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Donor Organ Shortage in the US—There is a chronic shortage of donor organs. The number of patients waitlisted for kidney and liver 
transplants is significantly higher than the number of donor organs available. Note–The data and analyses reported in the 2011 Annual 
Data Report of the Organ Procurement and Transplantation Network and the US Scientific Registry of Transplant Recipients have been 
supplied by the Minneapolis Medical Research Foundation and UNOS under contract with HHS/HRSA. The authors alone are responsible 
for reporting and interpreting these data; the views expressed herein are those of the authors and not necessarily those of the US 
Government. 2
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Medicine and Technology in Healthcare Services

Biomedical technologies are in general medical equipment used to diagnose and treat various diseases, 
ranging from simple devices to complex systems. 

Medical devices are defined as articles that are intended to be used for medical purposes.

As internationally agreed, the biomedical instrumentation can be classified according to its use, i.e. the 
purpose it is used for. Thus we have:

diagnostic devices therapeutic devices rehabilitation devices
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CHALLENGES IN MEDICAL DEVICE INDUSTRY

INNOVATION
improving the quality of treatment

Reasonable Costs

Personalized Treatments

regenerative medical devices 
(scaffolds) and drug-eluting medical 

devices

understanding of biological processes,
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INTENDED USE OF MEDICAL DEVICE
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QUALITY CONTROL REQUIREMENTS
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   Examples

ISO 13485 (QMS)

EN 980 (Labelling)

EN 10993 (Biological compatibility)

EN 11607 (Packaging)

EN 14155 (Clinical Evaluation)

ISO 14971 (Risk management)

EN 60601 (Medical electrical equipment)

EU Harmonized Standards
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For the European market, medical devices are governed by a regulatory framework of three directives:

• 93/42/EEC: Medical Devices Directive (MDD)
• 90/385/EEC: Active Implantable Medical Device Directive (AIMDD)
• 98/79/EC: In vitro diagnostic medical devices (IVDMD)

According to them, a medical device is defined as “any instrument, apparatus, appliance, software, 
material or other article, whether used alone or in combination, including the software intended by its 
manufacturer to be used specifically for diagnostic and/or therapeutic purposes and necessary for its 
proper application, intended by the manufacturer to be used for human beings for the purpose of:

• diagnosis, prevention, monitoring, treatment or alleviation of disease,
• diagnosis, monitoring, treatment, alleviation of or compensation for an injury or handicap,
• investigation, replacement or modification of the anatomy or of a physiological process,
• control of conception,

and which does not achieve its principal intended action in or on the human body by pharmacological, 
immunological or metabolic means, but which may be assisted in its function by such means.”

BIOMEDICAL DEVICE
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According to the EU, the classification of medical devices is based on the potential risks associated with the 
devices. This approach allows the use of a set of criteria that can be combined in various ways and be applied 
to a vast range of different medical devices and technologies. The classification depends on a series of factors 
including

• duration: how long the device is intended to be in continuous use,
• invasiveness: whether or not the device is invasive or surgically invasive,
• type: whether the device is implantable or active,
• function: whether or not the device contains a substance, which in its own right is considered to be a 
medicinal substance and has action ancillary to that of the device,

CLASSIFICATION OF BIOMEDICAL DEVICE
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CLASSIFICATION OF BIOMEDICAL DEVICE

• Class I: low-risk medical devices,
• Class IIa: low-to-medium risk medical devices,
• Class IIb: medium-to-high-risk medical devices,
• Class III: high-risk medical devices.

According to “Classification rules”, they are divided as follows:

• Rules 1–4: for noninvasive devices,
• Rules 5–8: for invasive devices,
• Rules 9–12: for active devices,
• Rules 13–18: special rules for products that merit a higher classification than they might otherwise be 
assigned.

The devices are divided into four classes, ranging 
from low risk to high risk:

Less than 30 days Longer than 30 days
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Medical devices shall be categorized according to the nature of body contact.

Categorization of medical devices

Non-contacting medical devices Surface-contacting medical devices

a) Skin: Medical devices that contact intact skin 
surfaces only.
b) Mucosal membranes: Medical devices that contact 
intact mucosal membranes.
prostheses and orthodontic devices.
c) Breached or compromised surfaces: Medical 
devices that contact breached or otherwise 
compromised body surfaces.

These include medical devices (or components) 
that have neither direct nor indirect contact with 
the body and where biocompatibility 
information would not be necessary. 
Diagnostic software, an in vitro diagnostic device 
and a blood-collection tube are examples of non 
contact devices.
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Externally communicating medical devices Implant medical devices

Categorization of medical devices
Medical devices shall be categorized according to the nature of body contact.

a) Blood path, indirect: Medical devices or components 
that do not necessarily contact the blood path directly 
but serve as conduits to deliver fluids into the vascular 
system.
b) Tissue/bone/dentin: 
• Medical devices that contact tissue, bone or 

pulp/dentin systems.
• Medical devices or components that do not 

necessarily directly contact tissue or bone but serve 
as conduits to delivery fluids to the tissue or bone.

c) Circulating blood: Medical devices that contact 
circulating blood.

a) Tissue/bone: 
• Medical devices principally contacting bone.
• Medical devices principally contacting tissue and 

tissue fluid.
b) Blood: Medical devices principally contacting 
circulating blood in the cardiovascular system.
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Categorization of medical devices
Medical devices shall be categorized according to the duration of body contact.

5.3.1 Contact duration categories
a) Limited exposure (A) – medical devices whose cumulative sum of single, multiple or repeated duration of contact is 
up to 24 h.
b) Prolonged exposure (B) – medical devices whose cumulative sum of single, multiple or repeated contact time is 
likely to exceed 24 h but not exceed 30 d.
c) Long-term exposure (C) – medical devices whose cumulative sum of single, multiple or repeated contact time 
exceeds 30 d.
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CLASSIFICATION OF BIOMEDICAL DEVICE: EXAMPLES
As an example, a manufacturer willing to classify a silicone tracheal stent must consider the rules associated with an 
invasive medical device (Rules 5–8):

• Class I: low-risk medical devices,
• Class IIa: low-to-medium risk medical devices,
• Class IIb: medium-to-high-risk medical devices,

• Class III: high-risk medical devices.
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• Duration: the silicone stent will be 
placed inside the trachea for more than 
30 day; therefore, the device is for long-
term use (RULE ???).

• Invasiveness: the stent will be totally 
introduced inside the orifice of the 
trachea using a bronchoscope and 
anesthesia (surgical operation); 
therefore, the device is considered an 
implantable device (RULE ???).

CLASSIFICATION OF BIOMEDICAL DEVICE: EXAMPLES

• Class I: low-risk medical devices,
• Class IIa: low-to-medium risk medical devices,
• Class IIb: medium-to-high-risk medical devices,

• Class III: high-risk medical devices.
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Based on clinical experience, there are several biological, mechanical, chemical, and physical requirements for 
biomaterials that should be targeted to develop more efficient and adequate medical devices including foreign body 
reaction (due to wear fibrils), stress shielding, biocompatibility, bioactivity, inductive properties, etc. A description of the 
major requirements is listed here:

• Safety: it is the most important requirement for medical devices. They must be safe and not show any toxicity. 
Therefore, corrosion-resistant materials should be used.
• Durability: there is a need to improve the durability of materials and wear resistance in order to increase product life 
and reduce medical interventions due to replacement or fatigue problems.
• Mechanical Compatibility: this is a key characteristic for multiple purposes such as to avoid stress shielding.
• Biodegradability: in order to increase biocompatibility, reduce immune reactions, and avoid retrieval, there is a need to 
develop biodegradable materials.
• Biofunction: to improve the performance of several medical devices, there is a need to promote tissue formation (e.g., 
fixation of devices in bone), to promote adhesion of soft tissue (e.g., fixation of soft tissue), to prevent thrombus (e.g., 
inhibition of platelet adhesion), to avoid infections (e.g., inhibition of biofilm formation), to reduce magnetic susceptibility 
(e.g., avoid artifacts in MRI), etc.

Finally, a major concern in the medical device field is infection. Bacteria often colonize the surface of medical devices 
developing a biofilm that compromises not only the functionality and performance of the device but also the patient’s 
health. For these cases, removal of the infected device is frequently the only option.

BIOMEDICAL DEVICE REQUIREMENTS
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“Waterfall” Design Process
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Design Verification – Evidence that 
the manufacturer made the product 

right

Design Validation – Evidence that the 
manufacturer made the right 

product

Verification and Validation
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RISK MANAGEMENT PROCEDURES
Risk management procedures for medical devices are enforced under 
internationally accepted compliance standard ISO 149711:2007 Medical Devices – 
“Application of Risk Management to Medical Devices”. Apart from this, risk 
management policies need to be incorporated across all the stages of medical 
device design and development and should be also associated with design control 
aspects as well.

WHAT IS THE DEFINITION OF RISK?

Free from Risk Freedom from Unacceptable Risk
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RISK MANAGEMENT PROCEDURES

It is a process of identifying, 
controlling and preventing the 

failure that may cause hazards to 
users. 

There are certain hazards that must 
be evaluated:
•Raw materials and wastes: toxicity, 
flammability, and reactivity of 
material
•Environmental factors: sensitivity 
to temperature and humidity and 
more
•Mechanical or electronic hazards
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RISK MANAGEMENT PROCEDURE AND PLAN
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RISK ANALYSIS AND RISK EVALUATION
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RISK ACCORDING TO ISO 14971
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RISK ACCORDING TO ISO 14971
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RISK CONTROL
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RISK MANAGEMENT
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RISK MANAGEMENT FILE
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BIOMEDICAL DEVICE: EXAMPLES
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BIOMEDICAL DEVICE: EXAMPLES
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COMPONENT AUTHORITIES
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