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Foreword
Part 7 of BS 3631 specifies acrylic bone cements. It is ment surgery, the requiremants of this specification are
one of a series of standards forimplants used in technically equivalent to those of ISO 6833 ‘Implants for
orthopaedic surgary. surgery — Acrylic resin cements — Part 1: Orthopaedic
With the exception that requiremants have additionally applications’, published in 1976 by the International
boen incorporated in table 1 for fast-setting cements such  Organization for Standardization (ISO).
as those that are required for use in knee joint replace-
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British Standard
Surgical implants

Part 7. Specification for acrylic bone cement

1. Scope

This Part of this British Standard specifies requirements
for composition, physical performance and packaging for
self-curing resins based on polymethylmethacrylate, and
known as 'acrylic bone cements’, primarily used for the
fixation of internal orthopaedic endoprostheses.

This standard does not deal with the toxicity or
biocompatibility aspects of the cements.

2. Field of application

This British Standard is interided to be used only for the
purpose of maintaining the uniformity of the product. The
resuits obtained from the tests prescribed herein may not
be direclly correlatable with the performance of the
product when placed in the human body,

3. Definitions

For the purposes of this British Standard the following
definitions apply.

3.1 unit pack. One package or vial of pre-weighed powder
componernt and one package or vial of pre-measured
liquid component, together with any packages of
radiopaque additives where such additives are packaged
sapurately.

3.2 doughing time. Time after commencement of mixing
ut which the mixture ceases to adhere to a standard probe
(see 7.4).

3.3 setting time. Time after commencement of mixing at
which the rate of increase of temperature due to
axothermic reaction is maximum {see 7.6).

3.4 exothermic temperature. Maximum temperature of
the mixture due to self-curing in a standard mould
(see 7.6).

3.6 intrusion. Distance of flow of the mixture into a
standard mould under {oad (see 7.7).

3.6 indentation. Penetration value in a one day old
specimen derived from dial gauge readings on a Rockwell
hardness tester {see 7.9).

3.7 recovery. Change in penatration upon removal of the
indentation load, expressed as a percentage (see 7.9).

4, Composlition

While a variety of copolymers and comonomers may be
incorporated, the set cement shail contain
polymethylmethacrylate as its main ingredient.

6. Physical requirements
6.1 Liquid component

6.1.1. Appearance. The liquid shall be clear and free of any

particulate matter or sediment when viewed against an
illuminated screen (see 7.2,2),

6.1.2 Stability. The liquid shall show no turbidity or depostt
when subjected to the procedure described in 7.3.

6.1.3 Sterility. The liquid shall be sterile.
6.2 Powder component

6.2.1 Appsarance. The powde’ siiall be pourable and free
from extraneous materials such as airt or lint (see 7.2.3).

6.2.2 Sterility. The powder chall be sterile.
6.3 Powder-liquid mixture. The properties of the
powder-liquid mixture determined by the relevant method

described in clause 7 shall he in accordance with the
values given in table 1.

Table 1. Requirements for powder-liquid mixture
T

Normal setting Fast setting

Doughing time | 5 min maximum 3 min maximum

Setting time 4 min minimum 3 min minimum
16 min maximum 6 min maximum

Exothermic 90 °C maximum 90 °C maximum

temperature

Intrusion 2.0 mm minimum

1.5 mm minimum

6.4 Cured polymer, The properties of the cured polymer
determined by the relevant method described in clause 7
shall conform to the values given in table 2,

Table 2, Properties of cured polymer

Compressive strength Recovery Indentation
minimum minimum maximum
70 MPa 60 % 0.2 mm

6. Test samples
Nine unit packs of the cement shall be procured to provide

sufficient material for all the tests prescribed in this British
Standard.

7. Methods of test
7.1 Test conditions, Uniess otherwise specifiod,

(a) all equipment, mixing surfaces and materials shall
have been conditioned at a temperature of 23 + 2°C
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and 60 * 10 % relative humidity; and
{b} tests shall bo performed under these conditions.

7.2 Inspection

7.2.1 Visually inspect to determine compliance with the
requirements specified in 5.1.1,6.2.1, 7.3, 7.4, 10.1
and 10.2.

7.2.2 The liquid component shall comply with the
raquirements of 6.1, 9,1,9.2, 10.1 and 10.2,

7.2.3 The powder component shall comply with the
raquirements of 6.2, 9.1, 9.2, 10.1 and 10.2.

7.3 Eftact of storage at 60 °C on liquid component.
Tuky o 1 mlapecimen of liquid from a package or vial of
hquid which has been held for a period of 24 hin a
covered vessel at a temperature of 60 + 2 °C.

After alloviing the sample to cool to 23 °C, pour it into
20 ml of analytical grade methanol, No turbidity or white
deposit shail be observed {see 7.2).

7.4 Doughing time

7.4.1 Mix together all the powder and liquid of a single
unit pack as directed by the manufacturer's instructions
(see 10.2 (b)), Start a stopwatch at the commencemaent of
mixing and read all subsequent times from this stopwatzh.

Approximately 1.5 mm after the onset of mixing, prube
the mixture gently to a depth of approximately 10 mm
with a clean glass rod of approximately 10 mm

diameter and having a rounded probing end. Wipe the rod
cloan boetween determinations. As it leaves the surface,
oxamine the rod (see 7.2) for the formation of fibres
hatween it and the surface of the mix. Repeat this process
of probing from then on, at 16 s intervals, until the rod
soparates cleanly without any material adheting. The time
at which this is first observed is denoted as the ‘doughing
time', Stir the mixture between determinations to expose
lrosh material for each probing.

7.4.2 Two soparate determinations of the doughing time
shall be made.

7.4.3 The two values shall agree within 30 s of each
othar, otherwise the test shall be repeated on a third unit.
if the third determination does not agree within 30 s of
one of the other determinations, the material shall be
deamed not to comply with the requirements for doughing
timeo,

7.4.4 The doughing time shall be deemed to be the
avorego of all determinations reported to the nearest 16 s
{see 6,3 and 10.2),

7.6 Exothermic tempurature

7.6.1 Within 1 min after expiry of the doughing time, pack
approximately 26 g of tha aough made as described in 7.4
into the plunger cavity of the mould as shown in figure 1,
This mould shall be manufactured from
polytetrafluoroethylene {PTFE) or other suitable material
and be equipped with a thermocouple (wire diameter
approximately 0.6 mm) or similar device positioned with
15 junction in the centre of the mould at a height of

3.0 mm in the intornal cavity. The plunger shall be
unmediately seated with a C-clamp or suitable press to
produce the 8.0 £ 0.1 mm specimen height.

Aftor the plunger has been seated, remove the excess

material and the C-clamp or press for the remainder of the

procedure. Record the temperature continuously.

Continue to measure the time from the onset of mixing the

nowder with the liquid. Record temperatures until cooling

- observad. Report the maximum temperature recorded
"ha nearest 1 °C.

7.6.2 The maximum temperature shall be the average uf
two separate determinations reported to the nearest 1 °C.

7.6.3 If the difterence between the maximum
temperatures of the two determinations is greater than

5 °C, repeat the test on a third unit. If the third
determination does not agree within 5 °C of one of the
other determinations, the material shall be deemed not to
comply with the requirements for the exothermic
temperature.

7.6.4 The maximum temperature shall be deemed to be
the average of all determinations to the nearest 1 °C and
shall be reported as the exothermic temperature {see 6.3)

7.6 Setting time

7.8.1 From the continuous time/temperature recording
as described in 7.6, the setting time shall be determined
as the time measured from the beginning of mixing until
the temperature of the polymerizing mass reaches

Tmax * Tambient
2
where
Trmax 18 the maxium temperature;
Tambiant i8 the ambient temperature (see figure 2).
The setting time.shall be reported to the nearest 15 s,

7.6.2 Two separate determinations of the setting time
shall be made.

7.6.3 The two values shall agree within 1 min of each
other, otherwise the test shall be repeated on a third unit,
If the third determination does not agree within 1 min of
one of the other determinations, the material shall be
deemed not to comply with the requirements for the
setting time.

7.8.4 The setting time shall be deemed to be the average
of all determinations, reported to the nearest 15 s (see 6.3
and 10.2 (a)).

7.7 Intrusion, The mould necessary for this test shall be
manufactured from polytetrafluoroethylene (PTFE) or
other suitable material and is shown in figure 3. Mix one
complete unit pack in accordance with the manufacturer’s
instructions (see 10.2 (b)), When doughing is achieved,
pack the entire mixture flat into the mould and insert the
plunger, At 1 min after the doughing time apply a force of
49 N to the top of the plunger for 1 min. Then remove the
force and allow the mixture to set.

After setting has occurred, remove the specimen and
measure the length of the intrusion into all four of the
1.0 mm diameter holes of the die to the nearest 0.6 mm,

This test shall be performed once. If the material fails to
comply with the requirement of 6.3 on the first test, a
second test shall be performed and compliance
determined on the result of the second test.

7.8 Compressive strength

7.8.1 The test spacimens shall be cylinders 12 mm high
and 8 mm in diameter. The ends of the spacimens shall be
flat and smooth and shall be parallel to sach other and at
right angles to the long axis of the cylinder, A suitable
apparatus for forming these test cylinders is shown in
figure 4,

7.8.2 Place the stainless steel perforated plate shown in
figure 4 containing cavities for five specimens on the
bottom plate. With a spatula slightly overfill the five
cavities from a single unit pack of mixed cement of
standard proportions at the commencement (/)ﬁiouqh
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