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Objectives

 Understand the principles of the use of Bone Marrow Concentrate 
(BMC) in regenerative musculoskeletal care

 Understand what a Mesenchymal Stromal/Stem Cell is
 Understand the differences between BMC and PRP
 Learn some of the evidence that supports BMC
 Understand the importance of draw technique, equipment and 

image guidance.

Row
an Paul, M

.D
.



Bone Marrow Concentrates
Row

an Paul, M
.D

.



The Promise

Orthobiologics like BMAC are safe, 
minimally invasive and may provide 

a definitive solution for patients in 
the treatment gap.

Reducing the need and 
use of corticosteroids, 
NSAIDS and Opiods

Reducing unnecessary, 
overly invasive surgery
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The Reality
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Bone Marrow Concentrate 
Landscape

 Orthopedic surgeons have used Bone Marrow Aspirate for decades 
 Hernigou et al, has been injecting BMAC into AVN of the hip and 

knees as a successful alternative to joint replacement for decades
 Mesenchymal Stem/Stromal Cells (MSC’s) are multi-potent and can 

differentiate into bone, cartilage, fat, etc.
 MSC’s, HSC’s are found in Bone Marrow Aspirates
 Cortisone has been shown to have adverse side-effects with 

repeated exposure
 Regulatory controversies 
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Is it Safe?
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 3012 MSC based procedures
 325 Adverse events

 Pain (3.9%), and pain due to progressive joint disease (3.8%)
 2.2 years Bone Marrow and/or Adipose
 3.9% pain from procedure
 3.8% pain from DJD
 7 neoplasms total= LOWER incidence than the general 

population with BMC being the lowest incidence
 Bone Marrow Concentrate (BMC) safer than Adipose or 

BMC+Adipose or cultured cells (illegal in the US)
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 12.5 year follow-up data
 1837 patient s/p BMAC
 No increased cancer/tumor risk at the site of placement or other 

distant site
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Are there data for Bone Marrow 
Concentrates?



https://regenexx.com/blog/mesenchymal-stem-cell-research-continues-to-increase/
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What is in Bone Marrow?
 Cellular and non-cellular components
 Marrow stroma- heterogenous population of cells

 Fibroblasts, adipocytes, osteoblasts, osteoclasts, macrophages, endothelial 
cells

 MSCs and HSCs

 Platelets and erythrocytes

 Mononuclear cells
 Endothelial progenitors
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ISCT Classification for MSCs

Post 2006 Markers for MSC’s: Stro-1, Cd271/NGF R, CD200, GangliosideGD2, Frizzled-9, TNAP 
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ISCT MSC recommendation

 Cells must adhere to plastic in culture conditions
 Must express CD markers 73,90,105
 Cannot express CD34, 45, 14, 11b, 19
 Cannot express HLA-DR
 Should be able to differentiate into osteoblasts, chondroblasts, 

adipocytes in vitro
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Immunomodulation by Therapeutic Mesenchymal
Stromal Cells is Triggered Through Phagocytosis of 

MSC by Monocytic Cells
Samantha F.H. De White et al 2018 Stem Cells

 “Primed Monocytes”
 ↓Decreasing M1 markers , ↑ M2 markers

 Via  MSC debris uptake in the blood stream

 Decreased
 Classical (Non-primed monocytes)

 TNF-A

 Increased 
 Intermediate Monocytes

 PD-L1, CD90 expression

 IL-6, IL-8, IL-1B expression

 TGF-B and IL-10
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Traditional thinking on mechanism

https://www.rndsystems.com/pathways/mesenchymal-stem-cell-differentiation-pathways-lineage-specific-markers
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Updated thinking on mechanism
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Paracrine Effect

https://www.intechopen.com/source/html/50942/media/fig2.png
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BMC is NOT PRP with a few Stem 
Cells

Cassano KSSTA 2016
 N=29, mean age 48 years, (23-68)
 Bone Marrow 

 CFU, Multi-lineage Differentiation
 Flow Cytometry: 

 CD271, CD73, CD146, CD34, CD45

 Whole Blood, PRP, BMC in common have
 Cytology: 

 Leukocytes (Lymphocytes, Neutrophils, Monocytes, Eosinophils, Basophils)
 Platelets

Cytokines:
Anabolic: PDGF TGF- B 1,2,3, FGF, IL-1ra
Catabolic: IL-1B, IL-6, Il-8, TNF-a, IFNy
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BMC is NOT PRP with a few Stem 
Cells

Cassano KSSTA 2016

PRP BMC P value
WBC 3.1 +/- 1.2 36.7 +/- 16.9 <0.0001
Neutrophils 0.9 +/- 0.4 17.5 +/- 9.8 0.0002
Monocytes 0.3 +/- 0.2 3.3 +/- 2.3 0.0005
Platelets 202.3 +/- 86.1 151.6 +/- 11.2 0.46
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BMAC equipment and draw technique matters more than 
other  Orthobiologics
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To centrifuge or not to centrifuge?
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Numbers of MSC’s in Bone Marrow 
Aspirate

Bone Marrow Aspirate
TNC’s or WBC 10-25 Million TNC/cc
MSCs 0.025--.01% of TNC’s
HSC’s, platelets, plasma proteins YES

Using The Midpoint of the Range

17,500,000/cc (TNC) x 0.00625% = 1094 MSC/cc of BMA
ONLY IF DRAW TECHNIQUE IS METICULOUS

Concentrating systems for BMA can further concentrate 
the MSC/cc from 3-6 times over BMA

=> 4.5x concentration x 1094=  4923 MSC/CC of BMC
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BMAC 2.0
Regenerative Medicine Specific 

Needles
&

BMC (Centrifugation) vs Bone Marrow Aspirate
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 AS-BMA >MC-BMA
 AS-BMA had higher CFU/f and TNC concentrations 

 AS-BMA 1,060/ml, 33.5 × 106/ml vs MC-BMA 610/ml and 28.6 × 106/ml

 Comparable Platelet and RBC concentration

 After centrifugation
 AS-BMC>MC-BMA with regard to

 CFU/f, CD34+ cells, TNCs, platelets, and RBCs

 Significantly higher cell yields, fewer RBC’s, lower hematocrit
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CFU/f increased from 316-
1157 (3.66x)
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By centrifuging, you get about 5x over baseline PRP!
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Benefits of centrifugation

 At least 3-6 x MSC’s/Cfu-f
 Potentially 5-6x over baseline PRP
 Decreased RBCs

 RBC’s trigger chondrocyte apoptosis, long term inhibition of 
proteoglycan synthesis and damage to cartilage

 Free hemoglobin stimulates expression of ADAMTS-5 and 9 by synovial 
cells possibly causing cartilage damage.

 RBC’s cause flares in injected areas.

 Concentration into a smaller volumes for smaller target structures
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Where is the best place to Aspirate 
Bone Marrow?

 PSIS Iliac crest- Safest,  highest numbers and in vitro 
potential

 ASIS: acceptable but more risk than PSIS
 PSIS has more than 2x MSC’s/TNC’s vs Tibia or Calcaneus
 MSC’s from PSIS

 Desirable immunophenotype AND in vitro potential
 Better differentiation into osteoblasts, chondroblasts

Understanding Bone safety zones during bone marrow aspiration from the iliac crest: the sector rule. Hernigou J, et al. 
International Orthopaedics. 2014
Bone Marrow Mesenchymal stem cell aspirates from alternative sources: is the knee as good as the iliac crest? 
Narbone-Carceles J, Injury. 2014
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Hernigou Intl Orthopaedics 2014
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Does Age Matter? Age and CFU=F

Centeno, C   9/2019 
.Cryopreserved BMC for 
posthoc CFU analysis
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Bone Marrow 
Aspiration Technique 
Matters to maximize 
dose 

 1-4 ml hard pulls with 
multiple 10 ml syringes

 Minimizes peripheral 
blood contamination

 300% Higher 
concentrations of MSC 
with 10ml syringe vs 50 
in matched controls 
(p<0.01)
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https://pubmed.ncbi.nlm.nih.gov/23881064/#&gid=article-figures&pid=fig-4-uid-3
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Technique matters

 Smooth penetration and fast smooth 
pulls 

 Regenerative medicine specific 
centrifuges, hand processing and 
needles
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Guidance Matters

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6349666/
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Guidance Matters

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6349666/
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www.tobiconference.com Questions? 

39

http://www.tobiconference.com/


Thank You!
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