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INSTRUCTIONS FOR AUTHORS, 2006

Any original article, review article, case report, or essay relevant
to clinical orthopaedic surgery, or the basic orthopaedic sciences will
be considered for publication in The lowa Orthopaedic Journal. Ar-
ticles will be enthusiastically received from alumni, visitors to the
department, members of the lowa Orthopaedic Society, residents, and
friends of the University of lowa Hospitals and Clinics Department of
Orthopaedics and Rehabilitation. The journal is published every June.
The deadline to receive articles for the 2006 edition is Friday, Febru-
ary 4, 2006.

Published articles and illustrations become the property of The
lowa Orthopaedic Journal. The journal is peer reviewed and refer-
enced in Index Medicus. Articles previously published will not be ac-
cepted unless their content has been significantly changed.

When submitting an article, it is essential to include:

1. The original manuscript complete with illustrations. The
corresponding author must be clearly identified with mailing address,
telephone/fax numbers and e-mail address. Manuscripts for accepted
articles will not be returned.

2. A structured abstract of no more than 300 words. The
abstract will precede the text of the published paper. An abstract is
not needed for case reports. Original papers should have the follow-
ing additional sections: Introduction, Materials and Methods,
Statistical Methods, Results, and Discussion.

3. References, presented in the text by superscript numbers. The
bibliography should list references in the order of their appearance
in the text and be double-spaced. Abstracts or meeting transactions
more than three years old should not be cited. The references should
be numbered according to the sequence of citation in the text (not
alphabetically) and should be in PubMed/Index Medicus format (for
an example of this format, go to the National Center for Biotechnol-
ogy Information [NCBI] web site www.ncbi.nlm.nih.gov/entrez/
query.fcgi and search for specific reference citations).

4. Legends for all illustrations, listed in order of appearance and
double-spaced. Explain what each illustration shows. Give magnifica-
tion of all photomicrographs. Define all arrows and other such indi-
cators appearing on the illustration. If an illustration is of a patient
who is identified by a case number, include that case number in the
legend.

5. llustrations:

a. One set of 5 x 7-inch, black-and-white, glossy prints of all
photographs.

b. Original drawings or charts.

c. Color illustrations may be used if they convey information
not available in black and white.

d. In accordance with HIPAA, remove any writing that could
identify the patient (e.g., names, initials, patient numbers,
etc.) from radiographs and photographs.

6. Electronic copies of all items one through four above.
These should be sent to diana-johannes@uiowa.edu. Special illustra-
tions and photographs are exempt from this electronic requirement
and should be mailed to the address listed below.

Preparation of manuscripts: Manuscripts must be typewritten
and double spaced using wide margins. Write out numbers under 10
except percentages, degrees or numbers expressed as decimals. Di-
rect quotations should include the exact page number on which they
appeared in the book or article. All measurements should be given
in SI metric units. In reporting results of surgery, only in rare in-
stances can cases with less than two years of follow-up be accepted.

Preparation of photographs/illustrations: On the back of each
photo and illustration, write the figure number, author’'s name and
indicate the top. Send prints unmounted—paste or glue will damage
them. Drawings, charts and lettering on prints should be done in
black using white backgrounds. Put dates or initials in the legends,
not on prints. Make lettering large enough to be read when drawings
are reduced in size. When submitting an illustration that has appeared
elsewhere, give full information about previous publication and credit
to be given and state whether or not permission to reproduce it has
been obtained.

ottt ottt

Additional copies of these instructions may be obtained by writing
to Diana Johannes, University of lowa Hospitals and Clinics,
Department of Orthopaedics and Rehabilitation, 200 Hawkins Drive,
01006 JPP, lowa City, lowa, 52242-1088 or by emailing diana-
johannes@uiowa.edu, or you may refer to the Internet site
www.uihealthcare.com/depts./med/orthopaedicsurgery/reearch/
ioj.html.
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EDITORS’ NOTE

2005 represents a milestone for the The lowa Ortho-
paedic Journal (10J). We are pleased and honored to
present an anniversary twenty-fifth edition.

This special edition symbolizes 25 years of excellence
in orthopaedic research publications. We feel privileged
to follow previous editors who have set high standards
that we hope to emulate.

This 25th edition of the 10J is the largest and most
diverse edition to date, with collaboration from authors
around the world. In keeping with the tradition of the
10J, we have publications of scientific articles, reviews,
case reports, and essays of both historical and philo-
sophic interest. We foremost wish to acknowledge the
time and dedication of those who have submitted manu-
scripts. We hope those who read this special edition will
come away with increased knowledge and enthusiasm
for the field of orthopedics.

We are pleased to have a large contribution from our
own Orthopaedic Department (with submissions from
residents, faculty and alumni) and from outside clini-
cians and scientists worldwide with close ties to lowa.

The 10J would not be possible without the dedicated
support of our faculty and residents. Foremost, we
would like to thank Diana Johannes, who has worked
tirelessly to coordinate manuscripts, corporate adver-
tisements, and department photos, and keep us on track
(which in itself is a full-time job). We would like to rec-
ognize Dr. Jose Morcuende and Dr. Joseph Buckwalter
for their continued support and leadership as faculty
advisors for the 10J.

A journal of this size and quality could not be pos-
sible without the tremendous support of our corporate
sponsors. We thank them for their generosity and con-
tinued support, both in the care of patients and educa-
tional forums.

We hope you find this 25th anniversary edition of
the 10J as rewarding and stimulating as in years past.
Congratulations to all who have had a part in making
The lowa Orthopaedic Journal a lasting icon.

Kirk D. Clifford, M.D.
Anthony V. Mollano, M.D.
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DR. LAWRENCE D. DORR
IOWA ORTHOPAEDIC JOURNAL DEDICATION

We are thrilled to dedicate
the 2005 lowa Orthopaedic
Journal, the 25" anniversary
edition, to Dr. Lawrence D.
Dorr of the Dorr Arthritis
Institute of Centinela Hospital
in Ingelwood, Calfornia. Dr.
Dorr is dedicated to patient
care, teaching, leadership,
surgical innovation, research,
worldwide humanitarian
work, and philanthropy.

Dr. Dorr is a child of lowa.
The formative years for his creativity, work ethic, per-
sonality, and love of medicine and research all were lived
in lowa. His Methodist minister father and Christian
educator mother were constant role models. He grew
up in lowa and lived at various times in Verina, Dayton,
Osage, and Des Moines. He was in lowa for high school,
college, and medical school—at Des Moines Roosevelt
High School, Cornell College in Mt. Vernon, and The
University of lowa School of Medicine in lowa City, re-
spectively. While in lowa City, he met his wife Marilyn.
She grew up in Toledo, lowa. They have three children
and one grandchild, none of whom have had the ben-
efit of an education in lowa or living in lowa.

Dr. Dorr reflects, “My choice to become an orthope-
dic surgeon came after my experience in the military
following my internship. | had spent my elective time
at The University of lowa with Dr. Hans Ehrenhaft and
had planned to be a heart surgeon! | had rotated
through the orthopedic service and recognized the
greatness of the faculty at that time, which included Drs.
Larson, Ponseti, Bonfiglio and Flatt. Each of these men
clearly had a presence about them and they were very
confident of what they did. | clearly remember Dr.
Bonfiglio’s pathology sessions at night, and | remem-
ber Dr. Flatt giving us a discussion on the hand. How-
ever, it was just another learning experience for me at
that time.

“While I was in the military, | did anesthesia because
I had obtained a master’s degree in pharmacology when
I was at lowa. This was during the Vietnam War, and
the military was short of anesthesiologists, so | was
offered and accepted a position doing anesthesia. When
I was doing anesthesia, | realized that orthopedics was
more fun than any other surgery. | had been accepted
for a general surgery residency, but I rescinded that
prior to starting. | had to sit out one year, and then |
began my orthopedic residency at USC-LA County Hos-
pital.

“In the third year of my residency, | realized that |
wanted to continue with an academic career in ortho-
pedics, and so | wanted to do a fellowship. The chair-
man of my department was Dr. J. Paul Harvey, who had
come to Los Angeles from the Hospital for Special Sur-
gery in New York City. He called Special Surgery and
arranged an interview and following that interview | was
accepted to the Comprehensive Arthritis Fellowship
there. I really had no experience with joint replacement
during my residency, so | thought that this would be, if
nothing else, a great learning adventure.”

That fellowship was a career changing event for Dr.
Dorr. He worked with Drs. Chitranjan Ranawat, and
Allan Inglis at the Hospital for Special Surgery in New
York City. During his residency at USC, almost no total
joint replacements were done. Thereafter, total joint
replacement became his passion. His career has focused
on teaching, innovation, and performance of total hip
and knee arthroplasty. He has been a pioneer in the
design of porous-coated hip replacements. He helped
introduce the use of hydroxyapatite-coated hip stems,
and modern metal-on-metal hip arthroplasty in the
United States. He has also worked to refine the poste-
rior mini-incision hip exposure and has developed com-
puter navigation systems for hip replacement.

Dr. Dorr is the only person who will have been presi-
dent of all three United States joint replacement societ-
ies: The Knee Society (1990-1991), American Associa-
tion of Hip and Knee Surgeons (1993-1994) and the Hip
Society (2007). In 2000, the Lawrence and Marilyn Dorr
Chair for Hip Research was endowed by the Dorr fam-
ily for their gratitude to The University of lowa Depart-
ment of Orthopaedics for enabling his career.

The religious background of his family, his commit-
ment to community learned in lowa, and his desire to
“give back” to medicine culminated in Dr. Dorr’s for-
mation of Operation Walk. Operation Walk is an ortho-
paedic medical mission organization that performs
gratis total hip and total knee replacements in poorer
countries worldwide, and for disadvantaged people in
Los Angeles. In 2005, he received the Humanitarian
Award from the American Academy of Orthopedic Sur-
geons for this work.

Dr. Dorr is deeply thankful for his upbringing in
lowa, the “lowa values” ingrained in him, and the op-
portunity to contribute to the research endeavor of the
Department of Orthopedics at The University of lowa.
He is thrilled that his legacy will be founded on being a
graduate of the University of lowa School of Medicine.
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DEPARTMENT OF ORTHOPAEDICS AND REHABILITATION
STAFF, FELLOWS AND RESIDENTS 2004-2005

Row 1. Matthew Anderson (fellow), Teresa Mosqueda (res ), Phinit Phisitkul (res V), Joseph Buckwalter, Reginald
Cooper, John Albright, Brian Adams

Row 2: J. Lawrence Marsh, Mohana Amirtharajah (res I11), Anthony Mollano (res IV), Anthony Frisella (res 1V),
Timothy Fowler (res V), Michael Sander (res V), Aaron Altenburg (res I11), Robert Kadoko (res V)

Row 3: Stuart Weinstein, Ned Amendola, Ajay Aggarwal (res 1l1), Jin-soo Suh, Jose Morcuende, Christina Ward (res
I11), Sergio Mendoza, Michael Daines (res II), Kevin Jones (res I11), Matthew DeWall (res I11)

Row 4: Neil Segal, Brian Wolf, Michael Blanchard (fellow), Ernest Found, Matthew Lavery (res Il), Evan Hermanson
(res 1V), Kirk Clifford (res IV), Fred Dietz, John Bell (res V)

Row 5: Morgan Jones (fellow), Michael Salamon (fellow)
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2005 GRADUATING ORTHOPAEDIC RESIDENTS

John-Erik Bell, M.D.

John Bell was born in Chi-
cago and has lived in South
Dakota, Wisconsin, New Jer-
sey, and Maryland. He re-
ceived his A.B. in molecular
biology from Princeton Uni-
versity and then went on to
complete his M.D. at Johns
Hopkins University School
of Medicine. He met his wife,
Jessica, during his first year
at Johns Hopkins, and they
were married just before
moving to lowa City. They now have a one-year-old son,
Charles. John'’s hobbies include music, playing the cello,
spending time with his family, and sleep. He will train
next year at Columbia Presbyterian Hospital in New York
City as a fellow in shoulder, elbow, and sports medicine.
John and Jessica have enjoyed their time in lowa greatly.
John is grateful to have had the privilege of training un-
der such outstanding faculty, alongside outstanding resi-
dent colleagues, and within a program of such rich tradi-
tion. He would like above all to thank Jessica for her sup-
port and patience through the past five years.

Timothy P. Fowler, M.D.

Tim was born and raised in
Rockford, Illinois, and re-
ceived his undergraduate
degree at the University of
lllinois in Champaign. There-
after he attended medical
school at the University of
Chicago. Tim has known his
wife, Lori, since high school,
and they now share two won-
derful children—Abby and
Josh. Hobbies include
parenting, running, movies,
and drinking coffee. Upon completion of residency, Tim
will begin a one-year fellowship at the Philadelphia Hand
Center. He hopes to find work in the northern Illinois/
southern Wisconsin area as a general orthopaedist with
an interest in hand and upper extremity.
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Robert Kadoko, M.D.,
M.S.

Robert was born and raised
in a small town in Uganda,
the last of nine children, ina
strict home. After receiving
a bachelor’s degree in me-
chanical engineering, he
emigrated to New York City
where he went to City Col-
lege and received a Master
of Science in Engineering.
Robert then worked for two
years as a control systems
engineer. He then entered medical school at Yale Univer-
sity where he received an M.D. in 2000. Robert came to
lowa City in June of 2000 and found it to be a very sophis-
ticated cosmopolitan town. Upon completion of his resi-
dency, Robert plans to practice general orthopaedics in
the outskirts of New York, where his American journey
started many years ago. Robert would like to thank the
faculty for their excellent guidance, as well as the resi-
dents for their support in times of need.




2005 GRADUATING ORTHOPAEDIC RESIDENTS

Phinit Phisitkul, M.D.

Phinitwas born in Bangkok,
the capital of Thailand. His
father is a dermatologist who
studied in Liverpool, En-
gland. His mother received
her doctorate in chemistry in
Nottingham, England. His
older and younger brothers
are also physicians training
in the United States. In 1996,
Phinit was awarded his medi-
cal degree with high honors
from Chulalongkorn Univer-
sity. He completed his internship in Prajaksillapakom
Army Hospital, where he became a 1st Lieutenant in the
Royal Thai Army. He then completed a four-year ortho-
paedic residency at Phramongkutklao Hospital, one of
the renowned orthopaedic institutions in Thailand. There,
he received the top score on the orthopaedic-in-training
examinations in 1999, 2000, and 2001, as well as the or-
thopaedic basic science examination in 1999. After com-
pleting his residency, Phinit became a staff physician at
the Phramongkutklao Hospital and the Sulprasittiprasong
Hospital. Dr. Keokarn, President of the Royal College of
Orthopaedics, helped Phinit arrange to come to The Uni-
versity of lowa for further specialized orthopaedic train-
ing. Phint completed two years as a senior resident in the
Orthopaedics residency here. Next year, he will work as
a fellow with Dr. Charles Saltzman and the foot, ankle,
and sports services. Ultimately, Phinit plans to return to
Thailand to share his new fund of orthopaedic knowledge
garnered at The University of lowa. Phinit, his wife, and
their baby son are enjoying lowa City. They appreciate
all that the Orthopaedics Department has done for them.

Michael D. Sander,
M.D.

Michael was born in
Harlingen, Texas, to Mike
and Claudia Sander. He was
raised in Weslaco, Texas,
with his two younger broth-
ers and a sister. He left the
Rio Grande Valley and
headed north to Austin for
an undergraduate degree in
biology at The University of
Texas. He met Jennifer at
U.T. and they were married
in 1999. After receiving his M.D. from Baylor College of
Medicine in Houston, he and Jennifer moved to lowa City
for his residency. Jennifer is an R.N. in the Pediatric ICU
at UIHC. They have one son who will always be part
Hawkeye, Henry, and another son on the way. Next year
Michael will do a fellowship in Sports Medicine with Dr.
Jesse DeLee in San Antonio, Texas. Michael and Jenni-
fer wish to express their gratitude to everyone in the
Orthopaedics Department and the PICU who have helped
make their stay in lowa City a great experience.
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2004-2005 FELLOWS

Matthew Anderson,
M.D.

Matt grew up in Wakefield,

. rﬂ-r Nebraska. He attended the

| University of South Dakota

é" in Vermillion where he

earned a Bachelor of Science

degree in Mathematics and

Biology. He then attended

the University of South Da-

kota School of Medicine,

- earning his medical degree

— in 1999. Matt came to lowa

for fellowship training in

hand surgery after graduating from the orthopaedic resi-

dency program at the University of Kansas-Wichita. Matt

has enjoyed his time at the University of lowa. Attending

Hawkeye football games has eased the pain of being a

Nebraska Cornhusker and Denver Bronco fan. After fel-
lowship, Matt plans to practice in the Midwest.

Michael Blanchard,
M.D.

Mike was born and raised in
Baton Rouge, Louisiana. He
attended Louisiana State
University, where he earned
a bachelor’s degree in zool-
ogy. He received his medical
degree from Louisiana State
University Medical Center in
New Orleans, Louisiana, and
completed his orthopaedic
residency at Vanderbilt Uni-
versity Medical Center in
Nashville, Tennessee. He is currently one of the Foot and
Ankle / Sports Medicine fellows at the University of lowa.
Mike, his wife Tricia, and their children have enjoyed their
time in lowa City. At the completion of his fellowship, they
will be moving back home to Baton Rouge, Louisiana,
where Mike will be joining the Baton Rouge Orthopaedic
Clinic.
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Morgan Jones, M.D.

Morgan was born and raised
in Columbus, Ohio. He re-
ceived his bachelor’s degree
at The Ohio State University
where he was a member of
the varsity swimming team,
and where he met his wife,
Molly. He stayed at Ohio
State for medical school and
then moved to the Bronx,
New York, for his ortho-

&
N

paedic residency at the
Montefiore Medical Center
and Albert Einstein College of Medicine. Morgan is ex-
cited to be at the University of lowa for his fellowship
training in sports medicine and looks forward to pursu-
ing an academic career next year.

Michael Salamon, M.D.

Mike was born in Madison,
Wisconsin and grew up in
Stockton, California. He
graduated with a Bachelor of
Science degree from the
University of Michigan. He
received his M.D. degree
from Jefferson Medical Col-
lege in Philadelphia, PA.
Mike completed a residency
in orthopaedic surgery at
— University of California—

Davis in Sacramento, Califor-
nia. After completing his fellowship in foot and ankle re-
construction/sports medicine at the University of lowa,
he will begin private practice in Louisville, Kentucky. Mike
and his wife, Beth, have two children, Alex (3 yrs) and
Jack (8 mos).

Sim




DORIS DUKE CLINICAL RESEARCH FELLOWSHIP

Matthew Lovell Doris Duke Clinical Research Fellowship. The fellowship
allows medical students to spend a year doing clinical re-
search during their medical school career. Matthew is
spending his research year at The University of lowa

Matthew grew up in
Tremont, lllinois.

He attended Wheaton Col- where he is doing research in the orthopaedics depart-
lege where he earned his ment on the treatment of clubfoot. After his year of re-
Bachelor of Science degree search, he will head back to medical school to finish his
in chemistry and met his clinical years. He will be graduating in May 2007 and is
wife, Alyssa. looking forward to seeing where the match takes him for

Matthew is currently a stu- residency.

dentin the University of lowa
Carver School of Medicine

and was accepted to the
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NEW ORTHOPAEDIC FACULTY

Jin-soo Suh, M.D.

Jin-soo was born and raised
in Taeieon in the center of
South Korea. He received
his medical degree from
Seoul National University
and completed his ortho-
paedic residency at Seoul
Paik Hospital. He then
served three years as a mili-

m tary surgeon, including one

year in the Western Sahara
as an officer in a United Na-
tions force. In 1998, he en-
tered a year-long hand and microsurgery fellowship in
Seoul Paik Hospital. He then went to Austria as an AO
Hand Fellow at University Clinic in Innsbruck, and to
Bologna, Italy as a hand fellow at the Instituto Rizzoli. On
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his return to Korea, he worked mostly in hand and trauma
surgery as a staff physician. In 2000, his interests broad-
ened to include foot and ankle surgery, which was a new
field in orthopaedics in Korea at the time. In 2003, he
came to lowa to further his clinical and research study of
foot and ankle surgery with Dr. Charles Saltzman. He is
now joining our faculty with an interest in foot and ankle
surgery. Jin-soo’s wife studied with Dr. EI-Khoury in Ra-
diology for about one-and-a-half years before returning
to Korea for work. Jin-soo and his daughter remain in
lowa and have enjoyed lowa life and the kindness of so
many people here. When time allows, he and his family
enjoy skiing.



2005-2006
DEPARTMENT OF ORTHOPAEDICS AND REHABILITATION
SCHEDULE OF LECTURESHIPS AND CONFERENCES

(Larson Conference Room, 01090 JPP)

Carroll B. Larson Shrine Memorial Lecture
April 29-30, 2005

James Beaty, M.D.

Chief of Staff

Campbell Clinic

Memphis, Tennessee

lowa Orthopaedic Alumni Meeting
October 27-29, 2005

Ken Yamaguchi, M.D.

Washington University

St. Louis, MO

Jo Hanafin, M.D.

2" Ruth Jackson Memorial Lecturer
Hospital for Special Surgery

New York, New York

21 Annual Hawkeye Sports Medicine
Symposium
December 2-3, 2005
Sheraton Hotel, lowa City, IA
Scott F. Dye, M.D.
Associate Clinical Professor of Orthopaedic Surgery
University of California
San Francisco, California

Tim Hewett, Ph.D.

Director, Sports Medicine Research
Cincinnati Children’s Hospital
Cincinnati, Ohio

*Please check with us at a later time for exact dates,
times and speakers.

Reginald R. Cooper Orthopaedic
Leadership Lectures
April 2006*

2006 Senior Residents and Fellows Day
June 2-3, 2006*

Eighth Biennial Johnston Lectureship

in Hip Reconstruction
October 2006*
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The Michael Bonfiglio Award
for Student Research in Orthopaedic Surgery

The lowa Orthopaedic Society Medical Student Research Award
for Musculoskeletal Research

The University of lowa Department of Orthopaedics
and Rehabilitation, along with the lowa Orthopaedic So-
ciety, sponsors two research awards involving medical
students.

The first, the Michael Bonfiglio Award, originated in
1988 and was named in honor of Mike, who had an avid
interest in students, teaching and research. The award
is given annually at a medical convocation. It consists
of a plaque and a stipend to be used for the purchase of
an orthopaedic text. It is awarded to a senior medical
student in the College of Medicine who has done out-
standing orthopaedic research during his or her ten-
ure as a medical student. The student often has an ad-
visor in the Orthopaedic Department; however, the
student must have played a major role in the design,
implementation and analysis of the project. They must
also be able to defend the manuscript in public forum.
The research project may have been either clinic or
basic science, and each study is judged on the basis of
originality and scientific merit. The winner presents
their work at the April meeting of the lowa Orthopaedic
Society.

The second award is the Medical Student Research
Award for Musculoskeletal Research for students in the
College of Medicine who provide a research project
involving orthopaedic surgery during one of their first
three years. The award consists of a $2000 stipend, $500
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of which is designated as a direct award to the student
and $1500 of which is designated to help defray con-
tinuing costs of the project and its publication. The stu-
dent must provide an abstract and a progress report on
the ongoing research. The aim of this award is to stimu-
late research in the field of orthopaedic surgery/mus-
culoskeletal problems.

This year, the committee consisting of a member of
the lowa Orthopaedic Society (Dr. Devon Goetz) as well
as members of the Orthopaedics and Rehabilitation De-
partment (Drs. Charles Clark, Curtis Steyers, Brian
Wolf, Jose Morcuende and Joseph Buckwalter) recom-
mended that the award be given to the two following
students: Jeremy Gardner won the Michael Bonfiglio
Award for Student Research for 2005 and Andrew
Lightfoot won the lowa Orthopaedic Society Medical
Student Award for Musculoskeletal Research.

The Michael Bonfiglio Award and the lowa Ortho-
paedic Society Medical Student Research Award for
Musculoskeletal Research are very prestigious, recog-
nizing student research on the musculoskeletal system.
These awards have indeed attained their goal of stimu-
lating such research and have produced many fine
projects over the years.

Charles R. Clark, M.D.
Michael Bonfiglio Professor of Orthopaedic Surgery



ORTHOPAEDIC RESIDENCY RESEARCH PROGRAM UPDATE

Charles L. Saltzman, M.D.

Resident research is a cornerstone of the lowa or-
thopaedic training program. The current program has
evolved over the years with the input of many devoted
faculty. Dr. Richard A. Brand administered the program
for many years with excellent productivity. For the last
few years, | have been able to help with the program
and now realize the enormous effort from the faculty,
residents and support staff that goes into each project.

The goals of the program are several, and include:
1) to make meaningful contributions to the field of or-
thopaedic surgery, 2) to stimulate independent scien-
tific thinking, 3) to help residents recognize the intrin-
sic value of performing laboratory or clinical research,
and 4) to familiarize residents with research method-
ologies.

The lowa Orthopaedic Resident Research Program
involves all five years of residency. In the first two years,
the resident identifies a project and a faculty mentor,
and defines the project with the help of his “commit-
tee.” This is then presented to the entire department.
After modifications are made, the project is scheduled
for execution. In the third or fourth year, each resident
completes their project. In general, these are presented

during the fifth year at national meetings. More than
half have been published in our top journals.

All projects cost money. The current resident group
has been incredibly successful in obtaining external
funding—especially from the Orthopaedic Research and
Education Foundation. Although this helps, it does not
cover all the costs. With personal money, the faculty
has established a new fund to specifically finance resi-
dent research projects. We hope to grow this fund to
be able to cover the essential costs inherent in all
projects in the future.

We believe that resident research is as important an
educational experience as any in orthopaedic training.
This is equally true for either academic or private-prac-
tice-bound surgeons. The accompanying “long-term fol-
low-up” reports of our distinguished alumni are testi-
mony to the critical importance of a vibrant resident
research experience. With the generous financial sup-
port of our grateful patients, alumni and faculty to the
lowa Orthopaedic Resident Research Fund, | hope that
this great tradition will continue as a cornerstone of our
training program.
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IMPACT OF IOWA ORTHOPAEDIC RESIDENT
RESEARCH PROJECTS: A LOOK AT THREE PROJECTS
FROM 25 YEARS AGO—A COMMENTARY

Joseph A. Buckwalter, M.D.

Resident research has long been a hallmark of the
University of lowa Hospitals and Clinics Department of
Orthopaedics and Rehabilitation. The graduates of the
lowa program and faculty appreciate well that partici-
pating in a rigorous research makes an individual a
better physician and surgeon. It prepares them to un-
derstand how new knowledge affects practice, how that
knowledge is developed, and how to critically analyze
new procedures, approaches and ideas. The three indi-
viduals whose commentaries are included in this issue
of the lowa Orthopaedic Journal had the opportunity to
work with Dr. Ponseti as part of their research.

George Brown left The University of lowa for Alaska
where he enjoyed a demanding and challenging prac-
tice before returning to academic medicine at the Uni-
versity of New Mexico. More recently, George moved
to an academic position at Oregon Health Sciences
University. During his resident years, George’s excep-
tional talent, enthusiasm, and love of teaching inspired
many of his junior residents, including myself. George
is always positive and always striving to improve his
clinical skills.
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Jack Lindstrom left The University of lowa for the
Air Force and was part of the Air Force health care
delivery system for two years before entering private
practice in Appleton, Wisconsin. Jack was a role model
as a resident and taught many of his junior residents,
including myself, the satisfaction that comes from con-
stantly improving your skills and knowledge and pro-
viding exceptional care for your patients.

Sterling Laaveg was a classmate of mine in medical
school and preceded me in the orthopaedic residency.
It was always a pleasure to work with Sterling. He had
great ideas, was an excellent teacher, surgeon, and phy-
sician and like Jack and George, loved the practice of
orthopaedics. Sterling left the University to practice in
Mason City where he built a large practice and served
as President of the lowa Medical Society. Sterling re-
cently retired, but he continues to follow events in the
department and in orthopaedics with great interest.

As their commentaries indicate, all three of these
gifted and committed orthopaedic surgeons were sig-
nificantly influenced by their research experience and
their work with Dr. Ponseti.



DR. GEORGE BROWN—1976
RESIDENT RESEARCH PROJECT

CONGENITAL PSEUDARTHROSIS, FIBROUS DYSPLASIA, AND
NEUROFIBROMATOSIS: CLINICAL, PATHOLOGIC, AND
ULTRASTRUCTURAL STUDY

Brown, GA; Osebold, WR; Ponseti, 1V. “Congenital Pseudarthrosis of Long Bones: A Clinical, Radiographic,
Histologic and Ultrastructural Study,” Clinical Orthopedics and Related Research, Vol. 128, Oct: p228-42, 1977.

One of the exciting
things about my residency
at The University of lowa
was the opportunity to com-
bine my clinical experience
with work in pathology and
studies of the ultrastructure
of bone. | was very inter-
ested in congenital pseudar-
throsis of the long bones.
Stimulated by Dr. Jerry
Maynard, | started working
in the orthopaedic ultra-
structural laboratory estab-

lished by Dr. Cooper.

My interest in congenital pseudarthrosis led me to
work with Dr. Ponseti, and | found that he had been
treating 17 patients in lowa with this rare condition. By
1975, he had 20- to 30-year follow-up for these patients.
In looking at the clinical series, | was impressed that if
a patient was under age two when the leg fractured,
and the x-ray showed tapering and sclerosis of the bone
ends, nonunion universally resulted: operations and any
other procedure that attempted to achieve union failed.
Amputation of the lower leg and a standard prosthesis
allowed these children to continue their lives with few
or no further surgeries with good and excellent func-
tional outcomes. This impression was borne out by the
observation that only two of the 17 patients had healed
their tibial pseudarthroses, despite 59 operations on this
group. One of the many things | learned from Dr.
Ponseti while working on this project was a sense of
when to quit trying to fix the unfixable and instead help
the patient achieve the best possible function.

I was very pleased with the results of my basic sci-
ence and clinical study of congenital pseudarthrosis and
had the opportunity to present findings at the Interna-

tional Pediatric Orthopaedic Meeting in Chicago in
1975.

In addition to all | learned during research, | found
that this project helped me know Dr. Ponseti and learn
from him. He told me that he was once considered an
aggressive surgeon because he operated to lengthen
the heel cords of patients with clubfeet. He also taught
me that patients with idiopathic scoliosis may have less
pain than the general population. It is interesting and
satisfying to see that Stu Weinstein has pursued this
idea with his 50-year follow-up study of patients with
idiopathic scoliosis.

There is no question that working with Dr. Ponseti
on this research project affected my career. | use what
he taught me daily. | am so pleased to see that the
Ponseti Technique for clubfeet is now rapidly becom-
ing the standard of care. When 1 first started in prac-
tice, 1 bought the Turco videotape on comprehensive
clubfoot surgery because | was concerned that | did
not have enough experience with surgical treatment of
clubfeet during my residency. | found that | never
needed the Turco tape and that the Ponseti Technique
has worked well in all my years of practice. | also en-
joyed the opportunity to work closely with Dr. Bonfiglio
at lowa and learned a great deal from him about the
importance of studying pathology and pathophysiology.
Both Dr. Ponseti and Dr. Bonfiglio taught me to be pa-
tient as a teacher.

As | look back on my resident research project and
my years at lowa, | recognize how much both the teach-
ing | received and the research work | did have affected
my career for the better. It is great to see the continua-
tion of the lowa traditions of resident research and
teaching that stress critical analysis, combining all avail-
able data and questioning established concepts and
ideas.
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JACK LINDSTROM—1977
RESIDENT RESEARCH PROJECT

ACETABULAR DEVELOPMENT, PROXIMAL FEMORAL DEVELOPMENT,
AND FUNCTIONAL IMPLICATIONS

Lindstrom, JR; Ponseti, IV; Wenger, DR: “Acetabular Development after Reduction in Congenital Dislocation
of the Hip,” Journal of Bone and Joint Surgery, American Vol. 61(1), p. 112-8, 1979.

As | recall, my resident
research efforts started in
the academic year of 1975-
76 which | think was Denny
Wenger's last year in lowa
City. The idea for the study
of acetabular development
was not mine: | believe it
grew out of discussions be-
tween Denny Wenger and
Dr. Ponseti. | had some con-
cern about starting this
project since it was Dr.
Ponseti’s opinion that there
was great developmental potential for the acetabulum,
and that if we found this in our study we would call into
question points that had been “well established” by the
well-known authority Bob Salter.

Taking advantage of the outstanding facilities in the
department and Dr. Ponseti’s guidance and private col-
lection of patient radiographs, Denny Wenger and |
began to outline the parameters of the study and gather
x-rays in order to mark and measure the development
of the acetabulum. Needless to say, there were many
patients and each patient had numerous x-rays. When
we were residents, most of us, with or without our re-
search, felt that our lives were very busy. Looking back,
I don't know how we found time to complete this ex-
tensive, detailed, meticulous review. | can certainly re-
member the many hours | spent feeling as though |
was drowning in radiographs and wax pencils.

When | started | was totally unfamiliar with computer
analysis, but | recall we were able to transfer our data
to “IBM cards” in order to initiate the analysis. | think
at that time the cards were then placed in an off-the-
shelf data analysis program which produced computer
print-outs that were nearly as voluminous as the radio-
graphs. The correlations that were generated were
sometimes along the lines of our investigational ques-
tions, but in other cases they seemed to be correlations
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that were totally unrelated to any of our questions, or
did not make sense clinically.

When | started writing the paper, | had high hopes
that it would be accepted for publication; however my
major was biology, not English. | expect Dr. Ponseti will
readily attest to that fact. | often brought him sections
of the paper that | thought were fairly well-written and
concise and he would literally take them apart and put
them back together word for word, time and time again.
I was disappointed not to be able to learn to write as
Dr. Ponseti wanted, and the process was at times hum-
bling and frustrating, but he was always patient and |
learned how to organize my thoughts and express my-
self in writing more clearly.

As | had expected, in the spring of 1977 | found my-
self frantically trying to put the finishing touches on
my paper for presentation at the Senior Residents Day
conference and also at the Academy meeting in New
Orleans. The presentation at the Academy was a thrill.
Prior to the presentation, | had visions of Dr. Bob Salter
taking me to task on a topic that was clearly well within
his level of expertise, but not mine. Fortunately, Dr.
Ponseti had arranged for Dr. Bill Smith from Michigan
to review the paper and raise some gentle questions in
the discussion. | felt lucky to have survived the Acad-
emy presentation and the Senior Residents Day presen-
tation in the spring of 1977.

Dr. Ponseti was generous with his praise as well as
in encouraging me to continue to work and revise and
polish the paper so it could be accepted by the Journal
of Bone and Joint Surgery. If I thought writing to satisfy
Dr. Ponseti's taste and style was a challenge, | was not
ready for the even greater challenge of writing in a style
that was acceptable to the editors of the Journal of Bone
and Joint Surgery. My recollection is that some of the
comments from the Journal of Bone and Joint Surgery
editors surprised even Dr. Ponseti, and | think he felt
some of the frustration that | was experiencing.

I left lowa City in the spring of 1977 to start a two-
year active duty assignment with the United States Air



Force in Rantoul, lllinois. | had just gotten married in
the fall of 1976 and our first child, a son, was born in
June 1978. This is pertinent because | will never forget
returning to lowa City to visit with Dr. Ponseti and his
wife Helena in their home. They were kind enough to
include my wife, Ann and our son, John, who at that
point was less than a year old. Our family will always
cherish the picture of Dr. Ponseti in one of his British
driving caps, with our son John sitting in his lap and
basking in the warm glow of Dr. Ponseti’s affection.
Looking back, | was very fortunate to have been a
resident at lowa. | gained much more from it than |
was able to return during the years | spent in the de-
partment. My skills did not then, and do not now, lend
themselves toward original research. Along with many

others, I have found myself wrapped up in the business
of the practice of medicine throughout my career. None-
theless, I will never forget my experiences in lowa City
in the Department of Orthopaedics. | will always re-
member my outstanding colleagues who have gone on
to distinguish themselves nationally and internationally,
and | have always felt privileged to have been able to
work with them and share in the remarkable environ-
ment in lowa City. | do look back on my resident re-
search project with great fondness, not just for all |
learned about development of the acetabulum, how to
write for publication and how to analyze data, but for
the close relationship | developed with Dr. Ponseti dur-
ing the process and the depth of understanding | gained
from working with him on this research project.
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STERLING LAAVEG—1976
RESIDENT RESEARCH PROJECT

LONG-TERM RESULTS OF CLUBFOOT TREATMENT

Laaveg SJ, Ponseti IV: Long-term results of the treatment of
congenital clubfoot. J Bone Joint Surg 62A:23-31, 1980.

The opportunity to
work with Dr. Ponseti
on my long-term club-
foot study was a critical
event in my career. Dr.
Ponseti continues to be
an inspiration to me.
His life story of fleeing
from Spain when
Franco arose to power,
then finding his way
from Spain to Mexico
and then to Arthur
Steindler’s orthopaedic
program in lowa City
still thrills me. His life-
long commitment to the science of musculoskeletal
medicine, his clinical and scientific accomplishments
and the large number of talented orthopaedists he has
taught make him one of the greatest figures in the his-
tory of orthopaedics, and | am so pleased that he con-
tinues to have the enthusiasm and zeal to pursue new
knowledge, teach and improve treatment for ortho-
paedic patients.

In 1976, | was naive when | began the study of chil-
dren treated with clubfoot and the changes that may
have occurred over time. The tasks of locating adult
patients treated as children, arranging follow-up sched-
ules, developing follow-up function questions, selecting
physical examination parameters, defining radiographic
measurements, collecting raw data, correlating mean-
ingful data and drawing appropriate conclusions were
far more formidable than | had imagined in the start.
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Dr. Ponseti was always gracious, patient and helpful in
advising me and encouraging me to continue. At the
time | was performing this study it seemed very time
consuming, but in retrospect | realize the time was well
worth it, and it was not as much of a burden as | may
have thought at the time.

Selecting the pertinent data and drawing meaning-
ful conclusions for presentation at my Senior Residents’
Day Conference was difficult; but writing a paper, deal-
ing with the multiple revisions, and having it finally ac-
cepted for journal publication was truly daunting. Dr.
Ponseti was extremely helpful and uniformly positive
throughout this process and always gave me thought-
ful advice, support and encouragement whenever | hit
an impasse.

The opportunity to perform this study of clubfoot
treatment taught me that good quality research is diffi-
cult and hard to deliver in a meaningful format that
contributes to the science and clinical practice of or-
thopaedic surgery. The effort left me with a much bet-
ter understanding and appreciation for the work of other
clinicians and scientists and gave me throughout my
career the critical eye | needed to review scientific work.
It was clearly one of the most valuable experiences of
my residency.

Dr. Ponseti, always with his dry sense of humor, once
told me as | was putting a clubfoot cast on a newborn
baby, “Poor baby! Your hands are so big, Dr. Laaveg.”
Dr. Ponseti was smiling at me, but the mother of the
child looked nervous. My opportunity to work so closely
with Dr. Ponseti in this program allowed me to come to
know him well. He is a rare gem to me as well as to
patients, students, residents and physicians.



SPEECH AT 90™ BIRTHDAY FOR DR. IGNACIO PONSETI,
JUNE 8, 2004

Joseph A. Buckwalter, M.D.

Welcome to the celebration of the 90" birthday of a
friend, colleague, one of the most remarkable faculty
members in the history of The University of lowa, and
an inspiration for us all—Dr. Ignacio Ponseti.

Much can and should be said about Dr. Ponseti’'s
skilled and compassionate medical care, his inspirational
teaching and his commitment to The University of lowa
Orthopaedics Department. | want to comment on one
of his most important contributions to the specialty of
orthopaedics—his life-long effort to give orthopaedics
a firm foundation in biology, an effort that has benefited
millions of patients throughout the world.

Orthopaedics is a very physical specialty—we use
cables, saws, hammers, drills, nails, screws, plates and
cement, and from time to time, a certain amount of
physical force. | recall, several years ago, when | sent a
grant proposal to the University Vice President for Re-
search, a very thoughtful and knowledgeable person for
whom | have the greatest respect. He made a number
of very helpful comments and then said this is a pretty
good proposal, | thought you guys were over there
pounding nails into people’s bones.

If we are doing more than pounding nails into bones,
Dr. Ponseti deserves much of the credit. I remember
Dr. Ponseti’'s observation that while orthopaedic sur-
geons were refining their techniques of joint fusion and
tendon transfers for the treatment of limbs paralyzed
by polio, others were finding the cause of the disease
and, eventually, a method for preventing it.

Dr. Ponseti was born in the Balearic Islands on June
3, 1914. In 1930 he entered the University of Barcelona
where he obtained a degree in biology in 1932 and an
M.D. degree in 1936. The Spanish Civil War began just
two days after Dr. Ponseti graduated from medical
school. He worked as a physician and surgeon, provid-
ing fracture and wound care for injured soldiers, from
1936 to 1939. During the war he used the “closed plas-
ter treatment” of open fractures, advocated by one of
his teachers at the University of Barcelona. His treat-
ment of open fractures consisted of washing and de-
briding the wound, excising necrotic tissue, denuding
bone fragments and foreign matter, followed by manual

reduction of the fracture, packing the wound with ster-
ile gauze and immobilization of the limb in a circumfer-
ential plaster dressing. The only inconvenience of this
method was the bad smell. Trueta reported that the
success rate of this biologic treatment was high and
stressed that internal fixation by any means was to be
avoided. Undoubtedly, this approach saved many limbs.

After the war Dr. Ponseti immigrated to Mexico
where he practiced from 1939 to 1941, and in June of
1941 he arrived in lowa City to work with Dr. Arthur
Steindler.

Dr. Ponseti’s strong belief in the importance of un-
derstanding tissue biology has been a powerful force
in shaping The University of lowa Orthopaedics Depart-
ment.

Along with Dr. Ernst Freund, he helped establish the
orthopaedic pathology program. He developed one of
the first connective tissue biology and biochemistry
laboratories, with the goal of discovering the causes of
skeletal deformities including scoliosis and dwarfism.
His pioneering studies of the effect of aminonitriles on
collagen cross-linking laid the foundation for much of
current understanding of collagen biochemistry and
matrix biology. Jerome Gross, the scientist recognized
for opening the field of collagen biochemistry, credited
Dr. Ponseti as the man who inspired him to study col-
lagen. Dr. Ponseti’s commitment to finding a method of
non-operative treatment of clubfoot deformity has
helped tens of thousands of patients. The success of
his method has been confirmed by multiple indepen-
dent investigators and has spread throughout the world.

I was fortunate that when | was a medical student,
Dr. Ponseti was assigned to be my advisor. He helped
me see orthopaedics as a field of great opportunity for
progress, based on advances in understanding of the
biologic processes responsible for disorders of the
musculoskeletal system. He has been my advisor,
teacher and inspiration since the first day | met him
more than 30 years ago, and not a day passes that | do
not think of him and rely on much that he taught me.

Dr. Ponseti, thank you very much for all you have
done for me and for orthopaedics.
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SPEECH AT 90th BIRTHDAY FOR IGNACIO V. PONSETI,
JUNE 8, 2004

Stuart L. Weinstein, M.D.
Ignacio V. Ponseti Chair and Professor of Orthopaedic Surgery

Dr. Ponseti, Helena, Bill, friends and admirers of Dr.
Ponseti and distinguished guests:

How lucky we all are to be here today to celebrate
this wonderful occasion to honor a man who has pro-
foundly affected all of us in one way or another and
changed the lives of thousands of patients, not only here
in lowa City or in the Midwest, but around the world.

Each of us in our own way has a special relationship
with Dr. Ponseti, which I'm sure all of us are reflecting
on tonight. Each of us, as we go through life, is influ-
enced by many people: our parents, our family, our life
experiences, our environment, things that happen to us
by chance, what college we attend, where we went to
medical school, etc. However, most of us can count the
one or two people who have profoundly affected us and
helped to shape who and what we are. For me that spe-
cial person is Dr. Ponseti. It is Dr. Ponseti who had the
most profound effect on shaping who and what I am.

As we come together tonight to celebrate the anni-
versary of Dr. Ponseti's birth, it also gives us another
unique opportunity. As we go through our lives we of-
ten look back on the things that we didn’t take time to
say to our friends, colleagues and relatives, to those we
love and care about, to tell them how we feel about them
or to say thank you. We all have that opportunity here
tonight and for me it's a unique opportunity to be able
to tell Dr. Ponseti what he has meant to me.

I came to the orthopaedic world by a circuitous route.
I was bound and determined to be a gastroenterologist.
Thanks to my advisors, Drs. Allen Mark and Phil
Schmidt, | had already secured a residency post at the
University of California, San Francisco, but | decided
to do an elective. That elective changed my life and ca-
reer goals forever. | came into the Orthopaedic Depart-
ment at Children’s Hospital, a department that was built
on the foundations laid by Dr. Arthur Steindler and fur-
ther developed, matured and enhanced by the leader-
ship of Dr. Carroll Larson. Unfortunately, as with many
medical students at that time, | had this stereotypic view
of an orthopaedic surgeon as a physician who was
strong as an ox and half as smart. However, in walking
into Children’s Hospital in late 1969, | walked into the
land of giants, legends in orthopaedics, Dr. Carroll
Larson, Dr. Mike Bonfiglio, Dr. Adrian Flatt, Dr. Don
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Kettlecamp, Dr. Jerry Laros, a young Dr. Dick Johnston,
Dr. Reg Cooper and of course, the already legendary
Dr. Ponseti. Dr. Ponseti was revered by medical stu-
dents for his kindness to them and also by the fact that
he taught them something, something useful. He had a
weekly session on how to apply plaster casts, a skill
that most physicians would use in community practice.
We also all knew that Dr. Ponseti bridged the history
of the department at that time, as he had trained under
Dr. Steindler and now was a senior faculty member
under the regime of Dr. Larson. As we all know today,
Dr. Ponseti has bridged the entire history of our de-
partment from Steindler to Larson to Cooper to
Buckwalter.

That rotation convinced me that | wanted to be like
these men and be an orthopaedic surgeon. So, after one
year in San Francisco, | came back to lowa City to em-
bark on my orthopaedic career. When | came into the
department in 1973, | finally got to meet and study with
the man who would become my role model. What im-
pressed me most about Dr. Ponseti was his overwhelm-
ing concern for the well-being of patients and his sin-
cere desire to provide them with the best possible care.
What | saw in Dr. Ponseti was not only a master sur-
geon, but a scientist and a teacher, and | knew from
the beginning that | wanted to be like him: his caring
manner; his quixotic quest for the understanding of the
fundamentals of disease affecting children; his making
certain as we proposed treatments that we had a full
knowledge of the pathoanatomy of the condition, its
natural history, and how follow-ups of treatments had
affected this natural history with respect to outcomes;
and how patients and their families perceived this treat-
ment. | think you all realize that what we are talking
about is what is today called “evidence-based practice,”
taking the best evidence available and merging that with
the clinical skills of the physician based on careful ob-
servational follow-ups of his practice and incorporating
patient desires. This “evidence-based practice” had been
practiced by Dr. Ponseti and, in fact, by all the mem-
bers of the Department of Orthopaedic Surgery for a
very, very long time.

I was also impressed with Dr. Ponseti’s, for lack of a
better term, “anti-surgical mentality.” Most surgical



training programs, then and now, seemed to have an
attitude of “I'm a surgeon, what surgery can | offer this
patient” as opposed to looking critically at the disease
process, knowing its natural history, knowing the known
outcomes of treatment and which of those treatment
options had promise for altering natural history in a
positive way. | was so deeply impressed by this thought-
ful caring for patients that | just wanted to be like him.
At the time | never dreamed that | would have a chance
to work with him. I think you all should know too, that
at the time | was a resident, if you read the pediatric
orthopaedic literature, you would realize that no one in
pediatric orthopaedics around the world had contrib-
uted more to the basic understanding of pediatric or-
thopaedic musculoskeletal conditions than Dr. Ponseti.

In about October of 1975, the Chairman of the De-
partment of Orthopaedic Surgery, Dr. Reginald Cooper,
called me into his office. As any resident will tell you,
that usually meant bad news. But much to my surprise
and delight, Dr. Cooper offered me the opportunity to
join the faculty to help Dr. Ponseti. What did | think
about that idea? | could hardly believe what he was say-
ing to me. What a dream! As a baseball fan, it would be
the equivalent of asking me if | want to join the 1927
New York Yankees and play alongside Babe Ruth, Lou
Gehrig, Bill Dickey and the rest of this dream team.
What a thrill and what an unbelievable opportunity.

When I joined the faculty then in 1976 | began a new
relationship with Dr. Ponseti. He became my mentor.
He was so generous and unselfish in sharing with me
his 30 years of experience in pediatric orthopaedics. |
was like a sponge trying to absorb everything | possi-
bly could. And | must tell you, | was the envy of all of
my pediatric colleagues around the world, for they knew
of his great contributions to this specialty. How they
would have loved to have this same opportunity, to be
starting their career as an apprentice to the master.
What | think is important to stress about being
mentored by Dr. Ponseti is that he wasn't looking for a
disciple, someone just to sing his praises in the ortho-
paedic community. He was truly interested in the fu-
ture of the university, the future of our department and
the future of this specialty, and I felt that he wanted me
to succeed and that he would do anything necessary to
help me in my quest.

After several years of working together, my real edu-
cation began. The Ponseti’'s had invited us to come out
to Colorado with them for their annual summer hiking
adventure. So Lynn and | joined Helena, Ignacio and
Bill Ponseti and his children for about five or six sum-
mer vacations at the Longs Peak Inn in Estes Park,
Colorado. In our long hikes through the Rocky Moun-
tain National Park in Indian Peaks Wilderness, both

Helena and Ignacio taught us about literature, art, mu-
sic and wildflowers, in addition to orthopaedics. This
was in a sense, like a private two-or-three-week tutorial.
From Dr. Ponseti | learned about growing up in Spain,
his experiences in the war, his experiences as a gen-
eral practitioner in Mexico, his wonderful story about
coming to America and the changes he noticed imme-
diately as he crossed the border into Texas in June of
1941. He also taught me about the legends of the ever-
growing specialty of orthopaedic surgery that he had
seen from the 1930’s to the 1970's. As many of you know,
the orthopaedic surgeons in Dr. Steindler’s generation
were really the first true orthopaedic surgeons who had
separated from general surgery. Most of the great cen-
ters were located in Europe until the turn of the cen-
tury, when men like Steindler, the forefathers of Ameri-
can orthopaedic surgery, established the great
departments in the United States. All of those great lead-
ers came through lowa City and Dr. Ponseti had a
chance to meet many of them firsthand. So, I learned a
lot about Dr. Arthur Steindler and the giants who passed
through the halls of Children’s Hospital. I learned about
the other great physicians who had been members of
the faculty at University Hospital. | learned about child-
hood diseases and conditions that | would never see.
What a priceless education and privilege | had. These
little chats are things that | have treasured throughout
my 30 years of working with Dr. Ponseti. As my life has
gotten busier and busier with orthopaedic and outside
orthopaedic activity responsibilities, these are the things
that | miss most.

About 20 years ago, in 1984, Dr. Ponseti retired. |
know that's a surprise to all of you! We had a celebra-
tion, a two-day academic symposium and a banquet held
here at the Athletic Club. The participants in that sym-
posium were the household names in orthopaedics, men
who had made great contributions to the specialty and
who were honored to come and participate in this re-
tirement celebration for Dr. Ponseti. They included Dr.
Henry Mankin, Chairman at Harvard, Dr. Alf
Nachemson, a noted spine researcher from Goteborg,
Sweden, Dr. Sherm Colemen, a world-renown pediatric
orthopaedic surgeon who was particularly interested in
problems of the pediatric hip, Dr. Jip James, Chief of
Orthopaedics at the University of Edinburgh and a re-
nown specialist in spinal deformity, Ruth-Wynne Davies,
a researcher also from Edinburgh who was interested
in many of the genetic conditions that Dr. Ponseti had
written about, and Anthony Catterall, probably the most
famous name in Legg-Calve-Perthes disease. The event
was attended by hundreds of former residents, fellows,
and community leaders, a true attestation to the love
and respect that all of them had for Dr. Ponseti because
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he had touched their lives in such meaningful ways. |
must admit that I viewed this occasion with mixed emo-
tions. It was a wonderful celebration of the contribu-
tions by Dr. Ponseti to our specialty, but it also meant
what | thought would be the end of our working rela-
tionship. For the two years that he was absent from the
hospital, I truly missed him. | missed the opportunities
to discuss cases with him, talk about totally unrelated
matters in the world or in the department and just the
comfort of having him across the hall. However, like
Michael Jordan, his retirement was short-lived. He came
out of retirement rejuvenated and on a crusade like Don
Quixote de la Mancha aided by his squire, Sancho, in
this case his devoted wife, Helena. | apologize, Helena,
for drawing the comparison between you and Sancho
Pancha, but | must admit when Dr. Ponseti came out of
retirement and started writing his clubfoot book, you
were his inspiration, his trainer, and his coach. You kept
him on target, motivated, focused, and provided the
necessary support to bring this project to fruition. Ob-
viously you all know that Helena is one of the top
Cervantes scholars in the world. What you don’t know
about Helena is that she is probably the second-most
knowledgeable person about clubfoot in the world. Dr.
Ponseti, our modern day Don Quixote, prepared him-
self to take on the windmills, not of La Mancha, but of
the pediatric orthopaedic world, which had totally dis-
missed his previous papers which had clearly shown
the benefit of the non-surgical management of clubfoot
treatment that he developed in lowa City. Despite the
fact that long-term results were published,
pathoanatomy was well understood and the treatment
had 20- and now 30-year follow-up documenting its suc-
cess, these surgeons, looking for the magical “surgical
bullet”, had totally dismissed this treatment saying that
it only works in lowa. At first, like Don Quixote, Dr.
Ponseti lost many battles and actually became discour-
aged, and was beginning to teach the method to the
only group who would listen, the podiatrists. But then
several things happened. First, the Pediatric Ortho-
paedic Society of North America was having a pre-an-
nual meeting symposium on clubfoot. Thinking that Dr.
Ponseti had now long since retired from active life, they
invited me to give a presentation on clubfoot. | immedi-
ately called the chairman of the session and suggested
to him that he invite Dr. Ponseti. | told him Dr. Ponseti
was extremely active running a busy clubfoot service,
would have a lot to offer the audience, and that it would
be a treat for them to hear him make the presentation.
This presentation, although I'm sure it was shocking to
most, provided the first crack in this almost impen-
etrable clubfoot surgical treatment wall. The second and
most important breakthrough came when this man born

xxii ~ The lowa Orthopaedic Journal

in the second decade of the twentieth century was
united with the most significant breakthrough in the
last decade of the century, the Internet.

It was the Internet that helped Dr. Ponseti harness
the most important force for change in the medical
world, patients. One of my clubfoot patients here in lowa
City, noting that there was no information available on
the Internet for parents of children with clubfoot, started
a web site. Then one of Dr. Ponseti's patients further
developed that information and the floodgates were
opened. It was essentially a “field of dreams” once again
happening in lowa, a “build it and they will come” men-
tality. The revolution had begun and pediatric ortho-
paedic surgeons from around the United States and the
world started to come to lowa City. It was interesting
for me to watch these individuals come to lowa City
and almost beg for forgiveness for thirty years of “sin-
ning.” Most of them, as | see them today, have been
“born again” after their visits to lowa City and seeing
the wonderful results firsthand in this method of club-
foot treatment.

Now, on a weekly basis pediatric orthopaedic sur-
geons from around the world come to study at the feet
of the master. Dr. Ponseti now spends countless hours
with these individuals, tutoring them on a one-on-one
basis as to the appropriate application of the method,
application of the post-treatment splints and follow-up
care. How wonderful it is for me to see the patients
coming through the clinic, as Dr. Ponseti does most of
his castings in one of the rooms in my clinic. | see these
parents come to lowa City with despair and tremendous
anxiety, most of them misinformed about treatment of
clubfoot. Many of them feel this is their last chance to
have a normal child and to prevent them from becom-
ing crippled. To see the love and gratitude that these
parents have after the first cast is removed, and their
almost-disbelief at the end of treatment as to how nor-
mal their children’s feet are—what a sight to behold.

All of us who are physicians profoundly affect two
groups of people in our lives; we profoundly affect our
families and the patients we treat. While all of us make
contributions to medicine in different ways, few of us
will make contributions that will last a lifetime. But all
of us in this room must take great pride in seeing how
this one man, Dr. Ponseti, has helped change one as-
pect of medicine, the treatment of clubfoot, for thou-
sands of patients now and hundreds of thousands of
patients in the future.

The only sad commentary about this story is that,
thanks to the work of doctors like Shaique Pirani, the
treatment of clubfoot was solved in the developing
world, in his case, Uganda, prior to it being solved in
the first world, here in the United States. But how com-



forting it must be to Dr. Ponseti to realize that he has
helped change the world and prevent millions of chil-
dren from being crippled by this disorder.

One of the side benefits that | have seen from this
recent success is the rejuvenation of Dr. Ponseti. To
me, he looks younger and spryer now than | think he
did twenty years ago when he retired. In fact, recently
a reporter from the Des Moines Register called me to
do an interview about Dr. Ponseti and the clubfoot treat-
ment. | told him that with each passing day, Dr. Ponseti
is getting younger and younger, and in fact it wouldn’t
surprise me if he outlives me and is someday named
the Weinstein Professor of Orthopaedic Surgery.

Finally, on a personal note, of all the wonderful things
that have happened to me in my professional life, none
has been more meaningful to me than being named the
Ignacio V. Ponseti Chair of Orthopaedic Surgery. This
wonderful honor, which was bestowed on me 17 years
ago, was a tremendous personal honor, but with that
honor came a very heavy responsibility. When
fundraising for this chair from alumni and friends of

the department was begun in 1984, the purpose of the
chair was to be able to honor Dr. Ponseti in perpetuity
through the actions and deeds of the chair holder. To
me, this has been a sacred responsibility.

Dr. Ponseti, | want you to know that | mention your
name everywhere | go and in every scientific lecture |
present. | thank you publicly for all you have meant to
my personal and professional life. Also, as | take care
of pediatric orthopaedic patients here at University
Hospital, I try to make certain that the patients and fami-
lies who seek our care get the best possible and most
thoughtful care available anywhere in the world. The
honor of having a chair in your honor, to me means
that you will always be by my side, in my thoughts, my
deeds and in my life. As | mentioned earlier in this pre-
sentation, life often passes by without our having the
opportunity to tell the people we care about how we
feel about them. Words really can't express what you
have meant to me and to my life. You have been, you
are and will always be my hero. | love you very much.
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DR. PONSETI'S 90™ BIRTHDAY SPEECH, JUNE 8, 2004

Ignacio V. Ponseti, M.D., lowa City, lowa

Thank you, Jody Buckwalter, Stu Weinstein, and the
staff for celebrating my birthday among friends and
colleagues. My special thanks to Paul Etre for organiz-
ing the event and to Naomi Davis and Gavin DeKiwit
from England for coming from far away to give distinc-
tion to this occasion.

Throughout my life, I have had good luck. When |
was a student in the 1930s in the medical school of The
University of Barcelona, the school was one of the best
in Europe, owing to the fact that following the fall of
the monarchy in 1931, the University became autono-
mous—independent from the central government of
Madrid. The faculty was doubled, a large new hospital
was added, and a number of promising graduates were
sent to Vienna, Berlin, Boston and Chicago to bring
back the latest scientific advances in medicine.

Again, | was lucky to finish medical school one day
before the Spanish Civil War started in 1936, and to be
assigned to work for two years with Jimeno Vidal back
from Vienna, where he worked on trauma with Bohler.
Then, for one year | worked with Adolfo Ley, back from
Boston and Chicago, where he studied neurosurgery
with Cushing, Bucy, and Baily.

After my experience during the three years of the
Spanish Civil War—the exodus to Beziers in southern
France—I spent one-year-and-a-half in the village of
Juchitepec, south of Mexico City, where | had to deal
with an epidemic of typhoid fever. For me, to come to
lowa City was a stroke of good fortune, for finally I
found myself at home.

My choice of coming to the University of lowa was
guided by Dr. Juan Farill, professor of orthopaedic sur-
gery at The University of Mexico, who had trained in
the early 1930s with Dr. Steindler. | arrived in lowa City
63 years ago, on my 27" birthday, a wonderful birth-
day present.

Dr. Steindler’s Orthopaedic Department was consid-
ered one of the best in the United States. Dr. Steindler
was a refined and cultured man. My first assignment,
before the start of residency in July, was to translate
into Spanish the 20 lectures he was to deliver at The
University of Mexico, and to teach him how to pro-
nounce them correctly.

The State of lowa had a very progressive program
of medical care—the University Hospitals provided free
treatment for indigent patients. Twenty years before |
came, the Orthopaedic Department occupied the east
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side of the newly built Children’s Hospital, with 100
beds. Children’s Hospital had laboratories for biochemi-
cal research, bone pathology, clinical research, physi-
cal therapy, and a brace shop. All the braces for lowans
were made in this shop. We, the residents, lived on the
second floor.

The greatest legacy of Dr. Steindler was to establish
the basic principles of a model orthopaedic department
in a rising university with teaching, research and pa-
tient care as full-time occupations. Health care had to
be based on sound scientific and clinical research. Ex-
tensive files with records and X-rays of all patients, go-
ing back to 1920, were available through a full-time sec-
retary for research. | spent many a night studying the
natural history and results of many orthopaedic disor-
ders treated in lowa City. Long-term results of club foot
treatment | found to be very bad. Those of congenital
dislocation of the hip, and of Legg-Perthes, were bet-
ter.

When the second world war started 6 months after
my arrival, many faculty and residents, as well as young
doctors in the state, had to enlist in the military. In
Orthopaedics, we were left with one staff and about 4
residents to take care of an increased number of pa-
tients. We worked 12 to 14 hours each day for twenty
dollars a month for the first year, with room and board.
Then, and for many years after, salary was not a sym-
bol of one’s status. Health care was not for business. At
that time, polio epidemics filled our infectious disease
area, and in fall we sometimes had over 600 patients,
40 or so needing iron lungs to breathe. How could the
afflicted families pay for this? They didn’t have to.

At the end of the war, veterans returned to complete
their orthopaedic training. Our time for research in-
creased. With Barry Friedman and the help of pediatri-
cians, neurologists and endocrinologists, we did exten-
sive clinical and laboratory studies of close to 400
patients with idiopathic scoliosis. These studies revealed
that the prognosis of the spinal deformity varied accord-
ing to age at onset and to the site of the curves in oth-
erwise normal patients. This study has been continued
by Stu Weinstein and Lori Dolan, bringing us much
useful information.

In searching for an animal model for scoliosis, | stud-
ied this deformity reproduced in rats and rabbits fed a
diet containing sweet pea seed. Early in my experiments,
I noticed that the young rats fed the sweet-pea meal



died from dissecting aneurysms of the aorta. The skel-
etal lesions observed in very young rats occurred in
the growth plates, causing slipped epiphyses. Ky-
phoscoliosis was seen to develop as a result of slippage
in the weakened vertebral growth plate and detached
intervertebral ligaments.

The sweet pea caused the collagen in rats to be weak
and soluble in salt saline. My findings opened a new
field of study by biochemists. They discovered the struc-
ture of collagen to be formed by a triple helical protein
with three polypeptide chains wound around each other.
The aminonitrile in the sweet pea disrupted the cross-
linking, weakening the collagen. This led to the under-
standing of the molecular defects in Marfan’s, Ehlers-
Danlos syndrome, and other genetic deficiencies. Much
more work on collagen still lies ahead.

My research was possible because of the unique in-
terdisciplinary setup in this university in the 50s and
60s. | worked with Stan Wazoneck in organic chemis-
try to identify the poison in the sweet pea, with Witschy
in zoology to study the lesion in tadpoles. | worked with
Warren Nelson and Nick Halmy in anatomy, with Muir
in botany, and with Bob Shepard in physiology as he
worked on his Ph.D. under my direction. Later on, the
electron microscopy laboratory, established by Reg
Cooper, was a basic addition for research. Dr. Bonfiglio
was in charge of bone pathology. This university was a
working paradise.

The ideals of the founders of our medical school have
been maintained by men of vision, thanks to presidents,
administrators, deans, chairmen, and colleagues:
Howard Bowen, Sandy Boyd, John Colloton, Jack
Eckstein, Bob Hardin, Paul Seebom, Jim Clifton, Carol
Larson, Reginald Cooper, Jody Buckwalter, Stu
Weinstein, and many others.

Personally, | could not have worked without the com-
mitment of residents, nurses and secretaries: Miss
Gould, Gwen Rarig, Stella Horst and recently Maria
Paulsen, Susan Crimmins, Joyce Roller, Nancy Love,
Gloria Yorek and others.

It is this university’s setup that has made it possible
for our staff to lead the world in orthopaedic surgery.
Drs. Steindler, Weinstein and Buckwalter have been
presidents of the American Orthopaedic Association.
Drs. Larson, Cooper, and now Weinstein have been
presidents of the American Academy of Orthopaedic
Surgeons, and six members of our department have
been presidents of the Orthopaedic Research Society,
which I co-founded in 1954 (Ponseti, Bonfiglio, Cooper,
Brand, Buckwalter and Brown). A number of us have
been advisers to the National Institutes of Health and
members of the editorial boards of leading orthopaedic

journals. A number of seminal articles have come out
of our department.

When | turned 70, | had to comply with the manda-
tory retirement age. | was named professor emeritus.
For two years | found enjoyment in studying Renais-
sance and modern art in the Art Department. Then, |
went back to my laboratory to work on elastin in con-
sultation with Michael Solursh.

I missed my patients, however. Stu Weinstein sug-
gested | help with club foot patients. A 30-year follow-
up by Doug Cooper and Fred Dietz of patients | treated
with my technique in the 50s and 60s revealed good
functional results, whereas club foot surgery through-
out the orthopaedic world continued to bring disappoint-
ments. My papers on this subject were ignored.

My wife, Helen, suggested that | write a book on my
method of treating club feet. She offered to type it for
me on the computer. No publisher in the U.S. was in-
terested. Stu Weinstein and Jody Buckwalter, who had
contacts since his professorship in Oxford, were instru-
mental in getting my book published by Oxford Uni-
versity Press in 1996.

John Herzenberg from Baltimore was the first to read
my book and promote my method. However, only a few
orthopaedic surgeons were willing to give up surgery.
Charles Saltzman advised me to summarize my work
in our Virtual Hospital on the Internet.

A developer in Las Vegas, Martin Egbert, whose sixth
child was born with club feet, was horrified, reading
for three months the variety of operations performed
on babies with this deformity. After calling Herzenberg
and others to inquire about my technique, he called me
on the phone several times. Finally, I just told him to
stop shopping around and let me fix his baby.

After three weeks in lowa City, his son’s feet were
corrected. On the way home with his wife, Allyson, they
determined to start a web site to inform parents that
surgery is unnecessary to correct club feet. Today,
hundreds of web sites by parents here and abroad have
been instrumental in turning around club foot treatment.
John Mitchell, a master craftsman, and I, constructed a
club foot model to show doctors and physician assis-
tants how to move the joints to correct the deformity.
Today, John Buchanan, a brilliant adviser on the estab-
lishment of new enterprises, is making it possible for
John Mitchell to expand the production of his new foot
appliances to maintain the club foot correction.

It has been touching to me to witness how parents
know from the first manipulation and removal of the
first cast, that their baby’s feet are on the way to nor-
mality. This is in shocking contrast to surgeons who
cut ligaments, lengthen tendons, open joints and pin
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bones to align the foot, unaware of the irreparable dam-
age they do.

Today, after half a century, | feel vindicated as
Shafigue Pirani and Norgrove Penny, backed by the
Rotarians, are introducing my technique throughout
Africa, India, and China. Naomi Davis and Gavin
DeKiwit are disseminating the treatment throughout
Great Britain and beyond, as have Ernesto Ippolito in
Italy, Ana Ey in Spain, Berard in France, Sinclair in
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Germany, Romanus in Scandanavia, and other doctors
in Israel, Turkey, Portugal, Brazil, Uruguay, Argentina,
Chile and Japan. Translations of my procedure are be-
ing made in seven languages.

I want to express my most profound gratitude to the
outstanding leaders, professionals, and friends of this
wonderful university for their support and contributions
to my work throughout the years. It could not have been
done anywhere else. Thank you.



DEVELOPMENT OF IMAGELESS COMPUTER NAVIGATION FOR
ACETABULAR COMPONENT POSITION IN TOTAL HIP REPLACEMENT

Lawrence D. Dorr, M.D., Yuji Hishiki, R.N., Zhinian Wan, M.D., Deanne Newton, PA-C, Andrew Yun, M.D.

ABSTRACT

The purpose of this study was to develop an
imageless (without preoperative computerized to-
mography (CT) scans or intraoperative fluoros-
copy) computer navigation system for total hip
replacement. One-hundred and ninety-five hips
were operated with imageless computer naviga-
tion. Eighty-five hips were operated prior to ob-
taining precise results, with precision refined in
the subsequent 110 hips. Computer accuracy for
cup-adjusted anteversion was achieved in 100%
of the final 40 hips, and for adjusted inclination
in 96.6%. The factors necessary for accurate mea-
surements are mechanical stability of the tools with
the light-emitting diodes, adjusted computer an-
teversion and inclination for the tilt of the pelvis
(tilt in the AP plane), and check-and-balance tech-
niques for confirmation of measurements of tilt,
anteversion and inclination.

INTRODUCTION

In 1998, DiGioia et al.? won the Aufranc Award of
the Hip Society for his pioneering work using computer
navigation for cup placement. He used preoperative
computed tomography scans to define the desired po-
sition of 40 degrees abduction and 20 degrees antever-
sion for an individual patient, and then use this infor-
mation intraoperatively to achieve this goal. After
DiGioia presented his findings, there was an enthusi-
asm born for computer navigation methods. DiGioia
continued to report his results, which showed precision
of cup placement with his image-driven navigation even
with small incisions. Jolles et al.* had the same preci-
sion with plastic pelvis models which had image-driven
navigation and the average error of 1.5 degrees ante-
version and 2.5 degrees abduction. Nogler et al.® used
an imageless system in cadavers and found more con-
sistent placement of the cup than with mechanical
guides.
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The necessity for a preoperative CT scan, or even
intraoperative fluoroscopy, has been a deterrent to the
use of navigation for many surgeons. This technique
seems cumbersome and impractical to most surgeons
in their busy practice. For this reason, interest in an
imageless navigation system for total hip replacement
became prevalent among those interested in navigation.
This study was initiated with the hypothesis that an
imageless computer navigation system could be devel-
oped which would be more accurate than manual meth-
ods and would be easy and efficient to use with little
risk of complication. This system would then be practi-
cal for the practicing orthopedic surgeon and would
provide the surgeon with “real time” knowledge of the
component position. This knowledge would reduce the
risk of impingement of the total hip replacement which
was being performed.

MATERIALS AND METHODS

In February 2003, with approval of the Institutional
Review Board and with informed consent of the patients,
a clinical investigation was begun of an imageless com-
puter navigation system. This imageless computer-as-
sisted navigation was approved by the Federal Drug
Administration (FDA) in November of 2003. The antici-
pated complaints were mostly associated with the use
of percutaneous pins for placement of the base supports
for the antennae which held the light emitting diodes.
The operation was performed identical to a surgery
without computer assisted navigation. The intraopera-
tive registration of the acetabulum was non-invasive.
Component placement could be performed by the sur-
geon, as needed, if there was mechanical or computer
malfunction.

All operations were performed by a single surgeon
(LDD). None were performed by residents or fellows.
The operations were performed with a posterior mini-
incision measuring 8-10 cm as previously described®.
Implants used were the anatomic porous replacement
stem (APR, Zimmer, Warsaw, IN), the Converge cup
(Zimmer, Warsaw, IN) with either a Metasul (Zimmer,
Warsaw, IN) or Durasul liner (Zimmer, Warsaw, IN). In
these patients, the largest femoral head which could be
used was used. The only head sizes available for
Metasul was 28 mm, so its use was limited to 49-51 mm
sockets. For Durasul, 32 mm heads were used for 51-
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Figure 1. The AP plane of the pelvis is being registered with the
pointer guide on the anterior iliac spine. The pelvic base with the
light-emitting diodes on the tracker and the pointer are seen by the
optical camera at the head of the table which is attached to the
hardware for the navigation system. The computer screen is on a
separate piece of equipment.

55 mm sockets, 38 mm for 57-61 sockets, and above 61
mm a 44 mm head was used. No extended liners were
used.

Technical Aspects of Imageless Computer
Navigation

The tools to be used during surgery for registration
of anatomy and components must be calibrated prior to
use. The calibration allows the computer software to
identify the tools during use. Calibration is accom-
plished by the scrub technician and the circulating
nurse while the patient is being prepared for anesthe-
sia, and requires approximately 5 minutes.

Navigation data is recorded using a Polaris Optical
Localization System (Polaris, Northern Digital Instru-
ments) using light emitting diodes (LED) (Figure 1).
Surgical instruments and patient references are
equipped with reflective spheres allowing tracking of
their location during the surgery. The navigation soft-
ware is image-free. The coordinate system and other
reference points of the patient are digitized using a dedi-
cated instrument, the registration pointer. All landmarks
are digitized in relation to a patient reference that is
rigidly fixed to the relevant bone of the patient.

The registration of the anteroposterior (AP) plane of
the pelvis (anatomic coordinate system) is done after
the patient is anesthetized (Figure 2). This can be done
while the anesthesiologist is completing the prepara-
tion, such as inserting arterial lines. The skin over the
pelvis is sterilized with Betadine (Purdue Pharma L.P.,
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Figure 2. The AP plane of the pelvis is registered with the patient
in the supine position by touching the digitizing probe to the bone
of the two ASIS and pubis.

Stamford, CT). A metal base plate is attached to the
iliac crest with three percutaneous threaded 1/8-inch
pins (Zimmer, Warsaw, IN). This metal base holds the
pelvis antenna with the light emitting diodes (LED) for
registration of pelvic information. The pelvic reference
used for navigation is a unique modular design allow-
ing removal of the antenna from its base and placing it
back later in the exact same location. The registration
pointer guide is touched to each anterior superior iliac
spine (ASIS) and the pubis. The pointer touching the
ASIS does not need to puncture through skin to the
bone, but this should be done if there is fat over the
ASIS obscuring the prominent bone. The pointer should
always puncture through skin to the pubic bone because
of the thickness of fat over the pubis. The cephalad
border of the symphysis pubis is palpated and the
pointer is directed to the pubic bone just below this
border so that it contacts the pubic bone near the left
or right pubic tubercle. The pubic tubercle is not pal-
pable in many patients because of the thickness of fat.
This process of registration of the AP plane requires
no more than ten minutes to accomplish.

The patient is turned to the lateral decubitus posi-
tion and secured with pelvis and chest supports to mini-
mize pelvis motion during the operation. The long axis
of the body in the lateral position is registered by touch-
ing the pointer to the posterior pelvic and chest sup-
ports (Figure 3). The computer software mathematically
computes the tilt of the pelvis (tilt of AP plane) in the
lateral position. This process takes one minute of time.



Figure 3. The patient is in the lateral position for the operation and
supported by two pelvic and two chest supports. The two posterior
supports are those touched by the registration pointer to register
the longitudinal axis of the body. The registration of the long axis of
the body is done by creating a triangle on the two posts. This figure
illustrates the triangle with two points on the pelvic post. A second
tilt measurement is done with the triangle reversed with two points
on the chest post. The pelvic and femoral antennae with light-emit-
ting diodes are shown.

If just the acetabulum is to be navigated (no femoral
navigation), the leg length and offset of the hip can still
be determined. After incision to the level of the greater
trochanter and prior to dislocation, the greater tro-
chanter is touched with the pointer to register the pre-
operative position. A divot in the trochanter bone is
made so the initial site can be located after the recon-
struction. When the replacement is completed and the
hip relocated, the change in offset and leg length are
recorded by touching the same site on the greater tro-
chanter (Figure 4). The software can then compare the
preoperative and post-implantation positions.

There are three registrations of the acetabulum done
intraoperatively (Figure 5). After exposure of the ac-
etabulum, and removal of the pulvinar to expose the
cortical bone of the cotyloid notch that represents the
medial wall, the pointer is used to touch the acetabular
bone. The first registration locates the center of rota-
tion (CR) of the hip and is performed with 16 touches
of the inner wall, avoiding the cotyloid notch. The sec-
ond registration is named ‘the Mosaic.’ By touching the
periphery of the bone, the medial wall and cotyloid
notch, the outline of the acetabular anatomy is obtained.
The third set of points is named the ‘fit plane’ and the
data is obtained by six points on the periphery of the
acetabulum that defines the inclination and anteversion
of the natural bone. Osteophytes and the cotyloid notch
need to be avoided with this registration.
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Figure 4a. The point of registration on the greater trochanter is
marked with methylene blue so that it can be easily found at the
completion of the hip replacement.

Figure 4b. The change in leg length and offset are measured by
touching the same point on the greater trochanter with the regis-
tration pointer.

Three-dimensional change of the center of rotation
during acetabular preparation and implantation is given
by numerical changes in the superior-inferior,
mediolateral and anterior-posterior planes during ream-
ing (Figure 6). The medialization of the center of rota-
tion can be anticipated from preoperative planning.
When the cup is implanted, the inclination and antever-
sion, adjusted for the tilt of the AP pelvis, are visual-
ized on the computer screen and the surgeon can ad-
just the cup position to the numerical position required
(Figure 7).

The cup position is known because of the LED on
the cup holder. If the antenna attachment becomes
loose, the values can be wrong. For this reason, we al-
ways confirm the reading from the cup holder by per-
forming a fit-plane measurement of the metal edge of
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Figure 5. The acetabular bone is touched by the pointer guide as
seen in the lower left-hand quadrant. The computer screen shows
the outline of the AP and ML dimensions of the acetabulum with
the medial bone marked by yellow dots. The lighter central dot
measures the center of rotation of the hip. This is seen in the up-
per two quadrants. The lower right quadrant shows the inclination
and anteversion of the native acetabulum as determined by the fit
plane.

Figure 6. The reamer in the acetabulum is shown in the lower left-
hand quadrant. The position of the reamer relative to the acetabu-
lar peripheral bone and medial wall is shown in the upper two
quadrants. The CC is center of rotation (positive number means
superior displacement); ML is mediolateral displacement from the
center of rotation by the reaming (negative number means medial
displacement); AP is the anterior-posterior position of the reamer
(negative number means posterior displacement). The numbers
on the left give the angular position of the reamer in the acetabu-
lum both by inclination and anteversion, which is also adjusted.

the cup after the cup holder is removed (Figure 8). Six
points are touched on the circumference of the metal
edge to confirm the inclination and anteversion of the
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Figure 7. The cup implantation is shown in the lower left quadrant.
The upper quadrant shows the position of the cup relative to the
acetabular bone including medial wall. The CC, ML and AP num-
bers provide the center of rotation superior displacement (CC),
medialization (ML) and AP displacement (AP). The numbers on
the left give the numerical inclination and anteversion, and AdjAV
and Adjl. The lower right quadrant gives the native acetabulum
values, and the gray lines show what portion of the cup would be
uncovered. The amount of coverage is only illustrative.
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Figure 8. The measurement of the fit plane of the acetabular cup is
done by touching the metal edge of the cup at six points with the
registration pointer.

cup. Furthermore, if a screw is used, it is possible to
change the final position. A fit plane should be done to
record any change in position that occurred. The fit
plane is also done after the liner is impacted into place
to determine any change that occurs with that impac-
tion.



Data Collection

One-hundred and ninety-five total hip replacements
were performed with computer navigation between
February 2003 and October 2004. Eighty-five hips were
operated on in 79 patients in 2003 (group 1), and 110
hips in 100 patients in 2004 (which were divided into
70 patients operated on between January and July 2004,
group 2; and 40 patients operated on between July and
October 2004, group 3). The demographics of the pa-
tients in these groups were not different.

The first 85 hips from 2003 (group 1) included 53
men and 38 women. The 110 hips (groups 2 and 3) in
2004 included 54 men and 56 women. The age aver-
aged 63 + 11 years (37-89) versus 63 + 13 years (32-90);
the body mass index (BMI) was 28 + 5 (20-44) versus
26 + 5 (17-45). The diagnosis in 85 hips (group 1) ver-
sus 110 hips (group 2 and 3) was osteoarthritis in 76
versus 91, post-trauma in three versus one, osteonecro-
sis in three versus 11, and congenital disease of the hip
in three versus seven.

Accuracy of a measurement is comparison of the
measured value to the true value (i.e., the computer
anteversion vs. the true anteversion of the cup). Preci-
sion is the agreement between two measured values to
demonstrate reproducibility of a test. If the values tested
are the same as the true value, then both values are
also accurate. To determine the accuracy of the radio-
graphic technique, and the computer navigation tech-
nique, postoperative CT scans were obtained which
were considered the true value of cup anteversion.

The radiographic technique used for measurement
of anteversion was published in 1996.%2 It requires an
AP pelvis radiograph centered over the symphysis pu-
bis, and an AP hip radiograph centered over the hip.
Centering the AP hip radiograph was difficult with the
immediate postoperative radiograph, so it was only used
to confirm anteversion versus retroversion. Data from
comparison of 100 radiographs showed an average dif-
ference of 3.6 + 2.0 degrees, so that the radiographic
anteversion used for comparison to the computer ante-
version was that of the AP pelvis radiograph plus four
degrees.

Postoperative CT scans were obtained from 15 pa-
tients in group 2 to validate the radiographic and com-
puter numbers. The CT scan images were segmented
using Navitrack CT-based hip software (Orthosoft,
Montreal, Canada) to reconstruct the 3-D model of the
pelvic bone with the implanted cup. The planning mod-
ule of the Navitrack CT-based hip software is used to
evaluate the implanted cup orientation based on the
coordinate system used during the surgery. The coor-
dinate system is defined by aligning the frontal plane
to both the ASIS and the pubic tubercles, and the lat-
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eral axis through the ASIS. Generic cup models can then
be superimposed to the postoperative reconstruction of
the implanted cup. The resulting inclination and ante-
version angles can then be compared to the navigation
data.

Precision of the measurements were given a margin
of error of five degrees so that the radiographic and
computer values had to be + 5 degrees of each other or
the computer number was considered an outlier. Five
degrees was the margin of error because: 1) The dif-
ference between AP pelvis and AP hip radiographs was
four degrees; 2) The range of difference between post-
operative CT scans of cup position and postoperative
radiographs in 15 patients was 0-5 degrees (average 1.8
degrees); 3) The average range between the 15 postop-
erative CT scans and computer navigation cup position
was 0-6 degrees (mean 2.7 degrees); and 4) The stan-
dard deviation in postoperative radiographs for inclina-
tion and anteversion by this same radiographic tech-
nique for 105 hips performed without navigation was
38.4 + 6.3 degrees for inclination and 20.1 + 5.7 degrees
for anteversion. The authors felt the computer must
have better accuracy than their data from manual im-
plantation of the identical cup.?

Development of Precision of Anteversion and
Inclination

Four lessons were learned during the nearly one-year
time period during which the first 85 hips were oper-
ated. The first 17 hips in this group had 13 (76%) outli-
ers. In these hips, the pins holding the base for the
pelvic antenna would loosen with anterior retraction of
the femur and/or impaction of the cup. The base was
moved to the thickest bone of the iliac crest, about 5
cm posterior to the ASIS, and secured to the bone with
horizontal 1/8-inch threaded pins. The pin site was lo-
cated by marking it with methylene blue through the
pin holes on the base plate, a stab wound with a #15
scalpel blade was done, and the pins inserted.

The second lesson was that the tilt of the pelvis must
be calculated into the anteversion and this was mea-
sured in the next 40 hips (hips number 18-57) with the
patient supine on the operating table. Tilt of the pelvis
(which reflects tilt of the AP plane) means flexion (an-
terior tilt) or extension (posterior tilt) to the longitudi-
nal axis of the body (Figures 9A and 9B). The actual
anteversion decreases with flexion (anterior tilt) and
increases for extension (posterior tilt). The effect on
anteversion is not 1:1 for the degree of tilt, so the com-
puter software calculates a true anteversion and this is
expressed as the adjusted anteversion (AdjAV). After
measurement of tilt in the supine position, the patient
was turned to the lateral position for a posterior ap-
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Figure 9a. Anterior tilt of the pelvis means that the pelvis is flexed
(forward facing) from the longitudinal axis of the patient.

Figure 9b. Posterior tilt of the pelvis means that the pelvis is
extended (facing backward from the longitudinal axis of the body).

proach and precision improved with this AdjAV to 50%
(20 of 40) outliers. However, in 16 of 40 patients (40%)
the tilt value did not make sense, (i.e., anterior tilt re-
sulted in an increase of the anteversion) so the tilt mea-
surement was still not accurate.

The third lesson was that the registration of the AP
plane had to be done by contact with the registration
pointer to bone. The fat layer over the pubis is always
thick so it is necessary to puncture the skin over the
pubis and contact the pubic bone with the tip of the
registration pointer. If the bone of the ASIS was cov-
ered by more than just thin skin, then the probe was
punctured through skin to contact this bone also. Pre-
cision improved to 30% outliers for AdjAV in the next
13 hips (numbers 58-70), but the tilt was still not accu-
rate.

The fourth lesson was that the precision would not
be within five degrees unless the AP plane was regis-
tered in the lateral position, so that the correct pelvic
tilt in the position of operation was known. However, in
the next 15 hips (numbers 71-85) it proved too techni-
cally difficult to access the downside ASIS and the pu-
bic bone for accurate registration of the AP plane in
the lateral position. The engineers at Orthosoft discov-
ered that the AP plane could be registered supine, the
patient turned to the lateral position, and the longitudi-
nal access of the patient registered from the posterior
supports (Figure 4).

One-hundred and ten hips (numbers 86-195) had the
AP plane of the pelvis registered supine and the tilt of
the pelvis registered with the patient positioned later-
ally. In 51 of these patients, the tilt of the pelvis was
registered in both the supine and lateral positions to
confirm that there was a change in the tilt. The pelvis
was flexed (anterior tilt) in 40 of 51 hips (78%) while
supine, and in these 40 hips the pelvis extended when
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TABLE 1
Outliers
Group 1 Group 2 Group 3
Cup Position 85 hips 70 hips 40 hips
Inc. 48 16 1*
AV 35 7 1

Inc = inclination

AV = anteversion with AdjAV being for supine tilt for group 1, and
in the lateral position for groups 2 and 3.

* In group 3 this data is for 29 hips with Adjl

changed to the lateral position. In 30 hips (60%), this
extension was more than five degrees and the pelvis
was absolutely extended (posterior tilt beyond 0) in 26
of 51 (50%) when laterally positioned.

In the first 70 hips operated with this registration
technique, seven (10%) were outliers for computer an-
teversion and 16 (23%) for inclination (Table 1). Four
additional causes of outliers were determined to be: 1)
The inclination had to be adjusted for tilt of the pelvis
(Adjl); 2) The tilt measurement itself had to be correct
100% of the time; 3) The security of the LED on the cup
holder, or the attachment of the cup holder to the cup,
could loosen which would distort the measurements;
and 4) A change in cup position could occur by place-
ment of a screw, testing the stability of the cup, or hit-
ting the liner into its locked position (all of these being
done after the cup holder was removed).

In the final 40 hips (numbers 71-110), the tilt was
tested in 23 patients by measuring it on both the poste-
rior pelvic and chest supports (Figure 3). The final po-
sition of the cup was measured by the fit-plane mea-
surement (Figure 8) as a confirmatory test for the cup
holder after insertion of a screw or insertion of the liner.

Data Evaluation

Data analysis was performed on the 110 hips of
groups 2 and 3. The mean inclination and anteversion
for the computer and the radiographs was computed
for all 110 hips. The first 70 hips (group 2) did not have
the fit-plane measurements performed and did not have
Adjl, so the effect of these two techniques was mea-
sured in the last 40 hips (group 3). The means for AdjAV
and Adjl, and the individual match of computer AdjAV
and Adjl to radiographic anteversion and inclination
were done for each hip.

The fit plane was measured in all 40 hips of group 3
by touching the edge of the cup after the cup holder
was removed and nothing else had been done to the
cup. This value was used just to confirm the numbers
obtained with the cup holder. The fit plane was also done



in all 40 hips after the acetabular liner was malletted
into place by touching six points on the periphery of
the liner. In 18 hips, a screw was inserted through the
cup and a fit plane was performed after the screw in-
sertion to measure any change in position caused by
the placement of the screw.

Statistics

SPSS Statistical Software (SPSS Inc., Chicago, IL) was
used to analyze the data. Statistical analysis consisted
of a descriptive analysis (mean, standard deviation, and
range) for inclination, Adjl, anteversion, AdjAV, and fit
plane, as well as a paired t-test to evaluate the differ-
ence between computer navigation and radiographs. All
of these data had normal distribution.

RESULTS

Clinical results have shown no complications with the
use of the computer system. There have been no com-
plications with the use of pins in the pelvis and femur.
One patient had complaints of a keloid-like scar of the
pin sites of the femur. There were no dislocations in
the 110 hips and no reoperations.

CT scans in 15 hips showed radiographic and CT
anteversion differed by a mean 1.8 degrees (range 0-5
degrees); radiographic and CT inclination differed by a
mean 2.0 degrees (range 0-5 degrees). These results
validated the accuracy of the radiographic technique.
Computer AdjAV had a mean difference from CT ante-
version of 2.7 degrees (range 0-6 degrees) and com-
puter versus CT inclination was 2.8 degrees (range 0-
10 degrees). Computer variance was one degree greater
than radiographic, because Adjl and fit plane were not
done in these hips.

The overall group of 110 hips had a mean computer
inclination of 39.1 + 4.4 degrees (range 28-53 degrees),
and radiographic inclination of 41.1 + 5.0 degrees (range
31-51 degrees). The AdjAV was 23.6 degrees + 3.8 de-
grees (range 15-35 degrees) and radiographic antever-
sion was 23.4 + 4.1 degrees (12-32 degrees). To deter-
mine outliers, each computer measurement was
matched to its radiographic measurement and was con-
sidered an outlier when these measurements were not
within five degrees of each other.

Inclination

Computer inclination of the cup in 70 hips (group 2)
was a mean 38.0 + 3.8 degrees (range 28-46 degrees);
radiographic inclination was 40.0 + 5.0 degrees (range
31-51 degrees) (p = 0.006). Sixteen of 70 hips (23%) were
outliers (range 6-12 degrees).
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TABLE 2
Fit Planes
Fit plane Adjl AdjAV
(cup holder)* 41.4 + 3.4 degrees 23.6 + 3.8
Cup 41.3 + 3.5 degrees 25.8 + 4.5
After 1 screw 425+ 35 242 +3.2
After liner 42.7+4.0 251+35

* The values for cup holder are those obtained with the cup holder
and are listed to be able to compare to the values obtained with
the fit planes

Computer inclination of the cup in 40 hips of group
3 was a mean 41.0 + 4.8 degrees (range 33-53 degrees);
radiographic inclination was 43.1 + 4.4 degrees (range
31-51 degrees). Three of 40 hips (7.5%) were outliers.
Two of the three did not have Adjl. Adjl in 29 hips was
a mean 41.6 + 4.8 degrees (range 32-48 degrees) ver-
sus radiographic Adjl of 43.1 degrees + 4.2 degrees
(range 31-49 degrees) with one outlier (computer 32
degrees, radiograph 43 degrees).

Improvement of outliers by use of Adjl and fit-plane
computer inclination was from 23% in group 2, to 3.4%
in group 3. The singular inclination outlier with Adjl
was considered an incorrect tilt measurement, so com-
puter accuracy was 97%.

Anteversion (AdjAV)

Computer AdjAV of 70 hips (group 2) was a mean
21.5 degrees + 5.7 degrees (range 15-35 degrees); and
radiographic anteversion was 22.4 + 4.4 degrees (range
12-31 degrees). Seven of 70 hips (10%) were outliers
between 6-10 degrees. Computer AdjAV of 40 hips
(group 3) was a mean 26.6 + 3.7 degrees (range 19-30
degrees); and radiographic anteversion of these hips
was 25.0 + 3.0 degrees (range 16-31 degrees). One of
40 (2.5%) hips was an outlier (computer 19 degrees,
radiograph 25 degrees). The use of the fit plane as a
confirmation of the acetabular AdjAV reduced outliers
from 10% in group 2 to 2.5% in group 3. Computer accu-
racy was considered 100% because the single outlier
(computer 19 degrees, radiograph 25 degrees) was
deemed a radiographic variation as all four computer
values were 19 degrees.

Fit Plane

Fit-plane measurements are listed by mean of AdjAV
and Adjl for any maneuver that could change the posi-
tion of the cup (Table 2). Using one of the fit-plane
measurements of inclination allowed the computer/ra-
diographic precision to be within five degrees in three
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hips in which the cup holder measurements did not have
precision. With AdjAV, the fit plane also corrected three
hips. The range of movement of inclination of the cup
with placement of a screw was 0-9 degrees (mean 2.5
degrees); with insertion of the liner after screw place-
ment, it was 0-6 degrees (means 2.0 degrees). Change
in AdjAV after screw placement was 0-6 degrees (mean
2.3 degrees); with liner impaction after screw placement
the range was 0-5 degrees (mean 2.4 degrees). A sol-
idly press-fit cup moves on average 2-3 degrees with a
range of 0-6 degrees for any maneuver done to the cup
after implantation. This movement can affect the corre-
lation between computer and radiograph when the pre-
cision is five degrees or less.

DISCUSSION

This study was performed to determine if an
imageless computer-navigated acetabular cup position
would be more accurate than our experience with
manual implantation of 11% outliers with inclination and
8% with anteversion as measured on radiographs.' By
the criteria for this study, the final 40 computer cup
placements had 2.5% outliers from the radiographic
measurement for inclination and anteversion. The CT
scans verified the accuracy of the radiographic and com-
puter techniques for inclination and anteversion within
2-3 degrees. The precision for outliers with the com-
puter was five degrees whereas with the radiographic
study,! the precision was 15 degrees. If a precision of
15 degrees was used for this computer study, then the
precision would have been 0 outliers. This imageless
computer navigation reduced the outliers even while
improving the range to 5 degrees within which the ac-
etabular component was implanted. DiGioia et al® re-
ported that with a CT-image planned navigation, they
also achieved acetabular cup alignment within five de-
grees of the preoperatively planned position. Therefore,
the first hypothesis of this study proved that an accu-
rate imageless computer system for acetabular compo-
nent placement could be developed.

The precision with this computer program can be
compared to the results of mechanical guides of DiGioia
el al®* who had 78% outliers, of Hassan et al.®> who had
42% outliers, and our own experience® of 11% inclina-
tion and 8% anteversion outliers. This computer program
can eliminate outliers for even the most experienced
hip surgeon and is accurate in its expression of the cup
position. All surgeons would benefit by use of this com-
puter program because it provides “real time” intraop-
erative information that reduces the variables the sur-
geon must consider when making judgment decisions
within the time and stress constraints of the operating
room.
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The computer number cannot be accurate unless
mechanical and computer variables are controlled.
Mechanical factors that must be insured are: 1) The
pins that secure the base to the pelvis (or the femur)
are secure and remain so during the operation. The
quality of bone into which these are placed is impor-
tant so that the pin fixation can withstand the vibration
of the retraction of the femur and the malleting of the
trial and cup into the pelvis; 2) The tools used must
have secure fixation of the antennae, which hold the
light emitting diodes, because a loose antenna will give
incorrect information to the computer and thus there
also needs to be a “check and balance system” for the
accuracy of the tools (such as the fit plane for the cup
holder).

The computer factors that can affect the precision of
measurement are: 1) the registration of the AP plane.
The thickness of fat over a bone can distort the mea-
surement, so the registration pointer must always be
punctured through skin to the pubic bone and likewise
through the skin to the ASIS when this bone is not
prominent; 2) the fit plane must be measured to con-
firm the numbers from the cup holder. The fit plane
must be measured after any technical maneuver that
can change the cup position, particularly if the computer
position is to be compared to the radiographic position;
3) The most important factor which improved accuracy
was the tilt of the pelvis in the position the operation is
performed. Precision of the computer within 5 degrees
of the radiographic numbers—and particularly accuracy
of the computer to the true position of the cup—cannot
be known without knowledge of the flexion/extension
tilt of the pelvis. The registration of tilt must be con-
firmed by two measurements. When all these mechani-
cal and computer variables are controlled, the accuracy
of the computer is near 100% for anteversion and incli-
nation.

Another lesson learned was the importance of the
software, which has to be mathematically correct and
provide three-dimensional measurements. This is par-
ticularly evident with measurement of inclination of the
cup. Several studies have suggested that 30 to 50 de-
grees of inclination was a safe range for stability and
impingement.”8011 However, this study defined inclina-
tion according to the center of rotation and medialization
of the cup. The finite element studies assume a normal
osseous acetabulum, but this is seldom so with arthritic
hips. Most common is superior-lateral subluxation of
the femoral head which enlarges the acetabulum and
requires a larger cup, the implantation of which elevates
and medializes the cup position.

Reaming of the abnormal acetabular anatomy can-
not be predicted preoperatively and may be more supe-



rior or medial than anticipated. The reamed position for
the acetabular component must provide osseous cover-
age without anterior-superior protrusion of the metal
of the cup (to prevent cup-neck impingement in flex-
ion). Medialization may be necessary for osseous cov-
erage of the cup in many hips because the native ac-
etabulum has a mean inclination of 60 degrees.®
Therefore, inclination with proper osseous coverage was
related to the elevation and medialization of the CR by
reaming. Adjl ranged from 33-48 degrees according to
the center of rotation and medialization of the cup. In-
traoperative technical adjustment of inclination requires
three-dimensional measurements in the software of the
imageless computer navigation system.

This imageless computer navigation for total hip re-
placement will be accurate at 97-100% if the following
factors are done: 1) Mechanically, the fixation of the
pins to the pelvis must be secure and fixation of the
antenna for the light emitting diodes to the cupholder
is secure; 2) The computer registration of tilt has a
check and balance of two measurements on two posts;
3) The fit plane is measured after the removal of the
cup holder to provide a check and balance of any ma-
nipulation of the cup and the mechanical stability of the
tools; 4) The tilt of the pelvis is known in the position
of operation.

An important requirement for successful use of the
computer is a knowledgeable, trained operating room
team. Use of the computer in the operating room re-
quires dedication by a circulating nurse (YH) who thor-
oughly understands the system. The scrub technician
must calibrate the tools correctly or all values are in
error. With a dedicated team, and using the checks and
balance listed in this study, the learning curve for a
surgeon should not be more than 5-10 operations. Trust
in the accuracy in any operating room can be validated
by insuring that the precision of the computer measure-
ments to the radiographic technique used by us is within
five degrees for those 5-10 operations.
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THE CLINICAL PERFORMANCE OF METAL-ON-METAL
AS AN ARTICULATION SURFACE IN TOTAL HIP REPLACEMENT

William T. Long, M.D.*

ABSTRACT

The metal-on-metal articulations in total hip
arthroplasty (THA) were widely used between
1960 and 1975. The McKee-Farrar and other
first-generation prostheses failed at a high rate
because impingement caused early component
loosening. The problem of early component loos-
ening was corrected by improved component de-
sign and better manufacturing quality. Second-gen-
eration metal-on-metal total hip replacements have
experienced short and medium-term success as
assessed by Harris Hip Scores and patient self-
assessment. The combined annual linear wear of
the metal-on-metal femoral head and acetabular
insert is less than 10 mm and osteolysis has only
rarely been observed in association with well-fixed
metal-on-metal total hip replacements. Hypersen-
sitivity is not a common cause of loosening with
second-generation hip replacements and remains
to be proven as a definitive diagnosis in unusual
cases of unexplained pain. More than 40 years of
use has demonstrated no increase in the incidence
of renal failure or cancer in patients with metal-
on-metal total hip replacements. The scientific
evidence of the results using the metal-on-metal
articulations would recommend its continued use
in any patient who does not have compromised
renal function.

INTRODUCTION

A high rate of early component loosening with metal-
on-metal total hip replacements and the superior clini-
cal results of the Charnley prosthesis during the 1970s
discouraged the continued use of the metal-on-metal
articulation. August* reported a high loosening rate in
patients with the McKee-Farrar total hip arthroplasty
and concluded that equatorial bearing and high friction
moments contributed to failure at the bone-cement in-
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terface. Evans et al.? suggested that metal sensitivity
caused obliteration of the blood flow to bone and bone
necrosis was responsible for aseptic loosening. Walker
et al.® demonstrated that mechanical failure caused loos-
ening when impingement of McKee-Farrar femoral neck
against the rim of the acetabular component compro-
mised component fixation. Retrieved total hip replace-
ment components and periprosthetic tissue provided
important information to determine what caused the
high rate of aseptic loosening observed with the use of
first-generation metal-on-metal hips. Equatorial bearing
and jamming was suspected but the study of retrieved
implants never demonstrated this mechanism of failure.
All of the retrieved total hip prostheses had polar bear-
ing and a diametral clearance of 120 mm or greater
between the ball and socket.*® Low wear has been a
consistent finding with cobalt-chrome on cobalt-chrome
total hip articulations. Anissian et al.® found that the
metal-on-metal hip prosthesis generates 100-fold less
wear debris than metal-on-polyethylene in hip simula-
tor studies. The combined annual linear wear rate for
both first and second generation metal-on-metal articu-
lations is reported to be from 1 to 6 mm according to
implant retrieval studies.”®*¥ Low in vivo wear rates
were measured in both the McKee-Farrar and Metasul
retrievals and durability of the bearing surface was es-
tablished by the study of implants retrieved from pa-
tients more than 20 years after the index operation.*
The histological response of tissues around metal-on-
metal hips is different than the response of
periprosthetic tissues to polyethylene wear debris.!12
Macrophages and giant cells that are associated with
osteolysis are not prevalent around retrieved metal-on-
metal components.

Periprosthetic tissue specimens around revised
metal-on-metal hips demonstrated fibrous tissue and
little inflammation in some hips and perivascular lym-
phocytic infiltrates with plasma cells in others. Hyper-
sensitivity reaction has not caused a high rate of com-
ponent loosening or a high incidence of unexplained
pain with the use of second-generation metal-on-metal
total hip replacements.***1516 There is growing evidence
that the smaller volume of wear debris generated by
metal-on-metal bearing couples results in a lower inci-
dence of osteolysis.'” Bone loss observed in association
with well-fixed metal-on-metal hips has been limited to
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calcar resorption from stress shielding. The radio-
graphic findings with metal-on-metal bearings do not
resemble those seen in patients with osteolysis from
polyethylene debris.®* There is one published case re-
port of osteolysis in a patient with a well-fixed metal-
on-metal hip.*®

Zimmer reports that more than 250,000 of the
Metasul articulations have been sold worldwide since
November 1988 and eight manufacturers currently of-
fer metal-on-metal articulations for hip replacement and
surface replacement arthroplasty.’6!

The purpose of this review is to describe causes of
component loosening and describe the improvements
that corrected the problem, review current in vivo wear
data, provide evidence that the incidence of overall os-
teolysis has decreased with the use of metal-on-metal
articulations, and show that hypersensitivity is not
proven to be a definitive diagnosis in unusual cases of
unexplained pain.

We have experience with 582 patients (619 Metasul
articulations), and the majority of published data of four
years or more are on this articulation couple, so the
results of Metasul will be the focus of this review.

LOOSENING

First generation metal-on-metal THAs failed due to
acetabular and femoral component loosening at a higher
rate than Charnley’s prosthesis. Dandy and Theodorou®®
reported the loosening rate in 739 McKee-Farrar THRs
with 3.1% for the femoral component and 4.4% for the
acetabular component at 2 to 7 year follow-up. In a study
of 230 McKee-Farrar prostheses, August! reported 50%
femoral component loosening, 51% acetabular compo-
nent loosening, and 67.7% overall loosening at an aver-
age follow-up of 13.9 years. Dobbs? introduced survi-
vorship to the orthopaedic literature with a study of 273
Stanmore THRs. The Stanmore femoral component had
a similar design to the McKee-Farrar and a similar poor
survival rate of 53% at 11 years. Despite the similar pat-
tern of early failure reported by each of these investi-
gators, the cause of loosening was poorly understood.

In 1974, Peter Walker® suggested that impingement
was a reason for loosening and demonstrated that the
neck of the femoral component made repeated contact
against rim of the acetabular component. The design
flaw was the large diameter femoral neck and unfavor-
able head/neck ratio of the McKee Farrar, Stanmore,
and similarly designed total hip prostheses.
Szuszczewicz?* observed that metalosis, component
loosening, and progressive bilateral pelvic osteolysis was
caused by impingement in one patient with failed bilat-
eral McKee-Farrar hips. During the past two decades,
designers of total hip prostheses have come to under-

stand that bearing surface damage, component loosen-
ing, and hip dislocation are all potential consequences
of hip component impingement.

Second generation metal-on-metal THAs were intro-
duced with more favorable head-neck ratios and the
incidence of impingement and aseptic loosening has
decreased. Second-generation metal-on-metal hips do
not have a high failure rate due to aseptic loosening.'’
Recent studies with second-generation metal-on-metal
prostheses show a low rate of aseptic loosening that is
not higher than the rate reported with metal-on-poly-
ethylene.???®* Improved component design has dimin-
ished, but not eliminated impingement as a contribut-
ing factor in cases of aseptic loosening.

Inadequate diametric clearance can contribute to
loosening by causing equatorial contact, high torque,
and jamming. In a hip simulator wear test, Farrar et
al.?* demonstrated that a complete seizure was observed
after 20,000 cycles for the samples having a negative
diametral clearance (-40 and -74 pm). Semlitsch® re-
ported the analysis of six retrieved Huggler and 11
Muller prosthesis and demonstrated diametral clearance
in the range 120-200 um, with one bearing couple hav-
ing a diametral clearance of 500 um. McKellop et al.®
retrieved McKee-Farrar hips and reported a diametral
clearance of 127-386 um, with one outlier with an ex-
treme clearance of 1.75 mm. None of these specimens
had equatorial contact and the author is not aware of
any report of retrievals with inadequate diametral clear-
ance that caused jamming and loosening.

Jones et al.? believed that cobalt toxicity was respon-
sible for component loosening in a series of loose
McKee hip arthroplasties. Willert? continues to sup-
port the possibility of a lymphocyte-dominated immu-
nological response as an uncommon cause of loosen-
ing. The experience with second-generation metal-
on-metal hip prostheses suggests that if hypersensitiv-
ity is a cause of loosening, then its prevalence is low."?’
Both first and second-generation metal-on-metal total hip
replacements generate a similar volume of wear debris,
but the high loosening rate that was observed with first-
generation metal-on-metal hips was not been observed
with the use of second-generation hips.”*” The low loos-
ening rates observed with second-generation metal-on-
metal hips suggest that it is unlikely that the high rate
of loosening with the use of first-generation implants
was caused by an allergic reaction to metal debris. Bet-
ter component design, including a more favorable head-
neck ratio, and a decreased incidence of impingement
probably contributed most to the improved loosening
rates, and components designed with an unfavorable
head/neck ratio are no longer used.
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WEAR

Cobalt-chrome bearings demonstrate wear well be-
low the annual linear wear of 100 um per year that is
considered to be the threshold for osteolysis.'6%"2829 A
combined annual linear wear below 10 um has been
observed in hip simulator wear tests and substantiated
by analysis of retrieved first and second-generation hip
replacement articulations.®3® Wear of this magnitude
cannot be measured radiographically, so assessment of
wear in vivo has been done on implants obtained dur-
ing revision hip surgery and on autopsy retrievals. The
earliest reports of wear from metal-on-metal retrievals
were anecdotal in character and based of small hum-
bers of failed implants. Smith®* described eight patients
revised for loosening of Gaenslen cups mated to Aus-
tin-Moore femoral prostheses. The retrieved prosthe-
ses showed virtually no visible signs of wear and the
tissues involved about the metal showed little staining,
discoloration, or pathologic changes to indicate wear.
Walker et al.® analyzed wear of 12 retrieved McKee-
Farrar prosthesis using low power microscopy, scan-
ning electron microscopy, and surface profilometry.
Three types of wear were described: type 1, a surface
with initial scratching, type 2, a surface in which the
scratches had been smoothed or polished, and type 3,
a smoothed surface (after scratching) showing signs of
deterioration. The depth of wear estimated by stylus
profilometry was estimated to be 1 pum. When modern
techniques to analyze wear were applied to retrieved
first-generation implants similar low wear measurements
were obtained. Jantsch et al.*! reported an annual lin-
ear wear of 1 um for three McKee-Farrar hips retrieved
14 years after implantation. Using a coordinate measur-
ing machine Schmalzreid et al.** found a combined an-
nual linear wear of 4.2 um more than 20 years after im-
plantation of five McKee-Farrar hips. The annual linear
wear rate was below 5 um for 11 Mueller, and for six
Huggler prostheses that were implanted for an average
of 11 years (range 3-20).® The consistently low in vivo
wear rates established by retrieval studies of first-gen-
eration metal-on-metal total hip replacements stimulated
interest in reintroducing metal-on-metal as wear resis-
tant articulation.

Second-generation metal-on-metal hip prostheses
were manufactured using modern techniques in order
to promote lubrication and further decrease wear.” The
Metasul bearing surface was manufactured as a
wrought-forged, high-carbon cobalt-chrome, and the
diametral clearance was approximately 100 pm."
Wrought-forged cobalt chrome alloys are harder, and
have better abrasive and adhesive wear characteristics
than cast alloys.” High-carbon cobalt-chrome (0.20-0.25%
C) alloys were developed to induce a lower wear rate
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than a low-carbon cobalt-chrome (0.05-0.08% C) alloys.’
Hip simulator studies have shown that a small clear-
ance decreases the wear of metal-on-metal bearings, but
clearance must be sufficient to prevent jamming. Seiber
et al.? reported the wear of 118 retrievals with the
Metasul articulation couple as 5 um 3 to 8 years after
implantation. Rieker et al.”* reported the results of 172
Metasul couples with an annual linear wear rate of 6.2
pm. Recent published reports have all shown that the
annual linear wear is below 10 um with the use of sec-
ond-generation implants. Although laboratory studies
indicated that the wear of second-generation metal-on-
metal THRs should be lower than that of first-genera-
tion devices, retrieval analyses do not indicate superi-
ority in this regard.?*%®

OSTEOLYSIS

Metal-on-metal articulations were reintroduced to
address the emerging problem of osteolysis. August!
defined bone erosions adjacent to the components and/
or a change position of the McKee-Farrar components
as loosening. In that study, bone erosions were not con-
sidered to be osteolysis. Using those criteria, 67.7% of
the patients had radiographic evidence of loosening and
none had osteolysis. In a study by Zahiri et al.* of 15
hips with McKee-Farrar THAs still in place at 21 to 26
years postoperatively, only 4 of the 15 (25%) had some
osteolysis. In that study, 10 periprosthetic tissue speci-
mens were obtained from a group of 15 patients that
had revision of a McKee Farrar hip replacement.
Chronic inflammation (lymphocytes, and plasma cells)
was minimal to absent in all cases. Multinucleated his-
tiocytes (foreign body-type giant cells) were mostly
found along the edges of polymethylmethacrylate glob-
ules. These radiographic findings and the histological
findings demonstrated that the response of the human
body to metal debris from the McKee-Farrar total hip
replacements could be distinguished from the response
to polyethylene wear debris.

Published reports with the use of second-generation
metal-on-metal prostheses indicate that osteolysis is only
rarely observed in association with well-fixed compo-
nents. In our report of 156 patients (161 hips)," only
calcar resorption in nine hips (5.5%) (with no other os-
teolytic lesions) was observed at an average of seven
years follow-up. Calcar resorption was a focal radiolu-
cent area seen immediately beneath the collar of the
femoral stem, identified by its location between the cal-
car cortical bone, and the medial stem.*® The radio-
graphs of eight of the hips showed radiolucencies that
had a maximum size of 2 x 2 mm. One patient had a
lesion that grew to 2 x 2 cm five years after the index
hip operation. Nine other recent clinical studies with
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radiographic follow-up of second-generation metal-on-
metal hip replacements report no osteolysis.'3141523354041
Beaule®® reported one case of osteolysis in a patient with
a well-fixed, cementless, Zweymuller stem coupled with
a Metasul metal-on-metal bearing. In that report, local-
ized osteolysis was identified on the plain radiographs
at the tip of the Zweymuller, Ti alloy stem. At the time
of revision surgery minimal bearing surface wear was
visible and there was no metallic staining of the cap-
sule or acetabular membrane. Specimens of tissue from
the hip capsule and the femur in the area of osteolysis
showed only small numbers of inflammatory cells, such
as macrophages and no lymphocytic infiltrations or
granulomas. The authors concluded that this was not a
typical case of particulate-induced osteolysis as seen
with polyethylene wear debris. Joint fluid pressure
within the effective joint space was implicated as the
cause of the osteolytic lesion. The predominantly his-
tiocytic inflammation with abundant giant cells that is
associated with metal-on-polyethylene debris is a not
observed in association metal-on-metal wear debris.

HYPERSENSITIVITY

Evans et al.?were recognized as the first to draw at-
tention to the possibility that metal toxicity occurred
after total hip replacement using metal-on-metal bear-
ings. They suggested that in certain patients, the re-
lease of metal from a prosthesis may resulted in tissue
sensitization and that this was detected clinically by a
skin patch test in which a soluble salt of the metal was
used as the test object. They reported that the release
of metal from prostheses in metal-sensitive patients
caused obliterative changes in blood vessels supplying
the bone into which the prosthesis was implanted. Ac-
cording to this theory, metal sensitivity caused bone
necrosis and loosening of the McKee-Farrar prosthe-
ses. Jones et al.?® reported cobalt toxicity in seven pa-
tients that had failure due to aseptic loosening after
McKee hip arthroplasty from nine months to four years
after the index total hip replacement. Six of these pa-
tients were cobalt-positive, but nickel- and chrome-nega-
tive on patch testing. In patients with McKee-Farrar or
Charnley prostheses, these authors suggested that
cases of aseptic loosening were caused by sensitivity of
the tissues to one of the metals in the alloy of which
the prosthesis is composed.

Several authors have reported on the histological
appearance of periprosthetic tissues obtained from the
area around early metal-on-metal joint replacements and
they did not identify any lymphocytic or plasma-cell in-
filtration of the periprosthetic tissues.'*?%2 Wilert et al.®
analyzed tissues that had been retrieved from fourteen
hips in which a contemporary metal-on-metal joint re-

placement had failed after an average of thirty months
in vivo. The investigators found a perivascular lympho-
cytic infiltrate, which they suggested was similar to that
found in association with a type-1V hypersensitivity re-
action. The histopathological changes in the soft tissue
were characterized by few wear particles and granulo-
mas compared to tissues obtained from patients with
osteolysis from polyethylene debris. Davies et al.'? also
reported an unusual lymphocytic perivascular infiltra-
tion in tissues around contemporary metal-on-metal joint
replacements. The lymphocytic infiltration was more
pronounced in samples obtained at the time of revision
for aseptic loosening than in samples retrieved at the
time of autopsy or during arthrotomy for reasons other
than aseptic failure. The authors did not know the preva-
lence or clinical implications of the findings, but sug-
gested that they may represent a novel mode of failure
for some metal-on-metal joint replacements.

The diagnosis of hypersensitivity was considered as
a possible explanation for the high rate of failure of first-
generation metal-on-metal total hip replacements. The
low incidence of loosening or clinical symptoms re-
ported with the use of second-generation metal-on-metal
prostheses suggests that hypersensitivity is not a com-
mon problem that leads to failure and that it should only
be considered a diagnosis of exclusion in a small num-
ber of patients with unexplained pain. In a study by Dorr
et al.*® of 213 hips with a Metasul articulation, two pa-
tients (1%) were explored and had exchange of a metal-
on-metal bearing surface with a preoperative diagnosis
of hypersensitivity. Tissue and serum samples were sent
to the laboratory for examination and neither patient
had positive serum levels that indicated allergy to the
implant. One patient had perivascular lymphocytes in
only one of seven tissue samples, and the other patient
had lymphocytes in four of five specimens. Neither pa-
tient had relief of pain more than one year after ex-
change of the metal-on-metal bearing surface for a
metal-on-ceramic bearing. Pain was completely relieved
in one patient two years the index hip operation follow-
ing an operation for degenerative disease of the lumbar
spine. The authors concluded that neither case quali-
fied as a definitive diagnosis of hypersensitivity. There
have never yet been reported cases of hypersensitivity
that included a symptomatic patient, positive serologic
testing for hypersensitivity, and tissue specimens that
substantiated the diagnosis of a hypersensitivity reac-
tion.

DISCUSSION
The clinical results of metal-on-metal have been stud-
ied for more than 40 years, including second-genera-
tion metal-on-metal results that are approaching 20 years
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in Europe and 10 years in the United States. We here
review the status of metal-on-metal total hip articula-
tions based primarily on the clinical performance re-
ported in human subjects. It is now generally accepted
that the early loss of fixation observed with first-gen-
eration metal-on-metal hips was due primarily to poor
component design, and this problem was corrected by
improved second-generation implants designs. The com-
bined annual linear wear rate for metal-on-metal hip
replacements in vivo is well established and it has been
consistently reported to be below 10 um. Osteolysis has
been a rare radiographic finding during the first 10 years
of reports with the use of second-generation metal-on-
metal hips. Tissue specimens demonstrate that the his-
tological response that defines polyethylene induced
osteolysis is not found in association with well-fixed
metal-on-metal total hip replacements. Hypersensitivity
is currently a diagnosis based on pathological findings
of lymphocytes adjacent to blood vessels in capsules of
retrievals and it is not a common cause of hip pain or
component loosening.

For more than three decades, the problem of asep-
tic component loosening was poorly understood and
several theories were proposed. The Charnley prosthe-
sis was referred to as a low friction arthroplasty and
the relatively higher friction of metal-on-metal articula-
tions demonstrated by the pendulum that lead some
investigators to suspect that high friction was the cause
of early loosening.” Retrieval studies that examined both
first and second-generation metal-on-metal hips did not
identify increased friction as a cause of failure. All metal-
on-metal specimens retrieved during the past 40 years
have demonstrated polar bearing.” Polar bearing and
increased diametral clearance have been shown in simu-
lator studies and by retrievals to cause higher bearing
surface wear rates, however, none of the retrieved
couples that had a wide diametral clearance failed as a
direct result of excessive wear. The optimal diametral
clearance for total hip replacement articulations is re-
ported to be between 50 and 100 um.” Retrieved speci-
mens with diametral clearances greater than 100 um
demonstrated more wear than couples with smaller
clearance, however, combined annual linear wear was
still below 10 pum. It is now generally accepted that the
high rate of early loosening observed with first-genera-
tion total hip replacements was not due to clamping or
jamming of the articulation couple. The problem of early
metal-on-metal component loosening was corrected
when implants were redesigned.

The low wear of metal-on-metal articulations was
established both in vitro and in vivo. There are no re-
ports of catastrophic failure or wear-through. Based on
the published annual linear wear rates established for
metal-on-metal, a well-fixed hip replacement could func-
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tion in an active patient for more than thirty years with-
out wearing out. Attention has turned away from the
problems of early failure due to loosening or late fail-
ure due to wear. The focus today is on evaluating po-
tential problems that might occur as the result of metal-
on-metal wear debris and metal ions. It is well
established that small cobalt and chromium particles
and ions are generated by the metal-on-metal bearing
surface, widely distributed throughout the body through
the bloodstream and the lymphatics, and excreted in
the urine. Serum, blood, and urine samples consistently
demonstrate elevated levels of chromium and cobalt
compared to the levels measured in patients with metal-
on-polyethylene implants. The clinical significance of
these elevated ion levels is unknown. Long-term follow-
up of patients with first generation metal-on-metal total
hip replacements, and short-term follow-up of patients
with second-generation metal-on-metal implants have
not demonstrated any unique complications. In spite of
the concerns of some authors that complications such
as cancer or hypersensitivity would occur, currently
none have been reported clinically. It is likely that large,
long-term, multi-center studies will be necessary to iden-
tify any increased risk of local or systemic disease
caused by the use of metal-on-metal bearing surfaces
for total hip replacement.

There is no radiographic evidence the wear debris
being produced at the metal-on-metal interface leads to
the occurrence of osteolysis. In the author’s study of
161 total hip arthroplasties (154 patients), the only bone
erosion that was measured was calcar resorption.®® It
was not possible to determine whether this calcar re-
sorption was from stress shielding or particulate debris.
Other authors have not classified calcar resorption as
osteolysis.*? Small focal radiolucent areas that were seen
under the collar of 9 out of 161 hips were not consid-
ered in the definition of osteolysis. Maloney et al.** de-
fined relatively small punched-out areas of bone loss
under the collar as typical zone 7 osteolytic lesions.
Goetz’'s description of osteolysis included only those
lesions that caused scalloping of the endosteal cortex.
These findings are in agreement with other authors who
have reported cementless metal-on-metal hip arthro-
plasty without any osteolysis at five and six year follow-
up. Longer follow-up is necessary to determine if the
low incidence of osteolysis will continue beyond the first
decade. The Metasul articulation has been implanted
in patients in Europe since 1988. The author is not aware
of any reports of the incidence osteolysis.

Hypersensitivity has been suggested as a possible
unigue complication and cause of failure for metal-on-
metal hip arthroplasties. Hypersensivitity is a diagno-
sis described by Willert, based on the occurrence of
lymphocytes adjacent to blood vessels in capsules of
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retrievals from failed metal-on-metal hip arthroplas-
ties.?*® Hallab et al.** described a triple assay technique
for the evaluation of metal induced, delayed type hy-
persensitivity responses in patients with total joint ar-
throplasty. The most conclusive result using this assay
would be a strongly positive response to all three as-
pects of the triple assay technique to both cobalt and
chromium ions. To our knowledge, there have been no
reports of unexplained pain associated with radiographic
evidence of implant loosening, supported by a positive
response to the triple assay technique. Reports with the
use of second-generation metal-on-metal prostheses in-
dicate that unexplained pain occurs only rarely and loose
prostheses are uncommon and therefore the diagnosis
of hypersensitivity as a clinical problem remains elu-
sive.

The potential for permanent biological fixation with
noncemented components, combined with a bearing
surface that does not fail due to wear or osteolysis,
makes it conceivable that total hip replacements im-
plants could survive in active patients for more than 30
years. If the clinical results are as good as metal-on-
polyethylene articulations, the mechanical complications
are no greater, and there is no observed increased inci-
dence of adverse biological reactions, then continued
use of metal-on-metal articulation couples is justified.
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MATERIALS AND METHODS
Patients
One hundred eight-seven consecutive patients (205
hips) meeting our inclusion criteria were culled from
the database of a single arthroplasty surgeon (WC) at
a large midwestern medical center for participation in
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this retrospective study. All patients underwent primary
total hip arthroplasty between 1985 and 1991 and had a
diagnosis of osteoarthritis or avascular necrosis of the
hip. In addition, the implants used were limited to the
Omnifit® porous-coated acetabular component and the
Omnifit® cemented or porous-coated femoral compo-
nent (Stryker Howmedica Osteonics Corporation,
Allendale, NJ). These components were selected be-
cause of their reported low rates of aseptic loosening
at an average ten years follow-up.??2 The component
and diagnostic limitations were intended to diminish the
effects of extraneous factors on the primary indepen-
dent variable in this study, that is, the effect of smok-
ing on implant survivorship.

Of the 187 patients (205 hips), 35 patients (35 hips)
died and another five patients (five hips) were lost be-
fore five-year minimum follow-up, leaving 147 patients
(164 hips), or 80 percent of the total group for partici-
pation in the study. Statistical comparisons between
those who had less than five-year follow-up (40 patients,
40 hips) versus those in the study group who had a
minimum five-year follow-up indicated that those in the
lost-to-follow-up group were, on average, eight years
older at the time of their THA; had a greater percent-
age of cemented versus cementless stems; and had
more postoperative complications. Average length of
follow-up in the dropout group was 20 months (range,
one to 61 months), and during that time period there
were no component revisions and one reoperation, an
incision and drainage secondary to sepsis. The percent-
age of smokers did not differ between the dropout and
study groups.

116 patients (131 hips) were categorized as either
smokers or non-smokers at the time of THA. 31 patients
(34 hips) or 21 percent of the group were smokers. Of
the 147 patients (165 hips) with a minimum of five-year
follow-up, 39 patients (42 hips) died at an average of
10.6 years after THA (range, 5.2 to 17.3 years). Attempts
to contact a living relative who had first-hand knowl-
edge of the smoking habits, as well as reoperation or
revision surgery in the deceased patient group, were
futile. Of the 108 patients (123 hips) in living patients, a
valid follow-up interview was conducted with 93 patients
(106 hips) or 86 percent of the living patients. Within
the study group, there were no differences in demo-
graphic variables between those who completed the
telephone interview and those who did not. All patients
who participated in the follow-up aspect of this study
gave informed consent to participate. Our Institutional
Review Board approved this study.

All patients were routinely treated with prophylactic
antibiotics prior to and 48 hours after THA, and with
325mg enteric-coated aspirin post-THA for deep vein
thrombosis (DVT) prophylaxis.
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Statistical Analysis

Descriptive statistics were calculated on all study
variables for the total study group. Comparisons be-
tween groups (dropouts versus study group, smokers
versus nonsmokers, and revision for aseptic loosening
versus stable implants) were performed using a
student’s t-test for continuous variables and the Fisher
exact test for nonparametric variables. A p-value of 0.05
was considered statistically significant. Kaplan-Meier
survivorship analyses for two samples (smokers versus
nonsmokers) were run using two different endpoints,
(1) revision for aseptic loosening of one or both com-
ponents, or (2) revision for aseptic loosening of one or
both components or reoperation for osteolysis. Cox’s F
test was used to determine statistical differences be-
tween survivorship endpoints between smokers and
nonsmokers. Multivariate Cox regression modeling,
using the variables of age and body mass index at the
time of surgery, gender, diagnosis, stem fixation, alco-
hol use, and smoking was performed to determine the
estimated hazard risk regarding the endpoint of com-
ponent revision for aseptic loosening.

RESULTS

Clinical Outcomes

The study group consisted of 147 patients (165 hips)
with a minimum of five-year follow-up. Average age at
time of the index arthroplasty was 60.5 years (range,
21 to 83). Fifty-four percent of the hip arthroplasties
(89 of 165 hips) were done in females, and sixty-one
percent (100 of 165) had cemented femoral components.
Seventy-nine percent had a diagnosis of osteoarthritis
(131 of 165 hips). Of the remaining 27 patients (34 hips)
with a diagnosis of avascular necrosis, six patients (nine
hips) were post renal transplant, six patients (seven
hips) were steroid-related, five patients (seven hips)
were alcohol-related, and the remaining 10 patients (10
hips) were post-traumatic, post femoral neck fracture,
post radiation necrosis, or of unknown etiology. Aver-
age body mass index at the time of arthroplasty was 28
(range, 18 to 55) with 37 hips (22 percent) in patients
having a body mass index greater than 30. Seventy-one
hips (43 percent) were done in non-drinkers, with the
remaining reporting either occasional or regular use of
alcohol socially. Breakdown of demographic character-
istics by smoking and nonsmoking is seen in Table 1.
As a group, the smokers included more males, more
patients with avascular necrosis, and more patients with
cementless stems. Smokers were also younger and used
alcohol more often than did nonsmokers.

At the time of the primary THA, 28 of the 31 smok-
ers consumed an average 1.2 packs of cigarettes per
day (range, 0.25 to two packs per day) for an average



TABLE 1

Comparison of Demographic Characteristics
Between Smokers And Nonsmokers

Variable Nonsmokers Smokers
Patients/Hips 116/131 31/34
Deceased 34 8
Gender 54 male, 77 female 22 male, 12 female *
Age (years) 62.7 52.2 ***
Diagnosis 110 OA, 21 AVN 21 OA, 13 AVN **
Body Mass Index 28.0 27.9
Stem Type 89 C, 42 CL 11 C, 23 CL ***
Alcohol Use 61 none 10 none
40 occasional 9 occasional
21 regular 13 regular *

OA=Osteoarthritis
AVN=Avascular Necrosis
C=Cemented

CL=Cementless (porous-coated)

*p < 0.05
*p < 0.01
k) < 0,001

34 years (range, two to 60 years). Two patients smoked
only cigars or pipes, and one patient chewed tobacco.
As part of the follow-up interview, patients were asked
to verify their smoking status since the time of their
THA. No nonsmokers had taken up smoking, and five
smokers had quit smoking between one and 14 years
after THA.

Patients representing 50 THAs (30 percent) had no
comorbid conditions at the time of surgery. The remain-
ing 70% had comorbid conditions. The most frequently
reported condition was hypertension (73 hips, 44 per-
cent), followed by heart disease (32 hips, 19 percent),
and gastrointestinal problems (20 hips, 12 percent).
Eighteen of 31 (42 percent) smokers had one or more
comorbid conditions compared to 77 of 116 (33 percent)
of nonsmokers (p=0.26). There were no differences in
the number or type of comorbid conditions between the
two groups.

Average length of hospitalization for the study group
was 9.2 days (range, six to 36 days). Seven patients
underwent staged bilateral THA between seven and 11
days apart within the same hospitalization, accounting
for the majority of the longer hospitalizations. One pa-
tient had a hospitalization greater than 18 days. That
patient was a nonsmoker who developed an infection
postoperatively and underwent incision and drainage 14
days post-THA and subsequently remained hospitalized
for intravenous antibiotics. There was no difference in
average number of hospital days between smokers and
nonsmokers (8.9 and 9.2 days, respectively, p=0.58).

Does Smoking Affect Implant Survivorship?

TABLE 2
Comparison of Reoperations and Revisions
Between Smokers and Nonsmokers

Reason for Smokers Nonsmokers P value
Procedure (N=31 patients)| (N=116 patients)

Infection 2 5 0.456
Dislocation 3 2 0.063
Osteolysis 3 10 0.545

Aseptic Loosening 6 4 0.0063**
**p < 0.01

Twenty-four patients experienced a perioperative
complication including three intraoperative fractures,
one wound infection, one postoperative dislocation, and
one femoral nerve injury. Twenty perioperative compli-
cations occurred in nonsmokers and four occurred in
smokers. Complications in the smokers included two
of the intraoperative fractures, the femoral nerve injury,
and postoperative atrial fibrillation. A complication oc-
curred in nine of 34 (26 percent) hips in smokers com-
pared to 24 of 131 (18 percent) of nonsmokers (p=0.20).

Radiographic Outcomes

Radiographic review was completed on the most re-
cent films on all non-revised components. Five-year
minimum radiographs were unavailable on 15 hips (nine
percent); therefore, the average radiographic follow-up
was 10.5 years (range, one to 17 years). One hundred
forty-nine (90 percent) cups remained stable. One cup
was stable fibrous, and three cups were unstable and
unrevised to date. On the femoral side, 150 (91 percent)
stems were stable, and five cementless stems were
stable fibrous. There were no radiographically loose
cemented or cementless stems. Two of the five stable
fibrous stems were in smokers. The remaining stable
fibrous stems and stable fibrous or unstable cups were
in nonsmokers.

Survivorship

Thirty-five patients (24 percent) underwent 45 addi-
tional procedures on the index THA. Thirteen patients
with cementless stems underwent 15 reoperations for
acetabular and/or proximal femoral osteolysis involv-
ing exchange of the femoral head and polyethylene liner
and bone grafting of accessible bone lesions. Average
time to reoperation for osteolysis was 127 months
(range, 57 to 189). Ten of the 13 patients were male,
and all were under the age of 60 at the time of the in-
dex procedure. Twenty-three smokers and 42 nonsmok-
ers had cementless stems. Of that cementless group,
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TABLE 3
Mechanical Failure Rates Between Smokers and Nonsmokers

Smokers Nonsmokers p value
Cup Revision for Aseptic Loosening 5 2
Radiographically Loose Cup 0 3
Acetabular MFR 5/34 (14.7%) 5/131 (3.8%) 0.032*
Stem Revision for Aseptic Loosening 2C,1CL 3C,0CL
Radiographically Loose Stem 0 0
Femoral MFR 3/34 (8.8%) 3/131 (2.3%) 0.103
Cup or Stem Revision for Aseptic Loosening 8 5
Radiographically Loose Cup or Stem 0 3
Combined Component MFR 8/68 (11.8%) 8/262 (3.1%) 0.007**

MFR=Mechanical Failure Rate
C=Cement
CL=Cementless (porous-coated)

*p < 0.05
*p < 0.01

three smokers and ten nonsmokers underwent
reoperation for osteolysis with no difference between
groups (p=0.30).

There were ten reoperations in seven patients due
to sepsis (six incision and drainage, and four compo-
nent removal). One smoker underwent two incision and
drainage procedures and another smoker underwent an
incision and drainage and subsequent component re-
moval. The remaining procedures related to sepsis were
in nonsmokers with no difference between groups
(p=0.59). There were five reoperations secondary to
dislocation; three femoral head and polyethylene liner
exchanges and two cup revisions. Three patients un-
derwent removal of heterotopic bone due to pain, and
one patient had a stem revision secondary to stem frac-
ture. The number of patients in each group (smokers
and nonsmokers) who underwent a surgical procedure,
either reoperation or revision, are summarized by rea-
son for reoperation or revision procedure in Table 2.
Although there was a trend toward a greater number
of reoperations for dislocation in the smoking group,
there was no difference in the number of patients who
suffered a dislocation during the follow-up period. In
addition to the five reoperations or revisions due to dis-
location, another 11 patients suffered a dislocation
treated successfully with closed reduction. In total, five
smokers and 11 nonsmokers suffered a dislocation
(p=0.23).

Thirteen components in ten patients were revised for
aseptic loosening (seven cups, five cemented stems, and
one cementless stem). One patient had both the cup
and stem revised at a single operation. Another bilat-
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eral THA patient had both cups revised at a single op-
eration and a third patient had a cup revision and ap-
proximately five years later had a stem revision.

The aseptic revision rate for the porous-coated ac-
etabular components was seven of 165 (4.2 percent).
The aseptic revision rate for the cemented stems was
five of 100 (5 percent) and one of 65 (1.5 percent) for
the porous-coated stems. Although there was no differ-
ence with regard to revision rate for aseptic loosening
of porous coated stems, there was a significant differ-
ence between smokers and nonsmokers with regard to
cemented stem revisions for aseptic loosening. Two of
11 cemented stems were revised for aseptic loosening
in smokers compared to three of 89 cemented stems in
nonsmokers (p=0.0335). The aseptic loosening rates for
acetabular plus femoral components were eight of 68
components (11.8 percent) in smokers compared to five
of 262 components (1.9 percent) in nonsmokers
(p=0.0012). Aseptic revision rates by patient, regardless
of whether one or both components were revised, was
six of 31 smokers (19.4 percent) compared to four of
116 nonsmokers (2.5 percent) (p=0.0063). The compo-
nent mechanical failure rates (component revision for
aseptic loosening plus radiographically loose cup and/
or stem) for each group are seen in Table 3.

Kaplan-Meier survivorship with an endpoint of cup
and/or stem revision for aseptic loosening was 93.7
percent + 4.3 percent, 75.3 percent + 9.1 percent, and
37.6 percent + 27.0 percent at 10, 15, and 18 years for
smokers compared to 96.7 percent + 1.6 percent at each
of the same time intervals for nonsmokers (F=7.0886,
p=0.00081) (see Figure 1). Analyses of demographic
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Figure 1. Kaplan-Meier survivorship using the endpoint of compo-
nent revision for aseptic loosening. Solid line represents survivor-
ship for nonsmokers. Dashed line represents survivorship for
smokers.

factors between patients who had a revision for aseptic
loosening (n=10) and those who did not (n=137) found
no differences in age, body mass, number of
comorbidities, alcohol use or stem type, with a statisti-
cal trend toward more males (p=0.05) and more diag-
noses of avascular necrosis (p=0.09) in the revised
group. The only statistically significant variable was
smoking (p=0.006).

Results of multivariate Cox regression modeling us-
ing the covariates of gender, age and body mass index
at the time of the index procedure, diagnosis, stem fixa-
tion, alcohol use and smoking found that smokers had
a 4.5 times higher risk hazard than did non-smokers
with regard to the endpoint of component revision for
aseptic loosening (p=0.0662). Male gender yielded an
11.3 times greater risk (p=0.0391), and no other factors
approached statistical significance.

DISCUSSION

There have been no prior studies examining the ef-
fect of smoking on intermediate- or long-term implant
survivorship in THA. We hypothesized that there would
be an increased aseptic loosening rate in smokers, re-
gardless of whether the implant was cemented or
cementless, and this hypothesis was supported, within
the limitations of this study design. Interestingly, there
was also no difference between smokers and nonsmok-
ers with regard to reoperation rates for osteolysis in
the case of cementless implants.

Although smokers had a higher percentage of im-
plant failure due to aseptic loosening than did non-smok-
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ers, a larger proportion of smokers also had other de-
mographic features which have previously been re-
ported as associated with higher failures rates, specifi-
cally younger age, male gender and a diagnosis of
avascular necrosis of the hip.®** Since those reported
relationships are correlational in nature, it is possible
that the higher failure rates were incorrectly attributed
to those factors if smoking history was not considered.
In multivariate analysis, controlling for other covariates,
smokers were found to have a 4.5 times greater hazard
risk than did non-smokers with regard to the endpoint
of component revision for aseptic loosening in this study.
The only variable that posed a significantly greater risk
was male gender.

This retrospective study is the first to explore the
possible deleterious effect of smoking on total hip im-
plant survivorship, and although the results indicated
only a statistical trend in multivariate analysis, the per-
centage differences in failure noted between smokers
and nonsmokers are compelling and, we believe, wor-
thy of further study. Until factors contributing to im-
plant failure, including smoking, are studied in greater
depth, it is recommended that the arthroplasty surgeon
consider smoking status only in conjunction with other
accepted risk factors such as age, gender, and bone
quality when selecting hip implants for a given patient.

Smoking alone may or may not be a major contribu-
tor to implant failure, but in combination with other
known or unknown variables, may be worthy of at least
discussion between the surgeon and the patient. As an
example, although cemented stems failed at a higher
rate in smokers than in nonsmokers and there was no
difference between groups with respect to revision for
aseptic loosening of the porous coated stem in this
study, because of the limited number of cases in this
study, at this time the authors would not recommend
the use of cementless implants over cemented implants
based purely on whether the patient is a smoker or not.

Two relatively recent studies®*** examined the effect
of smoking on the incidence of perioperative complica-
tions following total hip or knee arthroplasty with some-
what differing results. Lavernia and his colleagues®
found that smokers had more comorbidities, longer
surgical times, and higher hospital charges with no dif-
ference in the percent of complications, whereas Mgller
and her colleagues™ found that smokers had a higher
risk of postoperative complications, in particular wound-
and cardiopulmonary-related ones. In this study, we
found no differences in the average number or type of
comorbid conditions or in the incidence of postopera-
tive complications.

The effect of smoking has been studied extensively
relative to fracture and osteotomy healing and in bony
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