TNC counts are associated with better clinical outcome [9].

40.8  �Postoperative Considerations

Our extensive experience in culturing MSCs using an autologous platelet lysate 
procedure has taught us that certain medications can cause cell culture failure and 
hence reduce MSC function. These medications should be stopped for two to three 
serum half-lives before a BMC procedure and at least 2–4 weeks after the proce-
dure, where feasible:

•	 Nonsteroidal anti-inflammatory drugs (NSAIDs) [43]
•	 Corticosteroids [44]
•	 ACE inhibitors [45]
•	 Statins [46]

40.9  �Potential Complications and Pitfalls

•	 Marcaine, bupivacaine, and lidocaine are toxic to MSCs at low concentrations. 
Injecting these anesthetics with BMC will significantly reduce cell viability. 
Ropivacaine at concentrations of 0.125–0.25% is safe to use with MSCs [36, 37].

•	 Incomplete anesthesia of the periosteum can lead to intense pain and even 
neuralgia.

–– Many clinicians numb only the skin and then the deep tissues. It is critical also 
to numb the mid-field soft tissues between these two areas.

–– The clinician MUST provide adequate time for the local anesthetic to take 
effect, typically 3–5 min. Numbing these tissues first on one side and then the 
other, and then drawing medications, usually provides that set time.
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•	 When using fluoroscopy, there is an innate sense of two-dimensional anatomy, so 
simply remembering anatomic landmarks will help define that area.

•	 When using ultrasound, the cross-sectional nature of the imaging technology 
provides less information about the location of anesthetic. We suggest using a 
sterile surgical marker on the skin to better define the numbed area.

•	 Many physicians have been taught to pull high volumes (60 mL or more) from a 
single site during bone marrow aspiration. Doing so will dramatically reduce 
yield, as discussed above.

•	 Most are unaware that clots can form in the BMA and will reduce MSC yield. 
These clots can form when not using heparin in the BMA or not pre-heparinizing 
the draw sites. We suggest using heparin because it is a much more effective 
anticoagulant than ACD. It must be used in the BMA draw syringe (see above) 
and must be mixed as soon as the BMA hits the syringe, as it will not naturally 
mix through diffusion. In addition, the immediate injection of heparin directly 
into the bone site being cannulated, before the BMA is drawn, will help prevent 
clots in slow bone marrow aspirations due to dehydration.

40.10  �Clinical Pearls

•	 Adipose tissue does not necessarily yield higher counts of MSCs.
•	 Anesthetics take time to work. The patient can be made more comfortable simply 

by injecting local anesthetic first, then drawing up heparin and preparing the 
trocar, then placing the trocar into the skin. These extra few minutes of prep time 
allow for a better block. Avoid using lidocaine or bupivacaine, which can be toxic 
to the MSCs; instead use ropivacaine or prevent the anesthetic from coming into 
contact with the graft.

•	 Using multiple collection syringes for several smaller aspirations rather than one 
larger one will allow for higher yields.

•	 Heparin is preferred over ACD because it prevents clotting, which may poten-
tially decrease cell counts.
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