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Purpose of the Class
To develop in the students a
familiarity with the uses of
materials in medicine and with the
rational basis for these applications.
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Introduction


The first clinical application of a ‘biomaterial’
-- In 1759, Hallowell united the edges of a lacerated
brachial artery using a wooden peg and twisted thread.

* Biomaterial science (as we know it today)
-- concerned with surgical implants and medical devices
+ the interaction with tissues they contact
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Introduction


Not practical until the advent of aseptic surgical
technique (Lister, 1860s)



Infection – implant can provide a region inaccessible to
the body’s immunologically competent cells

* Initial application of biomaterials Æ field of vascular
surgery


First vascular anastomosis (Eck, 1879)
- Ivory clamps (Gluck, 1881)
- Silk suture (Jassinowsky, 1889;
Jaboulay & Briau, 1896;
Dorfler, 1899)
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Introduction


In the late 19th century, major consideration was given to
the incorporation of synthetic materials into living tissues
Æ Majority of available products in use today were
developed only within the last 40 to 50 years
-- earliest successful implants & a large fraction of
modern ones
Æ Skeletal systems
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Introduction


Homograft material is in limited supply and tends to be less
reliable after prolonged periods of implantation. Therefore,
the idea of a synthetic device became appealing because:

1)

in ample supply

2)

available in various sizes and shapes

3)

easily stored

4)

resistant to mechanical failure

5)

advances in additional requirements and refinements:
e.g., ↑strength, modularity, ductility, conduction, corrosion
resistance, & shape memory
↓fatigability

* Further refinements Æ host response, biocompatibility, toxicity,
carcinogenicity, and inductive & inflammatory response
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Biomaterials
A.
B.
C.
D.

Naturally occurring
Polymers
Ceramics
Metals
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A. Naturally occurring


Relatively few materials:
- cellulose, catgut, ivory, silk, natural rubber, glass,
graphite, and various metals

* Catgut – early suture material (Lister, 1860)
* Celluloid plate – cranial defect repair (World War I)
* Natural rubber (Hevea brasiliensis tre)
– synthetic grafts (Horsley, early 1900s)
* Modified rubber (numerous processing changes in natural rubber)
- organ transplantation (heart, fallopian tubes, trachea, and esophagus)
- valvular replacement
- totally artificial heart (Atsumi, 1963)
- balloon catheter
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B. Polymers


Cellulose
- (a major structural component of plant) was used in the
development of the synthetic plastics (1890s)
ÆTrue beginnings of polymer science
- nylon (1st commercial plymer) (Edwards & Tapp, 1930s)



Polymerization technique (earliest)
- transform random structural arrangements of
noncrystallizable polymers into structures of high
chemical and geometrical regularity (Natta, 1954)
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B. Polymers


In 1950s, an explosive development in biocompatible
polymers:
- polyethylene
- terephthalate
- polytetrafluoroethylene (PTFE)
- polydimethylsiloxane (silicone rubber)
- polyacrylonitril
- polyamide
- polyvinyl alcohol
- polypropylene
- polyacetyl resins
- acrylate elastomeric rubbers
- polyurethanes
- polyhydroxylmethylmethacrylate
- polyalkyls
- cyanoacetyls
- polyelectrolyte complexes (PEC)
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B. Polymers
1.
2.
3.
4.
5.
6.

Polytetrafluoroethylene (PTFE)
Polymethylmethacrylate (PMMA)
Resins
Polyethylene
Polyurethanes
Silicone (Polysiloxanes)
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1. Polytetrafluoroethylene (PTFE)




PTFE was patented by Dupont (1937)
1938, knows as Teflon® (of the non-stick frying pan fame)
The characteristics of PTFE made it an ideal insulator
(Gore, 1958)
- electrical wiring of early computers
- PTFE-derived sealants (in both liquid and tape form)
(3M Co.)
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1. Polytetrafluoroethylene (PTFE)


Wide applications:
- repair of orbital floor fractures since 1956
- as a coating or leaflets of artificial heart valves (early 1960s)
- repair of a cardiac aneurysm (Stinson, 1969)
- further refinement as the major component of Proplast® (early
1970) Æ exclusive for implantation purposes



Stretch PTFE into expanded PTFE (ePTFE, Gore-Tex®)
Æ currently world-wide acceptance as a synthetic
vascular graft
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2. Polymethylmethacrylate (PMMA)







Repair cranial defects (World War Ⅱ)
Many dental procedures & manufacture of external
prostheses
Use in orthopedic surgery Æ femoral prosthesis (Judet, 1947)
A thoracic aortic replacement (canine model)
A corneal graft (1948)
- PMMA was the clearest available implantable plastic
Many widespread clinical use
Æ particularly in orthopedic applications
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3. Resins


Phenolic resins – one of the ‘pioneer’ plastics (Baekel in U.S.,
Swinburne in U.K., 1909)



Epoxy resins - first applied to treat bone fracture (Galovin,
1956; Block, 1958)
- used to encapsulate pacemakers (1960)
- aid in repair of intracranial aneurysms
- bone cements (Bloch, 1970)
- use as dental cements and in rhinoplasty
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4. Polyethylene


Manufactured from polymerization of ethylene gas



First introduced in 1939, two forms exist:
- Low density type (Imperial Chemical Industry, 1939)
- High density type (Ziegler of the Philips Petroleum Co., 1950s)



Use as bladder shell substitute (Tsulukidze, 1964)



Currently, limited to reconstructive plastic surgery
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5. Polyurethanes




Developed by Bayer in Germany in 1937
Original uses included surface coating, foams, and
adhesives
Ostamer (Salvatore & Manvarino, 1950s):
- a urethane prepolymer (+ catalyst Æ a rigid, open-pore type
structure)
- insensitivity to moisture Æ a long-term bioimplantable material
- not strong enough, little bone ingrowth, sub-optimal adhesion
characteristics

the Use of Polycarbonate-Urethane
in Orthopedic Implants
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5. Polyurethanes


Biomer (du Pont, 1960; Pierce, 1967)
- one of the earliest polyurethanes for biomedical use
- used in manufacturing implantable roller pumps, left ventricular
assist devices, and as a coating for early artificial hearts
- used in manufacturing catheters and intra-aortic balloon pumps
- used in anterior cruciate ligament repairs
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5. Polyurethanes


Used for manufacturing modern cardiac pacing leads
- high hemocompatibility
- low coefficient of friction, flexure endurance, and
mechanical strength



Polyurethane foams were used as surface modifiers
(e.g., coatings for breast implants) until April of 1991
Æ terminated by FDA of U.S.
(∵ These foams degraded into compounds
Æ induce liver cancer in laboratory animals)
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6. Silicone (Polysiloxanes)


Formed from base unit of polysiloxane



Inert, inorganic compounds used as both explants in many
different forms (from hard rubber to liquid crystal)



First developed at Corning Glass (1930s, during World War
Ⅱ) Æ liquid silicone (used as an insulator in transformers)



Used as an elastomeric baby bottle nipple Æ safe for
chewing, not deteriorate with repeated sterilization
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6. Silicone (Polysiloxanes)


‘Non-wetting’ Æ blood clotting time↑
(with a coating of silicone on contact surfaces)



One of the first true biomedical use
Æ liquid form injected into breasts of Japanese prostitutes during World
War Ⅱ to increase breast size
Æ development of lumpy, ulcerated, and scarred breasts due to migration
of silicone particles



First mammary prosthesis developed by combining rubbery and
liquid silicone (Cronin & Gerow, 1961) Æ a soft, firm gel wrapped in a
silicone polymer (a type of elastomer)
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6. Silicone (Polysiloxanes)
 Silicone foam was used in mammary augmentation

(Demergeian, 1963)


Silicone rubber rods were first used as joint prostheses
(1965)



Silicone heart valves were tested (1965) and initially rejected
Æ lipophilic quality of silicone Æ improved with the addition
of 10% more silica filler Æ↓blood liquid
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6. Silicone (Polysiloxanes)


Development of a left ventricular assist device utilizing
Silastic®-lined Dacron (Liotta, 1963) Æ taking advantage
of nonthrombogenic properties of Silastic



A Teflon fabric reinforced
with silicone rubber leaflets
– Gott butterfly valve (1964)
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Silicones now represent the most widely used
implantable synthetics:
1.

2.

3.

4.

5.

6.

Cardiovascular patient – extracorporeal circulation,
pacemakers, blood access tubing
Orthopedics – limited to tunneling for hand tendon
transplantation, finger, joint, and carpal bone
replacement, and silicone prostheses
Maxillofacial reconstruction - silicone onlays to
augment features, facial structural replacement
Soft tissue replacement or expansion Æ particularly
mammary augmentation
Genitourinary system – limited in penile and
testicular implantation (in solid or semisolid form)
Neurosurgery – drainage for hydrocephalic patient 24

6. Silicone (Polysiloxanes)
 However, they are also the most controversial of the

implantable materials concerning:
- lack of reactivity
- nontoxic to adjacent biologic structures
- not evoke an immunologic reaction
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Medical grade silicones are in one of two forms:
1. Heat Vulcanizing (HV silicone) form
– essentially the transformation from a liquid to a solid
2. Room Temperature Vulcanizing (RTV silicone) form
– used to reconstruct certain delicate structures by
forming a quick mold

HV silicone

RTV silicone
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7. Nylons




First man-made suture material developed (1941)
A nylon net for support of arterial defects (Vargas &
Deterling, 1953)
As an implantable material Æ its durability for
prolonged periods was questionable
Æ early loss of tensile strength (100 d later, loss up to 81%)
(Morris, 1962)
↔ Dacron® (loss only 7 to 10%)

nylon

Dacron
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C. Ceramics
- One of the oldest artificially produced materials (for
sewage systems) Æ not considered in implantation
until 1960s

- First clinical application:
plaster of Paris (a casting material)

28

Implantable ceramics are grouped into four categories based on
their biological behavior in certain environments:
1. Carbon-containing ceramics
– completely inert, used in bone, soft tissue, and blood

2. Bioinert ceramics
- including various oxides, nitrides, and carbides of the base metals
Æ used in dense and porous forms, usually having good wear,
and being excellent for gliding functions
Æ primary clinical use is for implantation in bone
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3. Bioactive ceramics
– including glass, glass-ceramics, and calcium phosphate-based
materials
Æ able to provoke surrounding bone and tissue responses
Æ advantageous for anchoring an implant or reducing its stress
Æ successfully used as coatings, continuous layers, and as
embedded particles in orthopedics and dental surgery
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4. Biodegradable ceramics
– including calcium phosphate-based ceramics in different
modifications and the more historic plaster of Paris
Æ Different from bioactive ceramics in two major ways:
1. More soluble
Æ degraded and absorbed by surrounding tissues
2. Porous structure
Æ stimulate bone ingrowth
Æ offer good potential to fill or bridge bony defects
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D. Metals
1.
2.

Pure Metals
Alloys
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1. Pure Metals


The noble metals – gold, silver, and platinum – enjoyed early use
Æ∵ tissue compatibility & corrosion resistance









gold plates used to repair cleft palates (1565) Æ limited by lack of
strength
metal ligatures of silver, gold, platinum, and lead (Levert, 1829)
aluminum plates used to cover skull defect (Elsverg, 1908)
silver clips used to control bleeding in cerebral tumors (Cushing, 1911)

Brass and copper exhibited greater strength Æ however, prone to
corrosion and lacked adequate tissue compatibility
The first application of metal screws and plate for fracture fixation
Æ over 100 years ago (Hansmanu)
Titanium – initially used during World War II for airplane and
aerospace devices Æ the only new metal introduced since 1940 Æ
use in pacemaker cases, heart valve cages, orthopedic applications,
manufacture of numerous alloys
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2. Alloys








The most common clinically applied metal alloys
– iron, titanium, and cobalt-based alloys
Structure of an alloy determined by
– chemical composition & manufacturing process
The longest clinically utilized implant alloys
– derived from wrought iron-chromium-nickel-molybdenum
stainless steel
The alloying of chromium to cobalt was developed by
Haynes (1920s)
Æ ↑corrosion resistance, ↑strength, ↑fatigability
Vitallium (Co-Cr-Mo alloy) (1936)
– corrosion resistant, completely inert in the body, & enjoyed
early clinical application as an alternative to gold alloys
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2. Alloys


The most interesting alloy Æ steel
- steel-pointed silver pen to close wounds (Dell, 1804, first use)
- steel screw (Lane, 1883), stout steel plate made of high carbon
steel (Lane, 1914) for fracture fixation



Further development of implantable alloys came with
Xierold’s comparative analysis of available metals and alloys
in 1924:
- discoloration with Cu, Zn, Ni, steel, Mg, Fe & Al alloys
- no discoloration with Au, Ag, satellite (a co-based alloy), Pb or Al
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2. Alloys
•
•
•
•

•
•

Au & Ag
– too soft and weak
Cu
– stronger but lack biocompatibility
Pb
– too soft and toxic
Al
– lack adequate biocompatibility and
actually disintegrated
iron steel
– lack corrosion resistance and dissolved rapidly
satellite
– a superior material but not ultimately applied at this time
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2. Alloys






Stainless steel
- 18% Cr, 8% Ni, 2-4% Mo
- substantially improved corrosion resistance
Tantalum
- Burch & Carney, 1938
Æ exhibited no corrosion but was weak
Æ limited in neurosurgical and plastics procedures
The most suitable stainless steel for biomedical applications
- composed of Mo & Ta
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2. Alloys


Four main classes of stainless steel:
- series 100, 200, 300 and 400
- all produced by alloying Æ combining iron with varying
concentrations of other elements (Cr, Ni, Mo, Mg, C)
- a high amount of Cr Æ a relative resistance to corrosion,
although some loss of strength



Type 316L stainless steel (patented in 1913)
- belongs to 300 series
Æ the austenitic class and the type
most often used in modern
biomaterial applications
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