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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. 1ISO collaborates closely with the International Electrotechnical
Commissign (IEC) on all matters of electrotechnical standardization.

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

Draft Interpational Standards adopted by the technical committees are circulated to the member bodies fgr voting.
Publicatior] as an International Standard requires approval by at least 75 % of the member-bodies casting g vote.

Attention i$ drawn to the possibility that some of the elements of this part of IS© 10993 may be the suibject of
patent rights. 1ISO shall not be held responsible for identifying any or all such patentrights.

Internationpl Standard 1SO 10993-14 was prepared by Technical Committee 1SO/TC 194, Biological evaljiation of
medical dgyvices.

ISO 10993 consists of the following parts, under the general title Biological evaluation of medical devices:
— Part 1| Evaluation and testing

— Part 2| Animal welfare requirements

— Part 3| Tests for genotoxicity, carcinogenicity and_reproductive toxicity

— Part 4| Selection of tests for interactions with-blood

— Part 5| Tests for in vitro cytotoxicity

— Part 6| Tests for local effects afterimplantation

— Part 7| Ethylene oxide stefilization residuals

— Part 8| Selection and, gualification of reference materials for biological tests

— Part 9| Framework*for identification and quantification of potential degradation products

— Part 1pP: Tests for irritation and delayed-type hypersensitivity

— Part 1I7 TestsTor Systemic toXICity

— Part 12: Sample preparation and reference materials

— Part 13: Identification and quantification of degradation products from polymeric medical devices
— 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
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— Part 17: Establishment of allowable limits for leachable substances using health-based risk assessment

— Part 18: Chemical characterization of materials
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Introduction

This part of ISO 10993 consists of two tests for the biological evaluation of medical devices: an extreme
test and a simulation solution test. The extreme solution test is developed as a worst-case environment
simulation test is developed as a very common environment.

solution
and the

Degradatign products covered by this part of ISO 10993 are formed primarily by dissolution in an
environment. It is recognized that additional biological factors such as enzymes and proteins can altéer’th
degradationh. Degradation by such outside factors is not addressed in this part of ISO 10993.

It should e kept in mind that a ceramic device might have extraneous chemical phases and/or eler
extremely minor amounts. Whilst these components might not be named in the original specification, they @
be suspected by the relationship that the material in question has to other materials and the expected histo
material’s processing.

Once identified and quantified, the chemical composition of the degradation.products form the basis
assessment and, if appropriate, biological safety studies according to the principles of ISO 10993-1.
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ISO 10993-9, Biological evaluation of medical devices — Part 9: Framework for identification and quantification of
potential degradation products

3 Terms and definitions

For the purposes of this part of ISO 10993, the terms and definitions given in ISO 10993-1 and ISO 10993-9 as well
as the following apply.

3.1
ceramics
typically crystallized materials that are physically nonmetallic and chemically inorganic

3.2
blank disg
noncoated|circular plate made of the substrate material to be used in the finished device

3.3
retentate
undissolvefl solids remaining in the filter paper after filtration

3.4
filtrate
solution which passes through the filter paper

4 Test[procedures

4.1 Principle

This part of ISO 10993 consists of two tests. The firstitest, an extreme solution test conducted at low pH, serves as
a screen fqr most ceramics for the observation of-gossible degradation products. The second test simulate$ a more
frequently encountered in vivo pH. A flowchart of the decision process for using these test methods is [given in
Figure 1.

The test methods described in this paft'of ISO 10993 shall be used for ceramics in bulk and granular fornp as well
as ceramid coatings.

When devl|ations from the recammmended test specimen or solution volumes are used, full justification [shall be
provided.

4.2 Testing of dental devices

421 General
This part cHSS-18993-is-rtended—to—Ssimtlate-woerst-case-expesure—to-tssue—envronments—erdental€eramics
exposed to the oral cavity (e.g. ceramic veneering material), a more appropriate test environment is given in
ISO 6872. However, for dental devices not exposed to the oral cavity, such as dental implant stems, the
specifications given in 4.4 of this part of ISO 10993 shall apply.

4.2.2 Test methods for dental devices exposed to the oral cavity

For dental devices exposed to the oral cavity, the method given in 8.4 of ISO 6872:1995 shall be used as the
extreme solution test.
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Start

Does5g

completely dissolve No
in 100 ml of extreme
solution?
Use 10 g in solution Use 5 g in solution
Run extreme test
No

Has any material
dissolved?

Run simulation test

!

Report

Figufe 1 — Flowchart of the decision-making process for the extreme solution test and the sinmulation
solution tests (see text for details)

4.2.3 $pecimen characterization

The spgcimen shall be _characterized as described in 4.4.4. If the specimen density is greater than 99 % of the
theoreti¢al maximum,_ density, and the specimen has an average surface roughness (Ra) of less than 5 um, the
surface prea may be-calculated by direct geometrical measurement.

Low sufface roughness is required for geometrical measurement in order to avoid grossly underestimating the
surface prea.,

4.2.4 Analysis

The filtrate for analysis shall be separated from the retentate as described in 4.4.7.6 to 4.4.7.11.

4.3 General testing techniques

4.3.1 Mass determination

Mass shall be determined using a balance with an accuracy of no less than 0,000 5 g. All mass determinations
shall have 6 replicates.

© ISO 2001 - All rights reserved 3
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4.3.2 Drying techniques

Drying in an oven at a temperature of (100 + 2) °C shall continue until a mass change of < 0,1 % occurs between
mass determinations. This is normally accomplished by drying overnight and weighing at 2-h intervals the next day.

4.4 Extreme solution test

4.4.1 Principle

The extreme solution test is a test based on a low pH citric acid buffer solution. The pH value of 3 is defined here
as a worsticase low-end service environment. For devices exposed to an environment where the pH is loyer than
3, an alterhative lower pH solution shall be used and justification shall be provided. In the event of ‘a ¢hemical
reaction bgtween the extreme solution and the test specimen, an alternative extreme test at similar’pH |shall be
justified and performed.

4.4.2 Application range

This test ig applicable to all ceramics. It should be noted that the mechanisms of degradation may not be the same
for all matgrials at low pH as they are at blood pH (approximately pH 7,35 to pH 7,45)) Nonetheless, as an[extreme
condition fpr the production of possible degradation products, this severe test.Can serve as a screen for most
materials.

It is expected that materials will dissolve up to their solubility limit in_the) solution. To accelerate the tegt to the
solubility limit endpoint, the test is carried out on a granulated specimen{see 4.4.3.3).

4.4.3 Exfreme test sample preparation

4431 PBpecimen configuration

Specimeng shall be granulated from a specimen manufactured according to the method intended for matgrial use.
If the speg¢imen is a ceramic coating, it shall be removed from the substrate material and granulatgd to an
appropriat¢ size. Under some circumstances- (€.g. thin coatings), insufficient ceramic material is avajlable to
perform thg extreme test. In these cases a (Scaled-down test may be used in which a sample may be prepared
using the fatio of 1 g per 20 ml of test _solution. When this is done, the precision and accuracy of the mass
determinatjon shall be appropriately scaled*and justified in order to accommodate the alternative sample size.

4432 Granulation
Granulation shall be accomplished by grinding with a tungsten carbide mortar and pestle.

4433 Sizing

The granulated specimen shall pass through a 400 um screen but be retained on a 315 pum screen using a dry
screen method such as that described in 1ISO 3310-1.

If it is not poSSible To0 produce granules of this SiZe (€.g. due to the grinding of a coating), granules of a size smaller
than that defined in this part of ISO 10993 shall be used, and the size shall be reported.

NOTE The use of a particle size smaller than that specified in this clause is likely to lead to increased dissolution and
therefore is not expected to reduce the yield of dissolution products and not expected to compromise risk analysis for biological
safety.

4.4.3.4  Specimen preparation

The mass of starting material is dependent upon the solubility of the material as determined by the solubility
characterization in 4.4.4.3:

4 © ISO 2001 - All rights reserved
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— for low solubility granulated material, (5,00 + 0,05) g shall be used;
— for high solubility granulated material, (10,00 + 0,05) g shall be used.
4.4.4 Extreme test sample characterization

4441 Surface area characterization

The specimen shall be characterized by gas adsorption in accordance with an appropriate method, e.g. such as
those given in ASTM D4780.

4.4.4.2 | Density

The spefcimen shall be characterized for density in accordance with ISO 5017.

4.4.4.3 | Solubility characterization

From iffformation about the material available from the producer or other ,sources, the materials shall be
charactgrized as "high" or "low" solubility materials in the following manner.

— Consult Figure 1 for a flowchart of the decision-making process.

— If (4,00 + 0,05) g of the material are expected to totally dissolve.in 100 ml during testing as describefl in 4.4.7.1
to 4.4.7.5, the material shall be considered as high solubility.

— 1f (5,00 £ 0,05) g of the material are not expected to totally dissolve in 100 ml, the material shall be fonsidered
as Ipw solubility.

— If the information is unavailable, the material shall*be considered as high solubility material.

4.4.4.4 | Microstructural and X-ray characterization

X-ray diffraction shall be performed with 'an X-ray diffractometer. The 20 resolution and reproducibility shall be
better than 0,02°. Microstructure analysis shall conform with that specified in ISO 6474.

4.45 Test equipment

445.1 Test container

A 250 nl polypropylene_or high-density polyethylene container shall be used. A fresh specimen contairfer shall be
used for|each test. Glass containers shall not be used since they may contaminate test solutions.

4.45.2 Biuchher funnel

A Blichnersorsimilartype-funnelfitted-appropriatertoretair-undissolved-particles-shall-be-used
T PO 24 2 -

4.4.6 Citric acid buffer solution

The buffered citric acid solution shall be freshly prepared and have a pH of 3,0+0,2 at a temperature of
(37 £ 1) °C. The solution shall be prepared as follows:

Dissolve 21 g of citric acid monohydrate in 500 ml water (ISO 3696, grade 2) in a 1 000 ml volumetric flask. Add

200 ml of 1 mol/l sodium hydroxide solution and dilute to the mark with water (1ISO 3696, grade 2). Mix 40,4 ml of
this solution with 59,6 ml of 0,1 mol/l hydrochloric acid yielding the buffered citric acid solution.

© ISO 2001 - All rights reserved 5
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4.4.7 Test procedure

4471
4.47.2
4.4.7.3
contact wit
4.4.7.4
(120£ 1) h
is totally di
4475
4.4.7.6

4.4.7.7

glass containers.

4.4.7.8
to remove

4.4.7.9

4.4.7.10
and withou

4.4.7.11
dissolved 1

4.5 Sim

451 Pri

The simulg
normal pH

452 Ap
This test is}

NOTE

Weigh the container without the top.

Weigh the container and specimen. Report the difference in mass between the container with
specimen and the container without specimen as the mass of the specimen.

Add (100 + 1) ml of buffered citric acid. Care should be taken to ensure that all of the specimen is in

h the solution.

Esolved before 120 h, terminate the test and note the time in the test report.

Remove the container and specimen and allow them to cool to room temperature.

Weigh the filtering medium (e.g. filter paper) to determine its mass without reteftate.

Remove the specimen via filtration and retain the filtrate for analysis. Filtrate should not be s

Rinse the filtering medium and retentate three times with small ameunts of water (ISO 3696,
he citric acid buffer.

Dry the specimen and filtering medium with retentate to a constant mass (see 4.3.2).

Weigh the filtering medium with retentate. The difference in mass between the filtering med
t retentate is the mass of the retentate.

The difference between the mass of the specimen and the mass of retentate is the mas
naterial.

ulation solution test

hciple

tion test is based on a huffer solution of pH 7,4 £ 0,1 as defined in 4.5.6. This will simulate th
level.

blication range
applicable te-all ceramics.

The mechanism of degradation in this test may not be the same as in the extreme test.

45.3 Sinulation test specimen configuration

453.1

453.1.1

) °C for
becimen

stored in

grade 2)

um with

s of the

b body’s

Coated ceramics

Blank discs

Test specimens shall be prepared as coatings on blank discs.

Blank discs shall be of diameter (36 + 1) mm and thickness of (2 + 0,1) mm using the same substrate material and
preparation techniques as in the finished device.
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45.3.1.2 Coated discs

Blank discs shall be coated on all sides using coating techniques that are used in the production of the finished
device.

NOTE Because of the reduced surface area to volume ratio, the sensitivity of the test will be reduced using this method.
45.3.2 All other ceramics

Test specimens shall be granulated using the methods described in 4.4.3.2 and 4.4.3.3 from a specimen
manufactured by methods used to produce the finished device

4.5.4 $imulation test sample characterization

454.1 General

For coated samples, surface area, microstructure and X-ray characterization shall e’ recorded. Fqr all other
ceramic$, density, surface area, microstructure and X-ray characterization shall be re¢orded.

45.4.2 | Density

The spefimen shall be characterized for density in accordance with ISO 5017.

4.5.4.3 | Microstructural and X-ray characterization

X-ray diffraction shall be performed with an X-ray diffractometer."The resolution and reproducibility shall be better
than 0,0pR°. Microstructure analysis shall conform with that specified in ISO 6474.

45.4.4 Surface area characterization

The spdcimen shall be characterized by gas adsorption in accordance with an appropriate method, elg. such as
those giyen in ASTM D4780.

455 Test equipment

455.1 Test container

A 250 nl polypropylene or high-density polyethylene container shall be used. A fresh specimen contairfer shall be
used for|each test. Glass gontainers shall not be used since they may contaminate test solutions.

455.2 Biuchnerfunnel

A Blchner or similar type funnel fitted appropriately to retain undissolved particles shall be used.

4.5.6 Buffer solution

The solution shall be freshly prepared TRIS-HCI buffer. It shall be prepared by dissolving 13,259 of
tris(hydroxymethyl)aminomethane in 500 ml of water (ISO 3696, grade 2). Adjust the pH with an appropriate
amount of 1 mol/l hydrochloric acid to pH 7,4 + 0,1 at a temperature of (37 + 1) °C. Make up to 1 000 ml with water
(ISO 3696, grade 2).

45.7 Coated disc test procedure

457.1 General

Both the coated and uncoated discs are exposed to the simulation test solution in order to determine whether
degradation products are generated under simulated test conditions.

© 1SO 2001 - All rights reserved 7
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45.7.2 Blank disc test
45.7.2.1 Place the blank disc in the test container for the exposure test.

45.7.2.2 Add (100 * 1) ml of buffer solution to the container with the blank disc. Care shall be taken to ensure
that the entire blank disc is in contact with the solution.

45.7.2.3 Maintain the container with blank disc at (37 +1)°C in a controlled-temperature chamber for
(120 + 1) h. The container shall be agitated at 2 Hz using a longitudinal or circular movement.

4.5.7.2.4 —Removethe containerwith-specimen-and-allow them toreachroom-temperature.
4.5.7.2.5 | Filter the solution and retain the filtrate for analysis (see clause 5).

45.7.3 Coated disc test

4.5.7.3.1 | Determine the mass of the ceramic coating by subtracting the mass of the coated disc from the mass
of the blank disc for each test specimen.

Each disc $hall be weighed before and after coating to determine the mass of the coating.
4.5.7.3.2 | Place the coated disc in a test container for the exposure test.

4.5.7.3.3 | Add (100 + 1) ml of buffer solution to the container with the Ceated disc. Care shall be taken t¢ ensure
that the entire coated disk is in contact with the solution.

4.5.7.3.4 | Maintain the container with coated disc at (37 £1) °C in a controlled-temperature chamber for
(120 + 1) h. The container shall be agitated at 2 Hz using a longitudinal or circular movement.

4.5.7.3.5 | Remove the container with specimen and allew them to cool to room temperature.
4.5.7.3.6 | Weigh the filtering medium (e.qg. filter.paper).

4.5.7.3.7 | Filter the solution and retain the filtrate for analysis (see clause 5).

4.5.7.3.8 | Rinse the filtering medium and'retentate three times with small amounts of water (ISO 3696, grade 2).
45.7.3.9 | Dry the coated disc and'filtering medium with retentate to a constant mass.

4.5.7.3.10 | Weigh the filtering.medium with retentate. The difference in mass between the filtering medjum with
and without retentate is the'mass of the retentate.

4.5.7.3.11| The difference between the original mass of the coating and the mass of the retentate is the [mass of
the materials dissolved.

45.8 Tegt@procedure (all other ceramics)

45.8.1 Weigh the container without the top.

45.8.2 Weigh the container and specimen. Report the difference in mass between the container with
specimen and the container without specimen as the mass of the specimen.

45.8.3 Add (100 + 1) ml of buffer solution. Care shall be taken to ensure that the entire specimen is in contact
with the solution.

45.8.4 Place the container with the specimen in a controlled-temperature environment at (37 = 1) °C for

(120 + 1) h. The container shall be agitated at 2 Hz using a longitudinal or circular movement. If the test specimen
is totally dissolved before 120 h, terminate the test and note the time in the test report.
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