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* PEEK
— Abundant
— Relatively cheap

— Radiolucent

— Modulus of Elasticity close to bone
— Concern due to high non-union rates

— Caused many to seek alternatives (titanium)
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Nanoscale Design Features Adds NanoBiology to Biomechanics to
Achieve Biomechanical Fixation
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Scale bars = 1 micron

Miller, D.C. , Nanostructured polymers for vascular grafts, PhD. Thesis , Purdue University, 2006

Nanoscale Implant Surfaces Don’t Typically
Mimic Nanoscale Bone

Nanotubular Titanium Oxide Nanoscale PEEK
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Osteoblast Morphology and Filopodia Attachment
Conventional (Flat) Ti ELI vs. Physiologic Nanosurfaces

Annodization can Create a Consistent,

Replicatable, Customized Nanotube Surface
PROCEDURES:

Pretreatment: chemical
polishing using HF/HNO,
mixture

Anodization: 0.5 or 1.5%HF
Voltage: 20V
Time: 20 min

Rinse and dry } =
Clean: acetone and ethanol

Sketch of Anodization

Sterilize

Race to the surface: Bacteria or Tissue: Rhode Island VA
Abutment Study: Anodized Ti Implant After 28 Days

m

— e
Unanodized Ti (Nanoflat) Anodized Ti (Nanotubes)

Skin attachment, no infection




2/15/2017

Race to the Surface: Bacteria Colonization of nanotube
surfaced titanium and conventional (nano-flat) titanium.
Guinea Pig S. aureus Challenge

Figure: Preliminary data of S.
aureus colony forming units on
various Ti rods inserted into the
skin of pigs, inoculated with 1 x
106 S. aureus, recovered for 7 days.
Data = mean +- SEM; N =3; *p
< 0.01 compared to plain
titanium and ** p < 0.01
compared to anodized titanium
alone.

Porcine Calvaria Model Comparing
Conventional (Nanoflat) Ti6AL4V pins and
TiAL4V with 30, 70, and 100 nm Diameter

Nanotube Surfaces

o

Gene Expression Markers of Bone Growth
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Total RNA was isolated at 1,2, 3, 4 and 5 weeks from bone around implants hined, 30 nm, 70 nm and 100 nm nanotubes. The tempora
pattern of expression levels for (a) ALP, (b) TRAP is shown as fold change (2DDCT method, baseline Yaweek 1 expression at machined implant

surface)
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Histological Sections at 3 and 8 Weeks

Machined Machined
70 nm TiO2 s ( 2 70 nm TiO2 nanotubes
at 3 weel

(Nanoflat) at
3 weel

Bone to Implant Contact Varied by Nanofeature

Bone to Implant Contact (BIC)
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Comparative Study of Fixation Strength. Porcine Calvaria
Pin Removal Model.
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Direct Comparison of Sheer Strength (MPa) Between
Host Bone and PEEK or Allograft or Porous Titanium
Scaffold after 5 weeks of Implantation

Data=Mean+STDEV. Data were a udent’s Ltests. *p<0.01

4.5 MPa, Shear
ength of
Porcine Vertebral
abecular Bone
p<0.

The fixation/bone attachment strength at 5 weeks was stronger than that
of mature porcine vertebral trabecular bone.

Evaluating Osseointegration Into a Deeply Porous
Titanium Scaffold

3 Month Ovine Pseudoarthrosis Model

Bone-Implant Contact

Control (Nano flat) Pedicle Sc 30nm nanotubes

- N




Strategy Surface

Machined PEEK

Subtractiv

Manufacturing
(e-beam)

Coatings

Deeply Pc s
Scaffolds

Foundation Layer: Deeply Porous Titanium Scaffold (FortiCore®)

523 pm = Avg. Pore Size
60% = Pore Volume

750 microns = Depth of
Porous Layer

10,000x Magnification
(Micron)

Surface Durability Subject to A
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Abrasion resistance tested using FDA
“Guidance Document for Testing Orthopedic
Implants with Modified Metallic Surfaces
Apposing Bone or Bone Cement”

10 Cycles at a specified normal force

Travel in one direction w

3 samples tested at each load

Specimen Pre Test Specimen Post Test

as a Function of

——TPS Titanium
Sintered Beads
BIOFOAM-Grooved Surface
—+—BIOFOAN-TECOMET Surface
—e—Deeply Porous Titanium Scaffold
TPS PEEK

fa s as a function of applied load. Data points for materials

e taken from Biofoam technical monograph.
ical. 200. At all loads tested, abrasive wear of TPS PEEK was h

her than that for other scaffolds.

Implant Durability: Abrasion Resistance of Sprayed
Titanium Particle and Porous Titanium Scaffold Surfaces

Surface Mass Lost From Abrasive Load (Ibs)

! Plasma Spray ! Porous Titanium

nt Mass Loss %AM as a function of applied load. Data points for materials o

han the FortiCor e take from
ture and estimated to be accurate to +/- 1% At all loads te

the FortiCore scaffold abrasion w




Results

. National Institutes of Health Grant Nur
AR066979-01A1
Principal Investigator: Yao, Chang, JJ Abitbol, Rick Gu
“Durable Biomechanical Stabilization of Spinal Fusion Segments
Despite Pseudoarthrosis Using Spinal Implants with Nano and
Micron Porous Hierarchical Structures in a Novel Non-Union
Model”

National Institutes of Health Grant Number: 1 R43
AGO49514
Principal Investigator: Yao, Chang, JJ Abitbol, Rick Guyer
“Spinal Pseudoarthrosis Mitigation Using Nano Devices”
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SUMMARY

» Nano flat surfaces seem to lack characteristics to
promote ingrowth and fixation

* Recent animal studies appear encouraging that
Nano treated surfaces enhance bone ingrowth and
fixation

» Not all surfaces are Nano (<100nm)

Nanotube Surfaced Pedicle Screws to Delay or Prevent
Pseudoarthrosis Complications? — Pedicle Screw Loosening

i V)

S
)

Ovine Pilot Study used to Structure FDA targeted study

Non fusion, posterolateral fixation screws & rods only

Time points: 1, 2, and 3 months

Histology & mechanical attachment

11
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What About Coating PEEK with Titanium?
Implant Manufacturing and Durability:

Titanium
P Sp
on PEEK

Open Pores
PEEK Injection ' o, | e
molded into
titanium scaffold

‘What about Titanium?

Comparison of titanium and polyetheretherketone (PEEK) cages in the surgical
treatment of multilevel cervical spondylotic myelopath; prospective, randomized,
control study with over 7-year follow-up.

il s 5 5
RESULTS:
At the final follow-up, the clinical outcomes including JO. re, NDI score, and the
excellent and good rates of clinical outcomes in the PEEK group were better than those in
the titanium group. More loss of the Cobb angles and the intervertebral height wa
observed in the titanium group, resulting in the radiological parameters in the titanium

4% in the titanium and PEEK groups, r
the final . Two pati
dislocation without clinical symptoms in the titanium group.
CONCLUSIONS:
rgical treatment of multilevel , PEEK cage is superior to titanium ¢
maintenance of intervertebral height and cervical lordosis, resulting in better clin
outcomes in the long-term follow-up.
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What About Fusion Assessment?

Titanium Implant Porous Tantalum

Porous Titanium
Implant

Scaffold with PEEK
Core

Comparative Study of In growth into Porous
Titanium Scaffolds: Canine Osseolntegration Model

Population
— 8 Animals, Unilateral Implantation
— 6 Stems with Micron Porous -Ti Scaffold
— 2 Control Stems (Conventional BFX)

Void Space Occupied by Bone 12 Weeks after Implantation: THR 24-
58% porous titanium scaffold ~75%.

Data on File, Nanovis Spine, LLC

Direct Comparison of Sheer Strength (MPa) Between
Host Bone and PEEK or Allograft or Porous Titanium
Scaffold after 5 weeks of Implantation

4.5 MPa, Shear
trength of
Porcine Vertebral

Sheer Strength

fudent’s Ltests. *p<0.01
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Bone to Implant Contact Varied by Nanofeature
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ntact (BIC) over the total implant length for all implant sur
chined implant (p < 0.05). Doubl
ment (p < 0.05),

N. Wang et al./ Biomates 011) 6900-6911

Adjust Nanotube Sizes (Sub 100nm) to Tune Protein
Spacing Mediated Stem Cell Differentiation

7
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\
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Density Elongation

Oh et al. 2009, PNAS

Gene Expression Markers of Bone Growth

Total RNA was isolated at 1,2, 3, 4 and 5 weeks from bone around implants of machin
pattern of expression levels for (a) ALP, (b) TRAP is shown as fold cha

surface),
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nim, 70 nm and 100 nm nanotubes. The temporal
2DDCT method, baseline Yaweek | expression at machined implant

N. Wang et al./ Biomaterials 32 (2011) 6900-6911
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rorcimne cdlivdrid viodael L()Illp'dl'lllg
Conventional (Nanoflat) Ti6AL4V pins and
L4V with 30, 70, and 100 nm Diameter
Nanotube Surfaces

N. Wang et al./ Biomaterials 32 (2011) 6900-6911

Nanoscale Design Features Adds NanoBiology to Biomec
Achieve Biomechanical Fixation
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DISCLOSURES

What about
Nanotechnology?

Pigmen

Water re:

Ultra low weight materials (bike frames,
ckets, Lamborghini’

)

Nanostructured organ regeneration scaffolds

1e Growth Nanosensors

TiO, nanopart
ed drug delive
Solubilizing age: ydrophobic drug delivery

Nanosurface Porous Scaffolds?

2/15/2017
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/ Porous Titanium Scaffold with an injection molded PEEK
Core. Product Family Trademar

300x Magnification
(Macro)

523 um = Avg. Pore
Size

60% = Pore volume

750 microns

Depth of porous

ingrowth layer 1,000x M i 10,000x Magnification
(Micron) (Micron)

% Mass Loss as a Function of Applied Load

——TPS Ttanium

Sintered Beads

BIOFOAM-Grooved Surface
—+—BIOFOAN-TECOMET Surface
—e—Deeply Porous Titanium Scaffold
—o—TPS PEEK

Surface Durability Subject to Abrasive Forces:
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Abrasion resistance tested using
FDA “Guidance Document for
Testing Orthopedic Implants with
Modified Metallic Surfaces
Apposing Bone or Bone Cement”
10 Cycles at a specified normal
force

Travel in one direction wa

mm

3 samples tested at each load

Specimen Pre Test Specimen Post Test

0.0003

LG QP PLCGUULL UL L IUCOULIVIOR Y 1L
orthopedics/spine is the creation of
biologically inspired implant surface to
promote stem cell differentiation and bone

* Emergence of 3-Dimensinoal porous fusion
cages provides room for ingrowth and larg
e areas for addmm) of

cues played their roles by directing
: and subsequent
cell behaviors.
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One example of nano-size cues is titania
nanotubes created by anodization

2/15/2017

Literature shows it influence:
key proteins involved in bon

e
+ 1gG
e
Fibronoger
Collagen
Vitronectim
Fib

It influences the quantity
and quality (conformation)

Proteins provide
binding sites for
cells. Thus attached
stem cells can
undergo different
cytoskeletal stress
depending on the
pattern of adsorbed
proteins. This in turn

Large size nanotubes (70-
100 nm) significantly
increase stem cell
differentiation into bone

One example of nano-size cues is titania
nanotubes created by anodization

Literature shows it influence:
key proteins involved in bon

* IgG i
A!b“m'é_ Tunable nanotubes determine
Fibronoger

Collagen protein adsorption
goregated prote
Vitronecti

Fibronectin

It influences the quantity
and quality (conformation)

Oh et al, PNAS 106-7,
P2130,

Proteins provide
binding sites for
cells. Thus attac
stem cells can
undergo different
cytoskeletal stress
depending on the
pattern of adsorbed
proteins. This in turn

Lar[de $ize nanotubes (70-
100 nm) significantly
increase stem cell
differentiation into bone

Further exploration of short term biologic stabilization in large animal model, Nano feature modified

performance in chall
Next new data packa

National Ii
Principal Investigato
“Durable Biom abi inal Fusion S
Spinal Implants with Nano and ierarchical
Model”

National Institutes of Health Grant Number: 1 R43 AGO49514

Principal Investigator: Yao, Chang, JJ Abitbol, Rick Guyer
“Spinal Pseudoarthrosis Mitigation U
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