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1.  Introduction 

 

1.1 Background 
 

The Canadian Institutes of Health Research (CIHR) is interested in applying nanoscience 
and nanotechnology into its research program. Rémi Quirion, Scientific Director of the 
CIHR’s Institute of Neurosciences, Mental Health and Addiction is hosting a nanoscience 
workshop in February 2003 along with partner agencies, the National Research Council 
Canada (NRC) and the Natural Sciences and Engineering Research Council of Canada 
(NSERC). The workshop’s organizing committee includes Rémi Quirion, CIHR; Dan 
Wayner, NRC; Peter Grutter, NSERC and McGill University; Uri Sagman, Canadian 
NanoBusiness Alliance and C Sixty; Neil Gordon, Canadian NanoBusiness Alliance and 
Sygertech; Eric Marcotte, Galileo Equity Management and McMaster University; and 
Brin Sharp, Intersol. Further information on the workshop is found at: 
http://www.regenerativemedicine.ca/nanomed/index.htm  

In advance of the workshop, the CIHR has requested a briefing paper for workshop 
participants to define the range of nanoscience and nanotechnology that is currently being 
applied to health research. 

The CIHR is Canada's premier federal agency for health research. Its objective is to 
excel, according to internationally accepted standards of scientific excellence, in the 
creation of new knowledge and its translation into improved health for Canadians, more 
effective health services and products and a strengthened health care system.  

Health care is a highly visible and growing concern for governments, taxpayers and the 
general population. With many countries including Canada facing an increasingly aging 
society, along with higher costs for medication and hospital care, the need for new 
solutions is vast.  

There are signs that we are in the midst of an explosion of new health-related 
technologies. Technologies and tools such as genomics, proteomics, stem cells, 
structured-based drug design, photodynamic therapy, combinatory chemistry, and 
intercellular signaling, provide new insight and directions never before imagined. 

In addition to specific advances in health research, traditional sciences and technology 
are undergoing significant changes that could have a far-reaching impact on all aspects of 
scientific research, including health. This change is being brought on by the recent ability 
to measure, manipulate and organize matter at the nanoscale, where biology, chemistry, 
physics, engineering and material science converge towards the same principals and 
tools. As a result, progress in scientific research including health can be greatly 
accelerated leading to new discoveries never before imagined.  
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1.2 This Document 
 

This document presents a nanomedicine taxonomy that describes some of the principal 
areas of nanotechnology and related small technology activities currently being 
undertaken in medicine and health care. For the purposes of this document certain 
“micro” technologies such as microarrays and microfluidics are described even though 
they are outside the size range of nanotechnology. The rationale is that these miniature 
technologies are extremely important to medical research and are likely to extend to the 
nanoscale in the near to mid term. 

The document attempts to characterize leading nanomedicine research opportunities, 
along with significant challenges and nanomedicine applications that could push the 
current boundaries of research. Because of the vast scope of nanomedicine, this document 
is not intended to be fully comprehensive nor cover every category of research. 

It should be noted that much of the nanomedicine research is at a very early stage of 
development and many hurdles have to be overcome. It may take several years or even 
decades to perform the necessary research and conduct clinical trials for obtaining 
meaningful results.  

The descriptions provided in this document are based upon public domain information, 
which may be incomplete or inaccurate. The authors have made every attempt to provide 
the most appropriate descriptions with the available information.
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2.  Nanomedicine Taxonomy 

 

2.1 Nanotechnology Definition 
 

While many definitions of nanotechnology exist, the one most widely used is from the 
US Government’s National Nanotechnology Initiative (NNI). According to the NNI, 
nanotechnology is defined as: 

 

“ Research and technology development at the atomic, molecular and 
macromolecular levels in the length scale of approximately 1 - 100 
nanometer range, to provide a fundamental understanding of phenomena 
and materials at the nanoscale and to create and use structures, devices 
and systems that have novel properties and functions because of their 
small and/or intermediate size.” 

 

More simply put, nanotechnology is the space at the nanoscale (i.e. one billionth of a 
meter), which is smaller than “micro” (one millionth of a meter) and larger than “pico” 
(one trillionth of a meter).  

To get a perspective of the scale used in nanotechnology, the size of selected 
nanotechnology materials is estimated to be as follows: 

 

Nanoparticles     1 – 100 nm 
Fullerene (C60)        1 nm 
Quantum Dot (CdSe)        8 nm 
Dendrimer       10 nm 

 

In comparison, representative structures and materials found in nature are typically 
referenced to have the following dimensions: 
 

Atom         0.1 nm 
DNA (width)           2 nm 
Protein        5 – 50 nm 
Virus      75 – 100 nm 
Materials internalized by cells   < 100 nm 
Bacteria         1,000 – 10,000 nm 
White Blood Cell    10,000 nm 

 

The size domains of components involved with nanotechnology are similar to that of 
biological structures. For example, a quantum dot is about the same size as a small 
protein (<10nm) and drug-carrying nanostructures are the same size as some viruses 
(<100 nm). Because of this similarity in scale and certain functional properties, 
nanotechnology is a natural progression of many areas of health-related research such as 
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synthetic and hybrid nanostructures that can sense and repair biological lesions and 
damages just as biological nanostructures (e.g. white-blood cells and wound-healing 
molecules). 

Nano is the continued miniaturization beyond micro. However due to a number of 
scientific principles becoming dominant at the nanoscale, nanomaterials can have very 
different properties than bulk materials. This includes materials that are stronger, lighter, 
more electrically conductive, superparamagnetic, tunable optical emission, more porous, 
better thermal insulating, and less corrosive. Nanomaterials have the potential to solve 
unique biological challenges not currently possible, such as having inorganic materials 
detect electrical changes from biological molecules and react in a manner that detects or 
treats a disease.  

As well, miniature devices and systems that operate at a smaller scale than micro can 
bring significant improvements in the way microscale devices work. This includes higher 
throughput DNA sequencers that can reduce the time for drug discovery and diagnostics. 
Another example is tiny fluidic systems that more efficiently conduct chemical 
experiments since fluids move through micro and nanoscale pipes with laminar flow, 
which avoids turbulence and mixing.  

Transforming materials from the micro level to the nano level is referred to as top-down. 
At the other extreme where atoms and small molecules at the pico level are constructed 
or self-assembled to the nano level, this is referred to as bottom-up. As life can be 
considered a collection of molecular materials that self-assemble, self-regulate and self-
destroy, the ability to detect and manipulate biological and non-biological elements at 
this level is what nanotechnology is poised to deliver. 
 

2.2 Nanotechnology Segments  
 

Nanotechnology can be viewed as a series of technologies that are used individually or in 
combination to make products and applications, and to better understand science. Some 
of the technologies are currently available, while others are under development and may 
be useful in years or decades, if at all.  

One way of characterizing nanotechnology is by “tools”, “materials”, “devices” and 
“intelligent materials and machines”. A very brief description of each segment is as 
follows: 

• Tools – Nanotechnology tools include microscopy techniques and equipment that 
permit users to visualization and manipulate items at the nanoscale such as cells, 
bacteria and viruses, and to detect single molecules to better understand the nature 
of science. The range of tools includes the atomic force microscope (AFM), 
scanning tunneling microscope (STM), molecular modeling software and various 
production technologies. 

• Materials - Nanomaterials can be grouped into three main areas: 

o Raw nanomaterials – which includes nanoparticles and nanocrystalline 
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materials that are readily manufactured and can substitute less performant 
bulk materials. Raw nanomaterials can be used as biocompatible materials 
or coatings in drug encapsulation, bone replacements, prostheses, and 
implants. 

o Nanostructured materials – which are typically processed forms of raw 
nanomaterials that provide special shapes or functionality. Examples of 
nanostructured materials include quantum dots (nano structures which 
force atoms to occupy discrete energy states as in biological markers), and 
dendrimers (branched polymers used for drug delivery, filtration and 
chemical markers). Because of the added complexity of nanostructured 
materials, various production and quality challenges have to be overcome 
before they will be readily available for certain applications. 

o Nanotubes and fullerenes – which are the first “wonder materials” of 
nanotechnology. These are new forms of carbon molecules that produce 
materials which are 100 times stronger than steel and one-sixth of its 
weigh, more conductive than copper, and can be safely used in some 
medical applications. While still in the development stage, the range of 
nanotube and fullerene applications includes artificial muscles, injection 
needles for individual cells, and drug delivery systems. 

• Devices – Two classes of miniature devices are commonly associated with 
nanotechnology: 

o Nano devices – which are device technologies that are dimensioned in the 
nanoscale. While nano devices are increasingly becoming possible to 
make in the lab, larger scale micro devices are effective solutions in most 
cases and avoid many difficulties associated with production and 
packaging of the devices. As a result, nano devices are more likely to be in 
future application. 

o Micro devices – which includes micro-electromechanical systems 
(MEMS), microfluidics, and microarrays, to name a few. These 
microtechnologies have diverse medical applications. Examples include 
biosensors and detectors to detect trace quantities of bacteria, airborne 
pathogens, biological hazards, and disease signatures; microfluidic “Lab-
on-a-chip” applications for DNA testing and  implantable fluid injection 
systems; and MEMS devices which contain miniature moving parts for 
heart pacemakers and surgical devices.  As previously mentioned micro 
device applications will be described in this nanomedicine taxonomy even 
though they are not nano. 

• Intelligent Materials and Machines – This is a fascinating yet controversial area of 
nanotechnology which comprises many forms of research, much of it blue-sky. 
Far reaching concepts such as tiny robots, called nanorobots or nanobots, are 
being conceptualized that may be injected into the body to attack infections or 
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undesirable cells. Other potential applications include intelligent materials that 
can sense external stimuli and alter their properties to adapt to changes in the 
environment, molecular machines which can construct materials atom by atom, 
and molecular assemblers that can mass produce molecular machines. Virtually 
no projects in this area are near commercialization. 

2.3 A Nanomedicine Taxonomy 
 

Nanomedicine research is being funded by government sources, such as the National 
Institutes of Health (NIH), and by companies in various sectors, including 
pharmaceutical, biotechnology and medical devices. Because of the focused and shorter- 
term development horizon of commercial applications, nanomedicine research is more 
easily characterized in these areas.  

The nanomedicine taxonomy summarized below and further described in this document, 
classifies some of the leading areas that nanotechnology tools, materials, devices, and 
intelligent materials and machines are currently applied in medical research. Specific 
company and university research activities should be interpreted as examples and are 
only a subset of the vast scope of nanomedicine research currently underway.  

Nanomedicine Taxonomy 

 

Biopharmaceutics 

Drug Delivery 

Drug Encapsulation 

Functional Drug Carriers 

Drug Discovery 

Implantable Materials 

Tissue Repair and Replacement 

Implant Coatings 

Tissue Regeneration Scaffolds 

Structural Implant Materials 

Bone Repair 

Bioresorbable Materials 

Smart Materials 

Implantable Devices 

Assessment and Treatment Devices 

Implantable Sensors 

Implantable Medical Devices 

Sensory Aids 

Retina Implants 

Cochlear Implants 

Surgical Aids 

Operating Tools 

Smart Instruments 

Surgical Robots 

Diagnostic Tools 

Genetic Testing 

Ultra-sensitive Labeling and 
Detection Technologies 

High Throughput Arrays and 
Multiple Analyses 

Imaging 

Nanoparticle Labels 

Imaging Devices 

Understanding Basic Life Processes 
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3.  Biopharmaceutics 

 

3.1 Drug Delivery 
 

Nanotechnology provides a wide range of new technologies for developing customized 
solutions that optimize the delivery of pharmaceutical products. 

To be therapeutically effective, drugs need to be protected during their transit to the 
target action site in the body while maintaining their biological and chemicals properties. 

Some drugs are highly toxic and can cause harsh side effects and reduced therapeutic 
effect if they decompose during their delivery.  Depending on where the drugs will be 
absorbed (i.e. colon, small intestine, etc), and whether certain natural defense 
mechanisms need to be passed through such as the blood-brain barrier, the transit time 
and delivery challenges can be greatly different. 

Once a drug arrives at its destination, it needs to be released at an appropriate rate for it to 
be effective.  If the drug is released too rapidly it might not be completely absorbed, or it 
might cause gastro-intestinal irritation and other side effects.  The drug delivery system 
must positively impact the rate of absorption, distribution, metabolism, and excretion of 
the drug or other substances in the body.  In addition, the drug delivery system must 
allow the drug to bind to its target receptor and influence that receptor's signalling and 
action, as well as other drugs, which might also be active in the body. 

Drug delivery systems also have severe restrictions on the materials and production 
processes that can be used.  The drug delivery material must be compatible and bind 
easily with the drug, and be bioresorbable (i.e. degrade into fragments after use which are 
either metabolized or eliminated via normal excretory routes).  The production process 
must respect stringent conditions on processing and chemistry that won't degrade the 
drug, and still provide a cost effective product. 

Nanotechnology can offer new drug delivery solutions in the following areas. 

3.1.1 Drug Encapsulation 
 

One major class of drug delivery systems is materials that encapsulate drugs to protect 
them during transit in the body. Drug encapsulation materials include liposomes and 
polymers (i.e. Polylactide (PLA) and Lactide-co-Glycolide (PLGA)) which are used as 
microscale particles. The materials form capsules around the drugs and permit timed drug 
release to occur as the drug diffuses through the encapsulation material. The drugs can 
also be released as the encapsulation material degrades or erodes in the body. 

When encapsulation materials are produced from nanoparticles in the 1 to 100nm size 
range instead of bigger microparticles, they have a larger surface area for the same 
volume, smaller pore size, improved solubility, and different structural properties. This 



 
Canadian NanoBusiness Alliance  Nanomedicine Taxonomy 

 

February 2003   Page 8 

can improve both the diffusion and degradation characteristics of the encapsulation 
material.  

In addition to liposomes and polymers, other types of nanoparticles are available for 
encapsulation. Materials such as silica and calcium phosphate (hydroxyapatite) have 
demonstrated superior properties at the nanoscale than the microscale, and can potentially 
be better suited for certain drug delivery challenges mentioned above.   

Nanoparticle encapsulation is also being investigated for the treatment of neurological 
disorders to deliver therapeutic molecules directly to the central nervous system beyond 
the blood-brain barrier, and to the eye beyond the blood-retina barrier. Applications could 
include Parkinson’s, Huntington’s, Alzheimer’s, ALS and diseases of the eye. In 
particular, ophthalmic disorders represent a rapidly growing area that is threatened by 
various diseases such as age related macular degeneration (AMD), diabetic retinopathy, 
glaucoma, and retinitis pigmentosa (RP).  

Neurotech is developing an encapsulated cell therapy to treat eye diseases. It uses a semi-
permeable membrane to encapsulate cells, which also permits therapeutic agents 
produced by the cells to diffuse through the membrane. The membrane isolates the cells 
from the local environment and minimizes immune rejection. The encapsulated cells are 
administered by a device implanted in the eye to permit the continuous release of 
therapeutic molecules from living cells. This avoids direct injections into the eye, which 
may not be practical for regular administrations. 

Advectus Life Sciences is developing a nanoparticle-based drug delivery system for the 
treatment of brain tumors. The anti-tumor drug doxorubicin is adhered to a nanopolymer 
Poly ButylCyano Acrylate (PBCA) particle and coated with polysorbate 80. The drug is 
injected intravenously and circulates through the blood stream. The polysorbate 80 
attracts plasma apolipoproteins and is used by the blood stream to carry lipids. This is 
intended to create a camouflage effect similar to LDL cholesterol, which allows the drug 
to pass the blood-brain barrier. 

3.1.2 Functional Drug Carriers 
 

Another class of drug delivery systems where nanotechnology offers interesting solutions 
is in the area of nanomaterials that carry drugs to their destination sites and also have 
functional properties. Certain nanostructures can be controlled to link with a drug, a 
targeting molecule, and an imaging agent, then attract specific cells and release their 
payload when required.  Because of their nanoscale size, nanostructures have the ability 
to enter the cells, as cells will typically internalize materials below 100nm.  Some of the 
leading nanostructures being used for this purpose include fullerenes, dendrimers, and 
nanoshells. 

Fullerenes (or Buckyballs) are natural hollow spheres, one nanometer in diameter, made 
up of 60 carbon atoms. Fullerenes create a unique drug delivery platform that allows 
active pharmacopheres to be grafted to its surface in three-dimensional orientations for 
precise control in matching fullerene compounds to biological targets, in entrapping 
atoms within the fullerene cage, and for attaching fullerene derivatives to targeting 
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agents.   

C Sixty is developing fullerene-based drug delivery platforms which link fullerenes with 
antibodies and other targeting agents. Some of C Sixty`s drug delivery systems include 
fullerene-decorated chemotherapeutic constructs, fullerene-radiopharmaceuticals, and 
fullerene-based liposome systems, called Buckysomes, for the delivery of single drug 
loads or multiple drug cocktails. Employing rational drug design, C Sixty has produced 
several drug candidates using its fullerene platform technology in the areas of HIV/AIDS, 
neuro-degenerative disorders and cancer. 

Another nanomaterial used as a drug delivery scaffold is the dendrimer, a polymer 
molecule discovered by Don Tomalia of Dendritic Nanotechnologies. Researchers such 
as James Baker of the University of Michigan are using dendrimers to get genetic 
material or tumor-destroying therapies into a cell without triggering an immune response. 
This is due to the dendrimer`s small size and branched structure. Dendrimers can be 
designed to release attached compounds in response to a specific molecule or chemical 
reaction. 

A layered sphere called a nanoshell is being developed by Nanospectra for drug delivery. 
The nanoshell has a gold exterior layer which covers interior layers of silica and drugs. 
Nanoshells can be made to absorb light energy and then convert it to heat. As a result, 
when nanoshells are placed next to a target area such as tumor cell, it can release tumor-
specific antibodies when infrared light is administered. 

 

3.2 Drug Discovery 
 

Nano and micro technologies are part of the latest advanced solutions and new paradigms 
for decreasing the discovery and development times for new drugs, and potentially 
reducing the development costs.  

Traditional trial-and-error methods have contributed to a discovery process lasting 10 
years or more for new drugs to reach the market. In recent years, a number of new and 
complementary technologies have been developed which considerably impact the drug 
discovery process. 

High-throughput arrays and ultra-sensitive labeling and detection technologies are being 
used to increase the speed and accuracy of identifying genes and genetic materials for 
drug discovery and development. These micro and nano technologies along with 
information technology solutions such as combinatorial chemistry, computational 
biology, computer-aided drug design, data mining, and data processing tools are 
addressing the challenges related to eliminating critical bottlenecks in drug discovery. 

In addition to the capacity for processing information, the number of drug candidates that 
have been screened in the last ten years has increased by three orders of magnitude from 
500,000 drug compounds to approximately 1.5 billion according to BCC.  

A discussion of nano and micro technologies used in genetic testing tools is found in 
Section 7.1. 
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4. Implantable Materials 

 

4.1 Tissue Repair and Replacement 
 

Nanotechnology provides a new generation of biocompatible nanomaterials for repairing 
and replacing human tissues. 

Human tissue that is diseased or traumatically compromised may require synthetic 
materials for its repair or replacement. While most types of tissues repair the interaction 
of stem cells with chemical modulators, there are differences in the ways that various 
tissues heal. 

“Hard” tissues such as bone and teeth heal by reproducing tissues indistinguishable from 
the original. However in cases where a dental or artificial bone implant is required, the 
structural material used in the implant may trigger immune rejection, corrode in the body 
fluids, or no longer bond to the host bone. This can require additional surgery or result in 
the loss of the implant’s function. In many cases, the failure occurs at the tissue-implant 
interface, which may be due to the implant material weakening its bond with the natural 
material. To overcome this, implants are often coated with a biocompatible material to 
increase their adherence properties and produce a greater surface area to volume ratio for 
the highest possible contact area between the implant and natural tissue. 

 “Soft” tissues such as skin, muscle, nerves, blood vessels and ligaments repair damaged 
areas with fibrous tissue. Damaged tissue from various sources such as burns and ulcers 
can be self-repaired by the body, but can also result in scar formation. Graft material 
using artificial sheets can replace skin and other tissue with reasonable graft stability and 
cosmetic outcome.  

In other types of tissue, notably “Ultrasoft” tissue such as cell membrane and organelles 
that exhibit metabolic function, tissue replacement can best occur when living cells are 
transplanted in a mesh-structured synthetic scaffold.  

The scaffold incorporates signalling ligands or DNA fragments to elicit specific cellular 
responses, and molecular sensors to accept feedback from the in vivo environment. The 
scaffold is typically a temporary structure that is bioresorbable when the tissue is 
regenerated. The scaffold material needs to be fabricated into a desired shape or three-
dimensional structure, with specific surface properties to support the site where the 
organized growth of multiple cell types will take place. 

Nanotechnology can new offer new solutions for tissue repair and replacement in the 
following areas. 

4.1.1 Implant Coatings  
 

Nanotechnology brings a variety of new high surface area biocompatible nanomaterials 
and coatings to increase the adhesion, durability and lifespan of implants. Ceramic 
materials such as calcium phosphate (hydroxyapatite or HAP) are made into implant 
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coatings using nano-sized particles instead of micro-sized particles.   

In addition to the higher surface areas and improved adhesion properties of the 
nanoparticle coatings, improved coating techniques are also being developed. While high 
temperature processes such as plasma spray can melt ceramic particles and reduce their 
surface area and adhesion properties, new low temperature processes with 
electromagnetic fields can maintain the nanomaterial properties. This provides the 
maximum possible contact area between the implants and bone surface to improve the 
potential for in-growth in the host bone. 

New types of nanomaterials are being evaluated as implant coatings to improve interface 
properties. For example, nanopolymers such as polyvinyl alcohol (PVA) can be used to 
coat implantable devices that are in contact with blood (e.g. artificial hearts, vascular 
grafts, catheters) for dispersing clots or preventing their formation. 

 

4.1.2 Tissue Regeneration Scaffolds 
 

Nanostructures are being researched for the preparation and improvement of tissue 
regeneration scaffolds. Research areas include the ability to develop molecularly 
sensitive polymers using the optical properties of nanoparticles as control systems, 
manipulating the stiffness and strength of scaffolds using hybrid nanostructures, and the 
use of nanotechnology to prepare molecular imprints to maximize long-term viability and 
function of cells on scaffold surfaces.  

With the ultimate objective of growing large complex organs, a variety of nanomaterials 
and nanotechnology fabrication techniques are being investigated as tissue regeneration 
scaffolds that provide improved structural requirements and guide the activity of seeded 
cells. Some examples are as follows:  

• Nanoscale polymers such as Polyvinyl alcohol (PVA) are being molded into heart 
valves and seeded with fibroblasts and endothelial cells.  

• PVA is also being investigated for the cornea by having corneal epithelia cells 
seeded in a PVA hydrogel structure. This polymer material can absorb more than 
20% its weight in water while maintaining a distinct three-dimensional structure.  

• A polyglycolic ball is being experimented with muscle cells and bladder 
endothelial cells. 

• Polymer nanocomposites are being researched for bone scaffolds. 

Commercially viable solutions are thought to be 5 to 10 years away. Scientific challenges 
related to a better understanding of molecular/cell biology and fabrication methods for 
producing large three-dimensional scaffolds are among the many obstacles yet to be 
overcome. 

Nanostructures are also being used to study the fundamental properties of implanted 
tissues. In areas of in vivo analysis, nanostructures are used as tracers for implanted cells, 
and to study the response of host to implanted tissues. 
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4.2 Structural Implant Materials 
 

Nanotechnology provides a new generation of biocompatible materials that can be used 
as implants or temporary biosorbable structures. 

Bone is a high strength material that is used as both weight bearing and non-weight 
bearing structures. Bones are more than just structural materials as they also contain 
interconnected pores that allow body fluids to carry nutrients and permit interfacial 
reactions between hard and soft tissues. In the case of bone fractures, grafts, disorders, 
dental applications and other types of surgery, bones may require repair or replacement.  

A variety of natural materials are used as bone substitutes. These include autograft from 
the patient’s pelvis, allograft from another human, bovine material or coral blocks. 
Natural materials tend to be brittle and can lose mechanical strength during sterilization. 
They can also cause inflammation, pain at the pelvis graft site, and potentially transmit 
disease.  

Bone cavities can also be filled with synthetic bone cement. Current bone cements 
containing polymethylmethacryate (PMMA) act as a filler or grout, which is injected as a 
flowable paste and then hardens in vivo. While PMMA cement can offer adequate 
mechanical properties and bonding, it is typically recommended only for non-weight 
bearing bones. PMMA has also been linked to tissue damage, nerve root pain and other 
side effects.  

4.2.1 Bone Repair  
 

Nanotechnology brings a variety of new high surface area biocompatible nanomaterials 
that can be used for bone repair and cavity fillers.  

High strength nanoceramic materials, such as calcium phosphate apatite (CPA) and 
hydroxyapatite (HAP), can be made into a flowable, moldable nanoparticle paste that can 
conform to and interdigitate with bone. As natural bone is approximately 70% by weight 
CPA including hydroxyapatite (HAP), biocompatibility is thought to be extremely high 
with minimal side effects.  

As its dense surface and tight three dimensional crystalline structure will allow for a 
superior compressive strength to PMMA, nanoceramics may be suitable for both weight 
bearing and non-weight bearing bones. Nanoceramics such as CPA is nanocrystalline and 
can have grain size of under 50nm. Its nanocrystals can be connected to each other to 
form connective hard tissue required for bones. 

Bone cement material being developed at the University of South Carolina and 
Competitive Technologies, can harden in vivo and in the presence of serum, form a solid 
bone-like structure capable of stabilizing a fractured bone or used as a bone substitute.  

4.2.2 Bioresorbable Materials  
 

Nanotechnology also brings advances in bioresorbable materials.  

Bioresorbable polymers are currently being used in degradable medical applications such 
as sutures and orthopaedic fixation devices. With new production methods, 
nanostructures are being fabricated which could be used as temporary implants.  
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Bioresorbable implants will biodegrade and do not have to be removed in a subsequent 
operation. In one application, nanostructured implants are being designed to degrade at a 
rate that will slowly transfer load to a healing bone that it is supporting. 

Research is also being done on a flexible nanofiber membrane mesh that can be applied 
to heart tissue in open-heart surgery. The mesh can be infused with antibiotics, painkillers 
and medicines in small quantities and directly applied to internal tissues. The 
nanomaterial will degrade over time and not stick to surgeons’ wet gloves, which can 
complicate the use of some materials currently in use. 
 

4.2.3 Smart Materials 
 

Smart materials are a class of nanomaterials that respond to changes in the environment 
such as a drop in temperature or pH. An environmental change could trigger a physical or 
chemical effect that mimics a natural mechanism in the body. For example, applications 
could include a smart polymer that flexes with mechanical strength as an artificial 
muscle, or a hydrogel that dissolves according to body chemistry to more efficiently 
deliver drugs. 

When attached to or embedded in a structure, smart materials can potentially sense 
disturbances, or trigger physical reactions with force in actuators, piezo sensors, and 
shape memory metals. It is possible to have smart materials used in the body to exceed 
current human performance on multiple dimensions, and detect environmental conditions 
beyond current human limits. 
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5. Implantable Devices 

 

5.1 Assessment and Treatment Devices 
 

Nanotechnology offers sensing technologies that provide more accurate and timely 
medical information for diagnosing disease, and miniature devices that can administer 
treatment automatically if required. 

Health assessment can require medical professionals, invasive procedures and extensive 
laboratory testing to collect data and diagnose disease. This process can take hours, days 
or weeks for scheduling and obtaining results.  

Some medical information is extremely time sensitive such as finding out if there is 
sufficient blood flow to an organ or tissue after transplant or reconstructive surgery, 
before irreversible damage occurs.  

Certain medical tests such as biopsies are subjective and can provide inconclusive or 
incorrect results. In a false negative result where a needle misses the tumor and then 
samples a normal tissue, the cancer may go untreated and can impact a patient’s chances 
for long-term survival. 

Some tests such as diabetes blood sugar levels require patients to administer the test 
themselves to avoid the risk of their blood glucose falling to dangerous levels. Certain 
users such as children and the elderly may not be able to perform the test properly, timely 
or without considerable pain. 

People who are exposed to radiation or hazardous chemicals in their work environment 
are at a higher risk of illness. Occasional testing is typically done but may not detect a 
disease in its early stage. Early detection could initiate timely treatment with a higher 
chance of success, and have a worker removed from the hazardous environment to 
prevent further damage. 

Nanotechnology can new offer new implantable and/or wearable sensing technologies 
that provide continuous and extremely accurate medical information. Complementary 
microprocessors and miniature devices can be incorporated with sensors to diagnose 
disease, transmit information and administer treatment automatically if required. 
Example applications are as follows. 

 

5.1.1 Implantable Sensors  
 

Micro and nanosized sensors can make use of a wide range of technologies that most 
effectively detect a targeted chemical or physical property. Researchers at Texas A&M 
and Penn State use polyethylene glycol beads coated with fluorescent molecules to 
monitor diabetes blood sugar levels. The beads are injected under the skin and stay in the 
interstitial fluid. When glucose in the interstitial fluid drops to dangerous levels, glucose 
displaces the fluorescent molecules and creates a glow. This glow is seen on a tattoo 
placed on the arm. 
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Another approach by researchers at the University of Michigan is using dendrimers 
attached with fluorescent tags to sense pre-malignant and cancerous changes inside living 
cells. The dendrimers are administered transdermally and because of their small size, pass 
through membranes into white blood cells to detect early signs of biochemical changes 
from radiation or infection. Radiation changes the flow of calcium ions within the white 
blood cells and eventually triggers apoptosis, or programmed cell death (PCD) due to the 
radiation or infection. The fluorescent tags attached to the dendrimers will glow in the 
presence of the death cells when passed with a rentinal scanning device using a laser 
capable of detecting the fluorescence. A similar application is being researched with 
NASA for detecting radiation levels in astronauts. 

Sensor microchips are also being developed to continuously monitor key body 
parameters including pulse, temperature and blood glucose. A chip would be implanted 
under the skin and transmit a signal that could be monitored continuously.  

Another application uses optical microsensors implanted into subdermal or deep tissue to 
monitor tissue circulation after surgery. Instrumentation is linked to transmit data to a 
nearby sensor to provide very early indication of inadequate circulation if the surgery is 
unsuccessful. 

Another type of implantable sensor uses MEMS devices and accelerometers for 
monitoring and treating paralysed limbs. Implantable MEMS sensors can measure strain, 
acceleration, angular rate and related parameters to determine normal and problem data. 

 

5.1.2 Implantable Medical Devices 
 

Implantable sensors can also work with a series of medical devices that administer 
treatment automatically if required. Tiny implantable fluid injection systems can dispense 
drugs electrically on demand making use of microfluidic systems, miniature pumps, and 
reservoirs. Initial applications may include chemotherapy that directly targets tumors in 
the colon and are programmed to dispense precise amounts of medication at convenient 
times, such as after a patient has fallen asleep. Lupus, diabetes and HIV/AIDS 
applications are also being investigated. 

Implantable sensors that monitor the heart’s activity level can also work with an 
implantable defribulator to regulate heartbeats. These devices are used with 
microprocessors to deliver electricity that keeps the heart in rhythm when levels go above 
or below the person’s normal heart range. 

Implantable MEMS devices are also fitted on prostheses to mimic the stability and strain 
of natural limbs. An artificial leg being developed uses sensors to measure load on the 
foot, knee angles and motion over 50 times per second. The sensors work with an 
electronically controlled hydraulic knee to improve its stability. 

Implantable medical devices that are greater than 1mm in diameter might unfavorably 
alter the functions of surrounding tissue. Smaller implantable devices with non-intrusive 
or minimally-intrusive systems will likely contain nanoscale materials and smaller 
systems approaching the nanoscale. 
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Functional Electrical Stimulation (FES) is a method for treating people to regain the use 
of their paralyzed limbs by electrically stimulating paralyzed muscles with implanted 
electrodes. Researchers at Aalborg University in Denmark are applying nanostructures to 
the electrode surfaces to improve biocompatibility and acceptance in the neural/muscle 
tissue. When placed within a cell membrane, the nanostructures form a bioelectric 
interface with the neuron or muscle cell that enables the intracellular potential of the cell 
to be observed and manipulated. 

Researchers at Aalborg are also using nanostructures to activate denervated muscles 
caused by injuries to the lower motor neurons located in the spinal cord. This can result 
from traumatic spinal cord injury, strokes in the spinal cord, repeated vertebral 
subluxation, brachial plexus injuries and peripheral myopathies such as polio which 
destroys the nerve cells controlling muscle (i.e. denervated muscle).  

The muscle fibre membrane is incorporated with potential-generating nanostructures that 
change the transmembrane potential of the muscle fibre and improves the extracellular 
electrical stimulation. Muscle fibre activation is achieved by illuminating the 
incorporation site on the muscle fibre to optically activate denervated muscles. 

 

5.2 Sensory Aids 
 

Nano and related micro technologies are being used to develop a new generation of 
smaller and potentially more powerful devices to restore lost vision and hearing 
functions. The devices collect and transform data into precise electrical signals that are 
delivered directly to the human nervous system.  

Degenerative diseases of the retina, such as retinitis pigmentosa or age related macular 
degeneration, decrease night vision and can progress to diminishing peripheral vision and 
blindness. These retinal diseases may lead to blindness due to a progressive loss of 
photoreceptors (rods and cones), the light sensitive cells of the eye.  

In cases where the neural wiring from the eye to the brain is still intact but the eyes’ lack 
photoreceptor activity, photoreceptor loss could be compensated by bridging or 
bypassing the destroyed photoreceptors and artificially stimulating the adjacent intact 
cells. Artificially generated impulses could reach the brain and produce visual perception, 
thereby restoring some elementary vision.   

In severe hearing loss, patients typically have absent or malfunctioning sensory cells in 
the cochlea. In a normal ear, sound energy is converted to mechanical energy by the 
middle ear, which is then converted to mechanical fluid motion in the cochlea. Within the 
cochlea, the inner and outer hair sensory cells are sensitive transducers that convert 
mechanical fluid motion into electrical impulses in the auditory nerve.  

Cochlear implants are designed to substitute for the function of the middle ear, cochlear 
mechanical motion, and sensory cells. The implants transform sound energy into 
electrical energy that will initiate impulses in the auditory nerve. Cochlear implants 
include an electronic circuit that is surgically placed in the skull behind the ear on the 
mastoid process of the temporal bone. This circuit is attached to a bundle of tiny wires 
that are inserted into the cochlea. At the end of the wires are typically 8 to 24 electrodes 
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that cause a different pitch percept when stimulated. The other part of the device is 
external and has a microphone, a speech processor, and connecting cables. 

Current cochlear implants have a number of drawbacks. They require major surgery and 
can eliminate any remaining natural hearing. Because of their large size, current cochlear 
implants often stimulate several nerve fibers at once. This causes users to experience 
imprecise or distorted sound, especially with complex sounds like music.  

Microtechnologies and eventually nanotechnologies are being used in a new generation 
of implantable devices for improving sensory loss in the following areas. 

 

5.2.1 Retina Implants  
 

Retinal implants are in development to restore vision by electrically stimulating 
functional neurons in the retina. One approach being developed by various groups 
including a project at Argonne National Laboratory is an artificial retina implanted in the 
back of the retina. The artificial retina uses a miniature video camera attached to a blind 
person’s eyeglasses to capture visual signals. The signals are processed by a 
microcomputer worn on the belt and transmitted to an array of electrodes placed in the 
eye. The array stimulates optical nerves, which then carry a signal to the brain. 

Another approach by Optobionics makes use of a subretinal implant designed to replace 
photoreceptors in the retina. The visual system is activated when the membrane potential 
of overlying neurons is altered by current generated by the implant in response to light 
stimulation. The implant makes use of a microelectrode array powered by as many as 
3,500 microscopic solar cells. 

 

5.2.2 Cochlear Implants  
 

A new generation of smaller and more powerful cochlear implants are intended to be 
more precise and offer greater sound quality. An implanted transducer is pressure-fitted 
onto the incus bone in the inner ear. The transducer causes the bones to vibrate and move 
the fluid in the inner ear, which stimulates the auditory nerve.  

An array at the tip of the device makes use of up to 128 electrodes, which is five times 
higher than current devices. The higher number of electrodes provides more precision 
about where and how nerve fibers are stimulated. This can simulate a fuller range of 
sounds.  

The implant is connected to a small microprocessor and a microphone, which are built 
into a wearable device that clips behind the ear. This captures and translates sounds into 
electric pulses which are send down a connecting wire through a tiny hole made in the 
middle ear.  

Implant electrodes are continuously decreasing in size and in time could enter the 
nanoscale. 
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6. Surgical Aids 

 

6.1 Operating Tools 
 

Medical devices that contain nano and micro technologies will allow surgeons to perform 
familiar tasks with greater precision and safety, monitor physiological and biomechanical 
parameters more accurately, and perform new tasks that are not currently done. 

Surgery can be physically demanding on both the surgeon and the patient. Open surgery 
such as heart operations can require a surgeon to make a large cut into the skin and 
underlying muscles, saw through breastbones, crack open the ribcage, then make delicate 
and high precision maneuvers with various surgical instruments. Not only can the patient 
incur severe pain, scarring, complications and extensive recovery time, the surgeon must 
be intensely focused for long hours hunched over an operating table. This can increase 
the chance of a surgical error due to fatigue in the neck and back, along with potentially 
significant hand tremors.  

In various procedures, the surgeon’s view could be limited. Judgment may be required to 
tell whether the tissue about to be cut has the density of the intended cartilage, or 
alternatively, a tendon which was grabbed by mistake. 

To improve surgical results benefiting both the patient and surgeon, minimally invasive 
surgical procedures are increasingly being done using laparoscopic techniques. Making 
use of small entry ports into the area of interest, a rod shaped telescope attached to a 
camera and other long and narrow surgical instruments are used to perform all of the 
major maneuvers. 

Even with its considerable benefits, laparoscopic surgery causes a major shift in surgical 
skills that have to be mastered as the surgeon’s vision and access is severely restricted. 
Visual cues are obtained from a two dimensional video display instead of a three 
dimensional operating field. As well, the surgeon must work with long laparoscopic 
instruments to handle delicate tissues.  

Nano and micro technologies are being applied to improve the role of the surgeon in the 
following areas.  

 

6.1.1 Smart Instruments 
 

Surgical tools such as scalpels, forceps, grippers, retractors and drills are being embedded 
with miniature sensors to provide real-time information and added functionality to aid 
surgeons. Surgeons can be given continuous data on the force and performance of their 
instruments, the tissue type about to be cut (i.e. cartilage, bone, muscle, vascular, etc) and 
specific tissue properties, such as density, temperature, pressure, and electrical impulses. 

Verimetra is developing an enhanced version of its Data Knife with logic and surgical 
micro-electromechanical systems that can provide added information and functionality to 
assist a surgeon during a procedure by stimulating electrodes, measuring and cutting with 
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ultrasonic elements, and cauterizing. 

Instruments are being developed with specific functionality like tilt and pressure to allow 
neurosurgeons to perform operating tasks with greater precision and safety. 

Nanoparticles are also being investigated for optically guiding surgery. This can 
potentially allow for better removal of lesioned or diseased sites, including tumors. 

 

6.1.2 Surgical Robotics 
 

Robotic surgical systems are being developed to provide surgeons with unprecedented 
control over precision instruments. This is particularly useful for minimally invasive 
surgery.  

Instead of manipulating surgical instruments, surgeons use their thumbs and fingers to 
move joystick handles on a control console to maneuver two robot arms containing 
miniature instruments that are inserted into ports in the patient. The surgeon’s movements 
transform large motions on the remote controls into micro-movements on the robot arms 
to greatly improve mechanical precision and safety. 

A third robot arm holds a miniature camera, which is inserted through a small opening 
into the patient. The camera projects highly magnified 3-D images on a console to give a 
broad view of the interior surgical site.  

The surgeon controlling the robot is seated at an ergonomically designed console with 
less physical stress than traditional operating room conditions. 

UCI Medical Center’s da Vinci Surgical System is currently approved for gall bladder, 
prostrate, colorectal, gynecological, esophageal and gastric bypass procedures. Clinical 
trials are underway for vascular repair and coronary bypass surgery. The Zeus Robotic 
Surgical System is presently used for cardiac surgery. 
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7.  Diagnostic Tools 

 

7.1 Genetic Testing 
 

Nano and micro technologies provide new solutions for increasing the speed and 
accuracy of identifying genes and genetic materials for drug discovery and development, 
and for treatment-linked disease diagnostics products.  

Thousands of genes and their products (i.e. RNA and proteins) function in a complicated 
and orchestrated manner. Genetic testing technologies used for drug discovery and in 
diagnostic products make it possible to measure gene sequences (i.e. genes, gene 
mutations) and gene expression levels (abundance), which are important indicators of 
growth, metabolism, development, behavior and adaptation of living systems. With these 
tools, many different genes and expression patterns can be characterized as normal or 
diseased tissue, along with the various stage of disease. 

There are many steps and processes involved in genetic testing. While the nature of the 
tests and nomenclature may vary, some of the key principals and related challenges are 
described below. 
 

Step 1 – Create or obtain DNA arrays of “known” probes 

Known probes of genetic sequences are prepared or obtained commercially for a desired 
test. These probes are typically in the form of cDNA or an array of oligonucleotides. 
While it is desirable to have as many probes as possible to maximize the search for 
possible results, there is currently a limited number of known specimens. This limits the 
range of experimentation for drug discovery and disease diagnostics. With advances in 
the human genome, gene cloning and molecular biology, a vast amount of new probes are 
increasingly available which could in time cover the entire genome, and potentially 
screen multiple targets in a single test. 

DNA arrays are created by placing probes as individual spots in an orderly array 
arrangement on a glass microscope slide, a nylon membrane substrate or a silicon chip. 
The latter case is also referred to as a biochip. 
 

Step 2 – Collect and assay “unknown” targets 

Unknown cells or molecules of interest (called “targets”) need to be collected and then 
compared with the known probes in the DNA array. This begins with tissue, blood or 
other biological samples where nucleic acids (RNA or DNA) are isolated.  

The nucleic acids are converted into labeled targets by tagging the DNA marker with an 
observable fluorescent or radioactive label. The labeled targets are incubated with the 
probes to permit hybridization and form stable DNA and/or RNA duplex. This is used for 
locating or identifying nucleotide sequences of interest. After the incubation, 
nonhybridized samples are washed away, and measurements are made of the signal 
produced when hybridization occurs at particular probe locations. The level of 
hybridization between a specific probe and a target indicates the level of the gene 
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corresponding to that probe in the test solution.  

Current assay technologies use fluorescent dyes to label molecules and require expensive 
equipment such as a laser to light up biological interactions, and an optical microscope to 
detect the binding sites. Fluorescent dyes are not always precise or sufficiently sensitive 
to detect every gene. Also, genes that are not distinguished separately can bleed together 
and result in a false or inconsistent result.  

The hybridization may also require gene amplification or Polymerase Chain Reaction 
(PCR) which is used to produce millions of copies of a specific piece of DNA in a test 
tube from a single cell. Amplification could require a repetitive series of cycles making 
use of various chemical and processing stages. 

Nano and micro technologies can provide new solutions in the following areas. 

 

7.1.1 Ultra-sensitive Labeling and Detection Technologies 
 

Several new technologies are being developed to improve the ability to label and detect 
unknown target genes. At Genicon, gold nanoparticle probes are being treated with 
chemicals that cling to target genetic materials and illuminate when the sample is 
exposed to light.  

Another approach by Chad Mirkin and Nanosphere uses gold nanoparticle probes coated 
with a string of nucleotides that complement one end of a target sequence in the sample. 
Another set of nucleotides, complementing the other end, is attached to a surface between 
two electrodes. If the target sequence is present, it anchors the nanoprobes to the surface 
like little balloons, and when treated with a silver solution, they create a bridge between 
the electrodes and produce a current. 

Quantum Dot Corp. uses quantum dots to detect biological material. Because their color 
can be tailored by changing the size of the dot, the potential for multiple colors increases 
the number of biological molecules that can be tracked simultaneously. In addition, 
quantum dots do not fade when exposed to ultraviolet light and the stability of their 
fluorescence allows longer periods of observation. 

These technologies are expected to be more sensitive than fluorescent dyes and could 
more effectively detect low abundance and low-level expressioning genes. They may also 
make use of smaller and less expensive equipment to light and detect the samples. 
Without the need for gene amplification, they can also provide results in less time. 
 

7.1.2 High Throughput Arrays and Multiple Analyses 
 

Arrays are usually classified by their sample spot sizes with 200-micrometer diameter as 
the traditional cutoff between macroarrays and microarrays. Microarrays contain 
thousands of spots. As the sample spot size further decreases in size, more spots can fit 
onto a substrate. This reduces the area and corresponding time that needs to be sampled. 
With continued miniaturization beyond micro, the possibility exists to greatly increase 
the number of spots on a single chip, with the ultimate objective of including the entire 
genome. At the same time, quicker analyses are being made possible by performing 
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multiple analyses in parallel rather than in series to generate more information in less 
time. 

By using nanomaterials as sensing particles, chips could be reduced in size. This would 
allow scientists to read thousands of molecules with the possibility of using cheaper 
equipment. 

Smaller, portable, cheaper and more precise integrated diagnostic kits for diseases such as 
systemic lupus or other multi-marker diseases may be made possible by using 
microfluidic and nanofluidic technologies. DNA arrays typically perform one type of 
analysis thousands of times. In the event that other experiments or processes are also 
required, micro and nanofluidic devices such as lab-on-a-chip, can integrate mixing, 
moving, incubation, separation, detection and data processing in a small portable device. 
At the micro and nanoscale, fluids move through pipes in laminar flow, as opposed to 
turbulent flow at the macro level. This provides the opportunity for microfluidic devices 
to exploit certain physical behaviors. For example, two liquids can separately circulate 
through micro pipelines and valves without mixing each other. 

The combination of arrays and fluidic capabilities can greatly increase the speed and 
accuracy of various genetic testing. Within the drug discovery and diagnostic fields, 
microfluidic devices in the form of nanoarrays or “lab on a chip” technologies could 
allow the production of more efficient and disposable DNA and protein sequencers for 
drug discovery and diagnostic kits.  

 

7.2 Imaging 
 

Nano and micro technologies offer new imaging technologies that provide high quality 
images not possible with current devices, along with new methods of treatment. 

Malignant tumors are highly localized during the early stage of their development. If 
detected early, the tumors can often be surgically removed with high success.  

The longer a patient has a malignant tumor the more likely the cancer will spread to 
neighboring lymph nodes and other anatomic structures. Aggressive surgery or 
chemotherapy, or very high doses of radiation may kill the cancer but at the same time 
severely injure normal tissue. In many patients, particularly those with breast cancer, the 
cancer can spread to other parts of the body even after the original cancer tumor has been 
removed. 

Brain tumors have other challenges. Removing tumors and other cancerous cells in the 
brain through surgery can risk the loss of cognitive ability, hearing, speech, and other 
functions. Chemotherapy therapeutics can kill cancerous cells but because of their large 
physical size may be prevented from entering the brain by the blood-brain barrier.  

Nanotechnology can offer new solutions for the early detection of cancer and other 
diseases. Complementary technologies can also destroy cancer cells, which are too small 
to locate and remove surgically.  
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7.2.1 Nanoparticle Probes  
 

Researchers at the University of Michigan are developing nanoprobes that can be used 
with magnetic resonance imaging (MRI). Nanoparticles with a magnetic core are attached 
to a cancer antibody that attracts cancer cells. The nanoparticles are also linked with a 
dye which is highly visible on an MRI. When these nanoprobes latch onto cancer cells 
they can be detected on the MRI. The cancer cells can then be destroyed by laser or low 
dosage killing agents that attack only the diseased cells. 

In brain tumors, the presence of cancer can weaken the blood-brain barrier. Research is 
being conducted to have nanoprobes cross the weakened barrier to the tumor but not 
cross into healthy brain tissue. 

Another group at Washington University is using nanoparticles to attract to proteins 
emitted from newly forming capillaries that deliver blood to solid tumors. The 
nanoparticles circulate through the bloodstream and attach to blood vessels containing 
their complementary protein. Once attached, chemotherapy is released into the capillary 
membrane. The nanoparticles traveling in the bloodstream would be able to locate 
additional cancer sites which may have spread to other parts of the body. 

Nanotechnology can also be used to improve the contrast agents for MRI`s. Using 
fullerenes to encapsulate contrast agents such as gadolinium, Luna Innovations claims 
that traditional images can be enhanced by 50 times. If successful, this can result in the 
use of lower magnetic fields through smaller, cheaper and portable imaging equipment. 
Alternatively, smaller amounts of contrast agents could be used which would reduce the 
risk of allergic reaction in some patients. 
 

7.2.2 Miniature Imaging Devices  
 

Miniature wireless devices are being developed with nano and micro technologies for 
providing high quality images not possible with traditional devices. 

Given Imaging has developed a pill containing a miniature video system. When the pill is 
swallowed, it moves through the digestive system and takes pictures every few seconds. 
The entire digestive system can be assessed for tumors, bleeding, and diseases in areas 
not accessible with colonoscopies and endoscopies.  

Another company, MediRad is trying to develop a miniature x-ray device that can be 
inserted into the body. They are attempting to make carbon nanotubes into a needle shape 
cathode. The cathode would generate electron emissions to create extremely small x-ray 
doses directly at a target area without damaging surrounding normal tissue.
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8. Understanding Basic Life Processes 

 

8.1 Nanoscience in Life Sciences 

8.1.1  Brief Introduction 
 

Nanotechnology involves the creation and use of materials and devices at the atomic and 
molecular level. As life itself creates and uses molecular materials and devices, 
nanosciences will provide great insights in life science concepts, such as how molecular 
materials self-assemble, self-regulate, and self-destroy. 

The scope of nanoscience is enormous and overlaps with many traditional sciences. 
Although only a subset of nanoscience applies to life processes, the potential for 
breakthroughs is enormous and is being pursued on multiple fronts. 

The US Government’s National Institutes of Health is sponsoring research in basic 
nanoscience in many areas including nanomaterials, nano-imaging, cell biology, 
molecular and cellular sensing/signaling, and nanomotors.  

One initiative is in the detection and manipulation of single molecules. It is intended to 
provide new information about biological processes for understanding cellular function 
including real time measurements of single molecules in living cells and the development 
of the collateral chemistry and instrumentation. Participating institutes include the 
National Institute of General Medical Sciences, the National Institute on Deafness and 
Other Communication Disorders, and the National Human Genome Research Institute.  

Another initiative with the National Cancer Institute and NASA is intended to advance 
the development of technologies and informatics tools to enable minimally invasive 
detection, diagnosis, and management of disease and injury using technology platforms 
for biomolecular sensors which can function in the living body to measure, analyze, and 
manipulate molecular processes.  

A Department of Defense project at Brown University is using tiny electronic structures 
to explore the function of the human brain. A multi-functional team is exploring how the 
brain works and may someday allow computers to emulate human neural network 
processing. A tiny device is being researched that would emit light to stimulate and 
record light from brain cells. This is thought to be a preliminary step to have man-made 
and nature-made structures communicate. 
 

8.1.2  Partial List of Leading Researchers 
 

While it would be an oversimplification to attempt to classify and summarize this 
domain, it is possible to list a subset of some of the leading nanoscience researchers who 
are pursuing nanomedicine applications. Their names, organizations and links are as 
follows. Some researchers can be classified in multiple categories but have been listed in 
only one. As well, because of time constraints to complete this report, many outstanding 
researchers are not included but certainly deserve mention. 
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Single molecule, cell, cellular compartment, vesicles 
Nancy Allbriton U California-Irvine http://www.ucihs.uci.edu/pandb/Allbritton/nlares2.html 

Adam Arkin UC Berkeley http://genomics.lbl.gov/~aparkin/ 

Steven Block Stanford http://www.stanford.edu/group/blocklab/ 

Dan Branton Harvard http://mcb.harvard.edu/Faculty/Branton.html 

Julio Fernandez Mayo Clinic http://www.mayo.edu/bir/Projects/MoleculeVis/MolecularVis.html 

Elias Greenbaum Oak Ridge Nat Lab http://www.bio.ornl.gov/gst/staff/greenbaum.html 

Shuming Nie Emory http://www.emory.edu/CHEMISTRY/faculty/nie.html 

Klaus Schulten U Illinois Urbana-Cham. http://www.ks.uiuc.edu/Overview/KS/schulten.html 

Lydia Sohn Princeton http://www.poem.princeton.edu/Bios/Sohn.htm 

Johnathan Sweedler    U Illinois Urbana-Cham. http://mrel.beckman.uiuc.edu/sweedler/ 

Jay Trautman Cytokinetics http://www.cytokinetics.com/cyto/sm_trautman 

David Walt Tufts http://www.chem.tufts.edu/faculty/walt/ 

Sunney Xie Harvard http://bernstein.harvard.edu/pages/AboutProfXie.html 

Richard Zare Stanford http://www.stanford.edu/group/Zarelab/ 

 

Biological structures (proteins, the ribosome, molecular motors) 
Ueli Aebi U of Basel http://www.biozentrum.unibas.ch/Research/Structural_Biology/ 

           Aebi/aebi.html 

Angela Belcher MIT http://dmse.mit.edu/faculty/faculty/belcher/ 

David Clemmer Indiana http://www.chem.indiana.edu/personnel/faculty/clemmer/clemmer.htm 

Susan Gilbert U Pittsburgh http://www.pitt.edu/~biohome/Dept/Frame/Faculty/gilbert.htm 

Joseph Jacobson MIT http://www.media.mit.edu/molecular/ 

Phillip Messersmith Northwestern http://www.northwestern.edu/bme/faculty/messersmith.html 

Nadrian Seeman New York U http://www.nyu.edu/pages/chemistry/Faculty/seeman.html 

Deepak Srivastava NASA Ames http://people.nas.nasa.gov/~deepak/home.html 

David Tirrell California Inst of Tech http://www.che.caltech.edu/faculty/dat/dat.html 

Viola Vogel U Washington http://web.met.kth.se/nano/2010/Vogel.html 

Erik Winfree California Inst of Tech http://dna.caltech.edu/DNAresearch.html 

Bernard Yurke Bell Labs http://www.bell-labs.com/project/feature/archives/dna/ 

 

Molecular functionality (structural support, catalyze, store info, transport mtls within/into/out of cell) 

Paul Alivisatos UC Berkeley http://www.cchem.berkeley.edu/~pagrp/overview.html 

Robert Austin Princeton http://suiling.princeton.edu/ 

Moungi Bawendi MIT http://web.mit.edu/chemistry/www/faculty/bawendi.html 

James Collins Boston U http://bme.bu.edu/faculty/collins.html 

Jean Frechet UC Berkeley http://socrates.berkeley.edu/~jfrechet/research.html 

Jay Groves Lawrence Berkeley http://searle.bio.jhu.edu/People/Groves.html 

Robert Haddon UC Riverside http://www.engr.ucr.edu/faculty/chemenv/haddon.html 

Daniel Hammer U Pennsylvania http://www.seas.upenn.edu/cbe/hammer.html 

Carlo Montemagno UCLA http://www.cnsi.ucla.edu/faculty/montemagno_c.html 
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Milan Mrksich U Chicago http://mrksich-group.uchicago.edu/research.html 

Michael Roukes California Inst of Tech http://nano.caltech.edu/roukes.html 

Joseph Sanger U Pennsylvania http://www.med.upenn.edu/cellbio/faculty/sanger_joseph/# 

Patrick Stayton U Washington http://depts.washington.edu/bioe/people/stayton.shtml 

Dan Urry U Minnesota http://biosci.cbs.umn.edu/bpti/mice/faculty/urry2.html 

George Whitesides Harvard http://twod.med.harvard.edu/biophysics/faculty/Whitesides96.html 

 

Biopharmaceutics 
James Baker U Michigan http://nano.med.umich.edu/Personnel.html#Baker 

Eugene Cooper Elan http://www.elan.com/drugdelivery/aboutdrugdelivery/people.asp 

Colin Gardner Transform Pharma http://www.transformpharma.com/people/management.html 

Jennie Mather Raven http://www.ravenbio.com/Pages/People2.html 

Uri Sagman C Sixty http://www.asapsites.com/asap/db/tss/home.nsf/pages/s14-sagman 

Donald Tomalia Dendritic Nanotech http://www.wiley.com/cda/product/0,,0471638501,00.html 

Steve Wilson C Sixty http://www.nyu.edu/pages/chemistry/Faculty/wilson.html 

 

Implantable Materials 
Linda Griffith MIT http://web.mit.edu/cheme/people/faculty/griffith.rsrch.html 

Kevin Healy UC Berkeley http://bioeng.berkeley.edu/faculty/healy.html 

Ann Mayes MIT http://web.mit.edu/dmse/mayes/biomaterials.html 

Robert Nerem Georgia Inst of Tech http://www.me.gatech.edu/me/people/academic.faculty/Nerem_Robert.html 

Buddy Ratner U Washington http://www.avs.org/dls/ratner.html 

Michael Sefton U Toronto http://www.chem-eng.utoronto.ca/faculty/sefton.html 

Samuel Stupp Northwestern http://www.chem.nwu.edu/brochure/stupp.html 

Mehmet Toner Mass General Hospital http://www.shrinershq.org/research/boston/2000researchreport/toner.html 

 

Implantable Devices 
Harold Craighead Cornell http://www.aep.cornell.edu/eng10_page.cfm?pg=4&peopleID=9 

Tejal Deasi Boston University http://www.bme.bu.edu/faculty/desai.html 

Mauro Ferrari Ohio State http://www.acs.ohio-state.edu/units/research/archive/coulter.htm 

Robert Langer MIT http://web.mit.edu/cheme/langerlab/ 

Ron Miles SUNY - Binghamton http://www.me.binghamton.edu/me_miles.html 

William Shane Wadsworth Center http://www.wadsworth.org/resnres/bios/shain.htm 

 

Surgical Aids 
Anthony M. DiGioia Western Penn Hosp http://www.hoise.com/vmw/01/articles/vmw/LV-VM-06-01-27.html 

Joseph Vacanti Mass General http://www.cimit.org/bios/vacanti.html 

 

Diagnostic Tools 
Warren Chan U Toronto http://www.utoronto.ca/IBBME/Faculty/Chan_Warren/index.html 

Michael Heller Nanogen http://www.nanogen.com/publication/publication_detail.cfm?key=21 
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Jeffrey Kant U Pittsburgh http://path.upmc.edu/cmp/fac14.htm 

Charles Lieber Harvard http://cmliris.harvard.edu/html_natalya/research/research.htm 

Bala S. Manian Quantum Dots http://www.qdots.com/new/corporate/team.html 

Meyya Meyyappan NASA Ames http://www.nasatech.com/NEWS/Oct02/who_1002.htm 

Chad Mirkin Northwestern http://www.chem.nwu.edu/~mkngrp/pictmenu.html 

Kurt Petersen Cepheid http://www.cepheid.com/pages/management.html#Kurt 

Martin Philbert U Michigan http://www.sph.umich.edu/faculty/philbert.html 

David Rakestraw Eksigent http://www.scvacs.org/newsletter/news0202.pdf 

John Sninsky Roche Molecular Systems http://www.roche.com/pages/media_releases/html/1999/e990621f.htm 

Tuan Vo-Dinh Oak Ridge Nat'l Labs http://www.foodsafe.tennessee.edu/expertise/vo-dinh_t.htm 

Bruce Wheeler U Illinois - Urbana Cham. http://www.beckman.uiuc.edu/faculty/wheeler.html 

 

Other Areas of Nanomedicine 
Robert Freitas Zyvex http://www.zyvex.com/AboutUs/Profiles/FreitasBioP.html 
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9. Conclusion 

 
This document presents a nanomedicine taxonomy that describes some of the principal 
areas of nanotechnology and related small technology activities currently being 
undertaken in medicine and health care. It is one step in the planning process to develop a 
nanomedicine strategy for Canada. 

 

 


