INTERNATIONAL ISO
STANDARD 17327-1

First edition
2018-02

Non-active surgical implants —
Implant coating —

Part 1:
General requirements

Implants chirurgicaux noactifs — Revétement de l'implapt —

Partie 1: Exigences géneérales

Reference number
1SO 17327-1:2018(E)

©1S0 2018



https://standardsiso.com/api/?name=98fd9eb08a19474914942e4801e4f247

ISO 17327-1:2018(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2018

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 o Ch. de Blandonnet 8

CH-1214 Vernier, Geneva, Switzerland

Tel. +41 22 74901 11

Fax +4122 749 09 47

copyright@iso.org

www.iso.org

Published in Switzerland

ii © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=98fd9eb08a19474914942e4801e4f247

1SO 17327-1:2018(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIMETOUICEIONL. ..ot 8885 v
1 S0P ... 1
2 NOTINATIVE FEEETE@IICES ............ooooiooeee st 2
3 Terms aNd AefiMETIOMNIS ... 2
4' chcn a} Rcl,lll;l Clllcllt) 4
4.1 General description of the coating 4

4.2 Generic coating properties ... 4

/20 R 1< =) - | OO S~/ S 4

4.2.2  Chemical COMPOSITION ..o oo e 5

4.2.3  Phase composition w5

4.24  SUITACE LEXEUTE ..o s S 6

4.2.5 Coating coverage INterity . ... ..t S e 6

4.2.6  Dissolvability ... .6

4.2.7  Coating thickness... w7

4.2.8  Adhesion strength... w7

4.2.9  Abrasion resiStance............... v

4.2.10 Porosity and pore size .8

2307/ B TN 0 = Tof=IR V7Tt =1 o) UL PSS S 8

Annex A (informative) Coating technology eXamples,.. ... | 9
Annex B (informative) Examples of intended functions of implant coatings............cccco e 11
Annex C (informative) Standards with information related to coatings...............cc e 12
BIDJEOZTAPIY ..o e 14
© 1S0 2018 - All rights reserved iii


https://standardsiso.com/api/?name=98fd9eb08a19474914942e4801e4f247

ISO 17327-1:2018(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 proce@lures 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{or
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

A wide variety of coatings are applied to numerous types of non-active surgical implant substrates.
These coated implant substrates have a diversity of functionalities and intended uses and exhibit
a plurality of mechanical, physical, chemical, biological and morphological/structural properties.
Even though there are diversities among the types of coating applied to surgical implants, there are
common attributes that can be used to define, evaluate and understand these implant coatings within a
surgical implant application. This document defines general principles to be followed by manufacturers
of coatmgs for non-active surglcal 1mplants As the coatmg can represent the direct interface of the
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if document provides guidance on generic coating properties@nd the potential methods

role of this document is to provide a framework of design principles and evaltation gu

Fings on non-active surgical implants, hereafter referred to as implant goatings. Beca
¢ principles can be applied to different technologies for implant coatings, this is a com
ument and is not limited to specific types of non-active surgical implants or to particulaf
prdingly, this document can be applied, yet is not restricted to, metallic, ceramic, drug anc
Fings used in implants across a variety of applications.

d to assess them. This document is not intended as a pepfermance standard and provi
t of device performance criteria nor rigidly held test:methods, including pass/fail critg

false sense of security in their general use for implants.

ome cases, national and international standards are available and can be used to show
h essential requirements for specific coatinig/substrate combinations, and these stal
renced in Annex C. Beyond these available application and performance standards, thig
vides general guidance and generic principles for the evaluation of non-standardiz
Fing combinations.
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Non-active surgical implants — Implant coating —

Part 1:

General requirements

1 [Scope

Thif document specifies general requirements for implant coatings, comprising’ both surface
coafings and surface modifications, applied to non-active surgical implants. This docume;t;c specifies
reqpirements concerned with generic coating properties including chemical and phase compositions,
surface texture, coating coverage integrity, dissolvability, coating thickness, adhesior] strength,
abrasion resistance, porosity and pore size, and surface wettability.

Thif document is applicable to surface coatings, which are defined-as/layers of material with any
different property than the natural surface of the substrate which-are intentionally added to the
subptrate.

Thip document is applicable to surface modifications, which'are defined as intentional co(Tversion or
recpnstruction of the surface of the original substrate to form a new surface material cqnsisting of
conjponents of the substrate’s own material and possibly foreign material and forming a syrface layer
with different properties.

Sing¢e the pertinent properties of a coating and\ their needed level of characterization [are highly
dependent on the intended application of the ifdplant, the generic nature of the general re:E)uirements
in this document is not intended to either override or replace the provisions of application-specific
performance standards.

Thif document is not applicable to surfaces modified by texturing with the exclusive intentioh to change
theroughness of the surface or the strength of the raw material.

Thip document is not applicableto natively passivated metal surfaces. While this document ig applicable
to Intentionally passivated metal surfaces, well-established materials passivated by cdnventional
techniques, such as nitricyacid immersion, are usually non-hazardous and can be describef in a very
basjc manner.

Thif document is.not applicable to implant coatings utilizing viable tissue.

Thi document is not applicable to laminates, i.e. composite materials made of multiple [layers, e.g.
vasfular presthesis constructed of different expanded polytetrafluoroethylene layers, jexcept the
expsed surface of the laminate, which can be an implant coating (see 3.1, note 2 to entry).
Thik-décumentisnot app]ir‘ah]n to rnvnringc, e.g covered stents

NOTE1 This document does not contain requirements on biocompatibility. Nevertheless, this is a critical

property of the device and coating and needs to be addressed during risk assessment.

NOTE 2

NOTE 3

This document supplements applicable non-active surgical implant standards and ISO 14630.

This document does not require that manufacturers have a quality management system in place.

However, the application of a quality management system, such as that described in ISO 13485, could be
appropriate to help ensure that the implant achieves its intended performance.

NOTE 4

be a

pplied to them.

© ISO 2018 - All rights reserved
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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.

ISO 14630, Non-active surgical implants — General requirements

3 Terms and definitions

For the pufposes of this document, the terms and definitions given in 150 14630 and the followingagply.

[SO and IE€ maintain terminological databases for use in standardization at the following addresse

1%2]

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

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

31
implant cqgating
surface codting (3.2) or surface modification (3.3)

Note 1 to enftry: Implant coating is considered a constituent of an implant.

Note 2 to efjtry: A laminate, i.e. a composite material made of multiplelayers of the same or different materials
with the saime or different internal structures assembled sandwich-like-and bonded by heat, pressure, welding,
soldering o1l adhesives, is not in itself considered an implant coating, But the exposed surface of the laminate{ can
be an implaht coating.

Note 3 to eptry: A covering, for example additional material (e.g. a graft) added to a structure (e.g. a sfent)
specifically [to bridge elements of the structure for the sole'purpose of reducing the permeability of the structure,
is not considlered an implant coating..

3.2
surface coating
layer of njaterial with any different pproperty than the natural surface of the substrate that is
intentionally added to the substrate

Note 1 to e:]:ry: The coating can partially or fully cover the substrate surface.

Note 2 to enftry: The term includes/surface coatings created as a result of additive manufacturing.

3.3
surface mpdification
intentional conversion' or reconstruction of the surface of the original substrate to form a new surface
material consisting of components of the substrate’s own material and possibly foreign material pnd
forming a qurface layer with different properties

3.4
coating property
measurable characteristic of a coating

Note 1 to entry: A coating property can for example be mechanical, physical, chemical or
morphological/microstructural in nature.

Note 2 to entry: In multi-layered coatings, one or more characteristics are designed to change along the coating
depth with one or more corresponding interfaces. These characteristics are also considered coating properties.

Note 3 to entry: In gradient coatings, one or more characteristics are designed to change (increase or decrease

in magnitude of a particular property) along the coating depth without interfaces. These characteristics are also
considered coating properties.

2 © ISO 2018 - All rights reserved
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3.5
generic coating property
coating property (3.4) generally of importance for most types of coatings

3.6

pertinent property

coating property (3.4) relevant to the safety and/or efficacy of the device when used in its intended
application

3.7
abrasion resistance
resistance to mechanical damage exhibited by articulating against a surface

bstance and
ion, volume

d chemical

emical (e.g.
inite phase

iction”[37].
stics” with

dimensional measure of void space

Note 1 to entry: Depending upon the specific description, pore size can be described as a length, an area or a
volume. Pore size can also describe either singular voids or aggregates of void spaces.

3.14

porosity

<implant coating> volume fraction of voids/pores in the total coating volume consisting of solid and
void components

3.15
dissolvability
ability of a solid, liquid or gas to be dissolved in a solvent without any chemical reaction

© ISO 2018 - All rights reserved 3
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3.16
solubility

maximum mass of a solute that can be dissolved in a unit volume of solution measured under equilibrium

conditions

Note 1 to entry: The solubility depends on chemical composition, structure and phase composition (3.12) of the
solute and the solvent as well as on temperature, pH and pressure of the solution.

3.17

dissolution rate

change of t

he dissolved mass of a solute with time

3.18

surface texture
property describing the non-smooth nature of a surface

Noteltoe

a) The fay

ry: The surface texture can for example be characterized by:

ric as a directed or ordered, isotropic or non-isotropic arrangement of surface patterns (e.g. gro

bves

or scrafches);
b) The royghness as a measure of finely spaced surface irregularities with usually;xrandom distribution;
c¢) The waviness as a measure of surface irregularities with a spacing larger_than that of the surface roughness
(e.g. dup to machining).
3.19
surface wettability
ability of a[solid surface to influence the contacting liquid te;spread over that surface
3.20
thickness
<implant cpating> distance between the substratéand the outer surface of the coating in a direction
orthogonal to the substrate
Note 1 to eptry: For a multi-layer coating, the_coating thickness is considered to be the total thickness df all
individual lqyers.
4 General Requirements
4.1 General description)of the coating
An implant coating shall be described by its materials, manufacture process (for examples |see
Annex A) ajnd/or inténded function (for examples see Annex B). Annex A and Annex B are only included
as informdtion to-the user of this document and provide some practical examples for manufacture
processes anddntended functions respectively.
EXAMPLE PV D-ceramic-coatingfor-wearreductionand-as-a-diffusionbarrieragainstallergeniesubstantes.
EXAMPLE sprayed paclitaxel drug coating for restenosis reduction.

4.2 Generic coating properties

4.2.1 Ge

neral

The coating and substrate constitute a system. The design and intended function of this system are
both critical for the selection of appropriate properties to evaluate or characterize.

This subclause contains a set of generic coating properties that shall be considered for evaluation or
characterization of the implant coating. Although all of the generic coating properties listed below need
to be considered, it is not necessary to test or evaluate all of these properties for each type of coating, if

4
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they are deemed not pertinent. The decision whether a generic coating property is considered pertinent
shall be done within a risk assessment process.

This document describes a set of coating properties to be considered for their potential to impact
the safety and performance of the implant when used in the intended application. It is ultimately the
responsibility of the device manufacturer to identify, control, and assess critical performance properties
of the coating as applied to a particular implant. Identification and evaluation can be facilitated by
potentially pertinent general, material, and application-specific implant standards (see Annex C for
a partial listing). Available standards, alone or in combination, can be sufficiently comprehensive to
assess a device’s safety and performance. It is within this broader and combined general, material, and
icati ifi i i i i ir potential
act on implant performance. The generic coating properties provided here are not meant to be an
pustive list, and other properties specific to a particular coating or intended functiernalso shall be
sidered. The properties for evaluation or characterization shall be selected based on tHe intended
Ction of the implant coating. The test method to be used for coating evaluation or charafcterization

1 be selected to appropriately evaluate or characterize the coating aceording to it
Ction.

5 intended

test methods and sample preparation procedures used shall be documented in detail. ]:Lstification

1 be given for the adequacy of the method and the sample size chosen. The sample geo
n accordance with the requirements of the test method and éonsideration shall be g
Strate geometry. The substrate material of the test specimen shall be the same as the ba

etry shall
ven to the
e material

Ffesentative
luding any
htive of the

he coated implant under evaluation. The production methgds of the coating shall be rep
hose used for the coating on the final implant. The test‘spécimen shall be described inc
L-coating processes performed on it, such as cleaning, sterilization and ageing represent
f-life.

2 Chemical composition
chemical composition and the measurable‘impurities of the coating shall be specified.

chemical composition of the coatingishall be characterized and documented using a m
$t appropriate for the specific coating.

bthodology

NO'] umented in

e.g.

Wh
sha
the

E1 The chemical compositions of different coatings can typically be characterized and dog
plemental, molecular or oxide.basis.

le deciding on the preparation technique and analysis method, the impact of the substrate material
| be taken into acceunt. It might be required to remove the coating appropriately before performing
chemical analysis.

NO1
be u

E2 1SO 10993-18 provides tests methods for chemical characterization of materials. These rhethods can

sed to assess’the chemical composition of coatings.

4.2{3 ,Phase composition

formation
and their

ifferent phases i.e. physical states, such as crystallographic forms, amorphous states)

of d
relative proportions.

The phase composition of the material is limited by but not completely defined by the chemical
composition of the coating. Phase composition of coatings is often used as a readily measured property
for specification or quality control in contrast to some of the performance related properties. In case
of crystalline solids, phase composition is ordinarily determined using X-ray diffraction analysis on a
coating separated from the substrate.

The phase composition of the coating shall be taken under consideration and it shall be decided whether
or not phase composition is a pertinent property for this specific coating.

© ISO 2018 - All rights reserved
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If phase composition is deemed pertinent, it shall be specified and verified. For verification applicable
standards given in Annex C should be used. If none of the standards given in Annex C are used, another
suitable method shall be specified and used.

If it is not deemed pertinent, no testing is required. However, a justification shall be provided to explain

why this property is not deemed pertinent.

4.2.4 Surface texture

The surface texture of a coating can be characterized by descriptive terms but shall be quantified in

terms of st

rface rnnghnpcc parameters ifnpplir‘nhlp

Measurem
The unifor

The surfac
not surfacq

If surface
standards
suitable m

If it is not d
why this p

4.2.5 Co

All coating
defects are

NOTE

It shall be
pertinent
coverage d

ity of surface texture across the coated area shall be characterized.

b texture of the coating shall be taken under consideration and it shall be decided whethe
texture is a pertinent property for this specific coating.

fexture is deemed pertinent, it shall be specified and verified. For_verification applic
biven in Annex C should be used. If none of the standards given in Annéx C are used, anof
ethod shall be specified and used.

eemed pertinent, no testing is required. However, a justification shall be provided to exp
roperty is not deemed pertinent.

ating coverage integrity

s have some coverage defects and it is essential*to determine the degree to which tH
detrimental to function.

overage defects can include cracks, deviations‘from uniform thickness, etc.

determined which type, size and amount (e.g. defects/unit area) of coverage defects

efects shall be chosen and used.toinspect the implant coating. The pertinent coverage def

detected shall be specified in the form of type, size and amount (e.g. defects/unit area) as appropri

In this marp
standards
another su

4.2.6 Di

Dissolutiory
the entire

investigati
the weight

ner, the coating coverage(integrity shall be specified and verified. For verification applic
oiven in Annex C should_be used. If none of the standards given in Annex C are applicg
table method shall be specified and used.

ssolvability

testing is\performed in order to determine the solubility and/or the dissolution rat
coating 0r’its components in solvents representing physiologically similar solutions.
bn isteenducted to simulate and evaluate the degradation of the coating characterizec
less in water based buffer solutions which resemble the chemical composition and

bnts should take into account random or orientated surfaces, as well as waviness and fall»ric.

I’ Or

hble
her

lain

ose

are

[0 the performance of a coating:\\An appropriate method for detection of the pertifent

pcts
ate.
hble
ble,

b of
Chis
| by
the

temperatu

e conditions of nhyusiological fluids
s 5

The dissolvability of the coating shall be taken under consideration and it shall be decided whether or
not dissolvability is a pertinent property for this specific coating.

If dissolvability is deemed pertinent, it shall be specified and verified. For verification applicable
standards given in Annex C should be used. If none of the standards given in Annex C are used, another
suitable method shall be specified and used.

If it is not deemed pertinent, no testing is required. However, a justification shall be provided to explain
why this property is not deemed pertinent.

NOTE If a portion of the coating is intended to elute or dissolve over time, additional elution or release
testing will be necessary.

© ISO 2018 - All rights reserved
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4.2.7 Coating thickness

Coating thickness encompasses the average distance from the outer surface of the coating to the
interface between the coating and substrate, in a direction orthogonal to the substrate. A rationale shall
be provided for where the nominal interface (boundary) between well-discernible phases of the coating
and the substrate is located. The coating thickness can be determined by different methodologies

dep

NOTE 1

NOTE 2

ending on the coating composition and substrate material.

For some implants coating mass per area can be more pertinent than the actual coating thickness.

If the coating thickness depends on the environmental conditions, e.g. the humidity, it is important to

con

The
thid

If c

stamdards given in Annex C should be used. If none of the standards given inmAhriex C are us

suit

If it
why

For
sha
det

4.2

Adh
by t
stre

The
or

If a

stamdards given in Annex C-should be used. If none of the standards given in Annex C are us

suit

Ifit
why

4.2

Effe
resi

1der tne environmentdal condItions as well as condItioning.

coating thickness shall be taken under consideration and it shall be decided whetheéy or
kness is a pertinent property for this specific coating.

pating thickness is deemed pertinent, it shall be specified and verified. For,verification|

able method shall be specified and used.

is not deemed pertinent, no testing is required. However, a justification shall be provided
y this property is not deemed pertinent.

multi-layer coatings, if the individual layer thickness is pertinent to the coating, indivi
| be defined and their individual thicknesses shall be detéermined. In this case, if the laye
brmination is not feasible, the respective pertinent properties shall be evaluated.

8 Adhesion strength

esion strength can be tested by the separation of the coating from the substrate upon W
ension, shear or some combination of these\forces, with both static and cyclic fatigue test
ngth can also be assessed by alternativé methodologies.

adhesion strength of the coating shall be taken under consideration and it shall be decid
ot adhesion strength is a pertinent property for this specific coating.

Hhesion strength is deemedtpertinent, it shall be specified and verified. For verification

able method shall be,specified and used.

is not deemed pertinent, no testing is required. However, a justification shall be provided
7 this propertyis not deemed pertinent.

O Abrasion resistance

cts,ofiabrasion include rubbing, scratching and ploughing of the coating surface. Testing

hot coating

applicable
bd, another

to explain

Hual layers
I thickness

rhich it sits
t. Adhesion

bd whether

applicable
bd, another

to explain

bf abrasion
uses of the

stance should reflect the most likely mechanical insults to the surface based on potential

COa

H T 4+ lia £ L H ek Lolls { A | + +lo £ ol 4 L |
.llls- ICTOU TTUOUILS TUL dUIdSIUIT TUTOISUAIILT S11dll TTIUIUUT DULIT LIIT dIllIuullit Ul 111dicl Idl 1T CTIIT

on mechanical insult and the mode of removal.

ved based

The abrasion resistance of the coating shall be taken under consideration and it shall be decided
whether or not abrasion resistance is a pertinent property for this specific coating.

If abrasion resistance is deemed pertinent, it shall be specified and verified. For verification applicable
standards given in Annex C should be used. If none of the standards given in Annex C are used, another
suitable method shall be specified and used.

If it is not deemed pertinent, no testing is required. However, a justification shall be provided to explain
why this property is not deemed pertinent.

© ISO 2018 - All rights reserved
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4.2.10 Porosity and pore size

The measurements of coating porosity and pore size can for example be performed by analysing
polished cross sections of the coating with microscopic techniques in which computerized image
analysis methods can be used.

Microscopic techniques are not able to differentiate between open and closed pores. If the differences
are important then an intrusion method can be used to assess open porosity. If a distribution of pore

sizesisreq

uired, then a method based on intrusion porosimetry can be used.

The coating porosity and pore size of the coating shall be taken under consideration and it shall be

decided wljether or not coating porosity and pOre SIZ€ are pertinent properties ror this specitic coat

If coating

porosity aimd pore size are specified and verified, they shall be characterized by methods whieh eng

to consider

surface. For verification applicable standards given in Annex C should be used. If none  of the stand3

given in Ar

If they are
explain wh

4.2.11 Su

The measu

between the coating and the liquid that is spreading over thatunaterial. This test should be dong¢

a clean su
wettability

The wettability of the coating shall be taken under con§ideration and it shall be decided whether or

wettability

porosity or pore size are deemed pertinent, it shall be specified and verified,Jfcoa
both hidden or closed pores and open pores, i.e. pores that are accessible from the coa

nex C are used, another suitable method shall be specified and used.

not deemed pertinent, no testing is required. However, a justification shall be provide
y this property is not deemed pertinent.

rface wettability

rement of coating wettability is typically performed by determination of the contact aj

face free of any non-coating surface chemistries’,and the specific liquid with which
is to be determined.

is a pertinent property for this specific coating.

IfwettabilI' y is deemed pertinent, it shall be spgcified and verified. For verification applicable stand3

given in A
method sh

Ifitis notd
why this p

nex C should be used. If none of-thé’standards given in Annex C are used, another suit
h11 be specified and used.

eemed pertinent, no testingis required. However, a justification shall be provided to exp|
‘operty is not deemed pertinent.

ing.
[ing
ure
[ing
rds

d to

ngle
b On
the

not

rds
hble

lain
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Annex A
(informative)

Coating technology examples

A.nedic oxidation

Tec
intd
con

A.2

Tec
con
and
eith
exc

A.3

Tec
the

T TETTIOr T O TY

hnology that modifies the surface of metals by means of an electric-field driven oxyge
the anode metal. The properties of the oxide coating produced can be controlled'bythe
position and the electric process parameters.

Chemical Vapour Deposition (CVD)

hnology based on chemical reactions in the reactor chamber which-can proceed in a wi
ditions (hot, cold, atmospheric or low pressure). These processes employ various gase
solid chemicals as sources of the material the coating is to be made of. CVD processes arj
er thermally (resistance/microwave/infrared heating) or\by using radiation as well
tation to ionize and dissociate the reactants.

Electrolytic process

hnology used to produce thin films by cathodi¢ deposition. The principle of electrolysis
galvanic deposition of metals from salt soléitions and for the controlled precipitation

fromn supersaturated solutions.

A4

Tec
acc

A.5

Tec
gas

Ion implantation
hnology for introducing elements into the near-surface region of solids by directing
plerated ions onto the surfage of a material.

Plasma polymerisation

hnology usually’ operated under low pressure and low temperature plasma conditi
Pous organic.monomers are activated by a gas discharge to initiate polymerization lea

formation ef highly cross-linked polymer coatings.

A.6

h diffusion
electrolyte

e range of
ous, liquid
e activated
as plasma

is used for
bf coatings

a beam of

ons where
Hing to the

Thermal spraying

Thermal spraying techniques are coating processes in which melted (or heated) materials are sprayed
onto a surface. The feedstock (or coating precursor) is heated by an electrical (plasma or arc) or
chemical (combustion flame) heat source.

A.7 Physical Vapour Deposition (PVD)

Technology comprising a variety of vacuum based techniques for the deposition of thin films by
condensation of the vaporized film material onto workpiece surfaces. In contrast to CVD procedures
Physical Vapour Deposition is independent of chemical reactions during film formation. The typically
solid coating material is vaporized by supplied electric energy (conducting crucible, cathodic arc,
electron beam), laser power or ion bombardment (sputtering).
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A.8 Sintered coatings

Type of coatings consisting of individual entities (powder particles, wires, mesh, beads, etc.) that are
agglomerated thermally (solid or partially liquid state) to comprise a porous structure.

A.9 Sol-Gel coating technique

Technology for producing metal oxide coatings. The process involves conversion of metal-organic
monomers into a colloidal solution (sol) that acts as the precursor for an integrated network (or gel) of
either discrete particles or network polymers. Typical precursors are metal alkoxides. Sol-Gel coatings
can for expmple be produced by dip-coating, spray-coating, layer-by-layer deposition or interfdcial
polymerizgtion processes.

A.10 Solytion precipitation method

Deposition| of a coating on the substrate from an aqueous solution with supersaturated ipnic
concentratiions, sometimes includes an electrochemical deposition process.
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Annex B
(informative)

Examples of intended functions of implant coatings

lMPORTANT — The examples outhned in Annex B below have been reported in the literature for

: een shown to
elicjt these 1ntended functlons in spec1f1c appllcatlons, this does not mean that ‘the same goating will
genprate the same effect in a different application; or, that a coating with similar~properties will
genprate the same effect or to the same degree in the same application. The coating may He only one
factor among many others which determine whether or not the intended function\is observed and to
what degree it is observed. Adequate evidence is necessary to demonstrate that‘a coating used on a
spefgific device in a specific application is able to produce the desired effect in a clinically relevaint manner
to nmpake the types of claims outlined below.

B.1 Wear reduction

Artjculating components of devices with hard ceramic coatings (e.g. Titanium nitride) can [potentially
redjice friction and wear of the frictional counterpart (e.g. Ultra High Molecular Weight Pplyethylene
UHMWPE).

B.7 Reduction of allergenic potential

Sonpe materials used for devices contain elements which can initiate allergic reactions of the immune
system. Implant coatings can potentially prevent the elution of such elements into the bddy fluid or
tisspie by acting as diffusion barriers (e.g«‘cCeramic coatings on CoCrMo implants which syppress the
reldase of Co, Cr and Mo ions dramaticallij.

B.3 Biological fixation
A syfficiently porous coating tan potentially promote bone and/or soft tissue integration and anchoring
thrpugh the pores of coating:

B.4 Improved wettability

The wettability “of components of devices can be improved by coatings. Improved wetfability can
potentially help to reduce friction between a non-implantable intravascular device such asfan implant
deljvery System and the blood vessel, and reduce wear in the articulation for orthopaedic dejices.

B.5 Antimicrobial effect

Coatings that contain antibiotics or bactericidal metal ions with defined concentrations and selected
release properties can potentially produce an antimicrobial effect frequently combined with a tolerable
cell-toxic behaviour. The function of these coatings is to impede bacterial colonization or formation of
biofilms until the implant surface is completely overgrown by tissue cells.

B.6 Prevention of cell adhesion
In case of trauma applications, the devices are frequently set temporarily. A coating (e.g. anodic oxidized

titanium) can potentially reduce cell adhesion enabling easy removal of the device decreasing the risk
of serious injury of the surrounding tissue.
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