
 

 

Stryker 
The Chemistry and Production of Bone Cement 

 
Carbon atoms typically form four bonds. For example, 
a molecule of methane, CH4, has one carbon atom 
bonded to four hydrogen atoms by single bonds. In 
ethane, C2H6, the two carbon atoms are bonded 
together by a single bond; the other six bonds are to 
six hydrogen atoms. 

Joints Can be Replaced 
The joints of the human skeleton are subject to 
stress forces during activities such as walking, 
running or lifting. For example, the force acting 
on the hip joint can be over ten times the body 
weight. In addition sports injuries and diseases 
such as osteoarthritis also result in serious 
damage to the joints. In modern times it is 
common practice to have damaged joints 
replaced with artificial parts in a surgical 
procedure called an arthroplasty. An artificial part 
is called a prosthesis and the most common of 
these are replacement hips and knees. 

In ethene (C2H4), the two carbon atoms are bonded 
together by a double bond; the other four bonds are to 
four hydrogen atoms. Because the two carbon atoms 
could bond with more hydrogen atoms ethene is said 
to be unsaturated. The double bond is the key to the 
polymerisation of ethene to form poly-ethene (also 
known as polyethylene or polythene). In suitable 
conditions the double 
bonds break and the 
resultant radicals join 
end-to-end to form the 
long chain molecules 
of poly-ethene. 

 
In the case of a total hip replacement both parts of the 
ball and socket joint are replaced. Hollowed out 
spaces are made in the femur and pelvis to accept the 
new parts. However, this leaves some empty space 
between the artificial parts and the bone and this must 
be filled with a suitable material. This material is called 
bone cement. In this lesson we look at the chemistry 
of bone cement production and discuss how it is used 
by the surgeon. Bone cement is manufactured in the 
Stryker plant in Co. Limerick.  

MMA can be thought 
of as derived from 
ethene with two adjacent hydrogens replaced - one by 
a methyl group (−CH3 ) and the other by a methyl 
methanoate group (−CO.O.CH3 ).  

 
What is Bone Cement? 

How is PMMA Made? 
The material may be thought of as 
being similar to cement or mortar. It 
must be able to absorb the forces 
acting on the joint during movement 
and keep the artificial implant in 
position. It must also be 
biocompatible, that is it must not 
cause physical or chemical damage 
to human tissue. A material that 
meets these requirements is PMMA 
(poly-methyl-meth-acrylate). 

The PMMA is ‘grown’ in the 
Stryker plant by polymerisation of 
the MMA. The polymerisation 
process is started by a special 
initiator, typically an organic 
peroxide, which we can represent 
as R−O−O−R. The initiator 
breaks into two free radicals 
(R−O•). The initiator radical 
bonds to one end of an MMA 
molecule breaking the double 

bond; the other end of the broken double bond 
becomes a new free radical. This new free radical 
attaches to another MMA molecule and as the 
process continues the polymer molecule becomes 
progressively larger. The most commonly used 
initiator for the polymerisation of MMA is benzoyl 
peroxide (C6H5.CO.O−O.CO.C6H5) 

What is PMMA? 
PMMA is a polymer, that is, its molecules are 
composed of many repeating units of a smaller 
molecule, or monomer, which in this case is methyl-
meth-acrylate (MMA). The process by which 
monomers join to form a polymer is called 
polymerisation. This is best understood by considering 
polythene and its monomer, ethene.  

 

Polymerisation of ethene 

MMA (methylmethacrylate) 



 

How Does Polymerisation Stop? 
The most obvious way in which polymerisation can 
stop is that all the monomer is converted in polymer. 
However, there are two other methods by which 
polymerisation can come to an end; they are called 
radical combination and disproportionation. 

Radical combination is simply the chance meeting of 
two growing polymer radicals. When they meet the 
two radicals combine to form one big molecule with no 
radical. 

Disproportionation is a little more complex. It 
generally involves the transfer of a hydrogen atom 
from one radical; this gives one molecule having no 
radical (i.e. no unpaired electron) and a second 
molecule with two radicals which combine to form an 
extra bond. Neither product is a radical although one 
of them has a double bond. 

How is PMMA used in Surgery? 
Stryker provides the surgeon with a kit containing a 
pack of PMMA powder and a bottle of MMA liquid. 
The surgeon mixes the powder and liquid. This 
causes further polymerisation and produces a 
substance like dough that gradually hardens. This 
process is exothermic and, if the rate of 
polymerisation is too fast, the mixture can become hot 
(over 80°C). To avoid risk to the patient, the chemistry 
of bone cement must be carefully balanced in the 
manufacturing process. Some surgical procedures 
take more time than others so the cement cannot set 
too quickly or too slowly. This is why Stryker produces 
several different types of bone cement, each one 
designed for particular circumstances.  

The Manufacturing Process  
MMA is a by product of petroleum, As such, it is a 
commodity chemical used in many production 
processes. MMA liquid is produced in bulk and 
delivered to Limerick in large metal barrels.  

In the plant, the polmerisation process takes place in 
large vats. PMMA powder is produced, dried and then 
blended with other powders before being packed in 
special plastic pouches. The liquid MMA is filled into 
small bottles called ampoules. The two components 
are packed together and sent to a warehouse from 
which they are distributed to surgeons.  

Of course, all materials must be fully sterile before 
they are delivered to the surgeon. This process 
ensures that the materials are free of live bacteria or 
other microorganisms that might cause infection. 
There are four main processes in general used for 
industrial terminal sterilisation, namely:  

• Heat (autoclave, depyrogenation) 

• Radiation (gamma, x-ray, e-beam) 

• Light (UV, high energy white beam) 

• Chemical (e.g. formaldehyde, ethylene oxide 
(EtO), vaporous hydrogen peroxide (VHP), gas 
plasma). 

The Stryker bone cement powders are sterilised using 
gamma radiation and chemical processes. The liquid is too 
sensitive to be terminally sterilised so it must be sterilised by 
filtration at the point of filling; in other words, it is aseptically 
produced. 

The whole manufacturing process must be carried out with 
great care and precision so that the final product behaves 
correctly. The surgeon must be able to mix the cement so 
that it is suitable for the particular situation. For example, 
normal bone cement might set in 15 minutes but some 
surgeons prefer to work faster, generally in knee operations. 
For these, fast drying cement (9 minutes) is used. In the 
case of spinal surgeries, the procedure generally takes 
much longer and so a cement that stays soft and workable 
for about 40 minutes is used in such cases.  

By altering the physical and chemical properties of the same 
raw materials, and by changing how these materials are 
processed, Stryker is able to produce a family of cements 
with varying working properties to meet a wide variety of 
customer needs. The handling properties of bone cement 
are subject to international standards (ISO 5833).  

Stryker 

Stryker is dedicated to the principle of “responsible 
Science” and ensures that its products and 
procedures are fully tested and clinically proven to 
help people lead healthier, more active lives. 

Stryker Ireland 

Stryker Ireland currently employs approximately 2,000 
employees across a campus of four locations; three of 
which are based in Cork and one in Limerick. 

A wide and diverse range of Stryker products are 
manufactured in Ireland including hip and knee 
system implants, bone cement and bone substitutes, 
surgical blades and micro-rotary burs which are used 
for cutting, drilling, burring and shaping bone and soft 
tissue during orthopaedic, spine, ear, nose and throat 
plastic surgery. The company’s Neurovascular 
product pipeline represents a broad offering of 
detachable coils for the treatment of hemorrhagic 
stroke (the rupture of a blood vessel in the brain) and 
ischemic stroke (a blockage in a blood vessel in the 
brain). 

Stryker’s mission is to become the world’s most 
admired, fastest growing medical technology 
company. In 2010, sales totalled $7.32 billion, which 
places Stryker among the 12 leading medical 
technology companies in the world. 
Stryker, Raheen Business Park, Limerick Tel: 061 498 330 

You can find this and other lessons on www.sta.ie. 

 



 

Teaching Notes 
Syllabus References

Leaving Certificate Chemistry (p. 21) 

• Organic Chemical Reaction Types.  

• Polymerisation reaction (of ethene and propene). 

• Alkenes as raw materials in the industrial 
manufacture of plastics. 

• An indication of the range and scope of the 
petrochemical industry. 

Leaving Certificate Biology (p. 39) 

• Macroscopic anatomy of a long bone: medullary 
cavity, compact bone, spongy bone, and 
cartilage. 

• Classification, location and function of joints: 
immovable, slightly movable, free-moving or 
synovial. 

• Role of cartilage and ligaments in joints. Role of 
tendons. 

• General relation of muscles to the skeleton – 
antagonistic muscle pairs as exemplified by one 
human pair. 

• Disorders of the musculoskeletal system: one 
example of a musculoskeletal disorder, from the 
following: arthritis and osteoporosis; one possible 
cause, prevention, and treatment. 

Learning Outcomes 
On completion of this lesson, students should be able to: 

• Describe the function of bone cement. 

• Distinguish a polymer and a monomer.  

• Outline the chemical process of polymerization, 
how it starts and stops. 

• Discuss the social relevance of prostheses. 

• Outline the function of Stryker Ireland, as the 
world leader in bone cement production. 

General Learning Points 
The following information can be used to revise the lesson’s main 
learning points and inform discussion. 

• PMMA (Poly methyl methacrylate) is a 
thermoplastic material. It is used instead of 
polycarbonate when extreme strength is not a 
requirement. Being transparent, it is often used 
as a form of glass (acrylic glass). There are many 
familiar brand names on the market including 
Plexiglass, and Perspex. 

• PMA (poly methyl acrylate) is a similar material 
but there are no methyl groups on the backbone 
carbon chain. It is softer than PMMA because the 
polymer chains are thinner. 

• Other common polymers are polythene, 
polypropylene and polystyrene. 

• The Stryker bone cement called Simplex P has 
been used in knee and hip surgery for over forty 
years.  

• Stryker has also produced the first bone cement 
that is impregnated with an antibiotic (called 
Tobramycin).  

• In the manufacturing process some barium 
sulphate is also added to the powder PMMA to 
make the product visible to x-rays. 

• Various theories of the chemical bonding process 
have developed including Lewis structures 
(1916), valence bond theory (1927), molecular 
orbitals (1928), valence shell electron pair 
repulsion theory (1958) and modern quantum 
chemistry. 

• Free radicals, often simply called radicals, are 
atoms, molecules, or ions with unpaired 
electrons. Most radicals are highly reactive and 
play a critical part in many processes such as 
combustion and polymerization.  

• All Implants should also be biocompatible, that is 
the materials from which they are made should 
not trigger an immune response. (PMMA) 
produces negligible inflammatory response and 
has used been used in medical implants for over 
fifty years. 

 

 



 

Student Exercises 
 

Student Activities 
1. Construct molecular models of monomers of the 
following polymers: polyethylene (poly-ethene), PVC 
(poly vinyl chloride) and PMMA (poly-methyl-meth-
acrylate). What major structure do they have in 
common? How is their polymerisation similar? 

2. Polymer investigation  (make your own 
bouncing polymer) 

You will need the following: 

• 2 jars with screw-top lids (e.g. jam jars) 

• 5 g of borax (sodium tetraborate, Na2B4O7.10H2O) 

• 100 mL PVA glue 

• 2 measuring cylinders (20 ml) 

• 1 sealable plastic bag. 

• Food colouring (optional) 

 

To one jar add 100 mL PVA glue and 100 mL of 
water. Close the jar and shake it until the glue is fully 
dissolved. Label this jar A: 50% Glue. 

To the other jar add 100 mL of water and 5 g of borax. 
Close the jar and shake it until the borax has fully 
dissolved. Label this jar B: 5% Borax. 

You should now be able to make a variety of 
‘products’ ranging from slime to rubbery material, 
depending on the ratio in which you mix solutions A 
and B.  

Try the following ratios of solutions A and B: 1:1, 2:1, 
3:1, 4:1, 5:1. 

Use a separate measuring cylinder for each solution. 
Use small quantities (e.g. multiples of 10 mL). Add the 
sample quantities to the plastic bag and knead them 
together until the mixture has a steady texture. Record 
the results in a table (e.g. Solution A, Solution B, 
Texture, Properties). 
 

True/False Questions 

(1) An artificial limb is known as a prosthesis. 

(2) The term polymer means ‘one part’. 

(3) Polymers can be grown from monomers. 

(4) Bone cement is the only product that is 
made of PMMA. 

(5) An ethene molecule has six hydrogen 
atoms.  

(6) A radical is an atom, molecule, or ion with 
unpaired electrons. 

(7) Exothermic means that the process absorbs 
heat. 

(8) Benzoyl peroxide is a commonly used 
initiator of the  polymerisation process. T  F 

(9) All materials used by the surgeon must be 
sterile. 

(10) Bone cement is manufactured by Stryker in 
Limerick. 

Check your answers to these questions on www.sta.ie. 

Examination Questions 

Leaving Certificate Chemistry (HL) 2008, Q. 9 

The alkenes are a homologous series of unsaturated 
hydrocarbons. Ethene (C2H4) is the first member of 
the series. Alkenes undergo addition reactions and 
polymerisation reactions. 

Draw a labelled diagram of an apparatus used to 
prepare ethene gas in the school laboratory. 

Draw the structure of any one of the isomers of the 
third member of the alkene series. Indicate clearly 
which carbon atoms have planar bonding and which 
are bonded tetrahedrally. 

Explain the term unsaturated.  

The ionic addition mechanism for the reaction of 
ethene with bromine water involves the formation of 
an intermediate ionic species. Draw the structure of 
this species.  

Give the names or structural formulas of the three 
products that would be formed if the bromine water 
used in the reaction contained sodium chloride. How 
does the formation of these three products support the 
mechanism of ionic addition?  

Name the polymer formed when ethene undergoes 
addition polymerisation. Draw two repeating units of 
this polymer. 

Leaving Certificate Chemistry (HL) 2011, Q. 11c 

Identify the monomer used to manufacture 
poly(tetrafluoroethene) (Teflon). 

What type of polymerisation reaction occurs in the 
manufacture of poly(tetrafluoroethene)?  

Draw two repeating units of the Teflon polymer.  

 



 

Did You Know?  

• Stryker Limerick is the world leader in the 
manufacture of bone cement. 

• PMMA is a very common and familiar material. It 
is often used for aircraft windows, motorcycle 
helmet visors, false teeth, aquarium windows and 
the shielding around ice rinks. It was also used to 
make the windows of the bathyscaphe Trieste, 
which withstood 1100 atm of pressure at the 
bottom of the Mariana Trench 

• Acrylic paint contains PMMA suspended in water. 

• The word polymer comes from the Greek poly 
(many) and merous (part). 

• The word prosthesis comes from the Greek word 
for addition. 

• Arthroplasty comes from the Greek words for 
joint and make or mould. 

Biographical Notes 

• Wilhelm Fittig (1835-1910) was a German 
chemist who, with a colleague, discovered the 
polymerization process that turns methyl 
methacrylate into polymethyl methacrylate.  

• Otto Röhm (1876-1939) was a German chemist, 
and founder of the Rohm & Haas chemical 
company. He patented the brand name 
Plexiglass. 

Moses Gomberg (1866-1947) born in the 
Ukraine, was a chemistry professor at the 
University of Michigan, USA. He was the first 
scientist to discover a free radical and is seen as 
the founder of radical chemistry.

Revise the Terms 

Can you recall the meaning of the following terms? 
Reviewing terminology is a powerful aid to recall and 
retention. 

Arthroplasty, aseptically, ball and socket, benzoyl 
peroxide, biocompatible, bone cement, 
disproportionation, ethane, ethene, ethylene oxide 
(EtO), exothermic, femur, formaldehyde, free radicals, 
gas plasma, initiator, methane, methyl group, methyl 
methanoate group, MMA, monomer, osteoarthritis, 
pelvis, peroxide, PMMA, polyethylene, polymer, 
polymerisation, polythene, prosthesis, radical 
combination, radicals, sterile, sterilisation, 
stress forces, unpaired electron, unsaturated, VHP.

Check the Glossary of terms for this lesson on www.sta.ie. 

 
 

 




