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Foreword

T

his issue of Discoveries reflects
a time of change and renewal in
our department. We have had
several transitions this year including
the transition in leadership as Dr. Jens
Chapman resigned as Chairman to
focus on his academic practice and
to spend more time with his family.
Several incredible stalwarts of the
department have retired from clinical
practice this year. These much beloved
members of our department include
Carol Teitz (fortunately Carol will
remain at the UW as the Associate
Dean for Admissions for the School of
Medicine), Theodore “Ted” Greenlee
and John Sack. This represents
over 100 years of “institutional
knowledge” and experience
leaving our department.
Drs. Teitz, Greenlee and
Sack represent the principles of
what has made our department
such a force in teaching, clinical
care and research. Dr. Teitz was
a pioneer in sports medicine in
particular and orthopaedics in
general, as a female surgeon
at a time when that was very
unusual. She also helped develop
the musculoskeletal core curriculum
at the UW School of Medicine. Dr.
Greenlee was an extramurally funded
academic surgeon and is the only
member of our department to have a
manuscript published in the journal
Science. Of course he has also won
his share of clinical teaching awards.
Dr. Sack was a pioneering community
hand surgeon in Seattle and somehow
maintained a busy private practice while
helping out at Harborview and the VA.
He also has his fair share of teaching
awards. Each in their own way, Drs.
Teitz, Greenlee and Sack were also
iconoclasts who challenged accepted
wisdom throughout their careers, to the
benefits of their patients, trainees and

to orthopaedics.
The traditions established by these
departing faculty members will be
carried forth and enhanced by our
newest generation of talented surgeons
and scientists. The department’s
scientific and clinical future is certainly
secure as reflected by the contributions

to the 2014 issue of Discoveries by
Drs. Navin Fernando, Conor Kleweno,
Ron Kwon, Albert Gee and Reza
Firoozabadi. We expect each of these
surgeons and scientists to respect
the great traditions of our department
while also challenging conventional
wisdom. They represent the best
chance that we have to advance the
scientific, educational and clinical
realms of Orthopaedics to meet the
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evolving needs of society, orthopaedics
residents and most importantly patients.
We a r e f o r t u n a t e t o h a v e a
remarkably talented and loyal group of
alumni. They have been tightly bound
(but we would always welcome closer
bonds!) to us and us to them in mutually
beneficial ways. As anyone such as
myself who moved to Seattle from a
different part of the country quickly
recognizes, Orthopaedics in this area
is practiced at an incredibly high level
of sophistication and quality. This is no
doubt in great part due to the graduates
of our residency and fellowships that
remain or return to the region. In this
issue of Discoveries we have a brief
portrait of Dr. Robert “Rob” Veith, a
UW alumni well renowned for his
selflessness and compassionate
care. Dr. Lyle Sorensen, the
Director of the UW Orthopaedic
Alumni Association has a report
summarizing his perspective of
our program and the activities of
others of our prominent selfless
alumni.
Finally, I would be remiss if I did
not express my gratitude to Fred
Westerberg, Program Operations
Specialist at the UW and a tireless
supporter of our department. Without
Fred’s organizational and editing skills
this publication would never see the
light of day. Please enjoy our 2014
edition of Discoveries.

Howard A. Chansky, MD
Professor and Acting Chair
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Robert G. Veith, MD
2014 Grateful Alumnus
University of Washington School of Medicine

S

eattle native Dr. Robert G. Veith
has spent his entire professional
life dedicated to orthopaedic
repair of foot and ankle disorders.
After starting his studies at Western
Washington University, he graduated
with distinction (BS) from Stanford
University in 1972. He then returned to
the Pacific Northwest to get his medical
degree at the University of Washington
in 1975. An internal medicine internship
at University of California/San Francisco
was completed the following year. Dr.
Veith completed his residency in
orthopaedic surgery in 1981.
He has received numerous
professional honors throughout
his career. He won the George E.
Gamble Honor Scholarship at Stanford
University. He was honored to be
inducted into the Alpha Omega Alpha
Honor Medical Society. He graduated
with honors from the University of

2

Washington School of Medicine where
he also won the Esther Whiting Award
for the Best Resident Paper “Ipsilateral
Fractures of the Femur and Tibia.”
Dr. Veith has been an active
member of the American Academy of
Orthopaedic Surgeons and American
Orthopaedic Foot and Ankle Society,
as well as the King County Medical
Society, and the Washington State
Orthopaedic Association.
He has an extensive history of
presenting his research at local and
national organizations. He has given
lectures on complex unstable fractures
of the foot, the treatment of ankle arthritis,
and compartmental syndromes. He has
taught courses on basic intramedullary
nailing, treatment of unstable femoral
shaft fracture with closed interlocking
nails, and improving clubfoot treatment
in developing countries.
His willingness to dedicate his
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time to helping those less fortunate
can be seen in his overseas work on
surgical missions. Whether through the
American Orthopedic Foot and Ankle
Society Overseas Outreach Fellowship
i n Vi e t n a m , M o b i l i t y O u t r e a c h
International (formerly Prosthetics
Outreach Foundation) in Bangladesh,
Vietnam, Sierra Leone, China, and
Papua New Guinea, or the Natural
Disaster Surgical Relief efforts after
the devastating earthquake in Haiti, Dr.
Veith has donated his surgical skills,
hard work, and time to help those in
need.
The choice of 2014 Grateful Alumnus
celebrates the many accomplishments
of Robert Veith. His selfless dedication
to his patients and his boundless
generosity set a new standard for all
of us.

Joseph D. Zuckerman, MD
2014 Distinguished Alumnus
University of Washington School of Medicine

J

oseph D. Zuckerman, M.D. was
born and raised in the suburbs
of New York City. After attending
Hicksville High School, he received his
undergraduate degree from Cornell
University in 1974. He attended
the Medical College of Wisconsin
receiving his M.D. degree in 1978.
His Orthopaedic Surgery Residency
training was completed at the University
of Washington in 1983. He then
completed a one year clinical and
research fellowship in arthritis surgery
at Brigham and Woman’s Hospital in
Boston. As a result of his interest in
shoulder problems, he was a visiting
clinician with Robert Cofield, M.D. at the
Mayo Clinic following his fellowship. Dr.
Zuckerman joined the academic faculty
at the Hospital for Joint Diseases in
1984. He was appointed Chief of the
Shoulder Service in 1986. In 1990, he
became Director of the Orthopaedic
Surgery Residency Program, as well
as Vice Chairman of the Department.
In 1994, he became Chairman of the
Department of Orthopaedic Surgery
and Surgeon-in-Chief of the Hospital
for Joint Diseases. In September
1997, Dr. Zuckerman was appointed
Professor and Chairman of the New
York University – Hospital for Joint

Diseases Department of Orthopaedic
Surgery and he is the holder of the
Walter A. L. Thompson Professor of
Orthopaedic Surgery chair.
Dr. Zuckerman was chosen as a
North American Traveling Fellow in
1985 and an ABC Exchange Fellow in
1991. He has received the Otto Aufranc
Award from the Hip Society in 1986. He
has been the recipient of a Teacher of
the Year Award from the residents at
the Hospital for Joint Diseases on five
separate occasions and he received
the Resident Appreciation Award
in 1994 and 1995. Dr. Zuckerman
won the Orthopaedic Research and
Education Foundation (OREF) Clinical
Research Award in 2002. In 2004,
he was recognized as “Alumnus of
the Year” by the Medical College of
Wisconsin. He was honored with the
Lifetime Achievement Award from
the New York Chapter of the Arthritis
Foundation in 2005.
He is a member of the American
Academy of Orthopaedic Surgeons
and has served as a member of the
Board of Directors in 1992 and 1993.
He has served as Chairman of the
Committee on Surgical Skills Education
and the Instructional Course Lecture
Committee. In 2009, Dr. Zuckerman
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was named the 77th President of the
American Academy of Orthopaedic
Surgeons. He served as President
of the American Shoulder and Elbow
Surgeons in 2003-2004.
Dr. Zuckerman’s areas of clinical
interest include shoulder disorders and
hip and knee replacement. His research
has focused on hip fractures in elderly
patients, as well as basic science and
clinical studies of shoulder problems.
He has also maintained an interest in
socioeconomic issues of orthopaedic
surgery.
Dr. Zuckerman is married to Janet
(above center), a clinical psychologist
and psychoanalyst. He has two sons –
Scott (above left) who is a neurosurgery
resident at Vanderbilt University and
Matthew (above right) who is an
architect at Deborah Berke Partners
in New York City until he returns in the
fall to the Yale School of Architecture
M. Arch. Program.
The choice of 2014 Distinguished
Alumnus celebrates the many
accomplishments of Joseph D.
Zuckerman. His impressive career of
orthopaedic leadership as well as his
years of scholarship has set a high
standard for all of us.
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New Faculty

Sarah D. Beshlian, MD

John M. Clark, Jr., MD, PhD

Robert S. Clawson, MD

S

D

D

Clinical Associate Professor
Northwest Hospital
Hand and Wrist
sarah.beshlian@nwhsea.org

arah Beshlian, MD formally
joined our faculty on October
1, 2013. Dr. Beshlian serves
as a board-certified/CAQ-qualified
hand and upper extremity surgeon
at Northwest Hospital and Medical
Center. After graduating with a BA
in Chemistry from Williams College,
Dr. Beshlian completed her medical
degree at Northwestern University in
Chicago. She spent the first two years
of her training at Virginia Mason Medical
Center, and finished residency at the
University of Rochester Medical Center,
followed by subspecialty fellowship
training in surgery of the hand at the
same institution. Dr. Beshlian practiced
from 1994-2000 in Fort Collins,
Colorado. She moved to the northwest
in 2001, where she practiced at Virginia
Mason and Madigan, before joining
the faculty at Northwest. Dr. Beshlian
is a member of the American Society
for Surgery of the Hand, the American
Academy of Orthopaedic Surgeons,
the Washington State Orthopaedics
Association and the Washington State
Medical Association. In addition to
her local patients, Dr. Beshlian has
served international patients as a
Health Volunteers Overseas surgeon
in Bhutan, Asia.

4

Clinical Professor
Harborview Medical Center
Hip and Pelvis

r. John Clark rejoined our
faculty as Clinical Professor
and Director of Academic
Advancement for the Hansjörg Wyss
Center for the Advancement of Hip
and Pelvis Surgery on July 1, 2014.
Dr. Clark completed his MD at the
Pritzker School of Medicine in Chicago
in 1976, followed by internship and
residency training here at the University
of Washington. Dr. Clark completed
a year as research fellow in joint
reconstruction with M.A.R. Freeman,
MD, FRCS at the Royal London
Hospital in 1982. Dr. Clark initially
joined the UW Orthopaedics faculty
as Clinical Instructor in August 1982,
and left as a Full Professor in 2005. Dr.
Clark is affiliated with several regional
hospitals including Overlake Hospital,
Virginia Mason, Group Health and
Seattle Children’s.
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Clinical Associate Professor
Northwest Hospital
Fractures & Trauma
robert.clawson@nwhsea.org

r. Robert Clawson, a boardcertified orthopaedic surgeon,
has been a long time friend
of the Department, joining the faculty
formally on October 1, 2013. Dr.
Clawson has been in private practice
in North Seattle at Northwest Hospital
and Medical Center since 1974.
After receiving undergraduate and
medical degrees from Louisiana State
University, Dr. Clawson spent one year
as an intern at Harborview Medical
Center before serving our nation as a
member of the United States Air Force
from 1967-1970. Dr. Clawson is a
member of the American Academy of
Orthopaedic Surgeons, the Washington
State Orthopaedics Association, the
Western Orthopaedic Association
and the Washington State Medical
Association. In 2009, Dr. Clawson
has a strong interest in medical
history, and produced “Harborview:
The Trauma Story”, a telling account
of the pioneering work in trauma at
Harborview during the 1960s and 70s.

New Faculty

Tania A. Ferguson, MD
Associate Professor
Harborview Medical Center
Trauma
taniaf@uw.edu

T

ania Ferguson, MD joined the
faculty on August 1, 2013. Dr.
Ferguson completed all of her
education in the state of California,
undergraduate at UC Santa Cruz,
medical school and general surgery
internship at UC San Francisco,
followed by residency and MAS degree
from UC Davis. Dr. Ferguson completed
an AO Fellowship in hip and pelvis
preservation and reconstruction in
Mammoth Lakes, California as well as
an additional fellowship in hip, pelvic,
and acetabular surgery at the Good
Samaritan Hospital in Los Angeles,
California. Dr. Ferguson served as
Assistant Professor and Director of
the Orthopaedic Trauma Fellowship
program at the UC Davis Medical
Center. Dr. Ferguson is a passionate
educator. She was elected Teacher
of the Year/Outstanding Faculty of
Year at UC Davis in 2007 and again
in 2012. Dr. Ferguson is a member of
the American Academy of Orthopaedic
Surgeons as well as the American
Medical Association.

Navin D. Fernando, MD
Assistant Professor
Northwest Hospital
Adult Reconstructive Surgery
navinf@uw.edu

D

r. Navin Fernando joined the
faculty on February 4, 2014 to
focus on adult reconstruction at
Northwest Hospital and Medical Center.
Dr. Fernando, a native of Canada,
earned his undergraduate degree
from the University of Windsor and his
medical degree from the University of
Western Ontario. Following a traveling
internship in general surgery and
residency at McMaster University
in Ontario, Dr. Fernando completed
fellowship training in adult joint
reconstruction at the Rothman Institute
at Thomas Jefferson University in
Philadelphia, PA. Dr. Fernando is a
Fellow of the Royal Canadian College
of Surgeons as well as a member of
the American Academy of Orthopaedic
Surgeons.

Discoveries 2014

Edith M. Gardiner, PhD
Research Associate Professor
Harborview Medical Center
Research
edigar@uw.edu

E

dith M. Gardiner, PhD, initially
joined the faculty as a Visiting
Associate Professor from 20082010, and formally joined the faculty
in 2010 as Acting Associate Professor
based in the Orthopaedic Science
Laboratories with Dr. Ted Gross. In
2014, Dr. Gardiner was appointed
as Research Associate Professor.
Dr. Gardiner studied zoology as an
undergrad at Duke University, followed
by a Master’s in 1982 and PhD in 1988
in Human Genetics, both awarded from
Yale University. Following her PhD, Dr.
Gardiner spent four years as a post-doc
and Yale, and then joined the faculty of
the Garvan Institute of Medical Research
in Sydney, Australia, where she focused
her bone and mineral research program
until moving to Seattle permanently in
2010. Dr. Gardiner’s major research
interests include sympatheic nervous
system control of osteoblast and
osteocyte differentiation and function;
neuropeptide Y involvement in
phosphate and calcium homeostatic
modulation of bone formation; and
Wnt pathway roles in osteoblast and
osteocyte regulation and in cancer
metastasis to the skeleton.
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New Faculty

Conor P. Kleweno, MD

Keith Mayo, MD

Assistant Professor
Harborview Medical Center
Trauma
ckleweno@uw.edu

C

onor Kleweno, MD joined our
faculty as a trauma surgeon
based at Harborview Medical
Center on October 1, 2013. Dr.
Kleweno, a Washington State native,
grew up on a 2000-acre wheat farm in
the southwest part of the state. After
completing his undergraduate degree
at the University of Washington as
a Washington Scholar, Dr. Kleweno
received his medical degree from
Harvard University followed by the
combined orthopaedic residency
program at Harvard. Dr. Kleweno
completed fellowship training at the R.
Adams Cowley Shock Trauma Center
in Baltimore, MD. Dr. Kleweno, a
Rhodes Scholar finalist, was voted
Overall Outstanding Resident in 2012
by his mentors at Harvard.
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Clinical Professor
Harborview Medical Center
Hip and Pelvis
mayor@uw.edu

Antoinette Lindberg, MD

Acting Assistant Professor
Seattle Children’s Hospital
Orthopaedic Oncology
antoinette.lindberg@seattlechildrens.org

A

ntoinette Lindberg, MD joined
the faculty as Acting Assistant
Professor in October, 2012. Dr.
Lindberg completed her undergraduate
education at the University of
Washington, followed by medical
school at Columbia University College
of Physicians in New York. Dr. Lindberg
completed an orthopaedic surgery
residency at the USC Department of
Orthopaedics in Los Angeles, CA. Dr.
Lindberg joined the department initially
as a fellow in pediatric orthopaedics
followed by a second year of subspeciality training in musculoskeletal
oncology. Dr. Lindberg serves as
member of the Pediatric Orthopaedic
Society of North America as well as
the American Academy of Orthopaedic
Surgeons.
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K

eith Mayo, MD, Hansjörg Wyss
Clinical Professor, joined the
faculty on February 10, 2014. Dr.
Mayo has a highly distinguished career
as an orthopaedic surgeon, specializing
in pelvic and acetabular trauma. After
he received his undergraduate degree
from Stanford University, Dr. Mayo
completed medical school at the
University of Washington, followed
by general surgery internship and
residency in our Department. Dr.
Mayo completed a prestigious
fellowship in musculoskeletal trauma
and reconstructive surgery in Bern,
Switzerland. Dr. Mayo has served
on our faculty as well as the faculty
at Wayne State University School of
Medicine in Detroit, MI and the Saint
Joseph Medical Center in Bellingham.
After several years in private practice
in Tacoma, WA, Dr. Mayo returned to
our Department to serve as Director
of the Hansjörg Wyss Center for
the Advancement of Hip and Pelvis
Surgery. Dr. Mayo is the member of
numerous professional societies as well
as a frequent international lecturer in his
areas of expertise.

Perspective from a New Faculty Member
We are very excited to have Navin Fernando, MD join our faculty. Dr. Fernando just completed his advanced fellowship
training in total joint surgery at the Rothman Institute, a world renowned center for adult reconstructive surgery. Navin
brings new surgical skills to our department and he is interested in “best practice” protocols and ascertaining the effects
of these protocols on surgical outcomes and the cost of care. Dr. Fernando is based at Northwest Hospital and his
specialty is joint replacement of the hip and knee.
Howard A. Chansky, MD
Professor and Acting Chair

I

had the pleasure of spending
my fellowship in adult joint
reconstruction at the Rothman
Institute in Philadelphia last year,
where I was extensively trained in a
variety of minimally invasive total hip
arthroplasty techniques, namely the
use of direct anterior and WatsonJones approaches. The rationale
for the use of these intermuscular
intervals has focused largely on more
rapid patient recovery and a more
normal restoration of gait mechanics.
Many surgeons believe a dedicated
physical therapy regimen is also
integral to achieving this success, and
these regimens have been commonly
utilized for “more invasive” traditional
approaches such as the Hardinge
and posterolateral approach. Despite
this common practice, significant
controversy exists as to the efficacy
of outpatient physiotherapy regimens
after total hip arthroplasty. High quality
evidence does not currently exist, and
given the significant cost associated
with outpatient physiotherapy (both to
the patient and healthcare system),
the efficacy of PT in improving the
postoperative course of these patients
serves as a relevant clinical question.
The S.E.P.T.A. trial (Study to Evaluate
Physiotherapy in Total Hip Arthroplasty)
was designed to help elucidate this
question and received IRB approval
with active recruitment of patients
in August 2013. The purpose of this
study is to determine if outpatient
physiotherapy results in improved
and/or more rapid achievement of
functional outcomes and quality of life
in comparison to those patients who do
not undergo outpatient physiotherapy
after total hip arthroplasty.
The study design consists of a
prospective single center randomized
controlled trial performed on patients

undergoing total hip arthroplasty
at Thomas Jefferson University in
Philadelphia, Pennsylvania. Patients
undergoing THA will be randomized
to undergo either (I) two months of
outpatient physiotherapy with 2-3
weekly sessions or (II) no outpatient
physiotherapy regimen. All patients will
receive an uncemented THA through
a modified Hardinge approach. A
computerized random number generator
will assign treatment group allocation,
and treating surgeons as well as those
assessing patient outcomes will be
blinded to patient group. Standard
treatment patients will receive inhome physiotherapy twice weekly for
a period of two weeks post discharge
(four total sessions) from a designated
home care service. Patients in the
treatment group receiving two months
of additional outpatient physiotherapy
will be asked to keep a log to ensure
compliance. The primary outcome of hip
function will be measured by the Harris
Hip Score, with secondary outcomes
including the SF-36, the WOMAC and
the visual analog scale. Primary and
secondary outcomes will be measured
pre-operatively, at 4 weeks, 6 months,
and 1 year post-operatively.
Initial patient recruitment has been
encouraging with preliminary statistical
analysis pending. Future directions
for this trial include expansion to
multiple centers to confirm the external
validity of our results in a variety of
demographics. As principal investigator
for the current trial, I would like to also
conduct a parallel trial here at UW
enrolling patients who have undergone
direct anterior total hip arthroplasty or
Watson-Jones approaches to modified
physical therapy regimens. Despite
my belief in the efficacy of these
approaches based on the existing
literature, further well-designed trials
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should be performed to confirm both the
benefit and safety of these techniques
in comparison to the “gold standard”.
I’m excited to help to contribute to UW
Orthopaedics’ tradition of leadership in
evidence-based medicine as I begin my
career here.
Navin D. Fernando, MD
Assistant Professor
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Department of Orthopaedics and Sports Medicine Faculty
Howard A. Chansky, MD

Sarah D. Beshlian, MD

Professor and Acting Chair

VA Puget Sound Health Care System
Adult Reconstructive Surgery

Clinical Associate Professor
Northwest Hospital
Hand and Wrist

chansky@uw.edu

sarah.beshlian@nwhsea.org

Christopher H. Allan, MD

Michael E. Brage, MD

Harborview Medical Center

Harborview Medical Center

callan@uw.edu

bragem@uw.edu

Associate Professor

Associate Professor

Hand and Wrist

Foot and Ankle

Richard J. Bransford, MD

Steven D. Bain, PhD

Research Associate Professor

Associate Professor

Research

Spine

Harborview Medical Center

Harborview Medical Center

sdbain@uw.edu

rbransfo@uw.edu

David P. Barei, MD

Peter R. Cavanagh, PhD, DSc

Harborview Medical Center

University of Washington Medical Center

Professor

Professor

Trauma

Research

barei@uw.edu

cavanagh@uw.edu

Daphne M. Beingessner, MD

Jens R. Chapman, MD

Associate Professor

Professor

Harborview Medical Center

Harborview Medical Center

Trauma

Spine

daphneb@uw.edu

jenschap@uw.edu

Carlo Bellabarba, MD

John M. Clark, Jr., MD, PhD

Harborview Medical Center

Harborview Medical Center

Professor

Clinical Professor

Spine and Trauma

Hip and Pelvis

Stephen K. Benirschke, MD

Robert S. Clawson, MD

Harborview Medical Center

Northwest Hospital

beniskb@uw.edu

robert.clawson@nwhsea.org

cbella@uw.edu
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Clinical Associate Professor

Foot and Ankle

Fractures & Trauma
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Department of Orthopaedics and Sports Medicine Faculty
Ernest U. Conrad III, MD

Navin D. Fernando, MD

Seattle Children’s Hospital

Northwest Hospital

Professor

Assistant Professor

Orthopaedic Oncology

Adult Reconstructive Surgery

chappie.conrad@seattlechildrens.org

navinf@uw.edu

Mark C. Dales, MD

Reza Firoozabadi, MD, MA

Clinical Associate Professor

Assistant Professor

Seattle Children’s Hospital

Harborview Medical Center

Spine

Trauma

mark.dales@seattlechildrens.org

rezaf2@uw.edu

Darin J. Davidson, MD, MHSc

Edith M. Gardiner, PhD

Assistant Professor

University of Washington Medical Center
Orthopaedic Oncology

Research Associate Professor
Harborview Medical Center

Research

djdavi@uw.edu

edigar@uw.edu

Albert O. Gee, MD

Robert P. Dunbar, MD

Assistant Professor

Associate Professor

University of Washington Medical Center

Harborview Medical Center
Trauma

Sports Medicine

David R. Eyre, PhD

Michael J. Goldberg, MD

ag112@uw.edu

dunbar@uw.edu

Professor

University of Washington Medical Center
Research

Clinical Professor

Seattle Children’s Hospital
Pediatric Orthopaedics

deyre@uw.edu

michael.goldberg@seattlechildrens.org

John R. Green III, MD

Tania A. Ferguson, MD
Associate Professor

Associate Professor

Trauma

Sports Medicine

taniaf@uw.edu

jgreen3@uw.edu

Russell J. Fernandes, PhD

Ted S. Gross, PhD

University of Washington Medical Center

Harborview Medical Center

University of Washington Medical Center

Harborview Medical Center

Research Associate Professor
Research

rjf@uw.edu

Professor
Research

tgross@uw.edu
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Department of Orthopaedics and Sports Medicine Faculty
Douglas P. Hanel, MD

Ronald Y. Kwon, PhD

Professor

Assistant Professor

Hand and Wrist

Research

Harborview Medical Center

Harborview Medical Center

dhanel@uw.edu

ronkwon@uw.edu

Sigvard T. Hansen, Jr., MD

Roger V. Larson, MD

Professor Emeritus

Associate Professor

Harborview Medical Center

University of Washington Medical Center

Foot and Ankle

Sports Medicine

hansetmd@uw.edu

drlarson@uw.edu

Michael J. Lee, MD

M. Bradford Henley, MD
Professor

Associate Professor

Trauma

Spine

Harborview Medical Center

University of Washington Medical Center

bhenley@uw.edu

mjl3000@uw.edu

Jerry I. Huang, MD

Seth S. Leopold, MD

Associate Professor

University of Washington Medical Center

Hand and Wrist

University of Washington Medical Center
Adult Reconstructive Surgery

jihuang@uw.edu

leopold@uw.edu

Stephen Kennedy, MD

Antoinette Lindberg, MD

University of Washington Medical Center

Seattle Children’s Hospital

Assistant Professor
Hand and Wrist

Acting Assistant Professor
Orthopaedic Oncology

antoinette.lindberg@seattlechildrens.org

sajk@uw.edu

Conor P. Kleweno, MD

Paul A. Manner, MD

Assistant Professor

Associate Professor

Harborview Medical Center

University of Washington Medical Center

Trauma

Adult Reconstructive Surgery

ckleweno@uw.edu

pmanner@uw.edu

Walter F. Krengel III, MD

Frederick A. Matsen III, MD

Clinical Associate Professor

Professor

Seattle Children’s Hospital

University of Washington Medical Center

Spine

Shoulder and Elbow

wally.krengel@seattlechildrens.org
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Department of Orthopaedics and Sports Medicine Faculty
Sundar Srinivasan, PhD

Keith Mayo, MD

Clinical Professor

Research Associate Professor

Hip and Pelvis

Research

Harborview Medical Center

Harborview Medical Center

mayok@uw.edu

sundars@u.washington.edu

Vincent S. Mosca, MD

Suzanne E. Steinman, MD

Professor

Clinical Assistant Professor

Seattle Children’s Hospital

Seattle Children’s Hospital

Pediatric Orthopaedics

vincent.mosca@seattlechildrens.org

Carol A. Mowery, MD

Pediatric Orthopaedics

suzanne.steinman@seattlechildrens.org

Lisa A. Taitsman, MD, MPH

Clinical Associate Professor

Associate Professor

Seattle Children’s Hospital

Harborview Medical Center

Pediatric Orthopaedics

carol.mowery@seattlechildrens.org

Trauma

taitsman@uw.edu

Sean E. Nork, MD

Carol C. Teitz, MD

Harborview Medical Center

University of Washington Medical Center

nork@u.washington.edu

teitz@uw.edu

Bruce J. Sangeorzan, MD

Bruce C. Twaddle, BHB, FRACS

Harborview Medical Center

University of Washington Medical Center

Professor

Professor

Trauma

Sports Medicine

Professor

Professor

Sports Medicine

Foot and Ankle

btwaddle@uw.edu

bsangeor@uw.edu

Gregory A. Schmale, MD

Theodore A. Wagner, MD

Associate Professor

Clinical Professor

Seattle Children’s Hospital

University of Washington Medical Center

Pediatric Orthopaedics

gregory.schmale@seattlechildrens.org

Douglas G. Smith, MD

Spine

wagner@uw.edu

Winston J. Warme, MD

Professor

Associate Professor

Harborview Medical Center

University of Washington Medical Center

Foot and Ankle

Shoulder and Elbow

dgsmith@uw.edu

warmewj@uw.edu

Discoveries 2014

11

Department of Orthopaedics and Sports Medicine Faculty
Affiliate Faculty
Julius A. Bishop, MD
Roland S. Kent, MD
William R. Ledoux, PhD
Christopher M. McAndrew, MD
D. Michael Strong, PhD

Klane K. White, MD, MSc
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Seattle Children’s Hospital
Pediatric Orthopaedics

klane.white@seattlechildrens.org

Jiann-Jiu Wu, PhD

Research Professor

University of Washington Medical Center
Research

wujj@uw.edu

Emeritus Faculty
Stanley J. Bigos, MD
Professor Emeritus
Theodore K. Greenlee, Jr., MD
Associate Professor Emeritus
Lynn T. Staheli, MD
Professor Emeritus
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Monique S. Burton, MD
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Kimberly Harmon, MD
Mark A. Harrast, MD
Stanley A. Herring, MD
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Visiting Lecturers
2014 LeCocq Lectureship
Wednesday & Thursday, April 16-17, 2014

W

e were happy to have Dr. Reinhold Ganz visit us as the guest lecturer
for the 2014 LeCocq Lectureship. On Wednesday April 16th he lectured
on “The Femoro-Acetabular Impingement Concept” and that evening,
at the 50th Annual John F. LeCocq Dinner, he gave a talk on “All I Really Needed
To Know I Learned In Kindergarten”. The next day he spoke on “Femoral Head
Size Reducing Osteotomy” as well as “The Capsular Arthroplasty, An Effective But
Abandoned Procedure For Young Patients With Hip Dislocation”.
Dr. Reinhold Ganz attended high school in Rastatt, a small Baroque city in
southwestern Germany. Interested in bioscience, it was a gut decision to study
medicine. In 1964, Dr. Ganz earned his medical degree at the University of Freiburg.
After reading books by Friedrich Pauwels, Arthur Steindler, and Harold M. Frost, Dr.
Ganz was inspired to continue his career in Orthopaedics. In 1966, he signed up
at the Institute of Pathology at the University of Basel in Switzerland, concentrating
on bone physiology and biomechanics.
To prepare for Orthopaedics, Dr. Ganz participated in a research fellowship
with SM Perren at the Laboratory of Biomechanics in Davos, Switzerland. In 1970,
under the guidance of Maurice E. Müller, he started the residency program at the
University of Berne. After 10 years, Dr. Ganz became a full clinical professor in
1981. Although he retired in 2004, his work in orthopaedics did not stop. For three
years Dr. Ganz held a consultancy position at the Balgrist University Hospital in
Zurich specializing in hip surgery.
At the same time, he was part of an ongoing mentorship in joint preserving
hip surgery for a North-Italian group. In the early years of this group, Dr. Ganz
focused on biological internal fixation of fractures. By 1980 his focused shifted to
the preservation of the natural hip joint. The group was supported by a number
of fellows, mainly sent by the M.E. Müller Foundation of North America. With
this collaboration, significant advances were accomplished, most profoundly the
development of a new periacetabular osteotomy for the dysplastic hip and the
concept of femoroacetabular impingement (FAI).
Dr. Ganz currently has three major ongoing activities including Bernese
Periacetabular Osteotomy, proximal femoral osteotomies, and FAI. Introduced in
1984, the Bernese Periacetabular Osteotomy has achieved high acceptance. It is
documented by a multitude of publications, including a recent report on 20 years
of results. Dr. Ganz hopes to obtain a better understanding of complications such
as nerve lesions and on the improvement of clinical and imaging scoring for a
more relevant reporting of results. Dr. Ganz’s second focus is based on cadaveric
studies of the vascular supply to the hip. Through this, a new class of efficient
intraarticular corrections of the femur have been designed. These osteotomies
include relative lengthening of the femoral neck, subcapital reorientation, true
femoral neck osteotomy, and osteotomy to reduce the size of the femoral head.
The different osteotomies are being clinically tested, the indication adapted and the
results continuously reported. Finally, the roots of FAI date back to the early 1990s,
when its pathophysiology could be described for a group of femoral neck fractures
healed in retrotilt. Validation of the concept however was only possible with the
safe surgical dislocation of the hip. Dr. Ganz’s specific focus is on epidemiology,
clinical screening, open and arthroscopic surgery, and adapting a clinical and
image scoring systems of deformity and extent of osteoarthritis.
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Visiting Lecturers
2014 Resident Research Day
June 27, 2014

W

e were happy to host Charles Saltzman, MD as the guest lecturer for our
Resident Research Day on June 27, 2014.
Dr. Charles Saltzman is the Chairman of Orthopaedics at the University
of Utah where he serves as the LS Peery Presidential Endowed Professor.
For over two decades, Dr. Saltzman has focused on improving physical function
of patients with limited mobility. His primary interests include care of patients with
ankle arthritis, athletic injuries of the leg, ankle and foot, and those with tendon,
ligmaent, cartilage or bone problems of their feet. He has helped develop new
methods for treatment of ankle arthritis (ankle fusion & ankle replacement), midfoot
arthritis, ankle/hindfoot arthroscopy and forefoot problems.
Dr. Saltzman serves nationally in many roles including Director of the American
Board of Orthopaedic Surgery, Vice President of the International Federation of
Foot and Ankle Societies, Past President of the American Orthopaedic Foot and
Ankle Society, Immediate Past Chairman of the Managerial Board of Foot and
Ankle International, Co-Editor of the premier subspecialty textbook “Surgery of
Foot and Ankle” and President of the Association of Bone and Joint Surgeons.
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Propionibacterium Persists in the Skin in Spite of
Standard Surgical Preparation
Michael J. Lee, MD, Paul S. Pottinger, PhD, Roger E. Bumgarner, PhD,
Susan Butler-Wu, PhD, and Frederick A. Matsen III, MD
Propionibacterium is commonly cultured in specimens harvested at the time of revision of failed surgeries. Prior
studies have shown that Propionibacterium may persist on the skin surface after surgical preparation, but the source
of these persistent organisms is unclear. We hypothesized that Propionibacterium persist in the dermis after surgical
preparation of the skin surface.
Ten healthy male volunteers underwent surgical skin preparation of the upper back with the ChloraPrep kits used in
the operating room. Two dermal 3mm dermal punch biopsies were then obtained through the prepared skin and cultured
for Propionibacterium.
Seven (70%) of the volunteers had positive dermal cultures for Propionibacterium in spite of the ChloraPrep skin
preparation. The average time to positive cultures was 6.78 days.
This study suggests the possibility that Propionibacterium in the dermal hair bulbs and sebaceous glands may be
the source of the bacteria found in the wounds at revision surgery. Wound contamination by Propionibacterium may
best be managed by strategies directed at bacteria in as well as on the skin.
Introduction
Surgeons use antiseptic agents to
sterilize the skin surface in an attempt
to prevent infection of the surgical
site. It is increasingly recognized
that in spite of standard surgical
preparation, infection by organisms
normally found on the patient’s skin,
such as Propionibacterium, can
complicate shoulder, hip and knee
joint arthroplasty as well as spine
surgery. Recent investigations have
indicated that while the combination
of 2% chlorhexidine gluconate and
70% isopropyl alcohol is an effective
preoperative skin preparation against
coagulase-negative staphylococcus,
it appears to be less effective against
Propionibacterium, an anaerobic
organism that normally inhabits the
sebaceous glands and hair bulbs of
the dermis– locations that may be out
of reach of surgical skin preparation
solutions. When these dermal structures
are transected by the surgical incision,
Propionibacterium may be released
into the surgical field. Recent studies
have examined skin surface cultures
after various surgical skin preparations
and reported Propionibacteriumpositive culture rates ranging from
7 to 29%. Propionibacterium are
frequently recovered from deep
specimens harvested at the time of
revision for failed shoulder and spine
surgery, especially if appropriate culture
methods are used. This study tests
the hypothesis that – after a standard

surgical preparation of the skin surface
of the upper back in normal male
subjects – viable Propionibacterium
remain in the dermis, as indicated by
positive cultures for these organisms
from dermal punch biopsies.
Materials / Methods
•
Ten healthy male volunteers
over the age of 18 years (mean
= 50, range = 35-70)
•
Surgical skin preparation with
ChloraPrep (2% chlorhexidine
gluconate and 70% isopropyl
alcohol)
•
Tw o 3 m m d e r m a l p u n c h
biopsies were obtained under
sterile conditions using a
commercially available kit
•
Biopsies were cultured for
Propionibacterium according
to our previously published
protocol
Results
•
Seven of the ten (70%)
volunteers had positive dermal
Propionibacterium cultures;
four grew Propionibacterium
from each of the two
punch biopsies, three grew
Propionibacterium from one
of the two punch biopsies and
three grew Propionibacterium
from neither.
•
The average time to positivity
for the cultures was 6.78 days
(std dev 0.83, range 6-8 days)
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Discussion
This is the first study to show that
Propionibacterium can persist in the
dermis after a surgical skin preparation
of the epidermis.
The potential importance of
Propionibacterium has recently come to
the attention of orthopaedic surgeons.
In spine surgery, 20-85% of delayed
surgical site infections have been
culture positive for Propionibacterium.
Propionibacterium has been commonly
cultured at the time of revision shoulder
arthroplasty surgery. Pottinger et al
reported 108 of 193 shoulder revisions
to be associated with positive cultures.
Of these, 70% were positive for
Propionibacterium. Humeral loosening
and glenoid wear were associated with a
greater than 300% increase in likelihood
of a positive Propionibacterium culture.
Prior studies have pointed out that
standard surgical skin preparation
does not eliminate Propionibacterium
from the surgical field. McLorinan
et al found that in spine surgery,
cultures for Propionibacterium were
positive in 29.1% of skin samples,
21.5% of tissue samples, and 16.5%
of wound washings. Saltzman et al
reported that following surgical skin
preparation, Propionibacterium was
isolated from 17% of the anterior and
posterior shoulder skin cultures. Levy
et al found that in 42% of a series of
55 shoulders having primary shoulder
arthroplasty, Propionibacterium were
found in deep cultures. An association
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between positive deep cultures for
Propionibacterium and positive dermal
cultures for Propionibacterium during
revision shoulder surgery has been
previously reported.
The results of the present study
may help account for the presence of
this organism in surgical wounds in
spite of standard surgical preparation.
Propionibacterium may be released
into the wound at the time when the
skin incision transects the dermal
glands and bulbs, enabling these
organisms to contaminate implanted
orthopaedic devices and potentially
form an antibiotic-resistant biofilm on
them.
While this study does not prove a
pathogenetic role for Propionibacterium
it does suggest that strategies for
preventing Propionibacterium
contamination of surgical wounds may
need to address the bacteria residing
in as well as those residing on the skin.
Such strategies may include intravenous
Ceftriaxone and Vancomycin, vigorous
wound irrigation, and the application
of topical Vancomycin powder into the
wound before closure.

2013 Dec 4;95(23):e1811-7.
6. Bémer P, Corvec S, Tariel S,
Asseray N, Boutoille D, Langlois C,
Tequi B, Drugeon H, Passuti N, Touchais
S. Significance of Propionibacterium
acnes-positive samples in spinal
instrumentation. Spine (Phila Pa 1976).
2008 Dec 15;33(26):E971-6.
7. Butler-Wu SM, Burns EM,
Pottinger PS, Magaret AS, Rakeman
JL, Matsen FA 3rd, Cookson BT.
Optimization of periprosthetic culture
for diagnosis of Propionibacterium
acnes prosthetic joint infection. J Clin
Microbiol. 2011 Jul;49(7):2490-5.
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Reading Clinical Research: Being a Good Consumer
Seth S. Leopold, MD
Note from the Chairman: We are fortunate that our own Dr. Seth Leopold serves as the Editor-in-Chief of Clinical
Orthopaedics and Related Research. I have asked Dr. Leopold to give us his perspective on leading such a prestigious
journal. In addition, by virtue of his position he has a unique perspective on reading scientific articles, a skill that for most
orthopedic surgeons is employed far more often than writing scientific reports.						
							
Howard Chansky, MD
							
Editor in Chief, Discoveries 2014
							
Professor and Acting Chair
							
UW Department of Orthopaedics and Sports Medicine

U

niversities place a great deal
of value on the production of
peer-reviewed publications.
Academic reputations are made on
the quantity and quality of papers
professors publish in first-tier medical
journals. Promotions depend on them.
Even the name of this annual report
– Discoveries – suggests the subtle
but unmistakable primacy that good
departments like ours place on this
important element of scholarship.
As the editor-in-chief of a large,
general-interest orthopaedic journal,
my success is tied to content producers:
Those who generate good research
papers – discoveries – and send them
to Clinical Orthopaedics and Related
Research. But the reality is, most of
us will never make a transformative
discovery. Yet we all need to be able
to tell a helpful paper from one that is
badly flawed, or even misleading. Our
patients depend on us to use this skill
before we call upon any other.
This skill can be taught, and it can be
learned. While sometimes the fine points
of a paper will be challenging for some
readers to understand (though good
editing should minimize this problem,
if not eliminate it), the fundamentals
of reading clinical research are not
complex. In fact, looking out for just
three kinds of bias – selection bias,
transfer bias (insufficient follow-up), and
assessor bias – will vastly decrease the
likelihood of being misled by what one
reads in articles about the treatments
we use.
Selection Bias
In case series (that is, studies
without control or comparator groups),
selection bias comes into play when

authors apply a novel intervention to
some patients, but not others. This is
more the norm than the exception, and
it is no surprise that it should be: For
example, early in one’s experience
with a new surgical approach, one
might reasonably choose to avoid
heavyset patients, patients with difficult
deformities, or patients whose ability to
comply with particular restrictions is in
doubt. The problem arises when authors
don’t characterize their indications
clearly, and when they provide overly
broad endorsements that don’t reflect
the narrow selection criteria they
employed.
In studies with comparator groups
(historical control groups or prospective
cohorts), selection bias applies when the
groups being compared are dissimilar at
baseline. Randomization helps, but only
a small minority of orthopaedic clinical
research studies are randomized, a
fact unlikely to change anytime soon. If
important differences exist between the
control and treatment groups, there is
no easy way to attribute the results to
the effect of the intervention.
Given that most of what we read will
suffer from some degree of selection
bias, we should reasonably expect
– and carefully screen what we read
for – the following key elements, which
all good studies should provide: (1)
The number of patients treated during
the study period for the condition in
question, (2) the proportion of those
patients treated with the approach being
considered, (3) clear criteria that explain
how the authors determined those
patients’ suitability for that approach,
and, for studies that include control
groups, (4) some data to convince
the reader that the study cohorts were

Discoveries 2014

similar in all important respects at
baseline. Finally, studies with narrow
indications or inclusion criteria should
not generalize their findings to patient
populations different from those they
evaluated.
Transfer Bias and Insufficient
Follow-up
It is unsurprising that patients are
lost to follow-up in the course of clinical
research. What continues to surprise
me as I evaluate clinical research for the
journal I edit is the frequency with which
this essential element goes unreported.
Here is the problem: The health
status of patients who fail to return
for follow-up is likely to be worse than
those who do1, 2. When researchers
don’t account for all patients in a
clinical series, readers generally should
consider the report a “best case”
scenario of what is possible with an
approach, rather than a typical or
realistic appraisal. Studies losing a
substantial proportion of those initially
treated can be misleading; we can draw
no inference from a study that reports
95% success in 45% of the patients
treated a particular way. While a worstcase analysis – assuming that all of the
unaccounted-for patients have failed
– often is too severe an approach, it is
naïve and dangerous to assume, as so
many studies seem to, that the missing
all are doing fine.
In studies that have two or more
treatment groups, the question of
differential loss to follow-up between
the cohorts comes into play. If a greater
proportion of patients in one group are
missing, one needs to consider the
possibility that, once again, they are
not doing comparably well to those who
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have returned for evaluation.
Finally, recognize that it is much
easier to demonstrate efficacy than
it is to prove a treatment is safe.
Small studies at short-term follow-up
sometimes can suggest a treatment
is promising, but more time and
larger populations are needed to
detect reoperations, complications of
treatment, or less-common adverse
effects. This issue, as much as any
other, has driven many of the more
spectacular recent failures we have
seen, including metal-on-metal total
hip replacement, recombinant human
BMP, and cardiac risk associated with
the use of certain non-steroidal antiinflammatory drugs. It takes much
larger studies, and much longer followup durations, to establish safety than
it does to demonstrate preliminary
efficacy.

References
1. Norquist BM, Goldberg BA,
Matsen FA3rd. Challenges in evaluating
patients lost to followup in clinical
studies of rotator cuff tears. J Bone Joint
Surg Am. 2000;82-A:838-842.
2. Murray DW, Britton AR, Bulstrode
CJK. Loss to follow-up matters. J Bone
Joint Surg Br. 1997;79-B:254-257.

Assessor Bias
Who evaluated the patient, the
relationship of the evaluator to the
approach, drug, or device being
studied, and the tools (s)he used for
the job contribute to assessor (or
assessment) bias. Surgeons evaluating
their own clinical results, designers
and consultants assessing products
whose success they are vested in, and
outcomes tools that are unvalidated,
unsophisticated, or incompletely
described are common examples of
this problem.
While not the same thing as
assessor bias, the issue of effect size
versus “statistical significance” is worth
mentioning, as misunderstandings on
this point can result in the same kinds
of misleading conclusions that assessor
bias can cause. Given adequate sample
size, studies can discern small (even
clinically unimportant) differences
between treatment groups. Too many
readers continue to be swayed by
p-values alone. Don’t be. Look past the
p-value, and consider the actual data.
How large was the effect? Was it large
enough to justify the risks, costs, and
uncertainties associated with a novel
treatment?
As the editor of a journal, I try hard to
account for these three kinds of bias in
all clinical research papers that pertain
to treatments. As a consumer, I don’t
take seriously any studies that fail to
do so. Readers should ask at least this
much from the journals they depend on
to guide their clinical decisions.
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Contralateral Bone Loss Following Ipsilateral Nerve
Injury: Evidence for a Neuronal Skeletome
Laura E. Stoll, MD, Philippe Huber, BS, Ronald Y. Kwon, PhD, DeWayne Threet, BS,
Ted S. Gross, PhD, and Steven D. Bain, PhD
Over the last decade, our knowledge of how nerve, muscle, and bone interact to cooperatively regulate bone
homeostasis has changed dramatically. Understanding the mechanisms underlying this relation holds potential to enable
novel treatment of a variety of musculoskeletal pathologies. This study addresses one aspect of this relation, the potential
for direct involvement of peripheral sensory nerves in the regulation of bone homeostasis.
Introduction
Peripheral nerve injury (PNI) is a
frequent complication of orthopaedic
trauma that can lead to muscle atrophy,
sensory impairment and chronic pain
[1]. Bone loss has also been associated
with nerve damage and has been
attributed to reductions in mechanical
loading due to paralysis, immobilization,
and/or inactivity, but in the absence of
muscle atrophy or motor damage the
mechanism of bone loss is unclear
[2]. As bone is abundantly innervated,
even modest interruption of neuronal
signaling has potential to influence
skeletal homeostasis [3, 4, 5]. In
this context, previous studies in our
group have demonstrated that PNI
leads to significant bone loss without
concomitant muscle atrophy [6]. Given

these observations and recent data
suggesting a role for sensory nerves in
bone remodeling [7], we hypothesized
that sensory nerves may play a role in
bone loss following PNI. To explore this
hypothesis, we assessed bone loss
in the proximal tibia following PNI in
TRPV1 KO mice, which have altered
pain responses due to sensory nerve
deficits [8].
Materials and Methods
•
S i x t een-week -ol d TRP V 1
knockout (KO) female mice
and control mice (C57 female)
underwent baseline micro-CT
scans of both left and right
proximal tibia.
•
Mice were randomized to PNI
of the right sciatic nerve or

Figure 1: Contralateral Response to PNI is Attenuated in TRPV1 KO Mice. PNI in WT and TRPV1 KO mice
led to significant loss of cancellous bone in both the ipsi and contralateral proximal tibae, suggesting
homeostatic linkage between the two sites. Surprisingly, contralateral bone loss was partly attenuated in
TRPV1 KO mice, suggesting that sensory innervation may play a role in the bilateral cross talk. Finally,
there were no bone changes in the ipsilateral humerus (data not shown), providing evidence that PNI
did not trigger systemic bone loss.
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•

•

•

sham surgery. For PNI we
placed a sterile, silastic tube
at raumat ic ally around t he
sciatic nerve [9]. During sham
surgery, the nerve was exposed,
but not manipulated.
Mic ro-CT s c ans were
subsequently obtained on day
14 and day 28. The ipsilateral
humerus was also scanned.
S t andard i m age anal y s i s
proc edures were us ed t o
determine cancellous bone
morphology parameters for the
proximal tibia (bone volume/
total volume; BV/TV).
Mice underwent gait analysis
on d0 and d8 to quantify peak
ground reaction forces (GRF) as
a control for possible effects of
PNI on altered weight bearing.
For imaging dat a, ANOVA
analysis was conducted across
groups.

Results
•
P NI res ult ed in a -40. 9%
dec reas e in BV/ TV of t he
ipsilateral proximal tibia in WT
mice within 4 weeks (p<.01).
TRPV1 KO mice demonstrated
an equivalent -44.9% decrease
in metaphyseal BV/TV (p<0.01).
Interestingly, WT mice also
experienced a -47.0% decrease
in BV/TV of the proximal tibia
of t he c ont ral at eral l i m b,
whi l e c ont ral at eral bone
loss in TRPV1 KO mice was
attenuated by 30.5% (Figure 1).
•
T h e r e w e r e n o c hanges
in BV/TV in the ipsilateral
humerus (data not shown),
demonstrating the absence of
a systemic effect due to PNI.
•
Peak GRF measured at d8

19

Figure 2: Peak GRF of Right Hind Limb. There were no changes in peak GRF between WT and TRPV1
KO mice after PNI, providing evidence that weight bearing was not altered by nerve injury.

following PNI were no different
from peak GRF measured at d0,
providing evidence that weightbearing was not altered by nerve
injury (Figure 2).
Discussion
Taken together, these results indicate
that ipsilateral bone loss following PNI
is a consequence of altered neuronal
signaling and is unrelated to changes
in mechanical loading. However, given
that ipsilateral bone loss in WT and
TRPV1 KO mice following PNI was
equivalent, the TRPV1 receptor does
not appear to play a significant role in
the ipsilateral osteopenia. However, the
magnitude of contralateral bone loss in
this model is a novel and unexpected
observation and, in the absence of
changes in weight bearing, raises the
provocative question of how the left tibia
so closely mirrored bone loss in the right
tibia. In this context, the attenuation of
contralateral bone loss in TRPV1 KO
mice would be consistent with a role
for sensory nerve pathways in bilateral
“cross-talk” between ipsilateral and
contralateral tibia. Furthermore, the
findings in our model display surprising
similarity to reports of contralateral
osteopenia in patients with chronic
regional pain syndrome [10, 11]. Given
the recent findings that demonstrate a
direct role of sensory nerves in skeletal
homeostasis [7], we speculate that
sensory innervation of bone maps
s k eletal morphology in muc h the
same way that sensory nerves map
the dermatome. Given this linkage,
we speculate that nerve injury induced
alterations to a neuronal “Skeletome”
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at one level has potential to alter bone
homeostasis at distant sites.
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The Newly Described Anterolateral Ligament of the
Knee: What is its Function?
Erin M. Parsons, MS, Albert O. Gee, MD, and Peter R. Cavanagh, PhD, DSc
Recent anatomic investigation has identifed a new anterolateral ligament (ALL) of the knee. The purpose of this study
was to test the biomechanical contributions of the ALL in a cadaver model under robotic simulation. Twelve cadaveric
knees were flexed from 0° to 90° and loaded with 134 N of anterior force on the tibia and subsequently with 5 Nm of
internal rotation force (with no anterior drawer). The in situ forces in the anterior cruciate ligament, the lateral collateral
ligament, and the ALL were determined by the principle of superposition. The ALL was a primary resistor of internal
rotation moments (p=0.018) at flexion angles of 60° and 75°. It did not have a role in resisting anterior drawer at any
flexion angle. This study demonstrates that the ALL is a primary contributor to resisting internal rotation at higher angles
of knee flexion. The ALL, in conjunction with the anterior cruciate ligament, appears to have a role in rotational stability
of the knee and this may have important clinical implications for reconstruction of the injured knee.

Introduction
A new ligament termed the
anterolateral ligament (ALL) of the
knee has been recently described
by Claes et al. 1 Its existence was
originally postulated by Ségond, whose
eponymous avulsion fracture of the
anterior lateral tibia has been associated
with internal rotation injuries of the knee
and is believed to be pathognomonic
for an ACL tear3. The ALL attaches
between the lateral femoral epicondyle
and the proximal tibia, posterior to
Gerdy’s tubercle. In full extension,
the ALL is parallel with the lateral
collateral ligament (LCL). In flexion
greater than 30°, the ALL can be seen
at an oblique angle to the LCL (Figure

1). Given the anatomical orientation
of the ALL, previous researchers
have hypothesized that the ALL may
contribute to resisting internal rotation
and stabilizing the knee joint.
The purpose of this study was to
describe the biomechanical function
of the ALL in a cadaveric model using
robotic simulation. Specifically, we
aimed to compare the in situ forces in
the anterior cruciate ligament (ACL),
the LCL, and the ALL under anterior
drawer and internal rotation at various
angles of flexion.

•

Methods
•
Twelve cadaveric knees (mean
age 76.3 years, range 35-92
•

•

Figure 1: Right knee dissection showing (A) anterolateral ligament; (B) lateral collateral ligament; (C)
iliotibial band reflected.

Discoveries 2014

years) were dissected by the
same surgeon (AOG). The
iliotibial (IT) band was reflected
and the ALL was identified
(Figure 1).
The specimen was then
prepared for robotic testing4.
The knee was subjected to
134 N of anteriorly directed
force, simulating an anterior
drawer test, followed by 5
Nm of internal rotation force
with no anterior drawer at
flexion angles of 0, 15, 25, 35,
45, 60, 75, and 90 degrees.
The positions of the robot
were recorded throughout the
trajectory at a frequency of
20 Hz.
The recorded positions of the
robot were then re-executed on
the same knee in four states: (1)
the intact state; after transection
of the (2) ALL; (3) LCL; and (4)
ACL. The order in which the
ligaments were transected was
block randomized for all twelve
specimens to minimize the
effects of tissue degradation
subsequent to repeated
loading.
By the principal of
superposition5, the in situ force
contribution of each ligament
was calculated by subtracting
the force vectors recorded in
each state. The percent force
contribution of each ligament
was calculated by dividing the
magnitude of the force vector in
the altered state by that in the
intact state.
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resist internal rotation moments as the
knee flexion angle increased. At 60°
and 75° of flexion the contribution was
significantly higher than either the LCL
or the ALL (p<0.001). The LCL forces
did not change due to the flexion angle
(p = 0.699).

Figure 2: Percentage of force contribution of each ligament resisting 134 N of anterior drawer force at
each angle of flexion.

Figure 3: Percentage of force contribution of each ligament resisting 5 Nm of internal rotation at each
angle of flexion.

•

22

Statistical analysis was
performed using SPSS
software. A two-way repeated
measures ANOVA was used
to determine the difference in
force contributions between
ligaments at different angles
of flexion. Tukey’s HSD post
hoc test was used to determine
differences within groups.
Statistical significance was set
at p=0.05.

Results
During anterior drawer, the ACL
experienced significantly higher forces
(p<0.001) than either the LCL or the
ALL at all angles of flexion (Figure 2).
The LCL and the ALL forces were not
significantly different from each other
under anterior loads at all angles of
flexion.
During internal rotation, the ACL
had significantly higher forces at 0°
and 15° of flexion than either the
LCL or the ALL (p<0.001). The ALL
provided increasing contributions to
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Discussion
The existence of the ALL was
originally surmised by Ségond and
most recently confirmed by Claes et al.
Prior work has hypothesized that the
ALL likely functions as a stabilizer for
internal rotation due to its anatomical
orientation and position2. In this study,
we confirmed the existence of the ALL
through anatomical dissection in all
but one of our specimens and provide
evidence to demonstrate its role in
resisting internal tibial rotation at flexion
angles greater than 45°. Unlike the ACL,
the ALL does not have a role in resisting
anterior tibial translation at any angle
knee flexion. Further investigation into
this new ligament is needed to further
characterize its function, to determine
its clinical role in the knee, and to
explore its reconstruction after knee
injury.
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Geriatric (Fragility) Hip Fracture Program Northwest Hospital & Medical Center
Robert S. Clawson, MD
Osteoporosis is the most common cause of fracture in the United States, with 43 million individuals over age 50
suffering from osteoporosis or osteopenia of the hip. By 2020, one in two Americans over 50 is expected to have or to be
at risk of developing osteoporosis of the hip. Hip fractures can have devastating consequences for both individuals and
their family members. For example, the risk of mortality is between 4 times greater among hip fracture patients during
the first three months after the fracture than in individuals of similar age who have not suffered a fracture. Nationally,
direct care annual expenditures for osteoporosis and fracture care are estimated to be in the range of $12 - $18 billion in
2002 dollars. [1] Historically, Northwest Hospital’s primary service area has produced relatively high volumes of geriatric
hip fractures (Figure 1). These factors indicate the importance and viability of a program designed to reduce post-hipfracture mortality, complications and readmissions.

Introduction
The role of the UW Department
of Orthopaedics and Sports Medicine
in treating hip fracture repair has
been profound. D.K. Clawson, MD,
the first department chair, invented
the sliding hip screw which, after
further modification by his resident
Robert Winquist, MD, became the most
implanted device in orthopaedic fracture
care worldwide. So, it is fitting for the
UW Department of Orthopaedics and
Sports Medicine and UW Medicine’s
Northwest Hospital to now be involved
in taking hip fracture care to a new level.
When Northwest Hospital joined the
UW Medicine health system in 2010, the
UW Department of Orthopaedics and
Sports Medicine in particular, embraced
the affiliation by partnering with
Northwest Hospital to expand clinical
care in joint replacement and upper
extremity orthopaedics. In addition,
the Department has collaborated with
Northwest Hospital in the creation of a
geriatric hip fracture program with the
goal of reducing mortality and postoperative complications, shortening
length of stay and increasing functional
outcomes. It is based on a program
created by orthopaedic surgeon
Stephen Kates, MD at the University
of Rochester, which reduced length of
stay for hip fractures from more than

six days to 4.2 days and significantly
decreased readmissions and infections.
Dr. Kates conducted Grand Rounds at
UW in February 2013, and his visit was
the final impetus for moving forward
with our own program.
Co-Management and Alignment
To start, a multi-disciplinary team
at UW Medicine developed a new
algorithm for geriatric hip fracture
treatment based on Kates’ model that
seeks to evaluate, operate and repair
geriatric hip fractures within 24 hours
of ED arrival and to return patients to
physical activity as soon as possible
following surgery. The algorithm drives
treatment through the entire continuum
of care, from pre-hospitalization to ED
management to OR to post-operative
care, discharge and rehabilitation
therapy.
It hinges on a co-management
model between orthopaedic surgeons
and hospitalists that addresses
stable fixation of the fracture, the
patients’ medical co-morbidities,
and osteoporosis and future fall risk.
Administration has been a key partner
in developing this model by facilitating
collaboration among orthopaedic
surgeons, hospitalists, rheumatologists,
emergency physicians, physical and
occupational therapists and many other

Figure 1: Northwest Hospital Fracture Statistics.
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members of the hospital’s care team.
Urgent surgery, postoperative care
and post-discharge follow-up are the
program’s hallmarks.
In a historical aside, Dr. D.K.
Clawson recognized as a resident that
preoperative medical assessment and
urgent surgery for hip fractures brought
better results. Thus, an old idea has
become new again in the chronology
of hip fracture care.
Preliminary Results
In his 2004 report, the Surgeon
General called upon the healthcare
community to develop a variety of
prevention measures and strategies to
monitor bone health within communities
[1].
The American Orthopaedic
Association [2] has embraced care
coordination, as an essential strategy
to accomplish this prevention and
monitoring challenge. Evidence
supports that coordinated care
generally improves clinical outcomes
[3] and produces benefits specific to
hip fracture repair, [4] [5].
Since the November 2013 launch of
the Fragility (Hip) Fracture Program at
Northwest Hospital, both LOS (Figure
2) and ED-to-surgery time (Figure 3)
have improved.
Discussion
Research has demonstrated that
optimal outcomes are achieved when
hip fractures in the elderly are repaired
within 24 to 36 hours of fracture.
Northwest Hospital clinicians and
administration have revised operative/
peri-operative protocol and order-sets
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Figure 2: (top) Northwest Hospital Hip Fx LOS. Figure 3: (bottom)NWH ED to Surgery Hrs (Monthly
Average).

to meet this best-practice objective.
Measurement of outcomes in hip
fracture is an ongoing challenge.
Dis c har ge of t h e s e p a ti e n ts to
rehabilitation and skilled nursing
facilities complicates standardization
of therapy protocols. The risk of another
fragility fracture doubles with each such
fracture sustained in the elderly. Steps
to prevent future fractures demand
fall prevention. Northwest Hospital
instituted a SAGE (Safety and Gait
Enhancement) program in 1996. Its
documented results have proven
effective in preventing further falls and
should be expanded.
The Department of Rheumatology
also envisions a medical approach to
treatment of the underlying osteoporosis
that continues pharmacological
treatment, which, if not already in place,
would be started immediately post-op.
P r o m p t s u r g e r y, m e d i c a l
management of osteoporosis, and
appropriate physical therapy with an
ongoing fall prevention emphasis are
the steps to achieving the “Holy Grail”
of fragility fracture care: prevention of
the next fracture.
UW Medicine and Northwest
Hospital expect to expand the Fragility
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Fracture Program to include other
types of osteoporosis- and age-related
fragility fractures, such those of the
wrist, spine and shoulder, as well as
participation by orthopaedic residents.
The program would expose residents
to the concept of co-management in
orthopaedic trauma and disease.
Furthermore, physician and hospital
leaders are committed to collaboration
with skilled nursing facilities and
community providers around postdischarge care, to ensure this bonehealth initiative meets the Affordable
Care Act’s “Triple Aim”: 1) improve
the health of the population we serve;
2) improve the individual’s experience
of healthcare; and 3) deliver care at
optimal cost. Expansion into the postdischarge care-continuum will include
communication and monitoring of
medications and activity interventions
that promote bone health.
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Tissue Engineered, Scaffold-Free, Human Cartilage
Sheets Positively Respond to Low Oxygen Tension
Both Mechanically and Biochemically
Thomas J. Kean, PhD1, G. Adam Whitney1, MS, Geoffrey R. Traeger, BS,
James E. Dennis, PhD1, and Russell J. Fernandes, PhD
Cartilage tissue has been recalcitrant to tissue engineering approaches. Although improvements have been made in
tissue culture, it is unclear what impact increased glycosaminoglycan, collagen and collagen crosslinks has on stiffness.
Low oxygen tension and longer culture periods both served to increase matrix components but the foremost correlation
was found between compressive stiffness and the ratio of glycosaminoglycan and collagen.
Introduction
Cartilage tissue has poor intrinsic
repair capacity. Tissue engineering could
potentially address this through in vitro
culture methods to produce functional
cartilage tissue. We, and others, have
investigated media supplements and
growth factors to improve the expansion
and redifferentiation of the expanded
chondrocytes (Henderson, 2007).
What has not been examined is how
the increase in extracellular matrix
components relates to the stiffness of
the human cartilage produced. We have
developed methods to significantly
improve the expansion of human
chondrocytes whilst maintaining their
differentiation capacity by their culture
on devitalized synoviocyte matrix.
Using these methods, we attempted to
produce sheets of human chondrocytederived cartilage and investigated
the effect of low oxygen tension and
duration of culture on cartilage quality
in terms of compressive stiffness
and biochemical content. It was
hypothesized that low oxygen tension
and increased culture duration would
improve the mechanical properties of
the tissue engineered cartilage.
Methods
Human chondrocytes were
expanded under low oxygen tension
(5%) on synoviocyte matrix in DMEMLG/FBS (10%). Cells were trypsinized
and seeded at high density (4.4x106
cells/cm2) in a custom biochamber. Cell
sheets formed within the biochamber
were cultured at either atmospheric
oxygen tension (21%) or low oxygen
tension (5%) in defined chondrogenic
medium (DMEM-HG containing
ITS+premix, dexamethasone (100

nM), ascorbate-2-phosphate (120 µM),
MEM NEAA, Pen/Strep, glutamax,
TGFβ1 10 ng/ml) for 21 days and 4656 days with media changes every
other day. At the end of culture, 5
mm biopsy punches were taken for
biochemical (glycosaminoglycan
(GAG), hydroxyproline (Hyp), collagen
cross-link content (hydroxylysyl
pyridinoline + lysyl pyridinoline; HP+LP;
moles/mole collagen)), histological, and
mechanical assessment (equilibrium
modulus). Three separate experiments
were performed with chondrocytes from
2 donors. A paired t-test was used to
test for statistical significance at p <
0.05.
Results
There was a significant increase in
collagen content after longer duration in
culture (A) at both 5% and 21% O2, and
trivalent pyridinoline cross-link content
was significantly increased (B) at 5%
O2 (p < 0.05). Differentiation under 5%
oxygen tension appeared to increase or
maintain GAG accumulation (C). There
was a significant correlation between
the equilibrium modulus and the GAG/
Hyp ratio (D). Compressive stiffness
appeared to decrease with increased
culture time and to be greater at lower
oxygen tension (E). These observations
were also supported by Safranin-O
staining and immunohistochemistry.
Sheets showed strong GAG and type II
collagen staining when cultured under
5% oxygen tension (F) with no type
X collagen staining (data not shown).
Sheets had an average thickness of
587 µm ± 118 at 5% O2 and 387 µm ±
139 at 21% O2 (p < 0.05).
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Discussion
Scaffold-free human tissue
engineered cartilage sheets were
successfully formed under all culture
conditions. Although subjective
assessment of the sheets (physical
handling) seemed to indicate that longer
culture durations gave stronger sheets,
this was not supported by the equilibrium
moduli, which was surprising. However,
the results show an increase in both
total collagen content and collagen
cross-link content. Makris et al. (2013)
also found that hypoxia increased
collagen crosslinks in tissue engineered
bovine cartilage constructs but that
they also found weak correlations to
compressive mechanical properties.
Future studies will examine whether
increased collagen and collagen crosslinking causes an increase in tensile
strength which may account for the
subjective impression of increased
overall strength.
Significance
Current joint replacement
technologies have a limited lifetime
and result in large bone loss
during revision. However, human
chondrocytes expand poorly on tissue
culture plastic and dedifferentiate
resulting in weak cartilage constructs.
Engineering cartilage to resurface the
bone in a joint is thus an extremely
challenging, but promising, endeavor
that shows potential to limit revisions.
Investigation into the mechanical and
biochemical attributes of normal and
tissue engineered cartilage is important
in identifying how these properties
correlate so that manipulations to
improve them can result in structurally
sound replacement tissue.
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Figure 1: Each experiment is represented by a different color, maintained throughout the charts. A) Collagen content of sheets cultured at 5% and 21% O2;
B) Collagen cross-link density of sheets cultured at 5% and 21% O2; C) GAG content of sheets cultured at 5% and 21% O2; D) Correlation of compressive
stiffness with GAG/Hyp ratio; E) Compressive stiffness of sheets cultured at 5% and 21% O2; F) Histological analysis of sheets for GAG (Safranin-O) and type
II collagen (scale bar = 500mm; * = p < 0.05, paired t-test).
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Outcomes of Nonoperative and Operative Treatment
of Humeral Shaft Fractures
Benjamin Hamilton, MS, Edward Westrick, MD, M. Bradford Henley, MD, MBA,
and Reza Firoozabadi, MD, MA
Fractures of the humeral shaft have traditionally been treated conservatively with functional bracing; however,
certain clinical scenarios call for operative intervention. There is still disagreement over the optimal approach to treat
humeral shaft fractures and there are few existing studies evaluating nonoperative and operative management of
these injuries. The primary aim of this study was to retrospectively determine if the incidence of non-union, nerve palsy,
infection rates, and time to union were significantly different between operative versus non-operative approaches to
humeral shaft fractures. Two hundred ninety-six adult patients with a humeral shaft fracture who satisfied inclusion
criteria were treated with either a functional brace or operatively (compression plating, intramedullary nailing, or external
fixation). The occurrence of nonunion (23.2% vs 10.2%; P=.006) was statistically significant and more common in the
nonoperative group. Infection rates were higher for the operative versus non-operative group (3.5% vs 0%; P=.000)
and this may reflect the large majority of open fractures that were treated operatively. Radial nerve palsy was also more
common in the operative group (20% vs 36%; P=.02). Only 2 cases (1%) of radial nerve palsy seen in the operative
group were iatrogenic, with both being transient. No significant difference in time to union was found between the 2
groups. Conservative treatment of humeral shaft fractures had a significantly higher rate of nonunion, while operative
treatment was associated with a low incidence of iatrogenic nerve palsy and higher rates of infection. Despite potential
complications of operative treatment, the significant difference in nonunion rates seen in this study may indicate a shift
from the current standard of non-operative treatment.

Introduction
Fractures of the humeral shaft
carry a high mortality rate and are
frequently the result of severe trauma.
They are also common, composing
between 1-7.8% of all fractures and
approximately 27% of fractures
involving the bone.1
The preferred treatment of humeral
shaft fractures has historically been
non-operative management with
functional bracing.2 While this treatment
has been shown to achieve a union
rate of nearly 95%, complications of
non-operative management include
nonunion, malunion, and persistent
radial nerve deficits.3-5
Operative management of humeral
shaft fractures is considered for specific
situations including polytraumatized
patients and open fractures. Currently,
the most common fixation methods
are compression plating, interlocking
intramedullary (IM) nails, and
external fixation. The advantage of
open reduction with plate fixation is
visualization of the fracture site and
high likelihood of anatomic reduction.
However, disadvantages include
extensive dissection, potential injury to
the radial nerve, risk of infection, and
the possible need for plate removal
at a later date. IM stabilization offers
an approach requiring less soft tissue

disruption with preservation of the
fracture hematoma though it may be
performed with an open reduction
too. Disadvantages include potentially
higher rate of complications (shoulder
pain, reoperation) when compared with
compression plates.
There are limitations of both
operative and non-operative treatment,
and controversy remains over the
ideal approach. The aim of this study
was to compare operative versus non-

operative management of humeral
shaft fractures by examining time to
radiographic union, rates of nonunion,
and rates of complications.
Patients and Methods
•
This was a retrospective review
of a prospectively collected
trauma database. In total, 505
patients with humeral shaft
fractures treated between
Jan 2000 & Oct 2012 were

Figure 1: Exclusion Flowsheet.
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•

•
Table 1: Characteristics of the Study Population by Treatment Type.

•

•

•

•

identified.
Humeral shaft fractures were
classified by a fellowship-trained
orthopaedic traumatologist
according to the AO/OTA 6
classification.
The chart and radiographs
were reviewed and the
following items documented:
patient demographics, injury
mechanism, associated
injuries, time to radiographic
u n i o n , n e r v e p a l s y, a n d
nonunion.
Radiological union was
defined as cortical bridging
of at least three out of four
cortices on orthogonal views,
with disappearance of the
fracture lines; clinical union as
absence of pain at the fracture
site with return to full activities;
and nonunion as failure of
radiological union at 6 months,
requiring surgical intervention.
Mechanism of injury was
classified as low energy (ie fall
from standing), high-energy

(ie MVC, fall from height), or
“other” (ie low-velocity GSW).
Results
•
Out of 505 patients, 209
were excluded from the study
(Figure 1). Of the 296 patients
included, 227 fractures were
treated operatively, including
13 traumatic amputations. In
the operative group, 63.1%
of the patients were treated
using bridge plating, 36.0%
using intramedullary nailing,
and 0.9% using external
fixation. Sixty nine fractures
were treated non-operatively
with functional bracing. This is
displayed in Figure 1.
•
The majority of patients
were male, and there was a
significant difference between
treatment groups; Table 1
shows the characteristics
of the study population by
treatment type. There was also
a significant difference in age
between groups.

Table 2: Time to Radiographic Union in Weeks from the Day of Injury.
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Overall, nerve palsies were
identified in 98 (33%) of patients
at the time of presentation.
Eighty-four (37%) operative
patients had nerve palsies, with
82 diagnosed preoperatively.
Fourteen (20%) non-operative
patients sustained nerve
palsies. One non-operative and
14 operative palsies resulted in
permanent dysfunction. Of the
two iatrogenic post-operative
nerve palsies, neither was
permanent.
The overall nonunion rate
was 13% as seen in Table 3.
23.2% of fractures treated with
functional bracing required a
surgical intervention. Excluding
the 13 traumatic amputations,
the nonunion rate was 10.2%
in operative fractures. Of the 22
nonunions seen in the operative
group, 6 were associated with
infection.

Discussion
The demographic data and
mechanism of injury at our institution
differ from previously published
epidemiologic studies on humeral
shaft fractures. Our patient population
is considerably younger, with a mean
age of 36.4, compared with means of
62.72 reported by Ekholm et al and 56.11
in the most recent epidemiologic study
by Bercik et al. Additionally, we have a
different gender preference, consisting
of 63% males compared with 39%2 and
45.9%1 in the literature.
The other unique aspect of our
patient population is seen in the
mechanisms of injury. A high-energy
mechanism was identified in 76% of
our patients, compared with 17%4 and
55%5 in similar studies. We also report
a higher incidence of non-operative
nonunion and a significantly higher
incidence of nerve palsy. Table 4
highlights results of recent studies
of operative versus non-operative
management, as well as the Sarmiento
study of functional bracing, compared
with the results from our institution.
Previous studies report non-union
rates of 9-19%4,5 for operatively treated
patients with which the 10.2% in
our study is in agreement. Rates for
non-operative treatment have ranged
from 2-21% 3,5 in the literature. This
is in contrast with a non-union rate
for non-operative patients of 23.2%

Table 3: Rates of Nonunion and Infection in Patients by Treatment Type.

in our study, one of the highest rates
reported. The high rate of nonunion may
be due to soft tissue trauma resulting
from a high-energy mechanism, even
in patients with isolated injuries. The
significant difference in the nonunion
rates between the operative and nonoperative group seen in our study is
in agreement with Denard et al5, who
also found nonunion rates for functional
bracing to be significantly higher than
for operative treatment. Our study also
demonstrated a significantly higher
incidence of infection following an
operation as compared to non-operative
treatment (3.5% vs 0%, p=0.000), with
6 of the 22 noted operative nonunions
associated with infection.
As a result of high variability in AO/
OTA subtypes, no statistical difference
was seen in time to radiographic union
between operative and non-operative
intervention. The trend was toward
faster healing with surgery for all
subtypes, and this may be clinically
significant. Likewise, no statistical
difference was seen in nonunion rates
between subtypes. Simple transverse
fractures required the longest healing
time and had the highest nonunion rates
of all subtypes, but these results lacked
statistical significance.
The rate of pre-intervention radial
nerve palsy is the highest reported for
both operative (37%) and non-operative
(20%) treatment and likely reflects

the predominance of high-energy
mechanisms of injury in our population.
There were 9 radial nerve transections
and 1 median nerve transection
identified at the time of exploration.
Only 2 of 84 radial nerve palsies seen
in the operative group were iatrogenic,
with both being transient.
In conclusion, this study of largely
polytraumatized patients showed
a higher nerve palsy rate for both
operative and non-operative treatment.
Closed treatment of humeral shaft
fractures had a significantly higher rate
of nonunion while operative intervention
showed a trend toward faster time
to union, low incidence of iatrogenic
nerve palsy, and lower incidence
of nonunion. This suggests a shift
from the current standard of nonoperative treatment. However, our
study population was younger and with
a greater predominance of high-energy
injuries, lending itself to an operative
approach. Further well-designed,
randomized clinical trials comparing
non-operative and operative treatments
are necessary to adequately investigate
the controversy surrounding optimal
treatment of humeral shaft fractures,
especially in younger patients exposed
to high energy mechanisms.
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Transient Muscle Paralysis Predisposes Bone Marrow to
Formation of Giant Osteoclasts
Brandon J. Ausk, PhD, Leah E. Worton, PhD, DeWayne Threet, BS, Ronald Y. Kwon, PhD,
Steven D. Bain, PhD, Edith M. Gardiner, PhD, and Ted S. Gross, PhD
This project identified enhanced osteoclast fusion as an important mechanism for focal bone loss induced by transient
muscle paralysis. From a clinical perspective, this finding provides potential evidence for the timing and targets of
therapeutics aimed at blocking bone degradation in models of muscle/nerve dysfunction that range from sarcopenia to
spinal cord injury.

Introduction
Transient paralysis of the calf
muscles via Botulinum Toxin A (BTxA)
induces profound bone loss in the
adjacent tibia diaphysis. Recently, we
observed that the induced endocortical
bone resorption was homogenous
along the long axis of the tibia and was
temporally confined to the second week
post- paralysis, suggesting that de novo
osteoclastogenesis was responsible for
the bone loss in this region [1]. Given
the time required for de novo osteoclast
formation in vivo, we hypothesized
that transient muscle paralysis would
alter the osteoclastogenic potential of
adjacent tibia marrow within 7 days of
paralysis.
Methods
To test this hypothesis, we first
performed a primary marrow culture
experiment in which groups of mice
(n=2/grp, 16wk female C57) received
a single injection of BTxA (2 Units/100
g) in their right calf muscles and had
their right tibia marrow harvested on
days 1, 3, 7, or 14 post-paralysis.
Whole marrow was lysed and seeded
on chamber well slides (cell density of
1.53 *104/cm2) in culture medium with
50 ng/ml M-CSF and 10 ng/ml RANKL,
with cells fixed and stained for tartrate
resistant acid phosphatase (TRAP)
on day 8 of culture. For each group,
normal osteoclasts (i.e., TRAP-positive
cells w/ 3+ nuclei) and giant osteoclasts
(i.e., TRAP-positive cells w/ 20+ nuclei)
were quantified on a per well basis.
The experiment was replicated (total
combined group size of n=4/grp), with
data normalized within each experiment
to identically treated marrow from
treatment naïve mice (n=2/exp).
We then performed a follow-up in
vivo experiment to quantify transient
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gene expression in the marrow of
the experimental tibia following BTxA
injection. Groups of female C57 mice
(n=6/grp; 16 wk) were injected with
BTxA in their right calf muscles on day
0 and sacrificed on days 1, 3 or 7. Post
sacrifice, whole marrow was flushed
from the right tibia, total RNA extracted
and cDNA synthesized. cDNA from the
marrow of treatment naïve mice (n=6)
was prepared identically and served
as controls. We analyzed the mRNA of
interest (focusing primarily on a suite
of osteoclast fusion genes) relative

to the housekeeping gene HPRT
using quantitative RT-PCR. Significant
differences in osteoclast formation
or gene expression were calculated
using 1-way ANOVA with Tukey posthoc tests.
Results
Transient muscle paralysis did not
alter the number of normal osteoclasts
formed in marrow culture at any time
point post-paralysis (Figure 1). In fact,
there were non-significant decreases in
normal osteoclast number at all post-

Figure 1: The osteoclastogenic potential of bone marrow altered on day 3 following muscle paralysis:
Calf muscle paralysis augmented the osteoclastic potential of tibial marrow through enhanced osteoclast
fusion, but not increased osteoclast number. In whole tibia marrow cultured from Naïve mice and from
mice at various time points following muscle paralysis, no significant differences were observed in the
total number of osteoclasts (A, mean + s.e., p=0.52). However, giant osteoclast formation was enhanced
in marrow harvested 3 days following paralysis (B, * significantly greater than Naïve and Day 1 groups,
all p<0.01).
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cytokine levels in an inflammatory
environment [9], the upregulation of
multiple osteoclast fusion genes could
potentially enhance giant osteoclast
formation. As such, the gene alterations
ultimately responsible for a permissive
giant osteoclast environment remain
undefined. In conclusion, these data
have identified osteoclast fusion as
a potential mechanism mediating
diaphyseal endocortical bone resorption
following muscle paralysis and identifies
a narrow temporal window for optimal
intervention in this pathology.
Acknowledgements
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Figure 2: TRAP stained osteoclasts and giant osteoclasts from primary marrow culture: Representative
cell culture image from bone marrow harvested 3 days after transient muscle paralysis and cultured for 8
additional days. Two giant osteoclasts are indicated by darker arrows, with multiple smaller osteoclasts
also evident (two are highlighted with lighter arrows). Under the described culture conditions, marrow
from Naïve mice generated 96.8 ± 26.7 (mean ± s.e.) normal osteoclasts/well, which included 2.50 ±
0.96 giant osteoclasts/well.

paralysis time points compared to naïve
control cultures (range 0.42 to 0.87 fold
change compared to naïve). However,
giant osteoclast formation was acutely
upregulated 3 days following muscle
paralysis. Marrow harvested 3 days
after BTxA injection produced 3.69
± 0.45 times more giant osteoclast
than naïve control marrow (Figure 1
and 2). These results suggested that
muscle paralysis acutely alters the
marrow environment toward induction
of osteoclast fusion. Temporal gene
expression patterns within the tibia
marrow following muscle paralysis were
temporally consistent with the data
from the osteoclast culture experiment.
Specifically, we observed that four
osteoclast fusion related genes were
significantly upregulated 3 days following
paralysis compared to naïve control
mice (RANKL: 173%, TNF: 299%,
DC-STAMP: 344% and OC-STAMP:
318%) while one was downregulated
(CD47: -88%). Additionally, CD44
demonstrated decreased expression on
day 3 (-31%), but this alteration did not
reach statistical significance. No gene
investigated was significantly different
from naïve control mice on days 1 or 7.
Discussion
These data demonstrated that
transient calf muscle paralysis rapidly
alters the osteoclastogenic potential

of bone marrow in the adjacent tibia.
This observation is consistent both
with our previous studies and those of
others [2,3]. The timing of enhanced
expression of pro-fusion genes (day
3), coupled with the time needed to
form functioning osteoclasts from
precursor populations (around 5 days),
is completely consistent with the onset
of diaphyseal endocortical resorption
following muscle paralysis (which
occurs during a window between
day 6 and day 13 post-paralysis).
Surprisingly, however, our primary
cell culture experiment indicated that
the marrow was not predisposed to
generate greater numbers of normal
osteoclasts, but rather to generate
many more giant osteoclasts. Giant
osteoclasts are primarily associated
with inflammatory pathologies and are
capable of resorbing large volumes of
bone mineral [4,5]. Interestingly, it was
recently reported that upregulation of
TNF in the absence of CD44 results
in generation of highly resorbing giant
osteoclasts [8]. While downregulation
of CD44 in our study did not reach
statistical significance, the level of
downregulation may have created a
sufficiently permissive environment
for the profoundly elevated TNF to
enable the observed generation of
giant osteoclasts. Alternatively, as DCSTAMP has been shown to regulate

Discoveries 2014

References
1. Ausk BJ, Huber P, Srinivasan
S, Bain S, Kwon YG, McNamara
EA, Poliachik SL, Sybrowsky CL,
and Gross TS. (2013). Metaphyseal
and Diaphyseal Bone Loss in the
Tibia Following Transient Muscle
Paralysis are Spatiotemporally Distinct
Resorption Events. Bone, 57(2): 413422.
2. Marchand-Libouban H, Le Drevo
MA, and Chappard D. 2013. Disuse
induced by Botulinum toxin affects
the bone marrow expression profile
of bone genes leading to a rapid bone
loss. J Musculoskelet Neuronal Interact
13(1): 27-36.
3. Aliprantis AO, Stolina M,
Kostenuik PJ, Poliachik SL, Warner
SE, Bain SD, and Gross TS. Transient
muscle paralysis degrades bone via
rapid osteoclastogenesis. FASEB J
26(3): 1110-8.
4. Kuratani T, Nagata K, Kukita
T, Hotokebuchi T, Nakasima A, and
Iijima T. 1998. Induction of abundant
osteoclast-like multinucleated giant
cells in adjuvant arthritic rats with
accompanying disordered high bone
turnover. Histol Histopathol 13(3):
751-9.
5. da Costa CE, Annels NE, Faaij
CM, Forsyth RG, Hogendoorn PC,
and Egeler RM. 2005. Presence of
osteoclast-like multinucleated giant
cells in the bone and nonostotic lesions
of Langerhans cell histiocytosis. J Exp
Med 201(5): 687-93.

31

Chemical and Mechanical Nerve Impairment
Inhibit Joint Specification and Bone Formation
in the Regenerating Zebrafish Fin
Amanda C. Roof, MD, Anthony M. Recidoro, Brandon J. Ausk, PhD,
Sundar Srinivasan, PhD, Ted S. Gross, PhD, Edith M. Gardiner, PhD,
Steven D. Bain, PhD, Christopher H. Allan, MD, and Ronald Y. Kwon, PhD
We previously showed that intramuscular injection of Botulinum toxin, an inhibitor of synaptic release in cholinergic
nerves, induces muscle paralysis and impairs bone outgrowth in the regenerating zebrafish tail fin. In this study, we
utilized a model of focal denervation to delineate the role of neuronal, muscle, and mechanical regulation in this process.
Our studies suggest that nerve transection is associated with impaired outgrowth in the absence of locomotor defects,
highlighting a role of nerve-bone crosstalk in this physiology.
Introduction
Intramuscular administration
of Botulinum toxin (BTx) has been
associated with impaired osteogenesis
in diverse conditions of bone formation
(e.g., development, growth, and healing),
yet the mechanisms of neuromuscularbone crosstalk underlying these deficits
have yet to be identified. Motivated by
the emerging utility of zebrafish (Danio
rerio) as a rapid, genetically tractable,
and optically transparent model for
human pathologies, as well as the
potential to interrogate neuromuscularmediated bone disorders in a simple
model organism that bridges in vitro
and more complex in vivo model

systems, we recently developed a
BTx model of muscle paralysis in adult
zebrafish, and examined its effects on
intramembranous ossification during tail
fin regeneration. Previously, we showed
that BTx administration at the base of
the zebrafish tail fin remotely inhibits
bone regrowth following amputation,
potentially through disruption of
intra- and/or inter-ray nerves [1]. In
this study, we investigated whether
disrupting neural communication by
mechanically ablating fin nerves could
recapitulate deficits in bone outgrowth
observed following BTx. In addition,
given evidence that BTx impairs joint
morphogenesis during mammalian

Figure 1: Focal inhibition of bone regrowth and mineralization in the regenerating zebrafish fin following
mechanical nerve ablation. (A) Fin regrowth 7dpa. Bone growth in the damaged ray (*) is visibly shorter
than in the neighboring rays. (B) Double fluorochrome labeling 7dpa (calcein) and 14dpa (alizarin red).
Calcein labeling is markedly reduced in regenerated portion of the damaged ray (*). Note also the
increased labeling at the site of injury.
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skeletal development [2], we sought
to determine whether BTx impairs joint
specification during fin regeneration.
Methods
Adult wild-type zebrafish were
subjected to 50% tail fin amputation as
previously described [1]. To mechanically
ablate inter- and intra-ray nerves, a
0.5mm hole was resected from a single
bone ray proximal to the amputation
plane (Figure 1A). This transected ~2
bone segments and the majority of
intra- and inter-ray nerves associated
with the damaged ray while leaving
the innervation of non-neighboring
rays intact. Percentage regrowth in the
transected ray and degree of calcein
labeling was assessed at 7 and 14 days
post amputation (dpa), with calcein and
alizarin red respectively. To determine
effects of BTx on joint specification,
amputated zebrafish were administered
Botulinum toxin type B at the base of the
tail (as previously described in [3]), and
images of regenerated bone rays were
analyzed for number of joints and length
of bony segments between joints.
Results
Following transection of inter- and
intra-ray nerves, we observed deficits on
distal bone formation in regard to both
longitudinal growth and mineralizing
activity. At 7dpa, we observed a
significant reduction in the length of
the bone regenerate in transected rays
compared to immediately neighboring
dorsal/ventral rays (reduction of
67.5±9.3%, p=0.03, n=5) (Figure 1A).
No such reduction was observed in
untransected control rays (104.0±3.7%,

p=0.34, n=5). Calcein labeling was also
reduced within the regenerate in 67%
(6/9) of the damaged rays observed
(Figure 1B). We also observed high
calcein labeling at the site of nerve
ablation (Figure 1B). In fish subjected to
BTx, impaired fish exhibited decreased
bone regrowth that was associated with
a reduced number of segments per
bone ray (saline: 8.4±0.27 segments,
BTx: 6.0±0.50 segments, p=0.003, n=5/
group) and a significant decrease in
the average length per bone segment
(saline: 230.7±5.1 microns, BTx:
208.7±6.0 microns, p=0.02).
Discussion
We previously demonstrated that
intramuscular injection of BTx at the
base of the tail fin substantially impaired
bone outgrowth and mineralizing
activity in the regenerating fin [1].
Interestingly, in those studies the effects
of BTx on inhibiting mineralization
in the regenerate appeared to be
spatially restricted within individual
rays, suggesting a potential role for
fin ray nerves in mediating the effects
of neural disruption. In this study, we
subjected fish to mechanical intra- and
inter-ray nerve ablation and found that
nerve transection severely impeded
bone outgrowth in the affected ray but
not in the immediately adjacent rays.
The remote and spatially confined
effect of nerve ablation on bone
growth suggests that this response
is not entirely attributable to soluble
factors released at the site of ablation.
Expanding on our prior BTx studies [1]
we also found that BTx decreased the
number of segments per bone ray and
decreased the average length per bony
segment, suggesting a role for nerves
in regulating joint specification in newly
regenerating bone. Collectively, these
studies are consistent with a role of
nerves in regulating osteoblast activity
in the regenerating zebrafish fin. Given
the sophisticated tools in zebrafish for
dissecting neural pathways, as well
their amenability to genetic, imaging,
and high-throughput approaches,
zebrafish may provide an ideal model
for identifying novel mechanisms
underlying neural control of bone
growth and development.

the zebrafish fin. Given the growing
evidence that fin regeneration shares
common molecular signatures with
bone regeneration and healing in
mammals, the regenerating zebrafish
fin may provide a unique opportunity
to explore basic mechanisms of
neuroskeletal signaling in a highly
tractable experimental system.
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Significance
These studies demonstrate a
critical and multifaceted role for nerves
in regulating bone regeneration in
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Ankle Arthroplasty with Subtalar Fusion
or Tibiotalocalcaneal Fusion for Patients
with Concomitant Tibiotalar and Subtalar Arthritis
Daniel Thuillier, MD, Bruce J. Sangeorzan, MD, Marisa Benich, MS,
and Sigvard T. Hansen, Jr., MD
Uncertainty exists about the proper treatment of patients who have tibiotalar arthritis and concomitant subtalar arthritis.
For the subtalar joint, no effective replacement options and fusion remains the only reliable surgical procedure for pain
relief in patients with end-stage subtalar arthritis. For the tibiotalar joint however, both arthroplasty and arthrodesis have
shown to be effective at relieving pain. This leaves two treatment options for patients with both tibiotalar and subtalar
arthritis; subtalar fusion with either tibiotalar arthroplasty or arthrodesis of both joints (Tibiotalocalcaneal - TTC). At present,
there are no studies in the literature effectively comparing the clinical outcomes between these two treatment options to
help guide clinical decision-making.
The purpose of this retrospective research study was to compare the clinical outcomes of patients who had a subtalar
fusion and a tibiotalar replacement to patients who had fusion of both joints. This was done by looking at patient-reported
outcomes as well as activity as recorded through a step count monitor. The results demonstrate that patients who had a
tibiotalar replacement with a subtalar fusion had statistically improved outcome scores and higher activity compared to
patients who had fusion of both joints. This information may aid patients and physicians in choosing treatment options
for patients with both tibiotalar and subtalar arthritis.

Introduction
Idiopathic osteoarthritis of the
tibiotalar joint is much less common
than either the hip or knee. Arthritis of
the tibiotalar or subtalar joint, usually
can be traced to previous trauma
or instability. This inciting event or
chronic condition, can sometimes effect
both the tibiotalar and the subtalar
joint. Additionally, it has been shown
that stiffness in either joint leads to
increased stresses on the other joint
which can also result in degenerative
arthritis.
For many years the only effective
treatment option for pain relief of
patients with tibiotalar arthritis in who

failed conservative management was
fusion. Recently tibiotalar replacements
have become available and have
been shown to be equally effective
at pain relief. For the subtalar joint
unfortunately, replacement is not
currently available, and fusion remains
the only effective treatment option.
It has been well established in the
literature that patients who had an
isolated tibiotalar or subtalar fusion
have better clinical outcomes than
patients who had fusion of both. Much
of this is likely attributed to the great
deal of stiffness that results from
fusing both joints. Thus tibiotalar
replacement along with a subtalar

Figure 1: TTC fusion patients had higher MFA scores signifying more dysfunction. (38 vs 18 P=0.01)
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fusion as opposed to arthrodesis of both
may lead to improved clinical outcomes
by eliminating the pain generator but
also maintaining some motion in the
hindfoot.
Methods
•
Eight patients who had
undergone a TTC fusion for
end-stage arthritis of both the
tibiotalar and subtalar joints
at least 12 months previously
were analyzed.
•
Subjects wore a StepWatch3™
Activity Monitor for 14 days and
completed a Musculoskeletal
Functional Assessment (MFA)
and Short Form 36 (SF-36).
•
These patients were then
compared to 11 subjects from
a previous study who had
a tibiotalar arthroplasty and
a subtalar fusion performed
during a single anesthesia who
had similar measures taken at
either 24 or 36 months following
surgery.
•
These two groups were then
compared with outcome
measures including step
counts, MFA, and SF-36.
•
The demographics of these
groups including age, sex, BMI,
and time from operation were
also compared.

Figure 2: The TTC fusion group had lower scores in the bodily pain (51.25 vs 77.04, P=0.02), social
function (68.75 vs 82.95, P<0.05) and role emotional domains (33.33 vs 81.81, P=0.02) of the SF-36.
Differences in the physical function (47.50 vs 74.05) and mental health (72.00 vs 80.72) showed a trend
towards lower values in the TTC fusion patients (P<0.10). Values of the role physical, vitality and general
health showed no difference between the groups.

Figure 3: Patients in the TTC group had statistically lower Total number of steps in a day (Step Total),
total steps accumulated during the time included for analysis, low activity between 1-15 steps per minute
on one leg (Step Low), Total steps accumulated during the time included for analysis, medium activity
between 15-40 steps per minute on one leg (Step Med), and Total steps accumulated during the time
included for analysis, high activity >40 steps per minute on one leg (Step Hi).

Results
The 8 TTC patients and
11 arthroplasty patients were not
significantly different in regards to sex
(4m/4F vs 8M/4F), age (60.1 vs 54
years), BMI (28.22 vs 28.71) or time
from surgery (26 vs 33 months). In the
arthroplasty group there were 8 patients
who received DePuy Agility implants,
and three who received Tornier SaltoTalaris implants.
•
T he p a ti e n ts i n th e T T C
fusion group had significantly
worse MFA scores than the
arthroplasty group (38 vs 18
P=0.01) (Figure 1) and rated the
importance of their problems
related to their disease higher
on the Pt rating scale (1.5 vs
2.2 P<0.01).
•
The Tibiotalar Fusion group
had lower scores in the bodily

•

pain (51.25 vs 77.04, P=0.02),
social function (68.75 vs 82.95
P<0.05) and role emotional
domains (33.33 vs. 81.81
P=0.02) of the SF-36. (Figure
2)
The TTC Fusion group also
had significantly lower daily
average step counts 2266.51
vs 8773.27 (P<0.01) (Figure 3)
and peak activity index 29.65 vs
75.85 (P<0.01).

Discussion
Both tibiotalar arthrodesis and
tibiotalar arthroplasty have been
shown to be effective at relieving
pain from arthritis of the tibiotalar
joint. Arthroplasty may yield slightly
better functional results in short-term
follow up, but with a slightly higher
complication rate. Prospective trials
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are continuing to try and establish
longer follow up for a better effective
comparison.
Previous studies in the literature
have demonstrated effective
improvement in pain and function
after undergoing tibiotalocalcaneal
arthrodesis. Compared to patients who
underwent isolated tibiotalar fusion
for isolated tibiotalar arthritis, the TTC
patients have worse clinical outcomes
with increased pain and dysfunction.
Since tibiotalar arthroplasty has been
demonstrated to be effective at relieving
pain in tibiotalar arthritis, along with
subtalar fusion it provides another
possible treatment option for patients
with arthritis that effects both joint. As of
yet the clinical outcomes of TTC fusion
has not been compared to tibiotalar
arthroplasty with concomitant subtalar
fusion in the literature.
Though the numbers in this group
are small, patients with tibiotalar arthritis
and concomitant subtalar arthritis who
underwent a tibiotalar arthroplasty
and subtalar fusion had significantly
improved clinical outcomes and activity
levels compared to patients who
underwent a tibiotalocalcaneal fusion.
This information may aid patients
and physicians in choosing treatment
options for patients with both tibiotalar
and subtalar arthritis.
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Prospective Study Investigating the Prevalence
and Evolution of Malnourishment
in the Acute Orthopaedic Trauma Patient
Benjamin Hamilton, MS, Courtney O’Donnell, MD, Julie Agel, MA,
Patricia Kramer, PhD, Stephen K. Benirschke, MD,
M. Bradford Henley, MD, MBA, and Reza Firoozabadi, MD, MA
Malnutrition is a highly prevalent disease in acute hospital settings with a rate of 20 to 50% in developed countries.
Patients with poor nutritional status have higher infection rates, impaired wound healing, depression of the immune
system, longer lengths of stay, increased recovery time and mortality.1 Studies of hip fracture patients have demonstrated
high rates of malnutrition in this patient group.2-4 The goal of this investigation was to examine rates of malnutrition, as
defined by frequently used nutritional markers, in a population of orthopaedic trauma patients. We hypothesized that
rates of malnutrition would increase during hospital stays while nutritional marker levels would decline. A total of 69
patients with varying orthopaedic injuries were evaluated during their acute hospitalization and at their 6-week followup. For all nutritional markers, rates of malnutrition increased from admission, to hospital day 3 when nearly all patients
had lab values reflecting poor nourishment. These levels then stabilized with a slight drop from day 3 to day 7. A trend
towards correction was seen at the 6-week follow-up. This study supports the notion that malnutrition is highly prevalent
in acute orthopaedic trauma patients.
Introduction
Undernutrition has been shown
to be associated with poor clinical
outcomes in surgical patients.1` Trauma
patients have a 15 to 25% increase
in energy requirements, which may
grow to 100% if infection is present.5
Trauma patients may present with
inflammatory, hypermetabolic, and/
or hypercatabolic conditions, which
are increasingly identified as factors
predisposing to malnutrition. These
patients frequently have reduced oral
intake due to nausea and multiple
surgeries and are frequently sustained
on intravenous fluids alone for much
of their hospital stay. Thus, it is not
surprising that patients fall far short of
the nutritional support needed to meet
the increased energy demands of their
traumatic conditions. Even patients with
low baseline risk of malnutrition, when
left unrecognized and unaddressed,
may experience a rapid decline in
nutritional status.
Within orthopaedics, previous
studies of malnutrition in hip fracture
patients have shown the incidence
of malnutrition to reach rates of up to
78%.6 Despite this recognition, to our
knowledge malnutrition has not been
studied specifically in a large group
of orthopaedic trauma patients. While
there is no gold standard to assess
nutritional status in trauma patients,
simple hematologic markers have been
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used to diagnose malnutrition in hip
fracture patients.2-4 We undertook a
prospective study to better determine
the evolution of malnutrition in the
acute orthopedic trauma patient and
to initiate an assessment of its role in
postoperative outcomes.
Materials / Methods
•
One hundred one orthopaedic
trauma patients admitted to
orthopaedics as the primary
team from June 2013 through
January 2014 were identified at
the time of hospital admission,
consented, and entered into the
prospective database. Subject
demographic and clinical data
were recorded.
•
The markers applied to assess
nutritional status included
albumin (ALB), prealbumin
(PAB), transferrin (TRA), CRP,
and vitamin D. Serum laboratory
markers were obtained on
admission, hospital day 3,
hospital day 7 (if available),
and at 6 weeks post-surgery
for patients who were identified
as malnourished at discharge
(vit. D taken only on hospital
admission and 6 week draws).
•
Nutritional status was also
determined using the Rainey
MacDonald nutritional
index (RMNI). The RMNI
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•

was calculated as follows:
RMNI=(1.2 x ALB) + (0.013 x
TRA) – 6.43. A negative RMNI
was previously reported to
be significantly associated
with longer hospitalization
and higher rates of septic
complications.2
Va l u e s c o n s i d e r e d
representative of suboptimal
nutrition were ALB <3.5g/dL,
PAB <18mg/dL, RMNI<0 and
vitamin D <32ng/mL, while a
serum CRP level of >10mg/L
was considered indicative of
acute-phase response.

Results
•
Of 101 total patients enrolled,
32 patients were excluded
because they were discharged
and/or did not get appropriate
lab results drawn on hospital day
3. As a result, 69 orthopaedic
trauma patients were included
in the final analysis. Baseline
demographic and clinical data
are summarized in Table 1.
•
Rates of malnourishment as
defined by different lab markers
at each time point are seen
in Table 2. The proportion of
subjects malnourished based
on ALB, PAB, and RMNI
followed similar trends with a
significant increase between

Table 1: Baseline demographic and clinical data

•

•

•

admit and hospital day 3 with
stabilization of rates from day 3
to day 7. Despite a significant
decrease from day 7 to 6 week
follow-up, 20.0%, 20.0% and
15.2% of patients remained
malnourished based on ALB,
PAB, and RMNI, respectively.
Similar trends were seen in
percent of patients in acutephase response, with an
increase from admit to HD3
and continual decrease until
6 week follow-up. All patients
were in APR (>10mg/dL) at
HD3, with 68.4% in severe APR
as defined by the upper quartile
of our study group’s admit CRP
levels.
A large majority (80%) of
patients had abnormal Vitamin
D levels on admission with
some improvement (64.3%)
seen at 6 weeks.
Trends in rates of

malnourishment are also seen
in nutritional marker levels at
each time point. Levels trended
downward during hospital
stay reaching their nadir at
hospital day 7 [Table 3] and
trended toward correction by
6 week follow-up. CRP levels
increased from admit to a peak
at hospital day 3, with a decline
at the 6 week follow-up.
Discussion
There is no current consensus
on a gold standard for diagnosing
protein deficient malnutrition. However,
we believe that early identification
and intervention in malnourished
orthopaedic trauma patients may help
avoid those complications shown to
be associated with malnutrition. This
study has shown that serum markers
frequently used to assess nutritional
status worsen rapidly in the acute
orthopaedic trauma patient.
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Reproducibility and ease of
introduction into clinical practice make
biochemical markers an appealing
means for detecting patients at risk of
malnutrition. Several studies report an
association between albumin levels
measured on hospital admission and
patient outcomes in elderly hip fracture
patients. 2-4 Reported prevalence
of malnutrition based on albumin
measurements in hip fracture patients
over age 65 has varied, ranging from
22% reported by Symeonidis et al., to
52% reported by O’Daly et al. This is
compared to a prevalence of 79% in
patients aged over 65 years and 71% in
all patients in this study. Prealbumin is
another popular marker for malnutrition
owing to its short half-life and sensitivity
to changes in nutritional status. In
our study, 37.7% of patients were
malnourished based on prealbumin
on admission. Using a different cutoff,
Robinson et al. reported a prevalence
of malnutrition of 50% in a population
of hospitalized surgical and medical
patients.7 An equivalent figure for this
study is 49%. Using the RMNI, 42%
of our patients were malnourished on
admission.
The increase seen in rate of
malnourishment during hospital stay
may be a reflection of both undernutrition
as well as the known suppressive effect
of inflammation on nutritional markers.
From admission to day 3, levels of CRP
increased while nutritional markers
declined. However, from day 3 to 7 CRP
levels decreased significantly while
nutritional markers continued to decline.
We interpreted this continued decline
in nutritional markers in the face of a
weakening inflammatory response to be
a strong indicator of malnourishment.
We believe that those patients with
both declining nutritional markers and
stable or declining CRP levels are at
greatest risk of poor clinical outcomes
associated with malnutrition.
In conclusion, malnutrition in the
acute orthopaedic trauma patient, as
defined by frequently used biochemical
markers, is a common disease that
increases in prevalence throughout their
hospitalization. Routine assessment of
nutritional status in this population is
imperative, given the adverse impact
of this condition on patient outcomes.
Further studies are necessary to
investigate the role of nutritional
interventions for orthopaedic trauma
patients with regard to improvement in
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Table 2: Malnutrition prevalence at each lab draw.

Table 3: Nutritional marker levels at each lab draw**Follow-up labs drawn only in patients identified as
malnourished at hospital discharge.

nutritional marker levels and impact on
clinical outcome.
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Regulation of Cruciate Ligament Development and
Maintenance by ESET Histone Methyltransferase
Albert O. Gee, MD, Michael J. Chen, BA, Sean Haloman, MD, John W. McCornack, BA,
Howard A. Chansky, MD, and Liu Yang, PhD
Injuries to the anterior cruciate ligament (ACL) occur frequently during sports participation and are closely associated
with posttraumatic osteoarthritis. At the present time, it is not clear what controls the development and repair of cruciate
ligaments, and we know even less about their epigenetic regulation. Therefore, a better understanding of ligament biology
will be helpful in the search for newer treatments of injured ACL. ESET (an ERG-interacting protein with a SET domain,
also called SETDB1) is an enzyme that methylates histone H3 at lysine 9 and controls access to specific regions within
the genome. The ESET gene itself is expressed in various lineages including ligament cells. In this study, we examined
the effects of ESET on the development of cruciate ligaments in knockout mice, and found that a lack of ESET protein
is detrimental to the formation and maintenance of cruciate ligaments.
Introduction
Ligaments are a dense fibrous
type of connective tissue that connect
bones and function to prevent abnormal
movements from occurring in the joint, as
well as provide stability. These collagen
fibers themselves are synthesized
and maintained by ligament cells.
These cells lie in longitudinal rows and
have more of an ovoid appearance
with plump nuclei. At the insertion of
the ligament into bone, fibrocartilage
transitions the ligament to bone and
facilitates its attachment.
The bHLH transcription factor
scleraxis (Scx) is a distinctive marker
of all tendon/ligament cells from
the embryonic stage into adulthood

(Schweitzer et al. 2001). Deletion
of Scx in mice only disrupts the
differentiation of force-transmitting
and intermuscular tendons, whereas
entheses and ligaments in Scx-null
mice are less affected and remain
functional (Murchison et al. 2007).
This observation suggests that the
development of ligament and certain
tendon groups are unlikely to be
mediated by Scx itself but instead
could be controlled by other Scx-related
factors or by proteins unrelated to Scx.
Since ESET is important to skeletal
development and is expressed in
ligament cells (Yang et al. 2013), it
is possible that additional ligament
regulators may include epigenetic

Figure 1: Diagram of ESET protein and cruciate ligament phenotype in ESET-knockout mice. (a), ESET
gene and protein structure. (b), sections of cruciate ligaments from 11 month-old wild-type (WT) and
mesenchyme-specific knockout (CKO) mice were stained by H&E for comparison of ligament morphology.
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enzymes such as ESET histone
methyltransferase.
Materials / Methods
Mice harboring the floxed ESET
allele were mated with Prx1-Cre mice
on a C57BL/6 background. Knee joints
were collected from mice at different
stages of development, fixed in 4%
paraformaldehyde and decalcified in
14% EDTA before further embedding
treatments. Staining of ligaments was
done with 14-18 mm tissue sections
using Harris hematoxylin solution and
eosin Y-phloxine B (H&E) solution.
Results
The Prx1-Cre deleter strain of mice
was used to achieve conditional ESET
knockout that initiates in the forelimb
at embryonic day (E) 9.5, followed by
one day later in the hindlimb (Logan
et al. 2002). In mice that are positive
for Prx1-Cre and homozygous for
the floxed ESET allele, the bifurcated
SET domain (and the intrinsic H3K9 methyltransferase activity) is
eliminated from ESET due to a frameshift mutation (Figure 1a) that occurs
only in mesenchymal cells of the
limbs. To examine how ESET knockout
from limb mesenchymal cells affects
cruciate ligaments in mice, we stained
coronal sections of knee joints from 11
month-old wild-type and ESET-deficient
mice. As shown in Figure 1b, wild-type
animals at this age exhibited normal
appearance of cruciate ligaments,
whereas conditional knockout of ESET
from mesenchymal cells results in total
disorganization of cruciate ligaments in
all 11 month-old mutant mice.

39

Figure 2: Effects of mesenchyme-specific ESET knockout on cruciate ligaments. (a) ACL and (b) PCL from wild-type (WT) and ESET-null (CKO) littermates at
different developmental stages were stained with H&E. Boxed areas of the ligaments are enlarged as inserts for better comparison.

To investigate the developmental
stage at which a lack of ESET protein
starts to impact cruciate ligaments,
we prepared sagittal sections of the
knee joints and carried out histological
examination of cruciate ligaments
in E18.5 embryos and in mice at 7
days, 1 month and 5 months after
birth. As shown in Figure 2, while
ligament defects at birth were less
obvious in ESET-null embryos, the
cruciate ligaments during postnatal
development exhibited significant
differences between wild-type and
ESET-null littermates. Histology of
the ACL in knockout mice showed
disorganization of ligament cells
by postnatal day 7, and complete
degeneration that was evident 1 month
after birth (Figure 2a). The posterior
cruciate ligament (PCL) seemed to be
less affected by ESET-knockout during
early stages of postnatal development,
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and appeared normal 7 days after birth.
By the age of 5 months, however, the
PCLs of knockout mice also showed
obvious signs of disorganization and
degeneration when compared to wildtype controls (Figure 2b).
Histological defects in ESET-null
cruciate ligaments suggest that the
biomechanical properties of ACL could
be impaired by ESET knockout. To
examine the changes in ACL tensile
strength, a small number of 3-monthold wild-type and ESET-null animals
were sacrificed, their hindlimbs were
removed from each animal at the hip
joint. Dissection of extraneous tissue
exposed the knee joint, and femurACL-tibia specimens were created
with further careful dissection (Figure
3a). For mechanical testing, both the
femur and tibia are fixed to special
clamps that are then attached to the
load cell (Figure 3b). To obtain force

Discoveries 2014

and displacement data, the ACL was
lengthened at a rate of 0.5 mm/second
and the load at failure point was
recorded for each ACL (Figure 3c).
Preliminary experiments based on 6
knees in each group, showed that the
testing results are reproducible among
the specimens. In 3-month-old female
mice, the load at failure for wild-type
ACL is 6.7 + 2.3 N (newton) whereas a
force of only 4.1 + 1.8 N is needed to
reach the load at failure for ESET-null
ACL.
Discussion
Cruciate ligaments play a critical
role in knee stability during sports
participation and other physical
activities. Although ACL injuries are
a topic that is frequently in the public
consciousness due to their occurrence
in athletes at all levels of competition,
an area of limited investigation to date

Figure 3: Testing for ACL tensile strength. (a), dissected ACL specimen. (b), specimen loaded onto the tester. (c), force and displacement data from a 3-month
old female ACL. Load at failure is indicated by an arrow.

is postnatal development of the cruciate
ligaments. At the present time, the
regulatory mechanisms responsible for
postnatal differentiation and phenotype
maintenance of cruciate ligaments
remain largely unknown. Understanding
the biological processes that control
morphogenesis of cruciate ligaments
during the embryonic stage and its
maturation and maintenance after birth
are inherently important questions that
need to be answered in skeletal biology.
In this study, we have obtained
evidence that mesenchymespecific knockout of ESET histone
methyltransferase causes malformation
of the ACL in young mice and accelerates
degeneration of the PCL in adult
animals. The availability of genetically
modified mice with tissue-specific
knockout of ESET offers us a unique
opportunity to explore how cruciate
ligaments are controlled by a specific
histone modification enzyme. New
insight into the epigenetic regulation
of cruciate ligaments by ESET histone
methyltransferase not only adds
to our fundamental understanding
of cruciate ligament development/
maintenance, but may also hold clues
to ACL injury prevention and potential
future treatment modalities that exceed
the ones we have available to us today.
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Posterior Wall Acetabular Fractures and Stability
Clay Spitler, MD, Calvin Schlepp, MD, Benjamin Hamilton, MS, Julie Agel, MA,
and Reza Firoozabadi, MD, MA
Hip stability after small and intermediate sized posterior wall acetabular fractures is difficult to predict based on
radiographic information. The purpose of this project was to determine if the radiographic parameters of femoral
head coverage by the intact posterior wall, acetabular version, and location of fracture or a history of dislocation were
determinates of hip stability based on intraoperative fluoroscopic exam after a posterior wall acetabular fracture. A
retrospective review of clinical and radiographic data from all patients who underwent EUA for PW fracture was performed
and data was compared between the stable and unstable groups. Our review identified 138 patients who underwent
EUA between 12/1/01-07/01/13. There were 116 stable (84.06%) hips and 22 unstable (15.94%) hips. A history of hip
dislocation was not predictive of hip instability after PW fracture. Fractures in the unstable group had a significantly
more cranial fracture exit point and were significantly larger according to the measurement techniques of Moed and
Keith. None of the other radiographic measurements showed a significant difference between the groups. This study
identifies cranial exit point of the fracture as another important radiographic predictor of hip instability after posterior
wall acetabular fracture.
Introduction
Hip stability after small and
intermediate sized posterior wall
acetabular fractures is difficult to predict
based on radiographic information.
The gold standard for determination
of hip stability following small posterior
wall (PW) acetabular fracture is
examination under anesthesia (EUA)1.
Previous attempts to radiographically
predict hip stability have focused
on measurement of the size of the
fracture fragment on axial tomographic
images2-4. Radiographic measurements
have only been marginally successful
in accurately predicting instability
demonstrated in the operating room
during EUA. To our knowledge, other
fracture characteristics such as cranial
exit point of the fracture have not been
identified as predictors of instability.
Additionally, patient-specific anatomic
variations of the femur and acetabulum
may have certain characteristics that
contribute to hip stability following PW
fracture. This study attempts to identify
other radiographic predictors of hip

instability after small PW acetabular
fracture.
Methods
A retrospective review of
prospectively collected data was
performed using a search of a trauma
database to identify all patients
who underwent examination under
anesthesia to determine hip stability
following posterior wall acetabular
fracture. EUA was performed with
the patient in the supine position with
flouroscopic imaging evaluating the AP
and the obturator oblique images while
the hip is taken from full extension to
90 degrees of flexion while an axial
load was applied along the longitudinal
axis of the femur. All patients were
categorized as stable or unstable based
on the fluoroscopic evaluation of hip
concentricity during EUA. Clinical and
radiographic data were reviewed and
compared between the stable and
unstable groups. Variables reviewed
included history of hip dislocation,
presence of a crossover sign or ischial

Table 1: Displays the differences in radiographic parameters between the two groups.
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spine sign on an adequate AP pelvis
X-ray, lateral center edge angle,
measurement of fracture fragment
size on axial CT scan using previously
described methods, measurement of
acetabular version on axial CT at both
the cranial aspect of the acetabulum
as well as at its midpoint5, percent of
femoral head covered by remaining
intact posterior wall, and proximity of
the most cranial aspect of the fracture
to the acetabular roof.
Results
Our review identified 138 patients
who underwent EUA between 12/1/0107/01/13. There were 116 stable
(84.06%) hips and 22 unstable
(15.94%) hips. There were no significant
differences in patient age or mechanism
of injury between the two groups.
Table 1 displays the differences in
radiographic parameters between the
two groups.
A history of hip dislocation was
not predictive of hip instability after
PW fracture. Fractures in the unstable

group had a significantly more cranial
fracture exit point and were significantly
larger according to the measurement
techniques of Moed and Keith. None of
the other radiographic measurements
showed a significant difference between
the groups.

5. Werner et al. “Correlation of the
cross-over sign of the cross-over sign
on conventional pelvic radiographs with
computed tomography retroversion
measurements. Skeletal Radiol (2010)
39:655-660.

Discussion
Hip stability after small posterior
wall fracture is difficult to predict, and
the gold standard remains exam under
anesthesia. Our data suggest that there
is no absolute correlation between a
history of dislocation and instability after
PW fracture, but there is a significantly
higher rate of hip instability in fractures
with a cranial exit point within 1 cm
of the acetabular roof. While not an
absolute indicator of instability, this
fracture characteristic has not been
described previously as a predictor
of hip instability. No patient specific
anatomic variable were identified as
contributing to hip instability after PW
fracture. While this information will not
eliminate the need for EUA, it will provide
clinicians with another tool to help
predict instability as well as potentially
avoid operating unnecessarily on PW
fractures simply because of a history
of dislocation. Further investigation
into patient anatomic variables may
demonstrate a relationship between
a patient’s native anatomy and risk of
instability after PW fracture.
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Risk of Spermatic Cord Injury During Anterior Pelvic
Ring and Acetabular Surgery: An Anatomic Study
Reza Firoozabadi, MD, MA, Paul Stafford, MD, and Milton L. Routt, Jr., MD
Aims: The primary aim of this study was to identify the distance between the midline and the spermatic cords in adult
male cadaveric specimens. The secondary aim was to determine spermatic cord diameters and measure the distance
between the spermatic cord and implant during instrumentation of a retrograde superior pubic ramus medullary screw.
Methods: Extended Pfannenstiel and Stoppa approaches were performed on 18 embalmed male cadavers bilaterally.
Spermatic cord characteristics were recorded and a number of measurements were performed to determine the distance
of implants and the midline from the spermatic cord.
Results: The average distance between the midline and spermatic cords was 34.2 mm. The average distance between
the spermatic cord and implant during placement of retrograde ramus screw was 18.2 mm.
Discussion: Due to the proximity of the spermatic cord, the surgeon should either formally expose the cord or limit
lateral dissection from the midline during Pfannenstiel and Stoppa exposures. Similarly, the surgeon should use softtissue sleeves and oscillating drills to avoid injury to the contralateral spermatic cord during the insertion of retrograde
superior pubic ramus medullary screws.
Introduction
Anterior pelvic ring surgery includes
a variety of plating techniques and
insertion of retrograde superior pubic
ramus screws. Anterior acetabular
surgery also includes fixation through an
ilioinguinal or Stoppa approach. These
exposures risk injury to the spermatic
cord and accompanying genital branch
of the genitofemoral nerve as they
pass anterior to the superior pubic
ramus. Additionally, the spermatic cord
may also be injured during drilling or
placement of a percutaneous retrograde
superior ramus screw. The aim of this
study was to: 1) measure the distance
between the spermatic cord and the
midline, 2) measure the distance
between the contralateral spermatic
cord and the implant during insertion of
retrograde superior pubic ramus screws
and 3) measure the average spermatic
cord diameter and identify potential
anomalies.
Methods
Extended Pfannenstiel and Stoppa
approaches were performed bilaterally
on 18 embalmed male cadavers. The
incision extended from pubic symphysis
to the anterior-superior iliac spine.
All soft tissue anterior to the rectus
abdominus sheath and external oblique
muscles was removed. The spermatic
cord was identified and assessed.
The rectus abdominus muscle was
then incised longitudinally through the
central raphe and released from its
pubic insertion. The deep dissection
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proceeded laterally, completing the
release of the rectus abdominus
muscle and inguinal ligament from
the pubic tubercle. With the pubic
tubercle exposed, we used a previously
described technique to insert a 0.62mm
Kirshner wire into the superior pubic
ramus. The distance between the
Kirshner wire and the contralateral
spermatic cord was measured. This
technique was duplicated for the
contralateral ramus. A student-T test

was utilized to compare the differences
between normal and aberrant cords.
Results
The average of the specimens
was 80 years. Eleven of the thirty-six
dissections had abnormalities including
cord lipomas and inguinal hernias
(Figure 1). The average cord diameter
was 18.6 mm. The average cord
diameter in those with abnormalities
was 24.9 mm. The average cord

Figure 1: Eleven of the thirty-six dissections had abnormalities including cord lipomas and inguinal hernias

Figure 2: Cord Diameters.
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Figure 3: Distance between midline and spermatic cord.

Figure 4: Distance between k-wire and spermatic cord.

diameter in those without abnormalities
was 16 mm (Figure 2). The average
distance between the midline and
spermatic cords was 34.2 mm (Figure
3). During the simulated insertion of
a retrograde superior pubic ramus
screw, the average distance between
the Kirshner wire and contralateral
spermatic cord was 18.2 mm (Figure 4).
Discussion
The orthopaedic surgeon must be
aware of possible inguinal abnormalities
and the relative location of the spermatic
cord during anterior pelvic ring surgery.
The spermatic cord was as close as
22 mm to the midline and as close as
11 mm to the Kirshner wire. To avoid
inadvertent spermatic cord injury,
the surgeon should reference these
minimum distances rather than the
averages. Due to the proximity of the
spermatic cord, the surgeon should
minimize superficial dissection away
from the midline during Pfannenstiel
and Stoppa approaches. Similarly,
during insertion of percutaneous
retrograde superior ramus screws, the
surgeon should use soft-tissue sleeves
and an oscillating drill to avoid injury to
the nearby spermatic cord.
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Nanoengineered 3-Dimensional Tendon Tissue
Albert O. Gee, MD, Philip Tatman1, Sang-Jun Kim MD, PhD2, and Deok-Ho Kim, PhD1
Introduction
Tendons are responsible for
transmitting muscle derived forces to
bone and are subjected to significant
mechanical loading. The extracellular
matrix (ECM) and cellular architecture
of tendons are arranged in the
direction of force transmission and this
organization imparts critical anisotropy
to the tissue. In part, this load-bearing
role can make tendons susceptible
to damage from acute injury, overuse
phenomenon, and/or degeneration
from aging. However, like other dense
connective tissues of the body, tendons
have poor intrinsic healing capability
after injury. Therefore, stem cell-based
therapies and tissue engineering
hold much promise for alternative
treatment approaches. To this end, we
are proposing a nanotopography-based
tissue engineering strategy which
recapitulates the micro-architecture
of the native ECM as a means to
control tendon tissue organization and
regeneration.
Fabrication and Seeding of
Nanopatterned Cell Culture Substrate
Nanopatterned cell culture
substrates which direct cell alignment
were fabricated. This was achieved
through the use of forced lithography1-3.
Briefly, a small amount of photo-curable
polymer was placed onto a glass slide
upon which a 2-inch square laseretched silicon wafer master pattern
with pre-defined groove dimensions is
placed on top, and then subjected to
ultra violet light (Figure 1).
Once fabricated, we successfully
cultured tendon cells harvested and
expanded from Sprague-Dawley
rat Achilles tendons on 800nm
groove pattern made of poly(lactic-

co-glycolic acid) (PLGA) in cell
culture. Nanopatterned slides were
seeded and cultured for 2 weeks.
Immunohistochemical staining was
performed to evaluate the presence
of tenocyte markers and production
of a tendon matrix and regenerative
markers. We stained for collagen
type 1, Scleraxis (a helix-loop-helix
tra n s cri pti on factor common to
developing and mature tenocytes),
and Oct4 (a cellular protein utilized
to dedifferentiate mature cells into
pluripotent stem cells and as such
is a molecular marker for tendon
progenitor cells) (Figure 2). This has
been replicated with human tendon
cells harvested and expanded from
hamstring tendons (data not shown). As
shown in Figure 2A, cellular alignment
along the direction of the scaffold was
achieved.
Fabrication of Nipaam-Grafted
Thermoresponsive Nanopatterned
Cell Culture Substrates
Furthering our nanopattern
substrate technology, we fabricated
a thermally responsive cell-culture
substrate through the incorporation
of N-isopropyl acrylamide (NIPAAm)
and poly-glycidyl methacrylate (GMA)
into our lithography technique. The
GMA features an epoxide group
which provides a binding site to which
additional chemical moieties can be
attached. The GMA is mixed with the
chosen polymer and fabrication of our
nanopattern is performed as described
above. When this substrate is exposed
to NIPAAm, it becomes covalently
bonded to the epoxide group of GMA
(Figure 3).
NIPAAm becomes hydrophobic at
temperatures above 32 oC, allowing

Figure 1: A) Forced lithography overview. B) SEM image of the resulting nanopatterned scaffold.
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it to adhere to cell membranes and
proteins and thus anchoring cells.
However, below 32 degrees, the
NIPAAm becomes more hydrophilic.
Water disrupts the attraction between
NIPAAm and the overlying monolayer
of attached cells. This allows for the
release of the cellular monolayer as
a sheet without disrupting the cell-cell
adhesions and the cellular alignment of
the monolayer (Figure 4).
Generation of Anisotropic 3D Tissue
Constructs by Cell Sheet Stacking
Layer-by-layer control of tissue
structure by stacking individual aligned
cell sheets using thermoresponsive
nanostructured cell culture substrate
was successfully achieved. When
cell sheets are released from the
substrate, there is a tendency for
the monolayer to curl and become
damaged (Figure 4). To address this,
a gelatin hydrogel transfer system was
developed and utilized to release cell
sheets in a controlled manner (Figure
5A). When cell sheet release is desired,
a gelatin solution is applied on top of the
monolayer. At 37oC, the gelatin remains
soft while the NIPAAm continues to
anchor the cells. When placed at roomtemperature (below 32oC) the gelatin
forms a hard layer which anchors the
cells at the same time cells release from
the NIPAAm scaffold. Once detached
from the substrate, cell sheets can be
stacked within the gelatin layer. In order
to stack multiple sheets, the culture
temperature is increased until the
gelatin dissolves. This process can be
repeated until desired tissue thickness
is achieved. To date, several layers
of human tenocyte cell sheets have
been stacked in orthogonal orientation
and visualized under light-microscopy
(Figure 5B).
Conclusion
Successful creation and alignment
was achieved using a nanopatterned
scaffold and tendon cells from both
rat and human sources in vitro.
Multi-layered 3D tendon tissue
constructs were also achieved using
a thermoresponsive polymer scaffold
which allowed for release of individual

Figure 2: Immunoflorescent staining of rat tenocytes seeded on PLGA 800 nm groove width substrates at 8 days in culture. A) Collagen 1, DAPI and arrow
representing groove direction of the underlying scaffold; B) Scleraxis and DAPI; C) Oct4 and DAPI.

cell monolayer sheets and subsequent
stacking of these cell sheets.
Future Studies
Further analysis of these 3D tendon
cell constructs will be required and be
performed beginning with scanning
electron microscopy and optical
microscope images illustrating cell
attachment, growth and alignment.
Alignment of cells will be assessed after
detachment from thermoresponsive
nanopatterns and after stacking of 3D
cell sheets using confocal microscopy.
Quantitative analysis to determine the
effect of nanopatterns on tenocyte
function and differentiation will be carried
out using qRT-PCR and immunoblot
assay for Scleraxis, Tenascin C, and
COL1A1 molecular tendon cell markers.
In vivo studies will be performed
to implant and evaluate these 3D
tendon tissue constructs in a mouse
model of tendon injury4,5. Multi-layered
tendon tissue constructs will test the
hypothesis that nanopatterned 3D
tendon constructs can integrate with
host tissue and restore function in a
mouse model of patellar tendon injury.
Analysis will include biomechanical
assessment by uniaxial mechanical
testing of the patellar tendon at
various times after implantation
and compared with controls. The
patellar tendons from each group
will undergo standard histological,
biochemical and immunohistochemical
analysis to determine the extent of
matrix deposition with time and to
assess the construct integration and
proliferation (staining for col I, scleraxis,
decorin, biglycan). In addition, matrix
organization will be analyzed using
polarized light microscopy as described
previously which allows quantification
of the collagen fiber alignment and
generates histograms of collagen fiber

Figure 3: Overview of the modified forced lithography process to create a thermo responsive scaffold
using NIPAAm.

Figure 4: Overview of thermoresponsive polymer substrate and cell sheet detachment with temperature
change. Center image shows detachment of cell sheet on light microscopy. Right image shows a detached
cell sheet which has rolled upon itself.

Figure 5: A) Overview of gelatin hydrogel transfer method allowing stacking of cell sheets. B) Light
microscope image of 2 human tendon cell sheets stacked orthogonal to each other (arrows show cell
alignment direction; 4x magnification).
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angular deviations from the prevailing
alignment direction.
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ESET Histone Methyltransferase is Essential
for Fracture Healing in a Mouse Tibia Fracture Model
Jacques Hacquebord, MD, Sean Haloman, MD, Andrew Ghatan, MD, Ning Li, BS,
Howard A. Chansky, MD, and Liu Yang, PhD
We recently found that ESET histone methyltransferase plays a critical role in the differentiation of chondrocytes and
osteoblasts through analyzing mice with a specific deletion of the ESET gene. While the biologic principles of bone fracture
repair have been intensively studied by many groups, major questions still remain regarding a complex network of factors
that control fracture healing. Using a murine tibia fracture model, here we show that ESET knockout mice have a grossly
deficient healing response to tibia fracture when compared to wild-type animals. In the coming months, we plan to further
characterize differences between wild-type and ESET knockout mice in their response to tibia fracture through histology
examination, immuno-histostaining and micro-CT analysis to better understand the underlying molecular mechanisms.
Introduction
ESET histone methyltransferase
is widely expressed in a variety of
cells and tissues, suggesting that
the ESET protein may have multiple
cellular functions (1). The studies of
ESET in vivo are made possible since
we were able to generate tissuespecific ESET knockout mice that are
viable into adulthood. After phenotype
characterization of these knockout
mice, we have found that ESET is
critical for normal skeletal development,
maintenance of joint function, and
epiphyseal plate formation (2-4). Since
bone fracture repair (fracture healing)

is an intricate process that shares
many similarities with normal skeletal
development, we hypothesized that
ESET is also involved in fracture
healing. Using a tibia fracture model
in mice as a tool, we investigated how
ESET knockout influences bone healing
response in adult animals.
Methods
All experiments were reviewed and
approved by the Institutional Animal
Care and Use Committee at the VA
Puget Sound Health Care System.
Conditional ESET knockout mice were
generated by mating ESET(exons

Figure 1: H&E staining of tibia fracture sites at post-operative day 8. Surgical sites on the tibia of wild-type
mice (left panels) and ESET knockout mice (right panels) were shown. Lower panels represent selected
areas with higher magnification.
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15&16)Flox/WT with ESET(exons 15&16)
Flox/WT
; Prx1-Cre mice. Once the mice
became skeletally mature (> two monthold), an established murine tibia fracture
was introduced to the animals through
the creation of a uni-cortical defect
on the medial aspect of the proximal
tibia (5). In these experiments, a 1.0
mm drill hole was created in the tibiae
of wild-type mice, whereas a 0.6 mm
drill hole was created in the tibiae of
ESET knockout mice due to the grossly
abnormal and significantly smaller
skeletons found in the mutant mice.
Incisions were closed with suture and
mice were able to return to unrestricted
activity in their cages. Animals were
sacrificed at post-operative days 8 and
50, respectively, for histology staining
by hematoxylin-eosin and micro CT
analysis to evaluate healing of the
cortical defect and surrounding bone.
Results
H&E staining of the surgical sites
at post-operative day 8 is displayed in
Figure 1 which exhibits clear signs of
corticotomy on the proximal tibia. Repair
of the uni-cortical defect progressed
normally in wild-type animals at the
fracture site, as demonstrated by
formation of a fracture callus that is
rich in woven bone. In ESET knockout
mice, however, no obvious signs of a
fracture callus could be observed at the
surgical site and the fracture gap was
completely filled with undifferentiated
cells with a total lack of woven bone.
Though not presented in this report,
preliminary micro CT analysis of the
surgical sites at post-operative day 50
show a well healed tibia in wild-type
animals. In contrast, fracture healing
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is significantly impaired in the absence
of ESET protein expression since
micro CT scan at post-operative day
50 revealed minimal calcification of the
fracture gap in ESET-null animals.
Discussion
In normal fracture healing, three
major phases of recovery facilitate
the proliferation and protection of the
areas surrounding fractures. In the
reactive phase, the blood vessels
constrict, stopping any further bleeding
and the extravascular blood cells form
a blood clot known as a hematoma.
In the reparative phase, cells of the
periosteum replicate and transform
into chondroblasts and osteoblasts to
produce a new mass of heterogeneous
tissue known as the fracture callus. In the
remodeling phase, the hyaline cartilage
and woven bone within the fracture
callus is replaced by lamellar bone
in a manner similar to endochondral
ossification, restoring most of the
bone’s original strength. Since there
are clear differences in the formation
of fracture callus between wild-type
and ESET knockout mice, it appears
that periosteal cells lacking ESET
protein are defective in their ability to
differentiate into chondroblasts and
osteoblasts. Without these specialized
cells, the reparative phase of fracture
healing cannot proceed properly,
and bridging of the fracture gap will
be difficult. Since ESET is a histone
modification enzyme that regulates
cellular processes through epigenetic
mechanisms, in future experiments we
plan to investigate how ESET controls
genes that are known to play pivotal
roles in fracture healing.
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2005 and 2013 Health Survey of SRS Member Surgeons
Focusing on Thyroid Cancer and Cataract Prevalence –
Occupational Radiation Risk?
Theodore A. Wagner, MD, Christie L. Benevich, BA, Maria A. Vanushkina, Marc A. Asher,
Sue Min Lai, Courtney O’Donnell, MD, Darin J. Davidson, MD, MHSc,
and Mark Weidenbaum
We attempted to correlate cancer and cataract prevalence, radiation exposure and shielding habits in SRS members.
A total of 733 unique responses were collected via surveys administered in 2005 and 2013. Overall 13% of surgeons
reported malignancies and 30% reported cataracts (61 answered “yes” of 206 responses; 527 did not respond to the
question). Shielding equipment was grossly underutilized. We recommend implementation of mandatory surveillance
of occupation-related health risks for Scoliosis Research Society (SRS) members in the future.
Introduction
Professional organizations, such
as SRS, are minimally involved
in surveillance or prevention of
occupation-related health risks. In
2005, the diagnosis of three colleagues
with thyroid cancer prompted a survey
evaluation of these risks for spine
deformity surgeons. Several studies
have documented correlation between
cumulative radiation doses and
increased cancer and cataract rates.
The survey was re-written with this
in mind and repeated in 2013. We
hypothesized that cancer and cataract
prevalence relates to the cumulative
radiation dose generated by C-arms
and plain x-rays in operating rooms or
treatment areas.
Methods
To expand the 2005 data set, a
second survey of SRS members was
conducted via Survey Monkey with
support from the SRS Instrumentation
Committee. The 2013 questions
requested additional information
on cataracts and medically related
radiation exposure and family history.
The information from both surveys
were combined and evaluated. Entries
for surgeons who participated in both
surveys were combined to avoid
duplication. Surgeon cancer rates were
compared with the age and gender
adjusted general population statistics
from the National Cancer Institute’s
Surveillance, Epidemiology, and End
Results Program data. The cataract
rates were compared to the Center
for Disease Control’s Behavioral Risk
Factor Surveillance System Vision

Module data.
Results
42% (429/1012) of the SRS member
surgeons responded to the survey in
2013 compared to the 81% (528/650)
response rate in 2005 for a total of 733
unique entries. Overall, 13.1% (n=96)
of surgeons reported a malignancy.
Of the 2013 group, 29.6% (n=61)
reported suffering from cataracts. The
use of protective equipment was low,
with 47.3% (n=347) reporting regular
use of lead neck shields and 5.6%
(n=41) reporting regular use of lead
eye protection.
Conclusion
Dr. Sue Lai has cautioned that the
survey data needs careful correlation

with a population (not exposed to
workspace radiation) that would be age
adjusted, geographically sampled, and
gender sorted.
This cohort survey of the SRS
spine deformity surgeons reveals a real
risk of increased cancer and cataract
rates. Because the effect of radiation
is cumulative, appropriate radiation
protection should be emphasized for
the youngest orthopaedic residents and
maintained throughout their careers.
To encourage safety precautions
the authors suggest purchasing
comfortable, custom fitted leaded
goggles, vest, and aprons (skirts) that
are engraved with the owners’ names.
This work is ongoing.

Figure 1: Preliminary survey results of SRS fellows cancer incidence.
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Normal and Misaligned Talonavicular Fusion Alters
Cadaveric Foot Pressure and Kinematics
Elizabeth P. Wahl, BA, William R. Ledoux, PhD, Eric C. Whittaker, MS,
Brian K. Cook, BS, and Bruce J. Sangeorzan, MD
A cadaveric simulation of talonavicular fusion, and the affects of misalignment, was conducted using the robotic gait
simulator. Fusion, and the associated varus and valgus misalignments, was achieved with an external fixation system.
Motion was severely reduced at the talonavicular joint, but remained the same at the talocalcaneal and calcaneocuboid
joints, indicating that fusion of the talonavicular joint was not equivalent to a triple joint fusion. Misalignments resulted in
lateral (for varus) or medial (for valgus) shifting of the center of pressure, but there were no differences in joint kinematics.
Introduction
While destructive joint disease of the
ankle can be treated with arthroplasty
(joint replacement) or arthrodesis (joint
fusion) after non-surgical treatments
have failed, a diseased talonavicular
(TN) joint requires fusion due to the
small surface area and complex
anatomy of the joint. Historically,
fusion of the triple joint complex, i.e.,
the talocalcaneal (TC), calcaneocuboid
(CC) and TN joints, was employed as
treatment for congenital deformities and
arthritis [1]; however, more recent in
vivo studies have employed isolated TN
fusion as an alternative to a triple fusion
[2], which has the potential advantages
of reduced invasiveness, and spared
motion. Previous in vitro studies have

reported that fusion of the TN joint
decreases motion at the other joints of
the triple joint complex to five degrees
or fewer in all three cardinal planes
[3]. However, these cadaveric studies
did not dynamically simulate stance
phase nor did they look at the impact on
joints other than the triple joint complex.
The effects of TN fusion, especially
misaligned TN fusion, have not been
fully explored. The objective of this
study was to assess the dynamic kinetic
and kinematic outcomes of a neutral TN
fusion as well as the outcomes of varus
and valgus misaligned TN fusions.
Methods
In this IRB-approved study, ten
fresh-frozen cadaveric lower limb

specimens (63y ± 23y; 5F, 5M) were
prepared by dissecting the nine extrinsic
tendons and collecting radiographs to
ensure no pathological abnormalities.
Fusion was simulated with the Stryker
Hoffman II Compact external fixation
system (Kalamazoo, MI). Four total
pins were drilled bicortically into the
medial and lateral navicular and
talus neck/body, with care taken not
to impinge the natural joint motion.
Clamps were attached to each pin, and
rods connected the two medial pins
and two lateral pins. An additional rod
with two clamps connected the medial
and lateral rods for increased rigidity
(Figure 1). The foot was mounted
onto the robotic gait simulator (RGS)
[4] and tested under four conditions:

Table 1: Unfused range of motion and change in range of motion of the triple joint complex in all three cardinal planes.
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unfused (UN), fused in neutral position
(FN), fused with varus misalignment
(FV) (greatest achievable adduction,
inversion and plantar flexion), and fused
with valgus misalignment (FG) (greatest
achievable abduction, eversion and
dorsiflexion). Misaligned fusions were
achieved by holding the foot in the
desired position while locking down
all six clamps. The stance phase of
gait was simulated in 4.09 s at 25%
of the specimen’s body weight. An
eight-camera Vicon system tracked
the range of motion of ten bones using
a ten-segment foot model [5], and a
novel pliance pressure mat measured
the peak plantar pressure. Linear mixed
effects models were used to determine
if biomechanical variable differed due
to the fusion (i.e., UN to FN) and the
misalignments (i.e, FN to FV and FN to
FG) with a significance level of p = 0.05.
Results
Of the 10 feet tested, two were
excluded because pins holding the
fusion loosened during testing. In the
remaining eight feet, TN fusion was
simulated successfully as indicated
by a significant reduction and near
elimination of motion in all three
cardinal planes (Table 1). There were
no significant range of motion changes
in the remaining triple joint complex for
either the fusion or the misalignment
conditions (Table 1). From the plantar
pressure data, the only change from
UN to FN was a 30 kPa decrease in
pressure under the first metatarsal
head (MH1, Figure 2). From FN to
the FV misalignment, there was an
81 kPa decrease in hallux pressure.
Several changes were seen from FN
to the FG misalignment, including an
increase in MH1 and hallux pressure,
and a decrease in lateral midfoot and
third metatarsal head (MH3) pressure.
Additional biomechanical variables,
including medial/lateral center of
pressure deviation, bone position at
0% stance, and other distal foot joint
kinematics were calculated; statistical
analysis is ongoing.

Figure 1: Stryker pins in the medial and lateral talus and navicular with Stryker external fixation hardware
attached, including six clamps and three rods. The clamps were tightened to simulate fusion.
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Discussion
Isolated TN fusion may better
preserve normal foot biomechanics
over fusion of the entire triple joint
complex [2], but its effects on the entire
foot, especially when misaligned, are
not fully understood. While Wulker et
al. [3] reported a decrease in motion at
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Figure 2: Changes in pressure for primary foot regions; *p <.05

the CC and TC joints after TN fusion,
our study showed no significant change
in motion at these joints for the neutral
fusion or the misaligned fusions. A longterm in vivo study of isolated TN fusion
[6] reported postoperative arthritis at the
CC and tibiotalar joints, perhaps as a
result of altered motion at these adjacent
joints when the TN is fused. The lack
of change in the triple joint complex
motion in this study indicates that
perhaps the ankle joint and/or the other
foot joints (still undergoing statistical
analysis) may show alterations that
explain these effects. The significant
decrease in first metatarsal pressure
for the neutral fusion did not accompany
significantly increased lateral foot
pressure, despite an obvious trend. The
valgus misalignment had a more drastic
effect than the varus misalignment,
shifting the pressure medially under
the foot similar to pressure trends in
a pes planus deformity. Although the
pressure shift was not significant in
the varus misalignment, the trends
show an increase in lateral plantar
pressure similar to a pes cavus
deformity. In general, feet were more
compliant when positioning the TN
joint in the valgus misalignment, which
may indicate a stronger likelihood for
surgical misalignment in this direction.
The presence of plantar pressure
changes without triple joint kinematic
changes suggests that either pressure
is sensitive to very small kinematic
alterations, and/or kinematic changes
are occurring elsewhere in the foot.
Limitations include the small number
of specimens, and having only the two
extreme misalignments, rather than
incremental misalignment steps, which
was a restriction of the external fixation
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hardware.
Conclusion
This study emphasizes the
importance of good surgical technique
when performing a TN fusion, and
with completed analysis, will provide
valuable evidence of the possible
causes of arthritis and/or injury after a
TN fusion.
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Effectiveness of the “Spine At Risk” Safety Program
Walter F. Krengel III, MD, Courtney O’Donnell, MD, Nicole Burkette-Ikebata, MPH,
Emma Satchell, BA, Viviana Bompadre, PhD, and Klane K. White, MD, MSc
Purpose
Patients with unrecognized cervical
or thoracolumbar spinal instability or
severe stenosis (e.g. skeletal dysplasia)
are at risk for spinal cord injury during
anesthesia. We developed the “Spine
At Risk” (SAR) safety program, in
which patients with qualifying
diagnosis of potential critical spine
instability or stenosis are identified
by electronic medical record (EMR)
prior to any anesthetic. Evaluation and
completion of a spine precaution form
by neurosurgical or orthopedic staff is
required (Figure 1). We aim to describe
the process and its results two years
after implementation.
Methods
Diagnoses with a SAR designation
were identified by members of the
spine team at our institution. Patients
with these designated diagnoses,
by ICD-9 coding were automatically
flagged by the EMR as SAR. Each
patient identified as SAR then had a
review by a member of the spine team,

with recommendations made prior to
undergoing general anesthetic for any
procedure. In this study, a chart review
of patients potentially affected by SAR
from April 2011 to June 2012 was
performed. Informal cost evaluation was
also performed.
Results
920 patients carried a diagnosis
qualifying them for a SAR alert. 315
had a precaution form completed. Of
these, 190 (60%) needed “no special
precautions” and 125 (40%) had at
least one precaution checked (general,
cervical, thoracolumbar or post op). 84
(27%) suggested spinal cord monitoring
be utilized; 142 (45%) suggested
cervical spine precautions; 98 (30%)
suggested thoracolumbar precautions;
and 145 (46%) required special post
operative evaluation. No patient had
spinal cord injury in the period of study.
35% of precautions forms were filled out
separately from any billable consultation
by orthopaedics or neurosurgery staff.
Estimates for the program including

evaluation, time, inconvenience for
families and pro fees are $9M over 10
years. This cost is similar to a lifetime
cost of a single cervical spine injury
($3.5M to $9M).
Conclusion
The SAR program is effective
in identifying surgical patients who
require extra attention to prevent
spinal cord injury. Clinical and costbenefit analyses are being performed.
Despite automated EMR identification,
large amounts of uncompensated
work, particularly by neurosurgical and
orthopedic staff is required.
Significance
The estimated cost of a single
avoidable spine injury is similar to the
cost of SAR over 10 years. Practical
concerns when implementing safety
programs need further considerations.

Figure 1: Spine at Risk Precaution Form
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Safety and Efficacy of Reconstruction of the Unstable
Sternoclavicular Joint: A Case Series of 12 Patients
Andrew J. Pastor, MD, Yaw D. Boachie-Adjei, MD, and Winston J. Warme, MD
Introduction
Injuries to the sternoclavicular
joint are very uncommonly seen in
the majority of orthopaedic practices.
The incidence of injuries to the
sternoclavicular joint ranges between
0.5 and 3% of injuries to the shoulder
complex 1,2 . Pathology of the SC
joint can range from degenerative
changes to ligament sprains to frank
dislocations and medial clavicle fracture/
dislocations. In this paper, we will focus
on injuries leading to instability.
The sternoclavicular joint is the
only true articulation between the axial
skeleton and upper extremity. It is a
diarthrodial joint with very little bony
congruity. With less than half of the
medial clavicle articulating with the
sternum, the SC joint has the least
amount of bony stability of any major
joint in the body3. The integrity of the
joint is almost solely reliant on its
surrounding ligaments; the intra-articular
disk ligament, the costoclavicular
ligament, the capsular ligament, and
the interclavicular ligament3. Despite
it’s lack of bony stability, the strong
ligamentous structures make the SC
joint one of the least dislocated joints
in the body.
Instability of the sternoclavicular
joint is secondary to insufficiency of the
ligamentous structures surrounding the
joint, especially the capsular ligament,
which is the most important ligament in
preventing upward displacement of the
medial clavicle4 and anterior/posterior
translation5. Injury can result from either
direct or indirect force, with indirect

being the most common, leading to
anterior or posterior dislocation of the
medial clavicle or a fracture/dislocation
through the medial clavicle physis. The
most common mechanism of injury is
from motor vehicle accidents followed
by participation in sports6-8.
The symptoms of anterior instability
include pain and late degenerative
changes, where the sequelae of
posterior injuries can include pain in
addition to neurovascular complications.
Historically, a majority of these injuries
have been treated nonoperatively, due
to the risk of surgical complications,
which range from loss of reduction
to fatalities secondary to migrating
pins 6,10-14 . Soft tissues techniques
have been developed that offer the
ability to stabilize the sternoclavicular
joint without the risk of catastrophic
complications. Secondary to a high
rate of unsatisfactory outcomes
with nonoperative treatment in our
patients, we have been offering
surgical reconstruction of these injuries
in patients who fail nonoperative
treatment, using a previously described
technique15 that reduces the risk of
injury to the posterior neurovascular
structures.
The purpose of this study to is
illustrate that operative treatment of
sternoclavicular joint injuries can result
in greatly improved clinical function with
a low complication rate.
Methods
We conducted a retrospective review
of patients that were surgically treated

Figure 1: Pre- and Postoperative SANE Scores.
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for sternoclavicular joint instability by the
senior surgeon, Winston J. Warme, MD.
Our goals were to evaluate the outcome
and complication rate in this patient
population. Inclusion criteria included
all patients who underwent a primary
reconstruction of the sternoclavicular
joint with semitendinosus allograft or
an open reduction and internal fixation
of a medial clavicle physeal fracture/
dislocation by the senior author. The
analysis excluded patients who were
lost to follow-up before clinical followup a minimum of 2 years from surgery.
A total of 12 patients met the
inclusion criteria. All patients underwent
a course of nonoperative treatment
prior to being considered for surgical
reconstruction, except for the fracture /
dislocation patient. Demographic data
collected for each patient included age,
sex, and indications for surgery. The
primary clinical outcome measures
were the change from preoperative
to postoperative Single Assessment
Numeric Evaluation (SANE) rating and
Simple Shoulder Test (SST) score. The
secondary outcome measure was the
complication rate.
Surgical Technique
The surgical technique depended on
the type of pathology encountered. The
majority of cases required an anterior
reconstruction. Additional patients
required an anterior and posterior
reconstruction with a semitendinosus
allograft or a medial clavicle fracture/
dislocation open reduction and internal
fixation with nonabsorbable suture

Figure 2: Pre- and Postoperative SST Scores.

through bone tunnels.
The senior author ’s preferred
technique has been written about
previously15. In an effort to increase
safety, the senior author developed
a method to reconstruct posterior
or anterior SC dislocations using a
posterior cruciate ligament drill guide.
This technique provides controlled
drilling of the sternum and medial
clavicle, and therefore reduces the
risk of iatrogenic injury to the anatomic
structures that are found in the upper
mediastinum. This technique has been
used in a series of patients with anterior
or posterior SC instability and does not
increase the operative time nor does it
require additional training.
Outcome Measures
Each patient completed the
SANE and SST questionnaires in the
preoperative period and at the time of
final followup.
I/MPI
We utilized the I/MPI (improvement/
maximal possible improvement),
described in a previous manuscript
from this institution16, which is shown
below, to assess the clinical outcomes.
(score at the time of follow-up score before surgery)
divided by
(perfect score - score before
surgery)
For purposes of this analysis, we
defined the minimal clinically important
difference (MCID) as an improvement
of 30% of the total improvement
possible17.
Statistical Analysis
Statistical analysis was carried
out using the statistical language R
using the software RStudio (Boston,

MA). The means, medians, and
standard deviations were calculated
and tabulated. The Welch Two sample
t-test, a statistical hypothesis test,
was used to assess if the difference
in the pre- and postoperative outcome
measures were statistically significant.
Results
12 patients were included in this
study. The study included 7 men and
5 women with an average age of 37
years (range 17-62) at the time of
surgery. The average followup was 36
months (range 26-52). The indications
for surgery included anterior instability
(9), posterior instability (2), and medial
clavicle physeal fracture/dislocation (1).
The average preoperative SANE
and SST scores were 43 and 5,
respectively. All 12 patients showed
an improvement in their SANE scores
at last followup from a mean of 43
preoperatively to 91 postoperatively
(p=5e-6), which is illustrated in Figure 1.
The same improvement was seen
with regards to the SST scores. The
average improvement was from 5.0 to
11.5 (p=4.5e-5). The SST scores are
illustrated in Figure 2.
The mean I/MPI for the SANE and
SST scores were noted to be 80% and
94%, respectively, which is illustrated
in Figure 3.
There were no major or minor
complications recorded.
Discussion
The treatment of sternoclavicular
joint instability remains a controversial
subject in orthopaedics. A major cause
of this controversy is the relative
infrequency in which these injuries
are seen leading to an unfamiliarity for
most practicing orthopaedic surgeons.
In Kocher and Feagin’s study2 of 3451
alpine skiing injuries, injuries to the
sternoclavicular accounted for only
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0.5% of all injuries to the shoulder
complex. Cave and colleagues 1 ,
showed a higher percentage of 3% of all
shoulder injuries in their series of 1603
injuries to the shoulder girdle. Within
these, anterior dislocations are far more
common than posterior dislocations.
In Nestle and Linscheid’s6 series of
60 patients with sternoclavicular joint
dislocations, 57 were noted to be
anterior and only 3 posterior.
We believe that the unfamiliarity
with this area and the risk of major
complications with historical surgical
techniques have led surgeons to
treat many injuries that may be better
suited with operative stabilization with
nonoperative means, leading to a
less than optimal outcome. We know
from experience, that nonoperative
treatment of unstable SC joints often
leads to continued pain, dysfunction,
and degenerative changes in the joint.
Unfortunately, no long term followup
study on the outcomes of nonoperative
treatment of unstable sternoclavicular
joints has been performed. The
historical techniques mentioned include
Kirschner wire and Steinmann pin
fixation that have led to devastating
complications including migration of
pins into the heart, pulmonary artery,
subclavian artery, and the aorta12,18,19-25
, and numerous deaths6,10-14.
We have opted to reconstruct the SC
joint with a semitendinosus tendon in a
figure of 8 pattern using the technique
described above. Spencer and Kuhn5
showed in their biomechanical analysis,
that this configuration was superior
to subclavius reconstruction and an
intramedullary ligament reconstruction,
which they attributed to the fact that the
figure of 8 reconstructs both the anterior
and posterior joint capsules.
Due to the relative dearth of
sternoclavicular joint injuries, reported
series were very small. In a systematic
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Figure 3: SANE and SST I/MPI.

review by Thut et al26, the largest series
was that of 12 patients27,28. In 2013,
Bak et al from Denmark reported on
27 patients that underwent a minimally
open SC joint reconstruction using
tendon autograft with at least 2 years
followup. Average WOSI scores
improved from a median of 44%
preoperatively to 75% postoperatively29
Singer et al reported on their series of
6 patients in Austria who underwent a
SC joint reconstruction with gracilis or
semitendinosus autograft. All patients
returned to full activity without limitation,
including competitive contact sports,
at a mean followup of 22 months30
In our series, all patients showed a
statistically significant improvement it
both SANE and SST scores at the final
evaluation of 3 years. What we found
to be most significant, was the SST I/
MPI score of 94%, which is well over
the minimal important clinical difference
of 30%. WIth operative stabilization,
these patients were able to return to
near perfect self-assessed comfort,
motion, and function. Consistent with
the position of the American Academy
of Orthopaedic Surgeons’ (AAOS)
Guideline and Evidence Report on
“The Treatment of Glenohumeral Joint
Osteoarthritis,”31 we based our study on
patient-oriented outcomes rather than
on what the AAOS report refers to as
“surrogate outcome measures”, such as
physical signs or radiographic results
“used as substitutes for a clinically
meaningful end point that measures
directly how a patient feels, functions
or survives.”
The complication rate of soft tissue
reconstruction falls far below the
reported complications with hardware
fixation. In the systematic review by
Thut26, the only reported complications
with soft tissue procedures included two
patients with transient scar sensitivity
and 2 revisions on one patient. No
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neurovascular complications were
noted. In the recent study of 27 patients
by Bak 29 , the only complications
included donor site morbidity and some
discomfort at followup. No surgical
complications were noted in a study of
6 patients by Guan et al32 treated with
a SCJ reconstruction with a soft tissue
graft. We noted no major or minor
complications in our study utilizing the
previously described technique. With
this technique, the drilling of bone
tunnels through the medial clavicle and
manubrium are controlled with the PCL
guide, greatly minimizing the possibility
of damage to mediastinal structures.
There are several limitations to this
study. Firstly, the retrospective nature
of this study is a known limitation.
Secondly, the small sample size may
limit our ability to extrapolate our results
to a larger population. However, as
stated earlier, these injuries are rare
and documentation of the operative
outcomes as rarer still.
Conclusion
SC joint instability is rarely
encountered by orthopaedic surgeons,
and the proximity to “tiger country” is
somewhat daunting. The senior author’s
experience and surgical technique has
made safe operative management
practical and reproducible. We have
documented significant improvement
in both SST and SANE scores in our
series of postoperative patients with 2
year follow up. Treatment of unstable
sternoclavicular joints and medial
clavicular fracture/dislocations with
operative reconstruction yields reliably
excellent clinical outcomes with a low
complication rate.
Level of Evidence: IV
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Case Report: Acute Total Hip Arthroplasty
as Treatment for Intertrochanteric Hip Fracture
in the Setting of End-Stage Arthritis

G

eriatric intertrochanteric hip
fracture in the setting of
end-stage arthritis is a rare
occurrence. Acute total hip arthroplasty
with a diaphyseal press-fit stem is
an option with advantages of early
mobilization with minimal pain, full
weight bearing and treatment of both
conditions. This strategy might be
preferential in select geriatric patients
with an intertrochanteric hip fracture
and severe pre-existing arthritis.
Background
Geriatric hip fractures are common
and the incidence is increasing
(1). Intertrochanteric fractures are
a frequent pattern and standard
treatment remains sliding hip screw
and side plate or cephalomedullary
nail. Acute arthroplasty is not generally
utilized given that, unlike displaced
femoral neck fractures, the blood
supply to the femoral neck and head
remain intact. In addition, part or all
of the hip abductors are involved
in the fracture and a more complex
revision-style femoral component
would be required. Previous studies
have not demonstrated a superiority
of acute arthroplasty compared with
open reduction and internal fixation
for standard intertrochanteric hip
fractures in the geriatric population
(2-8). However, the treatment of these
fractures in the setting of severe arthritis
presents a more rare clinical problem.
Case Description
The patient is a 79 year-old female
who had a mechanical ground level fall,
slipping on icy cement, and sustained
a left three-part intertrochanteric hip
fracture (OTA type 31-A2). At baseline
she was a community ambulator
with cane assistance due to pain
in her left hip. Of note she had an
ipsilateral acetabular fracture 10 years
prior treated non-operatively that had
a history of severe arthritis (posttraumatic versus primary osteoarthritis),
which has been getting substantially
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Conor P. Kleweno, MD
worse and limiting her activities of
daily living. She was hoping to undergo
elective hip replacement in the near
future although this had been delayed
due to personal reasons. She was seen
and evaluated at an outside hospital
and transferred to Harborview Medical
Center due to complexity of injury.
Physical Findings of Left Lower
Extremity
The patient had intact skin on the
lateral hip and diffuse tenderness to
palpation. No tenderness to palpation
throughout the knee, ankles, toes.
Her neurologic exam of her left lower
extremity revealed 4/5 strength in
hip flexion, knee extension, ankle
dorsiflexion, ankle plantar flexion,
great toe extension and flexion (all
limited by pain). Sensation was intact
in superficial peroneal, deep peroneal,
sural, saphenous, and tibial nerve
distributions. The dorsalis pedis and
posterior tibial pulses were palpable.

Figure 1a (top) and 1b (bottom): AP pelvis and AP
hip demonstrating left intertrochanteric hip fracture
and pre-existing severe arthritis.
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Imaging
Figures 1a and 1b demonstrate a
displaced three-part intertrochanteric
left hip fracture (OTA type 31-A2).
Although difficult to visualize, there
was a fracture of the posterior medial
cortex. There is obvious pre-existing
severe arthritis with obliteration of the
joint space, subchondral sclerosis, and
multiple subchondral cysts. Of note, the
patient had had an acetabular fracture
10 years prior treated non-operatively
and led to a dysmorphic acetabulum.
Results
The patient was counseled
regarding the nature of her injury and
that standard treatment for this was
open reduction and internal fixation
with cephalomedullary nail or sliding
hip screw with side plate. Given her
severe arthritis she was offered the
alternative treatment of acute total
hip arthroplasty. After discussion of
the risks and benefits of each option,
she elected to proceed with acute hip
arthroplasty.
Surgical Technique
A press-fit acetabular component
and fully-coated modular revision pressfit stem were pre-operatively templated.
A standard posterior approach to the
hip was utilized. The intertrochanteric
fracture was exposed and the femoral
neck cut was made sparing the fractured
fragment of cranial greater trochanter.
In addition, we noted the fracture of the
posteromedial aspect of the proximal
femur. The acetabulum was reamed
in the standard fashion up to 53mm
with good evidence on inspection
of bleeding bone throughout the
acetabulum and press-fit a size 54mm
acetabular component, verifying our
cup position. Two screws were placed
up into the intact ilium for additional
stability and rotational control. Of note,
the acetabular component needed to be
placed more cranial than normal due to
the abnormal acetabulum from previous
acetabular fracture.

Figure 2: Immediate post-operative AP pelvis.

The femur was prepared in the
standard fashion, reaming up to a
size 21mm diameter. A fully-coated
stem of diameter 21mm was placed,
verifying on x-ray this was centered
in the AP and lateral views. We then
reamed proximally and tested the
proximal stem and determined the
degree of anteversion necessary for
appropriate hip stability. Once we were
satisfied with our trial, we then placed
the final components; the head size
was 36mm. The final construct was
stable on provocative maneuvers of
the hip, except at the very extremes
of the hip flexion, internal rotation
and adduction. We then verified on
x-rays that our components were in

Figure 3: Immediate post-operative AP and
lateral hip.

satisfactory alignment and that there
was no distal fracture created during
placement of the stem.
At this point, we turned our attention
to the greater trochanteric fracture.
We reduced this fragment with two
pointed reduction clamps. Then, using
drill holes, we passed four #1 Ticron™
sutures through the fracture greater
trochanter and then tied this down to
both the intact femur and our capsule.
A standard layered closure over
hemovac drain was performed. Postoperatively she was made weight
bearing as tolerated with posterior hip
precautions. Immediate post-operative
films are shown (Figure 2 and 3).
Outcome
By post-operative day two, the
patient reported less pain in her hip
than pre-injury. She was discharged
to a skilled nursing recovery from the
hospital. At 3-month follow-up the
patient was able to walk 200 feet with
cane assistance and had no pain in
her hip. Radiographs (Figure 4) show
maintained position of implant with no
evidence of subsidence or loosening.
Discussion
This case is an example of an
intertrochanteric hip fracture in a
geriatric patient with severe preexisting arthritis treated with acute hip
arthroplasty. Although it is frequently
the treatment of femoral neck fractures
in this age group, acute hip replacement
for intertrochanteric hip fractures is

rarely indicated and open reduction,
internal fixation remains standard
of care. However, as the geriatric
population continues to increase, the
situation as described above might
become more common. For select
geriatric patients with intertrochanteric
hip fracture and severe pre-existing
hip arthritis, treatment with acute hip
arthroplasty should be considered.
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Figure 4: AP hip 3 months post-operative.
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Harborview Medical Center Orthopaedics
Departmental Changes

I

“Nothing endures but change.”
--Heraclitus

t would be difficult to look back on the
past academic year without focusing
on the considerable faculty-related
changes that have occurred within
Harborview Orthopaedics.
We are privileged to have had
several new faculty join us for the 201314 academic year. Conor Kleweno,
MD has completed an orthopaedic
trauma fellowship at the University of
Maryland’s world-renowned R Adams
Cowley Shock-Trauma Center after
having done his orthopaedic surgery
residency within the Harvard Combined
Orthopaedic Residency Program.
Tania Ferguson, MD came to us from
her position as attending surgeon at
the University of California, Davis,
and Keith Mayo, MD has re-entered
the world of academic surgery by
moving his practice a few miles north
to Harborview from Tacoma, to assume
a leadership position in the Hansjörg
Wyss Hip Institute. All three are part
of the orthopaedic trauma and pelvis/
acetabular teams.
Unfortunately, last May we parted
ways with another valuable colleague,
Jim Krieg, MD. Dr. Krieg accepted
a leadership position in orthopaedic
trauma at Jefferson University’s
Rothman Institute, where he has
already been thriving. Dr. Krieg’s clinical
expertise and teaching have been
sorely missed, and we wish him all the
best in his new career path.
These faculty changes been
accompanied by modifications in the
structure and personnel of Harborview
Orthopaedics’ leadership. At the
beginning of the academic year, Bruce
Sangeorzan, MD chose to step down
after approximately 20 successful years
as Chief of Orthopaedics at Harborview
Medical Center, an unprecedented
record of longevity and productivity
that is unlikely to be matched. Both
the institution and the faculty owe
Dr. Sangeorzan an enormous debt
of gratitude for his stewardship of
Harborview Orthopaedics during an
era that witnessed a sea-change in the
delivery of orthopaedic trauma care,
in Harborview’s impact on elective
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orthopaedic subspecialty care within
our community, and in how training
programs in general are conducted.
Dr. Chapman was gracious enough
to temporarily take on the challenge of
shouldering Dr. Sangeorzan’s previous
responsibilities, which he was willing to
do in addition to his already substantial
commitments as Department Chair.
He was particularly instrumental in
implementing the various faculty
changes described above. He has since
chosen to lessen his administrative
burden and focus on his clinical practice.
We remain eminently thankful to Dr.
Chapman for his leadership during this
transition process.
With the increasing size and
complexity of our clinical service,
we have created several leadership
positions to assist the Chief of Service
in overseeing the administration of
Harborview Orthopaedics. Sean Nork,
MD, has been appointed the Trauma
Section Chief, in recognition of his
invaluable leadership talents and clinical
contributions to our largest and most
complex sub-specialty service. We
are also fortunate that Lisa Taitsman,
MD has accepted the position of
Orthopaedic Trauma Clinic Director. In
an environment of increasing challenges
and regulation in both the inpatient
and outpatient clinical realms, not the
least of which has involved our recent
implementation of the EPIC medical
records system, we are grateful for the
energy and organizational expertise
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that Dr. Taitsman has provided in
helping us navigate through this period
of uncertainty.
As always, with change comes
opportunity, and we look forward to
the further evolution of our clinical,
education and research enterprise.
Medical Center
The medical center remains focused
on various metrics that are being used
to gauge quality of care, and which are
becoming increasingly important to
the financial viability of the institution.
Also, in partnership with our colleagues
in other departments and with the
medical center’s administrators, a
renewed commitment to improve costeffectiveness continues to identify and
rectify areas of inefficiency, with the
ultimate goal of providing improved and
more cost-effective care to our patients.
Clinical Care
The four subspecialty divisions that
comprise Harborview Orthopaedics
remained stable overall relative to the
previous year. The Trauma Division
continues to influence how orthopaedic
trauma is approached world-wide,
maintaining Harborview’s widely
regarded status as one of the world’s
best trauma centers, and has seen
the highest growth of all divisions
compared to last year. The adult Foot
and Ankle Division provides care for
musculoskeletal disorders of the foot
and ankle and podiatric services for

diabetic foot care and limbs at risk. The
Orthopaedic component of the Hand
Surgery Division collaborates closely
with the Plastic Surgery and General
Surgery Departments to provide complex
reconstructive treatment of elective as
well as traumatic conditions. The Spine
Division, which collaborates closely with
the Department of Neurological Surgery
and the Department of Rehabilitation
Medicine, treats the entire spectrum
of spine injuries among all patient
demographics and continues to be a
key resource in the Pacific Northwest.

an interest in spine. Surgeons worldwide want to know how orthopaedic
conditions are being treated at
Harborview Medical Center.
Carlo Bellabarba, MD
Professor
Harborview Medical Center

Research
In addition to approximately 70
retrospective research studies, there are
currently a dozen prospective studies
in progress within the Orthopaedics
Department at Harborview Medical
Center. Harborview continues to
participate in the Major Extremity
Tr a u m a R e s e a r c h C o n s o r t i u m
(METRC), a combined civilian and
military clinical trial network funded
by the Department of Defense, which
focuses on severe extremity injury,
infection, limb impairment and loss.
The prospective studies also include
a NIH funded multicenter clinical
trial comparing ankle fusion to ankle
replacement, which is being done in
conjunction with the Puget Sound VA
Hospital.
Teaching
Harborview remains the busiest of
our growing list of teaching hospitals
in the Orthopaedic Department at the
University of Washington. Fully 14
orthopaedic residents and more than
10 fellows are distributed among the 4
subspecialty divisions at any given time,
in addition to residents and fellows from
other departments who rotate through
the Spine and Hand Surgery divisions.
Teaching opportunities abound, as
our trainees are able to choose from
approximately a dozen different didactic
conferences per week, in addition to the
high volume of hands-on teaching that
occurs in the operating rooms, inpatient
wards and outpatient clinics.
Our faculty remain instrumental in
Continuing Medical Education projects
world-wide and Harborview continues
to host visitors from all over the globe.
In the past academic year 60 visitors
have come to observe our approach to
the treatment of orthopaedic conditions,
including neurosurgical colleagues with
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Seattle Children’s Hospital Orthopaedics
Clinical Programs
All Pediatric Orthopedic faculty
at Seattle Children’s Hospital
(SCH) care for both sub-specialty
and pediatric trauma conditions.
Clinical programs are managed by
Continuous Process Improvement
(CPI) and a musculoskeletal value
stream strategy. Value stream programs
include pediatric spine, pediatric upper
extremity, pediatric sports, skeletal
dysplasia, pediatric tumor, pediatric
trauma and pediatric foot. Dedicated
value stream work began in 2007 with
a focus on maximizing patient access,
which improved from 35 days to 6 days,
with an increase in clinic visits from 15
to 40,000 per year and the creation
of new pediatric specialties (spine,
sports, hand, and skeletal dysplasia).
Orthopaedic value stream
work and “clinical pathways”
at Seattle Children’s has
been recognized nationally
at the Pediatric Orthopedic
Society of North America
(POSNA) and by other
pediatric orthopaedic
programs such as the du
Pont/Nemours Pediatric
Orthopedic program.
The SCH Pediatric
Orthopedics department
has been a leader in
providing expanded access at all sites
of practice that include Laurelhurst,
Bellevue, Mill Creek, and Federal Way.
New out-patient facilities are planned
in Mill Creek and Federal Way within
3 years. Sports coverage continues to
be provided by the SCH Orthopedic
Sports Medicine athletic trainers for 10
Seattle public high schools in addition
to Inglemoor, Bellevue Christian,
Mercer Island, Bainbridge, Foster,
Issaquah, Holy Names, Woodinville,
and Marysville Pilchuck. Dr. Cammy
Mowery continues to provide care
and supervision for the Orthopedic
Outreach program, which accounts for
approximately 1,500 visits per year; and
Dr. Nathan Frost (Madigan) has been
added as a part-time on-call trauma
provider, and Dr. Mark Dales supervises
a new weekly fracture clinic. Plans for
new pediatric orthopedic faculty are
being completed for pediatric foot/
deformity and pediatric sports. Future
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recruitments are planned for pediatric
spine, pediatric trauma, and pediatric
hip.
Education
SCH Pediatric Orthopedics
department provides training and
education in Pediatric Orthopedics
for the University of Washington
Department of Orthopedics and Sports
Medicine, Madigan Army Medical
Center, and Kingsbrook Jewish
Hospital of Long Island. Currently
four R3 UW orthopedic residents,
one R1 UW resident, and two visiting
R3/R4 residents from Madigan and
Kingsbrook represent the full-time
house staff at SCH. Other residents
and fellows attending SCH part-time
include orthopedic oncology, spine

and hand fellows from the University
of Washington. Education is welldefined by the pediatric orthopedic
resident curriculum and the ACGME
milestone curriculum; and teaching
conferences occur 5 days per week
with 8 hours of teaching conferences
per week. The Pediatric Orthopedic
Fellowship program enjoys a new
ACGME accreditation and broad
clinical exposure to strong pediatric
sub-specialities. M&M conferences,
directed by Dr. Michael Goldberg, have
been expanded to review orthopedic
“process” improvements and the goal of
the program remains improving safety
and quality of care, with an emphasis on
resident education and a review of the
respective published literature.
International Education
The Pediatric Orthopedic department
has enjoyed an active program for
international visiting pediatric orthopedic
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surgeons or “visiting scholars” That
program, directed by Melanie Miller, has
sponsored 15 visitors in 2013, 6 in 2014
(May), and 6 different traveling fellows
groups (ASEAN, AOA/JOA, SIGN/
Nicaragua, BC Children’s Hospital,
and APPOS). These visitors typically
visited for 1-4 weeks and represented
18 countries.
Research and Clinical Pathways
Viviana Bompadre has been
promoted to Director of Research
for the Department of Pediatric
Orthopedics. The department continues
extensive research efforts, with both
clinical research programs and “clinical
pathways” established for supracondylar
forearm fractures and femur fractures,
and scoliosis. Those pathways have
implemented AAOS
guidelines and now routinely
collect outcomes metrics
for review. Dr. Michael
Goldberg has pioneered
this work, which includes
both resident and faculty
attestations for treated
patients. The department
has also participated
in several national
prospective protocols for
scoliosis (Dr. Krengel), club
foot bracing (Dr. Mosca),
and an international Biomarin study
in the evaluation and treatment of
Mucopolysaccharidoses (Dr. White).
Other projects include several studies
in spine patients (Dr. Krengel),
intraoperative navigation for orthopedic
oncology (Dr. Conrad), the re-evaluation
of the incidence of pediatric trauma via
the pediatric trauma registry (Dr. Dales/
Dr. Lindberg), the multiple concussion
studies in high school athletes (Dr.
Jinguji), and the effectiveness of
post-operative physical therapy (Dr.
Schmale). The first clinical pathway
data regarding the treatment of the
supracondylar elbow fractures was
presented by Dr. Steinman at this year’s
POSNA annual meeting.
Ernest U. Conrad III, MD
Director of Pediatric Orthopedics
Seattle Children’s Hospital

University of Washington Medical Center Orthopaedics
State of the Union: University of
Washington Medical Center and
Northwest Hospital
The University remains a busy
center for tertiary and quaternary
orthopaedic care. We have robust
programs in spine, upper extremity,
sports, tumor and adult reconstruction.
In each of these programs the focus is
on complex cases that are best handled
in an academic center. In fact, our
orthopaedic case mix index, a national
measure of complexity of care, has
continued to increase. We have one
of the highest measures of complexity
in the University Health Systems
Consortium, a group consisting of the
nation’s premier academic medical
centers. Despite this high case mix
index our infection and mortality rates
remain lower than expected.
This has been a year of constant
change. Most significantly, Dr. Michael
Lee will be leaving to take a position as
Chief of Spine Surgery at the University
of Chicago. We all, and particularly
his patients, will miss Mike but this
represents a wonderful opportunity for
him and his family. We will keep Dr.
Lee on our mailing list and expect him
to return frequently to update us on
his career and lecture the residents.

Michael J. Lee, MD

Carol C. Teitz, MD

Another prominent faculty member,
John Sack, MD is leaving by virtue of
a well-earned retirement. Our hand
team recently hosted a spectacular
retirement party for John. Peter Stern,
MD was the special guest lecturer and
the heavy turnout gave many surgeons
in our community a chance to pay
homage to Dr. Sack and recognize
his three decades of contributions to
Seattle medicine. Last but certainly not
least, Carol Teitz has also announced
that she is retiring from clinical care.
Dr. Teitz was a pioneering member of
our Sports Medicine program and she
is a knowledgeable historian of the
program. Carol also was responsible for
the development of the musculoskeletal
curriculum for the School of Medicine.
In addition to her clinical work, we will
miss her frank insightful comments
at our faculty meetings. She will
fortunately remain the Associate Dean
for Admissions for the UW School of
Medicine.
This year of change also involved
several faculty that required time off
for medical leave, if there was any
bright side to these issues, it was the
remarkable efforts that were made by
their partners to ‘hold down the fort’
and provide continuity of care for our
patients. This laudable behavior is
entirely consistent with UW Medicine’s
“Patients are First” initiative.
We have also gained faculty over
the past year. Bruce Twaddle, BHB,
FRACS is the Orthopaedic Chief of
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our sports program in the new sports
medicine clinic at Husky Stadium. He
has become very busy with his elective
sports practice while continuing to
take care of the multiligament injuries
at Harborview. On the hand service,
Amanda Petersen PA-C moved here
from Texas to work with Dr. Jerry
Huang. Amanda has quickly become
a valued member of the department
and the Hand Service. At Northwest
Hospital, Navin Fernando, MD is our
newest member of the Joint Service.
Dr. Fernando has impressed us with
his work ethic and skills. In addition
he brings institutional knowledge from
the Rothman Institute, a high volume
total joint center where Navin did his

Bruce C. Twaddle, BHB, FRACS
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Peter R. Cavanagh, PhD, DSc

fellowship. Navin’s wife Laura Montour,
MD is also a physician and is practicing
in the UW Neighborhood Clinic System.
Finally, we have two new surgeons that
will soon join us. We are very excited
to have Jason Hsu joining the Shoulder
and Elbow Service and Adam Sassoon
joining our Total Joint Service. Both
Dr. Hsu and Dr. Sassoon are currently
fellows at Washington University St.
Louis and will be starting in early fall
of this year. Jason will be based at
the UWMC and Adam at Northwest
Hospital.
There are a wide variety of research
interests at the University of Washington
Medical Center and these are strongly
reflected in the publication of this year’s
research report. Ron Y. Kwon, PhD., the
newest member of our Musculoskeletal
Systems Biology Lab, secured NIH
funding this year for his proposal titled
“Muscle Atrophy and Bone Anabolism”.
Ron studies zebra fish as a model
for musculoskeletal development
and disease and his work has clearly
attracted the interest of our residents
as several are working with him and
presenting their work at conferences
and in journals. The change on the
clinical side is mirrored in our research
enterprise. Peter Cavanagh, PhD,
DSc, holder of the Endowed Chair in
Women’s Sports Medicine and Lifetime
Fitness, has announced that he will also
be slowing down and relinquishing his
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title of Vice Chair of Research. Our
research enterprise will continue to be
in good hands under the leadership
of Ted Gross, PhD at Harborview,
Liu Yang, PhD at the VA, and David
Eyre, PhD at UWMC. We also have
a burgeoning outcomes research
program that is led by Julie Agel, MA
at Harborview and Amy Cizik, MPH
at UWMC. Finally, Viviana Bompadre,
PhD anchors our research group at
Seattle Children’s Hospital. We have
never had greater resident-scientist
interaction and collaboration; this has
been a boon to our residency and is one
of several features that distinguishes
the University of Washington from other
training programs around the country.
Howard A. Chansky, MD
Professor and Acting Chair
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VA Puget Sound Orthopaedics
State of the Union: 		
T h e P u g e t S o u n d Ve t e r a n ’s
Administration Medical Center
T h e P u g e t S o u n d Ve t e r a n ’s
Administration Medical Center (VA)
remains an active and busy orthopaedic
surgery practice. We remain a general
tertiary care orthopaedic center and we
see patients from the entire northwest
United States. We see a wide variety
of cases, which range from the routine
to the complex problems. Despite
changes in VA national and local
policy, we remain one of the busiest VA
orthopaedic programs in the country.
Our University of Washington
residents continue to rate the VA rotation
as one of their favorites. While closely
supervised, they are given graduated
responsibility throughout their training
at the VA. Our goal at the VA is to train
residents that are dedicated to caring
for patients with a fairly wide range of
challenging orthopaedic problems, and
thereby, giving them a strong general
orthopaedic surgery foundation to
work from.
This year we saw a change in
leadership at the VA, with our long-time
Chief of Service, Howard Chansky, MD,
leaving the position to transition into
his new role as the Acting Chairman
of the Department of Orthopaedics
and Sports Medicine at the University
of Washington. In his place, I have

Drs. Howard Chansky and Albert Gee

been serving as the Acting Chief of the
Orthopaedic service and doing my best
to fill very large shoes.
In a bit of sad news, we bid farewell
to Dr. Ted Greenlee this year who retired
from clinical practice after a lifetime of
service to the VA and its veterans as

VA Puget Sound Health Care System
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well as a long and celebrated practice
at the University of Washington. Ted
was always willing to help out in any
way possible, a great counselor and
a good friend and colleague to us all
at the VA and we will miss seeing him
there. As a celebration of his service,
the corner of the surgeons lounge at
the VA—where you would often find
Ted siting in his usual spot on one
of the two weathered couches from
which he would be advising residents,
conversing with colleagues and telling
old war stories of the good ol’ days of
orthopaedic surgery—has now been
named Greenlee’s Corner and a plaque
dedicated to him is on display there.
To help fill the void left by Dr.
Greenlee and the transition of Dr.
Chansky to Acting Chairman, the
division has added Dr. Jerry Huang
in a part-time role at the VA. He now
provides regular hand and upper
extremity expertise and care to our
Veterans. The other Dr. Huang, Fred
Huang, MD who we all know as a former
UW orthopaedic resident, continues to
be of great service, providing sports and
general orthopaedic care on a monthly
part-time basis as well. Dr. Bruce
Sangeorzan continues to be a stalwart in
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Dr. Ted Greenlee, pictured here early in his orthopaedic career.

our division, providing ongoing foot and
ankle specialty services to the Veterans
at the Puget Sound VA. Additionally,
we are pleased to announce that
Joshua Shatsky, MD, will be joining
the orthopaedic staff in the fall. He is a
recent graduate of both the Harborview
Trauma and Spine Fellowships here at
the University of Washington and will
be providing subspecialty as well as
general orthopaedic services. I am very
grateful to all for their contributions and
the high quality orthopaedic care they
provide to our veterans.
We have the great fortune of
having some of the best physician
extenders and clinical support staff on
our orthopaedic team. Steve Casowitz,
PA-C and Dustin Higbee, PA-C are
the backbone of our surgical service
and Amy Katzenmeyer, ARNP has
been a great addition to our service;
working in the clinic and helping to
manage outpatient musculoskeletal
problems. Monette Manio, RN and
Katherine German, RN manage all
of our surgical scheduling and with
a large population of very ill patients
of limited means for travel, this can
be extremely challenging. They have
perhaps the most difficult jobs in the
entire VA! Annette Testa, LPN, assists
in our outpatient clinics and is an
accomplished casting technician and
crucial team member.
Cindy Lostoski provides our
administrative support and has many
roles in assisting patients as well as
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the physicians. Assisting Cindy on the
administrative side is Lyra Bryant, who
has helped Cindy shoulder a very large
volume of duties for our busy service.
In the operating room, the
orthopaedic service could not function
without Anne Dinsmore, RN. Anne is
the head orthopaedic nurse and does
a wonderful job managing all of the
logistics of performing orthopaedic
surgery. She navigates the elaborate
system of rules governing equipment
procurement, setting up for cases
and sterile processing of specialized
instruments and implants. Our trusted
scrub technicians and friends, Leo
Cruz, Adrian Sisson and Amy Arce
round out our surgical service.
There is an active orthopaedic
research program at the VA with
extramurally funded programs for Drs.
Chansky and Liu Yang in sarcoma
and cartilage biology. Dr. Yang and his
research team have recently received
national recognition for their work
on the molecular biology of ESET
histone methyltransferase and its
effect on bone, cartilage and ligament
development at the ORS Meeting in New
Orleans. Dr. Sangeorzan continues his
dual role as a Foot and Ankle surgeon
and the Director of the VA Center for
Excellence for Limb Loss Prevention
and Prosthetic Engineering. The Center
of Excellence research faculty include
William Ledoux, PhD and Joseph
Iaquinto, PhD who continue their work
on foot and ankle biomechanics. In
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addition, several new investigators have
joined the biomechanics research team,
Patrick Aubin, PhD and Eric Rombokas,
PhD. Both are recent graduates of the
University of Washington and have
interests in robotics, rehabilitation and
human performance.
The Medical Center continues to
expand in size to address the growing
number of veterans that it serves. In
addition to the new research building,
work has begun on the addition of
above and below ground parking
facilities. All of this should improve
access to and the quality of the medical
care for our Veterans and their families.
As you can see, the Puget Sound
VA Medical Center remains a very vital
part of the medical care provided in the
Northwest region of the United States.
We are a proud and strong division with
a busy clinical practice that strives for
excellence in patient care, education
and musculoskeletal research with the
mission of improving the lives of those
who have served our country.
Albert O. Gee, MD
Acting Chief
Division of Orthopaedic Surgery
VA Puget Sound Health Care
System

Graduating Residents

Sid Baucom, MD
Following graduation Sid and his family will be
moving to Nashville, Tennessee to begin a Hand
and Upper Extremity Fellowship at Vanderbilt
University. They plan to return to the Mountain West
to begin practice.

Jacques Hacquebord, MD
Upon completion of residency, Jacques will
pursue a Hand/Micro Fellowship with Dr. Neil Ford
Jones at UC Irvine. Following fellowship, Jacques
plans to follow Siri, his significant other, to the ends
of the earth, i.e. New York City.

Nathan Coleman, MD
Following residency, Nathan will complete a
sports fellowship at Hospital for Special Surgery
in New York City. Nathan and his wife Mabel plan
to return to the Mid-Atlantic region.

Nicholas Iannuzzi, MD
Following residency, Nick will complete a hand
surgery fellowship at the Curtis National Hand
Center in Baltimore, MD. He is looking to return
to the Northwest to practice hand and general
orthopaedic surgery.
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Paul Kim, MD
Following residency, Paul will complete a
fellowship in Foot and Ankle Orthopaedics at
Hospital for Special Surgery in New York. He and
his wife, Linda, and their pug, Lulu, plan to return
to Northern California to settle down afterwards to
be near their family and friends.

Nicholas Wegner, MD
After residency, Nick will move with his family
to Salt Lake City to complete a fellowship in Foot
and Ankle Surgery at the University of Utah. Upon
completion, he plans to practice in either California
or the Midwest.

Ted Sousa, MD
Following residency, Ted will complete a
fellowship in Pediatric Orthopedics at Children’s
Hospital Los Angeles. He and his wife, Janelle,
will then move to Melbourne Australia for an
international orthopaedic fellowship.

David Zeltser, MD
Following residency, Dave will complete a
fellowship in hand surgery at Columbia University
in New York City. He plans to pursue career
opportunities on the west coast.
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Incoming Residents

Kariline Bringe, MD
Kariline is from Viroqua, Wisconsin. She
attended college at Washington University in St.
Louis and medical school at the Mayo Clinic. For
orthopaedics, she is interested in “everything.”
In her free time, she enjoys traveling, sushi, and
musical theatre.

David Ibrahim, MD
David Ibrahim is from Tarzana, California. He
attended the University of Southern California for
both his bachelors and his medical degrees. In
orthopaedics, he is interested in trauma, bone
healing, sports medicine, joints, and anatomy. Away
from orthopaedics, he likes weightlifting, football,
movies, traveling, and cycling.

Romie Gibly, MD
Romie Gibly joins us from Portland, Oregon.
He attended Haverford College in Ardmore, PA
and Northwestern University Feinberg School of
Medicine in Chicago. He notes his areas of interest
as trauma, upper extremity, general orthopaedics,
biomaterials and bioengineering. In his spare time,
Romie enjoys good food, craft beer, rock climbing,
trail running, and building things.

Colin Kennedy, MD
A local guy, Colin is from Gig Harbor and
attended college at Washington State University
in Pullman and medical school at Oregon Health
& Science University. He hopes to pursue his
interest in hand, trauma, and joints during his time
with us in orthopaedics. Away from work, he likes
any activity on the water as well as snowboarding,
hiking, and basketball.

Discoveries 2014

71

Incoming Residents
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Lauren Meyer, MD
From Renton, Washington, Lauren attended
Pacific Lutheran University in Tacoma and the
University of Washington for medical school. She
is interested in sports, pediatrics, and trauma. Away
from orthopaedics, she likes anything active and
outdoors as well as watching the Seahawks and
Sounders.

Adam Sangeorzan, MD
Adam Sangeorzan is from Bellevue, Washington.
He graduated with his bachelors from the University
of Washington and got his medical degree from
Northwestern University Feinberg School of
Medicine in Chicago. At this time, he is interested
in anatomy, trauma, and musculoskeletal oncology.
He enjoys running, reading, basketball, and rooting
for the Seahawks and Huskies.

Stuart Michnick, MD
Stuart Michnick is from Dallas, Texas where he
attended the University of Texas and Baylor College
of Medicine. In orthopaedics, his primary interests
are shoulder and elbow, sports medicine, trauma,
and education. He enjoys baseball, tennis, hiking,
camping, kayaking, and movies.

Alan Swenson, MD
Alan joins us from Anchorage, Alaska. His
undergraduate education is from Brigham Young
University in Hawaii. His medical education is from
the University of Washington School of Medicine.
At this time, he is undecided on where he wishes
to direct his efforts in orthopaedics. When he has
free time, he enjoys the culinary arts, carpentry,
motorcycles, surfing, and family time.
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ACEs and Fellows

Sonya Agnew, MD
Hand

Thomas Fishler, MD
Trauma

James Learned, MD
Trauma

Max Berdichevsky, MD
Spine

Jonah Hebert-Davies, MD
Trauma

Milton Little, MD
Trauma

Yaw Boachie-Adjei, MD
Shoulder & Elbow

Daniel Hoopes, MD
Foot & Ankle

Karin Ljungquist, MD
Hand

Maryse Bouchard, MD
Pediatrics

Matthew Iorio, MD
Hand

Joan D. Miles, MD
Oncology
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Vincent Ng, MD
Oncology

Joshua B. Shatsky, MD
Trauma

Andrew Pastor, MD
Shoulder & Elbow

Clay Spitler, MD
Trauma

Viral Patel, MD
Spine

Daniel Thuiller, MD
Foot & Ankle

James Saucedo, MD
Hand

Joan Williams, MD
Foot & Ankle
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Research Grants
National Institutes of Health

A.O. Foundation

Aging-Related Degradation in Bone
Mechanotransduction
Sundar Srinivasan, PhD
Ted S. Gross, PhD

Quality of Fracture Reduction and Its Influence on
Functional Outcome in Patients With Pilon Fractures
Sean E. Nork, MD

Brief Rest Intervals Amplify the Response of Bone
Mechanical Loading
Ted S. Gross, PhD
Steven D. Bain, PhD
Sundar Srinivasan, PhD
Collagen Assembly in Tissue-Engineered Cartilage
Russell J. Fernandes, PhD
Jiann-Jiu Wu, PhD
Collagen Cross-Linking in Skeletal Aging and
Diseases
David R. Eyre, PhD
Jiann-Jiu Wu, PhD

5.0 vs. Standard Locking Screws in Fracture of Distal
Femur Treated with Locked Plate Fixation
David P. Barei, MD
A.O. North America
Effect of Riluzole in Patients with Cervical Spondylotic
Myelopathy Undergoing Surgical Treatment
Jens R. Chapman, MD
AO North America Orthopaedic Trauma Fellowship
David P. Barei, MD
AO Spine North America Fellowship
Carlo Bellabarba, MD
The Role of ESET Histone Methyltransferase
in Fracture Healing
Howard A. Chansky, MD

Collagen Diversity and Pathobiology in Skeletal
Tissues
David R. Eyre, PhD
Jiann-Jiu Wu, PhD
Comparing Ankle Arthrodesis to Ankle Arthroplasty
Bruce J. Sangeorzan, MD
Muscle Atrophy and Bone Anabolism
Ted S. Gross, PhD
Steven D. Bain, PhD
Ronald Y. Kwon, PhD
Edith M. Gardiner, PhD

A.O. Spine International
AO Spine Injury Case Collection
Carlo Bellabarba, MD
Development of an ICF Core Sets for Spinal Trauma
Carlo Bellabarba, MD
American Society for Surgery of the Hand

Neuronal Modulation of Focal Bone Homeostasis
Ted S. Gross, PhD
Steven D. Bain, PhD
Edith M. Gardiner, PhD
Ronald Y. Kwon, PhD

The Use of Vibration Anesthesia
Jerry I. Huang, MD
Jason H. Ko, MD

National Space Biomedical Research Institute

UW Hand Fellowship Education Grant
Jerry I. Huang, MD

Monitoring Bone Health by Daily Load Stimulus
Measurement During Lunar Missions
Peter R. Cavanagh, PhD, DSc
Veterans Affairs Rehabilitation Research and
Development Service
Dynamic Foot Bone Motion: Evaluation of
Reconstructive Procedures
Bruce J. Sangeorzan, MD

Arthrex, Inc.

Biomechanical Evaluation of a Novel Distal
Biceps Reconstruction with a Cortical Button
Utilizing Only Anterior Cortical Bone Tunnels
Jerry I. Huang, MD
Baylor College of Medicine
Pathogenesis of Novel Forms of Osteogenesis
Imperfecta
David R. Eyre, PhD

EWS-Fli1 Fusion Protein and Ewing’s Sarcoma
Howard A. Chansky, MD

Boston Medical Center

Foot Bone Motion in End Stage Ankle Arthritis Patients
Bruce J. Sangeorzan, MD
VA Center of Excellence in Amputation Prevention
and Prosthetic Engineering
Bruce J. Sangeorzan, MD

Intramedullary Nails versus Plate Fixation
Re-Evaluation Study in Proximal Tibia Fractures a
Multi-Center Randomized Trail Comparing Nails and
Plate Fixation
Robert P. Dunbar, MD
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Research Grants
DePuy Spine, Inc.

Royalty Research Fund

DePuy Synthes Grand Rounds
Richard Bransford, MD

Osteoactive Compound Screening in the Regenerating
Zebrafish Fin
Ronald Y. Kwon, PhD

DePuy Synthes Trauma Grant
Biomechanical Assessment of the Dorsal Spanning
Plate in Distal Radius Fracture Fixation: Implications
for Immediate Weightbearing
Jerry I. Huang, MD

Seattle Children’s Hospital
Do Patient Safety Checklists Improve Patient Safety?
Suzanne E. Steinman, MD
Mark C. Dales, MD

Johns Hopkins University

Synthes USA

The Major Extremity Trauma Research Consortium
Reza Firoozabadi, M.D.

PRODISC-C Versus Anterior Cervical Discectomy
and Fusion (ACDF)
Jens R. Chapman, MD

National Science Foundation Extreme Science and
Engineering Development Environment (XSEDE)
Agent-Based Models of Bone Mechanotransduction
Sundar Srinivasan, PhD
OMeGA Medical Grants Association, LLC

Spine End-Results Research Fund
Jens R. Chapman, MD
Synthes Request for Basic AO Course R2s
Douglas P. Hanel, MD
The Boeing Company

Electronic Milestone Tracking & Resident
Competency System
Douglas P. Hanel, MD

Randomized Clinical Trial of Open versus Endoscopic
Carpal Tunnel Release and Hand Therapy Comparing
Patient Satisfaction. Functional Outcome and
Cost Effectiveness
Jerry I. Huang, MD

OMeGA Shoulder and Elbow Fellowship
Program Grant
Winston J. Warme, MD

US Army Research Office

OMeGA Spine Fellowship
Carlo Bellabarba, MD

Exogenous Blastema Delivery to Injured Human Digits
Christopher H. Allan, MD

OMeGA Trauma Fellowship
David P. Barei, MD

UW Department of Bioengineering

Orthopaedic Research and Education Foundation
OREF Residency Enhancement Grant
Douglas P. Hanel, MD

Remote Monitoring of Knee Function after Total Joint
Replacement (Coulter Grant)
Peter R. Cavanagh, PhD, DSc
Paul A. Manner, MD
US Department of Defense

OREF Spine Fellowship
Carlo Bellabarba, MD

Engineered Osteoclasts for the Treatment and
Prevention of Heterotopic Ossification
Bruce J. Sangeorzan, MD
Steven D. Bain, PhD

OREF Trauma Fellowship Grant
David P. Barei, MD
Orthopaedic Trauma Association
A Multi-Center Prospective Cohort Study of Sacral
Fractures Using Patient Based and Objective
Outcomes
Jens R. Chapman, MD
COTA Trauma Fellowship
David P. Barei, MD
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Department Publications 2013-2014
A list of publications authored by our faculty from January 2013 through June 2014. Our faculty members names
are in bold type.

1.
Alton TB, Gee AO. Classifications in brief: Letournel classification for acetabular fractures. Clin Orthop Relat Res. 2014
Jan;472(1):35-8.
2.

Alton TB, Patel AM, Lee MJ, Chapman JR. Pediatric cervical spondylolysis and American football. Spine J. 2013 Oct 18.

3.
Arnold PM, Fehlings MG, Kopjar B, Yoon ST, Massicotte EM, Vaccaro AR, Brodke DS, Shaffrey CI, Smith JS, Woodard EJ, Banco
RJ, Chapman JR, Janssen ME, Bono CM, Sasso RC, Dekutoski MB, Gokaslan ZL. Mild diabetes is not a contraindication for surgical
decompression in cervical spondylotic myelopathy: results of the AOSpine North America multicenter prospective study (CSM). Spine J.
2014 Jan;14(1):65-72.
4.
Ausk BJ, Huber P, Srinivasan S, Bain SD, Kwon RY, McNamara EA, Poliachik SL, Sybrowsky CL, Gross TS. Metaphyseal
and diaphyseal bone loss in the tibia following transient muscle paralysis are spatiotemporally distinct resorption events. Bone. 2013
Dec;57(2):413-22.
5.
Barnes AM, Duncan G, Weis M, Paton W, Cabral WA, Mertz EL, Makareeva E, Gambello MJ, Lacbawan FL, Leikin S, Fertala
A, Eyre DR, Bale SJ, Marini JC. Kuskokwim syndrome, a recessive congenital contracture disorder, extends the phenotype of FKBP10
mutations. Hum Mutat. 2013 Sep;34(9):1279-88.
6.
Beingessner DM, Scolaro JA, Orec RJ, Nork SE, Barei DP. Open reduction and intramedullary stabilisation of subtrochanteric
femur fractures: A retrospective study of 56 cases. Injury. 2013 Dec;44(12):1910-5.
7.
Bellabarba C. Expert’s comment concerning Grand Rounds case entitled “Lead toxicity and management of gunshot wounds in
the lumbar spine” (by B. Rentfrow, R. Vaidya, C. Elia, A. Sethi doi:10.1007/s00586-013-2805-6). Eur Spine J. 2013 Nov;22(11):2358-9.
8.
Benirschke SK, Kramer PA. Open reduction and internal fixation of the tibial plafond. Atlas of essential orthopaedic procedures:
AAOS; 2013. p. 437-42.
9.
Benirschke SK, Meinberg EG, Anderson SA, Jones CB, Cole PA. Fractures and dislocations of the midfoot: Lisfranc and Chopart
injuries. Instr Course Lect. 2013;62:79-91.
10.
Biau DJ, Weiss KR, Bhumbra RS, Davidson D, Brown C, Wunder JS, Ferguson PC. Using the CUSUM test to control the proportion
of inadequate open biopsies of musculoskeletal tumors. Clin Orthop Relat Res. 2013 Mar;471(3):905-14.
11.
Bompadre V, Satchell E, Burton M, Gilbert K, Conrad E, Herring S, Jinguji T. The Effect of the Washington State Concussion Law
on Documenting Concussion in Seattle Public High Schools. J of Athletic Trainers. 2013.
12.
Bugbee WD, Khanna G, Cavallo M, McCauley JC, Gortz S, Brage ME. Bipolar Fresh Osteochondral Allografting of the Tibiotalar
Joint. The Journal of Bone & Joint Surgery. 2013;95(5):426-32.
13.
Callegari A, Coons ML, Ricks JL, Yang HL, Gross TS, Huber P, Rosenfeld ME, Scatena M. Bone marrow- or vessel wallderived osteoprotegerin is sufficient to reduce atherosclerotic lesion size and vascular calcification. Arterioscler Thromb Vasc Biol. 2013
Nov;33(11):2491-500.
14.
Carofino BC, Leopold SS. Classifications in brief: the Neer classification for proximal humerus fractures. Clin Orthop Relat Res.
2013 Jan;471(1):39-43.
15.

Chapman J. Spine Wars: The Lessons of YODA. Evid Based Spine Care J. 2013 Oct;4(2):67.

16.

Chapman J. Measuring success in spine care. Evid Based Spine Care J. 2013 Apr;4(1):1.

17.

Chapman J. Treating spinal storage diseases with macro data? Evid Based Spine Care J. 2014 Apr;5(1):1.

18.
Chapman J, Smith JS, Kopjar B, Vaccaro AR, Arnold P, Shaffrey CI, Fehlings MG. The AOSpine North America Geriatric Odontoid
Fracture Mortality Study: A Retrospective Review of Mortality Outcomes for Operative versus Non-Operative Treatment in 322 Patients with
Long-Term Follow-Up. Spine (Phila Pa 1976). 2013 Jan 24.
19.
Chapman J, Smith JS, Kopjar B, Vaccaro AR, Arnold P, Shaffrey CI, Fehlings MG. The AOSpine North America Geriatric Odontoid
Fracture Mortality Study: a retrospective review of mortality outcomes for operative versus nonoperative treatment of 322 patients with
long-term follow-up. Spine (Phila Pa 1976). 2013 Jun 1;38(13):1098-104.
20.
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In appreciation of the generous support over the years from the University of Washington Orthopaedic Alumni to fund
Orthopaedic Resident Research and Education
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Park W. Gloyd, MD ★
1954
Trygve Forland, MD ★
1955
Robert W. Florence, MD
1956
J. Michael Egglin, MD ★
John E. Goeckler, MD
Robert L. Romano, MD ★
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John H. Aberle, MD ★★
John R. Beebe, MD
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James R. Friend, MD ★
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Robert A. Kraft, MD
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David E. Karges, MD ★★★★★
Harold J. Forney, MD ★★
Theodore K. Greenlee II, MD
★★★★★★★
Thomas E. Soderberg, MD
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J. Conrad Clifford, MD ★
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Jonathan L. Knight, MD ★★★
Richard L. Semon, MD ★★★★
1980
Carol C. Teitz, MD ★★★★
Douglas G. Norquist, MD ★
John M. Hendrickson, MD ★★★
Michael A. Sousa, MD ★★★★★★
Stuart R. Hutchinson, MD ★

1981
Dennis J. Kvidera, MD ★
John M. Clark, Jr., MD, PhD ★★★
Martin S. Tullus, MD ★★★★★★
Robert G. Veith, MD ★★★★★★★
1982
John L. Thayer, MD ★★★
Richard M. Kirby, MD ★★★★★★★
Steven S. Ratcliffe, MD ★★★★
William D. Burman, MD
1983
Elizabeth Anne Ouellette, MD ★★★
Edward L. Farrar III, MD ★★★★★
Henry K. Yee, MD ★
Joseph D. Zuckerman, MD ★★★★★
Keith A. Mayo, MD ★★★★★★
Robert M. Berry, MD ★★★★
1984
Jeffrey C. Parker, MD ★
Jeffrey W. Akeson, MD ★★★★
Kevin P. Schoenfelder, MD ★
Marc F. Swiontkowski, MD
★★★★★★★
Thomas J. Fischer, MD ★★★★★★

1990
David M. Kieras, MD ★
J. Roberto R. Carreon, MD
Jay A. Winzenried, MD ★★★
Ken Fujii, MD ★
Walter F. Krengel III, MD ★★★★

1998
Colin Poole, MD ★★
David Belfie, MD ★
Don Ericksen, MD ★★★★★★
Jay Crary, MD ★★★★★★
Oriente DiTano, MD ★★

1991
David H. Bishop, MD ★★
Kit M. Song, MD
Mark Remington, MD ★★★★
Mark E. Murphy, MD, PhD ★★
Tim P. Lovell, MD ★★

1999
Craig Boatright, MD
Jeffrey Garr, MD ★
John Michelotti, MD ★★
Julie A. Switzer, MD ★
Thomas D. Chi, MD ★

1992
Curt Rodin, MD
Don Striplin, MD ★★
Eli Powell, MD ★
Jeff Stickney, MD ★★
John D. West, MD ★★
Michael Sailer, MD ★★★★

2000
Brett Quigley, MD ★★
Cara Beth Lee, MD ★
Daniel Jones, MD ★
Joel Hoekema, MD ★★★★★
Patrick McNair, MD
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Lyle S. Sorensen, MD ★★★★★★★
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Frederick Huang, MD ★★★★★
Matthew Camuso, MD
Michael Metcalf, MD ★★★★★
Richard Bransford, MD ★
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Daniel L. Flugstad, MD ★★★★★
Jeffrey N. Hansen, MD ★★★
Paul J. Abbott, MD ★★★★
Richard J. Barry, MD ★★
William P. Barrett, MD ★★★★★★
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Brodie Wood, MD ★★★★★★★
Eric Bowton, MD ★★
Jim Vahey, MD ★
Sohail K. Mirza, MD ★
William Obremskey, MD ★★★★★★
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Timothy DuMontier, MD ★★
Scott Hacker, MD ★
Timothy Rapp, MD ★
William Sims, MD ★
Carla Smith, MD ★★★

1986
Carleton A. Keck, Jr., MD ★★★★
Gary Bergman, MD ★★★★★★
Lawrence E. Holland, MD ★★
Michael E. Morris, MD ★★★★
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Ron Kristensen, MD ★★★★★
Scott Hormel, MD ★★★
Timothy Beals, MD ★★★
Todd Clarke, MD ★★★★
William J. Mills III, MD ★★★

2003
Ben DuBois, MD ★★★★★
Andy Howlett, MD ★
Guy Schmidt, MD ★★
Brian Shafer, MD ★
Emma Woodhouse, MD ★

1996
David Deneka, MD ★★★
Peter Mitchell, MD ★★★★
Peter T. Simonian, MD ★★★★★
Vernon Cooley, MD ★★★
William Wagner, MD ★★★★

2004
Jon Braman, MD ★
Alexis Falicov, MD ★
Mike McAdam, MD ★★
Jason H. Thompson, MD ★★
Thea W. Khan-Farooqi, MD

1997
Daniel Stechschulte, Jr., MD
★★★★★★★
David Levinsohn, MD ★★
L. Anthony Agtarap, MD ★
Mohammad Diab, MD
Randall W. Viola, MD

2005
Anthony Buoncristiani, MD ★
Waqqar Khan-Farooqi, MD
Wren McCallister, MD
Timothy O’Mara, MD ★★
David W. Stevens, MD ★

1987
Craig T. Arntz, MD ★★★★
Herbert R. Clark, MD ★★★
Michael K. Gannon, MD ★★
Steven L. Reed, MD ★
1988
Jonathan L. Franklin, MD ★★★★★
Michael A. Thorpe, MD ★★★★★★
Richard V. Williamson, MD ★
1989
James P. Crutcher, MD ★★★★★
Lawrence V. Page, DO ★★★
Martin G. Mankey, MD ★★★★★★
Nancy J. Ensley, MD
Steve C. Thomas, MD ★★★★★
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2006
Heidi Shors, MD ★
Stacey Donion, MD
Eric Klineberg, MD ★
Bill Montgomery, MD ★
Mel Wahl, MD ★
Burt Yaszay, MD ★
2007
Jamie Antoine, MD ★
Jeremiah Clinton, MD ★
Mary Cunningham, MD ★
Evan Ellis, MD ★
Joseph Lynch, MD ★
Allison MacLennan, MD ★
2008
Drew Fehsenfeld, MD ★★
Mark Freeborn, MD ★★
Christopher Howe, MD ★
John Howlett, MD ★
Michael Lee, MD ★
Gregg Nicandri, MD ★
2009
Rajshri Maheshwari Bolson, MD ★
Jason King, MD ★
Annie Links, MD ★
Soren Olson, MD ★
Karen Perser, MD ★
Scott Ruhlman, MD ★
Addison Stone, MD ★
Jason Wilcox, MD ★

2012
Benjamin Amis, MD ★
Adam Bakker, MD ★
Gregory Blaisdell, MD ★
Joshua Lindsey, MD ★
Grant Lohse, MD ★
Matthew Lyons, MD ★
Andrew Merritt, MD ★
Nels Sampatacos, MD ★
2013
Kyle Chun, MD
Elizabeth Dailey, MD
Andrew Ghatan, MD ★
Brian Gilmer, MD ★
Jennifer Hagen, MD
Mark Miller, MD
David Patterson, MD ★
Emily Squyer, MD ★
2014
Sid Baucom, MD
Nathan Coleman, MD
Jacques Hacquebord, MD
Nicholas Iannuzzi, MD
Paul Kim, MD
Ted Sousa, MD
Nicholas Wegner, MD
David Zeltser, MD

2010
Sean Amann, MD ★
Jeremy Bauer, MD ★
Aric Christal, MD ★
Wendy Emerson, MD ★
Michael Hwang, MD ★
Lee Pace, MD ★
Christopher Wolf, MD ★
Vinko Zlomislic, MD ★
2011
Aaron Chamberlain, MD ★
Brian Daines, MD ★
Cory Lamblin, MD ★
Edward Moon, MD ★
Derek Rains, MD ★
Peter Scheffel, MD ★
Christian Sybrowsky, MD ★
Brett Wiater, MD ★

Stars indicate total donations in
support of the residency

★★★★★★★ = $20,000 and above
★★★★★★ = $15,000 - $19,999
★★★★★ = $10,000 - $14,999
★★★★ = $7,500 - $9,999
★★★ = $5,000 - $7,499
★★ = $2,500 - $4,999
★ = $1 - $2,499
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I

t’s springtime again, my favorite time
of the year. Hard winter weather is
behind us, and the coastal weather
is settling into a reasonable pattern.
Adventures in coastal kayaking, or
forays into southeast Alaska, are once
again top on my planning list. The
excitement of coastal wilderness and
the healthy marine environment that
we enjoy gives me new energy. I thank
our alumni colleague, the late Bill Mills,
MD for that, since his experiences in
Prince William Sound, Alaska inspired

Lyle Sorensen, MD, University of Washington
Department of Orthopaedics and Sports Medicine
- Current Alumni Chairman

Gretchen and I to explore that area
as an introduction to Alaska. He was
a true Alaskan Outdoorsman. He was
a great surgeon, husband, father, and
human being.
Spring is a natural time for transition
and renewal. The upcoming Resident
Graduation can be seen in that light.
We all remember that day, as a day
of achievement, a day of meeting our
goals, and a day to pursue a new life,
onward, with excitement. Our goals
of achieving the knowledge and skills
to take care of the injured and those
in need, has reached a pivotal point.
We can now pursue further education
and training as our careers take shape
on our own. The graduation is a
personal and sometimes overwhelming
experience to be shared with friends
and family. There is never enough time

to say all you would like to say, and
thank all those you would like to thank,
on that evening of graduation. All I can
say is, we understand.
The graduates become Alumni.
An alumnus can also be a former
member, employee, contributor, or
inmate, as well as a former student. This
designation comes with responsibility.
We uphold the values and ethics of
our respected teachers and teaching
program. We support the educational
goals of those that follow us. We
are proud of the institution and the
principles upon which it is based. After
all, the institution helped us achieve the
level of knowledge and skill that allows
us to graduate. Stay involved.
The Residents achieved an over the
top goal this year with a 99th percentile
overall score on the OITE. This is
amazing, and deserves recognition.
The faculty deserve credit also for
providing a robust learning environment
that fosters excellence.
One of the most rewarding
experiences of my career was
answering the call for help at the time
of the 2010 earthquake in Haiti. During
that experience, I had to dig deep
into my knowledge base to provide
orthopaedic care that I sometimes
had only experienced as a resident.
Thankfully, the UW Ortho Program
gave me the background to help
those that desperately needed care.
Many Orthopaedic Surgeons were
there. James Krieg, MD and Greg
Schmale, MD were there, as well as
Marc Swiontkowski, MD, Tom Green,
MD, and Lew Zirkle, MD, founder of
SIGN Fracture International, a key
provider of education, equipment, and
nails that were essential life and limb
saving components. The work in Haiti
goes on.
Dr. Zirkle just hosted the Haitian
Annual Assembly for Orthopedic
Trauma, (HAAOT) in Port au Prince.
There were many Orthopaedic Leaders
there, including Dr. Swiontkowski, we
all gave talks and heard talks from
the Haitian Orthopaedic Residents
and Attendings. It was great to see
economic and social progress in Haiti.
There is still much to do. There is much
trauma to address, including continued
recovery and reconstruction from
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injuries sustained at the time of the
earthquake. The oncology and tumor
surgery care there is a challenge, and
much needed.
I will spend more of my time focused
on Haiti. I am stepping down as Alumni
Chairman. It has been a rewarding
job and I am grateful to all those that
contribute to the program both in time
and money. I am proud to welcome
Mark Freeborn, MD as our new Alumni
Chairman. He will champion the cause,
and the annual Notethon will continue

Mark Freeborn, MD, University of Washington
Department of Orthopaedics and Sports Medicine
- Future Alumni Chairman

to raise funds needed for Resident
Education. He has also been elected
to the Washington State Orthopaedic
Association Board of Directors, to
provide continuity with that organization.
Please join me in congratulating him.
Cheers, Mark, and Thank You. Thanks
also to the WSOA for the continued
support of the residents and UW Ortho
program. I think this alliance is very
important and should be supported by
membership in the organization.
Lyle Sorensen, MD
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Endowments
We express our appreciation to all who have contributed to the endowments of the Department of Orthopaedics
and Sports Medicine. This assistance makes possible special research activities, educational programs, and other
projects that we could not offer without this extra support from our alumni, faculty, and friends in the community. In this
day and age of funding cutbacks and decreased returns on investment, an endowment in the University of Washington
continues to provide above market returns and is a crucial way to support advancement of musculoskeletal medicine. If
you have any questions, please contact our Acting Chair, Howard A. Chansky, MD (chansky@uw.edu), or our Director,
Ken Karbowski (kkarb@uw.edu). Thank You!

Hansjörg Wyss Endowed Chair - Jens R. Chapman, MD
Hansjörg Wyss Endowed Chairs for the Advancement of Hip & Pelvis Surgery –
Keith A. Mayo, MD & Howard A. Chansky, MD
Hansjörg Wyss Endowed Fellowship in Advancement of Hip & Pelvis Surgery
Ernest M. Burgess Endowed Chair for Orthopaedics Investigation - David R. Eyre, PhD
Sigvard T. Hansen Jr. Endowed Chair in Orthopaedic Traumatology - Ted S. Gross, PhD
Jerome H. Debs II Endowed Chair in Orthopaedic Traumatology Stephen K. Benirschke, MD
Bob and Sally Behnke Endowed Chair for the Health of the Student Athlete John W. O’Kane, MD
Endowed Chair for Women’s Sports Medicine and Lifetime Fitness Peter R. Cavanagh, PhD, DSc
Surgical Dynamics Endowed Chair for Spine Research
Douglas T. Harryman II/DePuy Endowed Chair for Shoulder Research Frederick A. Matsen III, MD
Synthes Spinal Surgery Outcomes Research Endowed Fund
Fracture Fixation Biology Endowed Professorship
Ostex Bone and Joint Research Endowment
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Endowments

Orthopaedic Traumatology Endowed Lectureship
John F. LeCocq Lectureship in Orthopaedic Surgery
Don and Carol James Research Fund in Sports Medicine and Fitness
Victor H. Frankel Endowed Award
Esther Whiting Award
Edwin L. Laurnen, M.D. Award
Spine Research Endowment
James G. Garrick Endowed Lectureship in Sports Medicine
Allan Treuer - Ted Wagner, M.D. Endowed Chair in Regenerative Spine Surgery
Richard and Betsy Kirby Orthopaedic Resident Endowed Fund
Huang-Biu Orthopaedic Resident Endowed Support Fund
Orthopaedic Resident Endowed Support Fund
Josh and Max Myers Endowed Orthopaedic Fellowship Fund
Sarcoma Oncology Endowed Fund
Clawson Family Orthopaedic Library Endowed Fund
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