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Foreword

upheaval, it is my humble privilege to

present to you what | hope is a brief
respite from another day of worrisome
news and widespread illness. Managing
Editor Fred Westerberg, the three co-
editors Drs. Chris Allan, Steve Kennedy
and Will Lack and all of the contributors
have put together another stellar
annual summary of the Department,
Discoveries 2020, while using their
ingenuity and skill to take advantage
of the modern collaborative tools that
permit working closely together while
physically separated.

Perhaps even an understatement,

I n this time of unprecedented global

Michael J. Goldberg, MD

but nothing has been the same for
our Department since the first case of
coronavirus disease 2019 (COVID-19)
was detected in the Pacific Northwest
on January 20. That is the day that
the first patient in the United States,
in Snohomish County, was identified
to have severe acute respiratory
syndrome (SARS-CoV-2) due to
infection with COVID-19. This case set
off a national cascade of events and
consequences that perhaps only a few
epidemiologists and authors of fiction
could have envisioned. Of course,
the consequences for the rest of the
planet have been no less disruptive and
deadly, and in some countries quite a
bit worse.

The initial patient had returned to

Washington from Wuhan, China on
January 15. There were predictions of
rapid spread but the six-week interval
before the first death was reported may
have led to a false sense of security.
By this time, dozens of residents at
the Life Care Center in Kirkland were
sick with COVID-19 and many would
not survive. Elderly residents of other
nursing homes around the country
were eventually similarly severely
afflicted. Subsequently many public
schools with COVID-positive students
began to voluntarily close as did some
organizations, notably on March 4 the
Fred Hutchinson Cancer Research
Center instructed all employees
performing “nonessential” work to work
from home — this order has now been
extended through the month of August.
By March 5 many large companies
followed the actions of the “Hutch” and
on March 6, UW announced that in-
person classes would be cancelled for
the rest of the semester. On March 13,
all schools in the state were instructed
to close and on March 23, following
the decrees of several mayors and
requests by the public, Governor Inslee
issues a shelter-in-place order for the
state. Initially to be in place for at least
2 weeks, the stay-at-home order was
extended to May 4 and then again to
May 31.

Despite these early measures and
successfully “flattening the curve”, the
“surge” of patients with COVID-19
stressed our infrastructure and front-line
health care providers who displayed
incredible fortitude and courage in
caring for so many critically ill patients
who were isolated from their loved
ones. The emotional toll on our ED
and critical care physicians, staff and
advanced-practice providers cannot
be underestimated. While the impact
on the orthopaedic faculty, staff and
trainees was not as direct, we also
had to rapidly adapt to the risks of
exposure and to the needs of our
patients and health care system. Most
impactful from a financial perspective
was the governor’s decree on March
19 that restricted “non-urgent” surgical
procedures.

The lifting of restrictions on elective
surgery and social gathering have
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been accompanied by a very gradual
return to something that nobody would
refer to as “normal”. Every employee
must sign an attestation to their health
every day they show up for work
while many continue to work from
home. Every surgical patient needs
to be tested for COVID-19 and all
employees will be gradually tested for
the presence of antibodies that would
indicate previous exposure to COVID.
Many more outpatient visits are being
handled via telehealth modalities and
many patients continue to be wary of
the risks of contracting COVID while
outside of their home and particularly

Kevin L. Smith, MD

while in a health care setting. The
financial consequences of this tumult
are predictions of up to a 500 million-
dollar annual deficit for UW Medicine,
employee furloughs, unpaid voluntary
leave and voluntary salary reductions.

Aside from the inconceivable
number of deaths, perhaps what is
most jarring is the conversion of routine
face-to-face interactions to mask-to-
mask interactions. Barring development
of effective treatment or vaccines
which hopefully will occur within the
next 1-2 years, the medical recovery
from the COVID pandemic will likely
be lengthy with intermittent surges and
tightening of infectious precautions.
Unfortunately, most experts predict that
the economic devastation may not be



entirely reversed for at least five years.
“Life” in UW Medicine and the
Department continues, albeit with
physical distancing and a large dose
of “zoom” conferences. We have had
faculty join the Department over the
past year as well as several of our
faculty announce their retirement. Dr.
David Fitz has joined our team at the
Northwest Campus where he will focus
on adult reconstructive surgery and
management of patients with arthritis of
the hip and knee. For more information
on Dr. Fitz please see Dr. Gee’s site
update in this issue of Discoveries.

For 16 years Dr. Michael
Goldberg has been a linchpin of Seattle
Children’s Hospital’s skeletal dysplasia
program and served as the Director
of the Skeletal Health Program, a
multidisciplinary clinic involving both
orthopaedic surgeons and pediatric
geneticists. While you are probably
familiar with Dr. Goldberg’s renowned
clinical and scientific expertise in the
realm of skeletal dysplasia, you may
not know that he also dedicated (an
understatement) time every year to
the children at Camp Korey, a camp
for children with life altering conditions,
including orthopaedic conditions such
as skeletal dysplasias.

Dr. Michael Goldberg has been
extremely prolific and | attribute this
to his seemingly having several
successful careers all tied together
by his commitments to evidence-
based care delivered by compassion
and humanistic caregivers. His life
as an orthopaedic surgeon has been
bracketed by a focus on evidence-
based care in the earlier phases of
his career and a focus on burnout
and compassionate care in the later
phases. No doubt it is this focus that led
the Schwartz Center for Compassionate
Healthcare in Boston to recognize the
wisdom of bringing Dr. Goldberg into
their program. Perhaps most
notably, throughout his career he
has been a passionate advocate for
his patients, children with the most
complex syndromes, and their families.
So, after 16 years at SCH, what
Dr. Goldberg refers to as his second
retirement is about to begin. Please
join me in congratulating Michael and
his wife Fran and wishing them a long
healthy retirement.

Dr. Kevin Smith came to Seattle
in 1995 to spend one year doing his
Shoulder & Elbow Fellowship with Dr.

Rick Matsen and Dr. Doug Harryman.
As fate would have it, he never left! Kevin
completed his residency in Orthopaedic
Surgery at McLaren Regional Medical
Center in Flint, M| before coming to
do his fellowship at the University of
Washington School of Medicine. Kevin
then spent more than a decade in the
Department based at UWMC where
he was beloved by his colleagues,
nurses and the residents. In fact, for his
excellent clinical and educational skills,
the residents awarded him Teacher of
the Year. He also ran the residency
interview and selection process for
years and made the process both
effective and fun.

After he left the UW as an Associate
Professor, Dr Smith practiced briefly
at the now defunct Group Health
Cooperative before moving to Northwest
Hospital where he practiced for the past
decade. In the end he came full circle
this past January and re-joined the
Department of Orthopaedics & Sports
Medicine. It was great to have him back
in the Department and my good friend
“Kev” said that it was a difficult and
sad decision, but he decided to retire
from orthopaedic surgery this past
April. “Gosh, I've had a ball and we've
accomplished soooo much. It’'s been a
WONDERFUL ride, personally as well
as professionally, but it’s time for me to
move on and pursue new adventures”.
Amongst many great qualities, what |
will always remember about Dr. Smith
is his dedication to his patients and to
his residents and colleagues. He was
a stalwart of call coverage and took on
any patient regardless of complexity or
social issues. | wish Kevin and his wife
Diane good health and a wonderful
retirement where they get to spend
more time with their two daughters.
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Please stay in good health and
good cheer through these challenging
times. In the 2021 issue of Discoveries
| hope to be reporting on the sustained
financial health of the Department of
Orthopaedics and Sports Medicine and
more importantly, on the progress of our
nation’s battle against COVID-19 and its
societal and economic consequences.
Do not hesitate to reach out to myself,
Fred Westerberg, or any of the co-
editors with questions and suggestions
for future editions of Discoveries.

bl 4

Howard A. Chansky, MD
Professor and Chair



From the Chair’s Desk

embers of our department from
M disparate backgrounds have

understandably expressed
sadness and outrage at the recent
deaths Ahmaud Arbery, Breonna
Taylor and now George Floyd. | share
their sentiments. The UW Medicine
community has endured several
struggles over the past year - radioactive
cesium upending laboratories at the
R&T building, aspergillus severely
curtailing care of children at SCH, and
the coronavirus pandemic leading
to massive loss of life. However, the
senseless deaths of these three and
other African-Americans have occurred
at the hands of our fellow citizens or
those who enlisted to protect us, and
they serve as a pointed reminder of our
nation’s history of racism.

The sheer nonchalant brutality
of the killing of Mr. Floyd, televised
for the world to view, has captured our
attention and | am sure many of us
are trying to make any sort of sense
of it and explain it to our children or
to friends outside of the United States.
These tragic and senseless deaths
unfortunately are not isolated, in fact
they are just the latest three that have
come to lightin a long legacy of similarly
horrific deaths. At this point | am not
even sure what “horrific” means in the
context of events that occur with such

disheartening regularity. We all share
the same sense of outrage over these
deaths and yet expressing outrage -
“horrific” and “enough is enough” - is
clearly not enough if we are to see real
change.

I cannot profess to have
the answers to this long-standing
stain on our community and our nation
and we will all have our own personal
approaches. While we won't see the
abolition of racism and violence in our
country in the span of our lives, the
status quo isn’t acceptable and we are
not free from the moral imperative to
help, to at least reach out and express
our shame and support, and to listen
to our black neighbors, colleagues
and members of our department.
Perhaps the best next step is listening
closely to their everyday fears - fears
that are existential and fears that most
of us live our lives without needing to
pay any regard to. Fears that do not
arise out of paranoia but fears that
spring from words, deeds and events
in our daily lives. Fears that are now
greatly magnified and made manifest
by recent events.

Many are hurting, disillusioned and
fearful - this is a time to care for each
other, our trainees, and particularly
those members of our department of
color. Express solidarity, ask how you
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can help, listen to their perspective.
Support the department’s efforts at
encouraging and pursuing diversity
and inclusion. Take your usual excellent
care of the neediest in our community
to another level. Ask our leaders
in government - our sheriff, mayor,
governor, representatives - what they
are doing to address endemic racism
and violence and let them know that
their words and actions are important
for your continued support. Vote. Let
your partners, staff and residents
know that they are welcome in our
department. Even small gestures and
efforts, consistently applied, can make
a difference as we strive for a more
perfect department, community and
nation.

bl 4

Howard A. Chansky, MD
Professor and Chair



Rick and Anne Matsen
Honorary Professorship for Shoulder Research

new Rick and Anne Matsen Honorary

Professorship for Shoulder
Research. Dr. Jesse Roberts, a grateful
patient of Dr. Matsen’s, funded this
professorship in honor of Dr. and
Mrs. Matsen (pictured to the right). As
we all know, Dr. Matsen is one of the
world’s foremost surgeons and pioneers
of modern shoulder surgery. And Rick
would be the first to tell anyone that he
could not have achieved this without the
support of his wife Anne.

The goal of this professorship
is to support a member of the
Department who can best advance
the field of shoulder care and surgery
through innovative patient-centered
research and secondarily to provide
strategic support to the Department
of Orthopaedics and Sports Medicine.
The committee charged with selecting
the first holder of this professorship has
chosen Dr. Jason Hsu. The committee
made their selection based on Dr.
Hsu’s “growing international academic
reputation, his outstanding surgical
care, his thoughtful clinical and research
mentorship, and his willing service,
inspiring leadership and exemplary
professionalism align directly with the
intent of the donors.”

This wonderful gift and professorship
will advance the goals of the department
by helping to retain critical faculty such
as Dr. Hsu and it will advance the field
of shoulder surgery. Please join me in
congratulating Jason Hsu and Rick and
Anne Matsen.

bl 4

Howard A. Chansky, MD
Professor and Chair

I tis my great pleasure to announce the
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Rick and Anne Matsen
Honorary Professorship for Shoulder Research

medical degree at Northwestern University Feinberg School of Medicine, followed by his residency at the University

of Pennsylvania followed by a fellowship at Washington University. He came to UW Medicine in 2014 and has
become a highly valued educator, surgeon and leader in the Department of Orthopaedics and Sports Medicine. Dr. Hsu’s
clinical interest lies in arthroscopic rotator cuff repair, arthroscopic and open procedures for shoulder instability, primary and
revision shoulder replacement surgery. His research interests have focused on the prevention, diagnosis and treatment of
periprosthetic shoulder infections. Dr. Hsu has distinguished himself as a national leader in shoulder and elbow surgery and
there is no more fitting first holder of the Rick and Anne Matsen Honorary Professorship for Shoulder Research.

D r. Jason Hsu is an Associate Professor in the Department of Orthopaedics and Sports Medicine. Dr. Hsu completed his

Discoveries 2020 5



New Faculty

David W. Fitz, MD

Assistant Professor
Northwest Hospital
Hip and Knee
dwfitz@uw.edu

the University of Washington Department

of Orthopaedics and Sports Medicine. He
specializes in Adult Joint Reconstruction. His areas of
clinical interest are hip and knee arthroplasty, partial
knee replacement, post-traumatic reconstruction of the
hip and knee, as well as geriatric fracture care. He is
based at our Hip & Knee Center at Northwest Hospital.

Dr. Fitz attended college at Harvard and medical
school at Northwestern University, where he also
completed his internship and residency. After graduation,
he completed at fellowship at Massachusetts General
Hospital in Boston, MA.

Dr. Fitz has published original research on
“Differences in Post-Operative Outcome Between
Conversion and Primary Total Hip Arthroplasty”, “The
Impact of Metabolic Syndrome on 30-Day Complications
Following Total Joint Arthroplasty”, “Preoperative Opioid
Use Negatively Affects Patient-reported Outcomes After
Primary Total Hip Arthroplasty”, “Relationship of the
Posterior Condylar Line and the Transepicondylar Axis:
A CT-Based Evaluation”, as well as many other articles
in orthopaedics.

He is also active in the orthopaedic community as
a member of American Association of Hip and Knee
Surgeons and American Academy of Orthopaedic
Surgeons.

David Fitz, MD is an Assistant Professor at

Christian M. Peterson, DO

Clinical Assistant Professor
Northwest Hospital

Sports Medicine
chrismp@uw.edu

hristian M. Peterson, DO is board certified by
‘ the American Osteopathic Board of Orthopedic

Surgery and the National Board of Osteopathic
Medical Examiners. He attended medical school at
Kirksville College of Osteopathic Medicine, completed
his internship and residency at Doctors Hospital in
Columbus, Ohio, and completed fellowships in spine
surgery at Ohio University and in sports medicine and
arthroscopy at the Institute for Bone and Joint Disorders
in Phoenix, Arizona.

Dr. Peterson belongs to the American Academy
of Orthopedic Surgeons, the American Osteopathic
Association, the American Osteopathic Association
of Sports Medicine, the Association of Professional
Team Physicians, the Washington Osteopathic Medical
Association and the Washington State Orthopedic
Association.

Dr. Peterson’s clinical interests include advanced
arthroscopic procedures and sports medicine.

Dr. Peterson is the team physician for Bishop Blanchet
High School and Bellevue Community College. He is also
a consulting physician for Seattle Pacific University.

He joins our department as a Clinical Assistant
Professor based at Northwest Hospital.

6 Discoveries 2020



Howard A. Chansky, MD
Professor and Chair

VA Puget Sound Health Care System
University of Washington Medical Center

Northwest Hospital
Adult Reconstructive Surgery
chansky@uw.edu

Christopher H. Allan, MD
Associate Professor

University of Washington Medical Center

Hand and Wrist
callan@uw.edu

Steven D. Bain, PhD
Research Associate Professor
Harborview Medical Center
Research

sdbain@uw.edu

David P. Barei, MD
Professor

Harborview Medical Center
Trauma

barei@uw.edu

Jennifer M. Bauer, MD, MS
Assistant Professor

Seattle Children’s Hospital
Pediatric Orthopaedics

jennifer.bauer@seattlechildrens.org

Daphne M. Beingessner, MD
Professor

Harborview Medical Center
Trauma

daphneb@uw.edu
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Department of Orthopaedics and Sports Medicine Faculty

Carlo Bellabarba, MD
Professor

Division Chief

Harborview Medical Center
Spine and Trauma
cbella@uw.edu

Stephen K. Benirschke, MD
Professor

Harborview Medical Center
Foot and Ankle
beniskb@uw.edu

Sarah D. Beshlian, MD
Clinical Associate Professor
Northwest Hospital

Hand and Wrist
sarbesh@uw.edu

Todd J. Blumberg, MD
Assistant Professor
Seattle Children’s Hospital
Pediatric Orthopaedics

todd.blumberg@seattlechildrens.org

Michael E. Brage, MD
Associate Professor
Harborview Medical Center
Foot and Ankle
bragem@uw.edu

Richard J. Bransford, MD
Professor

Harborview Medical Center
Spine

rbransfo@uw.edu



Kenneth Chin, MD
Clinical Assistant Professor
Northwest Hospital

University of Washington Medical Center

Foot and Ankle
kenchin@uw.edu

Robert S. Clawson, MD
Clinical Associate Professor
Northwest Hospital
Fractures & Trauma
robert.clawson@nwhsea.org

Mark C. Dales, MD

Clinical Associate Professor
Seattle Children’s Hospital

Spine
mark.dales@seattlechildrens.org

Robert P. Dunbar, MD
Associate Professor
Harborview Medical Center
Trauma

dunbar@uw.edu

Russell J. Fernandes, MSc, PhD

Research Associate Professor

University of Washington Medical Center

Research
rif@uw.edu

Navin D. Fernando, MD
Assistant Professor
Northwest Hospital

Hip and Knee
navinf@uw.edu
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Department of Orthopaedics and Sports Medicine Faculty

Reza Firoozabadi, MD, MA
Associate Professor
Harborview Medical Center
Trauma

rezaf2@uw.edu

David W. Fitz, MD
Assistant Professor
Northwest Hospital
Hip and Knee
dwfitz@uw.edu

Edith M. Gardiner, PhD
Research Associate Professor
Harborview Medical Center
Research

edigar@uw.edu

Albert O. Gee, MD
Associate Professor
Division Chief

University of Washington Medical Center

Sports Medicine
ag112@uw.edu

Michael Githens, MD, MS
Assistant Professor
Harborview Medical Center
Trauma

mfg28 @uw.edu

Ted S. Gross, PhD
Professor

Vice Chair, Research
Harborview Medical Center
Research

tgross@uw.edu



Department of Orthopaedics and Sports Medicine Faculty

Mia S. Hagen, MD

Assistant Professor

University of Washington Medical Center
Sports Medicine

smia@uw.edu

David M. Hudson, PhD

Research Assistant Professor

University of Washington Medical Center
Research

dmhudson@uw.edu

Douglas P. Hanel, MD
Professor

Harborview Medical Center
Hand and Wrist
dhanel@uw.edu

Nicholas P. lannuzzi, MD

Assistant Professor

Division Chief

VA Puget Sound Health Care System
General Orthopaedics
iannuzzi@uw.edu

Stephen A. Kennedy, MD, FRCSC
Associate Professor

Jared L. Harwood, MD, MBA

Assistant Professor

University of Washington Medical Center
Tumor

Northwest Hospital
Harborview Medical Center
Hand and Wrist
sajk@uw.edu

harwoodj@uw.edu

Jonah Hebert-Davies, MD Conor P. Kleweno, MD

Assistant Professor
Harborview Medical Center
Trauma

jdavies2@uw.edu

Associate Professor
Harborview Medical Center
Trauma

ckleweno@uw.edu

Jason E. Hsu, MD

Associate Professor

University of Washington Medical Center
Shoulder and Elbow

jehsu@uw.edu

Walter F. Krengel lll, MD

Clinical Professor

Seattle Children’s Hospital

Spine
wally.krengel@seattlechildrens.org

Christopher Y. Kweon, MD

Assistant Professor

University of Washington Medical Center
Sports Medicine

ckweon@uw.edu

Jerry I. Huang, MD

Associate Professor

University of Washington Medical Center
Hand and Wrist

jihuang@uw.edu
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Department of Orthopaedics and Sports Medicine Faculty
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Ronald Y. Kwon, PhD
Associate Professor
Harborview Medical Center
Research
ronkwon@uw.edu

William D. Lack, MD
Assistant Professor
Northwest Hospital
General Orthopaedics
wdlack@uw.edu

Seth S. Leopold, MD

Professor

University of Washington Medical Center
Northwest Hospital

Adult Reconstructive Surgery
leopold@uw.edu

Antoinette W. Lindberg, MD

Clinical Assistant Professor

Seattle Children’s Hospital

Orthopaedic Oncology
antoinette.lindberg @seattlechildrens.org

Paul A. Manner, MD

Professor

University of Washington Medical Center
Northwest Hospital

Adult Reconstructive Surgery
pmanner@uw.edu

Frederick A. Matsen lll, MD

Professor

University of Washington Medical Center
Shoulder and Elbow

matsen@uw.edu
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Vincent S. Mosca, MD

Professor

Seattle Children’s Hospital

Pediatric Orthopaedics
vincent.mosca@seattlechildrens.org

Sean E. Nork, MD
Professor

Harborview Medical Center
Trauma

nork@uw.edu

Viral R. Patel, MD

Acting Instructor

University of Washington Medical Center
Spine

pviralr@uw.edu

Christian M. Peterson, DO
Clinical Assistant Professor
Northwest Hospital

Sports Medicine
chrismp@uw.edu

Bruce J. Sangeorzan, MD
Professor

Harborview Medical Center
Foot and Ankle
bsangeor@uw.edu

Michael G. Saper, DO

Assistant Professor

Seattle Children’s Hospital

Pediatric Orthopaedics
michael.saper@seattlechildrens.org



Department of Orthopaedics and Sports Medicine Faculty

Gregory A. Schmale, MD
Associate Professor

Winston J. Warme, MD
Professor

Acting Division Chief
Seattle Children’s Hospital

University of Washington Medical Center
Shoulder and Elbow
Pediatric Orthopaedics warmewj@uw.edu

gregory.schmale @seattlechildrens.org

Suzanne E. Steinman, MD
Clinical Associate Professor

Klane K. White, MD, MSc
Professor

Seattle Children’s Hospital Seattle Children’s Hospital

Pediatric Orthopaedics Pediatric Orthopaedics

suzanne.steinman@seattlechildrens.org klane.white @seattlechildrens.org

Lisa A. Taitsman, MD, MPH Suzanne M. Yandow, MD

Professor Professor

Harborview Medical Center Seattle Children’s Hospital

Trauma Pediatric Orthopaedics
taitsman@uw.edu suzanne.yandow @seattlechildrens.org

Scott Telfer, EngD
Research Assistant Professor

Haitao Zhou, MD
Assistant Professor
University of Washington Medical Center
Research

Harborview Medical Center
Spine

telfers@uw.edu hzhou71@uw.edu

Matthew Thompson, MD

Assistant Professor

University of Washington Medical Center
Orthopaedic Oncology
mthomp2@uw.edu

Florence Unno, MD
Acting Assistant Professor
Northwest Hospital
Trauma

unno@uw.edu
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Department of Orthopaedics and Sports Medicine Faculty

Emeritus Faculty
Stanley J. Bigos, MD
Professor Emeritus
Peter R. Cavanagh, PhD
Professor Emeritus
David R. Eyre, PhD
Professor Emeritus
Sigvard T. Hansen, Jr., MD
Professor Emeritus
M. Bradford Henley, MD
Professor Emeritus
Roger V. Larson, MD
Associate Professor Emeritus
Douglas G. Smith, MD
Professor Emeritus
Lynn T. Staheli, MD
Professor Emeritus
Carol C. Teitz, MD
Professor Emeritus
Theodore A. Wagner, MD
Clinical Professor Emeritus

Joint Faculty
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Zebrafish: An Emerging Model for Orthopedic Research

Bjorn Busse, PhD?, Jenna L. Galloway, PhD?, Ryan S. Gray, PhD?,

Matthew P. Harris, PhD#, and Ronald Y. Kwon, PhD?

Abstract

Advances in next-generation
sequencing have transformed our
ability to identify genetic variants
associated with clinical disorders of
the musculoskeletal system. However,
the means to functionally validate and
analyze the physiological repercussions
of genetic variation have lagged behind
the rate of genetic discovery. The
zebrafish provides an efficient model
to leverage genetic analysis in an in
vivo context. Its utility for orthopedic
research is becoming evident in regard
to both candidate gene validation
as well as therapeutic discovery in
tissues such as bone, tendon, muscle,
and cartilage. With the development
of new genetic and analytical tools
to better assay aspects of skeletal
tissue morphology, mineralization,
composition, and biomechanics,
researchers are emboldened to
systematically approach how the
skeleton develops and to identify the
root causes, and potential treatments,
of skeletal disease. © 2019 Orthopaedic
Research Society. Published by Wiley
Periodicals, Inc. J. Orthop. Res

Keywords
zebrafish; bone; tendon; muscle;
cartilage

Introduction

Small animal models amenable to
rapid-throughput biology are needed
to accelerate the discovery of new
treatments for clinical disorders of the
musculoskeletal system. Complex,
multi-cellular interactions are difficult
to recapitulate in a dish. While such
processes can be studied in animal
models, ready-made mutant lines often
do not exist (e.g., see section “Disease
loci”). The zebrafish (Danio rerio) is
a small, tropical freshwater fish that,
by virtue of its unique experimental
attributes (e.g., small size, low
cost, genetic tractability, and optical
transparency), has opened powerful
avenues for biomedical research
(including studies of development,'?

neuroscience,® regeneration,* and
disease®) that are difficult in other
vertebrate models. Such avenues
include in vivo imaging of cell dynamics,
and genetic and chemical screens.
Moreover, zebrafish can be used
as a pre-screening tool to prioritize
more labor and cost-intensive studies
that require de novo mutant mouse
generation. The potential benefits of
incorporating zebrafish into a research
program must be weighed with
limitations, including infrastructure costs
(which vary depending on institution),
differences in zebrafish and human
genetics and physiology, and the fact
that many experimental approaches
are still in their infancy, and thus remain
to be rigorously validated. Indeed, the
use of zebrafish to understand clinical
disorders of the musculoskeletal system
has only begun to be established.
Here, we introduce the experimental
advantages of the zebrafish, discuss
its genetic and physiological similarities
and differences to humans, and survey
recent applications to musculoskeletal
development and disease. This review
elaborates on a workshop of the
same name at the 2019 Orthopaedic
Research Society Meeting, conducted
by the authors, the purpose of which
was to introduce emerging orthopedic
research in zebrafish to facilitate cross-
talk, establish foundations, and develop
new models of clinical disorders.

Genetics

Genetic similarity to humans

A key criterion in the selection
of an appropriate disease model
is its genetic similarity to humans.
Approximately, 71% of human protein-
coding genes possess at least one
zebrafish ortholog.® This is comparable
to mouse, as ~80-90% of human
protein-coding genes possess at least
one ortholog in mouse (http://www.
informatics.jax.org/homology.shtml).
As zebrafish arose from a common
ancestor that underwent an additional
round of whole-genome duplication
relative to mice and humans, zebrafish
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can have multiple co-orthologs for
human genes (e.g., human RUNX2
has two zebrafish co-orthologs, runx2a
and runx2b). While this can complicate
testing of gene function due to issues
such as functional redundancy,
such difficulties can be alleviated
through simultaneous knockdown or
knockout of co-orthologs."” In other
cases, maintenance of two copies
of a gene in the zebrafish often is
balanced by the partitioning function
of a gene, or subfunctionalization. As
such, the retention of co-orthologs in
the zebrafish often permits nuanced
analysis of gene function in genes
that might be lethal in mice. In mouse,
analysis of many genes often requires
combinatorial genetic techniques to
provide conditional spatial or temporal
regulation of gene function, whereas in
the zebrafish simple genetic alterations
can be studied (e.g. Fgfr1®). The often
partitioned function of paralogues in the
zebrafish also permits loss-of-function
analysis to the model the effect of more
nuanced alleles such as regulatory
shifts in gene function underlying many
common skeletal pathologies. Such
pathologies cannot easily be modeled
with knockout strategies in the mouse
and due to the complex anatomical
nature of many skeletal disorders,
often cannot be modeled in vitro even
when allele-specific cell lines are
constructed. A large number of skeletal
disease models have been identified in
zebrafish, " and this number is steadily
increasing.

Techniques

The ease of forwarding genetics in
zebrafish gives this model an advantage
for unbiased discovery of mutant
phenotypes. N-ethyl-N-nitrosourea
(ENU) mutagenesis screens in zebrafish
have uncovered a large number of
variants relevant to fundamental aspects
of skeletogenesis,’®'* morphological
evolution,™ and human skeletal
diseases.'®? Early examples involved
the identification of a large collection
of mutants with defects in formation of
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Table 1.

Transgenic Lines for Visualizing Cells Relevant to the Musculoskeletal System

Tissue/Cell Type Transgene References Notes
Early neural crest and CNC- Tg(sox10:GFP) 2
derived cartilages
Early neural crest and CNC- Tg(sox10-CreERt2) 2 Tamoxifen-inducible Cre
derived cartilages
Cartilage/chondrocytes Tg(col2al:eGFP) 28,29
Cartilage/chondrocytes Tg(Col2alaBAC:mcherry) 20
Cartilage/chondrocytes Tg(1.7c2ala:mEGFP) 28 Membrane-tagged EGFP
Tendon cells Tg(scx:m Cherry) 3
Muscle cells Tg(-0.5unc45b:m Cherry) a2
Bone/pre-osteoblasts Tglrunx2:GFP) 2
Bone/osteoblasts TgBAC(col10ala:Citrine) a4
Bone/osteoblasts Tg(sp7:EGFP) i
Bone/osteoblasts Tg(osx:GFP) il
Bone/osteoblasts Tglosx:CreERt2) 38 Tamoxifen-inducible Cre
Bone/osteoblasts Tg(0la.Sp7:NLS-GFP) a7 Nuclear localization signal-
tagged GFP
Bone/osteoblasts TgBAC(entpd5a:Citrine) 28
Bone/mature osteoblasts Tg(ocn:GFP) 26
Bone/osteoclasts Teglctsk:YFP) a8
Bone/osteoclasts Tglctsk:DsRed) Personal
communication

EGFE enhanced green fluorescent protein.

Table 1: Transgenic Lines for Visualizing Cells Relevant to the Musculoskeletal System.

the jaw and branchial arches.’>'* The
same screen also identified mutations,
specifically affecting the adultform.?' The
mutants identified in these early large-
scale screens served as foundation
for experimental analysis and were
proof that not only could specific
mechanisms of skeletal development
be identified, but that mutation could be
in genes homologous to human genes
associated with skeletal diseases. Such
screens often yield specifically defined
point mutations which provide nuanced
changes in gene function that simple
loss-of-function mutations or frameshifts
cannot. Screens for dominant mutations
affecting skeletogenesis, in which
mutations often lead to dominant-
negative properties as well as alleles
with increased functions (hyper- or
neomorphic alleles), are proving to
be informative and useful in disease
modeling. For example, recent screens
have identified dominant mutants
closely mirroring collagenopathies
and osteogenesis imperfecta (Ol)
(coltata/b, col1a2), Adams-Oliver
Syndrome (dll4), and hyperhidrotic
ectodermal dysplasia (edar).'® Finally,
the Zebrafish Mutation Project,?? which
has phenotyped a large number of
zebrafish mutant alleles and made
them available to the community,
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demonstrates the feasibility of
systematic genome-wide analysis.

In addition to forward genetics,
zebrafish are also readily amenable
to reverse genetics, that is, testing for
phenotypic consequences following the
targeted interference of gene function.
The advent of TALEN-% and CRISPR-
based gene editing has substantially
expanded the means by which the
scientific community can approach
reverse genetics in zebrafish. For gene
editing using CRISPR, administration
of Cas9:gRNA ribonucleoproteins
(RNPs) generates double-stranded
breaks at defined loci. Errors in the
non-homologous end joining (NHEJ)
repair mechanism lead to insertions and
deletions (indels) at the cut site, often
leading to loss of function (e.g., due to
non-sense-mediated decay triggered by
a premature stop codon). Alternatively,
multiple RNPs can be used to induce
site-spanning deletions that delete
promoter regions or entire gene loci,
which may help reduce activation of
compensatory pathways triggered
by messenger RNA degradation.?*
Moreover, Cas9:gRNAs can be co-
injected with a donor template which,
following homology-directed repair
(HDR), can result in precise gene edits.
Because zebrafish develop externally,
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hundreds of embryos can be injected
by a single user in one morning. This
allows for efficient creation of induced
mutations or replacements at specific
genetic loci. Screening phenotypes in
injected GO founder “crispant” animals
can further enable rapid and cost-
effective assessment of gene function.’
In addition to alleviating the time and
resources needed to breed alleles to
homozygosity, GO screens are also
amenable to multiplexing strategies, in
which multiple genes are targeted in the
same animal. The ability to detect adult
skeletal phenotypes in GO zebrafish for
genes associated with recessive forms
of Ol (bmp1a and plod2) was recently
demonstrated.®

Zebrafish also provide a versatile
system to test gene function through
the use of transgenesis. This allows
for stable or inducible (e.g., heat
shock-induced) protein expression, or
conditional gene targeting (e.g., Cre-
mediated recombination). The Tol2
transposon system is commonly used
for introducing transgenes. There exists
a large, growing panel of zebrafish
fluorescent reporter lines for cell types
within the musculoskeletal system
(Table 1). As zebrafish are also relatively
transparent and develop externally,
development can be easily observed



in real-time. With these two attributes,
use of transgenic reporters for particular
cell types and proteins have provided
an unmatched ability to visualize the
dynamics of skeletal patterning and
regeneration. These advantages also
permit the visualization of cell behaviors
in specific genetic contexts to gain
mechanistic understanding of disease
etiology.

Because of their small size and low
cost, zebrafish are also amenable to
drug discovery via chemical screens.
In such screens, large libraries of small
molecules are tested to identify specific
compounds that affect gene function or
developmental processes. In a typical
screen, zebrafish embryos/larvae are
dispensed into 48- or 96- well plates,
drugs are administered by adding
them to the water, and phenotypes
are assessed (e.g., via morphological,
fluorescent, or behavioral readouts).
This strategy can be adapted
to adults.*®#' The identification of
dorsomorphin as a selective inhibitor
of bone morphogenetic protein (BMP)
type | receptors were discovered in a
large zebrafish chemical screen and led
to the development of analogs for the
treatment of heterotopic ossification.*?
In another screen, phosphodiesterase
(PDE) inhibitors were found to alter
phenotypes in a zebrafish model of
Duchenne muscular dystrophy.*® See
Wiley et al.*¢ for a recent review of
chemical screens in zebrafish.

Formation and Integration of the
Zebrafish Musculoskeletal System

Development and patterning

Fully developed, the zebrafish
skeleton comprises several functional
groups including the cranial skeleton,
axial skeleton, caudal skeleton,
unpaired fins (dorsal, anal, the caudal
fins), paired fins (pectoral and pelvic
fins), and elasmoid scales (Fig. 1A-
D). As in all vertebrates, the zebrafish
cranial skeleton and its associated
connective tissues, tendons and
ligaments, arise from the cranial neural
crest; the fin skeletal elements arise
from the lateral plate mesoderm, and
the myosepta and axial skeleton from
somitic paraxial mesoderm.**#” The
cranial musculoskeletal system forms
rapidly and can function by 5 days
post fertilization (dpf). The pectoral
fin cartilage and muscles are also
developing at this time. Although
the axial skeleton does not form

cartilage and bone until later stages,
it has the same somitic compartments,
sclerotome, syndetome,*® and
myotome, fated to become skeletal,
tendon, and muscle tissues as in higher
vertebrates. Prior to 5 dpf, the axial
musculoskeletal structures primarily are
composed of muscle and myosepta, a
scleraxis-expressing myotendinous
tissue that links the myomeres.*** The
bony elements form through direct/
intramembranous ossification, or via
a cartilage or cartilage-like template
(e.g., via perichondral or endochondral
ossification).%"* The modes of
ossification can differ in zebrafish
and mammals in similar bones. For
example, in mouse, the vertebrae
form by endochondral ossification,
in zebrafish, vertebrae form by direct
mineralization of the notochord sheath
(perichordal ossification), without
passing through a cartilaginous
stage.%® In some bones, osteoblasts
and osteoclasts act in concert to model
bone shape into adulthood.®” Although
uncommon, osteon-like structures
in zebrafish have been reported for
lateral ethmoid bone.5* Notably, these
structures contained solely one lamella
and no osteocytes. Indeed, most
skeletal elements in adult zebrafish
skeletons are osteocytic and do not
show osteons or hemiosteons indicative
of human-like secondary remodeling. In
vertebrae of adult zebrafish, osteocyte
lacunar orientation shows a preferred
orientation (Fig. 1E).%® While the
mechanosensing and remodeling
characteristics of osteocytic bone in
zebrafish remain to be fully understood,
lacunae in zebrafish indicate smaller
volumes with less numerous canaliculi
compared with mice and humans.
Tendons are the tissue interface
between the muscle and bone.®%®
Concurrent to skeletal development,
transcripts of scleraxis a (scxa) are
found in the forming tendon cells
adjacent to the developing cartilage
and muscle by two dpf. These cells
aggregate and differentiate, turning
on expression of tendon matrix genes,
tenomodulin (tnmd), thrombospndin-4
(tsp4b), and type | collagen (col1ala/b,
col1a2).#°%° As in mammals, initiation
of the axial tendon program depends
on signals from the muscle. Cranial
and fin tendons form in the absence of
muscle, but require muscle for tendon
maintenance.* FGF and transforming
growth factor-pB (TGF-B) are also
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important for proper tendon formation,*
and cyp26b1 loss of function studies
suggest that retinoic acid is required for
tendon cell condensation.'%2 Recent
studies have shown that mechanical
force, through release of TGF-3,
regulates the formation of tendon cell
projections, which are thought to be
involved in extracellular matrix (ECM)
production.®' In the adult, the cranial
tendons have similar ultrastructure to
mammalian tendons with highly ordered
type | collagen fibrils observed by
transmission electron microscopy.*® In
addition, they can be readily visualized
using second harmonic generation
(SHG) imaging (Fig. 1F).

Analogous to higher vertebrates,
striated muscle of zebrafish contain
three main components: contractile
proteins, lipids, and connective
tissue.®® Vertebrae are connected by
intervertebral ligaments.® Zebrafish
possess both slow- and fast-twitch
muscle fibers, which are topographically
separated.® Together with cellular
mineralized bone tissue, muscles,
tendon, and other soft tissues, the
zebrafish skeleton facilitates locomotion,
provides mechanical support, and
protects internal organs. In Figure 2,
we compare the inter-vertebral space
in the zebrafish and mouse as a case
study of how skeletal structures in
each species typically exhibit both
morphophysiological similarities and
differences.

Conservation of Developmental
programs

The molecules that govern
zebrafish skeletal development are
highly conserved with mammals.
Sox9, a transcription factor necessary
for chondrogenesis and skeletal
development,® has two co-orthologs
in the zebrafish, sox9a, and sox9b.
They are expressed in overlapping
and complementary patterns during
development with sox9a in the
pharyngeal arches and later restricted
to the pre-chondrogenic mesenchyme
that will form the jaw cartilage and
fin scapulocoracoid, and with sox9b
in the premigratory neural crest and
fin endochondral disc.” The sox9a
expressing chondrocytes also express
col2al and are Alcian Blue positive
before three dpf. These skeletal
elements will undergo perichondral
or endochondral ossification and later
become Alizarin red-positive cranial
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Figure 1: Imaging of tissue structure, composition, and quality. (A) Contact X-Ray of a juvenile zebrafish. The vertical line shows the histological plane for the
image in (D). (B) Microcomputed tomography (2um isotropic voxel size) of an adult zebrafish skull. (C) Quantitative backscattered scanning electron imaging
(gBEl) in the spine of an adult zebrafish. Bone growth occurs at the vertebral endplates. (D) H&E stained section of the zebrafish trunk. Muscle fiber density
and cross-sectional muscle fiber area are readily assessed. (E) High-resolution imaging of a vertebral body via X-Ray Microscopy highlighting the osteocyte
lacunar network. The osteocyte-lacunar orientation may reflect orientation of collagen fibers, and loading patterns in zebrafish vertebrae. The lacunar orientation
follows a specific pattern, i.e. longitudinal orientation in the center of the vertebrae and circumferential orientation near the endplate regions. (F) An adult
tendon attached to the maxilla in zebrafish is imaged using in vivo Second Harmonic Generation (SHG) imaging, an indicator of type | collagen organization
and density. The right panel shows dual imaging of tendon in concert with osteoblasts (green: osteocalcin+ cells expressing the ocn:GFP transgene). [Color

figure can be viewed at wileyonlinelibrary.com]

bones. In perichondral ossification,
perichondral cells become runx2a/b,
osterix (sp7/0sx), and collagen 10
positive osteoblasts and initiate
ossification®”. Similar to other
vertebrates, indian hedgehog co-
orthologs (ihha/b) are expressed by
chondrocytes and are thought to signal
to patched, Hh receptors (ptc1/2) in
the perichondrium and mediate bone
formation.®®® Other cranial elements,
such as the maxilla undergo direct
intramembranous ossification via osx-
expressing osteoblasts.5"° For many of
these genes and cell types, reporter and
lineage-tracing transgenic zebrafish
lines have been generated, which,
along with the optical access provided
by zebrafish, allow unprecedented
ability to visualize skeletogenesis (Fig.
3).

Physiology During Development
and in Homeostasis
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The skeleton serves as a key organ
which mediates systemic signaling
affecting the physiology. Although many
of these non-structural functions of the
skeleton are just being identified, it
is clear that many have conservation
between humans and zebrafish.
One key function of the skeleton is
to facilitate mineral homeostasis.
The skeleton participates in part by
regulating phosphate homeostasis in the
kidney through bone-kidney crosstalk.
There is evidence that Fgf23, which
in humans and mice, is synthesized
in osteocytes and regulates kidney
phosphate reabsorption, also regulates
phosphate homeostasis in zebrafish.”
In mammals, the skeleton also serves
as a calcium and phosphorus reservoir.
Because calcium regulation can occur
through the gills in fish, compared with
humans, the physiological role of the
skeleton in calcium homeostasis in
fish may differ.5® Another function of the
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mammalian skeleton is acting as a site
of hematopoiesis, as well as fat storage,
in the marrow cavities. Zebrafish
possess bone marrow spaces,® which
is evidentin endochondral bones, which
are filled with fatty tissue.** However,
unlike in humans, this is never colonized
by hematopoietic stem cells (HSC).
Thus, zebrafish bone marrow spaces
lack hematopoietic tissue.5® A number
of zebrafish bones possess adipocytes
within their marrow spaces,* however,
it is unknown whether this adiposity
responds to the metabolic demands,
as it does in mice.” Finally, the skeleton
can regulate the metabolic processes
independent of mineral metabolism. For
instance, the bone-derived hormone
osteocalcin has been implicated in
glucose homeostasis, cognition, and
male fertility.” Whether the zebrafish
skeleton functions as an endocrine
organ through osteocalcin secretion
requires further investigation.



Aging

Compared with early development,
processes such as homeostasis and
aging have not been studied in depth
in the zebrafish. As certain debilitating
conditions arise in the skeleton as a
function of age, such as osteopenia
and osteoporosis, the ability of the
zebrafish to model components of
these processes could be important.
Zebrafish typically have a lifespan
of approximately 2-3 years (though
5 years or more is possible),” and
exhibit growth throughout life. There is
evidence that zebrafish skeletal function
declines with age. For instance, tendon
mechanical properties diminish with
age.” Moreover, alterations of vertebral
bone and disc are observed in aged
zebrafish.”® The bone dependence on
estrogen has been modeled in another
small teleost, medaka, and thus the
basic properties of the etiology are
likely present in zebrafish.”” With more
analysis of late developmental stages,
itis likely more insight will emerge from
the zebrafish into how the skeletal
system ages and its consequences.

Regeneration and Repair

Zebrafish have not been used as
a common model for understanding
human fracture repair. This is in part due
to lack of accessible long bones, as well
as its high regenerative capacity, which
may utilize different repair mechanisms
than in mammals. Previous studies
have examined the repair properties
of damaged membranous bones of
the skull roof”® as well as mandible.”™
Although these are not directly
comparable with analysis of long bone
fractures studied in mouse and most
commonly seen in patients, there were
some similarities in terms of the genes
and cell types involved. For example,
runx2+ cells in the periosteum were
likely involved in new bone formation
and proper formation of the cartilage
callus relied upon Indian hedgehog a
(ihha).”™ In addition to examination of
intrinsic regenerative mechanisms, the
transparency of the zebrafish permits
the analysis of extrinsic cell populations
in the healing process. Studies have
shown that the immune system plays
an important role in mediating tissue
regeneration.®8" Visualization of
immune infiltration after injury can
be accomplished through the use of
transgenic reporter lines that either label
all leukocytes (cd45:DsRed)® or are

specific for neutrophils (mpx:GFP'479)8
or macrophages (mpeg:eGFP).2* There
are also several methods to functionally
deplete immune cell populations
(reviewed in Keightley et al.?%), which
can permit temporal control over cell
type-specific cell ablation to assess
the role of immune cell populations
at different stages of the regenerative
process, as has been performed for tail
fin regeneration.®

Zebrafish have a significant capacity
for epimorphic regeneration.®'* One
example is the caudal fin, which
regenerates following amputation.8®
Similar to salamander limb
regeneration, fin regeneration involves
a heterogeneous pool of progenitors
called the blastema, which is comprised,
at least in part, of mature cells at the
amputation stump that dedifferentiated,
including osteoblasts.?® A variety of
pathways known to be important
for skeletogenesis in mammals are
recapitulated during fin redevelopment,
as reviewed in Watson et al.?¢ An
intact musculoskeletal system is
required for normal regeneration as
zebrafish subjected to injection of
botulinum toxin, which inhibits synaptic
release at cholinergic nerves, exhibit
impaired regeneration.®” This model
has also revealed the existence of
mesenchymal progenitor populations
within specific regions that robustly
respond to injury and generate new
0sx+ osteoblasts.®® Dedifferentiation
of mature osteoblasts also occurs
during repair of zebrafish fin fractures
and skull injuries.” While osteoblast
dedifferentiation is more limited in
mammals, fin repair after fracture
exhibits some similarities to mammalian
long bone fracture, including formation
of a remodeling callus,* and recruitment
of osteoclasts.®' Recently, it was shown
that neutrophils dynamically colonize
the fracture site. When infected with
Staphylococcus aureus, neutrophils
were retained in the fracture site and
repair was reduced.®' Further studies
examining the utility of the fin fracture
model to study the aspects of fracture
biology are warranted.

Musculoskeletal Loading

While the zebrafish skeleton has a
reduced role in resisting gravitational
loads relative to humans, there is
evidence that the zebrafish skeleton
can respond to exercise, as well as
disuse. Swim training routines have
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been established to force exercise and
stimulate natural modes of skeletal
loading in zebrafish. In this way, the
complex interplay of cellular, structural,
and compositional bone characteristics
can be assessed using multiscale
approaches in zebrafish to study the
effects of genetic and environmental
interactions on the skeletal system
in vivo. During early development in
zebrafish, swim training alters timing
of skeletogenesis.? In adult zebrafish,
swim training increases vertebral bone
formation and alters quality.>® Moreover,
this type of forced exercise also induces
muscle adaptations in adult zebrafish.%
This paradigm opens up avenues for
genetic and small molecule screens to
identify signaling pathways critical for
musculoskeletal adaptation to loading
and exercise.

Phenotyping

MicroCT

The three dimensional (3D)-high-
resolution micro-computed tomography
has become established as a powerful
method to assess bone morphology
and microstructure in zebrafish.18:58.94.95
Using a 5 um voxel size, bone structure
indices as vertebral bone volume,
thickness, and eccentricity can be
characterized.’®%® Neural arch area,
which reflects modeling arising from
osteoblast and osteoclast activity, can
also be captured.®* Because of their
small size, whole body, high-resolution
scans are readily acquired.® Software
for semi-automated segmentation
enables in-depth phenotyping at a large
number of skeletal sites. By quantifying
hundreds of measures this was shown to
increase the sensitivity in discriminating
mutant populations.®® Moreover, the
osteocyte lacunar network in the
vertebral tissue can be imaged at high
resolution with lab-based nano-CTs and
3D X-ray Microscopy (3DXRM). The
orientation of the osteocyte lacunae
in relation to the long and short axis of
the vertebral bodies, sphericity, mean
lacunar volume and lacunar density can
be quantified.'®%® Finally, synchrotron-
based X-ray microCT, when combined
with tissue-contrast stains, can yield
whole-organism images suitable for
cell-level quantitative histological
phenotyping in zebrafish.%

Histomorphometry

In zebrafish, histologic sections
stained using von Kossa/van
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Figure 2: Comparison of the intervertebral disc (IVD) in mouse and zebrafish. (A-A’) and (B-B’): Midline section of a Safranin-O/Fast green staining of an
intervertebral disc region in mouse (6-months) (A-A’) and zebrafish (1-year) (B-B’). (C) and (D): Cartoon schematic of insets for mouse (C) and zebrafish (D). In
mouse, the IVD is composed of a proteoglycan-rich lamellar fibrocartilaginous cartilage called the annulus fibrosus (AF) which surrounds the nucleus pulposus
(NP) joins adjacent bony vertebrae at the level of the cartilaginous end plate (CEP). Zebrafish IVD retains notochord-derived vacuolated cells embedded in a
fibrocartilaginous matrix, however, there is no NP-like structure observed in zebrafish. An analogous structure to the outer AF layer in is observed as a small
acellular intervertebral ligament (IVL). Histologically, the NP in mouse appears to be composed of: an outer tissue layer which stains for Safranin-O (orange in
(C)); an inner cell layer (dotted red line in (C)); and an inner tissue layer that does not stain well for Safranin-O (yellow in (C)). In contrast, the zebrafish IVD has
only weak Safranin-O staining (magenta in (B’, D)) in an interior region adjacent to the intervertebral ligament (IVL) (B, blue in (D)). Twist positive osteoblast
progenitor cells ((Tw+)ObP) are observed adjacent to the IVL. AF, annulus fibrosis; CEP, cartilaginous endplate; GP, growth plate; IVL, intervertebral ligament;
NP, nucleus pulposus; (Tw+)ObP, twist positive osteoblast progenitors; vert, vertebrae. [Color figure can be viewed at wileyonlinelibrary.com]

Gieson, Goldner’s modified Masson-
trichrome, and toluidine blue enable
static bone histomorphometry, and
is performed in accordance with
standardized nomenclature set
forth by the ASBMR nomenclature
committee for practitioners of bone
histomorphometry.®” Calcein labeling
or double labeling with calcien and
Alizarin Red S can be performed and
double labels can be evaluated for
dynamic bone histomorphometry.'858
Such an approach was used to quantify
increases in mineral apposition rate
(MAR), mineralizing surface per bone
surface (MS/BS), and bone formation
rate (BFR) at the vertebral endplates
in zebrafish subjected to swimming
exercise.®

Assessment of Bone Composition,
Mineral Density Distribution, and
Mechanical Properties

Recently, quantitative backscattered
electron imaging (qBEI) has been
established as an effective means to
measure the bone mineral density
distribution in zebrafish.'8% Gray
value histograms were used to assess
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the mean calcium content in the
mineralized bone tissue, as well as
the homogeneity of mineralization'®*®.
Vibrational spectroscopy methods (e.g.,
Fourier transform infrared spectroscopy
(FTIR) and Raman spectroscopy)
have also been adapted to zebrafish
bone.'®% Parameters such as the
mineral-to-matrix-ratio, carbonate-
to-phosphate ratio, cross-link-ratio
(collagen maturity), and crystallinity
(purity, size of mineral crystals) of
the bone were shown to provide
information about the molecular and
compositional bone characteristics.'®
Finally, nanoindentation of vertebrae
can be performed in zebrafish to
assess local mechanical and material
properties such as Young’s modulus
(elastic modulus), hardness, and
fracture toughness.'® The biomechanical
properties of zebrafish cranial tendons
can also be measured. A maxillary
tendon was found to have stress-strain
nonlinearity and a linear modulus
similar to mammalian tendon data.”™

Disease Applications
Collagenopathies
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Ol is a disease of the collagen
matrix, which results in brittle bones
and skeletal deformities. In humans,
collagen type | is a heterotrimer
composed by two alpha chains, ai(l)
and a2(l), which trimerize in a 2:1
ratio, respectively, to form a fibril with a
triple-helix structure. In zebrafish, the
collagen type | triple helix is composed
of three a chains, ai(l), a2(l), and
a3(l), which are encoded for by the
genes collala, col1a2, and col1atb,
respectively.®® Most human patients with
Ol are attributed to mutations in type |
collagens, with the majority of mutations
disrupting the conserved Gly-X-Y motifs
responsible for fibrillar assembly of the
collagen heterotrimers.’® In zebrafish,
several dominant mutants have been
identified carrying heterozygous glycine
substitution in the a1 chain of collagen
type |, and which exhibit severe,
pathological features of classical Ol.
This was demonstrated in the chihuahua
mutant, which exhibited changes in
vertebral tissue composition.'® A large
panel of zebrafish mutants of colfat
genes with qualitative and quantitative
defects in collagen type | have been



characterized, and found to mirror
genotype-phenotype relationships
of the range of Ol subtypes found in
humans.'®20 Disease models have
also been developed for mutations
affecting COL1A2'" as well as rare
recessive forms of Ol affecting non-
collagenous proteins (e.g., PLOD2%:101
and BMP195:102),

Spinal Curvature

Adolescent idiopathic scoliosis
(AIS) is defined as scoliosis without
underlying vertebral malformations.'%
While the pathogenesis of this disease
is still controversial, the zebrafish
has made significant advances in our
understanding of this disorder. AIS-
like scoliosis was demonstrated in
cc2d2a mutant zebrafish, which has
a role in vesicle trafficking and fusion
at the transition zone of photoreceptor
connecting cilium in the eye.'® Recently,
mutant zebrafish displaying larval or
late-onset scoliosis without vertebral
malformations, analogous to AlS, have
been described for c210rf59, ccdc40,
ccde151, dyxict, kif6, and ptk7'-05:106 A
common mechanism has emerged from
these studies, where loss of ependymal
cell cilia function lining the ventricles
of the brain, leading to reduced
cerebrospinal fluid flow can generate
AIS in zebrafish.%%197 |nterestingly,
maternal-zygotic ptk7 mutant zebrafish
display scoliosis with vertebral
malformations, while strictly zygotic
ptk7 mutant fish display late-onset
AIS without vertebral malformations.'%
This suggests that the severity of
scoliosis can be on a spectrum based
on temporal requirements for gene
function, which may explain the strong
association of AIS in families of children
with CS.1%°

The cellular mechanism of AIS
in ptk7 was demonstrated by a
foxj1:ptk7 transgenic zebrafish, which
can completely rescue the onset of
scoliosis phenotypes observed in
ptk7 mutant zebrafish.'® Foxj1 is a
master transcriptional regulator of
motile cilia’®, which labels motile cilia
of the ventricles of the brain and in the
pronephros but also labels a subset of
central canal lining ciliated (CSF)-fluid
contacting neurons. Indeed, disruption
of a major signaling receptor, pdk2/1,
of CSF-contacting neurons led to
mild alterations in spine curvature in
zebrafish.""" While it is still unclear how
these disruptions of CSF physiology

cause scoliosis, recent studies
demonstrated that CSF flow (i) helps
to stimulate the proper formation of the
extracellular Reissner’s fiber, which can
directly contribute to body straightness
during embryonic development, via
an unknown mechanisms;''2 and (ii)
that CSF flow transports adrenergic
signals, which stimulate the expression
of urotensin neuropeptides from CSF-
contacting neurons along the spinal
cord and mutant zebrafish of the
urotensin receptor uts2radisplay AlS.™3
How these studies will translate to
mammalian physiology is still unclear.
However, at least one candidate gene
for AIS uncovered in zebrafish kif6'%
does not recapitulate AIS phenotypes
when mutated in mouse or human.'"”
Although having early differences in
vertebral specification compared with
mammals, the zebrafish may also serve
as a model for aspects of congenital
scoliosis (CS). Disruption of the
extracellular sheath through chemical
disruption of lysyl oxidases'*or specific
genetic disruptions of the sheath
extracellular matrix components of the
notochord sheath such as: col8aia,
col27ata/b, or calymmin'®'516 can
generate CS-like scoliosis with vertebral
malformations in zebrafish suggesting
potential underlying components of
zebrafish development that can be used
to assess gene function in CS etiology.

Disease loci

Human genome-wide association
studies (GWAS) are a powerful
means to understand the genetic risk
factors for chronic diseases such as
osteoarthritis’” and osteoporosis.'®
These loci may harbor novel drug targets
for orthopedic diseases, as evidenced
by the fact that OPG/RANK/RANKL
and LRP5/SOST, all genes at BMD loci,
are members of pathways targeted by
osteoporosis drugs (Denosumab and
Romosozumab, respectively). A recent
analysis of UK-Biobank data identified
515 loci associated with eBMD."'® The
causal genes responsible for most
associations have yet to be assigned,
and thus gene discovery in animal
models is needed to complement
GWAS in human populations.” One
limitation with knockout mice is the
lack of coverage of genes at BMD loci.
For instance, of the >23,000 protein-
coding genes in the mouse genome,
<5% have been rigorously analyzed
for bone phenotypes in knockout mice
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within ancillary bone phenotyping
projects of the International Mouse
Phenotyping Consortium." A recent
study demonstrated the potential to
rapidly generate mutations in CRISPR-
edited GO zebrafish to attribute
functional contributions of candidate
genes at bone disease loci.?® Skeletal
abnormalities have been observed in
fish with altered function in other genes
at BMD loci, including LRP5, OSX/
SP7, and RANKL."®'2" This provides
further evidence that the identification
of genes that contribute to human
osteoporosis-related traits in zebrafish
is feasible. The utility of zebrafish for
human skeletal genomics is reviewed
in Kwon el al.™

Osteoarthritis

Recent data has shown that
zebrafish can be used to study the
development of synovial joints and
osteoarthritis. Mutations in col11a2
in zebrafish leads to joint pathologies
reminiscent of early-onset osteoarthritis
in humans.'? Further, as in humans and
mice, zebrafish lubricin or proteoglycan-
4b (prg4b) expression was found within
some joint regions, such as articular
chondrocytes in the jaw.'> These
joint regions also expressed col10af,
acana, and matrilin1, which together
with prg4b, show similarities to genes
expressed in mammalian synovial
joints. Loss of both prg4 orthologs
resulted in synovial hyperplasia and
deterioration of the joint surface by
6-12 months of age. This phenotype
recapitulates that found in mouse where
loss of Prg4 results in joint disease by 2
months.'?* Although it is unknown why
there is a significant delay in timing of
osteoarthritis onset in the zebrafish
compared with mouse genetic models,
possible explanations are the zebrafish’s
robust regenerative abilities combined
with different mechanical environments.
Even with these differences, this work
establishes the conservation in synovial
joint gene expression and function in
the zebrafish.

Summary / Future Directions

The genetic causes of skeletal
disorders are rapidly becoming
identified, and it is now clear that many
common musculoskeletal disorders
are fundamentally complex in their
causes.''®'2 The field is faced with
the need to more fully interrogate the
functional consequences of genetic
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Figure 3: Live imaging of cell dynamics. (A) Whole-body images of a larval zebrafish (top: lateral view; bottom: ventral view), showing osteoblasts expressing
osterix in the cranial skeleton, spine, and fins. (image source: 25; use permitted under the Creative Commons Attribution 4.0 International License; image
adapted from original). (B) Ventral view of three dpf zebrafish lower jaw showing scxa:mcherry expression in the forming tendon cells and col2a1:eGFP
expression in chondrocytes. (C) Tol2-clonal notochordal expressing twhh-mCherry-CAAX cells (magenta) and spine marked by calcein (green) in 16dpf
zebrafish. (D) Representative imaging of caudal fin development demonstrating morphogenesis of the connective tissues (Tol2-EGFPj1184bGt; green),
muscle (-503unc:mCherry; red), and bone (Alizarin Red - isolated with a far-red band filter; pseudocolored blue). (E) Osteoclast expressing ctsk:dsRed within
resorption pit of an adult zebrafish scale stained with calcein to show mineralized matrix. [Color figure can be viewed at wileyonlinelibrary.com]

and environmental stresses in how the
skeleton and its connecting tissues are
formed, how it integrates with broader
physiology, and how it repairs the
damage. There is now a strong rationale
to validate newly discovered disease
candidate genes in the zebrafish prior
to extensive mouse analyses. The
refinement of clonal analyses of gene
function will expedite the combinatorial
analysis of gene function and permit a
systematic testing platform for genetic
association studies and analysis of
genetic modifiers. With the ability to
visualize cellular dynamics during
the formation of the skeleton as well
as during repair, in different genetic
contexts, the zebrafish provides a
powerful system to bring functional
characterization in line with the rate of
genetic discoveries.

In addition to validation, the zebrafish
is also a valuable platform for discovery.
Due to its small size, low cost, and
genetic malleability, the zebrafish
has opened new screening methods
that have already discovered small
molecules efficacious in regulating
skeletal phenotypes. Similarly, through
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unbiased mutational screening, new
genes -- and new functions for existing
gene -- have been discovered. These
mutations have shown to be predictive
of causes of skeletal disorders in
humans, 2627 and opened new areas
of musculoskeletal development
previously uncharacterized or
neglected.3128

As the use of zebrafish for
orthopedic research is still in its relative
infancy, there are a number of open
questions regarding the developmental
stages, bones, and phenotypic traits
in zebrafish that best serve as a
model for human skeletal biology."
Morphophysiological differences can
make one-to-one modeling of human
skeletal phenotypes in zebrafish
challenging. Origins of mammalian
bones and their connections to fish
bones (e.g., the mammalian middle ear
bones, which derive from bones that
form the jaw in fish'?°) can sometimes
be revealed through evolutionary
analyses, however, such relationships
cannot always be made. In this context,
a community effort to phenotype
zebrafish mutants for orthologs of
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genes examined in mutant mouse
phenotyping consortiums may aid in
identifying zebrafish phenotypes that
are most consistently associated with
phenotypic changes in the orthologous
mutant mouse."

With the extension of zebrafish work
into phenotypes of the skeleton beyond
early development, the broad utility of
this model has emerged. While there
are differences stemming from the
use of a non-mammalian vertebrate
for modeling human disorders, the
zebrafish model provides both genetic
and anatomical foundations, in which
informed analyses can be made
concerning the etiology of disorders and
also serves as a tool to refine potential
therapeutic strategies.
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Independent Investigative Inquiry

Il University of Washington
Amedical students complete

Independent Investigative
Inquiry (l1l) during the summer
after their first year. The program
maintains relationships throughout
WWAMI (UW School of Medicine’s
one-of-a-kind, multi-state medical
education program serving Washington,
Wyoming, Alaska, Montana and Idaho).
Through Ill, students are connected
with opportunities here and at other
institutions. Organizations or faculty
who would like to become mentors
for summer or long-term projects can
list opportunities through our office.
Students select a project of interest
and execute their scholarly work under
the guidance of a Faculty Mentor over
the Summer term between years one
and two of medical school. Students
will work on their research projects
full-time (~30 hours per week) for
nine weeks during the Summer term
between the first and second years of
medical school.

The University of Washington
Department of Orthopaedics and
Sports Medicine is deeply connected
with this program, mentoring a number
of students annually. This is primarily
through the Scholarship for Discovery
and Scholarship for Integration
pathways.

Quotes from Past Students:

This experience “...showed me how
to treat patients with compassion and
dignity, and taught me qualities | can
emulate as a person, future physician
and researcher”

— Anonymous student

“I couldn’t have asked for a better
summer research experience. In
addition to taking part in a really
interesting project, | was able to meet
some great people and make long
lasting friendships.”

— Anonymous student

Laboratory Highlight:

In conjunction with clinical faculty
collaborators over the last 3 years,
the CoRE laboratory has supported 8

William D. Lack, MD

Independent e
Investigative g
Inguiry

Scholarship of Discovery

Scholarship of Integration

Rural Underserved Opportunites Program

[
i Global Health Immersion Program

medical students in the Independent
Investigative Inquiry (Ill) and Medical
Student Research Training (MSRTP)
programs. These students have worked
on diverse projects, from using 3D
surface scanning to monitor knee
swelling after ACLR reconstruction
surgery to studying how bone density
in the sacrum changes with age.
During their weeks in the laboratory,
all students proved to be highly
motivated, intellectually curious, and
provided positive feedback about their
experience. Several have continued to
work on their research projects in their
spare time after the end of the program.
Their work has led to a growing number
of conference abstracts and journal
articles, benefiting both the students’
future career and the department’s
research dissemination efforts.
Scholarship of Discovery is empirical
research in which new discoveries are
made through original investigation.
The project can be initiated by the
student or by a faculty mentor, as long
as the student has an independent role
and makes an intellectual contribution
to the project. Students selecting
this program can expect to learn the
steps and rationale in trying to resolve
an empirical question through data
collection and analysis. A hypothesis
is made regarding the relationship
between variables and a study attempts
to validate the hypothesis through
observation. The study may take the
form of a basic laboratory study, a
survey, a secondary analysis of an
existing data set, a chart review, a
qualitative study, or a prospective
clinical trial. This empirical research
may be directed toward a question in
any field related to medicine and may
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include laboratory or clinical research
and quality improvement studies.
The project will culminate in a poster
presentation at the annual Medical
Student Il Poster Session held every
Fall quarter at their Foundations Site.

Scholarship of Integration involves
a complete systematic literature review
to answer an unresolved scientific
question relevant to medicine.
Alternatively, students can complete a
systematic literature review to analyze
an issue in medicine or to perform a
historical investigation. In the process,
they work with our Health Sciences
Librarian to learn to effectively search
medical databases and are guided by a
Faculty Mentor as they interpret studies
and synthesize this information to draw
a conclusion.

This 1l program culminates in a
final paper due in September after the
Summer term. Students in this program
are welcome to present a poster of
their work at the Fall 2019 Medical
Student Ill Poster Session held at
their Foundations Site, but this is not a
requirement.

For more information:
Primary contact:
Education Specialist:
Rachel Liao, somiii@uw.edu
Faculty Director:
Dr. Shobha Stack
Website:
https://sites.uw.edu/somcurr2/iii-
scholarship-requirement/start-here/
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Triangles of Pain; Understanding the Symptoms
that Accompany Sternoclavicular Pathology

he sternoclavicular joint (SCJ)
I can develop all of the same
conditions seen in the body’s
other diarthrodial joints, including
arthritis, instability and intra-articular
disk tears. Pathological changes in the
joint can produce effusions, abnormal
motion, or pain. And like other joints,
patients may perceive pain arising
from the SCJ as pain in that location,
or it may be perceived elsewhere, a
phenomenon called referred pain.
When the SCJ refers pain elsewhere,
the result is often an orthopaedic
misdiagnosis or, even worse, a patient
being told that there is nothing wrong
when (s)he may have a treatable joint
problem.

A knowledge of how referred pain
occurs—first described by 19th-century
anatomist John Hilton in his classic
monograph “On Rest and Pain”—can
keep orthopaedic surgeons from being
fooled, and their patients from being
mistreated or written off as having

Levator scapulae:

Winston J. Warme, MD

psychosomatic illness.

Hilton, who was sometimes called
“Anatomical John” by his colleagues,
famously stated that in patients with
referred pain “one of the earliest
symptoms is remote from the actual seat
of mischief” (1). When we apply this to
the SCJ, we find that symptoms there
can masquerade as neck, shoulder and
infraclavicular pain.

SCJ symptoms can be understood
if one considers the innervation of
the sternoclavicular joint, the related
anatomical structures and Hilton’s
Law. First articulated in 1863, (2) and
revisited recently, (3) Hilton’s Law holds
that “The same trunks of nerves whose
branches supply the groups of muscles
moving a joint furnish also a distribution
of nerves to the skin over the insertions
of the same muscles; and...the interior
of the joint receives its nerves from the
same source.”

For example, patients with adhesive
capsulitis (“frozen shoulder”) may

present with pain in the axillary
sensory distribution (that is, in the C5
dermatome); they—and sometimes
their surgeons—may be confused as to
why the outside of the arm upper arm
hurts when the problem arises from the
shoulder. Understanding Hilton’s Law is
the key to the answer.

Applying this to the SCJ, we find that
the relevant neuroanatomy of the SCJ
explains why patients will often describe
“triangles of pain” that they feel, which
can radiate up their SCM, down the
trapezius and even below the clavicle
and out to the acromioclavicular joint.
Some patients will mainly experience
pain in one of these areas, such as
under the clavicle, or along the SCM
and do not describe a whole triangle
as painful. (See the diagram below to
review the muscular anatomy and the
described triangles.)

The SCJ capsule is innervated
by branches from the medial
supraclavicular nerve (C3,4) as well

Sternothyroid

Hyoid bone

Sternohyoid

Sternocleidomastoid

Pectoralis major

Basic medical key: https://basicmedicalkey.com/neck/
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as branches from the nerve to the
subclavius (C5,6). Many muscles
that attach to this joint capsule have
similar innervation, including the
subclavius muscle. This can account
for pain that SCJ patients feel along the
undersurface of the clavicle that follows
the subclavius muscle out towards the
ACJ. Similarly, the sternothyroid and
sternohyoid muscles, which attach
near the posterior SCJ capsule, are
innervated by the ansa cervicalis (C1-
3). The common root C3 contributes
to the medial supraclavicular nerve.
Therefore, it is not surprising that
patients with SCJ pathology will have
some altered sensation in the neck
and describe swallowing issues and
even a sensation of neck fullness.
Moreover, apart from the neurologic
connection, when one recognizes
that the sternothyroid and sternohyoid
muscles connect from the SCJ capsule
to the thyroid cartilage and hyoid
bone respectively, the simple act of
swallowing can pull on the inflamed
sensitive capsular tissue.

It is not clear that the spinal
accessory nerve, which also innervates
the trapezius and sternocleidomastoid
muscles, has any direct articular
branches to the SCJ. However, the
trapezius receives ventral rami from
C3 and C4 and the SCM receives
ventral rami from C2 and C3. Hence
there may be neural connections from
the C3 and C4 roots that explain how
SCJ capsular distension or stretching
from instability issues will radiate along
the SCM and even along the trapezius
toward the lateral clavicle, just as
hip joint injury can refer pain to the
medial aspect of the knee, along the
termination of the obturator nerve. It is
also plausible that patients with SCJ
pain will subconsciously “splint” the joint
by maintaining increased tone in the
trapezius, SCM, subclavius and even
pectoralis major and thus experience
additional pain in these muscles from
overuse.

Of course, the proximity of other
structures such as the trachea,
brachiocephalic veins, and other
anterior mediastinal structures, as well
as the sequelae of severe trauma to that
area (sometimes causing posterior SCJ
dislocations) all must be considered and
when present addressed appropriately.

But even patients with more-subtle
sternoclavicular swelling or instability
may report a sensation of fullness in

the throat, or even discomfort with
swallowing—all without any obvious
anatomical disruptions in those parts
of their bodies. Other patients will share
that the pain travels up the neck to
behind the ear, from that area down to
the ipsilateral shoulder, and even pain
under the clavicle that runs towards the
acromioclavicular joint.

These patterns may cause an
inexperienced physician to conclude
erroneously that more than one problem
is present, and perhaps even obtain
otolaryngology or spine consultations.
As most orthopaedic surgeons are
more familiar with managing problems
of the acromioclavicular joint, they may
try acromioclavicular joint injections or
even perform needless distal clavicle
resections to ameliorate symptoms
stemming from the more medial
“epicenter”—tactics that, of course, will
do nothing for pain arising from the SCJ.

Akeen diagnostician is one who has
learned to listen to his or her patients—
they’re trying their best to tell us what
is wrong—but where complicated
anatomy is concerned, as is the case
around the SCJ, good diagnosticians
will follow in the path of “Anatomical
John”. Paying attention to patterns of
referred pain around that joint, which
are readily decoded using Hilton’s
Law, can help patients understand
their symptoms, allay their fears,
save them unnecessary consults and
interventions, and hasten their journey
to healing.

Bibliography

1. Hilton, John. The Classic:
On Rest and Pain: Lecture XIV,
Clinical Orthopaedics and Related
Research® 467:2210-2214 (2009).

2. Hilton, John. On the Influence of
Mechanical and Physiological Rest, in
the Treatment of Accidents and Surgical
Diseases, and the Diagnostic Value of
Pain. London: Bell and Daldy: p. 96
(1863).

3. Hébert-Blouin MN, Tubbs
RS, Carmichael SW, Spinner RJ.
Hilton’s Law Revisited, Clinical Anatomy
27:548-555 (2014).

Discoveries 2020

27



2019 Japanese Traveling Fellows

Victoria M. Cannon, BA, Conor P. Kleweno, MD, and Reza Firoozabadi, MD, MA

The University of Washington
Department of Orthopaedics
and Sports Medicine hosted the
Japanese Orthopaedic Association
(JOA) Traveling Fellowship July 16-19,
2019. In conjunction with the American
Orthopaedic Association (AOA), the
fellowship promotes travel for the
exchange of medical ideas. On even
years US Fellows are chosen and travel
to Japan, while on odd years Japanese
Fellows are chosen and hosted by
American institutions. To date, the
department has four alumni of the JOA
Traveling Fellowship, Conor Kleweno,
MD in 2018, Reza Firoozabadi, MD
in 2016, Sean Nork, MD in 2004, and
Bruce Sangeorzan, MD in 1994. This
year, we were happy to host Taku
Hatta, MD from Sendai, Gen Inoue,
MD from Sagamihara, Takashi Kaito,
MD from Suita, Tomoyuki Matsumoto,
MD from Kobe, Shinji Miwa, MD from
Kanazawa, and Hiroaki Nakashima, MD
from Nagoya.

Upon arrival, they had a meet
and greet with Dr. Reza Firoozabadi
before Grand Rounds at Harborview
Medical Center early the following
morning. At Grand Rounds, they each
gave six-minute presentations on
a topic of their choosing. Dr. Hatta
talked about “Shoulder Biomechanics
of Treatment for Rotator Cuff Tear.”
Dr. Inoue presented on “Application
of the Allograft Bone for Spinal
Surgery: Differences Between the US
and Japan.” Dr. Kaito spoke on the
“Intervertebral Disc Regeneration with

Small Compounds and Cell-Based
Therapy.” Dr. Miwa spoke on the “Risk
Factors for Postoperative Deep Infection
in Bone Tumors.” Lastly, Dr. Nakashima
talked about “Lateral Access Surgery.”
Each presentation provided great
opportunities for group discussion and
learning for all attendees.

Following Grand Rounds on
Wednesday, the fellows were escorted
for photos with Drs. Howard Chansky,
Reza Firoozabadi, and Conor Kleweno,
then on to the OR to observe a couple
cases in spine surgery and one foot and
ankle case with Dr. Bruce Sangeorzan.
They enjoyed their afternoon with lunch
at Aerlume followed by a walk through
Pike Place Market. Afterwards, they had
a private tour of T-Mobile Park with Dr.
Kleweno including a chance to walk
onto the field. All of the fellows were
excited to pay homage to their hero
Ichiro Suzuki. The day ended with a
traditional barbeque dinner at the home
of Drs. Reza Firoozabadi and his wife,
Dr. Suzette Miranda, where the fellows
were able to socialize with Drs. Bruce
Sangeorzan, Conor Kleweno, David

Gendelberg, and a few other guests.

The fellows spent Thursday with
Dr. Albert Gee, where they were given
a tour of the Sports Medicine Clinic
and Husky Stadium, and also had the
opportunity to observe Dr. Chansky in
the OR at the University of Washington
Medical Center. The fellows and Dr.
Gee had a relaxing afternoon with fish
n’ chips for lunch at Ivar’s followed by an
afternoon of boating with Jason Maris,
PA-C. They ended their trip with a lovely
dinner at the Chanskys’ home, where
many faculty and family were invited to
socialize and further their discussions
from earlier in the week.

Drs. Firoozabadi, Kleweno, Gee,
and Chansky were happy to host the
six traveling fellows from Japan and
hope it was a productive experience to
everyone involved.
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University of Washington Medical Center
and Northwest Hospital Orthopaedics

William D. Lack, MD and Albert O. Gee, MD

he overarching story this year is

I the COVID-19 crisis which has

touched almost every facet of

our lives including the operations of the

University of Washington, UW Medicine
and our Department.

However, we want to first share the
good news and positive changes we had
prior to the onset of the pandemic. We
successfully completed the merger of
what were formerly UW Medical Center
(UWMC) and Northwest Hospital into a
single medical center on 2 campuses
(UW Medical Center is now formally
known as UWMC - Montlake and
Northwest Hospital has been renamed
UWMC - Northwest). The union of these
two hospitals leverages the efficiencies,
agility and accessibility of a community
hospital with the cutting-edge care,
research and teaching of UW Medical
Center (UWMC). The merger was
successfully completed on January 1st,
2020 and we are excited for this next
chapter and the exciting possibilities
that came with it. We welcomed a host
of new clinical faculty to our Department
who had been a part of NW Hospital and
this included:

Edward Blahous, DPM

Douglas Ichikawa, DPM

Cherie Johnson, DPM

Anthony Kim, DPM

Erik Lilja, DPM

Sara Mahmood, DPM

Christian Peterson, DO

(See below for a full list of our
combined clinical faculty and advanced
practice providers for UWMC)

Other faculty additions included Dr.
David Fitz who is the latest member of
our Arthroplasty Service at UWMC -
Northwest and joined us just this past
Fall after completing his fellowship at
Massachusetts General Hospital. As we
look to the future, we are very excited
to report the successful recruitment of
Dr. Jesse Roberts who will join Drs.
Thompson and Harwood on the Tumor
Service beginning this October. He is
completing his Sarcoma Fellowship at
the University of California-Davis and
prior to that completed his residency at
the University of Colorado. He will divide

University of Washington Medical Center Surgery Pavilion

his time between UWMC — Montlake
and Seattle Children’s Hospital. He
comes highly recommended by all who
have worked with him throughout his
training and we are confident he will
make a great addition to the faculty at
both sites.

The merger affected clinical care,
teaching and research activities.
Challenges regarding attending and
resident coverage of call across
hospitals was managed through
discussion between stakeholders
(orthopaedic resident and attendings
as well as representatives of other
departments). Under the leadership of
Dr. Kweon, the resident call schedule
and team allocation was adjusted,
leading to excellent care and a superb
educational experience for residents
across the two UWMC campuses. The
merger has also improved the ease with
which research may be carried out at
UWMC - NW, and multiple orthopaedic
studies have been initiated already this
year.

Like the rest of the world, the
COVID-19 pandemic has had a
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dramatic effect on all of our lives. Our
city and state were ordered to lockdown
in an effort to slow the spread of the
disease and “flatten the curve”. Elective
surgeries were postponed in order to
conserve resources and prepare for
the surge of COVID positive patients.
UWMC - NW took the brunt of UW
Medicine’s overall COVID patient
census and as a result all of the ORs
there were closed to divert personnel,
supplies and equipment to support the
efforts in caring for infected patients.
We continued emergent and urgent
orthopaedic surgeries at UWMC —
Montlake throughout the lockdown
period and it truly was a collaborative
effort as the faculty came together to
cover surgical cases and share OR time.
The educational mission of the residency
was maintained via videoconferencing
technology. We rapidly accelerated the
planned incorporation of telemedicine
throughout the health system virtually
overnight. This was a critical tool in
continuing to care for our patients and
most everyone found that the delivery
of care in this manner was better than
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University of Washington Medical Center Northwest Hospital

many had expected (so much so that
many of us are plan to continue its use
beyond the current crisis).

COVID-19 crisis notwithstanding,
we are happy to report that the faculty,
trainees, APPs and staff at both UWMC
campuses remain stable, productive
and steadily growing as we look to
explore the changes, benefits and
challenges of our new paradigm of
one medical center comprised of 2
campuses.

Full List of Faculty and APPs at
uUwmMC

Arthroplasty

Howard Chansky, MD, Paul
Manner, MD, Seth Leopold, MD, Navin
Fernando, MD, David Fitz, MD, Peter
Hall, PA-C, Michael Taylor, PA-C, Jason
Erickson, PA-C

Hand

Jerry Huang, MD, Sarah Beshlian,
MD, Stephen Kennedy, MD, Nicholas
lannuzzi, MD, Erin Miller, MD, Dennis
Kao, MD, Amanda Pedersen, PA-
C, Kaitlen Laine, PA-C, Jennifer
Stambaugh, PA-C

Podiatry

Edward Blahous, DPM, Douglas
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Ichikawa, DPM, Cherie Johnson, DPM,
Anthony Kim, DPM, Erik Lilja, DPM,
Sara Mahmood, DPM

Shoulder and Elbow

Frederick Matsen, MD, Winston
Warme, MD, Jason Hsu, MD, Alex
Bertelsen, PA-C, Kirsten Harvey, PA-C,
Emily Thach, PA-C

Spine

Viral Patel, MD, Carlo Bellabarba,
MD, Julianne Krause, PA-C, Connie Ly,
PA-C, EChing Bertelsen, PA-C.

Sports

Albert Gee, MD, Christopher Kweon,
MD, Mia Hagen, MD, Ken Chin, MD,
Christian Peterson, DO, Jason Maris,
PA-C, Lauren Colpo, PA-C, Priya Shah,
PA-C, Mahra Davidson, PA-C

Trauma

William Lack, MD, Florence Unno
MD, Wyatt Visca, PA-C

Tumor

Matthew Thompson, MD, Jared
Harwood, MD, Jesse Roberts, MD,
Jennifer Hamilton, PA-C, Stasia Turner,
ARNP

Orthopaedic Inpatient Service
(Montlake)

Janice Olivo, PA-C and Hannah
Bae, ARNP
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Orthopaedic Inpatient Service
(Northwest)

Katie Moore, PA-C and Sophie
Jeannot, ARNP



Seattle Children’s Hospital Orthopaedics

Acting Chief, Gregory A. Schmale, MD

ediatric orthopedic surgery
Premains one of the largest and

most active divisions of care
at Seattle Children’s. For the second
year in a row, we exceeded 42,000
outpatient clinic visits and performed
over 2100 surgeries despite numerous
challenges with operating room access.
Our programs in general pediatric
orthopaedics, pediatric trauma led
by Dr. Mark Dales, hand and upper
extremity led by Dr. Suzanne Steinman,
foot and ankle led by Dr. Vince Mosca,
tumor led by Dr. Antoinette Lindberg,
as well as the specialty programs noted
below continue to thrive.

After five years of exceptional
leadership, with growth of our division
in both number of care providers and
presence on the national meeting
scene, Dr. Suzanne Yandow has moved
on to focus her efforts as Associate
Surgeon in Chief at Seattle Children’s,
helping coordinate incident command
response to past operating room
challenges and now the COVID-19
pandemic. We have so appreciated her
leadership.

Pediatric Spine

This year we want to especially
thank Dr. Walter Krengel Il for his
exemplary leadership of the spine
division since 2008 as he steps back
into a supportive role for the division
and department, staffing outreach
clinics and being available for major OR-
case assistance, as well as a leading
the design of the new SCH operating
rooms. He is known nationally for his
clinical care, particularly for pediatric
cervical spine as well as complex
thoracolumbar deformity, and in being
so elevated the level of our clinical
program. Wally has been a unifying
presence throughout the last decade
in the department and ushered in a
number of quality and safety initiatives
for the division, including standardizing
perioperative spine management,
QSVI dashboards, the Spine at Risk
pre-anesthetic program, and a drawn-
out battle for patient reported outcome
collection. The spine division leadership
has now been transferred to Dr. Jennifer
Bauer who looks to build on what Dr.

|

seattle Children’s Hospital

Seattle Children’s Hospital

Krengel created.

The next year will bring continued
involvement and enrollment in
international research groups, including
the Pediatric Cervical Spine Study
Group (PCSSG) and the Pediatric
Spine Study Group (PSSG), which
focuses on early-onset scoliosis, both of
which feature SCH faculty in leadership
positions and have yielded a number
of research projects the past year. Dr.
Klane White, most active in PSSG along
with SCH pulmonologist Dr. Gregory
Redding, continues to focus on lung
function and quality of life in early onset
scoliosis, with several presentations
at national meetings this year. Dr.
Todd Blumberg has added depth to
his hip practice with a 3-month Boston
Children’s Hip Preservation Fellowship
this past winter, and will grow this
program as he continues to care for
spine patients.

Skeletal Health and Dysplasia

The Skeletal Health and Dysplasia
program at Seattle Children’s is a
global leader in the healthcare of children
with rare bone disorders and has
recently been designated as one of five
“Centers of Excellence” in the United
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States by the NIH funded consortium
— Lysosomal Disease Network (LDN).

Patients receive both specialized
clinical care and access to international
medical trials through our program, which
is currently offering both phase Il and Ill
trials for patients with achondroplasia.
Our faculty and medical staff represent
Seattle Children’s and University of
Washington by maintaining a strong
presence within Little People of America
(both nationally and locally), the
Osteogenesis Imperfecta Foundation
and the National MPS Society, among
others. Dr. White serves on the LPA and
Camp Korey Medical Advisory Boards
and the Scientific Advisory Board of the
National MPS Society.

This year marks a heartfelt
milestone for the Skeletal Dysplasia
team. After 15 remarkable years and
momentous contributions, Dr. Goldberg
will be retiring from clinical practice
and returning to Boston full-time. His
legacy will indeed live on in the DNA of
this program (pun intended!). Patients,
families, and staff alike are wholly
indebted to his contributions to the
Skeletal Health and Dysplasia program
at Seattle Children’s Hospital, and we
are deeply grateful for the many gifts
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which he has imparted upon our entire
division.

Sports Medicine

The Seattle Children’s Sports
Medicine Program is a multi-disciplinary
collaborative program that includes
sports orthopedic surgeons (Drs.
Michael Saper and Greg Schmale),
sports medicine trained pediatricians
(Drs. Monique Burton, Tom Jinguiji,
John Lockhart, Kyle Nagle and Celeste
Quitiquit) and a physiatrist (Dr. Brian
Krabak), an adolescent medicine
physician (Dr. Cora Breuner), physician
assistants (Jeanette Kotch, Leslie
Rodriguez, Kari Robertson), 6 in clinic
certified athletic trainers, 54 certified
regional high school athletic trainers,
and over 20 sports physical therapists.

We deliver care at multiple sites
metropolitan Seattle sites as well as
regional clinics including Yakima,
Wenatchee and Olympia. Our sports
providers see over 6000 visits
annually. We provide care for sports
and physical activity related injuries
and medical concerns. Our visits
include comprehensive evaluations that
address not only their current concerns,
but also any predisposing factors and
ways to prevent injury in the future. Our
sports concussion program provides
detailed evaluations and management
plans for over 500 concussion patients
annually.

Our two full-time sports surgeons,
Drs. Michael Saper and Gregory
Schmale, remain busy treating patients
with ACL tears, patellar instability,
and shoulder instability, as well as
osteochondritis dissecans of the elbow,
knee, and ankle, having performed
nearly 350 sports-related surgeries in
the past year. Each of our surgeons
are members of the Pediatric Research
in Sports Medicine society Research
Interest Groups and are currently
participating in multicenter studies of
meniscal tears and discoid menisci,
tibial spine fractures, rehabilitation after
ACL injury, and the treatment of medial
epicondyle fractures.

Our sports pediatricians and
physiatrist provide sports medicine
coverage at local high schools as
well as international events including
USA Track and Field, USA Swimming,
USA Ski and Snowboarding including
World Championships, World Cups an
Olympic Games.

Now in its twelfth year, the Athletic

32

Training Program has emerged as the
regional leader in providing on-site
healthcare for young student-athletes
and is one of the largest of its kind in
the country. Our high school athletic
trainers are located at 41 greater Puget
Sound area high schools, providing
excellent care for our student-athletes
as well as involved in over 100 outreach
organizations including the Reign
Academy, Girls on the Run, Special
Olympics, Disc NW, Derby Brats and
UW sports camps. This group provided
over 65,000 assessments including
over 600 concussions and over 100,000
treatments to young athletes.

Areas of future growth and
development related to aspects of
being a young physically active person,
including continued incorporation of
musculoskeletal ultrasound within our
sports medicine practice, integration
of sports medical conditions and
subspecialties, growth of our care
for athletes with disabilities, and the
addition of sport psychology and sports
nutrition.

Seattle Children’s cares for all
young people in the diverse aspects of
their life. A child’s “job” is to learn and
play. Our sports program’s goal is to
provide multi-disciplinary collaborative
care to patients of all abilities to help
restore, and ideally, enhance their level
of function whatever that may be. We
will continue to expand upon our current
sports program foundation to provide
care for the whole child whether that
may be adaptations after recovering
from a serious medical condition,
general wellness and fitness goals,
elite athlete performance aspirations,
or sports related injury or illness, and
get them back to what they enjoy most,
which is to play.

Neuromuscular Program

Our program in the care of patients
with neuromuscular disorders led by Dr.
Suzanne Yandow continues to grow,
with over 11,000 clinic visits at Seattle
Children’sinthe last year for patients with
cerebral palsy, treated in collaboration
with Pediatric Rehabilitative Medicine,
Neurodevelopmental Medicine,
Neurology, Neurosurgery, Physical
Therapy and Orthotics.

Multidisciplinary Orthopedic/
Rehabilitation and Surgical Tone
Management clinics help to develop
integrated care plans. Dedicated
specialized physical therapists with
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expertise in neuromuscular disorders
work with practitioners and orthotists
to optimize the care of our children with
cerebral palsy.

Many patients are enrolled in the
Cerebral Palsy Research Network with
opportunities to participate in ongoing
research studies. A Motion Analysis Lab
and expansion of outcomes research
are planned for 2020/2021.

Research

With more than 100 open studies,
including industry sponsored clinical
trials, investigator initiated research
grants, as well as multi-center national
studies, our faculty at Seattle Children’s
are actively involved in research for a
wide variety of pediatric conditions. This
year, Dr. Bauer was the recipient of
Seattle Children’s Academic Enrichment
Fund for her study on pediatric spinal
fusions. Drs. Schmale and Blumberg
are the site Pls for national studies
funded by the Pediatric Orthopedic
Society of North America (POSNA).

Our faculty continue participating
in national and international research
groups such as The Children’s Spine
Foundation, CORTICES, CoULD
registry, SDMC and PRiSM with
presentations at numerous academic
societies, including AAOS, POSNA,
SRS and PRIiSM. It is our goal to
strengthen our involvement in outcomes
research and continue to increase the
national recognition of our clinical and
research programs.



Harborview Medical Center Orthopaedics

019-20 saw the well-deserved
2promotions of Lisa Taitsman,

MD to Professor, and Stephen
Kennedy, MD to Associate Professor
in the Department of Orthopaedics
and Sports Medicine. Dr. Taitsman has
also been elected as new Director for
the American Board of Orthopaedic
Surgery. Dr. Kennedy has been
appointed as Associate Residency
Program Director, joining the other
Associate Directors, Dr. Taitsman and
Dr. Nick lannuzzi.

Daphne Beingessner, MD, has
been appointed Vice-Chair of Quality
Improvement for the Department of
Orthopaedics & Sports Medicine, which
she has added to her existing role
as Harborview’s Surgical Director for
Quality Improvement. Rick Bransford,
MD has been elected as Chair of the
AO Spine North America Education
Committee. Brad Henley, MD is
currently Chair of the AAOS Governance
Committee and Chair of the AAOS
Coding, Coverage and Reimbursement
Committee. Dr. Henley is also the
Physician Operations Lead for the
University of Washington Physicians.
Conor Kleweno, MD is completing

Chief, Carlo Bellabarba, MDCM

his term as member of the AO North
America Fellowship Committee and
the Orthopaedic Trauma Association
Podcast Committee. Dr. Kleweno
is also the newly elected Chair of
the Orthopaedic Trauma Association
Membership Committee and has been
appointed to the Washington State
Department of Health, Technology
Review Committee.

Medical Center

Harborview was operating in a
‘business as usual’ fashion until late
winter, grappling with the challenges
associated with high patient demand
for both trauma and elective care that
exceeded hospital capacity, until the
institution’s focus shifted sharply in
mid-March to provide for the region’s
needs during the current Coronavirus
Pandemic. The institution is currently
returning to a modified version of usual
operations as the need to care for
Covid-19 patients decreases.

Clinical Care

The 2019-20 year has seen continued
stability in terms of orthopaedic faculty
and had seen an equally stable

A Koy, M2 7R

(Left to right) Lisa A. Taitsman, MD, MPH, Orthopaedic Trauma Faculty, and Stephen A. Kennedy, MD,

FRCSC, Orthopaedic Hand Surgery Faculty
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volume and complexity of orthopaedic
conditions being treated. In mid-March,
we joined other departments and the
institution as a whole in adapting our
practices to allow for a shift in resources
to pandemic-readiness. As with most
individuals, businesses and industries,
we continue to adapt to our new
circumstances, which have resulted
in a significant change in the way we
function and a considerable economic
impact on the Department and the
Medical Center. Although non-urgent
surgical procedures were canceled for
two months, from mid-March through
mid-May, our role as the region’s level
one trauma center kept the various
orthopaedic services functioning at over
50% of our normal capacity during this
designated two-month hiatus, with our
clinical workload having since returned
to near-normal levels.

Research and Education

Under the direction of research
coordinator Julie Agel, MA, and the
Director of Clinical Research, Reza
Firoozabadi, MD, the Harborview
orthopaedic faculty continue to conduct
a variety of prospective and multi-
center research studies, as well as
retrospective clinical studies and
basic science projects, and have
maintained a leadership role worldwide
in helping determine how orthopaedic
conditions are best evaluated and
treated. Harborview also continues to
be a key contributor to the multicenter
Major Extremity Trauma Research
Consortium (METRC), with the goal
of enhancing the quality of trauma
care globally. The pandemic has had
a paradoxical effect on our research
operations, as large-scale clinical
studies have had to cease enroliment
for the time being, whereas the short
period of decreased clinical workload
imposed by the pandemic has had the
indirect benefit of providing increased
time for faculty to focus on research
endeavors.

Harborview remains akey component
of the University of Washington
Department of Orthopaedics’ teaching
program, which provides ample learning
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Scene from orthopaedic spine operating room during Covid-19 pandemic

opportunities for a large number of our
fellows, residents, medical students
and advanced practice providers as
well as for visiting surgeons who travel
from throughout the globe year-round to
immerse themselves in the Harborview
orthopaedic experience first-hand.
These teaching programs have also
had to adapt to current circumstances.
Resident rotations were temporarily
altered to accommodate a shift in our
needs while allowing greater distancing
in order to decrease the potential
for the spread of illness within the
department that could compromise
our ability to provide much-needed
care to the community. Teaching
conferences have largely been done
through teleconferencing sites, for
similar reasons. Our visiting surgeon
programs have been suspended for
the time being. We look forward to the
return to pre-Covid-19 activities.
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VA Puget Sound Orthopaedics

The Puget Sound Veteran’s
Administration (VA) Medical
Center is a tertiary referral
center within the VA Northwest Health
Network, helping to serve patients from
Washington, Alaska, Montana, Idaho,
Wyoming, and parts of Oregon. We
continue to provide the highest level
of care for our veterans while training
future surgeons and advancing the field
of orthopaedics through research.
Over the past few months, the VA
has adapted to the changing healthcare
landscape in response to the COVID-19
pandemic. Like other facilities within the
University of Washington system, the
VA has been quick to adopt telephone
and video visits. Elective surgeries have
been postponed, and patients are been
evaluated and treated remotely when
possible. The VA has adjusted staffing
to prepare for a potential surge in
COVID patients, and providers at the VA
have volunteered their time to perform
screening activities in addition to their
normal clinical duties. Dr. Harwood has
also given his time to respond to the
COVID healthcare crisis. In April, Dr.
Harwood joined his reserve unitin New
York City in order to provide medical
care to those affected by COVID-19.
Dr. Harwood has since returned from
his deployment, healthy, and we are
truly appreciative of his service..
Researchers here at the VA
have also been instrumental to the
COVID-19 response. Members of
the musculoskeletal research team
have been working along with others
to develop 3-D printed masks that can
protect healthcare workers from the
continued spread of COVID-19. As a
part of this effort, Dr. Lack and myself
worked with members of the team and
Boeing in order to develop and fit test
prototype masks. The efforts by the
researchers at the VA are appreciated.
We are fortunate to have such ingenious
and capable colleagues. In addition to
the lab director, Bruce Sangeorzan,
MD, the musculoskeletal investigators
group includes Bil Ledoux, PhD, Dan
Norvell, PhD, Patrick Aubin, PhD,
Joseph laquinto, PhD, Brittney Muir,
PhD, Christopher Richburg, PhD, and

Chief, Nicholas P.

lannuzzi, MD

VA Puget Sound Health Care System - Seattle Division

Jiang Cheng, PhD. The work done in
the Center is supported by grants from
the Department of Veterans Affairs, the
NIH, The DoD and other agencies

As of July, the VA has continued a
gradual reopening, and discussions
remain ongoing as to how we will
transition back towards more normal
operations. As these normal duties
resume, Drs. Lack, Harwood, Chansky,
Sangeorzan, Gee, and myself will be
present to cover nearly all orthopaedic
subspecialties including Hip and Knee
arthroplasty, Foot and Ankle surgery,
Shoulder and Sports Medicine, and
Hand and Upper Extremity surgery. As
attendings, we have the great privilege
to work with a number of residents and
medical students, including a Chief
Resident, two PGY-4’s, a PGY-3, and a
PGY-2. We are extremely fortunate for
the residents’ assistance as they work
to cover a busy and diverse service.

Our physician extender team is
one of the highlights of the VA. Dustin
Higbee, PA-C, Steve Casowitz, PA-C,
Amy Katzenmeyer, NP, Renato Rafi,
PA-C, and Martin Hendricks, PA-C
assist in both the operating room and
clinic and provide excellent care for our
veterans.

Not to be overlooked are two of the
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most important members of our team.
Monette Foltan, RN and Katherine
German, RN are our nurse coordinators,
serving in this role for 16 and 8 years,
respectively. Nurse Coordinator is
hardly an adequate description of the
role that they serve, as they manage the
logistics behind complex clinic and OR
schedules while serving as a primary
point of contact between the veteran
and the orthopaedics service. Cindy
Lostoski remains our administrative
assistant, but Diane Diggins has retired
as our service line manager. Rosemary
Melomey, our new service line manager
has been an excellent new addition, and
she continues to handle our day-to-day
administrative duties while keeping us
allin line.

The Puget Sound VA Orthopaedic
Surgery Service has faced a number
of challenges as a result of the ongoing
COVID-19 healthcare crisis. Despite
these challenges, the Orthopaedics
Service has continued to provide
exceptional clinical care in the service
of America’s Veterans, and we look
forward to continuing this service for
years to come.
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Orthopaedic Surgery Residency Program

Christopher Y. Kweon, MD, Nicholas P. lannuzzi, MD, Stephen A. Kennedy, MD, FRCSC,
and Lisa A. Taitsman, MD, MPH

he University of Washington
I Department of Orthopaedics &
Sports Medicine continues to be
a top training destination for orthopaedic
education. The unique challenges to our
healthcare system as well as to all of
our personal and professional lives
during the unprecedented COVID-19
crisis has provided an opportunity for
the residents, staff, and faculty to truly
demonstrate the qualities that define
our residency training program. Our
orthopaedic surgery residents are
consistently lauded as some of the
hardest-working, brightest, skilled, and
selfless trainees at the University of
Washington. During times of stress and
true crisis, they have continually lived
up to our mantra of keeping patients
and our community as a top priority
and focus. The residents have adjusted
to the challenges during the past year
and have consistently taken great
care of patients in unwavering fashion.
Our residents are truly remarkable.
The residents and faculty have
demonstrated every single day what it
means to be an orthopaedic surgeon at
the University of Washington.

A strong and lasting bond between
the department, faculty, and every
graduating resident is the ultimate
goal of every orthopaedic surgery
residency program. Some highlights in
the past year include the full integration
of Northwest Hospital’s orthopaedic
services into the department. This
integration will provide additional
opportunities for our residents to
develop and enhance their skills
by caring for patients with more
common, community-level orthopaedic
conditions. With the growing number
of cases and volume, our residency
has taken the opportunity to enhanced
its long-standing relationship with
the Madigan Army Medical Center
Orthopaedic Surgery Residency
Program. Additional residents from their
renowned military program will rotate
through the University of Washington
program and will benefit from these
increased educational opportunities.
The program again has recruited and
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matched a diverse group of talented
medical students into our PGY-1
class set to start in June 2020. Our
excitement as we anticipate these
future physician-surgeons’ professional,
personal, and academic over the next
five years is matched only by their
individual enthusiasm for starting the
next stage of their lives in Seattle.
As we look towards the future of the
program, we are also thankful for those
who are completing their training. The
seven graduating chief residents have
given so much to the program and the
patients in our community over the past
five years. We look forward to seeing
all the ways in which they will use the
skills they have developed to give to
their future communities as physician
surgeons.

Despite the challenges that
COVID-19 has brought to the healthcare
community and the uncertainty it will
bring moving forward, there are several
things of which we can all be certain
for years to come. The University of
Washington Orthopaedic Surgery
Residency Program will continue to

graduate skilled and compassionate
physician-surgeons who make a
difference in their communities and in
the field of orthopaedic surgery. As we
turn the chapter on a truly historic and
difficult time for our country, it is this
certainty that allows many of us to take
comfort in what we do for the program
and what we will continue to do for each
other and all of our patients.
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Graduating Residents
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Prashoban Bremijit, MD

After graduation, Prash will be moving to
Chicago to begin a fellowship in Arthroplasty and
Joint Replacements at Rush University Medical
Center. After his fellowship, he plans on returning
home to the Pacific Northwest to start his practice
alongside his fiancee and soon-to-be wife Jamie,
a general surgery resident.

Thomas Byrnes, MD

After graduation, Thomas, his wife, Mariam,
and their nine-month-old daughter, Layla, will be
moving to Philadelphia where he will complete
a fellowship in Sports Medicine at the University
of Pennsylvania. After fellowship, they will return
to Seattle where Mariam will start dermatology
residency at UW and Thomas will start practice.

Matthew Folchert, MD

Matt and his wife Jacki with their golden doodle
Remi will be moving to Philadelphia to complete
a fellowship in Hand Surgery at the Philadelphia
Hand to Shoulder Center. Afterwards, they will
decide whether to stay in the greater Philadelphia
area or to explore another part of the country.

Boris Kovalenko, MD

Boris will return to Atlanta, GA to begin a
fellowship in Adult Reconstruction at Emory
University. His fiancée, Maansi Dave, will stay
in the Seattle area as she advances her career
at Zillow. Afterwards, he hopes to return west to
begin practice.
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Graduating Residents

Brett Schiffman, MD

After graduation, Brett and his wife Margaret will
be moving to Baltimore where he will complete a
fellowship in Hand Surgery at the Curtis National
Hand Center. Afterwards, they hope to settle
somewhere warm and sunny.

Christopher Tipton, MD

Cody, his wife, and beautiful two children,
Cohen and Sloane, will be moving to Taos, New
Mexico to begin fellowship in Sports Medicine.
There he will assist as team physician to the United
States Ski and Snowboard Team. After completion
of fellowship, the Tiptons hope to return to the
Pacific Northwest.

Anthony Yi, MD

Anthony will move to Boston, Massachusetts
to complete a fellowship in Orthopaedic Foot &
Ankle Surgery at Harvard Brigham and Women’s
Hospital. Joanna, his fiancée, will join him after
she completes her Nurse Practitioner Fellowship in
Hospitalist Medicine at Virginia Mason. They plan
ultimately to return to Washington, where they both
grew up and where their families live.
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Incoming Residents
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.

Nate Benner, MD

Nate grew up in southern Vermont. He attended
the University of Vermont where he obtained
a B.S. in Neuroscience and subsequently his
medical degree. Outside of medicine, Nate enjoys
skateboarding, snowboarding, playing guitar, and
coffee.

Eli Bunzel, MD

Eli Bunzel grew up in New York City and
attended Hamilton College, where he earned
a BA in Biology and Art History. He attended
medical school at the University of Utah. Outside
of the hospital, Eli enjoys hiking, backpacking, trail
running, skiing (both backcountry and inbounds),
soccer, cooking and seeing live music.

Gabrielle Bui, MD

Gabrielle grew up in lowa City, lowa before
attending the University of lowa for college and
medical school. Her specialties of interest include
trauma, joints, and hand. In her spare time, she
enjoys running, hiking, skiing, and supporting the
performing arts.

Arthur McDowell, MD

Arthur was born and raised in Atlanta, GA and
attended Morehouse College for his undergraduate
studies. He earned his medical degree from
Howard University in Washington, DC. His areas
of interest include trauma, arthroplasty, and sports
medicine. In his spare time, he enjoys watching and
playing football, baseball, and basketball.
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Incoming Residents

Zachary Mills, MD

Zachary was raised in Austin, Texas. He
attended Rice University in Houston for his
undergraduate studies. He obtained his medical
degree as part of the inaugural class of UT Austin’s
Dell Medical School. In his free time, Zachary bakes
bread, brews coffee, and stays active working out,
rock climbing, hiking, or playing tennis.

Joseph Sliepka, MD

Joey grew up in Houston, Texas. He attended
Harvard University for his undergraduate studies
and earned his medical degree at Baylor College
of Medicine. His areas of interest include sports
medicine, arthroplasty, and pediatrics. Outside
of work, Joey enjoys playing baseball and piano.

Brian Vasquez, MD

Brian grew up in San Juan Capistrano, CA
and attended the University of Southern California
for his undergraduate studies. He completed his
medical degree at the University of California,
Davis. Outside of work he enjoys cooking,
exercising, and spending time with his wife and
family.

Jonathan Yamaguchi, MD

Jon grew up in Phoenix, AZ and graduated from
the University of Arizona. He completed his medical
education at Northwestern University Feinberg
School of Medicine including an MS in Clinical
Investigation. His current interests include trauma,
spine, and oncology. Outside of work, he enjoys
photography, bouldering, and cooking.

Discoveries 2020

41



ACEs and Fellows

Adam Albaba, MD J. Imani Dupree, MD Jonathan Kark, MD
Foot & Ankle Foot & Ankle Spine

Chelsea Boe, MD lain Elliott, MD Erik Magnusson, MD
Hand Trauma Trauma

Sean Campbell, MD Derrick Foge, MD Chelsea Mathews, MD
Trauma Spine Foot & Ankle

Kim Driftmier, MD Syed Gilani, MD Ugochi Okoroafor, MD
Spine Oncology Hand
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ACEs and Fellows

Joseph Patterson, MD Jonathan Vaux, DO
Trauma Oncology

Brian Pridgen, MD Stephen Wallace, MD
Hand Trauma

Rufus Van Dyke, MD John Wu, MD
Shoulder & Elbow Shoulder & Elbow

Samuel Van de Velde, MD Kent Yamaguchi, MD
Pediatrics Hand
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Research Grants
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National Institutes Of Health

A Randomized Controlled Pilot Study Evaluating the
Efficacy of Early Glenohumeral Cortisone Injection in
Patients with Shoulder Stiffness Following Proximal
Humerus Fractures

Jonah Hebert-Davies, MD

Blood Flow Restriction for Anterior Cruciate
Ligament Reconstruction
Scott Telfer, EngD

Collagen Assembly in Intervertebral disc
Russell J. Fernandes, MSc, PhD
David M. Hudson, PhD

Collagen Cross-Linking in Skeletal Aging and Diseases
David R. Eyre, PhD

David M. Hudson, PhD

Russell J. Fernandes, MSc, PhD

Jiann-diu Wu, PhD

Conventus CAGE™ PH for use in Proximal Humerus
Fracture Fixation
Jonah Hebert-Davies, MD

Identifying osteoporosis genes by whole genome
sequencing and functional validation in zebrafish
Ronald Y. Kwon, PhD

Instrumented Footwear to Measure Plantar Tissue
Properties

Scott Telfer, EngD

William R. Ledoux Il, PhD

Modeling, Design, and Testing of a Joint Replacement
for MTPJ1

Peter R. Cavanagh, PhD, DSc

William R. Ledoux Il, PhD

Bruce J. Sangeorzan, MD

Scott Telfer, EngD

Muscle Atrophy and Bone Anabolism
Ted S. Gross, PhD

Steven D. Bain, PhD

Ronald Y. Kwon, PhD

Edith M. Gardiner, PhD

Leah E. Worton, PhD

Neuroskeletal Systems Biology in Zebrafish
Ronald Y. Kwon, PhD

Static Preload Confounds Bone Anabolism
Sundar Srinivasan, PhD

Steven D. Bain, PhD

Ted S. Gross, PhD

Suppression of Bone Mechanotransduction
by the Beta 2 Adrenergic Receptor

Edith M. Gardiner, PhD

Sundar Srinivasan, PhD

Steven D. Bain, PhD

Leah E. Worton, PhD

Ronald Y. Kwon, PhD

Veterans Affairs Rehabilitation Research and
Development Service

Quantitative Prescription of Foot Orthoses: A Dose
Response Study of Kinematics in Patients with Foot
and Ankle Pain Using Biplane Fluoroscopy

William R. Ledoux Il, PhD

Peter R. Cavanagh, PhD, DSc

Scott Telfer, EngD

Bruce J. Sangeorzan, MD

VA Center for Limb Loss and MoBility (CLiMB)
Bruce J. Sangeorzan, MD

Do Rocker Bottom Shoes and Ankle-Foot
Orthoses Reduce Pain and Improve Mobility
for Ankle Osteoarthritis Patients?

Bruce J. Sangeorzan, MD

Patrick M. Aubin, PhD

AO North America

AO North America Orthopaedic Trauma Fellowship
David P. Barei, MD

AO Trauma North America
Reza Firoozabadi, MD, MA

AO Spine North America Fellowship
Richard J. Bransford, MD

American Shoulder and Elbow Surgeons

ASES 2019 Fellowship Program Grant
Winston J. Warme, MD

Acumed

Acumed Non-Clinical Biomechanical Study Using FDA
Approved Device

Jerry |. Huang, MD

Kent Yamaguchi, MD

Scott Telfer, EngD

Antegrade Intramedullary Compression Screw Fixation
of Metacarpal Fractures: a CT and Cadaver Study
Jerry |. Huang, MD

Don Hoang, MD
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Research Grants

Arthrex, Inc.

Arthrex Education Grant
Jerry |. Huang, MD

Arthrex Fellowship Educational Grant
Winston J. Warme, MD

Baylor College Of Medicine

Pathogenesis of Novel Forms of Osteogenesis
Imperfecta

David R. Eyre, PhD

David M. Hudson, PhD

Russell J. Fernandes, MSc, PhD

Brotman Baty Institute

Single Cell Atlas for Regeneration
Ronald Y. Kwon, PhD

DePuy, Inc.

DePuy Synthes AO Basic Course R2s
Douglas P. Hanel, MD

Foundation for Physical Therapy Research

The Effectiveness of Blood Flow Restriction to Increase
Function Following Anterior Cruciate Ligament
Reconstruction: A Pilot Randomized Controlled Trial
Cristine Agresta, PhD

Scott Telfer, EngD

Albert O. Gee, MD

In Situ Therapeutic Solutions, Inc.

Focal Inhibition of Heterotopic Ossification
Steven D. Bain, PhD

Reza Firoozabadi, MD, MA

Ted S. Gross, PhD

Integra LifeSciences Corporation

A Post-Market, Prospective, Non-Randomized,
Multi-Center, Open-Label Clinical Evaluation
of the Integra® Cadence™ Total Ankle System
in Primary Ankle Joint Replacement

Michael E. Brage, MD

Institute for Stem Cell and Regenerative Medicine
A Novel Wnt Interaction Underlying Appendage

Regeneration
Ronald Y. Kwon, PhD

Johns Hopkins University

A Prospective Randomized Trial to Assess PO Versus IV
Antibiotics for the Treatment of Early Post-Op Wound
Infection after Extremity Fractures

Reza Firoozabadi, MD, MA

Bruce J. Sangeorzan, MD

Conor P. Kleweno, MD

Daphne M. Beingessner, MD

David P. Barei, MD

Lisa A. Taitsman, MD, MPH

M. Bradford Henley, MD

Michael E. Brage, MD

Robert P. Dunbar, MD

Sean E. Nork, MD

Stephen K. Benirschke, MD

Complications and Safety of Blood Clot Prevention
Medicines Used in Orthopedic Trauma Patients
Reza Firoozabadi, MD, MA

Effect of Early Weight Bearing on Rehabilitation
Michael F Githens, MD

Supplemental Perioperative Oxygen to Reduce
Surgical Site Infection After High Energy
Fracture Surgery

Armagan H. C. Dagal, MD

Bruce J. Sangeorzan, MD

Conor P. Kleweno, MD

Daphne M. Beingessner, MD

David P. Barei, MD

Douglas G. Smith, MD

Lisa A. Taitsman, MD, MPH

M. Bradford Henley, MD

Reza Firoozabadi, MD, MA

Robert P. Dunbar, MD

Sean E. Nork, MD

Stephen K. Benirschke, MD

The Major Extremity Trauma Research Consortium
Reza Firoozabadi, MD, MA

Medical University Of South Carolina
Pulmonary Embolism Prevention after Hip and
Knee Replacement (PEPPER)

Navin D. Fernando, MD

Omega Medical Grants Association, LLC

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

Omega Trauma Fellowship
David P. Barei, MD
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Research Grants

Orthopaedic Trauma Association

An Imaging Framework for Clinically Testing New
Treatments to Prevent Post-Traumatic OA
Conor P. Kleweno, MD

COTA Trauma Fellowship
David P. Barei, MD

Synthes USA

Synthes Request For Basic AO Course R2s
Douglas P. Hanel, MD

The Journal of Bone & Joint Surgery

Resident Journal Club Program
Seth S. Leopold, MD

University of Pittsburgh

Surgical Timing and Rehabilitation (STaR) for Multiple
Ligament Knee Injuries (MLKs): A Multicenter Integrated
Clinical Trial

Albert O. Gee, MD

Amy Cizik, PhD, MPH

Christopher Y. Kweon, MD

US Department of Defense

Clinical Evaluation of ReHeal Negative-Pressure
Wound Therapy Glove

Christopher H. Allan, MD

UW Royalty Research Fund

A Novel Wnt Interaction Underlying Genetic

Risk for Osteoporosis
Ronald Y. Kwon, PhD
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Department Publications 2019-2020

A list of publications authored by our faculty from January 2019 to July 2020. Our faculty members names are in
bold type.

1. Abola MV, Teplensky JR, Cooperman DR, Bauer JM, Liu RW. Pelvic Incidence in Spines With 4 and 6 Lumbar Vertebrae. Global
Spine J. 2019 Oct;9(7):708-12.

2. Acosta AM, Li YJ, Bompadre V, Mortimer A, Trask M, Steinman SE. The Utility of the Early Postoperative Follow-up and Radiographs
After Operative Treatment of Supracondylar Humerus Fractures in Children. J Pediatr Orthop. 2020 May/Jun;40(5):218-22.

3. Acosta AM, Steinman SE, White KK. Orthopaedic Manifestations in Turner Syndrome. J Am Acad Orthop Surg. 2019 Dec
1;27(23):e1021-€8.

4. Adams MR, Koury KL, Mistry JB, Braaksma W, Hwang JS, Firoozabadi R. Plantar Medial Avulsion Fragment Associated With
Tongue-Type Calcaneus Fractures. Foot Ankle Int. 2019 Jun; ;40(6): 634-40.

5. Aklilu S, Barei DP, Chew FS. Disengagement and intrapelvic migration of a dynamic helical hip screw. Radiology case reports.
2019 Feb;14(2): 291-7.

6. Bain SD, Huber P, Ausk BJ, Kwon RY, Gardiner EM, Srinivasan S, Gross TS. Neuromuscular dysfunction, independent of gait
dysfunction, modulates trabecular bone homeostasis in mice. J Musculoskelet Neuronal Interact. 2019 Mar 1; ;19(1):79-93.

7. Baldini A, Blevins K, Del Gaizo D, Enke O, Goswami K, Griffin W, Indelli PF, Jennison T, Kenanidis E, Manner P, Patel R, Puhto
T, Sancheti P, Sharma R, Sharma R, Shetty R, Sorial R, Talati N Tarity TD, Tetsworth K, Topalis C, Tsiridis E, A WD, Wilson M. General
Assembly, Preventlon Operatlng Room - Personnel: Proceedlngs of International Consensus on Orthopedlc Infections. J Arthroplasty. 2019
Feb;34(28):897-S104.

8. Bauer JM, Ditro CP, Mackenzie WG. The Management of Kyphosis in Metatropic Dysplasia. Spine Deform. 2019 May;7(3):494-
500.
9. Bauer JM, Yanamadala V, Shah SA, Sethi RK. Two Surgeon Approach for Complex Spine Surgery: Rationale, Outcome,

Expectations, and the Case for Payment Reform. J Am Acad Orthop Surg. 2019 May 1;27(9):e408-e13.

10. Bauer JM, Yorgova P, Neiss G, Rogers K, Sturm PF, Sponseller PD, Luhmann S, Pawelek JB, Shah SA, Growing Spine Study G.
Early Onset Scoliosis: Is there an Improvement in Quality of Life With Conversion From Traditional Growing Rods to Magnetically Controlled
Growing Rods? J Pediatr Orthop. 2019 Apr;39(4):e284-€8.

1. Bayomy AF, Bompadre V, Schmale GA. The Impact of Transphyseal Anterior Cruciate Ligament Reconstruction on Lower Extremity
Growth and Alignment. Arthroscopy : The Journal of Arthroscopic & Related Surgery: Official Publication of the Arthroscopy Association of
North America and the International Arthroscopy Association. 2019 Mar;35(3):940-9.

12. Bessette MC, Westermann RW, Davis A, Farrow L, Hagen MS, Miniaci A, Nickodem R, Parker R, Rosneck J, Saluan P, Spindler KP,
Stearns K, Jones MH. Predictors of Pain and Function Before Knee Arthroscopy. Orthop J Sports Med. 2019 May;7(5):2325967119844265.

13. Bouchard M, Bauer JM, Bompadre V, Krengel WF 3rd. An Updated Algorithm for Radiographic Screening of Upper Cervical
Instability in Patients With Down Syndrome. Spine Deform. 2019 Nov;7(6):950-6.

14. Brinkmann E, DiSilvio F, Tripp M, Bernstein M, Summers H, Lack WD. Distal Nail Target and Alignment of Distal Tibia Fractures.
J Orthop Trauma. 2019 Mar;33(3):137-42.

15. Brown MC, Westermann RW, Hagen MS, Strnad GJ, Rosneck JT, Spindler KP, Lynch TS. Validation of a Novel Surgical Data
Capturing System After Hip Arthroscopy. J Am Acad Orthop Surg. 2019 Nov 15;27(22):e1009-e15.

16. Bumgarner RE, Harrison D, Hsu JE. Cutibacterium acnes Isolates from Deep Tissue Specimens Retrieved during Revision
Shoulder Arthroplasty: Similar Colony Morphology Does Not Indicate Clonality. J Clin Microbiol. 2020 Jan 28;58(2).

17. Busse B, Galloway JL, Gray RS, Harris MP, Kwon RY. Zebrafish: An Emerging Model for Orthopedic Research. J Orthop Res.
2020 May;38(5):925-36.

18. Carr DA, Saigal R, Zhang F, Bransford RJ, Bellabarba C, Dagal A. Enhanced perioperative care and decreased cost and length
of stay after elective major spinal surgery. Neurosurg Focus. 2019 Apr 1;46(4):E5.

19. Cheng CW, Cizik AM, Dagal AHC, Lewis L, Lynch J, Bellabarba C, Bransford RJ, Zhou H. Body mass index and the risk of deep
surgical site infection following posterior cervical instrumented fusion. Spine J. 2019 Apr;19(4):602-9.

20. Cox BA, Kindle BJ, Goyeneche N, Hackel JG, Andrews JR, Saper MG. Ultrasound-guided platelet-rich plasma injection for a
high-grade sternocleidomastoid tear in a professional football player. Current Orthopaedic Practice. 2019;30(2):175-7.

21. Cytrynbaum EG, Small CM, Kwon RY, Hung B, Kent D, Yan YL, Knope ML, Bremiller RA, Desvignes T, Kimmel CB. Developmental
tuning of mineralization drives morphological diversity of gill cover bones in sculpins and their relatives. Evol Lett. 2019 Aug;3(4):374-91.

22. Dagal A, Bellabarba C, Bransford R, Zhang F, Chesnut RM, O’Keefe GE, Wright DR, Dellit TH, Painter |, Souter MJ. Enhanced
Perioperative Care for Major Spine Surgery. Spine (Phila Pa 1976). 2019 Jul 1;44(13):959-66.
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23. Dashe J, Murray B, Tornetta P, 3rd, Grott KM, Mullis B, Bellevue KD, Firoozabadi R, Kempegowda H, Horwitz DS, Patel S,
Fontenot PB, Mir HR, Ruder JA, Bosse MJ, Westberg J, Sandberg B, Bramlett KJ, Marcantonio AJ, Sadauskas AJ, Cannada LK, Goodwin
A, Miller AN, Fox MP, Klatman SH. Henry Versus Thompson Approach for Fixation of Proximal Third Radial Shaft Fractures: A Multicenter
Study. J Orthop Trauma. 2020 Feb;34(2):108-12.

24. Davis ES, Strotman PK, Killen C, Lack WD. A Novel Technique to Remove Posterior Intra-Articular Bodies Within the Hip Through
an Anterior Approach. Techniques in Orthopaedics. 2019;34(4):e14-e6.

25. Denard PJ, Hsu JE, Whitson A, Neradilek MB, Matsen FA 3rd. Radiographic outcomes of impaction-grafted standard-length
humeral components in total shoulder and ream-and-run arthroplasty: is stress shielding an issue? Journal of shoulder and elbow surgery
/ American Shoulder and Elbow Surgeons [et al]. 2019 Nov;28(11):2181-90.

26. Diaz MA, Hsu JE, Ricchetti ET, Garrigues GE, Gutierrez S, Frankle MA. Influence of reverse total shoulder arthroplasty baseplate
design on torque and compression relationship. JSES International. 2020 2020/04/28/.

27. Dolan LA, Weinstein SL, Abel MF, Bosch PP, Dobbs MB, Farber TO, Halsey MF, Hresko MT, Krengel WF, Mehlman CT, Sanders
JO, Schwend RM, Shah SA, Verma K. Bracing in Adolescent Idiopathic Scoliosis Trial (BrAIST): Development and Validation of a Prognostic
Model in Untreated Adolescent Idiopathic Scoliosis Using the Simplified Skeletal Maturity System. Spine Deform. 2019 Nov;7(6):890-8 e4.

28. Economopoulos KJ, Chhabra A, Kweon C. Prospective Randomized Comparison of Capsular Management Techniques During
Hip Arthroscopy. Am J Sports Med. 2020 Feb;48(2):395-402.

29. Economopoulos KJ, Kweon CY, Gee AO, Morris ST, Hassebrock JD, Chhabra A. The Pull Test: A Dynamic Test to Confirm Hip
Microinstability. Arthrosc Sports Med Rehabil. 2019 Nov;1(1):e67-e74.

30. Firoozabadi R. CORR Insights(R): Does Screw Location Affect the Risk of Subtrochanteric Femur Fracture After Femoral Neck
Fixation? A Biomechanical Study. Clin Orthop Relat Res. 2020 Apr;478(4):777-8.

31. Firoozabadi R, Major Extremity Trauma Research Consortium (METRC). A Randomized Controlled Trial Comparing rhBMP-2/
Absorbable Collagen Sponge Versus Autograft for the Treatment of Tibia Fractures With Critical Size Defects. J Orthop Trauma. 2019
Aug;33(8):384-91.

32. Fox JC, Saper MG. Arthroscopic Suture Fixation of Comminuted Tibial Eminence Fractures: Hybrid All-Epiphyseal Bone Tunnel
and Knotless Anchor Technique. Arthrosc Tech. 2019 Nov;8(11):e1283-e8.

33. French MH, McCauley JC, Pulido PA, Brage ME, Bugbee WD. Bipolar Fresh Osteochondral Allograft Transplantation of the
Tibiotalar Joint: A Concise Mid-Term Follow-up of a Previous Report bigstar. J Bone Joint Surg Am. 2019 May 1;101(9):821-5.

34. Garrigues GE, Zmistowski B, Cooper AM, Green A, Group ICMS, (Co-Author Hsu JE). Proceedings from the 2018 International
Consensus Meeting on Orthopedic Infections: prevention of periprosthetic shoulder infection. Journal of shoulder and elbow surgery /
American Shoulder and Elbow Surgeons [et al]. 2019 Jun;28(6S):S13-S31.

35. Ghanem |, Massaad A, Assi A, Rizkallah M, Bizdikian AJ, El Abiad R, Seringe R, Mosca V, Wicart P. Understanding the foot’s
functional anatomy in physiological and pathological conditions: the calcaneopedal unit concept. Journal of children’s orthopaedics. 2019
Apr 1;13(2):134-46.

36. Gitajn IL, Reider L, Scharfstein DO, O’Toole RV, Bosse MJ, Castillo RC, Jevsevar DS, Pollak AN, (METRC) METRC, (Co-Author
Firoozabadi R). Variability in Discharge Disposition Across US Trauma Centers After Treatment for High-Energy Lower Extremity Injuries.
J Orthop Trauma. 2020 Mar;34(3):e78-e85.

37. Glassman DM, Magnusson E, Agel J, Bellabarba C, Bransford RJ. The impact of stenosis and translation on spinal cord injuries
in traumatic cervical facet dislocations. Spine J. 2019 Apr;19(4):687-94.

38. Goldberg MJ, Shea KG, Weiss JM, Carter CW, Talwalkar VR, Schwend RM. The Pediatric Orthopaedic Society of North America
(POSNA) Adopts a Member Health and Wellness Charter. J Pediatr Orthop. 2019 Apr;39(4):e241-e4.

39. Gurich RWJ, Cizik AM, Punt SE, Namekata M, Johnson CN, Symons RG, Brewer EG, Thompson MJ. Decision-making in
Orthopaedic Oncology: Does Cognitive Bias Affect a Virtual Patient,Ads Choice Between Limb Salvage and Amputation? Clinical Orthopaedics
and Related Research—/4. 2019; Publish Ahead of Print.

40. Habet N, Elkins J, Peindl R, Killen C, Lack WD. Far Cortical Locking Fixation of Distal Femur Fractures is Dominated by Shear
at Clinically Relevant Bridge Spans. J Orthop Trauma. 2019 Feb;33(2):92-6.

41. Hagen M, Pandya NK. Achilles Tendon Ruptures in Young Female Basketball Players: A Case Series. J Am Acad Orthop Surg
Glob Res Rev. 2019 Jun;3(6):e016.

42. Hagen MS. CORR Insights(R): Acetabular Retroversion and Decreased Posterior Coverage Are Associated With Sports-related
Posterior Hip Dislocation in Adolescents. Clin Orthop Relat Res. 2019 May;477(5):1109-10.

43. Hagen MS, Allahabadi S, Zhang AL, Feeley BT, Grace T, Ma CB. A randomized single-blinded trial of early rehabilitation versus
immobilization after reverse total shoulder arthroplasty. Journal of shoulder and elbow surgery / American Shoulder and Elbow Surgeons
[et al]. 2020 Mar;29(3):442-50.

44. Haller JM, Githens M, Rothberg D, Higgins T, Barei D, Nork S. Syndesmosis and Syndesmotic Equivalent Injuries in Tibial Plafond
Fractures. J Orthop Trauma. 2019 Mar;33(3):e74-e8.

45. Haller JM, Githens M, Rothberg D, Higgins T, Nork S, Barei D. Risk Factors for Tibial Plafond Nonunion: Medial Column Fixation
May Reduce Nonunion Rates. J Orthop Trauma. 2019 Sep;33(9):443-9.

46. Haller JM, Githens M, Rothberg D, Higgins T, Nork S, Barei D. Pilon Fractures in Patients Older Than 60 Years of Age: Should
We Be Fixing These? J Orthop Trauma. 2020 Mar;34(3):121-5.

47. Haller JM, Ross H, Jacobson K, Ou Z, Rothberg D, Githens M. Supination adduction ankle fractures: Ankle fracture or pilon
variant? Injury. 2020 Mar;51(3):759-63.
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48. Hebert-Davies J, Kleweno CP, Nork SE. Contemporary Strategies in Pilon Fixation. J Orthop Trauma. 2020 Feb;34 Suppl
1:514-S20.

49. Hebert-Davies J, Little MM, Learned JR, Spitler CA. What's Important: It’s Time to Talk About Mental Health. J Bone Joint Surg
Am. 2020 Mar 23.

50. Helenius IJ, Bauer JM, Verhofste B, Sponseller PD, Krengel WF, Hedequist D, Cahill PJ, Larson AN, Pahys JM, Anderson JT,
Martus JE, Yaszay B, Phillips JH. Os Odontoideum in Children: Treatment Outcomes and Neurological Risk Factors. J Bone Joint Surg Am.
2019 Oct 2;101(19):1750-60.

51. Helenius IJ, Saarinen AJ, White KK, McClung A, Yazici M, Garg S, Thompson GH, Johnston CE, Pahys JM, Vitale MG, Akbarnia
BA, Sponseller PD. Results of growth-friendly management of early-onset scoliosis in children with and without skeletal dysplasias: a matched
comparison. Bone Joint J. 2019 Dec;101-B(12):1563-9.

52. Hering TM, Rimnac CM, Dobbs MB, Leopold SS. Editorial: Reporting Gene Expression Analyses in CORR(R). Clin Orthop Relat
Res. 2019 Jul;477(7):1525-7.

53. Hsu JE. External Fixation of Proximal Humeral Fractures: Does It Deserve More Visibility?: Commentary on an article by Davide
Blonna, MD, et al.: “Outcomes of 188 Proximal Humeral Fractures Treated with a Dedicated External Fixator with Follow-up Ranging from
2to 12 Years”. J Bone Joint Surg Am. 2019 Sep 18;101(18):e100.

54. Hsu JE. CORR Insights(R): What Factors are Associated with Revision or Worse Patient-reported Outcomes after Reverse
Shoulder Arthroplasty for Cuff-tear Arthropathy? A Study from the Danish Shoulder Arthroplasty Registry. Clin Orthop Relat Res. 2020
May;478(5):1098-100.

55. Hsu JE, Matsen FA 3rd, Whitson AJ, Bumgarner RE. Cutibacterium subtype distribution on the skin of primary and revision
shoulder arthroplasty patients. Journal of shoulder and elbow surgery / American Shoulder and Elbow Surgeons [et al]. 2020 May 13.

56. Hsu JE, Whitson AJ, Woodhead BM, Napierala MA, Gong D, Matsen FA 3rd. Randomized controlled trial of chlorhexidine
wash versus benzoyl peroxide soap for home surgical preparation: neither is effective in removing Cutibacterium from the skin of shoulder
arthroplasty patients. Int Orthop. 2020 Jul;44(7):1325-9.

57. Huang JI, Thayer MK, Paczas M, Lacey SH, Cooperman DR. Variations in Hook of Hamate Morphology: A Cadaveric Analysis.
J Hand Surg Am. 2019 Jul;44(7):611 e1-e5.

58. Hyatt BT, Hanel DP, Saucedo JM. Bridge Plating for Distal Radius Fractures in Low-Demand Patients With Assist Devices. J
Hand Surg Am. 2019 Jun;44(6):507-13.

59. Imsdahl S, Stender CJ, Cook BK, Pangrazzi G, Patthanacharoenphon C, Sangeorzan BJ, Ledoux WR. Anteroposterior Translational
Malalignment of Ankle Arthrodesis Alters Foot Biomechanics in Cadaveric Gait Simulation. J Orthop Res. 2020 Feb;38(2):450-8.

60. Johnsen NV, Firoozabadi R, Voelzke BB. Treatment Discrepancy for Pelvic Fracture Patients With Urethral Injuries: A Survey of
Orthopaedic and Urologic Surgeons. J Orthop Trauma. 2019 Aug;33(8):e280-e4.

61. Johnson CN, Gurich RW, Jr., Pavey GJ, Thompson MJ. Contemporary Management of Appendicular Skeletal Metastasis by
Primary Tumor Type. J Am Acad Orthop Surg. 2019 May 15;27(10):345-55.

62. Kasik CS, Rosen MR, Saper MG, Zondervan RL. High rate of return to sport in adolescent athletes following anterior shoulder
stabilisation: a systematic review. J ISAKOS. 2019 Jan;4(1):33-40.

63. Khor S, Lavallee DC, Cizik AM, Bellabarba C, Dagal A, Hart RA, Howe CR, Martz RD, Shonnard N, Flum DR. Hospital and
Surgeon Variation in Patient-reported Functional Outcomes After Lumbar Spine Fusion: A Statewide Evaluation. Spine (Phila Pa 1976).
2020 Apr 1;45(7):465-72.

64. Kim PH, Leopold SS. Erratum to: In Brief: Gustilo-Anderson Classification. Clin Orthop Relat Res. 2019 Oct;477(10):2388.

65. Kleweno C, Vallier H, Agel J. Inaccuracies in the Use of the Majeed Pelvic Outcome Score: A Systematic Literature Review. J
Orthop Trauma. 2020 Feb;34(2):63-9.

66. Kleweno CP, Scolaro J, Sciadini MF, McAlister |, Shannon SF, Routt ML. Management of Pelvic Fractures. Instr Course Lect.
2020;69:489-506.

67. Kohn MD, Fernando N. Prosthetic femoral head erosion through an acetabular component treated with revision and implant
preservation. Arthroplasty today. 2020 Mar;6(1):9-13.

68. Kovalenko B, Stein |, Fernando N. Total Hip Arthroplasty for Ankylosis Requiring Rotational Rectus Femoris Flap and Skin Graft
for Wound Closure. Arthroplasty today. 2020 Jun;6(2):141-5.

69. Kuiper GA, Langereis EJ, Breyer S, Carbone M, Castelein RM, Eastwood DM, Garin C, Guffon N, van Hasselt PM, Hensman
P, Jones SA, Kenis V, Kruyt M, van der Lee JH, Mackenzie WG, Orchard PJ, Oxborrow N, Parini R, Robinson A, Schubert Hjalmarsson
E, White KK, Wijburg FA. Treatment of thoracolumbar kyphosis in patients with mucopolysaccharidosis type I: results of an international
consensus procedure. Orphanet J Rare Dis. 2019 Jan 18;14(1):17.

70. Kweon CY, Hagen MS, Gee AO. What’s New in Sports Medicine. J Bone Joint Surg Am. 2019 Apr 17;101(8):669-74.

71. Kweon CY, Hagen MS, Gee AO. What’'s New in Sports Medicine. J Bone Joint Surg Am. 2020 Apr 15;102(8):636-43.

72. Kwon RY, Watson CJ, Karasik D. Using zebrafish to study skeletal genomics. Bone. 2019 Sep;126:37-50.

73 Lack W, Seymour R, Bickers A, Studnek J, Karunakar M. Prehospital Antibiotic Prophylaxis for Open Fractures: Practicality and

Sa'fety. Prehosp Emerg Care. 2019 May-Jun;23(3):385-8.

74. Leopold SS. Reply to the Letter to the Editor: Editorial: Beware of Studies Claiming that Social Factors are “Independently
Associated” with Biological Complications of Surgery. Clin Orthop Relat Res. 2019 Dec;477(12):2810-1.
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75. Leopold SS. Editor’s Spotlight/Take 5: Is Insurance Status Associated with the Likelihood of Operative Treatment of Clavicle
Fractures? Clin Orthop Relat Res. 2019 Dec;477(12):2617-9.

76. Leopold SS. Editorial: Thanking CORR'’s Peer Reviewers. Clin Orthop Relat Res. 2019 Dec;477(12):2615-6.

77. Leopold SS. Editorial: The Shortcomings and Harms of Using Hard Cutoffs for BMI, Hemoglobin A1C, and Smoking Cessation
as Conditions for Elective Orthopaedic Surgery. Clin Orthop Relat Res. 2019 Nov;477(11):2391-4.

78. Leopold SS. Editorial: Are We All Better-than-Average Drivers, and Better-than-Average Kissers? Outwitting the Kruger-Dunning
Effect in Clinical Practice and Research. Clin Orthop Relat Res. 2019 Oct;477(10):2183-5.

79. Leopold SS. Editor’s Spotlight/Take 5: Do Skills Acquired from Training with a Wire Navigation Simulator Transfer to a Mock
Operating Room Environment? Clin Orthop Relat Res. 2019 Oct;477(10):2186-8.

80. Leopold SS. Editorial: Beware of Studies Claiming that Social Factors are “Independently Associated” with Biological Complications
of Surgery. Clin Orthop Relat Res. 2019 Sep;477(9):1967-9.

81. Leopold SS. Editor’s Spotlight/Take 5: Misconceptions and the Acceptance of Evidence-based Nonsurgical Interventions for Knee
Osteoarthritis. A Qualitative Study. Clin Orthop Relat Res. 2019 Sep;477(9):1970-4.

82. Leopold SS. Editor’s Spotlight/Take 5: What Role Does Positive Psychology Play in Understanding Pain Intensity and Disability
Among Patients with Hand and Upper-extremity Conditions? Clin Orthop Relat Res. 2019 Aug;477(8):1765-8.

83. Leopold SS. Editorial: What Do You Say When a Patient Says Thank You? Clin Orthop Relat Res. 2019 Aug;477(8):1763-4.
84. Leopold SS. Editor’s Spotlight/Take 5: Can Machine Learning Algorithms Predict Which Patients Will Achieve Minimally Clinically
Important Differences From Total Joint Arthroplasty? Clin Orthop Relat Res. 2019 Jun;477(6):1262-6.

85. Leopold SS. Editorial Comment: The Bernese Hip Symposium and CORR(R)-Sharing the Latest and Best in Hip Surgery Research.
Clin Orthop Relat Res. 2019 May;477(5):960-1.

86. Leopold SS. Editor’s Spotlight/Take 5: Is the Risk of Infection Lower with Sutures than with Staples for Skin Closure After
Orthopaedic Surgery? A Meta-analysis of Randomized Trials. Clin Orthop Relat Res. 2019 May;477(5):917-21.

87. Leopold SS. Editor’s Spotlight/Take 5: How Common Is Back Pain and What Biopsychosocial Factors Are Associated With Back
Pain in Patients With Adolescent Idiopathic Scoliosis? Clin Orthop Relat Res. 2019 Apr;477(4):672-5.

88. Leopold SS. Editor’s Spotlight/Take 5: Prophylactic Fixation Can Be Cost-effective in Preventing a Contralateral Bisphosphonate-
associated Femur Fracture. Clin Orthop Relat Res. 2019 Mar;477(3):477-9.

89. Leopold SS. Editorial: Fears About #MeToo are No Excuse to Deny Mentorship to Women in Orthopaedic Surgery. Clin Orthop
Relat Res. 2019 Mar;477(3):473-6.

90. Leopold SS. Editorial: Importance of Validating the Scores We Use to Assess Patients with Musculoskeletal Tumors. Clin Orthop
Relat Res. 2019 Apr;477(4):669-71.

91. Leopold SS. Editor’s Spotlight/Take 5: Socioeconomic Status Influences Functional Severity of Untreated Cerebral Palsy in Nepal:
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Frederick Huang, MD %% %%
Michael Metcalf, MD k%%
Eric Novack, MD

2002

Timothy DuMontier, MD %
Scott Hacker, MD %
Timothy Rapp, MD %
William Sims, MD *
Carla Smith, MD %%

2003

Ben DuBois, MD %k %%
Andy Howlett, MD *

Guy Schmidt, MD %

Brian Shafer, MD %
Emma Woodhouse, MD *

2004

Jon Braman, MD *

Alexis Falicov, MD %

Thea W. Khan-Farooqi, MD
Mike McAdam, MD %
Jason H. Thompson, MD %

2005

Anthony Buoncristiani, MD *
Wagqgar Khan-Farooqi, MD
Wren McCallister, MD
Timothy O’Mara, MD %% %
David W. Stevens, MD *
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2006

Stacey Donion, MD
Eric Klineberg, MD *
Bill Montgomery, MD %
Heidi Shors, 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 Ruhiman, MD *

Addison Stone, MD

Jason Wilcox, 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
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2012

Benjamin Amis, MD *
Adam Bakker, MD *
Gregory Blaisdell, MD *
Joshua Lindsey, MD %
Grant Lohse, MD x
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 lannuzzi, MD *
Paul Kim, MD

Ted Sousa, MD *
Nicholas Wegner, MD
David Zeltser, MD *

2015

Timothy Alton, MD %
Kenneth Gundle, MD %
Daniel Holtzman, MD *
Amanda Roof Larson, MD *
Paige Mallette, MD
Courtney O’Donnell, MD
Daniel Patton, MD %

Laura Stoll, MD *

2016

Todd Blumberg, MD %
Akash Gupta, MD

Sean Haloman, MD %
Emily Harnden, MD %
Clifford Hou, MD

Dayne Mickelson, MD %
Jessica Telleria, MD %

2017

Ahmad Bayomy, MD %%
Christopher Domes, MD
Kevin Hug, MD %

Alexander Lauder, MD *
Calvin Schlepp, MD %
Shawn Schoch, MD

Neil Tarabadkar, MD *

Sara Shippee Wallace, MD %
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2018

Kariline Bringe, MD
Romie Gibly, MD

David lbrahim, MD *
Colin Kennedy, MD *
Lauren MacTaggart, MD
Stuart Michnick, MD
Adam Sangeorzan, MD
Alan Swenson, MD %

2019

Zahab Ahsan, MD
Matthew Baron, MD
Kate Bellevue, MD
Jonathan Kark, MD
Erik Magnusson, MD
Adam O’Brien, MD
Mary Kate Thayer, MD
Claudia Thomas, MD

2020

Prashoban Bremijit, MD
Thomas Byrnes, MD
Matthew Folchert, MD
Boris Kovalenko, MD
Brett Schiffman, MD
Cody Tipton, MD
Anthony Yi, MD

STARS INDICATE TOTAL DONATIONS IN
SUPPORT OF THE RESIDENCY

* Kk kkk* = $30,000 and above
* ¥k Kk kK = $25,000 - $29,999
Kk ¥*okk = $20,000 - $24,999

* %% =$15,000 - $19,999

**% = $10,000 - $14,999

*%* = $5,000 - $9,999

* = $1 - $4,999



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 Chair, Howard A. Chansky, MD (chansky @uw.edu), or our Director, Ken Karbowski
(kkarb@uw.edu). Thank You!

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 Il 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

Hansjérg Wyss Endowed Chair
Surgical Dynamics Endowed Chair for Spine Research

Douglas T. Harryman Il/DePuy Endowed Chair for Shoulder Research -
Frederick A. Matsen lll, MD

Synthes Spinal Surgery Outcomes Research Endowed Fund
Fracture Fixation Biology Endowed Professorship
Ostex Bone and Joint Research Endowment
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
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Esther Whiting Award
Edwin L. Laurnen, MD Award
Spine Research Endowment
James G. Garrick Endowed Lectureship in Sports Medicine
Allan Treuer - Ted Wagner, MD 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
Kathryn E. Cramer Endowed Orthopaedics Research Fund

Evelyn E. Carman Endowed Research Fund in Women’s Sports Medicine and Lifetime
Fitness

Alan J. Fraser Endowed Research Fund

Douglas P. Hanel, MD, Endowment for Orthopaedic Training and Research
for Resident Education

Chansky Family Endowed Fund for Orthopaedic Resident Recruitment

Frederick A. Matsen lll, MD and Anne L. Matsen Endowed Professorship
Orthopaedic Education
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