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Abstract - Sterilization is a key part of stopping infections and keeping patients safe in modern medicine. It is the process of killing or 

removing all living microorganisms, such as bacteria, viruses, fungi, and even prions, from medical tools and equipment. Good sterilization 

is necessary to prevent infections that happen in hospitals, reduce the risk of infections after surgery, stop the spread of drug-resistant 

germs, and make sure reusable medical tools can be used safely again. To make sure sterilization is done properly, groups like the World 

Health Organization (WHO), the Centres for Disease Control and Prevention (CDC), the Association for the Advancement of Medical 

Instrumentation (AAMI), and the Association of perioperative Registered Nurses (AORN) have created clear, science-backed rules for 

how to clean and sterilize medical devices. 
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I. INTRODUCTION 

Sterilization is very important for keeping infections from 

spreading in healthcare. It means getting rid of all living 

microorganisms, including bacteria, bacterial spores, viruses, 

fungi, and other harmful germs, from medical tools and 

surgical instruments. Unlike disinfection, which just kills 

some germs but leaves spores behind, sterilization removes 

all of them. It is needed for procedures that involve sterile 

body tissues. Antisepsis is the use of chemicals on living 

tissues to stop or kill microbes, while asepsis refers to the 

methods used to stop germs from spreading during medical 

or surgical work. Knowing the difference between these 

terms is important for choosing the right infection control 

techniques in medical practice. [1] 

Sterilization has become even more important as healthcare 

has become more complex, as more medical tools are used 

repeatedly, and as more invasive procedures are carried out. 

[2] 

Good sterilization is essential for stopping hospital-acquired 

infections (HAIs), lowering the chance of infections after 

surgery, limiting the spread of drug-resistant germs, and 

keeping both patients and staff safe. According to the World 

Health Organization (WHO), HAIs are one of the most 

common bad things that happen in hospitals, affecting many 

people every year. These infections can lead to longer stays 

in the hospital, higher medical costs, drug resistance, and 

unnecessary sickness and death. Not properly cleaning 

medical tools is still a big cause of infections, which shows 

how important it is to follow standard sterilization practices. 

[3] 

New medical technology has led to the use of more complex 

instruments, such as flexible endoscopes, robotic surgery 

tools, and minimally invasive devices. [4] 

Many of these are sensitive to heat and moisture and need 

special methods to be sterilized at low temperatures. At the 

same time, growing concerns about the environment, worker 

safety, following rules, and new infections have led to the 

creation of new sterilization technologies, such as vaporized 

hydrogen peroxide, hydrogen peroxide plasma, ozone, 

automated sterilization systems, and digital monitoring tools. 

These changes require regular updates to sterilization rules 

and quality checks, following guidelines from groups like 

WHO, CDC, AAMI, and AORN. 

The goal of this review is to give a complete and current look 

at sterilization in the medical field. 

It covers the basic ideas, types of medical tools, traditional 

and new sterilization methods, ways to check and ensure 

quality, current international guidelines, recent technological 

improvements, and future possibilities. By looking at the 

latest research, this review aims to show  

how important sterilization is in stopping infections, 

improving patient safety, and providing better healthcare. 

 

II. METHODOLOGY 

This review was done using a detailed, narrative approach to 

gather and summarize current information on sterilization 

practices in medicine. 

A thorough search of published research was carried out 

using major databases like PubMed, Scopus, Embase, and 

Google Scholar. The search focused on articles published 

mainly from January 2021 to December 2025, but also 

included important older studies and international guidelines 

from before that time to give background and support basic 

ideas. 

The selection guidelines included peer-reviewed original 

research articles, systematic reviews, narrative reviews, 

clinical practice guidelines, consensus statements, and 

technical reports written in English. 
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These documents had to discuss topics like sterilization 

basics, techniques, ways to check effectiveness, ways to 

ensure quality, new technologies, or international standards 

used in healthcare. Reports from well-known groups such as 

the World Health Organization (WHO), Centres for Disease 

Control and Prevention (CDC), Association for the 

Advancement of Medical Instrumentation (AAMI), 

International Organization for Standardization (ISO), 

Association of perioperative Registered Nurses (AORN), and 

the Bushfoods and Drug Administration (FDA) were also 

considered. 

III. PRINCIPLES OF STERILIZATION 

A. Definition 

Sterilization is a tested method that removes or kills all living 

microorganisms, like bacteria, spores, fungi, viruses, and 

prions, from medical tools and surgical equipment, making 

them safe for use on patients. 

B. Objectives 

The main goals of sterilization are to: 

• Stop healthcare-associated infections (HAIs) and infections 

at the site of surgery (SSIs). 

• Make sure reusable medical tools can be safely used again. 

• Kill harmful microorganisms and spores. 

• Reduce the spread of germs and bacteria that are resistant to 

medicines. 

• Protect patients and follow rules for controlling infection 

C. Factors Affecting Sterilization 

How well sterilization works depends on several important 

things: [5] 

• Time: Enough time is needed to fully kill all 

microorganisms. 

• Temperature: Higher heat helps kill microbes faster and can 

shorten the time needed. 

• Pressure: In steam-based sterilization, pressure helps steam 

move into and through items, making the process more 

effective. 

• Humidity: Moist heat works better than dry heat because it 

helps proteins in microbes to change shape and die. 

• Organic Matter: Things like blood and tissue can hide 

microbes from the sterilizing agent, • Organic Matter: Things 

like blood and tissue can hide microbes from the sterilizing 

agent, so it’s important to clean tools thoroughly before 

sterilizing. 

• Packaging: The right kind of packaging lets the sterilizing 

agent get through while keeping the tools clean until they’re 

used. 

• Microbial Load (Bioburden): The number and type of 

microbes present before sterilization affect how well it works. 

Cleaning helps reduce the number of microbes and makes 

sterilization more successful. 

Sterilization is only effective when all these factors are 

closely managed and checked during the whole process. 

 

 

D. Classification of Medical Devices (Spaulding 

Classification) 

Category Definition Examples 
Required Level 

of Processing 

1.Critical 

Items 

Devices that enter 

sterile tissues, the 

vascular system, 

or body cavities. 

These carry the 

highest risk of 

infection if 

contaminated 

Surgical 

instruments, 

implants, cardiac 

catheters, needles, 

vascular catheters, 

orthopaedic 

implants 

Sterilization is 

mandatory 

2.Semi-critical 

Items 

Devices that 

come into contact 

with mucous 

membranes or 

non-intact skin 

but do not 

penetrate sterile 

tissues. 

Flexible 

endoscopes, 

laryngoscope 

blades, 

bronchoscopes, 

respiratory therapy 

equipment, vaginal 

specula 

Sterilization is 

preferred; if not 

feasible, high-

level disinfection 

(HLD) is required 

3.Non-critical 

Items 

Devices that 

contact only 

intact skin and do 

not touch mucous 

membranes. They 

carry the lowest 

risk of infection. 

Blood pressure 

cuffs, stethoscopes, 

ECG leads, bed 

rails, wheelchairs, 

examination tables 

Cleaning 

followed by low- 

or intermediate-

level disinfection 

IV. STERILIZATION METHODS 

Sterilization methods are divided into two main types: 

physical and chemical. 

This classification depends on the type of agent used and the 

kind of medical device being treated. 

A. Physical Methods 

a) Moist Heat Sterilization (Autoclave) 

Moist heat sterilization is a common and trusted way to clean 

medical tools that can handle heat and moisture. 

It uses high-pressure steam to break down proteins in 

microorganisms and kill all types of germs, including tough 

bacterial spores. Typical cycles are 121°C for 15 to 30 

minutes or 134°C for 3 to 5 minutes. It works well for surgical 

tools, bandages, fabric, and glass items. [6] 

b) Dry Heat Sterilization 

Dry heat sterilization kills germs by causing chemical 

reactions that damage them. 

It is used for items that might be harmed by water, such as 

glass, metal tools, powders, and oils. Common cycles include 

160°C for two hours or 170°C for one hour. 

c) Radiation Sterilization 

Gamma Radiation: 

Gamma rays can pass through materials and are often used to 

sterilize single-use medical items like syringes, gloves, 

stitches, and implants. [7] 

Electron Beam (E-beam) Radiation: 

This method uses high-energy electrons to quickly sterilize 

disposable medical tools. 

It takes less time than gamma radiation but can only go 

through materials a short distance. 

Ultraviolet (UV) Radiation: 

UV light can’t go through thick materials, so it is mainly used 

to clean air, water, and surfaces in places like operating 

rooms, labs, and biosafety cabinets. 

It isn’t used for packaged medical tools. 
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B. Chemical Methods 

a)Ethylene Oxide (ETO) 

Ethylene oxide is a gas that can sterilize medical tools that are 

sensitive to heat and moisture, like catheters, endoscopes, and 

electronic equipment. [8] 

It works well, but it can be harmful, so the tools need to be 

aired out for a long time after treatment. 

b)Hydrogen Peroxide Plasma 

This method uses vaporized hydrogen peroxide and turns it 

into plasma, which creates reactive chemicals that kill germs. 

It is fast, leaves no harmful leftovers, and is good for delicate 

tools. 

c) Vaporized Hydrogen Peroxide (VHP) 

VHP sterilization uses hydrogen peroxide gas to clean 

medical equipment and sealed areas. 

It is becoming more popular because it works quickly, is safe 

for the environment, and can be used on a variety of items. 

d) Filtration 

Filtration is used to clean liquids and gases that are sensitive 

to heat. 

It works by blocking microorganisms using special filters or 

HEPA filters. It is commonly used for things like antibiotics, 

vaccines, IV fluids, and medicine. 

e)Formaldehyde 

Formaldehyde combined with steam is used to sterilize heat-

sensitive equipment, but its use has gone down because of 

worries about its harmful effects, like causing irritation and 

cancer. 

f)Ozone Sterilization 

Ozone is a strong chemical that can kill bacteria, viruses, 

fungi, and spores at lower temperatures. 

It breaks into oxygen, so it leaves no dangerous leftovers and 

is an eco-friendly choice. 

g) Peracetic Acid 

Peracetic acid is a powerful liquid chemical used to sterilize 

flexible tools and heat-sensitive items. 

It kills spores quickly, but it is best for tools that are used right 

away because it doesn’t keep for long periods. 

Comparison of Sterilization Methods 

Method Principle Tempera

ture 
Suitable 

For Advantages Limitatio

ns 

Moist 

Heat 

(Autoclav

e) 

Steam 

under 

pressure 

121–

134°C 

Surgical 

instrume

nts, 

linen, 

glasswar

e 

Rapid, 

reliable, 

economical, 

sporicidal 

Not 

suitable 

for heat- 

or 

moisture-

sensitive 

materials 

Dry Heat Oxidation 160–

180°C 

Glasswar

e, metal 

instrume

nts, 

powders, 

oils 

No 

corrosion, 

suitable for 

moisture-

sensitive 

items 

Long 

cycle 

time, 

high 

temperat

ure 

Gamma 

Radiation 
Ionizing 

radiation 

Room 

temperat

ure 

Disposab

le 

syringes, 

gloves, 

sutures, 

implants 

High 

penetration, 

sterilizes 

packaged 

products 

Industrial 

use only, 

expensiv

e 

Electron 

Beam 

High-

energy 

electrons 

Room 

temperat

ure 

Disposab

le 

medical 

devices 

Rapid 

process, no 

radioactive 

source 

Lower 

penetrati

on than 

gamma 

rays 

UV 

Radiation 

Ultraviolet 

light 

damages 

DNA 

Room 

temperat

ure 

Air, 

water, 

surfaces 

Chemical-

free, easy to 

use 

Poor 

penetrati

on, not 

suitable 

for 

packaged 

devices 

Filtration 

Physical 

removal of 

microorgan

isms 

Room 

temperat

ure 

Heat-

sensitive 

liquids 

and 

gases 

Preserves 

heat-

sensitive 

products 

Does not 

remove 

viruses 

with all 

filter 

types; not 

suitable 

for solids 

Ethylene 

Oxide 

(ETO) 

Alkylation 

of proteins 

and DNA 
37–63°C 

Heat-

sensitive 

devices, 

electroni

cs 

Excellent 

penetration, 

highly 

effective 

Toxic, 

lengthy 

aeration, 

expensiv

e 

Hydrogen 

Peroxide 

Plasma 

Reactive 

plasma free 

radicals 
40–60°C 

Endosco

pes, 

delicate 

instrume

nts 

Rapid, 

residue-

free, 

environmen

tally 

friendly 

Not 

compatib

le with 

cellulose 

materials 

Vaporized 

Hydrogen 

Peroxide 

(VHP) 

Oxidation 

by 

hydrogen 

peroxide 

vapor 

30–50°C 

Heat-

sensitive 

instrume

nts and 

rooms 

Fast, non-

toxic 

residue, 

eco-

friendly 

Limited 

compatib

ility with 

some 

materials 

Formalde

hyde 
Protein 

alkylation 

Low 

temperat

ure 

Selected 

heat-

sensitive 

devices 

Effective 

against 

spores 

Toxicity 

and 

carcinoge

nic 

potential 

Ozone 

Sterilizati

on 
Oxidation 

Low 

temperat

ure 

Heat-

sensitive 

medical 

devices 

No toxic 

residue, 

environmen

tally safe 

Specializ

ed 

equipmen

t required 

Peracetic 

Acid Oxidation 50–56°C 

Flexible 

endosco

pes and 

immersi

ble 

instrume

nts 

Rapid 

sporicidal 

activity, 

effective in 

organic 

matter 

Instrume

nts must 

be used 

immediat

ely after 

processin

g 

V. STERILIZATION CYCLE 

The sterilization cycle is a series of steps that are followed to 

make reusable medical tools safe for patients. 

Each step is important to make sure the tools are clean and 

ready to use again. 

A. Cleaning 

The first and most important thing to do is to clean. 

It means removing blood, tissue, body fluids, and other stuff 

from the tools. This is done using water, soap, or special 

cleaning solutions. Cleaning helps reduce germs so that the 

next steps work better. [9] 

B. Decontamination 

Decontamination is making sure there are not enough harmful 

germs left to be dangerous for people working in healthcare. 

It usually starts with cleaning and then uses chemicals or heat 

to kill germs before moving on to the next steps. 

C. Inspection 

After cleaning, each tool is checked to see if it is clean, 

working properly, not rusty, and not broken. 

Any tools that are not in good shape are fixed or thrown away 

to keep patients safe. 

Published by : International Journal of Engineering Research & Technology (IJERT)
https://www.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 08 , August - 2026

IJERTV15IS080452 Page 3

(This work is licensed under a Creative Commons Attribution 4.0 International License.)



D. Packaging 

Clean and working tools are put together in sets and wrapped 

in special materials like sterilization wraps, peel pouches, or 

hard containers. 

These materials let the sterilizing agent get through but help 

keep the tools clean until they are used. 

E. Sterilization 

The packaged tools are then sterilized using proven methods, 

such as steam, gas, or plasma. 

The time, temperature, and pressure are checked to make sure 

all germs are killed. 

F. Storage 

After sterilization, the tools are kept in a clean, dry, and dust-

free place. 

Keeping them in good conditions and handling them carefully 

helps keep them clean and ready for use. 

 

G. Distribution 

Sterile tools are moved to where they are needed using ways 

that don’t let germs get in. 

Before using them, it’s important to check that the packaging 

is still intact and not damaged. If it is, the tools shouldn’t be 

used. 

Fig. 1. Instrument Reprocessing Workflow 

Cleaning → Decontamination → Inspection → Assembly 

and Packaging → Sterilization → Quality Monitoring → 

Storage → Distribution → Patient Use 

VI. STERILITY ASSURANCE 

Sterility assurance is a way to make sure that medical tools 

and devices are clean and free from harmful microbes after 

they are sterilized. It makes use of checking, regular 

monitoring, written records, and tracking to keep patients safe 

and follow global standards. 

A. Sterility Assurance Level (SAL) 

The Sterility Assurance Level (SAL) tells us the chance that 

a sterilized item still has a living microbe on it.For most 

medical tools, the standard is 10⁻⁶, meaning there is a one in 

a million chance the item is not sterile. To reach this level, 

it’s important to use tested and approved sterilization steps 

and check them regularly. [10] 

B. Validation 

Validation is the process of proving that a sterilization 

method works properly each time, under the right conditions. 

It includes making sure the equipment works, testing the 

sterilization process, checking how well it performs, and 

retesting it over time to keep things reliable. 

C. Documentation 

Keeping good records is key to making sure quality standards 

are met and rules are followed. 

These records should include information like the time, 

temperature, and pressure of the sterilization cycle, what 

items were sterilized, who did the process, results from 

checks (like physical, chemical, and biological indicators), 

maintenance logs, and actions taken if something went wrong 

during sterilization. 

 

D. Traceability 

Traceability helps track each medical tool or set of tools from 

when they are sterilized to when they are used on a patient. 

This includes details like the batch number, load 

identification, which sterilizer was used, the date of the 

process, information on when the item is safe to use, and if 

the tool is linked to a specific patient. Good traceability helps 

with quality checks, inspections, and quickly recalling items 

if there was a problem with sterilization. 

VII. MONITORING OF STERILIZATION 

Regular checks are important to ensure the sterilization 

process is working and meeting the required sterility level. 

This is done using three types of indicators: physical, 

chemical, and biological. 

A. Physical Indicators 

Physical indicators check the operating conditions of the 

sterilizer, like time, temperature, pressure, and humidity. 

They are recorded using gauges, digital screens, printed 

reports, or electronic data logs. They show that the sterilizer 

followed the correct cycle, but they do not prove that 

microbes were destroyed. 

B. Chemical Indicators 

Chemical indicators have materials that change colour when 

they are exposed to certain sterilization conditions. [11] 

They are used both on the outside and inside of sterilization 

packs to show if the items were exposed to the sterilizing 

process. There are different classes of chemical indicators, 

from simple ones like autoclave tape to more complex ones 

that check several parameters at once. 

C. Biological Indicators 

Biological indicators are the most reliable method to 

determine if sterilization was successful. They use specially 

treated bacteria that are very hard to kill and test if the 

sterilization process is strong enough to destroy them. For 

steam and hydrogen peroxide, we use Gerbilles 

stearothermophilus, and for ethylene oxide and dry heat, we 

use Bacillus atrophies. If the bacteria don't grow after being 

tested, we know the sterilization was successful. 

Sterilization Monitoring Methods 

TABLE I. Comparison of physical, chemical, and biological 

indicators used for routine monitoring of sterilization 

processes. 

Monitorin

g Method Purpose Examples Advantages Limitations 

Physical 

Indicators 

Monitor 

sterilizatio

n cycle 

parameters 

Temperature 

gauges, pressure 

gauges, digital 

printouts, data 

loggers 

Immediate 

results, easy 

to monitor, 

verifies 

equipment 

performanc

e 

Does not 

confirm 

microbial 

destruction 

Chemical 

Indicators 

Verify 

exposure to 

sterilizatio

n 

conditions 

Autoclave tape, 

internal indicator 

strips, Class 1–6 

indicators, Bowie–

Dick test 

Quick, 

inexpensive, 

confirms 

exposure to 

sterilant 

Does not 

directly 

demonstrat

e sterility 
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Biological 

Indicators 

Confirm 

microbial 

inactivatio

n using 

resistant 

spores 

Gerbilles 

stearothermophilus

, Bacillus atrophies 

spore tests 

Most 

reliable 

method; 

directly 

confirms 

sterilization 

efficacy 

Requires 

incubation 

time and is 

more 

expensive 

than 

physical 

and 

chemical 

indicators 

VIII. STERILE PACKAGING AND STORAGE 

Keeping medical devices sterile after they are sterilized is 

very important until they are used. [12] 

The materials used for packaging should allow the sterilizing 

agent to get through, but also keep germs out during storage 

and transport. 

A. Packaging Materials 

Common materials used for packaging include medical-grade 

paper; sterilization wraps made of SMS polypropylene, peel 

pouches, Tyvek® pouches, and rigid containers. 

The choice of material depends on the sterilization method, 

the type of instrument, and the manufacturer's advice. The 

packaging should be strong, work well with the sterilization 

process, and stay intact. 

B. Shelf Life 

How long sterile items stay safe depends on the packaging, 

storage conditions, and how they are handled. Many hospitals 

follow a policy where items stay sterile as long as the package 

is not damaged, wet, or contaminated. 

C. Event-Related Sterility 

The current recommended way is to consider a sterilized item 

as sterile until something happens that breaks the package. 

Things like tears, punctures, getting wet, being handled too 

much, or not being stored right can make it unsafe. Checking 

the package before use is important. 

D. Storage Recommendations 

Sterile items should be kept in a clean, dry, well-ventilated 

place with no dust, away from sunlight, moisture, and 

humidity. 

Packages should be handled gently to avoid damage, stored 

on shelves above the floor and away from walls, and older 

packages should be used first using the First-In, First-Out 

(FIFO) method. Any package that is torn, wet, or damaged 

should be treated as contaminated and reprocessed before 

being used. 

IX. STERILIZATION IN DIFFERENT MEDICAL 

SPECIALTIES 

Sterilization methods vary depending on the type of medical 

specialty and the risk of infection from reusable devices. 

A. General Surgery 

Surgical instruments, laparoscopic tools, retractors, forceps, 

scissors, and implants need full sterilization. 

Steam sterilization (autoclaving) is usually the best method 

for most reusable surgical tools. 

B. Orthopaedics 

Orthopaedic tools, bone drills, saws, prosthetic implants, and 

fixation devices need strict sterilization because infections 

from implants can be serious. 

Steam sterilization is often used, while heat-sensitive 

equipment may need low-temperature sterilization. 

C. Gynaecology 

Reusable tools like vaginal specula, curettes, forceps, 

dilators, and hysteroscopes should be sterilized or disinfected 

at a high level based on their use to prevent infections in the 

pelvis and after surgery. 

D. Urology 

Urological tools such as cystoscopes, ureteroscopes, 

resectoscopes, and surgical instruments need sterilization or 

high-level disinfection. 

Heat-sensitive endoscopic equipment is often processed 

using low-temperature sterilization. 

E. Gastroenterology (Endoscopy) 

Flexible gastrointestinal endoscopes are heat-sensitive and 

require thorough cleaning followed by high-level disinfection 

or low-temperature sterilization, as recommended by the 

manufacturer and the hospital. [13] 

Proper reprocessing is necessary to stop cross-contamination 

and healthcare-associated infections. 

F. Intensive Care Units (ICUs) 

Reusable equipment in ICUs such as laryngoscope blades, 

bronchoscopes, respiratory therapy tools, suction 

instruments, and ventilator parts require proper sterilization 

or high-level disinfection.Following reprocessing steps 

carefully helps lower the risk of infections for patients who 

are very sick. 

X. INFECTION PREVENTION AND PATIENT 

SAFETY 

Good sterilization is key to preventing infections and keeping 

patients safe. [14] 

Properly reprocessing medical devices lowers the chance of 

spreading harmful germs, improves patient results, and 

ensures safe care. 

A. Surgical Site Infections (SSIs) 

Surgical site infections are very common healthcare-

associated infections. 

They can cause longer hospital stays, more healthcare costs, 

and higher chances of illness or death. Sterilizing 

instruments, using aseptic techniques, and following 

infection control rules help cut down on these infections. 

B. Device-Associated Infections 

If medical devices are not properly sterilized or cleaned, they 

can lead to infections like catheter-associated urinary tract 

infections (CAUTIs), central line-associated bloodstream 

infections (CLABSIs), and ventilator-associated pneumonia 

(VAP). 

Proper sterilization and care of reused equipment are vital in 

preventing these infections. 

C. Role in Antimicrobial Resistance 

Good sterilization reduces the spread of harmful bacteria, 

including those that are resistant to many antibiotics. 

This lowers the need for antibiotics and helps fight 

antimicrobial resistance (AMR). Following sterilization rules 

is a big part of efforts to use antibiotics wisely. [15] 
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D. WHO Recommendations 

The World Health Organization (WHO) suggests 

standardized sterilization and infection control practices. 

These include proper cleaning of reusable medical devices, 

using proven sterilization methods, checking with physical, 

chemical, and biological indicators, training staff, and 

improving quality through ongoing programs. 

Following these recommendations greatly improves patient 

safety and helps prevent infections that happen in healthcare 

settings. 

XI. INTERNATIONAL GUIDELINES 

Global groups have created guidelines based on strong 

evidence to make sure sterilization is done properly, keep 

patients safe, and stop healthcare-associated infections 

(HAIs). [16] 

A. World Health Organization (WHO) 

Suggests that reusable medical tools should be cleaned, 

decontaminated, and sterilized properly. 

It also recommends regular checks, staff training, and 

following infection prevention and control (IPC) practices. 

[17] 

B. Centres for Disease Control and Prevention (CDC) 

Offers detailed advice on cleaning, disinfecting, sterilizing, 

storing, and checking medical tools. [18] 

It also emphasizes the Spaulding Classification and using 

proven methods to clean and reuse tools. 

C. Association for the Advancement of Medical 

Instrumentation (AAMI) 

Makes technical standards for sterilization methods, how well 

sterilizers work, quality checks, validation, and monitoring in 

hospitals. 

D. ISO 17665 

Sets international standards for developing, checking, and 

regularly controlling steam sterilization methods used for 

medical products. 

E. ISO 11135 

Provides rules for validating and checking ethylene oxide 

(ETO) sterilization, which is used for medical tools that can’t 

be sterilized with heat or moisture. 

F. U.S. Food and Drug Administration (FDA) 

Gives guidance on cleaning, labelling, checking, and safety 

for reusable medical tools. It also accepts international 

sterilization standards to make sure the tools work well and 

keep patients safe. [19] 

TABLE II. Comparison of international guidelines and 

standards relevant to sterilization 

Organization Scope & Role Key Guidelines / 

Standards Focus Areas 

WHO 
International 

public health 

agency 

Decontamination 

and Reprocessing 

of Medical 

Devices for 

Health-Care 

Facilities 

Global health centre 

frameworks, safe 

reprocessing 

infrastructure, and 

resource-limited 

settings. 

FDA 
U.S. national 

regulatory 

authority 

Premarket 

submission 

guidance, 

Recognized 

Consensus 

Standards 

database 

Regulatory 

compliance, 

premarket 

510(k)/PMA 

approvals, and 

oversight of 

industrial/healthcare 

sterilization. 

CDC 
U.S. public 

health guidance 

agency 

Guideline for 

Disinfection and 

Sterilization in 

Healthcare 

Facilities 

Clinical infection 

prevention, cleaning 

practices, and 

hospital central 

processing 

workflows. 

AAMI 
U.S. standards 

developing 

organization 

ANSI/AAMI 

ST58, 

ANSI/AAMI 

ST79, AAMI 

TIR12, TIR30 

Practical instructions 

for healthcare 

facilities, 

design/labelling for 

manufacturers, and 

technical reports. 

ISO 
International 

standardization 

body 

ISO 11135 (Eto), 

ISO 17665 

(Steam), ISO 

11137 

(Radiation), ISO 

13485 (QMS) 

Global 

harmonization, 

process validation, 

microbiological 

methods, and quality 

management systems 

XII. RECENT ADVANCES IN STERILIZATION 

(2021–2025) 

New technology has greatly improved the safety, efficiency, 

and tracking of sterilization in healthcare. 

• Vaporized Hydrogen Peroxide (VHP): VHP is now widely 

used because it quickly and safely sterilizes heat-sensitive 

medical tools at lower temperatures. [20] 

It works well against microbes, takes less time, and doesn’t 

leave harmful chemicals behind. 

• Low-Temperature Sterilization: New methods like 

hydrogen peroxide plasma and VHP systems are now 

preferred for sterilizing delicate items like endoscopes, 

surgical robots, and electronics. 

• Ozone Sterilization: Ozone is a clean, eco-friendly option 

that kills a wide range of microbes. 

It breaks down into oxygen, leaving no harmful by-products, 

making it a good choice for sensitive devices. 

• Supercritical Carbon Dioxide (scow₂) Sterilization: This 

new technology uses carbon dioxide under high pressure and 

heat to kill microbes. 

It protects sensitive materials and medical tools without 

damaging them. 

• Artificial Intelligence (AI): AI is now used to watch over 

sterilization cycles, predict when equipment might need 

fixing, improve workflow, catch problems early, and ensure 

quality in sterile areas. 

• Robotics: Robots help in tasks like handling, sorting, 

packing, and moving surgical tools. 

This reduces mistakes and makes the process faster in 

sterilization departments. 

• Radio-Frequency Identification (RFID) Tracking: RFID 

allows real-time tracking of surgical tools and sterilization 

trays. 

This improves tracking, inventory, and helps follow rules. 

• Internet of Things (IoT): Smart sterilizers and systems that 

use IoT provide live data about conditions like temperature, 

pressure, and time. 

This allows for monitoring from a distance and better control 

over sterilization. 
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• Digital Sterile Processing Departments (Digital SPDs): 

Combining digital records, barcode or RFID systems, 

automated workflows, and electronic quality checks has 

turned traditional sterilization areas into smart, data-driven 

units that work more efficiently and safer for patients. 

XIII. FUTURE PERSPECTIVES 

New developments in digital health, automation, and AI are 

expected to make sterilization more efficient, dependable, 

and focused on patient care. 

• AI-Assisted Sterilization: AI will help predict sterilization 

needs, spot equipment issues early, adjust settings, and do 

quality checks automatically, reducing mistakes and making 

processes more reliable. 

• Automated Sterile Processing Departments (SPDs): Future 

SPDs will use robots to clean, sort, package, sterilize, and 

manage inventory. 

This will make tasks faster, less error-prone, and better at 

fighting infections. 

• Smart Sterilizers: New sterilizers will have smart sensors, 

connect to the internet, and automatically check the process. 

They will keep track of important conditions like temperature 

and humidity, ensuring every cycle is done right. 

• Real-Time Monitoring: Using IoT, wireless sensors, and 

online platforms will allow continuous monitoring of 

sterilization, equipment, and when maintenance is needed. 

Quick alerts on problems will help fix issues fast. 

• Personalized Instrument Tracking: Using barcodes and 

RFID, each surgical tool can be tracked from cleaning, 

sterilizing, storing, to use. 

This helps with tracking, managing supplies, following 

regulations, and keeping patients safe.Overall, the future of 

medical sterilization will rely on AI, automation, smart 

systems, and digital tracking. 

These changes will make sterilization more efficient, lower 

the risk of infections, improve quality, and better patient care. 

XIV. DISCUSSION 

This review shows that sterilization is still a key part of 

preventing infections and keeping patients safe in modern 

healthcare. 

Research shows that proven sterilization methods, good 

quality control, and following global guidelines like those 

from WHO, CDC, AAMI, ISO, and FDA help reduce 

infections like hospital-acquired infections (HAIs), surgical 

site infections (SSIs), and device-related infections. Recent 

progress such as VHP, low-temp sterilization, AI, robotics, 

and digital systems has further made sterilization better, safer, 

and more trackable. 

Compared to older reviews, this one cover more by 

combining traditional methods with new advances (2021–

2025), international standards, and new tools for tracking and 

monitoring. 

It also focuses on how automation and smart tech are 

becoming more important in sterilization areas. 

The results have important healthcare impacts. 

Standardized sterilization procedures, regular checks using 

physical, chemical, and biological tools, and proper training 

for healthcare workers can help lower infection rates, lead to 

better patient results, cut down on drug resistance, and make 

sure healthcare follows the rules. 

Using modern low-temperature sterilization techniques is 

especially helpful for cleaning medical tools that are sensitive 

to heat or have complex designs. 

Even though there has been a lot of progress, there are still 

some areas that need more research. 

There's not much information on the long-term cost savings 

of new sterilization methods, how well AI can help with 

sterilization in everyday use, and whether digital systems for 

sterilizing can work well in places with limited resources. 

More studies across many hospitals are also needed to check 

how eco-friendly and effective newer sterilization methods 

are. 

Based on what's known, healthcare facilities should use 

proven sterilization steps, improve their quality control 

systems, choose better sterilization tools when possible, and 

keep educating and training the people who handle 

sterilization. 

Future research should look into testing smart sterilization 

systems, real-time tracking tools, and sustainable ways to 

sterilize to continue making healthcare safer and better. 

XV. CONCLUSION 

Sterilization is a key part of preventing infections and keeping 

patients safe in healthcare. 

This review shows that picking the right sterilization method, 

sticking to tested processes, doing regular quality checks, and 

following global standards are necessary to stop infections 

from healthcare settings and ensure medical tools can be 

safely reused. Newer technologies like low-temperature 

sterilization, vaporized hydrogen peroxide (VHP), artificial 

intelligence (AI), robotics, RFID tracking, and digital 

systems have greatly improved how well sterilization is done. 

From a medical standpoint, good sterilization helps lower 

infections at surgery sites, infections linked to devices, and 

the spread of hard-to-treat bacteria, which leads to better 

patient results and higher quality healthcare. 

Keeping staff trained, checking things regularly, and using 

consistent sterilization steps are important for infection 

control. 

Future improvements should focus on using AI in 

sterilization, smart sterilization machines, real-time 

monitoring tools, automated areas for sterilizing, and eco-

friendly sterilization techniques. 

More research is needed to understand the long-term benefits, 

costs, and environmental effects of these new tools to make 

sterilization even better in today's healthcare settings. 
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