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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 1SO 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.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft Internatjonal Standards adopted by the technical committees are circulated to the mgmber bodies for voting.
Publication ag an International Standard requires approval by at least 75 % of the member/hodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this International Standard may be the subject of
patent rights. |ISO shall not be held responsible for identifying any or all such paterit rights.

International [Standard 1SO 5833 was prepared by Technical Committee\1SO/TC 150, Implants for surgery,
Subcommitte¢ SC 1, Materials.

This second qdition cancels and replaces the first edition (ISO 5833:1992), which has been technically rgvised.

Annexes A, B| C, D, E and F form a normative part of this International Standard.
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ISO 5833:2002(E)

Implan

ts for surgery — Acrylic resin cements

1 Scope

This Inter

tional Standard Qppr‘ifinc the phycir‘alw mechanical pm‘l(nging and Inhnlling rr:-nlllirnmn

polymerizir]
two types ¢
orthopaedi
in forms su

This Intern
patient or t

All requiren

2 Term
For the pur

2.1

unit of cement

one packag
component

NOTE For
premeasure
3 Liquig
3.1 Apps

When insp

Itional Standard does not cover the hazards associated with the use of the-eement in respe

g radio-opaque and non-radio-opaque resin cements based on poly(methacrylic acid esters
f cement, intended respectively for use with a syringe or in the dough state, for the-fixat

table for mixing at the time of implantation.

e user of the cement.

nents apply to, and all tests are intended to be performed on, thessterile product.

and definition

poses of this International Standard, the following term and definition apply.

e or vial of sterile premeasured powder,component and one package or vial of sterile prem

Cements in which the radio-opagque agent is supplied separately, the unit of cement includes the vig
| radio-opaque powder component.

component

arance

ectéd‘by normal or corrected vision, the liquid component shall be free from particl

contaminar

ts:

3.2 Stability

ts for curing

). It applies to
on of internal
C prostheses and supplied as units containing premeasured amounts of sterile powder,and ¢f sterile liquid

tt of either the

pasured liquid

| or package of

es and other

When tested as described in annex A, the flow time of the samples of liquid component shall not increase by more

than 10 %.

3.3 Accuracy of contents

When measured to an accuracy of == 0,1 ml, the volume of the liquid component of each of five units shall be within

5 % of that

© SO 2002 -

stated on the package [see 9.1 b)].
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4 Powder component

4.1 General

The powder component includes the polymer particles, initiator agents, and, if applicable, the radio-opaque agent. In
some cases, the radio-opaque agent is supplied separately.

4.2 Appearance

When inspected by normal or corrected vision, the powder shall be free from agglomerates and extraneous material.

4.3 Accurgcy of contents

When weighefl to an accuracy of + 0,1 g, the mass of the powder component of each of five units shall bg
of that stated pn the package [see 9.1 b)].

The compongnts used for the determinations specified in 3.3 and 4.3 may be used ‘subsequently for

described in

component is|produced, and all the requirements of clauses 3 and 4 are satisfied

5 Liquid-powder mixture intended for syringe usage

within 5 %

other tests

this International Standard, with the condition that no mass and/of\volume loss for egch cement

When determ|ned by the methods given in Tables 1 and 2, the setting properties and the properties of the[set cement

shall comply

Tablp 1 — Requirements and test methods for sétting properties of liquid-powder mixtures

vith the values given in Tables 1 and 2.

Doughing time Setting time Maximum temperatyre
Maximum Maximum
Mixture Average deviation Test Average Test Average deviation Test
9 from method 9 method 9 from method
average average
min min min °c °cC

Syringe usage — — — 6,5t015 | AnnexC 90 +5 Annex C
(see clause 5
Dough state <5 15 AnnexB | 3t015 | AnnexC 90 +5 Annex C
usage (see 6.1)

Table'2 — Requirements and test methods for set and polymerized cement

Average qompressive strength

Test method

Bending modulus

Test method

Bending strength

Test nethod

MPa

Annex E

= 1800

Annex F

Annex F

© 1SO 2002 — All rights reserved
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6 Liquid-powder mixture intended for use in dough state

6.1 Setting properties, test methods and requirements

833:2002(E)

When determined by the methods given in annexes B, C, D, E and F, the setting properties and the properties of the

5S than 2 mm.

set cement shall comply with the values given in Tables 1 and 2.

6.2 Intrusion

When detepmired-as-deseribednannex-btheaverage-intrusion-efatleastoresampleshallk-be-netle
7 Set and polymerized cement

Table 2 pregents the requirements and test methods for set and polymerized cement.

8 Packdging

8.1 Each|component of the cement shall be packaged and sterilized separately using a suitable meth
componen{ shall be sterilized by ultrafiltration prior to being filled into antaseptic container. Each comp
packaged in a double-layer sealed container. The components of a single unit of cement shall be furthg

a container
as describg

Each component of the cement shall be packaged and-sterilized in a double-layer sealed conta

packaged i
8.2 Inthe

8.3 Then
should pre
easy to opg

9 Label

9.1 Unit

At least the

that shall contain the accompanying documentation as described in 9.2 and shall present t
din9.1.

N an outer container which shall contain the agcompanying documentation.
case of cement being sold with two cement units per container, the requirements of 8.1 sh

haterials of the package should not-contaminate or permit contamination of the contents. Tl
ent damage to, or leakage of,.the contents during transit and storage and should be design
n and facilitates aseptic présentation of the contents.

ing

package

following information shall appear on the unit package of each cement unit:

a) a refere

od. The liquid
bnent shall be
r packaged in
e information

ner and then

all apply.

he packaging
ed so that it is

nce to this International Standard (ISO 5833);

b) a description of the contents, including the mass of the powder component and the mass or volume of the liquid
component, and the generic names of the constituents;

c)
d) awarni
e)

f)
9)

an instr

the name and address of the manufacturer, and the supplier if different from the manufacturer;

ng that the package contains flammable liquid;

uction to store the package at a temperature below 25 °C, and away from strong light;

NOTE Legal requirements for labelling may apply in some countries.

© SO 2002 -

All rights reserved
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9.2 Accompanying documentation

At least the following information shall appear on the accompanying documentation (see clause 8):

a)

b)

c)

d)

e)
f)
)
h)

instructions for handling the components and preparing the cement for use, including details of the equipment
needed and an instruction to mix the entire contents of the cement component packages. The instructions shall
emphasise the importance of minimizing the entrapment of air;

instructions and recommendations for using the cement, including necessary precautions, and drawing attention

to the exp

iry date marked on the package;

a statement drawing attention to the toxic, hazardous and irritant properties associated with the handling and use
of the components and the cement;

a statemgnt that high ambient or component temperatures will decrease, and low ambient or
temperatyres will increase, the doughing, working and setting times of the cement;

whether t
the relativ
a warning

a stateme
later occal

NOTE ltis hel
prepared from

e cement is intended for use with a syringe or in the dough state;

b proportions of the powder and liquid components, expressed as a percent mass or volum
against re-sterilization of either the powder or liquid components;

nt that, once opened, any pack should be completely used or discarded-and not retained f
sion.

bful to provide a graphical representation of the effect of temperature @n'the length of the phases in ce
experimental data on the particular brand of cement.

component

e fraction;

DI use on a

ment curing,

© 1SO 2002 — All rights reserved
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Annex A
(normative)

Determination of stability of liquid component

A.1 Principle

The flow time (viscosity) of the liquid component is determined before and after accelerated ageing by heating, and

the increas

A.2 Apq

A.2.1 Clg

E 1N TIow Time aiter heating Is calculated. Iwo units or the liquid component are tested.

aratus

an glass U-tube viscometer.

A.2.2 Tinping device, with an accuracy of + 0,1 s.

A.2.3 Me

A.3 Tes

Condition t
viscosity m

A.4 Pro
A.4.1 Fil
A.42 Re

A.4.3 He
it to cool to

A.44 Re

A.45 Re

A5 Cal

ans of heating test specimens.

I conditions

he viscometer and the test specimens at (23 + 1) °C for at least 1 h before beginning the tes
pasurements at (23 4= 1) °C.

cedure
the viscometer in the usual way with the-liquid component.
cord the flow time taken for the meniscus to fall to the equilibrium level (time ;).

ht an aliquot of the liquid component at (60 & 2) °C for (48 4 2) h in the dark in a closed c(
(23 + 1) °C and to remaifi at'this temperature for at least 1 h.

peat A.4.1 and A.4.2and record the flow time (time ;).

peat A.4.1 to A4.4on a second unit of liquid component.

culationand expression of results

Calculate tlre percentage change At in flow time for each unit of liquid component using the expressid

At =

© SO 2002 -

ty — ta

X 100 %

a
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A.6 Testreport

The test report shall include at least the following information:

a) areference to this International Standard (ISO 5833);

b) identity (including batch or lot number) of the liquid component;
c) flow times before and after heating;

d) percentage change in flow time for each unit of cement.

6 © 1SO 2002 — All rights reserved
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Annex B
(normative)

Determination of doughing time of liquid-powder mixture of cement intended

for dough usage

B.1 Principle

The cemen
from a glovj

B.2 Apq

B.2.1 Tinming device, with an accuracy of £ 1s.

B.2.2 Un

B.2.3 Eq

B.3 Tes

Condition t
of not less
than 40 %.

B.4 Pro

B.4.1 Mix
device whe

B.4.2 Aft
non-water-
leaves the

B.4.3 Re
surface for

t is mixed and the time recorded from the beginning of mixing until the mixture is able t0°se
pd finger. Either two or four units of cement are tested.

aratus

powdered latex surgical gloves.

lipment, as recommended by the cement manufacturer, forsmixing cement.

I conditions

e mixing equipment and the contents of the'cement units at (23 + 1) °C and at a relative
than 40 % for at least 2 h before beginning:the test. Perform the test at (23 4= 1) °C and a

cedure

all the components of-a single unit of cement following the manufacturer's instructions. S
n the liquid is first added to the powder.

insed latex.surgical glove, and observe if fibres form between the cement and the glove
surface. Clean the glove of all adherent material.

peat.the probing process at maximum intervals of 15 s, gently mixing the cement so as to €
each probing, ensuring that testing is performed on a fresh surface that has not previously

parate cleanly

humidity (RH)
RH of not less

art the timing

br approximately. 1 min, gently touch the surface of the mixture with a finger gloved with af unpowdered

as the finger

xpose a fresh
been probed.

Record the time at which the gloved finger first separates cleanly from the cement as the doughing time of that

mixture.

B.4.4 Repeat the process described in B.4.1 through B.4.3 for a second unit of cement.

B.4.5

B.5 Calculation and expression of results

If the two doughing times differ by more than 30 s, repeat B.4.1 to B.4.3 for a further two units of cement.

Calculate the average doughing time of the two or four determinations made. Round the result to the nearest 15 s

and expres

© SO 2002 -

s this as the average doughing time.
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B.6 Testreport

The test report shall include at least the following information:
a) areference to this International Standard (ISO 5833);

b) identification (including batch or lot number) of the cement;
c) average doughing time;

d) minimum and maximum doughing times.

© 1SO 2002 — All rights reserved
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Annex C
(normative)

Determination of maximum temperature and setting time of liquid-powder

mixture

C.1 Principle

The exothg¢rmic reaction occurring when the powder and liquid components are mixed is monit
maximum femperature attained by the bulk is recorded. The setting time is defined as the timextak
temperaturg midway between ambient and maximum. Either two or four units of cement are tested.

C.2 Apparatus

C.2.1 Mould and plunger, of dimensions shown in Figure C.1, made of polytetrafluoroethylene,
terephthalate), polyoxymethylene, or high density polyethylene, equipped with~a thermocouple of

approxima

C.2.2 De
continuous

C.2.3 C-g

ly 0,5 mm, positioned with its junction (3 &= 0,5) mm above the ifiternal surface of the mou

ice capable of converting the thermocouple output signaliinto temperature readings 4§
record of temperature, the thermocouple and converting.device having an accuracy of 4= 0

lamp or other device, for clamping the plunger and:moeuld together.

C.2.4 Timing device, with an accuracy of += 0,1 s.

C.25 Eq

C.3 Tes

Condition t
(RH) of not
not less thg

C.4 Pro
C.4.1 Re

C.4.2 Mi

X

lipment, as recommended by the cementimanufacturer, for mixing the cement.

I conditions

e mixing and test equipment'and the contents of the cement unit at (23 + 1) °Cand atare
less than 40 % for at least 2 h before beginning the test. Perform the test at (23 &= 1) °C g
n 40 %.

cedure
cord the @mbient temperature from the thermocouple in the mould.

allithe components of a single unit of cement following the manufacturer's instructions.

pred and the
en to reach a

poly(ethylene
vire diameter
d base.

ind making a
5°C.

ative humidity
nd at a RH of

C.4.3 sta

rt the timing device as soon as the powder and liquid come Into contact.

C.4.4 Fill the mould with approximately 25 g of cement immediately after the mixing is completed. Seat the plunger
in the mould and clamp the plunger with the C-clamp to ensure a constant volume. A reinforcing polymer plate may
be used along the bottom of the die to prevent warping of the die during polymerization and expansion of the cement.
Trim off any cement expelled from the mould.

C.4.5 Continue the temperature measurement until shortly after the temperature begins to fall.

C.4.6 Repeat C.4.2 to C.4.5 for a second unit of cement.

C.4.7 If the two maximum temperatures (see C.5.1) differ by more than 10 °C, or the setting times (see C.5.2) differ
by more than 1 min, repeat C.4.1 to C.4.5 for a further two units of cement.

© SO 2002 -
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C.5 Calcu

C.5.1 Maxi

lation and expression of results

mum temperature

C.5.1.1 For each unit of cement, plot the recorded temperatures against time, and record the highest temperature
attained to the nearest 1 °C as the maximum temperature for the sample.

An example o

f a plot is shown in Figure C.2.

C.5.1.2 Calculate the average value for the two or four determinations. Round the result to the nearest 1°C
(rounding values of 0,5 °C upwards) and record this as the maximum temperature.

C.5.2 Setti

C.5.2.1 For
beginning of

Tset = 5
where

Tamb is

Tmax is

C.5.2.2 Record the value of sy to the nearest 5s. Calculate the average value of s for the f

determination

C.6 Testr

The test repo
a) arefereng
b)
c)
d)
e)

f)

identificat

individual
average s

individual

average npaximum temperature;

ng time

bach unit of cement, determine from the plot made in C.5.1 the setting time, f¢,~measurg
hixing until the temperature of the polymerizing mass reaches the setting temperature 1 e

ax + Tamb
2

the recorded ambient temperature (see C.4.1);

the highest temperature attained.

S. Round the result to the nearest 15 s, and express this as the setting time.

eport

t shall include at least the following information:
e to this International Standatd(ISO 5833);

on (including batch or lot'aumbers) of the cement;

maximum temperatures;
ptting time;

setting titnes.

bd from the
Hefined as:

wo or four

10
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Dimensions in millimetres

Tolerance =+ 0,2 mm unless otherwise indicated

L
067
1 6716 ) r L 7
L]
|
\ -
?68 =
i} 3 \ :
m \ Q R
e 3 T
’ \
\
$1,6° 96 \Xi;’/
3 2 60 £0,1
a) (bie b) Plunger
Key
1 outer ring
2 boftom
3 channel! far thermocouple
4 optional polymer screw of any suitable size to aid removal of test specimen
5 four tapered holes for extrusion of excess material
a

Diameter of hole for thermocouple.

Figure C.1 — Mould for determination of maximum temperature and setting time

© 1S0 2002 - All rights reserved 11
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12

5\|
o
B3

N

Temperature, °C

T;Ef

-
"amb

&ef
Time, min

dure C.2 — Typical curve for determination of maximum temperature’and setting time

© 1SO 2002 — All rights reserved
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Annex D
(normative)

Determination of intrusion of liquid-powder mixture of cement intended for

dough usage

D.1 Principle

The cemer

extent of in

D.2 Apd

D.2.1 Mo
terephthalg

D.2.2 Me

D.2.3 Me

D.2.4 Eq

D.3 Tes

Condition t

beginning t

D.4 Pro

D.4.1 Miy

D.4.2 By

been reach

D.4.3 1m
1 min £ 25

D.44 Re
four holes
subtracting

D.4.5

© SO 2002 -

aratus

uld and plunger, of dimensions shown in Figure D.1, made of polytetrafluoroethylene,
te), polyoxymethylene or high density polyethylene.

ans of applying a compressive force to the mould.
ans of measuring the extent of intrusion to an accuracy of 40,5 mm.

lipment, as recommended by the cement manufacturer,for mixing the cement.

conditions

ne mixing and test equipment and the contents of the cement units at (23 4= 1) °C for at le
he test. Perform the test at (23 £ 1) °C.

cedure
all the components of a single unit of cement, following the manufacturer's instructions.

means of the procedure)given in B.4.2 and B.4.3, determine when the doughing time of th
ed. Immediately pack-the mixture gently into the mould and insert the plunger.

in = 10 s after ‘doughing time is reached, apply a force of (49 & 1) N to the plunger fq
. Remove the-force and allow the cement to set.

move the set cement from the mould and measure the extent of intrusion of the cement in
n the mould. This may be determined by measuring the depth of the holes not filled with
this from the initial hole depth. Calculate the average of the four values to the nearest 0,5 11

t is mixed and compressed in a mould having a perforated bottom face. After the cemen
rusion of the cement into the perforations is measured. Either one or two units of cement’a

t has set, the
re tested.

poly(ethylene

ast 2 h before

e mixture has

r a period of

0 each of the
cement, and
nm.

If the average intrusion is less than 2 mm, repeat D.4.1 to D.4.4 for a second unit of cement.

All rights reserved
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D.5 Testreport

The test report shall include at least the following information:
a) areference to this International Standard (ISO 5833);
b) identification (including batch or lot numbers) of the cement;

c) average intrusion for each sample tested.

Dimensions in millimetres

Tolerance =+ 0,2 mm unless otherwise indicated

1 916

$60

sz
%

90

100
NN

L x ¢1 0,05

959
-]
=
a) Die b) Plunger
Key
1 outer ring
2 bottom
3 optional polymer screw of any suitable size to aid removal of test specimen

Figure D.1 — Mould for determination of intrusion

14 © 1SO 2002 — All rights reserved
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Annex E
(normative)

Determination of compressive strength of polymerized cement

E.1 Principle

The cement is mixed and cylinders of cement are cast. The compressive strength of the cylinders is then determined.
Five specimens obtained from one unit of cement are tested.

E.2 Apparatus

E.2.1 Mopld, end plates and removal rod of dimensions shown in Figure E.1, made-of stainless $teel, or other
device for groducing cylinders of cement of appropriate dimensions.

E.2.2 C-dlamp or other device for clamping the mould and end plates together

E.2.3 24-mesh silicon carbide grinding abrasive and a flat plate.

E.2.4 Mould release agent (optional).

E.2.5 Eqliipment as recommended by the cement manufacturer, for mixing the cement.

E.2.6 Tegt machine capable of applying and measuringza compressive force of at least 4 kN, equigped to record
load versug crosshead displacement.

E.3 Test conditions

Maintain the mixing and test equipment aty(23 + 1) °C, for at least 2 h before beginning the test. Perfgrm the test at
(23 £ 1) °Q.

E.4 Protedure

E.4.1 If required, lightly.‘coat the interior faces of the mould and the inward faces of the end plat¢s with mould
release agent.

E.4.2 Place the modld on one end plate.

E.4.3 MiX alFthe components of a single unit of cement, following the manufacturer's instructions.

E.4.4 For cements intended for dough usage, determine when the doughing time of the mixture has been reached
by means of the procedure given in B.4.2 and B.4.3. Within 1 min after this time, slightly overfill each of the cavities
of the mould with mixture and place the second end plate on top of the mould. For cements intended for syringe
usage, fill the cavities from the syringe and proceed as for dough usage cements. Fill the cavities of the mould with
cement immediately after the mixing is completed.

E.4.5 Clamp the end plates and the mould together and allow the cement to set. After approximately 1 h remove
the clamp and end plates.

E.4.6 If using the mould shown in Figure E.1, grind both of the ends of the cement cylinders plane with the faces of

the mould by drawing the mould back and forth across a plate coated with silicon carbide abrasive and water.
Remove the cement cylinders from the mould by means of the removal rod.

© 1S0 2002 - All rights reserved 15


https://standardsiso.com/api/?name=b5ed0e07760a0f365333a9d06d966354

ISO 5833:2002(E)

E.4.7 If using another type of mould, grind the cement cylinders so as to produce right cylinders of length
(12 + 0,1) mm and diameter (6 & 0,1) mm.

E.4.8 Condition the cylinders at (23 + 1) °C.

E.4.9 At (24 £ 2) h after mixing of the cement was begun, measure the average diameter of each test piece, taking
the measurements in two mutually perpendicular directions for at least two sections. Place a cylinder in the test
machine, without any type of pad between the cylinder and the platen of the test machine. Operate the test machine
to produce a curve of displacement against load, using a constant cross-head speed in the range 19,8 mm/min to
25,6 mm/min. Stop the machine when the cylinder fractures or when the upper yield point has been passed.

An example of an idealized load displacement curve is shown in Figure E.2.

E.4.10 Repgat E.4.9 for each of the cylinders.

E.5 Calcujation and expression of results

For each cylipder, record the force applied to cause fracture, or the 2 % offset load orithe upper yieldtpoint load,
whichever ocgurred first. Divide this force by the original cross-sectional area, in square millimetres, of fthe cylinder
and express the quotient as the compressive strength, in megapascals. Calculate the*average compressive strength
of the five cylinders.

E.6 Test rgport

The test report shall include at least the following information:
a) areferende to this International Standard (ISO 5833);
b) identificatjon (including batch or lot numbers) of the cement;

c) average cpmpressive strength, in megapascals, and(the standard deviation.
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Dimensions in millimetres

Tolerance =+ 0,2 mm unless otherwise indicated

1[0

5x @6 |«

a) Perforated plate

$25

10

b) Mould and plates in clam

?5

25

c) End plate (2 x)

d) Removal rod

Figure E.1 — Mould components for preparing compressive strength test specimens
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Figure E.2 — Idealized curve of loadys. displacement for cement
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