
Antibacterial and Remineralizing Coating for Orthodontic Appliances and Dental 
Implants

Principal Investigator:
Raquel LeGeros, Ph.D.
New York University School of Dentistry

Background:
White spot decalcification, calculus formation and caries on tooth surfaces that are in intimate contact 
with the orthodontic brackets are of great concern to orthodontists and their patients. These difficulties 
are primarily a consequence of bacterial plaque formation. Failing implants are also linked to bacterial 
infections resulting from adherence and colonization in the peri-implant area. About 80% of implant 
production cost results from producing adhesion resistant, highly polished surfaces for the portion of the
implant that will be above the gingival.

Certain salts have been reported to reduce bacterial colonization and subsequent plaque accumulation by
modifying cell surface properties.

Description of Project:
Preparations and compositions of calcium phosphate that release an effective salt can serve as 
antibacterial coatings for orthodontic brackets and dental implants. Pellets made of this material that 
were immersed in human saliva for up to five days were shown to inhibit both bacterial colonization and
calculus formation. Application of this technology could drastically reduce the cost of dental implant 
manufacture by making unnecessary the process of polishing to provide a smooth surface for part of the
implant.

Applications:
As an antibacterial coating on orthodontic brackets and dental implants to reduce carries, calculus and 
decalcification in the areas of contact.

Patent Status:
A provisional US patent application has been filed.

For further Information please contact:
New York University
Office of Industrial Liaison
650 First Avenue
New York, NY 10016
Tel: (212) 263-8178
Fax: (212) 263-8189
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A General Method for Enzyme-Mediated Coupling of Oligomers

Principal investigators:
Kent Kirshenbaum, Ph.D, New York University Department of Chemistry
Barney Yoo, New York University Department of Chemistry

Introduction:
Current approaches to the synthesis of polypeptide and peptidomimetic polymers are generally based on the 
coupling of individual monomer units through solid or solution phase chemistry. However, these approaches 
exhibit two inherent limitations: they are not compatible with the synthesis of sequence-specific long chain 
polymers; and they typically require chemical protecting groups. As an alternative, peptide ligation utilizing 
proteases to catalyze amide bond formation is a technique that can potentially surmount these limitations. 
However, there is still a need to overcome a major challenge of this approach in that the products themselves can
be substrates for proteolytic cleavage.

Description of the project:
This invention allows oligomer fragment condensation for generating short or long chain length polymers while 
retaining control of the sequence specificity of the monomer units. Dr. Kirshenbaum and Mr. Yoo show in this 
invention that protease catalysis can be used to generate sequence-specific biomimetic macromolecules through
the ligation of “peptoid” oligomers Peptoids, or N-substituted oligoglycines, are a class of peptidomimetic 
compounds that are inherently resistant to proteolytic cleavage, thus circumventing the limitations related to 
product degradation. The ligation reactions proceed efficiently because the peptoid fragments are functionalized
with an enzyme recognition element, and the enzymatic catalysis allows for highly chemoselective bond formation
between block units, thus precluding the need for protecting groups during ligation. In addition, the invention 
shows that that large concatemers of the starting oligomers having masses greater than 20 KDa can be obtained
as the result of numerous ligation events under mild reaction conditions.

Applications:
This invention will enable synthesis of large protein and protein-mimetic polymers, including biomaterials such as
collagen and elastin. Collagen has a wide range of medical applications including biocompatible coatings, drug 
delivery, and tissue engineering. In addition, this invention allows for the incorporation of discrete biological and 
chemical functionalities into the naturally occurring polymer sequence for tailored biochemical and mechanical 
properties. Examples of this application include covalent cross-linking to improve biomaterial elasticity, or 
sequences containing specific chemical functionalities to improve the hydrating properties of the polymer material.
Furthermore, this invention allows the mixing of natural and unnatural polymers to form hybrid macromolecular 
products resulting in materials with “tunable” properties.

Patent status:
A provisional patent application has been filed in the United States.
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Calcium Phosphate Based Materials Containing Zinc, Magnesium, Fluoride and 
Carbonate

Principal Investigator:
Raquel LeGeros, Ph.D.
New York University School of Dentistry

Background:
Osteoporosis is a progressive and debilitating metabolic bone disease characterized by bone loss and structural 
deterioration leading to increased bone fragility and susceptibility to fractures. In 2001, more than 1.5 million 
Americans suffered from osteoporosis and associated fractures, at a cost of about $17 billion. Meanwhile, 34 
million more Americans are estimated to have low bone mass, placing them at risk for osteoporosis. In fact, a 
woman’s risk of hip fracture is equal to her combined risk of breast, uterine and ovarian cancer.

Description of Project:
Separately, zinc (Zn), magnesium (Mg) and fluoride (F) ions have demonstrated a beneficial effect on the bone 
matrix. On the cellular level, Zn ions not only have a stimulatory effect on bone formation but also may inhibit 
osteoclastic bone resorption, while Mg ions are reported to stimulate osteoblast proliferation. F ions have been 
shown to make apatite crystals larger, less soluble and therefore more likely to form bone. Dr. LeGeros has 
developed a formulation combining optimal concentrations of all three ions in a biphasic calcium phosphate 
system. This biomaterial is similar in composition to bone mineral, but provides a slow release of Zn, Mg, F, 
calcium, and phosphate at the optimal levels and balance. Application of this biomaterial demonstrates a 
synergist effect of these elements, promoting the formation of bone with higher mineral density and greater bone
mass but without the serious side effects associated with FDA-approved anti-resorptive agents.

Applications:
Prevention and treatment of osteoporosis and the repair of fractures caused by osteoporosis.

Patent Status:
A non-provisional US patent application and PCT have been filed.

For further Information please contact:
New York University
Office of Industrial Liaison
650 First Avenue
New York, NY 10016
Tel: (212) 263-8178  Fax: (212) 263-8189
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Detection and Dosimetry Package for Radioactivity and Biological Assaults 

Principal Investigator:
Naomi H. Harley, Ph.D.
Professor, Deptartment of Environmental Medicine

Background:
The retention and distribution in the body of inhaled substances during and following an intentional release can 
pose immediate and prolonged health consequences.  An example of long term consequences follows the 
exposure of responders excavating the World Trade Center pit.

The aerosol particle size spectrum or distribution is the major factor in determining deposition and retention of 
pollutants.  There are presently no field samplers, either for area or personal sampling, which can measure the 
area wide airborne concentration and aerosol particle size spectrum of the inhaled toxic substances.  Any existing
laboratory instruments for aerosol size measurements are difficult to maintain, not suitable for field work, and 
expensive.  Thus, the need for area and personal exposure samplers for airborne toxic substances is clearly 
expressed.

Description of Project:
Dr. Harley has developed an Integrating Miniature Particle Size Sampler (IMP) to provide immediate detection 
and accurate personal exposure assessment following a malicious, intentional exposure, as well as for monitoring
industrial exposure.  The IMP operates in a simple, inexpensive system using only a pump and pressure gauge.  
It presently measures the airborne particle size spectrum from 1 to 10,000 nm.  This range covers any relevant 
human exposure.  The IMP sampler runs with a low flow rate pump even under severe weather conditions for any
required sampling integration period of from hours to months depending upon the measurement urgency.

 The IMP contains an inlet stage that removes large particles, 6 very fine mesh stainless steel screens that filter 
nanometer and small size particles efficiently, and a backup filter that captures all remaining particles passing 
through the sampler. All filtration stages are measured for the pollutant of interest and a computer deconvolution
program takes these measurements and calculates the particle size spectrum.   The IMP can thus determine the
concentration for total exposure and the size spectrum of any particulate airborne aerosol relevant to hazardous 
human exposure in a small unobtrusive package.  This includes any radioactive aerosol or biological species.

Applications:
1. Monitoring environmental hazard exposures in industrial locations.
2. Homeland security measures - immediate detection and accurate personal exposure assessment 
following a malicious, intentional exposure.

Patent Status:
A provisional US patent application has been filed.

For further Information please contact:
New York University
Office of Industrial Liaison
650 First Avenue
New York, NY 10016
Tel: (212) 263-8178  Fax: (212) 263-8189
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Adherent Coatings of Calcium Phosphate Phases to Titanium Alloy Substrates for Use 
as Orthopedic and Dental Implants

Principal  Investigator:
Raquel LeGeros, Ph.D.
New York University School of Dentistry

Background:
Various calcium phosphate (Ca-P) materials are available as bone graft or bone substitute materials for dental 
and orthopedic applications. They promote a direct attachment to the bone, thus developing a very strong 
interface between the two. However, a serious shortcoming of Ca-P materials is their low mechanical or fracture 
strength and they therefore cannot be used in load-bearing areas. Commercially pure titanium (cp-Ti) and 
titanium (Ti) alloy are metals possessing corrosion resistance, biocompatibility, durability, and strength. These 
metals are preferred for dental and orthopedic implants or prosthesis. However, these metals do not directly bond
to the bone. Dental and orthopedic implants were therefore developed that combine the attachment of Ca-P 
coatings with the strength of cp-Ti, or Ti alloy. Plasma spraying is the coating deposition technique used for the 
commercial Ca-P-coated orthopedic and dental implants. This technique requires extremely high temperature. 
The high temperature and other operating parameters produce coatings of variable composition that may affect 
biological performance, coating stability and implant stability. It is therefore necessary to develop alternative 
coating methods, using lower temperature, which will provide coatings with reproducible, homogeneous 
composition.

Description of Project:
Through chemical or electrochemical methods, cp-Ti or Ti alloy structures with various surfaces can be coated 
with adherent Ca-P phases. Coatings produced by these methods were characterized using x-ray diffraction, 
FTIR, scanning electron microscopy, tensile strength tests and solubility tests.  The results demonstrated that 
highly adherent Ca-P coating of uniform compositions on Ti alloy substrates could be obtained at low 
temperatures. In addition, the originally deposited Ca-P phase can be transformed to other Ca-P phases. 
Bioactive molecules or drugs can be incorporated in the electrochemically deposited calcium phosphate, allowing
their controlled release and delivery in vivo.

Applications:
1) Forming a highly adherent coating of a desired calcium phosphate phase on a titanium-based substrate for use
as orthopedic or dental implants.
2) Incorporating bioactive molecules and/or drugs into orthopedic or dental implants.

Patent Status:
Both a non-provisional and a provisional US patent application, and a PCT have been filed.

For further Information please contact:
New York University
Office of Industrial Liaison
650 First Avenue
New York, NY 10016
Tel: (212) 263-8178  Fax: (212) 263-8189
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