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European foreword

This document (EN ISO 10993-15:2023) has been prepared by Technical Committee ISO/TC 194
"Biological and clinical evaluation of medical devices" in collaboration with Technical Committee
CEN/TC 206 “Biological and clinical evaluation of medical devices” the secretariat of which is held by
DIN.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by November 2023, and conflicting national standards
shall be withdrawn at the latest by November 2023.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN ISO 10993-15:2009.

This document has been prepared under a Standardization Request given to CEN by the European
Commission and the European Free Trade Association, and supports essential requirements of EU
Directive(s) / Regulation(s).

For the relationship with EU Directive(s) / Regulation(s), see informative Annex ZA, which is an integral
part of this document.

Any feedback and questions on this document should be directed to the users’ national standards
body/national committee. A complete listing of these bodies can be found on the CEN website.

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of
North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Tiirkiye and the
United Kingdom.

Endorsement notice

The text of ISO 10993-15:2019 has been approved by CEN as EN ISO 10993-15:2023 without any
modification.
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Annex ZA
(informative)

Relationship between this European Standard the General Safety and
Performance Requirements of Regulation (EU) 2017 /745 aimed to be
covered

This European standard has been prepared under M/575 to provide one voluntary means of
conforming to the General Safety and Performance Requirements of Regulation (EU) 2017/745 of 5
April 2017 concerning medical devices [O] L 117] and to system or process requirements including
those relating to quality management systems, risk management, post-market surveillance systems,
clinical investigations, clinical evaluation or post-market clinical follow-up.

Once this standard is cited in the Official Journal of the European Union under that Regulation,
compliance with the normative clauses of this standard given in Table ZA.1 and application of the
edition of the normatively referenced standards as given in Table ZA.2 confers, within the limits of the
scope of this standard, a presumption of conformity with the corresponding General Safety and
Performance Requirements of that Regulation, and associated EFTA Regulations.

Where a definition in this harmonised standard differs from a definition of the same term set out in
Regulation (EU) 2017/745, the differences shall be indicated in the Annex Z. For the purpose of using
this standard in support of the requirements set out in Regulation (EU) 2017/745, the definitions set
out in this Regulation prevail.

Where the European standard is an adoption of an International Standard, the scope of this document
can differ from the scope of the European Regulation that it supports. As the scope of the applicable
regulatory requirements differ from nation to nation and region to region the standard can only
support European regulatory requirements to the extent of the scope of the European Regulation for
medical devices ((EU) 2017/745).

NOTE1  Where a reference from a clause of this standard to the risk management process is made, the risk
management process needs to be in compliance with Regulation (EU) 2017/745. This means that risks have to be
‘reduced as far as possible’, ‘reduced to the lowest possible level’, ‘reduced as far as possible and appropriate’,
‘removed or reduced as far as possible’, ‘eliminated or reduced as far as possible’, 'removed or minimized as far as
possible’, or ‘minimized’, according to the wording of the corresponding General Safety and Performance
Requirement.

NOTE 2  The manufacturer’s policy for determining acceptable risk must be in compliance with General Safety
and Performance Requirements 1, 2, 3,4, 5, 8,9, 10, 11, 14, 16,17, 18, 19, 20, 21 and 22 of the Regulation.

NOTE3  When a General Safety and Performance Requirement does not appear in Table ZA.1, it means that it is
not addressed by this European Standard.



STN EN ISO 10993-15: 2023

Urad pre normalizéciu, metrolégiu a skugobnictvo Slovenskej republiky

EN ISO 10993-15:2023 (E)

Table ZA.1 — Correspondence between this European Standard and Annex I of
Regulation (EU) 2017 /745 [OJ L 117] and to system or process requirements including those relating
to quality management systems, risk management, post-market surveillance systems, clinical

investigations, clinical evaluation or post-market clinical follow-up

General Safety and
Performance
Requirements of
Regulation (EU)
2017/745

clause(s)
of this EN

Clause(s) / sub-

Remarks / Notes

10.1 a), b), c) and h)

4,6 and 7

However, this

device.

These tests are not

10.1 a), b), c¢) and h) are only partly covered by ISO
10993-15, since the standard does not provide
requirements on design and manufacture.

part of
considerations on how to plan a degradation study
of metallic materials intended for use in medical
devices in order to obtain quantitative degradation
data as a basis for the safety evaluation of a medical

Therefore, this standard provides a means to
evaluate degradation risks associated with the
metallic materials which are used.

intended to evaluate or
determine the performance of the test sample in
terms of mechanical or functional loading.

For 10.1 a), flammability is not covered.

ISO 10993 provides

NOTE 4

be assumed that the reference to ISO 14971 is to EN ISO 14971:2019/A11:2021.

This part of EN ISO 10993 refers to ISO 10993-1 which itself refers to ISO 14971. In Europe, it should

General Note: Presumption of conformity depends on also complying with the relevant parts of the ISO 10993

series.

Table ZA.2 — Applicable Standards to confer presumption of conformity as described in this

Annex ZA
Column 1 Column 2 International Column 3 Column 4
Clause 2 Standard Edition
ISO 3585 [SO 3585:1998 Borosilicate glass 3.3 - None
Properties For applicable standard
edition see Column 2
ISO 3696 1SO 3696:1987 Water for analytical EN ISO 3696:1995
laboratory use - Specification
and test methods
ISO 8044 IS0 8044:2020 Corrosion of metals and alloys | EN ISO 8044:2020
- Vocabulary
[SO 10993-1 IS0 10993-1:2018 Biological evaluation of EN ISO 10993-1:2020

medical devices - Part 1:
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Column 1 Column 2 International Column 3 Column 4
Clause 2 Standard Edition

Evaluation and testing within
a risk management process

IS0 10993-9 IS0 10993-9:2019 Biological evaluation of EN ISO 10993-9:2021
medical devices - Part 9:
Framework for identification
and quantification of potential
degradation products

ISO 10993-12 ISO 10993-12:2021 Biological evaluation of EN ISO 10993-12:2021
medical devices - Part 12:
Sample preparation and
reference materials

IS0 10993-13 IS0 10993-13:2010 Biological evaluation of EN ISO 10993-13:2010
medical devices - Part 13:
Identification and
quantification of degradation
products from polymeric
medical devices

ISO 10993-14 [SO 10993-14:2001 Biological evaluation of EN ISO 10993-14:2009
medical devices - Part 14:
Identification and
quantification of degradation
products from ceramics

IS0 10993-16 IS0 10993-16:2017 Biological evaluation of EN ISO 10993-16:2017
medical devices - Part 16:
Toxicokinetic study design for
degradation products and
leachables

The documents listed in the Column 1 of table ZA.2, in whole or in part, are normatively referenced in
this document, i.e. are indispensable for its application. The achievement of the presumption of
conformity is subject to the application of the edition of Standards as listed in Column 4 or, if no
European Standard Edition exists, the International Standard Edition given in Column 2 of table ZA.2.

WARNING 1 — Presumption of conformity stays valid only as long as a reference to this European
standard is maintained in the list published in the Official Journal of the European Union. Users of this
standard should consult frequently the latest list published in the Official Journal of the European
Union.

WARNING 2 — Other Union legislation may be applicable to the product(s) falling within the scope of
this standard.



STN EN ISO 10993-15: 2023 Urad pre normalizéciu, metrolégiu a skugobnictvo Slovenskej republiky



STN EN ISO 10993-15: 2023

Urad pre normalizéciu, metrolégiu a skugobnictvo Slovenskej republiky

INTERNATIONAL ISO
STANDARD 10993-15

Second edition
2019-11

Biological evaluation of medical
devices —

Part 15:

Identification and quantification of
degradation products from metals
and alloys

Evaluation biologique des dispositifs médicaux —

Partie 15: Identification et quantification des produits de dégradation
issus des métaux et alliages

Reference number
1SO 10993-15:2019(E)

©1S0 2019



STN EN ISO 10993-15: 2023 Urad pre normalizéciu, metrolégiu a skugobnictvo Slovenskej republiky

IS0 10993-15:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 ¢ Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved



STN EN ISO 10993-15: 2023 Urad pre normalizéciu, metrolégiu a skugobnictvo Slovenskej republiky

ISO 10993-15:2019(E)
Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIUETOQUICEION........cco s \%
1 S0P ... 1
2 NOIIMATIVE FEERTEIICES ........ccccooi et 1
3 Terms and defiNITIONIS ... 2
4 Degradation test methods ..
4.1 General.....cnn
4.2 PrrOIEQUISIEES ....oooo
5 Reagent and SamMple PreParation............iiiis i
5.1 SAMPIE AOCUIMENIEATION ..t
5.2 Test SOIUtION (ElECLIOLYTE) ..o
5.3 Preparation of test samples..
5.3.1 Testsamples....
5.3.2  Sampling......
5.3.3  Sample shape ...

5.3.4  Sample surface condition

6 EleCtrOChemMUICAL TESTS ...
6.1 Apparatus ...
6.2 Sample preparation
6.3 Test CONAItIONS ...
6.4 Potentiodynamic measurements
6.5 PotentioStatiCc MEASUTEIMIEIIES ..o
7 TIMIMEISTON ST ...t
7.1 AAPPATATULS ...
7.2 Sample preparation..................
7.3 Immersion test procedure
8 AANALYSTES .t 10
9 T@ST T@POTL ...k 10
Annex A (informative) Electrolytes for the electrochemical tests ... 12
Annex B (informative) Schematic diagram of the electrochemical measuring circuit.................... 13
Annex C (informative) Schematic drawing of an electrolytic cell ... 14
BIDIIOGIAPIIY ... 15

© 1S0 2019 - All rights reserved iii



STN EN ISO 10993-15: 2023 Urad pre normalizéciu, metrolégiu a skugobnictvo Slovenskej republiky

IS0 10993-15:2019(E)

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

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.org/
iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 194, Biological and clinical evaluation of
medical devices.

This second edition cancels and replaces the first edition (ISO 10993-15:2000), which has been
technically revised.

The main changes compared to the previous edition are as follows:

a) the document now considers materials designed to degrade in the body as well as materials that
are not intended to degrade;

b) the information on test methods has been amended to consider nanomaterials and relevant
material specific standards;

c) the test solution (electrolyte) has been specified more;

d) the sample shape has been specified more;

e) theimmersion test procedure has been expanded;

f) the status of Annex C in the previous edition has been changed and now included as Annex A.
Alist of all parts in the ISO 10993 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

iv © IS0 2019 - All rights reserved
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Introduction

One of the potential health hazards resulting from medical devices can be due to the interactions of
their electrochemically induced degradation products with the biological system. Therefore, the
evaluation of potential degradation products from metallic materials by methods suitable for testing
the electrochemical behaviour of these materials is a necessary step in the biological performance
testing of materials.

The body environment typically contains cations of sodium, potassium, calcium, and magnesium, and
anions of chloride, bicarbonate, phosphate, and organic acids generally in concentrations between
2 x 1073 mol/1 and 150 x 10-3 mol/l. A range of organic molecules such as proteins, enzymes, and
lipoproteins are also present, but their concentrations can vary to a great extent. Earlier studies
assumed that organic molecules did not exert a significant influence on the degradation of metallic
implants, but newer investigations indicate that implant-tissue interactions should be taken into
account. Depending on a particular product or application, altering the pH of the testing environment
may also need to be considered.

In such biological environments, metallic materials may undergo a certain degradation, and the
different degradation products can interact with the biological system in different ways. Therefore, the
identification and quantification of these degradation products is an important step in evaluating the
biological performance of medical devices.

© IS0 2019 - All rights reserved v
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Biological evaluation of medical devices —

Part 15:
Identification and quantification of degradation products
from metals and alloys

1 Scope

This document specifies general requirements for the design of tests for identifying and quantifying
degradation products from final metallic medical devices or corresponding material samples finished
as ready for clinical use.

This document is applicable only to those degradation products generated by chemical alteration of the
final metallic device in an in vitro degradation test. Because of the nature of in vitro tests, the test results
approximate the in vivo behaviour of the implant or material. The described chemical methodologies
are a means to generate degradation products for further assessments.

This document is applicable to both materials designed to degrade in the body as well as materials that
are not intended to degrade.

This document is not applicable to evaluation of degradation which occurs by purely mechanical
processes; methodologies for the production of this type of degradation product are described in
specific product standards, where available.

NOTE Purely mechanical degradation causes mostly particulate matter. Although this is excluded from the
scope of this document, such degradation products can evoke a biological response and can undergo biological
evaluation as described in other parts of ISO 10993.

Because of the wide range of metallic materials used in medical devices, no specific analytical
techniques are identified for quantifying the degradation products. The identification of trace elements
(<10~ w/w) contained in the specific metal or alloy is not addressed in this document, nor are specific
requirements for acceptable levels of degradation products provided in this document.

This document excludes the biological activity of the degradation products. (See instead the applicable
clauses of ISO 10993-1 and ISO 10993-17).

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 3585, Borosilicate glass 3.3 — Properties
[SO 3696, Water for analytical laboratory use — Specification and test methods
ISO 8044, Corrosion of metals and alloys — Basic terms and definitions

ISO 10993-1, Biological evaluation of medical devices — Part 1: Evaluation and testing within a risk
management process

ISO 10993-9, Biological evaluation of medical devices — Part 9: Framework for identification and
quantification of potential degradation products

© IS0 2019 - All rights reserved 1
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ISO 10993-12, Biological evaluation of medical devices — Part 12: Sample preparation and reference
materials

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

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

ISO 10993-16, Biological evaluation of medical devices — Part 16: Toxicokinetic study design for
degradation products and leachables

koniecnahladu - text dalej pokracuje v platenejverzii STN
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