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Superior Biological Fit: naturally programmed for bone and cartilage repair.
Greater Differentiation Potential: BM higher capacity to form stable cartilage
Stronger Clinical Evidence

Minimal Manipulation: BM avoids the enzymatic processing often
required for SVF.

Regulatory Clarity: BM = "minimally manipulated," SVF = ATMP ?
Unclear Efficacy of AT (SVF):

trial: SVF ~ placebo (saline):
https://bjsm.bmj.com/content/bjsports/59/17/1219.full.pdf

metaanalysis: SVF may improve up to 1 year:
https://doi.org/10.1016/j.jor.2025.03.029
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1. "Classic" bone/cartilage-oriented biology (SSC/MSC niche in the bone marrow)

Bianco P. Skeletal stem cells — bone marrow as a home for cartilage- and bone-forming progenitors. PubMed: 25758217. URL.:
https://pubmed.ncbi.nim.nih.gov/25758217/

Feng H. Skeletal stem cells: origins, definitions, and functions... (Review article). PMC: PMC9938638. URL.: https://pmc.ncbi.nim.nih.gov/articles/PMC9938638/

2. Stronger osteo-/chondrogenic differentiation (vs. adipose-MSC)

Mohamed-Ahmed S. Adipose-derived and bone marrow mesenchymal stem cells — BM-MSCs show higher osteo-/chondrogenic potency. PMC: PMC6008936. URL:
https://pmc.ncbi.nlm.nih.gov/articles/PMC6008936/

Bornes T. Mesenchymal stem cells in traumatic articular cartilage lesions — adipose MSCs show lower chondrogenesis than BM-MSCs. DO!:
10.1186/s13075-014-0432-1. URL: https://arthritis-research.biomedcentral.com/articles/10.1186/s13075-014-0432-1

3. Proximity/"fit" to the target tissue (skeletal system)
Bianco P. (as above) — SSCs/MSCs in the bone marrow generate cartilage and bone. PubMed: 25758217. URL.: https://pubmed.ncbi.nim.nih.gov/25758217/
Kurenkova AD. Niches for Skeletal Stem Cells of Mesenchymal Origin. PMC: PMC7366157. URL: https://pmc.ncbi.nim.nih.gov/articles/PMC7366157/

4. Broader clinical evidence for BMAC in orthopedics

Jeyaraman M. Bone Marrow Aspirate Concentrate for Knee OA — Systematic Review/Meta-analysis (2024). PubMed: 38948370. URL.:
https://pubmed.ncbi.nim.nih.gov/38948370/

(Free version: PMC11208343 https://pmc.ncbi.nlm.nih.qov/articles/PMC11208343/)

Park D. BMAC for Knee OA — Systematic Review (2025). PMC: PMC12113016. URL: https://pmc.ncbi.nim.nih.gov/articles/PMC12113016/
Im Gl. BMAC in OA — Narrative/Systematic Review (2024). PubMed: 39841351. URL: https://pubmed.ncbi.nlm.nih.gov/3984 1351/

5. Long-term data availability (4—10 years, clinically relevant)

Pabinger C. Intra-articular BMAC, 4-year follow-up (37 knees). PubMed: 38302491. URL.: htips://pubmed.ncbi.nlm.nih.qov/38302491/ (Direct link:
https:.//www.nature.com/articles/s41598-024-51410-2)

Hernigou P. Stem cell therapy for hip osteonecrosis — 5- to 10-year data for pre-collapse lesions. PMC: PMC4761591. URL:
https://pmc.ncbi.nlm.nih.gov/articles/PMC4761591/



https://pubmed.ncbi.nlm.nih.gov/25758217/
https://pubmed.ncbi.nlm.nih.gov/25758217/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9938638/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6008936/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6008936/
https://arthritis-research.biomedcentral.com/articles/10.1186/s13075-014-0432-1
https://pubmed.ncbi.nlm.nih.gov/25758217/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7366157/
https://pubmed.ncbi.nlm.nih.gov/38948370/
https://pubmed.ncbi.nlm.nih.gov/38948370/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11208343/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12113016/
https://pubmed.ncbi.nlm.nih.gov/39841351/
https://pubmed.ncbi.nlm.nih.gov/38302491/
https://www.nature.com/articles/s41598-024-51410-2
https://www.nature.com/articles/s41598-024-51410-2
https://pmc.ncbi.nlm.nih.gov/articles/PMC4761591/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4761591/

(12) BM Derived Stem Cells Are Superior Than AT Derived Cells

6. Cartilage healing/lesions: convincing data with BM-MSC/BMAC

Bachir RM. BMAC improves outcomes in osteochondral lesions of the talus & Achilles — Systematic Review. PubMed: 36543662. URL.:
https://pubmed.ncbi.nim.nih.gov/3654 3662/

Kim SJ. BMAC-PRP for partial rotator cuff tears — clinical benefit. PubMed: 29298726. URL.: https://pubmed.ncbi.nim.nih.qov/29298726/

7. Clinical benefit in knee OA confirmed in several reviews/studies

Keeling LE. BMAC for Knee OA — Systematic Review (2022). DOI: 10.1177/03635465211018837. URL.:
https://journals.sagepub.com/doi/abs/10.1177/03635465211018837

Anz AW. BMC vs PRP up to 24 months — comparable efficacy; demonstrates at least non-inferiority. PubMed: 35289231. URL:
https://pubmed.ncbi.nlm.nih.gov/35289231/

8. Proven application beyond OA (AVN, non-union, tendon)

Hip AVN: Jindal K. Core decompression + BMAC — Literature Review. PMC: PMC7919970. URL.: https://pmc.ncbi.nlm.nih.gov/articles/PMC7919970/
Non-Union: Hernigou P. Percutaneous autologous bone-marrow grafting for nonunion. PubMed: 15995108. URL.: https://pubmed.ncbi.nim.nih.gov/15995108/
Tendon: Systematic Review of BMAC in Tendinopathies. PMC: PMC5632955. URL.: htips://pmc.ncbi.nim.nih.gov/articles/PMC5632955/

9. Regulatory environment in the EU (BMAC = minimally manipulated; SVF = often ATMP)

EMA/CAT "ATMP Classifications": Adipose SVF (enzymatically isolated) repeatedly classified as ATMP. URL: EMA Reqgulatory Overview

EMA Reflection Paper: "Reflection paper on classification of ATMPs" — defining "substantial manipulation." URL: PDF Document

Murray IR. Regulatory and Ethical Aspects of Orthobiologic Therapies — BMAC/PRP mostly applicable under minimal manipulation. PMC: PMC9720812. URL:
https://pmc.ncbi.nim.nih.gov/articles/PMC9720812/

10. Lower risk of manipulation (without enzymes) compared to adipose-SVF

Gentile P. Enzymatic Digestion vs Mechanical Centrifugation for SVF — Adipose SVF often requires enzymatic processing. PMC: PMC6862236. URL.:
https://omc.ncbi.nim.nih.gov/articles/PMC6862236/

FDA Guidance: (Homologous Use / Minimal Manipulation) — Adipose HCT/Ps for cartilage/tendons are generally considered non-homologous. URL: FDA Guidance PDE
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