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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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Implants for surgery — Wear of total ankle-joint
prostheses — Loading and displacement parameters for
wear-testing machines with load or displacement control
and corresponding environmental conditions for test

1 $cope

This|document specifies the relative angular movement between articulating compenents) the pattern
of the applied force, speed and duration of testing, sample configuration andrtest environment to
be uped for the wear testing of total ankle-joint prostheses in wear-testing-machines with load or
displlacement control.

NOTH This document is based on the method described by ISO 14243-1 and JSO 14243-3 and gllows for the
use of the same test equipment as for total knee replacement wear testing.

2 Normative references

The following referenced documents are indispensable for.the application of this documernt. For dated
referfences, only the edition cited applies. For undated references, the latest edition of th¢ referenced
document (including any amendments) applies.

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.
ISO gnd [EC maintain terminological databases for use in standardization at the following dddresses:

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

— IEC Electropedia: atailable at http://www.electropedia.org/

3.1
talar component
totallankle-joint'prosthesis component attached to the talus

Note [l toentry: Component that articulates against the bearing (see Figure 1).

3.2
tibial component
total ankle-joint prosthesis component attached to the tibia

3.3

bearing

total ankle-joint prosthesis component intended for articulating with both tibial component and talar
component surfaces

Note 1 to entry: The superior bearing surface supports the tibial internal/external rotation, and the inferior
bearing surface supports the talar plantar/dorsiflexion (see Figure 1).

© IS0 2019 - All rights reserved 1
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frontal plane
plane that lies in the medial-lateral direction of the implant

Note 1 to entry: See G in Figure 1.

3.5
sagittal pla

ne

plane that lies perpendicular to the frontal plane

Note 1 to entry: See H in Figure 1.

3.6
talar plant
angular moy

Note 1 to ent
is in the refe
when the tald

3.7
plantar/doj
nominal axi

Note 1 to ent

Note 2 to enti
dorsiflexion

lr/dorsiflexion rotation

rement of the talar component of the total ankle joint-prosthesis about a medialf/latera

ry: The plantar/dorsiflexion rotation is considered to be zero when the total anklejoint prost
rence position (3.13), is positive when the talar component is in dorsiflexion (+ve) and is neg
r component is in plantarflexion (see Figure 1).

rsiflexion test axis
5 of rotation of the talar component relative to the tibial component

Fy: See 5 in Figure 1.

falar design axis provided by the manufacturer and.the axis of internal/external rotation

tibial comp

Note 3 to e
dorsiflexion {

o':Lent (see Figure 2).

est axis.

axis

hesis
ative

y: The test axis is the line parallel to the medial/lateral aXis; and intersecting with both the plantar/

f the

ry: When the talar plantar/dorsiflexion desigfy axis is horizontal, this axis is used as plantar/

© ISO 2019 - All rights reserved
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Key
talar component
bearing
tfibial component
gxis of internal/external rotation for the tibial component; axial force axis
plantar/dorsiflexion test axis
gxial force (on the tibial component)
AP displacement by the tibial component, AP force on the tibial component
tfibial component internal /external rotation;\tibial rotation torque
tlalar plantar/dorsiflexion rotation
osterior
f['ledial
lpteral
gnterior
quperior
inferior
tEontal plane

dagittal plane

T O T MmO O W > 0 0N O Ul s W N R

Figare 1 — Sign convention for the forces and motions, shown for a left total ankle joint-
prosthesis
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Key

1 talarco
2 axisofi
3 talarpla
4  plantar/
A medial
B lateral

C inferior
D  superior
3.8
anterior pg
displacemer

Note 1 to ent

Note 2 to ent
position (3.1

(see Figure 1).

3.9
anterior pg
force applie

Note 1 to ent

Note 2 to ent
(3.13) andis

i

D
2!
|
|
p LT ] e
3
T
|
C

ponent

ernal/external rotation for the tibial component
htar/dorsiflexion design axis

Horsiflexion test axis

Figure 2 — Plantar/dorsiflexjoft test axis

sterior (AP) displacement
It of the tibial component in the sagittal\plane perpendicular to the axial force axis

"y: AP is an abbreviation for anterigr posterior.

y: The displacement is considered to be zero when the total ankle-joint prosthesis is in the refé
) and is considered to be pasitive (+ve) when the tibial component is moved to an anterior po

sterior (AP) force
] to the tibial.component in the sagittal plane perpendicular to the axial force axis

Fy: AP is amabbreviation for anterior posterior.

'y: Theforce is considered to be zero when the total ankle joint-prosthesis is in the reference po
o/beconsidered to be positive (+ve) when it acts from posterior to an anterior direction on the

component (d

rence
sition

sition
tibial

eeFigure 1).

3.10

tibial internal/external rotation

rotation of t

he tibial component of the total ankle-joint prosthesis about the axial force axis

Note 1 to entry: The tibial rotation is considered to be zero when the total ankle-joint prosthesis is in the reference
position (3.13) and is considered to be positive (+ve) when the tibial component rotates internally (see Figure 1).

3.11
axial force

normal force applied to the ankle-joint prosthesis in a direction parallel to the tibial axis

Note 1 to entry: The axial force is considered to be positive (+ve) when the tibial component is loaded towards
the talar component (see Figure 1).

© ISO 2019 - All rights reserved
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axial force axis
vertical line of action of the axial force taken to pass through a point on the tibial component of the total
ankle-joint prosthesis which is in the centre of the medial-lateral width of the tibial component

Note
Note

3.13

1 to entry: See 4 in Figure 1.

2 to entry: The axial force axis coincides with the axis of rotation for the tibial component.

reference position

angl

lar and linear alignment of the tihial component relative to the talar component which

gives static

equil
force
resti

Note

Note
andt

Note
dime
talar
joint

Note
the t

ibrium of the tibial component when it is loaded against the talar component by ap
applied along the axial force axis, with the most proximal points on the talarbea
hg on the highest points on the tibial bearing surface

1 to entry: The reference position is equivalent to the position of 0° talar plantar/dorsiflexion

2 to entry: For the purpose of determining the reference position, the effect of friction betw
hlar components is ignored.

3 to entry: The reference position can be determined by geometrical calculations based
hsional form of the tibial and talar surfaces. For the purpose of thése calculations, the form of
surfaces can be taken either from design data or from co-ordindté measurements of an unwor
brosthesis.

4 to entry: In a moderately constrained or flat design of-tibial bearing component the low
bial bearing surface can span a large (flat) range .of‘@anterior-posterior positions, such thg

distinct lowest point. In such a situation, this definition of'teference position cannot apply. In such s

prost
noteq

3.14

hesis manufacturer should be consulted to decide'what neutral position should be set and t
in detail in the test report.

tibiall axis

nom
prox

3.15
tibi

Note

tibial
3.16
inve
invel

nal longitudinal axis of the tibia; ¢orresponding to the central axis of the medullary
mal tibia

component rotational torque

1
torqjle applied to the tibial component of the total ankle-joint prosthesis around the axial f

1 to entry: The tibial component rotational torque is considered to be positive (+ve) when
component intexrnally (see Figure 1).

'ted paesition
ted¢orientation of the total ankle joint-prosthesis

psitive axial
ring surface

fn vivo.
een the tibial
on the three

the tibial and
h total ankle-

est points on
t there is no
ituations, the
his should be

ravity of the

brce axis

t rotates the

Note

1 . T L1l 4 A3 £ atal 11 Toiaot 4l H 3 1 H lot nH .
1 tU Clll,l_y. IV ClIduUIT LCDLllls Ul da tuldl alIIiNIT JUlllL lJl USLIITOIS 11T d [AITT SITTITUIdtlUul dllUl ulus U

and ISO 14243-3 an inverted position of the implant is required (see Figure 3).

Note

© ISO

2 to entry: The sign convention shown in Figure 2 is for informative purpose.
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Key
talar conpponent
bearing
tibial conponent

axis of rqtation for the tibial component, axial force axis
plantar/forsiflexion test axis

axial for¢e (on the tibial component)

AP displacement by the tibial component, AP force on the tibial component
tibial cofpponent internal/external rotation, tibial rotation torque

talar plaptar/dorsiflexion rotation

posterior
medial
lateral
anterior
inferior
superior]
frontal plane

T T MmO 0O W > 0 0N 0 U W N e

sagittal plane

Figure 3 =~ Sign convention for the forces and motions, shown for a left total ankle jointf
prosthesis (inverted position)

4 Principle

The total ankle-joint prosthesis is mounted in an apparatus which applies a simultaneous cyclic
variation of rotation actions (talar plantar/dorsiflexion rotation and tibial rotational torque) and
contact forces (axial and AP forces) to the interface between tibial and talar components, simulating
normal human walking.

NOTE Contact force actions were scaled by an assumed body weight of 720 N.

Wear testing of a total ankle-joint prosthesis in a knee simulator according to ISO 14243-1 and
ISO 14243-3 requires an inverted position (see 3.16), with the talar component in superior position of

6 © IS0 2019 - All rights reserved
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the total ankle-joint prosthesis. The tibial component position as given by ISO 14243-1 and 1SO 14243-3
remains the tibial component position of the total ankle-joint prosthesis, and the femoral component
position as given by ISO 14243-1 or ISO 14243-3 becomes the talar component position of the total
ankle-joint prosthesis.

Great care should be taken not to confuse the directions of the motions because of the inverted position
when implementing the curves.

The applied contact forces and rotation actions for wear-testing machines with load control are axial force,
anterior posterior (AP) force, talar plantar/dorsiflexion rotation and tibial component rotational torque.

The
are gxial force, anterior posterior (AP) displacement, talar plantar/dorsiflexion rotatie
component internal/external rotation.

nent control
nh and tibial

est medium
bl specimen
the creep of
s place in a

The [contacting surfaces of the tibial and talar components are immersed in‘d, fluid t
simullating human synovial fluid. If polymers are the object of investigationy’a contr
is supjected to the fluid medium and to the same time-varying axial forcetosdetermine
the test specimen and/or the amount of mass change due to fluid transfer”The test take
controlled environment simulating physiological conditions.

N

5 S$pecimens and lubricants

5.1
of 20

Fluid test medium, calf serum diluted with deionized\Wwater to have a protein mass c¢ncentration

g/l+x2g/l

Normally the fluid test medium is filtered through a 2-um filter.

To mfinimize microbial contamination, the fluid\test medium should be stored frozen until
test.[An anti-microbial reagent (such as sodiam azide) may be added. Such reagents can by
hazafdous.

required for
e potentially

Rout ured values

shou

ine monitoring of the pH of the fluid test medium may be undertaken. If it is, the mea
Id be included in the test report.[see Clause 8 g) 5)].

NOTH The use of a fluid, test medium of non-biological origin can be considered when
requirements relating to this test method are being decided.

performance

5.2
joint

Test specimen; constituted by the tibial and talar components and the bearing of thg total ankle

prosthesis.

Thes|

wor{
justi

e components shall be chosen so that their size combination and design detail r¢g
t expected case for wear of the total ankle joint-prosthesis being tested. The user sh:
fication-for why the size combination and design detail represent the worst expected c

present the
1l provide a
hse for wear.

The

[ibial component should have the articulating surface attached by its normal immed

ate 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 is not practical to use the normal backing or cement fixation due to physical features of the
implant system, the support system for the tibial component should represent normal design features
and conditions of use but should allow removal of the component for measurement of wear without
destruction.

The components shall be sterilized in the same way as for clinical use because this might affect the
wear properties of the materials. Sterilization of all test and control components within a specific test
group should be done simultaneously (in a single container) when possible, to minimize variation.

© IS0 2019 - All rights reserved
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5.3 Control specimen, identical to test specimen.

5.4 Sample size, at least three test specimens and one loaded soak control specimen shall be tested to
represent the wear of each type of prosthesis.

6 Apparatus

6.1 Testing machine, capable of applying the forces and torque prescribed in association with
corresponding displacements and rotations (see Figure 1) and operating at a frequency of 1,0 Hz + 0,1 Hz.

6.2 Mean
capable of h
anatomical

prevent thir

6.3 Mean
position, so
component

6.4 Mean
position so {
of wear.

6.5 Axial
Figure 6 wit
force to a tq
applied alon]
joint prosth

5 of mounting and enclosing the test specimen, using a corrosion-resistant miaf]
olding tibial and talar components using attachment methods comparable to the inte
fixation. An enclosure shall be provided which is capable of isolating the test 'specim
 body contamination from the testing machine and the atmosphere.

5 of aligning and positioning the tibial component of the test specimen in the refer]
that the same position and orientation can be reproduced following-the removal of the
for measurement of wear.

hat the same position and orientation can be reproduced-after its removal for measure

force control system, capable of generating an ‘axial force following the cycle giv
h an accuracy of +3 % of the cycle time for phasing and maintaining the magnitude o
lerance of +5 % of the maximum value spécified throughout the cycle. The axial foj
g the axial force axis by applying the axial force to the tibial component of the total a

bsis (see Figure 1).

6.6 Plantar/dorsiflexion motion control’system, capable of generating the plantar/dorsifl

motion give
magnitude d

6.7 AP fo

h in Figure 8 with an accurdey of £3 % of the cycle time for phasing and maintainin
f this motion to a tolerangeof +5 % of the maximum value specified throughout the cyc

"ce control system; capable of generating an AP force following the cycle given in Fig]

with an accyiracy of 3 % of-the“cycle time for phasing and maintaining the magnitude of this for

a tolerance

bf 5 % of the'maximum value of the force specified throughout the cycle. The AP foj

applied along the line of @ction that is perpendicular to both the tibial axis and the flexion/extensiof

and which p|

6.8 AP m
(see 6.7). T

asses threugh the axial force axis.

ption\restraint system, capable of applying a restraining AP force along its line of a
hé-direction of the restraining AP force is such as to oppose AP movement of the

erial,
nded
bn to

lence
tibial

5 of aligning and positioning the talar component of the'test specimen in the inferior

ment

bn in
f this
ce is
nkle-

bXion
o the
le.

=
N

ce to
'ce is
1 axis

ction
tibial

component. It should be 20 N/mm ¥ I N/mm when the total ankle-joint prosthesis 1s i, or within 6 mm
of, the reference position.

At a tibial AP displacement > 6 mm, a tibial restraint of 140 N/mm + 5 N/mm should be used; at a tibial
AP displacement < 0 mm, a tibial restraint of 120 N/mm * 5 N/mm should be used (see Figure 4).

6.9 AP displacement control system, (for displacement control tests) capable of generating the AP
displacement given in Figure 9 with an accuracy of +3 % of the cycle time for phasing and maintaining the
magnitude of this motion to a tolerance of +5 % of the maximum value specified throughout the cycle.

6.10 Tibial component rotational torque control system, capable of generating a tibial component
rotational torque following the cycle given in Figure 10 with an accuracy of +3 % of the cycle time for

© ISO 2019 - All rights reserved
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phasing and maintaining the magnitude of this torque to a tolerance of +5 % of the maximum value
specified throughout the cycle. The tibial component rotational torque is applied about the axial force axis.

6.11 Tibial rotation restraint system, capable of applying a restraining tibial rotation torque about
the same axis as that of the tibial component rotational torque (see 6.10). The direction of the tibial
rotation torque is such as to oppose rotation of the tibial component. It should be zero when the total
ankle-joint prosthesis is in, or within +4° either sense away from, the reference position.

The magnitude of the restraining tibial rotation torque (outside the +4° range) is proportional to the
tibial rotation, the magnitude of the constant of proportionality being 0,60 Nm/° * 0,01 Nm/° for

external rotation of the tibial component and 1,10 Nm/° + 0,01 Nm/° for internal rotation of the tibial
component (see Figure 5).

NOTH The direction of the tibial rotation restraint system is inverted for a right side total ankle[replacement.

6.12| Tibial rotation displacement control system, (for displacement céntrol tests) capable of
genefating the tibial rotational motion given in Figure 11 with an accuracyyof 3 % of thie cycle time
for phasing and maintaining the magnitude of this motion to a tolerance ¢f\+5 % of the mayimum value
specified throughout the cycle.

Y

300 \
200 \

100 \

-100 —~

-200 \\
-300

A -2 0 2 A 6 8 X

X  tibial anterior (+)/posterior () displacement in mm
Y tibialréstraint force anterior (-)/posterior (+) in N

Figure 4 — Restraint model for the anterior posterior displacement of the tibial component
(positive values indicate an anterior position of the tibial component)

© IS0 2019 - All rights reserved 9
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Key
X  tibial int

ernal (+)/external (=) rotation in degrees

Y tibial regtraint moment internal (-)/external (+) in newton metres

Figure |

6.13 Lubri

NOTE The use of sealed enclosures might prevént evaporation.

6.14 Temp
(5.1)at37°

6.15 Contr]

provided by

6.16 Meastiring systéms for tibial AP displacement and tibial rotation.

C +2°C.

the motion conttel'system of the other test stations.

0 N\
AN
. AN
. \
_6 AN
-10 -5 0 0 X

b — Restraint model for the tibial componentrotation (positive values indicate an
internal rotation of the tibial component)

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

erature control system, capable of maintaining the temperature of the fluid test meflium

pl station, capable®fjapplying the axial load shown in Figure 6, without the relative mofions

The recomnpended accuracy for the tibial AP displacement system is at least +0,1 mm and for the fibial
rotation mepsuring system at least +0,1 °. If the testing machine is intended to accommodate multiple
total ankle-joifit prostheses, then it should be possible to measure the tibial AP displacement and tibial

rotation ind

10

ividually for each specimen.

© ISO 2019 - All rights reserved
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2 500

2 000 /\\

1500 // \

1000 / \

500
/

0 20 40 60 80 100 X
Key
X percentage of cycle time

Y dxial force, in newtons

Figure 6 — Variation with time (percentage of gait cycle) of axial force

Y
300

200 //\
z

0 /|
-100
\/
-200
0 20 40 60 80 100 X

Key
X  percentage of cycle time
Y tibial AP force, in newtons

Figure 7 — Variation with time (percentage of gait cycle) of AP force

© IS0 2019 - All rights reserved 11
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E AN

o Vi
-15

-20

0 20 40 60 80 100 X
Key
X  percentage of cycle time

Y talar plantar/dorsiflexion angle, in degrees

Figure 8 — Variation with time (percentage of gait cycle) of talar plantar/dorsiflexion angle

Y
3

0 20 40 60 80 100 X
Key
X  percentage of cycle time
Y tibial AP displacement, in millimetres

Figure 9 — Variation with time (percentage of gait cycle) of tibial AP displacement
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4

Figure 10 — Variation with time (percentage of gait cycle) of tibial rotational torque

Y

20

percentage of cycle time

ibial torque, in newton metres

L

60

80

100 X

10

0 \ / \\/—’
/
-2 L\
A
0 20 40 60 80 100 X

percentage of cycle time

tibial rotation, in degrees

Figure 11 — Variation with time (percentage of gait cycle) of tibial rotation

© IS0 2019 - All rights reserved
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7 Procedure

7.1 Make any initial measurements required to determine the subsequent amount of wear and/or creep.

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

7.3 Mount the tibial component of the total ankle-joint prosthesis in the testing machine with an
alignment such that the direction of the axial force applied by the machine is parallel to the tibial axis to

within +1°.

If the tibial
with the tra

The tibial cd
anterior-pos

The tibial c(
allow for se
do not have

The tibial cd
the axial fon

The tibial c(
axis to allo

The tibial cd
The tibial cd

The directid

7.4 Moun

y in place.

mponent follows the specific load (see Figure 7) or displacement (see Figure9) variati
terior direction relative to the talar component (see Figure 1).

mponent is free to move relative to the talar component in the medial-lateral directi
f-alignment. This degree of freedom shall be removed for total ‘@ankle-joint prostheses
@ constraint in medial lateral direction.

mponent is free to move in the superior-inferior axial forCe'dxis under the cycle variati
ce.

mponent is free to rotate around an anterior-posterior axis that intersects the axial
 for self-alignment.

mponent is constrained in rotation in the frental plane.
mponent follows the specific cycle variation in rotation around the axial force axis.

n of this rotation has to appropriatethe intended side of the total ankle-joint prosthes

the talar component of the.test specimen in the testing machine, aligning it so that th

force measurement system and the tibial torque measurement system result in an AP force and td

that are app

The anterio

constrained]|

The talar cd
axial force 4

The rotatio
specified cy

Foximately zero.

F-posterior , medialzlateral, and superior-inferior displacement of the talar componen

Xis.

n atound the dorsiflexion-plantarflexion test axis of the talar component follow
rle-yariation.

component comprises an insert with a metal or other tray, the test should be Condycted

on in

bn to
that

on of

force

iS.

e AP
rque

t are

mponent issconstrained in rotation in the sagittal plane and around the superior-inferior

5 the

NOTE
allow the var

iation of the talar component in the anterior-posterior direction (AP displacement).

7.5 Mount the soak control specimen as given in steps 7.3 and 7.4 in the reference station.

NOTE

previous tests can be used optionally.

7.6

In some simulators the anterior-posterior displacement of the talar component is not constrained, to

For implants of a specific design with the same material, shape and dimensions, control data from

Introduce the fluid test medium (see 5.1) to completely immerse the contact surfaces of the test

specimen and the container of the soak control specimen. Maintain the temperature of the fluid test medium
at 37 °C £ 2 °C, taking the measurement at a point representative of the bulk temperature of the fluid.

14
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7.7 Start the testing machine and adjust it so that the loads and displacements specified in Figures 6,
7, 8 and 10 (for wear testing machines with load control) or in Figures 6, 8, 9 and 11 (for wear testing
machines with displacement control) are applied to the test specimen, and the loads specified in Figure 6
are applied to the control specimen. Record the displacement and load waveform at the start-up and
after each change of fluid test medium.

NOTE1 AnnexA gives details of a typical set of test parameters equivalent to those described in Figures 6, 7,
8 and 10.

NOTE 2  Annex B gives details of a typical set of test parameters equivalent to those described in Figures 6, 8,
9 and 11.

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

7.9 | Replace fluid lost by evaporation during the test at least daily, by adding deéionized yater where
necepsary. Replace the fluid test medium completely at least every 5 x 105 cycles;

7.10| Stop the test for measurements at least at 5 x 105 cycles, 1 x #0° “cycles and at] least every
1 x 1j0° cycles thereafter until the test is terminated (see 7.14).

7.11| Remove the test specimen and soak control specimen and take wear measurements after cleaning
as specified in ISO 14243-2.

7.12| Following wear measurements, re-install the test specimen and control specimen in the testing
machjine (see 7.3 to 7.5).

7.13| Repeat the steps given in 7.6 to 7.12, until.thetest is terminated (see 7.14).

7.14| Continue the test until one of the following events occurs.
a) Completion of 5 x 10° load cycles:

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 giveh tolerances
see 7.6 to 7.9).

7.15| Calculate the gravimetric wear rate as specified in ISO 14243-2.

7.16| Photegraphic records should be taken from the articulating surfaces.

8 Testreport
The test report shall include the following information:
a) areference to this document and its year of publication, i.e. ISO 22622:2019;

b) the identity of the test specimens, as stated by the party submitting the specimen for test, including
size, material, type, manufacturer, sterilization method and its parameters such as radiation type,
dose, fluid test, medium and time;

c) adescription of the talar plantar/dorsiflexion test axis;

d) a description of the testing machine, including number of stations, type of systems used for
generating motions, torque and forces, range of motions, torque and forces, type of system used for

© IS0 2019 - All rights reserved 15
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f)

g)

h)

9

No part of the test specimen or control'specimen shall be used for clinical purposes after testing.

16

measuring motion, torque and forces, arrangement for mounting specimen (see 5.2), arrangement
for lubrication of articulating surfaces, arrangement for temperature control and arrangement for
the exclusion of contaminant particles;

clear graphical plots of the “measured” flexion, forces and torque input waveforms that were logged
at the start of the test, and at the start and end of every run period between wear measurements;
these plots should be superimposed graphically against the “desired” input waveforms to assess
how closely the inputs were controlled and this would verify the validity of actuation of these
inputs in terms of magnitudes and relative phase relationships;

whether control specimens were used, and if not, the reference to the tests from which the control

data w

a statement of results including:

1) the
2) the
3) add
4) ad
wel
5) the
details
1) the
2) the
3) the
Dispos

ol
LT LANCIL,

total number of cycles applied;
reason for terminating the test if fewer than 5 x 10° cycles were applied
scription of all the surfaces of both components at which relative mevement has occuired;

pscription of the condition of the interfaces between sub-compenents, if the components
e of modular construction;

values of pH if routine monitoring of the fluid test meditm was undertaken (see 5.1);
bn the measurement of wear and the results obtained.(1SO 14243-2), namely:
method of wear measurement (i.e. gravimetric);

change of mass for each measurement using&he gravimetric method;

gravimetric wear rate.

sal of test specimen
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Details of load and displacement parameters for the test cycle
described in Figures 6, 7, 8 and 10 for wear-testing machines with

load control

Percentage Plantar/Dorsiflexion . Tibial rotational
of cycle time rotation angle Axial force AP force torque
% ° N N Nm
(See Figure 8) (See Figure 6) (See Figure 7) (See Higure 10)
0,00 3,84 288,0 27,8 10,12
1,00 1,11 3629 38,0 10,07
2,00 -4,74 438,3 48,7 10,01
3,00 -9,63 521,1 59,7 D,05
4,00 -10,98 605,8 70,8 D,12
5,00 -10,48 687,5 82,0 0,17
6,00 -9,50 762,2 92,7 D,21
7,00 -8,01 826,3 102,6 D,24
8,00 -6,00 874,7 111,4 D,25
9,00 -3,98 901,9 1189 D,25
10,00 -2,06 904,8 125,0 D,25
11,00 -0,28 883,5 129,6 D,23
12,0p 0,57 845,7 133,0 D,21
13,00 1,28 805,4 135,5 0,18
14,0 1,92 780,6 137,6 0,14
15,0 2,49 790,0 139,8 D,08
16,00 3,05 839,7 142,3 D,01
17,0 3,65 925,2 145,5 40,08
18,00 4,27 1031,6 149,5 10,19
19,0 4,87 1143,4 154,0 40,30
20,0p 5,43 1250,5 1589 40,44
21,00 5,96 1350,8 164,1 40,58
22,00 6,35 1446,4 169,6 -0,72
23,00 6,69 1541,8 175,2 -0,87
24,00 7,03 1640,5 181,3 -1,01
25,00 7,36 1742,8 188,0 -1,15
26,00 7,69 1846,6 195,7 -1,29

© IS0 2019 - All rights reserved
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Percentage Plantar/Dorsiflexion . Tibial rotational
of cycle time rotation angle Axial force AP force torque
% ° N N Nm
(See Figure 8) (See Figure 6) (See Figure 7) (See Figure 10)

27,00 8,07 19479 204,6 -1,43
28,00 8,40 20424 214,8 -1,57
29,00 8,65 21254 2259 -1,72
30,00 8,99 2194,6 2371 -1,88
31,00 9,44 22483 2469 ~2,06
32,00 9,88 2288,0 254,1 ~2,250)
33,00 10,28 2316,1 257,0 228"
34,00 10,68 23359 254,7 202
35,00 11,08 2350,6 246,4 (2,99
36,00 11,4 2361,2 231,2 aV  -328
37,00 11,74 2365,7 2088 (]  -358
38,00 12,14 2356,0 1784 N7 -3,89
39,00 12,49 2320,0 14090° -4,21
40,00 12,86 2242,7 _976 -4,53
41,00 13,24 21187 ~ $515 ~4,86
42,00 13,58 1952,8 WO 61 -5,16
43,00 13,88 17629 9  -348 -5,43
44,00 14,22 15721 &\ -68,9 -5,65
45,00 14,51 1401,8% -94,5 -5,79
46,00 14,72 1.259,5 -112,0 -5,83
47,00 14,86 1477 -121,4 -5,72
48,00 14,97 10531 -124,1 ~5,45
49,00 1500 o 962,0 -120,6 -4,99
50,00 1493 862,3 -112,4 -4,39
51,00 14,65 7514 -100,5 -3,67
52,00 1439 635,2 -86,3 -2,93
53,00 4338 523,7 71,2 -2,21
54,00 o 12,20 428,0 -56,5 -1,58
55,00 -~ 10,59 352,3 -43,1 -1,07
56,00 <> 8,54 297,7 -32,0 -0,68
57,00 A 6,19 2604 23,4 ~0,40
58,00 ) 3,44 2368 -17.2 -0,22
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Percentage Plantar/Dorsiflexion . Tibial rotational
of cycle time rotation angle Axial force AP force torque
% ° N N Nm
(See Figure 8) (See Figure 6) (See Figure 7) (See Figure 10)
59,00 0,53 2219 -13,1 -0,11
60,00 -4,98 212,7 -10,4 -0,04
61,00 ~9,69 207,0 -89 0,00
62,00 ~12,89 203,3 -8,0 0,02
63,00 ~14,58 200,9 7,6 0,03
64,0 -15,00 199,2 -7,3 0,003
65,0p ~14,57 197,2 7,2 Oy o4
66,0 -13,57 196,2 7,1 A pos
67,0 -12,23 195,1 71 M D04
68,0D -10,73 194,5 71 qV D,04
69,00 -8,98 194,2 20 D,04
70,0 6,99 194,2 A 0,04
71,00 -4,58 194,6 , O D,04
72,0p -1,97 1950 [ -1 h,04
73,0 0,37 1956 o [ 71 0,04
74,0 1,61 196,4 0 71 0,04
75,0 2,74 19737 71 0,04
76,00 3,69 1978 71 D,04
77,0 4,82 98,2 -7,1 D,04
78,00 5,85 JO 1983 7,1 h,04
79,00 688 - 1987 71 D,04
80,0p 764 (N 199,3 71 0,04
81,0 8,14 . 199,8 -7,1 D,04
82,0 855 199,7 71 h,04
83,0 (g8 198,6 7.1 h,04
84,0p -\ 889 196,8 -7,1 D,04
85,0p Y 891 194,9 71 0,04
86,0 oV 8,98 193,6 71 D,04
87,0 JRai 8,93 193,2 -7,1 h,04
880p < 8,62 193,3 7,1 h,04
89,0p <\ 8,34 193,6 -7,1 D,04
90,00 2D 799 1934 7.1 D,04
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Percentage Plantar/Dorsiflexion . Tibial rotational
of cycle time rotation angle Axial force AP force torque
% ° N N Nm
(See Figure 8) (See Figure 6) (See Figure 7) (See Figure 10)
91,00 7,73 192,8 -7,0 0,04
92,00 7,27 1919 -7,0 0,04
93,00 6,81 191,5 -6,7 0,03
94,00 6,54 1919 -6,0 0,01
95,00 6,52 194,0 -4,2 -0,1
96,00 6,55 194,1 -1,1 -0,05
97,00 6,47 206,3 39 -0509
98,00 6,18 214,5 10,6 =~0712
99,00 5,19 236,8 18,5 -0,14
20 © IS0 2019 - All rights reserved
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