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As medical devices continue to evolve in complexity and innovation, 
sterilization strategies are increasingly being tailored to individual product 
characteristics. Device geometry, material composition, packaging systems, 
and load configurations all influence sterilization performance and contribute 
to the development of robust, product-specific processes.



By engineering sterilization conditions around the product itself, 
manufacturers can accelerate product readiness, support regulatory 
submissions, and establish robust manufacturing processes that facilitate a 
successful transition from development to commercial production.



Product-Specific Sterilization for Innovative Medical Devices

Modern medical devices incorporate increasingly sophisticated designs and 
materials that benefit from sterilization conditions adapted to their specific 
characteristics. Examples include:


Devices with complex internal geometries or lumens

Multi-material and combination products

Sensitive polymers and advanced materials

High-density packaging configurations

Innovative sterile barrier systems

Products containing temperature- or moisture-sensitive components



Developing sterilization parameters specifically adapted to these products 
supports both sterilization efficacy and the preservation of product 
functionality and packaging integrity throughout the product lifecycle.



Identifying the Reference Configuration for Validation

Many manufacturers commercialize product families composed of multiple 
sizes, configurations, or packaging systems. Comparative studies enable the 
identification of the reference configuration that represents the most 
challenging conditions for sterilization performance. These studies may 
evaluate:



Different product geometries

Alternative packaging systems

Various load arrangements

Multiple product variants within the same family



These evaluations can support the development and validation of both Single 
Load and Mixed Load Cycles. Depending on the manufacturing strategy, 
products may be validated within a dedicated Single Load Cycle or integrated 
into a Mixed Load Cycle alongside other compatible products and 
configurations. Establishing sterilization parameters based on the reference 
configuration supports a robust validation strategy and facilitates the 
qualification of the entire product family.



Integration with Laboratory Testing

Product-specific cycle development is often supported by complementary 
laboratory analyses that provide additional evidence of product safety and 
process performance. Integrated laboratory services may include:


Bioburden testing according to ISO 11737-1

Sterility testing according to ISO 11737-2

Residual analysis according to ISO 10993-7

Packaging integrity testing

Functional testing

The Influence of Device Design on Sterilization Performance

Every aspect of a medical device contributes to the performance of the 
sterilization process. Product geometry influences the penetration of the 
sterilizing agent, while material selection and packaging systems affect 
exposure conditions and process kinetics. Even minor variations in product 
design or packaging configuration can significantly influence sterilization 
performance and process characterization.



Packaging systems and sterile barrier configurations are also integral 
components of sterilization process development, as they directly influence 
sterilizing agent penetration, product protection, and long-term package 
performance. A thorough understanding of these interactions enables the 
development of sterilization processes that are scientifically justified, 
reproducible, and aligned with the specific requirements of each device.



Developing and Optimizing the Sterilization Process

Product-specific cycle development starts with focused studies designed 
to evaluate how a medical device behaves within the sterilization 
environment. These studies typically involve instrumented cycles, 
environmental mapping, and continuous monitoring of temperature, 
humidity, and pressure, alongside microbiological evaluations. Performed 
using validated methodologies, they provide the critical data required to 
guide process development and support validation efforts.



Environmental characterization relies on strategically placed sensors 
throughout the load to capture key process parameters and help define 
optimal operating conditions. In parallel, microbiological studies verify that 
the selected conditions achieve the desired level of sterilization 
performance.



Cycle development can also support the development of more sustainable 
sterilization processes by optimizing EO concentration, exposure 
conditions, and overall cycle parameters while maintaining the required 
sterilization performance. Careful process optimization can contribute to 
lower EO residual levels, supporting efficient degassing and product release 
while reducing the environmental impact associated with the sterilization 
process.



Combined, these activities allow sterilization engineers to fine-tune process 
parameters and establish consistent, reproducible sterilization conditions 
suitable for validation, routine manufacturing, and long-term production.
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By integrating sterilization engineering with in-house laboratory capabilities, 
manufacturers can generate the microbiological and analytical data required 
to support validation activities and regulatory submissions.



Supporting Validation and Regulatory Compliance

As medical devices progress toward market introduction, sterilization 
activities increasingly become part of the overall commercialization strategy. 
Early characterization and process development activities help establish the 
scientific evidence required for validation, support manufacturing readiness, 
and contribute to efficient regulatory submissions. The information 
generated during cycle development forms the scientific basis of the 
sterilization validation process. Development activities support:


Sterilization validation according to ISO 11135

Bioburden and sterility testing according to ISO 11737

Residual analysis according to ISO 10993-7

Definition of routine process parameters

Preparation of regulatory submissions in international markets



As medical devices progress from design verification to commercial 
manufacturing, sterilization strategies play an important role in supporting 
product readiness. Early characterization of sterilization conditions 
contributes to efficient validation activities, facilitates regulatory 
submissions, and supports a smooth transition into routine production.



Following process development, validation activities may include 
microbiological challenge studies, minimum and maximum load evaluations, 
backup chamber validation, and routine process monitoring to confirm 
consistent sterilization performance under defined operating conditions.



A thoroughly characterized sterilization process contributes to efficient 
validation activities and supports the successful introduction of new medical 
devices into global markets.



Supporting the Commercialization of Innovative Medical Devices

Medical devices incorporate a wide range of materials, geometries, and 
packaging systems, creating opportunities to develop sterilization strategies 
specifically adapted to each product and its intended manufacturing 
process. Through structured development studies, environmental 
characterization, microbiological analysis, and validation activities, 
manufacturers can establish sterilization processes that are scientifically 
justified, operationally robust, and fully aligned with international standards.



As medical devices progress from concept to commercialization, product-
specific sterilization strategies support product readiness, validation 
activities, manufacturing scale-up, and long-term routine production. By 
integrating sterilization engineering early in the development process, 
manufacturers can establish robust processes that facilitate an efficient 
path toward market introduction.



To learn more about Medistri's Sterilization Services and how our teams 
support medical device manufacturers throughout the product lifecycle, 
please visit our website here or contact our experts at 
contact@medistri.com.



– The Medistri Team
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From Development to Commercial Production

As medical devices progress toward commercialization, sterilization 
becomes an integral component of the overall manufacturing strategy. A 
product-specific sterilization process enables manufacturers to:



Establish robust and reproducible processes

Preserve material and packaging performance

Support regulatory submissions

Facilitate technology transfer and process scale-up

Enable an efficient transition into routine commercial production



As manufacturing volumes increase, cycle development also supports 
process scalability by establishing sterilization conditions that remain 
robust across different load configurations and production requirements.



By developing sterilization conditions specifically adapted to the device, 
manufacturers can confidently introduce innovative products while 
maintaining the highest standards of product safety and regulatory 
compliance.
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