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OrthoBiologics

• 5.5 billion in 2019
– 600,000 per year
• ½ spine



Orthobiologics



• Autograft
• BMP
• Everything else
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Autograft

• Gold standard
– Donor site morbidity
– Increased operative time
– Blood loss
– Limited supply



Bone Healing

• Osteogenesis
– New bone from live cells (Autograft, BMA)

• Osteoconduction
– Scaffold allows ingrowth from host cells

• Osteoinduction
– New bone formed by active recruitment of  cells
– Induced cell differentiation (needs a growth factor)



• Graft extenders
– Added to lesser amount of  autogenous graft to 

maximize healing efficiency

• Graft enhancers
– Added to usual or lesser amount of  autogenous 

bone results in higher fusion rates than autogenous 
bone alone

• Graft substitutes
– Can replace autogenous bone graft and yield 

comparable fusion rates



• Ideal bone graft substitute
–Mimic properties of  autogenous
• Osteoinductive
• Osteoconductive



• Osteoconductive
– Ceramics
• Scaffolds facilitate cellular adhesion, vascular ingrowth, 

bone formation

– Calcium Sulfate
• Osteoblasts attach, osteoclasts can resorb

– Collagen
• Type I-conductive for mineral deposition, vascular 

ingrowth, growth factor binding



• Osteoconductive
– Degradable polymers, bioactive glass, metals
• avoid immune reaction, excellent biocompatibility 

• Osteoinductive
– DBM
– BMPs



DBM

• Demineralized Bone Matrix
– Acid treated bone remove mineralized portions
– ~93% collagen, 5% BMPs



DBM

• Acid decalcification of  cortical bone
– BMPs
• BMPs have little to no osteogenic capability
• Variability in content

– Noncollagenous proteins
– Type I collagen

• Less allogenic 



DBM

• Extender, enhancer or substitute
• Not a good structural graft
– Amorphous consistency

• Osteoinductive potential











BMP content

• Difference between and within products
– Osteoinductive ability variable
• Storage
• Demineralization process
• Washing/sterilization
• Source of  bone





DBM in Cervical Fusion

• An et al- Level II
– Allograft with DBM (Grafton) vs autograft
• Higher nonunion and graft collapse in allograft

– 33% vs. 22% (statistically insignificant

• An HS, Simpson JM, Glover JM, Stephany J. Comparison between allograft plus demineralized bone matrix 
versus autograft in anterior cervical fusion. A prospective multicenter study. Spine (Phila Pa 
1976) 1995;20:2211–2216. [PubMed] [Google Scholar][Ref  list]

https://www.ncbi.nlm.nih.gov/pubmed/8545714
https://scholar.google.com/scholar_lookup%3Fjournal=Spine+(Phila+Pa+1976)&title=Comparison+between+allograft+plus+demineralized+bone+matrix+versus+autograft+in+anterior+cervical+fusion.+A+prospective+multicenter+study&author=HS+An&author=JM+Simpson&author=JM+Glover&author=J+Stephany&volume=20&publication_year=1995&pages=2211-2216&pmid=8545714&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3952692/


DBM in Cervical Fusion

• Level IV data



DBM in Lumbar Fusion

• Kang et al- Level I

– PMRCT- single level posterior lumbar fusion
• DBM (Grafton+local bone vs autologous ICB

– DBM- 86% vs ICBG 92%
– DBM- higher physical function at 2 years
– Greater blood loss in ICBG group



DBM in Lumbar Fusion

• Cammisa et al- level II
– Prospective multicenter control-
• 120 patients
• Lateral gutter ICBG side vs. Grafton+local bone

– 2 year- Grafton side 52% ICBG side 54%
– 75% overall fusion rate

• Grafton +local similar to autograft alone 



• Level III and IV data



• Level III and IV data contd’



• Physio
– mix of  processed cortical bone tissue allograft 

blended mineralized cancellous particulate
• No carrier

– naturally occurring levels of  BMP 2, 4 and 7 as wells 
as VEGF



• Physio-
– Alk Phos activity day 6 and 13 



Synthetics

– Ceramics
• Scaffolds facilitate cellular adhesion, vascular ingrowth, 

bone formation

– Calcium Sulfate
• Osteoblasts attach, osteoclasts can resorb

– Collagen
• Type I-conductive for mineral deposition, vascular 

ingrowth, growth factor binding



Synthetics

• Synthetics
– Low regulatory barrier
• Proliferation of  products available

– Analysis of  27 studies
• Bias very high in almost all studies
• No RCT or Level I evidence
• Preventing synthetic grafts from being deemed beneficial



• Nano crystalline HA with porcine collagen 
carrier used as bone graft extender with BMA 
and local bone
– Radiographically 91% patients treated exhibited 

bilateral or unilateral posterolateral bridging bone



Bone Morphogenetic Protein

• Member of  TGF-β family of  growth factors
– In high concentrations results in direct 

intramembranous ossification

• Recombinant technology allows for mass 
production of  multiple BMPs

• rhBMP-2 FDA approved in 2002 for single level 
ALIF in grade I spondy with LT cage
– 08 posterolateral lumbar pseudo, open tibia

• rhBMP-7- HDE exemption only



• 2002- .7% of  fusions

• 2006- 30% of  fusions

• 2007- 16% used in ALIF
– The rest off  label



BMP

• 2008- FDA Black-box warning for cervical
– Likely dose phenomenon 



• Publication bias
– Complications underreported?

• Safety concerns
– 10-50% worse than original estimate





Yale Open Data Access 

• YODA
– Controversy re: promotion indication and ethics of  

use of  InFuse
– Allegations of  improper complication reporting
• Medtronic 2.5 million funding

– 2 independent research groups to evaluate rhBMP-2 
clinical studies

– 2 meta-analysis papers





BMP

• Bottom line
– Reasonably safe per FDA indications
– As effective as ICBG
– Unsafe when used off  label
• Cervical spine surgery
• TLIF



Cellular Bone Matrices

• Several products now filling “space” left in 
controversy surrounding Infuse

• Multiple sponsored trials underway
• Variants of  quiescent stem cells adhered to a 

carrier, usually DBM
– Variance in donor age, cell concentration



• Fast growing segment of  market ($400M in 2018)
– Higher price than DBM and synthetics

• Processed by tissue bank and licensed by spine 
company
– Tissue donor-
• Cancellous bone processed-immunodepletion to preserve 

cells
• Cortical bone- DBM



Cellular Bone Matrices

• Clinical evidence?
– Been on market for 13 years
– Pubmed search
• 9 studies,  5 osteocel, 3 Trinity evolution

– Limited data-conclusions are weak
– Acceptable fusion rates but
• No observed clinical benefits to justify price premium

– In general, insufficient evidence
• Studies ongoing



The End


