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Overview
• Innovations in Spine Surgery-

– Patterns of Adoption …and Abandonment
• Incremental Value of New Technologies and Techniques
• Levels of Evidence to Compel/Support Change
• Evidence for novel interbody materials

– Nanoporous titanium
– 3D printed Porous Titanium
– Porous PEEK
– HA/PEEK



Implant Materials in Spine 
Surgery

• Interbody Cages
– Allograft
– Titanium

• Porous
• Acid-Etched

– PEEK
• Titanium Coated
• HA Composites

– Carbon Fiber
– HA Coated





Innovative	Interbody Technologies

Burden	of	Proof:
1)	Improve	Fusion	Rates
2)	Reduce	Cage	Subsidence
3)	Reduce	Cage	Migration
4)	Reduce	Reoperations
5)	Improve	Clinical	Outcomes
6)	Cost-effective

.



Level of Evidence
• Supportive Evidence

– Preclinical studies
• Compelling Evidence

– Human clinical trials
– Comparative Studies



Levels of Proof

• Beyond a Reasonable Doubt
– Randomized prospective clinical trial

• Preponderance of evidence
– Preclinical studies
– Prospective cohort studies;retrospective review
– Clinical experience



Pre-Clinical Comparisons
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3D Printed Porous Titanium

Svehla, JBMR (2000); Walsh, Spine (2015) 
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AVS UniLIF PEEK Cage:
16 weeks post-op

Competitive Ti Plasma Sprayed 
PEEK Implant:
16 weeks post-op

TRITANIUM PL Cage:
16 weeks post-op

Pre-Clinical Study Histology Analysis* 

*Results presented are preliminary data from study. Final results to be available at conclusion of the study*

Confidential.	Do	not	copy	or	distribute.	For	internal	use	only.



HA PEEK 

• Composite material of 80% PEEK, 20% Hydroxyapatite 
integration 

• Structural and mechanical properties of PEEK combined with 
osteoconductive properties of HA

• No coatings or laminate 
• Hydroxyapatite

– Osteoconductive biomaterial used to 
enhance bone apposition 

– Chemical crystal structure similar to bone



The above images compare the two products showing a 4 week histology in 
sheep of (a) Natural PEEK, and (b) HA infused PEEK. Solid and open arrows 

show gaps and areas of direct bone contact respectively. 
With the HA infused PEEK (b), a more consistent and continuous degree of 

direct bone contact is observed.

Natural PEEK HA PEEK

Osteoconductive Surface



Pre-Clinical Outcomes 

• Micro-CT showed 
direct bone contact at 
implant interface with 
HA PEEK

• More mature fusion 
histology with HA 
PEEK compared to 
PEEK or allograft 
implant. 



• Biological Environment adjacent to titanium is 
more favorable to bone formation than PEEK



“Nanotechnology exploits the unique 
advantage of direct interaction with 

cells on a molecular level.”



Nano-Structured Titanium

• Biologically Inspired implant surface which can 

be “sensed” by Individual Cells to 

• Drive Osteoblastic Differentiation

• Leading to rapid bone formation and osseous 

integration



lUp-regulate Osteoblasts - TGF-B1, BMP-2,4,7

Physiologic BMP production

TCPS = Tissue Culture 
Polystyrene

sTi = Smooth Titanium 
rTi = Roughened Titanium 

(Micro scale)



Down-regulate Osteoclasts – TGF-B1, OPG 
(Osteoprotegerin)

TCPS = Tissue Culture 
Polystyrene

sTi = Smooth Titanium 
rTi = Roughened Titanium 

(Micro scale)





• 53yo female with longstanding lumbosacral pain with 
bilateral L5 radicular pain

• Fall from ladder (4 feet) with L1 compression fracture
• 3 mos persistent pain to L1 with increase lumbosacral pain 

and L5 radicular pain
– Unable to return to work

• DEXA = -2.8
• Non-smoker, BMI=25, Norco- 4/day
• Lives with husband, Disabled as a restaurant worker



• SVA=  6cm
• PT=      30degrees
• SVA=    8cm











Cost-effectiveness of New 
Technologies

• Decision analysis in health policy and new 
technology adoption

• Effectiveness measured in:
– Implant survival
– Revision rates
– Change in Health Status
– Utility of Intervention



Conclusion 
Innovative Surfaces have the opportunity to improve osteointegration of implants 
and stability and efficacy of interbody fusions

The Ideal Material for interbody fusion:

– Facilitates bone growth / Osteointegration

– Images well across all modalities 

– Limited Subsidence

– Cost effective 

• Compelling evidence will require direct comparative studies including preclinical 

modeling and clinical outcomes



UCSF Center for Outcomes 
Research


