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We will see that in the beginning of the modern era
of biomaterials and implants:

• Surgeons were the innovators in the 1940s-50s.

• They soon realized they needed help, and got it from 
materials scientists and engineers in the 1960s to 1980s.

• The materials engineers soon realized they needed help, and 
got it from biologists in the 1990s, and that continues today.
Indeed, BIOLOGY is the driving force in our field today.

Here are some stories of how the earliest implants and devices 
were developed…..



What are the earliest known uses of biomaterials?

• Ancient Egyptians and Greeks used gold in dentistry.
• Around the time of Christ: Camel caravans used copper IUDs.
• 600 AD: Mayans used sea shells (nacre) as teeth implants.
• 1400S-1500S: Da Vinci and Galileo study “biomechanics” in Italy.
• 1600s-1900s: Iron was used in suits of armor and this led to its use in 

orthopedic supports.  
• 1770s: George Washington, first President of USA, had a wooden tooth.

In WORLD WAR II, many new materials were developed--> polymers.

• 1940s: Kolff in The Netherlands develops artificial kidney using sausage casing.
• 1940/50s: Ridley in UK develops PMMA intraocular lens (IOL).

Wichterle in Prague develops PHEMA soft contact lens.
Failure of parachute Nylon® and Teflon® as vascular grafts 

leads DeBakey, Cooley, etc. in USA to develop Dacron® grafts. 
• 1950/60s: Charnley (with Smith) develop the artificial hip in UK using

Stainless® Steel, PE and MMA/PMMA as bone cement.
• 1960/70s: Kolff,  Nose, Akutsu, etc. in USA and Japan develop 

LVADs and artificial heart.
Yannas and Burke in USA develop collagen/chondroitin sulfate

artificial skin for burn dressing.
• 1950/70s: Silicone injections (Japan) led to silicones in breast implants (USA).
• 1970-80s: Schmitt and Frazza in USA develop PLA degradable suture.
• 1980/90s: Branemark in Sweden discovers that bone binds to Titanium surface.

Hench in USA develops ceramic glass the bonds to bone.
Bottin in France develops alumina hip joint femoral head and cup.





Perhaps 
Leonardo 

was the first
bioengineer!
(1452-1519)



Leonardo made many detailed anatomical 
drawings. The cadavers he used in these 

observations were often stolen from a nearby 
morgue.
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Common Medical Implants

Hip joint Artificial heart Intraocular lens (IOL)

Medical implants save lives, improve quality of life -- but there are problems

Slide from Buddy Ratner





IN VIVO IN VITRO



DIALYSIS
and

THE ARTIFICIAL KIDNEY



Willem Kolff, M.D.

He invented the
artificial kidney

and has been a pioneer in the 
development of

the artificial heart.
He is called the

“Father of artificial organs”

At some moment in The Netherlands 
during World War II, he got the idea of 

the artificial kidney……



The Kidneys
One  major function of healthy 
kidneys is removal of the end 
products of protein metabolism. 
Every 24 hrs. they must remove:

~15 g of urea
~ 3 g of creatinine
~ 1 g of uric acid

• The kidneys also balance 
electrolytes, remove fluid, and 
produce several hormones.

Mannekin-Pis
Brussels, Belgium



Schematic of the operation of an artificial kidney dialyser



Separation of molecules on the basis of size by dialysis 



Kolff Dialysis in The Netherlands circa 1940s



Willem Kolff, MD,and the washing machine dialyser
(Cleveland Clinic, 1950s)



Dr. Belding Scribner, M.D. 
University of Washington, Seattle, 1950/60s



The Quinton-Scribner shunt circa 1950s-1960s

Teflon® tubing



The hollow fiber artificial kidney (HFAK) with
Cellulose Acetate hollow fibers, circa 1970s-1980s





Schematic operation of HFAK



HOLLOW FIBER MADE OF 
CELLULOSE ACETATE



This is the polymer used
to form thin skin, hollow
fibers for the HFAK.



THE INTRAOCULAR LENS (IOL)
AND THE CONTACT LENS





During the Second World War, the British
opthalmologist Harold Ridley encountered several 
fighter pilots  who had eye injuries caused by small 
plastic pieces from shattered cockpit windows. They 
did not inflame the eye and were not rejected. From 
these observations, Ridley got the idea of replacing a 
lens suffering from cataracts with a plastic lens, and on 
29 November 1949 he performed the first intraocular
lens (IOL) implantation at St Thomas's Hospital.





PMMA lens

PP
“haptic”



Uses
The hard contact lens,
the IOL and bone and

dental cement





The hard contact lens...PMMA. 
A biomedical engineering success 
story!

The soft contact lens….PHEMA.
A biomedical polymer chemistry 
triumph!



Elsewhere in the 1950s, a Czech polymer chemist named Otto 
Wichterle was working in his kitchen at home to polymerize a 
new monomer that he had synthesized in his Institute at work.  
It was HEMA, or hydroxyethyl methacrylate, and he had the 
idea to make it into a hydrogel, which he thought should be a 
more “compatible” contact lens than the hard contact lens, 
PMMA.  PHEMA became the first “soft” contact lens, Prof. 
Wichterle patented and licensed it, and he became the richest 
man in Czechoslovakia.



Uses
The soft contact lens





THE ARTIFICIAL HIP

























Metals may be Stainless Steel, Co-Cr alloy, and Titanium

Al2O3, a ceramicPE





Zimmer porous metal 
Co-Cr hip prothesis



Composition
• Porous Ti fixation surface
• Co-Cr-Mo core
• Poly(aryl-ether-ketone)

(PAEK) matrix

• Implant is designed to have 
a similar density to bone.

Zimmer Epoch® Femoral Stem Implant

--O----C--

O

--C--)--

O

(--O----





SILICONE IMPLANTS:
A case study involving polymer scientists, 

medical doctors, patients, lawyers, 
judges, politicians and the FDA.



























After many huge payments to lawyers 
and their clients,

and

much additional biological and 
physiological testing,

there is no valid scientific evidence to 
show that silicone breast implants cause 

auto-immune disease or any other 
dangerous condition. 

Conclusions







DEGRADABLE POLYMERS
FOR USE AS SUTURES

AND IN DRUG DELIVERY





Vicryl® (PGA) after 7 days in rat muscle



Vicryl® (PGA) after 56 days in rat muscle





VASCULAR GRAFTS



Common sites
of thrombus
deposition



Dr. Michael E. DeBakey, M.D. Dr. Denton A. Cooley, M.D.

Drs. DeBakey and Cooley, world famous surgeons, were pioneers
(and competitors) in the development of Dacron® vascular grafts.







Uses
Vascular grafts,
Implant fixation

(e.g., sewing rings)
Ingrowth felts



In the early days, woven Teflon® was used as a
vascular graft.  It was not strong enough and often
burst under the blood pressure.  Later, expanded
Teflon® or e-PTFE has been successfully used as
a vascular graft.  It is widely known as Gore-Tex®.

--(-CF2-CF2-)x--

Poly(tetrafluoroethylene)
Teflon®

A highly symmetrical chain,
but very stiff, so it is both

crystalline and high melting (327°C)





Common sites
of thrombus
deposition





Thrombosed small diameter Dacron vascular grafts



ANGIOPLASTY
AND 

STENTS



Angioplasty in action:
Balloon and stent on catheter arrive at site of blockage.



Balloon and stent partially expanded



Balloon is inflated, expanding stent
and compressing blockage



Balloon is deflated, catheter is removed,
leaving stent behind to maintain patency.



Stent before and after expansion



LVAD ASSIST DEVICES
AND 

TOTAL ARTIFICIAL HEART







Willem “Pim” Kolff

Inventor of the
artificial kidney

and a pioneer in
development of

the artificial heart



Evolution of the Total Artificial Heart

Kolff
1958

Kolff
1965

Liotta        
1969

Jarvik 
1982

Abiomed
2001

PVC Silicone 
Rubber

Lycra 
Spandex

Purified
TPU

Courtesy of Bob Ward











Thrombus on outlet from valve in Jarvik TAH

ASU Hospital
Tuscon, AZ











THE “MIRACLE” MATERIAL:
TITANIUM

Some time in the 1980s, Branemark in 
Sweden noticed that titanium metal nails 
could not be easily removed from bone. 

This has led to the widespread use of Ti in 
dental and orthopedic implants.  We are 
still trying to understand why Ti bonds so 

well to bone.



Titanium
Dental
Implant



BEFORE



AFTER



HEART VALVES



Three Star-Edwards (“surgeon-company”) 
silicone ball-in-cage heart valves



Natural pig valves and pericardial tissue valve



Pyrolytic Carbon® 
heart valves:

(one ball-in-cage and 
three tilting disc valves) 



BLOOD OXYGENATORS



Various designs of blood oxygenators



HOLLOW FIBER
MEMBRANE BLOOD

OXYGENATOR
(Uses porous PP

hollow fibers)



Evolution of Tissue Engineering

Implantation of
cells encapsulated

in polymer
(“bioartificial organ”)

Extracorporeal
treatment (+/- cells)

Transplantation 
(if organ available)

Organ injury,
disease or failure

Synthetic implant
(if available)

Implantation of
biocompatible
scaffold + cells

(“tissue-engineered”
tissue or organ)

Tissue injury,
disease or failure

New tissue or organ









Evolution of Tissue Engineering

Implantation of
cells encapsulated

in polymer
(“bioartificial organ”)

Extracorporeal
treatment (+/- cells)

Transplantation 
(if organ available)

Organ injury,
disease or failure

Synthetic implant
(if available)

Implantation of
biocompatible
scaffold + cells

(“tissue-engineered”
tissue or organ)

Tissue injury,
disease or failure

New tissue or organ

Synthetic polymers such as 

PLGA, PHEMA and PEO, and 

natural polymers such as 

collagen, fibrin, silk fibroin, 

alginates, dextran and 

hyaluronic acid are currently

being investigated as 

biocompatible scaffolds.





At 91, he’s still 
working on ways to 
save lives

Dr. Willem Kolff has 
helped save millions of lives with 
his invention of the kidney-dialysis 
machine more than 60 years ago.  

But at 91, the recent 
winner of a prestigious Lasker 
Award for medical research, is 
pushing his most recent invention. 
This time it’s a portable artificial 
lung.

Bill Bergstrom in
The Seattle Times, Nov. 3, 2002



Seattle, Washington is
one of the most beautiful and colorful 

cities in America.  Come and see for yourself!

Seattle is green for trees (and for $ from Boeing and Microsoft), brown for 
Starbucks coffee, blue for water (rivers, lakes, ocean…..and rain, very well
red (for all the books we read) and purple and gold for the University of 
Washington!!




