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Medical devices are any instrument, 

apparatus, machine, implant, or other 

similar article intended for use in the 

diagnosis, treatment, or prevention of 

disease or other medical conditions. 

Medical devices can range from simple 

devices such as thermometers and blood 

pressure monitors to complex devices 

such as pacemakers, artificial joints, and 

diagnostic imaging equipment.

Medical devices are regulated by 

government agencies such as the U.S. 

Food and Drug Administration (FDA) 

in the United States and the European 

Medicines Agency (EMA) in Europe to 

ensure that they are safe and effective 

for their intended use. The regulatory 

process involves rigorous testing and 

evaluation to ensure that the devices 

meet specific performance standards 

and do not pose a risk to patients.

Overview
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Medical Device
Classes

The FDA classifies medical devices into 
three classes based on their level of 
risk: Class I, Class II, and Class III. Class 
I devices are low-risk devices such as 
tongue depressors and bandages, while 
Class III devices are high-risk devices such 
as implantable pacemakers and artificial 
hearts.

In Europe, medical devices are regulated 
by the European Medicines Agency (EMA) 
under the Medical Device Regulation 
(MDR). The MDR also classifies medical 
devices into classes based on their level of 
risk: Class I, Class IIa, Class IIb, and Class III.

In the MDR, Class IIa medical devices 
are those that are considered to have a 
moderate risk to patients, while Class IIb 
medical devices have a higher level of risk. 
The classification is based on a variety 
of factors, including the duration of use, 
invasiveness, and the nature of the medical 
condition being treated.

Examples of Class IIa medical devices 
include contact lenses, ultrasound imaging 
systems, and hearing aids, while Class IIb 
devices include, surgical lasers and infusion 
pumps.

MDR Class III Medical Devices:
These are high-risk medical devices that are 
intended to sustain or support life, or are 
implanted in the body. Examples of Class III 
devices include heart valves, pacemakers, 
and implantable infusion pumps. Class III 
devices require premarket approval by the 
FDA, which involves demonstrating safety 
and effectiveness through clinical studies 
and other evidence.

Class III medical devices are those that 
are invasive and are used for a long-term 
period, such as implantable devices that are 
intended to remain in the body for more 
than 30 days. Examples of Class III devices 
include implantable cardiac pacemakers, 
artificial heart valves, and implantable 
neurostimulators.

In contrast, Class IIb medical devices are 
typically non-invasive or minimally invasive, 
such as infusion pumps or ultrasound 
equipment, and are designed to be used 
for a shorter duration than Class III devices. 
They still pose a significant level of risk 
to patients and require a higher level of 
regulatory scrutiny than Class IIa devices.
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Class I
These types as low-risk devices. For example, bandages, band aids, wheelchairs, surgical tools and other types such as 
oxygen masks, hospital beds, tongue depressors.

Examples of Class I medical devices.

Class 2
These include, for example, absorbable sutures, blood transfusion kits, catheters, CT (computed tomography) scanners, 
blood pressure cuffs, pregnancy test kits, and infusion pumps for intravenous drugs. They are intermediate-risk devices.

Examples of Class 2 medical devices.

Class 3
Heart pacemakers, defibrillators, cochlear implants, breast implants, high-frequency ventilators, and implanted 
prosthetics are some examples of Class III devices. They are high risk as they are implanted into the human body or 
perform critical lifesaving functions.

Examples of Class 3 medical devices.
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Medical Device
Manufacturing

Medical devices are complex and intricate instruments that require a high degree of precision and 
quality control in their manufacturing process. The manufacture of medical devices involves a series 
of steps, starting from the design and development phase to final inspection and packaging. In this 
article, we will provide an overview of the manufacturing process for medical devices.

General overview of the manufacturing process
Design & Development The design and development phase is the first step in the manufacture of medical devices. 

During this phase, engineers and designers work closely to develop the product concept, 
create 3D models and prototypes, and refine the design until it meets the desired 
specifications. This process may involve extensive testing and simulation to ensure that the 
product meets safety and regulatory requirements.

Material Selection Once the design has been finalized, the next step is material selection. Medical devices are 
made from a wide range of materials, including metals, plastics, ceramics, and composites. 
The choice of material depends on factors such as the device’s intended use, cost, and 
regulatory requirements. The manufacturer must ensure that the selected materials are 
safe, biocompatible, and meet the necessary performance specifications.

Manufacturing The manufacturing process for medical devices can vary depending on the type of device 
being produced. Generally, the manufacturing process includes the following steps:

Fabrication The fabrication process involves the shaping and forming of the device components using 
various techniques such as machining, molding, casting, or extrusion.

Assembly Once the individual components have been fabricated, they are assembled using various 
techniques such as welding, bonding, or fastening. The assembly process may be manual or 
automated, depending on the device’s complexity.

Testing & Quality Testing and quality control are critical steps in the manufacturing process. The 
manufacturer must conduct a series of tests to ensure that the device meets the required 
specifications and regulatory requirements. These tests may include mechanical, electrical, 
and biocompatibility testing.

Sterilization Many medical devices require sterilization before they can be used. The manufacturer may 
use various sterilization techniques such as gamma radiation, ethylene oxide, or steam 
sterilization, depending on the device’s material and intended use.

Final Inspection After the device has been manufactured and sterilized, it undergoes final inspection to 
ensure that it meets the quality standards and specifications. The device is then packaged 
and labeled, ready for distribution.
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Particle Monitoring 
in a Medical Device Cleanroom

Unlike some sterile injectable 
pharmaceutical products where terminal 
sterilization cannot be performed 
(as the process would change the 
properties of the medication and 
render it unusable) the majority of Class 
III medical devices undergo terminal 
sterilization. These techniques remove 
viable contamination from the product. 
However there are still potential hazards 
that still require rigorous monitoring.

Cleanroom Monitoring:
For Class III device manufacturing the 
general assembly environment needs 
monitoring. As well as meeting ISO 14644-1 
and 2 requirements a real time monitoring 
system is best used to monitor these types 
of cleanrooms. Regular air sampling is 
also needed. A Risk Assessment would 
be a good way to decide any other critical 
areas that need to be directly monitored.

Portable Instruments for particle 
counter viable particles can also be used 
but they would require more manual 
activity compared to the automated 
real time monitoring system.

Real Time Monitoring Systems
Consist of multiple environmental sensors 
connected in zones within the cleanroom 
deemed to be critical or locations where 
meaningful data can be recorded. As 
mentioned previously a formal Risk 
Assessment is the best starting point 
to understand where the sensors are 
actually required. The viable and non 

viable monitoring points are of high 
importance and secondary TRH sensors 
should be placed in places where they 
are not influenced by local laboratory or 
manufacturing equipment rather than to 
get an average TRH reading of the room. 
For pressure sensors since room pressure 
is uniform they can be placed on ceiling or 
walls using sample ports or the sensors can 
be directly wall mounted if a local pressure 
visualization is required to enter the room.

The main objective of these systems is to 
ensure that the environmental conditions 
are within design specifications for the 
processes that are conducted in these 
rooms or locations or separative devices.

FDA requires this data to be recorded 
and validated and product batch 
releases depend on this data.

Example of Real Time Monitoring Systems. LWS provides a total 
solution from one supplier.
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Medical Device 
Product Monitoring

Certain implantable devices are required 
to be rinsed using sterile water to clean 
the parts and then batch samples are 
taken of the rinsed liquid to test for 
particulates. Regulatory standards are 
followed based on acceptable allowable 
particulates per ml. The reason behind 
this is that some products such as Class 
II devices like needles, catheters and any 
devices that puncture the skin and body 
need to be checked for large particles. 
These particles can cause illness or can be 
even fatal in certain circumstances. Liquid 
particle counters are used to sample for the 
presence of particulates on such products.

Liquid Particle Counters 
(LPCs) are used to monitor 
the cleanliness of medical 
device products after parts 
rinsing. LPCs are specialized 
instruments that are capable 

of measuring the size and number of 
particles in liquids, such as the rinse water 
used in medical device manufacturing.

After the parts have been rinsed and 
dried, a sample of the rinse water may 
be collected and analyzed using an 
LPC. The LPC measures the number 
and size distribution of particles present 
in the sample, providing information 
on the cleanliness of the parts and the 
effectiveness of the rinsing process.

LPCs are often used in cleanroom 

environments where the presence of 
even small particles can pose a risk 
to patient safety. By monitoring the 
cleanliness of medical device products 
using LPCs, manufacturers can ensure 
that their products meet the necessary 
quality and safety standards before 
they are shipped to customers.

It is important to note that LPCs are just 
one tool that can be used to monitor the 
cleanliness of medical device products after 
parts rinsing. Other methods may include 
visual inspection, microbial testing, or other 
analytical techniques, depending on the 
type of device being manufactured and 
the specific quality control requirements.

Implatable knee joints
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Here is an example of an SOP for parts rinsing and testing using a Liquid Particle Counter:

Purpose The purpose of this SOP is to outline the procedure for rinsing and testing medical 
device parts using a Liquid Particle Counter (LPC) to ensure that they are clean and 
free from contaminants.

Scope This SOP applies to all medical device parts that require rinsing and testing using 
an LPC.

Equipment & Material LPC, Rinse solution (e.g. deionized water), Parts to be tested. 

Procedure
Pre-Cleaning Before parts can be rinsed, they should be pre-cleaned to remove any visible 

debris or contaminants. This may involve using solvents, detergents, or mechanical 
cleaning methods.

Rinsing The parts are then rinsed with a suitable rinse solution to remove any remaining 
debris or contaminants. Rinse solution should be deionized water or a specific 
cleaning solution, depending on the type of device being manufactured.

Rinse Water Collection After rinsing, a sample of the rinse water should be collected for testing using the 
LPC. The sample should be taken from the rinse water that has passed through the 
parts to be tested.

LPC Calibration Prior to use, the LPC should be calibrated according to the manufacturer’s 
instructions to ensure accurate measurement of particle size and count.

LPC Testing The sample of rinse water should be analyzed using the LPC. The LPC should be 
operated according to the manufacturer’s instructions, and particle count and size 
distribution data should be recorded.

Result Analysis The particle count and size distribution data obtained from the LPC should be 
analyzed to determine the cleanliness of the parts being tested. Acceptable 
particle count and size distribution limits should be established based on product-
specific requirements and industry standards.

Record Keeping All test results should be recorded and kept on file for reference. The results should 
include information such as the date and time of the test, the LPC calibration data, 
the particle count and size distribution data, and any notes or observations.

Results Evaluation The results of the LPC testing should be evaluated to determine whether the parts 
being tested meet the necessary quality and safety requirements. If the results 
are outside of acceptable limits, corrective action should be taken to improve the 
rinsing process or other aspects of the manufacturing process as necessary.

Conclusion This SOP provides a standardized procedure for parts rinsing and testing using an 
LPC. By following this procedure, medical device manufacturers can ensure that 
their products are clean and free from contaminants, meeting the necessary quality 
and safety requirements.
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Standards 
for Medical Devices

Medical device manufacturing is subject to various international standards and regulations to ensure the safety and 
efficacy of medical devices. Here are some of the key standards used in medical device manufacturing:

ISO 13485 This standard specifies requirements for a quality management system for medical 
device manufacturers. It covers all aspects of the manufacturing process, from design 
and development to production, installation, and servicing.

FDA Regulations In the United States, the Food and Drug Administration (FDA) regulates medical devices 
under the Federal Food, Drug, and Cosmetic Act. Medical devices must meet certain 
requirements for safety and effectiveness before they can be marketed in the U.S.

EU MDR The European Union’s Medical Device Regulation (MDR) requires manufacturers to 
meet specific requirements for safety and performance before they can sell medical 
devices in the EU.

IEC 60601 This standard outlines general safety requirements for medical electrical equipment. It 
covers areas such as electrical insulation, electromagnetic compatibility, and protection 
against electric shock.

ASTM Standards The American Society for Testing and Materials (ASTM) has developed a range of 
standards related to medical devices, covering areas such as materials, testing, and 
performance.

ASTM E2224 This standard outlines a procedure for evaluating the effectiveness of cleaning agents 
used in medical device manufacturing.

GMP  
(Good Manufacturing Practices)

This refers to the regulatory requirements for ensuring that products are consistently 
produced and controlled according to quality standards.

USP <788> This is a general chapter in the United States Pharmacopeia that provides guidelines for 
particulate matter in injections and other pharmaceuticals.

FDA QSR The FDA’s Quality System Regulation requires medical device manufacturers to 
establish and maintain procedures for cleaning and sterilizing devices, including 
procedures for parts cleaning and rinsing.

AAMI TIR12 This technical information report from the Association for the Advancement of Medical 
Instrumentation provides guidance on the use of ultrasonic cleaners in medical device 
manufacturing.

These standards and regulations are designed to 
ensure that medical devices are safe, effective, 
and reliable for use by healthcare providers and 
patients. While particle counting is not specifically 
required by ISO 13485, it is a common practice in the 
industry and may be used as part of a broader quality 
management system to ensure that medical devices 
are produced in a clean and sterile environment.

Validation of Cleaning Procedures: The cleaning and 
disinfection procedures used in aseptic manufacturing 
must be validated to ensure that they are effective 
at removing dirt and killing microorganisms. This 
involves testing the effectiveness of the cleaning 

and disinfection agents and procedures.

Validation of Sterilization Procedures: The 
sterilization procedures used to sterilize 
equipment must be validated to ensure that 
they are effective at killing microorganisms. This 
involves testing the equipment after sterilization 
to ensure that it is free from  contamination.

Validation of Personnel Procedures: Personnel 
involved in aseptic manufacturing must follow 
strict hygiene procedures to minimize the risk 
of contamination. These procedures must be 
validated to ensure that they are effective.
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The manufacturing process for 
pharmaceutical injectable aseptic 
injections is complex and requires careful 
control and monitoring at every step. The 
process must be designed to ensure that 
the final product is sterile and free from 
contamination. Quality control testing is 
critical to ensure that the final product 
meets all regulatory requirements and is 
safe for patients to use.

Particle monitoring involves the use of 
specialized equipment, such as particle 
counters and microbial air samplers, 
to measure the number and size of 
particles in the air and on surfaces in 
the manufacturing environment. These 
measurements can be used to identify 
any potential sources of contamination 
and to take corrective actions to prevent 
contamination from occurring in the future.
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