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EDITORIAL
Whether increasing efficacy and reliability, reducing manufacturing costs, 
or delivering the highly personalized devices of the future, the medical 
devices industry depends on materials science to deliver products that 
are fit for their intended use and that also meet both regulatory and 
performance requirements.
 
The timeline for bringing a medical device to market can average 
anywhere between 3 to 7 years and requires manufacturers to navigate 
through a complex regulatory framework. While this framework is 
intended to safeguard patient safety, the regulations and standards 
that support them have historically been surprisingly outdated  
and fragmented. 

In helping manufacturers achieve a more robust level of compliance  
that is aligned with today’s materials advancements, regulators  
across Europe are updating three decades of regulatory history  
by replacing a series of existing medical device directives with a  
more comprehensive set of regulatory guidelines captured under  
the EU Medical Device Regulations (EU MDR). Through the introduction 
of the EU MDR, regulators are aiming to strike a balance between  
the risk associated with medical devices and their benefit to society.

The goal of the EU MDR is therefore centered around establishing  
a series of risk-management strategies that help ensure that  
medical devices reach patients as soon as safely possible.  
In doing so, manufacturers and their suppliers will need to work  
closer than ever before in understanding the risk across the entire 
value chain – from raw materials to the finished product itself. 

In contrast to previous regulatory requirements, the EU MDR  
regulations establish a need for organizations to better understand  
potential risks, beginning with deeper insight into the chemical  
properties of materials themselves. For medical device manufacturers, 
accelerating product commercialization and protecting the value  
of their brands will continue to be critical factors in remaining 
competitive within the marketplace. 
 
As new regulatory requirements are introduced, adopting a more  
thorough approach into chemical and material characterization can 
be the essential ingredient in securing a first-to-market advantage 
through both innovation, safety, and regulatory compliance.
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OVERVIEW AND REGULATIONS

Medical devices are essential for the health and well-being of millions of patients worldwide. 
From adhesive bandages to heart valves, medical devices are used in the diagnosis,  
prevention, monitoring, and treatment of a broad array of medical conditions. 

Keeping pace with medical device innovation

The availability of modern polymer analysis 
technologies are required for the medical  
device industry to develop innovative  
solutions that are more accessible to the  
public and that also offer greater benefit 
through increased personalization. 

Tailored solutions supporting precision  
medicine and more personalized devices  
are currently reaching the market through 
technologies such as 3D printing, which  
can deliver manufacturing efficiencies,  
lower production costs, and expand on  
the movement of personalized medicine.

Medical devices have also been introduced 
into the marketplace as wearables or connected 
devices including autonomous insulin pumps 

that assist patients in monitoring and  
managing their glucose levels with little  
to no human intervention.

These exciting breakthroughs however,  
were not anticipated during the development 
of the initial set of regulatory guidelines, which 
have become out of date as technology  
has advanced.

Modern polymer analysis 
technologies aid the  
medical device industry’s 
polymer revolution.
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OVERVIEW AND REGULATIONS

A growing and aging population is expected to significantly drive incremental demand 
for medical devices across the globe, which along with technological advances, present 
medical device manufacturers with the opportunity to reach a broader audience 
with their unique solutions.

An urgent need for change with  
patient safety in mind

In fully exploiting the opportunity ahead,  
medical device manufacturers must take  
special care in operating within the scope  
of the new EU Medical Device Regulations  
that will gate access to the marketplace. 

In response to the explosion in materials  
innovation and advancement in polymer  
analysis technologies, the newly modified  
regulations under the EU MDR will place  
specific emphasison chemical testing for  
extractables and leachables as described  
under ISO 10993-18. 

The combined focus on both chemical  
analysis and material property testing  
together support the critical nature of  
helping to ensure product efficacy  
and patient safety. 

While the EU MDR will significantly  
modernize a set of dated regulations, 
continued advancements in technology  
and materials innovation is expected  
to drive even more changes to regulations  
in the future. For medical device 
manufacturers, a full understanding of  
the regulatory impact of all inputs across  
the supply chain will be essential in  
moving a product into the marketplace  
as quickly as possible. 

The EU MDR will  
significantly modernize a 
set of dated directives.
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OVERVIEW AND REGULATIONS

Manufacturers with a full understanding  
of the regulatory impact of inputs across  
the medical device supply chain will be 
rewarded with a quicker route to market:

The evolving regulatory  
landscape at a glance

Implementing and/or increasing  
post market surveillance

Increase supply chain transparency  
and change management

Importance of material characterization  
and knowledge from supply chain not  
just the end-service manufacturer

Move towards harmonization of  
regulations across countries and regions

Implementation of a risk management 
strategy encouraging physiochemical 
characterization as predictor for what 
clinical evidence is required
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A key aspect of introducing the EU Medical Device Regulations involves striking a balance 
between providing patients with access to new medical devices quickly while maintaining  
a standard level of safety. 

Applying a chemistry-first approach in 
understanding potential risks across  
the medical device value chain is  
inherently captured within ISO 10993-1 ” 
Biological evaluation of medical devices – 
Part 1: Evaluation and testing within a risk 
management process”. As written, the  
purpose of the standard is to protect  
humans from potential biological risks  
arising from the use of medical devices  
with a scope that applies to medical  
devices that are in direct contact with  
the patient or user.  
 
It is important to note that ISO 10993-1  
is not intended to provide a rigid set  
of test methods. Instead, the series is  
intended for use by professionals  

who are appropriately qualified through 
training and experience and who can  
interpret its requirements by assessing  
the outcome of the evaluation for each 
medical device under specific conditions.

In doing so, considering factors such the  
placement of the device (e.g. surface or  
implanted), determining what the device  
will be in contact with (e.g. skin, tissue,  
blood), and duration of the contact  
(e.g. hours, days, weeks), will be essential  
in developing a robust biological testing  
plan required to evaluate potential risks. 

Applying a chemistry-first approach  
in understanding potential risks  

UNDERSTANDING THE RISKS: CHEMISTRY-FIRST 9



UNDERSTANDING THE RISKS: CHEMISTRY-FIRST

A well-informed and carefully designed biological testing plan can be particularly  
helpful for manufacturers in defining the level of testing required in order to accelerate 
commercialization of their products while adhering to regulatory requirements. 
Some key factors to consider are listed below. 

Designing a robust testing plan

PRODUCT EQUIVALENCY
 
By demonstrating that new medical devices 
are substantially equivalent to others that 
are already in the market, medical device 
manufacturers can avoid lengthy clinical  
testing and reach the market faster. 

In the United States for example, Section 
510(k) of the Food, Drug and Cosmetic  
Act allows companies to forego clinical trials  
and testing provided they can prove their 
device is “substantially equivalent” to  
another already on the market, allowing  
them to save significant time and money. 

REDUCTION OF FUTURE  
REGULATORY BURDEN
 
Ensuring proper and robust testing 
parameters and a deep understanding of 
the chemical structure of materials allows 
organizations to leverage the information in future 
iterations of products, meaning they can move 
quicker and carry a lesser regulatory burden  
as the bulk of the chemical characterization  
will have already been completed.

By gathering as much information  
about materials as early in the  
process as possible, medical device 
manufacturers can design the most 
effective testing plan for compliance 
against regulatory requirements,  
reduce costs, and accelerate 
commercialization of their products.
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CHEMICAL TESTING

Medical devices consist of a structural mix such as metal alloys or polymers that contain  
a varying degree of additives intended to help them achieve a desired look, feel,  
and that also help optimize their overall performance. 

The physical and chemical characterization  
of materials has become the first stage  
of biological evaluation testing as called  
for by ISO 10993. This process notably  
includes extractables and leachables  
(E&L) studies, which are critical in helping  
to ensure patient safety and therefore  
product approval. 

Extractables and leachables testing is  
intended to identify and quantify harmful  
species which could “leach” from medical  
devices and pose a health risk to users. 

“ISO10993 defines extractables as the 
‘potential impact’, a ‘substance that is 
released from a medical device or material 
of construction when the medical device 
or material is extracted using laboratory 
extraction conditions and vehicles’.  
Leachables are the ‘actual impact’, a 
‘substance that is released from a medical 
device or material during its clinical use’.”

In identifying potential sources, it is therefore 
important to conduct controlled extraction 
studies to help identify extractables and  
the components that generate them. 

DESIGNING AN E&L STUDY

Designing an E&L testing study requires 
a thorough understanding of the materials 
used to construct the device and the 
conditions under which they will operate. 

Conducting the study itself requires 
experience with unknown identification to 
properly leverage information from multiple 
techniques, information databases, and 
control experiments to allow for positive 
unknown identification. 

Availability of a breadth of modern  
instrumentation which allows for analysis  
of a wide range of potential analytes is  
also essential in the execution of successful 
E&L testing studies.

Chemical testing, a critical step in helping  
to ensure patient safety 
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An essential component of an E&L testing  
study includes setting of an Analytical  
Evaluation Threshold (AET), which was  
introduced in the 2020 update of ISO 10993-18. 

The Analytical Evaluation Threshold is a set 
limit (“threshold”) at or above which a chemist 
should begin to identify and report a particular 
leachable and/or extractable for potential  
toxicological assessment.

Today’s materials are heavily blended to  
enhance both their performance and physical 
characteristics. Waiting to perform E&L  
analysis on final products therefore make  
it particularly difficult to identify and trace  
problematic chemicals to their sources. 

For this reason, working closely with partners 
throughout the supply chain will help identify 
potential problems early in the process and 
help mitigate future risks. Ideally, testing  
materials and components before and after 
each stage of the process will help medical 
device manufacturers identify non-conforming 
moieties that can be remedied at the source. 

ULTRA-HIGH PERFORMANCE  
LIQUID CHROMATOGRAPHY (UHPLC) 

Ultra-high performance liquid  
chromatography (UHPLC) is the  
separation mode of choice in isolating 
and quantifying complex polymers  
and additives. 

The addition of mass spectrometry  
(MS) increases both the sensitivity  
and the confidence in assignment of 
chemical to peak. For the unknown 
peaks above the AET, which chemists 
are required to report, mass spectrometry 
has the functionality to elucidate the 
molecular structure. 

Waters solutions offer a vast range 
of technologies ranging from general 
purpose LC, specialized UHPLC and  
from mass detector MS to high resolution 
QTof technology, all supported by  
workflow-based, compliant informatics 
and a suite of generous service options. 
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MATERIALS PROPERTY TESTING

Material properties testing is a critical step in gaining an understanding of material  
physical property or performance characteristics for safety, strength, impact  
resistance, and many other qualities. Gathering knowledge around factors such  
as the long-term stability of materials, and how they will respond to specific processing  
and manufacturing conditions, and establishing rate or timeline to decomposition can  
yield extremely valuable information influencing a product’s final design. This same  
data can be used to provide regulators with assurance that the medical device meets 
safety, performance, and even environmental standards.

There are multiple techniques enabled  
by thermal analysis instrumentation.  
Each provides a wealth of information  
on a given material using specialized  
instrumentation. 

The following section will describe  
commonly used techniques applicable  
in medical device testing. 

   Differential Scanning Calorimetry 
(DSC) is a tool that is used to examine the 
impacts of physical aging and processing 
conditions. DSC testing may also be used to 
detect the solid-solid transition associated 
with shape memory materials which can 
depend upon relative composition and 

shifts in these transitions associated with 
the effects of aging. Understanding of these 
transitions provide perspective on the material 
performance and reliability.

   Thermogravimetric Analysis (TGA) 
determines the fraction of volatile 
components by monitoring the weight 
change that occurs as a sample is heated.  
TGA analysis also helps examine the 
thermal or oxidative stability that reactive 
or corrosive environments may have on 
materials. The results from TGA testing 
provide information on material composition 
and are often used to determine the lifespan 
of a product.

Thermal analysis
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Microcalorimetry Rheology

Microcalorimetry supports testing  
for the physico-chemical stability of  
materials used in medical devices  
including measuring how pre-implant 
sterilization methods may impact the 
stability of the material properties.

Microcalorimetry can test the device  
or related components in simulated  
bodily-fluids and evaluate antibacterial 
treatments on biofilm formation on  
devices such as implants and orthopedics. 

Microcalorimetry also supports post- 
launch monitoring and testing of medical 
devices which have been identified as 
problematic through sterility/biofilm testing.

Rheology studies the changes caused  
by exerting forces on the materials  
within a device by pushing, pulling  
or twisting the sample. 

From contact lenses to prosthetic 
implants, rheology helps measure  
a material’s stiffness, flexibility or  
damping properties – all of which  
are key factors that determine the 
efficacy of a medical device. 

Rheology is also critical in  
understanding how a material will 
behave under mechanical stress  
applied during the molding phase  
of the manufacturing process. 

MATERIALS PROPERTY TESTING 16
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DURABILITY TESTING

Also referred to as fatigue or stress testing, durability testing is used to ensure that devices 
are fit for purpose. Most importantly, durability tests serve a critical purpose in helping  
prevent unintentional product failure, which can lead to severe consequences.

Durability testing includes physically and  
repetitively loading devices in a way that  
is very similar to the loading encountered  
in the human body over time. 

Testing typically includes applying both  
broad and targeted loading to devices  
or specific components by means of force, 
torque, rotation, strain, displacement and/or 
pressure. This test loading is often repetitively 
applied within these two test methodologies:

TEST TO SUCCESS

In these tests, companies ideally don’t want 
to see any failure for the expected lifetime of 
the device, for example, 600 million cycles 
representing 15 years of heart valve loading.  
This is often a final proof that the device will 
withstand its intended purpose.

TEST TO FRACTURE

The device is intentionally pushed to  
higher levels of load and expected to  
fail to understand what its weakest  
components and failure modes are. 

Inisghts gained through these fatigue-to-
fracture studies help companies predict more  
precisely and confidently how long they 
should expect the device to last under  
its normal loading levels.

It is helpful to note that durability testing  
often has device-specific regulatory  
standards that vary depending on where  
the device will be located, which more 
specifically define what type, magnitude  
and duration of loading is to be applied  
during the test.
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SUPPLY CHAIN RESPONSIBILITY AND RISKS

Mitigating risk through a sharing  
of responsibilities

Regulations are increasing the need for  
transparency across the entire medical device 
supply chain. Recent history has shown that 
even small changes in material formulations or 
components can have a devastating and even 
fatal impact on the well-being of end users. 
These tragic events also have a detrimental 
effect on an organization’s reputation  
and profitability through imposing of legal 
fines, loss of market share, and negative  
brand equity.

Therefore, from a risk management perspective, 
medical device manufacturers must consider 
applying compliance mechanisms that span 
across the entire supply chain as to share the 
responsibilities for testing and compliance 
with their suppliers. 

Retrospective analysis of a final device is 
difficult, time consuming, and seldom effective 
in yielding a complete view of all the details 
involved in the manufacturing of a specific 
product. By establishing a clear, consistent, 

and auditable process through which to  
share product and material design revisions, 
medical device manufacturers can share the 
burden of compliance with key partners in 
helping to minimize the risks associated with 
unintentional altering of a product’s design or 
raw material inconsistencies.

SUPPLIER PARTNERSHIPS

Medical device manufacturers will  
be under extreme pressure to comply with  
EU MDR regulations and will find significant 
value in suppliers that can deliver required 
material characterization data consistently  
and with a high degree of accuracy. 

Sharing the burden of compliance through 
a partnership aimed at helping to remain 
complaint with regulatory requirements  
will provide suppliers with a significant 
competitive advantage over traditional  
vendor-buyer relationships. 
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KEY TAKE-AWAYS
Evolving regulations are dramatically 
changing the medical device industry.
  
In particular, the EU is experiencing the first 
major update in three decades to modernize 
and harmonize regulatory requirements across 
regions with a heightened emphasis on safety.
Emerging regulations and standards are  
increasingly stressing the use of a risk- 
management approach in defining the most  
appropriate testing plans for their specific devices. 

•  Thoroughly understanding chemical  
and materials testing requirements in  
order to generate a robust and appropriate 
biological testing plans. 

•  Applying extractables and leachables  
studies in the identification of unknown 
leachable components. 

•  Establishing product equivalence by improving 
chemical and material characterization. 

•  Testing for medical device durability and 
establishing confidence in the device’s  
ability to deliver patient benefit during  
the product’s intended life.

Sustainability of regulatory compliance  
is likely to be enforced through  
prosecution and penalties including  
fines and imprisonment. 

Furthermore, a lack of adherence  
to regulatory requirements will lead  
to poor brand reputation and loss  
of market share. 

Advancement in materials analysis  
and testing technologies will accelerate  
the discovery of novel polymers that will  
be integrated into the design of new  
and improved medical devices. 

Building strong and mutually beneficial  
relationships with suppliers in gathering  
chemical testing information will be essential  
in helping manufacturers understand the  
impact and feasibility of using specific  
materials in their products. 

A growing and increasingly aging  
population is expected to drive  
explosive growth in the demand for  
medical devices across the world. 

In order to access the market, medical  
device manufacturers will need to comply  
with emerging requirements captured under 
the EU Medical Device Regulations (EU MDR).
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A COMMITMENT  
TO MATERIALS 

SCIENCES
In the field of materials sciences, the intense pressure to bring new products  
to market faster, more efficiently, and more consistently demands utilization  

of better and more consistent analytical and measurement tools.

To better address the growing needs of chemists and polymer scientists 
throughout the world, we have formally brought together the robust  

analytical technologies offered by Waters Corporation and the precise  
and rugged measurement systems pioneered by TA Instruments  
to enable scientists across a multitude of applications, including  

medical devices, to streamline laboratory operations and  
accelerate their materials innovation.

As your partner in materials sciences, Waters Corporation  
and TA Instruments have the solutions and the expertise  

you need to accurately and efficiently gain insight  
into the chemical structure and physical  
property performance of your materials. 

For more information, visit:
www.waters.com/medicaldevice
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