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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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Implants for surgery — Wear of total knee-joint prostheses —

Part 1:

Loading and displacement parameters for wear-testing
machines with load control and corresponding environmental
cgnditions for test

1 |Scope

Thig part of ISO 14243 specifies the flexion/extension relative angularymovement between |articulating
components, the pattern of the applied force, speed and duration of festing, sample configuratipn and test
envlronment to be used for the wear testing of total knee-joint prostheses in wear-testing maching¢s with load
conjrol.

2 [Normative references
The| following referenced documents are indispensable for the application of this document{ For dated
references, only the edition cited applies. For- Gndated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO[7207-1, Implants for surgery — Components for partial and total knee-joint prosthese$ — Part 1:
Classification, definitions and designation of dimensions

ISO[14243-2, Implants for surgery <= Wear of total knee-joint prostheses — Part 2: Methods of measurement

3 |Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1
AP displacement
offset of the axial force axis from the flexion/extension axis measured in a direction that is perpgndicular to
both of these axes

NOTE 1 AP is an abbreviation for anterior posterior.

NOTE 2 The displacement is considered to be zero when the total knee-joint prosthesis is in the reference position
(3.7) and is considered to be positive when the axial force axis is anterior to its position with the total knee-joint prosthesis
in the reference position (3.7). See Figure 1.

3.2

AP force

force applied to the tibial component along a line of action that is perpendicular to both the tibial axis and the
flexion/extension axis and which passes through the axial force axis

NOTE The force is considered to be positive when it acts from a posterior to an anterior direction on the tibial
component. See Figure 1.

© 1SO 2009 - All rights reserved 1
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+ve

Key

flexion (of femoral component)
2 tibial rofation, tibial rotation torque

3 AP displacement by the tibial component, AP force on 4
the tibigl component

4 axial force -ve

Figure 1 — Sign convention for the forces, torques and-motions,
shown for a left total knee replacement system
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Figure 2 — Test specimen configuration
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3.3
axial force
force applied to the tibial component of the knee-joint prosthesis in a direction parallel to the tibial axis

NOTE The force is considered to be positive when it acts in an inferior-to-superior direction (see Figures 1 and 2).

3.4

axial force axis

line of action of the axial force taken to pass through a point on the tibial component of the knee-joint
prosthesis which is offset by 0,07 w £ 0,01 w in the medial direction from the tibial axis, where w is the overall
width of the tibial component, as designated in ISO 7207-1

NOTE 1 See Figure 2.

NOTE 2  The value of 0,07 w offset is equivalent to 5 mm offset for a tibial component of average width, i.e{ 74 mm.

3.5
condylar centres
cenjres of two circles which are a best fit to the sagittal sections through the_curved surfaces of the posterior
regipns of the two condyles of the femoral component of a condylar or meniscal total knee-joint prgsthesis

3.6
flexjon/extension axis
nonjinal axis of rotation of the femoral component relative to the fibial component

NOTE 1 For hinged knees, the flexion/extension axis is the hingeaxis.

NOTE 2  For condylar and meniscal knees, the flexion/extersion axis may be determined by:

— | considering the condyles of the femoral component ta'be in contact with an imaginary plane perpendicular to the tibial
axis when the femoral component is at 30° and whef/it is at 60° of flexion; and then

— |visualising four lines (contact normals) normal) to the imaginary plane running through the points where the two
femoral components would contact the plane at each of these flexion angles.

Theflflexion/extension axis is then the line intersecting all four contact normals.

NOTE 3 The axis of rotation of the.femoral component relative to the machine frame does not necessarily ¢oincide with,
but ¢an be made to approximate tq; the flexion/extension axis.

3.7
refgrence position
angplar and linear alignment of the tibial component relative to the femoral component which [gives static
equjlibrium of theAibial component when it is loaded against the femoral component by a positivg axial force
applied along thetaxial force axis, with the most distal points on the femoral bearing surface regting on the
lowgst points{on‘the tibial bearing surface

NOTE 1 The reference position is equivalent to the position of 0° flexion (i.e. full extension) in vivo.

NOTE2—For thepurpose of determiming—the Teference position, theeffectof frictiom betweenthe—tibiat and femoral

components is ignored.

NOTE 3  The reference position may be determined by geometrical calculations based on the three dimensional form of
the tibial and femoral surfaces. For the purpose of these calculations, the form of the tibial and femoral surfaces can be
taken either from design data or from co-ordinate measurements of an unworn total knee-joint prosthesis.

NOTE 4 In a moderately constrained or flat design of tibial component, and/or installation of the tibial component with a
large posterior slope (see 7.4), the lowest points on the tibial bearing surface can span a large (flat) range of anterior-
posterior positions, or would not exist (no dish effect). In such a situation, this definition of reference position cannot apply.
In such situations, the prosthesis manufacturer should be consulted to decide what neutral position should be set and this
should be noted in detail in the test report.

© 1SO 2009 - All rights reserved 3
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3.8
tibial axis

nominal longitudinal axis of the tibia, corresponding to the central axis of the medullary cavity of the proximal

tibia

3.9
tibial rotati

on

rotation of the tibial component of the knee-joint prosthesis about the axial force axis

NOTE

The rotation is considered to be zero when the total knee-joint prosthesis is in the reference position (3.7).

This rotation is +ve when it is internal (see Figure 1). This means that for a left-sided total knee-joint prosthesis, the tibial

rotation is p
clockwise fro

3.10
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torque appl

NOTE A
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5 Specimens and lubricants

5.1
of 20 g/l.

Normally th

bSitive When a view from a superior position on the tbial component shows the tbial component ro
m its position with the total knee-joint prosthesis in the reference position (3.7).

jon torque
ed to the tibial component of the total knee-joint prosthesis around the axial force axis

rom a plan view on the tibial component, the axial torque is +ve when it acts clockwise on a left-sided
bsthesis (see Figure 1) and +ve when it acts anti-clockwise on a right-sided total Knee-joint prosthesis.

ple

ee-joint prosthesis is mounted in an apparatus which appliesta cyclic variation of flexion/exten
contact force to the interface between tibial and femoralycomponents, simulating normal hu
e tibial component is free to move relative to the femoral component under the influence of
tact forces, this motion having all degrees of freedom except for the flexion/extension angle w
ecified cyclic variation.

contact force actions are axial force, anterior posterior (AP) force and tibial rotation torque.
ollows a specified cyclic variation. The AP.force comprises two components, one being a spec
ion and the other having a magnitude‘which depends on, and is in the opposite direction to
ht. Similarly, the tibial rotation torque comprises two components, one being a specified ¢
d the other a rotation torque having”a magnitude that depends on, and is in the opposite direg
ption. The load actions that depend on the AP displacement and tibial rotation correspond to
nsmitted by anatomical ligaments in normal knee-joint function. The restraint as a function of
ht and rotation is describedjin 6.9 and 6.10.

ing surfaces of the.femoral and tibial components are immersed in a fluid test medium simulg
bvial fluid. If polymers are the object of investigation, a control specimen is subjected to the
i, optionally, {0, the same time-varying force to determine the creep of the test specimen and/of
mass change-due to fluid transfer. The test takes place in a controlled environment simulg
bl conditions!
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e fluid test medium is filtered through a 2 pm filter.

Fluid test medium, calf serum diluted with deionized water to have a protein mass concentration

To minimize microbial contamination, the fluid test medium should be stored frozen until required for test. An
anti-microbial reagent (such as sodium azide) may be added. Such reagents can be potentially hazardous.

Routine monitoring of the pH of the fluid test medium may be undertaken. If it is, the measured values should

be included

in the test report (see Clause 8).
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NOTE The use of a fluid test medium of non-biological origin can be considered when performance requirements
relating to this test method are being decided.

5.2 Test specimen, femoral and tibial component.

These components should be chosen so that their size combination and design detail represent the worst
expected case for wear of the total knee replacement system being tested. The tibial component should have
the articulating surface attached by its normal immediate backing (for example bone cement or a machined
replica of the inner surface of the tibial tray), unless this is impractical due to physical features of the implant
system. If the component forming the articulating surface is fixed to the tibial tray by a rim/snap-fit system, the

machined replica shall provide the same fixation conditions.

If it
the
sho

The

s not practical to use the normal backing or cement fixation due to physical features of thedmp
support system for the tibial component should represent normal design features and cendition
bld allow removal of the component for measurement of wear (if required) without destruction.

components shall be sterilized in the same way as for clinical use because-this"might affe

properties of the materials. Sterilization of all test and control components withinta 'specific test g

be d
5.3
54
spe
6

6.1
cor|

6.2
of h

one simultaneously (in a single container) when possible, to minimize variation.
Control specimen, identical to test specimen.

Number of test specimens, at least three test specimens<and two passive (unloaded) s
Cimens (or one loaded control specimen) shall be tested to represent the wear of each type of |

Apparatus

Testing machine, capable of applying the' forces and torque prescribed in asso
esponding flexion/extension (Figures 1 and 2)'and operating at a frequency of 1 Hz £ 0,1 Hz.

olding femoral and tibial components(using attachment methods comparable to the intended

fixation. An enclosure shall be providéd,which is capable of isolating the test specimen to preven

con

6.3

amination from the testing machine and the atmosphere.

position, so that the same ‘position and orientation can be reproduced following the removal

ant system,
s of use but

ct the wear
foup should

oak control
rosthesis.

iation with

Means of mounting and enclosing, the test specimen, using a corrosion-resistant matefial, capable

anatomical
t third body

Means of aligning and positioning the femoral component of the test specimen in the reference

of the tibial

conponent for measurement of wear.

6.4| Means of aligning and positioning the tibial component of the test specimen in the inferior position
so that the same<position and orientation can be reproduced after its removal for measurement.

6.5| Axial\force control system, capable of generating an axial force following the cycle given in
Figyre 3 B)~and maintaining the magnitude of this force to a tolerance of +5 % of the maximum value
spegifiedsthroughout the cycle. The axial force is applied along the axial force axis by applying the axial force
to the-tibial component of the total knee-joint prosthesis (see Figure 2)

6.6

Motion control system, capable of generating the flexion/extension motion given in Figure 3 a) and

maintaining the magnitude of this motion to a tolerance of £ 5 % of the maximum value specified throughout
the cycle. The flexion/extension motion is measured about the flexion/extension axis as a relative angular
motion between the femoral and tibial components.

Provision shall be included for the adjustment of the zero position of the motion control system so that when
the applied flexion/extension motion reaches zero flexion angle as shown in Figure 3, the total knee-joint
prosthesis is in the designed fully extended state.

NOTE For total knee-joint prostheses which include a positive extension stop, a device can be included to limit the
extension moment which can be applied by over extension.
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6.7 AP force control system, capable of generating an AP force following the cycle given in Figure 4 a)
and maintaining the magnitude of this force to a tolerance of +5 % of the maximum value of the force
specified throughout the cycle. The AP force is applied along the line of action that is perpendicular to both the
tibial axis and the flexion/extension axis and which passes through the axial force axis.

6.8 Tibial torque control system, capable of generating a tibial torque following the cycle given in
Figure 4 b) and maintaining the magnitude of this torque to a tolerance of £5 % of the maximum value
specified throughout the cycle. The tibial torque is applied about the axial force axis.

6.9 AP motion restraint system, capable of applying a restraining AP force along its line of action

(see 6.7). T

he direction of the restraining AP force is such as to oppose AP movement of the tibial compon

ent.

It should be
position.

The magnit
of the tibial
requiring re

zero when the total knee-joint prosthesis is in, or within 2,5 mm in either direction of, the referg

ide of the restraining AP force (outside the £ 2,5 mm range) is proportional to the AP'displacen
component, the magnitude of the constant of proportionality being (9,3 £ 0,5) N/mnfor prosthe
section of both cruciate ligaments.

For a posferior cruciate ligament (PCL) retaining prosthesis, the constant of proportionality should

(44 £2,2) N
against pos

/mm for negative AP motion (simulating PCL action), while keeping 9;3"N/mm restraint stifft
itive (anterior) AP motion of the tibial component (simulating the capsule and other secondary

tissue restraint).

NOTE 1

[he restraining AP force may be generated by an elastic spring elemént.

6.10 Tibiall rotation restraint system, capable of applying a restfaining tibial rotation torque about the s

axis as that
the tibial cg
away from,

The magnit
rotation, th
prosthesis,

NOTE T
6.11 Lubr

NOTE 1

of the tibial torque (6.8). The direction of the tibial rotation torque is such as to oppose rotatig
mponent. It should be zero when the total knee-joint prosthesis is in, or within + 6° either se
the reference position.

nce

hent
ses

be
ess
soft

bme
n of
nse

ude of the restraining tibial rotation torque (outside the + 6° range) is proportional to the fjbial

)

C

magnitude of the constant of proportionality being (0,13 £ 0,01) Nm/° for a PCL sacrifi
and (0,36 + 0,02) Nm/° for a PCL retaining prosthesis.

[he restraining torque may be generated by an elastic spring element.

cation system, capable of maintaining the contact surfaces immersed in the fluid test medium|.

'he use of sealed enclosures might prevent evaporation.

6.12 Temperature control'system, capable of maintaining the temperature of the fluid test medium (5.

37°C+2°

6.13 Cont
regime shg
incorporatin

N
b -

rol station(s), capable of applying the loading regime shown in Figure 3 b), without the loa
wn in~Figures 4 a) and b) and without the angular displacement shown in Figure 3 a),
grthe provisions of 6.2, 6.3, 6.4, 6.5, 6.11 and 6.12. Alternatively unloaded (passive soak) con

cing

Hing
and
rols

may be us

which-are-tmmersed-inthe-fluidtest medivm-incorporating-theprovisionsof 6-44-and 65142

6.14 Measuring systems for AP displacement and tibial rotation (optional).

The recommended accuracy for the AP displacement measuring system is at least £ 0,2 mm and for the tibial
rotation measuring system at least + 0,5°. If the testing machine is intended to accommodate multiple total
knee-joint prostheses, then it should be possible to measure the AP displacement and tibial rotation
individually for each specimen.

NOTE Such measurements might be of value for monitoring the sliding motion of the total knee-joint prosthesis
during the course of testing so as to determine whether this motion remains within the design limits for the type of total
knee-joint prosthesis under test. The measuring system can also be used to verify the forces and torques applied by the
motion restraint systems (6.9 and 6.10).
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Table 1
Percentage of cycle time Flexion angle in degrees
+ 5 % (of maximum value)
0 0
15 16
40 S
72 58
Table 2
Percentage of cycle time Axial force in newtons
+ 5 % (of maximum value)
0 168
3 1887
7 1175
13 2600
25 838
45 2433
60 168
100 168
Y14 Y24
50 |- 3000 -
50 |- 2500
o - 2000
30 |- 1500
Q= 1 000
ho |- 500
0 | | | - 0 | | 1 . t .
0 20 40 60 80 100 X 0 20 40 60 80 | 100 X
a)\Variation of flexion angle with time b) Variation of axial force with time
Key

X  percentage of cycle time
Y1 flexion/extension angle, degrees
Y2 axial force, newtons

Figure 3 — Variation with time of flexion angle and axial force
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Table 3
Percentage of cycle time AP force in newtons
5 % (of maximum value)
0 0
5 —265
12 110
55 =177
85 52
100 0
Table 4
Percentage of cycle time Rotation torque in newton
metres
* 5 % (of maximum value)
0 0
10 -1
50 6
65 0
100 0
Y1 Y214
150 r
100 6
50 f\ 5
0 | | , | | . 4
50 20 \40 60 80y 100 X 31
-100 2r
150 T
0 y l l | |
2001 ON_20 40 60 80 100 X
-250 |- T /
-300 |- 2
Y1y Y2
a)| Variation of AP force with time b) Variation of rotation torque with time
Key
X  percentage of cycle time
Y1 AP force, newtons
Y2 rotational torque, newton metres
Figure 4 — Variation with time of AP force and rotational torque
8 © 1SO 2009 — All rights reserved
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Make any initial measurements required to determine the subsequent amount of wear and/or creep,
and calibrate each test station using a load cell. Undertake this calibration while the load is being developed at
other stations, if any, in the test rig.

A method of measurement of wear is given in ISO 14243-2.
Following the initial measurements, clean the test specimen as specified in ISO 14243-2.

Mount the femoral component of the test specimen in the testing machine with an alignme

nt such that

AP motion restraining forces and tibial rotation restraining torque can be set to withincth
rances (see 6.9 and 6.10).

E Depending on the design of the testing machine, this might require the mounting of the.femoral ¢
djusted so that the flexion/extension axis coincides with the actual rotation axis of the flexion/extension m

rol regime, and in turn can adversely affect the resultant wear rate.

Mount the tibial component of the test specimen in the testing machine with an alignment s
ction of the axial force applied by the machine is parallel to the tibialhaxis to within = 1°. Incli
ponent to the tibial axis at the angle recommended by the manufacturer for clinical use.

e tibial component comprises an insert with a metal or other\tray, the test should be conduc
in place.

E If the tibial component is mounted in a bed of cement, the alignment can be achieved by holg
ponent with an adjustable temporary support while the cement sets.

Place the passive soak control specimen ¢n“a container and place the latter in a locg
steps in 7.1 10 7.4.
Introduce the fluid test medium (5.1) to completely immerse the contact surfaces of the tes

the container of the soak contrel specimen. Maintain the temperature of the fluid test
C + 2 °C, taking the measurement at a point representative of the bulk temperature of the fluid.

Figures 3 and 4 are applied to the test specimen, and the loads specified in Table 2 and Fig

e specified

omponent to
otion applied
der the force

Lch that the
ne the tibial

ed with the

ing the tibial

tion with a

perature of £ 2 °C relative to the test specimens. In the case of an active soak control specifnen, repeat

5t specimen
medium at

Start the testing machine and adjust it so that the loads and displacements specified in Tables 1 to 4

ure 3 b) are

applied to the control specimen. The curves between the defined maxima and minima in each figlre shall be
smqoth with no ovefrshoots. Record the displacement and load waveform at the start-up and| after each
chapge of fluid test'medium.

NOTE Anhex A gives details of a typical set of test parameters equivalent to those described in Figures 3 and 4.

7.8| Operate the testing machine at a frequency of 1 Hz £ 0,1 Hz.

7.9 Replace Tluid Tost by evaporation during the test at Teast daily, by adding deionized water. Replace the

fluid test medium completely at least every 5 x 10° cycles.

7.10 Stop the test for measurements at least at 5x 10% cycles, 1x 108 cycles and at least every

1x

108 cycles thereafter until the test is terminated (see 7.14).

7.11 Remove the test specimen and control specimen and take wear measurements.

7.12 Following wear measurements, clean the test specimen and control specimen as specified in

ISO

14243-2 and re-install in the testing machine (see 7.3 to 7.5).

7.13 Repeat the steps given in 7.6 to 7.12, until the test is terminated (see 7.14).
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7.14 Continue the test until one of the following events occurs.

a) Completion of 5 x 106 load cycles.

NOTE At the request of the party submitting the specimen, the test may be continued beyond this limit.

b) Break-up or delamination of the articulating surfaces.

c) Failure of the testing machine to maintain the force and displacement within the given tolerances (see 7.6
to 7.9).

8 Test report

The test repgort shall include the following information:

a) areferg¢nce to this part of ISO 14243, i.e. ISO 14243-1:2009;

b)

c)

d)

f)

)]

10

the ide
materid
test, m

a desc
motion
motion

articuldting surfaces, arrangement for temperature control*and arrangement for the exclusior

contan

clear g
start of
should
inputs
and rel

whethdg
were tg

a state

1) the total number of cycles applied;

2) the reason fortefminating the test if fewer than 5 x 106 cycles were applied;

3) agq

ntity of the test specimens, as stated by the party submitting the specimén, for test, including s
[, type, manufacturer, sterilization method and its parameters such as“radiation type, dose,
bdium and time;

ription of the testing machine, including number of stations, type of systems used for genere
5, torque and forces, range of motions, torque and forces,/type of system used for measy
torque and forces, arrangement for mounting specimen{see 5.2), arrangement for lubricatio

inant particles;

raphical plots of the “measured” flexion, forces and torque input waveforms that were logged a
the test, and at the start and end of every.run period between wear measurements; these {
be superimposed graphically against the fdesired” input waveforms to assess how closely|
vere controlled and this would verify thervalidity of actuation of these inputs in terms of magnitu
btive phase relationships;

r control specimens were used, and if not, the reference to the tests from which the control
ken;

ment of results including:

escriptionof all the surfaces of both components at which relative movement has occurred;

4) a

ize,
fluid

ting
ring
n of

of

the
lots
the
des

Hata

ésgription of the condition of the interfaces between sub-components, if the components were of

modutarcorstructior;

5) the values of pH if routine monitoring of the fluid test medium was undertaken (see 5.1);

details

on the measurement of wear and the results obtained (ISO 14243-2), namely:

1) the method of wear measurement (i.e. gravimetric);

2) the change of mass for each measurement using the gravimetric method;

3) the gravimetric wear rate.
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I1ISO 14243-1:2009(E)

9 Disposal of test specimen

No part of the test specimen or control specimen shall be used for clinical purposes after testing.
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Annex A
(informative)

Details of load and displacement parameters for the test cycle
described in Figures 3 and 4

Percentag M—WW_APWE_W e
time angle
% ° N N Nm
[Figure 3 a)] [Figure 3 b)] [Figure 4 a)] [Figure 4 b)]
0,90 0,00 167,6 0,00 0,000 0
1,00 0,17 597,5 -25,31 -0,024 5
2,90 0,69 14574 -91,56 -0,0955
3,qo 1,53 1887,3 -173,44 -0,206 1
4,00 2,65 17829 —239,69 -0,3455
5,90 4,00 1530,9 265,00 -0,5000
6,90 5,53 1278,9 —246,43 -0,654 5
7,q0 7,16 1174,6 -194,40 -0,7939
8,40 8,84 1270,1 -119,22 -0,904 5
9,q0 10,47 1 530,9 -35,78 -0,9755
10,90 12,00 1887,3 39,40 -1,0000
11,90 13,35 2 243,6 91,43 -0,989 2
12,90 14,47 2504,5 110,00 -0,956 9
13,0 15,31 2600,0 109,62 -0,903 3
14,30 15,83 2570,0 108,47 -0,8287
15,90 16,00 24820 106,57 -0,7336
16,90 15,96 2342,0 103,92 -0,618 5
17,Q0 15,83 2159,5 100,53 -0,484 2
18,90 15,61 19471 96,43 -0,3316
19,90 15,32 1719,1 91,64 -0,1614
20,00 14,95 14911 86,18 0,025 1
21,00 14,51 1278,6 80,08 0,226 9
22,00 14,01 1096,2 73,37 0,442 8
23,00 13,45 956,2 66,10 0,671 3
24,00 12,84 868,2 58,29 0,9110
25,00 12,20 838,2 50,00 1,160 6
26,00 11,53 848,0 41,25 1,418 4
27,00 10,85 877,2 32,11 1,682 9
28,00 10,15 925,1 22,62 1,952 5
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