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– Still a significant clinical problem

– 7 studies met inclusion criteria

– Plain radiographs and thin-cut CT 

used for diagnosis





Comorbidities

High BMI

Drug use

Smoker

Diabetes

Previous revisions

Osteoporosis 

Age

Spine structure

High grade spondy

Coronal deformity

Sagittal deformity

Multilevel problem

Corrective osteotomies

MIS approach

Patient-specific Considerations



• Limited access

• Decreased surface area for bone bridging

• Lack of autograft

• Poor environment – less margin for error

• Handling properties of a biologic is critical



Where we have been…

10/2/2022 ICBG comprises 6% of spine fusions…



3D printing

- Patented in 1983, expired in 2009

- Emergence of affordable printers

- Changing landscape like personal 

computers and internet

The New Industrial Revolution

- Replacing mass with custom 

production

- Mass market for niche products

- Positive effect on environment

- Shapeways, Inc with 30 industrial-

sized printers
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PRO

- Create complex designs

- Customizable

- Lower fixed costs

- No need for tools/molds

- Turnaround time

- Less waste

CON

- High cost for large runs

- Less material choices

- Limitations in strength

- Variability from 

machines

- Lower precision (iphone)



3D printing is everywhere

F1 car 

manufacturing

Jet engine fuel 

nozzles

Hearing aids

Orthodontist braces

Movie props



• Fused deposition 

modeling

– Use of filament

– Heated nozzle

– Material extruded then 

instantly cools down 

and solidfies

– Cheapest 3D printing 

technology on market

• Stereolithography

– Liquid photopolymer 

resin

– Laser light source to 

solidify the material

– Uses a resin tank

– DLP uses projector

– Limited to resins



• Selective Laser Sintering

– Laser to melt/sinter

– Powdered material

– Elastomers and plastics

– Melts successive layers 

one by one

– Industrial 3D printing 

applications

– Complete design freedom

– Ceramic, metal, glass, 

plastic

• Selective Laser Melting

– Thin layers of powdered 

metal

– Selectively melting using 

heat source – either high 

power laser or electron 

beam

– Takes place in low 

oxygen environment or 

vacuum

– Reduce thermal stresses

– Holy grail of processes



Biologics 

Buffet

Autograft

Synthetics
DBM

BMP

Stem 

Cells

Allograft





Macro Scale

Micro Scale

Nano Scale

Molecular Scale

Nanotechnology in 

Bone Regeneration



Synthetic carriers

• Silicates

• Ceramics

– Calcium phosphate

– Hydroxyapatite

• Bioglass 

• Collagen-based

10/2/2022

-More flexibility

-Less variability

-Better biomechanical 

properties



Hyperelastic “Bone” 3D-Ink

TRI-SOLVENT 

MIXTURE

ELASTOMER (10%)

HYDROXYAPATITE (90%)

Hyperelastic 

Bone 3D-Ink

(Scalable Ink Synthesis)
10-50 μm

Mix and 

Thicken

Room-Temperature, 

Extrusion 3D-Printing

Elevated temperatures are not 

used at any stage

3D-Printed material is 90% HA 

3D-Print



32x 

Speed

Common material with uncommon properties

FEATURES
FDA approved materials

Mechanically Elastic 

Absorbent

Osteoinductive

Fold, Roll, Cut, Fuse, Coat

Incorporate Bioactive Factors

Up to 150 mm/s print speeds

Objects can be handled immediately

No high-temperature processing required

Rapid liquid-to-solid transformation 

upon Deposition 



HB Hot-Melt Allograft Bone

Alizarin Red Stain → RED = Exposed Calcium (i.e. Hydroxyapatite)

Hydroxyapatite dominates “HB” surface chemistry

Other advantages

Standard 3D-P HA

• hot-melt printed 

from powder

• 50% HA 

• brittle

• fully dense

3D-P “HB”

• absorbent

• room-temp printed 

from liquid ink

• 90 % HA

• hyperelastic

• ~50% porous



Green = mineralized 

matrix

Red = non-mineralized 

collagen/cytoplasm

2x

10x



Demineralized Bone Matrix

What is it?

Acid extraction of mineralized phase of bone

Growth factors – Urist MR 1965 Science

Collagenous and non-collagenous proteins

Graft Properties

Osteoconductive

Osteoinductive

Advantages

Ease of Use and readily available

High Safety Factor

Disadvantages

Processing variability



Synthetic HA

(1-30 µm, spherical)

Allograft-derived DBM

(< 80 µm, irregular)

HA

PLG

DBM

Combination biologic therapy 

through additive manufacturing
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White = HA

Magenta = Bone Spicule

100% HA

3:1 HA:DBM

Synchrotron MicroComputed Tomography



HA-DBM leads to abundant vascularization 

within the macropores



Hyperelastic Bone

Economical Scalable Tailorable



Step 1…

• The future of spinal biologics may be synthetic, 

improving

– processing methods

– biomaterials

– biodegradability

– handling characteristics



Biologics

Bony Fusion

Long-term 

stability

Needs rigidity

Instrumentation

Rigidity

Short-term stability

Needs bony fusion

The Best of Both Worlds...



Long length

Under tension

No barriers

Contained space

Under compression

Defined borders



Principles of Interbody Fusion

• Optimize compression

• Surface area, surface 

area, surface area

– Total discectomy

– Endplate preparation

– Filling the space

– Wide cage
10/2/2022
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Variety of applications

ALIF TLIF LIF

ACDF



Principles of cage design

• Spacer/height restoration

• Stiffness

• Assessment of fusion

• Bony ingrowth

• Immediate stability

• Smooth edges for entry

• Accommodation of bone graft

• Restoration of lordosis



The Cage

- Radiolucent

- Young’s Modulus

- Durable

- No bony ingrowth

- Bony integration

- Surface friction

- Subsidence

- Radiopaque

- Sharp surface edges

- Delamination of 

surface



- Test whether impaction of titanium-

coated PEEK can result in delamination 

coating

- Compare to Titanium cages

- Vertebral body substitutes





Tritanium Foam Thickness Ti Plasma-Sprayed Coating Thickness on PEEK Implant
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“titanium” and “bone healing”

Titanium foam

 Col-1, alk phos, OC

Osteoblasts form trabecular 

bone bridge in titanium

MG63 cells on PEEK, Ti

Titanium  osteoblast 

maturation, BMP prod

Interbody – porous 

titanium

5 patient clinical trial, no 

BG

100% fusion rate



Problems of Previous Metal Cages

Radiographic footprint

Cage Design

Subsidence

Migration

Imaging artifact
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Tritanium Technology

Tritanium = 3-Dimensional CP Ti or Ti Alloy

• Proprietary highly porous material designed 
for biological fixation

• Tritanium  closely resembles the structure 
of trabecular bone

• Pore size 

• Amount of porosity

• Interconnectivity of pores

Tritanium Technology

Human Trabecular Bone
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Tritanium Pre-clinical Study

Bony Ingrowth

Subsidence

Stiffness

Expulsion



Tritanium Pre-clinical Study

Bony Ingrowth SubsidenceStiffness Expulsion

Cranial vertebra

Caudal vertebra

Cranial vertebra

Caudal vertebra

Cranial vertebra

Caudal vertebra

Sagittal View

PEEK Cage Ti Plasma Sprayed PEEK Cage Tritanium PL Cage

8 weeks post-op in an ovine model

*Correlation to human clinical outcomes has not been established or demonstrated.

1 STL 15-02 / Stryker -02-15 



Sagittal View

PEEK Cage Ti Plasma Sprayed PEEK Cage Tritanium PL Cage

16 weeks post-op in an ovine model
*Correlation to human clinical outcomes has not been established or demonstrated.

Tritanium Pre-clinical Study

Bony Ingrowth SubsidenceStiffness Expulsion



PEEK

Titanium



The Power of Biomaterials…

• Increasing use of standalone cages





The Power of Biomaterials…

• Increasing use of standalone cages

• Can we improve biologic delivery to obviate the need for 

instrumentation?

– Bone graft substitute inside the disc space

– Surface area, surface area, surface area

• Cost-effectiveness



Degenerative Disc Disease



Prevalence of DDD

• MRI - Overly sensitive
– 98% had DDD > 60 yr.

– False positive imaging in up 
to 25%

– Bulging discs
• Increases with age

• Only 36% 20-80 yr. had normal 
discs at all levels

10/2/2022
Jensen et al., NEJM 331, 1994.

Bulging Protrusion

Extrusion Sequestered
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• Lumbar fusion in WC patients led to 

increased disability, increased opiate use, 

poor outcomes compared to preop

• Diagnosis: Degenerative Disc Disease





Diagnosis is key…

Success rate 90% 30%



Summary

• 3D printing may represent the new industrial 

revolution

• Enhances instead of replaces conventional 

manufacturing

• Spine surgery as a leading target for application
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