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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This documentis intended to present the general principles on which the specific material investigations
to identify and quantify degradation products described in ISO 10993-13 (polymers), ISO 10993-14
(ceramics) and ISO 10993-15 (metals and alloys) are based.

Information obtained from these studies is intended to be used in the biological evaluations described
in the remaining parts of ISO 10993.

The materials used to construct medical devices can form degradation products when exposed to the
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OgICal environment, and In the body tnese proaucts mignt benave difrerently to tne bulk

hanical degradation can lead to the release of free ions or to different kinds of reaction j
form of organic or inorganic compounds.

degradation products can be either reactive or stable and without biochémical reaction

e physical effects on the surrounding tissues. Degradation products might remain at t
heir generation or might be transported within the biological environment by various me

level of biological tolerability of degradation products depends’on their nature and con|
should be primarily assessed through clinical experien¢eyand focused studies. For th
5ible, new and/or unknown degradation products, relevant'testing is necessary. For wel
clinically accepted degradation products, further investigation might not be necessary.

5 document can be applied to the degradation of materials used in any kind of produc
hin the definition of “medical device” in-1SO 10993-1, even if such products are subject {
1lations from those applying to medical devices, e.g. the scaffold in a tissue engineer
duct, or a carrier matrix to deliver:drugs or biologics.

material.

hanical wear, which is not in scope of this document, causes mostly particulate debris, whereas non-

broducts in

with their

ironment. Accumulations of substantial quantities of stable degradation products carg, however,

he location
chanisms.

centration,
eoretically
-described

e that the safety and efficacy of a medical device can be compromised as a result of any @inintended
remature degradation, which should be considered in the risk management of the devicq.
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Scope

5 document provides general principles for the systematic evaluation of the potéential an
radation of medical devices through the design and performance of in vitpe-degradati

1 observed
bn studies.

rmation obtained from these studies can be used in the biological evaluation described in the

10993 series.

5 document is applicable to both materials designed to degrade in.thie body as well as ma
not intended to degrade.

5 document is not applicable to:

the evaluation of degradation which occurs by purely:mechanical processes; methodolo
production of this type of degradation product are ‘described in specific product standa
available;

NOTE Purely mechanical degradation causesimostly particulate matter. Although this is ex
the scope of this document, such degradationptroducts can evoke a biological response and ¢
biological evaluation as described in other parts of ISO 10993.

leachable components which are not'degradation products;

medical devices or components'that do not contact the patient's body directly or indireg

Normative references

following documents’are referred to in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3
ated referencés,the latest edition of the referenced document (including any amendmen

10993-1~Biological evaluation of medical devices — Part 1: Evaluation and testing w
agement.process

10993-2, Biological evaluation of medical devices — Part 2: Animal welfare requirements

kerials that

bies for the
rds, where

cluded from
an undergo

Pir content
pplies. For
[s) applies.

thin a risk

ISO 10993-13, Biological evaluation of medical devices — Part 13: Identification and quantification of
degradation products from polymeric medical devices

[SO 10993-14, Biological evaluation of medical devices — Part 14: Identification and quantification of
degradation products from ceramics

[SO 10993-15, Biological evaluation of medical devices — Part 15: Identification and quantification of
degradation products from metals and alloys

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 10993-1 and the following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31

degradation
decomposition of a material

3.2

absorb
action of g

non-endogenous (foreign) material or substance passing through or being assimilatec

cells and/gr tissue over time

3.3
leachable
substancegq

3.4
corrosion
attack on 1l

Note 1 to e
this documg

3.5
substance
single chen

3.6
componern

that can be released from a medical device or material during clinical use

hetallic materials by chemical or electrochemical reactions

try: The term is sometimes used in a general sense for the deteriération of other materials but
nt reserved for metallic materials.

hical element or compound, or a complex structure of compounds

t

one of the dlifferent parts of which a device is composed

3.7
degradati
particle or

3.8
service en
anatomica

bn product
chemical compound that is.derived from the chemical breakdown of the original materig

vironment
location for thel'ibtended use of the device including surrounding fluids, tissues

biomolecules

4 Pringiples fer)design of degradation studies

4.1 Gen

bral

| by

sin

and

The approach to the assessment of degradation varies with the nature of the material under investigation,
the medical device and the anatomical location of the specific device. The in vitro degradation models
chosen for evaluation shall be representative of these factors. The studies to be conducted do not

requireab

iological environment, but one that simulates the conditions of the intended clinical use.

Experience has shown that some in vitro models do not reflect all aspects of the service environment
(e.g. mechanical processes) that can influence the degradation process. All such factors should be taken
into account when modelling the service environment in vitro.

Experience has also shown that material property changes during degradation can result in different
biological responses. The user is urged to be aware of those property changes and apply the relevant
materials-specific standards (e.g. crystallization of polymers).

© ISO 2019 - All rights reserved
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Materials-specific or product-specific degradation standards that address identification and
quantification of degradation products should be considered in the design of degradation studies.
[SO 10993-13 (for polymers), ISO 10993-14 (for ceramics) or ISO 10993-15 (for metals and alloys) shall
apply if no suitable material-specific standard exists. Devices composed of two or more material types
should consider all relevant degradation standards.

IS0 10993-13, ISO 10993-14 and ISO 10993-15 consider only those degradation products generated by a
chemical alteration of the finished device. They are not applicable to degradation of the device induced
during its intended use by mechanical stress, wear or electromagnetic radiation. For such degradation

other methods should be considered.

4.2

Car
tot
che
for,

It ig
Anij
for

clinlical experience. Guidance on proper reviewing of the literatute can be found in ISO 10993

ass

Gui
ISO
cha

Preliminary considerations

eful consideration of the potential for intended or unintended degradation of a material

s essential

he evaluation of the biological safety of a device. Part of this consideration is an’assessient of the

mical characteristics and known degradation mechanisms, followed by ancassessment
and design of, experimental degradation studies.

neither necessary nor practical to conduct degradation studies forall medical devicg
ex A to determine when degradation studies should be considered. The assessment
experimental degradation studies shall include a review of the literature and/or d

essment can potentially result in the conclusion that no further testing is needed.

lance on the biological evaluation of leachables including degradation products i
10993-1, ISO 10993-16 and ISO 10993-17. See ISO 10993-18 for guidance on th
Facterization of materials and their leachables used in medical devices. See ISO/TS 1(

gui

Consideration of these standards prior to .coniducting degradation studies can prove
disfinguishing degradation products from other leachables.

NOTE
combine a study on degradation products.with a study on other leachable components. Distinguish

deg
stud
med
but

4.3
Ad

to address theissues identified in 4.1. The approved study plan shall define the analytical 1

ance on the physico-chemical, morphological "and topographical characterization of

Despite the difference between degradation products and other leachables, it can be
fadation products and other types of leachables might not be necessary for further biologica
ies. However, when a reduction of the level of leachable components is deemed necessary as a

sure, this information is impdrtant. Additionally, some degradation products cannot leach fror
Can still impact the properties’of the device.

Study design

boradation study plan complete with the purpose of the study shall be designed and d

bf the need

s. Refer to
f the need
bcumented
-1. Such an

5 given in
b chemical
993-19 for
materials.
helpful in

possible to
ng between

evaluation
risk control
h the device

bcumented
hethods by

which the follawing characteristics of degradation products are to be investigated:
a) |chemical properties;

b) lph{sicochemical praperties;

c) physical morphology (as applicable).

The approved study plan shall also describe the methods used to generate degradation products. The
methods for generating degradation products should be optimized and scientifically justified. The
degradation products should be identified and quantified using methods described in ISO 10993-18.
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The approved study plan for multi-component devices shall take into account each individual
component/material and shall consider synergistic effects on the degradation of the different

components as well as the possibility of secondary reactions between/among the degradation produ

NOTE

cts.

Degradation can in most cases be modelled by in vitro tests. During degradation pH needs to be

controlled to a clinically relevant range, especially if pH can affect degradation product composition. The user

needs to be aware that both the degradation rate and amount of generated by-products can be affected if p
different from that expected for the service environment.

4.4 Characterization of degradation products from medical devices

The degraglation products produced in the study can be particulate or soluble compounds oryi
Appropriafe analytical methods to characterize these products shall be used and reported:in
study repdrt. These methods shall be adequately qualified for their intended purpose. Ifj parti
are generated, they shall be characterized with regard to size, shape, surface area and other reley

characteris

Because th
(approxim
composed
considerat

If biological
the degrad

Considerat
a)
b)
c)

d) testm

identif]
identif]

identif]

The extent]
processes
material; s

5 Study
The study

a)
b)

descri]

descri]
how tH

tics.

e physical and chemical properties of particulate materials can change at the nanos
itely 1 nm to 100 nm), this can affect their toxicological properties. Forthose medical dev

on of the impact on the risk assessment of nanoscale products.

| evaluation of the degradation products is required, then caré shall be taken in the desig
ption study in order to ensure that it does not interfere with/the biological assay.

ions for the degradation study are provided in Annex.B."The protocol shall include
ication and characterization of device and/or maferial and intended use,

ication and characterization of possible mechanism of degradation,

ication and characterization of known, pyobable and potential degradation products, ang
bthodologies.

and rate of release of degradation products depends on variables such as manufactu
that alter surface composition and structures; migration to the surface from within
blubility in, and chemical composition of, the physiological milieu; etc.

report

eport shall include the following information, where relevant:

btion of proposed degradation mechanism(s) (e.g., hydrolytic, enzymatic, oxidative, etc.),

btion of maaterial(s) or device (see B.2), including intended use and nature of body contact;

His

DIS.

the

Icles
rant

Cale
ices
bf or containing nanoscale materials, the user is referred to ISO/TR-10993-22 for a thorough

n of

!

[ing
the

)

And

eldegradation study is appropriately designed to assess the proposed mechanism(s);

<)

description of the degradation study procedures (e.g. test article, sample size, degradation media,

ratio of test article vs. degradation media, study conditions, experimental steps and parameters,

sampli

d)

ng strategy, monitoring and observation, etc.);

description of analytical methods, including quantification limits and controls;

systems for test laboratories (e.g. ISO/IEC 17025);

f)

products, their stability and controls used);

g)

summary of results;

statement of compliance to appropriate good laboratory practices and/or to quality management

identification and quantification of degradation products (e.g. form and condition of degradation
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h) interpretation and discussion of results.

© IS0 2019 - All rights reserved 5
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Annex A
(normative)

Consideration of the need for degradation studies

Degradation studies shall be considered if:

a) the deyice is designed to be absorbed by the body or
b) the deyice is intended to be implanted for longer than thirty days or

¢) an infprmed consideration of the material(s) system indicates that toxic degradation prodficts
could be released during body contact.

However, degradation studies might not be needed if sufficient material formulationyand manufacturing
process information are available and degradation data relevant to degradation products in [the
intended upe already exist.

NOTE Relevant degradation data can include information on degradatien mechanism, degradation fate,
identificatign and quantity of degradation products, and particle shape/siz€ and distribution.

The need fpr in vivo studies shall be considered in light of resultsfrom in vitro studies.

Where appropriate, in vitro experiments shall be considered for investigating theoretically posdible
degradation processes. In vivo studies shall take into consideration ISO 10993-2. In vivo and in itro
studies shall also be considered for determining the prebability of occurrence of degradation and|the
identification of probable degradation products and the'degradation rate.

The flowcHart in Figure A.1 illustrates the logic applicable to these considerations. For polymers that
are intend¢d to hydrolytically degrade, e.g. polylactide, the user is referred to ISO 13781.

6 © IS0 2019 - All rights reserved
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Is material a
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No

Is material
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Is material a
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IS0 10993-13
applicable?

Is
1SO 10993-14

applicable?
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IS0 10993-15
applicable?

Yes

Complete degredation
assessments byapplyin;
ISO 10998 standards
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Complete degradation
assessments following|
appropriate standards or prpvide
a scientific rationale for protocols

Figure A.1 — Flowchart illustrating consideration of the need for degradation styidies
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Annex B
(informative)

Degradation study considerations

B.1 General

This anne)];ontains aspects that need to be considered in the evaluation of possible degradation:

Appropriafe practical studies should be considered in the case where essential informatioh is mis
on the deg

B.2 Des

The follow

fadation of devices or materials and the biological effects of potential degradation produ

cription of medical device and/or material

ng should be considered when describing the device or material under study:

a) name ¢f medical device and/or material;

b) functiIn of medical device;

c) intendpd use;

d) intendpd biological environment;

e) composition of the material;

f) conditjoning of the material (e.g. processing, sterilization);

g) surfacg condition;

h) dimengions;

i) construction of device or material'under study (e.g. single component, single component to be U
with ofthers and the nature-ef.their interaction, or multicomponent device — assessment car
out forjeach component niaterial);

j) contadt duration;

k) shelflife;

NOTE or some products storage can impact degradation, and therefore degradation studies to sup

labelled shelf life.can be important.

D)

bing
Cts.

sed
ried

bort

other relevant characterizations.

B.3 Assessment of potential and known degradation products

B.3.1 General

Degradation of material can occur within the bulk, or majority, of the material. Degradation can also
occur at the surface of the material. Both bulk and surface degradation can occur at the same time and
can influence one another.
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