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Good morning.

Greeting from CCCU



Post Doc- My first regenerative 
medicine conference 30 years ago…..



Orthopaedic Senior Resident : 

30 years ago UKR for Cartilage defect
Uni-compartmental joint Replacement ?

• Universally bad result 
in Chondral defects

Oxford Group

Pandit et al 

The Knee 18(2011) 168-171



Consultant :25 years ago
Joint Replacement-Failure 

Is it the time to change ?



Yes.
Price of not changing !. 

(Professor-20 years ago)



Basic Science, Concepts

&  

Terminology



Ortho – biologics: BMAC

( Bone Marrow Aspirate Concentrate) -
Subchondral Injection 

Sub Chondroplasty or  Intra Osseous Bio-Plasty (IOBP) 

Ortho biologics are therapies developed from biologic 
(natural) substances

e.g., Cells, BMAC, Collagen Scaffolds, 

HA, PRP , Exosomes and 

Gene therapy 



Tissue Engineering:  Cells and Scaffolds

• Tissue engineering specifically uses 
biological and engineering principles to 
create new tissues and organs in a lab 
setting

-The term "tissue engineering" was officially coined at a National  

Science Foundation workshop in 1988 



Regenerative Medicine

• Regenerative medicine is a field focused 
on repairing or replacing damaged tissues 
and restore normal function 

• Cells, Tissues, and Organs 

Stem Cells / PRP 



Regenerative Medicine: Triads
Cells, Signals, Scaffold 

• Cells:   Productive-

Seed (e.g., Stem Cells, BMAC)

• Signals: Inductive-

Fertilizer (eg.,GF, Exosomes)

• Scaffolds: Conductive-

Soil (e.g., Atelocollagen, HA)



Cells: Stem cells



Stem Cell Injection- Hoax claim !
World’s new fashion trend 



Stem Cells : Misleading terminology
BMAC: MSCs (Mesenchymal Stromal Cells) and CTPs 

(Connective Tissue Progenitor Cells)

• There is growing concern that uncharacterized, 
minimally manipulated cellular preparations from 
different sources are being misrepresented as stem 
cells

ADSCs-Adipose Derived Stromal 
Cells(SVF-Stromal Vascular Fragments)
MFAT-Micro Fragmented Adipose Cells



Mesenchymal Stem Cells-
Criteria used to identify mesenchymal stem cells -

As proposed by the International Society for Cellular 
Therapies

• Culture-expanded cells

• Adherence to plastic in 
standard culture conditions

• Phenotype positive: (> 95%) 

CD105, CD73, CD90

• Phenotype negative: (≤ 2%) 

CD45, CD34, CD14 or CD11b, 

CD79a or CD19 HLA-DR



BMAC - Minimally manipulated cells: 
Connective tissue progenitors (CTPs)

• Bone marrow cells 15 - 150 million cells /ml

• In human bone marrow, a mean of one in 20,000 
cells may be CTPs

• CTPs - 30-45 Thousand Cells/ml

• Under normal conditions, connective tissue 
progenitors (CTPs) are not detectable in human 
blood



Scaffolds: 
Atelocollagen-Coltrix®/HA



Signals-Growth factors
PRP-Plasma /Exosomes



A

Animal Study :  Rat 
(Shetty-Kim  :  Scaffold + Cells + Signals)

Collagen Collagen+BMAC



Scaffold-Atelocollagen Scaffold + BMAC + Signal           
(Atelocollagen + BMAC +Plasma)                                     

Tissue Regeneration-Cells, Scaffold and 
Signals



Stem cells-New frontiers in Medicine
Big promise of a tiny cell….



OA Knee:
Can we grow a joint ?



Nature -Stem Cells
Regeneration of organs in animal kingdom



Salamander Limb regeneration



Why not in humans ?
Mouse fingertip regeneration

• Complex interplay of 
genes Fgf and immunolgy



OA-Pathology and Chondral Defects:

Heberden’s Nodule



Protease

VEGF
E-Selectin

TNF

IL-1B

IL-6

IC

Proteases

Cartilage 

Breakdown

Macrophages

T-Helper cells

Neutrophils

Osteocyte
OsB

OsC



Shetty-Kim’s  Concepts: 
Cartilage Repair Surgery



Concept : Ulcer Concept 
(Not wear and tear - Chronic Inflammatory condition-

Resulting in ulcer )



Concept :
Knee - A Synovial Organ

Articular 
Cartilage

Subchondral
Bone

Synovial 
tissue/fluid

Capsule-
Muscles-

Ligaments

Meniscus

This “system” is called a Synovial Organ

We used to name it as “joint”



Subchondral Bone: A single unit
(Osteo-Cartilaginous tissue)

Tide mark
Bone plate (Calcified layer CC)

Spongiosa (Subchondral bone SBP) 



Subchondral Bone

• Subchondral bone provides both mechanical
and nutritional support for cartilage

• The blood flow rate is 3 to 10 times higher than
that in cancellous bone

“The role of subchondral bone in the etiology and 

progression of cartilage disease has likely been 

underestimated, although the earliest scientific reports 

appeared in the 1920s”



Subchondral changes results in-
Angiogenesis and Neural invasion of cartilage 

Walsh et al



Articular  Cartilage Repair:   
Mesenchymal cell Induced Chondrogenesis : MCIC®

(BMC-Stromal cells and HA Scaffold ) : Translational Clinical study -
Landmark paper(NICE Approved) 



Cartilage Repair: Results



Hunterian Medal and Professorship,
Royal College of Surgeons of England, 2017



Focal Cartilage lesion- Post  Cartilage repair-
Bone Marrow Lesions (BML)



Bone Marrow Lesion (BML-MRI) 
BML-Medial femoral Condyle



Focal Cartilage lesion-BML

• Focal changes in the subchondral 
bone, termed as bone marrow lesions 
(BMLs)

• These are features detected by 
magnetic resonance imaging (MRI) 

• In patients with 
knee osteoarthritis(OA), BMLs can 
correlate with faster joint degeneration
and increased pain (70%,Tibial 
progressive OA)



The Sources of pain in Osteoarthritis

• Has multifaceted aetiologies within and outside the joint

• It is believed to be driven by both nociceptive and 

neuropathic mechanisms



The sources of pain in osteoarthritis

• The bone-related causes of 
pain in OA include 
subchondral microfractures

• Increased intra-osseous

pressure

• Soft Tissue- Ligament 
instability ,Meniscal 
pathology



osteoarthritis
Inflammation: Synovitis & Effusion 

• Inflammation in the joint 

triggers a cascade of 

events 

• Leads to peripheral 

sensitization and 

hyperexcitability of the 

nociceptive neurons in the 
central nervous system

Nocturnal Pain



OA Knee: KL3-4



Surgical Technique:

BMAC Aspiration ,Preparation 

& 

Injection



Bone marrow aspiration-
Preparation(Anticoagulant-ACDA)



Jamshidi needle
(Colex L=110mm ,OD=3mm)



Bone marrow Aspiration-
Anterior Iliac Spine



BMAC - Harvesting



Bone Marrow Aspiration Video



BMAC- Extraction:ACDA (Acid Citrate 

Dextrose)Separation and Concentration

TriCeLL BMAC kit  - Major Advantages

• Closed system

• 3 Chambers in one tube

• Double spin –

1.Separation and 

2.Concentration

• Adjust BMAC density 

1ml~5ml 



abTriCeLL BMC Kit Preparation:

Loading and Centrifugation-

40 ml Bone marrow with ACDA  



BMAC Kit 

After the 1st centrifuge

3500 RPM/6minutes 

TriCeLL Preparation-Separation



Turn the RBC chamber cap in the left direction to move 

buffy coat to the plasma chamber

TriCeLL Preparation-Push the Buffy Coat to 

middle Chamber (Plasma) 



Hold upper body of 

TriCeLL and Turn the 

lower part of TriCeLL right, 

to isolate RBC with 

interlocking bar

* Lock it tight as strong as you can 

TriCeLL Preparation –Lock RBC Chamber



TriCeLL 2nd Centrifuge  : Concentration

BMA

C

PPP 

(Plasma)

RBC
BMAC Kit 

After the 1st centrifuge

3530 RPM/5minutes 



BMC Kit



MSCs in Bone Marrow Aspirate
GEORGE F. MUSCHLER, et al JBJS VOL. 79-A, NO. 11, NOVEMBER 1997

• Mean No. of Nucleated cells 

15 - 150 million cells /ml

• CTPs  :   150 - 460 
Cells/million cells

• 30-45 Thousand Cells/ml



BMC-Procedure:Image guided
• Ultrasound Guided 

Injection

• Do not mix with 
local anaesthetics 
Steroid

• Can use local for 
skin infiltration

• Avoid NSAID for 6 
weeks 



Injection Protocol



BMAC(MSCs) +Atelocollagen (Coltrix®) 



Image Guided:
Tibia-Anteromedial lesion



BMAC-Subchondral injection
Image Guided- US

Medial Meniscus



BMAC-Subchondral injection
Image Guided- Image Intensifier

Blumensaat line, also known as the intercondylar line, is the line drawn
along he roof of the intercondylar notch of the femur on a sagittal view of the k knee.

https://radiopaedia.org/articles/femur?lang=gb


Subchondral Injection-
Special Instruments



Results – Evidence 



BMAC Injection Results: Review Article 
Subchondral versus intra-articular Ortho biologic injections 

for the treatment of knee osteoarthritis:  A review
Regen Med. 2022 Jun;17(6):389-400. James E Gardner et al.

• Recent data suggest that injections of orthobiologics
into the subchondral bone may be superior to intra-
articular injections for the management of OA 

• This review highlights the rationale and current 
evidence for intra-articular and subchondral bone 
injections of Ortho biologics for the treatment of OA



BMAC Intraarticular Vs Subchondral injection

Role of Scaffolds, Subchondral, Intra-Articular Injections of Fresh 
Autologous Bone Marrow Concentrate Regenerative Cells in 
Treating Human Knee Cartilage Lesions: Different Approaches and 
Different Results
Int J Mol Sci. 2021 Apr 8;22(8):3844,  Jacques Hernigou et al.

• Use of intra-articular injections resulted in a 
significant relief of pain symptoms in the 
short term and was maintained in 12 months



A review of bone marrow lesions in the arthritic knee 
and description of a technique for treatment

Journal of Cartilage & Joint Preservation, Volume 1, Issue 3, September 2021,
Alberto Gobi et al . 

• BMAC in combination with scaffolds is better (Shetty-
Kim)

• The review also suggests a that both implantation of subchondral 
BMAC and scaffolds loaded with BMAC could reduce the need for 
further surgery

• The tendency of MSCs to differentiate into fibrocartilage affecting the 
outcome was a common issue faced by all the studies when biopsies 
were performed, except for with scaffolds implantation in which 
predominantly  hyaline cartilage



BMAC- Subchondroplasty: 
MRI follow up - Result

3 months post injection 6months post injection



BMAC- Cartilage Repair:  
How does it work?

• Cartilage Regeneration
Extracellular matrix (ECM) synthesis and promote  
chondrocyte differentiation 

• Immunomodulation
by suppressing synovial   
inflammation and preventing 
chondrocyte apoptosis and 
matrix degradation



BMAC-How does it work?

• Inflammation Modulation
Bioactive factors suppress pro-inflammatory  
cytokines such as IL-1β and TNF-α, mitigating  
joint inflammation 

• Subchondral Bone Remodelling 
BMAC may enhance the
osteochondral interface and
OA progression, a critical 
factor in OA  pathophysiology 



How Does it Works ? :Tissue Regeneration:      

Trophic effects and Paracrine effects

• “Trophic effect” :
Capability to produce large variety of 
“Bio-active” trophic factors that 
stimulate neighboring parenchymal 
cells to start repairing damaged 
tissue

• “Paracrine signaling”: 
Allows cells to communicate with 
each other by releasing signaling 
molecules that bind to activate 
surrounding cells, contributing 
directly to the new tissues

Number of cell count is not  important 



Intra-articular BMAC Injection :
The American Journal of Sports Medicine 2022



BMAC Injection-
Subchondral or Intraarticular

• Implantation of MSCs in the subchondral bone of an osteoarthritic knee is more 

effective to postpone TKA than injection of the same intra-articular dose in the 

contralateral knee with the same grade of osteoarthritis



BMAC –Systematic Review :
The Journal of Arthroscopic and Related Surgery 2018



BMAC Vs PRP: 
BMAC is Better 



PRP Vs BMAC Vs HA
BMAC is better -

BMAC with HA is much better



Complications of PRP/BMAC Injection

• Discomfort 

• Pain

• Bruising 

• Bleeding

• Reactive Synovitis  

(Intra-articular Injection)



Conclusion:
OA -Subchondral BMAC Injection

Has both Preclinical and Clinical Evidence 



Conclusion:
OA Treatments :  K-L Grade 1 to 4 

Intra-articular and Subchondral BMAC Injection 
is safe and effective 

OA KL-3



Sustained 2 Year Results : KL 3 and 4



Challenges
Bone Marrow Aspirate Concentrate (BMAC) for Knee Osteoarthritis: A 

Narrative Review of Clinical Efficacy and Future Directions
Medicina (Kaunas). 2025 May 6;61(5):853.

Dojoon Park et al 

• Variability in BMAC preparation methods

• optimal administration strategies, injection protocols 

• Single vs. repeated administration, intra-articular vs. subchondral delivery

• Patient selection criteria and standardized guidelines. 

• Additionally, economic feasibility and cost-effectiveness concerns limit its 
widespread adoption.

• Future directions for improving treatment standardization and patient-
specific therapy



Where are we now & The future .....?

1980’s    1990’s      2000      2012   2012-20      2020-25

ACI Tissue
Engineering

(MACI)

GelACI 
(Shetty-Kim)

New scaffolds

New Bio-materials

(Shetty-Kim) 

Stem Cell 

Manipulation

BMAC/Exosome
s injection
UC-Cord blood 
Stem cells
Growth factors
Gene Therapy
(Shetty-Kim)



Keep it Simple



“Life can only be understood 

backwards, but it must be lived 

forwards” –

Soren 

Kierkegaard



Question Time



ADSCs (Adipose Derived Stem Cells)



PERICYTES 

Cells on Capillaries 

and Micro-vessels

Courtesy by AI Caplan

NOT THE STROMAL 
CELLS

Where can we locate MSCs: 

SVF (Stromal Vascular Fractions)



Adipose-derived stromal cells 
(ADSCs) SVF or Stromal Vascular 

fraction 
• ADSCs were reported to have a 

reduced potential for chondrogenic 
differentiation that may be a result 
of a lack of TGFβ1-receptor 
expression and reduced expression 
bone morphogenetic proteins 
(BMPs)

• The expression of hypertrophic 
chondrocyte markers, such as 
Runx2, Osterix and type X collagen, 
was observed in ADSCs



ANIMAL STUDY- Sheep:Shetty -Kim 16 SHEEP – 32 LESIONS

Scaffold+BMAC Empty controlScaffold Scaffold + ADC

Scaffold+BMAC
Empty controlScaffold Scaffold + ADC

Setty-Kim et al., significant difference between  
atelocollagen cell-seeded with BMAC ,ADC Scaffold and 
control groups)



Engrafting





New Zealand Rabbit: Shetty-Kim

97



Gene Therapy

• Uses allogeneic human cartilage cells engineered to express 
transforming growth factor TGF-ß1. 

• Invossa platform technology involves transducing the cells with a 
retroviral vector engineered to express TGF-ß1 at a specific 
therapeutic level and duration of time.



Publications- INVOSSA
TGF-ß1 (BMP) Transduction/Retroviral Vector-

Adenovirus  ) 

KR Phase 2a and KR Phase 2b
Hum Gene Ther Clin Dev. 2015 
Jun;26(2):125-30

Bone Joint J. 2015 Jul;97-B(7):924-32



OA- Treatment: 
Other Current Therapies

• PRP
High variability in preparation; inconsistent  
long-term efficacy

• HA
Effectiveness varies based on OA severity

• Corticosteroids
Potential cartilage degradation with  
repeated use



Effusion and Nocturnal pain-
Treat differently

(MRI Vs US Examination)


