Your body 15 an amazing steuctare that can perlonm o wide range of
aifferent tasks. However, when ussues or organs of the body are dam-
aged, your self-repair mechamsms aré not zlways uble to restore them
w0 full working order. 1f parts of your body are lost diraugh inury,
then they do not usually grow back.

Early attempts 2t daveloping mutenals to place inside the body were
usually unsuccessful—if patieats were lucky enough te survive the oper-
ation they would often die from toxic effects of the implanted matersal,
or from the body’s reaction ta the implant

As we have come to understand more abaut the physics and chem-
istry of materials, and also how body systems work, it has become easier
to reparr, replace or improve various body parts.

Research 1nto hionics has led to the creation of implants made from
polymers, metals and ceramucs that are well tolerated by the body.
Hiomaterials are synthesised from commercially avadable materials or
purified [rom raturally eccurnng substances like coral.

Over tme, materals have been developed to make implants that are
more effective and less toxic. By the 1940s, matenals were in use that

resisted degradation 1n the body (that is, they dida’t 2asily beeak down),
Examples inciuded high purity stainless steel, nickel alloys, laatalum,
titaniurn alloys and silicane rubber lu the twenty-first century, many
body tissuss can be replaced by a wide variesy of polymers, cerarmes,
metals and composites.

Metals

Many common metzls and metal alloys have been used w make arti-
ficisl limbs and devices to aid bone-setting For example, iron, steel,
gald, silver, copper, lead, zinc, nickel, aluwninium, magneskan, Llita-
nium and varwus alloys have all been used to aud bone hesling and
funclion. But 1t was discovered that only a few ol these metaly and

alloys, such as gold aad titanium, could be olerated well by the body
Some of the metals used, such as lead, were very raxic

Three wnportant alloys used in biomaterials today are titanium
alluys, ron alloys and cobalt alloys

Tirantum 15 used for replacement fup joints, bone screws, knee jous,
bone pates and dental implants Titanium is biocompatible and is rela-
uvely unreactive. 1Uis strong ard easy to mould or shape. Unfortunately,
utannum wears out easily

Stacnless steel is an iron alloy contawning chromium, molybdenum
and nickel. Le1s strong, easily worked and cheap to manufactuce, but hus
a tendency to corrode (rust). it has about the same tensile sireagth as
titanium alloys {960 MPa) but is denser—7.8 g/em?d compared with 4.5
glem? for utanium alioys.

Colalt alloys are more expensive than stainless steel, but more resis.
rant Lo corcoston Cobalt-chraomwm alloys are olten used as purt of a
tup replacement

Ceramics

China plates and cups, clay pots, and roof and bathroom tiles are
cormnon uses of cerarmics. Ceramics are also unportant bionuterals
because they are strong, nen-flexible, resist corrosion and have low
density They can be easily shaped when wet, but when they are
heated strongly they become permanently rigtd They are used in
dentistry as crowns [or teeth and to make [alse teeth. They are also
used for jowt and bone segment replacement and temporury bone
repur deyices. As they are biocompatible, ceramics may be used as
coatings for smplants made ol other materials that are less compatible
with the human body.

Sorue types ol glass and ceramics will form a strong chemical bond
with living bone. These materals are said to be bioactive. Reactions
between the ghass or ceramic implant snd surrounding body Guids
cause a biologicslly active layer to formy. This results in strang boondimy
betwesan the implant and bane.

However, biovactive glass 5 often not suituble to use m implants
where losd-bearing is needed as it cracks relatively casily. There are
stranger ceramic materials that are ot as bioaclive, but whose biouc-
tivity can be increased by altering the surface.

Plastics

Amazing advances in bionic medicine have oecurred following the
chiscovery of how tu make synthetic polymers. Scientists can now
create ‘designer plastics’ with very dillerent praperties for almost any
apphication.

Syathetic polymers that are used to repawe and enhance the human
budy inclade polyurethane, polypropylene and vylon. Whea choesing a
palymer o be used 1a the human body scientists need to consider 1
mechanical propecties—whether it is brittle or bends easily, whether
steetches and how strong it s, They also need to consider how it will
perform at body temperature (37°C), how tissues will react to it and
haw easy it is to make. Cost also must be taken into account.

Polyethylene

Polyethylene s one of the most useful plastics—it i used to muke an
enormous aumber of plastic stems such as plastic bags, chaldren's toys
and shampeo battles. Polyethylene can be a linear or a branched mal-
ecule. Linear polyethylene can be made with molecular weights of
three to six million and is then calied wltra-lngh malecular weight
pelyethylene, or UHMWYE. This can be used to make very strong
fibres (rensile strengeh 17 MPa) that are used in bullet-proof vests. [t
is used medically in making replacement joints such as hips and
knees. UFIMWEE is denser than normal pelyethylens, having a den-
sity of 0 95 giemd,

Like metals, UFIMWPE is resistant to abrasion and cutting, and s
also impact and corrosion resistant. [x is self-lubricating and slippery—
in fact, large sheets of UFIMWRE can be used to muke skating rinks. A
dissdvancage is that UHMWEE fibees tend to stretch under loads,
Processing conditions, stenfisation imethod and age can all aflect its per- |

Silicones

Silicones (polymers contaning the element sificon) con exist as wl

kquids or as nubber-hike substances You can buy sihcone senl:ulns ‘i['
hardware stores for use in sucking Liles onto walls and Roors S:iicm:r
1:ubhr:rs are very stable w many chermical reactancs und.m lreut
Silicone 1s not damaged by ozone or ultraviolet (UV) light, «r by the
ru.dluliun used to sterdise medical equipment It also hay a very long
life span—several hundeed years. A common use of silicones is ifx'
breass immplants, to restore the shape of breasts after SUTHEFY Of Lo
rake breasts look larger, und to replace cartilage 1n small joints (se

section 2.3) Silicone gl can also be used in padeled i:'rasJ Silieo c
are used mheat-resistant seaby and electrncal wmsulators 7 e
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Pelymethyynethacrylate (PMMA) [Perspex) bone cement, contact lenses, denliu

Pelytetralluaroethylene (PTFE) {Teflen) arlificial blood vessels and heart valves

formance (See Section 23, p 90 for more about the use of UFIMPWIE ) {
1
i

Palyurethane

Palyvinylchieride (PVC)

facial prosiheses

blood vessels, hearl components

Palydinethylsilosane (POMS) heart components, banes, joints

ratye
Potyesters kaee replacemenis

Hylons joints, bload vessels, kidney dialysis

FFotyelhiylene —uttraligh molecutar weight polyethylene
[UrmwpE)

hup and knee replacements

, Pulysiioxane (siticane) breast mmplants, fingec jonts



