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EDITORS’ NOTE

It is with great pride that we present the 2002 edi-
tion of The Iowa Orthopaedic Journal. This year marks
the twenty-second edition of the IOJ. As co-editors, we
are privileged to be part of this rich tradition that re-
flects the hard work and dedication of our faculty, resi-
dents and other contributors. We are grateful for the
efforts of all authors represented in this issue.

Each year, the IOJ honors an individual who has been
instrumental in the advancement of orthopaedics. We
have dedicated this year’s edition to Dr. Joseph Mulier.
Dr. Mulier graduated from The University of Iowa in
1953 with an M.S. degree in Orthopaedics. He returned
to his home in Belgium to practice and went on to es-
tablish the first orthopaedic residency program in Bel-
gium.

We would like to sincerely thank the many people
who have made this edition a success. We are especially
grateful to our faculty advisers, Dr. Jose Morcuende and
Dr. Joseph Buckwalter, for their dedicated guidance and
support, as well as our secretary, Ms. Diana Johannes,
for her administrative support and persistence in meet-
ing deadlines. We are grateful for the expertise of Ms.
Diane Thomas of The University of Iowa Printing De-
partment, who was crucial to presenting this publica-
tion in an efficient and timely fashion. We also thank
Mr. Paul Etre and Ms. Kay Redlinger for their adminis-
tration of finances. The IOJ is entirely resident-run and
supported by advertising and donations; we appreciate
our corporate sponsors who graciously donated the
funding for this year’s edition.

We hope you will enjoy this year’s IOJ. We welcome
any of your comments or suggestions.

Karen E. Evensen, M.D.
Stephen L. Knecht, M.D.
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In honor of Dr. Michael Bonfiglio’s distinguished career, the University of Iowa Or-
thopaedic Department initiated a campaign for the Bonfiglio Orthopaedic Education
Endowment in 1994. This serves as permanent recognition of Dr. Bonfiglio’s commit-
ment to the department and provides a variety of educational materials and activities for
the fellows, residents and students. The new department Education Center was dedi-
cated to Dr. Bonfiglio in September 1995 at the Iowa Orthopaedic Alumni Meeting. It
includes a collection of microscopic slides and imaging studies, computers, educational
computer software and literature-search capabilities, audiovisual equipment and educa-
tional programs.

The goal is to raise enough funds so that the Bonfiglio Endowment will support the
Center’s educational endeavors. In this way, the Center will enhance training opportuni-
ties for medical students, orthopaedic residents and fellows, clinicians and allied health
care personnel for years to come.

Gifts and pledges to the Endowment should be directed to the Bonfiglio Educational
Endowment Fund and qualify as charitable contributions.

Address:
Bonfiglio Educational Endowment Fund
University of Iowa Health Care
University of Iowa Hospitals and Clinics
Department of Orthopaedic Surgery, JPP
200 Hawkins Drive
Iowa City, IA 52242-1088

BONFIGLIO EDUCATIONAL ENDOWMENT FUND
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2002 GRADUATING SENIOR RESIDENTS

Dan C. Fitzpatrick, M.D.
Dan was born and raised in
Cedar Rapids, Iowa. He is one
of five children of Michael
and Jill Fitzpatrick. He re-
ceived his B.S. in Biomedical
Engineering from Lucas Col-
lege/ The University of Iowa,
and later went on to receive
his M.S. in Biomedical Engi-
neering at The University of
Iowa in 1993. He attended
medical school at The Univer-
sity of Iowa. Dan enjoys bik-

ing, running and skiing. Next year he will be heading to
Eugene, Oregon, with his wife Denise, and their son
Connor, to begin private practice.

Erin Elizabeth Forest,
M.D.
Erin was born and raised in
Des Moines, Iowa. She has
one younger sister, Emily;
her parents are Jon and
Marsha Forest. Erin spent
many of her growing-up years
working at her father’s hobby
store in Des Moines. She re-
ceived her B.S. from
Davidson College in North
Carolina in 1993. She then
returned to Iowa and at-

tended The University of Iowa Medical School. Her hob-
bies include music, running and scuba diving. Next year,
Erin will be attending a fellowship in Hand and Upper Ex-
tremity at Allegheny Hospital in Pittsburgh, Pennsylvania.

Michael R. O’Rourke,
M.D.
Michael was born in Chicago
and grew up in Kenilworth,
Illinois. He is one of five chil-
dren of parents Patricia and
Richard O’Rourke. Mike re-
ceived his B.S. from The Uni-
versity of Iowa in 1992 and
then attended medical school
at Loyola University in Chi-
cago. He and wife Lisa have a
daughter Madeline. His hob-
bies include photography,

woodworking and golf. Next year’s plans include fellow-
ship training in adult reconstruction under Dr. Paprosky
at Rush Presbyterian.

Rola H. Rashid,  M.D.
Rola is originally from Roch-
ester, New York. She is the
eldest child of parents
Husayn and Susan Rashid.
She has two younger broth-
ers, Hani and Sami. Rola re-
ceived her B.A. in Biology in
1993 from The University of
Rochester. She then attended
medical school at Upstate
Medical University in Syra-
cuse, New York. Her hobbies
include skiing, mountain bik-

ing, and cooking. Next year, Rola will be returning to Roch-
ester, NY to enter private general practice.

Brian Robert Wolf, M.D.
Brian was born in Davenport,
Iowa, and grew up in Rock
Island, Illinois. He is one of
three children of Robert and
Diana Wolf. Brian received his
B.A. from Loyola University in
1993, then attended Loyola
Stritch School of Medicine.
He enjoys basketball, golf and
fishing, as well as spending
time with his two-year-old son
Jack, and his wife Laura. Next
year Brian will be doing a fel-

lowship in Sports Medicine and Shoulder Surgery at The
Hospital for Special Surgery in New York.
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Sergio Andres Mendoza
Lattes, M.D.
Sergio was born in Santiago,
Chile, the only child of
Clemente Mendoza Vergara
and Oriana Lattes Deik. He
received his undergraduate
schooling and medical train-
ing at Pontificia Universidad
Catolica de Chile. He also
completed an executive
M.B.A. and his orthopaedics
training at that institution. In
1997, he was awarded the

Best Clinical Paper distinction at the Annual Meeting of
the Chilean Orthopaedic Society for his paper, “What is
the Best Prescription for Epidural Methylprednisolone
in Lumbar Radicular Pain?” His interests include the four
women in his life: wife, Sandra Bruno Stocchero, and chil-
dren Sofia, Consuelo, and Constanza. He also enjoys ski-
ing, squash and reading. Sergio will be staying one more
year in Orthopaedics. He will then return with his family
to Santiago to continue on as a faculty member at
Pontificia Universidad Catolica de Chile.

Dawson Muir, M.D.
Dawson was born in
Gisborne, New Zealand,
“The First City in the World
to See the Sun.” He attended
Kings College in Auckland,
New Zealand, and then went
to medical school in Otago,
New Zealand. In 2001, he re-
ceived the Stryker Award for
Best Resident Paper at the
combined New Zealand and
Australian Orthopaedic An-
nual Meeting in Queens-
town. Other life experiences

outside of medicine have included sheep shearing, fruit
picking, and newspaper reporting. He enjoys rugby, read-
ing, rugby, diving, climbing and rugby. Dawson plans to
pursue fellowship training in pediatric orthopaedics and
knee surgery in Melbourne, Australia, and then return
to work in New Zealand.

Michelle Wolcott,  M.D.

Michelle grew up in Salt
Lake City, Utah. She is one
of two daughters (sister,
Melanie) of parents Andrea
and David Wolcott. Michelle
received her B.S. from The
University of Utah in 1992.
She then attended
Georgetown University
Medical School. Her ortho-
paedic training was com-
pleted at Loyola University
Medical Center. During resi-
dency, Michelle received the

Schwartz Traveling Fellowship, as well as an O.R.E.F.
Midwest Resident Research Award (2nd place). Her hob-
bies include running, skiing and movies. Her future plans
are currently in progress.

2001-2002 FELLOWS



Volume 22 vii

Ned Amendola
Ned Amendola joined The
University of Iowa Depart-
ment of Orthopaedic Surgery
faculty in August 2001. Ned
and wife Alison have four chil-
dren, Richard Lee, Julie Ann,
Andrew Mark and Christine
Marie. Dr. Amendola is an in-
ternationally recognized ex-
pert in sports medicine and
foot and ankle surgery. He
completed his medical educa-

tion and orthopaedic residency at the University of West-
ern Ontario and then joined the Department of Orthopaedic
Surgery at the University of Western Ontario as a faculty
member in 1996. Since then he has earned an enviable na-
tional and international reputation for his clinical expertise
in sports medicine and foot and ankle surgery, as well as
for his clinical and basic research work. He is recognized
as an outstanding teacher, and in addition has served as
the offensive line coach for the University of Western
Ontario Mustangs varsity football team. Dr. Amendola en-
joys all forms of sports activity, but in particular enjoys ski-
ing and other recreational sports. He has served as a phy-
sician covering the Rugby World Cup. His ongoing research
interests include joint proprioception, the effect of high tibial
osteotomy on knee stability, the long-term outcomes of tibial
osteotomies and the operative versus conservative treat-
ment of Achilles tendon tears. He is planning to develop an
orthopaedic biomechanics research program at The Uni-
versity of Iowa, as well as clinical research programs in-
volving sports medicine and disorders of the foot and ankle.

NEW ORTHOPAEDIC FACULTY

Jose Morcuende
Jose Morcuende joined The
University of Iowa Depart-
ment of Orthopaedic Surgery
faculty in July of 2001. Jose and
his wife Ulpiana Gonzalez have
two children, Miguel and
Irene. Jose will be dedicating
himself to a genetic and mo-
lecular biology research pro-
gram dedicated to advancing
the understanding of underly-
ing causes of musculoskeletal

developmental abnormalities, and to pediatric orthopaedic
practice. Dr. Morcuende received his M.D., master’s and
Ph.D. degrees from the University of Madrid. He conducted
original research in epiphyseal disorders and the induction
of soft tissue sarcomas. He served as a staff physician and
clinical assistant professor in Madrid before moving to Iowa
City in 1991, where he served as a fellow associate until
1994 and then pursued a research fellowship at Shriner’s
Hospital in Tampa, FL. He has recently completed his Iowa
orthopaedic residency, during which time he received ex-
ternal funding and conducted research into the genetic basis
of scoliosis. He is dedicating himself to the development of
an innovative orthopaedic molecular and genetic biology
research program.
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Department of Orthopaedics
2001-2002

First row (L to R): Erin Forest, R. Kumar Kadiyala, Joseph Chen, John Albright, Joseph Buckwalter, Richard Brand,
Charles Clark.

Second row (L to R): Todd McKinley, Brian Adams, Karen Evensen, Stacy Smith, Jay Albright, Mark Hagy,
Michael Sander.
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October 11-12, 2002
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Michigan State University
East Lansing, MI

Third Annual University of Iowa
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One of The University of Iowa’s most influential
alumni, Joseph Cyriel Mulier was born March 13, 1922
in Lueven, Belgium. He received his medical degree
from the University of Leuven in 1947, and in 1950 he
moved to the United States to enter Orthopaedic Sur-
gery residency at The University of Iowa. He selected
The University of Iowa for his education after a leading
Belgian orthopaedist, Dr. Verbrugen, was sent by the
Belgian government to the United States to study or-
thopaedic centers. Dr. Verbrugen identified The Uni-
versity of Iowa as one of the two best places for ortho-
paedic education in the United States. The
Belgian-American Education Foundation, established by
Herbert Hoover, helped support Dr. Mulier’s residency
in Iowa City.

Dr. Mulier remembers his years in Iowa City as the
best time of his life. During his residency, Dr. Mulier
worked closely with Drs. Larson, Bonfiglio, Ponseti and
Neuman, and remembers them vividly. Other residents
in his group included Dr. Dubansky, Dr. Kohli, Dr.
Rosen and Dr. Chambers.

After completing his residency and receiving an M.S.
degree in Orthopaedics in 1953, Dr. Mulier returned to
Belgium where he became a lecturer and docent to
Professor of Orthopaedics and Traumatology. Shortly
thereafter, he became the first Professor of Orthopaedic
Surgery in Belgium, and was responsible for organiz-
ing and developing an excellent orthopaedic residency
there. He was also responsible for the education of more
than 100 orthopaedic surgeons in Belgium, and reports
that he brought the important elements of the Iowa
Orthopaedic education to Belgium, including a critical

approach to evaluating the indications and outcomes of
orthopaedic treatments and an emphasis on understand-
ing pathophysiology.

During his orthopaedic career in Belgium, Dr. Mulier
developed a number of innovative methods of improv-
ing hip replacement including methacrylate injection for
fixation of the acetabular component and intra-opera-
tive fabrication of the femoral component. He still prac-
tices non-operative orthopaedics.

His son, Michael Mulier, a well-recognized hip sur-
geon in Leuven, his continuing work on the further
development of the injection technique for stabilizing
the acetabular cup in total hip replacement and the in-
tra-operative fabrication of the femoral component of
total hip replacement.

JOSEPH C. MULIER, M.D.
IOWA ORTHOPAEDIC JOURNAL DEDICATION

Dr. Mulier’s Residency Class, 1953
(Left to right)
First row (sitting): Drs. Bonfiglio, Newman, Larson, Ponseti
Second row: Drs. Ramamurhi, Shroyer, Robichou, Kohli,

Chambers
Third row: Drs. Mulier, Dubansky, Barnett, Rosen, Remkin, Medbo
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ABSTRACT
Recent studies on osteoarthritis and the carti-

lage aging in our laboratory demonstrate that
chronologic age correlates with molecular changes
in human chondrocytes that affect cell cycle con-
trol and replicative life span. These findings indi-
cate that age-related changes in chondrocytes may
explain the heightened risk for development of
primary osteoarthritis (OA) with increasing age.
Concomitant studies of human chondrosarcoma
suggest that these aging mechanisms may also play
a role in preventing the malignant transformation
of chondrocytes. The convergence at the molecu-
lar level of these seemingly dissimilar biologic
processes provides an excellent opportunity to
deepen our understanding of the fundamental
processes underlying cartilage neoplasia, cartilage
aging, and osteoarthritis.

INTRODUCTION
While we clinically understand human physiologic ag-

ing as a multifaceted process subject to genetic and
environmental influences, recent basic science studies
suggest that molecular alterations affect tissue aging
and may underlie such age-related diseases as diabe-
tes, atherosclerosis, osteoarthritis, and osteoporosis.
Current theories suggest that cellular aging is the cu-
mulative result of repetitive, minor damage to vital cell
structures. According to this model, the aging of whole
organisms can be attributed to a steady increase in the
number of damage-weakened, dysfunctional cells in tis-
sues.

Although the early manifestations of cellular aging
are poorly understood, the process culminates in an
easily recognized state of terminal growth arrest called
senescence. While senescent cells are viable and may
live for months or years, they are incapable of normal
function. Senescence appears to be induced by damage
to DNA or to other permanent cell structures such as
mitochondria.14 The damage may be caused by oxida-
tive stress and exposure to mutagens, but is also an
inevitable consequence of cell division. Indeed, the best
known form of senescence, called replicative senes-
cence, is linked to DNA replication. It occurs reliably
after fewer than 60 replication cycles in most human
somatic cells. Onset is regulated by a genetic mecha-
nism involving chromosome ends, or telomeres, that
meters the total number of DNA copies made in a cell.

While senescence clearly is seen as detrimental in
the context of aging, it actually could be viewed as a
growth limiting and tumor suppressing mechanism that
prevents neoplasia during youth. Thus, senescence is a
“double-edged sword” with at least two distinct biologi-
cal roles—tumor suppression and aging. In this review,
we discuss the molecular and cellular processes of ag-
ing, senescence, and oncogenesis, with relevance to
chondrocyte biology, as well as the implications for re-
search and clinical developments in arthritis, cancer, and
tissue transplantation.

CARTILAGE AGING AND INCREASED RISK OF
DEVELOPING OSTEOARTHRITIS

There is little doubt that primary or idiopathic os-
teoarthritis (OA) is more common in the elderly. How-
ever, not all older individuals develop OA. In this way,
we realize that “phenotypes of aging” affect all individu-
als in a population, while “diseases of aging,” such as
OA, affect only a subset. This is consistent with the ob-
servation that the biochemical and biophysical proper-
ties of aging articular cartilage are different than those
of OA cartilage (Table 1). Significant age-specific
changes include increased localized fibrillation, de-
creased synthetic activity and responsiveness to ana-
bolic growth factors, and altered synthesis of smaller
and more variable proteoglycans.8-10,25 These features are
distinct from those of OA cartilage, which is character-
ized by more severe structural disruption, greatly in-
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creased rates of extracellular matrix turnover, and
highly variable, stage-specific synthetic activity.

Clearly, age-dependent reduction in biosynthetic ac-
tivity progressively undermines cartilage repair mecha-
nisms that maintain extracellular matrix integrity. On-
going synthetic activity by chondrocytes is needed
because the cartilage matrix is often subjected to wear
and tear. Aging increases the risk of OA, although ma-
trix degeneration seen in OA cartilage is neither an in-
evitable nor a direct consequence of chondrocyte ag-
ing. We seek to better understand how aging affects
chondrocyte gene expression and how such changes
alter the chondrocyte phenotype.

ROLE OF CHONDROCYTE SENESCENCE
IN CARTILAGE AGING

Senescence is induced by a variety of factors that
cause cumulative damage to vital cellular structures.
Replicative senescence refers specifically to a state of
terminal cell-cycle arrest reached after a finite number
of cell divisions or replication cycles (Table 2). Although
this phenomenon was originally observed after repeated
passages of cells in culture, there is now strong evi-
dence that replicative senescence occurs in vivo in car-
tilage and other tissues. Martin and Buckwalter (2001)
analyzed chondrocytes from donors of varying ages (1-
87 years-old) and found a correlation between
chronologic age and markers of senescence (decline in
DNA synthesis, senescence-associated b-galactosidase
expression, and telomere erosion) (Figure 1).26 These
data suppor t the hypothesis that senescent
chondrocytes accumulate with age in articular carti-
lage—a process that may undermine cartilage integrity.

The mechanisms by which chondrocyte senescence
affects cartilage aging are not yet clear. A prevailing
hypothesis is that changes in aged cartilage tissue may
represent the ef fects of accumulated senescent
chondrocytes. These cells have both a decreased ca-
pacity for normal matrix synthesis and a decreased ana-
bolic response to growth factors. It is unknown if pre-
senescent chondrocytes may also contribute to the aged
cartilage phenotype. Some recent data from human
HeLa cells demonstrate a phenomenon called the te-
lomere position effect (TPL), whereby reversible silenc-
ing of genes occurs depending on the length of the te-
lomere and the distance of those genes from the
telomere.2 The genes modulated by TPL are unknown.
TPL is hypothesized to be one possible explanation for
an incrementally changing phenotype in pre-senescent
cells seen with increasing cellular age. Could such a
process be relevant in chondrocyte aging? Supporting
evidence is that chondrocytes grown in cell cultures
serially demonstrate declining protein synthesis and

TABLE 1
Characteristics of Aging Articular Cartilage

Matrix

Decreased chondroitin sulfate chain length;
Decreased water content; Accumulation of
degraded aggrecan; Smaller variable aggrecans;
Increased collagen cross-linking; Decreased
tensile strength; Increased decorin concentration;
Increased collagen cross-linking

Cellular

Decreased chondrocyte density;
Decreased anabolic response to growth
factors; Decreased synthetic activity;
Decreased mitotic activity; Altered
synthetic activity of smaller variable
aggrecans; Decreased mean telomere
length; Increased replicative senescence

Structural

Stable
localized
fibrillation

Figure 1. Scatter plot showing the mean telomere lengths (MTLs)
for 27 human chondrocyte strains plotted as a function of donor
age.26
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altered growth factor responses long before Hayflick
limits are reached. More work needs to be done to ex-
amine the ef fects of pre-senescent and senescent
chondrocytes in vivo, as well as any variability among
different joints and locations therein.

A contemporary view of cartilage aging may charac-
terize aging cartilage as consisting of a heterogeneous
cell population of interacting normal, senescent, pre-se-
nescent, and apoptotic chondrocytes. How do these cells
interact with one another? How do they each affect the
matrix differently? Studies in human skin fibroblasts
show that although senescent cells are growth arrested,

they are very metabolically active. Such cells are not
quiescent. Contributing to skin aging, they secrete
metalloproteinases that degrade dermal collagen.15 In
general, the senescent phenotype has been character-
ized as also being resistant to apoptosis, having reduced
mitochondrial oxidative phosphorylation, decreased
capacity for chromosomal repair, decreased capacity for
nutrient uptake, and evidence of oxidative damage.13 In
chondrocytes, we seek to understand how environmen-
tal oxidation status and mechanical injury affect the
molecular aging processes in normal, pre-senescent, and
senescent chondrocytes.

TABLE 2
Terminology in Aging Literature

Immortality Cells that proliferate indefinitely in vitro.

Mortality Cells that have a limited proliferative capacity in vitro.

Replicative Senescence Occurs when a differentiated cell stops proliferating. It is a state of irreversible
cell cycle arrest in viable cells, which have reached a set limit of both
population doublings and telomere length. Senescent cells have a complex
metabolically active phenotype characterized by: 1. Irreversible cell division/
cell cycle arrest; 2. Resistance to apoptosis, which may result in accumulation
of senescent cells in tissues; and 3. Select alteration in cell function including
secretion of proteases, cytokines, or growth factors, all which may contribute to
tissue decline

Apoptosis Phenomenon of programmed cell death, important in many physiologic and
pathologic processes, characterized by having multiple triggers, and a common
final pathway. Senescent cell have been shown to be resistant to apoptosis.

Telomere Nucleoprotein unit capping the terminal end of chromosomes made of non-
coding DNA (single and double stranded) + protein (telomere binding
proteins). Normally, measures 9 kbp in length in young normal somatic cells,
and erodes at rate of 100-200 bp per cell cycle division. When eroded
significantly to critical length (5-7.5 kbp), telomere complex elicits unclear
signals for onset of senescence.

Telomerase A ribonucleoprotein complex that adds telomeric repeats to chromosomes with
short telomeres de novo. Composed of catalytic protein (hTERT), and RNA
(hTR). Absent in most differentiated somatic tissues. Present in immortal cell
lines in vitro, and in many tumor cells and germ cells in vivo.

Hayflick Limit An intrinsic population doubling (PD) limit referring to cells in vitro at which
replicative senescence occurs secondary to critically short telomeres. PD limit
is not dependent on chronologic time. It varies with species and cell type
(mouse embryonic fibroblasts ~ 23 PD, human fibroblasts ~ 60 PD, human
chondrocytes ~ 35 PD).

Antagonistic Pleiotropy Concept whereby senescence may have evolved as a “double-edged sword” to
ultimately suppress tumorigenesis in young tissues, but indirectly accelerate
aging over time.
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ORIGINS OF AGING TERMINOLOGY:
IMMORTALITY, SENESCENCE, AND

ANTAGONISTIC PLEIOTROPY
The first study of aging in cell cultures dates back to

1912, when Carrel published the observation that seri-
ally cultured chick cells proliferated indefinitely. Carrel
described such cells as immortal and used the term
mortal to describe those cells with a limited prolifera-
tive capacity.16 Although he defined them in slightly dif-
ferent context many years ago, the terms mortal and
immortal continue to be used today.

Hayflick and Moorehead (1961) refined the concept
of cellular aging. Their cell culture studies revealed that
most normal somatic cells could not divide indefinitely.22

The process limiting cell division was termed replica-
tive senescence (Table 2). These authors speculated that
the in vitro phenomenon of replicative senescence might
actually occur in vivo, accounting for age-dependent
declines in cell performance. Moreover, they noted that
neoplastic cells were not subject to replicative senes-
cence, but rather were able to proliferate indefinitely.
These observations led to the hypothesis that cellular
senescence may have evolved as a barrier to oncogen-
esis. In this model, senescence is envisioned as a cell-
cycle regulatory response to mutagenic insult. Only rare
cells that bypass senescence then have a chance to
undergo oncogenic transformation.

It is clear that senescence mediates cell and organ-
ism aging, but this degredative and detrimental role is
offset by the beneficial effects of senescence in limit-

ing the incidence of neoplasia. The term “antagonistic
pleiotropy” has been coined to describe these dispar-
ate roles.11 The most recent data supporting this con-
cept comes from a genetically manipulated mouse
model whereby the senescence-inducing cell-cycle pro-
tein, p53, was over-activated.12,38 As hypothesized, the
mice with very active p53 displayed increased senes-
cence and an early-aging phenotype, but also developed
resistance to tumors. This in vivo data supports the
concept of the double-edged sword of senescence.

TRIGGERING SENESCENCE AND SURVIVING
CRISIS: ROLES OF TELOMERE SHORTENING,
TUMOR SUPPRESSORS, AND TELOMERASE
What is the basis of the finite proliferative capacity

of cells? A well-known “molecular clock” is telomere
shortening. Telomeres are dynamic chromosome end
“caps” made of G-rich nucleotides and binding proteins,
whose nucleotide structure was first described by
Blackburn in 1978.3 In 1942, McClintock attributed a
chromosome-protective role to telomeres by showing
that telomere loss resulted in chromosomal fusion, re-
arrangements, and instability.28 In human somatic cells,
telomeres shorten with each cell division in vivo and
in vitro. Ultimately, after many mitoses, a critical telom-
ere length is reached that induces cellular senescence.
Senescence thus serves to irreversibly arrest the
growth of those cells with severely shortened telom-
eres (i.e. those cells at highest risk for chromosomal
catastrophe). This limit to cell division, expressed in
terms of the number of population doublings required
to reach senescence, is termed the Hayflick limit.

Telomere shortening activates the senescence pro-
gram by triggering the well described cell-cycle con-
trol/tumor suppressor proteins Rb, p16, p21, and
p53.5,17,35,36 When tumor suppressor protein function is
deficient, due either to mutation or corruption by viral
oncoproteins (i.e. the human papillomavirus proteins E6
or E7), cells lose their senescence signaling machin-
ery. Without such growth-braking machinery, cells may
continue to proliferate despite critically shortened te-
lomeres. A genomic crisis ensues, characterized by
genetic instability with chromosomal fusions (i.e.
Robertsonian translocations) and rearrangements (Fig-
ure 2). Although cells usually die as a result of crisis,
rare survivors may establish mechanisms to repair criti-
cally shortened telomeres and to maintain telomere
length, allowing growth to resume.19 Telomere mainte-
nance in such cells is performed by telomerase- a ribo-
nucleoprotein reverse transcriptase that replaces
telomeric DNA otherwise lost during standard Watson-
Crick chromosome replication. Although the telomerase
gene is inactive in most adult somatic cells, the gene

Figure 2. Schematic on Cell Cycle Arrest, Senescence, and Crisis
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can be reactivated during crisis. Telomerase preferen-
tially lengthens the shortest telomeres, preventing
mutations, rearrangements, and/or fusions.23 Thus, cells
that survive crisis acquire telomerase activity, or other
telomere lengthening tools, necessary for long-term
genomic stability. Since the majority of human tumors
show telomerase activity, crisis survival with reactiva-
tion of the telomerase gene is thought to be a common
event in malignant transformation.24 The means by
which chondrocytes may either senesce, die, or on rare
occasions, escape crisis to forge ahead towards malig-
nant transformation, are not fully clear.

TELOMERASE: ANTI-CANCER THERAPY,
TISSUE ENGINEERING, AND

UNDERSTANDING SKELETAL TUMORS
AND CHONDROSARCOMA

The association of telomerase with malignant trans-
formation has led to speculation that the inhibition of
telomerase activity may offer a new approach to cancer
therapy. Theoretically, telomerase inhibition in tumor
cells should lead to catastrophic genomic instability and
cell death. Could telomerase activity represent the Achil-
les heel of cancer cells? The lack of telomerase in most
normal cells suggests minimal side effects, fueling en-
thusiasm for the therapeutic use of telomerase inhibi-
tors. Candidate telomerase inhibitors include: AZT or
ddG,31 BIBR1532,30 immunotherapy,39 antisense oligo-
nucleotides to the human telomerase RNA-hTR do-
main,37 or activators of telomere binding proteins that
bind DNA and inhibit telomerase mediated activity in-
directly.42 Such therapy could complement current che-

motherapy by neutralizing immortal cell clones as they
arise. However, while telomerase is the most common
telomere restoration mechanism, it is not the only
mechanism restoring telomere function in cancer cells.

Another telomere lengthening mechanism is the re-
combination-based alternative mechanism (ALT).7,24

This is found in ~10% of human tumors. For example,
osteosarcomas show little or no telomerase activity.1 The
ALT pathway is thought to be the primary pathway for
telomere maintenance in human osteosarcomas.33

Generally, at least 85% of all human cancers express
telomerase.18,24 In many cancers, there is a direct link
between telomerase expression and progression
through the cell-cycle S-phase.43 However, one study on
soft tissue sarcoma telomerase expression showed a
correlation with the degree of cell de-differentiation,
rather than with the cell-cycle.40 A study of adipose and
cartilage tumors from the Rizzoli Institute found that
increased telomerase activity paralleled malignancy.32

However, another study of enchondromas, osteochon-
dromas, and chondrosarcomas found almost no
telomerase expression.6 These negative findings could
reflect the presence of extracellular matrix inhibitors
of the PCR-based telomerase-activity assay.6

An analysis of primary chondrosarcoma cell popula-
tions in our laboratory recently demonstrated that
telomerase is expressed at high levels in some but not
all tumors. Telomere metabolism in three newly isolated
telomerase-negative chondrosarcoma cell lines was ex-
amined to determine if the cells would undergo telom-
ere erosion and senescence after multiple population
doublings (PD). These studies showed that the growth
rates of the populations increased abruptly from ~0.4
PD/day to ~0.8 PD/day after the first 10 PD (Figure
3)(Martin, JA, et. al., In Preparation, 2002). The higher
growth rate was maintained for the next 80 PD and was
associated with telomerase activation and loss of p16.
These data indicate that chondrosarcoma cells may
undergo malignant transformation after reaching crisis.
It remains to be seen if this process plays a role in on-
cogenesis in vivo.

Although telomerase expression is a hallmark of ma-
lignant transformation, telomerase activity itself is not
inherently oncogenic. In fact, normal human fibroblasts
transfected with the human telomerase gene grow in-
definitely while maintaining a normal phenotype.4 Thus,
in cells that have a normal complement of tumor sup-
pressors, telomerase can be used safely to prevent se-
nescence. This finding has encouraged attempts to use
telomerase to promote cell growth for tissue engineer-
ing:29 involving vascular,41 skin,20 pancreatic,21 and
muscle cells.34 Telomerase may also be useful as a
therapy for age-related degenerative diseases that in-

Figure 3. Population doubling curves of three new chondrosar-
coma lines in vitro demonstrate crisis point occurring in all three
lines at about 22.5 days. Arrow represents crisis points, after which
vigorous growth occurred and cells strongly expressed telomerase
(Martin, JA, et. al., In Preparation, 2002).
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volve irreversible losses of cells from tissues. In princi-
pal, telomerase may allow growth of sufficient numbers
of cells to repopulate such hypocellular tissues.

Certainly, the outcome of any cell-based anti-aging
therapy may be improved by extending the replicative
life span of implantable cells. Unfortunately, it now ap-
pears that telomerase alone may not be sufficient to
immortalize all human cell types. In our laboratory, we
found that telomerase alone did not extend the replica-
tive life span of normal chondrocytes even though ac-
tivity levels were sufficient to prevent telomere erosion.27

Instead, we found that immortalization required both
telomerase and ablation of tumor suppressor proteins:
telomerase-expressing chondrocytes were only immor-
talized with expression of the human papillomavirus
proto-oncogenes E6 (which inhibits the p53 pathway)
and E7 (which inhibits the Rb pathway). Interestingly,
cells bearing the E6/E7 genes alone (in the absence of
telomerase) did eventually senesce after extensive te-
lomere erosion but grew much longer than controls.
This finding suggests that blocking p53 and Rb func-
tion allowed the cells to bypass early, telomerase-inde-
pendent growth arrest. Taken together these data indi-
cate that telomerase is necessary, but not sufficient, for
chondrocyte immortilization.27 The available evidence
suggests that the early form of growth arrest overcome
by E6/E7 may be induced by various forms of stress
that are attributable in part to non-physiologic culture
conditions. Future research will determine if culture
conditions may be optimized to support chondrocyte
immortalization in the presence of telomerase alone.

SUMMARY
Contemporary models suggest that intrinsic cellular

changes play a significant role in many age-related de-
generative diseases, including OA. In this paradigm,
aging in mitotically active tissues is an inevitable con-
sequence of replication-related telomere erosion. This
fundamental molecular clock operates in concert with
tumor suppressor proteins to enforce a form of growth
arrest known as replicative senescence. It has been
suggested that replicative senescence may have evolved
to suppress neoplasia. According to this “double-edged
sword” hypothesis, malignancy is a catastrophic failure
of the genetic clock to induce senescence. The pres-
ence of senescent cells in aging tissue could be viewed
as an unintended consequence of tumor suppression
and growth control. These concepts center on
telomerase, both as an anti-aging gene and as a specific
marker of malignancy, which could be exploited for anti-
cancer therapy. These new approaches may represent
a powerful assault on common and intractable illnesses
of human aging.
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ABSTRACT
Between November 1970 and September 1984

the senior author performed fifty-three consecu-
tive total hip arthroplasties with cement in forty-
one patients with the diagnosis of osteonecrosis
of the femoral head. Five hips in three patients
with failed renal transplants requiring chronic
hemodialysis were excluded. At the time of final
review, a minimum of ten years after the proce-
dure, twenty-one patients (twenty-eight hips) were
living, fifteen patients (eighteen hips) had died,
and two patients (two hips) were lost to follow-
up. A minimum ten-year follow-up radiograph was
obtained on twenty-two (79%) of the hips in sur-
viving patients.

During the follow-up period 17.4% of hips (eight
hips) required revision: 13.0% (six hips) for asep-
tic loosening, 2.2% (one hip) for sepsis, and 2.2%
(one hip) for recurrent dislocation. All eight revi-
sions occurred in patients living at time of final
review, giving a revision prevalence of 22.9%
(17.1% for aseptic loosening, 2.9% for sepsis, and
2.9% for recurrent dislocation) in patients sur-
viving ten years.

The prevalence of revision of the femoral com-
ponent for aseptic loosening was 6.5% (three hips)
for all hips and 9.1% (three hips) in patients sur-
viving at least ten years. The prevalence of femo-
ral aseptic loosening, defined as those components
revised for aseptic loosening and those that dem-
onstrated definite or probable radiographic loos-
ening, was 13.0% (six hips) for all hips and 28.6%
(six hips) for hips with at least ten-year radio-
graphic follow-up. The prevalence of revision of
the acetabular component for aseptic loosening

was 13.0% (six hips) for all hips and 18.2% (six
hips) in patients surviving at least ten years. The
prevalence of acetabular aseptic loosening was
15.2% (seven hips) for all hips and 29.2% (seven
hips) for hips with at least ten-year radiographic
follow-up.

In patients with osteonecrosis of the femoral
head survivorship was significantly inferior to that
in the senior author’s overall patient population
with regard to revision for aseptic loosening
(p=0.019), revision for acetabular loosening
(p=0.01), revision for femoral loosening
(p=0.008), and aseptic femoral loosening
(p=0.004). Survivorship to aseptic acetabular loos-
ening was not significantly dif ferent (p=0.32).
Young age at the time of surgery significantly in-
creased the risk of subsequent component loos-
ening (p<0.008) and revision due to aseptic loos-
ening (p<0.002).

These findings demonstrate the relatively poor
durability of cemented total hip arthroplasty in
patients with osteonecrosis of the femoral head
as compared to patients with other diagnoses and
suggest that the younger age in this patient popu-
lation compromises results.

INTRODUCTION
Osteonecrosis of the femoral head is a common de-

bilitating cause of hip pain, particularly among patients
in their third to sixth decades of life. There are many
different underlying etiologies and factors which pre-
dispose to the development of osteonecrosis, the more
common of which are idiopathic, steroid use, alcohol-
ism, and trauma. Treatment of osteonecrosis of the
femoral head remains difficult and controversial, and is
based on multiple factors, such as patient age, stage of
disease, and degree of involvement. Prior to significant
head collapse treatment generally consists of
nonoperative modalities or head preserving procedures
such as core decompression, bone grafting, or os-
teotomy. When debilitating pain is associated with sig-
nificant collapse and joint degeneration, total hip replace-
ment is indicated.28,38
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The repor ted results of cemented total hip
replacement in patients with osteonecrosis of
the femoral head are variable, but in general
are worse than in patients with other
diagnoses.1,7,11,13,15,17,18,21,24,27,30,31,39,41,44,45,46,48 Some of the
explanations given for poor results of cemented total
hip replacement in patients with osteonecrosis of the
femoral head include the relatively young population of
patients affected by osteonecrosis and the associated
systemic illness and metabolic bone disease which may
underlie osteonecrosis. However, the literature regard-
ing cemented total hip replacement in osteonecrosis of
the femoral head is often difficult to interpret because
of the relatively short durations of follow-up in most
studies, differing methods of evaluation, and variable
diagnoses and techniques within and among studies.
To our knowledge there are no minimum ten year fol-
low-up evaluations of cemented total hip replacement
in the literature.

The purpose of this study is to evaluate the minimum
ten year clinical and radiographic follow-up results of
cemented total hip replacement in a consecutive series
of patients with osteonecrosis of the femoral head per-
formed by a single surgeon (RCJ) using clinically sound
prostheses and cement techniques. The effects of pa-
tient age and sex, etiology of osteonecrosis, preopera-
tive bone quality, and cement technique are also exam-
ined. The results are compared to those in a population
of patients without the diagnosis of osteonecrosis of the
femoral head who underwent the same procedure per-
formed by the senior author (RCJ) during the time pe-
riod encompassed by this series.

MATERIALS AND METHODS
Fifty-three cemented total hip replacements were

performed in forty-one patients with the diagnosis of
osteonecrosis of the femoral head by the senior author
(RCJ) from November 1970 to September 1984. All pa-
tients had debilitating hip pain and radiographic evi-
dence of osteonecrosis of the femoral head with sec-
ondary degenerative arthrosis of the hip. Five hips in
three patients with failed renal transplants and on
chronic renal dialysis were excluded from the study due
to the documented poor results of total hip arthroplasty
in patients on chronic renal dialysis.32 These five hips,
all of which developed loosening of one or both compo-
nents within seven years post-operatively, were excluded
as a distinct subpopulation which might potentially skew
results. Of the remaining thirty-eight patients (forty-
eight hips) there were twenty-two men (thirty hips) and
sixteen women (eighteen hips) in the series. The aver-
age age at the time of total hip replacement was 54.6
years (range 18-86 years). The underlying diagnosis was
post-traumatic in sixteen hips, steroid-induced in nine

hips, alcoholism in thirteen hips, idiopathic in nine hips,
and radiation-induced in one hip. Twenty-eight proce-
dures were performed on the left and twenty on the
right. Nineteen of the hips (40%) had been operated on
prior to the index total hip replacement: thirteen frac-
ture fixations, three bone grafting procedures, one cup
arthroplasty, one exploration, and one hemiarthroplasty.

A Charnley hip prosthesis with 22.25 mm head and
forty or forty-four mm outer diameter ultra-high mo-
lecular weight polyethylene cup (Chas. F. Thackery,
Leeds, England or Zimmer, Warsaw, Indiana) was used
in twenty-nine hips from November 1970 to November
1981. An Iowa hip prosthesis with twenty-eight mm head
and forty or forty-four mm outer diameter metal or non-
metal backed ultra-high molecular weight polyethylene
cup (Zimmer, Warsaw, Indiana) was used in nineteen
hips from October 1980 to April 1984. The prostheses
were inserted with Simplex P cement (Northhill Plas-
tics, Great Britain or Howmedica, Rutherford, New Jer-
sey) using a noncontemporary hand packing technique
in sixteen hips until 1976 and using a contemporary
cement technique (medullary plug, medullary lavage
and drying, retrograde insertion of cement in doughy
phase with a gun) in thirty-two hips starting in 1976.

Procedures were performed through a lateral ap-
proach with osteotomy of the greater trochanter and
routine complete capsulectomy. The acetabular compo-
nent was placed as far medially and inferiorly as pos-
sible. Routine systemic perioperative antibiotics were
not used until 1980.

All patients underwent a thorough preoperative evalu-
ation including plain radiographs and documentation of
pain, activity level, ability to perform activities of daily
living, gait, and range of motion of the hip. The patients
were again evaluated clinically and radiographically
early postoperatively, and most patients were followed
at regular intervals thereafter.

An attempt was made to interview each of the sur-
viving patients and to contact the families of each of
those deceased. Surviving patients were asked to re-
turn for clinical and radiographic evaluation. Those
unable to return were asked to have radiographs ob-
tained locally and returned to us for evaluation. All liv-
ing patients were either evaluated in clinic or by inter-
view over the phone using the standard system of
terminology for reporting results of total hip replace-
ment described by Johnston et al.25 Family members of
deceased patients were interviewed to determine the
status and function of the hip at the time of death. In
two deceased patients (two hips) only the status of the
hip at the time of death was known. Two other patients
(two hips) were lost to follow-up and their status and
function at final review were unknown. Thus a complete
functional evaluation at the most recent follow-up (or
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time of death) was obtained in forty-four of the forty-
eight hips.

At the time of latest follow-up evaluation twenty-one
patients (twenty-eight hips) were alive and fifteen pa-
tients (eighteen hips) had died. Two patients (two hips)
were lost to follow-up. Of the twenty-eight hips in living
patients twenty-two (79%) were evaluated both clinically
and radiographically with a low anteroposterior radio-
graph of the pelvis, which included the entire acetabu-
lar component and the tip of the femoral stem, per-
formed at least ten years after the index arthroplasty.
The remaining six hips were evaluated on the basis of
a phone interview; in five of these hips the most recent
radiograph was made at least seven years postopera-
tively and in one hip the most recent film was at three
years after surgery. Of the fifteen deceased patients the
average interval from surgery to death was 8.5 years
and the average interval from surgery to the most re-
cent radiograph was 4.4 years. Two hips in deceased
patients had at least ten year radiographic follow-up
(19.6 and 16.5 years).

Radiographic Evaluation
Evaluation was based on anteroposterior radiographs

of the pelvis that included the tip of the stem of the
femoral component, made early postoperatively and at
the latest follow-up for all patients. Interval radiographs
were used to determine the time at which radiographic
changes occurred. Correction for magnification was
made by comparing the known diameter of the head to
that measured on the radiograph. Femoral cement tech-
nique was graded on the early post-operative radiograph
according to the criteria of Barrack et al.6

Loosening of the femoral component was classified
according to the criteria of Harris et al.22 Definite loos-
ening consisted of subsidence of the stem, fracture of
the stem or cement, or presence of a radiolucent line
(modified to at least one millimeter in width for the
polished Charnley component) between the prosthesis
and cement that had not been present early postopera-
tively. Probable loosening was defined as the presence
of a complete radiolucency along the entire bone-cement
interface. Possible loosening was defined as the pres-
ence of a radiolucency encompassing at least 50% but
less than 100% of the bone-cement interface.

Femoral subsidence was measured by the method
of Loudon and Charnley35 using the relationship be-
tween the tip of the stem and the trochanteric wire.
Subsidence was defined as a difference in measurement
of more than five millimeters between serial radio-
graphs. The stem position (neutral, varus, valgus) was
recorded for each radiograph. Preoperative bone qual-
ity of the proximal femur was graded radiographically

according to the classification of Dorr et al. Type A bone
was characterized by thick, dense cortices with distinct
edges creating a narrow medullary canal and funnel
shape to the proximal femur. Type B bone shows bone
loss from medial and posterior cortices producing a
wider medullary canal and irregularities of the endosteal
surface. Type C has deficient medial and posterior cor-
tices producing a very wide or “stovepipe” appearance
of the medullary canal.16

Acetabular loosening was considered definite if
migration had occurred or the cement had fractured,
probable if a circumferential radiolucent line was
present at the bone-cement interface, and possible if a
radiolucent line was present around 50 to 99% of the
bone-cement interface.23,40 Acetabular migration was
defined as a change of more than five millimeters in
the vertical distance from the center of the cup and the
line joining the teardrops or in the horizontal distance
between the center of the cup and the vertical line
through the teardrop.37 The linear and volumetric wear
rates were measured and calculated by the method of
Livermore et al.34

Radiolucent lines between cement and bone or os-
teolysis (defined as a non-linear bone-cement lucency
greater than five mm in length) were recorded on the
basis of the three acetabular zones described by DeLee
and Charnley14 and the seven femoral zones described
by Gruen et al.20 Heterotopic bone, if present, was
graded according to the classification of Brooker et al.9

All radiographic observations were agreed upon by two
of us (JJC and TMF).

The clinical and radiographic results were analyzed
with use of the two-tailed Fisher’s exact test when both
variables were categorical and a two-tailed Student t test
was used when one variable was continuous. The
Wilcoxon rank sum test was used when comparing wear
rates by categorical variables as wear rates are not nor-
mally distributed. The Pearson correlation coefficient
was used to analyze the association between age and
wear rates.

Kaplan-Meier survivorship curves26 with correspond-
ing 95% confidence intervals were calculated with fail-
ure defined by six different endpoints: revision or re-
section of all or part of the original prosthesis, aseptic
loosening of either or both components necessitating
revision, aseptic acetabular loosening requiring revision,
aseptic femoral loosening requiring revision, acetabu-
lar aseptic loosening (defined as definite or probable
radiographic loosening or revision due to aseptic loos-
ening of the acetabular component), and femoral asep-
tic loosening (defined as definite or probable radio-
graphic loosening or revision due to aseptic loosening
of the femoral component). Similar survivorship curves
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were calculated for a combined series of 671 patients
with diagnoses other than osteonecrosis of the femoral
head (primarily osteoarthritis) who underwent ce-
mented total hip replacement, the results of which were
previously reported,36,47 performed by the senior author
during the same time period and using the same pros-
theses and techniques as in the present series. Survi-
vorship was compared between the two series by log
rank analysis.

RESULTS
Clinical Results

For the twenty-one patients (twenty-eight hips) still
alive at the time of most recent follow-up the average
age at the time of index total hip replacement was 50.7
(range eighteen to seventy-seven) years and at most
recent follow-up 65.2 years (average length of clinical
follow-up 14.5 years). For the fifteen deceased patients
(eighteen hips) not lost to follow-up the average age at
the time of index total hip replacement was 60.6 (range
thirty to eighty-six) years and the average age at time
of death was 68.7 years.

Of the forty-six hips for which the final outcome was
known, one hip (2%) developed a deep infection which
was treated successfully with a one-stage exchange of
both components four years postoperatively. Four hips
(9%) were complicated by dislocation. One of these re-
quired femoral revision six months postoperatively for
recurrent dislocation. Five hips (11%) were complicated
by trochanteric bursitis requiring trochanteric wire re-
moval.

Prior to the index total hip replacement eight (17%)
of the forty-six hips with clinical follow-up had moder-
ately debilitating pain, the remainder had severe pain.
All had excellent relief of pain following total hip re-
placement. Of the twenty-eight hips in living patients at
most recent follow-up, sixteen (57%) had no pain, ten
(36%) had mild pain, two (7%) had moderate pain, and
none had severe pain. Prior to the index total hip re-
placement eighteen (39%) of the initial forty-six hips
required no support for ambulation, sixteen (35%) re-
quired a cane, and twelve (26%) required crutches or a
walker. At most recent follow-up eighteen (64%) of hips
in sur viving patients required no suppor t for
ambulation, five (18%) used a cane part-time, one (4%)
required full-time support, and three (14%) were
nonambulatory. At most recent follow-up twenty (71%)
of twenty-eight surviving hips did not limit walking du-
ration, one was limited to thirty-one to sixty minutes of
walking, one was limited to eleven to thirty minutes,
three (14%) to less than ten minutes, and three (14%)
were in nonambulatory patients. Five (18%) hips were
in patients who regularly performed moderate manual

labor at most recent follow-up, thirteen (46%) light la-
bor, ten (36%) minimally active, and none were in pa-
tients regularly performing heavy manual labor. Of the
twenty-one living patients seventeen were able to inde-
pendently maintain a home, one lived at home with help,
one lived in a care facility with some help cooking and
cleaning, and two lived in facilities with total care. Of
the twenty-eight total hip replacements in living patients
all patients were satisfied with the results of the index
procedure at most recent follow-up and felt that their
function was significantly improved except for the one
patient who required femoral revision at six months for
recurrent dislocation. She had no further complaints
following revision.

Radiographic Results
The average length of radiographic follow-up for liv-

ing patients was 12.6 years with twenty-two (79%) of the
twenty-eight hips having at least ten year radiographic
follow-up. Two (11%) of eighteen hips in deceased pa-
tients had at least ten year follow-up. At least five year
radiographic follow-up was obtained on thirty-four (74%)
of the total forty-six hips for which the outcome was
known.

Acetabular wear was measured for twenty-nine hips
in which adequate serial radiographs performed in the
senior author’s office with at least five year radiographic
follow-up were available. The mean linear wear rate was
0.1458 (range 0.0038-0.469) millimeters per year. The
mean volumetric wear rate was 75.6 (range 0.151-288.7)
cubic millimeters per year. Both linear and volumetric
wear rates had statistically significant negative correla-
tions (i.e. higher wear rates correlated with younger
age) with age at total hip replacement (r=-0.77, p<0.0001
and r=-0.71, p<0.0001 respectively). Linear wear rate
correlated significantly with acetabular aseptic loosen-
ing (p=0.0015), revision for acetabular loosening
(p=0.0053), and revision for femoral loosening (p=0.021),
but not femoral aseptic loosening (p=0.188) or femoral
head size (p=0.073). Volumetric wear rate correlated
significantly with acetabular aseptic loosening (p=0.005),
revision for acetabular loosening (p=0.015) and head
size (higher for 28 mm head) (p=0.016), but not femo-
ral aseptic loosening or revision for femoral loosening
(p=0.27 and p=0.063 respectively). There were no sta-
tistically significant associations of wear rates with sex,
diagnosis, use of cable in fixing the trochanter, or de-
velopment of osteolysis.

Eighteen (72%) of twenty-five femoral components
with at least ten year radiographic follow-up without
revision, or less than ten year radiographic follow-up
with appearance of osteolysis before ten years, demon-
strated proximal (zones 1,2, or 7) femoral osteolysis.
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No distal femoral osteolysis was seen. The presence of
proximal femoral osteolysis was not significantly af-
fected by the use of cable at the trochanter, linear or
volumetric wear rates, femoral head size, or absolute
volumetric wear (p>0.05). Osteolysis was seen around
three (14%) of the twenty-one acetabular components
with at least ten year follow-up without revision.

The prevalence of femoral aseptic loosening (defined
as definite or probable radiographic evidence of loos-
ening or revision due to aseptic femoral loosening) was
28.6% (six of twenty-one hips) among hips with at least
ten year radiographic follow-up or femoral aseptic loos-
ening before ten years, excluding stems revised for rea-
sons other than aseptic femoral loosening before ten
years. The prevalence of femoral aseptic loosening was
13% (six hips) among all forty-six hips. Femoral aseptic
loosening had a significantly negative correlation with
age at time of the index procedure (p<0.008) among all
hips. There was no significant association with sex, di-
agnosis, Dorr grade, femoral cement grade, the use of
cable, wear rates, femoral head size, or absolute volu-
metric wear.

The prevalence of acetabular aseptic loosening (de-
fined as definite or probable radiographic evidence of
loosening or revision for aseptic acetabular loosening)
was 29.2% (seven of twenty-four hips) among hips with
at least ten year radiographic follow-up or acetabular
aseptic loosening before ten years, excluding cups re-
vised for reasons other than aseptic acetabular loosen-
ing before ten years. The prevalence of acetabular asep-
tic loosening was 15.2% (seven hips) among all forty-six
hips. Acetabular aseptic loosening had a significantly
negative correlation with age at the time of total hip
replacement (p<0.0001). There was a significant posi-
tive correlation of acetabular loosening with linear wear
rate (p<0.0015), volumetric wear rate (p<0.005), and
absolute volumetric wear (p<0.002). There was no sig-
nificant association with sex, diagnosis, Dorr grade,
femoral head size or the use of cable (p>0.05).

Brooker grade II heterotopic ossification was seen
in six (13%) of the forty-six hips, and grade III hetero-
topic ossification was seen in one (2%). The heterotopic
ossification did not cause clinical symptoms in any of
the hips.

Revision
Of the total forty-six hips, eight (17.4%) had a revi-

sion by the time of final review, all of which occurred
in patients that were still alive at the time of final re-
view. In patients surviving at least ten years the overall
revision prevalence was 22.9% (eight of thirty-five hips)
and in patients still alive at final review the prevalence
was 28.6% (eight of twenty-eight hips).

As noted above, one hip had a successful one-stage
exchange to treat sepsis at four years after index total
hip replacement and one hip underwent femoral revi-
sion at six months to successfully treat recurrent dislo-
cation. The remaining six were revised due to aseptic
loosening of one or both components: two hips were
revised at seventeen and eighteen years postoperatively
for aseptic loosening of both components; two hips un-
derwent revision of both components for acetabular
aseptic loosening at three and nine years postopera-
tively; one hip underwent acetabular revision only for
acetabular aseptic loosening at eleven years postopera-
tively; and one hip underwent acetabular revision for
acetabular aseptic loosening at four years and subse-
quent femoral revision for aseptic loosening at ten years
postoperatively. There was only one re-revision: the hip
was initially revised to a bipolar prosthesis with
morselized acetabular bone grafting at eighteen years
for aseptic loosening of both components and subse-
quently under went acetabular re-revision to an
uncemented component eighteen months later.

Thus, of the initial forty-six hips the revision preva-
lence for aseptic loosening was 13.0% (six hips): 6.5%
(three hips) due to loosening of both components and
6.5% (three hips) due to acetabular component loosen-
ing only). Of the thirty-five hips in patients surviving at
least ten years the revision prevalence for aseptic loos-
ening was 17.1% (six hips): 8.6% due to loosening of both
components, 8.6% due to acetabular component loosen-
ing. Of the twenty-eight hips in patients still alive the
prevalence was 21.4% (six hips): 10.7% due to both, 10.7%
due to acetabulum).

Among patients surviving at least ten years, revision
due to aseptic acetabular loosening was significantly
associated with young age at time of total hip replace-
ment (p=0.0002), high linear and volumetric wear rates
(p=0.003 and p=0.009 respectively), and large absolute
volumetric wear (p=0.01). Revision due to aseptic femo-
ral loosening was significantly associated with young
age (p=0.001) and high linear and volumetric wear rates
(p=0.017 and p=.04 respectively). The association of re-
vision for femoral loosening with absolute volumetric
wear approached significance (p=0.06). There was no
significant association of revision due to acetabular or
femoral loosening with sex, diagnosis, Dorr grade, or
use of cable (p>0.05).

Survivorship Analysis
The Kaplan-Meier survivorship curves were calcu-

lated for the following endpoints: (1) revision of all or
part of the original prosthesis for any reason; (2) revi-
sion due to aseptic loosening of one or both compo-
nents; (3) revision due to acetabular aseptic loosening;
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Figure 1. Survivorship curves with various endpoints for hips in this study: A. revision, B. revision for aseptic loosening, C. acetabular
components revised for aseptic loosening, D. femoral components revised for aseptic loosening, E. acetabular components radiographically
loose (revised for aseptic loosening or definitely or probably loose), F. femoral component radiographically loose (revised for aseptic
loosening or definitely or probably loose).

Figure 1A. Figure 1B. Figure 1C.

Figure 1D. Figure 1E. Figure 1F.

(4) revision due to femoral aseptic loosening; (5) ac-
etabular aseptic loosening, as defined above; and (6)
femoral aseptic loosening, as defined above. These
curves with 95% confidence intervals are shown in Fig-
ures 1A-F respectively.

Separate curves using the same six endpoints were
calculated for those hips inserted with non-contempo-
rary cement techniques and those inserted with con-
temporary cement techniques. There was no statistical
difference in survivorship by log rank analysis between
hips with non-contemporary techniques and those with
contemporary techniques for any of the six endpoints.

Survivorship curves using the same endpoints, ex-
cept revision for any reason, were calculated for a com-
bined series of 671 hips with diagnoses other than os-
teonecrosis of the femoral head which underwent total
hip replacement performed by the senior author dur-
ing the time period encompassed by the present series.
Hips with the diagnosis of osteonecrosis of the femoral
head had significantly inferior survivorship with regard
to revision for aseptic loosening (p=0.0189), revision for
acetabular loosening (p=0.01), revision for femoral loos-
ening (p=0.0077), and aseptic femoral loosening
(p=0.0041). The survivorship with regard to aseptic ac-
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were revised for aseptic loosening. Saito et al.45 reported
on twenty-nine cemented total hip replacements in pa-
tients with osteonecrosis of the femoral head with five
to eleven year follow-up: 48% developed aseptic loosen-
ing and 28% required revision. These results were sig-
nificantly worse than in their patients with osteoarthri-
tis. Stauffer’s ten year follow-up of cemented total hip
replacement included ten hips with osteonecrosis of the
femoral head and five of these had loosening of the
femoral component, a loosening rate which was higher
than in the rest of the series.48 By contrast Ritter and
Meding had more favorable results in patients with os-
teonecrosis of the femoral head. They reported a 1.5%
revision rate in sixty-four hips with three to ten year
follow-up which was not significantly different than in
their patients with osteoarthritis.

Our minimum ten year follow-up results of cemented
total hip replacement in osteonecrosis of the femoral
head are consistent with the generally poor medium-
term results in the literature. Our overall revision preva-
lence was 17.4% (eight of forty-six hips) in all hips and
22.9% (eight of thirty-five hips) in patients surviving at
least ten years from the time of surgery. The prevalence
of revision due to aseptic acetabular and femoral loos-
ening were 17.1 % (six of thirty-five hips) and 8.6% (three
of thirty-five hips) respectively in patients surviving at
least ten years. In hips with at least ten year radio-
graphic follow-up the acetabular aseptic loosening preva-
lence was 29.2% (seven of twenty-four hips) and the
femoral aseptic loosening prevalence was 28.6% (six of
twenty-one hips). Survivorships to hip revision for asep-
tic loosening, revision for acetabular loosening, revision
for femoral loosening, and aseptic femoral loosening
were all significantly inferior in hips with osteonecrosis
of the femoral head than in total hip replacements per-
formed for other diagnoses by the same surgeon dur-
ing the same time period. Survivorship with regard to
aseptic acetabular loosening was not significantly dif-
ferent. The difference in survivorship was most notable
in regard to aseptic femoral loosening and revision for
aseptic femoral loosening, where the senior author’s
long-term experience in the general population has dem-
onstrated excellent results with long-term preservation
of the femoral side cemented total hip arthroplasty con-
struct.47,49

Despite the relatively poor long-term durability of
cemented total hip replacement in our patients with
osteonecrosis of the femoral head, patient satisfaction
with the procedure was excellent. Patients consistently
reported marked pain relief and increased function fol-
lowing the procedure, and long-term pain relief was
maintained in twenty-six of twenty-eight (93%) of hips
in patients still alive at final review.

etabular loosening was not significantly dif ferent
(p=0.315).

Effect of Age
Age at the time of index total hip replacement was

the only demographic factor evaluated that had a sig-
nificant effect on results, and the association was very
marked. The mean age at time of index total hip re-
placement was thirty-five years for hips requiring revi-
sion for acetabular loosening compared to fifty-eight for
those that did not (p=0.0003), and the mean age for hips
requiring revision for femoral loosening was thirty years
compared to fifty-seven for those that did not (p=0.002).
The mean age at time of total hip replacement was
thirty-four years for hips that developed aseptic acetabu-
lar loosening compared to fifty-nine for those that did
not (p<0.0001), and the mean age for hips developing
aseptic femoral loosening was forty years compared to
fifty-eight for those that did not (p<0.008). All patients
who underwent revision for aseptic loosening were
under forty years of age at the time of surgery except
one patient who was sixty-three at the time of index
total hip replacement and required revision nine years
later for acetabular loosening. Eighty-six percent (six
hips) of the seven hips which developed aseptic acetabu-
lar loosening and 67% (four hips) of the six hips which
developed aseptic femoral loosening were in patients
under forty-five years of age at the time of index total
hip replacement. As stated above wear rates also had a
statistically significant negative correlation with age at
time of total hip replacement.

Effect of Etiology of Osteonecrosis
The underlying diagnosis had no statistically signifi-

cant effect on any of the outcome variables, both when
examined individually and when comparing all non-trau-
matic etiologies to post-traumatic.

DISCUSSION
Total hip replacement is considered the treatment of

choice in advanced osteonecrosis of the femoral head
with significant collapse of the head and joint degen-
eration. The most experience has been with cemented
total hip replacement, and although no previous mini-
mum ten year follow-up results have been reported for
patients with osteonecrosis of the femoral head, the
medium-term results have generally been inferior to
those in other patient populations (Figures 2 and 3).
Cornell et al.13 reported an overall failure rate of 37% in
twenty-eight hips which underwent cemented total hip
replacement for osteonecrosis of the femoral head with
five to ten year follow-up. Thirty-two percent of the hips
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Figure 2. Preoperative radiograph of fifty-one year old male with
bilateral idiopathic osteonecrosis of the femoral head who had un-
dergone bilateral tibial strut bone grafting. B. Postoperative radio-
graph following bilateral cemented total hip arthroplasty using
Charnley prostheses. C. Thirteen year follow-up radiograph show-
ing no evidence of component loosening. At final review the patient
had no pain or functional limitation due to either hip.

Figure 2A.

Figure 2B.

Figure 2C. Figure 3. A. Preoperative radiograph of fifty-three year old alco-
holic male with bilateral osteonecrosis of the femoral head. B. Post-
operative radiograph following bilateral cemented total hip arthro-
plasty using Iowa prostheses. C. Eleven year follow-up radiograph
demonstrates showing loosening of the right femoral component
with a new lucency at the prosthesis-cement interface and medial
femoral calcar osteolysis. Note also the fretting of cable used to
reattach the trochanters. At final review eleven years post-opera-
tively both hips were asymptomatic.

Figure 3A.

Figure 3B.

Figure 3C.
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There are several possible factors that may compro-
mise mechanical results of cemented total hip replace-
ment in hips with osteonecrosis. First, the patient popu-
lation with osteonecrosis of the femoral head is younger
and potentially more active than the general population
undergoing total hip replacement. Although the experi-
ences of the senior author5,49 and of Barrack et al.6 show
excellent long-term results of cemented total hip re-
placement in patients under the age of fifty, several se-
ries document poorer durability of cemented total hip
replacement in the younger patient population.12,17,18,46,48

Cornell et al. identify young age as a risk factor for poor
outcome in their series of cemented total hip replace-
ment in osteonecrosis of the femoral head. All seven of
their patients who were under thirty at the time of total
hip replacement had unsatisfactory outcomes, with five
being mechanical failures.13

Our data supports young age at the time of cemented
total hip replacement as the dominant risk factor for
mechanical failure in patients with osteonecrosis of the
femoral head. Young age strongly correlated with asep-
tic loosening on both the femoral (p=0.008) and acetabu-
lar (p<0.0001) sides and with revision due to aseptic
femoral (p=0.001) and acetabular (p=0.0002) loosening.
Young age also correlated with high linear and volu-
metric wear rates (p<0.0001). Of the ten hips in patients
under the age of forty-five at the time of total hip re-
placement, six (60%) developed acetabular loosening
and four (40%) developed femoral loosening. Of all seven
hips that developed acetabular loosening, six (86%) were
in patients under forty-five, and of all six hips that de-
veloped femoral loosening, four (67%) were in patients
under forty-five at the time of total hip replacement. All
revisions for aseptic component loosening were per-
formed in patients who were under forty years of age
at the time of index surgery except one.

But age appears not to be the sole factor. Sarmiento
et al. showed that the poorer results of total hip replace-
ment in young patients occurred mainly in those with
osteonecrosis of the femoral head and rheumatoid ar-
thritis, not in those with osteoarthritis. They postulated
that poor bone quality in osteonecrosis and rheumatoid
arthritis may compromise long-term cemented fixation.46

Other cemented total hip replacement series in young
patients have identified the diagnosis of osteonecrosis
of the femoral head as a risk factor for poor out-
come.12,17,18 Arlot et al. studied seventy-seven patients
with non-traumatic osteonecrosis of the femoral head
and normal kidney function with transiliac bone biop-
sies and found evidence for osteoporosis and/or osteo-
malacia in virtually all of the patients.4 Kenzora et al.
stated that osteonecrosis occurs when there is underly-
ing bone disease or cell stress upon which a terminal

event or stress precipitates necrosis.29

It is therefore reasonable to assume that the under-
lying bone disease in osteonecrosis of the femoral head
may vary with underlying diagnosis and may variably
affect long-term cemented fixation. Cornell et al. noted
a trend to increased failure in patients with sickle cell
hemoglobinopathy, ethanol-induced, and steroid-in-
duced osteonecrosis of the femoral head as compared
to idiopathic.13 Saito et al. stated that hips with steroid-
induced osteonecrosis tended to have higher loosen-
ing rates than those with ethanol-induced or idiopathic
osteonecrosis.45 Katz et al. reported significantly higher
post-op Harris Hip scores in post-traumatic versus
nontraumatic osteonecrosis at a minimum of two years
follow-up.27 Several series of patients with osteonecro-
sis secondary to sickle cell hemoglobinopathy,1,7,11,121,39

renal transplant,15,41 and Gaucher’s disease30,31 showed
particularly poor medium-term results of cemented to-
tal hip replacement.

Statistical analysis of our data did not support the
hypothesis that underlying diagnosis differentially af-
fects long-term cemented fixation. Diagnosis had no
significant effect on any of the outcome variables. This
may have been due to the relatively small number of
patients divided among five different diagnoses (post-
traumatic, idiopathic, steroid-induced, ethanol-induced,
and radiation induced). Also, no statistically significant
difference was seen when comparing post-traumatic to
nontraumatic etiologies. Likewise, preoperative proxi-
mal femoral bone quality determined radiographically
using the criteria of Dorr et al.16 showed no association
with mechanical failure.

Another factor that may help explain the poor re-
ported results of cemented total hip replacement in
osteonecrosis of the femoral head is that most series
were performed prior to the advent of contemporary
cement techniques (medullary plug, medullary lavage
and drying, and retrograde insertion of cement in
doughy phase using a cement gun). Contemporary ce-
ment technique has been shown to yield significantly
improved results on the femoral side in young patients.6

Katz et al. reported no aseptic loosening in twenty hips
with ON at two to seven year follow-up using contem-
porary technique.27 Huo et al. reported 81.8% survivor-
ship at nine years using contemporary cement tech-
nique in thirty hips in patients with systemic lupus
erythematosus.24 Our data showed no significant differ-
ence between noncontemporary and contemporary ce-
ment techniques with regard to survivorship to revision,
revision for aseptic loosening, revision for aseptic ac-
etabular loosening, revision for aseptic femoral loosen-
ing, aseptic acetabular loosening, and aseptic femoral
loosening. Of note, the previously reported long-term
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results of total hip replacements performed by the se-
nior author have also demonstrated no statistical dif-
ferences in durability between hand-packing and cement
delivery system insertion of cement. Adequate cement
mantles were usually achieved by this experienced sur-
geon with both techniques.5,36,47,49

This study demonstrates that long-term durability of
cemented fixation of total hip replacement in patients
with osteonecrosis is poor and significantly inferior to
that in patients with other diagnoses. Age is the domi-
nant factor effecting results. Furthermore, no improve-
ment is seen with modern cementing technique. There-
fore, we feel that other means of fixation should be
explored in hips with osteonecrosis, particularly in
young patients.

Recent reports of total hip arthroplasty in osteone-
crosis using an uncemented porous-coated prosthesis
have been encouraging. Early to medium-term results
in hips with osteonecrosis have appeared to be as good
or better than those in cemented total hip replace-
ment.2,8,19,33,42,43 Piston et al., in a five to ten year average
follow-up of thirty-five uncemented Anatomic Medullary
Locking (AML, DePuy, Warsaw, Indiana) total hip re-
placements in patients under forty with osteonecrosis
of the femoral head, reported an overall revision rate
of 6% (3% femoral aseptic loosening, 6% acetabular asep-
tic loosening). However, they demonstrated a 17% preva-
lence of moderate or severe proximal femoral resorp-
tion and a 17% prevalence of osteolytic lesions.
Thirty-two millimeter heads were used in that series.
They recommended uncemented total hip replacement
in young patients with osteonecrosis of the femoral head
with caution because of high rates of complications and
osteolysis, and stated that longer term follow-up is
needed.43

Capello has demonstrated durable results in this
population using a hydroxyapatite-coated uncemented
femoral component. In sixty-three hips with osteonecro-
sis and mean follow-up of five years, no aseptic loosen-
ing has occurred.10 However, one uncemented series
using a proximally porous-coated stem has demon-
strated 14% subsidence at four to six year follow-up.33

This difficult patient population may also be candi-
dates for resurfacing hemiarthroplasty in light of the
high acetabular wear and femoral side loosening and
osteolysis. Amstutz et al. have reported reasonable long-
term results with this procedure and easy conversion
to total hip replacement when necessary.3

This study provides the first minimum ten year fol-
low-up results of cemented total hip replacement in pa-
tients with osteonecrosis of the femoral head. It is a
consecutive series performed by a single surgeon (RCJ)

using clinically proven prostheses and techniques, and
the results are compared to the same surgeon’s results
in patients with other diagnoses. Follow-up is obtained
for over 96% (forty-six hips) of the initial forty-eight hips
in the series. There are, however, some shortcomings
to the study. The patient population is small and rather
heterogeneous, which may hide subtle effects of cer-
tain factors on outcome. Data was not collected in a fully
prospective manner, although preoperative evaluation
was thorough and postoperative clinical and radio-
graphic follow-up was performed at regular intervals in
most cases. As with all studies where radiographs are
evaluated, potential for interobserver and interobserver
variability exist although the same two observers, JJC
and TMF agreed on the observations made in this study
and JJC performed the readings in all 671 hips from
the control group.

In summary, cemented total hip replacement had a
high long-term (minimum ten years) mechanical fail-
ure rate in patients with osteonecrosis of the femoral
head, significantly greater than in patients with other
diagnoses. Despite this, patient satisfaction was high.
The poor results appeared primarily in the younger age
patient at the time of total hip replacement. Contempo-
rary cement techniques did not improve results. This
study has prompted the authors to consider other means
of fixation when performing total hip arthroplasty in
patients with osteonecrosis, especially in the younger
age group (i.e. age less than forty-five).
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TRADITIONAL MANAGEMENT OF THE
OPEN FRACTURE WOUND

The wound associated with an open fracture is com-
monly underestimated in its representation of the un-
derlying soft tissue injury. The traumatic injury to the
periosteum, muscle, fascia, and subcutaneous tissue is
often greater than expected, especially with a crushing
mechanism of injury. The open fracture wound evolves
over time, and necrotic tissue becomes more evident.
The degree of exposure of the underlying structures
(bone, tendon, etc.) may change as the wound evolves.
Often a wound seen at the time of injury is thought to
be amenable to delayed primary closure. Yet after sev-
eral debridements and internal fixation of the fracture,
the effects of altered limb shape and soft tissue swell-
ing change the wound, making more advanced tech-
niques in soft tissue coverage necessary.

The management of an open fracture is often diffi-
cult. The mainstay of treatment involves timely initial
debridement and irrigation of the wound. This is re-
peated every 48 to 72 hours until no further contamina-
tion or necrotic tissue remains in the wound. Traditional
instruction has been to leave at least the traumatic por-
tion of the wound open, to allow for fluid and bacterial
egress from the wound bed. When the wound shows
no further signs of tissue necrosis, definitive soft tissue
coverage can be performed. This can be achieved with
delayed primary closure of the wound, split-thickness
skin graft over a vascularized bed, and for the more
severe injuries, rotational or microvascular tissue trans-
fers.4

This poses the question of how to best manage the
open fracture wound between debridements, and prior
to definitive soft tissue coverage. The ideal open frac-
ture wound management system would prevent desic-
cation of exposed vital structures, promote vascular in-

growth, remove edema from the wound bed, limit bac-
terial proliferation, minimize pain, prevent repetitive
trauma to the wound bed, and prevent secondary bac-
terial contamination from the environment. Traditional
methods of managing the open fracture wound consist
of simple dressing changes, skin substitutes, and anti-
biotic-impregnated bead pouches.

Traditional wet-to-dry dressing changes have been
employed using a variety of solutions, including dilute
povidone-iodine, dilute bleach, antibiotics, and normal
saline. A moistened dressing is applied to the wound,
and allowed to dry. With removal of the dry dressing,
necrotic tissue is removed with the dressing. Dry dress-
ings can be applied to wounds with more exudate.
Dressing changes have the advantage of universal avail-
ability of supplies. The disadvantages include desicca-
tion of exposed structures, maceration of skin in wounds
with significant effluent, repeated wound trauma, and
discomfort with the procedure. The greatest disadvan-
tage is the vast opportunity for secondary contamina-
tion of the wound with repeated exposure to the envi-
ronment. This is likely a significant factor in
post-traumatic infections.

Little information is available on the use of skin sub-
stitutes for temporary management of open fracture
wounds. Skin substitutes include xenografts, human
allografts, and a variety of synthetic membranes. Xe-
nograft and allograft can be placed over a clean wound
bed, and will adhere to viable tissue. Both prevent des-
iccation of the wound, limit bacterial proliferation, de-
crease wound pain, and protect underlying structures.
Synthetic adherent dressings are available containing
an inner layer of collagen, which can bind to a clean
wound bed, and an outer synthetic layer which is im-
permeable to bacteria. The tight adherence decreases
exudate, and protects underlying structures from des-
iccation. Unlike skin, synthetic membranes can be
stored at room temperature and have a longer shelf-
life. Unfortunately, these substances can be expensive,
and are not universally available. In addition, with re-
moval of these substances, bits of collagen may remain
in the wound bed and become a source of chronic in-
flammation.

An antibiotic-impregnated bead pouch is a reliable
method for managing an open fracture wound. Certain
antibiotics, particularly tobramycin, can be mixed with

NEGATIVE PRESSURE DRESSINGS FOR OPEN FRACTURE WOUNDS

Laura Prokuski, MD

Corresponding author:
Laura Prokuski, MD
Assistant Professor
Department of Orthopedics and Rehabilitation
University of Wisconsin Medical School
K4/742 CSC
600 Highland Avenue
Madison, WI 53792
(608) 262-8020



Volume 22 21

Negative Pressure Dressings for Open Fracture Wounds

polymethylmethacrylate during its polymerization, and
formed into small spheres. The antibiotic will leach out
of the beads, resulting in bactericidal levels in the sur-
rounding tissue.3 Henry et al. described the technique
of a bead pouch, where antibiotic bead chains were
placed in an open fracture wound, and covered with an
occlusive dressing.9 The advantage of this technique is
reduced bacterial contamination in the wound. Not only
is the wound bathed in high concentrations of antibi-
otic, but the fracture site is sealed from the environ-
ment, reducing outside sources of contamination. When
used as an adjuvant to debridement and parenteral an-
tibiotics, use of the bead pouch has been shown to de-
crease the infection rate in open fractures.11,15 The main
disadvantage of this technique is the time-consuming
nature of antibiotic bead production in the operating
room. Some have advocated the use of premade chains
of antibiotic beads to hasten the procedure.6 It is also
difficult to obtain a good seal with the occlusive dress-
ing, particularly with large wounds or wounds around
external fixator pins. An incomplete occlusive dressing
allows leakage of the antibiotic-rich fluid, skin macera-
tion, and potential exposure of the wound to secondary
bacterial contamination.

NEGATIVE PRESSURE DRESSINGS
Negative pressure dressings are an attractive option

for the interim management of open fracture wounds.
The negative pressure dressing consists of a polyure-
thane ether foam sponge that is cut to fit the contours
of the wound. Into the sponge is placed a noncollapsable
evacuation tube. The evacuation tube is connected to a
canister that collects the ef fluent. The canister is
coupled to the control box, which regulates the force
applied through the dressing. The dressing is sealed
with an occlusive drape (Figure 3). The typical setting
is 125 mm subatmospheric pressure for the first 48
hours, then intermittent mode (5 minutes on, 2 min-
utes off) for the remaining duration of therapy. Clinical
studies demonstrated that wound healing is accelerated
using this cyclic mode (1). The dressing is changed
every 48 to 72 hours, to prevent aggressive ingrowth of
granulation tissue into the sponge. This correlates well
with the timing of debridements.

Prior experience with negative pressure dressings
is encouraging. Chronic wounds caused by pressure,
venous stasis, radiation, diabetes, and vasculitis have
been successfully treated with negative pressure dress-
ings. Therapy continues until the wound heals or the
granulating bed can be treated with a lesser procedure,
such as split-thickness skin grafting.1 Dehisced and in-
fected surgical wounds in the chest and abdomen have
been treated with negative pressure dressings. Again,
therapy is continued until a split-thickness skin graft

can be placed over the bed.1,13 This is a great advantage
for patients who are often poor candidates for traditional
wound management strategies such as free microvas-
cular tissue transfers. Acute wounds such as large soft
tissue avulsions and gunshot wounds have been man-
aged successfully with negative pressure dressings.1

Negative pressure dressings have also been shown
to be a useful adjuvant in the management of wounds
associated with limb threatening injuries. A group of
patients with either failed free flap coverage, wounds
too large to adequately cover with free flaps, or infected
wounds waiting for free flap coverage were treated with
negative pressure dressings. Although some needed
additional surgical procedures, no amputations occurred
and adequate soft tissue coverage was obtained in all
patients.10

There are several advantages negative pressure
dressings have for acute open fracture wounds. First,
the occlusive dressing completely isolates the wound,
decreasing the risk of secondary contamination from
the environment. Second, the negative pressure dress-
ing removes edema from the limb. Edema present in
the wound bed increases the pressure in the tissue,
slowing capillary inflow, and impeding venous and lym-
phatic drainage. Removal of edema by the negative pres-
sure dressing improves capillary blood flow, which in-
creases the delivery of oxygen and nutrients to the
wound.1,16,18 Removal of edema fluid also removes com-
pounds that are detrimental to wound healing. Factors
removed from chronic wound fluid have been found to
suppress the proliferation of keratinocytes, fibroblasts,
and vascular endothelial cells.1,2,7 Elevated levels of pro-
teases (e.g. collagenase, elastase) and their degradation
products are also found in this fluid.1,8,19,20 Third, bacte-
rial proliferation is limited. The dressing results in cap-
illary ingrowth into the wound. This increase in vascu-
larity provides the oxygen and immune cells that
antagonize bacterial growth. Although the wound re-
mains colonized, wounds treated with negative pressure
dressings show a decrease in the bacterial load after 3-
4 days. Quantitative cultures have demonstrated bacte-
rial colonization in the range of 102-103 organisms per
gram of tissue. Successful wound healing correlates
with bacterial counts less than 105 organisms per gram
of tissue.1,12 Finally, the application of mechanical force
to a wound produces a favorable milieu. Negative pres-
sure applied to a wound results in an increased rate of
cell mitosis, new blood vessel formation, and recruit-
ment of adjacent cells.1,5,14,17 In this favorable environ-
ment, is not uncommon for the growth of granulation
tissue to be so aggressive that a lesser surgical proce-
dure, such as a split-thickness skin graft, can be uti-
lized instead of a more taxing procedure, such as a
microvascular tissue transfer, to achieve soft tissue cov-
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erage. The main disadvantage of this technique is the
requirement for special equipment. There is also a sig-
nificant learning curve in applying the dressing, espe-
cially with large wounds, multiple wounds, and wounds
around external fixator pins.

Complications of negative pressure dressing treat-
ment can occur. Some patients complain about pain with
initiation of negative pressure to the wound. This usu-
ally abates over time. Most other problems are related
to improper dressing application. Erythema around
wound edges can be seen with a dressing that extends
to the intact skin. This erythema can be mistaken for
cellulitis, but really represents hyperemia, and will abate
quickly with discontinuation of therapy. Necrosis of the
skin around the evacuation tube has been observed if
the occlusive drape is applied too tightly in this region.
Ingrowth of granulation tissue into the sponge has been
observed, most commonly if the dressing has been in
place over 72 hours.1

CASE EXAMPLE
A 42 year-old man was a pedestrian struck by a car.

His injuries included an open proximal humerus frac-
ture and an open proximal tibial fracture. The proximal
tibial fracture was typical for a bumper strike injury—a
comminuted proximal metaphyseal injury with articu-
lar extension, and a significant soft tissue injury. The
proximal tibial fracture was associated with a 1 cm
wound on the medial proximal tibia. On the night of
injury, the open fracture wound was extended, and the
wound and the fracture debrided (Figure 1). A few frag-
ments of devitalized bone were removed. No gross con-
tamination was found in the wound. The wound exten-
sions were closed easily, leaving the small traumatic
wound open. The leg was stabilized by placing a bridg-
ing external fixator across the knee. Forty-eight hours
later, the patient returned to the operating room for a
repeat debridement of the open fracture. Epidermoly-
sis of the wound edges was observed (Figure 2). After
debridement, the wound edges could not be approxi-
mated, so a Vacuum Assisted Closure (VAC) dressing
(Kinetic Concepts, Inc., San Antonio, TX) was applied
to the open wound, and set at 125 mm continuous sub-
atmospheric pressure (Figure 3). Consultation with the
plastic surgery service was made for timing of defini-
tive soft tissue coverage. Forty-eight hours later, the
patient returned to the operating room. The open frac-
ture was debrided, and no further necrotic tissue was
present. Definitive internal fixation of the fracture was
performed (Figures 4A and 4B). A VAC was applied to
the medial wound, and set at 125 mm subatmospheric
pressure in the intermittent mode. Forty-eight hours
later, the patient returned to the operating room where

Figure 1. The open fracture wound. Significant skin contusion and
extensive periosteal stripping are demonstrated.

Figure 2. The wound before the second debridement. The wound
extensions have been closed. The limb is edematous. The skin in
the center of the wound has questionable viability.

Figure 3. The negative pressure dressing has been applied to the
open fracture wound. The sponge has been cut to fit the contours
of the wound. An evacuation tube connects the sponge to a source
of constant subatmospheric pressure. An occlusive drape seals the
dressing.
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a medial gastrocnemius rotational flap and split-thick-
ness skin graft was performed to close the soft tissue
envelope. One month later, all wounds were completely
healed and edema was minimal (Figure 5). Twelve
weeks after injury, the articular fracture lines had
healed, and enough callus was present in the metaphy-
seal region to begin weightbearing. No evidence of in-
fection was present.

Figure 5. Clinical appearance of the leg one month after medial
gastrocnemius rotational flap and split-thickness skin graft. The
knee is to the left and the ankle is to the right. The soft tissue
envelope is completely healed.

Figures 4A and 4B. AP and lateral radiographs of the tibia demon-
strate the skeletal injury. The articular fracture is reduced and
held with a lag screw. The comminuted metaphyseal fracture is
stabilized by a less invasive stabilization system plate (Synthes,
Paoli, PA).
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INTRODUCTION
Congenital vertical talus (CVT), or “rocker-bottom”

foot, describes the most severe form of congenital flat-
foot. It is characterized by a rigid dislocation of the tal-
onavicular joint, in which the navicular articulates with
the dorsal aspect of the talus.11 The term “congenital
convex pes valgus” is also frequently used.4,5,11 To make
a definite diagnosis, it is important to demonstrate that
the navicular is dislocated dorsally on the neck of the
talus when the foot is maintained in extreme plantar
flexion.3

The etiology of this entity remains unknown. It is
associated with certain central nervous system defects,
multiple malformation syndromes, in-utero deformation,
and some aneuploidy states.1 Only two groups have re-
ported on the familial occurrence of this condition.9,10

We describe vertical transmission of isolated CVT in
four separate families and confirm that autosomal domi-
nant inheritance should be considered in the differen-
tial diagnosis of isolated CVT.

CASE REPORTS
Case 1

The pedigree for this family is shown in Figure 1.
The proband (II-2) was noted to have severe rocker-
bottom deformities in both feet at birth. No other clini-
cal abnormalities were noted. There was no evidence
of flexion contractures or ulnar deviation of the fingers,
limitation of motion at other joints or an underlying neu-
romuscular disease. The diagnosis of CVT was con-
firmed by radiographs demonstrating persistent dorsal dislocation of the navicular on the talus and no change

with a maximum plantar flexion view (Figure 2A). There
was no radiographic evidence of tarsal coalition or other
malformation. The patient underwent open reduction
of the talonavicular joints with posterior releases at two
years of age. She developed increasing hind foot pain
and underwent triple arthrodesis at the age of 13 years.
She is now 52 years old and asymptomatic.

The patient’s daughter (III-2) was noted to have
rocker-bottom deformities in both feet at birth (Figure
2B). No other clinical abnormalities were noted. She
was initially treated with serial corrective casts without
improvement and underwent open reduction of the tal-
onavicular joints with posterior ankle releases at 2 1/2
years of age. She is now 26 years old and has no com-
plaints with regard to her feet.
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Figure 1. This three-generation pedigree is compatible with auto-
somal dominant inheritance.
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The patient’s son (III-1) was also found to have
rocker-bottom deformity in his right foot at birth. Clini-
cal evaluation at the age of 5 months demonstrated tal-
ipes equinovarus deformity of the left foot, and congeni-
tal vertical talus of the right foot (Figure 2C). Serial
corrective casts were applied to both feet. Open reduc-
tion of the right vertical talus was performed at 8
months of age. Surgical correction of his clubfoot was
also performed at that time.

All immediate members of this family underwent
physical and roentgenographic examination, with the
exception of I-1, who was deceased at the time of this
investigation. According to family members, I-1 had life-
long difficulty with his feet and was treated as a young
adult with triple arthrodeses for advanced degenerative
arthritis. Upon review of his medical records, it was
found he had bilateral CVT deformities as a child as
well.

Case 2
A 2-year-old female was seen at our institution and

diagnosed with CVT bilaterally. No other abnormalities
were found. The deformities were initially treated by
open reduction of the talonavicular dislocations followed
by delayed posterior releases. At the age of 33, her right
foot is asymptomatic without deformity; however, the
left foot shows marked rocker-bottom deformity with
moderate amount of pain.

This patient’s younger brother was found to have a
rocker-bottom deformity of his right foot at birth. The
parents noticed this because the boy’s sister had the
same deformity. No other abnormalities were noted. He
was treated with serial casting without success. He un-
derwent open reduction at 5 months of age. We were
able to examine both parents and no foot abnormalities
were noted.

Case 3
A 10-month-old female was treated with serial cast-

ing followed by open reduction of a right-sided CVT
deformity. No other abnormalities were noted on physi-
cal examination. The patient’s mother was also treated
at our institution as a child with open reduction of an
isolated unilateral CVT deformity. We were able to ex-
amine all immediate family members and noted flex-
ible flatfeet in several members, but there was no evi-
dence of rigid foot deformities.

Figure 2A. Lateral radiograph of proband II-2’s foot at 19 months
of age.

Figure 2B. Lateral radiograph of proband III-2’s foot at 12 months
of age.

Figure 2C. Lateral radiographs of proband III-1’s foot at 5 months
of age.
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Case 4
A 9-month-old female presented to our hospital for

evaluation of a rigid flatfoot deformity on the right. Af-
ter obtaining plantar-flexion radiographs of both feet,
she was diagnosed with CVT on the right. She is cur-
rently undergoing serial casting. Both parents were
examined and there was no evidence of foot abnormali-
ties in either. However, the family history was remark-
able for the child’s grandmother being treated for CVT
as a child.

DISCUSSION
Lamy and Weisman,8 who were the first to provide

an extensive review of congenital vertical talus, reported
one familial case, a mother and child. Ogata et al.9 re-
ported on two families in which there was familial oc-
currence of CVT. These included an affected mother
whose son and daughter also had CVT, and another fam-
ily in which a brother and sister were affected. Stern et
al.10 reported on a three generation family with 9 total
affected members and suggested that CVT can be in-
herited as an autosomal dominant trait. We report the
occurrence of familial CVT in four separate pedigrees,
in which the disorder is inherited in an autosomal domi-
nant fashion with variable expression and incomplete
penetrance. This explains those cases in which affected
siblings were born to clinically normal parents.

When evaluating a patient with apparent isolated
CVT, it is important to rule out systemic neurological,
muscular or skeletal disorders, such as arthrogryposis,
spina bifida, Down syndrome, and Trisomy 18, since
approximately half of all cases of CVT will be associ-
ated with one of these abnormalities.2,6,7 Another entity
that is important to keep in the differential is autoso-
mal dominantly inherited digitotalar dysmorphism. This
disorder is characterized by flexion deformity and ul-
nar deviation of the fingers, short stature and rocker-
bottom feet due to vertical talus. Therefore, examina-
tion of the hands is crucial before making the diagnosis
of isolated CVT.

Based on our report of vertical transmission of iso-
lated CVT in four separate pedigrees and other cases
of familial isolated CVT in the literature, we support
the theory that isolated CVT can be transmitted as an
autosomal dominant trait with variable expression and
incomplete penetrance. In all patients with isolated CVT,
a family history should be obtained to look for affected
family members. Appropriate counseling should be pro-
vided to families in regard to the inheritance pattern.

Since this disorder follows a Mendelian inheritance
pattern, it is likely that a single gene is responsible; this
makes a search for this gene an attractive proposition.
We are currently performing a genome-wide scan to

localize the gene for this disorder. Once chromosomal
localization is made, candidate genes will be identified
in that area based on their known or probable role in
limb development. Mutational analysis studies will then
be performed on these chosen genes in the hopes of
identifying the one responsible for this disorder.
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ABSTRACT
Chondrosarcoma is the second most common

type of skeletal malignancy with a survival rate at
five years for histological grade III of only 29 per-
cent. The development of a reliable chondrosar-
coma animal model could enable the study of tu-
mor growth and progression, the effect of the host
on tumor behavior, and the effectiveness of vari-
ous therapeutic modalities. The Swarm rat chon-
drosarcoma is a tumor tissue line that has been
maintained through the years by serial subcuta-
neous injections, and the histochemical charac-
teristics of the tumor have remained essentially
similar in all transplants over the years. This study
was designed to initiate the characterization of the
Swarm rat chondrosarcoma model by gene expres-
sion profiling as compared to normal-growing rat
cartilage. Analysis of the gene expression from
both libraries revealed a complex pattern of gene
expression, including many genes not yet reported
to be expressed by chondrocytes. It suggests that
the biochemical characterization of growing carti-
lage and chondrosarcoma reported to date has
only begun to describe the complexity of these
tissues.

INTRODUCTION
Chondrosarcoma is one of the most common types

of malignant skeletal tumors. It is primarily a tumor of
adulthood and it is most commonly found in the femur,
pelvis and humerus. Chondrosarcoma grows slowly and
metastasizes late, usually to the lungs. Most orthopaedic

oncologists recognize chondrosarcoma as the most dif-
ficult malignant tumor of bone to diagnose and treat.
Current treatment protocols are based on surgical re-
section as the primary choice because the response to
chemotherapy and radiotherapy is very poor. Unfortu-
nately, the 5-year survival rate for patients with grade
III tumors is only 29 percent.15,17,18  To improve survival
rates for patients with chondrosarcoma, a better under-
standing of its biology is necessary.

The development of a reliable animal model for chon-
drosarcoma could enable the study of tumor growth and
progression, the effect of the host-on-tumor behavior,
and the effectiveness of various therapeutic modalities.

The Swarm rat chondrosarcoma is a tumor tissue line
derived from a tumor that originally arose spontaneously
in a female Sprague-Dawley rat.14 It has been maintained
through the years by serial subcutaneous injections, and
the histochemical characteristics of the tumor have re-
mained essentially similar in all transplants over the
years. The tumor grows quickly, with 1 x 106 cells grow-
ing to a 20 gr tumor (2 x 108 cells) in three to four
weeks. The incidence of tumor growth is >90 percent
of injected animals. Histologically, the tumor is a well-
differentiated chondrosarcoma with mild cellular aty-
pia (grade II). These cells have been the subject of ex-
tensive biochemical studies and have been used as a
source of cartilage extracellular matrix molecules.7-9

These characteristics make it very appealing for stud-
ies of chondrosarcoma biology. This study was designed
to initiate the characterization of the Swarm rat chon-
drosarcoma model by gene expression profiling as com-
pared to rat normal-growing cartilage.

MATERIAL AND METHODS
Swarm rat chondrosarcoma and rat normal-
growing cartilage tissue isolation

We have established a procedure whereby Swarm
rat chondrosarcoma cells are isolated and frozen. Upon
thawing they are transplanted subcutaneously into rats
for propagation of the tumor line. This procedure elimi-
nates the need to maintain a rat colony with the Swarm
rat chondrosarcoma. Animal usage was institutionally
reviewed and approved (ACURF #0102026). Briefly,
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male Sprague-Dawley rats (75 grams, 3 week-old) with
transplanted Swarm rat chondrosarcoma tumor cells
were euthanized, the subcutaneous tumors removed and
then cut into 1-cm3 pieces. These tumor pieces were
pressed through a 1-mm2 screen and 50 grams of tu-
mor were processed for cell isolation using a procedure
based on Kimura et al.9 Tumor pieces were treated with
0.25 percent trypsin, 1 mM EDTA in Hank’s Balance
Salt Solutions minus calcium and magnesium, and 25
mM HEPES buffer, at 37˚ C for 30 minutes. Following
washing with the trypsin, a collagenase digestion (6
mg/ml) was performed (37˚ C for 30 minutes). The lib-
erated cells were passed through a 25 m Nitex mem-
brane. A yield of 4-6 x108 cells was usually obtained from
50 grams of tumor. Cells were immediately frozen in 10
percent dimethyl sulfoxide—90 percent fetal bovine
serum at 1-2 x 107 cells per milliliter for later subcuta-
neous injection and tumor growth.

Two cDNA libraries were generated, one for the
Swarm rat chondrosarcoma and another for the rat nor-
mal-growing cartilage. For the chondrosarcoma library,
thawed and washed tumor cells were injected subcuta-
neously on both sides, ventral to the lumbar spine (2
injections per animal) with 1 x 106 cells in 0.5 ml of
Dulbecco’s Modified Eagle Medium. Thirty-five days
post-injection the rats were euthanized, the tumors were
removed and immediately frozen in liquid nitrogen.
Cartilage tissue was obtained from pooled femoral
heads and tibial plateaus of 31 male rats, 37-40 days old.
After careful dissection, the tissue was removed and
immediately frozen in liquid nitrogen. Figure 1 demon-
strates the cartilaginous properties of the Swarm rat
chondrosarcoma with chondrocyte-like cells surrounded
by a proteoglycan-rich extracellular matrix. Figure 2

shows the homogeneity of the growing cartilage of a
femoral head representative of normal rat cartilage.

RNA isolation
Total RNA from Swarm rat chondrosarcoma and nor-

mal rat cartilage was extracted by a modified method of
Smale and Sasse.20 Briefly, cartilage samples were fro-
zen in liquid nitrogen immediately after excision and
stored at -80˚C. Frozen cartilage was powdered in a Spex
Freezer Mill (SPEX, Metuchen, NJ). A TRIZOL/chloro-
form extraction was then performed followed by an iso-
propanol/ high salt precipitation. DNase I digestion was
performed at 22˚C for 15 minutes and terminated by
adding EDTA. The CsTFA working solution was pre-
pared with a density of 1.51 g/ml in 100 mM EDTA,
pH7.0. The DNase I-treated RNA solution was mixed
with 18ml of 5.5M guanidinium thiocyanate solution
(with 1 percent fresh beta-mercapto-ethanol). 19ml of
CsTFA working solution was added into a Beckman cen-
trifuge tube (25 x 89mm). The sample was then applied
to the top of CsTFA working solution. Centrifugation was
performed in a Beckman SW28 rotor at 25,000 rpm for
24 hr at 15˚ C. After ultracentrifugation, the liquid in the
tube was aspirated to within 1 cm of the bottom and the
remaining liquid was decanted. The tube was then in-
verted to drain on paper for 5 min. The bottom of the
tube was cut off and placed on ice. The RNA pellet was
dissolved in 400 µl of TE. RNA was precipitated with 10
µl of 1 M acetic acid and 300 µl of 100 percent ethanol
and chilled at -70˚ C for 20 min. The RNA was pelleted
by centrifugation at 4˚ C. RNA was dissolved in TE, and
precipitated with 20 µl of sodium acetate (3M, pH7.0)
and 600 µl of 100 percent ethanol, and chilled at –20˚ C
overnight or at –80˚ C for 20 min. After precipitation,

Figure 1. Histologic section of a Swarm rat chondrosarcoma. The
tumor cells were injected subcutaneously in 3-week- old rats, and
the tumor was removed after 4 weeks. Chondrocyte-like cells sur-
rounded by a proteoglycan-rich extracellular matrix with some de-
gree of atypia are observed. There is host-based vascular supply to
the tumor.

Figure 2. Histologic section of a femoral head from a 5-week-old
rat. Chondrocytes demonstrate their characteristic phenotypes ac-
cording to their spatial position.
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the RNA was dissolved in 100 µl of TE and stored at
–80˚C. Poly(A)+ RNA were isolated by chromatography
on oligo(dT)-cellulose (New England Biolabs) accord-
ing to manufacturers’ instructions, except that two
rounds of purification were performed.

cDNA library construction
High-quality poly (A)+ RNA isolated from Swarm rat

chondrosarcoma and rat normal-growing cartilage was
used for construction of the cDNA libraries. cDNA li-
brary construction was essentially as described before
by Bonaldo et al.2 Briefly, 1 µg poly(A)+ RNA was an-
nealed at 37˚ C with a twofold mass excess of a Not I-
tag-(dT))18 primer and reverse transcribed at 37˚C. The
tag sequence is a sequence of 10 nucleotides that is
unique for each library and thus serves as an identi-
fier. As a primer for first-strand cDNA synthesis, we
used the oligonucleotide 5’-
AACTGGGAAGAATTCGCGGCCGCNNNNNNNNNN
(T)18-3’, which contains a Not I site and a tag sequence
(N10), specific for each library . Double-stranded
cDNAs were sized-selected by gel filtration over a long
(64 cm) and narrow (0.2 cm diameter) Bio-Gel A-50- to
1000-fold molar excess of adapters. After ligation to
EcoRI adaptors, the cDNAs were digested with Not I
and cloned directionally into the EcoRI and Not I sites
of the pT7T3-Pac vector. This vector is essentially the
same as pT7T318D with a modified poly-linker and flank-
ing sequences.

DNA sequencing and data analysis
Double-stranded plasmid DNA templates were pre-

pared using the 96-well microwave protocol (1) and se-
quenced (2) from the 3’ end using Rhodamine dye ter-
minator chemistry (Applied Biosystems) with universal
forward and reverse M13 primers. Sequencing reactions
were assembled with a Robbins Scientific Hydra-96
Microdispenser and then transferred to a MJ Research
PTC-222 Peltier thermal cycler for cycle sequencing.
Reaction products were ethanol precipitated, re-sus-
pended in formamide, and electrophoresed on an ABI
Prism 3700 DNA Analyzer (Applied Biosystems).15,19

Nucleic acid database searches were performed locally
using the BLAST family of programs.

RESULTS
Sequencing and analysis of ESTs

In order to analyze gene expression in rat normal-
growing cartilage and Swarm rat chondrosarcoma, ap-
proximately 6000 random ESTs were sequenced from
the 3’ end. To aid in the analysis of expressed genes,
overlapping ESTs corresponding to the same gene were

grouped into clusters. A representative member from
each cluster was then compared against public gene
databases. 3072 ESTs were sequenced from the Swarm
rat chondrosarcoma and were grouped into 943 clus-
ters. The number of known rat genes was 291 and there
were 652 (69 percent) novel homologs to known genes.
Similarly, out of 3072 ESTs sequenced from the normal
cartilage library, a total of 789 clusters were obtained.
517 of the clusters (65 percent) were novel homologs
to known genes. Together, there were 1554 unique
cDNAs, with 1074 rat novel homologs to known genes.
These data indicate that are a large number of genes
expressed in rat cartilage, both in the normal and in
the chondrosarcoma, which have not been previously
described. The presence of collagen type II, collagen
XI, aggrecan, biglycan, cartilage oligomeric protein
(COMP), fibromodulin, and others, supports the authen-
ticity of the tissues used for the preparation of the li-
braries.

Analysis of top 20 most abundant genes
Based on the analysis of ESTs and clustering, Table

1 shows the most prevalent mRNAs in both Swarm rat
chondrosarcoma and rat normal-growing cartilage. This
list shows the cDNAs with the corresponding number
of ESTs identified in each of the two libraries. The pat-
tern of most highly expressed genes is not identical,
suggesting a difference in gene expression in these two
growing tissues. While collagen type II appears to be
the most prevalent mRNA in both libraries, there are
several mRNAs that show varying levels of expression.
For example, biglycan, articular superficial zone pro-
tein, collagen types X and XI are highly expressed in
normal cartilage, but not in chondrosarcoma. On the
other hand, vimentin, N-myc downstream regulated
protein, chondromodulin-1, ferritin light chain 2, and
tumor rejection antigen gp96 are highly expressed in
the Swarm rat chondrosarcoma. A small number of
these 20 genes code for proteins that are well charac-
terized, but whose expression has not yet been de-
scribed in rat cartilage.

Analysis of known and novel homologs to known
genes

An analysis of clustered-ESTs from both libraries
indicates that approximately 480 (31 percent) of the clus-
ters correspond to known genes (> 95 percent identity
over 100 bps) with the remaining being novel homologs
to known genes. Swarm rat chondrosarcoma expressed
764 genes that were not found in rat normal-growing
cartilage, and 610 expressed genes in rat normal-grow-
ing cartilage were not found in the Swarm rat chondro-
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sarcoma. Table 2 shows a partial combined list of the
200 expressed genes from both Swarm rat chondrosar-
coma and rat normal-growing cartilage. A variety of
protein families is represented in both tissues, includ-
ing extracellular matrix proteins, growth factors, tran-
scription factors, membrane receptors, matrix degrad-
ing enzymes, etc. These data suggest that both Swarm
rat chondrosarcoma and rat normal-growing cartilage
are very active and metabolically dynamic tissues.

DISCUSSION
This study describes the use of a large-scale EST

sequencing approach to identify genes that are ex-
pressed at high and moderate levels in Swarm rat chon-
drosarcoma and rat normal-growing cartilage. Until re-
cently, efforts to identify genetic molecular changes
relied on a laborious, and necessarily limited, one-gene-
at-a-time approach. Large-scale EST sequencing offers
a powerful tool for investigating the gene expression
pattern of a large number of genes simultaneously, al-
lowing the analysis of complex biologic systems rather
than single aspects of them.1,2,6,10,12,16,21, 23

Our study broadly confirms previously published data
on the many characteristics of gene expression in car-
tilage.12,16,21 Analysis of the gene expression profiles from

both libraries revealed a complex pattern of gene ex-
pression, including many genes not yet reported to be
expressed by chondrocytes, and it suggests that the
biochemical characterization of cartilage reported to
date has only begun to reveal the complexity of this
tissue.

Many cartilage matrix components were found in
both of these libraries. Several types of collagen were
expressed including type II, IX, X, XI, and XV. The most
abundant proteoglycans present in the rat normal-grow-
ing cartilage were biglycan, articular superficial zone
protein, and aggrecan. Other proteoglycans include the
cell sur face glypican, the small leucine-rich
proteoglycans fibromodulin and chondroadherin, and
the basement membrane proteoglycan, perlecan. Inter-
estingly, decorin expression was not observed which is
in contrast with what it has been published on cultured
human chondrocytes, adult normal articular cartilage
and in osteoarthrosis where it is the most prevalent
mRNA.5,11,12,16,21,22 Age-dependent or species differential
expression may contribute to this discrepancy, and will
require further investigation.

Differences in cartilage matrix gene expression were
observed in Swarm rat chondrosarcoma. There was
minimal expression of collagen X and XI, and no ex-

 TABLE 1
List of 20 Most Abundant Genes in Rat Normal-growing Cartilage and Swarm Rat Chondrosarcoma

cDNA Libraries (3072 Total ESTs in Each Library)

Rank Rat normal-growing cartilage No. ESTs Swarm rat chondrosarcoma No. ESTs

1. Collagen II, alpha 1 571 Collagen II, alpha 1 72
2. Osteonectin 222 Osteonectin 54
3. Elongation Factor 1-a 24 Collagen IX 48
4. Collagen IX 22 Elongation Factor 1-a 19
5. Collagen X 19 Vimentin 14

6. Articular superficial zone protein (Prg4) 17 Aggrecan-1 12
7. Biglycan 17 Chondromodulin-1 12
8. Aggrecan-1 16 Ferritin light chain 2 10
9. Osteopontin 15 Polyubiquitin 9

10. Polyubiquitin 14 O-acetyltranferase membrane protein 9

11. Matriz Gla protein 13 N-myc downstream regulated protein 8
12. O-acetyltranferase membrane protein 12 Fibronectin-1 8
13. Collagen XI 12 Apolipoprotein E 7
14. Guanine nucleotide-binding protein 9 Elongation Factor-2 7
15. Fibronectin 1 8 Major histocompatibility locus, class II 7

16. Calmodulin (RCM3) 7 Ribosomal protein L18a 6
17. Protein disulfide isomerase 7 Tumor Rejection Antigen gp96 5
18. Major histocompatibility locus, class II 6 Matrix Gla protein 4
19. Cartilage oligomeric protein 5 Fibromodulin 4
20. Elongation Factor-2 5 Nidogen-2 4
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TABLE 2. Partial List of 200 Expressed Genes Identified in
Rat Normal-growing Cartilage and Swarm Rat Chondrosarcoma

Acidic ribosomal phosphopro-
tein

Actin, alpha 1
Actin-associated protein 2E4/

KAPTIN
Activating transcription factor

4
ADP-ribosilation factor 1
ADAMTS-1Aldo-keto reductase

family 1
Alpha-actin 4
Alpha-glucosidase 2
Annexin 1 (p35)
Annexin A8
Aryl-hydrocarbon receptor-

interacting protein
ATPase H+ transporting

lysosomal (vacuolar proton
pump)

ATPase, Na+K+ transporting
alpha 1

B-cell receptor-associated
protein 1

Beta-mannosidase
Binder of Rho GTPase 4
Calpain
Calreticulin
Cartilage link protein 1
Cathepsin B
Cathepsin H
Cathepsin K
CD74 antigen
CDK106
Chaperonin subunit 3
Chaperonin subunit 7
Chemoattractant protein-1

(JE/MCP-1)
Chondroadherin
Class II MHC RT1.D(u) beta

chain precursor
Clathrin light chain 3
CNP-inducible osteoblast
Cofilin 1
Collagen I, alpha 1
Collagen I, alpha 2
Collagen II, alpha 1
Collagen IX, alpha 1
Collagen IX, alpha 2
Collagen IX, alpha 3
Collagen VI, alpha 1
Collagen VI, alpha 3
Collagen X, alpha 1
Collagen XI, alpha 1
Collagen XI, alpha 2
Collagen XV, alpha 1
Connective tissue growth

factor
c-raf oncogene
C-type lectin -1
Cullin 1Cyclin-D3Cyclin-

G1Cyclin-G2Cyclin-H
Cytoplasmic beta-actin
D synthase
Dipeptidyl peptidase 2
Dynein, cytoplasmatic, heavy

chain

EGR2 protein
Eker rat-associated intracister-

nal A-element
Elongation factor-like protein
Enolase 1, alpha
Epithelin 1 and 2
Esteroid sensitive gene-1
Fas apoptotic inhibitory

molecule
Fas death domain-associated

protein
Fas-activated serine/threonine

kinase
Fibrillin 1
Fibroblast growth factor

receptor-like 1
FK506 binding protein
Follistatin-like 1
Frizzled-related protein
Fyn proto-oncogene
G protein beta 1
G protein gamma 5
G protein-couple receptor

kinase 2
G protein-couple receptor

kinase interactor
Gelatinase A (MMP-2)
Glucose-regulated protein

GRP78
Glutathione s-transferase
Glyceraldehyde-phosphate

deshidrogenase
Glypican 1Glypican 4GOA

(gene over-expressed in
astrocytoma)

Growth hormone receptor
Guanine nucleotide binding

protein G-s, alpha subunit
Guanylate kinase membrane-

associated inverted 1
H19 fetal liver protein
Heat shock 70KD protein 8
Heat shock protein 90
Heterogeneous nuclear

ribonucleoprotein C
Heterogeneous nuclear

ribonucleoprotein L
Histone binding protein NASP
HS1 binding protein (HAX-1-

pending)
Imidazole receptor I-1 like

protein
Insulin-like growth factor 2

receptor
Insulin-like growth factor II

(somatomedin A)
Insulin-like growth factor

binding protein 3
Integral membrane protein 3
Integrin-binding sialoprotein
Interferon gamma inducible

protein
Jun co-activator Jab1
Kinase suppressor of ras
Lactate dehydrogenase
Laminin receptor 1

LEW/NHsd tumor necrosis
protein

Lipopolysaccharide binding
protein

Lipoprotein-binding protein
Lysyl oxidase
Macrophage activation-2
Mannosidase 2, alpha B1
Mas proto-oncogene
Matrilin 2
Membrane-spanning

proteoglycan
MHC class I RT1.Ac heavy

chain precursor
MIF (macrophage inhibitor

migration factor)
MKK2
MMP16
MMP23
MORF-related gene X
MRC OX-45 surface antigen
Myosin IXb
Myosin, heavy polypeptide 3
Nidogen 2
Niemann Pick Type C2
N-myc downstream regulated-

1
Nuclear pore complex-

associated protein
O-acetyl disialoganglioside (O-

acetyl GD3)
Ornithine aminotransferase
Osteopontin
Osterix 22
p34
p41 actin-related protein

complex
p53-associated cellular protein
p53BP3 binding protein
p55CDC
Parathymosin
Parathyroid hormone receptor
Perlecan
Peroxisomal integral mem-

brane protein
PFTAIRE protein kinase 1
Phosphoenolpyruvate

carboxykinase 2 (mitochon-
drial)

Phospoglycerate kinase
Pinin
Placental growth factor
Plectin
Polymerase II polypeptide E
Polymyositis/scleroderma

autoantigen 2
Polyubiquitin
Procollagen C-proteinase

enhancer protein
Procollagen C-terminal

proteinase enhancer protein
2

Procollagen-lysine, 2-
oxoglucarate

Proline arginine-rich end
leucine-rich repeat protein

Prosaposin

Proteasome (prosome,
macropain) subunit, alpha
type 5

Protein disulfide isomerase,
(prolyl-4-hydroxylase)

Protein kinase C- receptor
Protein kinase C substrate

80K-H
Protein thyrosine phosphatase
Prothymosin alpha
Protocadherin gamma

subfamily A,1
Pyruvate kynase
RAB1
RAN, member
RAS oncogene family
Retinoic acid receptor
Retinoic X receptor interactin

protein
rhoB
Ribosomal proteins L3-7, 10,

15, 18a,19, 21, 27, 31, 37
Ribosomal proteins S3,

3a,6,8,25
RT1.Mb
SAR1 protein
Selenium-dependent Glu-

tathione peroxidase
Serine proteinase inhibitor

(heat shock protein 47,
serpinH1)

SH3-domain binding protein
Silica-induced gene 81
Similar to ATP dependent

RNA helicase
Similar to elastin microfibril

interface located protein
Similar to growth factor

receptor protein 10
Similar to mel transforming

oncogene
Similar to myeloid leukemia

factor 2
Sirtuin 2
Sorting nexin 1
Stem cell growth factor
T-cell receptor alpha/delta
Tetraspanin -4
TGF-beta 1-stimulated clone 22
Thrombospondin
TNF receptor
TOK-1BETA
Transcription factor 1
Transcription factor Stat5a
Transferrin
Transketolase
Transforming growth factor

beta
Translational initiation factor

(eIF-2)
Tubulin
Tumor rejection antigen gp96
Ubiquitin protein ligase Nedd-

4 mRNA
Ubiquitin specific protease 16
Valosin-containing protein
WWP2
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pression of the articular superficial zone protein. These
molecules are associated with specific features of dif-
ferentiation in chondrocytes, and those aspects may be
altered in chondrosarcoma cells. Interestingly, there was
no evidence of expression of lysyl oxidase—the enzyme
that catalyzes the conversion of lysine or hydroxylysine
to aldehyde residues and leads to cross-linking in col-
lagen. Loss of heterozygosity or mutations on lysyl oxi-
dase have been implicated in tumor suppression and
cell growth regulation in several tumor models.4

Several proto-oncogenes and oncogene-associated
proteins were found including c-raf, RAB-1, RAN, Fyn
proto-oncogene, a gene over-expressed in astrocytoma,
and Jun co-activator Jab-1. The kinase suppressor of ras,
Mas proto-oncogene, p53-associated cellular protein and
N- myc downstream-regulated protein were only ex-
pressed on Swarm rat chondrosarcoma. In addition, a
high level of expression of vimentin was observed in
Swarm rat chondrosarcoma. High expression of
vimentin has been observed in high-grade prostate tu-
mors; however, its significance in chondrosarcoma is
not known.3

There was also differential expression of growth fac-
tors and membrane receptors, including TGF beta,
growth hormone receptor, PTH receptor, IGF2 recep-
tor, IGFBP3, and retinoic acid receptor. These molecules
are known to modulate cartilage matrix synthesis, glu-
cose uptake, and chondrocyte growth. Interestingly, one
of the growth factors is connective tissue growth fac-
tor. It belongs to a family of proteins that are involved
in various cellular processes such as cell adhesion, mi-
togenesis, and cell-matrix interactions, and is believed
to act downstream of TGB beta. This growth factor has
also been identified in human osteoarthritic cartilage.12

We have discussed just a minor fraction of the ex-
pressed genes identified in these two libraries. Future
investigations will take advantage of micro-array hybrid-
ization technology to capture differential expression of
hundreds of other mRNAs identified in these libraries,
toward a complete description of the molecular expres-
sion profiles of growing cartilage and Swarm rat chon-
drosarcoma. Ultimately, we anticipate that these stud-
ies will unravel the molecular pathways and networks
that are altered in cancerous cells and in normal carti-
lage tissue. We anticipate that this information will lead
to a deeper understanding of the biology of chondrosa-
rcoma, and might allow the development of more spe-
cific and targeted therapies.

REFERENCES
1. Aigner T, Zien A, Gehrsitz A, Gebhard PM,

McKenna L. Anabolic and catabolic gene expres-
sion pattern analysis in normal versus osteoarthritic
cartilage using complementary DNA-array technol-
ogy. Arthritis and Rheumatism, 44:2777-2789, 2001.

2. Bonaldo MF, Lennon G and Soares MB. Normal-
ization and subtraction: two approaches to facilitate
gene discovery. Genome Res, 6:791-806, 1996.

3. Bussemakers MJ, Verhaegh GW, van Bokhoven
A, Debruyne FM, Schalken JA. Differential ex-
pression of vimentin in rat prostatic tumors. Biochem
Biophys Res Commun, 182:1254-259, 1992.

4. Csiszar K, Fong SF, Ujfalusi A, Krawetz SA,
Salvati EP, Mackenzie JW, Boyd CD. Somatic mu-
tations of the lysyl oxidase gene on chromosome
5q23.1 in colorectal tumors. Int J Cancer , 97(5):636-
42, 2002.

5. Eyre D. Collagen of articular cartilage. Arthritis Res,
4:30-35, 2002.

6. Hanahan, D, and Weinberg RA. The hallmarks of
cancer. Cell, 100:57-70, 2000.

7. Hascall GK and Kimura JH. The ultrastructure of
cultures from the Swarm rat chondrosarcoma. Anat
Rec, 200:287-292, 1981.

8. Kena S, and Steiner GC. Experimental transplanta-
tion of the Swarm rat chondrosarcoma into bone: ra-
diological and pathological studies. J Orthop Res,
9:445-451, 1991.

9. Kimura JH, Hardingham TE, Hascall VC,
Solursh M. Biosynthesis of proteoglycans and their
assembly into aggregates in cultures of chondrocytes
from the Swarm rat chondrosarcoma. J Biol Chem.
(1979) 254:2600-9.

10. Klausner, RD. The fabric of cancer biology-weav-
ing together the strands. Cancer Cell, 1:3-10, 2002.

11. Knudson CB , and Knudson W . Car tilage
proteoglycans. Semin Cell Dev Biol 12:69-78, 2001.

12. Kumar S, Connor RA, Dodds RA et al. Identifica-
tion and initial characterization of 5000 expressed se-
quenced tags (ESTs) each from adult human normal
and osteoarthritic cartilage cDNS libraries. Osteoar-
thritis and Cartilage, 9:641-653, 2001.

13. Lee FY, Mankin HJ, Fondren G, Gebhart MC,
Sprinfield DS, Rosenberg AE, and Jennings LC.
Chondrosarcoma of bone: an assessment of outcome.
J Bone joint Surg, 82-A:1203-04. 2000.

14. Maibenco, H.C. Krehbiel, RH, and Nelson D.
Transplantable osteogenic tumor in the rat. Cancer
Res, 27:362-366, 1967.



J. A. Morcuende, X. D. Huang, and others

34 The Iowa Orthopaedic Journal

15. Marra, M.A., Kucaba, T.A., Hillier L.W.,
Waterston, R.H. High-throughput plasmid DNA pu-
rification for 3 cents per sample. Nucleic Acids Res,
27(24):e37, 1999.

16. Okihana H, and Yamada K. Preparation of a cDNA
library and preliminary assessment of 1400 genes
from mouse growth plate cartilage. J Bone Min Res,
14:304-310, 1999.

17. Pring ME, Weber KL, Unni KK, and Sim FH.
Condrosarcoma of the pelvis: a review of sixty-four
cases. J Bone Joint Surg, 83-A:1630-42, 2001.

18. Rizzo M, Ghert MA, Harrelson JM, and Scully
SP. Chondrosarcoma of bone: analysis of 108 cases
and evaluation for predictors of outcome. Clin Orthop
391:224-233. 2001.

19. Sanger, F., Coulson, A.R., Barrell, B.G., Smith,
A.J.H. and Roe, B.A. Cloning in single-stranded bac-
teriophage as an aid to rapid DNA sequencing. J Mol
Biol, 143:161-178, 1980. †

20. Smale G and Sasse J. RNA isolation form cartilage
using density gradient centrifugation in cesium
trifluoroacetate: an RNA preparation technique effec-
tive in the presence of high proteoglycan content.
Anal Biochem, 203:352-356, 1992.

21. Stokes DG, Liu G, Coimbra IB, Pier-Velazquez
S, Crowl RM, Jimenez SA. Assessment of the gene
expression profile of differentiated and dedifferenti-
ated human fetal chondrocytes by micro-array analy-
sis. Arthritis and Rheumatism, 46:404-419, 2002.

22. Tenni R, Viola M, Welser F, Sini P, Giudici C,
Rossi A, Tira Me. Interaction of decorin with CNBr
peptides from collagens I and II. Eur J Biochem,
269:1428-37, 2002.

23. Weber B. Cancer genomics. Cancer Cell, 1:37-47,
2002.



Volume 22 35

ABSTRACT
Background: The purpose of this study was to

identify factors that may be associated with the
development of a sterile inflammatory reaction to
OsteoSet (Wright Medical Technology) bone graft
substitute. We report on a series of 58 consecu-
tive cases of patients with benign bone lesions
who developed an adverse reaction to Osteoset.
All procedures were performed by a single ortho-
paedic oncology surgeon.

Methods: Patients who exhibited an adverse
reaction to OsteoSet and those who did not were
analyzed for statistical differences with respect to
age, sex, volume of graft material used, size of
pellet, use of alcohol washes, mixing of OsteoSet
with allograft, medications, drug allergies, and
smoking history. Comparisons were made between
the reaction group and the non-reaction group with
respect to the these variables.

Results: Eight definite (13.8%) and 3 probable
(5.2%) reactions were identified. Symptoms de-
veloped an average of 38.9 days after the opera-
tion. There was no statistically significant differ-

ence (p>0.05) in the volume of Osteoset used,
size of pellet, use of alcohol washes, mixing of
OsteoSet with allograft, patient age, sex, drug al-
lergies, or smoking history. Reported use of at
least one medication was statistically significant
between groups when probable reactions were
included with the non-reaction group (p < 0.05),
but not when probables were analyzed with the
definite reaction group ( p < 0.10). A review of
our patients’ medication lists did not reveal any
single or combination of medications likely to be
responsible for this difference. Type and location
of tumor also did not appear to differ significantly
between the two groups.

Conclusions: Although we report a 13.8%-
19.0% incidence of adverse reaction to OsteoSet,
we are unable to identify any statistically signifi-
cant factors that might predict the development
of a reaction. Fortunately, the reaction is essen-
tially self limited and fairly benign requiring only
anti-inflammatories and observation.

INTRODUCTION
The search for a satisfactory substitute for autog-

enous bone graft has been at the forefront of research
in orthopaedics for many decades. The goal is to match
the known success rate and dependability of autograft
while avoiding the morbidity of harvest. There have
been countless products on the market in recent years,
and the quest for the perfect substitute continues.1

In 1999, OsteoSet pellets where introduced by Wright
Medical Technology (Arlington, TN). OsteoSet has
since gained wide spread use.2 OsteoSet is a surgical-
grade calcium sulfate in a pure, uniform crystalline
form. It is available in pellets of two different sizes and
with various devices to aid in its implantation. It is mar-
keted for use in a variety of clinical situations including
trauma, tumors and reconstruction. At our institution,
it is used primarily after excision of benign tumors and
as filler after autograft harvest from metaphyseal bone
in various locations.

Near the beginning of our experience with OsteoSet,
a 27-year-old male presented to clinic with a recurrent
giant cell tumor in the proximal tibia. The tumor was
curretted, the cavity washed three times with 95% alco-
hol then packed tightly with OsteoSet. He returned 12
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days later with an unusual reaction. His skin was grossly
intact but thin and shiny. The entire area immediately
surrounding the wound had erupted with edema and
erythema. The peri-incisional area appeared to be
heaped up and copious amounts of serous drainage
could be expressed from the wound. We had no previ-
ous experience with this and assumed it to be an infec-
tion. The patient was taken immediately to the operat-
ing room and the wound explored. The OsteoSet was
seeping out of the wound and surrounded with a white,
foamy fluid. The area was cultured then vigorously de-
brided. Gram stain showed inflammatory cells but no
organisms; cultures were negative. His laboratory work
was entirely negative. He did well and went on to heal
his wound uneventfully. Several months later we encoun-
tered another similar case with the same clinical and
laboratory findings, but no obvious evidence of infec-
tion. Similar reactions began to occur elsewhere and a
few case reports appeared in the literature.3,4 It became
apparent that the use of OsteoSet was associated with
some unknown rate of sterile, inflammatory reaction.
Following these two cases, we have had six other reac-
tions that were obser ved and treated with anti-
inflammatories. All have done well, and none required
surgery. The graft incorporated uneventfully (Figures
1 and 2).

The purpose of this study was to identify factors that
may be associated with the development of an adverse
reaction to OsteoSet. Since 1999, we have used OsteoSet
in 58 consecutive cases performed by a single ortho-
paedic oncology surgeon at our academic medical cen-
ter. In most cases, it was used after curettage of benign
lesions of bone.

MATERIAL AND METHODS
We performed a retrospective review of all cases in

which OsteoSet was used to determine if the following
factors were associated with the development of a reac-
tion:

1. Age
2. Sex
3. Volume of OsteoSet used
4. Size of pellet
5. Use of alcohol washes
6. Mixing of OsteoSet with allograft
7. Medications
8. Drug allergies
9. Smoking history
10. Type of tumor
11. Location of tumor

a. Which bone
b. Epiphyseal v. metaphyseal v. diaphyseal

location
c. Superficial v. deep

No cases were excluded. All data was complete. A
probable adverse reaction was noted when the post-op-
erative incision site was edematous, erythematous, and
appeared to have collected fluid in the absence of other
signs of infection. Active drainage or expression of se-
rous fluid was an additional criterion for inclusion in
the definite adverse reaction group. The data was en-
tered into a spreadsheet and analyzed for any differ-
ences in the above factors with reference to the appear-
ance of a reaction (Table 1). We reported on 58 total
cases, 29 males and 29 females, with an average age of
26.5 years at the time of Osteoset placement (range, 4
to 66 years). On average, 22.8 mL of OsteoSet was used
per case (range, 2.5 to 60 mL). There were 27 cases
(46.6%) performed using only the 3.3 mm size pellets,
22 cases (37.9%) with the 4.8 mm pellets, and 9 instances
(15.5%) where pellets of both size were used. Out of 58
total procedures, allograft was mixed with OsteoSet on
18 occasions (31.0%) and alcohol washes were used 26
times (44.8%). In addition, our study population con-

Figure 1

Figure 2
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sisted of 8 reported smokers (13.8%), 35 patients (60.3%)
taking at least one medication, and 20 patients (34.5%)
with known drug allergy. Unicameral bone cyst was the
most common surgically excised tumor with 17 occur-
rences (29.3%). There were 8 diagnoses of fibrous dys-
plasias (13.8%), 7 of giant cell tumor (12.1%), 6 of aneu-
rysmal bone cyst (10.3%), 4 non-ossifying fibromas
(6.9%), 2 chondroblastomas (3.4%), 2 chondrosarcomas
(3.4%), and 12 other diagnoses (20.7%).

STATISTICAL METHODS
The statistical analysis was performed with use of a

Student two-sample t test for parametric variables and
chi-square analysis for non-parametric variables. P val-
ues of less than 0.05 were considered significant. Com-
parisons were made between the reaction group and
the non-reaction group both inclusive and exclusive of
probable reactions. These groups were analyzed for sta-
tistical differences with respect to age, sex, volume of
graft material used, size of pellet, use of alcohol washes,
mixing of OsteoSet with allograft, medications, drug
allergies, and smoking history.

RESULTS
Eight definite (13.8%) and 3 probable (5.2%) reactions

were identified by chart review. These 8 patients aver-
aged 38.9 postoperative days before reporting symptoms
consistent with an adverse reaction. When probable
reactions were included, these 11 patients averaged 34.4
postoperative days before presenting with symptoms.
In addition, the definite reaction group was analyzed
both with and without the probable group (Tables 2-5).

There was no statistically significant difference (p <
0.75) in the volume of Osteoset used between the reac-
tion and non-reaction groups regardless of whether
probable reactions were included with either group. Age
was also statistically insignificant whether probable re-
actions were included with the reaction group (p < 0.91)
or the non-reaction group (p < 0.33). Additionally, no
statistically significant differences were found when
comparing the two groups with respect to sex (p < 0.10
and p < 1.0 for reaction group + probable reactions and
reaction group alone, respectively), pellet size (p < 0.20),
use of alcohol washes (p < 1.0), mixing of Osteoset with
allograft (p < 1.0), smoking history (p < 1.0), or reported

drug allergy (p < 1.0). Reported use of at least one
medication was statistically significant between groups
when probable reactions were included with the non-
reaction group (p < 0.05), but not when probables were
analyzed with the reaction group ( p < 0.10). Further-
more, a review of our patients’ medication lists did not
reveal any single or combination of medications likely
to be responsible for this difference. Type and location
of tumor also did not appear to differ significantly be-
tween the two groups.

DISCUSSION
Calcium sulfate has been used as a bone graft sub-

stitute for over 100 years5 and has never been associ-
ated with unusual inflammatory or foreign body reac-
tions6. However, its use in a purified, surgical-grade
pellet is a relatively recent innovation. The process by
which OsteoSet is manufactured produces a a-hemihy-
drate form with regular, prism-shaped crystals differ-
ent from the irregularly shaped crystals found in tradi-
tional b-hemihydrate plaster of Paris7. This uniformity
in crystalline shape and size affords predictable resorp-
tion rates4, but may lead to accelerated graft resorption
and accumulation of calcium-rich fluid which we believe
is responsible for the inflammatory response3. An alter-
native explanation proposed for the occasional serous
drainage seen in response to OsteoSet pellets implicates
an osmotic effect4. More studies are needed to further
elucidate the exact mechanism involved in these adverse
reactions.

Although we report a 13.8-19.0% incidence of adverse
reaction to OsteoSet in our series, we are unable to iden-
tify any statistically significant factors that might pre-
dict the development of a reaction. Despite this inci-
dence of reaction, we continue to use OsteoSet for the
filling of defects after curettage of benign tumors.
OsteoSet is beginning to see increased use in other
subspecialties of Orthopaedic surgery within our de-
partment and has met with great success. The reaction
is well known to us and we can now confidently report
this to our patients before surgery along with the other
risks of surgery. The reaction is essentially self limited
and fairly benign requiring only anti-inflammatories and
observation.

TABLE 1: STUDY POPULATION
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INTRODUCTION
Osteoarthritic changes in tibial articular cartilage fol-

lowing total or partial meniscectomy have been reported
in both human7,15 and animal studies.10,13 Such changes
have been shown to be associated with biomechanical
disorders which result in loss of joint function.9,12 In
addition to the biomechanical effects of joint destabili-
zation, it has been suggested that increased production
of catabolic biomolecular mediators such as nitric ox-
ide (NO) contribute to the pathogenesis of articular
cartilage during developing osteoarthritis.1 NO has been
reported to have catabolic effects on chondrocytes in-
cluding inhibition of collagen and proteoglycan synthe-
sis2,6 and modulation of metalloproteinase activity.11 Re-
cently, our laboratories reported that NO was increased
in the meniscus during experimentally induced osteoar-
thritis5 and established that NO production was limited
primarily to the central region of this tissue following
partial meniscectomy.8 We hypothesized that the nega-
tive effects of NO would be manifested by the impaired
ability of the injured meniscus to undergo repair and
remodeling resulting in increased joint pathology and
symptoms of osteoarthritis. Hyaluronan (HA) is a mol-
ecule that has been used clinically in a symptomatic
procedure for the treatment of osteoarthritis. In an ani-
mal study we demonstrated that HA had a

chondroprotective effect on articular cartilage and en-
hanced meniscal regeneration and remodeling follow-
ing meniscal injury.14 In light of these findings, we pro-
posed that HA might be able to inhibit nitric oxide
production and cell apoptosis in the central region of
the meniscus following partial meniscectomy. In the
present study we have demonstrated the ability of HA
to suppress both nitric oxide production and cell
apoptosis in the central region of the meniscus 6 weeks
after partial meniscectomy.

METHODS
Surgical Model

Eleven skeletally mature New Zealand white rabbits
7-8 months old and weighing 3.5-4.0 kg underwent bi-
lateral partial (60%) medial meniscectomies as previ-
ously described.8 A medial parapatellar incision and ar-
throtomy were performed. The patella was dislocated
laterally and the knee placed in full flexion. In the re-
gion medial to the incision, the joint capsule was sepa-
rated from the synovial tissues and the medial collat-
eral ligament (MCL) was exposed. A longitudinal
incision was made just anterior to the MCL to separate
the synovial tissues in front of the medial meniscus and
the femur. The synovial tissues were cut transversely,
turned over and grasped to pull out the medial menis-
cus. Using this surgical procedure the medial menis-
cus was exposed without release of the MCL. Partial
medial meniscectomy was then performed using a No.
11 surgical blade. The inner area, one-third of each
medial meniscus, was excised except in the region of
the anterior and posterior horn ligament. After surgery,
the rabbits were returned to unrestricted cage activity
(60 cm x 60 cm x 40 cm). Beginning one week after
surgery, the left knee joints received intraarticular in-
jections of 0.3 ml of sodium hyaluronate (MW = 8 x 105
Daltons) once a week for 5 weeks. The right knees re-
ceived vehicle (sterile saline) injections and were used
as contralateral controls. At 6 weeks the animals were
sacrificed and the medial menisci were dissected and
divided into peripheral and central halves.
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undergoing apoptosis was 17.4 ± 9.6 % in the peripheral
region of the medial menisci from the control group
and 17.7 ± 2.6 % of the cells from the HA group: no
statistical dif ference was observed between these
groups. However, in the central region of the meniscus
there was decreased cell apoptosis in the menisci from
the HA-treated joints relative to the vehicle-injected
joints following partial meniscectomy (34.6± 5.3 % vs
40.0 ± 2.1 %). These results are illustrated in figure 2.

Nitric Oxide Quantitation
The peripheral and central regions of medial menisci

from meniscectomized rabbits were incubated in culture
media for 48 hours at 37˚ C. The supernatants were col-
lected for nitrite measurements using the Griess reaction3

with sodium nitrite as standard. Fifty µl of culture super-
natant were incubated with 50 µl of 1% sulfanilamide, 0.1%
N-1-naphthylethylenediamide dihydrochloride in 25%
H3PO4 at room temperature for 5 minutes. Optical density
was measured at 570 nm and results expressed as µmole
of total nitrates per µg of DNA.

Apoptosis Quantification by Analysis of DNA
Strand Breaks and Flow Cytometry

Six weeks after partial medial meniscectomy and
weekly injections, cells from the peripheral and central
regions of medial menisci were isolated by sequential
digestion with trypsin and collagenase. The cells were
fixed for 1 hour on ice in 4% paraformaldehyde prepared
freshly in phosphate-buffered saline (PBS), pH 7.4. The
cells were then pelleted and washed once with cold PBS-
1% bovine serum albumin before resuspension in ice-
cold 70% ethanol. Cells were kept for 1 hour at -20˚ C,
washed 3 times at 4˚C with PBS, resuspended in 50 µl
labeling buffer containing 0.1 nmol F-12-dUTP (Fluo-
rescein-12-2’- deoxyuridine-5’-triphosphate) and incu-
bated 10 minutes on ice. Ten units of terminal
deoxynucleotidyl transferase (TdT) were added, and the
sample was incubated for 1 hour at 37˚ C. The TdT re-
action was terminated with the addition of 0.5M EDTA.
Cells were washed in PBS - 1% BSA 3 times and resus-
pended in PBS before immediate analysis by a fluores-
cence-activated cell sorter.

Statistical Analysis
Quantitative data have been presented in the text as

mean ± standard deviation of the mean. For compari-
sons of quantitative measures between the control and
the HA groups, the data were subjected to statistical
analysis using analysis of variance (ANOVA).

RESULTS AND DISCUSSION
Following partial medial meniscectomy, NO produc-

tion in the central region of the medial menisci from
the HA group (0.82 ± 0.15 µmoles nitrites/µg of DNA)
was significantly lower than that from the control group
(1.10 ± 0.26 vs 0.81 ± 0.06 µmoles/µg of DNA). No dif-
ferences were observed in NO synthesis from the pe-
ripheral regions of the medial menisci between the two
groups. These results are shown in Figure 1. Cells iso-
lated from the peripheral and the central regions were
examined for apoptosis by the TUNEL assay and quan-
titated by flow cytometry. The mean percent of cells

Figure 2. Quantification (TUNEL assay and flow cytometry) of
apoptotic cells in peripheral and central regions of the medial me-
nisci following partial medial meniscectomy and treatment with
hyaluronan or vehicle control. Results are presented as mean ±
standard deviation for n=5 specimens each.

Figure 1. Nitric oxide production in the peripheral and central
regions of the medial menisci as measured by nitrites accumula-
tion following partial meniscectomy and treatment with hyaluronan
or vehicle control. Results are presented as mean ± standard de-
viation for n=6 each.
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In animal studies employing two different experimen-
tally induced models of osteoarthritis, i.e. anterior cru-
ciate ligament transection5 and partial meniscectomy,8

it was demonstrated that both NO production and cell
apoptosis were increased. These alterations were accom-
panied by morphological evidence of articular cartilage
pathology in the destabilized joint. The present study
has demonstrated that intraar ticular injection of
hyaluronan following partial meniscectomy inhibited
both nitric oxide synthesis and cell apoptosis in the
central region of the meniscus at 6 weeks post menis-
cectomy. Although precise mechanisms leading to cell
apoptosis remain to be fully elucidated, it has been
shown that one parameter is the ability of NO to in-
duce such apoptosis in a destabilized joint.4 As OA pa-
thology is associated with changes in cell population
and viability, it is important to control expression of
catabolic molecules such as NO which mediate cell
metabolism important to the maintenance of articular
cartilage and meniscus homeostasis. The ability of HA
to provide chondroprotection and enhance meniscal
regeneration,14 along with the present study’s findings
that HA can suppress NO synthesis and cell apoptosis,
suggest that HA may provide an important treatment
option in the management of osteoarthritic pathology.

ACKNOWLEDGMENTS
The authors acknowledge NIH grant #AG07996 and

Seikagaku Corp., Japan.

REFERENCES
1. Amin AR, Abramson SB. The role of nitric oxide

in articular cartilage breakdown in osteoarthritis.
Curr Opin Rheumatol. 10:263-8, 1998.

2. Cao M, Westerhausen-Larson A, Niyibizi C,
Kavalkovich K, Georgescu HI, Rizzo CF, Hebda
PA, Stefanovic-Racic M, Evans CH. Nitric oxide
inhibits the synthesis of type-II collagen without al-
tering Col2A1 mRNA abundance: prolyl hydroxylase
as a possible target. Biochem J. 324:305-10, 1997.

3. Green LC, Wagner DA, Glogowski J, Skipper
PL, Wishnok JS, Tannenbaum SR: Analysis of
nitrate, nitrite, and [15N]nitrate in biological fluids.
Anal Biochem126:131-8, 1982.

4. Hashimoto S, Takahashi K, Amiel D, Coutts RD,
Lotz M: Chondrocyte apoptosis and nitric oxide pro-
duction during experimentally induced osteoarthri-
tis. Arthritis Rheum 41:1266-74, 1998

5. Hashimoto S, Takahashi K, Ochs RL, Coutts
RD, Amiel D, Lotz M. Nitric oxide production and
apoptosis in cells of the meniscus during experimen-
tal osteoarthritis. Arthritis Rheum. 42:2123-31, 1999.

6. Hauselmann HJ, Oppliger L, Michel BA,
Stefanovic-Racic M, Evans CH. Nitric oxide and
proteoglycan biosynthesis by human ar ticular
chondrocytes in alginate culture. FEBS Lett. 352:361-
4, 1994.

7. Jackson JP. Degenerative changes in the knee after
meniscectomy. Br Med J 2:525-527, 1968.

8. Kobayashi K, Mishima H, Hashimoto S, Goomer
RS, Harwood FL, Lotz M, Moriya H, Amiel D.
Chondrocyte apoptosis and regional differential ex-
pression of nitric oxide in the medial meniscus fol-
lowing partial medial meniscectomy. J Orthop Res
19(6), 2001.

9. Minns RJ, Muckle DS. The role of the meniscus in
an instability model for osteoarthritis in the rabbit
knee. Br J Exp Pathol 63:18-24, 1982.

10. Moskowitz RW, Howell DS, Goldberg VM, Muniz
O, Pita JC. Cartilage proteoglycan alterations in an
experimentally induced model of rabbit osteoarthri-
tis. Arthritis Rheum 22:155-63, 1979.

11. Murrell GA, Jang D, Williams RJ. Nitric oxide
activates metalloprotease enzymes in articular carti-
lage. Biochem Biophys Res Commun. 206:15-21, 1995.

12. Newman AP, Anderson DR, Daniels AU, Jee KW.
The effect of medial meniscectomy and coronal plane
angulation on in vitro load transmission in the canine
stifle joint. J Orthop Res. 7:281-91, 1989.

13. Shapiro F, Glimcher MJ . Induction of
osteoarthrosis in the rabbit knee joint. Clin Orthop
147:287-95, 1980.

14. Sonoda M, Harwood FL, Wada Y, Moriya H,
Amiel D. The effects of hyaluronan on the meniscus
and on the articular cartilage after partial meniscec-
tomy. Am J Sports Med. 25:755-62, 1997.

15. Zaman M, Leonard MA. Meniscectomy in children:
results in 59 knees. Injury. 12:425-8, 1981.



42 The Iowa Orthopaedic Journal

ABSTRACT
The purpose of this study was to provide clini-

cal and radiographic evaluation after a minimum
of two years in patients who had an anterior cer-
vical corpectomy and a fibular allograft strut. Nine-
teen patients returned for a follow-up visit which
included independent radiographic evaluation as
well as completing a Visual Analogue Scale and
Oswestry and Short-Form 36 questionnaires. The
categories of fusion were as follows: 1) definitely
fused (84%) 2) questionably fused (11%) 3) defi-
nitely not fused (5%). The average VAS was 29
mm (range 0-85). The Oswestry Back Scores
showed relatively low levels of significant pain with
an average score of 29 (range 0-73). Anterior
cervical corpectomy followed by an allograft fibu-
lar strut provides for relatively high rates of ar-
throdesis without severe loss of height or sagittal
alignment at long term radiographic follow-up.

INTRODUCTION
Anterior cervical corpectomy and stabilization by

arthrodesis is a reliable surgical procedure for reliev-
ing spinal cord compression.10,16 Patients with cervical
spondylosis, trauma, or ossification of the posterior lon-
gitudinal ligament (OPPL) may require this procedure

for decompression of the spinal cord. Strut grafts stabi-
lize the segment after the corpectomy to prevent pro-
gressive kyphosis. Both fibular allograft and autograft
have been used as struts.

For single-level anterior cervical spine surgery, there
is no significant difference in fusion rates between al-
lograft and autograft.2,20 Few studies are available with
which to compare the use of allograft or autograft after
corpectomy. Long-term arthodesis rates of 97-100% have
been reported after corpectomy and autologous fibular
grafts.3,21 However, the use of autologous bone causes
an increase in donor site morbidity (19%), operative
time, and wound infections.6,11 Because of these con-
cerns, fibular allografts have been used as strut grafts.

Only a few published studies exist which provide
long-term radiographic rates of union after cervical
corpectomy and grafting with fibular allograft.3,12,21 The
purpose of this study was to provide clinical and radio-
graphic evaluation after a minimum of two years in pa-
tients who had this procedure for a variety of patho-
logical conditions.

MATERIALS AND METHODS
Twenty-five patients underwent anterior cervical

corpectomy and grafting with a freeze-dried fibular al-
lograft strut at our institutions between November 1991
and April 1997. Hospital charts and radiographs were
reviewed. Nineteen patients (76% of index) were avail-
able for follow-up at a minimum of two years (mean 45
months, range 25-85 months). The operative procedure
consisted of a standard Smith-Robinson anterior cervi-
cal approach. The level and number of corpectomies
were determined pre-operatively from evaluation of clini-
cal and radiographic findings. Fibular allograft struts
were used in all cases. Seventeen of the eighteen pa-
tients had an anterior cervical plate applied, which
spanned the fusion. No posterior procedures were per-
formed. The standard postoperative immobilization was
with a rigid collar.

At the follow-up visit, each participant had cervical
spine radiographs taken consisting of a standard ante-
rior-posterior and lateral, as well as flexion and exten-
sion lateral views. A swimmer’s view was taken if there
was any difficulty seeing the caudal portion of the graft.
A history and physical exam were performed on each
patient by two of the authors (BEM; JKW). Oswestry17
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single corpectomy and fusion of the interspaces above
and below. Three patients had a three segment fusion
with corpectomy of two adjacent vertebral bodies. Three
patients had a four segment fusion involving corpectomy
at three adjacent levels.

Seventy percent of patients did not have significant
neck pain defined as a VAS of greater than 30. The mean
VAS was 27 mm (range 0-85 mm). Pre-morbid activities
were resumed by 81.3% of participants. The SF-36 is
composed of a physical and mental component score.
This well validated questionnaire can be compared to
means from uninjured controls. The average for both
the physical and mental component scales in the United
States population is 50. The average SF-36 Physical
Component Score in our study population was 42.8, and
the average Mental Component Score was 44.8. The
Oswestry Back scores showed relatively low levels of
significant pain with an average of score of 29 (range 0-
73).

Surgical complications consisted of dysphagia which
required plate removal (1 patient), transient unilateral
upper extremity weakness (1 patient), transient hoarse-
ness (1 patient), and persistent CSF leak (1 patient).
There were no infections, postoperative hematomas, or
persistent hoarseness. No obvious hardware failure oc-
curred.

Nineteen patients were classified according to their
fusion status at a minimum follow-up of two years. The
categories of fusion were as follows: 1) definitely fused
(16/19; 84%) (Figure 1); 2) questionable fusion (2/19;
11%); and 3) definitely not fused (1/19; 5%) (Figure 2).
No evidence of instability was noted in any category.
Radiographic instability was defined by >3.5 mm of sag-
ittal plane translation (or 20%) and 20˚ of sagittal plane
rotation on dynamic X-rays.19 The average loss of height
from post-op to follow-up was 8 mm (range, 0 to 39 mm).
The average angulation change was 2o of kyphosis
(range , -4o to 13o). Angulations less than 0˚ represented
a lordotic change.

DISCUSSION
When a decompressive corpectomy is used for

spondylosis, tumor, kyphotic deformity, or stenosis, a
fibular strut graft is well suited for surgical reconstruc-
tion. Both fibular allografts and autografts have been
used. Several studies have evaluated fusion rates using
autologous bone.1,8-10 However, the use of autologous
bone is not without problems. Hematomas, wound in-
fections, neuropraxia, and pain are known complications
when harvesting autologous bone.6 In an effort to elimi-
nate donor site morbidity, spinal surgeons have begun
using fibular allograft. Only a few studies have docu-
mented cervical fusion rates when using fibular allograft

and Short Form-36 (SF-36)18 questionnaires were com-
pleted. The patient’s average level of cervical pain was
documented with a Visual Analogue Scale (VAS).14,15 The
VAS is a 10 centimeter line with one end designated as
“No Pain,” and the opposite end designated as “Unbear-
able Pain.” The patients made a mark on the line, which
represented their average daily pain over the preced-
ing month.

Immediate postoperative or intra-operative radio-
graphs were collected for evaluation and comparison
to follow-up radiographs. Both sets of films were read
by a blinded board certified musculoskeletal radiologist
for height and angulation of the grafted segments as
described by Emery et al.4 The height of the fused seg-
ment was obtained by drawing a line across the supe-
rior endplate of the uppermost vertebra and the infe-
rior endplate of the lowest vertebra involved in the
fusion. A vertical line was drawn between the midpoint
of each endplate identified. This represented the height
of the fused segment measured in millimeters. The
angle of the fused segments was determined by draw-
ing lines across the superior endplate of the uppermost
vertebra and the inferior endplate of the lowest involved
vertebra. The Cobb Method of obtaining the angle be-
tween these lines was utilized by drawing perpendicu-
lar lines and measuring the angle at the intersection.

The grafts on the follow-up films were then graded
for fusion status. Each follow-up film was categorized
into one of three groups: 1) definitely fused, 2) ques-
tionable fusion, and 3) definitely not fused. Lateral and
flexion-extension lateral views were evaluated to deter-
mine fusion status. Bridging bony trabeculae with one
millimeter or less of motion was evidence of arthrod-
esis.2

RESULTS
Of the initial twenty-five patients, three patients died

from causes unrelated to their surgery. One patient
declined to participate, and sufficient post-operative
films could not be obtained in two patients. The remain-
ing nineteen patients (76% of index) were available for
follow-up at a minimum of two years (mean 45 months,
range 25-85 months).

The average age of patients was 56 years old. Eleven
males and eight females participated. Five of the nine-
teen patients were smokers. The majority of the patients
had myelopathy resulting from either spondylosis (7
patients), OPPL (2 patients), or trauma (2 patients).
Seven patients were diagnosed with spondylotic cervi-
cal radiculopathy. One patient had cord compression
from multiple myeloma. One patient had a single seg-
ment fusion with subtotal corpectomies above and be-
low. Twelve patients had a two segment fusion, with a
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after corpectomy.3,12,21 The purpose of this study was to
provide long-term clinical and radiologic evaluation in
patients who had anterior cervical corpectomy and sta-
bilization with fibular allograft.

The majority of patients in the current study obtained
a solid radiographic fusion after cervical corpectomy and
grafting with a fibular allograft. Eighty-four percent of
the patients were classified as definitely fused at a mini-
mum two year follow-up. Eleven percent were classi-

fied as possibly fused because of uncertainty in radio-
graphic views. Thus, ninety-five percent were either
definitely or possibly fused. Only one patient was defi-
nitely not fused because of more than one millimeter
movement on flexion-extension views. Of note, this pa-
tient was a heavy smoker and did not have any clinical
symptoms or complaints at four year follow-up. Her
physical exam was normal without any upper motor
neuron signs. Significantly, this patient had her plate
removed after nine months because of complaints of
dysphagia. This may have led to the failure of fusion
radiographically.

Patients in this study functioned well after surgery
without significant complications. Eighty-eight percent

Figure 1. Lateral-extension cervical radiograph of a 40 y/o patient
four years status post C6 corpectomy, fibular allograft strut (C5-
C7), and anterior cervical plate (C5-C7). This graft is well united
with bridging bony trabeculae and was categorized as definitely
fused (Class 1).

Figure 2. Lateral-extension cervical radiograph of a 62 y/o patient
four years status post C6 corpectomy, fibular allograft strut (C5-
C7), and anterior cervical plate (C5-C7). The plate was removed
nine months post-operatively because of dysphagia. This was the
only patient who definitely did not fuse (arrow) and was catego-
rized as a Class 3.
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of the patients did not have significant neck pain. Eighty-
one percent regained their premorbid activities. No
patient had pain or functional impairment which inter-
fered with their activities of daily living. Oswestry Back
Scores were consistent with these findings at an aver-
age score of twenty-nine.

Only a few studies have been published which evalu-
ate fusion rates after corpectomy and grafting with a
fibular allograft. Fernyhough et al.5 compared 67 pa-
tients, who had discectomy, corpectomy and fusion with
fibular autograft, verses 59 patients who had the same
procedure with fibula allograft. The average follow-up
was 83 months. Osseous union occurred in 73% of pa-
tients with autograft fibula and in 59% of allograft fibula.
In contrast to our study, this group did not use any
supplemental fixation or hardware, which may account
for the low percentage of osseous union with allograft
fibula.

Grossman et al.7 peformed anterior decompression
by a partial or complete corpectomy followed by al-
lograft strut fusion in eight patients. These patients were
followed for over one year. All grafts progressed to fu-
sion. Clinical follow-up revealed one patient with excel-
lent results, six patients with good results, and one pa-
tient with fair results. No patient had a plate. All patients
were treated with a halo vest for 12 weeks postopera-
tively. The additional stability with the halo vest after
surgery possibly resulted in the high fusion rate.

Zdeblick and colleagues followed fourteen patients
with severe cervical kyphosis and myelopathy for over
two years.21 All of their patients were treated with
corpectomies and arthodesis. Only eight patients in this
series had a fibular allograft strut used. However, all of
these subjects had a solid radiographic union at a mini-
mum follow-up of two years. Emery et al found similar
results in their review of 108 patients with cervical
spondylotic myelopathy who had been managed with
anterior decompression and fusion.3 Thirty-eight pa-
tients in this study had fibular allografts placed after a
corpectomy. Ninety-seven percent of the patients had
radiographic union after two years.

Two studies have evaluated fusion rates following
corpectomy, fibular allografts, and plate osteosynthesis.
Macdonald et al.12 followed 36 patients with a pre-op-
erative diagnosis of myleopathy. All patients received a
multilevel corpectomy and fibula allograft. Only 15 pa-
tients had an anterior cervical plate placed. Patients
were placed in halo immobilization for 3 months after
surgery. Twenty-six patients were available for more
than 24 months follow-up, and 97% of these patients had
solid osseous union. Mayr et al. followed 261 patients
for more than 2 years but did not document length of
radiographic follow-up.13 Eighty-seven percent of this

study achieved a solid union. A single surgeon per-
formed all operations with anterior cervical plates used
in each case. The results of our current study are com-
parable with both of these studies using supplemental
plating.

The length of follow-up in this study is a significant
strength. Sufficient time is necessary for strut grafts to
incorporate in the surrounding vertebral bodies. All of
our patients were followed for at least two years (mean
46 months) with some followed as long as 85 months.
Another strength of this study is having both clinical
and radiographic follow-up. All patients returned to the
clinic for radiographs as well as a clinical exam. An SF-
36 and Oswestry Back Scale were completed by each
patient to help assess their function objectively. All ra-
diographs were classified by a blinded board certified
musculoskeletal radiologist.

This study had several strengths, but the limitations
need to be mentioned as well. Because this was a retro-
spective study, we did not have SF-36 scores or
Oswestry Score pre-operatively. In addition, six patients
were not included in the study for the reasons outlined.
However, at their last documented clinic visit, this group
of patients was radiographically and clinically similar to
the study group. None of these patients had a nonunion
of their fusion. The data from our study strongly indi-
cate that the use of a fibular allograft strut for cervical
interbody fusion after corpectomy provides for relatively
high rates of arthrodesis without severe loss of height
or sagittal alignment at long term radiographic follow-
up. The majority of these patients are able to regain
pre-morbid activities and are free of significant pain
without potential donor site morbidity.
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ABSTRACT
Although low-grade cartilage neoplasms typically

consist of hyaline-like cartilage, most of them also
contain some fibrocartilaginous regions. CD44, a
cell surface receptor for hyaluronan, has been
identified in cartilage. A family of alternatively
spliced mRNA containing the variant 6 (v6) exon
sequence of CD44 has been linked to several types
of neoplasms. We hypothesized that expressions
of v6-containing CD44 species are associated with
fibrocartilaginous regions of low-grade cartilage
neoplasms. To test this hypothesis we performed
reverse transcriptase-polymerase chain reaction
(RT-PCR) and immunohistochemical analysis on
eight samples: four from normal articular carti-
lage, one from a synovial chondromatosis, and
three chondrosarcomas which were graded as I
and I/II. The standard CD44s and a unique v6-
containing CD44 species (CD44v6-10) were iden-

tified in all tissue samples by RT-PCR analysis.
Immunohistochemically, using an antibody that
cross-reacted with all CD44 species, CD44 was
localized to the cell surface, lacuna wall and in-
tracellular compartment of the chondrocytes in the
middle and deep zone of normal cartilage, as well
as with cells throughout the neoplastic masses.
Utilizing an antibody specific for v6-containing
CD44 species, the variant species was identified
throughout cells of the middle and deep zone of
normal cartilage, and localized selectively to in-
tracellular positions. In neoplastic masses, v6-con-
taining CD44 species were found associated only
with cells in the hyaline-like cartilage, but not in
the fibrocartilaginous regions. Thus a differential
expression of the v6-containing CD44 species in
the neoplastic masses containing both hyaline-like
cartilage and fibrocartilaginous regions was ob-
served when compared to its homogenous expres-
sion in normal hyaline cartilage. An involvement
between the lack of the variant CD44 (v6-contain-
ing) and altered tissue phenotype (e.g., fibrocar-
tilaginous) is suggested.

INTRODUCTION
CD44, a transmembrane glycoprotein on hyaline car-

tilage chondrocytes, reported to be a cell surface re-
ceptor for hyaluronan.23 Evidence has identified an as-
sociation of neoplasms with expression of the alternative
RNA-spliced variant, v6-containing CD44 species.10,13,18

Neoplasms of cartilage are a heterogeneous mix of car-
tilage tumors that exhibit a wide range of clinical and
biological features. Although the extracellular matrix
produced by cartilage neoplasms is similar to that pro-
duced by normal chondrocytes,4,28,29,38 the over-synthe-
sis of the extracellular matrix in the tumors represents
an interesting derangement of normal matrix homeo-
stasis.27 With cartilage consisting of a hyaluronan-rich
extracellular matrix and with CD44 having the ability
to interact with hyaluronan,23 the potential exists for
altered expression of CD44 isoforms to play a role in
extracellular matrix integrity in neoplasms.

The human CD44 gene has been characterized as
20 exons spanning 50 kilobases of DNA.2 This gene
produces a family of receptors of different sizes through
alternative RNA splicing. The most common isoform of
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CD44, identified initially in lymphocytes, is encoded
from exons 1 through 5, 15 through 17, and 19 and is
designated as CD44s (standard). CD44s has been
shown to have a myriad of functions, including lympho-
cyte homing and activation, cell adhesion and migra-
tion, inhibition of cell proliferation, and growth factor-
regulated cellular proliferation activation.13,16,17,18,26,44 Data
also support a role in extracellular matrix maintenance,
as CD44s has been shown to mediate hyaluronan up-
take in alveolar macrophages,6 type A synoviocytes,1 and
chondrocytes.15

In contrast to CD44s, the function(s) of alternatively
RNA spliced, variant (v) CD44 species remains largely
speculative. These variant CD44 species are generated
by insertion of different combinations of 10 exons, 5a
(v1) through 14 (v10) into the encoded extracellular
domain of the molecule.20,43 Much of the interest in these
alternatively RNA-spliced variants centers on a sus-
pected role in tumor progression. In a rat model, mono-
clonal antibodies against variant sequences (homolo-
gous to human exon 10, v6) reacted to metastasizing
cell lines but not to their non-migratory counterparts.12

Furthermore, the same researchers reported that trans-
fection of constructs containing the v6 sequence into a
non-metastasizing cell line conferred v6 CD44 expres-
sion and full malignant behavior to the tumor. Since that
discovery, a similar correlation in human tumors has
been sought. Increased v6-containing CD44 expression
does appear to correlate with tumor growth and more
aggressive behavior in some types of cancer, including
lymphoma,40 and melanoma,14,30, and colon,7,49 breast,22

and gastric31 cancer. However, the relationship between
variant expression and tumor behavior has proven to
be more complex than first anticipated.18 The v6-con-
taining CD44 species have been identified in many nor-
mal tissues, especially those of epithelial origin.8,14,26 In
endometrial and epithelial squamous tumors, a down-
regulation of v6-containing CD44 expression appears to
be associated with malignant transformation.9,41,47 Al-
though expression and function of different species of
CD44 have been investigated in a number of cells and
tissues, research efforts in cartilage neoplasms have not
been reported and the possibility of an association of
expression of v6-containing CD44 and loss of hyaline-
like cartilage phenotype has not been investigated.

To test the hypothesis that expression of v6-contain-
ing CD44 species was associated with fibrocartilaginous
regions in cartilage neoplasms, we chose to screen for
expression of CD44 in low-grade tumors. Screenings for
expression of different molecular CD44 species were
performed in both neoplastic and normal human tissue
samples utilizing a reverse transcriptase-polymerase
chain reaction (RT-PCR) and an immunohistochemical
analysis approach.

METHODS
Tissue Sample Preparation

Immediately following surgical removal of tissue,
using an approved University of Iowa Internal Review
Board protocol, samples were extensively rinsed with
phosphate-buffered saline (PBS), cut into ~200 mg wet
weight pieces, and either frozen in liquid nitrogen for
RT-PCR analysis and histology or processed directly for
histology. Tissue samples consisted of four normal ar-
ticular cartilage, three low-grade chondrosarcomas, and
one synovial chondromatosis.

RT-PCR Analysis
Frozen cartilage samples were pulverized by mortar

and pestle under liquid nitrogen. RT-PCR was per-
formed following the same strategy used for identifica-
tion of CD44 isoforms in human prostate tumor cell
lines.46 Figure 1A shows a schematic representation of
the primer sets used for the polymerase chain reaction
(PCR). Briefly, cDNA was generated using both the
Micro-FastTrack 2.0 kit (Invitrogen, San Diego, CA) for
mRNA isolation and the cDNA Cycle kit (Invitrogen)
for synthesis of first strand cDNA. Primer set I, with
oligonucleotide sequences common to all CD44
isoforms (oligonucleotide sequences encoded from
within exons 3 and 16/17), was used initially for PCR-
amplification of all CD44 cDNAs. Nested primers,
primer sets II (exons 4 and 10) and III (exons 10 and
16/17), were used in a second round of amplification
for the identification of cDNA derived from alternatively
spliced mRNA transcripts. PCR-amplified products were
resolved on a 4% SeaPlaque/SeaKem agarose (3:1, w:w
ratio) (FMC Bioproducts, Rockland, ME) gel by elec-
trophoresis and identified by ethidium bromide stain-
ing. PCR amplified DNA fragments were purified using
Centricon-100 filter devices (Amicon, Beverly, MA) and
sequenced. When multiple products occurred following
RT-PCR using a single primer set, the amplified DNA
fragments were ligated into the pCRII vector (TA Clon-
ing kit, Invitrogen), cloned, and sequenced. DNA se-
quencing reactions were performed using the dye ter-
mination cycle sequencing chemistry with AmpliTaq
DNA polymerase FS enzyme (PE Applied Biosystems,
Foster City, CA). The reactions were run and analyzed
with a fluorescent automated sequencer (PE Applied
Biosystems Model 373 or Model 377) at the University
of Iowa DNA Facility.

Immunolocalization of CD44 Isoforms
Freshly washed tissue samples were placed immedi-

ately in a solution of 3% paraformaldehyde, 1% glutaral-
dehyde, and 0.5% cetylpyridinium chloride dissolved in
PBS and allowed to fix for 18 hours. Following fixation,
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the samples were washed with PBS, dehydrated with
an ethanol series, cleared in xylene, and embedded in
Paraplast (Oxford Labware, St. Louis, MO). A separate
set of tissue samples frozen in liquid nitrogen were
cryosectioned. Four to five mm tissue sections were cut,
processed, and stained for CD44 isoforms as previously
described.35 Following antigen retrieval with Target
Unmasking Fluid (Signet, Dedham, MA) at 60˚ C for
30 minutes, sections were digested with chondroitin
ABC lyase (0.25 U/ml) and Streptomyces hyaluronidase
(0.625 U/ml) for 90 minutes at 37˚ C and treated with
3% H2O2 in 30% methanol. Sections were blocked with

10% bovine serum albumin followed by incubation with
anti-human CD44 antibodies (1 to 5 mg/ml) overnight
at 4˚ C. Two antibodies generated against different se-
quences of human CD44 were obtained from BioSource
International (Camarillo, CA): monoclonal antibody
SFF2 recognizes the encoded sequence from exon 5
and exon 15 (amino acid sequence common to all CD44
species), while monoclonal antibody VFF7 recognizes
v6-sequence containing CD44 species. Primary antibod-
ies bound to CD44 in tissue sections were detected us-
ing VECTASTAIN elite ABC staining kit (Vector Labo-
ratories, Irvine, CA), consisting of a biotin-conjugated

Figure 1. Schematic representation of human CD44 gene indicating sites of primer sets used for PCR (Panel A) and agarose gel analysis of
amplified products visualized with ethidium bromide (Panels B, C, D). Lane numbers (1-8) correspond to patient number. See Table I for
description of patients. Panel A (top to bottom): primer set I (exons 3 and 16/17), primer set II (exons 4 and 10), and primer set III (exons
10 and 16/17) used for amplification are shown. Panel B (primer set I): Major amplified PCR fragment identified, 482 bp (CD44s
sequence); arrow. Size standards (Std) are indicated in base pairs (bp). Panel C (primer set II): Major amplified fragment identified, 350 bp
(v6 sequence); arrow. Panel D (primer set III): Major amplified fragment identified, 788 bp (v6-v10 sequence); arrow. Lane 5 (synovial
chondromatosis); demonstrated multiple amplified PCR products; arrow identifies 260 bp fragment (v6 sequence).



P. P. Bosch, J. W. Stevens, K. J. Noonan, J. A. Buckwalter, and R. J. Midura

50 The Iowa Orthopaedic Journal

Sample # Tissue Site Agea/Sex Antibody

anti-CD44 (SFF2) anti-CD44v6 (VFF7)

NORMAL
Superficial Middle Deep Superficial Middle Deep

1 tibial plateau 17/f (-) (++) (++) (-) (+) (+)
2 femoral condyle 25/f (-) (++) (++) (-) (+) (+)
3 tibial plateau 25/m (-) (++) (++) (-) (+) (+)
4 femoral condyle 9/m (-) (++) (++) (-) (+) (+)

NEOPLASM
Capsule Fibrocartilage Hyaline Capsule Fibrocartilage Hyaline

5 synovial chondromatosis 13/f (++) (++) ?b (++) (+) ?
6 chondrosarcoma grade I 70/ m (+) (++) (+) (+) (+/-) (+)
7 chondrosarcoma grade I 28/m ND (++) (+/-)c ND (-) (+/-)
8 chondrosarcoma grade I/II 29/m (+) (++) (+/-) ND (-) (++)

ayears old
bquestion presence of hyaline-like cartilage structure
cdetection of less than 15% tissue sample
F = female; M = male; Superficial, Middle, Deep = cartilage zone; ND = not detected

Sample numbers (1-8) correspond to patient number: 1) osteogenic sarcoma of the knee, distal femur resection and total knee replace-
ment; 2) T10 paraplegia with painful hip chondrolysis, proximal femur resection arthroplasty; 3) intraosseus osteosarcoma of distal femur
and metastatic pulmonary disease, limb salvage procedure of lower extremity with endoprosthesis replacement; 4) osteosarcoma of the
femur, above knee amputation; 5) knee mass, loose synovial chondromatosis, excision of knee mass cartilage body; 6) iliac wing mass
chondrosarcoma (low grade) mass resection; 7) pubic ramus chondrosarcoma (grade I) mass resection; 8) pelvis recurrent chondrosar-
coma, predominantly well dif ferentiated (grade I) with foci of grade II, hemipelvectomy.

TABLE
Immunodetection of CD44 in Tissue Samples

secondary antibody and horseradish peroxidase-linked
avidin, followed by the addition of 3,3’-diaminobenzidine
(DAB Substrate kit, Vector Laboratories) to form an in-
soluble, orange-brown chromagen.

RESULTS
A major CD44 DNA fragment (482 bp) was gener-

ated by RT-PCR for all human cartilage samples using
primer set I (exons 3 and 16/17), (Figure 1B). No dif-
ference was seen between samples obtained from nor-
mal (lanes 1-4) and neoplastic (lanes 5-8) cartilage. DNA
sequencing confirmed this 482 bp fragment to be de-
rived from CD44s as it contained exons 3 through 5
and 15 through 16 only. CD44 transcripts, containing
the v6 (exon 10) sequence, were selectively amplified
using primer sets II (exons 4 and 10) and III (exons 10
and 16/17). Primer set II yielded a 350 bp fragment with
a sequence homologous to exons 4 through 5, and 10
(Figure 1C). Primer set III yielded a 788 bp fragment
with a sequence homologous to exons 10 through 16
(Figure 1D). In total, the nested primer sets identified
a v6-containing alternatively-spliced transcript, CD44v6-
v10, with a sequence homologous to exons 4 through 5
and 10 through 16, a species not previously identified
in cartilage. In addition to the two major fragments (482
bp CD44s and 788 bp CD44v6-10 species), multiple RT-
PCR products were seen with primer set III, particu-

larly with the synovial chondromatosis (Figure 1D, lane
5). Sequencing of the cloned 260 bp fragment in the
synovial chondromatosis sample yielded a sequence
from exons 10 and 15 through 16, identifying an alter-
natively-spliced v6-containing CD44 RNA transcript con-
taining only the v6 (exon 10) sequence (CD44v6). Se-
quencing of the other species resolved on the agarose
gel did not yield known CD44 sequences suggesting
either additional unique CD44 sequences have been
identified or non-specific DNA sequences had been
amplified by the RT-PCR. No further work was done
with these amplified DNA fragments.

Immunohistologic analysis of cartilage tissues con-
firmed the expression of CD44 in the middle and deep
zone, but not cells of the superficial zone of articular
cartilage samples (Table). Figure 2 presents a represen-
tative example of CD44 detection in normal hyaline car-
tilage, identifying CD44 with SFF2 antibody (specific for
all CD44 species), localized on the cell surface of
chondrocytes and in their lacunae, as well as what ap-
pears to be in an intracellular position (Figure 2D). The
v6-containing CD44 species was found associated with
just the cell, appearing intracellularly (Figure 2E). In
the neoplastic tissue, CD44 was detected in cells of both
hyaline-like cartilage and fibrocartilaginous regions us-
ing the SFF2 antibody (specific for all CD44 species),
while the v6-containing CD44 species were identified
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selectively in the hyaline-like cartilage regions of the
tumor mass using the VFF7 antibody (Table). The
immunodetected CD44 species were localized similarly
in both the neoplastic tissue and the articular cartilage
samples. The v6-containing CD44 species were selec-
tively localized intracellularly, while other CD44 species
were detected in lacuna, at the cell surface and intrac-
ellularly. In Figure 3, a chondrosarcoma tissue sample
shows selective detection of v6-containing CD44 spe-
cies associated with cells in the hyaline-like cartilage
region, while this species of CD44 was not seen associ-
ated with the fibrocartilaginous region (Figure 3C).
CD44 species were, however, detected in chondrocytes
of the fibrocartilaginous region using the SFF2 antibody

(recognizes all CD44 species) (Figure 3 B). The tumor
capsule was additionally identified for expression of
CD44, using the SFF2 antibody (data not shown).
Where no discordance in detection of CD44 species was
seen between anti-CD44 antibodies used, it suggested
that either CD44s and v6-containing CD44 exist on the
same cells or that only the v6-containing species were
present (e.g., hyaline-like cartilage of neoplasms), since
all variant CD44 isoforms will react with SFF2 antibody.

DISCUSSION
CD44 expression, ranging from none21,33,35,36,39,50 to

detectable levels5,7,11,15,19,24,37,42,45,48,51 has been reported in
chondrocytes. In addition to the CD44s transcript, sev-
eral other CD44 transcripts have been identified as be-
ing expressed by chondrocytes, ranging from a car-
boxyl-truncated version of CD44s32,51 to a splice variant
with a coding sequence from exon 10 (v6),24,42 exon 14
(v10)5 and a mixed population including CD44v3-v6,
CD44v4-v5, CD44v6-v7, CD44v6-v9, CD44v8-v9.42 In this
study two CD44 transcripts, CD44s and CD44v6-v10 (a

Figure 2. Immunolocalization of CD44 in normal hyaline cartilage
(patient #2). Panel A: Staining with safranin O and fast green, iden-
tifying proteoglycan sites (red staining). Panel B: Immunostaining
(brown staining) using antibody SFF2 (recognizes all CD44 spe-
cies), identifies CD44 associated with chondrocytes in the middle
and deep zone. Panel D: Higher magnification of Panel B, identify-
ing CD44 associated with cell lacuna (arrow). Panel C: Using VFF7
antibody (specific for v6-containing CD44) similar tissue localiza-
tion of CD44 was observed as seen with antibody SFF2, however,
intracellular immunostaining is noted (thick arrow). Panel E: Higher
magnification of Panel C, identifying intracellular detection of v6-
containing CD44 species. Bar = 50 mm (Panel A, B, C); 10 mm
(Panel D, E).

Figure 3. Immunolocalization of CD44 species in a chondrosar-
coma mass (patient #8). Panel A: safranin O and fast green stain-
ing of a tissue sample identifying a fibrocartilaginous (small ar-
row) and hyaline-like cartilage (thick arrow); regions commonly
seen in neoplastic samples. Panel B: Identification (brown stain-
ing) of CD44 with SFF2 (recognizes all CD44 species) is localized
to cells (arrow) within the fibrocartilaginous tissue. Panel C: CD44
species containing the v6 exon-encoded epitope, identified with
antibody VFF7, was only observed in the hyaline-like cartilage re-
gion of the chondrosarcoma (thick arrow) compared to spindle-
shaped fibrocartilaginous cells (small arrow). Bar = 50 mm (Panel
A); 10 mm (Panel B, C).
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transcript not previously recognized in chondrocytes),
were identified by RT-PCR analysis in all tissue samples.
CD44 species have been identified as cell surface trans-
membrane spanning species,13 however, in this study
CD44v6-v10 was largely localized intracellularly. Synthe-
sis of hyaluronan occurs at the cell sur face with
hyaluronan being directly incorporated into the extra-
cellular matrix at synthesis.25 Homeostasis of the extra-
cellular matrix results in a steady state flux of synthe-
sis and catabolism of the matrix species that include
proteoglycans and hyaluronan. In chondrocytes extra-
cellular matrix hyaluronan following partial hydrolysis
is, in part, removed by cellular intercalation and intrac-
ellular degradation via lysosomal compartmentaliza-
tion.25 While the actual function of the CD44v6-v10 is
unclear from these studies, it is interesting to specu-
late that the intracellular CD44v6-v10 may be interact-
ing with hyaluronan and is involved in its processing
acting as a carrier/transporter of the intercalated
hyaluronan for lysosomal degradation. In support of this
hypothesis, transmission electron microscopic immuno-
logically analysis identified v6-containing CD44 species
intracellularly in Swarm rat chondrosarcoma cells
(Stevens, unpublished).

Normal articular cartilage can be divided into deep,
middle, and superficial zones based on differences in
cellular and extracellular matrix composition as well as
differences in metabolic properties.2,3 A co-localization
of proteoglycans with CD44 in the middle and deep zone
in the normal cartilage tissue samples was reported in
studies by Nishida et al.34 The presence of CD44 in these
sites may function as a receptor for hyaluronan and its
intercalation that leads to lysosomal degradation.25 In
the superficial zone, minimal amounts of proteoglycans/
hyaluronan were identified.3 No CD44 was
immunohistochemically detected in the superficial zone
of the normal cartilage tissue samples, consistent with
the notion that CD44’s location is limited to sites of
hyaluronan presence.

Lack of CD44 immunodetection for CD44v6-v10 and
the predominance of positive immunoreactivity for both
CD44s and CD44v6-v10 species with SFF2 antibody for
spindle-shaped cells in the fibrocartilaginous region of
neoplastic tissues suggest a differential expression of
these CD44 species. However, with observed expres-
sion of CD44s and CD44v6-v10 limited to a select popu-
lation of cells within the cartilage neoplasm and the di-
vergence of the extracellular matrix from a hyaline
cartilage nature at these regions,2,3 it is interesting to
postulate that CD44 plays a role in altered cartilage
matrix homeostasis.
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INTRODUCTION
Regardless of the mode of treatment, the clubfoot

has a strong tendency to relapse. Stiff, severe clubfeet
and small calf sizes are more prone to relapse than less
severe feet. Clubfeet in children with very loose liga-
ments tend not to relapse. Relapses are rare after four
years of age.

Not all components of the clubfoot tend to relapse to
the same degree. In most of our cases, forefoot correc-
tion is permanent without metatarsus adductus. The
relapse of the cavus deformity is rare and usually mild.
The most important relapses occur in the hindfoot, first
in the equinus, and then in the heel varus. In some re-
lapsed clubfeet, the heel varus is very severe, while in
others it is mild. Rarely, the heel in equinus may go
into valgus resulting in a calcaneovalgus deformity. This
is a frequent occurrence in surgically treated clubfeet.

In our experience, most relapses develop gradually
and may be difficult to recognize in the early stages. A
relapse is detected when there is an appearance of a
slight equinus and varus deformity of the heel, most
often without increased adduction and cavus in the fore-
foot. When walking, the child tends to put more weight
on the outside of the sole of the foot.

CAUSES
It is wrongly assumed that relapses occur because

the deformity has not been completely corrected. Actu-
ally, relapses are caused by the same pathology that
initiated the deformity. Therefore, when we understand
the pathogenesis of the clubfoot, the causes of the re-
lapse will become clear.

The clubfoot in otherwise normal children is a de-
velopmental anomaly originating after the third month
of intrauterine life. It is induced by an unknown dys-
function in the posterior and medial aspects of the lower

leg, ankle and foot. There is a slight decrease in size of
the muscles, and an excess of collagen synthesis with
retracting fibrosis in the medial and posterior tarsal liga-
ments, in the deep fascia, the tendo Achilles, and the
posterior tibial tendon. These changes induce severe
equinus, medial displacement of the navicular, heel
varus and foot adduction.

The period of dysfunction causing the deformity start-
ing in the middle third of pregnancy lasts to the third
or fourth year of life. In mild cases, it may start in late
fetal life, and remain active for only a few months after
birth. In all cases, the resulting fibrosis is most pro-
nounced from a few weeks preceding birth, to a few
months after birth. This is the period when collagen
accretion is greatest in tendons and ligaments of nor-
mal mammals and presumably also of man. The speed
of growth of the foot decreases after the first year of
life, diminishing greatly after five years.

Relapses appear to be related to the intensity of col-
lagen synthesis as the foot grows. Thus, relapses occur
swiftly in premature infants and more slowly in older
infants. Relapses are less common and less severe in
mild club feet with little fibrosis and in children with
loose ligaments. They occur because the factors induc-
ing the deformity are still active. Relapses are rare af-
ter four years of age, regardless of whether the defor-
mity is fully or partially corrected.

The clubfoot is no different from other non-embry-
onic human deformities such as torticollis, scoliosis, or
Dupuytren’s contracture, in that it develops in normal
individuals, and progresses for a limited time before
becoming inactive. Torticollis usually develops within
days after birth and increases for a few weeks. Idio-
pathic scoliosis starts in late childhood and increases
throughout adolescence. Dupuytren’s contracture devel-
ops at maturity and may be active for a few years. Club-
foot develops in the middle of pregnancy and is active
during the first to fourth years of life. In torticollis,
Dupuytren’s contracture, and presumably in clubfoot, a
localized temporary increase of collagen synthesis is a
common pathologic feature.

With our technique, most congenital clubfeet in in-
fants are corrected within four to six weeks. However,
splinting for several months or years is indispensable
to help prevent relapses. Since the main corrective force
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of the varus and adduction of the clubfoot is abduction
(external rotation) of the foot under the talus, a splint
is needed to maintain the foot in the same degree of
abduction as it was in the last plaster cast. This is best
accomplished with the feet in well-fitted, open-toed high-
top shoes with a well-molded heel attached in 70 de-
grees external rotation to a bar of about the length be-
tween the baby’s shoulders. Unless the feet are splinted
in firm external rotation, the pull of the retracting fi-
brosis in the ligaments of the medial aspect of the ankle
and of the tibialis posterior and toe flexors is strong
enough to cause a recurrence of the deformity in most
feet.

The splints are worn full time for two to three
months, and thereafter at night and naps for two to four
years. The splint should maintain the foot in 70 degrees
of abduction to prevent relapse of the varus deformity
of the heel, of the adduction of the foot and the in-toe-
ing. The ankle should be in dorsiflexion to prevent re-
lapse of the equinus. This is accomplished by bending
the splint with the convexity of the bar distally directed.
A splint or strapping that cannot firmly maintain the
foot in marked abduction without pronation is ineffec-
tual. The added advantage of shoes attached to a bar,
as opposed to a fixed splint, is that it allows motion of
the feet, ankles and knees. Most babies feel uncomfort-
able for the first two to three days when trying to kick
their legs alternately. Parents can easily teach their ba-
bies to kick both legs simultaneously. The splints are
then well accepted.

In the first 20 years of my practice, relapses occurred
in about half of the patients at ages ranging from ten
months to five years, averaging two-and-one-half years.
Usually, relapses were observed from two to four
months after the splints were prematurely discarded at
the families’ own initiative, believing that the correc-
tion was stable. More recently, relapses have been less
frequent because, for one thing, I have further overcor-
rected the deformity in the last plaster cast, to be cer-
tain that the calcaneus is fully abducted and its anterior
joint surface is well under the head of the talus. Sec-
ondly, there has been greater awareness on the part of
the parents regarding the importance of maintaining the
night splints after correction for three to four years.

In recent years, I have treated 90 patients—52 of
them initially seen from birth to three months of age,
and 38 from three months to one year of age. Seventy
percent of the patients had plaster casts or physical
therapy elsewhere. Forty patients had been previously
indicated for surgery by the initial treating physician.
To my surprise, it was possible to successfully correct
all these feet with manipulations, and four or five plas-
ter casts, changed every five days. I performed percu-

taneous Achilles tenotomy in 84 percent of the patients.
Eighty-eight percent of the patients were compliant with
the use of the foot abduction splint. There were 14 re-
lapses. The rate of relapse was seven percent in com-
pliant patients, compared to 78 percent in non-compli-
ant patients. Relapses were unrelated to age at
presentation or to the number of casts required for cor-
rection.

TREATMENT
In general, the original correction may be recovered

in four to six weeks with manipulations and plaster casts,
changed every 14 days, holding the foot in marked ab-
duction and as much dorsiflexion as possible at the
ankle in the last cast. This treatment is followed by
lengthening the tendo Achilles when dorsiflexion of the
ankle is less than 15 degrees. A percutaneous tenotomy
can be performed until one year of age. The last plas-
ter cast is left on for three to four weeks. When the
cast is removed, shoes attached in external rotation to
a bar are worn at night and with naps, until the child is
about four years old.

To prevent further relapses, the tendon of the tibi-
alis anterior muscle is transferred to the third cunei-
form in children over two-and-one-half years of age, if
this muscle tends to strongly supinate the foot. Often
this supination takes place when the medial navicular
displacement is not fully corrected and the AP talocal-
caneal angle is under 20 degrees. Transfer of the tibi-
alis anterior tendon averts further relapses, maintains
the correction of the heel varus, improves the antero-
posterior talocalcaneal angle, and thus greatly reduces
the need for medial release operations. The tibialis an-
terior tendon transfer is an easy operation and much
less damaging to the foot than the release of the tarsal
joints. Joint releases are needed when the deformity
recurs in spite of the tibialis anterior transfer. The tibi-
alis anterior tendon should never be split, so as to not
lose its eversion power, nor should it be transferred to
the fifth metatarsal or to the cuboid, since this would
excessively evert the foot, causing severe foot prona-
tion and heel valgus.

CONCLUSION
Since I developed this method of treating clubfoot

50 years ago, only an occasional posterior release op-
eration of the ankle and subtalar joints has been neces-
sary. In the 90 patients I treated in recent years, four
patients required surgery: one posterior release of the
ankle, and three anterior tibialis tendon transfers to the
third cuneiform combined with a lengthening of the
tendo Achilles.
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ABSTRACT
Thirty-three children with congenital pseudart-

hrosis of the tibia seen from 1970 to 1997 at the
Shriners Hospitals for Children in Lexington, KY
were retrospectively reviewed. Twelve children
were excluded due to follow-up of less than 2
years. Data was collected on age, sex, side and
associated neurofibromatosis from the medical
records of the remaining 21 children. Lesions
were classified as to status at birth. The number
of surgical attempts for union was recorded. Pres-
ence of bony union, deformity, and limb length
discrepancy was noted. The mean age at last fol-
low-up was 13 years. Union was reported in 10
children (48%). There was no union after more
than 3 surgical attempts. The 11 children with-
out union had an average of 4 surgical attempts
(range 2-6). Amputation was performed in 7 of
the 11 children without union. No predictor for
nonunion was identified. Amputation was fre-
quently needed.

INTRODUCTION
Congenital pseudarthrosis of the tibia (CPT) is a rare

malformation occurring in one in 190,000 live births.4

Sofield found CPT in fewer than 0.1% of children treated
in Shriners Hospitals.10 CPT is a complex condition with
failure of normal bone formation and subsequent angu-

lation leading to fracture.3 There is dense cellular fibrous
tissue with few vessels; normal callus does not form.
Masserman has classified CPT based on the status at
birth into three types. Type I includes children who
have no recognizable deformity at birth. Type II in-
cludes children with bowing at birth. Type III includes
children with pseudarthrosis at birth.4 Neurofibroma-
tosis (NF) is frequently associated with CPT. 1,2,5,7,8,10

Amputation has been suggested for CPT because non-
union and deformity are frequent.6 The purpose of this
study was to review the Shriners Hospitals for Children
(SHC), Lexington, KY experience with CPT.

PATIENTS AND METHODS
Between 1970 and 1993, 33 children were initially

seen at the Shriners Hospitals for Children in Lexing-
ton, KY with a recorded diagnosis of CPT. Each patient’s
medical chart was retrospectively reviewed and data was
recorded for sex, side, status at birth (Masserman type),
date of first SHC visit, date of last SHC visit, presence
of union, presence of deformity, presence of limb length
discrepancy (LLD), associated NF, number of surgical
attempts/procedures for union, and whether an ampu-
tation had been performed. Twelve children were ex-
cluded due to lack of 2-year follow-up. The remaining
21 children made up the study group. There was no
significant difference in sex, side, type, date of first SHC
visit or associated NF between the group of 21 children
included in the study and the 12 children who were
excluded.

RESULTS
There were 11 male and 10 female children. There

were 11 right and 10 left tibia involved. There was no
bilateral involvement. The mean age at first SHC visit
was 3.7 years with a range from 0.6 to 8.4 years. The
mean length of follow-up was 9.0 years with a range
from 2.2 to 18.4 years. The mean age at last SHC visit
was 13.0 years with a range from 4.0 to 20.0 years. See
Table One for complete data by individual subject.

Seven children (33%) had no recognizable abnormal-
ity of the tibia at birth (Masserman Type I). Six chil-
dren (29%) had a bowing of the tibia noted at or shortly
after birth (Masserman Type II). Eight children (38%)
had a pseudarthrosis or fracture leading to pseud-
arthrosis at or shortly after birth (Masserman Type III).
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NF was present in 10 (48%) children. NF was not
present in 11 (52%) children. The mean age at last visit
for the 10 children with NF was 12.8 years. The mean
age at last visit for the 11 children without NF was 12.9
years. Table Two displays a complete summary of all
percentages.

A total of 85 procedures at 53 surgeries were per-
formed on our children in attempts to achieve union.
Procedures included internal fixation (37), bone graft-
ing (34), osteotomy (seven), Ilizarov external fixation
(five), and vascularized free fibula (two).

Ten children (48%) achieved union. Union was
achieved on the initial surgical attempt in 6 of the 21
children reviewed (29%). Union was achieved with the
second surgical attempt in three of the remaining 15
children (20%). Union was achieved with the third sur-
gical attempt in one of the remaining 12 children (8%).
Two unions did occur after amputation and prosthetic

fitting. No union was achieved with more than three
surgical attempts.

Nonunion was present in 11 children (52%). The chil-
dren with nonunion had undergone on average 3.8 sur-
gical attempts for union (range 2-6). Seven children (33%
of our study group, but 64% of the nonunion group)
underwent amputation. All amputations were due to
nonunion and instability. A chi-square analysis revealed
there was no association between Masserman type and
union (p = 0.5313) or between Masserman type and
amputation (p = 0.5853). A chi-square analysis revealed
the presence of NF was not associated with union (p =
0.5051) nor with amputation (p = 0.5366).

Of the 10 children with union, limb lengths were
documented in eight. Four of these children (50%) had
more than a 2 cm clinical LLD. Of the 10 children with
union, limb alignment was documented in eight. Six of
these children (75%) had angular deformity. Of the 10

TABLE 1
Summary of Descriptive Data by Individual Subject (n=21)

Age @ Age @ Length
1st Last Of Deformity # of Ampu-

# Sex Side Visit Visit Follow At Birth NF Union Sx tation

1 F Left 0.7y 11y 10.3y Bowing Yes Yes 1 No
2 F Right 7.9y 18y 10.1y None No No 5 No
3 F Right 2.3y 12y 9.7y None No Yes 1 No
4 M Left 2.8y 10y 7.2y Fracture No Yes 1 No
5 F Right 7.3y 13y 5.7y Fracture Yes Yes 1 No
6 M Right 5.8y 11y 5.2y Fracture Yes No 3 No
7 M Left 5.3y 10y 4.7y Bowing Yes No 2 Yes
8 F Left 1.5y 6y 4.5y Fracture Yes Yes 2 No
9 M Left 6y 9y 3y None No No 3 No
10 F Left 1.8y 4y 2.2y None No Yes 1 No
11 F Right 8.4y 20y 11.6y None Yes No 6 Yes
12 M Right 0.6y 19y 18.4y Bowing Yes No 5 No
13 F Left 5.3y 20y 14.7y Fracture No No 4 Yes
14 M Right 6.1y 19.7y 13.6y Bowing No Yes 1 No
15 F Left 1.3y 8y 6.7y Bowing No No 2 Yes
16 F Right 4.5y 18y 13.5y None No No 3 Yes
17 M Right 0.6y 14y 13.4y Fracture Yes Yes 3 No
18 M Left 5.3y 9y 3.7y Fracture No Yes 1 No
19 M Left 2.7y 14y 11.3y None No Yes 2 No
20 M Right 0.8y 12y 11.2y Bowing Yes No 3 Yes
21 M Right 1.2y 12y 10.8y Fracture Yes No 3 Yes
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TABLE 2
Summary of Percentages

(n=21; 10 unions, 11 non-unions)

Variable  Percentage

Masserman Type I 33%
Masserman Type II 29%
Masserman Type III 38%
Neurofibromatosis Present 48%
Overall Unions Achieved 48%
Union Achieved 1st Attempt 29%
Union Achieved 2nd Attempt (3 of 15) 20%
Union Achieved 3rd Attempt (1 of 12) 8%
Non-Unions 52%
Amputations (Non-Union Group) 64%
>2cm LLD (Union Group) 50%
Angular Deformities (Union Group) 75%
Clinical Deformities (Union Group) 80%

TABLE 3
Summary of Statistical Outcomes (n=21)

Variable  Statistic Used  p-value

Status at Birth (Masserman Type) Chi-Square 0.5313
vs. Union

Status at Birth vs. Amputation Chi-Square 0.5853

Presence of NF vs. Union Chi-Square 0.5051

Presence of NF vs. Amputation Chi-Square 0.5366

For those achieving union (n=10):

*Status at Birth vs. Deformity Chi-Square 0.0350

Status at Birth vs. LLD ANOVA 0.5839

Presence of NF vs. Deformity Chi-Square 0.5051

Presence of NF vs. LLD ANOVA 0.1050

* Indicates Significance

children with union, eight of these children (80%) had
documentation of clinical deformity. A chi-square analy-
sis revealed a significant relationship between
Masserman type and deformity (p = 0.0350). Those with
Masserman Type II or III (bowing or pseudarthrosis
present at birth) had a greater recorded final deformity
than those with no noticeable deformity at birth. A one-
way analysis of variance (ANOVA) revealed there was
no significant difference in Masserman type with re-
gard to LLD (p = 0.5839). Also, the LLD was not signifi-
cantly different between those with NF and those with-
out (p = 0.1050). There was no association between NF
and deformity (p = 0.5051) as indicated by a chi-square
analysis. For a complete summary of all statistical out-
comes, see table three.

Our results demonstrated that union was not related
to status at birth or NF. There was residual deformity
in 80% cases with union. There was no union achieved
after a third surgical attempt. Amputation was required
in 33% of children with CPT and in 64% of children with
nonunion.

DISCUSSION
Masserman noted that the chance for union was

greatest with the first or second surgical attempt and
that repeated surgery did not decrease the nonunion,

LLD, or amputation rates.5 Morrissy noted that multiple
procedures contributed to poor results by further im-
pairing vascularity.9 For our children, 90% of unions oc-
curred with one or two procedures. Only one union was
achieved on the 3rd surgical attempt. No unions were
achieved after more than three surgical attempts.

Neurofibromatosis has been reported in patients with
CPT. Masserman reported 20 of 52 patients with CPT
had NF (38%).5 Morrissy reported 20 of 40 patients with
CPT had NF (50%).9 McElhannon reported that 50% of
patients with CPT have NF and that 5-10% of patients
with NF have CPT.7 The rate of our children with CPT
having NF was 48%.

McCarthy felt amputation was indicated in CPT
when: 1) there was failure to achieve satisfactory bony
union after three surgical attempts, 2) there was limb
length discrepancy greater than 5 cm, 3) there was de-
velopment of a deformed foot distal to the pseudarthro-
sis, or 4) there was undue functional loss due to pro-
longed medical care and hospitalization.6 Thirty-three
percent of our children with CPT required amputation.
Seven of 11 children (64%) not achieving union required
amputation.

In conclusion, there was no predictor identified for
nonunion in this study. Amputation was frequently
needed.
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ABSTRACT
The dislocated hip in a non-ambulatory child

with spastic paresis tends to be a painful inter-
ference to sleep, sitting upright, and perineal care.
Proximal femoral resection-interposition arthro-
plasty is one method of treatment for this condi-
tion. We reviewed eight hips, two bilateral cases,
with a mean follow-up of 30 months. Clinical im-
provement was observed in all except one case,
with respect to pain relief and sitting tolerance.
Some proximal migration was observed in three
cases, despite routine post-operative skeletal trac-
tion in all cases and careful soft tissue interposi-
tion. One case showed significant heterotopic os-
sification which restricted prolonged sitting. This
patient needed some occasional medication for
pain.

INTRODUCTION
Quadriplegia in cerebral palsy patients is commonly

associated with hip dislocation and subluxation,2,5,8,11,18

with its incidence ranging from 2.6 to 75%.4,6,18 Several
factors have been related to this complication includ-
ing absence of normal gait and excessive femoral ante-
version, as well muscle imbalance and spasticity.3 The
age of presentation for this complication is variable, but
represents the end stage of a progressively subluxating
hip in juveniles.5 Some procedures may be effective in
preventing this devastating problem at an early age,
such as soft-tissue releases and femoral or pelvic os-
teotomies.22

Hip dislocation in patients with spastic quadriplegia
may be associated with several problems such as diffi-
culties with perineal hygiene and sitting position, decu-

bitus ulcerations in the lateral aspect of the greater tro-
chanter, pathologic fractures in the ipsilateral distal
femoral metaphysis, pelvic obliquity, and scoliosis.2,18

Probably the most serious and severe problem for the
patient and family is pain. Pain is significantly associ-
ated with spastic hip dislocation in as many as 70% of
these patients.2,10,18

Different approaches have been used to treat pain-
ful spastic hip dislocation, depending, in part, on the
presence or absence of degenerative arthritis in the hip
joint. These include femoral resection with subtrochan-
teric valgus osteotomy,13 open reduction with various
osteotomies,14,17 prosthetic interposition arthroplasty,7,10

arthrodesis,16 and resection-interposition arthroplasty.4

We review our experience and results in treating pain-
ful hip dislocations in patients with spastic quadriple-
gia.

MATERIALS AND METHODS
We reviewed patients treated in our hospital with

spastic quadriplegia and an associated painful hip dislo-
cation. We found the charts and radiographs of six pa-
tients (eight hips) who had undergone resection inter-
position arthroplasty described by Castle4 for the
treatment of a chronic dislocated painful hip (Figure
1). Average age at the time of surgery was 14 years
and 4 months (range from 9 years and 6 months to 17
years). There were four males and two females. None
of the patients had ever been ambulatory. The right side
was involved in four cases and the left in another four.
All patients were mentally impaired with spastic quad-
riplegia. None had any previous surgical procedure. The
average follow-up was 30 months (range 8 months to
90 months).

Patients were treated surgically with a resection-in-
terposition arthroplasty of the dislocated hip, as de-
scribed by Castle and Schneider.4 The procedure con-
sisted of an extraperiosteal dissection and resection of
the proximal femur at the level of the lesser trochanter.
A straight lateral approach was used. Post-operatively,
patients were placed in skeletal traction for three weeks.
No routine heterotopic ossification prophylaxis was used
postoperatively.

The preoperative evaluation included range of mo-
tion and resting position of the hip, the presence of pain
(pain was quantified based on the number and fre-
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quency of analgesic pills per day and subjective assess-
ments by the patients’ families), and the radiographic
position and anatomy of the proximal femur. The post-
operative evaluation consisted of: 1) A standardized tele-
phone questionnaire regarding pain and sitting toler-
ance (all patients lived at home with their families); 2)
A clinical examination of the hip and its range of mo-
tion; and 3) An AP radiograph for determining migra-
tion of the proximal femur and grade of heterotopic
ossification. Grade I was a cap of mushroom-shaped
bone, grade II was proximal bone spicule formation, and
grade III was diffuse ossification.12

RESULTS
Results are summarized in Table I. Pain status was

improved in all patients except one, who needed one
pill of regular analgesic medication every two to three
nights (case 2). Preoperatively, all patients routinely
needed daily pain medication, had significant difficulty
sleeping, and had a restricted sitting tolerance (less than
one hour). Post-operatively all patients except case-two
improved dramatically, without sitting limitations and
with no need for medication. All cases also had im-
proved ease of access for perineal hygiene. Range of
motion was increased in both flexion and abduction.
Flexion contracture, which had interfered with the
sleeping position previously, was resolved after resec-
tion arthroplasty.

Radiographically, all evaluated hips were dislocated
preoperatively. Femoral position was inferior to the ac-
etabulum in five hips, at the level of the acetabulum in
two hips, and proximal to the acetabulum in one case.
On radiographs, all femoral epiphyses showed a typical
triangular shape and a superolateral defect with impinge-
ment of the superolateral aspect of the acetabulum (Fig-
ure 1). All femoral heads showed a severe articular car-
tilage defect, especially in the impingement area, even
in early cases (Figure 2). Heterotopic ossification was
observed in three cases: two hips in a bilateral case
showed grade I ossification, and one case had a severe
grade II lesion with proportions approaching those of

the resected femoral epiphysis (Figure 3). The case with
grade II ossification was radiologically diagnosed four
months after surgery, at which time she was treated
with indomethacin. Both her discomfort and her range
of motion improved significantly thereafter.

Time of surgery ranged from 80 minutes to 3 hours
and 30 minutes, including bilateral cases. All patients
needed a postoperative blood transfusion, (threshold for
transfusion was a hemoglobin less than 7.8 mg/dL).

There were two postoperative complications: Case 3
had skin breakdown at the ischial tuberosity and re-
quired surgical debridement. Case 7/8, a bilateral case,
developed pneumonia and upper gastrointestinal bleed-
ing.

DISCUSSION
Patients with spastic quadriplegia and associated hip

dislocation may often develop significant difficulties with
upright sitting and posture, perineal hygiene, and hip

TABLE 1

Figure 1. AP radiograph, left hip dislocation. Impingement (aster-
isk) of superolateral aspect of the acetabulum against proximal
femoral epiphysis.

preoperative postoperative
case sex

age at
surgery side hip pain perineal

hygiene
flexion

contracture
passive

abduction
hip pain perineal

hygiene
flexion

contracture
passive

abduction
femur level heterotopic

ossification

1 m 17 R constant poor 30º 0º no good 0-65º 0-30º above no
2 m 14 R constant poor 50º 0º discomfort

sitting
< 4h/day

better 60-100º -10º below no

3 f 17.4 L constant poor 40º 70º no good 0-100º 0-70º below no
4 f 14.5 L constant poor 0º 0º no good 0-90º 0-40º below grade II
5 m 9.5 R constant poor 30º 15º no good 0-110º 0-45º below no
6 m 9.5 L constant poor 30º 15º no good 0-90º 0-45º below no
7 m 16.8 L constant poor 100º 0º no good 0-30º 0-50º acetabulum grade I
8 m 16.8 R constant poor 100º 0º no good 0-30º 0-50º acetabulum grade I
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pain. The frequency of significant pain in this patient
population is quite variable in the reported literature,
ranging from 30% to 80%, and even approaching 100%
in selected subpopulations.6,10,17,18 Prevention of disloca-
tion is the ideal approach, as with many pediatric or-
thopaedic conditions. However, when a painful hip dis-
location is established, the goal of treatment is to obtain
a pain-free mobile hip that will facilitate both a comfort-
able upright sitting position and ease of hygienic care.18

The definitive optimal treatment still remains contro-
versial.

 Open reduction with pelvic and femoral osteoto-
mies14,17,20,22 are extensive approaches indicated for mod-
erate femoral head deformities without osteoarthritic

changes in the presence of an open triradiate cartilage.
Some possible disadvantages include early femoral
physeal closure as a consequence of vascular damage,
the need for postoperative casting, and the subsequent
risk of femoral and/or tibial fractures.17,21

Resection of the femoral head with subtrochanteric
osteotomy has been done in an attempt to avoid proxi-
mal migration (by placing the lesser trochanter into the
acetabulum), and heterotopic ossification (by a less
extensile procedure).13 We fear that this alternative
would require a second operation for removal of the
fixation hardware. Also, the change in muscle vectors
after a valgus osteotomy could direct the remaining fe-
mur into the acetabulum, which could compromise free
range of motion.

Figure 2. Gross specimen of the resected femoral head with articular cartilage defect: (A) early stage, and (B) late stage (asterisk -
acetabular impingement).

Figure 3. Significant heterotopic ossification, grade II, simulating the previously dislocated femoral epiphysis (A) and gross specimen of
femoral resection (B). Note the distal level (see arrow).
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The third option is prosthetic interposition arthro-
plasty.7,10,16 Gabos7 described 14 patients treated with a
humeral prosthesis, with or without the glenoid com-
ponent. Although 70% had complete pain relief, almost
one-third had a recurrent dislocation by radiographs.
The author concluded that the implant stability does
not affect the clinical outcome, as the implant acts as a
spacer avoiding direct bone-to-bone contact. Koffman
(10) reviewed four patients treated with total hip replace-
ment with poor results: one was dislocated, another two
had poor clinical results and subsequent revision sur-
geries, and the remaining patient died five months post-
operatively. The author concluded that bone deformi-
ties, pelvic obliquity and poor bone stock are significant
factors preventing optimal positioning of the implants
in these patients. Root16 described good results in 13 of
15 patients with unilateral total hip replacement in spas-
tic patients, but most of them had previously been am-
bulatory.

Arthrodesis has been mentioned by Bleck2 in one
case, with improvement in discomfort and position of
the lower limb. Root16 described good results in six of
eight patients with a successful arthrodesis. Two cases
had pseudarthrosis and needed a revision surgery. The
procedure involved taking a muscle-pedicle graft from
the iliac crest. They concluded that in unilateral cases,
hip fusion was their treatment of choice, and in bilat-
eral cases, total hip replacement was preferred.

Resection of the dislocated femoral head is the most
common surgical treatment for most non-ambulatory
patients. Kalen9 described 18 hips, most of them with
significant pain relief. However, three patients had proxi-
mal migration of the femur that required a second op-
eration. Koffman10 showed poor results related to pain,
and almost all had heterotopic ossification. Five of six
patients improved their sitting tolerance. The level of
resection seems important in avoiding proximal migra-
tion of the femur that can result in unwanted articula-
tion with the acetabulum and possibly new bone forma-
tion after resection. Studies by Perlmutter15 and Sherk19

show significantly dif ferent results between the
Girdlestone resection and a more extensive distal re-
section. Closure of the capsulotomy was attempted in
most of their cases. They concluded that patients treated
with a girdlestone resection continued to have pain post-
operatively.

Castle4 described a more extensive resection with
selected capsular and fascial closure over the acetabu-
lum and resected end of the femur in 14 hips. Sitting
tolerance, motion and pain improved in all patients. The
author concluded that adequate soft tissues coverage
was extremely important in achieving such results.

Baxter1 also advocated an extensive resection, as
described by Castle, in order to avoid poor results after
a Girdlestone-type resection. He treated 4 patients with
this approach, using skeletal traction post-operatively
for three to six weeks, with minimal blood loss, a rapid
rehabilitation, and without postoperative complications.

McCarthy12 found good results in almost all of 34
patients, based on pain relief, sitting position and
perineal care, although he concluded that prior to skel-
etal maturity, this procedure could produce proximal
migration of the proximal femur and heterotopic ossifi-
cation. He also indicated that six weeks of postopera-
tive traction was essential.

Widdman23 treated 18 hips with this procedure. Sig-
nificant improvement was noted in pain, range of mo-
tion and sitting tolerance after surgery. The degree of
proximal migration was not related to the type of post-
operative traction used (skin vs. skeletal).

Our series demonstrated substantial clinical improve-
ments. Pain relief was achieved in all cases but one.
Sitting tolerance was globally improved, range of mo-
tion significantly increased, and perineal hygiene was
eased.

Radiographically, some migration was observed in
three cases, but without any resultant limitations in
range of motion. Migration has been reported to cause
flexion and adduction contractures, yet this was not the
case in our patients. It seems reasonable that an ad-
equate soft tissue interposition can prevent a progres-
sive loss in range of motion, although some proximal
migration can still take place. It is not clear whether
the issue of proximal migration always results in clini-
cal problems. A McHale procedure redirects the lesser
trochanter into the acetabulum with relatively good pres-
ervation of range of motion. (Proximal migration could
also be avoided by using skeletal traction for a longer
period of time, or with distraction across the resection
with an external fixator.)

 Heterotopic ossification is another significant prob-
lem that occurred in one patient. Perioperative in-
domethacin and/or radiotherapy could be prophylacti-
cally administrated in cases with painful dislocated hips,
in the presence of osteoarthritic changes and an open
physis.23

With no other significant complications observed in
our series, this resection-arthroplasty procedure is a
promising treatment alternative for the patient with spas-
tic quadriplegia and an associated painful hip disloca-
tion. We would recommend this for most cases of dislo-
cation with no previous history of surgical intervention.
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MINI-ABSTRACT
A detailed analysis of acetabular development

following Chiari osteotomy in ten patients with neu-
romuscular disease revealed an anti-Chiari effect
in only one patient.

SUMMARY
A detailed analysis was conducted of acetabular de-

velopment in ten consecutive patients with neuromus-
cular disease (nine with spastic cerebral palsy, one with
Charcot-Marie-Tooth disease) after Chiari osteotomy.
Indications for surgery included painful hip subluxation
or dislocation, and disturbance of sitting balance or
ambulation. Patients were five to nineteen years old at
the time of operation (average 11 years), and were fol-
lowed for six to eleven years post-operatively (average
10 years). Patients were interviewed with their families,
were physically examined, and radiographs were ob-
tained. All results were submitted to independent sta-
tistical analysis. This study showed that for nine of the
ten patients, radiographic improvements were obtained
and maintained for femoral head coverage, the CE
angle, the Sharp angle, overhang of the lateral acetabu-
lar margin, and acetabular depth. We observed post-
operative worsening of these parameters (anti-Chiari
effect) in only one patient.

Chiari osteotomy can be confidently applied to these
neuromuscular patients.

INTRODUCTION
Neuromuscular diseases, such as cerebral palsy and

Charcot-Marie-Tooth disease, can present with
progressive hip subluxation.8,18,21,36 Chiari osteotomy
has been applied to hip joint subluxation and
dislocation in patients with spastic neuromuscular
disorders.1,2,3,5,6,7,9,10,11,12,13,22,25,26,28,29,31,32,33,35

Niethard and colleagues, with their careful observa-
tions, noted the ability of the Chiari osteotomy to im-
prove femoral head coverage.22,23 Pre-operatively, their
patients had an average CE angle of 0˚. In their neuro-
muscular patients, the final CE angle measured between
20˚ and 25˚ (average follow-up period 5.5 years, range
2-10 years). However, they observed a disturbance of
the development and growth of the lateral edge of the
acetabulum due to the Chiari osteotomy, and on this
basis they decided that the observed improvements in
femoral head coverage were dependent mainly on the
extent of the medialization of the femoral head and dis-
tal pelvic fragment obtained at the time of the opera-
tion.

Thompson and colleagues35 used the Chiari os-
teotomy in the management of 33 abnormal hips in 30
patients (including 19 with spastic cerebral palsy). The
average age at the time of surgery was 12 years (range
2-25 years). Patients were followed for an average of
four years (ranging from 3 months to 7 years). The av-
erage pre-operative femoral head coverage was 30%, CE
angle –19˚, and the Sharp angle 55˚. At the last post-
operative evaluation, average femoral head coverage was
100%, CE angle 36˚ and Sharp angle 41˚.

Dietz and colleagues6 found that at the last post-
operative evaluation for 24 spastic hips after Chiari os-
teotomy the femoral head coverage had increased from
26% pre-operative to 81%, the CE angle improved from
–19˚ to 29˚, and the Sharp angle improved from 50˚ to
39˚. They noted that any loss of improvement of femo-
ral head coverage and of the CE angle occurred mainly
during the first post-operative year.

We report the long-term radiographic results after
Chiari osteotomy in ten successive neuromuscular pa-
tients (nine with spastic cerebral palsy, one with Char-
cot-Marie-Tooth disease). In all cases we placed particu-
lar attention to the starting point of the osteotomy at
the exact edge of the acetabular cartilage, and on the
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angle of the osteotomy (10˚-15˚ cephalad). Our goal in
this study was to analyze the post-operative course of a
small number of neuromuscular patients. We compared
the improvements in our patients with those in other
series, and determined whether the initial improvements
after surgery were gradually lost over the course of
time. In the case of any loss of correction, we noted its
temporal relationship to the surgery and whether the
loss of correction stabilized or evolved throughout the
post-operative observation period.

MATERIALS AND METHODS
Ten successive patients with neuromuscular disease

(nine with spastic cerebral palsy, one with Charcot-
Marie-Tooth disease) were managed in our institution
from early childhood onwards (Table 1).

Patients were 5-19 years old at the time of surgery
(average 11 years old). The length of the follow-up pe-
riod was between 6 and 11 years (average 10 years),
and at the time of last evaluation the patients ranged in
age from 12-30 years old (average 22 years old). The
authors performed each patient’s surgery and managed
both their pre- and postoperative course.

We studied the following aspects of acetabular de-
velopment:
1. Percentage of femoral head coverage by the acetabu-

lum was measured by the method of Heyman and
Herndon (acetabular-femoral head quotient) (16, 24,
30). The horizontal distance from the medial edge of

the femoral head to a line perpendicular to the lat-
eral edge of the acetabulum is divided by the width
of the femoral head.

2. The center edge angle (CE angle) of Wiberg is the
angle subtended by a vertical line through the cen-
ter of the femoral head, and a line connecting the
center of the femoral head to the lateral-most edge
of the acetabulum (37).

3. Both the Sharp angle (34) and the acetabular index
were measured. Because the triradiate cartilage os-
sified during the follow-up period for all patients (ex-
cept patient 5) it was only possible to follow the Sharp
angle throughout the entire post-operative period.

4. AP radiographs of the pelvis were measured for the
overhang of the lateral edge of the acetabulum as an
indicator of acetabular development. The overhang
is the perpendicular distance between a horizontal
line through the dome of the acetabulum and a hori-
zontal line through the lateral most point of the ac-
etabular margin (24). The absence of such an over-
hang implies femoral head subluxation and
acetabular dysplasia. Increasing overhang implies
progressive development of the depth of the acetabu-
lum and increasing stability.

5. A direct measure of the depth of the acetabulum is
the horizontal distance from the medial edge of the
teardrop to Perkins’ line (24).
Analysis of variations for repeated measurements was

used, to statistically evaluate the importance of the

TABLE 1
Patients

Patient Diagnosis Age at Chiari- Length of Age at Last
Osteotomy Follow-Up Follow-Up
(Yrs + Mos.) (Yrs + Mos.) (Yrs + Mos.)

1 spastic quadriparesis 13 + 3 11 + 9 25 + 0

2 spastic quadriparesis 11 + 2 11 + 10 23 + 0

3 spastic quadriplegia 10 + 5 11 + 10 21 + 3

4 spasticity due to prematurity 7 + 2 10 + 8 17 + 10

5 severe spastic quadriplegia 5 + 10 6 + 4 12 + 2

6 spastic quadriplegia 12 + 10 10 + 2 23 + 0

7 Charcot-Marie-Tooth- 13 + 3 9 + 10 23 + 1
disease

8 spastic quadriplegia 10 + 11 10 + 9 20 + 9

9 spastic quadriplegia 14 + 6 10 + 11 25 + 5

10 athetosis and 19 + 6 10 + 6 30 + 0
spastic quadriplegia

Average: 11 + 6 10 + 8 22 + 2



W. R. Osebold, E. L. Lester, and P. Watson

68 The Iowa Orthopaedic Journal

changes in the ten patients. This was done in a series
of planned comparisons of hip joint measures against
time post-operatively. A p value of less than 0.05 is sig-
nificant.

OPERATIVE TECHNIQUE
A smooth guide pin is introduced under fluoroscopic

control into the exact cartilage-bone interface at the
lateral-most, cephalad edge of the acetabulum. This
entry point is critical and must be exact.

When the entry point is precisely determined, a plain
film AP radiograph of the pelvis is taken, to ensure the
mildly cephalad angle of the guide pin (10-15˚). The fluo-
roscope cannot provide the necessary image for this
angle, which is as critical as the entry point.

After the entry point and the 10-15˚ cephalad angle
of the pin are precisely determined, a 7mm straight
Lambotte osteotome is placed on either the cephalad
or caudal side of the pin (whichever is closest to the
lateral edge of the acetabular cartilage, without enter-
ing it). This osteotome is left in position as a guide, and
a 4mm straight Lambotte osteotome is used for the
anterior bow of the osteotomy, which ends just distal to
the anterior inferior iliac spine.

The osteotomy proceeds posteriorly and distally from
the guide osteotome, following the posterior edge of
the acetabulum, always osteotomizing parallel to the

guide osteotome. The posterior-distal, then proximal,
bow of the cut protects against posterior displacement
of the completed osteotomy. The osteotomy ends just
distal to the apex of the sciatic notch. After medial dis-
placement of the femoral head and distal fragment of
the pelvis, two threaded pins are drilled medially and
caudally from the proximal pelvic fragment into the dis-
tal fragment. A 1.5 hip spica cast is applied for six weeks.
The two threaded pins are removed under general an-
esthesia at eight weeks following surgery.

RESULTS
1. Percentage of femoral head coverage (Table 2): Im-

mediately before osteotomy, the percentage of femo-
ral head coverage from the acetabulum ranged from
frank dislocation to 68% coverage (average 47% cov-
erage). Immediately after the osteotomy, coverage
ranged from 66% to 100% (average 94% coverage). At
the time of last follow-up coverage ranged from 70%
- 100% (average 94% coverage) (p = 0.001). One pa-
tient (patient 6) showed a decrease in coverage from
100% immediately after surgery, to 70% at last follow-
up. Two other patients (patients 8 and 9) showed
slight decreases in their coverage (-5% and –10%)
during the post-operative follow-up period.

2. CE angle of Wiberg (Table 3): Pre-operatively, the
CE angle ranged from –110˚ (frankly dislocated) to

TABLE 2
Femoral Head Coverage: Extent of Coverage

Immediately Percent Immediately Post-Operative At Last Follow-Up
Pre-Operative Displacement

(%) of Osteotomy
Patient Percent Change in Percent Percent Change in Percent Difference in

Coverage Coverage Coverage Coverage Percent
Compared to Coverage

Immediately Post- Compared to
Operative Pre-Operative

1 65% 75% 100% +35 100% 0 +35

2 57% 88% 100% +43 100% 0 +43

3 68% 100% 100% +32 100% 0 +32

4 frank dislocation 60% 100% +100 100% 0 +100

5 frank dislocation 69% 66% +66 91% +25 +91

6 65% 62% 100% +35 70% -30 +5

7 45% 87% 89% +44 100% +11 +55

8 53% 37% 100% +47 95% -5 +42

9 51% 81% 90% +39 80% -10 +29

10 64% 46% 98% +34 100% +2 +36

Average 47% 70% 94% +48 94% -7 +47



Volume 22 69

Observations on the Development of the Acetabulum following Chiari Osteotomy

only 16˚ (average –13˚). Immediately after the opera-
tion the CE angle ranged from 7˚ to 65˚ (average 44˚),
for an increase that ranged from +31˚ to +117˚ (aver-
age +58˚ increase). At the time of last follow-up, the
CE angle ranged from 25˚ to 65˚ (average 47˚) (p =
0.001). During the follow-up period, two patients (pa-
tients 6 and 9) showed decreases in the CE angle
(-18˚ and –13˚).

3. Sharp angle (Table 4): In nine hips there was an
immediate decrease in the Sharp angle (improve-
ments between –6˚ and –20˚, average –11˚). In one
patient (patient 5) the Sharp angle remained un-
changed immediately after the operation, but during
the first four post-operative years this decreased by
18˚, then remained stable over the rest of the post-
operative period (another 2.5 years). At the time of
last follow-up the average Sharp angle (38˚) remained
significantly reduced (p = 0.01).

4. Overhang of the lateral edge of the acetabulum
(Table 5): Before the osteotomy, two hips had hori-
zontal lateral acetabular margins (patients 3 and 10).
In the other eight patients, the lateral edge of the
acetabulum sloped cephalad. Immediately after the
operation, eight hips had acquired lateral acetabular
edge overhang (ranging from 2 to 5 mm). This im-
mediate improvement is due to the 10˚ to 15˚ ceph-
alad inclined angle of the osteotomy, which begins
at the exact lateral point of the acetabular cartilage.

The two patients without immediate lateral acetabu-
lar margin overhang (patients 2 and 5) had the least
cephalad-inclined osteotomy angles (5˚ and 8˚). How-
ever, at the time of last follow-up, both had devel-
oped some lateral overhang. By the last follow-up
only one patient (patient 6) had a cephalad sloping
lateral acetabular edge. The average overhang re-
mained significantly improved (p = 0.01).

5. Distance from the medial teardrop to Perkins’ line
(Table 6): As expected, the distance between the tear-
drop and Perkins’ line increased immediately after
the osteotomy. (Range of improvement of this dis-
tance is between +5mm and +28mm, average
+18mm). During the post-operative period one patient
(Patient 1) showed a decrease in the depth of the
acetabulum (-9mm), which occurred during the first
post-operative year. However, her improvement in
comparison to pre-operative (+19 mm) remained in-
tact. Two patients (Patients 6 and 9) remained stable
during the post-operative period, and maintained the
increased depth of the acetabulum due to the os-
teotomy. The other seven patients (Patients 2, 3, 4,
5, 7, 8, and 10) showed a progressive increase in the
distance between the teardrop and Perkins’ line
(depth of the acetabulum) throughout the post-op-
erative period. At the time of last follow-up the aver-
age increase in the depth of the acetabulum remained
very significant (p = 0.0001).

TABLE 3
CE Angle of Wiberg

Immediately Immediately Post-Operative At Last Follow-Up
Pre-Operative

(degrees)
Patient Degrees Change in Degrees Change in Degree Difference in

Degrees Compared to Degrees
Immediately Post- Compared to

Operative Pre-Operative

1 16˚ 58˚ +42˚ 53˚ -5˚ +37˚

2 0˚ 48˚ +48˚ 50˚ +2˚ +50˚

3 8˚ 65˚ +57˚ 65˚ 0˚ +57˚

4 -53˚ 40˚ +93˚ 42˚ +2˚ +95˚

5 -110˚ 7˚ +117˚ 49˚ +42˚ +159˚

6 10˚ 43˚ +33˚ 25˚ -18˚ +15˚

7 -7˚ 45˚ +52˚ 50˚ +5˚ +57˚

8 -1˚ 53˚ +54˚ 48˚ -5˚ +49˚

9 -7˚ 43˚ +50˚ 30˚ -13˚ +37˚

10 10˚ 41˚ +31˚ 59˚ +18˚ +49˚

Average -13˚ 44˚ +58˚ 47˚ +3˚ +61˚



W. R. Osebold, E. L. Lester, and P. Watson

70 The Iowa Orthopaedic Journal

DISCUSSION
For the entire group of ten patients the increase in

femoral head coverage immediately after Chiari os-
teotomy was of great significance (Table 2) (p=0.001)
Except for Patient 6, the stability of this improvement
throughout the follow-up period was reassuring.

The CE angle improved most markedly (the value at
the time of last follow-up in comparison with pre-opera-
tive) for the two hips that were most dysplastic pre-op-
eratively (Patients 4 and 5) (Table 3). Even for these
two hips the CE angle was brought into a normal range,
and this was maintained throughout the follow-up pe-
riod. Because of the pre-existing neuromuscular disease
and muscular imbalance, one could expect that for these
two hips there would be a persistent tendency for loss
of correction of femoral head coverage, and a decrease
in the CE angle, but this did not occur. These two hips
were in the two youngest patients (ages 7 and 5 at the
time of surgery). If the Chiari osteotomy had caused
damage to the lateral acetabular growth plate and to
the secondary centers for ossification, one would ex-
pect post-operative worsening. (Patients 4 and 5 were
followed for 10 and 6 years after surgery, to the ages of
17 and 12 years.)

At the time of last follow-up all ten patients had im-
proved Sharp angles in comparison to pre-operative
measurements (Table 4).

An advantage of the Chiari osteotomy is that it can
create an immediate acetabular margin overhang. This
requires, however, a 10˚ to 15˚ cephalad-inclined angle
of the osteotomy. In two patients (Patients 2 and 5) the
angle of the osteotomy was too horizontal (Table 5) and
did not result in immediate lateral acetabular margin
overhang; this emphasizes the importance of the 10˚ to
15˚ cephalad angle of the osteotomy.17 However, at the
time of last follow-up, these two patients had 100% and
91% femoral head coverage, respectively (Table 2). The
improvement in the overhang in six hips (Patients 2, 3,
4, 5, 7, and 10) during the post-operative period indi-
cates the existence of an active, undamaged lateral ac-
etabular growth plate and of secondary ossification cen-
ters.

Especially effective was the immediate and signifi-
cant improvement in the depth of the acetabulum after
the osteotomy. In only one patient (Patient 4) was this
improvement less than 13 mm (Table 6). However, the
acetabular depth in this patient improved markedly
during the post-operative period. Seven patients showed

TABLE 4
Sharp Angle

Immediately Immediately Post-Operative At Last Follow-Up
Pre-Operative

(Degrees)
Patient Degrees Change in Degrees Change in Degrees Difference in

Degrees Compared to Degrees
Immediately Post- Compared to

Operative Pre-Operative

1 45˚ 27˚ -18˚ 38˚ +11˚ -7˚

2 58˚ 40˚ -18˚ 33˚ -7˚ -25˚

3 51˚ 31˚ -20˚ 25˚ -6˚ -26˚

4 55˚ 49˚ -6˚ 47˚ -2˚ -8˚

5 51˚ 52˚ +1˚ 34˚ -18˚ -17˚

6 58˚ 49˚ -9˚ 50˚ +1˚ -8˚

7 50˚ 40˚ -10˚ 38˚ -2˚ -12˚

8 46˚ 34˚ -12˚ 30˚ -4˚ -16˚

9 43˚ 33˚ -10˚ 38˚ +5˚ -5˚

10 55˚ 44˚ -11˚ 43˚ -1˚ -12˚

Average 51˚ 40˚ -11˚ 38˚ -2˚ -13˚
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TABLE 5
Overhang of the Lateral Edge of the Acetabulum

Patient Immediately Pre-Operative Cephalad Angle of the Immediately Post- At Last Follow-Up
Osteotomy Operative (mm)
(degrees) (mm)

1 C 10˚ 5 4

2 C 5˚ C 5

3 H 11˚ 5 22

4 C 9˚ 2 4

5 C 8˚ C 3

6 C 16˚ 4 C

7 C 13˚ 4 6

8 C 10˚ 4 4

9 C 10˚ 3 3

10 H 20˚ 3 7

C= Lateral acetabular margin slopes cephalad
H= Lateral acetabular margin is horizontal

TABLE 6
Horizontal Distance from Medial Edge of Teardrop to Perkins’ Line

Patient Immediately Pre- Immediately Post-Operative At Last Follow-Up
Operative

(mm) mm Change in mm mm Change in mm Difference in mm
Compared to Compared to Pre-

Immediately Post- Operative
Operative

1 49 77 +28 68 -9 +19

2 37 61 +24 66 +5 +29

3 46 63 +17 72 +9 +26

4 33 38 +5 54 +16 +21

5 34 47 +13 60 +13 +26

6 41 55 +14 54 -1 +13

7 52 71 +19 82 +11 +30

8 43 58 +15 65 +7 +22

9 50 77 +27 79 +2 +29

10 52 67 +15 77 +10 +25

Average 44 61 +18 68 +6 +24

progressive deepening of the acetabulum during the
post-operative period. This indicates again that after the
osteotomy there is a tendency towards further acetabu-
lar development, with increasing distance between the
teardrop and Perkins’ line.

Niethard and colleagues22,23 cited Otte’s26 and
Purath’s29 observations on the disturbed development of
the lateral acetabulum after Chiari osteotomy. All three
authors observed that the younger the patient at the time
of surgery, the greater the extent of this anti-Chiari ef-
fect.
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Fifteen of the 87 children in the study of Niethard
and colleagues had spastic cerebral palsy. At the time
of surgery, the 87 patients were between 4 and 15 years
old (average 10 years), and their follow-up period was
between 2 and 10 years (average 5.5 years). As in our
study, they observed a great improvement in femoral
head coverage due to the osteotomy. They also ob-
served an initial improvement in the CE angle (0˚ pre-
operative, in comparison with 34˚ immediately post-op-
erative). However, at the time of last follow-up, the CE
angle for all 87 patients averaged 28˚, with the under-
standable observation that there must be impaired
growth of the lateral edge of the acetabulum during the
follow-up period. This was noted especially in the 15
neuromuscular hips, in which the CE angle was between
20˚ and 25˚ at last follow-up. They did not discuss the
lateral acetabular overhang. They found that a younger
age at the time of surgery correlated with a less signifi-
cant long-term improvement, and an apparent regres-
sion with further skeletal growth. Those children fared
best who were nine years old or older at the time of
surgery.

Bohler, on the other hand, in his extensive clinical
and experimental studies, found that Chiari osteotomy
did not disturb lateral acetabular growth or blood sup-
ply.3,4

When we placed our ten patients in age categories
(Table 7), we found that at the time of last follow-up
the children who were less than 8 years old at the time
of surgery improved percent femoral head coverage,
CE angle, and teardrop-to-Perkins’ line distance
throughout the post-operative period. For the 9 to 12
years age group the percent femoral head coverage and
CE angle decreased slightly, and for the 13 to 19 years
age group these were stable. The Sharp angle improved
postoperatively for the less than 8 years and the 9 to 12
years age groups, but worsened slightly for the 13 to

19 years age group. Lateral acetabular overhang im-
proved for the less than 8 years and the 9 to 12 years
age groups during the post-operative period, and was
stable for the 13 to 19 years age group. The teardrop-
to-Perkins’ line distance improved for all three age
groups, especially for the less than 8 years age group.
We observed this disturbance of lateral acetabular de-
velopment noted by other authors in only one patient
(Patient 6). This is not to counter the excellent studies
of other authors, but simply to report that based on our
data, our observations are in agreement with Bohler
and colleagues.4 We agree with Bohler, that for nine of
our patients the Chiari osteotomy disturbed neither lat-
eral acetabular growth nor blood supply. We agree with
both Niethard and Bohler that the technical details of
the osteotomy are decisive for obtaining a good result.

The progressive increase in acetabular depth (tear-
drop-to-Perkins’ line distance) that was observed dur-
ing the follow-up period in our patients is perhaps due
to the undisturbed triradiate cartilage. Lindstrom and
colleagues19 and Ponseti27 observed that the triradiate
cartilage is normal in hip dysplasia. Ponseti also noted
that the iliac portion of the acetabular growth plate is
inclined more cephalad in patients with hip dysplasia.
If the Chiari osteotomy begins at exactly the most ceph-
alad edge of the acetabular cartilage, and is inclined
10˚ to 15˚ cephalad, then the acetabular growth plate
and lateral acetabular ossification centers are left un-
damaged. With the lateral edge of the acetabulum re-
lieved from the pressure of the subluxated femoral head,
and with proper placement and direction of the os-
teotomy, the lateral acetabular growth plate and second-
ary centers of ossification are able to develop normally.
Additionally, the increased acetabular depth improves
the orientation of the acetabular growth plate.19 Har-
ris14,15 also noted that with the reduction of a develop-
mental hip dislocation begins a progressive improve-

TABLE 7
Acetabular Development Correlated with Age of Patients at Time of Chiari Osteotomy

Femoral CE Angle Sharp Angle Lateral Acetabular Distance from
Head Coverage (%) (Degrees) (Degrees) Margin Overhang Teardrop to

(mm) Perkins’ Line (mm)

Age at Number Immedi- Immedi- At Last Immedi- Immedi- At Last Immedi- Immedi- At Last Immedi- Immedi- At Last Immedi- Immedi- At Last
Osteotomy of Patients ately ately Follow-Up ately ately Follow-Up ately ately Follow-Up ately ately Follow-Up ately ately Follow-Up

(Years) Pre-Op Post-Op Pre-Op Post-Op Pre-Op Post-Op Pre-Op Post-Op Pre-Op Post-Op

< 8 2 0 83 95 -82 24 46 53 50 40 0 1 4 34 43 57

9-12 4 61 100 91 8 52 48 53 39 35 0 3 8 42 59 64

13-19 4 56 94 95 3 47 48 48 36 39 0 4 5 51 73 77
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ment and remodeling of the acetabular growth plate.
Although certainly the Chiari osteotomy in our neuro-
muscular patients did not create a concentric reduction,
the improved relationship of the femoral head to the
acetabulum led to further improvements in hip growth
and development. With respect to the younger patients,
there was a longer and more effective period of acetabu-
lar remodeling. Indeed, as noted by Massie and
Howorth,20 the ages of 5 to 8 years are especially deci-
sive for the development of the acetabulum. Our two
youngest patients were by far the most dysplastic be-
fore surgery. Both showed great improvements in per-
cent of femoral head coverage, the CE angle, the Sharp
angle, the lateral acetabular overhang, and the teardrop-
to-Perkins’ line distance. The fact that we also observed
favorable acetabular development in patients who were
over 8 years of age at the time of surgery perhaps re-
flects a delay in maturation of the secondary centers of
ossification. This would be consistent with a general
delay in growth plate closure observed in spastic pa-
tients. Handelsman13 observed that acetabular develop-
ment steadily improved from the time of osteotomy until
the end of the period of hip joint development and re-
modeling.

These long-range radiographic observations lead us
to the conclusion that the Chiari osteotomy can be con-
fidently applied to neuromuscular patients with hip sub-
luxation/dislocation.

DEDICATION
To Mr. Karl Mattheus, who helped prepare the manu-

script.
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INTRODUCTION
Cartilage tumors present in different shapes, sizes,

and grades.20 The vast majority are benign lesions and
often require no surgical treatment. The orthopaedic
surgeon treating patients with cartilage lesions should
be familiar with the subtypes, histological features, and
degrees of atypia/grades. Enchondromas are commonly
found incidental lesions within the intramedullary ca-
nal, and rarely require surgical intervention unless they
are clinically symptomatic. Patients with Ollier’s disease
or Maffucci’s syndrome have multiple enchondromas.3,11

Most benign cartilage tumors do not undergo malig-
nant transformation; however, there is an increased in-
cidence of chondrosarcoma in patients with syndromes
involving multiple benign cartilage lesions.3,8,11 Rarely,
a solitary enchondroma can transform into a chondro-
sarcoma.8 Dedifferentiated chondrosarcoma is a rare
lesion where a benign cartilage tumor or low-grade
chondrosarcoma is juxtaposed on a high-grade spindle
cell sarcoma with the histological appearance of an os-
teosarcoma, malignant fibrous histiocytoma or fibrosa-
rcoma.4,16 Patients with dedifferentiated chondrosar-
coma have an extremely poor prognosis and usually die
of metastatic disease to the lungs.7,14

Chondrosarcomas can also occur de novo and span a
spectrum of histological grades. Recommendations for
treatment of patients with low-grade chondrosarcoma
have varied in the existing literature.1,13,18 In part this
stems from a disparity in the grading systems used by
pathologists at different institutions.2,5,10,17,22 The histo-
logical criteria for grading malignant cartilage tumors
is based on a 3–tiered system.12 Dedifferentiated chon-

drosarcoma is sometimes referred to as a grade 4 le-
sion. Because the same lesion may be graded differ-
ently at different institutions, many orthopaedic sur-
geons rely more heavily on radiographic criteria to
guide treatment. In general there has been a trend to-
ward more intralesional treatment of grade 1 chondro-
sarcoma in the extremities in an effort to avoid the func-
tional limitations often present after a major resection
and reconstruction.1,13

We present the case of a patient with a low-grade
chondrosarcoma in the left medial femoral condyle
treated with intralesional surgery. The tumor recurred
locally and eventually transformed into a dedifferenti-
ated chondrosarcoma putting her limb and life in jeop-
ardy. The patient’s presenting complaints, physical ex-
amination, radiographic and histological findings, and
treatment course are discussed.

CASE REPORT
A thirty-eight year old female marathon runner pre-

sented to an orthopaedic surgeon with persistent me-
dial knee pain three weeks after falling on her left knee.
Prior to her fall she had intermittent left knee pain which
she attributed to strenuous training. Radiographic work-
up included plain radiographs (not shown), bone scan
and a magnetic resonance image (MRI) of the left knee
and distal femur (Figure 1). A lytic lesion with anterior
cortical disruption, seen best on the MRI scan, was
noted in the medial femoral condyle. Her surgeon felt
the lesion was consistent with a probable enchondroma
and performed a curettage and bone grafting with iliac
crest graft. The patient did well postoperatively and
began distance running after three months without dif-
ficulty. Two months later, she noted a mass at the me-
dial aspect of the left knee, but repeat imaging studies
did not show obvious recurrent tumor.

Because of the mass, the patient’s initial pathology
slides were reviewed at the Mayo Clinic in Rochester,
Minnesota where the diagnosis of grade 1 chondrosar-
coma was made. The patient was referred to the au-
thors’ institution where confirmation of a low-grade
(grade 1) chondrosarcoma was made (Figure 2). His-
tologically the initial tumor was composed of minimally
hypercellular, disorganized hyaline cartilage. Although
there was minimal variation in cell size and shape (i.e.,
minimal pleomorphism), the individual cells had evi-
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Figure 1. Coronal T1-weighted (A) and axial T2-weighted (B) MR
images demonstrate cortical breakthrough and soft tissue exten-
sion of the tumor. This appearance indicates a more aggressive
lesion and is consistent with a chondrosarcoma.

Figure 1A.

Figure 1B.

Figure 2. Low-grade (i.e., grade 1) histology is shown of the initial
curetted specimen. The tumor is composed of disorganized, some-
what hypercellular hyaline cartilage. Some cells have an increase
in nuclear detail, and there are more than occasional binuclear
cells present. Mitotic index: <1 mitosis per 10 high power fields.

dence of increased nuclear detail and more than occa-
sional binuclear cells were present.

At that time the patient had a palpable firm mass on
the medial aspect of the left knee that was nonmobile
and nontender. There was no inguinal or popliteal ad-
enopathy. Her range of knee motion, ligamentous in-
tegrity, strength, and neurologic examinations were
normal. Despite the fact that there was no definite re-
currence on the imaging studies, it was recommended
that the patient undergo resection of the medial femo-
ral condyle and reconstruction with a hemi-
osteoarticular allograft to remove any residual chond-
rosarcoma and decrease the likelihood of local

Figure 3. Grade 2 chondrosarcoma shown at the time of first re-
lapse. The tumor is composed of disorganized, hypercellular carti-
lage with increased nuclear detail and more than occasional bi-
nuclear cells. However the magnitude of these changes is signifi-
cantly increased, and there is a higher degree of cellular atypia
and pleomorphism: Mitotic index: <2 mitoses per 10 high power
fields.
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recurrence. Being an avid runner and unwilling to give
up high impact-loading activities, the patient refused fur-
ther operative treatment at this time.

One year after consultation at our institution and eigh-
teen months after her initial surgery, the patient devel-
oped an obvious radiographic recurrence of the chond-
rosarcoma with interval growth appreciated on serial
plain radiographs and MRI scans (not shown). Again, a
wide resection of the condyle was recommended with
hemi-osteoarticular allograft reconstruction, but the
patient refused due to an unwillingness to accept any
modification of her activities. She was treated with a
second curettage and bone grafting procedure by her
initial surgeon two months later. Later review of that
tumor specimen at our institution revealed a tumor
largely similar to the initial lesion, except that the de-
gree of cellularity, atypia, and pleomorphism was more
pronounced. The matrix was no longer well-formed pure
hyaline cartilage, but a mixture of hyaline and myxoid
matrix. As a result of these changes, the diagnosis pro-
gressed to grade 2 chondrosarcoma (Figure 3). At this

point, there was no evidence of a non-cartilaginous,
high-grade component.

Eleven months after the second curettage and thirty-
one months after the initial curettage, the patient de-
veloped a rapidly growing mass along the medial as-
pect of the left knee. Radiographically, the appearance
was that of an aggressive high-grade lesion (Figures 4
and 5). A needle biopsy was performed, and the result-
ing histological findings were those of a dedifferenti-
ated chondrosarcoma. A distal femoral resection and
reconstruction with a modular hinged knee prosthesis
was performed (Figure 6). At this point, the morpho-
logical features of the tumor had dramatically changed.
The predominant histological picture was that of a
highly anaplastic, spindle-cell tumor with foci of osteoid
production; high-grade fibroblastic osteosarcoma. There
were also discrete islands of tumor present with a his-
tological appearance of low-grade chondrosarcoma. This
juxtaposition of low-grade cartilaginous foci on high-
grade spindle-cell sarcoma is diagnostic of dedifferenti-
ated chondrosarcoma (Figure 7).

Figure 4. Anteroposterior (A) and lateral (B) radiographs of the
left distal femur 31 months after the initial surgical procedure show-
ing an aggressive lesion with extensive intramedullar y and
extraosseous components.

Figure 5. Coronal T1-weighted (A) and axial T2-weighted (B) MR
images demonstrate the extent of the marrow involvement in the
distal femur.

Figure 6. Anteroposterior (A)
and lateral (B) radiographs
after resection of the distal
femur and reconstruction with
a modular rotating hinge pros-
thesis.
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Staging studies revealed bilateral pulmonary me-
tastases. The patient returned for systemic treatment
at our institution, and intravenous chemotherapy with
Adriamycin and Cisplatin was initiated. She received
three courses of treatment prior to bilateral staged tho-
racotomies. There were fourteen pulmonary nodules on
the left with necrosis of the tumors from 10-50%. On
the right there were five nodules with necrosis rates
ranging from 25-80% in addition to areas that appeared
completely necrotic as a result of prior treatment with
chemotherapy. It is of interest that the viable tumor was
entirely composed of intermediate- to high-grade chon-
drosarcoma. The only evidence of the non-chondroid
component was fibrosis and granulation tissue, pre-
sumed to reflect the results of successful preoperative
therapy on the high-grade osteosarcoma component.

Several weeks later the patient noted fullness in the
left popliteal fossa, and a needle biopsy of this area re-
vealed local recurrence of the chondrosarcoma. Despite
two additional cycles of chemotherapy with high dose
ifosfamide, there was continued growth of the popliteal
mass. The patient also developed pain and swelling over
the dorsum of the left foot. Imaging studies revealed a
soft tissue mass dorsal to the navicular bone. It was in-
determinate whether this mass represented a soft tis-
sue metastasis or a focus of infection that developed
when the patient was neutropenic after chemotherapy.
The patient opted for an above knee amputation for lo-
cal control (Figure 8). Interestingly, the histological
review of the locally recurrent popliteal mass revealed
progression to a grade 3 chondrosarcoma with no ar-
eas of the prior dedifferentiated chondrosarcoma (Fig-
ure 9). The soft tissue mass in the foot was a focus of

metastatic grade 3 chondrosarcoma. The patient cur-
rently walks with an above-knee prosthesis and has pro-
gressive inoperable lung metastases.

DISCUSSION
The differentiation between a benign cartilage lesion

and a low-grade chondrosarcoma can be extremely dif-
ficult both clinically and histologically.5,17,22 Although
there are established criteria for assessing chondroid
aggressiveness in biopsy specimens, the histopathology
is only one piece of the puzzle. It is imperative to corre-
late the clinical and radiographic features of a bony car-
tilage lesion in order to determine the optimal course

Figure 8. Gross appearance of the popliteal fossa recurrence bi-
sected to show the myxoid cartilaginous component.

Figure 7. Dedifferentiated chondrosarcoma from the femoral re-
section; second local relapse. There is a juxtaposition of well-de-
fined low-grade chondrosarcoma and a highly anaplastic malignant
spindle-cell tumor. In other areas (not depicted) there was evi-
dence of osteoid and bone production by the high-grade neoplastic
cells.
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of clinical treatment.22 In general, benign cartilage le-
sions are asymptomatic and often noted incidentally on
radiographs obtained after injury to the extremity. Per-
sistent pain prior to the injury might signify an actively
growing lesion. The radiographs must be inspected
carefully for signs of cortical destruction or periosteal
reaction that would raise concerns of malignancy. Even
if the cartilage tumor is deemed radiographically qui-
escent, the patient should be followed clinically with se-
rial radiographs to determine if there is active growth
of the lesion over time.

Plain radiographs of benign cartilage lesions show
no signs of aggressive growth or destruction of the
surrounding cortex.6 Specifically, enchondromas are
usually found in the diaphysis or metadiaphysis of long
bones or small tubular bones. They have the character-
istic appearance of variably calcified cartilage (i.e., so-
called “smoke ring,” or “popcorn” calcification) within
the medullary canal. Minimal scalloping of the sur-
rounding cortex is allowed, but there should be no pe-
riosteal reaction or cortical breakthrough. The latter
findings are suggestive of a chondrosarcoma and should
be treated in a more aggressive fashion. A standard
bone scan is not ideal for differentiating enchondromas
from chondrosarcomas as there is increased technetium
uptake even for benign lesions. A computed tomogra-
phy (CT) scan is helpful to confirm the chondroid na-
ture of the lesion as it can detect the presence of min-
eralized matrix and better define the extent of endosteal
scalloping.6 MRI scans are the most accurate way to
determine the extent of marrow involvement or the
presence of a soft tissue mass. If the plain radiographs

show a classical appearance of a benign cartilage en-
tity, an MRI scan is not necessary.

An accurate and reproducible method of differenti-
ating benign cartilage tumors from low-grade chondro-
sarcomas is necessary. Radiographic techniques such
as dynamic thallium scans or fast contrast-enhanced
MRIs may aid in this dilemma.9 Molecular assays for
the presence or overexpression of Ki-67 or the platelet-
derived growth factor -a (PDGF-a) receptor may also
be clinically relevant in the future.21,23 Further work
studying matched samples of benign and low-grade
malignant lesions may yield information on differentially
expressed genes that could be used as markers for his-
tological progression to higher grade lesions.

The majority of dedifferentiated chondrosarcomas
are not usually identified until after malignant transfor-
mation to a high-grade sarcoma. It is rare to observe
the natural history of a dedifferentiated chondrosar-
coma as documented in this report. In this particular
case, suboptimal surgical treatment of the low-grade
chondrosarcoma, albeit at the patient’s request, led to
recurrence of the lesion. At the time of the second lo-
cal recurrence, the lesion transformed to a dedifferen-
tiated chondrosarcoma and metastasized to the lungs.

The authors recommend the following approach for
the treatment of low-grade cartilage tumors. If the ra-
diographic appearance is benign, the lesion should be
treated nonoperatively with the exception of rare, symp-
tomatic cases that can be treated with intralesional curet-
tage and bone grafting. If the radiographs suggest a
more aggressive lesion, it should be treated surgically
with or without a prior needle biopsy. The biopsy should
only be used to confirm a cartilage phenotype and not
to determine the tumor grade; chondrosarcoma may be
heterogeneous to the extreme, with a single lesion hav-
ing areas of grade 1 through grade 3. Clearly there are
some grade 1 chondrosarcomas that can be treated by
intralesional excision with no adverse sequelae, while
others have a higher risk of local recurrence after this
approach. The radiographic appearance is paramount
in making this determination. Symptomatic cartilage
lesions within the diaphysis or metadiaphysis of long
bones that show only minimal evidence of aggressive
radiographic behavior (thickening of the surrounding
cortex, endosteal scalloping) may be potentially treated
with a thorough intralesional procedure and followed
closely for signs of recurrence. However, if local recur-
rence after an intralesional procedure would put the
patient at risk for an amputation, consideration should
be given for initial wide resection. The same lesion in
the bony pelvis should be resected rather than curet-
ted to avoid a catastrophic local recurrence in this loca-
tion.19 A low-grade chondrosarcoma in an expendable

Figure 9. The histological appearance of the local recurrence in
the popliteal fossa revealed grade 3 chondrosarcoma. The chon-
droid matrix has myxoid qualities and there is extreme
hypercellularity with peripheral spindling of the neoplastic cells.
There is marked anaplasia with bizarre giant cell forms and 3 mi-
toses in this single field. There is no evidence of the high-grade
non-cartilaginous component of the prior relapse.
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bone such as the proximal fibula should be resected.
Extremity lesions associated with cortical breakthrough
and a soft tissue mass should be resected. Surgical prin-
ciples of oncology should be closely followed in terms
of incision and drain placement, and use of a tourni-
quet to avoid a large hematoma with contamination of
tissue planes.

In summary, this case illustrates the potential pitfalls
of treating cartilage lesions. Careful attention to the clini-
cal and radiographic presentation is important in order
to avoid local recurrence, dedifferentiation, and metasta-
sis.
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ABSTRACT
Idiopathic brachial neuritis is a well defined

clinical condition that most commonly af fects
young adults, seen usually by primary care phy-
sicians, neurologists or orthopaedic surgeons. Its
onset is characterized by acute, aching shoulder
pain lasting a few days to weeks, followed by pro-
gressive shoulder girdle and upper extremity weak-
ness and atrophy, with a slow but progressive re-
covery of motor function over 6 to 18 months.
Its early recognition can help avoid unnecessary
and potentially harmful diagnostic and therapeu-
tic interventions, and avoid delays in prescribing
appropriate therapies that may be helpful only
early in the course of the disease. We present a
case of idiopathic brachial neuritis and discuss
important aspects of the disease and difficulties
in reaching the correct diagnosis.

INTRODUCTION
Idiopathic brachial neuritis (IBN), also known as

neuralgic amyotrophy, acute shoulder neuritis, acute
brachial neuritis, idiopathic brachial plexus neuropathy
or Parsonage-Turner syndrome is a disorder of un-
known etiology with asymmetric involvement of the
brachial plexus.13 It usually affects young adults and
presents with acute severe shoulder pain lasting days
to weeks followed by painless paresis of the upper ex-
tremity with slow but gradual recovery.11 Although in
typical cases clinical diagnosis is easy to establish, in
atypical presentations or situations where the treating
physician is not familiar with this condition, misdiagno-
sis leading to multiple unnecessary diagnostic and thera-
peutic interventions can occur. Diagnostic tests such
as electromyography and nerve conduction studies
(EMG/NCS), magnetic resonance imaging (MRI) of the

shoulder, or cerebrospinal fluid (CSF) examination are
not required, but can support the diagnosis and rule
out other conditions. Good clinical history and exami-
nation are key to a correct diagnosis.9 We present a
complex case of IBN and discuss the more important
aspects of the disease.

CASE HISTORY
A 47-year-old right-handed man presented with acute

onset left shoulder pain following physical activity re-
lated to his job in the construction field. He was evalu-
ated locally and diagnosed with left rotator cuff disease.
EMG/NCS were obtained and reportedly showed mild
bilateral carpal tunnel syndrome. He underwent surgery
for left rotator cuff and left carpal tunnel release. As
pain improved, weakness developed in the following
weeks, and a repeat EMG/NCS reportedly showed left
suprascapular neuropathy, which led to a release pro-
cedure on that nerve. In the immediate postoperative
period, the pain and weakness worsened, and he also
developed numbness in the lateral aspect of the left fore-
arm and hand. The pain was treated with non-steroidal
antiinflammatory agents, and an MRI of the cervical
spine was obtained which was unremarkable. The pain
slowly improved, but the weakness continued to worsen
within the following 2-3 weeks. A repeat EMG/NCS was
interpreted as probable lateral cord brachial plexopathy,
left suprascapular neuropathy, ulnar neuropathy at the
elbow and carpal tunnel syndrome. MRI of the left bra-
chial plexus showed nonspecific signal abnormality with
T2 hyperintensity interpreted as soft tissue edema from
surgery. His past, family and social history were other-
wise unremarkable. He was sent to our hospital for sec-
ond opinion.

On examination by us he was found to have a flac-
cid, areflexic paresis involving all muscle groups of the
left upper extremity, more pronounced in the supra- and
infraspinatus, deltoid and biceps, with mild muscle at-
rophy. Sensory exam showed mild hypesthesia through-
out the left upper extremity. The rest of the physical
examination was within normal limits. A clinical diag-
nosis of IBN was established. Over the next year he
underwent physical therapy and the paresis has been
slowly improving, although it has not completely re-
solved.
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ETIOLOGY AND EPIDEMIOLOGY
The etiology of this condition remains unclear, but

an immune attack on the brachial plexus or its branches
within the limb triggered by various preceding events
(Table 1) has been suggested as a cause,16 although
pathological evidence is scant.7 There is one report of
brachial plexus biopsy in patients with IBN showing
mononuclear inflammatory infiltrates.17 Although the
great majority of cases of brachial neuritis are sporadic,
there is also an autosomal dominant hereditary form,
known as hereditary neuralgic amyotrophy (HNA), with
some distinct features as discussed below. This disor-
der has been linked to chromosome 17q24. Patients with
HNA suffer recurrent attacks precipitated by the same
preceding events as the idiopathic form.4

Epidemiologically, IBN presents more commonly in
the fourth decade, although it is also seen in children
and elderly, and in most series it is more common in
men in a proportion of 2:1.8 The estimated incidence
has been reported to be 1.64/100,000 persons per year,
but this figure is probably low due to misdiagnosis and
underrecognition of this clinical entity.1

CLINICAL PRESENTATION
Antecedent events days or weeks prior to onset are

reported in 28-83% of cases in different series (Table
1).7,18 The typical clinical course starts with acute, se-
vere, aching, unilateral shoulder and proximal arm pain
lasting from days to a few weeks. When the pain abates,
painless shoulder girdle and arm weakness develops,
more prominent in the upper plexus muscles including
deltoid, supra and infraspinatus, serratus anterior and
biceps. Forearm and hand muscles are less frequently
involved. Marked atrophy of the involved muscles usu-
ally develops, but subsequently there is a slow but
steady recovery of motor function over the following 6
to 18 months.11 Usually a longer duration of pain will
translate into a longer delay in the recovery phase. The
sequence of events described are the classical presen-
tation of IBN, and a good clinical and chronological his-
tory should be enough to suspect the diagnosis in the

absence of atypical features. A detailed neuromuscular
examination will show involvement of two or more
nerves, confirming a disorder of the brachial plexus.
One highly characteristic feature is differential involve-
ment of different muscles innervated by a single pe-
ripheral nerve, a pattern seldom seen with other neu-
ropathic disorders.7

The presence of less common clinical features can
make the diagnosis difficult. Up to 15 % of patients have
been reported to lack the initial painful stage, the symp-
tom that most commonly suggests the diagnosis.8 Some
patients may have sensory involvement in the form of
localized areas of hypoesthesia. Bilateral involvement
can be seen in up to 1/3 of patients, although when
present is strikingly asymmetric (sometimes one of the
involved extremities is asymptomatic, only detected by
electrophysiological studies). Single nerve involvement
is occasionally seen as the manifestation of IBN, pre-
senting clinically as axillary, suprascapular or long tho-
racic nerve mononeuropathies, among others. Even less
commonly, isolated branches of peripheral nerves can
be the only symptom, affecting only individual muscles
such as supraspinatus, infraspinatus or flexor pollicis
longus.5,19 Caudal cranial nerves and phrenic nerves
may also be affected.12,14 Very rarely this syndrome can
occur in the lumbar area.15

Pediatric and familial cases differ in some aspects
from the more frequent adult-sporadic forms. Children
are more likely to have a painless course, have a less
favorable recovery, but when they fully recover they do
so in a shorter period of time.21 Familial cases are more
easily identifiable if there is a family history of the dis-
ease. It differs from the sporadic form in that there are
no gender differences, recurrence is common, cranial
nerves are more commonly affected and it may be as-
sociated with mild dysmorphic features (Table 2).4

On initial examination, the pain is unaltered by neck
or arm movements. Later on, signs of lower motor neu-
ron involvement appear, more pronounced in the upper
plexus distribution, with hypotonic, areflexic paresis,
and finally signs of denervation such as fasciculations

TABLE 1
Preceding Events in IBN

- Infection
- Vaccination
- Pregnancy and parturition
- Trauma at a remote site
- Surgery
- Radiation
- Intravenous heroin use
- Treatment with interferon

TABLE 2
Dysmorphic Features in HNA

- Hypotelorism
- Epicanthal folds
- Cleft palate
- Syndactily or webbing of toes
- Primitive pinna with folded helix
- Long narrow face
- Facial asymmetry
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and atrophy. The sensory exam is usually, but not al-
ways, intact. All these findings slowly improve during
the recovery phase.10

DIAGNOSIS
The most important element for the correct diagno-

sis of IBN is clinical suspicion based on a detailed his-
tory and examination, with special emphasis in the chro-
nological development of symptoms and signs.
Electrophysiological studies are not needed in typical
cases, and they usually show denervation of affected
and some clinically unaffected muscles.18 In the acute/
subacute stages, MRI of the shoulder shows denerva-
tion, best on T2-weighted fast spin-echo images with
fat saturation. There is increased signal intensity related
to neurogenic edema. During the chronic phase,
changes are best seen on T1-weighted spin-echo images,
which show loss of muscle bulk and diffuse areas of
increased signal intensity within the muscle.3,6 CSF
exam is not routinely obtained and is usually normal,
but occasionally shows nonspecific abnormalities, such
as mildly elevated proteins and IgG.8

When considering the differential diagnosis, four
entities are occasionally mistaken for IBN: cervical spine
disease, rotator cuff disease, entrapment neuropathies
and idiopathic hypertrophic brachial neuritis (IHBN),
although a good clinical history and exam should be
enough to differentiate these conditions from typical
cases of IBN (Table 3).

Cervical radiculopathy (CR) can be also character-
ized by pain and weakness, but with a different pattern.
In CR, the pain usually starts in the neck and radiates
down the arm, is worsened by neck movements, some-
times begins after physical injury and pain and weak-
ness occur simultaneously. On exam the weakness and
hypesthesia follow a root distribution, and imaging stud-
ies of the cervical spine or EMG/NCS will show abnor-
malities in the affected roots.10

In rotator cuff disease (RCD), more commonly seen
with repetitive overhead or throwing movements, the
pain has several characteristic differences, and is the
main complaint during the full duration of the disease.
The pain usually has an insidious onset, localizes to the
lateral deltoid or deltoid tuberosity and worsens with
motion such as overhead activities. It is also worse at
night or even with palpation, does not resolve with the
development of weakness and there is decreased range
of motion. Signs of impingement are present and, very
characteristic of RCD, they resolve after lidocaine in-
jection in the subacromial space. Imaging studies help
in the diagnosis of RCD.20

On some occasions, IBN may present as an isolated
peripheral nerve lesion, suggesting focal compression,
when in fact the pathological process is affecting the
brachial plexus and the treatment is non-surgical. Ex-
amples are cases of IBN presenting as anterior or pos-
terior interosseous, long thoracic or median nerve syn-
dromes, among others.5 The presence of shoulder pain

TABLE 3
Differential Diagnosis of IBN

Disorder Idiopathic Brachial Cervical Spine Rotator Cuff Mononeuropathies Idiopathic Hypertrophic
Symptom Neuritis* Disease Disease Brachial Neuropathy

Pain:

—Characteristics Spontaneous. Mechanical, aggravated Mechanical, aggravated Usually painless. If Usually painless. When
Burning/aching. with neck motion. with overhead use. present, pain at present, similar to IBN,

Impingement signs. entrapment site or but milder.
neuropathic pain in area
innervated by it.

—Onset Acute. Usually insidious. Usually insidious, except
postraumatic injuries.

—Location Shoulder. Neck, radiating to Lateral deltoid and deltoid
shoulder and arm. tuberosity.

—Duration Few days to weeks. Chronic. Chronic.

—Chronology Precedes motor Simultaneous with motor Simultaneous with motor
symptoms. symptoms. symptoms.

Weakness Shoulder girdle and arm Follows root distribution Shoulder movement Muscles innervated by Spontaneous resolution
(more prominent in Needs medical or surgical muscles. Needs medical single nerve. Resolution but relapses and
upper plexus) Slow intervention for or surgical intervention and therapy depends on common residual
spontaneous resolution. improvement. for improvement. etiology. weakness.

*In hereditary neuralgic amyotrophy there are multiple recurrent episodes similar to IBN, commonly associated with dysmorphic features.
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followed by the motor deficits should raise the possibil-
ity of IBN, which could be then confirmed by
electrodiagnostic studies.

Idiopathic hypertrophic brachial neuritis (IHBN) is
a rare, predominantly motor disorder affecting the bra-
chial plexus and more distal upper limb nerve trunks,
with progressive weakness in brachial muscles and
hypertrophy of the components of the brachial plexus.
Its main difference with IBN is its painless course, al-
though some patients may have significant pain. In this
disorder, EMG/NCS will show demyelinating features
(not seen in IBN), as have been confirmed by histo-
pathological studies, likely representing a localized form
of other peripheral demyelinating disorders, such as
chronic inflammatory demyelinating polyneuropathy or
multifocal motor neuropathy.7 Enlargement of the bra-
chial plexus can be seen by MRI, although this is not
needed for the diagnosis.

TREATMENT AND PROGNOSIS
The treatment of IBN usually involves a combination

of corticosteroids, analgesics, immobilization and physi-
cal therapy. The use of corticosteroids is controversial
and there are no randomized-controlled trials. However,
anecdotal evidence suggests that their use leads to a
more rapid resolution of the painful phase of the illness,
in particular when used early in its course, although it
does not seem to influence the ultimate prognosis. It
has been suggested by non-controlled clinical observa-
tions that very early treatment with corticosteroids in
some cases has resulted in very prompt resolution of
the pain, and weakness has not occurred or has been
minimal.7 We recommend prescribing oral prednisone
(1mg/kg/day) for 2 weeks, tapering off over an addi-
tional 2 week period, if possible starting 24 to 48 hours
after the onset of pain.

The appropriate control of the initial pain is very
important, as it can be quite severe and debilitating.
Medications used for pain control are narcotics and non-
steroidals, in combinations as needed. Other agents
used for control of neuropathic pain such as tricyclics
or antiepileptics are not used because of slow onset of
action, requiring a few weeks to reach effective pain
control. This is an acute onset severe pain of relatively
short duration requiring rapid onset-potent analgesics.
In addition, immobilization of the extremity during the
short painful stage is also recommended. Once the pain
is resolved and the weakness is the prominent symp-
tom, physical therapy is usually initiated with prescribed
exercises to continue home rehabilitation.

Despite the sometimes dramatic clinical presentation
with very severe pain and weakness with denervation,
the prognosis is usually good with complete recovery
over months in the majority of patients. In a large se-

ries, 36% of patients recovered in 1 year, 75 % in two
years and 89% in three years.19 It is very important to
inform and educate the patients about the natural his-
tory of the disease, and to assure them that, although
slow, the recovery is usually very good. Occasionally,
there may be residual weakness, or the recovery may
be slower taking up to 24 or more months. There are
very rare recurrences later in life, but IBN is usually a
monophasic illness.2 Recurrences are common in the
inherited form.

SUMMARY
In summary, IBN is an uncommon condition of prob-

able autoimmune etiology presenting with acute shoul-
der pain and with a well-defined clinical course. Its di-
agnosis is easy to establish if the physician is familiar
with its clinical manifestations. Detailed history and
physical examination may be supported by diagnostic
tests as EMG/NCV or MRI of shoulder, which can be
useful to exclude other conditions that present with simi-
lar symptoms and signs. Management includes a short
course of corticosteroids and pain control in the initial
stages of the disease, followed by physical therapy. The
recovery is usually very good but slow.
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ABSTRACT
Two cases of osteochondrosis of the superior

pole of the patella are reported with histologic find-
ings. Both patients were young girls; one had mild
cerebral palsy. Sixteen cases of this disorder have
been documented but without histologic study. The
histologic features of these two cases showed os-
teonecrosis with reparative changes. These find-
ings support that this entity is similar to other
osteochondroses of the quadriceps mechanism:
Osgood-Schlatter disease and Sinding-Larsen-
Johansson disease.

INTRODUCTION
The osteochondroses are a heterogeneous group of

injuries to the epiphyses and apophyses of children or
adolescents.6 Many of these injuries result in osteone-
crosis in the avulsed fragment. Radiographically, they
are characterized by bone fragmentation and sclerosis.6

There are at least twelve eponymic syndromes among
this group of illnesses. The spectrum of sites ranges
from large epiphyses like the femoral head (Legg-Calve-
Per thes’ disease) to the small metatarsal head
(Freiberg’s infraction). Among the osteochondroses are
two well-known syndromes associated with the quadri-
ceps mechanism: 1) Osgood-Schlatter disease, an avul-
sion of the tibial tuberosity, and 2) Sinding-Larsen-
Johansson disease, a chronic avulsion injury of the lower
pole of the patella. A less well-described injury to the
patella is chronic avulsion and fragmentation of the su-
perior pole. We present two cases of female children
with osteochondrosis of the proximal pole of the patella,

review the literature, and document the histological fea-
tures for the first time.

CASE REPORTS

Case 1
J. T. is an eleven year-old girl who initially presented

with a right knee effusion, right knee pain, and mild
scoliosis of the thoracic spine. She reported no prior
history of trauma to her knee. Physical exam revealed
a mild right knee effusion, but there were no other re-
markable findings. She received no further work-up for
her knee at that time. Two years later, she was still
having pain. In addition, there was increased bulk of
the right leg musculature compared to the left side, and
there was slight worsening of her scoliosis. Physical
exam at this time revealed hypertrophy of the quadri-
ceps muscle group and calf muscles with spasticity and
a five-degree flexion contracture on the right side. She
was diagnosed with mild cerebral palsy. The right pa-
tella was slightly larger than the left, and the right leg
was 1/2 cm longer. Radiographs revealed fragmenta-
tion of the proximal pole of the patella (Figure 1). The
fragments were excised and the quadriceps reattached.
The histological findings revealed extensive osteonecro-
sis with florid reparative changes consistent with osteo-
chondrosis (Figure 2).

Case 2
L. R. is a seven year-old girl who initially presented

with mild right-sided knee pain without a history of
trauma. On physical exam, her right patella was noted
to be slightly larger than her left, but there were no
other findings. Radiograph taken at this time revealed
no abnormalities, and she was thought to have juvenile
rheumatoid arthritis. A year later she was re-evaluated
after failure of medical treatment. Physical exam re-
vealed a markedly enlarged right patella compared to
the left side. The radiographs showed an enlarged pa-
tella with superior pole radiodensities and patellar ir-
regularity at the superior pole (Figure 3). The proxi-
mal two thirds of the patella was excised, and histologic
study documented osteonecrosis and reparative bone
(Figure 4).
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Figure 1. Case 1: Right knee of an 11 year old girl.
A) AP radiograph showing irregularity of the superior pole of the

patella.
B) Lateral radiograph showing fragmentation of the superior pole

with additional radiodensities due to cartilaginous repair.

Figure 2. Photomicrograph (H & E x 160) of tissue removed from
Case 1 showing necrotic bone and marrow.

Figure 3. Lateral radiograph of right knee of 7 year old girl show-
ing fragmentation of the upper pole the patella.
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DISCUSSION
Fragmentation of the superior pole of the patella has

been infrequently documented and the histologic fea-
tures have not been described. Batten and Menelaus1

reported six cases of superior pole fragmentation of the
patella. They noted that none of the patients had symp-
toms localized to the proximal patella, but that all pre-
sented with clinical signs and symptoms consistent with
either Osgood-Schlatter (OS) disease or Sinding-Larsen-
Johansson (SLJ) disease. Four of the six patients had
radiographic evidence of SLJ or OS disease either in
the same knee or the opposite knee. Based on these
findings, the authors suggested that similar processes
take place in all three conditions and that the reported
patients were predisposed to this process. All the pa-
tients were very active and ranged in age from ten to
eleven years. None of the patients had any direct trauma
to their knees.

In 1990, Grogen et al.3 reported seven cases of pa-
tients with proximal pole fragmentation which they con-
sidered to be an avulsion injury as the result of direct
trauma. All seven of their patients had a history of
trauma to the knee. They interpreted these findings to
be similar to other avulsion injuries to the patella, but
they noted that injury to the proximal pole was the least
common form of patellar avulsion. In addition to these
two reports, several others have mentioned this syn-
drome in passing.8, 12, 2

In none of the reported cases have the histologic
cases been documented. In our two cases the histologic
features of the excised fragments showed changes simi-
lar to osteochondroses in other sites. In both cases there
was extensive osteonecrosis and reparative change con-
sisting of granulation tissue, new bone, and cartilage.

Figure 4. Histologic features of case 2.
A) Photomicrograph (H & E x 140) showing necrotic bone. The necrotic marrow shows early fibrosis.
B) Photomicrograph (H & E x 80) showing reparative bone cartilage and granulation tissue.
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Multiple theories concerning the pathogenesis of
traction osteochondroses have been proposed. Griswald
and Hawley,4 in their classic paper describing SLJ syn-
drome, suggested that repetitive trauma is a likely eti-
ology. This theory, still the most widely accepted today,
originates with studies of patients with spastic cerebral
palsy who developed SLJ disease.11,5 Kaye and
Freiberger observed an extremely high incidence (28%)
of SLJ syndrome in a population of cerebral palsy pa-
tients.5 They postulated that SLJ disease in patients with
CP was likely due to fatigue fractures. In 1977, Rosenthal
and Levine11 reported on seven more cases of SJL dis-
ease in 85 cerebral palsy cases—an incidence of only
5%. Four of these seven patients had evidence of OS
disease as well. None had direct trauma to the knee.
The authors concluded that SLJ disease in the setting
of spastic CP was a result of excessive traction from
the quadriceps in the setting of flexion contracture. In
support of this theory, Perry and colleagues10 found that
for every degree of flexion, there was a 6% increase in
quadriceps force needed to stabilize the knee. There-
fore, in our patient (case 1) with spasticity and a five
degree flexion contracture, there would be a 30% in-
crease in quadriceps force applied to the knee. These
forces could certainly be the stress needed to cause
fragmentation of the patella.

Based on the study of child cadavers, it has been
found that the patella likely begins ossifying in multiple
foci beginning about age five or six.7,9 As a result, ossi-
fication centers are separated by zones of cartilage.
Skeletally immature individuals who subject growth
centers to excessive strain from high levels of activity,
muscle spasticity, or other unclear mechanisms can
cause a traction osteochondrosis through these zones
weakened by residual unossified cartilage. These inju-
ries have previously been well characterized in the lower
pole of the patella and in the tibial tuberosity. They are
less well known in the superior pole of the patella.
Therefore, osteochondrosis in this zone has not been
given an eponym. Why osteochondrosis develops so
rarely in the superior pole of the patella is unknown.
The broader insertion of the quadriceps in this area
probably distributes traction forces more evenly. Based
on the histological findings of osteonecrosis in the two
cases presented here, superior pole fragmentation is an
osteochondrosis similar to the osteochondroses in most
other locations.
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ABSTRACT
Resistance to activated protein C is a newly de-

scribed genetic coagulation disorder previously
only reported in patients with venous thromboem-
bolism or central arterial embolism (cerebral or
coronary). We report this defect in association with
digital artery thrombosis and describe the patho-
physiology of this disorder.

INTRODUCTION
Patients presenting with acute digital ischemia rep-

resent very challenging and often elusive diagnostic
challenges. Recent clinical reviews have provided basic
diagnostic algorithms for work-up and treatment.1,2 How-
ever, despite a thorough evaluation, the underlying
cause of the thrombosis occasionally remains elusive.
A recent breakthrough in thrombophilia research may
aid in this endeavor. Dahlback and co-workers have de-
scribed a defect in Factor V of the clotting cascade
which makes it resistant to Activated Protein C result-
ing in a hypercoagulable state.3 Although found in more
than half of patients with inherited venous thrombo-
philia,4 this defect has not been previously reported in
a patient with digital arterial thrombosis. We report a
case of digital thrombosis associated with Activated
Protein C (APC) deficiency and review the pathophysi-
ology of this newly described coagulation disorder.

Case Report
A 27-year-old, right hand dominant annuity salesper-

son presented with a nine day history of increasing left
index and thumb pain. These digits turned pale three
days after the onset of pain and then turned purple in
color. She was otherwise healthy and denied a history

of injury, exposure to cold or intravenous drug use. Her
work required use of a laptop computer. She denied a
history of collagen vascular diseases, heart dysrhyth-
mia or clotting disorders. She was a non-smoker, but
had smoked cigarettes in the past. Her surgical history
was significant for a bowel obstruction as an infant for
which she underwent multiple bowel resections and
bypass with cut-down procedures on the cephalic veins
of both upper extremities for vascular access. She had
a family history of Raynaud’s phenomenon in both her
mother and her mother’s twin brother, but she denied
symptoms of Raynaud’s phenonemon. Her only current
medication was Orthocyclin, an oral contraceptive.

The patient underwent an arteriogram (Figure 1) of
the left upper extremity under axillary block anesthe-
sia. Our initial physical examination was performed with
the axillary block still in effect. The thumb was cold
and purple from the IP joint distally with a greater than
four second capillary refill and loss of normal turgor.
The index finger pulp was also cool and pale. The long
finger was cool, but with normal color and the ring and
small fingers were pink and warm. Her nails were nor-
mal with no splinter hemorrhages. She had palpable
radial and ulnar pulses at the wrist.

The patient was felt to have multiple non-bypassable
digital artery thromboses and a trial of thrombolytic
therapy with Urokinase was begun. A bolus of 250,000
units was given, followed by a continuous infusion of
240,000 units per hour through the Katzen wire at 10,000
units per hour. A continuous infusion of Heparin was
begun at 1,000 units per hour.

Despite these measures, a follow-up angiogram eigh-
teen hours later demonstrated new thrombus in the
distal radial artery at the level of the infusion wire tip.
There was slight improvement in filling of the index
finger digital arteries. The catheter was retracted and
the infusion continued for six more hours with no fur-
ther improvement in digital artery flow and new sig-
nificant radial artery spasm. Consequently, the Uroki-
nase was discontinued. A long-acting axillary block was
administered because of this new vasospasm of the ra-
dial artery. Clonidine was administered via patch (0.2
mg/hr) and 1/4 inch nitroglycerine paste was applied
to the thumb, index and long fingers every six hours.
This resulted in mild improvement in the color and cap-
illary refill of the digits.

Her diagnostic work-up included a 2-D
echocardiogram which documented normal heart mo-
tion, normal valves and no thrombus. Results of perti-
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nent serologic testing are presented in the table. An
important finding was a normal homocysteine level
since an elevated level is a definite risk factor for arte-
rial embolic disease.5 Factor V Mutation analysis re-
vealed a R506Q mutation in one factor V allelle result-
ing in resistance to Activated Protein C (APC).
Consequently, she was placed on indefinite coumadin
therapy. Follow-up examination six weeks following
hospitalization revealed partial thickness skin loss on
the thumb pulp and normal skin on the remainder of
her fingers. Her clonidine patch and nitropaste were
discontinued. She continues to experience cold intoler-
ance but no longer has rest pain.

DISCUSSION
Figure 2 illustrates resistance to activated protein C

(APC) and the coagulation factors involved. Normally,
activated Factors V (Va) and VIII (VIIIa) amplify coagu-
lation via positive feedback loops. These amplification
steps increase the catalytic efficiency of the respective
enzymes more than 1,000 fold. This process is held in
check in intact vessels when thrombin binds to the

thrombomodulin present on the surface of normal en-
dothelial cells. This complex activates Protein C (APC)
which cleaves from the endothelium and inactivates fac-
tors Va and VIIIa. Protein S is a cofactor of Activated
Protein C.3 Resistance to APC has been found to be
caused by a single point mutation in the factor V gene
resulting in the replacement of Arg506 with Gln.6 Mu-
tated factor Va is less sensitive than normal Va to APC-
mediated inactivation resulting in the hypercoagulable
condition through unchecked amplification of the intrin-
sic pathway.3

Recent studies have established APC resistance as
the most prevalent genetic cause of venous thrombosis
accounting for more than 50% of spontaneous venous
thrombosis.4 Previously, only 5% to 10% of cases could
be explained on the basis of a genetic defect resulting
in deficiency of protein C, protein S, antithrombin III
or dysfibrinogenemia. The likelihood of thrombosis
depends on the genetic degree with a relative risk of 5-
to 10-fold in heterozygotes and 50 to 100-fold in homozy-
gotes for the Factor V Leyden.3 The relationship be-
tween APC resistance and arterial thrombosis is less

Figure 1. Arteriogram left hand under axillary blockade with (A) and without (B) digital subtraction. A discontinuous arch is demonstrated
with the ulnar artery supplying the ulnar digital artery to the small finger and a common digital artery to the fourth web space. A filling
defect is seen in the radial artery at the level of the anatomic snuffbox. There was no digital arterial flow beyond the base of the proximal
phalanges of the thumb, index, or long fingers.
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clear. A few recent reports have suggested a relation-
ship of this defect to stroke and myocardial infarction7,8,9

and thrombosis of peripheral arterial reconstructions8

but the association with spontaneous peripheral arte-
rial thrombosis has not been previously described.

TABLE
Serologic Testing

Test Result Normal

Hemoglobin 15.1 12-16 gm/dl
Hematocrit 43.7 37-47 %
White Blood Cell Count 5.3 4.8-10.8 k/mm3
Platelet Count 281 140-440 k/mm3
Sedimentation Rate 6 0-10 mm/hr
Anti-nuclear Antibody reactive, low titer, 1:40 nonreactive
Lupus Anticoagulant none detected none detected
RA screen negative negative
PT 10.7 (INR .97) 9.5 - 12.5 sec.
PTT 24.3 20.0 - 32.0 sec.
Protien C activity 104% 70-140 % of normal
Protein S activity 58% 70-150 % of normal
Protein S antigen 64% 70-140% of normal
Cardiolipin IGA antibody <10 <10 SDU
Cardiolipin IGG antibody <10 <10 SDU
Cardolipin IGM antibody <10 <10 SDU
Cryoglobulin screen none detected none detected
Antithrombin III assay 103% 70-140% of normal
Homocysteine level 8.1 mcmol/L 5.1 - 13.9 mcmol/L
Factor V (Leiden) Mutation Positive for heterozygous
 Analysis Factor V gene R506Q mutation

While the arteriogram and clinical course of this pa-
tient suggest primary thrombosis of the digital arteries
of the thumb and index fingers (or radial artery throm-
bosis with emboli), we cannot rule out an antecendent
embolic process in the veins or venules of these digits.

APC resistance is present in 3% to 5% of the general
population3 but certainly not all develop thrombosis.
Other factors like smoking, oral birth control pills10 and
vibration exposure11 contribute to thrombosis risk. This
patient’s susceptibility could have been elevated by her
use of oral birth control pills. Her use of a laptop com-
puter may represent an aggrevating factor although we
are aware of no evidence to support repetitive digital
impact as a cause of digital artery thrombosis.

While we do not suggest a “cause and effect” rela-
tionship in this case, APC resistance should be consid-
ered in any patient with peripheral arterial embolism of
unusual circumstance. We propose that laboratory
screening with an APC resistance ratio10 be added to
the serologic work-up of patients presenting with acute
digital ischemia for whom the more common causes of
digital ischemia have been ruled out. Hematology con-
sultation is also highly recommended because of the
rapid pace at which new discoveries in
hypercoagulatability and testing for these states are
made.

Figure 2. The Protein C Anticoagulant Mechanism. The mutation
of factor V makes it resistant to deactivation by Activated Protein C
(APC). The amplification of coagulation (*) goes unchecked with
an excess of activated factor Va.
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ABSTRACT
We present five cases of dramatic subperiosteal

bone formation following fracture of the distal
femoral physis in children with myelomeningocele.
These fractures often go unrecognized due to lack
of displacement and/or pain. Children present
with a swollen, warm extremity and often systemic
signs of inflammation, but rarely any pain or his-
tory of trauma. The dramatic radiographic appear-
ance can cause a diagnostic dilemma. We present
these cases in order to familiarize the clinician
with the oftentimes dramatic appearance of this
injury.

INTRODUCTION
Lower extremity fractures in children with myelom-

eningocele are common. They occur in 20% of patients
and usually before the age of 9 years.8 The presenta-
tion is often elusive with swelling and warmth of the
lower extremity and frequently with a temperature, el-
evated leukocyte count and sedimentation rate.4,12,13

There is rarely any associated pain or history of
trauma.3,7,8,9,11 Initially, the work-up may consist of evalu-
ation for other, more common sources of infection. The
warm edematous limb frequently becomes suspect for
cellulitis and/or osteomyelitis and even sarcoma in light
of the other clinical findings. Treatment and further
workup will proceed along this course unless the pat-
tern of healing is recognized on the radiograph. Fail-
ure to make the diagnosis initially was common in the
cases we reviewed.

CASES
Case 1

This nearly five year old female with a T12 myelom-
eningocele spent 6 weeks in a spica cast after bilateral
anterior hip releases. One week after cast removal she
presented with painless left thigh edema. A radiograph
revealed a Salter Harris type II fracture of the distal
femoral physis (Figure 1A). She was placed in a knee
immobilizer. Follow up films three weeks later (Figures
1B-C) show extensive subperiosteal bone formation en-
compassing nearly the entire femoral shaft.

Case 2
This 11 year old male with L1 myelomeningocele

presents to clinic before his regularly scheduled rou-
tine visit because his caretaker noticed right distal thigh
swelling, redness, warmth and fevers. He was admitted
to the hospital with the presumptive diagnosis of cellu-
litis and treated with antibiotics. When he failed to re-
spond in a few days, radiographs of the limb were ob-
tained to rule out osteomyelitis (Figures 2A-B). The
radiographs revealed a Salter Harris II injury to the
distal femoral physis with extensive periosteal elevation
along the entire shaft of the femur. Treatment consisted
of a brace and activity modification for six weeks.

Case 3
This two year old male with L1 myelomeningocele

spent five weeks in a hip spica cast following bilateral
anterior hip releases and bilateral tendoachilles length-
ening. A few days after cast removal, he was noted to
have a fever at home. He was brought to the pediatri-
cian for a work-up. At that time, he was noted to have
edema, warmth and erythema of both distal thighs.
Radiographs were obtained (Figures 3A-C). There was
no pain or history of trauma.

Case 4
This two and a half year old female with L4 myelom-

eningocele spent eight weeks in a hip spica cast after
bilateral proximal femoral osteotomies. Three days af-
ter cast removal she was brought in by her mother with
edema and warmth of the thigh. Infection was initially
suspected. Radiographs revealed a distal femoral
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Figure 1A Figure 1B

Figure 1C

Figure 2A Figure 2B

Figure 1. (A) AP radiograph of the femur immediately after injury. (B, C) AP radiograph of the proximal and distal femur three weeks after
injury.

Figure 2. (A, B) AP and lateral radiographs of the
femur several days after presentation.
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Figure 4. (A,B) AP and lateral radiographs of the left femur upon presentation. (C) Lateral radiograph of the left femur 15 months after the
injury.

Figure 4A Figure 4B Figure 4C

Figure 3A Figure 3B Figure 3C

Figure 3. (A) AP radiograph of both femurs. (B, C) Lateral radiographs of right and left femurs.
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physeal injury (Figures 4A-B). She was immobilized
again in plaster for 3 weeks. Radiographs after removal
showed exuberant callus formation. Days later she was
noted to have a proximal tibial physeal injury as well.
Note the Erlenmeyer flask deformity at her final follow
up 15 months later (Figure 4C).

Case 5
This three year old female with a high level myelom-

eningocele suffered a right distal femoral physeal in-
jury three days after coming out of a hip spica cast.
Radiographs two months after healing (Figure 5A). Per-
sistent Erlenmeyer flask deformity 13 years later (Fig-
ure 5B).

DISCUSSION
Most lower extremity fractures in myelodysplastic

children are diaphyseal or metaphyseal and although
there is rarely much displacement, are relatively easy
to recognize on plain radiograph. Nine percent of frac-
tures are through the physis and are more likely due
to repetitive stresses in children with some mobility
potential.7 Younger patients with myelomeningocele
undergo more frequent surgical procedures and subse-

quent post-operative immobiliza-
tion. This adds to their underly-
ing osteopenia and susceptibility
to fracture when the immobiliza-
tion is discontinued.1,4,8

Physeal fractures are more dif-
ficult to identify on plain radio-
graph. They are usually mini-
mally displaced due to the thick
periosteal sleeve. Frequently all
that is seen acutely is widening
of the physis. However, most
physeal injuries are discovered in
the subacute period when callus
has begun to form. Callus is fre-
quently abundant and may be due
to delayed presentation and lack
of immobilization.11 While diaphy-
seal and metaphyseal fractures
heal readily with minimal treat-
ment,4,7,8 physeal injuries require
more aggressive, prolonged treat-
ment in order to avoid growth
arrest and deformity.7 However, if
they are detected early, predict-
able and reliable healing can be
achieved with simple avoidance of
physical therapy and strenuous
activity while using their usual

braces for a period of one month.9

The radiographic appearance of a subacute fracture
can range from simple abundance of local callus to exu-
berant, subperiosteal bone formation along the entire
length of the affected bone. Misdiagnosis is frequent at
this stage. Metaphyseal flaring can simulate numerous
disorders including fibrous dysplasia, Gaucher’s disease,
heavy metal poisoning and various metaphyseal dyspla-
sias.5 The exuberant and disorganized callus formation
can simulate rickets, scurvy or syphilis.4 Also, these
patients frequently present with local and systemic signs
of inflammation which, when combined with the radio-
graphic appearance often leads to the diagnosis of os-
teomyelitis or osteosarcoma.4,8,12,13 While callus can of-
ten be extensive in sensate children as well, it remodels
as the bone begins to experience the normal stresses
of weightbearing after healing. The changes in myelom-
eningocele can persist for many years.5 We presented
two cases with sufficient follow-up to demonstrate the
Erlenmeyer flask appearance of the metaphysis years
after the injury.

The exact etiology of this phenomenon is strictly
speculative. The degree of periosteal stripping and sub-
sequent bleeding into the potential space can give the

Figure 5. (A) AP radiograph of both femurs. (B) AP radiograph of the knee taken 13 years after
the injury.
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radiographic appearance of pseudotumor of hemophilia.2
The flaccid muscle tissue may allow more periosteal
stripping and a larger hematoma to form before tam-
ponade occurs.5

The dramatic radiographic appearance that often fol-
lows these simple physeal injuries can pose a diagnos-
tic challenge to the untrained observer. The amount of
bone formation far from the injury is impressive. Care-
ful inspection of the physis and correlation with the clini-
cal presentation can aid in the diagnosis of this inter-
esting condition.

CONCLUSION
Children with myelodysplasia are at high risk for

lower extremity fractures due to osteopenia and lack of
sensation. Younger patients are at especially high risk
after a period of immobilization following surgery. These
injuries can often go unrecognized for a period of time.
Patients frequently present with local and occasionally
systemic signs suggestive of infection. It is important
to recognize the clinical and radiographic features of
this entity in order to avoid unnecessary work-up and
provide appropriate treatment.
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ABSTRACT
Ankle arthroplasty for post-traumatic tibiotalar

arthritis remains controversial. The current litera-
ture strongly recommends arthrodesis, especially
in those patients who will overload the joint: the
young, the active and the overweight patients. The
case described here is a 40-year follow up. A 31-
year old man underwent talar dome resurfacing
with a custom Vitallium implant for post-traumatic
arthritis in 1962. He continued to work as a heavy
laborer until retirement in 1987 and presently
remains virtually asymptomatic with regard to his
foot and ankle.

The longevity of this individual implant has been
remarkable. The unique design, minimal resec-
tion, surgical approach and remarkable success
merit discussion in the light of publication of pre-
dominantly bleak reports of arthroplasty in this
patient population.

INTRODUCTION
Traditionally, treatment for advanced ankle arthritis

has been arthrodesis. Fears about long-term deteriora-
tion due to subjacent arthritis and the availability of
motion-sparing ankle replacements resulted in their
widespread use in the late 1970’s and early 1980’s. Un-
fortunately, for a variety of reasons, these early implants
failed dramatically in active patients with post-traumatic
arthritis.2,3,4 As a result, total ankle replacement was not
recommended for general use. There has been a resur-
gence of interest in arthroplasty with the introduction
of uncemented semi-constrained designs with improved
instrumentation and technique, with emphasis on align-
ment and limited bony resection.4,5,6,7 However the lon-
gevity of these contemporary designs remains un-
known.4

The purpose of this case report is to present the long-
est-term follow-up of any form of ankle replacement.

CASE REPORT
A 30-year old factory worker underwent internal fixa-

tion of a C-type ankle fracture following a motorbike
accident in April 1960. When he was first seen at The
University of Iowa Hospital one year following this in-
jury, he was unable to work and complained of pain and

stiffness in the ankle (Figure 1). Following an unsuc-
cessful period of bracing, surgical options were consid-
ered. He and his surgeon, Dr. Carrol Larson, elected
for an arthroplasty. At the time of surgery his range of
motion was 10 degrees of plantarflexion beyond 10 de-
grees of fixed equinus. He had 15-20 degrees of subtalar
motion. He weighed 250 pounds.

Following manufacture of a radiographically approxi-
mated custom Vitallium mold of the upper surface of
his talus, Dr. Larson performed the resurfacing in 1962
(Figure 2). This was achieved via a lateral approach ex-
posing the entire distal fibula, which was osteotomized

FORTY-YEAR OUTCOME OF ANKLE “CUP” ARTHROPLASTY FOR
POST-TRAUMATIC ARTHRITIS

Dawson C. Muir, M.B.,Ch.B.
Annunziato Amendola, M.D.
Charles L. Saltzman, M.D.

Figure 1.

Figure 2.
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and reflected posteriorly. Intra-operatively, ankle motion
was noted to be only two to three degrees. The articu-
lar surfaces were debrided and contoured and surround-
ing scar was excised. The intention was to keep the
surfaces “congruent and parallel.” The mold was in-
serted and range of movement of the ankle found to be
about 10 degrees from plantigrade. The fibula was re-
duced and fixed with an intramedullary rush pin (Fig-
ure 3).

The patient’s postoperative course was uneventful
and by three months he was walking well, could walk
on his toes and heels, and had an overall arc of sagittal
plane movement of 40 degrees. By six months his gait
was normal and he could walk several blocks. He re-
turned to work at the John Deere factory as a machin-
ist after nine months. By one and a half-years, he was

noted to have improvement in his joint space. At six
years he continued to work eight hours a day at John
Deere and supplemented that with a further three to
four hours a day of house painting. He had no difficulty
climbing ladders. By ten years he was working up to
16 hours per day and doing additional concrete work at
home. After ten days of carting wheelbarrow loads up
a ramp from his basement, he noticed a “little pain on
the top of his foot.” This was diagnosed as lesser toe
extensor tendonitis and resolved with rest.

He was first reviewed independently in 1980. He con-
tinued to work at his same position. He remained able
to climb ladders and walk on uneven ground without
difficulty. He was reviewed again in 1995, at the age of
64. His weight had remained constant at 252 pounds.
He had retired from his factory work in 1987 but con-

Figure 3A. Figure  3B.
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tinued to walk up to five or six miles per day and to
paint houses. On the American Foot and Ankle Society
Ankle and Hindfoot Scale he scored 85/100. He had no
pain and no activity limitation. He had some difficulty
on uneven terrain, and with stairs or ladders. He walked
with a mild limp and had a moderate restriction of range
of motion. On examination he had mild hindfoot
malalignment and only a mild reduction in subtalar
motion compared to the contralateral side. He had 25
degrees of plantar flexion compared to 35 degrees on
his unaffected side (Figure 4).

Today, at 70 years of age, his arthritic knees limit
his walking distance. He only experiences some discom-
fort in his ankle in the cold or when he first starts walk-
ing.

DISCUSSION
The first documented use of total ankle replacement

was in 1970.1 We could find no earlier reports of at-
tempted ankle replacement. In 1962, Dr. Larson had
extensive experience with cup arthroplasty of the hip,
popularized by his mentor, Smith-Peterson. Metal im-
plants with greater durability had recently been intro-
duced. At the time, it was felt that resurfacing created
an environment that restored cartilage thickness and a
pain- free gliding surface. This apparent increased joint
space was subsequently shown to be largely fibrous and
fibrocartilaginous.

Paradoxically, it may have been fortunate for this
patient that the improved results of total joint replace-
ment for the hip, and eventually the knee, were yet to
gain popular support. Ten years later, designs for a ce-
mented total ankle became available but quickly and
dramatically failed, especially in this young, heavy-la-
boring patient population. Failures were due to high
rates of deep infection, extensive resection into poor
supportive bone and early loosening due to excessive
constraint.2,3,4 In addition, longer-term follow up has
shown worsening levels of patient satisfaction with these
designs.2,3

The lateral approach chosen by Dr. Larson could be
useful in preventing early wound problems. His tech-
nique utilized minimal bone resection and clearly, in this
case, excessive constraint or wear debris were not of
any concern. Patient selection can not be overlooked
as a major contributor to the success of the implant in
this stoic individual.

The remarkable long-term success of a single cus-
tom implant does not demand a radical simplification
of ankle replacement design. It should at least provoke
thought as to why this implant might have survived,
and stronger consideration for using a surgical approach
and strategy for minimizing bony resection which could
help improve outcomes of total ankle arthroplasty.

Figures 4A, 4B, and 4C.
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ABSTRACT
This study evaluated Internet use among or-

thopaedic patients in a private practice general
orthopaedic setting. Of 154 respondents, twenty
percent had used the Internet to research their
orthopaedic diagnosis. Search rates were lowest
for patients with arthritis and highest for patients
with disorders of the spine or back. Seventy per-
cent of these patients who had searched had found
their searches helpful, and over 50% of patients
who had searched had questions raised that they
planned to address with their physicians. Of those
patients who did search the Internet, none re-
ported concern regarding the credibility of Internet
retrieved material.

INTRODUCTION
Internet use in the United States has grown expo-

nentially over the past five years, and access to the
Internet has increased yearly. Regular weekly Internet
users comprise 40% of the US Population as of October
2000.1 One of the main uses of the Internet is to re-
trieve health information.

Internet users searching for health information have
a wide variety of options for information retrieval. Health
information portals such as Intellihealth2 or Oncolink3

can direct patients and provide searching capability
within the site. Alternatively, patients may search the
Internet using search engines or search directories;

information retrieved in this capacity has been shown
to be variable in quality, peer-review, and accuracy.4,5

This easily available source of information has caused
a change in the traditional paradigm of the physician
as primary information provider. Orthopaedic surgeons
are now asked not only to supply medical information,
but also to explain and evaluate Internet-derived infor-
mation.

Use of the Internet by patients and families in an
outpatient orthopaedic tertiary care practice has been
studied previously.6 The goal of our study was two-fold.
Our aim was to determine the prevalence of Internet
use in an outpatient general orthopaedic setting; we also
hoped to determine patient attitudes toward Internet-
retrieved health information.

METHODS
After obtaining Institutional Review Board (IRB) ap-

proval, we invited 184 patients visiting an outpatient
community orthopaedic practice during the two-day
period from October 19, 1998 to October 20, 1998 to
participate. We used a questionnaire that had previously
been found to be reliable in another outpatient ortho-
paedic sample.6 Patients were recruited at time of check-
in for their appointment in the outpatient office, and
surveys were completed on-site. All patients during the
two-day period were invited to participate. Informed
consent was obtained and patients were surveyed re-
garding their Internet use and their attitudes about
Internet-retrieved health information. Specifically, the
questionnaire was designed to assess study group de-
mographics, access to and usage of the Internet, and
opinions about the utility of the Internet in obtaining
medical information. We assessed Internet use by re-
spondents, as well as by “surrogate users” for the re-
spondents. Data were analyzed according to diagnosis
group, including fracture, internal derangement of the
knee, low back pain or spinal complaints, ligament or
tendon injury, degenerative joint disease, shoulder in-
jury, or other. All survey responses were sorted and
prepared for analysis using the Statistical Analysis Sys-
tem (Cary, North Carolina, USA) statistical package.
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RESULTS
During a two-day period, 184 patients were seen in

this clinic. Of these 184 eligible patients, sixteen patients
inadvertently did not receive questionnaires because of
clerical error, and eight patients declined participation
in the study. Six questionnaires were not returned.
There were 154 respondents, for an overall response
rate of 84%. Fifty-one percent of the respondents were
male (79) and 49% female (75), with a mean age of 47
years (range 17-87). Their diagnoses included fractures
(34%), knee internal derangement (14%), low back pain
or spine complaints (12%), other ligament or tendon
injury (8%), degenerative joint disease (9%), shoulder
injury (8%), or other (10%).

Ninety-six patients (63%) had access to the Internet
at work or home, and 20 patients (13%) had used the
Internet to search for information related to the sub-
ject of their office visit that day (Table 1). Eighteen
patients reported that someone else (“surrogate user”)
had searched the Internet for this information; some
patients had accessed the Internet both independently
and through a surrogate. In total, one-fifth of the pa-
tients used the Internet either independently or via a
surrogate to obtain medical information related to their
orthopaedic diagnosis. Search rates were highest
among patients with low back pain or lumbar spine com-

plaints (33%), and lowest among patients with degen-
erative joint disease (7%).

Twenty-four of the patients who searched the
Internet responded to the question, “Do you think the
Internet has helped you understand your disease bet-
ter” (Table 2)? Most (71%) found their searches help-
ful, and many (50%) responded positively to the ques-
tion “Did the Internet raise questions for you that you
are now planning to raise with your health care pro-
vider?”

102 of 137 (75%) of respondents indicated they would
“recommend the Internet to others as a source of medi-
cal information.” Seventy-three patients (50% of all re-
spondents) indicated this despite having not searched
the Internet themselves; most of these patients31 cited
the large amount of information available. Reasons given
in a write-in section for recommending the Internet are
listed in Table 3. When asked if they would use an
Internet terminal for medical information if it were avail-
able in the clinic waiting room, 64% responded affirma-
tively.

We also asked patients if they had explored other
sources of medical information besides the Internet
(Table 4). Eighty-five respondents (55%) did not list any
other sources, 52 (34%) had turned to one additional
source and 17 (11%) had used multiple additional

TABLE 1
Internet Usage by Diagnosis

Diagnosis Access to Self-Use Self- Surrogate Searched***
Internet Use/Access* Use**

Fracture  38 (72%) 5 (9%)  13% 5 (9%) 8 (15%)
(n=53)

Knee internal 11 (52)% 3 (14%) 27% 4 (19%) 6 (27%)
derangement
(n=21)

LBP/spine (n=18) 9 (50%) 5 (28%) 56% 3 (18%) 6 (33%)

Ligament/tendon 10 (83%) 1 (8%) 10% 1 (8%) 2 (17%)
injury (n=12)

DJD (n=14) 6 (43%) 1 (7%) 17% 1 (8%) 1 (7%)

Shoulder 7 (54%) 3 (23%) 15% 2 (15%) 4 (31%)
injury (n=13)

Other (n=22) 15(68%) 2 (9%) 13% 2 (9%) 3 (14%)

Total (n=154) 96 (63%) 20 (13%) 21% 18 (12%) 30 (20%)

* Percentage of respondents having access to the Internet who used it for medical search related to clinic visit diagnosis.
** Another person performed Internet search for respondent.
*** Internet search was performed by respondent or by surrogate, in some cases both.
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sources of information. Additional information sources
most frequently included physicians, medical textbooks,
friend in the medical field, the library, periodicals, and
books.

DISCUSSION
This is the first report of Internet use by an outpa-

tient community orthopaedic population. While there
are a number of descriptions of Internet usage for health
concerns among the general population, there have
been few studies of Internet use among actual patient
populations. Hellawell et al reported that nineteen per-
cent of visitors to a general urology clinic had used the
Internet for information related to the subject of their
visit.7 Our findings in the current study are comparable,
with twenty percent of the orthopaedic outpatients em-
ploying the Internet to search for information. Weissman
et al reported that 42% of visitors to an infertility clinic
had researched the Internet on their condition.8 We
recently reported on the use of the Internet in a ter-
tiary care outpatient pediatric orthopaedic population.
We found that 35% of parents or caregivers had searched
the Internet for medical information related to the or-
thopaedic diagnosis.6 We anticipated that Internet us-
age patterns in the community among general ortho-
paedic populations might differ.

TABLE 2
Internet Search Results by Diagnosis,

among Internet Self-Users

Diagnosis Found Raised
Helpful Questions

for M.D.

Fracture (n=7) 4 (57%) 2 (29%)

Knee internal 3 (75%) 2 ((67%)
 derangement
(n=4)

LBP/spine (n=5) 5 (100%) 4 (80%)

Ligament/tendon 1 (50%) 1 (50%)
injury (n=2)

DJD (n=1) 1 (100%) 1 (100%)

Shoulder injury 2 (67%) 1 (80%%)
 (n=3)

Other (n=2) 1 (50%) 1 (50%)

Total (n=24) 17 (78%) 12 (50%)

TABLE 3
Patient Comments on Usage of the Internet as

a Source of Medical Information

Comment Searched Did Not Total
Internet  Search

Internet

Would recommend
Internet 29 73 102

Large amount of
information available 14 31 45

Convenience of access 2 2 4
Ease of use 4 5 9
Past successful Internet

searches 0 6 6
Most current information 0 0 0
Confirm quality of

MD’s advice 0 2 2
Enhance clinic visit 2 3 5
Supplement information

from clinic visit 2 2 4
Locate a qualified MD 0 0 0
Access to chat/support

groups 0 1 1
Ability to self-diagnose

illnesses 0 1 1
Did not comment 6 23 29
Caution is needed regarding

credibility of information 0 2 2
Information is often too

technical for patients 0 1 1
Would not recommend

Internet 1 34 35
Lack of experience with

Internet 0 14 14
Past unsuccessful Internet

searches 0 0 0
Other sources found to be

more helpful 0 1 1
Should trust information

from MD 1 0 1
Cannot trust credibility of

information from Internet 0 7 7
Did not comment 0 12 12

Total number of comments may not correspond to total
number of respondents (in bold), because some respon-
dents made multiple comments.

Our response rate of 84% was excellent. It is possible
that non-respondents were more likely to be less expe-
rienced or interested in the Internet, however the ac-
tual number of non-respondents was small.



M. S. Beall III; M. S. Beall, Jr.; M. L. V. H. Greenfield; J. S. Biermann

106 The Iowa Orthopaedic Journal

The majority of patients who did search the Internet
responded that their search had helped them better
understand their diagnoses. Furthermore, half of the
Internet searchers raised new questions which they
planned to take up with their physician.

Most patients would recommend the Internet as a
source of medical information, although users of the
Internet were more likely (97%) than non-users (68%)
to do so. Respondents who had not used the Internet
were more likely to raise questions regarding the cred-
ibility of information retrieved than those who had ac-
tually searched for medical information. Most patients
had not consulted other sources for medical informa-
tion aside from their physicians. Among those who did
seek additional information, the Internet was more likely

than any other single source to be used (Table 4). The
Internet is rapidly becoming the preferred source for
medical information among patients.

Findings from this survey indicate that one-fifth of
patients in a community private practice orthopaedic
clinic utilized the Internet for medical information; the
Internet was more likely to be used than any other ad-
ditional information source. Patients with a wide vari-
ety of diagnoses used the Internet, and most patients
found their Internet searches helpful. One half indicated
that questions were raised as a result of their searches,
which they planned to address with their physicians.

Impact on Orthopaedic Surgeons
Even in a community private practice setting, one-

fifth of patients are consulting the Internet about their
orthopaedic diagnoses. Orthopaedic surgeons can in-
creasingly expect patients to retrieve Internet-based
information for their review, and to hear questions from
patients who are increasingly well informed about their
injury or disease. Increased patient access to informa-
tion will likely translate into increased time demands
upon an already busy medical practice.

Patients may choose other providers if an ortho-
paedic surgeon is unfamiliar with the information or
resistant to discussion. Increased time demands are
then placed on the surgeon, both in staying current with
new technologies and treatments, as well as in address-
ing this information with clinic patients.

Orthopaedic surgeons who proactively tackle these
changes could be rewarded with patients who are bet-
ter educated regarding their care. These patients often
are more diligent in complying with physician’s instruc-
tions and take a more active role in their treatment and
aftercare.

How can physicians meet this challenge? At the very
least, by becoming familiar with the Internet, surgeons
will gain an understanding of how their patients are find-
ing information. Physician-guided Web searches recom-
mended during the office visit may help patients avoid
extraneous- or misinformation. This has the additional
benefit of allowing physicians to actively participate in
patients’ education even after they have left the clinic.
Physicians can create their own Websites with links to
accurate sources of patient information. The American
Academy of Orthopaedic Surgeons9 sponsors individual
surgeon Web pages which can contain links to patient
information and be customized for each surgeon’s prac-
tice and interests. Finally, by influencing our profes-
sional societies to produce Web content which is pa-
tient-friendly and available, we can remain at the
forefront of patient and public education regarding
medical information.

TABLE 4
Use of Additional Sources of Information,

by Searchers and Non-Searchers

Searched Did Not Total
Internet Search

# of Other
Sources

0 16 69 85

1 10 42 52

>1 4 13 17

Other Source

Doctors* 2 (2) 20 (15) 22 (17)

Library 2 6 8

Books 1 4 5

Medical friend 4 10 14

Medical text 5 14 19

Others with 0 4 4
same diagnosis

Support group 0 0 0

Periodicals 1 4 5

Nurses 1 2 3

Non-medical friend 1 2 3

Pamphlets 1 2 3

Television 0 1 1

* Number in parentheses refers to those who listed M.D. as
their only other source of medical information.
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Did you ever wonder about Achilles? As orthopaedic
surgeons, we frequently evoke his name while examin-
ing the foot and ankle. Most of us think he was a
mythologic Greek hero (Figure 1). The truth is that

there may well
have been a real
Thessalian war-
rior, later my-
thologized by his
s e m i - l i t e r a t e
people. The story
goes that his
mother, Thetis
made him invul-
nerable by dip-
ping him in the
River Styx while
he was still an in-
fant. The problem
was that she held
him by the heels,
which were not
wetted; this re-
mained a vulner-
able par t of his
anatomy.

Achilles be-
came a great war-
rior, and slew

Hector of Troy in battle. Hector’s father, Priam was
suffered to remove the body for cremation.1 All of Troy

mourned the death. In his final battle, at the very gates
of Troy, Paris (guided by the god Apollo) launched the
arrow that fatally struck Achilles in his vulnerable heel
(Figure 2). Achilles was cremated and his ashes buried
in the same urn as those of his friend Patroclus.2 This
was well, because it was said that Achilles and Patroclus
shared the love that dares not speak its name.3

Is all of this just mythology? Could there be at least
some minimal correspondence with actual story? Bibli-
cal archeologists and historians have talked about the
epic theory of history. The story of Gilgamesh preceded
our own Judeo-Christian themes and bears some strik-
ing similarities. Heinrich Schliemann excavated the
mound at Hissarlik in the Dardanelles in 1873, finding
convincing evidence that this was indeed the site of an-
cient Troy.4,5 Schliemann also excavated a tumulus or
mound that was said to contain the remains of Achilles.
Finding no bones, he concluded this was really a ceno-
taph or memorial, rather than an actual burial place.6

This all still evokes interest and speculation. In all, it is
easy to understand why due consideration of the sub-
ject should be of paramount importance to the practic-
ing orthopaedic surgeon. God forbid that any one of us
should be in the position of recommending surgery on
the heel cord for a professor of the classics or the like!
The purpose of our paper is to start your ruminations
on a topic you might be called upon to discuss!

 Suppose that Achilles, or a reasonable prototype
really did exist. How could an arrow shot to the heel
kill anyone, mortal or immortal? On the face of it, some
imagination is required. Revert then, to your days in
Physical Diagnosis class and run through the catego-
ries.

ACHILLES
(The Man, the Myth, the Tendon)
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Division of Orthopaedic Surgery
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Figure 1. Achilles

Figure 2. The fatal arrow in the heel of Achilles
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1. Infectious—The tip of the arrow could have been
smeared with Clostridium perfringens, Yersenia pestis,
or the like. Biological warfare was known to have been
practiced in the Middle Ages. Do you remember sto-
ries of pestilence victims being hurled over city walls
by catapults (trebuchets)?

Did Hippocrates, for whom we have accounts of
chronic shoulder dislocations being cured with a red-
hot iron poker inserted into the shoulder, attempt to
repair Achilles’ tendon?7 A post-operative wound infec-
tion with subsequent gangrene and osteomyelitis may
have caused Achilles’ demise. Lister, for all his contri-
butions to asepsis, had not been born yet.

Did atelectasis set in while he was bedridden? As far
as I know, the incentive spirometer had not been in-
vented yet. Nor had antibiotics, for the ensuing pneu-
monia, for that matter.

And what of his last tetanus shot?
2. Toxic—South American natives routinely hunt

with darts dipped in curare.8 How about Botulism toxin?
Bulfinch does, without attribution or further details,
state that when Paris shot Achilles in the heel, it was
with a poisoned arrow. Recall now Philoctetes, son of
Poeas. He was bitten on the foot by a poisonous water
snake. The wound putrefied and it was said that the
(anaerobic) odor could be smelled miles away. Here,
however, the king of Ithaca, Odysseus (Ulysses) res-
cued him and he was eventually cured.9

The tip of the arrow may have been made with metal.
Was this metal lead?

3. Metabolic—Was Achilles suffering from hyperthy-
roidism? In the days before Gull in the 1800’s nothing
was known about the thyroid. Maybe the pain caused a
thyroid storm.

4. Congenital—The posterior tibial artery lies in
close proximity to the Achilles tendon. Although noth-
ing suggests it, maybe Achilles suffered form hemo-
philia and bled to death.

5. Immunologic—The arrow was made with a multi-
tude of materials. Achilles may have been allergic to
any one of them and succumbed to deadly anaphylaxis.

6. Traumatic—A pulmonary embolus in the post-
injury time frame could be postulated. There are prec-
edents for trauma to explain historical events of
mythology. Oedipus, as a baby, was tied by the feet and
left hanging from a tree till rescued by a peasant. There-
after he was called Oedipus, or swollen foot. He
obviously survived, but went on to kill his father, bed
his mother, and tear his eyes out in remorse. Again,
the ancients seem challenged with regard to feet.10

Let’s not forget about compartment syndrome.

7. Psychiatric—Maybe, Achilles, having proven him-
self such a great warrior and all of a sudden finding
himself maimed, suffered a severe bout of depression
and could only find peace by ending his own life.

8. Evolutionary—Was this a case of Darwinism? Hav-
ing been injured, unable to move and hence, an “unfit”
organism, he may just as well have been slain on the
battlefield.11

In conclusion, there was an ancient Troy, and also
probably a mythologized prototype for Achilles. Think
about it. The next time you want to get one up on a
fellow orthopaedic surgeon, just casually start a con-
versation about poor Achilles. It is also an excellent topic
to harass innocent orthopaedic residents with, as one
of us (C.L.) has already learned!
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ABSTRACT
The field of biomechanics is inextricably linked

with orthopaedic surgery: loads and load distri-
bution play a major role in the problems we treat
and in the success and failure of many of our
treatments. Nonetheless, despite powerful inves-
tigational tools, I would argue biomechanics has
made a relatively minor impact in clinical prac-
tice primarily because most studies fail to account
for the major distinction between living and non-
living systems: adaptability. While any study re-
quires a clear question or hypothesis or goal, with-
out accounting for adaptability and tissue
tolerance, these studies might well be termed
“necromechanical.” These studies will always have
limited clinical relevance unless they contain sev-
eral key features: 1.) A choice of a mechanical
parameter which is arguably a surrogate for rel-
evant biological behavior; 2.) A set of loading regi-
mens which arguably represent the entire range
of loadings experienced in vivo ; 3.) An explicit
discussion of tissue tolerance to the mechanical
perturbations of the study; 4.) When appropriate
(i.e., the question relates to longer-term effects),
an explicit exploration of tissue adaptation over
time. Without meeting these requirements, any
biomechanical study is suspect and requires in-
terpretation with great caution. When meeting
these requirements, biomechanics can provide
powerful tools to explain the function of the body
and to predict the success or failure of treatments
prior to using them on patients.

“When I use a word,” Humpty Dumpty said, in a rather
scornful tone, “it means just what I choose it to mean,
neither more nor less.”

“The question is,” said Alice, “whether you can make
words mean many different things.”

“The question is,” said Humpty Dumpty, “who is to be
master - that’s all.”

Through the Looking Glass
Lewis Carroll

INTRODUCTION
 “Biomechanics” as a discipline arguably arose out

of the classic work of Giovanni Alfonso Borelli, who
before his death in 1679, extensively explored the forces
generated on and within human and animal bodies by
the activities and functions of life.5 Borelli, however, was
certainly not the first to recognize the relationship be-
tween the mechanical environment and animal respon-
siveness, as Galileo investigated such matters at least
40 years earlier, but was unfortunately in old age by
the time he planned a new book, “De animalium
motibus.”2 Therefore, it was Borelli’s contribution which
received far wider attention owing to its publication.

“Biomechanics” as a concept is very loosely inter-
preted and applied to many scientific investigations. I
would argue that time has shown many, if not most of
these investigations have limited relevance to biology
and clinical medicine. Citation indices for most biome-
chanics-related journals are relatively low, suggesting
that most articles are not frequently cited and by infer-
ence that they have not made a large impact. The Insti-
tute for Scientific Information (ISI)* reports a maximum
impact factor of 32 and a median of 2.1 for all 147 jour-
nals categorized as “cell biology.” The 41 “biomedical
engineering” journals (ISI uses no category, “biome-
chanics”), on the other hand, have a maximum impact
factor of 3.47 and a median of 0.98. While impact fac-
tors are only one reflection of true impact, I suspect
one of the reasons for the relatively low citation rates
in biomedical engineering is the failure to consider the
key aspect distinguishing living from non-living systems:
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biological responsiveness and tissue adaptation. Fur-
thermore, perhaps these latter studies are cited within
their own fields (an average of less than 1 time over
the two years following publication according to the
impact factor), but are not then cited in the related bio-
logical fields they are intended to impact. This raises a
question of relevance.

In making various arguments about clinical rel-
evance, I will briefly explore the historical derivation of
“biomechanics” and suggest specific reasons why many
investigations have not been relevant to biology, and
why they never had the potential to do so. I will further
propose criteria for reporting biomechanical studies
which should be considered by both authors and read-
ers attempting to insure relevance. First, however, it is
critical to establish the notion that orthopaedic surgery
has largely been an empirical, not scientific discipline.

ORTHOPAEDICS IS AN EMPIRICAL
DISCIPLINE

Throughout most of recorded history the healing
arts achieved advances through empiricism: healers
observed what worked and what did not work, and tried
new things which were more or less logical in terms of
what was believed at the time. Only in the last part of
the 20th Century did our theoretical knowledge of the
way the body worked reach an adequately sophisticated
stage where new treatments (e.g., new antibiotics to
counter newly emerging resistant organisms) were in-
troduced based upon knowledge gained through scien-
tific study. It is fair to state surgical disciplines lagged
behind those disciplines using primarily pharmacologi-
cal approaches. Perhaps this is not surprising given the
advances in cell and molecular biology and genetics:
we know many cascades of sometimes complex events,
and in many cases have developed methods to inter-
vene in those cascades. The surgeons’ approaches, on
the other hand, remained largely empirical, rather than
arising out of some fundamental understanding of the
way the body worked. More importantly to the argu-
ments I will pose, science in orthopaedic surgery has
far more often been used to explain or support what
we have already clinically observed than to accurately
predict what new interventions will work based upon a
fundamental understanding of biological responses.
(Some exceptions are notable, such as bisphosphonates
to reduce bone resorption.) This point alone would nec-
essarily limit the clinical impact of science, and is as
true of most scientific disciplines as it is of biomechan-
ics. Thus, perhaps we should not be entirely surprised
the contribution of biomechanics to clinical medicine is
limited.

BIOMECHANICS
The Oxford English Dictionary1 suggests the term

“biomechanics” emanated from the Soviet theater. They
quote Car ter’s monograph8 on the subject: “He
(Meierhold) established a studio of bio-mechanics in
1921. The principles of bio-mechanics . . . became sys-
tematically applied by him in the R.S.F.S.R. theatre in
Petrograd from 1918 to 1922.” The laws of bio-mechan-
ics are founded on the study of the physiological con-
struction of man. The system aims to produce men who
understand the mechanism and laws of their structure
and can, therefore, use it perfectly. It has established a
principle of analysis by which each movement of the
body can be differentiated and made fully expressive.”
By 1933, the 11th edition of Stedman’s medical dictio-
nary defined biomechanics as “the science of the ac-
tion of forces, internal or external, on the living body”
(the preceding 10th edition had no listing for “biome-
chanics”).16 In his 1933 Presidential address to the
American Orthopaedic Association, Arthur Steindler
commented, “I visualize biomechanics as a powerful and
indispensable ally of the orthopaedic clinician.”17 He
suggested the tools of mechanics were critical to grasp-
ing the way the musculoskeletal system functions in
every day life and that the “mechanics of locomotion”
was “still virgin soil.”

Hatze12 later proposed the following definition, “Bio-
mechanics is the study of the structure and function of
biological systems by means of the methods of mechan-
ics.” He further notes, “It would not be correct to state
that ‘Biomechanics is the study of the mechanical as-
pects of the structure and function of biological systems’
because biological systems do not have mechanical as-
pects. They only have biomechanical aspects (otherwise
mechanics, as it exists, would be sufficient to describe
all phenomena which we now call biomechanical fea-
tures of biological systems).” In making these distinc-
tions, Hatze, as did Stedman’s Dictionary, implied sev-
eral important concepts: First, mechanics constituted
merely a set of concepts and approaches to studying
any system, living or not. Second, living systems had
unique properties not possessed by non-living systems
(“biological systems do not have mechanical aspects”).
Third, the mere notion of “biological” (G. bios – life)
implies a living system. It is these fundamental distinc-
tions which appear worth exploring in some detail, for
they have substantial implications in appropriately in-
terpreting biomechanics literature.

What distinguishes living from dead systems? At the
most fundamental level, a more or less arbitrary defini-
tion of “life” makes the distinction. Do strands of self-
replicating proteins (prions) reflect “life?” At the high-
est organism level, whether a comatose human being
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is alive or dead also depends upon an arbitrary defini-
tion, at times debated by ethicists or courts of law. How-
ever, for ordinary purposes, the distinction seems re-
markably easier: living systems have the capacity to
sense the environment, respond, and adapt over time.
That is, they are not static, but rather through internal
processes alter certain of their characteristics in re-
sponse to external stimuli. Even this definition is not
entirely without difficulties, since certain non-living
mechanical systems and some computer systems
“adapt” (i.e., artificial intelligence). But for practical
purposes in those complex “biological” organisms and
structures for which there would be no debate about
life, the distinction appears sound. This being the case,
“adaptation” seems to fulfill Hatze’s implication of a
unique property in living systems.

Biological systems respond to their external environ-
ment in a seemingly infinite number of ways, limited
only by the interactions of the thousands of molecules
constituting the system. In an individual, these interac-
tions occur on many time scales, from nanoseconds to
years, and decades. An adaptation might be, for ex-
ample, the nearly instantaneous (milliseconds) muscu-
lar responses of a runner whose shoe sole unexpect-
edly strikes a small stone. The playing arm of a
professional tennis player will enlarge over a period of
years owing to extra use.11

Consistent with the notion of adaptation, Black, in
distinguishing the properties of living versus dead tis-
sues commented that a living tissue could “repair itself,
modify its behavior in both the short term and the long
term, and in addition, possesses considerable esthetic
qualities.”3 He further commented, “There are real dif-
ferences in the properties of tissues in vitro as com-
pared to in vivo, and failure to recognize the transition
between them is a major source of scatter in experi-
ments in tissue mechanics.” Thus, not only do living
tissues adapt, but even their immediate tissue proper-
ties differ from those of the dead. Thus, we might
modify Hatze’s definition accordingly: Biomechanics is
the application of mechanics principles to explore liv-
ing (i.e., adaptable) systems.

 NECROMECHANICS
If biomechanics entails the study of adaptable sys-

tems, is the study of non-adaptable (non-living) systems
“necromechanics” (G. nekros – dead)? More impor-
tantly, how do we properly interpret studies of non-adapt-
able systems, or those which purport to study living
systems, but ignore adaptation? Equally cogent in terms
of interpreting experiments on dead tissues is Black’s
recognition of the differing properties of the living and
dead.3 He suggested four “grades” of tissue for which
properties would be increasingly different (and non-

physiological, and perhaps non-interpretable in biologi-
cal terms): viable tissue in situ with no necrosis, viable
tissue in vitro maintained in a suitable medium and at
body temperatures, nonviable (“dead” cells) tissues
maintained in some sort of medium and at body tem-
peratures, nonviable tissue kept moist, but either dried
or cooled at some time. Unfortunately, these latter sorts
of tissues are the ones frequently used as a matter of
pure convenience, yet they have differing properties.
Researchers virtually never demonstrate whether those
differences might have relevance to the question being
raised. I suggest, however, in at least some cases they
might well have relevance.

What sor ts of studies might be considered
necromechanical? A cadaveric study of fracture fixation
comparing three implant constructs? A study of
micromotion of four joint implants into artificial com-
posite femurs? A finite element analysis determining the
stress distribution in an arterial wall with fluid flow? A
study of tendon strength in excised tendons? Yes, in
each case if subsequent adaptation is not considered
within the framework of the question being asked. Such
investigations in Hatze’s framework12 would be purely
“mechanical” (“necromechanical”?) not “biomechani-
cal.”

INTERPRETATION OF
NECROMECHANICAL STUDIES

Can necromechanical studies have relevance or va-
lidity*? The answer to that question depends entirely
upon the question or hypothesis being addressed. If we
presume a researcher wants to know whether one frac-
ture implant construct is stronger than another and he
or she is not interested in whether the clinical successes

*Based upon word origins, Oreskes, et al., appropriately distinguish
“verification” from “validation.”15 “Verify” means to establish the
truth of a proposition. “Validate” on the other hand, means to
establish the soundness or legitimacy of a proposition; a valid
proposition or model contains no detectable flaws and is internally
consistent. Validity of a model is usually necessary, but not
sufficient to insure the truth (in our case, the state of stress or
strain in an actual biological structure). “Confirmation” implies
agreement of model results with observational (e.g., strain gauge)
data. In most cases, researchers mean “confirmation” when they
use the term “validation.” This distinction may appear semantic, but
the terms have differing roots and meanings. Further, the
distinction would be academic, except Oreskes, et al. effectively
argue, “Verification and validation of numerical models of natural
systems is impossible.” This does not mean numerical models are
not useful; quite the contrary, they are extremely useful, and
without them, contemporary air and space flight would likely be
impossible. (Realize, though, early planes and rockets were
developed without such models.) Rather, the orthopaedic surgeon
should recognize models have inherent limitations, and must pay
attention to model confirmation. However, validity of biomechanical
studies necessarily requires a context of adaptation, whether or not
explicitly considered in study design.
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or failures of the implants are different, then the an-
swer would be yes. However, one must then ask
whether such information is relevant or meaningful in
clinical terms. To a clinician (and more importantly to
a patient), the strength of implant constructs per se is
irrelevant. Whether or not the constructs are sufficient
to result in successful treatment and avoid complica-
tions is relevant. A clinical result, though, depends not
only upon initial fixation strength, but construct and tis-
sue tolerance to loads applied and subsequent tissue
adaptation. Further, from a clinical point of view, the
question of which construct is stronger is not the right
question: all might be sufficiently strong, or all inad-
equately strong, and in both cases the differences are
moot.

The likelihood of relevance arises from several im-
portant principles: 1.) The mechanical parameter* must
demonstrably relate to biological behavior; 2.) The
mechanical parameter must be obtained with meaning-
ful (“physiological”) force magnitudes and directions;
3.) The short-term tolerances of the tissues to the pa-
rameter must be explicitly addressed; 4.) The long-term
adaptability of the tissues to the parameter history, (e.g.,
strain history), must be explicitly addressed.

The first requirement for relevance relates to the
choice of mechanical parameters, always surrogates for
some biological behavior. The choice naturally depends
upon the question being asked, but critically on the time
scale of the question. One would likely choose differ-
ent parameters if the time scale of the question were
nearly instantaneous (e.g., acute fracture) in contrast
to many years (e.g., long term joint implant loosening).
It is incumbent upon a researcher to provide adequate
arguments and rationale for their choice, and to link
their choice to some biological behavior within a given
time scale. In our examples, ultimate load to failure
would be an appropriate mechanical parameter in a com-
parison of behaviors under a single load for different
constructs. On the other hand, if one is interested in
knowing whether one implant would likely lead to
greater bone mass loss from stress shielding than an-
other, ultimate load to failure would be irrelevant, and
construct stiffness (under multiple loading regimens)
would be more appropriate. Brown et al.6 demonstrated
some mechanical parameters might relate to long-term

bone adaptation, while others did not. The literature on
the relationship between the mechanical environment
and osteoarthrosis provides an example of failure to
provide adequate arguments for choice of parameter.
Most investigators report spatially peak contact stresses
as a causative factor because it is intuitive, but nonethe-
less without explicit justification based upon data.4,7,9,10

Maxian et al.,13 on the other hand, provided data sug-
gesting the likelihood of cartilage degeneration in a
dysplastic hip was related to contact stress/years, not
some simple magnitude of stress. It seems intuitive that
osteoarthrosis relates to repetitive loading, while it is
far from clear a single contact stress could reflect those
aspects of the load histor y critical to developing
osteoarthrosis. Thus, it is incumbent upon authors to
provide compelling arguments for their parameter, and
these arguments must be based upon sound logic and
plausible data.

The second requirement is the use of biologically
meaningful force magnitudes and directions when as-
certaining the parameter. Most often investigators use
a magnitude and direction of convenience: an amount
they can reasonably apply in an experimental system,
and perhaps associated with a direction at some time of
“peak” loading. This restriction does not typically apply
to a numerical simulation, where large numbers of loads
can be explored (and this is increasing with greater
computational power). Interestingly, while seldom men-
tioned, and to my knowledge never systematically ex-
plored, loads believed to be physiological in magnitude
when applied to cadaveric parts (bones, tendons, mus-
culotendinous junctions) frequently result in construct
failures or fractures.** For this reason, loads are often
applied below presumed peak load magnitudes. That
does not mean sub-peak loads are not important, for as
earlier noted, it is load history, and not merely a single
load, which determines biological response or clinical
outcome. However, any load magnitude must be justi-
fied in terms of the question.

The third requirement is an exploration of tissue tol-
erance. Tolerance in this context implies a relatively
short time frame, prior to the material and structural
alterations caused by biological adaptation. Obvious
short term deleterious responses in our example of the
fracture implant construct would include failure of the

*For any experimental or theoretical study, an investigator will
explicitly or implicitly select one or a few “surrogate” parameters or
variables which can be measured, and which are typically intended
to reflect certain behavior. In the case of the mechanical
approaches, the investigator will typically select some of the many
derivatives of force, or motion, or stress or strain, assuming they
have biological meaning. Unfortunately, such assumptions are
rarely explored or justified.

**Researchers rarely report construct failures since they are not
usually reproducible, and do not yield the information they seek.
However, this situation poses an interesting question: Why can the
parts tolerate a load in vivo which is not tolerated in vivo? Is this
because the properties of the living tissue are different as Black
reports3, or because the in vivo loads are distributed in such a way
as to result in concentrations not experienced in vivo?
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construct under a single or a few physiological load
magnitudes, or even within the number of cycles of load-
ing in the time frame prior to healing. (Total hip ar-
throplasty patients take approximately 1.1 million activ-
ity cycles per year14 or approximately 3000 steps per
day, although with wide variations of about 15 fold.18)
Most studies, however, apply a single load, and not the
repetitive loadings which would be routinely experi-
enced in vivo. (Even at the lowest level of 200 cycles
per day, how many studies of fracture constructs re-
port the numbers of cycles of loading required before
the fracture is healed at some weeks or months?) Let
us presume our study comparing two forms of fracture
fixation demonstrates failure under one or even a few
given static loading regimens with one of the implants,
but not the other. Does that mean the latter is reason-
able to use in patients? Not necessarily, because it might
fail under repetitive loading, or under a loading regi-
men not studied. On the other hand, both might effec-
tively work in vivo because either the load distribution
or the tissue properties and tolerance are different in
vivo. Thus, even for relative differences, one must ex-
ercise considerable caution interpreting meaning, par-
ticularly when the authors do not explicitly and appro-
priately explore tissue tolerance.

The fourth requirement is an explicit consideration
of adaptation to the mechanical perturbations. Some
adaptations will occur within seconds, since cells re-
spond to mechanical perturbations within that time
frame, but these will not necessarily result in clinically
significant changes. Other adaptations, (e.g., the resorp-
tion of bone around a screw), may occur within weeks,
and these changes may well affect clinical outcome.
These adaptations may result in both geometrical and
property alterations, so that the conditions at the be-
ginning of the experiment (e.g., the security of fixation)
no longer apply. The question of relevance then resides
in whether the surgical constructs result in changes of
some meaningful mechanical parameter leading to no
adaptation, beneficial adaptation, or deleterious adapta-
tion.

In this exploration, I have not emphasized the power
of various biomechanical tools. While all biomechani-
cal studies must be relevant to a living system, living
systems are difficult to study because of normal bio-
logical variations and the complexity of interaction of
many systems at many levels. Furthermore, we may
not always have a proper biological surrogate for the
behavior we wish to explore (just as we may not always
have a proper biomechanical surrogate). That said,
bench top biomechanical studies are typically more re-
peatable than in vivo experiments. Computational stud-
ies (e.g., finite element analysis) are not only absolutely
repeatable (presuming mathematical stability), but also

have the very powerful advantage that only the vari-
able of interest can be altered while keeping everything
else the same. This advantage cannot be entirely real-
ized with bench top studies, let alone in vivo experi-
ments. In a very real sense biomechanics studies can
and should be complementary to clinical observations
and experience.

The arguments I have posed suggest biological or
clinical relevance demands several features. All scien-
tific studies demand a clear question, hypothesis or goal,
which either implicitly or explicitly notes a time frame.
Biomechanical studies, however, have additional re-
quirements: 1.) A choice of a justifiable mechanical pa-
rameter which is a surrogate for relevant biological
behavior; 2.) A set of loading regimens which arguably
represent the entire range of loadings experienced in
vivo; 3.) An explicit discussion of tissue tolerance to the
mechanical perturbations of the study; 4.) When appro-
priate (i.e., the question relates to longer-term effects),
an explicit discussion of tissue adaptation over time.
While these are necessary requirements, they are not
always sufficient. Without meeting these requirements,
any “biomechanical” study should be interpreted with
great caution. When the requirements are met, on the
other hand, biomechanics as a field offers an extremely
powerful set of tools not only to explain how the body
works, but also predict the success or failure of treat-
ments prior to attempting them in patients.
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Scientifically based medical practice is still a relatively
young discipline and has been linked to technological
advances from the very beginning. The emergence from
empirical therapy to scientifically based practice con-
tinues today as we attempt to better define the ratio-
nale for our interventions and to measure the results in
a more comprehensive fashion. We have only recently
begun to take into consideration the patient’s assess-
ments of the therapy that we provide, as well as the
population that may or may not have received an inter-
vention.

To put some perspective on how that will affect the
future of academic medicine, consider some of the his-
torical perspectives. Technology transfer has been the
hallmark of much that has occurred in medicine. For
example:

• Galileo’s telescope was the precursor of the microscope
in the 1600’s. What about the evolution of practice in
the United States?

• In 1776, only 400 of the 4000 practicing physicians had
“medical licenses.”

• It was 1765 before the first degree-granting U.S. medi-
cal school was established in Philadelphia.

• The University of Michigan can arguably be awarded
the distinction of establishing the first scientific Ameri-
can university in 1837, with a separate medical school
in 1850.

• The first general anesthetic was administered success-
fully for surgery in 1846.

• The AAMC was founded in 1876.
• Johns Hopkins University affiliated with a hospital and

became Johns Hopkins Hospital in 1889.
• The x-ray was discovered by Roentgen in 1898.
• Flexnor reported on the state of medical education in

the United States in 1910, specifically condemning their
proprietary nature and commercial exploitation of
medicine. This resulted in a decrease in the number
of schools and an increase in the number of graduates
per school.

• From 1911 to 1913, the first “full time” faculty was es-
tablished at Johns Hopkins Hospital.

• There was a gradual evolution in compliance with na-
tionally based standards over the next 40 years to a
base of 79 accredited medical schools and 5000+ gradu-
ates per year by 1950 (only 16 new schools in 50 years).

Based on the need for more medical personnel be-
tween 1960 and 1980, and with the stimulus of federal
funding, 40 new schools and double enrollment in most
schools occurred with 15,000 graduates in 1980. Con-
comitant with this focus on a more uniform educational
product was the technological explosion associated with
the space age and the establishment of healthcare as a
right for the majority of our population. This coincided
with the enactment of Medicare and the formation of
employer based health plans. The hospitals associated
with our medical schools as teaching hospitals were, in
general, providing care to indigent patients who could
not afford “private medical care”. That began to change
drastically as the faculty supervising those educational
ventures were now being reimbursed for their activi-
ties on a usual and customary basis. Faculty were sud-
denly placed in the position of competing with commu-
nity physicians and as they successfully did so, their
ranks grew dramatically with a constant swelling of
demand to be academically competitive as well as com-
petitive in the community. During this timeframe, ma-
jor technological and biological applications emerged
(e.g., total hip replacement). Device manufacturers were
suddenly in a position to develop, create and market
new equipment, designed in collaboration with practic-
ing surgeons (many of whom were in academic envi-
ronments). The companies and consultants were then
able to make substantial profit from the cost based re-
imbursement policies of third party payers. Beginning
in the late 60’s, the faculty were being well paid for their
clinical work, and their creativity and energy allowed
them to divert substantial amounts of practice based
revenues into the formation of research laboratories.
Some of these laboratories became successful in com-
peting for sponsored research funds. Others survived
on the revenues of the clinical income or contracts with
medical industrial units, growing in numbers as well in
size over the last two decades. More recently, there have
been drastic reductions in compensation for services
to hospital and physicians, and acceptance by some in
the late 1990’s that we have “too many specialists”; at
the same time, increased reporting requirements and
demands for prompt efficient service have increased the
costs of practice and eliminated opportunities to con-
serve and consolidate resources. All of the above have
placed greater demands on the clinicians in academic
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settings to be more competitive with their community
peers. To the point, if they can’t match the quality of
service and provide a competitive bid, they won’t have
patients.

As we move into the next decades, there will be cer-
tain common objectives for each department and cer-
tain desirable objectives for others. If we look at the
objectives for an academic department, they can be
readily divided into education, patient care and contri-
bution to new knowledge. First is education, since with-
out the responsibility of teaching, there is no “academic”
mission in the society in which we live. That is not to
say that in the future there may be further separation
of academic roles, so that teaching may become com-
partmentalized from research (for allocation of re-
sources, if for no other reason). The educational bench-
marks for postgraduate training as set by the ACGME,
interpreted by the residency review committees, and
validated for trainees by the appropriate boards, have
left little room for deviation from the common accept-
able educational objectives of training programs. How-
ever, the emphasis that these educational objectives
receive in individual programs varies substantially and
the threshold is exceeded by some on a regular basis
and barely achieved by others on a more sporadic ba-
sis. In contrast, the threshold for medical student edu-
cation in our discipline is not in our control on a na-
tional basis and with rare exceptions, even on a local
basis.

Educational activities for the future will of course be
a primary driving force for us. On a national basis, the
full time core faculty are probably doing less direct
teaching now than we were 30 years ago. As listed on
the AAOS web site, 58 percent of orthopaedic surgeons
in full time clinical practice in the United States during
the period from 2000-2001 also had teaching responsi-
bilities and spent, on average, six hours per week in
this activity. Of those with teaching responsibilities, 46
percent taught orthopaedic residents or fellows, 34 per-
cent medical students and 72 percent other medical
personnel. Of the total time spent teaching by ortho-
paedic surgeons, the majority of time is spent teaching
residents or fellows and these are orthopaedic surgeons
seeing 23 new patients per week, providing 72 follow-
up visits per week and six emergency visits per week,
with 17 closed treatments of fractures or dislocations
per month, 23 ambulatory surgeries per month, 11 in-
patient surgeries per month, and assistance in five ad-
ditional surgeries per month. That average surgeon is
practicing 47 weeks per year and works 56 hours per
week (down 4 hours/week since 1997). Of the
orthopaedists surveyed in the 2000-2001 query, 70 per-
cent of the respondents were teaching with no compen-
sation. Approximately 20 percent of the teachers were

full time and another 8 percent were part time with
some compensation for teaching.

The scope of patient care will be quite varied in or-
thopaedic departments based on the demands and ex-
pectations from its parent institution and the geographic
location of the program. The ultimate objective in ev-
ery program should continue to be delivery of the high-
est quality of care to all patients for whom they have
responsibility. The goal is hopefully shared by all of our
disciplines. However, the access to appropriate patient
resources to fulfill the educational mission of the clini-
cal departments will continue to challenge many. Among
the challenges facing academic medicine today are phy-
sician capacity problems. The shifting demand on the
part of the consumer for better choice is making the
future of primary care providers very uncertain com-
pared to the presumptions of five years ago. The in-
crease in non-physician providers and the right mix of
specialists continues to evade the marketplace needs,
and we swing through a wide pendulum of supply and
demand in all of these areas. There will always be the
need for primary care providers, particularly in the
smaller communities that cannot sustain the require-
ments for specialty care because of a small population
base; the need for primary access to healthcare by small
communities for triage and referral will always be there,
but in much of the world it is not filled by physicians.
Certainly, in rural states it continues to be a challenge
for us to provide appropriate physician coverage.

The third component of academic medicine is con-
sidered to be research. This is the least well defined
and only area not controlled by some certifying body
or credentialing arm of either a voluntary organization
or government sponsored agency. The objectives for
clinical departments in this area in the past 30 years
have become better aligned, as required by the resi-
dency review committees, but there are wide dispari-
ties in the level of involvement from one department to
another.

Research is going through a major change at this
point in time. The loss of dollars from the clinical en-
terprise and the decreasing numbers of clinical scien-
tists are changing the face of research in all of clinical
medicine, particularly so in orthopaedics. Changes at
the university level will include new reporting require-
ments for clinical research, including chart reviews
which currently must be cleared by the IRB at most
institutions. The new HIPAA threatens much of the clini-
cal research that we have taken for granted in the past.
Some universities are requiring certification of educa-
tion in “responsible conduct of research”. As the com-
pensation for professional services has ratcheted down
across the board in orthopaedics, the availability of such
funding is disappearing. For a clinician in academic
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medicine to live on an income of 50 to 75 percent of his
private practice peers’ when their base salary was
$400,000 to 500,000 was tolerable, but it becomes a dif-
ferent ballgame when that base is down to $200,000.
This, of course, does not provide a margin for funding
research projects in clinical departments. Fortunately,
the availability of research from NIH has continued to
increase annually over the last 30 years; orthopaedics
as a research entity, however, has not faired well. In
1994, we received 0.30 percent of the total NIH budget
and under the current projections by the year 2003, we
will only be accessing 0.07 percent of the total. It is no
surprise that the percent of MD’s as PI’s on these grants
is declining in orthopaedics as well as all other disci-
plines. We went from 33 percent of the awards in 1994
to 17 percent in 1997.

Certain orthopaedic departments have been success-
ful in maintaining NIH funding, with 32 of 161 depart-
ments receiving awards in 1994 and 36 of 161 in 1997.
Somewhat disturbing in this analysis is that only 63 of
the 161 departments could be identified as having
PhD’s, while 169 PhD’s were listed in the ORS mem-
bership as residing in orthopaedic departments. The
obvious question is where are we going to get the funds
for those departments without NIH support as the clini-
cal dollars shrink to maintain Ph.D. support? This sug-
gests to me that the future of research in our discipline
will be concentrated in the few centers that can create
an environment where dedicated clinicians collaborate
with interested PhD’s to craft a focused program that
is transitional between emerging science and clinical
medicine. To do this, we must create a nurturing envi-
ronment for clinician scientists. Following an Institute
of Medicine report on the dire projections for the fu-
ture of the “clinical investigator,” the NIH director initi-
ated a task force in 1995 to address the scope of this
problem. Most universities have taken advantage of this
opportunity to obtain training grants for clinical science
development, and there is some optimism that we may
turn the tide on the clinical investigator as time goes
on. The other burgeoning source of research funds is
industrial. The number of presenters at AAOS programs
who are receiving benefits from commercial resources
represents a staggering percentage of our discipline’s
productivity.

In the 1960’s there was a beginning of understand-
ing of cell biology; the morphology of the osteon was
described by Dr. Reginald Cooper in 1966. This was in
stark contrast to the clinical environment in the 1960’s,
during which time most of our literature focused on
plaster techniques, traction techniques, open reduction/
internal fixation of hip fractures, hemi-arthroplasties,
pelvic osteotomies for CDH, and the emerging specialty

of hand surgery. Surgical treatment for arthritis began
to develop in the 70’s with joint replacement and spine
surgery, followed by advances in infection control, ap-
plied biomechanics, and the use of blood products. In
the 1980’s, there was a merger between cell biology and
biomechanics to establish an improved understanding
of the pathophysiology behind response to injury and
disease. The clinical field in the 1980’s was devoted to
second generation arthroplasties and the expansion of
arthroscopic surgery and fracture care by closed means.
In the 1990’s, we began to see the first evidence based
analysis of outcomes, more sophisticated arthroscopic
techniques, the use of bone substitutes, and the emer-
gence of biologic manipulation. A better understanding
of the subcellular mechanisms of disease resulted from
advances in genetic and molecular biology, the techno-
logical explosion of investigative tools, and their incor-
poration into clinical research. In some areas, however,
we’ve made little progress. For example, the first de-
scriptions of the “Jones procedure” for ACL repair (pa-
tellar tendon substitution) were during the period from
1963 to 1968; we still rely heavily on that technique.
Spine surgery has advanced with technology but we
continue to apply the same basic principles of arthrod-
esis to the spine.

That leads us to a clear question that becomes a fork
in the road. Can or should we be driven by technologi-
cal advances? It is the responsibility of the full time fac-
ulty to determine the curriculum for their students. It
is not practical for many, if any, full time faculty to teach
all of the curriculum necessary in today’s environment.
I would submit that the challenge for the future of the
academic clinical department is to define what we need
to teach and how to go about teaching it, while combin-
ing that with how to attract the ardent teacher who con-
tributes so greatly to our educational milieu. As tech-
nology and the body of knowledge encompassed by our
discipline expands, it will become more difficult to main-
tain a uniform level of excellence from our trainees on
a national basis, where tallying procedures may become
less important than understanding the basic principles
of surgery. The days of recruiting new faculty to fill a
slot in an emerging discipline are gone in most academic
centers, as the competition for patient volume neces-
sary to support such an individual is fierce in most clini-
cal environments. In most communities, one can find
dedicated private practitioners who are available to teach
and participate in the education of the residents. Cre-
ative solutions are needed to make it attractive for the
training program as well as the clinician to assume those
responsibilities. In areas where community based clini-
cians are unavailable or not interested in providing the
necessary quality of education, alternative plans must
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be developed. In most communities with academic cen-
ters, there are a number of community based practitio-
ners interested in playing a role in both worlds. The
challenge to our leadership is to create a full time aca-
demic environment which is more attractive than a com-
munity based practice. In many departments, there will
be an increased interface between full time and part
time faculty. The question is how will these two cultures
achieve harmony in meeting the academic mission at a
global level? The answer is obvious: “mutual respect and
collegiality”. Key elements of providing these compo-
nents include the following: intellectual equality, com-
mon working conditions, similar overhead (dean’s com-
mitment, office expenses, and educational support),
comparable access to resident coverage, similar univer-
sity titles, equal roles in student education, as well as
access to research resources in a predetermined man-
ner.

A single element of uniformity that applies to almost
all full time academicians is their devotion to research.
For that reason, it is essential that full time faculty have
priority access to the university’s research resources.

The second and more important responsibility is over-
seeing the program’s educational content and environ-
ment. Performance requirements should ultimately rest
in the hands of the full time faculty to prevent a return
to a pre-Flexnerian model of education. The challenges
to provide adequate clinical exposure with appropriate
supervision will be many, and the continued focus on
ambulatory care will require new solutions for funding
of graduate education.

The expansive evolution of basic science research
and clinical practice over the last 40 years puts some
perspective on the importance of the technological edu-
cation of our residents. Science is advancing at such a
pace that our current technology may soon be obso-
lete. However, the need for a basic understanding of
injury and repair at the molecular and cellular level will
continue to be an essential building block for the
orthopaedists of the future.
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current Alumni list.  Changes and additions may be addressed to diana-johannes@uiowa.edu.

R. Marshall Ackerman, M.D.
9715 Med Center Drive, #415
Rockville, MD  20850
Resident 1966-1969

Brian D. Adams, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Resident 1984-1987
Staff 1993-present

Cemal M. Adli, M.D.
600 S. Rancho Drive, #107
Las Vegas, NV  89106

Seymour M. Albert, M.D.
100 Sand Point Road
Longboat Key, FL  34228-3907
Resident 1940-1943

John P. Albright, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Staff 1971-present

Fernando Aleu, M.D.
70 East 55th Street
New York, NY  10022
Fellow 1954-1955

David Allmacher, M.D.
2425 S. Colorado Boulevard #270
Denver, CO  80222
Resident 1997-2001

James D. Always, M.D.
6520 North 41st Street
Paradise Valley, AZ 85253
Resident 1954-1957

Ned Amendola, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Staff 2001-present

Dennis Andersen, M.D.
St. Mary’s Med Center
3807 Spring Street
Racine, WI  524059982
Fellow 1994-1995

Leon Armalavage, M.D. (ret)
509 Neapolitan Way
Naples, FL  34103

Jasbir Arora, M.D.
2980 Dubuque Street NE
Iowa City, IA  52240-7915

J. Garcia Arosemena, M.D.
Clinica San Fernando
Post Office Box 461
Panama, 9A
CENTRAL AMERICA
Resident 1953-1955

Stephen Ash, M.D.
Iowa Orthopaedic Center, P.C.
411 Laurel Street, Suit 3300
Des Moines, IA  50314

Dennis Assenmacher, M.D.
1050 Isaac Street Drive #122
Oregon, OH  43616-3207
Resident 1970-1974

William Baird, M.D. (ret)
3911 Stone Brooke Circle
Ames, IA  50010-4174
Resident 1948-1951

W. Timothy Ballard, M.D.
Center for Sports Medicine &

Orthopaedics
2415 McCallie Avenue
Chattanooga, TN  37404
Resident 1990-1995

James M. Banovetz, M.D.
2501 Min Street
Stevens Point, WI  54481
Fellow 1995-1996

M. Bruce Bardenstein, M.D. (ret)
6420 Hills Drive
Bloomfield Hills, MI 48301
Resident 1954-1957

Samuel Barley, M.D.
Orthopaedic Clinic
Dubois Regional Med Center
100 Hospital Avenue
DuBois, PA  15801

Charleton Barnes, M.D.
3615 Hospital Road
Pascagoula, MS  39581

Robert M. Barnett Sr., M.D.
5616 Highway 61
Silver Bay, MN  55614
Resident 1953-1956

Jerome Bashara, M.D.
1801 Hickman Road
Des Moines, IA  50314

Jorge Basora, M.D.
Address Unknown

Robert Bass, M.D.
Univ of Texas S.W. Med School
5323 Harry Hines Boulevard
Dallas, TX  75235-8883
Resident 1988-1993
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George Bassett, M.D.
Mid-County Ortho & Sports Med
721 S. New Ballas Road
St. Louis, MO  63141
Resident 1976-1981

Thomas Beck, M.D.
Iowa Lakes Orthopaedics, P.C.
2309 23rd Street
Spirit Lake, IA  51360

Jerry Becker, M.D.
1489 State Street
Salem, OR  97301
Resident 1962-1966

Lawrence Bell, M.D.
The Greenridge
1200 Sharon Road
Beaver, PA  15009
Fellow 1983-1984

Donald Berg, M.D.
1005 East Pennsylvania
Ottumwa, IA  52501

Richard Berger, M.D.
Mayo Clinic, Orthopaedic Surgery
200 First Street S.W.
Rochester, MN  55905
Resident 1984-1989

J. Sybil Biermann, M.D.
Comprehensive Cancer Center
University of Michigan
1500 E. Medical Center Drive
Ann Arbor, MI  48109-0328
Resident 1987-1992

John Bishop, M.D.
4893 N. Hollow Lane
Boise, ID  83702
Resident 1969-1972

Arcelino Bitar, M.D.
Rua Eduardo Guinle 23, #204
Rio de Janeiro, RJ
BRAZIL
Fellow 1944-1945

Donald Blair, M.D.
Calvin West Apt 3140
4210 Hickman Boulevard
Des Moines, IA  50310
Resident 1948-1951

William Blair, M.D.
Steindler Orthopaedic Clinic
2403 Towncrest Drive
Iowa City, IA  52240
Staff 1980-1997

Clifford Boese, M.D.
Miller Orthopaedic
One Edmundson Place, Suite 500
Council Bluffs, IA  51503

William Boettcher, M.D.
1221 Madison Street #1012
Seattle, WA  98104
Resident 1966-1969

Susan Bonar, M.D.
Rock Hill Medical Plaza North
6675 Holmes Road
Suite 360, Floor 3
Kansas City, MO  64131
Resident 1989-1994

Daniel Borgen, M.D.
3366 Oakdale Ave N, 103 & 203
Minneapolis, MN  55422
Resident 1970-1974

Wouter Bosch, M.D.
2525 S. Union Avenue, #300
Tacoma, WA  98405
Resident 1964-1969

William Boulden, M.D.
1601 NW 114th Street, Suite 142
Des Moines, IA  50325

Thomas Boyce, M.D.
1530 N. 115th Street #303
Seattle, WA  98133
Resident 1972-1975

David Boyer, M.D.
2085 5th Street, #120
Black Hills Orthopaedic Clinic
Rapid City, SD  57701
Resident 1970-1975

Richard Brand, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Staff 1974-present

Celio Brandao, M.D.
Univ Federal di Rio de Janeiro
Rio di Janeiro
RJ Cep 20531-070, BRAZIL
Resident 1954-1957

Robert Breedlove, M.D.
1301 Penn Avenue, #213
Des Moines, IA  50316

Jack Brindley, M.D.
1005 E. Pennsylvania #201
Ottumwa, IA  52501

Mark Brodersen, M.D.
4500 San Pablo Road
Jacksonville, FL  32224

John Broms, M.D.
1308 Hanover Lane
Ventura, CA  93001
Resident 1962-1965

Andrew Brown, M.D.
1501 North Campbell Avenue
Post Office Box 245064
Tucson, AZ  85724-5064
Fellow 1996-1998

George Brown, M.D.
Univ of New Mexico Health

Science
Dept of Orthopaedics and Rehab
Albuquerque, NM  87131-5296

S. Pearce Browning III, M.D.
5 Case Street
Norwich, CT  06360
Fellow 1961

Peter Buck, M.D.
McFarland Clinic
Post Office Box 3014
Ames, IA  50010
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Joseph Buckwalter, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Resident 1975-1977
NIH Research Fellow 1977-1978
Resident 1978-79
Staff 1979-present

Suhail Bulos, M.D.
590 Rue Hamra
American University Medical

Center
Beirut, LEBANON

Ronald Bunten, M.D.
3006 SW 18th Street
Des Moines, IA  50315
Resident 1965-1968

R. Scott Cairns, M.D.
850 Mt. Carmel
Dubuque, IA  52003

John Callaghan, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Resident 1978-1983
Staff 1990-present

Barbara Campbell, M.D.
223 S. Pleasant Avenue, #301
Somerset, PA  15501
Fellow 1984-1985

William Capello, M.D.
541 Clinical Drive #600
Indianapolis, IN  46202
Resident 1970-1974

Brian Thomas Carney, M.D.
Shriner’s Hosp for Crippled

Children
1900 Richmond Road
Lexington, KY  40502
Fellow 1986-1987

Ronald Carter, M.D.
400 Kenne Street, Box O
Columbia, MO  65201
Resident 1970-1974

Charles Cassel, M.D.
Ortho and Rheumatology

Associates
1414 West. Lombard Street
Davenport, IA  52804-2151
Resident 1980-1985

George Chambers, M.D. (ret)
4476 Rodney Road
Jordan, AR  72519
Fellow 1951-1952

Joseph Chandler, M.D.
5671 Peachtree Dunwoody Rd,

#700
Atlanta, GA  30342

Laurette Chang, M.D.
Address Unknown

Phyllis Chang, M.D.
Univ of Iowa Hospitals & Clinics
Departments of Plastic/Ortho

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Staff 1989-present

Joseph Chen, M.D.
Univ of Iowa Hospitals & Clinics
Department of Plastic Surgery
200 Hawkins Drive
Iowa City, IA  52242
Staff 2000-present

Christopher Chenault, M.D.
1015 East 32nd Street, #101
Austin, TX  78705
Resident 1968-1971

Charles Clark, M.D.
Univ of Iowa Hospitals & Clinics
Department of Plastic Surgery
200 Hawkins Drive
Iowa City, IA  52242
Staff 1979-present

Winfred Clarke, M.D. (ret)
950 Atwater Road
Lake Oswego, OR  97034-2124
Resident 1945-1947

Albert Coates, M.D.
600 7th Street S.E.
Cedar Rapids, IA  52401

Lisa Coester, M.D.
Physician’s Clinic of Iowa, Inc.
600 7th Street S.E.
Cedar Rapids, IA  52401-2152
Resident 1997-2001

Herbert Cohen, M.D.
945 5th Avenue
New York, NY  10021
Fellow, 1946-1947

Nathan Cohen, M.D.
10623 Stonebridge Boulevard
Boca Raton, FL  33498

Don Coleman, M.D.
Univ of Utah Med Center
50 North Medical Drive
Salt Lake City, UT  84132
Resident 1980-1984

Patrick Collalto, M.D.
24 Chamberlain Road
Flemington, NJ  08822
Fellow 1985-1986

Dennis Collis, M.D.
1200 Hilyard, #S600
Eugene, OR  97401
Resident 1967-1970

Ben Colloff, M.D.
1333 Jones Street #1510
San Francisco, CA  94109
Fellow 1946-1946

Ralph Congdon, M.D.
Ortho and Rheumatology

Associates
1414 West Lombard Street
Davenport, IA  52804
Resident 1969-1972
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Rololfo Consentino, M.D.
Diagonal 173 #2575
La Plata, ARGENTINA

Neil Conti, M.D.
204 Clear Lake Drive
Simpsonville, SC  80396

William Conway, M.D.
Medical Univ of S. Carolina
Department of Radiology
171 Ashley Avenue
Charleston, SC  29425
Resident 1981-1983

Douglas Cooper, M.D.
Marshalltown Orthopaedics, PC
312 E. Main Street #2400
Marshalltown, IA  50158
Resident 1988-1993

Reginald Cooper, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Resident 1957-1960
Staff 1965-present

Ralph Cotton, M.D.
130 Vine Street
Denver, CO  80206

Lewis Cozen, M.D.
Post Office Box 351567
1133 S. Alfred Street
Los Angeles, CA  90035
Fellow, 1935-1936

Michael Crane, M.D.
Mason City Clinic
250 S. Crescent Drive
Mason City, IA  50401

Haemish Crawford, M.D.
Auckland Bone and Joint Surgery
Ascot Hospital, Level 1
90 Greelane Road E., Private Bag

289
Auckland, NEW ZEALAND
Fellow  1998-1999

O.L. Creebo, M.D.
24055 Paseo Del Lago West
Manor 103
Laguna Woods, CA  92653-2637

Mark Creighton, M.D.
182 West Montauk Highway
Hampton Bays, NY  11946
Resident 1991-1996

James Crouse, M.D.
Cedar Valley Med Specialists PC
1753 W. Ridgeway Ave, #103 B
Waterloo, IA  50702

Jeffrey Davick, M.D.
Des Moines Orthopaedic

Surgeons
6001 Westown Parkway
West Des Moines, IA  50266

Thomas DeBartolo, M.D.
Mason City Clinic, P.C.
250 S. Crescent Drive
Mason City, IA  50410

William DeCesare, M.D.
1077 Bittersweet Road
Eau Claire, WI 54701
Resident 1973-1977

Thomas DeCoster, M.D.
Dept of Ortho Surgery
University of New Mexico
2211 Lomas Boulevard N.E.
Albuquerque, NM  87131-5296
Fellow 1985-1986

Philip Deffer, M.D.
NW Iowa Bone, Joint and Sports

Surg
1200 1st Ave E, Suite C
Spencer, IA  51301

Donald Delahanty, M.D.
Rural Route 2, Box 331
Auburn, NY  13021
Resident 1952-1956

Arnold Delbridge, M.D.
164 West Dale Street
Waterloo, IA  50703

Randy Delcore, M.D.
1335 N. Northfield Road, #200
Cedar City, UT  84720
Resident 1990-1995

Fernando DiMaio, M.D.
Via Nomentana Nuova 117
00141, Rome, ITALY

Frederick Dietz, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Resident 1977-1981
Research Fellow 1981-1982
Resident 1982-1983
Pediatrics Fellow 1983-1984
Staff 1984-present

Brian Divelbiss, M.D.
Dickson-Diveley Midwest Ortho

Clinic
Medical Plaza Bouiding I,

Suite 610
4320 Wornall Road
Kansas City, MO  64111
Fellow 2000-2001

Matthew Dobbs, M.D.
Washington Univ School of

Medicine
Dept of Orthopaedics, Suite 1130
One Barnes Jewish Hospital Plaza
St. Louis, MO  63130
Resident 1995-2000

Julie Dodds, M.D.
Michigan State University
2900 Hannah Boulevard #104
East. Lansing, MI  48823
Fellow 1990-1991

Richard Donaldson, M.D.
Suite E-580 Memorial Med

Building
725 Glenwood Drive
Chattanooga, TN  37404

J. Michael Donohue, M.D.
2309 23rd Street
Spirit Lake, IA  51360
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Lawrence Donovan, M.D.
2309 23rd Street
Spirit Lake, IA  51360

William Dougherty, M.D.
520 Valley View Drive
Moline, IL  61265
Resident 1964-1968

Daniel Downs, M.D.
Jackson County Orthopedics, Inc.
810 NW St. Mary’s Drive #101
Blue Springs, MO  64014
Fellow 1981-1982

Randall Dryer, M.D.
6818 Austin Center Blvd #200
Austin, TX  78731-3165
Resident 1977-1982

Marvin Dubansky, M.D. (ret)
3660 Grand Avenue #540
Des Moines, IA  50312
Resident 1951-1954

John Durham, M.D.
N. Arizona Orthopaedics Inc
77 W. Forest Avenue, #302
FlagStaff, AZ  86001-1849
Fellow 1990-1991

Michael Durkee, M.D.
Steindler Ortho Clinic, PC
2403 Towncrest Drive
Iowa City, IA  52240

Edward Dykstra, M.D.
Steindler Ortho Clinic, PC
2403 Towncrest Drive
Iowa City, IA  52240

Kevin Eck, M.D.
Physician’s Clinic of Iowa, PC
600 Seventh Street SE
Cedar Rapids, IA  52401

Raymond Emerson, M.D.
250 S. Crescent Drive
Mason City Clinic
Mason City, IA  50401
Resident 1976-1979

George Emodi, M.D.
Immanuel Plaza West
6828 N. 72nd Street #7500
Omaha, NE  68122
Resident 1990-1995

William Engber, M.D.
Univ of Wisconsin Med Center
600 Highland Avenue
Madison, WI  53792
Fellow 1976

William W. Eversmann, M.D. (ret)
700 7th Street S.E.
Cedar Rapids, IA  52401-2112

Daniel Fabiano, M.D.
Physician’s Clinic of Iowa, PC
600 Seventh Street S.E.
Cedar Rapids, IA  52401

Bobbi Farber, M.D.
St. Francis Park Building H, #104
Columbus, GA  31904
Resident 1983-1988

Jeffrey Farber, M.D.
Iowa Orthopaedic Center, PC
411 Laurel Street #3300
Des Moines, IA  50314

C. Baring Farmer, M.D.
Orthopaedic Medical Clinic
Post Office Box 13560
San Luis Obispo, CA  93406
Fellow 1965

Margaret Fehrle, M.D.
Marshalltown Orthopaedics, PC
312 E. Main Street
Marshalltown, IA  50158
Resident 1991-1996

Joseph Feinberg, M.D.
Kessler Institute for Rehabilitation
Pleasant Valley Way
West Orange, NJ  07052
Fellow 1986-1987

Joe Fellows, M.D.
Des Moines Ortho Surgeons, PC
6001 Westown Parkway
West Des Moines, IA  50266

Glen Feltham, M.D.
Hess Ortho Center and Sports Med
1992 Medical Avenue
Harrisonburg, VA  22801
Fellow 2000-2001

Ray Fenner, M.D.
1103 38th Avenue E.
Seattle, WA  98112
Resident 1964-1967

David Field, M.D.
Westside Ortho Neuro, PC
4005 Westmark Drive #200
Dubuque, IA  52002

Darrell Fisher, M.D.
Mason City Clinic, PC
250 S. Crescent Avenue
Mason City, IA  50401

Richard Fitzsimmons, M.D.
16661 Loie Street
Loma Linda, CA  92886

Marshall Flapan, M.D.
Iowa Orthopaedic Center, PC
411 Laurel Street, #3300
Des Moines, IA  50314

Adrian Flatt, M.D.
George Truett James Ortho Institute
Baylor University Medical Center
3500 Gaston Avenue
Dallas, TX  75246-9990
Staff 1956-1979

William Fellows, M.D.
Northwest Iowa Bone, Joint and

Sports
1200 1st Avenue E, Suite C
Sepncer, IA  51301

Teri Scott Formanek, M.D.
Iowa Orthopaedic Center, PC
411 Laurel #3300
Des Moines, IA  50314

Ernest Found, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Staff 1987-present
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Kermit Fox, M.D. (ret)
2809 Townes Lane
Austin, TX  78703
Postgraduate 1945-1946

Thomas Fox, M.D.
1027 Bellevue Ave #LL20
St. Louis, MO  63117
Resident 1979-1984

Albert Freedman, M.D.
941 Lawton Place
Depere, WI  54115
Resident 1941-1944

Morris Friedman, M.D.
1522 Meadow Trail
South Bend, IN  46614
Fellow 1940-1941

Barry Friedman, M.D.
12396 Grande Court
San Diego, CA  92128
Resident 1947-1950

Edgar Frigerio, M.D.
Arroyo 863
Buenos Aires, ARGENTINA
Fellow 1957-1958

Guy Frumson, M.D.
Northland Orthopaedic Group
Graham Medical Center #102
Florissant, MO  63031

Michael Fulton, M.D.
3127 W. Int’l Speedway Boulevard
Daytona Beach, FL  32124
Resident 1974-1978

Thomas Fyda, M.D.
845 Aitken Street
Reno, NV  89502
Resident 1991-1996

Kyle Galles, M.D.
Iowa Orthopaedic Center, PC
411 Laural Street #3300
Des Moines, IA  50314
Resident 1987-1991

Webster Gelman, M.D.
18 Colwyn Court
Iowa City, IA  52240
Fellow 1946-1947

Timothy Gibbons, M.D.
Mason City Clinic
250 S. Crescent Drive
Mason City, IA  50401
Fellow 1994-1995

Jay Ginther, M.D.
Cedar Valley Medical Center
1753 West Ridgeway #103A
Waterloo, IA  50701

J. Randy Gipple, M.D.
1225 S. Gear Avenue, Suite 159
West Burlington, IA  52655

Robert Gitchell, M.D.
McFarland Clinic, PC
1215 Duff Avenue
Ames, IA  50010
Resident 1968-1972

Jon Glaser, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Fellow 1988-1989

James Gluck, M.D.
Kansas Orthopaedic Center
1507 West 21st Street
Wichita, KS  67203
Fellow 1990-1991

Devon Goetz, M.D.
Des Moines Ortho Surgeons, PC
7001 Westown Parkway
West Des Moines, IA  50266
Resident 1987-1992

Walter Gower, M.D.
1000 East 1st Street #404
Duluth, MN  55805
Resident 1968-1971

Abron Grandia, M.D.
3508 Rosenburg Lane
Godfrey, IL  62035
Resident 1958-1961

John Grant, M.D. (ret)
McFarland Clinic, PC
1215 Duff Avenue
Ames, IA  50010

Kirk Green, M.D.
412 Stone Circle
West Des Moines, IA  50265

Robert Greenberg, M.D.
41 Wahconah Street
Pittsfield, MA  01201
Fellow 1999-2000

Thomas Greenwald, M.D.
McFarland Clinic, PC
Post Office Box 3014
Ames, IA  50010

Leon Grobler, M.D.
Sun Valley Orthopaedic Surgeons
14506 W. Granite Valley Drive #205
Sun City West, AZ  85375
Staff 1999

Arnis Grundberg, M.D.
Des Moines Ortho Surgeons, PC
6001 Westown Parkway
West Des Moines, IA  50266
Resident 1966-1969

James Guyton, M.D.
1400 S. Germantown Road
Memphis, TN  38138
Resident 1985-1990

Gregory Guyton, M.D.
The Univ of N. Carolina Hospitals
Ortho Surgery of the Foot and

Ankle
UNC School of Medicine
CB 7055 Burnett-Womack Bldg
Chapel Hill, NC  27599-7055
Resident 1993-1998

James Hackett, M.D.
N84 W16889 Menomonee Ave
Menomonee Falls, WI  53051
Resident 1974-1978

Nancy Hadley-Miller, M.D.
Johns Hopkins Medical Center
601 North Caroline Street
Baltimore, MD  21287-0882
Fellow 1987-1989
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Robert Hall, M.D.
790 Wellington #204A
Grand Junction, CO

Eugene Hanavan, M.D.
1088 Delaware Avenue #10-H
Buffalo, NY  14209

Harris Hanson, M.D.
1 Medical Park Drive
Helene, MT  59601
Fellow 1993

T.C. Harper, M.D.
541 West Second Street
Reno, NV  89503
Fellow 1947

Irwin Harris, M.D.
VMPA Good Samaritan Health
10 East 31st Street
Post Office Box 1990
Kearney, NE  68848

William Harris, M.D.
Orthopaedic Biomechanics Lab
Massachusetts General Hospital
GrJ 1126, 32 Fruit Street
Boston, MA  02114
Resident 1956-1958

Robert Hart, M.D.
Oregon Health Sciences Univ
Section of Spine Surgery
3181 SW Sam Jackson Park Rd L47
Portland, OR  97201
Resident 1992-1997

David Hart, M.D.
Iowa Medical Center, PC
600 7th Street SE

James Hayes, M.D. (ret)
552 Isley Place
Burlington, NC  27215

Richard Henderson, M.D.
CB7055 Univ of N. Carolina
Division of Ortho Surgery
Chapel Hill, NC  27599
Resident 1980-1985

Ronald Henderson, M.D.
3820 Priweeton Way
Medford, OR  97504
Resident 1989-1990

Allen Henry, M.D.
3950 N. Riverside Drive
Indiatlantic, FL  32903

Steven Herbst, M.D.
Dept of Orthopaedics #400
3333 N. Calvert Street
Baltimore, MD  21218
Resident 1996-2001

Jose Hernandez-Hermoso, M.D.
Cirugia Orthopedica Y

Traumatologia
Clinica San Jose
Monegal, 1-Cadiz 6
Barcelona, SPAIN

Edgar Hicks, M.D.
Ihle Orthopaedic Clinic Ltd.
836 Richard Drive
Eau Claire, WI  54701
Resident 1974-1978

Daniel Hinkin, M.D.
2600 Anderson Avenue
Manhattan, KS  66502
Fellow 1988-1989

John Hoffman, M.D.
3385 Deter Court #300
Davenport, IA  52807-3471

Robert Hoffman, M.D.
Naval Hospital
Naples, ITALY
PSC827 Box 45
FPO, AE  09617
Resident 1994-1999

Howard Hogshead, M.D.
1325 San Marco Boulevard
Jacksonville, FL  32207
Resident 1960-1964

Jon Hop, M.D.
370 N. 120th Avenue, #20
Holland, MI  49424

Gerald Howe, M.D.
8 Heraldia Lane
Hot Springs Village, AR  71909
Resident 1954-1959

John R. Huey, M.D.
Post Office Box 769
Okoboji, IA  51355

John Hughes, M.D.
627 Shadycrest Drive
312 E. Main Street
Kewanee, IL  61443

John Hugus, M.D.
3000 Westhill Drive #300
Wausau, WI  54401
Resident 1982-1987

Cass Igram, M.D.
Iowa Orthopaedic Center, PC
411 Laurel #3300
Ds Moines, IA  50314

Shiro Inoue, M.D.
Dept of Ortho Surgery
Kyoto Prefectural Univ of Med
Hirokog Kawaramachi, JAPAN

William Irey, M.D.
Orthopaedic Surgery Associates, PC
1414 West Lombard Street
Davenport, IA  52804

Richard Jacobs, M.D.
41 Linda Court
Delmar, NY  12054
Resident 1965-1969

Paul Jacobson, M.D.
Cleveland, OH  44121
Fellow 1993-1994

Thomas Jacobson, M.D.
575 Sioux Point Road
Dakota Dunes, SD  57049

Sylwester Jakubowski, M.D.
Piekarska 5-9
Warsaw, POLAND 00-264

Stanley James, M.D.
2895 Arline Way
Eugene, OR  97403
Resident 1964-1967

Wayne Janda, M.D.
Steindler Orthopaedic Clinic, PC
2403 Towncrest Drive
Iowa City, IA  52240
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Jay Jansen, M.D.
1313 13th Street South
Post Office Box 550039
Birmingham, AL  35205
Resident 1992-1998

Peter Jebson, M.D.
Univ of Michigan Med Ctr
Box 0328
Second Level Taubman Center
Ann Arbor, MI  48109
Fellow 1995-1996

John Jewett, M.D.
Orthopaedic Clinic, PA
515 West S.R. 434 Suite 210
Longwood, FL  32750

Jerry Jochims, M.D.
1225 S. Gear Avenue, #159
West Burlington, IA  52655
Resident 1971-1975

Rodney Johnson, M.D.
Iowa Orthopaedic Center, PC
411 Laurel Street #3300
Des Moines, IA  50314

Robert Johnson III, M.D.
Dept of Ortho and Rehabilitation
Section of Sports Medicine
University of Vermont, Stafford

Hall
Burlington, VT  05405-0084
Resident 1965-1969

Richard Johnston, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Resident 1964-1967
Staff 1998-present

Roswell Johnston, M.D.
Cedar Valley Medical Specialists
1753 W. Ridgeway Ave #103B
Waterloo, IA  50701

Darron Jones, M.D.
250 S. Crescent
Mason City, IA  50401
Resident 1994-1999

Michael Jones, M.D.
5848 S. Fashion
Ortho Specialty Hospital
Murray, UT  84107
Resident 1989-1990

Mark Kabins, M.D.
600 S. Racho Drive, #107
Las Vegas, NV  89106
Resident 1986-1991

R. Kumar Kadiyala, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Staff 1998-present

David Kalayjian, M.D.
51 S. Main Court
Middletown, CT  06457
Resident 1968-1972

Sean Kaminsky, M.D.
Premier Ortho and Sports

Medicine
Summet Care Center
5651 First Boulevard #500
Hermitage, TN  37076
Resident 1994-1999

Nathan Kaplan, M.D.
7868 S. Western Avenue
Los Angeles, CA  90047

Ralph Katz, M.D.
Westside Orthopaedic Clinic
4500 10th Street
Marreo, LA  70072
Resident 1990-1995

Kenneth Keane, M.D. (ret)
3704 S. Briar Path
Sioux City, IA  51104

John Kelley, M.D. (ret)
2038 Thatch Palm
Boca Raton, FL

George Kemble, M.D.
1400 8th Avenue
Fort Worth, TX  76104

Timothy Kenney, M.D.
Iowa Orthopaedic Center PC
411 Laurel Street #3300
Des Moines, IA  50314

Donald Kettelkamp, M.D. (ret)
103 Windhover Drive
Chapel Hill, NC  27514
Resident 1958-1961

John Killeffer, M.D.
4610 Chestnut Street
Signal Mountain, TN  37377

John Kim, M.D.
1771 Rose Street
Regina, Saskatchewan
CANADA  S4P 1Z4
Resident 1955-1958

Joshua Kimelman M.D.
Iowa Orthopaedic Center PC
411 Laurel Street #3300
Des Moines, IA  50314

Thomas Kobayashi, M.D.
7342 Northwest 38th Place
Coral Springs, FL  33065

John Koch, M.D.
2155 Cottage Grove Lane SE
Cedar Rapids, IA  52403

Robert Kolasky, M.D.
4760 Belgar Street NW
Box 36959
Canton, OH  44735
Resident 1975-1979

Jitu Kothari, M.D.
Waterloo, IA  50703

Leo Koven, M.D. (ret)
Box 340
Bridgewater, CT  06752

Richard Kreiter, M.D.
Orthpaedic Specialists PC
401 West Locust Street
Davenport, IA  52083

James Krieg, M.D.
501 North Graham #250
Portland, OR  97227
Resident 1990-1995
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William Krigsten, M.D. (ret)
Siouxland Ortho and Sports Med
2800 Pierce Street #102
Sioux City, IA  51104

Frank Kugler, M.D.
2934 Timbercrest Drive
Cincinnati, OH  45238
Resident 1939-1941

Salvatore La Pilusa, M.D.
858 Avenue C
Bayonne, NJ  07002
Resident 1950-1951

Sterling Laaveg, M.D.
Mason City Clinic
250 S. Crescent Drive
Mason City, IA  50401
Resident 1974-1978

Michael Lahey, M.D.
Parkside professional Village
700 West Kent
Missoula, MT
Fellow 1985-1986

Edward Lambert, M.D.
Culver City, CA  90230

Allen Lang, M.D.
McFarland Clinic PC
Box 3014
Ames, IA  50010

Thomas Lange, M.D.
Regents Hospital
640 Jackson Street
St. Paul, MN  55101
Fellow 1992-1993

Daniel Larose, M.D.
Miller Orthopaedic Affiliates, PC
One Edmundson Place #500
Council Bluffs, IA  51503

Edward Lash, M.D.
Steindler Orthopaedic Clinic PC
2403 Towncrest Drive
Iowa City, IA  52240

Keith Lassen, M.D.
6015 Point West Boulevard
Bradenton, FL  34209

Edward Law, M.D.
Steindler Orthopaedic Clinic, PC
2403 Towncrest Drive
Iowa City, IA  52240

John Leabhart, M.D.
Alexandria, VA  22302
Resident 1955-1960

Thomas Lehmann, M.D.
Louisville Orthopaedic Clinic
4130 Dutchman’s Lane
Louisville, KY  40207

Gregory Lervick, M.D.
Department of Ortho Surgery
Columbia Presbyterian Med

Center
622 W. 168th St, PH-11 Center
New York, NY  10032
Resident 1996-2001

Paul Lesko, M.D.
Orthopaedic and Athletic Med
500-A Maple Drive
Box 180
Vidalia, GA  30475

Carl Lester, M.D.
Marshalltown Ortho PC
312 E. Main Street
Marshalltown, IA  51058

Emile Li, M.D.
Ctr for Specialized Ortho &

Podiatry
804 Kenyon Road #320
Fort Dodge, IA  50501

Robert Lillo, M.D.
1920 Abrams Road #406
Dallas, TX  75214
Resident 1956-1959

Ian Lin, M.D.
Des Moines Ortho Surgeons PC
1301 Pennsylvania Avenue #213
Des Moines, IA  50316

Lynn Lindaman, M.D.
Iowa Orthpaedic Center PC
411 Laural Street #3300
Des Moines, IA  50314

Thomas Lindenfeld, M.D.
Cincinnati Sports Medicine
311 Straight Street
Cincinnati, OH  45219
Resident 1980-1984

John Lindstrom, M.D.
820 E. Grant Street
Appleton, WI  54911
Resident 1972-1977

Paul Lindquist, M.D.
1720 E. Camino Real #116
Burlingame, CA  94010
Resident 1966-1970

Kevin Liudahl, M.D.
Siouxland Ortho and Sports Med
2800 Pierce Street, #102
Sioux City, IA  51104

M.F. Longnecker, M.D.
Box 4729
Biloxi, MS  39535
Fellow 1967-1968

Juan Lorenzo, M.D.
Barcelona, SPAIN

Timothy Loth, M.D.
Physicians Clinic of Iowa
600 7th Street S.E.
Cedar Rapids, IA  52401

Chester Lowendorf, M.D.
284 Granada Avenue
Youngston, OH  44501

Don Lowry, M.D.
2 Celeste Drive
Johnstown, PA  15905
Resident 1979-1984

James Mackenzie, M.D.
401 9th Ave S.W., #335
Calgary, CANADA  AB T2P 3C5

Hugh MacMenamin, M.D.
Physicians Clinic of Iowa
600 7th Street SE
Cedar Rapids, IA  52401
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Steven Madey, M.D.
501 N. Graham Street #250
Box 6008
Portland, OR  97208
Resident 1991-1996

Robert Magnus, M.D.
3385 Dexter Court #300
Davenport, IA  52807

Thomas Malvitz, M.D
West Michigan Hip and Knee
230 Michigan Street NE #225
Grand Rapids, MI  49503
Resident 1982-1987

J.L. Marsh, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Staff 1987-present

E. Byron Marsolais, M.D.
University of Cleveland
Dept of Orthopaedic Surgery
11100 Euclid Avenue
Cleveland, OH  44106
Resident 1961-1970

James Martin, M.D.
101 Regent Court
State College, PA  16801
Resident 1993-1998

Joseph Martin, M.D.
Ortho and Rheumatol Associates
1414 W. Lombard Street
Davenport, IA  52804
Resident 1988-1993

Mark McAndrew, M.D.
Vanderbilt University
T4311 Medical Center North
Nashville, TN  37232
Resident 1978-1983

Andrew McBeath, M.D.
G5/327/CSC
600 Highland Avenue
Madison, WI  53792
Resident 1963-1966

Donovan McCain, M.D.
655 Sibley Memorial Highway
St. Paul, MN  55118
Fellow 1940-1941

Edward McCarthy, M.D.
Johns Hopkins Hospital
Department of Pathology
600 N. Wolfe Street
Baltimore, MD  21287

Thomas McClain, M.D.
Orthopaedic Associates, Inc.
2115 S. Freemont #1000
Springfield, MO  65804
Resident 1985-1990

Robert McClintock, M.D.
Orthopaedic Surgeons Med

Consult
2110 E. Flamingo Road #105
Las Vegas, NV  89119
Resident 1952-1955

Stuart McConkie, M.D.
215 Ridge One Circle
Hot Springs, AR  71901
Resident 1955-1958

Robert McCoy, M.D. (ret)
2250 S. Crescent Drive
Mason City, IA  50401
Resident 1956-1960

Fred McGlynn, M.D.
1800 Glenside Drive #101
Box 71690
Richmond, VA  23255
Resident 1976-1981

Daniel McGuire, M.D.
Des Moines Ortho Surgeons, PC
6001 Westown Parkway
West Des Moines, IA  50266

Todd McKinley, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Staff 1999-present

Robert McLain, M.D.
Dept of Orthopaedic Surgery
Desk A41
9500 Euclid Avenue
Cleveland, OH  44195

Paul McNally, M.D.
2211 Stout Road
Menomonie, WI  54751
Fellow 1997-1998

Fred McQueary, M.D.
Orthopaedic Associates, Inc
2115 S. Freemont, Suite 1000
Springfield, MO  65804
Resident 1980-1985

Gerald Meester, M.D.
Dubuque Ortho Surgeons PC
444 N. Grandview Ave.
Box 897
Dubuque, IA  52004
Resident 1971-1975

Mark Mehlhoff, M.D.
Physicians Clinic of Iowa
600 7th Street S.E.
Cedar Rapids, IA  52401

Steven Meletiou, M.D.
1915 Randolph Road
Charlotte Ortho Specialists
Charlotte, NC  28207
Resident 1993-1998

Paul Melvin, M.D.
2800 11th Avenue South
Great Falls, MT  59405
Resident 1968-1971

Tuvi Mendel, M.D.
3385 Dexter Court #300
Davenport, IA  52807-3471

Alan Merchant, M.D.
2500 Hospital Drive, Bldg 7
Mountain View, CA  94040
Resident 1959-1962

Thomas Merchant, M.D.
151 N. Sunrise Ave #1005
Roseville, CA  95661
Resident 1983-1988
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Albert Meyer, M.D.
3760 Groves Place
Somis, CA  93066
Resident, 1955-1959

Scott Meyer, M.D.
Iowa Orthopaedic Center PC
411 Laurel Street #3300
Des Moines, IA  50314

Steven Meyer, M.D.
575 Sioux Point Road
Dakota Dunes, SD  57049

Marvin Meyers, M.D.
431 E. Vinedo Lane
Tempe, AZ  85284

Michael Mickelson, M.D.
560 Memorial Drive
Pocatello, ID  83201
Resident 1973-1977

Ron Midura, M.D.
Biomedical Engineering Dept
Cleveland Clinic Foundation
9500 Euclid Ave
Cleveland, OH  44195
Felllow 1993-1995

William Miely, M.D.
3600 Olentangy River Road
Building B
Columbus, OH
Fellow 1987-1988

Timothy Millea, M.D.
Ortho and Rheumatol Associates

PC
1414 West Lombard Street
Davenport, IA  52804

Dennis Miller, M.D.
Ortho and Rheumatol Associates

PC
1414 West Lombard Street
Davenport, IA  52804

Ray Miller, M.D.
830 First Avenue NE
Box 3026
Cedar Rapids, IA  52406
Resident 1969-1972

Ronald Miller, M.D.
Miller Ortho Affiliates PC
One Edmundson Place #500
Council Bluffs, IA  51503

Thomas Miller, M.D.
1250 Lakewood Drive
Lexington, KY  40502

Leslie Mintz, M.D.
Ojai, CA  93023
Fellow 1990-1991

Sinesio Misol-Lago, M.D.
411 Laurel Street #3300
Des Moines, IA  50314
Resident 1966-1971

Craig Mohler, M.D.
Orthopaedic and Fracture Clinic
1200 Hilyard
Eugene, OR  97401
Resident 1986-1991

William Montgomery, M.D.
1 Shrader Street #650
San Francisco, CA  94117

John Moor, M.D.
222 S. Tamiami Street
Sarasota, FL  34239

Jose Morcuende, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Resident 1996-2001
Staff 2001-present

Gordon Morrison, M.D.
33946 Leland Meadow Road
Pinecrest, CA  95364

James Michael Moses, M.D.
2 Celeste Drive
Johnstown, PA  51905
Staff 1971-1975

Joseph Mulier, M.D. (ret)
Scapenstraat 101
Leuven, BELGIUM B3000
Resident 1950-1954

Brian Mulliken, M.D.
8322 Bellona Avenue
Towson, MD  21204
Resident 1988-1993

Earl Mumford, M.D. (ret)
4022 Hiawatha West
Sioux City, IA  51104

Joseph Mumford, M.D.
909 SW Mulane Street
Topeka, KS  66606
Resident 1986-1991

David Murray, M.D.
550 Harrison Center #130
Syracuse, NY  13202
Resident 1959-1962

Peter Murray, M.D.
Mayo Clinic
4584 Swikan Bridge Lane N.
Jacksonville, FL
Resident 1985-1990

Mark Mysnyk, M.D.
Steindler Ortho Clinic PC
2403 Towncrest Drive
Iowa City, IA  52240
Resident 1983-1988

Charles Nadel, M.D.
9 Colt Road
Summit, NJ  07901
Fellow 1947-1948

David Naden, M.D.
600 Edwards Avenue
Frankfort, MI  59635
Resident 1968-1971

Stephen Naruto, M.D.
Box 1601
Rawlins, NY  82301

Jeffrey Nassif, M.D.
Physicians Clinic of Iowa
600 7th Street SE
Cedar Rapids, IA  52403

David Neal, M.D. (ret)
2878 Rosecrans Street
San Diego, CA  92106
Fellow 1973-1974
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Scott Neff, M.D.
1601 NW 114th Street #142
Des Moines, IA  50325

Benjamin Nelson, M.D.
101 Marilyn Avenue #6
Goshen, IN  46526
Resident 1981-1986

Duane Nelson, M.D.
Nelson Orthopaedics PC
2918 Hamilton Blvd, Lower D
Sioux City, IA  51104

Lynn Nelson, M.D.
Des Moines Orthopaedic Surgery
6001 Westown Parkway
West Des Moines, IA  50266

Julian Nemmers, M.D.
3074 County Z
Hazel Green, WI  53811

James Nepola, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Staff 1984-present

Kenneth Newhouse, M.D.
560 Memorial Drive
Pocatello, ID
Resident 1987-1992

Mary Lynn Newport, M.D.
22 Avon Ridge
Avon, CT  06001
Fellow 1988-1989

Jeroen Neyt, M.D.
Barnet and Chase Farm Hosp
Enfield, Middlesex
UNITED KINGDOM EN2 KJL
Fellow 1996-1998

Nina Njus, M.D.
3975 Embassy Parkway #201
Akron, OH  44333
Resident 1980-1986

Stephen Noel, M..D.
575 Sioux Point Road
Dakota Dunes, SD  57049

Kenneth Noonan, M.D.
K4732 Clinical Science Center
600 Highland Avenue
Madison, WI  53792
Resident 1989-1994

Benjamin Obletz, M.D. (ret)
705 Renaissance Drive T302
Williamsville, NY  14221
Resident 1935-1937

Larry Olson, M.D.
940 N. Marr Road
Columbus, IN  57201
Resident 1975-1980

William Osebold, M.D.
Sacred Heart Doctors Bldg #6060
W. 105 8th Avenue
Spokane, WA  99204
Resident 1975-1979

David Oster, M.D.
Denver Orthopaedic Clinic PC
1601 E. 19th Avenue #5000
Denver, CO  80218
Resident 1984-1989

Lewis Oster, M.D.
Hand Surgery Associates
2535 S. Downing #500
Denver, CO  80210
Fellow 1987-1988

Mark Palit, M.D.
Center for Specialized Ortho &

Podi
804 Kenyon Road Suite 320
Fort Dodge, IA  50501

Gregory Palutsis, M.D.
1144 Wilmette Avenue
Wilmette, IL  60091
Fellow 1986-1987

James Pape, M.D.
Physician’s Clinic of Iowa
600 7th Street SE
Cedar Rapids, IA  52403

Peter Pardubsky, M.D.
Dept of Ortho Surgery
Hand/Upper Extrem Service
Brigham and Women’s Hospital
Boston, MA  02115
Resident 1996-2001

Kent Patrick, M.D.
2715 K Street #A
Sacramento, CA  95816
Resident 1973-1977

David Paulsrud, M.D.
325 West 45th Street
Sioux City, IA  51104

James Pearson, M.D.
Dubuque Ortho Surgeons PC
444 N Grandview Avenue
Box 897
Dubuque, IA  52004

Jerome Perra, M.D.
Iowa Lake Orthopaedics PC
2309 23rd Street
Box 273
Spirit Lake, IA  51360

Dale Phelps, M.D.
Cedar Valley Medical Specialists
1753 West Ridgeway
Waterloo, IA  50701

Luis Piedrahita, M.D.
Box 2821
Orthopaedic Traumatologia
Quito, ECUADOR

Raymond Pierce, Jr, M.D.
960 Locke Street
Indianapolis, IN  46202
Fellow 1961-1962

Fred Pilcher, M.D.
Physicians Clinic of Iowa
600 7th Street SE
Cedar Rapids, IA  52403

Patrick Plunkett, M.D.
10 Congress Street #103
Pasadena, CA  91105

David Poe, M.D.
1198 Pinon Lane
Gallup, NM  87301
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Fred Polesky, M.D.
414 N. Camden Drive #1000
Beverly Hills, CA  90210

Ignacio Ponseti, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Staff 1946-present

William Pontarelli, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Staff 1999-present

David Pope, M.D.
308 Park Place Drive
Alexandria, LA  71301

Malcolm Pope, M.D.
Chair of Safety and Health
Dept of Preventive Medicine
Polwarth Bldg, Foresterhill
Aberdeen
UNITED KINGDOM AB9 2ZD

Howard Popp, M.D.
343 Walmar Drive
Bay Village, OH  44140
Fellow 1991-1992

Robert Porter, M.D.
Hilltop Old Coach Road
Norwich, VT  05055
Resident 1963-1967

Laura Prokuski, M.D.
University of Wisconsin
Division of Ortho Surgery
600 Highland Avenue
Madison, WI  53792
Resident 1992-1997

Alexander Pruitt, M.D.
NW Iowa Bone, Joint and Sports

Surg
1200 1st Ave E, Suite C
Spencer, IA  51301

Michael Pyevich, M.D.
Ortho and Rheumatol Associates
1414 West Lombard
Davenport, IA  52803
Resident 1993-1998

Delwin Quenzer, M.D.
Des Moines Ortho Surgeons PC
6001 Westown Parkway
West Des Moines, IA  50266

Charles Race, M.D.
Center for Specialized Ortho and

Podi
804 Kenyon Road #320
Fort Dodge, IA  50501

Robert Rankin, M.D. (ret)
4441 SW Greenleaf Drive
Portland, OR  97221
Resident 1950-1954

Douglas Reagan, M.D.
Des Moines Ortho Surgeons PC
6001 Westown Parkway
West Des Moines, IA  50266
Resident 1973-1978

Peter Rink, M.D.
Ortho and Rheumatol Associates
1414 West Lombard
Davenport, IA  52804

Richard Ripperger, M.D.
Ortho and Rheumatol Associates
1414 W. Lombard Street
Davenport, IA  52804

Martin Roach, M.D.
Physicians Clinic of Iowa
600 7th Street S.E.
Cedar Rapids, IA  52403

W. John Robb, M.D.
Box 770834
Steamboat Springs, CO  80477

William Robb III, M.D.
3633 West Lake Avenue #300
Glenview, IL  60025
Resident 1972-1975

Andrew Robinson, M.D.
Delaware Bone and Jt Specialists
800 N. Du Pont Highway
Milford, DE  19963
Fellow 1992-1993

Jeffrey Rodgers, M.D.
Des Moines Ortho Surgeons PC
6001 Westown Parkway
West Des Moines, IA  50266

Bertil Romanus, M.D.
Orthopaedic Department
Ostra Sjukhuset
Goteborg
SWEDEN  S-416 85
Fellow 1981-1982

Irwin Rosen, M.D.
3061 Pine Street
San Francisco, CA  94115
Fellow 1954-1955

Martin Rosenfeld, M.D.
Iowa Orthopaedic Center PC
411 Laurel Street #3300
Des Moines, IA  50314

Robert T.  Rosenfeld, M.D.
Address Unknown

Randy Rosier, M.D.
Department of Orthopaedics
University of Rochester
601 Elmwood Avenue
Rochester, NY  14642
Resident 1978-1984

Francis Roth, M.D.
1165 Park Avenue
New York, New York, 10128

Richard Ruffin, M.D.
Orthopaedic Associates, Inc.
3301 Northwest 50th Street
Oklahoma City, OK  73112
Resident 1985-1990

Richard Saar, M.D.
Address Unknown
Resident 1956-1959
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Charles Saltzman, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Staff 1991-present

William Samuelson, M.D.
2800 Pierce Street #101
Sioux City, IA  51104

Jan Sarnecki, M.D.
1516 S. Commercial Street
Neenah, WI  54957
Resident 1970-1973

Andrea Saterbak, M.D.
St. Croix Orthopaedics
1701 Curve Cross Boulevard
Stillwater, MN  55082
Resident 1992-1997

John Schaffer, M.D.
230 Clearfield #124
Virginia Beach, Va  23462
Fellow 1987-1988

David Scherr, M.D.
725 Kaylyn Drive
Jefferson City, MO  65109
Resident 1960-1967

Maurice Schnell, M.D.
2919 East 44th Street Court
Davenport, IA  52807

Kary Schulte, M.D.
Des Moines Ortho Surgeons, PC
6001 Westown Parkway
West Des Moines, IA  50266
Resident 1989-1994

Christopher Scott, M.D.
Mason City Clinic PC
250 S. Crescent Drive
Mason City, IA  50401

Kim Sellergren, M.D.
Box 71690
Richmond, VA  23255
Resident 1976-1981

William Shaffer, M.D.
St. Louis University
3635 Vista at Grand Blvd
St. Louis, MO  63110
Fellow 1986-1987

Emmett Shannon, M.D.
4607 13th Street
Lubbock, TX  79410
Fellow 1956

Nathan Schechter, M.D.
5701 West 119th Street #308
Shawnee Mission, KS  66209

Russell Shroyer, M.D.
1575 W. Celeste Avenue
Fresno, CA  93711

John Silensky, M.D.
Address Unknown

Herbert Simonson, M.D.
Box 85
South Orange, NJ  07079

John Sinning, M.D.
Ortho and Rheum Associates
1414 West Lombard Street
Davenport, IA  52804
Resident 1961-1964

Bruce Smith, M.D.
3107 Frederick Avenue
St. Joseph, MO  64506
Fellow 1987-1988

Koert Smith, M.D.
Box 1084
Burlington, IA  52601
Resident 1972-1976

Eugene Smoley, M.D.
Box 2794
Rancho Santa Fe, CA  92067
Resident 1958-1961

David Sneller, M.D.
3216 Tupelo Circle
Ames, IA  50014
Resident 1995-2000

Robert Soiseth, M.D. (ret)
W. Street Rt.
Two Harbors, MN  55616
Resident 1962-1965

Earnest Somers, M.D.
355 Roland Avenue
Chambersburg, PA  17201

Edward Spencer, M.D.
3260 E. 9425 S.
Sandy, UT  84092
Resident 1971-1975

Adrienne Spirt, M.D.
Address Unknown
Fellow 1993-1995

Mark Spoonamore, M.D.
Dept of Orthopaedic Surgery
UCI Medical Center, Rt 81
101 City Drive South
Orange, CA  92868
Resident 1995-2000

Bruce Sprague, M.D.
148 East Avenue
Norwalk, CT  06851
Fellow 1958-1968

Scott Stevens, M.D.
2441 Northridge Drive
Mankato, MN  56003
Fellow 1998-1999

Curtis Steyers, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Staff 1985-present

Steven Stokesbary, M.D.
The Center for Neurosciences
575 Sioux Point Road
Dakota Dunes, SD  57049

Lawrence Strathman, M.D. (ret)
1505 Matterhorn Drive NE
Cedar Rapids, IA  52402

S. Jack Sugar, M.D.
Address Unknown
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Patrick Sullivan, M.D.
Des Moines Ortho Surgeons PC
6001 Westown Parkway
West Des Moines, IA  50266
Resident 1981-1986

Stanley Tanz, M.D.
E. 5309 7th Street
Tucson, AZ  85711

Jorge Tapia, M.D.
Turo de la Trinitat 51-57
Barcelona
SPAIN 8033

Stephen Taylor, M.D.
Des Moines Ortho Surgeons PC
6001 Westown Parkway
West Des Moines, IA  50266

David Tearse, M.D.
Physicians Clinic of Iowa
600 7th Street SE
Cedar Rapids, IA  52401
Staff 1989-2000

Kathi Teixeira, M.D.
Auburn Memorial Med Bldg.
77 Nelson Street Box 157
Auburn, NY  13021
Fellow  1993-1994

Jeff Thompson, M.D.
1351 S. 36th Street
Grand Forks, ND  58201
Resident 1994-1999

L. Eugene Thornburg, M.D.
20 McDowell Street
Asheville, NC  28801
Resident 1989-1994

Francis Thornton, M.D.
870 North Hillside Drive
Longbeach, CA  90815

Jeffrey Tiedeman, M.D.
7710 Mercy Road #224
Omaha, NE  68124
Fellow 1992-1993

James Tozzi, M.D.
106 Irving Street NW, #318
Washington, DC  20010
Fellow 1984-1985

Huy Trinh, M.D.
Miller Orthopaedic Affiliates
One Edmundson Place, #500
Council Bluffs, IA  51503

Laura Trombino, M.D.
3722 Greysolon Road
Duluth, MN  55804

Steven Tuck, M.D.
9715 Medical Center Drive #415
Rockville, MD  20850
Resident 1975-1980

James Turner, M.D.
Physicians Clinic of Iowa
600 7th Street SE
Cedar Rapids, IA  52403
Resident 1967-1970

James Van Olst, M.D. (ret)
3855 NW Lincoln Avenue
Corvalis, OR  97330
Resident 1959-1963

Daniel Vandelune, M.D.
Iowa Orthopaedic Center
404 Jefferson, Suite L122B
Pella, IA  50219

John Vann, M.D.
1050 Grove Road
Greenville, SC  29605
Fellow 1946

Warren Verdeck, M.D.
Physicians Clinic of Iowa PC
600 7th Street SE
Cedar Rapids, IA  52403

Mark Visk, M.D.
303 East Wood Street
Spartanburg, SC  29303
Resident 1981-1986

Edward Voke, M.D.
Ortho Physicians of Anchorage
3340 Providence Drive #564
Anchorage, AK  99508
Resident 1963-1966

John Walker, M.D.
219 Kingbard Drive
Waterloo, IA  50701

Donald Walla, M.D.
Lincoln Ortho and Sports Med
6920 Van Dorn
Lincoln, NE  68506
Fellow 1982-1983

Robert Walsh, M.D.
2300 Manchester Expy H104
Hughston Clinic
Columbus, GA  31904
Fellow 1966

Steve Walsh, M.D.
385 Du Mont Royal Ouest #1
Montreal
CANADA QC H2V 2S4

Thomas Walsh, M.D.
St. Francis Medical Park
Building H, Suite 104
Columbus, GA  31904
Resident 1983-1988

Harry Wassel, M.D.
6352 33rd Ave. Court N
St. Petersburg, FL  33710

Paul Watson, M.D.
Ortho Healthcare Northwest
1435 G. Street
Springfield, OR  97477
Resident 1994-1999

Kristy Weber, M.D.
Univ of Texas Anderson Cancer

Ctr
Dept of Surgery Oncology Box 106
1515 Holcombe
Houston, TX  77030
Resident 1991-1996

Marwan Wehbe, M.D
Pennsylvania Hand Center
101 Bryn Mawr Avenue
Bryn Mawr, PA  19010

Dennis Weigel, M.D.
Alexandria Orthopaedic Associates
1500 Irving
Alexandria, MN  56308
Resident 1995-2000
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James Weinstein, M.D.
Center for Evaluative Clin.

Sciences
Dartmouth Medical School
Hanover, NH  03755
Staff 1983-present

Stuart Weinstein, M.D.
Univ of Iowa Hospitals & Clinics
Department of Orthopaedic

Surgery
200 Hawkins Drive
Iowa City, IA  52242
Resident 1973-1976
Staff 1976-present

Andrew Weiss, M.D.
556 Eagle Rock Avenue #207
Roseland, NJ  07068
Resident 1968-1970

Dennis Wenger, M.D.
3030 Children’s Way #410
San Diego, CA  92123
Resident 1971-1975

Matthew Weresh, M.D.
Des Moines Ortho Surgeons PC
6001 Westown Parkway
West Des Moines, IA  50266

Mark Wheeler, M.D.
The Center for Neurosciences
575 Sioux Point Road
Dakota Dunes, SD  57049
Resident 1975-1980

William Whitmore, M.D.
Ortho and Rheumatol Associates

PC
1414 W. Lombard Street
Davenport, IA  52804
Resident 1960-1963

Ricky Wilkerson, M.D.
NW Iowa Bone Joint & Sports

Surg
1200 1st Avenue E. Suite C
Spencer, IA  51301

Eugene Willett, Jr, M.D.
38 Peach Knob Drive
Asheville, NC  28804
Resident 1970-1974

Leo Willett, M.D.
57 Middle Field Road
Durham, CT  06422
Fellow 1963-1964

Todd Williams, M.D.
Rice Medical Center
Stevens Point, WI  54481
Resident 1993-1998

Lenita Williamson, M.D.
2116 E. Orangebury Ave, #A
Modesto, CA  95355
Fellow 1993-1994

Peter Wirtz, M.D.
2953 86th Street
Urbandale, IA  50322

Adrian Wolbrink, M.D.
Mason City Clinic PC
250 S. Crescent Drive
Mason City, IA  50401

Randall Wroble, M.D.
Sports Medicine Grand
323 East Town
Columbus, OH  43215
Resident 1982-1987

Thomas Wuest, M.D.
Ortho and Fracture Clinic
1200 Hilyard Street #600
Eugene, OR  97401
Resident 1987-1992

Stephen Yoder, M.D.
934 Center Street
Ashland, OH  44805
Resident 1997-1982

Robert Young, M.D.
Marshalltown Orthopaedics, PC
312 E. Main Street
Marshalltown, IA  50158

William Zaayer, M.D. (ret)
175 Fairview Street
Laguna Beach, CA  92651
Resident 1962-1966

Debra Zillmer, M.D.
M&M Orthopaedics
4115 Fairview Avenue
Downers Grove, IL  60515
Fellow 1989-1990




