
1

Park City, UT

Wellington K. Hsu, MD

Clifford C. Raisbeck Distinguished Professor of Orthopaedic Surgery
Director of Research, NMH Musculoskeletal Institute

Department of Orthopaedic Surgery
Northwestern University Feinberg School of Medicine

2/15/2017

Spine Biologics
Overview and EBM Update

Park City, UT

Wellington K. Hsu, MD

Clifford C. Raisbeck Distinguished Professor of Orthopaedic Surgery
Director of Research, NMH Musculoskeletal Institute

Department of Orthopaedic Surgery
Northwestern University Feinberg School of Medicine

2/15/2017

Disclosures

Entity Consulting Advisory Board Royalties Research Grant

Medtronic X

Stryker X X

Ceramtec X

Lifenet X

Xtant X

Globus X

Bioventus X

Mirus X

Graftys X

LSRS X

OREF X

TCP

DBM

BMP
MSC

PRP



2

• Posterolateral spinal fusion

• 1-3 levels

• Adult degenerative conditions

• Plain radiographs / CT scan

• LOE I-IV
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Where we have been…

2/15/2017 ICBG comprises 6% of spine fusions…
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“local bone graft” and “spine fusion”

• Retrospective study

• 241 pt with instrumented PLF or with PLF/interbody at single-level
– Local autologous bone

– No extenders/enhancers

• Fusion assessed with
– < 3 mm translation

– < 5 degrees angulation on flex/ex

– CT scan grading of bridging bone

• 18% bilateral fusion rate with PLF alone (6 months)
– 24% unilateral fusion

• 44% bilateral fusion rate with PLF alone (12 months)

• Interbody patients with significantly lower rates of fusion

• Could be volume-dependent
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Synthetic carriers

• Silicates

• Ceramics
– Calcium phosphate

– Hydroxyapatite

• Bioglass 

• Collagen-based

2/15/2017

-More flexibility

-Less variability

-Better biomechanical 
properties

• Bone graft extender

• Non-immunogenic, biologically inert

• Favorable cost profile

2/15/2017

Cell-based Strategies

• Mesenchymal stem cells
– Multipotent

– Adult source

– Autologous

– Survival rates

– Autocrine effects

– Paracrine effects

– Long-term stimulus

– Unlimited supply
2/15/2017
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Bone MuscleCartilage Hematopoietic
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Allogeneic 
Mesenchymal Stem 

Cells

Cell-based Matrices

• Source of cells
– Adipose

– Bone Marrow

• Processing method
– Retention of bone, GF, cells

– “Dirty DBM”

• Mechanism of action
– Non-cell-based

– Creating a microenvironment
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“spine fusion” and “allogeneic stem cells”

• Retrospective review of ACDF
– 57 patients

– 1- or 2-level ACDF between 2010-12

– Osteocel, allograft, anterior plate

– Compared to control of allograft 
(Vertigraft)

– 1-year f/u

• 50 of 57 (87.7%) fused in Osteocel
group

• 54 of 57 (94.7%) fused in control, 
p=0.19

2002 20142009
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0.7%
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“Golden Age” “Dark Age”

Usage of BMP in Posterolateral Fusions

$950 million/annually
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• ICBG is gold standard, but there is morbidity

• No clinical advantage for BMP and similar 
complication rates (not including ACDF)

• In some surgical cases, may not make sense to 
assume any increased risk, no matter how small

• In others, the small risks of cancer and other 
complications may be reasonable to take

• Patients should be counseled on this information

• 36 athymic rats intraosseous injection of 
lung CA cells
– Group A – control

– Group B – cells exposed to BMP

• BLI used to confirm tumor size and signal

• BMP no difference in
– Tumor burden

– BLI radiance

– Amount of osteolysis

2/15/2017
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• SEER cancers

• Population-based study

• 2005-2010

• 5-year f/u

• Medicare/PearlDiver

% Dx Incidence

BMP Non-BMP BMP Control RR (95% CI)

Overall 5.9 6.5 2076 2212 0.938

Male 7.5 8.0 2674 2722 0.982

Female 4.9 5.4 1699 1823 0.932

• ICD-9-CM codes

• 467,916 patients
– 110,808 pt with rhBMP-2

• Relative risk reduction with 
rhBMP-2

– 6.2%
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• Case-cohort study

• SEER Program-Medicare
– 7278 patients > 65 yo, Lumbar arthrodesis 2004-11

• 3627 random subcohort (191 with cancer)

• 3651 with cancer

• Weighted Cox prop-hazards regression for hazard ratios based 
on BMP exposure

• 31% of lumbar fusions used BMP

• No association of BMP and cancer

• BMP not associated with new cancer with prior diagnosis of 
cancer

• BMP not associated with mortality after cancer diagnosis 2/15/2017

ICBG………….$160
0

Allograft………$300

DBM…………..$900

Ceramics…….$1100

Stem cells……$2600

rhBMP-2……..$4000

What do I use?

Approach Biologic

Open lumbar Local bone graft + synthetic

ACDF Allograft

Posterior cervical DBM

MIS TLIF BMP

ALIF/LIF BMP

2/15/2017
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Macro Scale

Micro Scale

Nano Scale

Molecular Scale

Nanotechnology	in	

Bone	Regeneration

Bone Healing through Synthetic Scaffolds

• Narrow the focus…

• If you build it, it will come…

• Optimize biomaterials to provide bioactivity…

• Creating biomimetic structures

The Peptide Ampiphile (PA) Nanofiber

surface-displayed 
epitope:

BMP-2 Binding

hydrophobic tail 
for aggregation

Beta Sheet 
domain 
encoding

for cylindrical 
shape

charged sites 
for solubility
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Forces Controlling Self-Assembly

• Hydrophobicity

• Molecular Packing

• Van der Waals force 

• Hydrogen bonding

• Polar force

• Ionic charge

• pi-pi stacking (aromatic molecules)

Complexity	in	Self‐Assembling	Structures

Adding	Osteoinductive Properties	to	the	PA	Nanofiber

Bone Morphogenetic Protein (BMP-2) 
Growth Factor

surface-displayed epitope:

BMP-2 Binding hydrophobic tail for 
aggregation

Beta Sheet domain encoding

for cylindrical shape

charged sites for 
solubility

Adding	Osteoinductive Properties	to	the	PA	Nanofiber

Bone Morphogenetic Protein (BMP-2) 
Growth Factor

Advanced Healthcare Materials 4(1), (2015) 131-141.
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Only gelled Gelled then exposed to BMP-2 in 
solution

**

Fusion Score Rat Model
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Conclusions

• Technologies behind spinal biologics 
continue to evolve

• Almost all products available are 
extenders vs. substitutes

• Synthetics gaining market share

• Increasing our understanding of CBMs

• BMP likely does not increase risk of 
cancer
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