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HEAVY METALS:

METALLURGY

PRIMER

AS ROBOTICS BECOME INCREAS-
INGLY PREVALENT IN SURGERY,
THE SURGICAL TECHNOLOGIST
WILL COME IN CONTACT WITH
MORE AND VARIED TYPES OF SUR-
FACES. MANY OF THE PROPERTIES
OF THE METALS THAT ARE COM-
MONLY USED IN THE OPERATING
ROOM AND THE RELATED TERMI-
NOLOGY ARE OFTEN LITTLE

UNDERSTOOD BY THE SURGICAL

Teri Junge, cst/cea

TECHNOLOGIST. THIS ARTICLE
PROVIDES BASIC COMPOSITION
AND PERFORMANCE INFORMA-
TION ABOUT SOME OF THE MORE
COMMONLY USED TYPES OF FER-
ROUS METALS AND THEIR ALLOYS,
AS WELL AS A GLOSSARY CON-
TAINING RELATED TERMS AND

THEIR DEFINITIONS.
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Properties of metals

Metallic elements are located on the left side of
the periodic table (Table 1) and are separated
from the nonmetals by a diagonal line of ele-
ments that exhibit both metallic and nonmetal-
lic qualities. The elements creating the separation
are boron (B, 5), silicon (81, 14), germanium (Ge,
32),arsenic (As, 33),antimony (Sb, 51), tellurium
(Te, 52), polonium (Po, 84), and astatine (At, 85).

Although there is great variation from one
metal to the next, most metals are strong and resis-
tant to various stresses. Metals are rated according
to their ductility, elasticity, fatigue resistance, hard-
ness, inertness, malleability, tensile strength, and
resistance to abrasion and corrosion.

Very few metals, such as gold (Au, 79) and
platinum (Pt, 78), are found in their pure state;
the rest must be refined prior to use.

Most metals are cationic, meaning that they
are positively charged, and are capable of donat-
ing electrons. Most nonmetallic elements are
anionic, meaning that they are negatively
charged, and are capable of accepting electrons.
The exchange of positive and negative electrons
sets up the potential for chemical reactions to
occur that are capable of changing the properties
of the element.

Corrosion

Corrosion is a complex chemical or electro-
chemical reaction that occurs when a metal is
exposed to another element capable of causing
oxidation. Corrosion of medical devices occurs
from exposure to dissimilar metals (electrolytic
reaction), the atmosphere, body fluids, irrigation
fluid, and the presence of foreign bodies. Fret-
ting corrosion occurs when abrasive wear is
accompanied by corrosion. Formation of rust on
iron is probably the best-known example of cor-
rosion. Three methods are used to prevent cor-
rosion of metallic devices.

1. Analloy is used that is resistant to corrosion.

2. A coating, such as nitric acid, is used to form
a protective oxide on the surface.

3. Animpermeable coating is applied to prevent
oxidation.
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Electrolytic reaction

An electrolytic reaction, sometimes referred to as
the battery effect, is an unfavorable electrochem-
ical reaction resulting in corrosion of a metal or
tissue destruction within the body. An electro-
lytic reaction can occur with implantation of a
single metal simply from exposure to saline solu-
tion or oxygen. However, an electrolytic reac-
tion most often occurs due to implantation of
two or more different kinds of metal. Biocom-
patible metals must be used to prevent elec-
trolytic reactions in the surgical patient. For
example, stainless steel alloys can be combined
with themselves and with each other. The same is
true for titanium- and cobalt-based alloys; how-
ever, they cannot be combined with stainless
steel alloys.® Note: When implanting metallic
devices, related instrumentation and suture mate-
rial must be of the same type of metal to prevent an
electrolytic reaction.

Stainless steel

Carbon steel is made from refined iron (Fe, 26)
ore and varying amounts (up to 0.8 %) of car-
bon (C, 6) and approximately 0.5 % manganese
(Mn, 25). Carbon steel is highly susceptible to
corrosion. Stainless steel, which is resistant to
corrosion, is manufactured by adding a mini-
mum of 10.5 % chromium (Cr, 24) to carbon
steel. Elements, such as nickel (Ni, 28), may also
be added to improve corrosion resistance. Other
elements may be added to increase tensile
strength. Stainless steel is recyclable.

Stainless steel was invented by Harry Brearley,
an English metallurgist, in 1913. Brearley was
experimenting with an alloy that he thought
would be more resistant to erosion, when, by
chance, he discovered its anticorrosive proper-
ties. The alloy revolutionized the cutlery indus-
try and was quickly adopted by emerging aircraft
manufacturers.*

Stainless steel has many applications related
to the medical field. Not only is stainless steel
resistant to corrosion, but it also has several
other qualities that make its use desirable. Med-
ical equipment, such as patient beds, OR tables,
stretchers, and cabinets have long been manu-




factured from stainless steel because of its
hygienic, easy-to-clean qualities and aesthetic
appearance. The fact that stainless steel does not
shed particles or absorb liquids makes it ideal for
use in the preparation of pharmaceuticals.

Surgical instruments made from stainless
steel are light weight and several finishes
(ebonized, mirror, or satin) are available. Its
strength and resistance to fatigue make it an
ideal candidate for medical implants, such as
artificial joints and internal fracture stabiliza-
tion devices. Stainless steel is considered the
most inert of all currently available suture mate-
rials.!

Chromium

Chromium (Cr, 24) was discovered by Louis
Nicolas Vauquelin, a French chemist, in 1797.
Chromium is used primarily as an alloy, replac-
ing iron or aluminum in some metals, providing
strength, hardness, and corrosion resistance.
Chromium gets its name from the Greek “chro-
ma” meaning color, because various chromium
compounds feature unique colors.?

Cobalt

Cobalt (Ce, 27) was discovered by George
Brandt, a Swedish chemist, in 1735. Cobalt is
found in the earth’s crustal rocks and is primari-
ly used for making alloys such as cobalt chromi-
um and vitallium. Cobalt-60 is a radioactive iso-
tope of cobalt that is a principle source of
gamma radiation used for industrial steriliza-
tion. Cobalt-60 is also used in nuclear medicine
to help diagnose and treat malignancies.?

Mercury

Mercury (Hg, 80) has been known to man since
ancient times and is named after the Roman god
Mercury. Its symbol on the periodic chart is
derived from the Latin word hydrargyrum,
which means liquid silver. Mercury is the only
metal commonly found in the liquid state at
atmospheric temperatures. In the past, mercury
has been used in thermometers, sphygmo-
manometers, and dental fillings. Because mer-
cury is a poison that can be absorbed through
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the respiratory and gastrointestinal tracts and
through intact skin, its medical use has dimin-
ished in recent times. Mercury is still widely used
in industrial settings, and pollution of lakes and
rivers from industrial waste remains a problem.?

Titanium

Titanium (Ti, 22) was discovered by William
Gregor, a British clergyman, in 1791. It was orig-
inally found in the mineral menachanite and
was named menachite. In 1910, the element was
rediscovered in the mineral rutile by German
chemist Martin Heinrich Klaproth. Because of
its strength, Klaproth named the element tita-
nium in reference to the Titans in Greek

mythology.®

Vitallium

Vitallium was first patented by in Germany by
Reiner W Erdle, a dental technician, and his
brother-in-law Charles H Prange, an engineer
and businessman, in 1933. Vitallium is an alloy
consisting of cobalt, chromium, tungsten, and
small amounts of carbon, manganese, and nick-
el. The alloy was first used in the manufacture of
dental appliances. When vitallium was found
resistant to the hostile saline environment with-
in the human body, it was considered for ortho-
pedic use. In 1936, following experiments on
dogs, WG Stuck, an orthopedic surgeon in San
Antonio, Texas, implanted the first vitallium
alloy to stabilize a fracture, without evidence of
corrosion or tissue reaction. A subtle change in
the formula for vitallium was made in 1936 to
increase its strength and ductility without dis-
turbing its other properties. Vitallium continues
to be used as dental and orthopedic implant
material.”

Conclusion

An understanding of metals and their proper-
ties applies to many aspects of the OR, including
asepsis, instrumentation, sterilization, and
implanted materials. As more technology is
introduced into this setting, this knowledge will
become even more valuable to the surgical tech-
nologist.
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Related Terminology

Abrasion—to roughen or remove by friction; erosion.

Alloy—a substance composed of two or more metals;
orasubstance composed of a nonmetal and a metal such as
carbon.

Amalgam—an alloy that contains mercury.

Axial tension—stress or force applied to the long axis
of an object.

Cast—to form an object by pouring into a mold.

Compression—stress or force applied in an attempt
to press together or condense an object.

Corrosion—disintegration of the texture or substance
of anitem by a destructive agent.

Ductility—a metal’s ability to be stretched into wire.

Elastic limit—maximum strain that can be applied to
an object that will allow it to resume its original shape.

Elastic strain—stretch applied to an object that pro-
duces a linear slope (bend), but allows the object to return
toits original length (shape) when removed.

Electrolytic reaction—an unfavorable electrochem-
ical reaction (resulting in decomposition) that occurs due to
implantation of two or more different kinds of metals.

Ferrous—containing iron.

Force—energy or power exerted on an object to
either initiate or arrest movement. The metric measure of
force is the newton. One newton equals 0.225 pound of
force.

Forge—to shape a metal by heating it and then beat-
ing or hammeringitinto shape
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