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Abstract

Sterilization is a critical process in the healthcare sector that ensures the safety and efficacy of
medical devices. Various sterilization methods, including steam sterilization, ethylene oxide
(EtO) gas, and hydrogen peroxide plasma, have distinct effects on the material properties and
overall functionality of medical devices. For instance, while steam sterilization is highly
effective at eliminating microbial life, it may adversely affect certain heat-sensitive materials,
leading to potential degradation or loss of structural integrity. In contrast, ethylene oxide is
more versatile for delicate instruments but requires longer processing times and has concerns
regarding residual chemicals. This review aims to critically evaluate how these sterilization
methods impact device performance, thereby guiding nursing professionals in selecting
appropriate sterilization techniques that maintain device integrity and patient safety. The
efficacy of medical devices post-sterilization not only involves mechanical functionality but
also encompasses biocompatibility and the potential for adverse reactions in patients. For
instance, improperly sterilized or damaged devices can compromise treatment outcomes and
patient safety, leading to increased incidences of infections or device failure. Nurses play a
pivotal role in the sterilization process by ensuring adherence to protocols and understanding
the specific requirements for each device type. Additionally, ongoing education about emerging
sterilization technologies and their effects can empower nurses to make informed decisions,
thereby enhancing clinical outcomes. This review underscores the importance of integrating
knowledge of sterilization methods with nursing practice to optimize patient care and device
reliability.
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The safety and efficacy of medical devices
play a pivotal role in patient outcomes. The
proper sterilization of these devices has emerged
as a fundamental aspect of ensuring their
functionality, as well as their ability to prevent
healthcare-associated infections (HAIs), which
remain a significant concern in clinical settings
worldwide. Various sterilization methods,
including steam sterilization, ethylene oxide
(EtO) gas sterilization, hydrogen peroxide
plasma, and ultraviolet (UV) radiation, are
routinely employed in the healthcare industry.
Each method presents distinct advantages and
limitations that can influence not only the
microbial reduction achieved but also the
physical and functional integrity of medical
devices [1].

Despite the technological advancements and
rigorous protocols in place, the impact of
different sterilization techniques on the efficacy
of medical devices has not been thoroughly
explored. This knowledge gap is particularly
critical from a nursing perspective, as nurses are
often on the front lines of patient care and may
directly interact with or administer these devices.
Understanding how sterilization impacts the
safety and functionality of medical devices aids
in promoting best practices, guiding nursing
protocols for device handling, and ensuring
optimal patient care [2].

The nursing profession is  uniquely
positioned to bridge the gap between device
manufacturers, sterilization technicians, and
patient care. Nurses are responsible for the
selection, application, and monitoring of medical
devices in clinical environments, and their
insights can bring important perspectives to the
assessment of device efficacy post-sterilization.
Engaging nurses in the conversation about
sterilization methods is crucial, not only for their
ongoing education and practice but also to
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advocate for safer practices and improved patient
outcomes [3].

Research has shown that the choice of
sterilization method can variably affect the
physical characteristics of medical devices,
including surface properties, material integrity,
and dimensional accuracy. These alterations can
compromise the efficacy of devices, influencing
clinical outcomes and patient safety. For
instance, devices made from heat-sensitive
materials may suffer degradation when exposed
to high-temperature sterilization ~methods,
whereas other devices might be adversely
affected by chemical sterilization agents.
Additionally, the potential for virulence
reduction or even the proliferation of resistant
strains of bacteria post-sterilization raises
concerns about the effectiveness of sterilization
protocols and the continued efficacy of medical
devices utilized in patient care [4].

Furthermore, aspects such as the complexity
of device design and manufacturing materials
add another layer of intricacy to the sterilization
process. For example, multi-lumen catheters,
complex surgical instruments, and delicate
implantable devices possess unique
configurations  that  challenge  standard
sterilization procedures. A one-size-fits-all
sterilization approach may not be appropriate for
all devices, necessitating a tailored strategy that
takes into  consideration the  specific
requirements of each device type. In this regard,
an understanding of the interplay between
sterilization methods and device design becomes
vital for both nurses and other healthcare
professionals who are involved in infection
control and device management [5].

Another dimension to consider is the
evolving landscape of healthcare technologies
and practices. With the rise of single-use and re-
usable medical devices, the implications of
sterilization methods on the broader healthcare
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ecosystem need to be addressed. Single-use
devices, designed for one-time use, avoid the
complexities of reprocessing but do not alleviate
concerns  about  material safety and
biocompatibility [6]. On the other hand, re-
usable devices that undergo various sterilization
processes can present challenges concerning
efficacy, longevity, and risk of contamination
over multiple uses. As healthcare systems strive
for sustainability and cost-effectiveness, nurses
must remain informed about advancements in
sterilization technologies and be equipped with
evidence-based knowledge to enhance quality of
care [7]. The objective of this review is to
systematically evaluate existing literature on the
effects of different sterilization methods on the
efficacy of medical devices, spotlighting the
intricacies that influence clinical practices.
Through a comprehensive synthesis of research
findings, this review will aim to identify best
practices, highlight emerging trends, and provide
actionable insights for nurses to apply in their
daily practices. By contributing to a deeper
understanding of the intersection between
sterilization techniques and device efficacy, this
review aspires to empower nursing professionals
to deliver safer, more effective care to patients
while minimizing the risk of infections and
complications.

Types of Sterilization Methods:

Sterilization is a critical process in
healthcare, microbiology, pharmaceutical, and
food industries, where the eradication of all
forms of microbial life, including bacteria,
viruses, fungi, and spores, is paramount to
ensuring safety and efficacy. The choice of
sterilization method often depends on the type of
materials being sterilized, the desired level of
sterility assurance, and specific regulatory
requirements [8].

1. Steam Sterilization

Also known as autoclaving, steam
sterilization is one of the most widely used
methods of sterilization. It employs steam under
pressure to achieve temperatures typically
between 121°C (250°F) and 134°C (273°F). The
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basic principle behind steam sterilization is that
moist heat causes irreversible denaturation of
proteins, leading to the destruction of
microorganisms [9].

Working Mechanism: The process begins by
placing items inside an autoclave, which is a
specialized chamber. The chamber is sealed, and
steam is introduced. The pressure and
temperature are maintained for a predetermined
duration, depending on the load and the type of
microorganisms being targeted. The steam
penetrates the materials, effectively sterilizing
the surfaces and interiors [10].

Applications: Steam sterilization is widely
used in health care for sterilizing surgical
instruments,  laboratory  equipment, and
glassware. It is also common in the food industry
for treating canned goods and ensuring that
pathogens are eradicated from prepared foods
[11].

Advantages: One of the primary advantages
of steam sterilization is its efficiencys; it typically
requires less time than other methods, with
cycles often lasting between 15 to 30 minutes.
Additionally, steam sterilization is
environmentally friendly, as it does not produce
hazardous waste and leaves no harmful residues
[12].

Limitations: However, steam sterilization is
not suitable for all materials. Items that are heat-
sensitive or moisture-sensitive, such as certain
plastics, electronic devices, or powders, may be
adversely affected by high temperatures or
moisture. Additionally, the presence of organic
materials, such as blood or protein, can inhibit
the sterilization process, requiring meticulous
cleaning prior to sterilization [13].

2. Ethylene Oxide (EtO) Sterilization

Ethylene oxide sterilization is a gas-based
sterilization method primarily used for heat- and
moisture-sensitive items. Ethylene oxide is a
toxic, colorless gas that can penetrate packaging
materials and interact with the microbial cell
structure to disrupt the cellular functions and
ultimately kill the microorganisms [14].
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Working Mechanism: The sterilization
process involves placing items inside a chamber
and introducing ethylene oxide gas under
controlled conditions of temperature, humidity,
and time. The combination of reduced pressure
and humidity enhances the gas's penetration
ability, effectively enveloping the items. The
gases then react with the DNA of
microorganisms, rendering them inactive.
Following the treatment, a thorough aeration
process is necessary to remove residual ethylene
oxide, as it can be harmful if left on the items
[15].

Applications: Ethylene oxide sterilization is
widely used to sterilize medical devices such as
syringes, catheters, thermometers, and delicate
instruments that cannot withstand heat or
moisture. It is also valuable in the
pharmaceutical industry for sterilizing drug
products, packaging, and even raw materials
[16].

Advantages: The major advantage of
ethylene oxide sterilization is its versatility,
allowing for the sterilization of complex and
delicate instruments that would be unsuitable for
steam sterilization. Furthermore, it can be used
effectively on materials that are sensitive to heat
and moisture, preserving the integrity of the
products [17].

Limitations: Despite its advantages, ethylene
oxide sterilization poses significant challenges
and risks. The toxic nature of the gas requires
stringent safety measures to protect workers. The
sterilization process also tends to be time-
consuming, often taking several hours to days
due to aeration requirements. Additionally, there
are regulatory and safety concerns surrounding
the use of ethylene oxide due to its potential
carcinogenic properties [18].

3. Radiation Sterilization

Radiation sterilization involves the use of
ionizing radiation, such as gamma rays, X-rays,
or electron beams, to destroy microorganisms.
This method relies on the ability of high-energy
radiation to disrupt the molecular structure of
microbial DNA, resulting in cell death [14].
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Working Mechanism: During radiation
sterilization, items are exposed to a source of
gamma rays or electron beams in a controlled
environment. The radiation penetrates packaging
materials and the products themselves, causing
ionization, which leads to the destruction of
DNA and other cellular components of
microorganisms. The penetration ability of
radiation enables effective sterilization of even
dense and complex products [19].

Applications: Radiation sterilization is
particularly valuable for sterilizing single-use
medical devices, pharmaceuticals, tissue grafts,
food products, and certain research materials. It
is often utilized in environments where sterility
is non-negotiable, such as operating rooms and
laboratories [20].

Advantages: This sterilization method is
remarkably  efficient, providing rapid
sterilization cycles and the capability to process
large quantities of items simultaneously. It does
not typically elevate temperatures, making it
ideal for heat-sensitive products. Furthermore,
radiation does not leave chemical residues,
augmenting safety and efficacy [21].

Limitations: However, radiation sterilization
also has its drawbacks. It may not be suitable for
all materials, especially those that can degrade
with exposure to radiation. Moreover, the
equipment and facilities for radiation
sterilization can be expensive to establish and
maintain. Safety protocols are essential to
prevent inadvertent exposure to radiation for
both workers and the public [22].

Impact of Sterilization on Medical Device
Integrity

Steam sterilization, which operates at high
temperatures and pressures, is one of the most
effective methods for sterilizing heat-resistant
medical equipment. However, it can have
detrimental effects on certain materials. For
instance, polymers such as polyvinyl chloride
(PVC) and some acrylics may undergo
hydrolysis, leading to molecular degradation.
This degradation can manifest as brittleness,
changes in  mechanical properties, and
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compromised barrier features. Additionally,
repeated exposure to high heat and moisture may
cause device components to lose their intended
functions, which is a significant concern for
devices like implantable materials or surgical
instruments [23].

Chemical sterilization methods such as
ethylene oxide (EtO) gas sterilization are gentler
than steam methods, making them suitable for
temperature-sensitive devices. However,
ethylene oxide is known for its potential to
penetrate materials and create residues that can
be toxic if not properly eliminated. The
variability in material compatibility means that
some devices may not be adequately sterilized or
may retain toxic residues. Furthermore,
prolonged exposure to EtO can affect elastomers
and some plastics, leading to loss of elasticity or
changes in surface characteristics, which may
affect device functionality during use [24].

Radiation sterilization, employing gamma or
electron beam radiation, induces ionization in
targeted materials, effectively eradicating
microbial life. While highly effective, radiation
can significantly alter the molecular structure of
materials, especially polymers. Chain scission,
crosslinking, and the production of free radicals
due to radiation can change the physical,
chemical, and thermal properties of the materials
involved. For instance, polypropylene,
commonly used for syringes and surgical drapes,
may exhibit changes in melting temperature and
mechanical  strength  following  radiation
exposure. These alterations can eventually lead
to device failure or reduced efficacy during
procedures [25].

The integrity of medical devices directly
correlates with their longevity and performance
in clinical settings. As sterilization gradually
degrades materials, manufacturers must weigh
the benefits of achieving sterility against the
risks posed by compromised device integrity.
For instance, a device intended for single use
may see a reduced performance rate due to
material degradation resulting from repeated
sterilizations. Understanding the predicted
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lifespan and potential for degradation under
various sterilization modalities is fundamental
for manufacturers and healthcare providers in
making informed decisions [26].

Regulatory agencies, such as the Food and
Drug Administration (FDA) in the United States,
have established guidelines for assessing the
impact of sterilization on device integrity. These
regulations necessitate rigorous testing during
the development phase and post-market
surveillance to monitor device performance and
integrity over time. Methods such as accelerated
aging testing, material characterization, and
biomechanical evaluations are integrated into the
testing protocols to ensure that devices remain
safe and functional after sterility is achieved.
Compliance with these regulations is paramount
for minimizing the risks associated with
sterilization-induced degradation [27].

The integrity of medical devices throughout
their life cycle is contingent upon the
effectiveness  of  sterilization ~ methods.
Evaluating the impact of these methods on
device performance is crucial, particularly for
reusable devices. Studies have demonstrated that
repeated sterilization cycles can compound the
effects of material degradation. Therefore,
manufacturers must establish rigorous testing
protocols to ensure that their devices maintain
integrity after multiple sterilization procedures
[28].

The sterilization process is tightly regulated,
necessitating manufacturers to comply with
stringent quality control measures. Regulatory
bodies such as the FDA emphasize validating
sterilization processes to demonstrate the
efficacy and safety of medical devices. This
validation process includes extensive testing to
assess how sterilization impacts the materials
used in the device, ensuring that they meet
required safety standards [29].

Furthermore, the development of new
materials, like bioabsorbable polymers and
advanced composites, raises further
considerations regarding sterilization
compatibility. Ongoing research into novel
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sterilization methods—such as supercritical
carbon dioxide or cold plasma—aims to create
methods that are both effective in microbial kill
and benign to device integrity [30].

Microbial Efficacy of Various Sterilization
Techniques:

Autoclaving, or steam sterilization, is one of
the most widely used methods in healthcare and
laboratory settings. This technique employs
saturated steam under pressure, typically at
121°C for 15-20 minutes. A study by O'Neill et
al. (2019) demonstrated that autoclaving
effectively reduced microbial counts by over
99.99% in various pathogen cultures, including
Staphylococcus aureus, Escherichia coli, and
sterilization-resistant Clostridium spores [31].

The efficacy of autoclaving is influenced by
several factors: steam penetration, temperature,
pressure, and exposure time. In a systematic
review, Wang et al. (2020) determined that
improper packing of surgical instruments can
hinder steam penetration, leading to incomplete
sterilization. Therefore, stringent adherence to
protocols is essential for achieving optimal
results [32].

Ethylene oxide (EO) gas is another prevalent
method primarily used for heat-sensitive medical
devices. Unlike autoclaving, this method
operates at lower temperatures, making it
suitable for plastics and electronics. Studies have
shown that EO gas is highly effective at reducing
microbial loads, potentially achieving a
reduction greater than 6-log (99.9999%). A
significant study conducted by Adkins et al.
(2021) revealed that ethylene oxide exposure for
durations as short as 1 hour could eradicate a
wide range of pathogens, including resistant
bacterial spores [33].

However, the use of ethylene oxide is not
without challenges. The gas is toxic and requires
stringent workplace safety measures to prevent
exposure risks. Additionally, residual EO on
sterilized products has been a concern,
prompting the development of methods to aerate
and degas products post-sterilization effectively
[34].
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Hydrogen peroxide  vapor (HPV)
sterilization is gaining popularity for its
effectiveness against a broad spectrum of
microorganisms,  including  mycobacteria,
bacteria, fungi, and viruses. HPV sterilization
utilizes vaporized hydrogen peroxide in a
controlled chamber to achieve concentrations
that effectively reduce microbial load [35].

Recent studies, such as those by Childers et
al. (2022), reported that HPV could achieve a
microbial load reduction of over 99.9% within 1-
2 hours for various pathogens. One of the key
advantages of HPV is its compatibility with
many materials and its low environmental
impact, breaking down into harmless
byproducts. However, its penetration efficacy
can vary depending on the material structure and
moisture content, highlighting the need for
careful evaluation of items before the
sterilization process [36].

Radiation sterilization includes gamma
radiation and electron beam sterilization, both
effective at causing DNA damage in
microorganisms. Gamma radiation has been
widely used in the sterilization of single-use
medical devices and commercial products. A
seminal study by Huang et al. (2023)
demonstrated a consistent reduction of microbial
populations exceeding 99.99% in various
materials when subjected to gamma irradiation at
doses ranging from 25 to 50 kGy [37].

However, radiation sterilization necessitates
careful consideration of material compatibility.
Some materials may degrade or lose
functionality when exposed to high doses of
radiation. Furthermore, the method’s reliance on
specialized facilities for radiation sources makes
it less accessible for certain applications
compared to gas or steam sterilization [38].

Comparing the four methods—autoclaving,
ethylene oxide gas, hydrogen peroxide vapor,
and radiation—reveals that each technique has
its unique advantages and challenges depending
on the specific application and context. A study
by Lee et al. (2021) synthesized data across
various research efforts and established a
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hierarchy of microbial load reduction efficacy
based on pathogen resistance, with radiation and
ethylene oxide generally outperforming steam
and hydrogen peroxide for certain resistant
organisms [39].

Ultimately, the effectiveness of a sterilization
technique is contingent upon numerous factors
including the type of microorganism, the
material to be sterilized, and the intended use of
the item post-sterilization. A multifaceted
approach considering safety, effectiveness,
environmental impact, and economic factors will
enable practitioners to select the most
appropriate sterilization method [40].

The Role of Nurses in Medical Device
Sterilization

In the complex ecosystem of modern
healthcare, the role of nurses extends far beyond
patient care and clinical procedures. They are
pivotal players in ensuring the safety and
efficacy of medical devices used in various
healthcare settings. One of the critical areas
where their expertise is crucial is in the
sterilization of medical devices, a task that is
paramount to preventing healthcare-associated
infections (HAIs) and ensuring patient safety
[41].

Nurses are often at the frontline of patient
care, and their involvement in the sterilization
process is critical for several reasons. At the
outset, nurses are responsible for the
decontamination of medical instruments. This
may include the initial cleaning and disinfection,
which is vital for preparing the instruments for
the sterilization process. Nurses must adhere to
established protocols, understand the appropriate
cleaning agents, and utilize protective gear to
ensure their safety during decontamination [42].

Following the decontamination stage, nurses
play an integral role in the preparation of devices
for sterilization. This task involves ensuring that
all instruments are properly assembled, wrapped,
or contained according to the standards set forth
by infection control protocols. Nurses are trained
to recognize the importance of sterilization
indicators, which determine whether the
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sterilization process has been successful. Such
indicators can be chemical or biological and play
a crucial role in maintaining safety protocols
[43].

Once devices are sterilized, nurses are
responsible for the appropriate storage and
handling of these medical instruments. Proper
storage techniques must be implemented to
protect sterilized equipment from contamination.
Nurses must be vigilant in following protocols
for accessing and using these devices to reduce
the risk of introducing pathogens [44].

Moreover, nurses are key agents in education
and communication regarding sterilization
practices. They frequently serve as liaisons
between clinical staff and infection control
teams, ensuring all personnel understand the
significance of sterilization in patient care.
Effective education and training programs often
rely on nurses to disseminate important concepts
related to infection prevention and the safe
handling of medical devices [45].

The significance of infection control in
healthcare cannot be overstated, especially as it
pertains to the use of medical devices. The
Centers for Disease Control and Prevention
(CDC) emphasizes that HAIs are a significant
cause of morbidity and mortality, with many
stemming from contaminated instruments.
Nurses, being integral to infection control
efforts, are essential in maintaining high
standards of practice within institutions [46].

In the context of sterilization, nurses’
adherence to infection control protocols
safeguards not only the health of individual
patients but also contributes to overall public
health. By effectively preventing the spread of
infections, nurses also minimize the financial
burden on healthcare systems associated with
managing HAIs, which can include extended
hospital stays, additional treatments, or penalties
imposed on healthcare facilities that fail to
adhere to safety standards [47].

Despite the fundamental role nurses play in
the sterilization process, they face numerous
challenges. One significant issue is the

907



Alanazi, Reem Abdullah F, Nouf Bushayt S Alenezi, Hamidah Zugm Sayyaf Alanazi, Alshamlani Maitha Qibli K, Radhi Hmoud M Alanazi,
Ahmed Turef Alrawaili, Norah Mawaad Robayan Alrashidi, Awatif Hameed Abdullah Alreshidi, Khulud Nasser Awadh Alrashidi, Hanan

Mohammed A Alruwaili

increasing complexity of medical devices. As
technology evolves, more sophisticated devices
are introduced, each requiring specific
sterilization methods and awareness of unique
handling guidelines. This complexity can
overwhelm staff and lead to errors if not properly
managed [48].

Additionally, inconsistent adherence to
sterilization protocols can lead to lapses in
infection control. In  busy healthcare
environments, the pressures of tight schedules
may result in neglecting critical steps in the
sterilization process. Furthermore, ongoing staff
shortages in many healthcare facilities can lead
to overworked nurses who may not receive
adequate training in the latest sterilization
technologies or methods [49].

Moreover, the education and training related
to sterilization practices are often not prioritized
in nursing curricula. This gap can hinder the
ability of nurses to consistently apply best
practices in the sterilization of medical devices,
ultimately impacting patient safety [50].

Conclusion

In conclusion, the efficacy of medical
devices is profoundly influenced by the
sterilization methods employed, highlighting the
critical role nurses play in understanding and
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