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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.
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Introduction

No known surgical implant material has ever been shown to be completely free of adverse reactions
in the human body. However, long-term clinical experience of use of the material referred to in the
ISO 6474 series has shown that an acceptable level of biological response can be expected, when the
material is used in appropriate applications.
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| 2677, Chemical analysis of refractory products by X-ray fluorescence (XRF) — Fused cast-4
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cterization — Part 1: Determination of.grain size and size distribution
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gth of monolithic ceramics at room temperature

| 4705, Fine ceramics (advanced ceramics, advanced technical ceramics) — Test method for]
blithic ceramics at roomEemperature
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hness of monolithic ¢eramics at room temperature by single edge precracked beam (SEPB)

16428, Implants for surgery — Test solutions and environmental conditions for static d
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[SO 18754, Fine ceramics (advanced ceramics, advanced technical ceramics) — Determination of density
and apparent porosity

ISO 18756, Fine ceramics (advanced ceramics, advanced technical ceramics) — Determination of fracture
toughness of monolithic ceramics at room temperature by the surface crack in flexure (SCF) method

ISO 20501, Fine ceramics (advanced ceramics, advanced technical ceramics) — Weibull statistics for
strength data

ISO 22214, Fine ceramics (advanced ceramics, advanced technical ceramics) — Test method for cyclic
bending fatigue of monolithic ceramics at room temperature

[SO 23146, Fine ceramics (advanced ceramics, advanced technical ceramics) — Test methods for fracture
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EN 623-2, Advanced technical ceramics — Monolithic ceramics — General and textural properties —

Part 2: Determination of density and porosity

EN 623-3, Advanced technical ceramics — Monolithic ceramics — General and textural properties —
3: Determination of grain size and size distribution (characterized by the linear intercept method)

Part

EN 725-1, Advanced technical ceramics — Methods of test for ceramic powders — Part 1: Determination of

impurities in alumina

EN 843-1, Advanced technical ceramics — Mechanical properties of monolithic ceramics at room

temperature — Part 1: Determination of flexural strength

EN 843-2, [Advanced technical ceramics — Mechanical properties of monolithic ceramics at)yi
temperatur¢ — Part 2: Determination of Young’s modulus, shear modulus and Poisson’s ratio

EN 843-4, [Advanced technical ceramics — Mechanical properties of monolithic ceramics at |
temperaturg — Part 4: Vickers, Knoop and Rockwell superficial hardness
EN 843-5, |Advanced technical ceramics — Mechanical properties of monolithicyceramics at i

temperaturg — Part 5: Statistical analysis

CEN/TS 14425-5, Advanced technical ceramics — Test methods for determingtion of fracture toughnd
monolithic deramics — Part 5: Single-edge vee-notch beam (SEVNB) method

ASTM C116|L, Standard Test Method for Flexural Strength of AdvancedCeramics at Ambient Temperat

ASTM C119B, Standard Test Method for Dynamic Young’s Modulus)Shear Modulus, and Poisson’s Rati
Advanced C¢ramics by Sonic Resonance
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ASTM C123P, Standard Practice for Reporting Uniaxial Strength Data and Estimating Weibull Distribytion

Parameters|for Advanced Ceramics

ASTM C1259, Standard Test Method for Dynamic Young’s Modulus, Shear Modulus, and Poisson’s Rati
Advanced C¢ramics by Impulse Excitation of Vibration

ASTM C132f7, Standard Test Method for Vickers Indentation Hardness of Advanced Ceramics

ASTM C1331, Standard Test Method~for Measuring Ultrasonic Velocity in Advanced Ceramics
Broadband Pulse-Echo Cross-Correldtion Method

ASTM C1421, Standard Test Methods for Determination of Fracture Toughness of Advanced Cerami
Ambient Temperature

ASTM C1490, Standard Test Method for Monotonic Equibiaxial Flexural Strength of Advanced Cerami
Ambient Tethperature

ASTM E112) Stgnidard Test Methods for Determining Average Grain Size
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3 Terms and definitions

No terms and definitions are listed in this document.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at http://www.electropedia.org/
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4 (Classification

4.1 Material types
The material shall be classified as either type A or type B.

Ceramic materials of type A are intended for implants for high load applications (e.g. bearing surfaces
of joint replacements).

Type B is intended for implants for low load applications (e.g. maxillofacial and middle-ear implants).

4.2 | Test categories

4.2.1 General
The fequired tests shall be distinguished in category 1 and category 2.

The tests in 6.6, 6.8 and 6.9 shall only be applied for type A materials.

4.2.2 Category 1: Required tests representative for the periodical production contro]

The following tests shall be performed for periodical productioncontrol:

a) pulk density (see 6.1);

b) fhemical composition (see 6.2);
€) microstructure (see 6.3);

d) ptrength (see 6.4).

4.2.3 Category 2: Required tests representative for the general material specification

The [manufacturer shall define the. general material specification. In addition to all tests in 4.2.2, the
following tests shall be performed\for the qualification of the material specification:

a) [oung's modulus (see 665);

b) fracture toughnessisee 6.6);

¢) hardness (see6.7);

d) pear (see-6:8);

e) fyclicfatigue (see 6.9).

4_ 3 Maotorial mnxananiingc
L] IVIUALLC L IdX Pl Uy\rl CIV O

To fulfil the requirements of this document, the material shall meet the limits for properties as given in
Table 1.
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Table 1 — Limits for material properties

Requirement
Property Unit Property q Subclause References
category | TypeA | TypeB
ISO 18754
Average bulk density kg/m3 x 103 1 > 3,94 >3,90 6.1
EN 623-2
Chemical composition:
0, -
Basic material, Al,O3 | 7 m?iisnfmc 1 >997 | 2995
1ICO 1277
Sintering additive, Mg0 | /0 ass rac- 1 <0,2 <0,2 6.2
tion EN 725-1
Limits of impurities, 0% mass frac-
total amounft of 0 tion 1 <0,1 <0,3
Si0z + Ca0 4 Naz0
Microstructjure:
ISO 13383-1L
];i‘;‘:ar intergept grain im 1 <25 | <35 63 ASTM E112
EN 623-3
Relative stahdard de-
viation lineqr intercept % 1 <25 <25
grain size
Material strength; 6.4
alternatives|1) or 2): _
1a) Mean biaxial MPa 1 >300%"| 2150 6.4.2 ASTM C1490
flexura] strength
ISO 20501,
1b) Weibul] modulus — 1 28 =8 6.4.4 EN 843-5
ASTM C1239
ISO 14704
2a) Mean |  4-point)  yp, 1 500 | =250 6.4.3 EN 843-1
flexura| strength
ASTM C11611
1SO 20501
2b) Weibul] modulus > 1 28 28 6.4.4 EN 843-5
ASTM C1239
[SO 17561
EN 843-2
Young's moqulus GPa 2 =380 =370 6.5 ASTM C133[1
ASTM C1198
ASTM C1259
Fracture toughness, 6.6
alternatives 1) to 3) ’
1) SEVNB 2 2,5 6.6.2 150 23146
>2, n.a. 6.
MPa~/m CEN/TS 14425-5
2) SEPB MPam 2 22,5 n.a. 6.6.3 1SO 15732
3) SCF ) ’s A [SO 18756
>2, n.a. 6.6.
MPa+/m ASTM C1421

4 © IS0 2019 - All rights reserved
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Table 1 (continued)

Requirement
Property Unit Property q Subclause References
category | TypeA | TypeB
ISO 14705
Hardness,
Vickers HV1 GPa 2 >18 217 6.7 EN 843-4
ASTM C1327

Wear 2 Info n.a 6.8 e.g. 1SO 14242-1
;yifllic fatig:.le: 10; No fail-

[, T MPa 2 ure at n.a 6.9 ISP 22214
ancg limit strength in

. . 200 MPa
4-pqgint bending
5 Preparation of specimens
Spedimens shall be produced equivalent to the regular production of the implants. The samg feedstock,
comparable shaping technology (e.g. axial pressing, isostatic pressjng), high temperatyire process
(e.g.[sintering, hot isostatic pressing) and hard machining (e.g. grinding,polishing) shall be gpplied. The
shagling of specimens shall be accomplished according to the requinements of the test.
The manufacturer shall declare and justify whether the produétion of the specimens can befassessed as
equivalent to the regular production.
Finighed products or portions of them can be used“for the evaluation of material [properties.
However, due to geometric restrictions and the riskwof"damage during specimen preparation, it is not
recommended to produce specimens as portions.of finished products for evaluation of the following
mat¢rial properties:
a) ptrength (see 6.4);
b) fracture toughness (see 6.6);
c) Eyclic fatigue (see 6.9).
6 [est methods
6.1 | Bulk density
The pulk densityshall be determined in accordance with ISO 18754 or EN 623-2.
6.2 | Chemical composition
The |chemical composition shall be determined in accordance with EN 725-1 or eith¢r by X-ray

fluorescence in accordance with ISO 12677 or by Inductively Coupled Plasma-Optical Emission
Spectroscopy (ICP-OES) or Inductively Coupled Plasma-Mass Spectroscopy (ICP-MS).

The upper limits of impurities (total amount of Si0 + CaO + Nay0) shall have a % mass fraction in

aCco

6.3

rdance with the requirements specified in Table 1.

Microstructure

For determination of the alumina grain size, ISO 13383-1 or EN 623-3 or ASTM E112 shall be applied
(linear intercept method).

© IS0 2019 - All rights reserved
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ecimens shall be used for the determination of microstructure.

not the distribution of the size of individual grains.

The linear intercept method reveals a nominal average grain size for the selected position of the

For selection, preparation and evaluation of the specimen, the following guidelines shall be followed:

a) the wall thickness of the selected specimens shall represent maximum and minimum of the
manufacturer's products;

b) the position of the micrographs shall represent regions at the centre and at the skin of the selected
specimens;

c) the spefimen selection shall reflect the possibility of temperature deviation in the furnace;

d) wusing hegular products as specimens for microstructure evaluation is recommended; if gther
specimpens are used, they shall be produced equivalent to the normal manufacturing off the
products;

e) the requirement for linear intercept grain size given in Table 1 shall be matched at each selected
position of the micrographs;

f) the stapdard deviation of the linear intercept grain size shall be detépmined from the data ¢f all
selectedl micrographs; the standard deviation shall match the requirement given in Table 1.

The determjination of linear intercept grain size shall be organized:such that homogeneity of the reg

production
organizatio
the manufa

with resped

production

of the micrg

6.4 Strer

6.4.1 General

The strengt
in 6.4.2 or {
shall be use

It is recomt]
terms of thg

For an as-fi

6.4.2 Biakial flexural strength

can be assessed to a sufficient statistical relevance.)The manufacturer shall justify
h of grain size determination for his specific manufacturing process. It is recommended|
cturer analyse the reliability, repeatability and*maintenance of the manufacturing prd
t to microstructure (e.g. validation) and utilizé these data for the organization of the reg
control. If this detailed analysis is accomplished successfully, the regular production coj
structure can be performed with a reduced number of specimens and micrographs.

jgth properties

h properties shall be determined using either the biaxial flexural strength test, as descy
he 4-point bending. Strength test (see 6.4.3). A total of at least 30 specimens for each
d. The data shall be-a@nalysed in accordance with Weibull statistics (see 6.4.4).

hended that the.surface finish which was used for the test for ease of data interpretati
product’sintended use be specified.

"ed sufface, specify whether the surface was made by pressing of green machining.

ular

the
that
cess
ular
htrol

ibed
test

nin

The biaxial flexural strength test shall be performed in accordance with ASTM C1499. The surfaces of
the specimen can be as-fired, ground or polished. Within the scope of this document, the dimensions of
specimen and test rig listed in Table 2 shall be used.
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