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in order to spark innovation. Biomimicry 
innovations are fertile hunting grounds for 
innovative business opportunities. Due to this 
immeasurable potential, corporate executives, 
investors, policymakers, and entrepreneurs 
across many industries look to this emerging 
field to drive sustainable growth. 

As it is an emerging field breakthroughs in 
biomimicry can be challenging to understand 
and commercialize. Biomimicry Business 
Intelligence analysts are specialists in 
understanding and assessing these complex and 
rapidly-changing innovations, and BAS’ analysts 
are on the cutting edge of this exciting new field

Biomimicry Advisory Services (BAS) is an 
independent financial mar et research and 
advisory organization that provides strategic 
advice and ongoing intelligence on emerging 
biomimicry technologies. BAS is a project 
initiative of Biomimicry Switzerland. 

BAS’ mission is to help leaders in the 
commercial, public, and social sectors develop a 
deeper understanding of biomimicry innovations 
and to provide a fact base that contributes to 
financial decision making on these emerging 
technologies.

The ability to innovate is a key driver of 
productivity, competitiveness and prosperity . 
Innovation requires entrepreneurs to rethink 
their strategies and adopt new approaches to 
their businesses, embracing new technologies 
and manufacturing opportunities that can be the 
difference between success and failure in the 
business world.

But what are some powerful technology trends 
that can drive company success? What are the 
important factors that should be considered 
when trying to identify the next big trend? 
Biomimicry’s inherent value lies in the answers it 
proposes to these questions. 

Biomimicry (from bios, meaning life, and mimesis, 
meaning to imitate) is a scientific design discipline 
that seeks sustainable solutions by emulating 
nature’s time-tested patterns and strategies. The 
core idea is that nature, after 3.8 billion years of 
research and development, has already developed 
solutions to many of the problems facing 
industry, government and agriculture.  Such 
problems include packaging, transportation, 
energy production, non-toxic chemistry, carbon 
sequestration, and crop production.

Biomimicry isn’t itself a product but a process, 
drawing on natural organisms and practices 

Forward

Further information about BAS and copies 
of BAS’ published reports and business case 

studies can be found at 
www.BiomimicryBusinessnIntelligence.com

http://www.BiomimicryBusinessnIntelligence.com
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Healthcare is one of the largest and fastest 
growing sectors of the global economy. 
According to OECD data, total healthcare 
expenditures were estimated at $6.15 trillion 
in 2013, which is 8.2% of global GDP and 
expenditures per capita, making it a significant
part of any country’s economy. While the 
healthcare industry is growing rapidly, it faces 
many challenges such as medical waste, the 
research and development process for drugs, 
biomaterials storage, and innovation in non-
toxic and sustainable medical devices.
There is total of 7 of these major challenges 
currently facing that the global healthcare 
sector. Biomimicry innovation, as a sustainable 
and environmentally friendly tool, can help play 
a role in addressing these challenges in the 
healthcare industry.

Access to healthcare, particularly for people 
with disabilities, and high expenses overall 
are two of the most notable opportunities 
for improvement in the healthcare industry. 
Improving access to healthcare for all and 
reducing healthcare expenses while making 
medical devices more efficient and mo e 
productive is a task that could clearly benefit
from biomimicry innovation and research. 

Furthermore, there are three major trends 
that will transform international businesses 
in the next fi e years. The three trends are 
technological advances such as nanotechnology 
and 3D bioprinting, demographic changes and 
global economic shifts. These three trends 
will have particularly significant impact on the
healthcare sector. Healthcare systems that adapt 
to these three trends successfully could have a 
truly positive impact on human wellbeing and 
function as a model for other systems. 

Executive Summary
1



2  Biomimicry Business IntelligenceTM ©2016

2.1 Medical Waste

Market Size

In 2012, the global medical waste management 
market was valued at $14.5 billion, and is 
expected to grow at 4.8% annually from 2013 
to 2019, reaching an estimated value of $20.1 
billion by 2019. ii Medical waste is comprised 
of both hazardous and non-hazardous waste.  
Hazardous waste accounts for 20 to 25 
percent of total medical waste, and includes 
a broad range of hazardous materials such as 
infectious waste, anatomical and pathological 
waste, obsolete or expired chemical products 
and pharmaceuticals, radioactive materials and 
so-called “sharps,” medical instruments or 
devices that have been discarded. Hazardous 
medical waste can generate a variety of health 
and environmental risks if they are not properly 
managed or disposed of. iii 

Global Issues

Medical waste affects public and environmental 
health in several ways. Dumping of waste can 
cause pollution of underground water resources 
and soils. In addition to environmental pollution, 
there are more direct hazards. For example, 
sharps or syringe needles are considered to be 
one of the most hazardous forms of medical 
waste, causing over 23.3 million cases of HIV 
and hepatitis B and C per year from unsanitary 
reuse. Approximately 16 billion injections are 
dispensed annually worldwide, and the WHO 
states that in the year 2000 injections with 
polluted syringes led to 21 million hepatitis B 
virus (HBV) infections, two million hepatitis 
C virus infections and 260,000 HIV infections 
globally. Many of these infections, common in 
Africa, Asia, and Central and Eastern Europe 
could have been avoided through proper syringe 
disposal.iv

Around 100 million 
people Are forced below
the poverty line eAch 
yeAr becAuse of heAlthcAre
expenses.

2.2 Access to Healthcare  

Inadequate access to healthcare is endemic 
to many developing countries, as their 
governments lack the resources necessary to 
provide it to their populations. Health inequality 
is common, with low healthcare worker to 
population ratios limiting healthcare access by 
impoverished portions of the population.v

Healthcare Access in Developing 
Countries

The accessibility of healthcare varies by country 
and often depends on an individual’s financial
means. Many citizens of developing countries 
and disabled people throughout the world face 
limited access to healthcare, and around 100 
million people are forced below the poverty 
line each year due to healthcare expenses. 
Global immunizations prevent 2 to 3 million 
deaths annually, but there are still nearly 23 
million infants around the world who do not 
have access to basic vaccinations. Contributions 
to unequal healthcare access include poor 
health systems management, limited resources, 
improper supervision, and conflicting healthca e 
priorities. vi, vii 

Global Challenges in the 
Healthcare Sector

2
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2.3 Cost of Overall Healthcare Services

Global Healthcare Expenditures

The Organization for Economic Cooperation 
& Development (OECD), an organization 
that includes over 30 of the world’s most 
developed countries, releases data on the size 
of the healthcare sector of different countries. 
According to the OECD, there are obvious 
contrasts in healthcare costs between the 
United States and other countries. i In 2011, the 
UK, France, Germany, Mexico, Canada, South 
Korea, Japan, Australia and the U.S. spent 9.3% 
of GDP on healthcare on average. Of these 
countries, the U.S. has the highest percentage 
healthcare spending of its GDP. 

See the bar chart below for information on 
global healthcare spending in 2011: i

Source: OECD i

spending per capita was around $9,216 in the 
United States, and extremely low in the world’s 
most remote villages. This healthcare-spending 
trend is likely to continue in the future and the 
United States will face the enormous challenge 
of keeping healthcare costs under control. 

Additionally, the global prescription drug market 
accounted for over $1 trillion of healthcare 
costs in 2013. i

The U.S. Healthcare Expenditure 
Challenge

The U.S. is the biggest spender in the healthcare 
sector and its cost of healthcare services is very 
high compared to other services. It has a high 
per-patient cost, limited preventive care, and 
depends on new technology, drugs and a cutting-
edge medical system. However, part of this high 
cost is a result of unnecessary expenditures. 
According to Deloitte’s Healthcare Solutions 
Report in 2010, total U.S. health-related 
spending was around $3.2 trillion, which works 
out to $10,392 per person. Figure 2 below 
shows healthcare spending in the US, including 
non-explicit costs. vii

Healthcare Waste and Cost 

There are 4 major categories of healthcare 
waste in the United States: viii

• Failures of delivery: caused by poor or
inadequate preventative care. For example,
the Department of Health and Human
Services’ Office of the Inspector Genera
(OIG) found that 27% of hospital admissions
caused injuries in Medicare patients are due
to  inadequate or poor preventative care.

• Over treatment: this is driven by providers’
preferences instead of informed patients, and
overlooks scientific finding  or is inspired by
something other than provision of optimal

It is difficult to pin d wn exact figu es for 
global healthcare expenditure. In 2013, it was 
estimated at $6.15 trillion, which accounted for 
8.2% of global GDP and expenditures per capita. 
This estimate can be divided into three areas: 
$2.9 trillion in the U.S., $2.6 trillion in non-U.S. 
OECD nations, and $650 billion elsewhere 
around the world. Excluding the U.S. and the 
rest of the OECD, per capita yearly healthcare 
expenditures are only $90. Because of this, there 
is enormous inequality in the availability and 
cost of care between nations. In 2013, healthcare 
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care for a patient. This added $158 -$226 
billion to spending.  

• Administrative complexity: excess spending
due to poor rules or overly bureaucratic
measures. This category accounts for $107-
$389 billion in spending waste (2011).

• Medical Fraud: the production of fake
medical bills and the cost of inspections and
regulations to prevent offenses. It accounted
for $82-$272 billion (2011).

2.4 Medical Errors and Misdiagnosis 
There are many examples of medical error; 
one famous example that was revealed in the 
institute of Medicine’s (IOM) 1999 report is 
that 44,000-98,000 Americans die each year 
as a result of medical errors. Most people 
classify medical error as mishaps occurring in 
a hospital environment. However, important 
medical errors also occur in other patient care 
environments. The patient care environments 
include physicians’ offices  outpatient surgical 
centers, imaging centers, nursing homes 
and retail pharmacies. National healthcare 
expenditure due to medical errors resulting 
in injury is estimated to be $17 to $29 billion 
annually. ix 

Figure 2: 2010 U.S. Total Health 
Expenditure Source: Deloitte vii

Figure 3:  2011 Healthcare Waste Costs by 
Category
Source: Health Affairs  viii

Figure 4: Healthcare Spending as % of GDP in 
Different Countries. 
Source: Global Issues  v
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In 2010, the Office of Inspector General or 
the Department of Health and Human Services 
showed that poor hospital care caused the 
deaths of 180,000 patients in Medicare alone 
in a given year. The Journal of Patient Safety 
attributes 210,000 to 440,000 patient deaths 
to medical errors. If accurate, this would make 
medical errors the third-leading cause of death 
in America, behind heart disease and cancer. 
Medical diagnoses that are missed, incorrect, or 
delayed affect 10% to 20% of cases, exceeding 
the percentage of medical cases affected by 
prescription or surgical errors. A 2009 report 
by the federal Agency for Healthcare Research 
and Quality stated that 28% of 583 diagnostic 
errors reported by anonymous doctors were 
life-threatening, fatal, or resulted in permanent 
disability, xi, xii

2.5 Research and Development for Drugs 
& Vaccines

The development of drugs and vaccines is 
another global challenge facing the healthcare 
industry, especially in the area of cost of 
development. Developing new drugs is an 
expensive endeavor, with costs averaging 
approximately $1.3 billion in the period that 
starts with initial research and ends with 
successful commercialization of a new drug. 
Less than 1 in 10 human clinical trials for 
pharmaceuticals succeed, leaving behind many 
bankrupt startups. Failure rates for medicines 
and costs of production continue to rise, which 
constrains opportunities for new successes. 95% 

of experimental medicines fail to be approved 
as safe and successful when tested on humans. 
Even before drugs are released on the market, 
they will have already cost $350 million to 
produce. The number of new drugs created 
per $1 billion of R&D invested has been halved 
every 9 years for the past 100 years.xiii 

In general, large pharmaceutical companies 
are likely to spend more money to develop 
a new drug when tax incentives defray R&D 
costs. When tax incentives do not defray 
R&D costs, this encourages larger companies 
to spend money that would otherwise go to 
R&D promoting their products in international 
markets. Past a certain stage of development, 
R&D costs will rise due to the costs of safety 
monitoring of the drug’s effects in trial patients. xiv

As shown below, compared to smaller 
companies, large companies spend more per 
drug. Compared to the $2.8 billion for those 
that had budgets of between $5 billion and $10 
billion, companies that spent over $20 billion in 
R&D over the past decade spent $6.3 billion per 
new drug, which is easily over 100% more. xiv 

Vaccine Development

Many argue, with good reason, that the 
vaccine market fails to attract manufacturers. 
There are successful launches of vaccines 
against pneumococcal disease, the human 
papilloma virus and various strains of 
influenza  However, vaccines’ share of the 
global pharmaceutical market in 2010 was still 

Figure 5: New Drug Approval Facts in 
2012 Source: C&EN xlix
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marginal at approximately 3%. From 1967-2002, 
manufacturers chose to invest in potential 
blockbusters, and the number of manufacturers 
producing vaccines in the U.S. decreased from 
37 to 10. Recently, only 5 manufacturers have 
come to control 80% of the market. At the time 
of pre R&D cost/benefit ana ysis, not all of the 
intangible value that vaccines offer to society as 
a whole will be considered, which lowers the 
projected benefits  As a result, when compared 
to the $26.4 billion spent in pharmaceuticals, 
manufacturers only invested a paltry $750 
million in vaccine research and development 
(R&D) in 2000. 

2.6 Preserving and Transporting Medical 
Drugs and Biomaterials

Preserving and transporting biomaterials has 
become a global healthcare challenge. From 
2012 to 2017, the global market for biomaterials 
was estimated at $44 billion in 2012 and 
projected to grow at  a 15% rate annually, 
reaching $88.4 billion by 2017. xvi 

Transporting many biomaterials such as sensitive 
bio-samples (DNA, proteins, bacteria, stem-cells, 
etc) over long distances creates the challenge of 

using special low-temperature containers filled
with liquid nitrogen or dry ice. Globally, more 
than a billion biological samples are collected 
and warehoused in thousands of research labs 
and bio-banks. Recent research trends have 
led to the fast growth of these collections. In 
order to stabilize and preserve these biological 
samples, organizations and individual researchers 
invest enormous sums of money in capital 
equipment purchases and cold storage facility 
maintenance. xvii Seven additional difficulties in
the use of cold storage are listed in the table to 
the right. xviiFigure 6: R&D Spending in Drug 

Development Source: Forbes xiv

R&D	Spending	Per	
Drug	($MIL) 

10	Year	R&D	
Spending	($MIL) Median Mean 

>20,000 6348 6632 

>5,000 2883 2961 

>2,000 1917 2480 

>1,000 1459 741 

Figure 7: Additional Challenges in Storing 
Biomaterials.  Source: Lab Manager xvii

1	 Cold	packing	and	shipping	generate	a	large	amount	
of	waste	materials.	

2	 Purchase	costs,	maintenance	costs	and	energy	costs	
of	cold	refrigerators/freezers	add	up	as	sample	
collections	increase	in	size,	and	accelerate	as	the	
cost	of	energy	increases.	

3	 Heat	generated	from	refrigerators	or	freezers	puts	
further	pressure	on	facility	requirements,	costs	and	
planning	to	stabilize	environmental	conditions	at	
lower	temperatures	than	would	be	required	without	
the	equipment.	

4	 Freezers	take	up	an	increasingly	large	amount	of	lab	
space,	potentially	inhibiting	current	and	new	
facility/research	space	demands.	

5	 Multiple	freeze-thaw	cycles	can	cause	sample	quality	
degradation.	

6	 Cold	freezing,	especially	of	bio-tissues,	can	cause	cell	
membrane	damage.	

7	 Power	failure	or	freezer	failure	can	place	samples	at	
risk	of	degradation	and	loss.	
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2.7 Medical Device and Diagnostics

The medical device sector produces heart 
valve replacements, pacemakers, radiotherapy 
instruments, scanners and artificial joints  
among other products. lxvi It employs around 
400,000 people in the United States alone. 
lxvi The cost of developing a medical device is 
approximately $70 to $100 million, which must 
be recovered in total sales before a business 
begins to profit.lxvi According to a new report 
from Evaluatepharma, the global medical device 
market will reach a value of $44 billion by 2018 
at a growth rate of 4.4% per year, which is 
quite fast when compared to the prescription 
drug market, which grows at a rate of 2.5% per 
year.xviii

For developing countries, increasing incomes 
and growing populations are contributing 
to more spending on health and well-being. 
Global healthcare expenses were expected 
to grow by more than 5% in 2012. Healthcare 
expenditure growth is not limited to developing 
countries: Americans spend around 16% of 
GDP on healthcare, which is the highest 
amount of spending compared to any other 
country. Healthcare spending, particularly in the 
United States, is a contentious issue: when the 
government tried to cut the federal deficit y 
tackling healthcare costs, the debate was more 
acrimonious than ever before.xx 

Johnson & Johnson’s MD&D segment is 
considered to be the global market’s largest 
medical devices and diagnostics business. It 
had $28.5 billion total sales in 2013 and has 
ten $1 billion-plus platforms that hold the 
number one or number two positions in their 
respective categories. Its MD&D businesses 
compete in around 30 % of the estimated $370 
billion global market. In the next 5 years, many 
of these key markets will grow faster than the 
average market. xxi

Ethical Issues

There are several ethical factors involved in the 
manufacture of medical devices:

• Medical device industries face nearly no price
competition and the transparency of medical
costs is very inadequate.

• Personal relationships are sustained between
physicians and medical-device manufacturing
companies, causing conflicts of inte est and
a wide variance in actual prices for medical
devices.

• Price ambiguity leads to higher overall prices
for medical devices. For example, prices for
cardiac implantable medical devices vary by
several thousand dollars in the United States.
xv Notably, the United States spent almost
50% more than Japan and Europe on the top
5 medical devices, amounting to $26 billion
in overspending per year in the US. xxii

the truth is, natural 
orgAnisms hAve mAnAged to
do everything we wAnt to 
do without guzzling fossil 
fuels, polluting the plAnet or 
mortgAging the future.

– Janine Benyus, biologist, consultant
author and co-founder of Biomimicry 3.8
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Materials Toxicity

Many medical devices have issues with materials 
toxicity. The Food and Drug Administration’s 
biological evaluation of medical devices tests 
for potential toxicity from the combination 
of materials and the body. In order to receive 
approval, a device should not produce adverse 
local or systemic effects, be carcinogenic, 
or produce adverse reproductive and 
developmental effects. xxiii However, the advocacy 
arm of Consumer Reports, the Consumers 
Union, supports the claim by the Institute of 
Medicine that the current system of medical-
device regulation does not prevent patients 
from harm. It has suggested that the FDA fix the
system by: xxxix

• Requiring that implants and other “life-
sustaining” devices be tested as strictly as
drugs.

• Finishing the practice of “grandfathering”
high-risk new implants and life-sustaining
devices.

• Designing a “unique identifier system or ID
for implants, so that patients can be quickly
notified about ecalls and safety problems.

• Creating national registries so that problems
can be spotted quickly and patients notified

• Raising the user fees paid by manufacturers
for regulatory review so that the FDA has
enough money to operate effectively. xxxi

nature works with five 
polymers. only five polymers. 
in the natural world, life 
builds from the bottom up, And 
it builds in resilience And 
multiple uses.

– Janine Benyus, biologist, consultant
author and co-founder of Biomimicry 3.8
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3.1 Medical Waste 

Medical waste is defined as all waste materials
generated at healthcare facilities such as 
hospitals, clinics, physician’s offices  dental 
practices, blood banks, veterinary hospitals/
clinics and medical research facilities. xxiv 
Healthcare activities cause waste that includes 
different types of materials such as needles, 
syringes, soiled dressings, body parts, diagnostic 
samples, blood, chemicals, pharmaceuticals, 
medical devices and radioactive materials. 
Poor management of healthcare waste could 
potentially expose healthcare workers, waste 
handlers, patients and the community at large 
to infection, toxic effects and injuries, and risks 
polluting the environment. Overall, all medical 
waste materials should be segregated at the 
point of generation, properly treated and 
disposed of safely. xxv

Status Quo of Medical Waste

Medical waste is not just composed of used 
medical materials. It can include unused 
materials as well. According to the U.S. Centers 
for Disease Control and Prevention, hundreds 
of thousands of vaccine doses spoil and are 
discarded each year in the United States. 
Spoiled vaccine accounts for 62% of the vaccine 
doses reported wasted according to a report 
on immunization programs.xviii All of these 
sources help make medical waste the third 
largest source of waste in the U.S. with hospitals 
discarding more than two million tons of waste 
each year. xviii

The challenges of handling medical waste differ 
substantially between developed and developing 
countries. Developed countries generate on 
average up to 0.5 kg of hazardous medical waste 
per bed per day, while developing countries 
generate an average of 0.2 kg. Healthcare 
waste normally cannot be easily separated 

into hazardous or nonhazardous categories in 
developing countries, which makes the actual 
quantity of hazardous waste much higher. 
Moreover, even though risks that are related 
with other types of healthcare waste such 
as blood waste and chemicals are potentially 
serious, they have not been comprehensively 
assessed. iv

At present, developing countries are also 
being forced to come to terms with the 
issue of disposable medical items. They face 
more medical waste-related challenges than 
developed nations such as the United States. 
Developing countries’ resources are limited, 
and the challenges of sorting and disposing 
of all kinds of medical waste in a sanitary 
manner are compounded by this constraint. 
The unsanitary disposal of waste in developing 
countries endangers the lives of millions of 
people due to the widespread practice of 
making a living scavenging at dump sites. The 
burning of waste can also provoke myriad health 
problems. Incineration is the primary process 
used to dispose of medical waste in most of 
the developing world, especially in sub-Saharan 
Africa. Overall, it is essential that all medical 
waste materials are treated appropriately and 
disposed safely. xxvi

Hazardous Waste

Biomimicry innovation is one potential 
alternative solution to these medical waste 
challenges. Instead of creating drugs or materials 
that create waste that must be dealt with at 
the end of the product’s life-cycle, biomimicry 
innovation uses life friendly chemistry to create 
products that are biodegradable or decompose 
quickly. Biomimicry innovation can produce 
more efficient and sa e medical devices, provide 
new ways to process medical waste, and prevent 
sickness by solving the problems of medical 
waste efficient y. 

The Role of Biomimicry Innovation
3
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3.2 Research and Development for Drugs 
& Vaccines

In the United States, more than 2 million people 
are infected with antibiotic-resistant bacteria 
per year, resulting in more than 23,000 deaths. 
The majority of deaths related to antibiotic 
resistance occur in healthcare settings such as 
hospitals and nursing homes. xxviii Even more 
people die from secondary conditions caused by 
an antibiotic-resistant infection. xxviii Antibiotic-
resistant infections can be contracted anywhere, 
and most antibiotic-resistant infections take 
place in the general community. xxviii 

Antibiotic-resistant superbugs have two 
significant characteristics  The first is that th y 
are resistant to disinfectants and common 
antibiotics.  An example bacterium is called 
Pseudomonas aeruginosa. It infects the lungs, 
joints, burn wounds, urinary tracts and blood of 
people whose defenses have been weakened by 
chemotherapy, diabetes, cystic fib osis or AIDS. 
xxix Compared to other bacteria, this bacterium 
is 12 times more resistant to disinfectants and 
also showed a 256-fold resistance increase to 
the common antibiotic ciprofl xacin. xxix  In a 
hospital setting, the use of disinfectants might 
actually provide a breeding ground for new 
superbugs by completely eliminating competing 
bacteria that are susceptible to disinfectants 
and antibiotics.xxix The second characteristic is 
their prevalence in intra-hospital infections. In 
the U.S. hospitals, approximately 1 in 20 patients 
contract intra-hospital infections during their visit. 
Some of these infections are caused by dangerous 
‘superbugs’ that are difficult to deal with  xxix

To summarize, drug and vaccine production 
is challenging because of bacteria’s evolving 
resistance. Production is also challenging 
because it requires high upfront expenditures 
before any drugs or vaccines arrive on the 
market. In contrast, nature does not use 

antibiotic drugs but still finds w ys of addressing 
the issue of problematic bacterial growth. An 
example of biomimicry innovation addressing 
this problem with structures found in nature 
is demonstrated by Sharklet, a company that 
creates a surface that makes it difficult or 
bacteria to grow.  As a result, biomimicry can 
effectively help prevent bacteria from growing 
without the use of chemicals that can be 
harmful for the patient and paradoxically create 
an environment that is relatively more suited to 
multi-drug resistant antibiotics.

3.3. Preserving and Transporting 
Biomaterials

Freezing and packaging are two common 
methods of preserving and transporting 
biomaterials, and both present their own unique 
challenges.

Freezing 

The problems associated with freezing mostly 
present themselves in liquid or sensitive 
materials such as vaccines and medications. 
The most commonly recommended vaccines 
require storage temperatures of 35ºF-
46ºF (2ºC-8ºC) and cannot be exposed to 
freezing temperatures. xxx These vaccines and 
medications are quickly destroyed if frozen. 
Freezing will permanently damage the potency 
of vaccines and many other biopharmaceuticals. 
The freezing of vaccines can also lead 
to decreased immunogenicity, increased 
reactogenicity and the potential for adverse 
events such as sterile abscesses. Vaccine and 
diluents will become contaminated, and patients 
will face additional risks from being injected with 
glass fragments when hairline fractures develop 
in the container upon freezing. xxx

Aside from certain materials that cannot be 
frozen, there is a requirement to store and 
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transport many samples at low temperatures. 
It costs a lot of money and space to store 
samples in freezers and transport them while 
maintaining a low temperature. Current 
solutions adhere to a cold chain requirement, 
which is a service that ensures the vaccines 
stay at consistent temperatures at every step 
of a journey. Most biopharmaceuticals require a 
low temperature environment, normally 2-8°C, 
and a cold chain needs to be maintained. xxx 
Cold chain maintenance is vital to the vaccine 
supply chain. Strong cold chains are most 
important for immunization programs. They are 
most challenging to maintain in low-resource 
environments with unstable electricity, poorly 
maintained equipment, and long distances 
between facilities, which is precisely where 
immunization programs can do the most good. 
Health workers will sometimes discard vaccines 
that are exposed to extreme temperatures, or 
perhaps unintentionally administer damaged 
vaccines, making people unknowingly vulnerable 
to diseases. xxxi

Packaging 

Medical device packaging innovations come 
from a requirement to operate within a highly 
regulated framework. Normally, medical 
products are sterilized in the package, 
and should remain sterile throughout the 
distribution process in order to facilitate safe 
and immediate use. Medical device regulations 
require that packaging become tightly linked 
with the medical device. If devices are placed in 
their packaging and made sterile, the packaging 
effectively becomes a component of the device. 
Manufacturers should ensure that the device 
arrives at the end user in the conditions 
indicated by the manufacturer for proper use. 
As a consequence of these requirements and 
the proliferation of medical device packaging, 
the reduction of packaging waste is a pressing 
issue for suppliers. Manufacturers should 

either recover packaging physically or pay a 
contribution to help it be dealt with properly. 
xxxii

Packing kaging professionals also face another 
issue: protecting products that integrate medical 
devices with pharmaceutical elements. The 
manufacturer must not only ensure that the 
device is sterile and protected, but also ensure 
that drugs or biological agents are protected 
against oxygen, moisture and light to retain 
stability throughout storage period. A fine line
exists between providing sufficient y robust 
packaging to protect a costly product (e.g. 
$2,000 per drug-eluting cardiac stent) while 
ensuring it is comparatively simple for the 
healthcare practitioner to open. When a drug-
eluting cardiac stent was first int oduced to the 
market, it was first placed into one pouch in
order to allow sterilization, and then placed into 
another pouch to protect the drug. xxxii

Perfecseal is a company that has developed a 
single-pouch with a two-compartment design. 
The product contains a polyethylene Dupont 
Tyvek inserted within Perfecseal’s foil Breather 
Bag to produce two separate pockets - one to 
hold the stent, and the other to contain the 
scavenger (a chemical agent designed to remove 
unwanted substances). After sterilisation, the foil 
portion of the Breather Bag is sealed, but the 
Tyvek compartment keeps absorbing moisture 
or gases that could perhaps harm the drug. 
Smart packaging assists in making consumers 
secure and comfortable. Having a better 
understanding of and care for medical devices 
will lead to improved compliance. xxxii 

The medical device industry has discovered 
new packaging materials that will help decrease 
cost and increase performance, but there are 
still gaps to fill  The medical package material 
supplier can decrease the implementation time 
and increase the probability of success of a new 
material by performing prequalification testing
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Perfecseal’s Breather Bag with a two-
compartment design
Source: Healthcare Packaging lviii

for the device packager. Device manufacturers’ 
and new international standards’ demand will 
require the suppliers validate their sealing and 
forming process for preformed sterile barrier 
systems. Drug-device combination products 
require additional testing and qualification o  
packaging materials in addition to examining 
drug master files  These challenges must be 
matched with the needs of the sterile medical 
device packaging industry. xxxiii Biomimicry 
innovation can take inspiration from nature’s 
time-tested designs and implement them to solve 
the common problems faced in medical device 
packaging. Biomimicry can inspire ideal solutions 
for preserving and transporting biomaterials.xxxiv

in developing new biomaterial products: xxxv

• Proving the material’s biocompatibility with
human tissue

• Addressing an unmet clinical need
• Developing a technology that is well

received by both physicians and patients

The material’s properties heavily impact 
biological outcomes such as the half-life of 
drugs, biocompatibility of implanted devices, 
and release rates and toxicity of drug carriers. 
Plastics are a commonly used material but have 
numerous negatives. Fossil-fuel-derived plastics 
are non-renewable, frequently threaten public 
health, have devastating influences on oceanic
life, and increase reliance on imported fossil-
fuel-based feedstocks. General recycling of 
fossil-fuel-based plastics also remains constant at 
a very low level. Virgin fossil-fuel-based plastics 
should be entirely replaced with sustainable, 
biobased, renewable materials. 

Manufacturing uses and discards numerous 
products made from bioplastics, which can cause 
hazardous emissions, especially if the bioplastics 
are mixed with fossil-fuel-based chemicals. 
Meanwhile, some bioplastic products lack the 
required infrastructure, while posing a problem 
for existing recycling systems. Moreover, the 
current excessive consumption of materials 
and products will overburden the earth’s 
capacity regardless of the materials’ fossil fuel or 
biological origins.xxxvi  

3.5 Medical Device 

Externally, the U.S. medical device industry, 
which delivers life-saving innovations and 
generates millions of jobs throughout the 
country, is facing unprecedented challenges. 
The challenges are detrimental to the industry, 
the livelihoods of its employees, and the health 
of the patients who benefit very day from 
its technologies. These American companies 

3.4 Biomaterials

Biomaterials are the materials that are designed 
to be used in close contact with the human 
body. They are also used to deliver cells for 
cell therapy or to create replacement cartilage, 
artery bypass grafts, and other engineered 
organs. There are three fundamental challenges 
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control most of the roughly $350 billion global 
device industry; approximately 70% of medical 
technology companies with more than $1 billion 
in annual revenue are located within the United 
States. The country also absorbs around 40% 
of the world market for medical devices and 
instruments. 

Top 10 Medical Devices Challenges 

“AAMI’s list of Top 10 Medical Device 
Challenges stems from a research survey 
commissioned by AAMI in April 2012 and 
conducted by Westat—a nationally recognized 
research and statistical survey firm  The survey 
was sent via e-mail to healthcare technology 
management (HTM) professionals in 1,900 
different U.S. hospitals. Respondents were asked 
to rank how significant 18 specific device-related 
challenges are to their facility. Those challenges 
were identified y a task force of AAMI leaders 
and staff.”lii According to an AAMI survey, the 
top 10 medical devices challenges are: lii

For some specific challenges  the survey asked 
respondents to select the biggest issue for 
their hospital. In particular, the challenge of 
managing medical devices and systems on the IT 
network’s biggest issue is determining/assigning 
responsibilities across departments. The 
networks become more complicated over time 
as patient monitoring requirements rapidly grow. 
Moreover, the challenge of alarm management’s 
biggest issue is alarm fatigue. There are too 
many alarms, which makes the management of 
the alarm system more difficult  Furthermore, 
connectors frequently break or cannot work 
properly. A medical machine that is unreliable 
in this fashion is difficult to integrate ef ectively 
into hospital procedures.lxvii 

Hazardous Materials

Internally, medical devices are not always 
completely safe and foolproof because they 

may contain hazardous materials. Medical 
devices should use typical non-toxic materials. 
Exponent has conducted modeling of metal 
alloy components to illustrate the possible 
toxicological and carcinogenic outcomes after 
exposure to trace amounts of elements or 
compounds that leach from medical devices. 
One evaluation of cobalt leaching from artificial
hip implants clarified the amount of cobalt
that could match lifetime cancer risk to 1 in 
1,000 patients, 1 in 10,000 patients, or 1 in a 
million patients. It can be compared with the 
health risks associated with not accepting the 
procedure with the purpose of constructing a 
cost-benefit ana ysis for the client. Exponent 
provides regulatory, litigation and product-
development assistance to clients who can 
benefit f om physiological modeling for device 
assessment, critical evaluation, regulatory 
submission, or scientific pee -review. xxxviii

Rank	 Medical	Device	Challenges	

1	
Managing	devices	and	systems	on	

the	IT	network	

2	 Integrating	device	data	into	
electronic	health	records	

3	 Broken	connectors	(50%)	

4	 Battery	management	(50%)	

5	 Alarm	management	(49%)	

6	
Maintenance	of	infusion	pump	

systems	(48%)	

7	
Cybersecurity	of	medical	devices	

and	systems	(47%)	

8	 Setting	preventive	maintenance	
strategies	(44%)	

9	
Medical	device	incident	reporting	

and	investigations	(42%)	

10	
Medical	devices	brought	in	by	

patients	(42%)	
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4.1 Biomimetic Thinking

Biomimicry is a method of observing the natural 
world to identify design solutions and lessons 
that may enable us to create products, processes 
and system that are sustainable for local and 
global ecosystems. These natural inspirations 
lead to new strategies for achieving specific
environmental goals, providing a toolbox for 
identifying and solving problems in areas such as 
energy generation, efficient use of wate , toxin 
reduction, waste elimination, communication, 
and organization effectiveness.  In this way, 
biomimicry brings science, design, manufacturing, 
and policy together for an interdisciplinary 
approach to real-world problems, helping 
to improve how we interact with the world. 
Biomimicry is an innovation tool that develops 
sustainable solutions by emulating nature’s 
time-tested patterns and strategies. The idea is 
that, during its 3.8 billion years of research and 
development, nature has evolved highly efficient
systems and processes that can inform solutions 
to many of the waste, resource efficienc , and 
management problems that we grapple with 
today. Biomimicry has become an innovation 
tool that allows companies to develop a new 
class of products and services.

In order to create conditions conducive to life, 
there is a need for a paradigm shift: changing 
attitudes, changing mindsets, and changing 
people’s basic assumptions. As a baseline, 
biomimicry innovations seek to be sustainable 
by following Life’s Principles.

Life’s Principles represent the overarching 
patterns found among species surviving and 
thriving here on Earth.  Each of Life’s Principles 
represents a strategy that nature must follow 
in order to survive. It can be viewed as a short-
hand version of “biology 101” and used as a 
lens to view our design strategies and help us 
develop

thoroughly sustainable designs. Life’s Principles is 
a sustainability tool that can be used as a design 
checklist, a reference for integrating life into 
a  design, an indication of how well a design fits
into the natural world or of where a design will 
fail or create negative impacts (i.e. where it does 
not meet these principles).  

The field of biomimic y differs greatly from 
bio-utilization, which entails harvesting a 
product or producer (e.g. logging timber) 
and from bio-assisted technologies, which 
domesticate an organism to accomplish a 
function (e.g. bacterial purification of wate  
or harvesting wool from sheep). In Benyus’ 
words, “Instead of harvesting or domesticating, 
biomimicry consults organisms; they are 
inspired by an idea, be it a physical blueprint, 
a process step in a chemical reaction, or an 
ecosystem principle such as nutrient cycling.” 
These three basic approaches – form, process, 
and ecosystem – can be used to categorize 
biomimetic innovation. Essentially at the core 
of the biomimicry thinking process is the 
integration of biology into the design process.  

Source Biomimicry 3.8

Addressing the Challenge with Biomimicry 
4
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4.2 Nature’s Approach

Nature provides a rich source of ideas that can 
make human-designed products and corporate 
strategies more efficient and esilient, and less 
toxic—and therefore more sustainable. Nature’s 
ecosystems avoid waste: what is discarded by 
one species is often used by another as input 
or nutrition. Nature solves problems with the 
materials at hand, the very building blocks of 
life, rather than rare and synthetic chemicals. 
Its systems are self-energizing; life runs on 
sunlight, mediated by photosynthesis. When 
executive management teams or product 
designers operate based on biomimetic 
principles, considering the strategies of nature 
that apply, they can use nature’s models to 
create sustainable business innovations and 
foster disruptive technologies that transform old 
industries or build entirely new ones.

Biomimicry thinking delivers a framework that 
guides the introduction of nature’s genius into 
the process of any discipline or any scale of 
design, functions and systems. It will greatly 
influence the push to design mo e sustainable 
and effective medical devices. Biomimicry 
thinking can help the healthcare industry by 
introducing strategies that could reduce medical 
waste, find mo e efficient w ys to preserve and 
transport biomaterials, produce sustainable 
medical devices and generate non-toxic 
biomaterials.  

For example, when dealing with medical waste 
challenges, biomimicry innovation can help 
promote the use of life friendly chemistry 
instead of creating synthetic medical drugs 
or materials that may be harmful or result in 
excess waste.  Additionally, nature can inspire 
solutions to packaging that ensure biostability, 
preservation, and thermoregulation. Biomimicry 
innovation not only helps to incorporate 
biomaterial technology successfully into a 

product that benefits patients  but also assists 
researchers in integrating nature’s genius into 
the physical design of their projects.
4.3 System-thinking Approach

System thinking is a holistic approach to 
problem solving and analysis, in which influential
elements at different levels are considered in 
terms of their relationships to the whole and 
not just as isolated components. This approach 
helps generate sustainable solutions with broad 
positive impact, rather than solutions with a 
positive impact on one area but detrimental 
side effects in another. The things we make 
create environmental impacts throughout 
their lifecycles, from manufacturing to disposal. 
The best opportunities for saving resources 
like building materials and energy can often 
be uncovered early in the design process by 
identifying the most important problems to 
solve.  Whole system-thinking allows for the 
visualization of the big picture of the social, 
environmental, and technical systems that a 
product will become a part of. This can help 
identify new possibilities for innovation. Life 
Cycle thinking helps quantify environmental 
impacts so that priorities can be set, metrics 
established, and as a result reductions can be 
effectively achieved. This process is not just 
about making things “less bad.” It can help 
unlock creativity and lead to game-changing 
innovations. Biomimicry and system thinking 
are fundamental tools for the design and 
development of deep sustainable solutions.   

From a system thinking perspective, it becomes 
necessary to dedicate attention to healthcare 
clinics, practitioners, the environment, and the 
policies that comprises the healthcare industry 
when designing and producing new innovations. 
If this is not done, products or practices might 
have hidden repercussions that are not clear 
upfront if they are not well thought out. For 
example, common antibacterial compounds have 
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lead to growing concern among environmental 
health experts. For example, in the article 
“Advancing the application of systems 
thinking in health: South African examples of a 
leadership of sensemaking for primary health 
care,” proposes that “new forms of leadership 
are required to bring about the fundamental 
health system changes demanded by primary 
health care (PHC). It is important to consider 
how actors’ sensemaking and the exercise of 
discretionary power currently combine to 
challenge PHC re-orientation in the South 
African health system. This project considers 
the impact of the products on the whole 
system instead of only focusing on the product 
itself. In particular, the project is implemented 
through cycles of action-learning, including 
systematic reflection and synthesis  It includes a 
particular focus on how local health managers 
can better support front line facility managers 
in strengthening PHC. In sum, PHC will only 
become a lived reality within the South African 
health system when the frontline staff is able to 
make sense of policy intentions and incorporate 
them into their everyday routines and practices. 
This requires a leadership of sensemaking 
that enables front line staff to exercise their 
collective discretionary power in strengthening 
PHC.” Overall, the theoretically-framed analysis 
of one set of experiences promotes broader 
thinking about the leadership needed to sustain 
primary healthcare in other settings, instead of 
merely focusing on one aspect of healthcare. xli
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Over the last few years, healthcare researchers 
have turned to biomimicry in an effort to 
understand the ways that organisms recover 
from trauma and help us to apply those 
principles in our healthcare systems. As a 
result, here have been many incredible uses of 
biomimicry in healthcare, and new biomimetic 
technologies will potentially help mitigate 
the impact of diseases and replace traditional 
medical equipment such as pins, screws and 
chemical glues. Biomimicry can also assist in 
the design of preventative health care plans. 
Many biomimicry advances in the healthcare 
sector are part of an attempt to generate 
environmental friendly medical devices that 
are sustainable and non-toxic by imitating 
the natural shape and function of a variety 
of organisms (including humans). Biomimicry 
innovation is also looking for new methods 
of transporting and storing vaccines without 
refrigeration. It also offers supplemental handling 
for a series of human projects, programmed 
robotic activity, flexible and compliant handling
with fluid motion to diminish the dangers of
performance errors. Additionally, biomimicry 
innovation has been able to mimic human 
organs’ natural function and structure to 
predict the effects of drugs and toxicities on 
human tissues and systems. Overall, biomimicry 
innovation can become a powerful new 
approach to overcome the various challenges in 
the healthcare sector. 

there Are three types of 
biomimicry - one is copying form 
And shApe, Another is copying 
A process, like photosynthesis 
in A leAf, And the third is 
mimicking At An ecosystem's 
level, like building A nAture-
inspired city.

– Janine Benyus, biologist, consultant
author and co-founder of Biomimicry 3.8

Biomimicry Innovation
5

Image credit: Jitfoto-Dreamstime.com
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5.1 Commercialized Biomimicry 
Solutions

From medical supplies that combat bacteria by 
mimicking the skin of sharks, to water mixers 
that can keep water clean in massive tanks 
without relying on chemicals, to wind turbines 
that mimic whale tubercles to generate more 
reliable energy, to blades mounted on the 
bottom of the sea that create clean energy from 
the motion of the waves, solutions inspired 
by nature can lead us to a cleaner and more 
sustainable future.

Image credits: Pax 
Technologies, 

BioPower System,  
Beijing Olympics 

2008 
AskNature,com 

WhalePower 
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The traditional coronary stent has been proved 
to be dysfunctional in the long term. Forty 
percent of traditional coronary stents can only 
be used for 1 year in the development of stent-
associated vascular disease. Veryan’s BioMimics 
3D stent technology mimics the natural shape 
and ontology of human vascular system, using 
a new 3D helical shaped stent. The new stent 
is more flexibl , kink-resistant and has better 
fracture-resistance. The new coronary stent 
also allows swirling blood fl w through it, which 
helps reduce restenosis.

Veryan Medical - BioMimics 3D Stent Technology

Company Name: 
Veryan Medical

Product Name: 
BioMimics 3D Stent Technology  

US Headquarters Location:  
N/A

UK Headquarter Location: 
Veryan Medical Ltd., 15 City Business Centre, 
Brighton Road, Horsham, West Sussex, RH13 
5BB, UK

Website: 
http://www.veryanmed.com/

Contact Person: 
Jane Glover (Office Manager
+ 44 (0)-1403-258984
Jane.glover@veryanmed.com

Number of employees:  
11-50

Funding:  
Private Company

Stage of Commercialization: 
Proof of concepts

Customers: 
Medical companies, hospitals

Market(s): 
Vascular stents

Patent(s):  
Stents for blood vessels
US 20120029617 A1, Feb 2, 2012
Helical graft

Comparison of straight and BioMimics 
3D Stent

http://www.veryanmed.com/
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This new handling assistant offers supplemental 
handling for a series of human projects, 
programmed robotic activity, flexible and
compliant handling with fluid motion  The trunk 
of an elephant motivated this idea. There are 
about 40,000 muscle bundles in an elephant’s 
trunk, and it is those muscle bundles that enable 
the flexibility and c pability of transmitting 
large forces delicately and precisely with high 
compliance that characterize elephants. By 
creating a bionic handling assistant inspired by 
this biomimicry idea, the danger of an injury 
and/or performance error will be diminished 
to the largest extent possible. The new 
product can operate independently or in direct 
cooperation with humans. The new equipment 
does not require extremely advanced 
components because it consists of a series of 
elements that have been broadly used in other 
applications.

Festo - Bionic Handling Assistant

Company Name: 
Festo

Product Name: 
Bionic Handling Assistant

US Headquarters Location:  
395 Moreland Road, P.O.Box 18023 
Hauppauge, NY 11788

Germany Headquarters Location: 
Ruiter Straße 82, 73734 
Esslingen/Berkheim, Germany

Website: 
http://www.festo.com/cms/en_corp/9655.htm

Contact Person: 
Claudia Hackbarth (Head of Corporate 
Communication – Business)
+49 (0)711 347 4630
chak@de.festo.com

Number of employees:  
16,700 globally

Funding:  
Private Company

Stage of Commercialization: 
Commercial Production

Customers: 
Manufacturers, laboratories

Market(s): 
Automation

Patent(s):  
Over 2,900 patents worldwide

Additional Information: 
Bionic Handling Assistant Brochure
Festo Demonstrates at SLAS 2014 the Benefits
of Technology Transfer from Industrial Settings 
to Medical Laboratories

Festo's Bionic Handling Assistant
Source: Asknature.org

http://www.festo.com/cms/en_corp/9655.htm
https://www.festo.com/net/SupportPortal/Files/42050/Brosch_FC_BHA_3_0_EN_lo.pdf
https://www.festo.com/rep/en-us_us/assets/pdf/Festo_SLAS_2014_news_release_12-20-13.pdf
https://www.festo.com/rep/en-us_us/assets/pdf/Festo_SLAS_2014_news_release_12-20-13.pdf
https://www.festo.com/rep/en-us_us/assets/pdf/Festo_SLAS_2014_news_release_12-20-13.pdf
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Biomatrica® developed SampleMatrix to 
stabilize and protect biological materials 
at room temperature while preventing 
degradation. The SampleMatrix technology 
was designed by combining extremophile 
biology, which enables long-term survival of 
organisms in extremely dry environments, with 
synthetic chemistry. By exploiting these unique 
characteristics, Biomatrica products allows 
researchers to stabilize biological samples for 
long periods of time with complete and enables 
rapid sample recovery.

Biomatrica – SampleMatrix

Company Name: 
Biomatrica®

Product Name: 
SampleMatrix®, DNAgard, DNAstable, 
CloneStable, PCRboost

US Headquarters Location:  
5627 Oberlin Drive, Suite 120
San Diego, CA 92121

Website: 
http://www.biomatrica.com/index.php

Contact Person: 
Dr. Judy Müller-Cohn (Founder and CEO)
1-858-550-0308
info@biomatrica.com

Number of employees:  
25

Funding:  
Private Company

Stage of Commercialization: 
Commercial Production

Customers: 
Laboratories, biomedical companies

Market(s): 
Biological sample storage and shipping

Patent(s):  
Compositions and methods for biological 
sample storage
US 20140065627 A1, Mar 6, 2014

Biomatrica’s SampleMatrix packaging 
for ambient biopreservation
Source: Asknature.org

http://www.biomatrica.com/index.php
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Dr. Bruce Roser of Nova Labs has discovered 
a method of restoring vaccines without 
refrigeration via anhydrobiosis. Sugar can make 
it difficult to orm a non-crystalline glass; the 
vaccine would be spray-dried with sugar syrup 
in order to form microscopic glass spheres 
(VitRIS technology). The dried vaccine is then 
suspended in an inert liquid, and the liquid will 
be further injected into muscle where bodily 
fluids egenerate the vaccine. The stable sugar 
liquid formulations contain no water; thus they 
become bacteriostatic because bacteria require 
water to multiply. The need for antiseptics is 
thus diminished to a minimum level. These 
benefits also include  longer-term stability over 
a wider temperature range (from below 0 ºC 
to more than 50 ºC) and applicability to multi-
component or binary drugs (e.g. multi-valent 
vaccines).

Vitris & Hydris Vaccine Stabilization

Company Name: 
Nova Laboratories Ltd.

Product Name: 
VitRIS and HydRIS

US Headquarters Location:  
N/A

UK Headquarters Location: 
Martin House, Gloucester Crescent
Wigston, Leicestershire, LE18 4YF United 
Kingdom

Website: 
http://www.novalabs.co.uk/

Contact: 
+ 44 (0) 116 223 01 00
info@novalabs.co.uk

Number of employees:  
150

Funding:  
Private Company

Stage of Commercialization: 
Commercial production

Customers: 
Medical companies, hospitals

Market(s): 
Vaccines, sterile manufacturing, pharmaceuticals

Patent(s):  
Pharmaceutical device for the administration of 
substances to patients
US 8821437 B2, Sep 2, 2014
Improvements in the stabilisation of biological 
materials WO 2007026180 A3, Aug 2, 2007

Additional Information: 
Stabilisation Technology

Microscopic glass 
spheres with 
dried vaccine and 
injection package

Source: Asknature.org

http://www.novalabs.co.uk/
http://www.novalabs.co.uk/stabilisation-technologies
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Gecko Biomedical is working towards the 
development and commercialization of novel 
biodegradable adhesives and sealants in the field
of surgery. The technology is inspired by the 
adhesive properties of the fine hairs in a gec o’s 
foot and boasts high viscosity, hydrophobicity, 
and on demand curing. These features allow 
delivery through minimally invasive procedures 
and in wet environments.

Geckos Liquid Film (surgical adhesive)

Company Name: 
Gecko Biomedical

Product Name: 
Geckos Liquid Film

US Headquarters Location:  
N/A

France Headquarters Location: 
89 rue du Faubourg St Antoine
72011 Paris, France

Website: 
http://www.geckobiomedical.com/

Contact Person: 
Bancel Christophe (CEO)
+33 1 76 21 72 28
cbancel@geckobiomedical.com

Number of employees:  
5

Funding:  
Private Company

Stage of Commercialization: 
Proof of concepts

Customers: 
Medical companies, hospitals

Market(s): 
Medical adhesives, wound closure

Patent(s):  
N/A

Additional Information: 
Gecko Biomedical Company Profil

Geckos Liquid Film 
applied to a gash on 
the heart

Source: Asknature.org

http://www.geckobiomedical.com/
http://www.biovision.org/pdf/ic/executive-summary-C819268CB.pdf
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5.2 Academic Research Projects

From medical supplies that combat bacteria by 
mimicking the skin of sharks, to water mixers 
that can keep water clean in massive tanks 
without relying on chemicals, to wind turbines 
that mimic whale tubercles to generate more 
reliable energy, to blades mounted on the 
bottom of the sea that create clean energy from 
the motion of the waves, solutions inspired 
by nature can lead us to a cleaner and more 
sustainable future.
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This medical implant coating uses the amino 
acid L-3, 4- dihydroxyphenylalaine (DOPA), 
which is a sticky protein created by the blue 
mussel (pictured below). This protein has been 
proven to be an effective adhesive. DOPA is 
one of the active ingredients in mussel adhesive 
content allowing mussels to be adhered to 
underwater substrates, and it is stronger than 
epoxy. Some initial tests corroborate that 
DOPA retains the effective adhesive contents if 
applied to gold and titanium, materials used in 
medical devices. Further, by attaching DOPA to 
molecules, proteins and cells could be repelled. 
The Northwestern University lab has tested the 
two-sided coating successfully, which enables 
DOPA to ward off bio-fouling.

Medical Implant Coating 

University Name: 
Northwestern University

Department:
Robert R. McCormick School of Engineering 
and Applied Science

Product or Research Name: 
DOPA Coating

Location: 
633 Clark Street, Evanston, IL 60208

Website: 
http://faculty.mccormick.northwestern.edu/
phillip-messersmith

Lead Researcher: 
Phillip B Messersmith
847/467-5273
philm@northwestern.edu

Funding:  
NIH, Baxter, NIBIB, NASA

Partnerships:
N/A

Stage of Commercialization: 
Proof of Concept

Patent(s):  
N/A

Additional Information: 
Coating Inspired by Mussels Could Give 
Implants Longer Life

Blue mussels attached to substrate

Source: Asknature.org

http://faculty.mccormick.northwestern.edu/phillip-messersmith
http://faculty.mccormick.northwestern.edu/phillip-messersmith
http://www.northwestern.edu/newscenter/stories/2005/05/medical.html
http://www.northwestern.edu/newscenter/stories/2005/05/medical.html
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Organ on a Chip technology mimics the human 
organs’ natural function and structure. This new 
technology predicts the effects of medical drugs 
and toxicities on human tissues and systems. 
The model organs are designed to have similar 
(or the same) conditions as biological organs 
within the human body. The most prominent 
effect is that through the use of this new 
product, we could enhance the accuracy and 
reliability of medical procedures. Organ on a 
Chip uses the architecture and connections of 
an organ so that the synthetic counterpart can 
be applied for effective and accurate testing. 
Human cells can also be found in the structure 
of the chip, but it is the organ system that is 
being mimicked.

Wyss Institute - Organ on a Chip

University Name: 
Harvard University

Department:
Wyss Institute

Product or Research Name: 
Organ-on-a-Chip

Location: 
60 Oxford St 4th Floor, Suite 403
Cambridge, MA 02138

Website: 
http://wyss.harvard.edu

Lead Researcher: 
Dongeun Huh
617-432-773
dan.huh@wyss.harvard.edu

Funding:  
Series A financin

Partnerships:
Emulate, Inc.

Stage of Commercialization: 
Commercial-scale demonstration 

Patent(s):  
N/A

Additional Information: 
Building an Organ on a Chip
Wyss Institute’s technology translation engine 
launches “Organ-on-chips” company

Organ on a chip

Source: Asknature.org

http://wyss.harvard.edu
https://www.technologyreview.com/s/427992/building-an-organ-on-a-chip/
http://wyss.harvard.edu/viewpressrelease/161
http://wyss.harvard.edu/viewpressrelease/161
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Inspired by the Nepenthes pitcher plant 
which uses a slippery surface to catch its prey, 
Slippery Liquid-Infused Porous Surfaces (SLIPS) 
is a material made of a film and a po ous solid 
that when combined create a slippery surface 
that is effective under pressure, in extreme 
temperatures, and can instantly self-heal 
imperfections. These surfaces do not allow for 
any substance, including biofilm that m y carry 
diseases, to grow on it. Researchers would like 
to see this product used in a variety of exciting 
medical, industrial and consumer applications.

Slippery Liquid-Infused Porous Surfaces

University Name: 
Harvard University

Department:
Wyss Institute

Product or Research Name: 
Slippery Liquid-Infused Porous Surfaces (SLIPS)

Location: 
60 Oxford St 4th Floor, Suite 403
Cambridge, MA 02138

Website: 
http://wyss.harvard.edu/viewpage/316/

Lead Researcher: 
Robert Cunningham
617-432-7732
robert.cunningham@wyss.harvard.edu

Funding:  
ARPA-E, Air Force Office of Scientific Rese ch

Partnerships:
BASF Corp.

Stage of Commercialization: 
Commercial Production

Patent(s):  
Slippery liquid-infused porous surfaces and 
biological applications thereof
WO 2012100100 A2, Jul 26, 2012

Additional Information: 
Harvard-created coating keeps bacterial biofilms
from forming on surfaces
Resilient, ultraslippery glass could lead to self-
cleaning, 

Source: Asknature.org

Creating Slippery Liquid-Infused Porous Surface

http://wyss.harvard.edu/viewpage/316/
http://www.gizmag.com/slips-bacterial-biofilm/23557/
http://www.gizmag.com/slips-bacterial-biofilm/23557/
http://wyss.harvard.edu/viewpressrelease/120/
http://wyss.harvard.edu/viewpressrelease/120/
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Researchers have looked into the development 
of a synthetic nanocomposite material in which 
the degree of cross-linking varies along its 
length giving it a gradient of stiffness when wet. 
This was inspired by the squid beak, among 
other crustacean exoskeletons, where the stiff 
squid beak is bridged by a gradient material to 
the soft envelope wing edge. This advance in 
materials could have broad applications in the 
biomedical industry where there is a need to 
interface stiff therapeutic interventions with 
soft tissue of the body (from implants ranging 
from glucose sensors to prosthetic limbs).

Squid Beak Nanocomposite 

University Name: 
Case Western Reserve University

Department:
Biomedical Engineering

Product or Research Name: 
Squid beak inspired nanocomposites

Location: 
2071 Martin Luther King Jr. Drive
Wickenden Building 
Cleveland, Ohio, 44106 

Website: 
https://bme.case.edu/Capadona

Lead Researcher: 
Jeffrey R. Capadona
(216) 368 5486
jrc35@case.edu

Funding:  
Louis Stokes Cleveland Department of Veterans 
Affairs Medical Center

Partnerships:
Louis Stokes Cleveland Department of Veterans 
Affairs Medical Center

Stage of Commercialization: 
Proof of Concept

Patent(s):  
N/A

Additional Information: 
Research article: Bioinspired Water-Enhanced 
Mechanical Gradient Nanocomposite Films That 
Mimic the Architecture and Properties of the 
Squid Beak

  Squid beak composite breakdown

Source: Asknature.org

https://bme.case.edu/Capadona
http://pubs.acs.org/doi/pdf/10.1021/ja4002713
http://pubs.acs.org/doi/pdf/10.1021/ja4002713
http://pubs.acs.org/doi/pdf/10.1021/ja4002713
http://pubs.acs.org/doi/pdf/10.1021/ja4002713
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Sandcastle worm glue contains protein and 
DOPA, the same amino acid that mussels use 
to affix themsel es to rocks in underwater 
zones (Northwestern University uses the 
same protein from mussels to produce a 
medical implant coating). Rather than using 
chemical materials to make the glue, Steward 
and his team mimicked the chemistry used by 
sandcastle worms to generate a new type of 
synthetic glue. The glue is used for repairing 
shattered bones and facilitating precision, 
biodegradability and reconstruction. The new 
type of glue could potentially be used to deliver 
medicines and repair trauma sites over a 
quicker recovery period.

University of Utah - Sandcastle worm Glue

University Name: 
University of Utah

Department:
Department of Bioengineering

Product or Research Name: 
Sandcastle worm glue

Location: 
201 Presidents Cir, Salt Lake City, Utah 84112

Website: 
http://www.bioen.utah.edu/faculty/RJS/
LabSite12/

Lead Researcher: 
Russell Stewart
(801) 581-8581
Russell.stewart@utah.edu

Funding:  
N/A

Partnerships:
N/A

Stage of Commercialization: 
Proof of Concept

Patent(s):  
N/A

Additional Information: 
Lab Research Publications on Adhesives
Solving a sticky problem with fetal surgery using 
a glue inspired by the sandcastle worm

Sandcastle worm (A) and two spots of 
protein adhesive (B)

Source: Asknature.org

http://www.bioen.utah.edu/faculty/RJS/LabSite12/
http://www.bioen.utah.edu/faculty/RJS/LabSite12/
http://www.bioen.utah.edu/faculty/RJS/LabSite12/publications.html
https://www.acs.org/content/acs/en/pressroom/newsreleases/2014/august/solving-a-sticky-problem-with-fetal-surgery-using-a-glue-inspired-by-the-sandcastle-worm.html
https://www.acs.org/content/acs/en/pressroom/newsreleases/2014/august/solving-a-sticky-problem-with-fetal-surgery-using-a-glue-inspired-by-the-sandcastle-worm.html
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Fungus-farming ants use multiple antibiotics, 
such as weed killers, to maintain their fungus 
gardens. This is because ants use the antibiotics 
to prohibit the proliferation of unwanted fungi 
and bacteria in their fungus cultures, which 
they use to feed the ant larvae and queen. 
Actinomycete bacteria produce the antibiotics; 
the bacteria live on the ants in a mutual 
symbiosis. Even though these ants have been 
studied for more than 100 years, these newly 
invented antibiotics are the first demonstration
of how a single ant colony uses multiple 
antibiotics and is reminiscent of the use of 
multidrug therapy to treat infections in humans. 
This new observation can be applied in multi-
drug therapy and new antibiotics for medical 
use.

University of East Anglia - Fungal Gardens

University Name: 
University of East Anglia

Department:
School of Biological Science

Product or Research Name: 
Antibiotics inspired by fungus-growing ant 
symbionts

Location: 
Norwich Research Park, Norwich, Norfolk NR4 
7TJ, United Kingdom

Website: 
http://www.bioen.utah.edu/faculty/RJS/
LabSite12/

Lead Researcher: 
Dr. Matt Huchings 
+44(1)1603 59 2257
m.hutchings@uea.ac.uk

Funding:  
BBSRC (Biotechnology and Biological Sciences 
Research Council) and NERC (Natural 
Environment Research Council)

Partnerships:
N/A

Stage of Commercialization: 
Proof of Concept

Patent(s):  
N/A

Source: Asknature.org

http://www.bioen.utah.edu/faculty/RJS/LabSite12/
http://www.bioen.utah.edu/faculty/RJS/LabSite12/
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Scientists from Northwestern University in 
Illinois and the Kensey Nash Corporation 
have developed a new adhesive that combines 
the dry adhesion strengths of gecko feet with 
the wet adhesive strengths of mussel feet. 
The material, called Geckel, has proven to be 
a strong and reversible adhesive on dry and 
wet surfaces. The biomimetic hybrid material 
maintains adhesion over 1000 contact/release 
cycles even when wet. The researchers hope 
that this revolutionary new material will be 
useful for the production of new bandages and 
transdermal drug-delivery patches. They would 
be impervious to water and extremely sticky 
yet capable of being removed when they are no 
longer needed.

Northwestern University –Geckel Nano-Adhesive

University Name: 
Northwestern University

Department:
School of Engineering and Applied Science

Product or Research Name: 
Geckel adhesive material

Location: 
Silverman Hall 2170 Campus Drive 
Room 4627
Evanston IL, 60208

Website: 
http://faculty.mccormick.northwestern.edu/
phillip-messersmith

Lead Researcher: 
Phillip B. Messersmith
(847)467-5273
philm@northwestern.edu

Funding:  
NIH, Baxter, NIBIB, NASA

Partnerships:
Kensey Nash Corporation

Stage of Commercialization: 
Proof of Concept

Patent(s):  
Biomimetic modular adhesive complex: 
materials, methods and applications therefore
US 20080169059 A1, Jul 17, 2008

Additional Information: 
Research article: A reversible wet/dry adhesive 
inspired by mussels and geckos

Source: Asknature.org

Geckel inspired by geckos and mussels

http://faculty.mccormick.northwestern.edu/phillip-messersmith
http://faculty.mccormick.northwestern.edu/phillip-messersmith
http://www.nature.com/nature/journal/v448/n7151/full/nature05968.html
http://www.nature.com/nature/journal/v448/n7151/full/nature05968.html
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Access to healthcare, especially for people with 
disabilities, is one of the untapped opportunities 
that arise from the global challenges discussed 
in section II. “Disability is the interaction 
between individuals with a health condition 
(e.g. cerebral palsy, Down syndrome and 
depression) and personal and environmental 
factors (e.g. negative attitudes, inaccessible 
transportation and public buildings, and limited 
social supports).” Around 15% of the world’s 
population has some form of disability. Between 
110 million (2.2%) and 190 million (3.8%) people 
15 years and older have significant difficulties i
functioning. Disability rates are growing mainly 
due to population aging and increasing chronic 
health conditions. Disabilities are tremendously 
diverse, and some health conditions associated 
with disability can lead to poor health and 
extensive healthcare needs. xlii

Overall, people with disabilities face different 
obstacles such as prohibitive costs and limited 
availability of services when they attempt 
to access healthcare. Health promotion and 
prevention activities rarely target disabled 
people. For instance, women with disabilities 
accept less screening for breast and cervical 
cancer than women without disabilities. In fact, 
the people who have disabilities still require the 
same amount of general healthcare access and 
services as people without disabilities. xlii

In light of the unequal access to healthcare 
that disabled people are burdened with, there 
are opportunities in the healthcare industry 
to help the people with disabilities. For 
instance, according to the article “Biomimicry 
Innovation as a Tool for Design,” Dr. Darrell 
Kleinke adopted a program of instruction that 
University of Detroit Mercy has branded “Faces 
on Design,” in which students complete a 
project to see and experience the faces of real 
live clients. In the series of design courses he 
teaches, students design mechanical devices for 
use by disabled clients. xliii 

Gap Analysis
6
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From a global point of view, there are many new 
trends that will affect the healthcare sector over 
the next 5 years. “Breakthrough technologies, 
innovative services, and disruptive business 
models will promote new innovations and 
benefit mo e than 100 million people ages 50+ 
by 2018, and will possibly represent $20 billion 
in revenue opportunities by 2018.” xliv 

Moreover, there are some predictions about 
healthcare spending for the next few years. 
Overall global health spending was estimated 
to rise by 2.6 % in 2013 before accelerating to 
an average of 5.3 % a year over the next four 
years (2014-2017). Healthcare spending in the 
U.S. is projected to increase an average of 4.4 
% per year during 2013-2017. xlv In 2012, the 
global medical waste management market size 
was priced at $14.5 billion. This market size is 
expected to grow at a 4.8% yearly rate from 
2013 to 2019 until it reaches an estimated value 
of $20.1 billion by 2019. ii Moreover, improving 
healthcare access is a fundamental goal of 
global governments, and a focus of many reform 
efforts. Healthcare systems are acknowledging 
the necessity for innovation and advancing 
health technologies and data management, which 
can be helpful for facilitating new diagnostic and 
treatment options although these advances are 
expected to increase overall expenses. xlv

According to healthcare CEOs, there are three 
major global trends that will transform their 
businesses over the next fi e years. The three 
areas are technological advances, demographic 
changes, and global economic shifts.

These trends will transform healthcare systems, 
increase the demand for quality care and alter 
how it is produced and supported. In particular, 
healthcare CEOs consider that technological 
advances and demographic shifts are going to 
have a positive impact on their business in the 
next fi e years, (see Figure 9 below). xlvii Most 

healthcare CEOs realize the comprehensive 
impact and the persistent effects that 
technology has on healthcare delivery. xlvii 

Technological Advances 

New technology improves medical 
developments and is transforming the delivery 
of healthcare. From treating cancer and 
delivering babies to saving people from heart 
attacks, doctors have developed technology 
and improved their treatment methods. The 
principal problem that modern doctors face is 
a weak medical system and inflexible insurance
companies. However, these difficulties can
be managed by excellent patient care and 
effective new techniques. The main technological 
advancements in the medical industry are 
population science, clinical practice guidelines 
and electronic medical records. xxvii

Population science is the study of health and 
illness within groups. New technology currently 
empowers the study of populations that have 
the potential to transform the medical field
through large-scale patient evaluations. Thus, 

Figure 9: The top 3 trends in healthcare in 
the next 5 years according to healthcare 
CEOs.

Forcasts & Trends
7
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physicians can have access to the death rate, 
life span and frequency of illness throughout 
all individuals of any given group within the 
healthcare system. Individually, the physician can 
treat an illness. In sum, considering the whole 
population, issues such as cancer, heart disease 
and obesity represent a growing epidemic. 
However, population science can assist doctors 
in curing these epidemics through the use 
of a macro-scale perspectives instead of just 
individual treatment. These epidemiological 
principles are useful in the improvement of 
evaluations of medical procedures. xxvii

Clinical practice guidelines help doctors 
diagnose the possible causes and solutions 
of a condition. As the healthcare industry has 
changed, new diseases and disorders have begun 
to emerge. It is difficult or a doctor to know 
how to diagnose and treat every disease in the 
world, but the evidence-based guidelines can 
make diagnosing illness easier. In Taiwan, the 
national healthcare system has been designed 
for doctors to have direct access to these 
statistics from their computer.xxvii

During the last few decades, medical billing 
and coding has evolved from a paper-based 
system to a computerized format. Under 
HIPAA laws, medical practitioners had to adopt 
new software in order to send out electronic 
bills. There are two benefits to elect onic 
medical records. First, doctors can access 
all the care a patient has received and find
possible illnesses with the touch of a button. 
Second, it allows statistical documentation of 
the whole population so that the healthcare 
system becomes more transparent and can 
be combined with reimbursement data. In 
sum, it not only decreases unnecessary costs, 
but also provides convenience in obtaining 
reimbursements after the treatment of each 
individual patient. xxvii

Furthermore, other technological advances such 
as nanotechnology and 3D bioprinting also have 
significant potential in the healthca e system 
over the next few years. 

Nanotechnology can improve the healthcare 
sector by manipulating objects on a smaller 
scale. For example, nanotechnology manipulates 
and builds objects at the molecular, and even 
atomic, levels. Nanotechnology has been 
called as a civilization-changing field  Just as 
chemistry revolutionized the 20th century, 
nanotechnology has the same potential going 
into the 21st century. xlvi 

In the 1980s, 3D printing was a technology used 
to manufacture things such as aircraft parts 
and prosthetic limbs. Nevertheless, “advances 
in these tools, and the subsequent emergence 
of advanced cell biology technologies, have 
given way to the possibility of 3D printing with 
human cells for research, drug development and 
testing, and possibly even regenerative medicine 
applications.” Eventually, replacement organs 
could become a real possibility. This would allow 
for the replacement of kidneys or pancreases 
to be implemented in the treatment of kidney 
disease or diabetes, for example. lxi

Demographic Changes 

In the new few decades, demographic change 
will impact businesses, and the healthcare 
system is no exception. By 2050, Earth will have 
an additional 2-3 billion people, with around 
400 million people living in the United States. 
By 2050, Americans who are over 65 are 
predicted to be more than double to nearly 90 
million people, which will be over 20% of the 
projected population and account for 40% of all 
healthcare costs. This all means that there is an 
urgent requirement to provide more healthcare 
for more people over a longer period. In other 
words, there is a longer-term trend of rising 
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patient demand for healthcare services in the 
U.S. as the population ages. The implementation 
of the Affordable Care Act implies that 25 
million more Americans will have access to 
health insurance, which will incentivize the 
healthcare industry to decrease cost per patient. 
Therefore, technology will necessarily be one 
of the tools used to reduce costs. Overall, a 
growing, aging population in the U.S. will begin 
to impact the healthcare market over the next 
few years. 

On the other hand, changing demographics 
will bring enormous market opportunities in 
healthcare products and services such as leisure 
activities that cater to the elderly. Meanwhile, 
some of the changes will be disruptive. “For 
example, the estimated surplus in housing and 
the expectation that consumers might have less 
disposable income for discretionary spending.” l

According to data from the Department of 
Health and Human Services, the percentage of 
the U.S. population that is 60-to-64 and 65-74 
have a projected positive growth rate of 6.2% 
and 9.5% in 2020, respectively. l

Global Economic Shifts 

Currently, the global balance of economic 
power has been moving from developed to 
developing countries. This phenomenon will have 
a continuous and increasing impact on where 
growth opportunities arise for companies. Over 
the next decade, as emerging markets enlarge 
their global reach and influenc , the long-term 
economic rebalancing will reach a tipping point. 
In 2009, the overall GDP of the E7 (the world’s 
seven leading emerging nations) was around 
two-thirds that of the G7, their developed 
counterparts. By 2050, these positions will 
be reversed, and the E7’s total GDP rising to 
almost twice that of the G7. This reforming of 
the world economic order is unique in its both 

speed and scale. And it will start an equally 
dramatic realignment of global business activity 
and spending power, affecting both GDP and 
other measures such as population, water 
supplies and trade.

This change will allow the world’s growth 
economies make the transition from centers 
of labor and production to consumer-oriented 
societies. “And as they become exporters of 
capital, talent and innovation, they’ll also shift 
the prevailing direction of global trade and 
investment – with the long-standing north-south 
axis swinging to south-south.” li The change also 
will have a great influence on the healthca e 
field as it is one of the fastest g owing sectors of 
the global economy.

However, most countries are confronting a 
formidable challenge in dealing with the rapid 
rise of healthcare spending. As the population 
continues to increase, the healthcare demands 
of the population will require a substantial 
increase of funds to maintain quality of life. 
Global healthcare spending will average roughly 

Figure 10: GDP of G7 countries at US$ PPP
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Figure 11: Comparison of 2014 Healthcare 
Spending in Different Regions
Source: AARP xliv

10.5 % of GDP in 2014. xliv Looking at the bar 
chart on the right we see that North America 
has the highest percentage of healthcare spending 
compared to the expenditure of other regions. 
This may begin to change as Latin America and 
Asia continue to develop, and the US continues 
to try to reduce its healthcare costs.
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In summary, the size of the healthcare market 
is massive on a global scale, and particularly 
so in North America. However, the healthcare 
industry faces a variety of challenges such as 
medical waste, access to healthcare, the rising 
cost of healthcare services, medical errors and 
misdiagnosis, research and development for 
drugs & vaccines, preserving and transporting 
biomaterials, and medical device innovation. 
Biomimicry innovation has already begun to 
help in dealing with medical waste, product 
development for drugs, biomaterials production, 
medical system design and the medical device 
sector. Learning from nature’s systems and 
designs, it is possible to use biomimicry 
innovations to create more sustainable 
medical products, use less energy, create 
less waste, decrease medical materials costs, 
and develop opportunities to create new 
products and potentially new markets through 
innovation. xlviii Nevertheless, there are two 
untapped opportunities that arise from these 
global challenges, which are the expansion of 
access to healthcare, particularly for people 
with disabilities, and high overall healthcare 
expenses. These challenges can benefit g eatly 
from additional research into biomimicry 
innovation. Moreover, major global trends such 
as technological advances, demographic changes 
and global economic shifts will transform the 
global economy over the next fi e years. 

Overall, biomimicry innovations have the 
potential to greatly improve human wellbeing 
through advances in the healthcare sector.

Conclusion
8
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