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What Do Patients want:



OUTLINE

• FUSION BIOLOGICS

– BMP

– MESENCHYMAL  

STEM CELL

– NANOSTRUCTURES

• DISC REGENERATION

– ANTICATABOLICS

– GROWTH FACTORS

– STEM CELLS



Where is Market going?



BMP - Advantages

• 2002

• “It works”



BMP - Disadvantages

• Cost

• Complication

– Death

– Radiculitis

– Seroma

– Antibody

– Ectopic bone

– Osteoclastic resorption

• Medical Legal

• Cancer?



Future of BMP – Faster/higher
LESS DOSAGE!

• BBP (BMP binding 

peptide)

• Retention of bmp2

– Day 1  (40 to 85%)

– Day 7 ( 30 to 55%)

• Decrease dosage?



Bmp-Reduce dose

• Adding DBM

• SAS11. R. Delamarter.



STEM CELLS

• NIH REPORT 

2001

• BY RUTH 

KIRSCHSTEIN 

MD.



What is Stem cell?

• Self-renewal: Cells 

capable of making 

identical copies 

• Differentiation: Give 

rise to specialized cell



POTENCY DEFINITIONS

• TOTIPOTENT

– DIFFERENTIATE INTO ALL 

CELL TYPE

• PLURIPOTENT

– THREE GERM LAYERS

• MULTIPOTENT

– CLOSEDLY RELATED FAMILY 

OF CELLS



EMBRYONIC  Vs. ADULT STEM CELL



Adult Stem Cells (bone Marrow)



Cytokine Factories

• Cytokine Production

• Regulate immune system

• Growth Factor Production

Multipotential

• Regenerate Tissue

• Bone, Cartilage, Tendon, etc.

Mesenchymal 

Stem Cell

Mesenchymal Stem Cell
(Stromal Stem Cells) Properties



hMSCs
Chondrogenesis

ITS+

dexamethasone

TGF-b

ascorbate 2-P

Osteogenesis

10% FBS

dexamethasone

ascorbate 2-P

b-GP

Adipogenesis

10% FBS

dexamethasone

insulin

IBMX

indomethacin

Multilineage potential of adult human 

mesenchymal stem

cells. Science 1999, 284:143-147.
Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R,

Mosca JD, Moorman MA, Simonetti DW, Craig S, Marshak DR:



Mesenchymal Stem Cell
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Immune privileged

– Absence of Class II antigens & co-

stim. molecules

– No HLA matching required for 

allogeneic use

Mesenchymal Stem Cell Properties



MSC Process

Cryopreservation

-80C -180C

Depletion of HSC (cd45+)

Preserve MSC Preserve osteoprogenitor cells

Harvest bone marrow from young donors

Highly selective of donors Immediate processing



Evidence ?

After 30,000 -

35,000 

patients



Clinical Trials

• TRINITY EVOLUTION

– ACDF

• OSTEOCEL PLUS

– XLIF

– ALIF



CARBON NANOTUBES

• ALLOTROPES OF 

CARBON

• STRONGEST 

MATERIAL KNOWN

• LENGTH : DIAMETER

– 132 BILLION : 1 



DBM with CNT

• Expression of 

osteoblastic 

markers

Zanello LP, Sharma P, Corzano R, Hauschka P 2008 Osteogenic induction of single-walled 

carbon nanotube scaffolds. NSTI Nanotechnology 1, 75-78. 



Ultimate Scaffolds



Osteoconduction
Osteogenesis

Osteoinduction

Triad of Bone Regeneration



Future

+ +



Disc



Part 1- ANULUS

LAMINATED CONSTRUCTION OF THE ANNULUS 

RESISTS MECHANICAL FORCES YET PRESERVES 

SEGMENTAL MOTION (THE AUTOMOBILE TIRE, WITH ITS 

HIGH INTERNAL PRESSURE IS QUITE SIMILAR.) 

PLIES OR LAMINATIONS OF TIRE

HIGH INTERNAL 

AIR PRESSURE 

MAINTAINS THE 

INTEGRITY OF 

THE TIRE

NOTE ANGULATION & 

OPERLAPPING PLIES



PART 2 - NULEUS
RESIST COMPRESSION TO 8X BODY WEIGHT

LAMINATIONS OF ANNULUS, 

Angulated & OverlappingGEL

HIGH INTERNAL 

PRESSURE

20-24 PLIES AT L5-S1



PART 3- ENDPLATE /VASCULAR:
ENDPLATE FILTRATION SYSTEM For 

Transfer of Nutrients and Waste Removal

µ GLOMERULUS
DUCT

CARTILAGENOUS END PLATE

End-Plate 

BONE

VERTEBRAL SPONGIOSA

WITHIN 

1.5 - 2 mm



Associated factors

NP 
breakdown

Rep. 
trauma

Genetic 
predisp.

Diminished 
blood 
supply

smoking



Disc Matrix 
(proteoglycan/collagen)

Synthesis

• growth 
factor

Catabolism

• degradation 
enzyme



Disc regeneration

Growth factors

BMP 2, 7, 13(GDF-
6)

TGFB

LINK N

Sox-9

Antagonist to 
Catabolic factors

MMP

TNF

PGE2

IL-6

Stem Cells

Mesenchymal 
cells



Growth factor: TGF-B
• Rabbit disc 

cell 

transduced 

with 

adenoviral 

TGF-B1 

vector

Corey et al. Gene therapy application for Disc. Spine 28:15s



Mesenchymal Stem Cells

• MSC + TGF-b decrease 

disc degeneration in 

rabbit by slow down 

disc ht loss.



Future

+ +



Caution
• Endplate?

• DDD needle puncture 

model?

• Human are not rabbits?

• How long can it stay?

• Indication? When do we 

intervene?



THANK YOU!


