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National Institutes of Health - Definition of Nanotechnology: 
“Control of matter at a length scale of approximately 1 - 100 nanometers, where 

novel properties and functions occur because of the size.”
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OLD VS NEW THOUGHTS

• VISUAL
• TACTILE
• MACRO
• PHYSICAL
• MODULUS

• NANO
• SURFACE 

ARCHITECTURE/ENERGY
• SURFACE DRUG 

DELIVERY
• EXOSOMES 
• 3-D MOLECULAR 

INTERACTIONS
• CELLULAR SIGNALING
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• Result of the foreign body response 

• Up to several hundred microns thick

• Lacks vasculature

• Hinders nutrient transport

• Inhibits implant-tissue integration

• Implant failure? Surgical failure?

Cestari, T. M. et al. Braz. Dent. J. 21, 482–490 (2010).

Fibrous encapsulation is the body’s way of sequestering foreign objects

Fibrous Encapsulation
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• Roughness
– More protein anchorage points
– Better physical integration with surrounding tissue

• Surface Energy
– “Unsatisfied bond energy”
– Changes with surface chemistry and topography

It is possible to reduce or eliminate fibrous encapsulation
by modifying the implant surface properties

Gittens, R. A. et al. Acta Biomater. 10, 3363–3371 (2014).
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Desirable Surface Properties

Proteins and cells seek to minimize to overall surface free energy of the interface



PEEK Ti

Ti-PEEK

From atomic force microscopy analysis,
the Ti-PEEK surface provides ~40% more 
surface area per sq. micron of projected area

The Ti-PEEK surface
exhibits roughness at the 

macro, micro, and nano levels

Macro: friction fit Micro: cell growth surface area Nano: cell-substrate interactions
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Increased Surface Roughness



Osseointegration is directed by surface characteristics

Adhesion to the implant surface
Deposition of foundational cement line

Differentiation and formation of bone matrix
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PEEK Ti-6Al-4V

Samples characterized for:
• Surface topography
• Cellular response

• Adhesion
• Proliferation
• Calcium deposition

This in vitro study examined human osteoprogenitor cell 
responses to PEEK, titanium, and Ti-PEEK surfaces

Cross-sectional SEM of
the Ti-PEEK interface

Ti-PEEK

10
Hickey, D. J. et al. Colloids Surfaces B Biointerfaces 175, 509–516 (2019). 
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Cell viability measured via an MTS cell viability assay
Data is avg. +/- stdev., N = 3, *p<0.001 compared to PEEK, **p<0.001 compared to Ti

• Titanium chemistry promotes clear improvement compared to PEEK
• Rough Ti-PEEK surface provides more area for proliferation
• Micro- and nano-features enhance osteogenic cellular activity
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Cell Adhesion and Proliferation



The Difference Between Nanosurfaces: Nano Feature Size, Spacing, Surface 
Energy, etc. Control Protein Mediated Cell Function.*

*Lopes MA, Monteiro FJ, Santos JD, et al. J Biomedical Material Research 1999;45 (4):370-5.

Nanovis’ Nanotube Acid Etch Nanoparticle Nanoparticle

• Water and proteins adsorb on the surface nanofeatures then cells attach to the proteins.
• Nanofeatures change surface energy, protein spacing, and structure which affects integrin 

binding sites and cytoskeletal signaling mechanisms.
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Nanovis’ Fixation Platforms: Bioceramic 

nanotubes increase and accelerate calcified 

extracellular matrix production.

(Extensive data available)

Nanovis’ Anti-Infection Platforms: Targeted 

therapeutic delivery to kill bacteria.

(Extensive data available)



Nanofeatures change surface energy, protein spacing, and structure 
which affects integrin binding sites and cytoskeletal signaling 

mechanisms.
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*Significant differences between Ti, 30- and 50-nm nanotubes vs. 70-and 100nm nanotubes for ALP, OCN, and OPN gene expressions (P<0.01). 
Oh et al. 2009, Proceedings of then National Academy of Sciences 



Control (Titanium) 30nm Nanotubes

Nanovis Nanotube Enhanced Pedicle Screws in an Ovine 
Pseudoarthrosis Pilot Model
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Hospital-acquired infections represent a cost of over 
$10 Billion per year
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- JAMA, 2013

THA Primary 1-3%
Revision 3-45%

Catheters
20%

Spine
3-20%Rates of 

HAIs:

All surgical sites are subjected to bacteria, and most are cleared by the body and systemic 
antibiotics. Unfortunately, not all bacteria can be killed by irrigation or post op antibiotics.



Neovascularization and The Race to The Surface 

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. Nanovis Data on File

(Khosravi et al. 2018) Fig.5 In vivo longitudinal microvascular response to machined (TiMA) and nanotube (TiNT) cranial 
implants. Representative overlaid images of two channels: Silver gray—the reflected light (622–666 nm) Ti implant; 
Green—the FITC-DEX-labeled vessels at day 7 post-implantation, showing little neovascularization around 
the a Machined implant compared to b Nanotube implant. Notes: (1) the concentric lines seen clearly on machined 
surface are machining marks and are less obvious on the nanotube sample; (2) the leakage of FITC-DEX from the tip of 
the incompetent, newly forming, vessels was obvious at higher magnification (b.(i)); (b.(ii)) Green and silver gray 
channel overlaid. c Representative images demonstrating formation and development of the peri-implant neovascular 
network from day 3 to day 42 around the machined surface and the nanotube surfaced implants. Scale bars (a–c): 
500 µm. b.(i), (ii): 200 µm. Images are stacks of tiled scans of the entire craniotomy at the maximum intensity projection; 
the depth of the field is 0.5 mm, which is equal to the thickness of the implant.
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Surface Modification
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Covalently bound intermediary 
(linker) layer: permanent molecular 
modification resistant to heat, energy, 
abrasion, etc. Provides bonding layer 
for functional molecules.

Substrate surface: bulk properties preserved 
due to nanoscale layer size of treatment

Covalently-bound functional molecule: 
provides desired molecular surface change –
antimicrobial activity, biological activity, 
lubricity



Technology Characteristics
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Stable attachment 
of molecules to 

surfaces

Thin treatments 
that do not impact 

bulk properties

Provides novel, 
proprietary 

improvement of 
products

Not a coating or paint

antimicrobial
bioactive
lubricious

Inexpensive on a 
per-implant basisStable bonding 

at physiological 
pH

Potential applications:



Advantages of 
bound active 
molecule

• Protects implant at the surface 
where colonization and biofilms 
occur or surface cellular 
interactions take place
•No potential for regional or 

systemic toxicity
• Robust surface to environmental 

and physiologic stressors
• Cost-effective and efficient 

manufacturing

Confidential and Proprietary
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