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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 maintenange
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).

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

For an ex
assessmen
to Trade (1

The comm

This secor]
ISO 12891-

[SO 12891
implants:

Part 1:

Part 2:

5 drawn to the possibility that some of the elements of this document may be the subjec
ts. ISO shall not be held responsible for identifying any or all such patentrights. Detai
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

blanation on the meaning of ISO specific terms and €xpressions related to conforn
[, as well as information about ISO’s adherence to the WTO principles in the Technical Barn
BT) see the following URL: Foreword - Supplementary information

ttee responsible for this document is ISO/TC 150; Implants for surgery.

d edition cancels and replaces the first\editions (ISO 12891-2:2000, ISO 12891-3:2
4:2000), which have been merged and:téchnically revised.

consists of the following parts,.under the general title Retrieval and analysis of surg

Retrieval and handling

Analysis of retrieved surgical implants

are
the
the

t of
s of
| /or

not

hity

iers

00,

ical

© ISO 2014 - All rights rese

rved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=c787f9060a703af636372bc76f68779b

1SO 12891-2:2014(E)

Introduction

The investigation of retrieved implantable medical devices and adjacent tissues can be of diagnostic
value in the event of clinical complications, can deepen our knowledge of clinical implant performance
and safety, and can improve our understanding of the interactions between implants and the body, thus,
furthering the development of implants with improved biocompatibility and functional longevity.

This part of ISO 12891 specifies methods for the retrieval, handling, and analysis of surgical implants
and associated specimens which are retrieved from patients during revision surgery or post-mortem.
The aim is to provide guidance in preventing damage to the specimens which could obscure the

investigation results, and in gathering data at the proper time and under the proper circ
[SO|12891-1 deals with retrieval and handling. This part of ISO 12891 concerns the analysis
of specific materials, and includes protocols for reporting the data collected. For particular in
programmes, additional, more specific protocols can be required. If special analytical tech
employed, the procedures used should be specified.

Thip part of ISO 12891 specifies methods for the analysis of retrieved stirgical implants
they are not damaged, to indicate typical investigation techniques, and to allow compariso
inve¢stigation results from different sources. These methods may beuseful for retrieval a

stu

Thi

In many cases only a subset of these examinations will be appropriate to the investigation a
explanted device.

ISO

and| C of ISO 12891-1 include examples of protocols:fér reporting data concerning the retriey
These protocols are notrepeated in this part of ISO112891. They may be reduced or expanded
on the retrieved surgical implant, the presence ¢fany attached or accompanying biological m

the
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ies in animals.

5 part of ISO 12891 provides for a thorough examination ofall aspects of an explanted

12891-1 specifies methods for retrieval and handling and applies to this part of ISO 12891
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Retrieval and analysis of surgical implants —

Part 2:
Analysis of retrieved surgical implants

1 [Scope
Thip part of ISO 12891 specifies methods for the analysis of retrieved surgical implants.

Thip part of ISO 12891 describes the analysis of retrieved metallic, polymeric and;ceramic implants. The
analysis is divided into three stages which are increasingly destructive.

Thip part of ISO 12891 can also be applied to other materials, e.g. animal tissue implants.

Thip part of ISO 12891 can be applied in accordance with national regulations or legal requirements
regarding the handling and analysis of retrieved implants and tissues.and associated biological material.

2 |Normative references

The following documents, in whole or in part, are normatively referenced in this documgnt and are
ind{spensable for its application. For dated referenées, only the edition cited applies. F¢r undated
refgrences, the latest edition of the referenced document (including any amendments) applids.

wn

1SO|12891-1:2011, Implants for surgery — Retrieval and analysis of surgical implants — Part [l: Retrieval
and|handling

3 |Terms and definitions

For|the purposes of this document, the following terms and definitions apply.

31
surgical implant

implant

medlical device intenrded to be inserted into the body by surgical techniques

Note 1 to entry:The medical device is hereafter referred to as an “implant”.

Note 2 to entiry: The implant can be a component of a modular or multicomponent implant.

4 DP¥ncadnnrac for yroatriavual handling and naclraging
TTUTTUUTCO TUT TUTI I VoY, ITUITUITIT S oI puTcixua g Ity

Procedures for retrieval, handling, packaging, and protection of the personnel involved shall be in
accordance with ISO 12891-1.

As a precautionary measure, retrieved implants shall be decontaminated by an appropriate means that
does not adversely affect the implant or the planned investigation. Appropriate methods are given in 3.8
of ISO 12891-1:2011.

Any difficulty in the implant retrieval procedure leading to unavoidable implant damage during it shall
be reported together with a description of the produced damage.

Cleaning solutions (see 1SO 12891-1:2011, Table 1) can interact with the material, e.g. corrosion or
dissolution and should be chosen to minimize this risk.

© ISO 2014 - All rights reserved 1
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Photographic records of the surgical field should be made before the implant retrieval, if appropriate.

5 Analysis of the implant interfaces

5.1 Implant/tissue interface

A significant part of the information associated with a retrieved surgical implant is often at the
implant/tissue interface. Attention shall be given to the interface and to the peri-implant tissue and its
contents. Where requlred analyses of the chemlstry and nature of the byproducts of degradation of the
implant an,

the
are

In cases where implant surfaces are designed to promote tissue ingrowth or ongrowth, a studyof]
implant tissue interface can be of particular interest, and the findings shall be recorded. If résidues
adherent tp the surface of the implant, this shall be recorded.

Since the appearance of the tissue can vary significantly with the distance from thedniplant surfade, it

isimporta
particulate

5.2 Imp

Where imyj
contacting
the contex

In addition
to determi

6 Analy

6.1 Gen

This claus
implant is

t that the tissue is analysed in its context with the implant. Where possible, tissue, fluid,
samples should be collected for further analysis (see ISO 12891-1, 34).

Jant/implant interfaces

lants articulate on or are in contact with other implant<components, the condition of]
surface areas of the implant can be of particular interest Their study shall be considere
of the opposing surfaces.

he whether wear debris is present.

sis of the implant

bral

b describes the different degrées of characterization to be considered when a retrie
inder investigation.

The analys
and destr
macroscop
mechanica

Because of]
of potenti
performed

The examiB

ic and microscopigexaminations, chemical analyses, and the determination of physical
properties.

he complexity of the materials that can be used for implants, and because of the large num
| analyses’and tests suggested in this part of ISO 12891, the stage and type of analysis t
shall'be chosen as a function of the type of implant and the purpose of the investigation.

es of the retrieved implant are divided into three stages, with the degree of characterizaf
ction increasing, from stage I to stage IIl. The implant characterizations can incjude

and

the
d in

to studying the condition of contacting surfacesthe surrounding area shall also be studied

ved

ion

and

ber
be

ation

of the 1mp1ant and p0551ble restrlctlons in destructlve testing. Perform a minimum number of
investigations for routine removals where the implant is not suspected to have malfunctioned, more
examinations for implants suspected of having a functional impairment, and extensive investigations
for implants retrieved because of a suspected malfunction.

Each component of an implant shall be analysed separately, if possible and necessary.
NOTE1 AnnexA lists the most important characteristics to be assessed at each investigational stage.

NOTE 2  Applicable International Standards and national standards for the evaluation of implant properties
are given in Annex B and in the Bibliography.
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6.2 Forms for recording the results of the analyses

Standard forms for metallic (see A.2), polymeric (see A.3), and ceramic (see A.4) implants, indicating
the information to be recorded at each stage of the investigation are given as a framework. Further
information regarding the use of the forms is given in A.1.

For other materials, e.g. animal tissue implants, a form based on A.2 to A.4 can be used for the preparation
of a relevant list.

NOTE A standard form for the recording of clinical and implant-related information is given in
ISO 12891-1:2011, Annex A.

6.3| Stage I investigation (macroscopic examination — non-destructive)

6.3{1 General

Thd primary aim of this stage of the investigation is to describe the product(type, manufacturer, etc.),
to cpllect the pertinent visual information and to establish the failure assessment plan.

For|the assessment of the Stage I investigation, use sections 1 and 2 infA:2, A.3, or A.4.

6.32 Identification/photography

Maftkings found on the implant or its components such as the manufacturer’s name or trademark, the
bat¢h code (lot number) or serial number, dimensions, etc., shall be recorded. Photographic records
shall be made of relevant findings, where useful.

6.3]3 Visual examination

Thegimplant surface shall be observed to ascertain the mode of failure, destruction, or surfacealteration,
if ay such appears.

In rfo event shall any surface of a failed\implant be destructively evaluated at this stage.

6.314 Low-power optical exantination

An pverall examination shdll be performed under a low-power optical stereomicroscope.

6.3{5 Further evaluation

If af the conclusion-of stage I further investigation is required to clarify any observations made, or to
evaluate other\¢haracteristics or the failure mode of the implant, it shall be carried out subsgquently in
stage II.

6.4{ cStage Il investigation (microscopic examination — mostly non-destructive]

6.4.1 General

Stage II investigation shall be carried out after stage I investigation, if deemed necessary, to further
investigate or identify the characteristics and/or failure mode of the implant.

The primary aim of this stage of the investigation is to assess the mode of failure and/or the deterioration
of the implant in the most non-destructive manner possible. For the assessment of the Stage II
investigation, use sections 3to 5in A.2, A.3, or A.4.

© ISO 2014 - All rights reserved 3
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6.4.2 Microscopic examination

Optical or scanning electron microscopy examination techniques suitable for the material under
investigation shall be used.

Normal incidence of transmission optical microscopy or polarizing, interference, phase-contrast or
other optical microscopy techniques can be used, when applicable to the implant.

When scanning electron microscopy is used, special preparation techniques can be required to obtain
the necessary conditions for imaging and analyses.
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br other image processing, if applicable.

ctographic examination

int is fractured, analysis of the fracture surface by suitable techniques can help to ascer
f fracture or to detect defects in the material. It might be necessary to excise a portion of

ant has suffered mechanical failure, it is important to remember-that it can become 1
hd so the necessary precautions need to be taken. If the fracture.surface has been altg
ing or after retrieval then the existence of this damage should berecorded.

lucting the fracture analysis the investigator should take’into account the possibilit
the fracture surfaces due to relative movement between‘the implant fractured parts be
5 well the loss of fractured parts during retrieval.

face topography

p carried out in addition to the morpholegical assessment.
e IIl investigation (material investigation — mostly destructive)

heral

nvestigation is necessary to assess the properties of the implant, the tests listed uny
Annex A shall be catrjed out as deemed necessary to further characterize the implant
For the assessmentof the Stage Il investigation, use sections 6 to 9 in A.2 or A.4 or sect
3.

\pplicable International Standards and national standards for the evaluation of implant propet
Annex Band in the Bibliography.

6.5.2 Ma1terial composition
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conduct the examination. Destructive evaluation of the fracture surface shall be avoigled.

pgal
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n and unworn areas of the surfaces of retrieved implants are of interest, surface topography

der
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ties

6.5.2.1 General

Determine the physical and chemical composition and identity of the material and report the technique
employed with the results. The type of material can be characterized by means of material standards
listed in Annex B.

It can be sufficientin the study of a given retrieved implant to verify that the type of material corresponds
to the information provided by the manufacturer. If more details are required or the nature of the
material is unknown, appropriate techniques shall be used to determine the required physical and
chemical properties.

The location of the area or portion of the implant that has been analysed shall be identified in relation to

the full implant and reported with the result. The method of analysis shall be clearly identified.
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2.2 Metals

Where necessary, analysis of the composition shall be carried out by appropriate methods (e.g. electron
diffraction X-ray analysis, X-ray fluorescence analysis, atomic absorption spectroscopy, or recognized

che

6.5.

mical analysis techniques).

2.3 Polymers

Differential thermal analysis, gel permeation chromatography, or other applicable molecular weight
methods, infrared analysis as well as other spectrographic techniques can be useful to further
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bplicable, the thermal properties of polymers, e.g. transition temperature, heat of fusio
rystallization, shall be determined in accordance with applicable test methgds:’ Th
‘actable from the polymer shall be determined in accordance with suitable test‘methods

ending on the polymer, certain structural characteristics can be determined by optical

1sed.

sidering thatbulk properties can differ considerably from surface properties (texture, stre
to processing characteristics (flow in moulds, differences in solidification rate, etc.), rep
h shall be sampled from different portions of the implant, ifpdssible.

2.4 Ceramics

pgnized analytical methods shall be used to detéfmine the chemical composition of t
lant. The method of analysis shall be specified, such as X-ray fluorescence analysi

anallysis, and highly quantitative and specific techniques such as atomic absorption spectr

spe

Wh

diff

6.5

Stal

use

Thd
The

Ctrophotometric analysis.

bre of interest, the degree of crystallinity and the atomic structure can be determine
Faction techniques.

3 Microstructure

idard preparation and evaluation techniques suitable for the material under investigati
.

inclusion contént, in accordance with the applicable material standard, shall be det

appropriate,

Thd
forg

h, and heat
b fractions

br electron

roscopy. For the determination of inclusions and particulate constituents; similar methjods should

ngths, etc.)
fesentative

he ceramic
5 and EDX
bscopy and

d by X-ray

on shall be

grain size, in accordance with the applicable material standard and method, shall be deffermined.

brmined, if

process condition of the material (annealed, recrystallized, work-strengthened, hot-fq

rged, cold-

ed; moulded, extruded, etc.), and other relevant features shall be indicated, where possitl)le.

Evidence of corrosion or cracking shall be noted and recorded.

To check for voids and defects, scanning electron micro-analysis can be employed.

Ifa

©IS

porous material is under investigation, the porosity shall be characterized.
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6.5.4 Mechanical properties

IMPORTANT — Except for hardness measurements, which can be carried out on the implant
surface, the mechanical tests are destructive. The performance of such tests can be restricted or
inhibited by the size and/or shape of the implant or by legal conditions.

The types of measurement to be carried out at this stage of characterization depend upon the implant
and its application. Some materials (e.g. shape memory alloys, degradable metals, certain polycarbonate
urethanes, or polydimethasiloxanes) have unique mechanical considerations that shall also be addressed.

Where applicable, the density and hardness shall be determined in accordance with suitable material
standards.

Where required and possible, the mechanical properties (tensile, flexural, compressive, etc.), shall be
determinedl in accordance with applicable material specifications and test methods. Other tests can also
be perfornjed as appropriate to the test specimen.

Where dinjensions allow, test specimen shall be fabricated from the implant. Deviation from the fest
specimen dimensions specified in standard methods may be made necessary by thé& shape and size of
the implanf under investigation. This shall be taken into account when evaluating the test results.

In performling hardness tests, results can vary depending on the method, the'area, the direction of|the
measurements (surface, centre, longitudinal, transverse, etc.), deformation; etc. This shall be taken {nto
account when evaluating the test results.

Shape menpory materials can have a different set of properties toxeport (e.g. plateau stresses, austehite
finish strain, elastic modulus, etc) that are not covered in AnneX.A.

6.6 Surface-treated or coated implants
In cases where implants have surface treatments or coatings, the following shall be considered.

a) The implant shall be examined for structutal integrity. In particular, note the occurrence of fany
surfacg regions which have become altered; such as by delamination, coating loss, or other chanfes.

b) The logation of any fragments or debris shall be recorded and any relationship to tissues shalll be

examiped, when accessible.

In the ¢ase of metallic implants for joint replacement, particles released from a surface coating mjght
cause $econdary damage to;functional parts of the implant. These occurrences shall be recorded.

c) Wherdappropriate, specific tests to evaluate the surface treatment, coating or substrate properfties
(e.g. chemical, microstructural, and mechanical characteristics) shall be carried out.

d) Wherd appropriate and accessible, the tissue associated with the implant and any fragmentp or
debris|shallbe analysed.

NOTE IDebpis can consist of substances of synthetic or biological origin.

6.7 Biodegradable implants

If the implant was intentionally manufactured from biodegradable materials, test procedures specified
in this part of ISO 12891 can still be used. However, the interpretation of the results shall allow for the
time-dependent physical and chemical changes to be expected with such materials.

a) The implant shall be examined for structural integrity. In particular, note the occurrence of any
surface regions which have become altered, such as by delamination or other changes.

b) The location of any fragments or debris shall be recorded and any relationship to tissues shall be
examined, when accessible.

6 © ISO 2014 - All rights reserved
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c) Where appropriate and accessible, the tissue associated with the implant and any fragments or
debris shall be analysed.

NOTE Debris can consist of substances of synthetic or biological origin.

7 Implant performance

To evaluate the clinical performance of the implant under investigation, in particular, the implant
failure or deterioration, the implant application, the physiological conditions, the clinical history, and
the implant loading have to be considered.

© ISO 2014 - All rights reserved 7
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Annex A
(normative)

Standard forms for the analysis of retrieved surgical implants

A.1 General

A2,A3,a
(see A.3),

£A.4 list the steps to be followed in a typical series of analyses for metallic (see A.2), poelymieric
d ceramic (see A.4) implants and show how the test results can be presented.

Sections which are not applicable shall be marked as such. Additional observations,\findings, pnd

conclusionp can be included at the end of the form or in the individual sections, as appropriate.

© ISO 2014 - All rights reserved
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A.2 Form for examination of retrieved metallic surgical implant

Record no.:

This report applies to component No. of a total of components.

Condition of implant: intact [J; broken 0; cracked J; corroded [J; damaged O

Stage I investigation (macroscopic examination — non-destructive)
1. Implant information

Imglant type Number of components

Catalogue number

Manufacturer

Dinmjensions Material

2. 1acroscopic examination both visually and with low-péwer microscope
(state YES, NO, DOUBTFUL or N/A in the assessment colunin)
Location Assessment

a) wear (describe appearance)

b) galling

) cprrosion

d) scratching

e) cracking

f) change of shape

g) bBurnishing

h) mechanical ddmage

i) macroporosity

j) othexy

© ISO 2014 - All rights reserved 9
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Stage Il investigation (microscopic examination — mostly non-destructive)

Microscopic examination of surface and of defects at higher magnifications (optical and electron

microscopy).
3. Wear (if YES, describe location and state method of examination)

a) adhesive wear

b) abrasive wear

C) wear angi corrosion

d) wear an|
e) wear an

f) multicon

4. Corrosi
a) general

b) pitting ¢
C) crevice d
d) galvanid
e) fretting
f) stress cg
g) unable t
h) other

d degradation

| fatigue

nponent wear

bn (if YES, describe location and state method of examination)

rorrosion

orrosion

orrosion

corrosion

corrosion

rrosion

b identify

10
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5. Mechanical failure (if YES, state mode, location and method of identification)

a) static overload (with
plastic deformation)

b) shear

c) bending

d) torsion

e) imrpact

f) fatigue

g) cprrosion-fatigue

h) sfress-corrosion

i) combination of above
(idgntify)

j) other (specify)

k) unable to identify

Stage IIl investigation (material investigation = mostly destructive)
6. Type of material (be as specific as possibleand state applicable International Standards,|see B.1)

a) chemical composition

7. Microstructure and defects, (microscopic examination, indicate sample location, orierftation and
preparation technique)

a) grain size

b) inclusions

c) grain boundaty-constitu-
ents

d) Homogeneity

e) cpndition (recrystal-
lized, cold-worked, forged,
etc.)

f) micro-porosity (%)

g) other features

© ISO 2014 - All rights reserved 11
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8.Mechanical properties (state N/A if not applicable, method used and sample location and orientation)

a) hardness (indicate method

and location)

b) density

c) tensile test (sample size, ori-

entation, gauge length)

d) ultimate tensile strength

e) yield str

f) elongatipn (%)

g) reductio

h) bending]

i) other types of test

9. Coatings

a) coating material

b) coating

) estimate
missing

d) shear st

e) tensile s

ess, 0,2 % offset

n of area (%)

test

(state N/A if not applicable)

fondition

d fraction of coating

Fength determined

frength determined

12
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This report applies to component No. of a total of

1SO 12891-2:2014(E)

Record no.:

Condition of implant: intact 0; broken [J; cracked [J; corroded [0; damaged O

components.

Stage I investigation (macroscopic examination — non-destructive)
1. Implant information

Implant type Number of components________
Catalogue number _________ Serial, batch or lot number(s) _____________
Manufacturer

Dimensions Material

(st

a) W

b) d

c) material transfer

d)s
e)e
f)c
gV
h) ¢
)b

j)m

2. 1acroscopic examination both visually and with low-power microscope

e YES, NO, DOUBTFUL or N/A in the assessment colunin)

Location Assessment

rear (describe appearance)

iscoloration

cratching or pitting

mbedded particles

racking

arping

hange of shape

irnishing

eChanical damage

k) tissue attachment
1) macroporosity

m) dimensions

n)o

thers

© IS0 2014 - All rights reserved
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Stage Il Investigation (microscopic examination — mostly non-destructive)

Microscopic examination of surface and of defects at higher magnifications (optical and electron

microscopy).
3. Wear (if YES, describe location and state method of examination)

a) adhesive wear

b) abrasive wear

c) wear an{i defamination

d) wear an|
e) wear an
f) multicon
g) other de
tures

4. Deterio
a) discolor
b) materia
c) cracking
d) pitting

e) scratchi
f) tissue ad
g) delamin

h) other fe

d degradation

| fatigue

nponent wear

gradation fea-

Fation (if YES, describe location and state method of examination)

htion, staining

transfer

18

hesion

htion

tures

14
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5. Mechanical damage or failure (if YES, state mode, location and method of identification)

a) overload
b) shear

c) bending
d) torsion

e) impact

f) f:

g) ¢
h) s

i) combination of above

(idd
j) of
k) u

Sta

tigue

reep

tress-cracking

ntify)

her (specify)

nable to identify

e I Investigation (material investigation —inostly destructive)

6. Type of material (be as specific as possible and state applicable International Standards,[see B.1)

a)c
tion

haracteristics of composi-

7. Microstructure and defects, (microscopic examination, indicate sample location, orierftation and

pre

a) inclusions

b) i1
des

c) npicro-poresity (%)

d) g

paration technique)

nthomogeneity, ne- L1, yes [,
Cribe

ther defects

e) okher features

©IS

02014 - All rights reserved
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8.Mechanical properties (state N/A if not applicable, method used and sample location and orientation)

a) hardness

b) density

c) ultimate

d) elongation (%)

e) tear strength

tensile strength

f) flexural ptrength (or modulus)

g) shear strength

h) compres

i) other types of test

9. Physicorhemical properties (most applicable technique)

sive strength

a) molecular weight (distribution)

1) solut

on viscometry

2) gel pg¢rmeation chromatography

3) osmg

metry

4) light cattering

5) viscgmetry

6) melt
b) thermal
1) diffet
2) differ
3) therr
4) therr

) dynamig

ndex

characterization

ential thermal analygis
ential scanning ealorimetry
hometric andlysis

ho gravimetric analysis

meéechanical measurements

d) infrare

spectroscopy

e) nuclear magnetic resonance

f) lipid content of implant

g) density

h) other an

16

alyses (describe)
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10. Coatings (state N/A if not applicable)
a) coating material
b) coating condition

c) estimated fraction of coating
missing

d) shear strength determined

1SO 12891-2:2014(E)

1 . i T N . 1
e) temsmestr ClIg U UTLCTHIIICU

© IS0 2014 - All rights reserved
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A.4 Form for examination of retrieved ceramic surgical implant

Record no.:

of a total of

broken [;

This report applies to component No. components.

Condition of implant: intact [J; cracked [J;  corroded O0; damaged O

Stage I invVestigation (macroscopic examination — non-destructive)

1. Implang information

Implant type Number of components________

Catalogue humber _________ Serial, batch or lot number(s) _____________
Manufactufrer

Dimensionf Material

2. Macros¢opic examination both visually and with low-power niicroscope

(state YES,

a) wear (de
b) discolor
c) material

d) scratchi

e) fragmenltation

f) major cr
g) surface

h) chipping
i) surface €

j) mechani

k) macro-porosity

1) tissue attachment

m) other si

18

NO, DOUBTFUL or N/A in the assessment column)

Location Assessment

scribe appearance)

htion

transfer

ng or pitting

hcks

rracks/crazing

rosion

cdl-damage

gns of degradation

© ISO 2014 - All rights reserved
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Stage Il investigation (microscopic examination — mostly non-destructive)

Microscopic examination of surface and of defects at higher magnifications (optical and electron
microscopy).

3. Wear (if YES, describe location and state method of examination)

a) adhesive wear

b) abrasive wear

C) nfateriat transter

d) wear and degradation

e) wear and fatigue

f) multi-component wear

4. Deterioration (if YES, describe location and state method of examifation)

a) cracking/crazing

b) deterioration, dissolution
(degcribe in detail)

5. Mechanical damage or failure (if YES, state mode, location and method of identification]

a) sfatic overload

b) shear

c) bending

d) tprsion

e) impact

f) fatigue

g) fatigue combinédywith

h) skress-craeking

i) deterioration and cracking

j) combination of above (iden-
tify)

k) other (specify)

1) unable to identify

© ISO 2014 - All rights reserved 19
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Stage III Investigation (material investigation — mostly destructive)
6. Type of material (be as specific as possible and state applicable International Standards, see B.1)

a) chemical composition

7. Microstructure and defects (microscopic examination, indicate sample location, orientation and
preparation technique)

a) grain size

b) inclusio:lls

c) grain bopndary constitu-
ents

d) homogeheity

e) different phases

f) micro-pgrosity (%)

g) other flqws

h) internalfcracking

1) single crack

2) multiple cracks

3) cracH origin

4) grainy boundary cracks

i) other features

8. Mechanjcal properties (state N/Aif not applicable, method used and sample location and orientatjon)

2]

a) hardnes

b) density

) open potosity

d) closed porosity

e) tensile test{indicate specimen size
and orientation, gauge length)

f) flexural strength

g) compressive strength

h) bending test

i) other types of test

20 © ISO 2014 - All rights reserved
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9. Coatings (state N/A if not applicable)

a) coating material

b) coating condition

c) estimated fraction of coating missing

d) shear strength

e) tensile strength

© ISO 2014 - All rights reserved 21
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Annex B
(informative)

ISO Standards applicable for the evaluation of materials

NOTE

International Standards for the evaluation of materials are listed in this Annex. Other standards for

evaluating materials which can also be npp]ir‘ah]n, arelisted in the Rih]ingr:\phy

ium

{ing

ckel

ium

pum

pum

B.1 Metpllic materials

B.1.1 Chemical, microstructural and mechanical properties

[SO 5832-1)} Implants for surgery — Metallic materials — Part 1: Wrought stainless steel

[SO 5832-2, Implants for surgery — Metallic materials — Part 2: Unalloyed titauium

IS0 5832-3| Implants for surgery — Metallic materials — Part 3: Wrought titanitim 6-aluminium 4-vanad
alloy

ISO 5832-4, Implants for surgery — Metallic materials — Part 4: Cobalt-chromium-molybdenum cas,
alloy

[SO 5832-5, Implants for surgery — Metallic materials — Part5:Wrought cobalt-chromium-tungsten-ni
alloy

ISO 5832-¢, Implants for surgery — Metallic materials — Part 6: Wrought cobalt-nickel-chromi
molybdenun alloy

ISO 5832-7, Implants for surgery — Metallic-materials — Part 7: Forgeable and cold formed col
chromium-nickel-molybdenum-iron alloy

ISO 5832-8, Implants for surgery —<Metallic materials — Part 8: Wrought cobalt-nickel-chromi
molybdenun-tungsten-iron alloy

[SO 5832-9, Implants for surgery=- Metallic materials — Part 9: Wrought high nitrogen stainless steel
[SO 5832-11, Implants forsurgery — Metallic materials — Part 11: Wrought titanium 6-alumin
7-niobium qlloy

[SO 5832-1R, Implants)for surgery — Metallic materials — Part 12: Wrought cobalt-chromium-molybde
alloy

ISO 5832-14“Implants for surgery — Metallic materials — Part 14: Wrought titanium 15-molybde

5-zirconium 3-aluminium alloy

1SO 13782, Implants for surgery — Metallic materials — Unalloyed tantalum for surgical implant applications

ISO 15374,

B.1.2 Mi
ISO 643, St

Implants for surgery — Requirements for production of forgings

crostructural and surface testing

eel — Micrographic determination of the apparent grain size

[SO 4287, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Terms, definitions
and surface texture parameters

22
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