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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
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The test specimen is soaked in a lubricant. It is repeatedly removed from the lubricant, cleaned, dried and weighed
until a steady level of fluid sorption is established. The test specimen is assessed subsequently for wear by testing
for loss of mass in a knee-joint simulator. A loaded, non-articulating control specimen is intended to allow for fluid
sorption and undergoes the same procedure for reference purposes.

4.2 Reagents and materials

4.2.1 Fluid test medium, in accordance with ISO 14243-1.

4.2.2 Control specimen, in accordance with ISO 14243-1.

4.2.3 Propan-2-ol.
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4.3 Apparatus

4.3.1 Balance, with an accuracy of £ 0,1 mg, of sufficient capacity for the mass of the test specimen.

4.3.2 Ultrasonic cleaner.

4.3.3 Vacuum drying system, capable of achieving a vacuum of at least 13,33 Pa.

4.3.4 Filtered inert-gas jet, e.g. nitrogen.

4.4 Prepgratiomoftestspecimenforgravimetricmeasurements{pre=soak conthitionig)

4.4.1 Sodk the test specimen and control specimen in the fluid test medium (4.2.1) for 48 h £ 4 h,

4.4.2 Reinove the test specimen and control specimen from the fluid test medium (4.2y1) "and clean in the

ultrasonic cleaner (4.3.2).

A typical clg¢aning regime in the ultrasonic cleaner is as follows:

a) vibrate[for 10 min in deionized water;

b) rinse ir deionized water;

c) vibrate| for 10 min in a mixture of ultrasonic cleaning detergent“in deionized water at the congentration
recommended by the detergent manufacturer;

d) rinse ir] deionized water;

e) vibrate[for 10 min in deionized water;

f)  rinse i deionized water;

g) vibratelfor 3 min in deionized water;

h) rinse irl deionized water;

i) dryin g vacuum drying chamber\(4.3.3).

Care should be taken to avoid.abrasion in the ultrasonic cleaner which could lead to change in mass.

4.4.3 Drythe test specimen and control specimen with a jet of inert gas (4.3.4).

4.4.4  Sogk the testspecimen and control specimen in propan-2-ol (4.2.3) for 5 min £ 15 s.

4.45 Dry the\test specimen and control specimen with a jet of filtered inert gas (4.3.4), then dry fufther in a

vacuum of bettér than 13 33 Pa + 0 13 Pa for at least 30 min

4.4.6 Weigh the test specimen and control specimen on the balance twice in rotation within 90 min of removal
from the vacuum. If the two readings per specimen are not identical within 100 pug, continue taking readings in
rotation until at least two readings per specimen are identical within 100 pg. Store the test specimen and control
specimen in a sealed dust-free container between weighings.

4.4.7
10 % of the

4.4.8

previous cumulative mass change.

Record the average gain in mass Sof the control specimen.

Repeat 4.4.2 to 4.4.6 at intervals until the incremental mass change of the specimen over 24 h is less than
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4.5 Procedure for gravimetric measurement

45.1 Mount the test specimens in the testing machine and conduct the wear test in accordance with
ISO 14243-1.

4.5.2 Record the mass of the specimens.

45.3 On each occasion when the test specimen and control specimen are removed from the wear-testing

machine,

repeat procedures 4.4.3t0 4.4.8,4.5.1 and 4.5.2.

4.5.4 Calculate the gravimetric wear as follows:

455 (
between

W 3
where W,

The zero

AWan + §

is the net mass loss after n cycles of loading;
is the average uncorrected mass loss;
is the average increase in mass of the control specimen over the same period.

Calculate the average wear rate ag using the following equation for the least-squares linear fit
W, and the number of loading cycles n:

ag-n+b
is the net loss in mass after ncycles of loading-and b is a constant.

time point shall not be used in this calculation.

relationship

5 Dimensional change method
5.1 Principle
A coordipate measuring maching is used to map the articulating surface of a total knee prosthesis felative to a
reference position, directionnand plane prior to the start of the wear test and at suitable intervals during the test.
From thgse data the volumetric change between measurements is determined. Loaded non-articulating controls
are intengded to allow ¢heveffects of plastic flow, mainly occurring in the first 5 x 105 cycles, to be sepprated from
material |oss.
5.2 Afparatus
521 hICC d;IIICIIO;UIICl: bUUId;IIGtC IIICClOuI;IIu IIIClbh;IIC, vv;th |||a/\;|||u||| a/\la: 'JUDItIUII CITuUl Uf LILAL aSUrement
D, in micrometres, of:

D=4+4lx10-6
where | is the numerical value, in metres, of the dimension.
5.2.2 Ultrasonic cleaner.
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5.3 Procedure for dimensional change measurement

5.3.1 Select a point of reference, an origin and a plane on the test specimen. Maintain this reference system
throughout the procedure. Where two or more reference articulating surfaces are present on the same part,
secondary reference points may be defined to facilitate measurement of additional planes. These secondary
reference points shall be stable with reference to both the surfaces being measured and the primary reference
points. All articulating surfaces shall be measured.

5.3.2 Clean the specimens.

5.3.3 To|ensure dimensional stability, retain the test specimen at the measurement temperatuﬂe +2°C
(measured gt the normal points of the metrology laboratory) for at least 48 h.

5.3.4 At the beginning of a series of tests, ensure that relocation of the test specimeny,does not affect the
measured olume by more than 0,05 %.

NOTE This may be achieved by the use of fixturing or the recognition of features in software, for example.

5.3.5 Start the measurement machine (5.2.1) and produce a full three-dimensional contour megh of the
articulating [surface(s) of the test specimen. Ensure the mesh spacing is no greater than 1 mm in the horizontal
plane or algng any arc.

5.3.6 Calculate the volume V,, between the articulating surface and a plane a fixed distance above thaj surface,
where nis the number of wear cycles which have been applied.

5.3.7 Express the wear as the volume change after n loadifg cycles, AV, as follows:
AVh=Yn—Vo
where V, is|the original volume, calculated for n=(0.

5.3.8 Insert the test specimen and any control specimen into the test machine and conduct the| tests in
accordance with 1ISO 14243-1.

5.3.9 On|each occasion when, _the test and control specimens are removed from the test maching, repeat
procedures|5.3.2 to 5.3.7.

NOTE For the purposes)0f/5.3, the term specimen includes control specimens.

5.3.10 Calgulate the'Wwear rate, ay, using the equation for the least-squares linear relationship between AV, and n
as:

AVn =ay-n+D
where b is a constant, using a least-squares fit.

When controls are provided, the slope of the line, representing the rate of creep, should be calculated including the
zero time point. The zero time point shall not be used in the slope calculation for the wear rate ay.
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