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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 prdcedures used to develop this document and those intended for its further maintenance|ar
describg¢d in the ISO/IEC Directives, Part 1. In particular, the different approval criteria neededfor th
differenft types of ISO documents should be noted. This document was drafted in accordance’with th
editoriall rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

AR CENY

-

Attentidn is drawn to the possibility that some of the elements of this document may'be the subject d
patent rjights. ISO shall not be held responsible for identifying any or all such patent-rights. Details @
any patént rights identified during the development of the document will be in thejintroduction and/ofr
on the I$0 list of patent declarations received (see www.iso.org/patents).

-

Any tragle name used in this document is information given for the convenience of users and does nqgt
constityte an endorsement.

jw)

For an fexplanation of the voluntary nature of standards, the 4neaning of ISO specific terms an
expressjons related to conformity assessment, as well as inforfation about ISO's adherence to th
World Tyade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.orgl/
iso/foreword.html.

W

This dogument was prepared by Technical Committee, [SO/TC 194, Biological and clinical evaluation df
medicaldevices.

This sefond edition cancels and replaces the>first edition (ISO 10993-19:2006), which has been
technically revised. The main changes compared to the previous edition are as follows:

— err¢rs identified in the revision and(commenting processes have been corrected;
— Table 1 (on methodology abbrewviations) has been updated and moved to Annex A;

— Table 2 (on examples of relevant methodologies and parameters) has been updated, moved to Annek
A anpd splitinto two tablées:one listing typical methods, and one listing other methods (i.e. those that
arefrarely used);

—

— pointers to 1S0,10993-18:2020, Annex C have been added to 5.3 and Annex A, where materi3
equifivalence isdiscussed.

— pointers t6ISO/TR 10993-22 for information on nanomaterials have been added to 5.3 and Table A.3.

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.
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Introduction

020(E)

ISO 14971 highlights the importance of taking into account the nature of the materials within a
biological risk analysis.

[SO 10993-1 is to serve as a framework in which to plan a biological evaluation which, as scientific
knowledge advances human understanding of the basic mechanisms of tissue responses, minimizes
the number and exposure of test animals by giving preference to chemical constituent testing and in
vitro models. In situations where these methods yield equally relevant information to that obtained

fl

1
1
t
t
t

ihclude chemical, toxicological, physical, electrical, morphological and mechanical properties

rom in vivo models, ISO 10993-1 states that, when selecting the materials to be used fq
hanufacture, fitness for purpose with regards to characteristics and properties of the materig

he first consideration. The identification and evaluation of the physico-chemical, migrpholog
opographical properties of materials used in a finished medical device are impoxstant in dete
he biological evaluation of that device and its materials. Such information can hewused in:

— assessing the overall biological evaluation of a medical device accordingto1SO 10993;

proposed clinical application.

he compositional characteristics of the materials of manufactufe are mainly under the contr
uppliers of these materials. However, other characteristics ate chiefly influenced by the requi
0 be met by the finished medical device as well as the produigtion processes used by the medics
hanufacturer.

- device
1, which
will be
ical and
rmining

— screening of potential new materials and/or processes for suitability in a medical device for a

pl of the
rements
| device
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TECHNICAL SPECIFICATION ISO/TS 10993-19:2020(E)

Biological evaluation of medical devices —

Part 19:
Physico-chemical, morphological and topographical

bhbaracterization of materialc

PAAGVAL AGVCVOV L ILUACIAVIAL Uk LI1iAVGCE AARY

1 Scope

PMT) properties of materials in finished medical devices. Such an assessment is limited
roperties that are relevant to biological evaluation and the medical device’s intended use
pplication and duration of use) even if such properties overlap with clinical effectiveness.

[ BN TR |

This document does neither address the identification or quantifieation of degradation prod

ot

IS0 10993-9, IS0 10993-13, ISO 10993-14 and ISO 10993-15.

(hemical characterization of materials is covered by ISO410993-18.

directly or indirectly.

2 Normative references

The following documents are referred“to in the text in such a way that some or all of their

yndated references, the latest editioh of the referenced document (including any amendments)

management process

device materials within a risk management process

3 Terms.and definitions

'his document provides a compilation of parameters and test methods that cdan be useful for the
Hentification and evaluation of the physical, i.e. physico-chemical, morphological and topogfaphical

o those
(clinical

1cts nor

he evaluation of the physico-chemical properties of the degraded materials, which are coyered in

The ISO 10993 series is not applicable when the miatéerial or device is not in contact with the body

content

donstitutes requirements of this doctiment. For dated references, only the edition cited applies. For

applies.

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

ISO 10993-18, Biological evaluation of medical devices — Part 18: Chemical characterization offmedical

Hor thespurposes of this document, the terms and definitions given in ISO 10993-1, ISO 10993-18 and
the following apply.

[SO-andHECmaintainterminological databasesforuseinstandardizationat the followingaddresses:
— ISO Online browsing platform: available at https://www.iso.org/obp

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

31

physico-chemical

relating to the physical chemistry (of materials)

3.2

morphological

relating to the shape, contours and microstructural organization (of materials)

© IS0 2020 - All rights reserved 1
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3.3

topographical
relating to the features of the surface (of materials)

4 General principles

Consideration of the PMT characterization of the materials from which a medical device is made, like
chemical characterization of materials (addressed in ISO 10993-18), is a necessary step in assessing

the biol

gical safety and clinical effectiveness of the device. Both types of characterization are als

important in judging equivalence of

a) aproposed material to a clinically established material,

b) a prototype device to a final device,

c) am

hterial or device after a process or manufacturing change, or

d) arefpl-time and/or accelerated device and the non-aged device.

The relgtionship between PMT characteristics of medical device materials and‘their biocompatibilit
and clinjical effectiveness is still a developing area. However, there are severallexamples of where thes
relationghips are becoming better understood, as listed below.

— Theuse of certain PMT characteristics of porous materials as sutfaces on orthopaedic implants ca

enc
the

burage tissue in-growth at the surface of the implant andsthus result in better integration wit
surrounding tissue.

— Theuse of material scaffolds and meshes, with certain BMT characteristics, as implants into injure
soff] or hard tissue can facilitate the beneficial infiltration of certain types of cells which aid th

hea

ing process (see Reference [49]).

— ThePMT characteristics of the surfaces of materials used as catheters have a major influence on th

ad
of i

rence of bacteria and proteins to the inner and outer surfaces, which in turn influences the ris
fections and blockages.

— Altdrations to the micro-topography’of surfaces, for example, producing microgrooves or othe
defined patterns, has been shown to influence the adhesion and direction of movement of certai

typ

— For
pro

bs of cells on that surface (See References [42] and [45]).

certain medical deviges, for example, orthopaedic implants and vascular prostheses, mechanicg
perties can influencejbiological responses such as tissue re-modelling.

— To dharacterize the PMT principally surface topography/morphology following a process change.

NOTE

The shape and geometric form of medical devices and their components are known to affect th

biologicqdl response/for example, the aspect ratio, thickness and form in relation to blood flow. Information o
specific flevicés,can be found in the applicable product standards.

This do

=<

w

— )

p ==

D

14°

~

=1

= (D

tument provides a range of examples of PMT characterization parameters and methods whic

can be usefully applied in the PMT characterization of materials utilized in medical devices.

Medical device manufacturers should select relevant PMT parameters and methods and justify their
selection. Manufacturers should document the level of characterization performed on their medical
device and its component materials, appropriate to its clinical application.

The extent of characterization should reflect the nature and duration of the clinical exposure and can
be useful for risk assessment of the biological safety of the device. The PMT characterization should
also reflect the materials used and their physical form(s), for example, solid, liquid, gel, composite or
biologically-sourced material. Characterization generally requires the close collaboration of material
scientists, analytical scientists and risk assessors.

© IS0 2020 - All rights reserved
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5 Characterization procedure

5.1 General

The analytical methods should be selected to give the required information for the evaluation. Prior
to new method development, existing standards, monographs, scientific articles or other relevant
scientific documents should be consulted to check for existing appropriate test methods. Methods from
the literature can need to be adapted and validated before use. If suitable methods cannot be identified,
appropriate new methods should be developed.

he analytical methods used should be validated, justified and reported in line with Clauses|6 and 7.
he validation of an analytical method is the process by which it is established that the\perf¢grmance
haracteristics of the method meet the requirements for the intended analytical applications. To verify
e validity of the PMT method or instrument, the use of surrogate materials/surfaces and/of system
uitability on analysis system may be used for PMT method used to ensure seliability of the data
btained.

t each step of the characterization procedure, a decision should be made on the adequacy of fhe data
btained, as a basis for the risk analysis. This procedure should considér €ach of the materialq as they
ppear in the finished device.

OTE The supplier can be a useful source of appropriate analytieal*methods. In the absence of apy initial
ata on material properties, a literature study is recommended to assist in the selection of the most appropriate
ethods of analysis for the material being evaluated.

.2 Qualitative information

escribe the material/device and its intended purpese. A documented, qualitative description offthe PMT
haracteristics of the finished device is recommended, including the physico-chemical characteristics
f each material used in the device (see 1S8*10993-1:2018, Clause 4). The level of qualitatjve data
rovided should reflect the category of medical device in terms of degree of invasiveness and clinical
xposure duration, as well as the naturelof the materials present. The qualitative description should
include details of the batch or lot, the'supplier and the material specification for each material.

edical device manufacturers‘\should obtain qualitative material characterization information,
elevant to the final product. Such information can be obtained from the supplier of the ftarting
aterial, the literature or-additional testing. The PMT characteristics of materials should ejither be
accordance with applicable materials standards or should be specified by the manufactufer. It is
portant to obtain d@symuch information as possible at this early stage to be able to gain a thorough
nderstanding of thechazards (potential risks) and potential benefits arising from the propertigs of the
aterial, and to.develop an initial assessment of the fitness for the intended purpose. This asspssment
ill be further‘vefined as additional information is gained during the product development process.
portantlypit should be assumed that PMT characteristics will change during manufacture. THerefore,
MT chatagterization should be performed on or otherwise represent the final product.

.3 “Material equivalence

As a part of material suitability assessment, a comparison of these data should be made to determine
whether this material is equivalent to that utilized in a device or prototype with the same clinical
exposure/use and having had the same manufacturing and sterilization processes applied, e.g.
established safe and effective use of materials in a product to be used on intact skin. Annex A gives
further guidance on judging material equivalency.

NOTE Discussion on nanomaterials is presented in ISO/TR 10993-22. See also ISO 10993-18:2020, Annex C
for more on material equivalence.

Where qualitative material characterization data alone have not provided sufficient data for a
material suitability assessment to be completed, quantitative material characterization data should be
established, documented and subjected to assessment of suitability and risk.

© IS0 2020 - All rights reserved 3
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5.4 Quantitative assessment

Sufficient quantitative characterization information should be obtained in order to permit an
assessment of the fitness of all of the materials in a finished device for their intended purpose as part of
the overall biological evaluation of the medical device. This quantitative characterization information

can beu

sefully compared with data for materials and/or finished medical devices clinically established

as being safe and effective for the intended use. The characterization information can also be usefully
compared to those materials/products found not to have the required characteristics for this use. This
overall evaluation is outside the scope of this document and combines information gained from many

ric of+tha ICN 1{\00’) nnnnnnnn dutilizac ICN 140971

other p3

6 Characterization parameters and methods

Clause 5
suitabil
of mate|
evaluaté
method

T TS OTTrrcTov T O SCTICS Ot u\.AAALu..J TOoOO—TT77 1%

indicates the generation of qualitative and quantitative PMT characterization data fer'use in th
ty/risk assessment. Table 1 lists properties that are typically assessed for the characterizatio
rials, components, or devices. Depending on the material composition, it~can be useful t
for additional properties which are described in Table 2. Additional information on exampl
5 and references used to characterize the properties are referenced in Table A.2 and Table A.3.

U = D

device.
foram
charact
exposul]

The ang
fitness f
a mater
conside

NOTE 1
clearly id
derivatiy
protein 1

Natural
polysac
cellulos
process

NOTE 2
medical

Ta

The ch];acterization parameters used should be selected based on the material or finished medicg

1
ue to the diversity of medical devices, it is recognized that not all.of the parameters identifiefl
terial will be relevant for all/some device uses. As noted in ISO(10993-1:2018, 6.2, the extent df
brization which should be considered is determined by the ifivasiveness and duration of clinicql
e in the intended use.

—

lyst and material scientist in consultation with the manufacturer’s assessor of the materig
or use (risk assessor) should determine which parameters are relevant to the assessment g
ial or medical device. Characterization data sheuld be considered for all of the parameter
‘ed relevant by the manufacturer’s risk assesseor.

T —h

For natural macromolecules, it is essential*that the source organism (species) and breed/strain bg
entified as a first step. The 1SO 22442 series covers the safe utilisation of non-human tissues and theilr
es in the manufacture of medical devices. EN 455-3 covers the assessment of risks associated with
esidues in natural rubber latex.

macromolecules utilized in medical devicesinclude butare notlimited to proteins, glycoproteing,
rharides and ceramics. Examples include gelatine, collagen, elastin, fibrin, albumin, alginatg
e, heparin, chitosan, pracessed bone, coral and natural rubber. These materials may have bee
bd, purified and modified to different extents.

<

—

1=}

Pharmacopoeia_mionographs exist for many of these materials and the ASTM F04 committee o
hnd surgical mateyials and devices has also published relevant standards (see the Bibliography).

ble 1 — Typical properties assessed for PMT characterization of materials including
polymers, metals, alloys, ceramics and natural macromolecules

Proper

tyto'be assessed Evaluate for

sh

ape and form size and shape of relevant material, component, or device

morphology

phase (crystalline, amorphous, multiple phases), micro/macro structure, hard-
ness/softness of surfaces

topography roughness/smoothness, including pits, grooves, irregular terrain (hills, valleys)

surface chemistry

surface chemistry, its homogeneity/heterogeneity laterally and how it compares to
bulk chemical composition

surface energy hydrophilicity/ hydrophobicity, temperature, surface potential

© IS0 2020 - All rights reserved
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Table 2 — Other properties to consider assessing for PMT characterization, depending on

material composition

Property to be assessed Evaluate for
orosit mean pore diameter, pore diameter range/distribution, total porous volume, inter-
p y connectivity
swellin water or solvent absorption, dimensional and shape changes, isotropy or anisotro-
§ py of swelling, surface crazing, weight gain
abrasion resistance stability of treated surface, surface friction
particles chemical identification/nature, size, size distribution, 3D shape
biointeractions protein adsorption and repulsion, cell attachment and repulsion

7 Reporting of data obtained

=

Vhere appropriate, should include the following:

o

) description and details of material or finished medical device;
) characterization methods;

d) qualitative data generated;
)

quantitative data generated.

I
he collected and documented for information pufposes. These data are needed to be able
!
Q

ata may be used to assist in the developmentof appropriate future standards.

Test reports should clearly state the purpose of the characterization that has’ been performed and,

or areas for which no standards exist, the qualitdtive and quantitative PMT data generafted will

to trace

nanticipated adverse events back to seemingly minor material, manufacturing or PMT changes. These

© IS0 2020 - All rights reserved
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Annex A
(informative)

Principles for judging material equivalence

In53c
to an ex

medical
of the ¢

— The
and

— The
cony

— The

matlerial or finished medical device.

Table AJ]l shows the abbreviations used in Table A.2 and Table“A.3. Table A.2 and Table A.3 provid

examplg
in addit]
encomp
in this @
ISO 109

isting clinically established material or finished medical device for the same type of clinicgl
exposuile. The key principle applied in making this judgement is that the proposed material or fiiished

inically established material or finished medical device. The following list contains_examplef
which can assist the assessment process as outlined in Clauses 4 and 5.

ion to equivalency evaluation. The tables give examples and should not be considered as all
hssing. Some characterization methods (e.g. eliemical identification of particles) describe

D3-18:2020, Annex C for more on material equivalence).

i H 3 Aot H ph - - | £ i I | H 1 £ | i H 1
Idl dULUT IZ4dUIVUIT Udtd 1S5 USTU 11T TISIN doSoSUTOSOSINITTIU LU Juusc Cblbllvalclll.c Ul d lJl UlJUDCLl IIIdilCIl1

device has equivalent properties in terms of biological safety and clinical performance to thdt

D

proposed material or finished medical device meets an existing standard fohits intended us
duration of contact and invasiveness.

proposed material or finished medical device is already established in a more invasivg
parable exposure than the less invasive proposed application.

=

proposed material or finished medical device has properties very close to a clinically accepte

vy

s of characterization techniques useful for the characterization of new materials or device

[== ="

nnex can be relevant to chemical characterization as described in ISO 10993-18 (see also i

Table A.1 — Methodology abbreviations

Abbreviation Analytical method
BHT Brunauer-Emmett-Tellex (porosity and surface area measurement methodology)
CL§M confocal laser Scanfiing microscopy
DM[TA dynamic mechanieal thermal analysis
DYC differential scanning calorimetry
EPNMA electron.probe microanalyser
ESC equilibridm solvent content (porosity measurement)
ESCA electron spectroscopy for chemical analysis
EWC equilibrium water content (porosity measurement)
EDX-PEM energy dispersive X-ray analysis — scanning electron microscopy
IR infrared (spectroscopy)
oM optical microscopy, including polarized light and phase contrast microscopy
QCM quartz crystal microbalance (or other microbalance techniques)
SEM scanning electron microscopy
SPM scanning probe microscopy (including topographical roughness and phase contrast)
SPR surface plasmon resonance
TEM transmission electron microscopy
TMA thermal mechanical analyser

TOF-SIMS  |time-of-flight secondary ion mass spectrometry

XPS X-ray photoelectron spectroscopy

© IS0 2020 - All rights reserved
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Table A.2 — Typical properties assessed for PMT characterization and potential methods and
references

Example methods

Pr(;‘;i:;?;:g be Evaluate for (not comprehensive Qualitative | Quantitative | Standard or Reference
or exclusive)
i oM X X
shape and form [3'%€ and shape of ASTM F 754[36]
relevant material, SEM X X
oM X X
SEM X X
- - Hasegawa dand
phase (crystalline, X-ray diffraction X X Hashimetel34]
amorphous TEM X X .
morphology character, multiple Kajiyama etal.lof]
phases), hardness/ SPM X X Kajiyama et al.[5p]
softness of surfaces DSC X X
Kumaki et al.[62]
DMTA X X
Ultrasound X X
1SO 3274
SEM X — IS0 4287
ISO 4288
ISO 5436-1
profilometry X X [SO 5436-2
roughness/
smoothness, [SO 12179
including pits, _
opography grooves, irregular 150 13565-1
terrain (hills, SPM X X 1SO 13565-2
11
valleys) IS0 13565-3
ISO 16610-21
) ISO 18754
triblology X —
ISO 18757
EN 623-4[42]
IR X —
surface chemistry, Alaerts et al.[47]
its homogenejty/ EDX-SEM X — Ikadalsel
L rface heterogeneity XPS/ESCA X X
hemi laterally and how it Senshu et al.[65]
Chemistry raman X —
comypares to Senshu et al.[74]
bk chemical TOF-SIMS X — enshuetat
it 75
composition EPMA X X Senshu et al.[Z3]

© IS0 2020 - All rights reserved
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Table A.2 (continued)

Example methods

surface potential

Pr(;];(sez?;;g be Evaluate for (not comprehensive Qualitative | Quantitative | Standard or Reference
or exclusive)
EN 82844
Jenney and
Anderson[36]
Kishida et al.[32]
MacDonald et al.le4]
hydrophilicity/ Niikura et al.[68]
surface hydrophobicity, contact anele X X
energy temperature, J Quirk et al.[79}

Senshu et-al{Z]
Senshuebal.[Z3]
Tamada et al.[Z5]
Wagner et al.[Z6]
Weber et al.[78]

Table¢ A.3 — Other properties to consider assessing for PMT characterization and potential
methods and references

Example methods

Pr(;;;(;:;:);:g be Evaluate for (not comprehensive | Qualitative | Quantitative | Standard or reference
or exclusive)
oM X X
mean pore SEM X X
diameter, pore ASTM F 1854[37]
i SPM X X
porosity diameter 1SO 18754 28]
range/distribution, | gas adsorption (BET) — X
total porous volume, : 1SO 18757(29]
interconnectivity mercury, perosimetry — X
helium pycnometry X —
OM X X
water or solvent
absorption, SEM X X
dimensional and image analysis X X 1SO 17190-5 [26]
swelling _shape changes, EWC X X
Isotropy or Moskala and Jones[65]
anisotoropy.of ESC X X
swel.lmg, su.rface . TMA X X
crazing,weight gain
microbalance X X
IR X - ASTM D 968[30)
ASTM D 1044[31]
volume loss, strain X X ASTM D 1894[32]
abrasion stability of treated guage ASTM D 4060(33]
resistance surface, surface
friction ASTM F 732[34]
coefficient of friction X X ASTM F 7351351
ASTM F 197839
41
SPM X X ASTM G 174[41]

a For characterization of nanomaterials, see ISO/TR 10993-22.
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Example methods

Pr(;;:;;?;;g be Evaluate for (not comprehensive Qualitative | Quantitative | Standard or reference
or exclusive)
oM X X ASTM F 1877138]
EDX-SEM X X ISO 13319
image analysis X X 1SO 13320
laser diffraction X X 1SQ 178573
filters (sieves) X — EN 725-5[45}
Brown, et(al, 46
Donaldson, et al][50]
chemical Dreheér, et al. [51]
identification/ Bveritt and Bermudez[53]
—
shape? Kreyling, et al. [4ll
Sgl;tiglrii;gght X X Lam, et al. [63]
Nemmar, et al. (6]
Nemmar, et al. [6f]
Oberdorster, et 41. [09]
Stone, et al. [Z4]
Warheit, et al. [Z}]
Wilson, et al. [Z2]
oM X X Collier et al.[4Z]
Dewez et al.[48]
QCM X X Dexter et al.[42]
Ebara and Okahjtal52]
SPR X X Ikadal55]
protein adsotption Lerrllgsrysﬁﬂgﬁ]
piointeractions iiltigﬁfnuelrslfcoanr;gen CLSM X X Kishida et al.[39]
repuGigr MacDonald et al{l64]
biochemical analysis X X Niikura et al.[68]
Quirk et al.[Z0]
radioimmunoassay X X Tamada et al.[Z3]
Wagner et al.[Z6]
XPS X X Weber et al.[Z8]

a For characterization of nanomaterials, see ISO/TR 10993-22.
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