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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
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Introduction

No known surgical implant material has ever been shown to cause absolutely no adverse reactions in the
human body. However, long-term clinical experience of the use of the material referred to in this International
Standard has shown that an acceptable level of biological response can be expected when the material is
used in appropriate applications.
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INTERNATIONAL STANDARD

I1ISO 13356:2008(E)

Implants for surgery — Ceramic materials based on
yttria-stabilized tetragonal zirconia (Y-TZP)

1

Scope

This | International Standard specifies the characteristics of, and corresponding test.\me
biocdmpatible and biostable ceramic bone-substitute material based on yttria-stabilizedtetrag
(yttrig tetragonal zirconia polycrystal, Y-TZP) for use as material for surgical implants.

2

The ffollowing referenced documents are indispensable for the appli¢ation of this documen

refer
docu

ISO 1

ISO 7}
Tens|

ISO
stren

ISO 1
and 4

EN 6
Dete

EN 6
Dete

ASTI
Amb

AST)

ormative references

nces, only the edition cited applies. For undated references, the latest edition of th
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611, Micrometer callipers for external measurement

[500-1:2004, Metallic materials — Verification. of static uniaxial testing machines
fon/compression testing machines — Verification and calibration of the force-measuring syst|

4704, Fine ceramics (advanced ceramics,.advanced technical ceramics) — Test metho
gth of monolithic ceramics at room temperature

8754, Fine ceramics (advanced ceramics, advanced technical ceramics) — Determinatid
pparent porosity

P3-2, Advanced technical ceramics — Monolithic ceramics — General and textural propert
'mination of density and porosity

P3-3, Advanced technical ceramics — Monolithic ceramics — General and textural propert
'mination of grain¢size and size distribution (characterized by the Linear Intercept Method)

N C1499, Standard Test Method for Monotonic Equibiaxial Flexural Strength of Advanced
ent Temperdature

I E412-96, Standard Test Methods for Determining Average Grain Size

hods for, a
bnal zirconia

t. For dated
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Ultrasonic Extraction

Materials by

ASTM F1873-98 1), Standard Specification for High-Purity Dense Yttria Tetragonal Zirconium Oxide
Polycrystal (Y-TZP) for Surgical Implant Applications

1) Standard since withdrawn.
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3 Physical and chemical properties

The physical and chemical properties, when tested as specified in Clause 4, shall comply with the values
specified in Table 1.

Table 1 — Limits for material properties

ready-to-use powder, should

be equal or less than 200 Bg/kg.
Standard and will be based upon the radioactivity data from implant ceramic manufacturers.

This value will be reviewed at the next

Property Unit Requirement Test method according to
subclause
Bulk density glem?3 > 6,00 4.1
Chemical composition:
Zr02 + Hf02 - Y203 > 99,0
Y203 >45t0<86,0
percent mass fraction 4.2
HfO, <5
A|203 < 0,5
Other oxides <05
Microstructure: .
L um Intercept distance < 0,4 4.3
grain sizp
Microstructure: Standard deviation'< 0,18
amount ¢f monoclinic 4.3.7
phase < 20%
Strength @:
biaxial flexure or MPa i 288 jg
4-point Hending = :
CyC|Ic1:(;%tfyL:;?p|;mlt stress at MPa > 320 46
Radioactivity P Bq/kg < 200 4.7
Accelerated gqging:
maximurn amount of
monoclinic phase <25%
aftdr accelerated
aging 4.8
residual piaxial flexure > 500 MPa, and decrease
strgngth not more than 20 %
residual f-point > 800 MPa, and decrease
bending strength not more than 20 %
@  Measured|on-a minimum of 10 samples.
b The radioaetivity—defined-asthesumofthetrassac 2R and-determined-by-gammea—spectroscop

g4 a—sP eseopy-on the
revision of this International
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4 Test methods

4.1

The

4.2

Bulk density

bulk density shall be determined in accordance with ISO 18754 or EN 623-2.

Chemical composition

The chemical compositions should be determined by ICP-OES (Inductively Coupled Plasma — Optical
Emission Spectrometry), fluorescent X-ray, or atomic absorption spectrum analysis methods.

NOTH ISO 12677!"l can be used.

4.3

Microstructure

4.3.1| Principle

For describing the microstructure, the average grain size is determined by.meéasuring the linear
in acgordance with EN 623-3 or ASTM E112.

4.3.2| Apparatus

The gpparatus shall consist of the following items:

4.3.2|1 Grinding and polishing devices, for preparing plane and smooth surfaces.
4.3.2(2 Furnace, capable of maintaining a température of 1 400 °C.

4.3.2|13 Scanning electron microscope.

4.3.3| Preparation of test piece

Test

a)

b)

c)

NOT

d)

f)

pieces shall be prepared in acgordance with EN 623-3 and the following instructions.

Prepare test pieces of the-zirconia ceramic using methods representative of the method of
parts for surgery, using.the same precursor powder, pressing technique, pressure and firing

5rind one surface, plane, polish it until the percentage of interpretable area is at least 90 %

ghall be specifically determined for each zirconia material.

A gold or a gold-platinum alloy can be used

¢tch in air at@4ow temperature of less than 200 °C from sintering temperature. The etchi

ntercept size

broduction of
¢onditions.

Ind thermally
g conditions

Coat, thepolished surface by sputtering with a thin conductive layer, for example, gold or carfpon.

Five extra test pieces shall be made from the chosen flexure test sample. These test pieces shall be

made in the same way as described for each according to 4.4.3 for the biaxial test and 4.

4.5 for the 4-

point bend test. The samples for microstructural analysis shall be chosen randomly from the flexure test

samples.

Each microstructure test sample shall be cut in half. If it is a disc it shall be cut diametrically, if a bar it
shall be cut lengthwise through the centre as shown in Figure 1. The piece may be sectioned further to
permit it to fit into the microscope (4.3.2.3), the positions for the micrographs being those determined for

the full section.

The surface shall then be thermally etched to produce appropriate grain relief, using typically

temperatures in the range 1 300 °C to 1 400 °C for 30 min to 60 min.

© 1SO 2008 — All rights reserved
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g) Use

— either a low vacuum electron microscope with optics capable of discerning the microstructure on a
sufficiently fine scale or

— sputter a thin conducting coating of Au, Au-Pd or C sufficient to allow for conductivity of the beam
from the site

while retaining adequate feature resolution on the sample to allow analysis.

4.3.4 Procedure

Carry out the

a) Observe
to clearl
follow th
of at leq

test in accordance with EN 623-3 or ASTM E112 and the following instructions.

the microstructure using the scanning electron microscope (4.3.2.3) at a magnification suff
y delineate grain boundaries. Using either lines drawn on photomicrographs or stadge move
e general procedure described in EN 623-3 or ASTM E112 to measure the linear intercept
st 250 grains in total over at least three fields of view on lines sufficiently loeng to encompa

icient
ment,
sizes
ss at

least 20|grains, taking random orientations of measurement. Calibrate the magnification employed using
a certified graticule or grid. The micrographs should be of sufficient magnification, approximately
10 000
NOTE Alfernatively a calibrated stage micrometer can be used.
b) Align the cross section or cut fraction thereof so that the side of therbottom of the part when firing is at the
bottom gf the micrograph.
c) Take mj|crographs for each of the five positions shown ‘en ‘the appropriate cross-section below| The
microgrdphs should be of sufficient magnification, approximately 10 000 x.
d) The locgtion of the micrographs on the disc cross section on the left of Figure 1 (using the lower left|hand
corner ap the origin of an x-y-coordinate system) are as given in Table 2 (tolerance + 0,05 mm).
Table 2
Point 1 2 3 4 5
X 6 12 18 24 30
y 0,33 0,66 1,00 1,33 1,66
The location|of the micrographs on the 4-point flexure cross section on the right of Figure 1 (using the Jower
left hand corner as thearigin as the origin of a x-y-coordinate system) are as given in Table 3 (tolefance
+ 0,05 mm).
Table 3
Point 1 2 3 4 5
X 7,5 15 22,5 30 37,5
y 0,5 1,0 1,5 20 2,5

e) For each micrograph strike no fewer than 12 lines, 4 horizontal to the diameter (bottom line), 4 at
+(60 + 5) degrees from the horizontal and 4 at —(60 +5) degrees from the horizontal (see Figure 1).
These lines should be spread evenly across the micrograph so that as much as possible of the
micrograph is represented without allowing any of the diagonal lines to be cut by the micrograph borders
that are perpendicular to the diametral dimension.

f) Determine the linear intercept of each of these lines in accordance with ASTM E112 and record the
intercept numbers.

© 1SO 2008 — All rights reserved
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7

S
2 3 4 5

a) diametral cut

B i ey
1 2 3 4 5

b) lengthwise cut through the 45 x 4 mm surface

Figure 1 — Cuts for the cross sections of the biaxial disc (left) and 4-point flexure bar|(right):
bottom show itions of micrograph ken

4.3.5 Calculation of results

The evaluation of the data shall be performed as follows. Determine the mean linear intercept size for each
micrograph (“micrograph mean”) in accordance with EN 623-3 or ASTM E112.

Calculate the average mean linear intercept size for test piece (“test piece mean”) from the average of the
micrograph means.

Calculate mean value and standard deviation from the 5 test piece means. These results shall be used for the
test report.

© 1SO 2008 — Al rights reserved 5
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4.3.6 Testreport
The test report shall be established in accordance with EN 623-3.
The test report shall contain at least the following information:

a) identity of the ceramic material, details of batch number or other codes sufficient to identify the test pieces
uniquely;

b) method of preparation of the test pieces, including details of the grinding and polishing procedure
employed to prepare the test surfaces and of the etching procedure;

c) mean lirear intercept size and its standard deviation, expressed in micrometres for each disc or ®ar and
for the tgtal 5 disc or bar samples;

d) at least|one micrograph from the set taken to show the micro structural relief developed during the
thermal ptch; the micrograph need not be identified as to the sample or region from which it was takgn;

e) referencg to this International Standard, i.e. ISO 13356:2008.

4.3.7 Amount of monoclinic phase

The amount [of monoclinic phase shall be determined using X-ray diffractionymethods in accordance with the
procedure sdt out on ASTM F1873-98, Section 4.4.

The X-ray measurement shall be conducted on the sample prepared.as described in 4.3.3. b): the surfgce to
be tested shall be in a polished state.

NOTE THe method is also described in Garvie and Nicholson[3k

4.4 Biaxial flexural strength

4.41 Prindiple

A disc of the|test material is placed between two coaxial rings of unequal diameter and a compressive fofce is
applied. The|force applied at fracture of the test disc and the location of the fracture are recorded and the
fracture stregs is calculated. This test method is standardized in ASTM C1499.

4.4.2 Apparatus

4421 echanical testing machine, suitable for applying a compressive load of at least 5kN| at a
nominal loadjng rate of<(500 + 100) N/s and equipped to record the peak force applied to an accuracy of better
than 1 %. Cdlibration efthe force-measuring device shall be performed in accordance with ISO 7500-1.

piece, and a loading ring mean diameter of (12 + 0,1) mm at the diameter of contact with the test piece. The
radius of curvature of the test piece contact surface of the rings shall be (2,0 £ 0,2) mm. The jig shall have a
means of centring the loading and support rings and the test piece on a common axis to within + 0,2 mm.
Preferably the rings should be made of hardened steel (> HV 500 or > HRC 40) in order to minimize damage
or roughness caused by fracture of the test pieces.

In order to accommodate slight departures from surface flatness of the test pieces, a (0,6 + 0,1) mm thick
rubber plate with a Shore hardness of 60 + 5 shall be placed between the support ring and the test piece, and
a piece of paper shall be placed between the test piece and the loading ring.

4423 Micrometer, in accordance with ISO 3611, capable of measuring to an accuracy of £ 0,01 mm.

6 © 1SO 2008 — Al rights reserved
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4.4.3 Preparation of test piece

Prepare billets or discs of the zirconia ceramic using methods representative of the method of production of
parts for surgery, using the same precursor powder, pressing technique and pressure and firing conditions.

Test pieces (see Figure 2) shall be circular plates of diameter (36,0 = 1,0) mm and thickness (2,0 £ 0,1) mm
and shall be flat on the test face to closer than 0,3 mm. The surface to be tested shall be in the as-fired state.

At least 10 test pieces shall be prepared for determination of mean strength, or at least 30 test pieces if a
Weibull statistical analysis is required.

B ¢D, N
- 805 N
< D .
Key
1 loading ring 3 support ring 5 specimen
2 paper 4 rubber plate

Figure 2 — Schematic diagram of the biaxial flexure testing device
employing concentric loading and support rings

© 1SO 2008 — Al rights reserved 7
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4.4.4 Procedure

4441 Measure the diameter of the test piece to the nearest 0,1 mm and the thickness to the nearest
0,01 mm, each in at least three random positions. Calculate the mean diameter and mean thickness.

4.44.2 Place the rubber sheet on the support ring of the test jig. Place the test piece on the rubber sheet,
with the surface to be tested in contact with the rubber, and centre it. Place a paper disc on the top of the test
piece, place the loading ring on the paper and centre it relative to the test piece and support ring.

4443 Apply a steadily increasing compressive force, F, to the jig at a loading rate of (500 + 100) N/s
until the test piece fractures. Record the load at fracture and its location.

4444 nspect the fragments for evidence of the failure origin. If this is more than 0,5 mm outside the
inner loading ring, note this fact in the test report (see 4.4.6). For the purposes of calculation of. the-frdcture
stress, assure failure within the inner loading ring. Do not discard the result in calculating the.mean strength
of the test bgtch.

4445 Repeat the procedure for each test piece in the batch.

4.4.5 Calculation of results

For each tes{ piece, calculate the nominal fracture stress, o, in megapascals,‘as:

3F D DZ - D}
o = z? [(1+V)>< ln{D_SI]_{— (1 —V)X[SZTZI]:I

F s the force applied at fracture, in newtons;

t is the mean test piece thickness, in millimétres;

D, is the support ring mean (contact) diameter in millimetres;
is the loading ring mean (contact) diameter, in millimetres;
D s the test piece diameter, i/ millimetres;

v is Ppisson’s ratio forzirconia (assume to be 0,3).

Calculate thg mean fraeture stress and the standard deviation for the batch of test pieces.

4.4.6 Testreport

The test report stattcontaimratteastthe fu“uvvilly information:

a) The identity of the ceramic material, details of batch number or other codes sufficient to uniquely identify
the test pieces.

b) Method of preparing the test pieces.
c) Mean value and standard deviation of the fracture stresses. If appropriate, the individual fracture stresses
of the series of test pieces as well as Weibull statistical data may be given. The position of failure of test

pieces shall be reported if this appears to fall outside the loading ring diameter (see 4.4.4).

d) Reference to this International Standard, i.e. ISO 13356:2008.

8 © 1SO 2008 — Al rights reserved
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(20 x
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Four-point bending strength

four-point bending strength shall be determined in accordance with 1SO 14704 u

40) mm spans.

Calculate the individual nominal flexural strengths, the mean value and the standard deviation.

sing 4-point

The test pieces shall be 45 mm in length (4,0 £ 0,2) mm in width and (3,0 £ 0,2) mm in thickness. The test
piece is supported by two parallel rollers of diameter (5,0 £ 0,2) mm. The two rollers shall be positioned
symmetrically with respect to the length of the test piece with their centres (40 + 0,5) mm apart (outer span).

The twetoadingrollersshall-be-symmetricaliylocated-with-respectiothe-outerrollerand-shall-hqve a span of
(20 0,2) mm. The surface to be tested shall be in contact with the outer rollers.

4.6 | Cyclic fatigue

4.6.1| Principle

The ¢yclic fatigue shall be determined by a four-point bend cycling fatigue test-under simulated physiological
condjtions.

4.6.2| Apparatus

4.6.2|1 Mechanical testing machine, suitable for applying a cycling sinusoidal load.| The testing
maclhjine shall be in accordance with ISO 7500-1:2004, ClassVwith an accuracy of 1 % of the maximum load

or be
the n

4.6.2
Each
40,0
the o

4.6.3

Lmber of cycles or the elapsed time of the test.

2 Testing jig, in accordance with ISO 14704. The test piece is supported by two p3
roller shall be positioned symmetrically with" respect to the length of the test piece with
t 0,1 mm apart for the outer span. The two loading rollers shall be symmetrically located w
Liter rollers and shall have a span of 20,0+ 0,05 mm.

Preparation of test pieces

Preparation of the test pieces and the specimen geometry shall be in accordance with ISO 147

numl

4.6.4

er of 5 shall be used.

Procedure

The fest shall be ‘performed at a cyclic rate of between 5 Hz and 20 Hz. The test shall be co

phys
fracty

Omax

ological salihe solution and at 18 °C to 40 °C. The duration of the test shall be until t
res or<to“hot less than one million (108) cycles. The test shall be conducted at a pe
= 320,MPa using a peak force computed from the relationship

YR

Z0n o max

F =
384~ 85)

where
b is the width;
h is the height of the test piece;
Sy is the outer span of the jig;
S, is the inner span of the jig.
An R-ratio of 0,1 shall be used. No test piece shall fail in less than 108 cycles.

©1S0
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4.7 Radioactivity

4.7.1 Principle

This method describes the use of gamma spectrometry for the measurement of gamma photons emitted from
radio nuclides in the sample without the need to separate the radio nuclides from the sample matrix. The
simultaneous detection of several gamma emitters in the sample material is carried out with a high resolution
single germanium semi-conductor detector, connected to a multichannel analyser (MCA). Automatic
processing of the collected data can be conveniently controlled by a computer system with selected software
recommended for processing data.

4.7.2 Appdratus

4.7.21 Martinelli beakers, one litre size with lids.
4.7.2.2 Ball Mill.

4.7.2.3 Bieve, complying with ASTM G136-03 test.
4724 Gamma spectrometry system, comprising low background vertical” high purity germgnium
detector (HPGe), efficiency 20 % to 25 %; energy range 10 keV to 10 MeV; resolution (FWHM) at 1,33 MeV-
1,8 keV to 4 keV. Peak to peak Compton ratio > 46:1. Detector pre-amplifier contained on the defector

capsule; biaged high voltage power supply; linear amplifier.

4.7.2.5 Lead detector shield, with cavity adequate to accommiodate the Martinelli beaker (4.7.2.1),
shield wall 5 fcm to 10 cm thickness lined with cadmium (1,6 mm) and copper (0,4 mm) layers.

4.7.2.6 Multichannel analyser, with at least 4 096 channels, connected to a keyboard and display
screen for input and output of data and computer interaction:;

4.7.2.7 Appropriate software, to provide automatic peak search, evaluation of the peak positipn in
energy, identification of radio nuclides by use of .a @uclide library, calculation of the net peak area, calculation
of activity copcentrations in selected units, calculation of detection limits for specific nuclides, clear descrjption
of the computing algorithms used.

4.7.3 Sample preparation
The sample $hall be in the form of-powder with fill density in the range 1,1 g/cm3 to 1,3 g/cm3 and particlm size

distribution in) the range 0,1 uynt=38 um according to ASTM G136. If necessary crush the sample. The Maitinelli
beaker (4.7.3.1) shall be filled with the sample to one litre volume without any settlement.

4.7.4 Isotope identification

4.7.41 ETergycaIibration

An energy calibration of the germanium detector system shall be made by measuring mixed standards
sources of known radio nuclides with well-defined energies within the range of interest. Table 4 gives a list of
suitable radio nuclides. The energy calibration source shall contain at least four different gamma ray energies
one of which shall be due to Cs'37.

The gain of the system is adjusted to position the 662 keV photopeak of Cs'37 at about one-third full-scale.
The gain of the system is adjusted to 0,5 keV/channel.

The energy calibration source is counted for sufficient time to produce a well-defined photopeak and then the
system software calibration procedure is followed and the slope and intercept of the resulting line are
calculated. Stability of the slope and intercept shall be checked daily using at least two different gamma
energies.

10 © 1SO 2008 — Al rights reserved
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