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Foreword

ISO 10993-13:1998(E)

ISO (the International Organization for Standardization) is\@
federation of national standards bodies (ISO member bodies). T
preparing International Standards is normally carried ,out th
technical committees. Each member body interestedtin-a subjeq
a technical committee has been established has thesright to be r
on that committee. International organizations,~governmental
governmental, in liaison with 1SO, also ,také part in the

collaborates closely with the International Electrotechnical G
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical comr
circulated to the member bodieSdfor voting. Publication as an Ir
Standard requires approval by\at least 75 % of the member bod
a vote.

Standard

International ISO 10993-13 was prepared by

Committee ISO/TC«194, Biological evaluation of medical devices.
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Technical

ISO 10993 consists of the following parts, under the general titl¢ Biological

evaluation.of medical devices:
Part 1: Evaluation and testing

Part 2: Animal welfare requirements

toxicity

Part 4: Selection of tests for interactions with blood
Part 5: Tests for cytotoxicity: in vitro methods

Part 6: Tests for local effects after implantation

Part 7: Ethylene oxide sterilization residuals

Part 3: Tests for genotoxicity, carcinogenicity and reproductive

Part 9: Framework for the identification and quantification
degradation products

Part 10: Tests for irritation and sensitization
Part 11: Tests for systemic toxicity

Part 12: Sample preparation and reference materials

polymeric medical devices

of potential

Part 13: Identification and quantification of degradation products from
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Part 14: Identification and quantification of degradation products from
ceramics

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

Part 16: Toxicokinetic study design for degradation products and
leachables

Annex A of this part of ISO 10993 is for information only.
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Introduction

3:1998(E)

This part of ISO 10993 was developed from ISO/TR 10993+9..D)

products covered by this standard are formed primarily by che
scission due to hydrolytic and/or oxidative processes in a
environment. It is recognized that additional biological factor
enzymes, other proteins and cellular activity, can, alter the rate
of degradation.

It should be kept in mind that a polymeric-device may contain re
leachables such as monomers, oligomers, solvents, catalysts
fillers and processing aids. Thesexcomponents which, if prg
interfere with the identificationr. and quantification of the (
products, need to be considered and accounted for. It
recognized that residual ménomers may generate the same d
products as the polymer itself.

The identified and..quantified degradation products form the
biological evaluationin accordance with 1ISO 10993-1, for risk g
in accordance with 1SO 14538 and, if appropriate, for toxicoking
in accordance with ISO 10993-16.

egradation
mical bond
N aqueous
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and nature
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INTERNATIONAL STANDARD ©ISO ISO 10993-13:1998(E)

Biological evaluation of medical devices —

Part 13:
Identification and quantification of degradation products from polymeric
medical devices

1 Scope

This paft of 1ISO 10993 provides guidance on general requirements for the design-of tests for identifying and
guantifylng degradation products from finished polymeric medical devices ready for clinical use.

This part of ISO 10993 describes two test methods to generate degradation products, an accelerated degradation
test as g screening method and a real-time degradation test. For materials which are intended to polymeyize in situ,
the set qr cured polymer is used for testing. The data generated are used’in the biological evaluation of the polymer.

This part of ISO 10993 considers only those degradation products generated by a chemical alteration of the finished
polymer|c device. It is not applicable to degradation of the deviceNinduced during its intended use by mechanical
stress, Wear or electromagnetic radiation.

The biolpgical activity of the debris and soluble degradation products is not addressed in this part of ISO|10993, but
should He evaluated according to the principles of ISO 10993-1 and 1SO 14538.

Becauseg of the wide range of polymeric materials-used in medical devices, no specific analytical techniques are
identifiex or given preference. No specific requirements for acceptable levels of degradation products atfe provided
in this part of ISO 10993.

2 Norinative references

The follgwing standards contain_provisions which, through reference in this text, constitute provisions of fthis part of
ISO 10993. At the time of-publication, the editions indicated were valid. All standards are subject to rejvision, and
parties tp agreements based on this part of ISO 10993 are encouraged to investigate the possibility of applying the
most re¢ent editions @f’the standards indicated below. Members of IEC and ISO maintain registers of cufrently valid
Internatipnal Standards.

ISO 10993-9:—1), Biological evaluation of medical devices — Part 9: Framework for identification and quantification
of potential degradation products.

ISO 10993-12:1996, Biological evaluation of medical devices — Part 12: Sample preparation and reference
materials.

1) To be published.
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ISO 10993-16:1997, Biological evaluation of medical devices — Part 16: Toxicokinetic study design for degradation
products and leachables.

ISO 13781:1997, Poly(L-lactide) resins and fabricated forms for surgical implants — In vitro degradation testing.

ISO 14538:—" Biological evaluation of medical devices — Establishment of permissible limits for sterilization and
process residues using health-based risk assessment.

3 Definitions

For the pufposes of this part of ISO 10993, the definitions given in 1ISO 10993-1, ISO 10993-9, ISO 13781 and the
following dgfinitions apply.

3.1 residyal monomer
unreacted fhemical compound(s) used to build the polymeric chains and still present in the final pelymeric material

3.2 degradation product
chemical gompound derived from the breakdown of the polymeric material, including lany compound produced by
consecutive chemical reactions

3.3 polymeric material
materials donsisting of long-chain and/or crosslinked molecules composed of, units called monomers

3.4 hydrolytic degradation
scission of|chemical bonds in a polymer by the attack of water

NOTE Thewater may have a neutral, acidic or alkaline pH value and ay contain additional chemical compounds or jons.

3.5 oxidative degradation
scission of|jchemical bonds in a polymer by the attack of oxidizing agent(s)

3.6 debrig
particulate [material produced by the degradation.of a polymeric material
4 Degrafation test methods

4.1 Gengral procedures

4.1.1 Tes{design

In accordahce with 1S©,10993-9, degradation tests shall be used to generate, identify and/or quantify dedradation
products. |f degradation is observed in an accelerated test, identification and quantification of the dedradation
products npay provide sufficient information for risk analysis. Where this information is insufficient or absent, real
time testing shalllbe performed. The sequence of steps which shall be followed is described in detail in this part of
ISO 10993

NOTE The accelerated degradation test may be used as a screening test. If no degradation is observed in the accelerated
test, no real-time degradation test should be necessary.

4.1.2 Sample preparation

When not specifically addressed by the selected method(s), the general aspects of sample preparation shall be in
accordance with ISO 10993-12.
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4.1.3 |Initial material characterization

The analytical methods used for the initial material characterization shall be appropriate for the polymeric material
under investigation. The analytical techniques used shall be reported and justified.

Annex A of this part of ISO 10993 presents a list of analytical methods and their application range for the
characterization of polymeric materials.

414 R

414.1

eagents and apparatus

Test solutions

All test 4

41.4.1.1

olution(s) used shall be described and justified in the test report.

Reagents for hydrolytic degradation

For hydrolytic degradation the following solutions are suggested:

a) wat
b) buff
4.1.4.1.3
For oxid
a) wat

b) Fen
H,O

These d
oxidative

This sta
4.1.4.1.3

Other te

NOTE If
additives|
time deg

4.1.4.2

br for analytical laboratory use, grade 2, in accordance with ISO 3696;

er, e.g. in accordance with ISO 13781.

Reagents for oxidative degradation

ptive degradation the following solutions are suggested:

br and hydrogen peroxide, e.g. 3 % hydrogen peroxide solution, Pharmacopoeia grade;

ton’s reagent [mixture of dilute hydrogen peroxide seltition and iron(ll) salts, e.g. 100 pmol Fe* g

-

xidative solutions may not be stable at elevated temperatures or for a prolonged time. The
e capacity shall be maintained in an appropriate range.

ility range shall be specified, justifiedsand reported.
Other test solutions

5t solutions for a specific palymer or a specific application site may be chosen.

a biological assay of the-debris or the degradation solution is to be made, then the use of antibacterial
will interfere with these-assays and it may be necessary to maintain a sterile environment for the duratior
adation test.

Container

Depend

ng on.the'test solution, chemical grade glassware, polytetrafluoroethylene or polypropylene contg

Evidencg ‘'shall be provided that containers do not interfere with the analysis.

ind 1 mmol

prefore the

br antifungal
of the real-

iners in an
container.

encloset system shall be used. Controls shall be used in order to assess contaminants from the

4.1.4.3

Balance

The balance used to determine mass loss shall be capable of weighing the initial sample mass with the precision
required. For materials designed to be resorbed, a precision of 1 % is appropriate, for materials designed to resist
degradation, a precision of at least 0,1 % shall be used. The accuracy of the balance for resorbable polymers shall
be 0,1 %, and for stable polymers 0,01 %,of the total sample mass.

The precision and standard deviation of the method of the determination of mass loss shall be stated in the test

report.
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Any apparatus capable of drying the test samples to constant mass without contamination or loss of volatile
degradation products shall be used.

The apparatus shall be described and defined in the test report.

4.1.4.5 Vacuum source

Any apparatus capable of producing a sufficient vacuum (< 500 Pa) in the drying apparatus is appropriate.

The apparat

4.1.4.6 Sd

Any appar
involve an

tus-shall-be-described-and-defined-inthetestreport
paration apparatus

htus capable of separating the debris produced during the degradation study shall ,bebused. T
nert filter, a temperature-controlled centrifuge or a combination thereof.

The appar

4.1.5 Nunpber of test samples

At least three test samples shall be used for each test period. These should be the finished product

represent
each test

NOTE Ifa

4.1.6 Sha

It must be
amounts o
normally n

The size,
degradatio
acceptable

NOTE 1 Un
sterilization

NOTE 2 W

4.1.7 Mas

The ratio 0
be fully imi

The choicd

tus shall be described and defined in the test report.

ive samples thereof. A separate container shall be used for each sample. One blank shall be
eriod.

alid statistical analysis is required, more samples at each test perjod should be used.
be and size of test samples

appreciated that the size and the shape of the' specimen are critical for the generation of
degradation products. If a part of the finished\device is used as the test sample, then surfaces w
bt in contact with the biological environment should be avoided or minimized.

shape and surface area of the sample should be chosen in such a way that equilibrium
N solution and a constant mass\for the determination of the mass balance can be reachd
time.

der certain circumstances it-may be necessary to fabricate a test sample using the same processing, cled
Imethods as are used in the fabrication of the device.

th resorbable polymers,_equilibrium with the degradation solution may not be reached.
s/volume ratio

f the mass of the test sample to the volume of the test solution should be at least 1:10. The samp
hersed'in the test solution.

ofthe ratio used shall be reported and justified in the test report.

his may

itself or
used for

relevant
hich are

with the
d in an

\ning and

les shall

NOTE The ratio 1:10 was chosen for practical reasons. When using this ratio, however, it should be considered that the
release of degradation products may interfere with the progress of degradation itself and may influence the rate of the

degradation

and the equilibrium of the degradation reaction(s).

4.1.8 Sample pretreatment

To set up the mass balance, the sample shall be dried to a constant mass. If the device contains volatile
components, an appropriate drying method shall be selected.

In this case, the drying method and the conditions shall be stated and justified in the test report.
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4.1.9 pH

If the pH of the test solution is relevant, the pH shall be maintained in an appropriate range. The pH chosen shall be
appropriate to the site of intended use (e.g. the acidic stomach). Changes in the pH induced by physiological
phenomena, e.g. during an inflammatory response, shall be considered.

The pH shall be reported and justified in the test report.
NOTE 1 Elevated temperatures can change the pH value.

NOTE 2 It should be recognized that if the pH value is not maintained in the appropriate range, the degradation products
generated may or may not be the same as those that occur under biological conditions.

4.1.10 Petermination of the mass balance

When the sample is removed from the test solution, the sample shall be rinsed with adequate quantities qf analytical
grade wgater. The rinse water and any debris loosened by the rinse water shall be added to the test sdlution. The
sample pnd the debris eventually obtained from the separation apparatus shall be dried-to-a constant mass. Then
the masg balance shall be determined.

4.1.11 Final material characterization
The material shall be characterized using the same methods as used in the initial material characterizatiop.
4.2 Actelerated degradation test
4.2.1 Temperature

Choose|a temperature greater than 37 °C and below the (melting or softening range of the polymer. When
approprigte, 70 °C £1 °C shall be used.

The temperature chosen shall be reported and justified\n the test report.
NOTE Higher temperatures may lead to side reactions'which may not occur at lower temperatures.
4.2.2 Test periods

For devices whose intended use is langer than 30 days, test periods of 2 and 60 days shall be used. For devices
whose iftended use is less than 30'days, test periods of 2 and 7 days shall be used. Additional test perigds may be
chosen flepending on the polymerunder investigation or the intended use of the device.

The test|periods shall be reported and justified.

NOTE Hor devices made from resorbable polymers, this test period may last until the device has lost its integrity] (as defined
for the inflividual material).

4.3 Refal-timesdegradation test

4.3.1 Temperature

Carry out the testat 37 °C £ 1 °C.
4.3.2 Test period

For devices whose intended use is longer than 30 days, test periods of 1 month, 3 months, 6 months and
12 months shall be used. For devices whose intended use is less than 30 days, four alternative test periods shall be
used, including 30 days. Additional test periods may be chosen depending on the polymer under investigation or the
intended use of the device.

The test periods shall be reported and justified.


https://standardsiso.com/api/?name=3fd798748855d9122e6c34c4168f9bb0

ISO 10993-13:1998(E)

©1SO

NOTE For devices made from resorbable polymers, this test period may last until the device has lost its integrity (as defined
for the individual material).

5 Test procedures

The steps to be followed are described in the flowchart in tablel.

NOTE For evaluation of crosslinked polymer systems,
calculation and a measurement of the density of crosslinking instead of molecular mass/molecular mass distribution

determination.

the decision for further action will be based on the mass balance

Table 1

Initial material characterization

Option

ACCELE

RATED DE

GRADATION TEST

Sample

Debris

Fluid phase

Sepa

rate solids and fluid phase
Dry sample and debris

Set up mass balance

REAL-TIME DEGRADATION TES|I

Sample

Debris

Fluid phiase

Separate solids and fluid phasg
Dry sample and debris

Set up mass balance

Evaluation: Evaluation:

Change jn mass balance: (Y)es or(\jo Change in mass balance: (Y)es or {N)o
Change in|molecular mass/mgléecular mass Change in molecular mass/molecularjmass
distribution: (Y)es{or-(N)o distribution: (Y)es or (N)o
N/N N/Y Y/N YIY N/N N/Y YIN Y

No degradation | Check the bulk | Polymer not Identify and No degradation | Check the bulk [ Polymer not Identify and
has been sample/debris degraded; quantify has been sample/debris degraded; quantify
observed, end | for degradation | identify and [leachables and observed, end | for degradation | identify and |leachables and

of test, no real- |products and/or quantify polymer of test products quantify polymer
time go to real-time [leachables from| degradation leachables from| degradation
degradation degradation | the fluid phase | products from the fluid phase. | products from
test is test. and/or go to | the fluid phase the fluid phase
necessary. real-time and/or go to
degradation real-time
test. degradation
(see note in test. (see note in
5.2.4.1) (see 4.1) 5.3.4.1)
(see 4.1) (see 4.1)
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5.1 Initial material characterization
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The initial material characterization shall address the bulk polymer and the residuals and additives present in the
final device. Because of the difficulties of retrospective analysis, this information is best obtained from the supplier
or manufacturer of the material. It is important to fully characterize the purity of the polymer and the additives used
in its formulation.

5.2 Accelerated degradation test

5.2.1 Measurement of initial mass

Dry the feSTsample 10 constant mass. Determine the mass ol the test sample.

522 S
5221

Dry a filt
with pos
filtering

5222

Determi
centrifug
Carefully
again. D
times.

523 A
5231

Dry the
constan
the mas

5.2.3.2

The mo

annex A)).

524 E
5241

No chan

eparation of sample, debris and solution
Separation by filtering

er under vacuum at room temperature to constant mass. Determine the mass ofithe filter. Separ
sible debris from the degradation solution by means of the weighed filter. If nécessary, vacuum
can be used. Wash the contents of the filter three times with analytical grade water.

Separation by centrifuging

ne the mass of a dry and clean centrifuge tube. Transfer the<degradation test sample soluti
e tube and close the tube prior to separation. Spin the tube in.the centrifuge to obtain a firm dg

decant the supernatant solution into a container. Resuspend the pellet in analytical grade watg
ecant the supernatant solution again and add this solution 10 the container. Repeat this procedur

halysis

Determination of mass balance

filter and its contents or the centrifuge-tube and its contents under vacuum at room tempe
mass. Determine the mass of theAilter and its contents or the centrifuge tube and its contents.

5 loss of the sample.

Sample and debris characterization

ecular mass and the molecular mass distribution are determined by appropriate methods

valuation (seetable 1)
Case 1 (No/No)

ge in mass balance and molecular mass/distribution:

ate sample
DI pressure

bn into the
bris pellet.
er and spin
P two more

rature to a
Determine

(see also

No degr

Aot 12 o o ATl + it H taal [ al PP + o
UativiT 1iao JTTTT UUOTTVEU. TTIT TCOoUTo TTTTTIHNALTU, TTU TT AT utyrauativri ttot io Ticitoodl y .

NOTE Under some circumstances, it may be necessary to confirm this result by further investigations in line with ISO 10993-9.

5242

Case 2 (No/Yes)

No change in mass balance, but molecular mass/distribution has changed:

Check the bulk sample/debris for degradation products. Proceed with real-time degradation test, if necessary
(see 4.1).
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5.2.4.3 Case 3 (Yes/No)
Change in mass balance, but no change in molecular mass/distribution:

Polymer is not degraded, fluid phase contains leachables which shall be assessed according to 1SO 10993-1.
Proceed with real-time degradation test, if necessary (see 4.1).

5.2.4.4 Case 4 (Yes/Yes)

Change in mass balance and change in molecular mass/distribution:

Identify ang-¢
and debris|for degradation products. Proceed with real-time degradation test, if necessary (see 4.1).

vantifr-leachables-and-polymerdegradationproductsfrom-the-fidid-phase-and-check-the-bulk sample
5.3 Reali{time degradation test

5.3.1 Megsurement of initial mass

Dry the test sample to constant mass. Determine the mass of the test sample.
5.3.2 Seppration of sample, debris and solution

5.3.2.1 S4gparation by filtering

Dry a filter junder vacuum at room temperature to constant mass. Determine‘the mass of the filter. Separate sample
with possiljle debris from the degradation solution by means of the weighed filter. If necessary, vacuum or pressure
filtering cam be used. Wash the contents of the filter three times with_analytical grade water.

5.3.2.2 Sgparation by centrifuging

Determine [the mass of a clean dry centrifuge tube. Transferthe degradation test sample solution into the cgntrifuge
tube and dose the tube prior to separation. Spin the tube in the centrifuge to obtain a firm debris pellet. Carefully
decant the| supernatant solution into a container. Résuspend the pellet in analytical grade water and spin again.
Decant the] supernatant solution again and add this-solution to the container. Repeat this procedure two mote times.

5.3.3 Analysis
5.3.3.1 Determination of mass balance

Dry the filler and its contents or-the” centrifuge tube and its contents under vacuum at room temperature to a
constant mass. Determine the mass of the filter and its contents or the centrifuge tube and its contents. Dgtermine
the mass lgss of the sample¢

5.3.3.2 Sgmple and debris characterization

The moleqular mass”and the molecular mass distribution are determined by appropriate methods (gee also
annex A).

5.3.4 Evaluation (Qpp tahle 1)

5.3.4.1 Case 1 (No/No)

No change in mass balance and molecular mass/distribution:

No degradation has been observed. The test is terminated.

NOTE Under some circumstances, it may be necessary to confirm this result by further investigations in line with ISO 10993-9.

5.3.4.2 Case 2 (No/Yes)

No change in mass balance, but molecular mass/distribution has changed:
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