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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.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Implants for surgery — Total knee-joint prostheses —

Part 1:
Determination of endurance properties of knee tibial trays
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3.1
ant

Scope

5 document specifies a test method for determining the endurance properties; ‘unde
pratory conditions, of tibial trays used in knee-joint prostheses to support and sécure
culating surface. It applies to tibial trays which cover both the medial and lateralplateaux

test method does not apply to tibial components manufactured solely fromplastic mate

5 document does not cover methods of examining and reporting (the final condition
Cimen; these can be the subject of agreement between the test laboratory and the parties
specimen for test.

E Correlation of test results with in vivo performance has@ot'been established.

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition cited applies. For undated references, the latest edition of the
ument (including any amendments) applies.

7207-1:2007, Implants for surgery — Components for partial and total knee joint prosthese
sification, definitions and designatief of dimensions

7500-1:2018, Metallic materijals, — Calibration and verification of static uniaxial testing n
t 1: Tension/compression testing machines — Calibration and verification of the force-measu

Terms and definitions
the purposes ofthis document, the terms and definitions in ISO 7207-1 and the following

and I[EC maintain terminological databases for use in standardization at the following aq

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

Ir specified
the plastic
pf the tibia.
[als.

of the test
submitting

. For dated
referenced

s — Part 1:
hachines —

ring system

apply.

dresses:

eroposterior centreline

line which passes through the centre of the tibial tray stem, parallel to the sagittal plane and

per

pendicular to the line of force application

Note 1 to entry: The central stem or other prominence on the inferior surface of the tibial tray may also be named
as keel.
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3.2

mediolateral centreline

line which passes through the centre of the tibial tray stem, parallel to the coronal, or frontal plane
perpendicular to the line of force application

and

Note 1 to entry: The central stem or other prominence on the inferior surface of the tibial tray may also be named

as keel.

3.3
ML moment arm
dml

perpendicilar distance between the anteroposterior centreline (3.1) of the tibial component and the
of force application

Note 1 to enftry: The distance is positive if the loading point is medial to the anteroposterior centreling:

3.4
AP moment arm
da
p
perpendicilar distance between the mediolateral centreline (3.2) of the tibial component and the lin

force appligation

Note 1 to enftry: The distance is positive if the loading point is posterior to the/mediolateral centreline.

4 Pringiple

The test specimen is placed in a test rig and fixed so that one.€ondyle of the tray extends as a cantilg
A cyclic fofce is applied to the unsupported condyle through a spacer. The cyclic force is applied u

ine

e of

ver.
ntil

the test spgcimen exhibits failure or until the chosen number of cycles has been attained. The specifen

is examinefd for defects caused by the loading.

5 Apparatus

5.1 Testing machine, with the following characteristics:
a) asinudodial dynamic-loading waveform at the primary frequency;

b) an error in applied force-not greater than *2 % at the maximum force (in accordance V
ISO 75p0-1);

c) instrumentation torecord the number of cycles.

5.2 Means of fixing the test specimen, to allow:

a) the tedtspecimen to be held as a cantilever beam;

vith

b) fixing the inferior surface or clamping the superior surface of the unsupported test specimen tray
away from the mid-line. If necessary, both fixation methods may be used. Epoxy resin or bone

cement (see ISO 5833) may be used as an embedding material for the inferior surface;

c) the tibial tray to be supported up to the anteroposterior centreline (see Figures 1 and 2), within

tolerances for linear displacement of 1 mm and for angular displacement of +22 between

the

tibial anteroposterior centreline and the fixture support line. If the tray includes a central stem or

other prominence on the inferior surface, these shall be supported only up to the anteroposte
centreline in the same manner;

d) theload axis to be perpendicular to the undeflected superior surface of the test specimen.

rior
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5.3 Spacer, to be placed between the test specimen and the load applicator to distribute the loading
and reduce fretting.

Ultra-high molecular weight polyethylene, acetal co-polymer or acetal homopolymer may be used as
plastic spacer. Metal might be used as spacer material if the plastic spacer is not capable to transfer the
test force. The spacer can be glued to the tray to prevent translation during testing.

It is recommended that the diameter of the spacer is 13,0 mm * 0,5 mm and a minimum thickness at
the point of the force application shall be 6,0 mm * 0,5 mm (See Figure 3). The spacer diameter and/
or shape may be modified to accommodate the tibial tray design being tested, but any deviations from
these specified dimensions shall be included in the test report. The spacer shall contain a spherical
ind¢ntation (or recess) in order to accommodate the load applicator. This recess shall be.gjeater to or
equfal than the diameter of the load applicator and is included to minimize the chance of Spader fracture
under load.

NOTE Material in accordance with type 1 or type 2 of ISO 5834-2 has been found suitdble.

5.4| Load applicator, a rod with a spherical indentor with a radius jof*16 mm at it§ end. It is
recommended that the indentor be manufactured from metallic materialy The load applicagor shall be
freq to move in the transverse direction of force application.

The load applicator may be modified to accommodate aspects of the tray design, such as a fim around
the[periphery.

6 |Sample size and test conditions
The sample size and the test conditions shall be definied by the party submitting the specimgns for test.
Test conditions shall include:

a) [loading waveform;

b) [maximum and minimum test force;

c) |limit number of cycles for test duration (runout);

d) |testfrequency;

e) |test environment;

f) |spacer material;

g) [location of-anteroposterior and mediolateral centrelines (for asymmetric tibial trays).

The test shall’be conducted under force control using a minimum force corresponding to 10 % of the
maximum force in terms of absolute values.

NO E 1 1S 21022 actablichac o an Auranca waoiiieaa i noidaring o mi:‘.im"m af Cinn S iu ens passing

10 million cycles at maximum force of 900 N.

NOTE 2  Itisrecognized that for some materials the environment can affect the fatigue performance.

7 Testing procedure

7.1 Determine the tibial width and tibial depth in accordance with Figures 3 and 5 of ISO 7207-1:2007,
for establishing the mediolateral and anteroposterior centrelines.

7.2 Fix the test specimen in the test rig in accordance with 5.2 c). If the test specimen is asymmetrical,
ensure that it is fixed so that the worst-case testing condition is applied. Ensure that there is a clearance

© IS0 2020 - All rights reserved 3
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of at least 5 mm between the undersurface of the loaded compartment on the tibial tray and any part
of the fixture. Ensure that the loaded part of the tibial tray does not make contact with any part of the
fixture during testing.

7.3 Position the test specimen so that the load axis is orthogonal to the undeflected superior surface
of the tray within a tolerance of 2°. The loading point shall be located in order to assure the ML moment
arm and AP moment arm are applied on the tibial tray and corresponding to the position where it is
expected to be loaded in vivo at 0° flexion.

NOTE 1

The tray surface will not remain perpendicular to the load axis during loading.

7.4 Use dne of the following methods to determine the position of the loading point.

a)

b)

throug

The positid
a3-D CAD

7.5 Meas
7.6 Placsg
spacer sha

7.7 With
maximum
corrected

Higher tesf
are identic

7.8 Meaq

7.9 Cont
a) the sp:

In this casq

For bironcave tibial designs, the loading point shall be at the intersection with the tray of a
drawn|normal to the tray which intersects the deepest part of the recess in the artieular surfag

h the loading point.

n of the centre of pressure may be determined using pressure-sensitive film, removable
Kystem or component drawings.

ure the dimensions d,, and d; (3.3, 3.4 and Figures d.and 2).

the spacer (5.3) between the test specimen and the load applicator (Figure 1 or 2).
| be replaced if, during testing, its thickness is-teduced to 3 mm or if it fragments.

the spherical indentor in place, start thie' testing machine and adjust it so that it applies|

force F, .., at a frequency not greater:than 10 Hz. Visually inspect the tray under normg

ision every 5 x 105 cycles (see 7.9)without removing the tray from the testing machine.

frequencies may be used if evidence (dynamic calibration) is provided that the test res
h1 to those obtained at 10HZor less.

ure the vertical deflection of the tibial tray using adequate instrumentation.

nue the test unitil one of the following occurs:
cer thickness is reduced to 3 mm or it fragments;

, notesthe occurrence and fit a new spacer before continuing the test;

line
e,

For other tibial components, the femoral component, the tibial articulatingsurface comporent
and the tibial tray shall be assembled at 0° flexion and the position of the.centre of press
deternpined. The centre of pressure shall be on the line perpendicular t6_the tray which pa

ure
bSES

ye,

The

the
| or

ults

bcimen fractures;

non-destructive means;

b) the sp¢
c)
d)
e)

NOTE
f) thetes
4

exceed a predetermined deflection limit;

the limit cycles test duration (runout) is achieved;

ISO 21536 establishes a runout of 10 x 106 cycles.

t machine fails to maintain the specified force range [5.1 b].

cracks are observed when the specimen is inspected under normal or corrected vision or other

© IS0 2020 - All rights reserved
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7.10 Atthe end of the test:

a)
b)

c)

record the total number of cycles of loading applied when the test was terminated;

report the reason for termination of the test;

examine the test specimens using the methods requested by the party that submitted the specimen

for testing.

Test report

The

)

g)

h)

Tes
use
meq(

test report shall include the following information:
areference to this document (including its year of publication);

sample size submitted for testing;

including tibial tray thickness, size, d and w, as defined in ISO 7207-1,-and materials of co

details of the test conditions, maximum compressive force, limitnwmber of cycles for te
(runout); test frequency; rationale if test frequency higher thair 10 Hz was used, ratior
waveform other than sinusoidal, spacer material, diameter and thickness (including any
in diameter or shape), indenter diameter, location of antergposterior and mediolateral
(for asymmetric tibial trays), rationale, if available, for:the side (medial or lateral) chosen
(i.e., worst-case), side of load application (medial ordateral for asymmetric tibial trays), N
arm (d,), AP moment arm (d,,), and fixation method;

whether one or more replacement spacers was, used;

a statement of results including number of ‘cycles applied and mode of failure, location
(if fractured), description of test specimiens at the end of the test, and the results of e}
requested by the party submitting the specimen for test;

if necessary, report the deflection limit, method of measurement and the point at
deflection is measured;

test environment.

Disposal of test specimens

[ prostheses(shall not be used for clinical purposes after testing. Care should be exerg
of the spegimens for further mechanical tests, because the loading regime may have
hanical'‘properties.

the identity of the test specimens, as stated by the party submitting the specimens for test,

hstruction;

5t duration
jale for the
deviations
Centrelines
for testing
1L moment

of fracture
xamination

which the

ised in the
hltered the
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Dimensions in millimetres

>5

anteroposterior-centreline

point o
mediol
load ap

fixation (away from the centreline and/or on the inferior surface)

Fload application
hteral centreline

[

plicator

tibial tray

spacer

compressive force

Figure 1 — Schematic diagram of test set-up for tibial trays without central stem (anterior and

superior views)
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Dimensions in millimetres

-

>5

dap

Key
anteroposterior centreline
point'of load application

mediolateral centreline

load applicator

fixation (away from the centreline and/or on the inferior surface)
tibial tray

spacer

™ N O U R WN R

compressive force

Figure 2 — Schematic diagram of test set-up for tibial trays with central stem (anterior and
superior views)
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