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From the Column Editor,

lthough Dr. San Baw devel-

oped and designed his own

ivory hip arthroplasty pros-
thesis, he was not the first to use ivory
for this procedure. Prof. Themistocles
Gliick used an ivory ball and socket
joint to replace the femoral head of a
patient in Germany in 1891—its ear-
liest known use. In 1927, Dr. Ernest W.
Hey Groves replaced the femoral head
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is one of the last individuals fitted with a
functioning ivory hip replacement.
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in an ankylosed hip with a stemmed
ivory head replacement—a design
similar to contemporary hip resurfac-
ing prostheses [1, 3, 7]. But unlike
Prof. Gliick and Dr. Hey Groves, Dr.
San Baw and his team continued to use
ivory materials  throughout their
careers. In fact, more than 500 hand-
made ivory hip replacements were
successfully implanted in Burma
between 1960 and 1995 by Dr. San
Baw and his successors. Remarkably,
Bartek Szostakowski and his team from
the Royal National Orthopaedic
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Hospital in the UK believe they may
have found the last remaining patient
fitted with a functioning ivory hip
replacement.

For a unique view of an otherwise
standard procedure, take the time to
read this month’s ArtiFacts.

During his postgraduate training in
orthopaedics at The University of
Pennsylvania in the mid-1950s, Dr.
San Baw considered using elephant
ivory for hip replacements. Born in
Tapon in the Tharawaddy District of
Burma (now Myanmar), and trained in
general and orthopaedic surgery at the
Rangoon General Hospital in Burma,
he presumed that ivory, apart from
having better biologic properties
compared to metal alloy, would also be
cheaper and easier to obtain in Burma.

Why Ivory?

Ivory is durable, can easily be carved,
and rarely splinters, making the mate-
rial quite suitable for a hip prosthesis.
The main component of ivory is den-
tine, an inorganic calcified tissue made
from dentinal tubules embedded in a
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mineralized collagen matrix [2]. Ivory
also contains cementum, a thin surface
layer of bony material [4, 5]. Function-
ally, the orientation of microlaminae
and dentinal tubules may offer resis-
tance to lateral stress from bending, in
addition to resistance to axial com-
pression [4].

In 1957, as Head of the Department
of Orthopaedic Surgery at the General
Hospital in Mandalay, a teaching hos-
pital in the second-largest city in
Burma, Dr. San Baw and his team
began investigating the physical prop-
erties of ivory. Various mechanical
tests indicated that ivory was weak in
shear, strong in compression perpen-
dicular to the grain, and most durable
in compression parallel to the grains.

Fine Craftsmanship

Dr. Khin Maung Tu, a former assistant
of Dr. San Baw, wrote in his 1972
dissertation that Dr. San Baw designed
his novel ivory hip specifically for
patients with longstanding nonunions
of displaced femoral neck fractures,
ankylosing spondylitis, and avascular
necrosis. His designs were based on a
Thomson hemiarthroplasty, but with
major modifications to the stem, and
later, to the head and neck junction. A
craftsman who specialized in ivory
carving shaped each hip replacement
from the long axes of ivory tusks

harvested from Burmese elephants that
died naturally [7].

The first designs had solid, rounded,
and serrated stems, but when they were
exposed to static compression load
tests in ex vivo conditions, the pros-
theses often fractured about 1 inch
below the collar, and at an average
load of 1848 pounds per square inch
[7]. According to another assistant,
Prof Kyaw Myint Naing, Dr. San Baw
and his team designed a thicker and
straighter design without serrations
(Fig. 1), which improved the strength
of the ivory prosthesis.

Each hemiarthroplasty was steril-
ized by immersion for 12 hours to 24
hours in Hibitane (Chlorhexidine) or
Cetavlon (Cetrimide) and washed with
sterile saline solution  before

implantation, according to Dr. Khin
Maung Tu’s dissertation.

Government Funding

In 1960, Dr. San Baw used his ivory
prosthesis for the first time, replacing
the ununited femoral neck fracture of
an 83-year-old Burmese Buddhist nun
[7]. According to Prof. Kyaw Myint
Naing, Dr. San Baw generally used a
Southern (posterior) approach to the
hip, initially popularized by Austin T.
Moore [8]. The femoral canal was
prepared with the help of an arthro-
plasty set imported from the United
Kingdom. Within 2 weeks of surgery,
his first patient could mobilize without
pain with the help of two crutches [7].

Fig. 1 Serrated designs of the ivory hip replacement and a nonserrated version with
thicker stem and collar is shown (Published with permission from Bartek Szostakowski MD).
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For the next 5 years, Dr. San Baw
used his own finances to fund his ivory
hip project. But in 1965, with his
resources dwindling, he sought the
support of the Burmese government.
Recognizing the procedure’s suc-
cesses, and in the interest of scientific
research, the Burmese government
decided to support the procedure
financially, giving Dr. San Baw the
necessary funding to fit more than 100
Burmese patients from ages 24 to 87
with an ivory replacement. From 1969
to the time of his retirement in 1980,
an additional 200 to 300 hip prostheses
were implanted [7]. After recovery,
most patients could perform everyday
tasks like walking, squatting, and even
playing sports.

According to Prof. Kyaw Myint
Naing, Dr. San Baw experimented
with ivory and manufactured other
implants such as phalangeal prosthe-
ses, total elbow arthroplasties, cup
arthroplasty, THAs, ivory plates,
screws, Rush pins, and even a scaphoid
prosthesis.

When he studied ivory stems from
patients who died, Dr. San Baw found
that the bone and ivory were fused
together by a well-defined fibrous
layer. In fact, in some areas, bone had
incorporated into the ivory. According
to his assistants at the time, the bond-
ing could have been a sign of creeping
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substitution, a well-known process of
bone remodeling most often seen dur-
ing bone graft incorporation. This
process is usually associated with near-
complete resorption of graft materials,
with simultaneous deposition of new,
viable bone.

The nature of this particular bio-
logical bonding had not been
previously described or confirmed.
Careful examination of radiographs

and CT scans suggests that the implant
structure was not destroyed by
resorption, even after many years from
initial surgery [6, 7].

The Last Patient with an Ivory
Prosthesis?

In our tribute to Dr. San Baw on the
30th anniversary of his death, we

Fig. 2 A lateral view of the left hip shows the ivory hip replacement of a 93-year-old female

patient at 20 years postimplantation.
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Fig. 3 An AP view of the 93-year-old patient shows an Austin Moore prosthesis implanted
in the right hip. The left hip indicates an ivory hemiarthroplasty.

Bone Bone

Fig. 4 Axial CT section showing the ivory hip stem on the left femur. Please note the high
level of osseointegration between the ivory prosthesis and bone after 20 years. An Austin
Moore hemiarthroplasty stem can be seen in the right femur.

concluded: “We do not know how
many Burmese with ivory prostheses
are still alive. As of 1969, the youngest
of Dr. San Baw’s patients was aged 24
when the hip replacement was done
and since Dr. San Baw undertook
ivory hip replacements until about
1980, we estimate there could be up to
a dozen or even more Burmese alive
with ivory hip prostheses” [7].

Following the publication of our
tribute, Dr. San Baw’s son, found the
individual whom we believe is the last
remaining patient fitted with a func-
tioning ivory hip replacement: A 93-
year-old woman from Burma. In 1994,
the then-72-year-old patient fractured
the neck of her left femur. Dr. Baw’s
former assistant, Prof. Meik, per-
formed an ivory hemiarthroplasty
(Fig. 2) at Mandalay General Hospital.
In October 2014, the patient fractured
her right hip and received an Austin
Moore prosthesis at a local hospital in
Burma (Fig. 3). According to the
patient and her family, she had been
using her ivory hip without limitation
for those 20 years (Fig. 4).
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