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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
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Future parts

Annexes A

n (IEC) on all matters of electrotechnical standardization.

5. ISO shall not be held responsible for identifying any or all such patent-rights.

consists of the following parts, under the general title Retrieval and analysis of
Retrieval and handling
Analysis of retrieved metallic surgical implants
Analysis of retrieved polymeric surgical implants
Analysis of retrieved ceramic surgicaldmplants
will deal with other relevant aspects of surgical implant retrieval and analysis.

and B of this part of ISO 12891 are for information only.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’3.

ST, alSo [ake part In the Work. 1SU coltaborates closely with the Internatonal Etectrgtechnical

htional Standards adopted by the technical committees are circulated to the member bodies fpr voting.
as an International Standard requires approval by at least 75 % of the memben bodies casting a vote.

drawn to the possibility that some of the elements of this part of 1ISO.12891 may be the gqubject of

| Standard 1SO 12891-3 was prepared by Technical Committee SO/TC 150, Implants for surgery.

surgical implants:
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The investigation of retrieved implantable surgical implants and adjacent tissues can be of diagnostic value in case
of clinical complications, can deepen the knowledge about clinical implant performance and interactions between
implants and the body, provide information on implant performance and safety, and thus further the progress of the
development of biocompatible implant materials and devices with improved functional longevity.
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INTERNATIONAL STANDARD ISO 12891-3:2000(E)

Retrieval and analysis of surgical implants —

Part 3:
Analysis of retrieved polymeric surgical implants

1 Scqgpe

This part|{of ISO 12891 provides guidance on the analyses of retrieved polymeric surgical implants. Thrg¢e stages of
investigations are described that are increasingly destructive. Guidance is given on the'Choice of stage|and type of
investigation corresponding to the type of implant and purpose of the investigation;

NOTE This part of ISO 12891 should be applied in accordance with national regulations or legal requiremepts regarding
the handlihg and analysis of retrieved implants and tissues and associated biological‘material.

2 Normative references

The folloving normative documents contain provisions whichythrough reference in this text, constitute grovisions of
this part pf ISO 12891. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based orvthis part of ISO 12891 are encouraged to investigate the
possibility of applying the most recent editions ofithe normative documents indicated below. Hor undated
referencgs, the latest edition of the normative dacument referred to applies. Members of ISO and IEC maintain
registers|of currently valid International Standards.

ISO 12891-1:1998, Retrieval and analysis of.surgical implants — Part 1: Retrieval and handling.

ASTM D{883, Standard Terminology Relating to Plastics.

3 Term and definition
For the purposes of this.part of ISO 12891, the following term and definition applies.
3.1

polymeri¢ surgical implant
medical Tevice consisting of polymeric material intended to be inserted into the body by surgical techniques

NOTE 1 The device is hereafter addressed as "implant".

NOTE 2  The polymeric implant may be a component of a modular or multicomponent implant.

4 Procedures for retrieval, handling and packaging

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

NOTE As a precautionary measure, removed implants should be sterilized by an appropriate means that does not
adversely affect the implant or the planned investigation. Corresponding descriptions are found in ISO 12891-1:1998, annex A.

© I1SO 2000 — All rights reserved 1
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5 Analysis of the implant interfaces

5.1 Implant/tissue interface

A significant portion of the information associated with a retrieved implant device is often at the device/tissue
interface. Attention should be given to a study of particles in the peri-implant tissue. Where possible, a chemical
analysis of the byproducts of degradation of the implant and a study of the cellular response to the implant shall be
considered.

Since the appearance of the tissue may vary rapidly with its distance from the implant surface, it is important that

4.5).

5.2 Implant/implant interfaces

Due to the |properties of polymers, implants made of polymers can be comparatively soft,"Therefore, in|cases of
concern, interfaces between polymeric components and other components and theif)surroundings should be
checked forl wear debris.

6 Analysis of the implant

6.1 Gengral

This clause| describes the different degrees of characterization to_be considered when a retrieved implant is under
investigation. The analyses of the retrieved implant aresdivided into three stages, with the degree of
characteriz@tion and destruction increasing from stage | through stage lll. The implant characterizations may
include magroscopic and microscopic examinations, chemical composition, as well as physical and mechanical
properties.

Because ofl the complexity of analyses of the variety of polymeric materials that may be used for implants, and
because ofthe large number of potential analyses-and tests suggested in this standard, the investigation (s divided
into different stages. The investigations selected to be performed should depend upon the reason for removal of
the implantfand possible restrictions in destructive testing. Perform a minimum number of investigations for routine
removals where the implant is not suspect; more examinations for devices suspected of impaired fungtion, and
extensive irfvestigations for implants femoved because of their performance, behavior or malfunction.

Perform a geparate analysis fof-each component of a device, if possible and necessary. Consider othef relevant
parts of thig International Standard if materials other than polymers are involved.

6.2 Stanglard forms

A standard [form indicating the information to be recorded in each stage of investigation is given in annex A. This
form in annex A is a framework. Portions of this form that do not apply in an implant analysis can be onitted. On
the other hgndythe form may be expanded and modified.

A standard form for the recording of a minimum of clinical information and of additional clinical material is provided
in annex B of ISO 12891-1:1998.

6.3 Stage | investigation — Macroscopic examination

6.3.1

(non-destructive)

Identification/Photography

Markings found on the implant such as logos, article numbers, lot numbers, dimensions etc., shall be recorded (see
annex A). Where useful, photographic documentation of relevant findings should be kept.

© 1SO 2000 — All rights reserved
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6.3.2 Visual examination

Observe the implant surface by suitable techniques to ascertain any mode of failure, surface alteration or
destruction, if such appears.

In no event shall any surface of a failed implant be destructively evaluated at this stage.

6.3.3 Low-power optical examination

Perform an overall examination under a low-power optical stereomicroscope. Record an estimate as to the degree
of findings-as suggested in annex A

6.3.4 Fprther evaluation

If at the |conclusion of stage | further investigation is required to clarify observations made,or to evaluate other
charactefistics or the failure mode of the implant, it shall be carried out subsequently in stage'll.

6.4 Stage Il investigation — Microscopic examination (mostly non-destructive)

6.4.1 eneral

Stage |l pvaluation should be carried out after stage | investigation, if~deemed necessary, to further|evaluate or
identify the characteristics and/or failure mode of the implant. This{Jevel of investigation primarily relates to an
assessment of the modes of failure and deterioration of an implant.in the most non-destructive manner possible
(see annpx A).

6.4.2 Microscopic examination

Use standard light optical or scanning electron microscopic examination techniques suitable for the material under
investigation.

Normal incidence of transmission light opticalmicroscopy or polarizing, interference, phase-contrast of other light
optical mjicroscopic techniques may be used,when applicable to the implant.

When sg¢anning electron microscopy,N\is applied, special preparation techniques may be required| to provide
conductiyity.

6.4.3 Ffactographic examination

If the implant shows ,a‘fracture or crack, analysis of the fracture surface by suitable techniques may help to
ascertain| the mode of.fracture. In general, destructive evaluation should be avoided. If the device has mechanically
failed, it is importantito be aware that it may be classified as legal evidence.

6.5 StTge HI'investigation — Material investigation (mostly destructive)

6.5.1 General

If further testing is necessary to assess the properties of the implant, the tests listed under stage Il in annex A shall
be carried out as deemed necessary to further characterize the implant and its history.

For information, recognized test methods are listed in annex B.

6.5.2 Material characterization
6.5.2.1 It may suffice for a given explant study to verify by simple means the type of polymer indicated by the

manufacturer. If more details are required or the nature of the polymeric material is unknown, appropriate
techniques shall be used to determine the required physical and chemical properties. Such methods as differential

© I1SO 2000 — All rights reserved 3
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thermal analysis, gel permeation chromatography or other applicable molecular weight methods, infrared analysis
as well as other spectrographic techniques may be useful to further characterize the implant material.

6.5.2.2

Depending on the polymer, certain structural characteristics can be determined by light optical or
electron optical microscopy on appropriately thin sections of the material.

For the determination of inclusions, electron optical microanalysis may be employed (e.g. electron diffraction X-ray
analysis in the scanning electron microscope).

6.5.2.3

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.

Considering
processing
provided frg

6.5.3 Med
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m different portions of the implant.

hanical properties

The types of measurement to be carried out at this stage of characterization will depend
its application. Suggested tests are shown in annex A under Mechariieal Properties (see an
methods).

Determine the density and hardness according to the applicable material standard. See an
methods.

Where required, determine the tensile, flexural, compressive, etc., properties in accordg
haterial specification if possible, and such other tests.as are appropriate to the test specimen w

.) due to
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upon the
hex B for
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d from the implant where dimensions allow. Deviation from the test specimen dimensions as glescribed

methods may be necessary to accommodate the shape and size of the implant under inve
b considered in the evaluation of the test results:
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action of polymers

the fractions extractable from the polymer in accordance with applicable test methods. Re
P listed in annex.B;

sions relating to surface-treated coated implants

ere implants have surface treatments or coating, the following aspects shall be considered.

Examin

stigation.

allization,

cognized

ns of the

a)

e the impl;mt for structural inrpgriry In partimllar naote the occurrence of altered surface rpgir

implant, such as delamination, loss or other changes in the coating.

b)

c)

microstructural and mechanical characteristics).

d) Where

NOTE

indicated, analyse the tissue associated with the implant or any fragments or debris.

Debris may consist of substances of synthetic or biological origin related to the implant or implant function.

Record the location of any fragments or debris and examine any relationship to tissues, when accessible.

Where indicated, carry out specific tests to evaluate surface treatment, the coating or substrate (e.g. chemical,
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6.7 Provisions relating to biodegradable implants

In the case of implants manufactured from polymers intended as biodegradable, test procedures described in this
part of ISO 12891 may be used; however, results should be interpreted with regard to time-dependent physical and
chemical changes which are expected with biodegradable polymers.

a) Examine the implant for structural integrity. In particular note the occurrence of altered regions at the surface
of the implant delaminations, losses or cracks or other changes. Describe the findings in detail.

b) Record the location of any fragments or debris and examine any relationship to tissues when accessible.

c) Whdre indicated, analyse the tissues associated with the implant or any fragments or debris.

NOTE Debris may consist of substances of synthetic or biologic origin related to the implant or implantfunction.

7 Implant performance

For the gvaluation of the clinical performance of the implant under investigation(in particular in case [of failure or
deterioration, the implant application, physiological conditions, clinical histéry and implant loading shall be
considered.

© I1SO 2000 — All rights reserved 5
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NOTE
Sections wh
Where requi

Examinatjon of Retrieved Implant Recofdydate .......

Annex A
(informative)

Standard form for guiding the analysis of retrieved polymeric surgical
implants

This report ppplies to component No. of total components.

Condition: | intact J; broken 0O; cracked J; worn [J; damaged(

Stage | Investigation (non-destructive, macroscopic)

1. Implant type (manufacturer and model if available)

Identification marks dimensions

2. Type of material (be as specific as possible inthis characterization)

3. Macroscgpic examination

NOT APPLICABLE [N/A], specify furtherif required)

b)
<)
d)
e)
f)
9)
h)

wear (describe appearance)

scratching or pitting
embedded particles
cracking
warping
change of shape

burnishing

Location Estimated degree

discoloyation

material transfer

, both visually.and with low-power microscope (characterize with YES, NO, [

This form is a guideline for the organization of implant analyses and presentation of results of the examination.
iFﬁ are not applicable may be deleted or marked as such. Individual forms based on this example may._ b
ed, additional observations and findings should be written out.

Record No.*..\....

e created.

DOUBT, or

© 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=f5c541b28b6df9c36a2057968ee72f1f

ISO 12891-3:2000(E)

J)  mechanical damage

k) tissue attachment

[)  macroporosity

m) dimensions

n) others

Stage || Investigation (mostly non-destructive, light optical or electron optical examination)
4. Deteripration (if YES, identify and describe location, degree and method of examination)

a) discoloration, staining

b) matgrial transfer

c) cracking

d) pitting

e) scrajching

f) tissye adhesion

g) delamination

h) othef features

5. Wear (If YES, identify and describe location, degree and method of examination)

a) adhegsive wear

b) abrasive wear

c) weaf and delamination

d) weaf and degradation

e) weafl and fatigue

f) mul componentwear

g) other degradation features

6. Mechanical damage or failure  (if YES, identify mode, indicate location of failure and method of identification)

a) overload
b) shear
c) bending

© I1SO 2000 — All rights reserved 7
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d) torsion
e) impact
f) fatigue
g) creep

h) stress-cracking

i) combination of above (identify)

j)  other ($pecify)

Stage Il [nvestigation (destructive)
7. Type of material (indicate analysis method, see annex B)

a) characferistics of composition

8. Microstryctural features  (microscopic examination, indicate sample location, orientation and preparatipn)

a) grain sfructure

b) inclusigns

c) grain bpundary features

d) inhomqggeneity, no [, yes [, describe

€) micropprosity

f)  other defects

g) other fg¢atures

9. Physicochemical properties  (most applicable technique)

a) molecylar weight

1) solufien viscometry

2) gel permeation chromatography

3) osmometry

4) light scattering

5) viscometry

6) meltindex

b) thermal characterization

© 1SO 2000 — All rights reserved
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f)
9)
h)

1) differential thermal analysis

2) differential scanning calorimetry

3) thermometric analysis

4) thermogravimetric analysis

dynamic mechanical measurements

infrared spectroscopy

ISO 12891-3:2000(E)

nuclear magnetic resonance

lipid jcontent of implant

dengity

othef analyses (describe)

10. Metallic coating (N/A = not applicable)

a)
b)
c)
d)

e)

coat|ng material

coatjng condition

estimated fraction of coating missing

shegr strength determined

tens|le strength determined

11. Mechanical properties (indicate-N/A if not applicable, take samples from areas representative of|the original
material,|indicate sample location arid orientation)

a)
b)
c)
d)
e)
f)
9)
h)

hardness

ultimate tensile strength

elonpation

tear jstrength

flexural strength (or modulus)

shear strength

compressive strength

other tests as applicable (impact strength, elastic moduli, fatigue tests, etc.)

© 1SO 2000 — All rights reserved
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Annex B
(informative)

Test methods for the evaluation of polymeric materials

B.1 International Standards

B.1.1 Phygicochemical characteristics
— IS0 60} Plastics — Determination of apparent density of material that can be poured from a spécified funnel

— 1SO 61} Plastics — Determination of apparent density of moulding material that eanrnot be poured from a
specifigd funnel

— IS0 62} Plastics — Determination of water absorption

— IS0 1183 (all parts), Plastics — Methods for determining the density and relative density of ndn-cellular
plastic$

— IS0 34b1-1, Plastics — Determination of ash — Part 1: General methods

B.1.2 Medhanical characteristics

— IS0 178, Plastics — Determination of flexural properties

— IS0 17pP (all parts), Plastics — Determination of Charpy impact properties
— IS0 458-1, Plastics — Determination of stiffness in torsion of flexible materials — Part 1: General method
— ISO 52[7-1, Plastics — Determinatiolrof tensile properties — Part 1: General principles
— ISO 604, Plastics — Determination of compressive properties

— 1SO 89P-1, Plastics — Determination of creep behaviour — Part 1: Tensile creep

— IS0 89P-2, Plastics.~< Determination of creep behaviour — Part 2: Flexural creep by three-point loadihg

— IS0 45P9, Plasties — Determination of resistance to environmental stress cracking (ESC) — Bent strip method

— IS0 62b2;Plastics — Determination of environmental stress cracking (ESC) — Constant tensile-stress method

— IS0 6721-1, Plastics — Determination of dynamic mechanical properties — Part 1: General principles

B.2 ASTM Standards

B.2.1 Physicochemical characteristics
— D-570 Standard Test Method for Water Absorption of Plastics

— D-792 Standard Test Methods for Density and Specific Gravity (Relative Density) of Plastics by Displacement
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