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Clinical Abstract

Bone cement in the focus:
Methyl methacrylate (MMA)

Heraeus

When bone cement is mixed a small part of the liquid component methyl methacrylate (MMA) is converted into gaseous form and is
released into the room air. In high concentrations MMA can irritate lungs, eyes and skin.

Is there a health risk for the user?

This brochure provides information about MMA, its effects on humans and the situation in the operating room.

Summary

= The MMA concentrations reached
short-term in the room air in bone
cement mixing lie clearly below the
permissible workplace limits.

= A health risk for operating room
staff and patients appears to be
largely excluded according to the
present day state of knowledge.

= \acuum systems reduce the MMA
concentrations compared with
manual mixing. The activated car-
bon filters frequently delivered in
vacuum systems are decisive in
this case.

Why is MMA necessary?

Bone cements are cold-curing resins that
are based on a powder-liquid combina-
tion. In processing the powder consisting
of polymethyl methacrylate (PMMA) is
mixed to a dough with monomer methyl
methacrylate (1). To largely avoid air inclu-
sions, one today frequently uses systems in
which the cement components are mixed
under vacuum in a closed cartridge.

A small part of the liquid MMA can be
converted during the application into the
gaseous form and thus be released into
the room air.

What happens with MMA in the body?

MMA (Fig. 1) is a colourless, easily flam-
mable liquid that is used, for instance, in
the manufacture of acrylic glass. The car-
bon-carbon double bond of the substance
allows the polymerisation of MMA mole-
cules to PMMA.

During the mixing and curing of the bone
cement dough, small amounts of non-
bonded monomer are released from the
cement surface (2, 3). The share of the
non-polymerised monomer remaining in
the bone cement is around 2-6 % directly
after application and curing and then
drops to less than 0.5% within 2-3
weeks.

MMA is rapidly absorbed in the blood
through lungs, gastrointestinal tract and
skin (5). It is then just a rapidly breathed
out through the lungs, to a lesser extent
secreted through the urine and faeces or
oxidatively metabolised through the citrate
cycle to carbon dioxide (CO,) (4, 6-9).
According to the present state of knowl-
edge methacrylic acid-CoA arises in this
case as intermediate product. This at the
same time represents a product of decom-
position of the natural amino acid valine
(Fig. 2).

Fig. 1 Monomer methyl methacrylate (MMA) polymerised to polymethyl methacrylate (PMMA).
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Fig. 2. Metabolism of MMA (4)

Can MMA have effects?

In high concentrations (cf. workplace lim-
its) MMA can irritate the eyes and the
mucosa of the respiratory system as well
as the skin. Sensitization by skin contact
with development of contact dermatitis is
possible (10-14). The metabolite meth-

Are there health consequence?

= Acute health disorders are not to be
expected at low concentrations and
short exposure.

= Long-term consequences of expo-
sure to low MMA concentrations
have not been proven.

= MMA can irritate the eyes,
respiratory organs and skin only
in high concentrations.

= |njury to embryos does not have to
be feared in compliance with the
workplace limits (21).

acrylic acid is considered to be the actual
irritating substance. Symptoms such as
shortness of breath and coughing have
been reported in connection with the
inhalation of high concentrations of
MMA (15-17).

A carcinogenic potential could not be
proven (18). In a study with workers in
acrylic glass manufacturing who were
exposed on average for a duration of 7.6
years daily for 8 hours to concentrations of
13.2 ppm and partially up to 100 ppm
MMA, there was no evidence of an
increased risk of death (19).

Acute health disorders are not expected in
short exposure and low MMA concentra-
tions. MMA has a pronounced odour and
can readily be perceived at room air con-
centrations of 0.2 ppm or more.

How can safety at the workplace be
guaranteed?

The concentration of a substance in the
air at the workplace at which generally
the health of the employees is not
impaired is designated as workplace limit
(previously: maximum workplace concen-
tration, MAC) (29). The workplace limit of
MMA in Germany and other European
countries such as Great Britain and
Sweden lies at 210 mg/m? or 50ml/m3
(Note: 1 ml/m®=1ppm) at an exposure of

What does “ppm” mean?

The expression “parts per million” is

shortened to “ppm”.

It stands for the number 10-6 and
is used in science for the millionth

part, just as percent (%) stands for
the hundredth part.

In the case of MMA 1 ppm corre-
sponds to a volume of 1 millilitre per
1000 litres (= 1 cubic metre).

8 hours per day and maximum 40 hours
per week (21). The permissible value may
be exceed by two-fold shortly for 5 min-
utes and then lies at 100 ppm (21). Injury
to embryos does not have to be feared in
compliance with the workplace limits
(21).

How high can the MMA
concentration be in the operating room?

The MMA concentrations released in the
course of mixing bone cement lie far
below the workplace limits from which an
impairment of the health of the operating
room staff can be expected. According to
the results of a study by Schlegel et al., in
which a typical situation in the operating
room when mixing 40 g bone cement was
simulated, the maximum MMA concen-
trations in the respiratory air for manual
mixing over a period of 3 minutes lie at
only approx. 8 ppm (2).

In most vacuum mixing systems the MMA
concentration lies even at less than 4
ppm and thus only half as high in com-
parison with manual mixing (22) (Fig. 3).
The MMA concentration when using
proven vacuum mixing systems is accord-
ingly very low. However, when bone
cement is applied, release of not yet
bonded monomers cannot be completely
excluded.

What can physicians and operating
room personnel do?

= Preferably use vacuum mixing.

= Use mixing systems that generate a
sufficiently large vacuum <150hPa
(23).

= Comply with the working distance
to the mixing system or bowl in
manual mixing.

= Observe customary protective and
hygienic measures.

= Modern clean room system in the
operating room.
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How much MMA is released depends not
only on the mixing method used. In differ-
ent phases of vacuum mixing MMA is
released in concentrations of different
levels. In the mixing phase the concentra-
tions in the respiratory air are lower than
in the filling phase, but it cannot be pre-
vented that a part of the liquid monomer
is converted further into gaseous form
and thus escapes additionally into the
room air (23). However, the MMA con-
centrations lie in all phases clearly below
the workplace limits (Fig. 4).

What possibilities are there of avoiding
contact with MMA in the operating
room?

In some non-medical “indications” for
MMA, e.g. coating the floor with MMA res-
ins, it must be assumed basically that the
air limits of MMA are exceeded. Workers
are required here to adopt corresponding
protective measures. In the operating
room on the other hand, independently of
the nature of the mixing method used, a
health risk due to MMA vapours can be
excluded on the basis of the available
data. Further reasons contribute to this
apart from clearly not reaching the work-
place limits:

MMA (ppm) — Manual mixing

= General protection and hygienic meas-

ures in the operating room.

= Operating room gowns and gloves pre-
vent MMA touching the skin, so that

sensitisation is avoided.

= Modern ventilation system in the operat-

ing room.

Breathing protection is not required
because of the low MMA concentrations
in the use customary today of laminar air-

flow systems (24).

The activated carbon filters frequently also
delivered in vacuum systems absorb MMA
and thus reduce the release of the mono-
mer into the room air. This filter effect
plays a role above all during the genera-
tion of the vacuum and the mixing phase.
Vacuum systems differ in their filter effect
and according to the type of filter can
absorb up to 55 % of the evaporated mon-
omer (23). However, if this activated car-
bon filter is missing, then the monomer
otherwise absorbed during evacuation is
led back into the operating room through

the vacuum pump.

MMA (ppm) — Vacuum mixing*
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Fig. 3. Mean MMA concentrations from 10 mixings, calculated for each single second of the mixing procedure, modified according to (22).
F = Filling phase, V = Applying the vacuum, M = Mixing phase (in vacuum mixing method).

* Vacuum mixing with the vacuum mixing system EASYMIX®
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Fig. 4. Overview of workplace limits (WPL) for MMA in ppm in
comparison with the average MMA concentrations reached in
manual mixing and vacuum mixing (21, 22) as well as limit of
odour perception.
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