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xenograft risks: What you and your patients
need to know
michael e. Trice, md

cross-species Tissue TransplanTaTion
presenTs disTincT cHallenGes

attempts at xenograft transplanta-
tion (the transmission of living
organs, tissues, or cells from one
species to another) were first
performed in the early twentieth
century. Today, the relative
shortage of human organs and
tissue available for transplantation
has amplified interest in xenografts
as alternatives to human-tissue
transplants.

although the obvious advantage
of xenotransplantation is the
almost infinite amount of
nonhuman animal tissue that
might be considered for transplan-
tation, its major disadvantage is
the risk of cross-species disease
transmission. because xenograft
tissue is being increasingly used for
both routine and complex
orthopaedic procedures (Fig. 1), a
basic understanding of xenografts
may be important to today’s
orthopaedist. orthopaedic
surgeons should be able to answer
the following three questions:
• What is an orthopaedic

xenograft?
• What role do xenografts play in

current orthopaedic practice?
• What are the unique safety risks

of xenografts?

What is an orthopaedic
xenograft?
The u.s. public Health service has
defined xenotransplantation as
“…any procedure that involves the
transplantation, implantation, or
infusion into a human recipient of
either (a) live cells, tissues, or
organs from a non-human animal
source or (b) human body fluids,
cells, tissues or organs that have
had ex vivo contact with live non-
human animal cells, tissues, or
organs.” This definition, which
restricts xenotransplantation to
“live” products, is probably
misleading. many orthopaedic
xenografts are not living tissue, but
they share features of xenotrans-
plants of live tissue, particularly
some unique safety risks.

The u.s. public Health service
defines live cells, tissues, and
organs as xenotransplantation

products; nonliving tissue trans-
plants are called xenografts. From
a practical standpoint, today’s
orthopaedist is most concerned
with xenografts.

What role do xenografts
play?
allografts, now a mainstay of
surgical intervention in many
subspecialty orthopaedic practices,
are increasingly used in general
orthopaedic applications. in
contrast to a relative shortage of
allograft tissue, virtually an infinite
amount of xenograft tissue is avail-
able. This availability has been the
basis for the rapidly developing
xenograft market.

xenografts are often used as
scaffolds and are thought to allow
for ingrowth, and sometimes
replacement, by host tissue while
also providing structural support
for deficient tissue. Table 1 summa-
rizes some of the current products
and their proposed indications.

The role of these products has
yet to be defined. although
xenograft availability and use in
orthopaedic procedures have
increased dramatically, outcomes
data are scarce. some early reports
on orthopaedic xenograft efficacy
have yielded mixed reviews. Which

xenograft products, if any, are best
suited for orthopaedic applications
remains to be seen.

perhaps the most important
thing the orthopaedist should
know about these products is that
many types are now available
commercially and may be on
supply room shelves. The
orthopaedist should take care to
distinguish xenografts and allo-
grafts because although the differ-
ence may not always be obvious,
the distinction is important due to
the unique risks for infection posed
by xenograft products.

What are the unique safety
risks of xenografts?
cross-species tissue transplantation
presents challenges distinct from
those of allograft tissue transplan-
tation. The risks of infection that
plague all transplants are
compounded by the unique risks
posed by zoonoses, infectious
diseases that may be passed across
species lines from animals to
humans.

Zoonotic disease can cause
public health problems, such as
lyme disease, in the general popu-
lation, but the breaches of normal
host defenses inherent with xeno-
transplantation may enable agents

formerly incapable of causing
infections in humans to do so.
such infections have been termed
“xenozoonoses.”

xenozoonoses are of special
concern because the pathogens
that cause clinical disease in other
animals might cause similar disease
in humans. in addition, pathogens
that do not cause clinical disease in
other animals might do so in
humans because species lines have
been crossed. diseases crossing
species lines may become transmis-
sible in other ways from human to
human, which would increase the
public health risk exponentially.
For example, the human immun-
odeficiency virus (HiV) is thought
by some to have crossed species
lines from nonhuman primates to
become a global pandemic.

potential xenozoonotic infec-
tions in orthopaedic surgery can be
divided into the following three
basic categories: viral infection,
prion-mediated infection, and
bacterial infection.

Viral infection
nonhuman sources of viral disease
transmission are well documented
in the literature, and the risk of
cross-species disease transmission
with the use of orthopaedic

Product (manufacturer) Product composition Indications (as reported
(as reported by the manufacturer) by the manufacturer)

Porcine- Hydroxyapatite Tricalcium Bovine-
derived phosphate derived

products products

Collagraft (Neucoll, X X X Long bone fracture and
Campbell, Calif.) bony void filler

CuffPatch X Soft-tissue repair
(Arthrotek, Warsaw, Ind.) reinforcement

Bio-Gide (Geistlich X Autologous chondrocyte
Biomaterials, transplantation
Wolhusen, Switzerland)

Bio-Oss (Geistlich Biomaterials) X X Bone grafting

Healos (DePuy Spine, X X Bone grafting
Raynham, Mass.)

ZCR-Permacol X X Soft-tissue repair
(Zimmer, Warsaw, Ind.)

Restore (DePuy, Warsaw, Ind.) X Soft-tissue repair

Reprinted with permission from Laurencin CT, El-Amin SF: Xenotransplantation in orthopaedic surgery. J Am Acad Orthop Surg 2008;16(1):4-8.

Table 1 Selected xenobased implants currently available for orthopaedic
surgery applications
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