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Letter from the Editor-in-Chief
S. Terry Canale, M.D.

Department Chair, Emeritus
UT-Campbell Clinic Department of Orthopaedic Surgery and Biomedical Engineering
University of Tennessee Health Science Center

Y May, 2018

4‘.\ Dear Colleagues,
\ i I am honored to present the 4th volume of the Campbell Orthopaedic Journal (COJ). It is the

result of a great deal of collaborative work, and several of the abstracts in these pages describe

results of interim projects that are part of a larger body of clinical investigations. Occasionally,

there is a “Eureka!” moment in clinical research, but more often discoveries in orthopaedic

medicine are iterative and evolutionary, rather than revolutionary. Breaking the question into
' sub-parts allows evidence to be analyzed and, with time, a collective image emerges. Insights
/ are gained, changes are made in treatment, and better results for patients are achieved.

This iterative process came to mind as I read of Sir Roger Bannister’s death earlier this
year. Bannister is known for his record-breaking 4-minute mile, a feat thought unattainable when he achieved it in
May of 1954. He was an amateur, but well-known in the running scene, having come close to the 4-minute barrier
several times in the months leading up to his pivotal race. As I read more about his accomplishment, I was struck by
how unlikely it was that Bannister achieved the mark. He was in training to become a neurologist and had worked
a shift at a London hospital the evening before the race. He finished his night shift, sharpened the spikes of his
running shoes on graphite, and then took a train from Paddington Station to Oxford, where the race would be held.
Conditions at the Iffley Road Track were rainy and windy, and Bannister considered not competing, but his friends,
Chris Chataway and Chris Brasher, were also competing in the race and they encouraged him not to drop out. At
6:00 pm on the evening of May 6th, 1954, the starter’s pistol sounded. Brasher immediately took the lead, followed
by Bannister, with Chataway a stride behind. After the second lap, Chataway moved to the lead followed by Bannister
until the last half-lap when Bannister started a finishing kick that propelled him to run the last lap in just under 59
seconds. Bannister divided the race into smaller parts, and Brasher and Chattaway served as pacers to ensure that
progress was made toward the goal. Bannister crossed the finish line in a time of 3 minutes, 59.4 seconds, and the roar
of the crowd was deafening.

This concept of pace-setters who keep things moving along, as well as breaking down larger goals into smaller
elements - both tactics used by Bannister in his record-breaking effort - are equally beneficial strategies for clinical
orthopaedic research. One must set a goal, break it into iterative steps, and work with “pacesetters” who help move
the work along to accomplish the goal. Then, once the discovery is made, the cycle begins again with a new question.

As a postscript to the Bannister story, it is worth noting that Bannister’s record was broken just 46 days later by
one of his rivals, Australian John Landy, in a race in Finland. So it is with clinical research—studies completed today
will likely be questioned or surpassed by the researchers of tomorrow, the pacesetters who will ensure the pursuit for
answers to our most challenging questions.

As you enjoy the 2018 edition, I hope that you are inspired to chase your own ‘4-minute mile’ and to look around
for your very own pacesetters. They are there, waiting to work with you. You simply have to sharpen your spikes and
get on the train.

Sincerely,
S. Terrence Canale, MD, Editor-in-Chief
Campbell Foundation President
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Departmental Update from the Chairman

James H. Beaty, M.D.

Department Chairman, Harold B. Boyd, M.D. Professor
UT-Campbell Clinic Department of Orthopaedic Surgery and Biomedical Engineering

University of Tennessee Health Science Center

The UT-Campbell Clinic De-
partment of Orthopaedic Surgery
and Biomedical Engineering is
committed to significant improve-
ments in musculoskeletal health
through the dedicated efforts of
devoted faculty, researchers and
scientists, and health care provid-
ers devoted to the pursuit of new
discoveries. There is considerable
breadth and depth of experience
in the Department, with our scientists making genuine
progress in both translational and basic science pursuits
related to the genetic, individualized and cellular influ-
ences on bone and soft tissue mechanisms of injury, and
healing. Their work offers the promise of discoveries
that clinicians will be able to provide for their patients
who are limited by musculoskeletal diseases, disorders,
and conditions.

RESEARCH

As we near the end of the 2017-2018 academic year,
the department consists of nine full-time basic science
researchers: Hongsik Cho, PhD, Denis DiAngelo, PhD,
Weikuan Gu, PhD, Karen Hasty, PhD, Yan Jiao, MD,
Susan Miranda, PhD, Richard Smith, PhD, and Brooke
Sanford, PhD; along with clinician scientist, Bill Mi-
halko, MD, PhD. This includes three Chairs of Excel-
lence:

*  George Wilhelm, Chair of Excellence,

» Harold Boyd Chair of Excellence and,

* Hyde Chair of Excellence.

Our scientists have robust extramural funding, in-
cluding NIH ROl grants, and support from multiple
other sources.

On the clinical side, our research effort has been
equally impressive, with 84 scientific articles published
in peer-reviewed publications, along with 60 podium
presentations, and 22 posters highlighting our research

presented at national and international meetings last
year. We are expanding our participation in higher order
Level 1 and Level 2 clinic trials to truly provide compar-
ative evidence of therapeutic treatments. There is con-
siderable breadth and variety in our work, examining
the safety and efficacy of surgical procedures performed
in an outpatient surgical setting, alternative methods
of pain management (particularly timely in light of
the opioid epidemic in the United States), and results
with a number of operative interventions to build an
impressive array of clinical evidence. Our work crosses
all orthopaedic subspecialties in patients of all ages and
races, and both genders. Notably, we have doubled our
industry- and government-sponsored clinical research
studies and grants over the prior year. In support of the
additional work, our team expanded last year with the
addition of a sixth research coordinator.

EDUCATION

Musculoskeletal education from the department oc-
curs at all post-graduate levels, including medical stu-
dents, orthopaedic residents and fellows, engineers, clin-
ical and research fellows, scientists and PhD candidates.
On the scientific side, the Department oversees a joint
MA and PhD program with the University of Tennessee
and the University of Memphis. Drs. William Mihalko
(University of Tennessee) and Gene Eckstein (Universi-
ty of Memphis) serve as Co-Directors.

Our orthopaedic surgical residency program is ranked
in the top 10% nationally, with eight residents per class,
in a five-year program. We are accredited through the
Accreditation Council for Graduate Medical Education
(ACGME), and present our students with a greater than
1:1 ratio of faculty to students. Instruction is provided
in all orthopaedic subspecialties by fellowship-trained
orthopaedic surgeons. Dr. Thomas W. ‘Quin’ Throck-
morton and Dr. Derek M. Kelly ably serve as Program
Director and Assistant Program Director, and do an
outstanding job in supervising and advising the resi-
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dents. Fellowships in the subspecialties are available,
and we trained seven clinical fellows this year, and have
one additional spine research fellow working with the
team this year on an interesting project funded by the
Scoliosis Research Society.

Monday night continues as our traditional 2% hour
interactive didactic educational meeting sprinkled with
case presentations. Weekly subspecialty conferences are
held as well as a monthly journal club. The Visiting Pro-
fessors Program is designed for distinguished orthopae-
dic surgeons to give “Grand Rounds” four times a year
with our premier CME meeting, known as the Alvin J.
Ingram Memorial Lecture held in the spring. Since the
fall of 2015, we have sustained a Visiting Professor Lec-
ture Series, funded with donor support. This important
series, which is open to area orthopaedic surgeons, nurs-
es, physicians assistants, engineers and researchers, al-

lows us to supplement the educational experience since
it brings prominent thought leaders in each orthopaedic
subspecialty to Memphis for engaging discussions about
important and challenging issues in orthopaedic subspe-
cialties, and culminates in a lecture on a prominent topic
within the subspecialty.

We take pride in the latest (13th) edition of Camp-
bell’s Operative Orthopaedics, published in November
2016, noting that it is the leading orthopaedic textbook
in the world, with worldwide sales in the first year that
surpassed sales of all prior editions.

The department continues to make strong progress
in education, research and innovation. We are well-posi-
tioned to advance toward the centennial anniversary of
our residency training program in 2024. Dr. Campbell
would be proud.
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News from Campbell Clinic
Frederick M. Azar, M.D.

Chief of Staff, Campbell Clinic Orthopaedics
Professor and Sports Medicine Fellowship Director

As the practice of orthopaedics
and musculoskeletal medicine
continues to evolve, the physi-
cians at Campbell Clinic have re-
mained at the forefront of inno-
vative research while delivering
compassionate patient care.

2017 was a busy but exciting
year for our practice as we wel-
comed new physicians, offered
additional surgical procedures
in our market, and created a sports performance pro-
gram. Years of thoughtful strategic planning also began
to pay off as we unveiled renderings for a new $30 mil-
lion, 120,000-square foot expansion at our Germantown
campus set to open in late 2019.

Through all of these changes, we have maintained
an unwavering resolve to offer unparalleled patient ac-
cess, unique approaches to orthopaedic surgery, and
programs that promote optimal patient outcomes and
satisfaction.

Our new facility in Germantown will truly be a
world-class showplace for outpatient orthopaedic care.
Our physicians and administration have spent the last
five years reviewing market trends and analyzing poten-
tial future demand for our services. After considering
several options, we partnered with Rendina Healthcare
Real Estate — a nationally renowned developer of med-
ical office space — to create plans for a multipurpose fa-
cility immediately east of our existing outpatient clinic
in Germantown, TN.

The new facility will serve patients seeking care across
all orthopaedic specialties, house a new sports perfor-
mance and physical therapy floor, and allow for an ex-
panded ambulatory surgery center. Campbell Clinic will
double its on-site outpatient surgery suites from four to
eight, giving us a total of 12 in the region. We will main-
tain our existing outpatient clinic on the Germantown
campus, and upon occupancy of the new building, our
current facility will undergo a transformative renova-

f

Campbell
Clinic

tion. It will truly be a national destination for bone and
joint care.

Our physicians have also participated in several in-
teresting clinical trials over the past year. Notably, we
are leading the way in seeking solutions for the nation-
al opioid crisis. Our doctors have examined alternative
methods of pain control for patients undergoing elective
rotator cuff surgery in a randomized, controlled study,
measuring patients’ post-operative pain and comparing
two unique alternatives. We have also studied alternative
methods of pain control for patients undergoing total
knee replacement by utilizing a cryonucleolysis method
— freezing the nerves — to provide a temporary interrup-
tion in localized nerve signals.

These studies come on the heels of another trial with
similar goals which utilized periarticular injections to
reduce pain signals in the hours and days immediately
following major surgery. We are even exploring alterna-
tive methods for decreasing patient anxiety in pediatric
patients after spinal surgery through the use of all-natu-
ral supplements like essential oils. The cumulative effect
of this research will hopefully help us offer real-world
alternatives to medications such as narcotics and opiods
as we manage post-operative pain more effectively.

Collectively, these studies are blazing a path toward
more responsible pain management plans in the future.
It’s important that we contribute to a reasonable, sus-
tainable solution when so much is at stake for our pa-
tients.

We added three new physicians to the Campbell Clin-
ic family over the past year. Dr. Tyler Brolin (shoulder
and elbow), Dr. Marcus Ford (total joint replacement),
and Dr. Benjamin Sheffer (pediatrics) joined us last Au-
gust. Adding three young surgeons of their caliber fur-
ther enhanced the reputation of our practice and will
have far-reaching positive impacts on patients in the
Mid-South for years to come.

Drew Graham also joined our group in 2017 to direct
our growing sports performance program. Drew is a for-
mer NBA Trainer of the Year and works with athletes of
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all ages to help them reach their goals. His program in-
tegrates functional movement screens with specially-de-
signed home exercise programs to enable school athletes
and weekend warriors to develop their skills, eliminate
movement deficiencies, and improve overall strength
and stability. With concussions and sports “overuse
injuries” becoming and even larger issue in the youth
sports community, Campbell Clinic expanded its outpa-
tient concussion management program and added a new
event last summer geared toward educating parents and
coaches on concussion and other relevant sports medi-
cine trends.

Finally, we launched a new version of our website
(www.campbellclinic.com) late last year. The new site en-

ables patients to book, review and change appointments
online, cross-reference physicians from different special-
ties at specific locations, and identify the most appropri-
ate avenue for care across our region depending on when
they visit the site. It has truly been a game-changer for
us in an environment where patients are more informed
about their problems when they arrive in our office than
ever before. Opening up access to patients and placing
them with the right provider, at the right place, at the
right time is critical in the operation of an efficient,
full-service orthopaedic practice like ours.
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State of the Residency

Thomas W. ‘Quin’ Throckmorton, M.D.

Orthopaedic Residency Director, Professor

UT-Campbell Clinic Department of Orthopaedic Surgery and Biomedical Engineering

For nearly 100 years, the
Campbell Clinic, in conjunction
with the University of Tennes-
see-Campbell Clinic Depart-
ment of Orthopaedic Surgery
and Biomedical Engineering,
has been proud to train or-
] thopaedic surgeons from all over
the country and, indeed, all over
the globe. Over 570 orthopaedic
surgeons have trained at our in-
stitution and our graduates include 8 presidents of the
American Academy of Orthopaedic Surgeons (AAOS),
9 directors of the American Board of Orthopae-
dic Surgery (ABOS), 4 presidents of the American
Orthopaedic Association (AOA), and numerous presi-
dents of subspecialty societies. Surgeon education is a
hallmark of our program, and the staff, in addition to
our responsibilities for teaching our residents, continue
to author Campbell’s Operative Orthopaedics, now in
its 13th edition. While orthopaedic knowledge contin-
ues to expand, our educational goal has remained con-
stant: to produce excellent, well-rounded orthopaedic
surgeons who have the opportunity to pursue the sub-
specialty training of their choice.

Our residents train in each orthopaedic subspecial-
tie, both as junior and senior residents, and our rotations
combine an exposure to the academic/tertiary medical
center environment as well as the private practice
setting. This comprehensive approach offers the
ability to see all subspecialties from different angles
and maximizes true understanding of orthopaedic prin-
ciples and their application. Our training program is
designed to prepare residents for the Orthopaedic In-
service Training Examination (OITE) and Step I of the
American Board of Orthopaedic Surgery examination,
through a combination of Core Curriculum training

combined with subspecialty conferences in trau-
ma, pediatric orthopaedics, sports medicine and shoul-
der/ elbow surgery, hand surgery, foot and ankle surgery,
and spine surgery. And in this era where medicine and

business often intersect, we have augmented our curric-
ulum with business training and an awareness of value
as it pertains to orthopaedic care.

Additionally, we have focused on strengthening
and building our clinical and biomechanical research
infrastructure, which includes multiple research nurse
coordinators, database access to track patient outcomes,
a biomechanics laboratory and an extensive orthopae-
dic library staffed by a full-time librarian. We currently
are conducting over 150 active clinical and biomechan-
ical research projects. Investigators have been awarded
funding from both internal and external sources
to conduct these studies, in addition to additional ex-
tramural (NIH, NSF, etc.) awards among our basic sci-
ence research staff. We remain committed to sharing our
research at regional, national, and international meet-
ings, and in academic and scientific publications. In
short, orthopaedic research has never been stronger at
the Campbell Clinic.Our international elective medical
mission program continues, with sponsorship of an in-
ternational community service medical mission. Our
residents have served in Nicaragua, Guatemala, Hondu-
ras, Tanzania, and Uganda. In this way, we imbue a
commitment to community service within our residents.

This year, we will celebrate the graduation of our 93rd
residency class, whose members are profiled within
this publication. We are very proud of these eight ortho-
paedic surgeons. Their senior research efforts are depict-
ed within these pages, and thousands of patients will
benefit from the clinical discoveries these projects have
yielded. Simultaneously, I am pleased to recognize the
incoming Class of 2023 which will begin training in July.
We are confident these exceptional young physicians will
continue the tradition set forth by their predecessors.

In summary, we are proud of our heritage at the
Campbell Clinic, but we are equally proud of our
present and we look forward to our future. With our
comprehensive, diverse, high-volume brand of training,
we will continue to strive for excellence in the training of
orthopaedic surgeons.
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Dedicated Lectureship Series:

Each year, the Campbell
Foundation is privileged to host a
Distinguished Professorin memory
of a fine surgeon. The annual
Alvin J. Ingram, MD Memorial
Lecture was initiated in memory of former Campbell Clinic
Chief of Staff and Department Chairman Alvin J. Ingram,
M.D., through a gift from members of his family, to honor his
commitment to education. Dr. Ingram was a graduate of our
residency program, was a world authority on the treatment
of polio.

The lecture series highlights achievements in surgeon
education, and features a Keynote Address by a Distinguished
Professor, followed by presentations from the Campbell

Alvin J. Ingram, MD

Alvin J. Ingram, MD Memorial Lecture

Foundation graduating residents. Beginning in 2014, under
the guidance of course director Derek M. Kelly, M.D., the
Ingram Lecture was expanded considerably and included not
only lectures by our Distinguished Professor, faculty and the
residents, but also an Expert Panel and technical exhibits.
This year will be our second year to also display posters
that highlight research from our Residents and Fellows.
The Ingram Lecture is open to the public, with continuing
education credits available for physicians and other allied
health professionals. The Ingram Lecture regularly attracts an
audience of more than 150 surgeons, engineers, scientists, and
others dedicated to excellence in orthopaedics.

2017 Alvin J. Ingram, MD Memorial Lecture ¢ May 19, 2017
Distinguished Professor: David A. Halsey, M.D.

Professor, University of Vermont School of Medicine
Attending, Martha’s Vineyard Hospital
Oak Bluffs, Massachusetts

David A. Halsey M.D. is a Professor
in the Department of Orthopedics
and Rehabilitation at the University
of Vermont School of Medicine in
Burlington, Vermont where he has
been honored twice as “Teacher of
the Year”. He attended undergrad-
uate school at Middlebury College,
received a medical degree from Rob-
ert Wood Johnson Medical School,
and trained in orthopaedic surgery
at University of Vermont.

Dr. Halsey has over 25 years of experience in the treatment
of hip and knee problems and is dedicated to helping patients
“get back in the game.” His caregiver team combines leading
edge techniques with proven traditional methods to provide
the best orthopaedic care possible, emphasizing a partnership
with the patient.

Dr. Halsey is recognized as an expert in many non-medi-
cal issues that impact a physician’s practice such as economic
and value indicators of medical care, financial barriers, pro-
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David A. Halsey, MD

fessional compliance, group purchasing, and orthopaedic

advocacy. His expertise is frequently shared in professional
forums and peer reviewed publications. Dr. Halsey’s Key-
note Address, “Orthopaedic Advocacy at the National Lev-
el,” described the initiatives that the American Academy of
Orthopaedic Surgeons (AAOS) is advancing with regulatory
bodies, payers and legislators to ensure that patient access
to highly skilled and well-trained orthopaedic specialists re-
mained strong and unencumbered by regulation. He added
to the discussions of the day by providing a further update on
“Medical-Legal Matters in Orthopaedics” during the Expert
Panel on the business side of orthopaedic medicine.

Dr. Halsey, now President of the American Academy of
Orthopedic Surgeons (AAOS), was First Vice President at the
time of the 2017 Ingram Lecture. In addition, he is a fellow in
the American Orthopaedic Association, the American Acad-
emy of Orthopaedic Surgeons, and the American Association
of Hip and Knee Surgeons.

Another highlight of the 2017 Ingram Lecture was the
presentation of the research of our graduating class of resi-
dents. Resident research at the Campbell Foundation is only
possible through donor support. These financial gifts offset
the costs of research, including supplies, testing equipment
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and support personnel. In addition, through a gift from the
family of Dr. Hugh Smith, the Hugh Smith Research Award
is presented each year to the best research project, judged by
a panel from the Ingram Lecture. Dr. Hugh Smith, a former
Campbell Clinic Chief of Staff, and one of the founders of the
Campbell Foundation, believed strongly in the power of inno-
vation to unlock solutions to challenging clinical programs.
Dr. Smith recognized the significant role that research can
play in developing new surgical techniques and implants that

will lead to a better quality of life for patients, and his family
wanted to formally celebrate and recognize the importance of
ongoing research. The panel of judges evaluated each presen-
tation based upon the design, content, and originality of the
research, clinical significance and potential for publication in
a peer-reviewed journal. The 2017 Hugh Smith Presentation
Award was presented to Dr. Andrew ‘Drew’ J. Wodowski, for
“Ambulatory Surgery Center Hip Arthroplasty is a Safe and
More Cost Effective Alternative to the Hospital.”

2018 Alvin J. Ingram, MD Memorial Lecture ¢ May 18, 2018

Distinguished Professor: Kristy L. Weber, M.D.
Professor and Vice-Chair of Faculty Affairs
Chief - Division of Orthopaedic Oncology
Abramson Family Professor in Sarcoma Excellence
University of Pennsylvania Department of Orthopaedic Surgery
Director - Sarcoma Program at the Abramson Cancer Center
Philadelphia, Pennsylvania

Kristy L. Weber, MD, is an attend-
ing surgeon with the Cancer Center
and Division of Orthopaedics at
Children’s Hospital of Philadelphia
(CHOP). She specializes in treating
children, adolescents and adults
with bone and soft tissue tumors.

Along with her work at CHOP,
Dr. Weber is the Abramson Fami-
ly Professor in Sarcoma Excellence
in the Department of Orthopae-
dic Surgery at the University of
Pennsylvania. She was recruited to Penn in 2013 to serve as
Vice-chair of Faculty Affairs in the Department of Ortho-
paedic Surgery and Director of the Sarcoma Program in the
Abramson Cancer Center.

Dr. Weber was named the first Vice President of the Amer-
ican Academy of Orthopaedic Surgeons (AAOS) in 2018.
Now in her second year in a four-year term of volunteer ser-
vice, Dr. Weber will serve as the first female president of the
Academy in 2019-20.

Originally from St. Louis, MO, Dr. Weber attended college
at the University of Missouri-Columbia. She earned her M.D.
from Johns Hopkins School of Medicine, Baltimore, MD. Dr.
Weber completed her orthopedic residency training at the
University of Iowa, Iowa City, IA, and a two-year research/
clinical fellowship in orthopaedic oncology at the Mayo Clin-
ic, Rochester, MN. Dr. Weber joined the faculty at University
of Texas/M.D. Anderson Cancer Center where she developed
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a large clinical practice in orthopedic oncology and developed
a basic science research program related to osteosarcoma me-
tastasis to lung and renal cell carcinoma metastasis to bone.

In 2003, Dr. Weber jointed the staff at Johns Hopkins as
Chief of the Division of Orthopedic Oncology and director
of the Sarcoma Program. She was promoted to professor in
2009. Dr. Weber received the Kappa Delta national orthope-
dic research award for her work at Johns Hopkins in 2006.
Her laboratory was funded by private foundations, the Ortho-
paedic Research and Education Foundation (OREF), and the
National Institutes of Health (NIH).

Dr. Weber has served on the boards of directors of many
national orthopaedic and cancer organizations including
the American Academy of Orthopaedic Surgeons (AAOS),
American Orthopaedic Association (AOA), and the Connec-
tive Tissue Oncology Society. She spent four years as chair
of the AAOS Council on Research and Quality where she
oversaw initiatives related to clinical practice guidelines, evi-
dence-based medicine, appropriate-use criteria, patient safety,
biomedical engineering, biological implants and the develop-
ment of orthopaedic clinician-scientists.

Currently, Dr. Weber is serving as President of the Muscu-
loskeletal Tumor Society, vice president of the Ruth Jackson
Orthopaedic Society (RJOS), and secretary-elect of the Or-
thopaedic Research Society.

Dr. Weber’s Keynote Address will be “4A40S: What’s New
and How to Get Involved,” and she will also provide a short
lecture entitled, “Tips and Tricks for Evaluation/ Treatment of
Soft Tissue Masses.”
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2018
Campbell Foundation & UT-Campbell Clinic
Department of Orthopaedic Surgery & Biomedical Engineering

Visiting Professor Lecture Series
Schedules of Lectureships and Conferences

Richard M. Schwend, MD John C. Clohisy, MD
“Differential Rod Contouring and Other Techniques for “Radiographic Interpretation of the Young Adult Hip”
3-D Correction of Adolescent Idiopathic Scoliosis” “Borderline Dysplasia: Arthroscopic or Open?”
Director of Clinical Research and Chief, Adult Reconstructive Surgery &
Professor of Orthopaedics and Pediatrics Daniel C. & Betty B. Viehmann

University of Missouri, Kansas City
and University of Kansas
Chief of Service, Division of Orthopaedics
Children’s Mercy Hospital

Distinguished Professor in Orthopaedic Surgery
Washington University Medical School
St. Louis, Missouri

Kansas City, Missouri April 9, 2018
Campbell Foundation Classroom
Januaryll 1, 2018 ) 1211 Union Avenue, Suite 510
Le Bonheur Chlldren’s HOSpltal Memphls TN 38103

Community Room
Memphis, TN 38103

Alvin J. Ingram, M.D. Memorial Lecture

Kristy L. Weber, MD - Keynote Speaker
“AAOS: What's New and How to Get Involved”

Professor & Vice-Chair of Faculty Affairs
Chief - Division of Orthopaedic Oncology
Abramson Family Professor in Sarcoma Excellence
University of Pennsylvania Department of Orthopaedic Surgery
Director - Sarcoma Program at the Abramson Cancer Center
Philadelphia, PA

PLUS

Presentations by the Class of 2018 Residents
And an Expert Panel on Orthopaedic Oncology

May 18, 2018
The Zone, FedEx Institute of Technology
Memphis, TN
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Hell, I don’t know!
Ask Kay!!

by S. Terry Canale, M.D.

When 1 first came on the staff of Campbell Clinic
forty-four years ago, Campbell’s Operative Orthopaedics
textbooks were the “bible” of orthopaedics, the envy of
all other specialty texts. I was extremely proud that we
“wrote the book” on orthopaedic surgery and care. But,
what I couldn’t believe about the publication was how
disorganized it was and how difficult it was to get the
“bible” to press. We missed deadlines and were under
constant threat from the publisher of the textbook. Dr.
Hoyt Crenshaw, who edited several of the earliest edi-
tions and Dr. Allen Edmonson, who served as co-edi-
tor with Dr. Crenshaw for the 6th edition, had to take
time off from their clinic responsibilities to complete
their editions and still we were tardy. But in 1978 things
began to change for the better. We hired a young li-
brarian with expertise in public education named Mrs.
Kay Daugherty. Suddenly the “book” began to be or-
ganized, deadlines began to be met; and now, 40 years
and eight editions later, the “book™ is still going strong,
thanks to Mrs. Daugherty; the same young lady most
people know only as ‘Kay.’

Several facts you need to know about Kay, and
I will swear they are correct even if they are not all
completely true:

1) Kay knows more about orthopaedics because of
her 40 years of reviewing orthopaedics literature
than any orthopaedic surgeon I know.

Kay has given more writing help and advice to
orthopaedists than any surgeon I know.

Kay has written more papers, edited more man-
uscripts, and prepared more CME lectures and
talks than any orthopaedist I ever knew.

Finally, Kay has helped and counseled more
orthopaedic residents, fellows, students, and in-
ternational visitors to the clinic than any ortho-
paedist I know.

2)

3)

4)

There are over 5,000 pages in Campbell’s Operative
with over 1,500 illustrations. Can you imagine how
much effort and work it takes just to insert or delete
or change any one sentence in the book? To insert a
sentence or quote you have put it in the text, take the
old sentence out, check the validity of the new sentence,
check the inserted new material, and check any illustra-
tions, x-rays or images for accuracy. With the new in-
sertion of an illustration you must get permission for its
use from the previous publication. Finally, the corrected
bibliography must be inserted and placed in order. Kay
has edited every sentence in eight editions.

How would you like to edit a 5,000-page book
eight times?

I feel tired and over-
worked every time I
think about this mam-
moth job. So you can
see why, at one time or
another, and on many
occasions, I have said,
“Hell, I don’t know! Ask
Kay!” Nearly every day
it can actually go some-
thing like, “Hell, I don’t
know who wrote that or
what journal it was in.
Ask Kay, she’ll know!”

Thanks, Kay from all of us at the Campbell Clinic
and the Campbell Foundation, and from hundreds ev-
erywhere who have benefited from your knowledge. We
are eternally grateful!
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“SO, WHAT’S IN THE WATER IN MEMPHIS?”

by S. Terry Canale, M.D.

Why are so many leaders from the “Big M”? It has
often been said that all roads to the AAOS must go
through Memphis. Seven Campbell Clinic staff mem-
bers and one alumnus have served as president of the
AAOS since its first elected president, Willis C. Camp-
bell, in 1933. In addition, four have been presidents of
the AOA and eight have been directors of the ABOS.

So, what’s in the water in Memphis that continues
to produce leaders? Volunteerism, that’s what’s in the
water. At the Campbell Clinic we have always encour-
aged volunteerism in all forms and fashions to promote
orthopaedics. As a large part of the culture of Camp-
bell Clinic, volunteerism becomes embedded in our staff
and fellows and residents. This has occurred because of
hard work and promotion by our staft and the results of
“big names” in orthopaedics, such as Campbell, Speed,
Boyd, Ingram, Sage, Smith, Crenshaw, Calandruccio,
Sisk, Milford, and Edmondson. It is by hard work and
sheer volume that the fruits of their labor have paid off.

In the present generation, we are determined not to

rest on our laurels but to continue to promote volunteer-
ism by our staff and alumni. We continue to encourage
and support our staff and alumni so that they may serve
in positions at the highest level, nationally, regionally,
and locally. We continue to be involved in the leadership
of AAOS, AOA, ABOS, OREF, POSNA, SRS, and oth-
er orthopaedic sub-specialty societies. Some of our staff
and alumni are more comfortable serving at the local or
state level than in the national spotlight and volunteer
in local medical societies, community orthopaedic soci-
eties, various charitable organizations, and churches or
schools. Regardless, in Memphis at the Campbell Clinic,
we encourage volunteerism from our staff and also from
our alumni. We hope the volunteer spirit will continue
and will send the message that volunteering is a proud
reminder of our Campbell heritage. So, you see it is not
just what’s in the water in Memphis, but what’s embed-
ded in the training program in Memphis, and thus a part
of the “DNA” of all alumni from Memphis.
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The Russell-Taylor Intramedullary Nail System:
Origins and Achievements

by Thomas A. (Toney) Russell MD

Invented in 1983, the Russell-Taylor (RT) Interlock-
ing Intramedullary Nail system was the first closed-sec-
tion interlocking intramedullary nail system. It was
designed to optimize the structural environment for
fracture healing while permitting adequate fatigue
life of the implant to allow immediate weight-bearing
post-operatively. The original system included a femoral
nail designed by the author as a length and rotationally
stable load-bearing device in conjunction with a unique
kinematic targeting system attachable to the nail to as-
sist with distal interlocking designed and prototyped
by Dr. Charles Taylor and his brother, Harold Taylor
(Figure 1). In 1983, I was a first year faculty member and
Charlie was a resident in training at the University of
Tennessee-Campbell Clinic Department of Orthopaedic
Surgery in Memphis, Tennessee.

Figure 1: Russell-Taylor Intramedullary Nail System: Early
prototype designs

All advances in medicine are the result of our teach-
ers and our predecessors, and the RT story is no differ-
ent. Historically, there were previous attempts to treat
diaphyseal fractures with intramedullary devices for over

a century, with the most successful foundation laid by G.
Kiintscher in conjunction with the Pohl manufacturing
company in Germany in the late 1930s and early 1940s.
After WWII, however, acceptance of closed intramedul-
lary nailing as advocated by Kiintscher was unpopular
because of the relationship of E. Pohl and his company,
The Pohl Manufacturing Company, to the Nazi party.
The Allied Powers blacklisted the company.

Advancements in fracture fixation attributable to
intramedullary nails included the use of medical grade
high-strength stainless steel alloy implants, improve-
ment in image intensification C-arm technology, and
know-how developed by Kiintscher during the war as to
clinical indications and techniques. However, in 1950,
an article by Watson-Jones et al. in The Journal of Bone
and Joint Surgery-British discouraged the intramedul-
lary technique, resulting in a delay in the availability of
these technological advances by Kiintscher and Pohl in
the U.K. and U.S.A until 30 years after the war. There
were, however, friends and supporters of Kiintscher’s
concepts, including Dr. Hugh Smith at the Campbell
Clinic, who contributed to the 1950 article and befriend-
ed Kiintscher. Dr. Smith wrote the forward to the 2nd
edition of Kiintscher’s textbook “Practice of Intramed-
ullary Nailing” (English translation), published in 1967.

When [ was in training in the late 1970’s, the standard
of care for an adult femoral fracture was skeletal trac-
tion in the hospital for 8 to 12 weeks and then a body
cast for 4 to 6 weeks. Although the union rate was 80%
to 90%, malunion was common, and most patients ex-
perienced some type of residual handicap. Typically,
there were at least 80 patients in traction at all times on
the university service.

I became attracted to intramedullary nailing when
I was a medical student after observing several open
nailing cases and closed nailing attempts by some of
the younger staff, including Drs. Greer Richardson and
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George Wood. C-arm availability was just beginning in
Memphis, and the instruments and implants were quite
crude. We would saw 52-cm long straight Kiintscher
nails to the required length and try to insert them with-
out opening the fracture site, but we often failed and re-
sorted to open reduction. There were real opportunities
for improved instrumentation and implants. I was en-
couraged and supported during my residency training at
the Campbell Clinic by my professors, in particular Drs.
David Sisk, R. A. Calandruccio (The Chief), Fred Sage,
and Hugh Smith, despite frequent constructive criticism
by the more conservative members of the Campbell
Clinic staff. I also was encouraged by my fellow resi-
dents, for which I will always be thankful. The staff en-
couraged my homemade “tools,” which they let me use
and perfect on almost every femoral nail case I could
attend. I became convinced that the instruments could
be improved and that the open cloverleaf nail design
used at the time was too weak and rotationally unsta-
ble to permit weight-bearing. I presented my concepts
in 1982 to Professor Dietrich Hempel of the Kiintscher
Kreis society, while he was visiting the USA, and he en-
couraged me to pursue my concepts (With the support
of Mr. B. Lotz, President of OEC International, the suc-
cessor of the Pohl Manufacturing Company, Professor
Hempel had written a book on intramedullary nailing
techniques in 1982, which was the first technical guide to
intramedullary nailing available in English).

I had initially contacted the Zimmer Company about
presenting the nail concepts, but they declined my offer.
At a scientific meeting in Germany in 1983, I was asked
by Mr. Pete Read of the Richards Manufacturing Com-
pany (RMC) in Memphis what I thought about intra-
medullary nailing. I presented my concepts and included
Dr. Taylor’s targeting device concepts, and we arranged
a meeting when we returned to Memphis. The targeting
system was the first component presented to Richards,
and then the nail design was disclosed at a meeting at the
Campbell Clinic on a Monday night to Frank Lewis and
David Brumfield, engineers with Richards. They were
initially quite skeptical of the concept of an I-beam de-
sign for right/left nail selection with oblique interlocking
holes and a closed-section design, and were concerned
as to how it might be manufactured. Fortuitously, RMC
was acquiring Kiintscher-style femoral nails from a
Swiss company, OSTEOQO, that were fabricated from cy-
lindrical nail stock in which the slot was secondarily cre-
ated. They were able to fabricate test samples and initial

clinical material by welding a threaded attachment to
the closed section nail and drilling the interlocking hole
patterns we had suggested. The instrumentation was de-
signed to be efficient and simple to assemble with the
first commercial intramedullary manipulation tool for
reduction of the fracture.

The first clinical use of the invention occurred in
Memphis in the summer of 1983 when a size 13 X 38
cm nail was inserted to repair a comminuted femoral
fracture, and the nail was then statically locked distally.
After 3 successful surgeries, Mr. Ron Pickard, then Pres-
ident of RMC, decided to release the system at the an-
nual meeting of the American Academy of Orthopaedic
Surgeons (AAOS) the following year (1984). Mr. Read
proposed that the system be named after Dr. Taylor and
me as there was a precedent for naming interlocking nail
systems (e.g., Klemm-Schellman, Grosse-Kempf) and
Mr. Pickard agreed. The Russell-Taylor (RT) nail was
thus named.

At that time, the primary interlocking nail system
in the USA was the Grosse-Kempf system from Stras-
bourg, France, marketed by Howmedica, which had
been introduced in 1982. The Grosse-Kempf (GK) sys-
tem used a welded, proximally threaded design that was
prone to failure in mobilized patients. In light of our
observations of the GK clinical experience, and follow-
ing the first RT weld failure, the R&D engineering team,
Dr. Taylor, and I agreed that all welds must be removed
from our design. The concept of gun-drilling of the
nails was advanced by the engineering and manufactur-
ing teams, and Mr. Pickard committed the resources to
purchase and develop the first gun-drilling facilities for
medical implants. Glen Durham, and later Neal Beals,
joined Dave Brumfield on the engineering team . The en-
gineers observed surgery, and the surgeons engaged the
engineers and manufacturing teams on the shop floor
giving the team essential and mutual understanding of
both the constraints and opportunities in the operating
room and on the manufacturing floor.

The technological challenges associated with the de-
velopment of the RT nail design cannot be overstated!
The goal was to ensure structural implant function of
a 36- to 44-cm long nail manufactured of cold-forged
steel with a nail wall thickness of only 1 mm, fabricat-
ed to very tight tolerances. The brilliance and tenacity
of the R&D and the manufacturing teams in Memphis
led to their recognition by NASA, among others, as the
premier gun-drilling experts in the USA in the 1980s.
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The precise design formula for the nails is proprietary,
but was designed such that the nail’s bending strength
was matched to the respective bone diaphysis to yield
a bending stiffness of 90% to 95% of an intact femur
with approximately 50% of the bone’s rotational stift-
ness (Figure 2).

Figure 2: Cross-sections: Diaphyseal bone and closed-section
intramedullary nail

In the proximal attachment region of the nail, the di-
ameter and wall thickness were increased to give better
fatigue resistance for the proximal locking section. The
holes for the interlocking screws were placed to optimize
material around the hole and aligned in a slightly oblique
manner to allow some axial give at the fracture site for
loading the fracture callus. The locking screws used
were 6.4 mm diameter (to increase fatigue strength) ful-
ly-threaded screws (Figure 3). In subsequent design iter-
ations, the design philosophy mandated three principles:

Figure 3: Bone and nail cross-sections.

1. Surgical efficiency in instrumentation and tech-
nique.

2. Structural criteria for load bearing to prevent de-
formation and to minimize implant failure while
supporting the development of rapid callus for-
mation.

3. Improvement in functional recovery capabilities
of the injured extremity during fracture healing

The success of the RT system proved the concept of
close integration of a team consisting of design surgeons
with a high degree of clinical know-how, trauma engi-
neering specialists with testing and manufacturing ex-
pertise, tool and dye machining experts, and marketing
personnel (responsible for development of surgical edu-
cation materials), all with an intimate knowledge of the
implant design and history and the potential benefits to
the patient and surgeon (Figure 4). Marketing managers
Frank Navarra, Danny Crittenden, and Bob Heinrich
at RMC provided the educational tools and marketing
documentation required for training orthopaedic sur-
geons on these new techniques. Dr. David Lavelle joined
the surgeon design team in 1986 and later implanted the
first RT interlocking humeral nail in 1989.

Figure 4: Multidisciplinary Russell-Taylor Nail team at the annual
AAQS meeting.

A pivotal year for intramedullary nailing using
Kuntscher’s closed technique principles was 1984: it in-
cluded publication of the Harborview series of 520 femo-
ral nailings in the Journal of Bone & Joint Surgery (JBJS)
by Winquist et al., the first American report (also in
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JBJS) by Ken Johnson et al. of interlocking nailing that
showed superiority to traction and open nailing, and the
release of the American Russell-Taylor femoral inter-
locking nail system. The controversial nature of these
fundamental innovations in nail design and technique
led to initial criticism and disbelief. It was thought that
rotational instability was required for fracture healing
and that static locking of an intramedullary nail would
increase implant failure and nonunion rates. However,
mechanical testing and clinical studies around the world
validated the results of closed interlocking nailing and,
specifically the RT nail closed-section design. Many of
the initial reports and publications came from the staff
and residents of the Campbell Clinic. The RT femo-
ral nail system was documented to have the lowest fail-
ure rate, even with postoperative weight-bearing, with
union rates of 98%. By 1988, the RT system became the
market-leading interlocking femoral nail system. From
1983 to 1990, the RT system was expanded with devel-
opment of the Reconstruction Nail for subtrochanteric
fractures, pathologic fractures, and selected ipsilateral
femoral neck shaft fractures, along with the Delta Tibial
Nail, the first nonreamed static interlocking treatment
for open tibial fractures. In addition, the RT system
expanded with interlocking humeral nails and smaller
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A Quantitative Analysis of Deltoid Lengthening on Associated
Complications Following Reverse Total Shoulder Arthroplasty

ABSTRACT

BACKGROUND: Reverse total shoulder arthroplasty (RTSA) reduces pain and improves
function for a number of rotator cuff deficient conditions. Inferior glenosphere positioning
and medialization of the center of rotation act to increase the deltoid lever arm to restore
forward elevation. However, overtensioning of the deltoid can have negative clinical conse-
quences, including acromion fractures, deltoid dehiscence, and prolonged pain. We pro-
posed to compare deltoid length in a 1:2 matched cohort of patients with and without deltoid
tension-related complications following RTSA.

MATERIALS AND METHODS: We retrospectively identified 13 patients who developed
post-operative complications following RTSA including 9 patients with acromion fractures
or deltoid dehiscence, and 4 patients with persistent (>2 years postoperative) deltoid pain.
These were compared with a cohort of 26 patients (1:2 matching) without post-operative
deltoid complications that were matched according to age and operative indication. Com-
ponent lateralization was also standardized between groups. Minimum follow-up was 2
years for all patients. We excluded cases of revision arthroplasty or prior history of deltoid
dysfunction. Average deltoid lengthening was measured radiographically from preoperative
and postoperative radiographs using established techniques. One-way ANOVA with post-
hoc testing was used to identify differences in deltoid length between cohorts. Nonparamet-
ric analyses (Pearson chi-square analysis, Kendall’s tau coefficient) were used to examine
all nominal variables for association. Differences with p<0.05 were considered statistically
significant.

RESULTS: The experimental cohort of 13 patients included 6 patients with acromion frac-
tures, 3 with deltoid dehiscence, and 4 with persistent deltoid pain. The control group
was composed of 26 patients without deltoid related complications. The average age for
the overall cohort was 71 years and there were no significant differences between groups
regarding age, sex, operative indication, the use of bone graft, or duration of follow-up. Aver-
age deltoid lengthening was found to be 21 mm. Patients with deltoid-related complications
had significantly greater deltoid lengthening (acromion fracture or deltoid dehiscence 29
mm [range 17-41 mm]; persistent deltoid pain 26 mm [range 18-36 mm]) compared to
those without complications (17 mm [range 5-30 mm]; p=0.002).

CONCLUSION: Patients with post-operative acromion fractures, deltoid dehiscence, or
persistent deltoid pain had significantly greater deltoid lengthening than a control group
without complications. Further, this degree of lengthening corresponds to previously pub-
lished biomechanical data regarding the degree to which the deltoid can tolerate elongation.
Surgeons should be cognizant that lengthening the deltoid more than 25mm during RTSA
increases the risk of post-operative tension-related complications.
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The Worst of the Worst: High Energy Comminuted Proximal Femur

Fractures in Young Patients Treated with a Fixed Angle Reconstruction Nail

ABSTRACT

Background: High-energy comminuted proximal femur fractures can be difficult to man-
age. These fractures commonly occur in young patients and are associated with atypical
fracture patterns that often have significant comminution and soft tissue stripping. Fixation
with intramedullary nails has not been well described, whereas fixation with proximal fem-
oral locking plates is associated with nonunion and failure rates of up to 70%. The purpose
of this study is to evaluate clinical outcomes of a cohort of young patients with high-ener-
gy comminuted proximal femur fractures treated with a locked fixed angle reconstruction
nail. This novel approach incorporates a nail that statically fixes the proximal reconstruction
screws to the shaft of the nail to prevent collapse and shortening. We hypothesize that this
fixation will allow for anatomic alignment with a low rate of postoperative complications.

Methods: This was a retrospective study performed at a regional level | trauma center.
Eighteen skeletally mature patients age <65 years with high-energy comminuted proximal
femur fractures (OTA/OA 31-A2.3 and 31-A3.3) treated with a locked piriformis entry ceph-
alomedullary nail were included. The main outcome measure was malalignment <5 degrees
on the postoperative anteroposterior (AP) pelvis radiograph. Follow-up data was available on
15 patients at an average of 18.9 weeks.

Results: The study population included 14 male and 4 female patients with an average
age of 39.5 years. The mean immediate post-operative neck-shaft angle for the operative
extremity was 131.0 degrees, whereas the contralateral (control) neck-shaft angle aver-
aged 130.6 degrees. The average neck-shaft angle at final follow-up was 130.3 degrees.
All patients were fixed in <5 degrees of varus. One patient developed nonunion requiring
secondary surgery for exchange nailing. A second patient required secondary operation for
revision of the proximal reconstruction screws but went on to union. There were no other
known complications in any of the study patients.

Conclusion: High energy comminuted proximal femur fractures can be treated successfully
with a fixed angle reconstruction nail with low rates of malalignment and nonunion hardware
complications.

Level of Evidence: Level IV, case series
Source of Funding: no external funding source
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Genetic Relationship in a Group of Metal on
Metal Total Hip Bearing Failures

ABSTRACT

BACKGROUND: Since the recall of some metal on metal (MoM) total hip replacement (THR)
bearings, surgeons have seen patients with pain, elevated Co and Cr levels and adverse
local tissue reactions (ALTR). While many variables may contribute to THR MoM failures,
many times these variables are not present in patients who present with symptoms. We
investigate the possible genetic predilection of a group of patients who were revised after
MoM THR surgery for pain, high Co/Cr levels and ALTR.

METHODS: IRB approval was obtained prior to our study. We have analyzed 19 control (as-
ymptomatic) MoM THR patients > 6 years after surgery and 19 disease (revised) MoM THR
for high metal ions and ALTR). The 38 sample intensity files were subject to sample Quality
Control (QC) using Contrast QC (< 0.4) with an Affymetrix Genotyping Console. The resulting
38 sample files with genotype calls were loaded and further analyzed using the Association
Workflow in Partek Genomics Suite 6.6 (Partek, Missouri). Hardy-Weinberg equilibrium test
was performed on the single nucleotide polymorphism (SNP) level. The difference between
the observed and expected frequencies of each allele at each locus were tested by Fisher’s
exact test and x? test. To get the working SNP list, two filters were used: (1) a SNP no-call rate
should be less than 5%, and (2) minor allele frequency of a SNP should be greater than 5%.

After filtering, association analysis of the SNPs with disease was done using x? Test. In this
study, x? statistic was used to assess the difference in allele frequencies between the con-
trol and disease samples. The value of x* statistic, degrees of freedom, and the associated
p-value for each SNP were calculated. Dot Plot was used to visualize the genotypes of all
samples.

SNPs

Controls red &

Disease blue t

AA AB BB

Figure 1: MS-1 genotypes with AA homozygous dominant isoform, AB heterozygous isoform,
BB homozygous recessive isoform. Red are control subjects and blue are disease subjects
who underwent MoM THR revision.
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To measure the non-random association of alleles at different loci,
Linkage Disequilibrium analysis was performed using the neigh-
borhood size of 20 and statistic r2. The resulting correlations show
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Total Knee Arthroplasty (TKA) In the Ambulatory Surgery Center is as Safe as and

Less Costly than in an Inpatient Hospital Setting: A Matched-Cohort Comparison

ABSTRACT

Background: To determine the safety, efficacy, and expense associated with both locations,
we compared a matched cohort of outpatient TKAs done in a free-standing ambulatory sur-
gery center (ASC) with those done in a standard inpatient hospital setting.

Methods: Retrospective review identified 82 patients who had a TKA, 41 at an ASC and 41
in an inpatient hospital. The cohorts were matched according to age and American Society
of Anesthesiologists physical status classification (ASA score). Primary outcomes included
episode-of-care measures and cost. Ninety-day episode-of-care measures included com-
plications, hospital readmissions, and reoperations.

Results: The cohorts demonstrated no statistically significant differences in age (p = 0.55),
gender (p = 0.40), body mass index (BMI) (p = 0.29), and ASA scores (p = 0.15). There
were no readmissions or major complications, including deep infection, periprosthetic frac-
ture, or venous thromboembolism, in either cohort. Minor wound issues occurred in four
(9.8%) hospital patients and in one (2.4%) ASC patient (p=0.36). All ASC patients were
discharged the same day of surgery without an overnight stay. The average length of stay
for the hospital group was 2.5 days.

Conclusion: Our results demonstrate that TKA can be done safely, reliably, and cost ef-
fectively in the ASC. Patient selection, pre-operative screening/counseling, and the use of a
multimodal pain regimen are critical to minimizing complications and reducing costs. With
the increasing emphasis on lower costs and higher patient satisfaction as measures of out-
comes, TKA in the ASC is an attractive alternative to traditional in-hospital TKA.
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Mood Disorders Do Not Predict A More Difficult Post-Operative
Course Following Primary Anatomic Total Shoulder Arthroplasty

ABSTRACT

BACKGROUND: Mood disorders, including depression and anxiety, are present in up to
30% of the population undergoing arthroplasty procedures. Investigation into the effect of
these disorders on outcomes following rotator cuff repair and primary arthroplasty of the hip
and knee has been performed. However, information is lacking on their impact following
shoulder arthroplasty. As risk stratification models for bundled payment programs develop
for arthroplasty procedures, this information will be increasingly relevant as these plans are
typically tied to a 90 day episode of care. We proposed to study the effect of mood disorders
on pain, narcotic use, length of hospital stay, and complications following primary anatomic
total shoulder arthroplasty (TSA) in the global post-operative period.

METHODS: After IRB approval, a database search of primary anatomic total shoulder arthro-
plasties was conducted. Patients in the mood disorders group were identified by the pres-
ence of depression and/or anxiety on intake forms or use of a prescription mood stabilizer.
Visual analog pain scores (VAS) were recorded at the pre-operative visit and at 2, 6, and 12
week visits after surgery. Oral morphine equivalents (OME) were recorded for in hospital
use, discharge medications, and prescriptions given at 2, 6, and 12 week visits. Length of
stay and complications data were also recorded. Statistical analyses were performed using
Fishers exact tests for dichotomous variables and students t-test for continuous variables.
Differences with p<0.05 were considered statistically significant.

RESULTS: After database search, 132 primary anatomic total shoulder arthroplasties were
identified. Thirty-one shoulders comprised the mood disorder group and the remaining
101 did not have a mood disorder. There were no significant differences between groups
regarding age, operative indication, BMI, or comorbidities.

There were no significant differences in VAS scores at the pre op, 2, 6, or 12 week visits
(mood disorder vs no mood disorder: 6.6 vs 6.2, p = 0.52; 4.4vs4.0p =0.43; 3.4 vs 2.6
p=0.13; 1.5vs 1.8 p = 0.59, respectively). There were also no significant differences
between groups regarding OME narcotic use at any of the recorded time points (Table 1).
And no statistically significant differences were found between cohorts regarding length of
hospital stay (1.3 days v 1.1 days, p= 0.11) or post-operative complication rates (3% vs
11%, p=0.19)

CONCLUSIONS: Patients with mood disorders did not demonstrate a more difficult post-op-
erative course following primary anatomic total shoulder arthroplasty. We found no sig-
nificant differences in VAS scores at any recorded time point. There were no significant
differences in post-operative narcotic requirement, length of hospital stay, or complications.
These results indicate that patients with a mood disorder undergoing total shoulder arthro-
plasty can expect a similar post-operative course as those without depression or anxiety.
Further, this data suggests the presence of a mood disorder will not necessarily be a signifi-
cant risk factor for bundled payment plans to consider when developing predictive modeling
for primary anatomic total shoulder arthroplasty.
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Mood Mood

Mood

Result . Control P value Results . Control P value Results . Control | P Value
Disorder Disorder Disorder

VAS Pre-op 6.55 6.16 0.52 OME Hospital 735 63.3 0.381
2 wk

VAS 2 weeks 4.38 4.01 0.429 OME D/C 1137.8 1283 0.251 cummulative | 1478.9 1584.5 0.535
OME
6 wk

VAS 6 weeks 3.37 2.6 0.128 OME 2 weeks 285.1 245.4 0.597 cummulative | 1809.8 1762.4 0.746
OME
12 wk

VAS 12 weeks 1.52 1.77 0.586 OME 6 weeks 365.1 197.5 0.097 cummulative | 19129 1878.8 0.846
OME

OME 12 Weeks 110 119.9 0.946

Table 1: Pain scores and post-operative narcotic use for patients with and without mood disorders.
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90 Day Outcomes of Reverse Total Shoulder Arthroplasty

in Tobacco Users

ABSTRACT

BACKGROUND: The current health care environment warrants growing awareness and
recognition of patient specific risk factors that may affect postoperative outcomes. Tobacco
use has been associated with increased perioperative complications; however, the effect of
tobacco use on outcomes following reverse total shoulder arthroplasty (RTSA) is valuable
additional information. To determine the potential impacts of tobacco use in this setting, we
evaluated postoperative pain, narcotic use, reoperations, and complications in the global
90-day care period for patients undergoing RTSA who were non-tobacco users, current
tobacco users, or former tobacco users.

METHODS: Retrospective review of clinical database identified 279 patients undergoing
RTSA who were then divided into 3 groups: current tobacco users (23), nonusers (150),
and former users (106). All surgeries were done with the same technique and implants.
Preoperative VAS and ASES scores were compared to postoperative scores. Oral morphine
equivalents (OME) were calculated for patients while in hospital and after discharge to com-
prise the 90 day global period. Complications, re-operations, and hospital re-admissions
were also examined.

RESULTS: Patients in the current tobacco use group had higher visual analog scale scores
preoperatively and at 12 weeks postoperatively than nonusers and former users. Mean
improvement in visual analog scale scores was less in current tobacco users versus
non-tobacco and former tobacco users. Mean improvement in ASES scores were highest
in non-tobacco users. Cumulative OME use at 90 days was significantly higher in current
tobacco users than in nonusers and former users. The average OME per day was also sig-
nificantly higher in the current tobacco users than in nonusers and former users. There were
no significant differences in complications or reoperations.

CONCLUSIONS: Tobacco users reported increased postoperative pain, reported less im-
provement in postoperative scores, and had increased narcotic use in the global period after
RTSA. Taken together, these data indicate current tobacco users can expect a more difficult
post-operative course following RTSA than non-users or former users of tobacco.
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Mood Disorders Do Not Have An Adverse Effect On OQutcomes
Following Reverse Total Shoulder Arthroplasty

ABSTRACT

Introduction: Mood disorders such as depression and anxiety are highly prevalent in the
general population. The effect of mental distress on patient outcomes undergoing other
orthopaedic procedures has been extensively studied in recent years. While this data gen-
erally indicates mood disorders are deleterious to patient outcomes, there is a paucity of in-
formation on its effect in patients undergoing shoulder arthroplasty. Therefore, we proposed
to study a patient population undergoing primary reverse total shoulder arthroplasty (RTSA)
to determine if mood disorders adversely affected two-year patient outcomes.

Methods: After Institutional Review Board approval, 114 shoulders undergoing primary
reverse total shoulder arthroplasty were included. Patients were classified as having a mood
disorder by documentation of depression/anxiety and/or use of a prescription mood-stabi-
lizing drug. Patients were evaluated preoperatively and postoperatively at a minimum of two
years. Patients were clinically evaluated using American Shoulder and Elbow Society (ASES)
scores, Visual Analog pain scores (VAS), Single Assessment Numeric Evaluation (SANE),
active shoulder range of motion, and strength testing. Complications, re-operations, and
re-admissions were compiled, and radiographs were assessed for evidence of loosening or
component failure at most recent follow up.

Statistical analyses were performed using independent samples t-tests and Pearson chi-
square tests. Differences with p<0.05 were considered statistically significant.

Results: Of the 114 shoulders analyzed, 31 shoulders were categorized as having mood
disorders while 83 shoulders were in the non-mood disorder group. The average age for
the mood disorder group was 67 years and for the non-mood disorder group was 70 years
(p=0.16). The average duration of follow up was 29.3 months for the mood disorder group
and 28.1 months for the non-mood disorder group (p= 0.77). Significantly more women
than men comprised the mood disorder group (25 female, 6 male, p=0.007). However,
there were no significant differences between the groups with respect to body mass index,
laterality, race, or worker's compensation claims.

There were no statistical differences observed between the two groups with respect to
ASES, VAS, SANE, or range of motion at any time point. There was a trend towards improved
external rotation (ER) (4.5 vs 4.8, p=0.08) and internal (IR) strength (4.6 vs 4.8, p=0.091)
in favor of the non-mood disorder group at 2 years. The degree of improvement in these
functional outcomes and pain scores from preoperatively to two year follow-up was also
evaluated and found not to be significantly different as well.

There were 16 complications in the non-mood disorder group compared to 3 complica-
tions in the mood disorder group (p=0.34). Two of the patients in the non-mood disorder
group required reoperations secondary to radiographic evidence of component loosening;
however, this finding was not significant (p=0.45). In regards to re-admissions, 2 patients
with mood disorders were readmitted while only 1 patient without a mood disorder was
readmitted (p=0.38).

Ryves A. Moore, MD!

Tyler J. Brolin, MD!

Richard A. Smith, PhD!
Frederick M. Azar, MD!
Thomas W. Throckmorton, MD!

T University of Tennessee-Campbell Clinic
Department of Orthopaedic Surgery
& Biomedical Engineering
Memphis, Tennessee

Corresponding author:

Thomas W. Throckmorton, MD
1217 Union Avenue, Suite 510
Memphis, TN 38104

P: 901-759-3270

F: 901-759-3278
tthrockmorton@campbellclinic.com

CAMPBELL ORTHOPAEDIC JOURNAL - YVOLUME 4, 2018

44



Conclusion: These results suggest that patients suffering from
mood disorders can expect similar outcomes to those without mood
disorders when undergoing primary reverse total shoulder arthro-
plasty. This is contrary to most current literature on the effects of
mood disorders on outcomes of patients undergoing other orthope-
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Tobacco Use Predicts A More Difficult Episode of Care After
Anatomic Total Shoulder Arthroplasty*

ABSTRACT

Background: In the current health care environment, it is becoming increasingly important
to recognize risks factors that may affect a patient’s postoperative outcome. To determine
the potential impact of tobacco as a risk factor, we evaluated postoperative pain, narcotic
use, length of stay, reoperations, and compli-cations in the global 90-day episode of care for
patients undergoing anatomic total shoulder arthroplasty (TSA) who were current tobacco
users, former users, or nonusers.

Methods: Database search identified 163 patients with primary anatomic TSA done for gle-
nohumeral ar-thritis; these were divided into 3 groups: current tobacco users (28), nonusers
(88), and former users (47). All surgeries were done with the same technique and implants.

Results: Patients in the current tobacco use group had significantly higher visual analog
scale scores pre-operatively and at 12 weeks postoperatively than nonusers and former us-
ers. Mean improvement in visual analog scale scores was significantly less in current tobac-
co users. Cumulative oral morphine equivalent use at 12 weeks was significantly higher in
current tobacco users than in nonusers and former users. The average oral morphine equiv-
alent per day was also significantly higher in the current tobacco users than in nonusers
and former users. There were no significant differences in length of stay or complications.

Conclusions: Although length of stay, complication rates, hospital readmissions, and reop-
eration rates were not significantly different, tobacco users reported increased postoperative
pain and narcotic use in the global period after TSA. Former tobacco users were found to
have a postoperative course similar to that of nonusers, suggesting that discontinuation of
tobacco use can improve a patient’s episode of care performance after TSA.

Level of evidence: Level lll; Retrospective Cohort Design; Treatment Study
© 2017 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.

Keywords: Total shoulder arthroplasty; 90-day episode of care; tobacco use; outcomes;
complications; postoperative pain
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The demand for primary total shoulder arthroplasty
(TSA) has been steadily increasing during the last de-
cade, and projections based on the Nationwide Inpatient
Sample suggest this trend is likely to continue.®!”> TSA
has been shown to provide predictable pain relief and
postoperative outcomes, with reports of long-term sur-
vival and satisfaction rates ranging from 87% to 95%.232
Whereas there is an abundance of data supporting the
use of TSA in the treatment of advanced glenohumer-
al arthritis, studies investigating patient-specific risk

factors, including tobacco use, that may predict early
post-operative outcomes are lacking.

Tobacco use has been shown to be a major risk factor
for the development of postoperative complications in
elective orthopedic surgery.”? In the total hip and knee
arthroplasty literature, multiple studies have shown that
patients who use tobacco are at an increased risk for both
wound complications and deep infections.>!31%3%31 Not
only are patients undergoing elective joint surgery at an
increased risk for wound complications and infections,

* Reprinted with permission, J. Shoulder Elbow Surg 2018 Jan;27(1):23 -28. doi: 10.1016/jse.2017.06.033. Epub 2017 Jul 24.
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they also are at risk for adverse functional outcomes
that require revision surgery.*® Wound complications, in-
fections, and revision surgery lead to decreased patient
satisfaction and increased hospital readmissions.>*’ Sur-
gical complications after joint arthroplasty leading to
hospital readmissions have been shown to significantly
increase costs to the health systems, with a re-ported av-
erage of $36,038 for total hip arthroplasty readmissions
and $27,979 for total knee arthroplasty readmissions.’

During the past decade, increased attention has been
directed toward the economic aspects of patient care. In
particular, emphasis has been placed on providing the
best possible care for the least possible cost, the so-called
value equation.?”?® This is particularly relevant because
rates of shoulder arthroplasty are increasing by approx-
imately 9.4% per year.® In response, payors have shifted
from the traditional fee-for-service model of medicine
toward one of value-based care. This often takes the
form of bundled payment plans, whereby 90-day glob-
al costs of care are covered by a single payment, with
the increased cost burden associated with any adverse
events leading to decreased value of the procedure. This
protocol establishes incentives for surgeons to provide
high-quality, cost-effective care. During this same time,
some payors have begun to transition to a system that
either financially rewards or penalizes health care pro-
viders on the basis of subjective patient-reported out-
comes. Recognizing risk factors that have the potential
to increase cost burden and to decrease the value of pro-
cedures is especially relevant in the evolution of these
payment models.

In an effort to determine the effects of tobacco as a
potential risk factor for both decreased patient-reported
outcomes and increased cost burden, we evaluated post-
operative pain, narcotic use, length of stay, reoperations,
and complications in the global 90-day episode of care
for patients who had an-atomic TSA and who were cur-
rent tobacco users, former tobacco users, or nonusers.

MATERIALS AND METHODS

A database search identified patients with a diagnosis
of glenohumeral arthritis who were treated with prima-
ry anatomic TSA; those with hemiarthroplasties, reverse
TSAs, and revision TSAs were excluded. Others exclud-
ed were patients lost to follow-up and patients with in-
complete medical records. All patients had radiograph-
ic and clinical indications for TSA, and nonoperative
management had failed to relieve their symptoms.

There were no differences in surgical technique
among the current tobacco users, nonusers, and former
tobacco users. All procedures were done with the patient
in the beach chair position under general anesthesia. Af-
ter a standard deltopectoral approach, a biceps tenode-
sis and subscapularis tenotomy were done before release
of the inferior capsule and dislocation of the humeral
head. After final implant insertion, all shoulders exhibit-
ed appropriate head height, version, motion, and stabil-
ity. The subscapularis and rotator intervals were closed
with heavy nonabsorbable suture.

Patients who had TSA before February 2014 received
an interscalene nerve block for postoperative pain con-
trol; after that time, an intraoperative periarticular injec-
tion consisting of liposomal bupivacaine, bupivacaine
with epinephrine, and ketorolac was used. This stan-
dardized injection was placed in the deltoid, pectoralis
major, and soft tissues around the incision. These inter-
ventions were supplemented with intravenous and oral
narcotic medications as needed.

A standardized postoperative rehabilitation protocol
consisted of sling immobilization and passive range of
motion for the first 6 weeks. During postoperative weeks
6 through 12, patients began using the extremity for gen-
tle activities in front of the body and continued passive
range of motion in physical therapy. Isometric strength-
ening was initiated at 10 weeks, with unrestricted use of
the arm allowed at 12 weeks.

Patients were identified as current tobacco users,
nonusers, or former users by health history on intake
forms and clinical interview. Former tobacco users were
defined as patients who reported cessation of tobacco
use longer than 3 months before their initial surgical
evaluation. Visual analog scale (VAS) scores for pain
were recorded at the preoperative visit and at 2-, 6-, and
12-week visits after surgery. Oral morphine equivalents
(OMEs) were recorded for in-hospital use, discharge
medications, and prescriptions given at 2-, 6-, and
12-week visits. This was complemented by query of a
statewide narcotic prescriptions database. Hospital and
clinic medical records were reviewed retrospectively to
collect data pertaining to patient-specific demographics,
complications, reoperations, length of stay, and hospital
readmissions.

Statistical analyses for preoperative and postopera-
tive measurements were performed using Student t-tests
and analysis of variance, with p < .05 considered statis-
tically significant.
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Characteristic Current tobacco users Nonusers Former users
Age (y) 57.4 (37-77) 61.8 (33-80) 64.5 (33.94)
Sex 11 M, 17F 49M,39F 22 M, 25F
Extremity 15L,13R 361L,52R 211,26R
Body mass index 30.7 (20.9-50.1) 34.2 (19-55.7) 31(19-42)
Diabetes 5 18 7
CVA 3 5 1
CAD 4 12 6
Mood disorder 11 19 10
Renal disease 2 2
0SA 5 21 7
Osteoarthritis 24 78 45
Inflammatory arthritis 3 4
Post-traumatic arthritis 1 4 0
Postcapsulorrhaphy arthritis 0 2

CAD, coronary artery disease; CVA, cerebrovascular accident; 0SA, obstructive sleep apnea.

Table 1: Patient characteristics

RESULTS

Of the 163 patients with primary TSAs identified,
28 were current tobacco users, 88 were nonusers, and
47 were former users. An interscalene nerve block was
used in 18 current tobacco users, 56 nonusers, and 39
former users. An injected periarticular liposomal bupi-
vacaine mixture was used in 10 current tobacco users,
32 nonusers, and 8 former users. There was no statisti-
cal difference in the percentage of patients receiving an
interscalene block between the tobacco-use group and
the no-use and former-use groups (p = 1.0 and p = .09,
respectively), and there were no differences in VAS or
OME use between patients who had interscalene blocks
and those who had periarticular injections. There were
also no statistically significant differences among the
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Figure 1: Comparison of visual analog scale (VAS) scores pre-
operatively and at 12 weeks.

groups regarding sex, operative indication, comorbidi-
ties, laterality, or body mass index. Patients in the tobac-
co-use group were on average younger compared with
the no-use and former-use groups (Table 1).

Patients in the current-use group had significantly
higher VAS scores both preoperatively and at 12 weeks
postoperatively compared with the no-use and for-
mer-use cohorts (p < .001 and p < .001, respectively)
(Fig. 1). At 12 weeks postoperatively, VAS scores de-
creased from 7.1 to 4.3 (p < .001) in the tobacco-use
group, 5.8 to 1.8 (p < .001) in the no-use group, and
5.8 to 1.5 (p <.001) in the former-use group. The mean
improvement in VAS was significantly less in the cur-
rent-use cohort as well (2.8 vs. 4 and 4.3; p < .02) com-
pared with both the no-use and former-use groups.

Cumulative OME use at 12 weeks was significantly
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Figure 2: Comparison of postoperative opioid requirements.
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higher in the current-use group compared with nonusers
and former users (2348 mg vs. 1637 mg and 1623 mg;
p < .003). The average OME per day also was signifi-
cantly higher in the current-use group compared with
the no-use and former-use groups (p < .003) (Fig. 2).
Length of stay was not significantly different among
the three groups; however, there was a trend toward
longer length of stay for the current-use group com-
pared with the former-use group (1.21 days vs. 0.95
days; p = .08). No statistically significant differences
were found between the current-use group and the other
two cohorts regarding complications (18% vs. 11% and
8%; p = .35 and p = .28). There were no complications
requiring reoperations or hospital readmissions in the
90-day postoperative period in any group (Table 2).

DISCUSSION

In the United States, approximately 17% of the gross
domestic product is derived from health care expendi-
tures.!®32 Not only do health care expenditures represent
a larger portion of the gross domestic product in the
United States than in any other developed nation, their
rate of growth is increasing at a pace higher than the
rate of inflation.!?!* As a result, during the past several
years, the U.S. Secretary of Health and Human Services
has begun implementing a strategy to shift the health
care industry toward a system in which providers are re-
imbursed on the basis of quality vs. quantity, placing an
increased interest in value-based care.*

With total joint arthroplasty accounting for 5.7%
of yearly Medicare expenditures, it represents the sin-
gle largest outlay among Medicare beneficiaries and,
as such, has been an early target for this shift toward
value-based care.®’ In 2013, the Centers for Medicare
and Medicaid Services implemented the Bundled Pay-
ments for Care Improvement initiative.> The Bundled
Payments for Care Improvement initiative was designed
to improve health care delivery and to decrease costs
by allowing providers to enter into prenegotiated pay-
ment arrangements that include financial and perfor-
mance account-ability for a clinical episode in which a
risk-and-reward calculus must be determined.!” As al-
ternative payment structures, such as bundled payment
models, continue to develop, it is becoming increasingly
more important to recognize risk factors that could lead
to higher cost episodes of care.

We evaluated patients in a 90-day period, which cor-
responds to the Centers for Medicare and Medicaid Ser-

vices timeline of an episode of care.* Patients who used
tobacco experienced significant increases in both VAS
scores and OME use at 2-week, 6-week, and 12-week in-
tervals compared with nonusers and previous users of
tobacco. There also was a trend toward longer length of
stay for the tobacco-use group compared with former
users. Whereas the financial impact of such measures is
beyond the scope of this study, their implications should
be considered in examining the overall impact on the
health care delivery system.

In this study, former tobacco users were found to
have postoperative outcomes similar to those of nonus-
ers. This finding is of particular interest in that it iden-
tified a risk factor that is modifiable. Previous studies
have identified risk factors such as diabetes, obstructive
sleep apnea, congestive heart failure, renal failure, age,
female sex, and chronic pulmonary disease that lead to
increased hospital stays, readmissions, complications,
and thus an increased cost burden.>!!1220.2635 Recogniz-
ing tobacco use as a modifiable risk factor is important
because it allows improved preoperative counseling. It is
possible that through smoking cessation, patients may
achieve decreased perceived pain as well as decreased
consumption of narcotic pain medication postopera-
tively.

Overall, tobacco use appears to create a more diffi-
cult episode of care. Although there were no statistically
significant differences in length of stay or complications,
these were both higher in current tobacco users, suggest-
ing that they consume more perioperative resources than
nonusers and former users. Recognizing risk factors that
can potentially contribute to more difficult episodes of
care is important not only for the potential direct finan-
cial implications associated with increased perioperative
resource consumption but also because, in the future,
payment structures could be directly tied to subjective
patient outcomes as measured by satisfaction scores and
perceived pain. This is highlighted in multiple studies
that have shown a direct correlation between increased
pain and decreased patient satisfaction.'*!¢ VAS scores
and OME use were significantly higher in current tobac-
co users, indicating a more painful postoperative course
that required more postoperative resources and may
have adversely affected patient satisfaction.

Whereas it is important to recognize risk factors such
as tobacco use that create a more difficult episode of
care, this information should not be used to discourage
patients from undergoing elective TSA. Although pain
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Current tobacco users
5 (18%)

Complication
Total complications

Nonusers Former users
10 (11%) 4 (8%)

Infection

0 0

Subscapularis failure

Rotator cuff tear

Arthrofibrosis

Greater tuberosity fracture

Incisional neuroma

Biceps tear

Brachial plexopathy

Suture abscess

Glenohumeral dislocation

Superficial venous thrombosis

Biceps tendinitis

Superficial radial neuritis

Readmissions

Reoperations

N/ oOjlolo ool OOl 22 lO O O

—

Length of stay (d)

2
1
0
0
2
0
0
1
1
1
1
1
0
0
0

oo/l o o olojlojlo =2l OO0 |2 O O

1.07

o

None of the differences were statistically significant.

Table 2: Complications

scores were higher and decreased at a lower rate in the
tobacco-use group, all groups improved significantly. As
these risk stratification models evolve, we believe physi-
cians and health care systems should not be penalized
financially for certain subsets of patients simply because
they report lower subjective scores. At the same time, we
also believe that orthopedic surgeons should not deny
treatment to these patients because they may have a
more difficult episode of care.

There were several limitations of this study. This study
was retrospective and conducted at a single institution
where all procedures were performed by a single, fellow-
ship-trained surgeon; therefore, the results may not be
generalizable to all patient populations and surgeons.
The numbers, specifically in the tobacco-use group, were
relatively small, and it is possible that the results may be
different with a larger sample size. Another limitation is
that patients were grouped into tobacco use categories
based on patient-reported health questionnaires. It is
possible that patients who either use tobacco currently
or have previously used tobacco under-reported their
use. Also, this study provided no long-term outcomes as

the stated goal was to examine the episode of care met-
rics relevant to most bundled payment programs.

CONCLUSION

Current tobacco use is a significant predictor of in-
creased postoperative pain and narcotic use in the glob-
al period after TSA. Although length of stay, complica-
tion rates, hospital readmissions, and reoperation rates
were not significantly different, tobacco users in general
re-quired more perioperative resources than nonusers
or former users. As risk stratification models evolve for
bundled payment plans, current tobacco use should be
identified as a predictor of a more difficult postoperative
course. Former tobacco users were found to have a post-
operative course similar to that of nonusers, suggesting
that discontinuation of tobacco use can improve a pa-
tient’s episode of care performance after TSA.
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Is Soft Tissue Laxity Associated With Tissue Metal
Concentrations After Total Knee Arthroplasty?

ABSTRACT

INTRODUCTION: Long-term implant durability and successful outcomes following prima-
ry total knee arthroplasty (TKA) are believed to be dependent on implant-specific factors
as well as surgical factors including: proper alignment of the components, proper patellar
tracking, and recreation of equally balanced soft tissues and gaps in flexion and exten-
sion™, While excessive ligamentous laxity has been reported to increase anterior-posterior
translation and internal-external rotation which increased polyethylene wear in a primary
TKA &7 there is a paucity of literature evaluating the relationship between joint laxity and
metallic wear debris production following TKA. The objective of this study was to determine
the relationship between cobalt (Co), chromium (Cr), and titanium (Ti) concentrations in
periprosthetic tissue and the laxity of the joint.

METHODS: After obtaining approval from the institutional review board, 15 cadaveric spec-
imens with primary TKAs were collected as part of a multi-institutional implant retrieval
program. Fluoroscopy imaging of all specimens was performed to determine if osteolysis
was present; all implants were determined to be well-fixed with no radiolucent lines seen
in any implant interface. Each specimen was mounted into a custom knee testing machine,
and the anterior-posterior displacement, varus-valgus deflection, and internal-external ro-
tation was tested at 0°, 30°, 60°, and 90° of flexion. Tissue samples were collected from the
medial and lateral gutters, the supra- and infra-patellar regions, and along the tibia-implant
interface. Each of these tissue samples were digested using a modified method from Kerger
et al @, The digestion was validated using the Luts-1 certified references from the nation-
al research council of Canada. Inductively coupled plasma mass spectrometry (IGP-MS)
analysis was performed to measure the Co, Cr, and Ti concentrations in the periprosthetic
tissue. Spearman rank correlations were performed to determine if a significant correlation
(p < 0.05) existed between soft tissue laxity and tissue metal concentrations.

RESULTS: Median metal concentrations were as follows—Co: 23.3 pg/l (IQR: 47.8);
Cr: 38.4 pg/l (IQR: 80.2); and Ti: 9.6 pg/l (1QR: 32.3). One specimen presented with metal-
losis as indicated by tissue discoloration (Fig. 1); this specimen had extremely elevated
Co (28,700 pg/l) and Cr (66,500 pg/l) concentrations. At 0° flexion, decreased posterior dis-
placement was negatively correlated with elevated Co (p = -0.72, p = 0.02) and Cr concen-
trations (p = -0.61, p = 0.05). At 30" flexion, decreased external rotation was correlated with
elevated Ti concentrations (p = -0.63, p = 0.02). Additionally, decreased varus laxity was
negatively correlated with increased Ti concentrations at 30° flexion (p = -0.63, p = 0.02).
At 60° flexion, decreased anterior displacement was negatively correlated with elevated
tissue Cr concentrations (p = -0.63, p = 0.03). Additionally, decreased varus laxity was neg-
atively correlated with increased Ti concentrations at 60 flexion (p = -0.56, p = 0.05). At
90" flexion, decreased anterior displacement was negatively correlated with elevated tissue
Co (p =-0.75,p =0.02) and Cr (p = -0.81, p = 0.01) concentrations.
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DISCUSSION: To the author’s knowledge, this is the first study to
investigate the relationship between soft tissue laxity and peripros-
thetic tissue metal concentrations. Measurable concentrations of
Co, Cr, and Ti were detected by ICP-MS in the periprosthetic tissues
of specimens with primary TKA without any radiographic signs of
implant loosening. This study suggests that laxity and metal de-
bris generation are inversely related such that decreased ligament
laxity may induce increased metal wear. Because intraoperative
soft tissue balancing is subjective, based on the surgeon’s feel and
experience, surgeons should be aware that decreased laxity may
increase metallic debris which may have implications in the etiology
of TKA failure.
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Is Topical TXA Effective in Hybrid Fixation

Total Knee Arthoplasty?

ABSTRACT

INTRODUCTION: Total knee arthoplasty (TKA) is an effective solution to restore function
and provide pain relief for patients with end stage knee arthritis. The amount of blood loss
during a total knee arthoplasty has been shown to be highly variable among patients. This
variability can be attributed to many different factors such as the use of tourniquet, length
of the procedure, type of implants/surgical technique and even specific patient factors (such
as genetics and home medications). With increasing amount of blood l0ss, patients have
longer hospital stays, require transfusions and have an overall increase in morbidity and
mortality. Tranexamic acid (TXA), an anti-fibrolytic, has been proven to reduce blood loss and
the subsequent need for blood transfusions after surgery. Majority of the TXA studies focus
only on the intravenous application of TXA and its use in cemented implants. This study
aims to determine the efficacy of topical TXA in reducing postoperative blood transfusions
in patients who undergo hybrid fixation (press-fit femoral component and cemented tibial
component). Our hypothesis is that topical TXA will be as efficacious in a hybrid fixation as
compared to fully cemented fixation.

METHODS: A retrospective chart review was preformed at a local Veterans Administration
hospital. TKA patients’ records were compared for blood transfusions and pre vs post-op-
erative hemoglobin (Hgh). Inclusion criteria for the study were patients over the age 18
undergoing a primary total knee replacement, using either fully cemented fixation or hybrid
for non-traumatic end stage osteoarthritis. Patients that were excluded from this study in-
cluded patients with preexisting coagulopathy disorders and chronic anemic patients (Hct
less than 30 preoperatively). Patients on preexisting anticoagulation medicine (such as as-
pirin and warfarin) were told to hold their medication at least 5-10 days before the surgery.
To help control for variations in surgical technique between surgeons, only one surgeon was
studied. Selection for hybrid or fully cemented fixation was based on surgery date, when the
surgeon switched from fully cemented fixation to hybrid fixation. The use of tranexamic acid
was also based off the when the surgeon implemented it into his practice. Topical TXA was
used after the component fixation and before fascial closure. Postoperatively, all patients
had similar order sets for DVT prophylaxis and fluids resuscitation. Patients received a
blood transfusion if their postoperative hemoglobin was less than 7 or if the patient became
symptomatic, such as orthostatic hypotension. Fischer’s Exact test was used for analysis.

RESULTS: 139 patients were identified for this study, 92 patients underwent hybrid fixation
and 47 patients underwent fully cemented fixation. Of the 139 patients, 52 patients received
topical TXA. The groups were subdivided by the fixation and TXA as shown in Table 1.
Overall, there were no blood transfusions in the topical TXA group (0/52) and 6 patients
required a transfusion in the non-TXA group(6/87); p=0.016. When taking into account
fixation, the hybrid group with TXA showed no transfusions (0/32) compared to five (5/32)
transfusion in the group without TXA, p = 0.035. Cemented fixation with TXA also showed
no transfusions (0/20) when with to the group without TXA (1/27). When comparing differ-
ences in postoperative hemoglobin, those receiving topical TXA had a smaller decrease in
change in second day post-operative Hgh (TTXA=3.25; no TXA=3.90; p=0.011).
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Implant Type

Press fit Cemented fotal
TTXA
Yes 32 20 52
No 60 27 87
TTXA and Transfusion 0/32 0/20 0/52
No TXA and Transfusion 5/60 1/27 6/87
Total 92 47 139

Table 1: TTXA and Implant Type Cross-tabulation

DISCUSSION: For patients receiving TKA, our results show topical
TXA has a statistically significant protective effect on transfusion
requirements and postoperative Hgb. Previous studies have proven
that topical TXA reduces the need for blood transfusion for patients
undergoing cemented fixation. Our results show that topical TXA
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decreases the rate of blood transfusions for hybrid fixation. To our
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Establishing a Baseline for the Relationship between Inflammatory Cytokines

and Tissue Metal Concentrations in Autopsy Retrieved Total Hip Implants

ABSTRACT

INTRODUCTION: Total hip arthroplasty (THA) is one of the most commonly performed and
successful orthopaedic procedures for the treatment of osteoarthritis of the hip with almost
300,000 THAs performed annually. While many of these operations are successful, there
are approximately 40,000 revisions occurring each year [1]. As the number of revisions has
risen steadily over the last 20 years and is projected to continue to do so, there is a pressing
need to understand what factors are facilitating failure of the prosthetic joint [1]. This study
sought to investigate the levels of inflammatory cytokines and tissue metal concentrations in
specimens with well-functioning THAS retrieved at autopsy to establish a baseline for these
factors so that their role in implant survivorship may be elucidated.

METHODS: After obtaining institution review board approval, 13 cadaveric specimens with
THAs were procured as part of a multi-institutional implant retrieval program. Fluoroscopy
imaging of all specimens was performed prior to implant removal to determine if osteolysis
or aseptic loosening was present; only implants that were well-fixed with no osteolysis were
included in the study. Synovial fluid was aspirated from the joint before removal of the im-
plant and was analyzed using a Magnetic Luminex Screening Assay for IL-1p, IL-6, MCP-1,
MIP-3a, and M-CSF. Following aspiration of the joint, tissue samples were collected from
anterior, posterior, superior and inferior to the acetabulum as well as from the taper. Each
of these tissue samples were digested using a modified method from Kerger et al [2]. The
digestion was validated using the Luts-1 certified references from the national research
council of Canada. Inductively coupled plasma mass spectroscopy analysis measured the
cobalt (Co), chromium (Cr), and titanium (Ti) concentrations in the periprosthetic tissue.
Spearman rank correlations were performed to determine if a significant correlation (p <
0.05) existed between inflammatory cytokines and tissue metal concentration.

RESULTS: Mean = standard error cytokine concentrations for the 13 specimens were as
follows—IL-1B: 401 + 280 pg/mL (range 20 to 3,724); IL-6: 463 + 128 pg/mL (range 20
to 1,180); MCP-1: 1,493 + 678 pg/mL (range 113 to 7,940); MIP-3a: 177.1 + 146 pg/mL
(range 7.9 to 1,920); and M-CSF 50,581 « 5,048 pg/mL (range 14,964 to 77,613). Mean
+ standard error metal concentrations were as follows—Co: 1.79 + 0.40 pg/L (range 0.26
t0 4.45); Cr: 28.4 = 14.0 pg/L (range 1.29 to 186); and Ti: 24.0 + 20.5 ug/L (range 0 to
270). A summary of the metal concentration of each specimen with their respective stem
and head material is shown in Table 1. No correlation existed between IL-1p or M-CSF
and Co, Cr, or Ti concentrations. Elevated IL-6 was positively correlated with increased Co
debris present in the periprosthetic tissues (rs = 0.54, p = 0.057); however, no correlation
was reported between IL-6 and Cr or Ti. MCP-1 was strongly correlated with increased Co
levels (rs = 0.76, p = 0.01), but no correlation existed between MCP-1 and Cr or Ti. MIP-
3a was also strongly correlated with elevated Co concentrations (rs = 0.66, p = 0.02); no
correlation was revealed between MIP-3a and Cr or Ti.

DISCUSSION: The objective of this study was to identify if a correlation existed between
periprosthetic tissue metal concentrations and inflammatory cytokines related to macro-
phage recruitment in synovial fluid [3-5]. As each of these specimens were well-functioning
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Sample Hea(? Sten.1
material material
1 CoCr 0.29 3.37 0.00 3724 703 - 1.7 73237
2 CoCr Ti alloy 0.80 8.09 0.75 20.2 830 511 9.6 51919
3 Ceramic Ti alloy 2.30 5.24 0.00 53.2 735 2177 15.3 46051
4 CoCr CoCr 1.33 1.29 0.00 144 81.7 272 14.2 54057
5 CoCr Ti alloy 4.45 51.2 1.97 436 1180 7940 1920 32312
6 CoCr CoCr 0.54 24.6 21.2 130 27.8 113 79 52170
7 CoCr Ti alloy 3.87 4.82 0.00 454 885 4244 122 33172
8 CoCr CoCr 1.18 1.50 0.00 178 20.2 412 29.0 14964
9 CoCr Ti alloy 0.39 1.90 270 71.0 91.3 287 8.5 62938
10 CoCr Ti alloy 2.27 444 3.03 116 87.1 414 18.7 69957
11 CoCr CoCr 3.69 324 0.00 129 1180 650 101 77614
12 CoCr Ti alloy 2.00 186 13.1 63.1 103 489 20.5 34835
13 Ceramic Ti alloy 0.26 4.46 1.97 51.1 939 410 23.9 54335

Table 1: Summary of head and stem material from each specimen with metal concentrations (ug/L) and inflammatory cytokine

concentrations (pg/mL)

at time of autopsy with no radiographic signs of osteolysis or asep-
tic loosening, we did not expect to find strong correlations between
the inflammatory cytokines and metallic debris. Instead, we hoped
to establish a baseline of these factors to be used for future com-
parisons with failed implants retrieved during revision surgeries.
However, when correlations were revealed, the biomarkers were

REFERENCES
1.

Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and revision hip
and knee arthroplasty in the United States from 2005 to 2030. J Bone Joint Surg.
2007;89(4):780-5.

2. Kerger BD, Gerads R, Gurleyuk H, Urban A and Paustenbach DJ. Total cobalt
determination in human blood and synovial fluid using inductively coupled plasma-
mass spectrometry: method validation and evaluation of performance variables
affecting metal hip implant patient samples. Toxicol Environ Chem. 2015;97:1145-63.

3. Cobelli N, Scharf B, Crisi GM, Hardin J, Santambrogio L. Mediators of
the inflammatory response to joint replacement devices. Nat Rev Rheumatol.
2011;7(10):600.

tied with elevated Co concentrations suggesting that Co may play
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Inflammatory Cell-Induced Corrosion in

Total Knee Replacements

ABSTRACT

Introduction: Cobalt chromium alloys are widely used in total knee arthroplasties (TKAS).
Recently, a new type of damage has been investigated in CoCr femoral components termed
“inflammatory cell-induced corrosion” (ICIC). Metal debris is believed to bring about an im-
mune response in some patients leading to inflammatory cells directly attacking the metal
surface. An alternative theory for this unique corrosion pattern is that the cause is due
to electrocautery damage from revision surgeries. This study aims to examine the unique
corrosive patterns found on implants to shed some light on the issue and determine if ICIC
is truly the cause.

Methods: Following institution review board approval, four cadaveric primary total knee
arthroplasty specimens were obtained. A Keyence microscope was utilized to identify areas
of interest indicative of ICIC-like damage. Microscopic analysis of the four implants was
performed using a scanning electron microscope (SEM). High KV backscattering imaging
(BEC) is used to examine the corroded regions on the implant. Energy dispersive X-ray
spectrometry (EDS) is used to analyze the elemental compositions at various points using
points in the non-corroded as a baseline for comparison.

Results: SEM and EDS results are shown in Figure 1 for two points among two of the
implants. Frosted regions can be seen made up of fine pits and streaks. Circular regions
can be observed consisting of small pits and crater-like features. These areas are believed
to be caused by individual cell attacks on the surface. Elemental analysis revealed high
concentrations of carbon and salts in these areas, as well as varying iron concentrations in
specific regions.

Conclusion: EDS has indicated that all four implants have signs of cellular remnants and
biological materials. The pits containing these materials vary from 10-20 pm, which cor-
relates with the size of inflammatory cells. Evidence of ICIC is further supported by what
looks like a migration path of the cell as it was corroding the surface in Figure 1a. Iron is
known to be a fundamental component in phagocytic cells. The iron remnants could also
suggest a Fenton-like reaction occurring. Further investigation should take place to compare
these corroded regions with those left from an electrocautery tool. The likelihood of actual
contact between the implant and the electrocautery tool should also be examined in com-
parison with how prevalent this type of damage is seen among implants.
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Figure 1: BEC and EDS results among two separate points showing ICIC damage
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Intermediate-Term Outcomes of Intramedullary

Total Ankle Arthroplasty

ABSTRACT
Introduction: Currently, third-generation total ankle arthroplasty (TAA) and ankle arthrod-
esis are both regarded as appropriate treatment for end-stage ankle arthritis for which
conservative management has failed. This study retrospectively examined intermedi-
ate-term outcomes of intramedullary TAA done by a group of subspecialty-trained foot and
ankle surgeons.

Methods: We retrospectively assessed intramedullary TAA (INBONE | and INBONE II, Wright
Medical Technology, Inc., Memphis TN) implanted between October 2008 and April 2015
with =2 years follow-up. Preoperative (baseline), intraoperative, and postoperative data
were collected, including demographic and patient health information (age, gender, body
mass index (BMI), smoking status, comorbidities), American Orthopaedic Foot and Ankle
Society (AOFAS) Ankle-Hindfoot Scale, Visual Analog Scale (VAS) for pain, and preopera-
tive radiographic Canadian Orthopaedics Foot and Ankle Society (COFAS) classification4.
Intraoperative information included procedures performed, implants placed, tourniquet
time, and intraoperative complications. Postoperative information included major or minor
complications, revision or impending revision, additional surgeries, range of motion, and
radiographic complications or findings. Standard weight-bearing anteroposterior, mortise,
and lateral radiographs of the ankle were reviewed by 2 foot and ankle fellowship-trained
orthopaedic surgeons.

Results:
Preoperative / Baseline

Of 75 intramedullary TAAs, 45 (42 patients) had =2 year follow-up. Twenty-five patients
were female and 17 were male. Average BMI was 31.1 + 5.8 kg/m2. Average preoperative
VAS was 7.1 /10 and preoperative AOFAS Ankle-Hindfoot scale was 43 / 100. Eleven ankles
(24%) had a non-inflammatory arthritis, 9 (20%) had inflammatory arthritis, and 28 (62%)
had post-traumatic arthritis (3 had both post-traumatic and inflammatory etiologies). Seven
ankles (16%) had valgus ankle arthritis in combination with stage 4 posterior tibial tendon
insufficiency or adult flatfoot deformity, 4 (8.9%) had varus ankle arthritis in combination
with a cavovarus foot deformity, and 3 (6.7%) had clinical and/or radiographic evidence of
talar osteonecrosis. There were 16 (36%) COFAS type 1, 9 (20%) type 2, 3 (6.7%) type 3
and 17 (38%) type 4 ankle arthritis.

Intraoperative

Eight INBONE I and 37 INBONE Il TAAs were implanted. A total of 64 concomitant procedures
were performed. There was one intraoperative complication (EHL laceration repaired primar-
ily). Average tourniquet time was 113 minutes (range 70 to 135 minutes).

Postoperative

Average follow-up was 39 months (24 to 96 months). To date, there are no TAA explants
or revisions, no polyethylene exchange, no periprosthetic or deep infections, and no major
medical complications. There was 1 hospital readmission for periprosthetic fracture. Sev-
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enteen of 45 ankles (38%) had 20 postoperative major or minor
complications; 2 patients required non-revision reoperations. Sev-
enteen complications were minor and did not require reoperation
or additional procedures. There was no radiographic malalignment
of components (>5° varus or valgus or >5° flexion or extension).
Three ankles with periprosthetic osteolysis have been managed
thus far with close observation. One ankle with large periprosthetic
osteolysis (>10 mm diameter) was treated with bone grafting and
retention of the stable TAA implant.
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Headless Compression Screw Fixation of Jones Fractures:
A Clinical and Radiographic Comparison Study

ABSTRACT

Background: Controversy remains over intramedullary screw implants for fixation of fifth
metatarsal Jones fractures. Promising results have been reported for both indication-specific
partially threaded screws (PT) and variable-pitched headless compression (HC) screws. Our
objective was to compare clinical and radiographic results of Jones fracture patients treated
with these two screw types. We also evaluated the association of patient and fracture char-
acteristics with surgical failure.

Methods: We performed a retrospective comparative analysis of all Jones fractures treated
with primary intramedullary screw fixation from 1995 through 2015. Chart review yielded
patient and fracture characteristics, implant, postoperative course, and serial radiographs
for fracture classification (Torg and anatomic zone) and radiographic union. The primary
endpoint was number of surgical failures (delayed union, nonunion, or refracture). Second-
ary endpoints included time to radiographic union, weight bearing, and pain resolution.

Results: Fifty-nine feet (47 PT, 12 HC) were reviewed with mean age 30 years and fol-
low-up 9.6 months. The PT group showed greater failures (10/47, 21.3% vs. 1/12, 8.3%;
p=0.31) and greater weeks to full weight (4.2 vs. 3.3, p=0.06), without differences in time
to radiographic union or pain resolution. Most failures were delayed unions. Pooled union
rate was 96.6%. Significant correlations with failure were age, diabetes, and BMI, without
significant correlation with tobacco or gender. No differences were found between zone |l
and lll fractures.

Conclusion: This is the first clinical comparison between PT and HC screws for Jones
fractures and one of the largest clinical series on the subject. The two groups had similar
clinical and radiographic results, both with high union rates. The PT group 21% failure is
concerning and may warrant further investigation. Increasing age, diabetes, and BMI were
associated with worse outcomes. This supports the headless compression screw as a viable
Jones fracture treatment.

Level of Evidence: Ill

Keywords: Jones fracture; Fifth metatarsal; Headless compression; Variable pitch; Indica-
tion-specific; Partially threaded; Intramedullary screw
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Proximal Both-Bone Forearm Fractures In Children:
Factors Predicting Outcome’

ABSTRACT

The literature is replete with outcomes studies of pediatric forearm fractures; however, in-
formation concerning the outcomes of both-bone fractures of the proximal radius and ulna
is limited. The purpose of our study was to evaluate the prognosis and outcomes in children
with combined fractures of the proximal radius and ulna, with special attention to com-
plications. A single-center, retrospective study identified patients aged 3 to 15 years old
with proximal forearm fractures treated between January of 1994 and February of 2014,
Patients were excluded if they did not have both-bone fractures of the proximal forearm.
Records were reviewed with a focus on outcomes and their association with age at the
time of injury, severity of injury, type of treatment, and complications. Thirty-one patients
met inclusion criteria. Significant differences were seen between patients younger than
10 years of age and patients 10 years of age or older in rates of requiring operative treat-
ment (p=0.048) and returning to the operating room (p=0.037). There was no significant
difference in nerve injury (p=0.519) or range-of-motion deficits (p=0.872) based on age.
In addition, no difference was seen in range-of-motion deficits based on severity of injury
as determined by displacement (complete or none) (p=0.139). Most proximal both-bone
forearm fractures in children, including olecranon and radial neck fractures, Monteggia type
IV fractures, and nonspecific proximal both-bone forearm fractures, have good-to-excellent
results. In our study, older age, defined as 10 years of age or older at the time of injury, re-
sulted in more frequent need for operative intervention, a higher rate of return to the OR, and
greater risk of nerve injury. The older children were not more likely to have range-of-motion
deficits despite a more involved course, which contradicts previous reports, and older age at
the time of injury did not necessarily predict poorer outcomes.
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INTRODUCTION

Forearm fractures constitute approximately 4% of
all pediatric fractures and almost a third of all pedi-
atric upper extremity fractures.!> The forearm and el-
bow are the most common sites of fractures in chil-
dren aged 0 to 16 years, and the frequency of these
fractures appears to be increasing over the past de-
cade.! Better insight into the expected outcomes and
potential complications of these fractures is essential
for optimal patient care. Although the literature is re-
plete with outcomes studies on pediatric forearm frac-
tures, including the more common Monteggia-type

fractures,*!® information concerning the outcomes of
both-bone fractures of the proximal radius and ulna
is limited.!”

The purpose of this study was to evaluate outcomes
and identify prognostic factors in children with both-
bone fractures of the proximal radius and ulna, with
special attention to residual defects resulting from the
injury and from subsequent treatment such as nerve
palsies, decreased motor function, restriction in elbow
flexion and extension, deficits in supination and prona-
tion, radioulnar synostosis, and a decrease in overall
range of motion.

* Reproduced with permission from Littleton TW, Pharr ZK, Kelly DM, Moisan A. Proximal both-bone forearm fractures in children: factors predicting

outcome. Curr Orthop Pract. 2018; 29(3):000-000.
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MATERIALS AND METHODS

Initial screening identified 366 patients aged 3 to 15
years with a forearm fracture treated between January
1994, and February, 2014. Because no ICD-9 codes
were available to distinguish fractures of the proximal
one-third of the forearm from more distal fractures,
chart review and radiographic analysis were used to ex-
clude fractures involving the distal one-third and mid-
dle one-third of the forearm. We divided the forearm
into 3 zones: distal, middle, and proximal third based
on the length of the forearm. If the fracture site was not
clearly within the proximal-third zone, exclusion was
decided at the discretion of the research team. Patients
with an injury involving the radius or ulna alone also
were excluded, which eliminated any Monteggia-type
fractures other than Badol8 type IV (Fig. 1). Addi-
tionally, one child with a shotgun wound was excluded,
leaving 31 patients for retrospective chart review. The
15 males and 16 females had an average age at the time
of injury of 7.5 years (range, 3 to 14 years). None had
a prior upper extremity fracture.

Fracture patterns were categorized as Monteggia
type IV (9 fractures), olecranon and radial neck (14

Fig. 1: Bado classification of Monteggia fracture-dislocations. Type I, anterior dislocation
of radial head and anterior angulation of ulnar fracture. Type Il, posterior dislocation of

radial head and posterior angulation of ulnar fracture. Type lll, lateral dislocation of radial
head and lateral angulation of ulnar fracture. Type IV, fractures of radial and ulnar shafts
and dislocation of radial head. (From Sawyer JR, Spence DD: Fractures and dislocations in
children. In Azar FM, Beaty JH, Canale ST, editors. Campbell’s Operative Orthopaedics, 13th

edition. Philadelphia, Elsevier, 2017.)

fractures), or nonspecific proximal both-bone forearm
(8 fractures). Nonspecific proximal both-bone forearm
fractures involved the proximal one-third of the radial
and ulnar shafts with no involvement of the olecranon
process or radial neck. There was only one open frac-
ture in this group. One patient with a Monteggia type
IV fracture had ipsilateral distal radial and ulnar frac-
tures, and one patient with nonspecific proximal both-
bone forearm fractures had an ipsilateral distal radial
fracture.

The mechanism of injury was a fall onto an out-
stretched hand in 25 (81%) of the 31 patients. Other
mechanisms of injury were football-related injuries (3
patients) and a dirt-bike accident (1 patient).

At initial presentation, clinical examinations were
performed to assess deformity, soft-tissue involvement,
and neurovascular status. In addition, radiographs of
the elbow were obtained to assess fracture location, an-
gulation, and amount of displacement. Serial examina-
tions were repeated at follow-up visits to assess pain,
deformity, function, and range of motion. Radiographs
also were obtained at each follow-up visit to evaluate
remodeling, angulation, displacement, and evidence of

healing, malunion, or nonunion.

TREATMENT

After evaluation with radiographic
imaging at the initial time of injury, 16
of the 31 patients required surgical in-
tervention, and the remaining 15 were
treated non-operatively. Based on the
severity of the injury, type of fracture,
and the surgeon’s preference, patients
were treated with one of four meth-
ods: closed treatment without ma-
nipulation, closed manipulation and
casting, closed reduction and percu-
taneous pinning (CRPP), or open re-
duction and internal fixation (ORIF).

Non-operative treatment consisted
of immobilization in a long-arm cast
for 3 to 6 weeks. Patients returned ap-
proximately 1 month after cast remov-
al for evaluation of range of motion
and final radiographic examination.
If appropriate healing was evident on
radiographs and no range-of-motion
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Fig. 2: A and B, Anteroposterior and lateral radiographs of non-specific proximal both-bone injury. C and D, Reduction and fixation with
2.5-mm nail (ulna) and 0.62-mm Kirschner wire (radius).

deficits or other complaints were present, return to nor-
mal activity was allowed.

CRPP was used for stabilization of 2 olecranon and
radial neck fractures, 1 Monteggia type IV fracture, and
1 nonspecific proximal both-bone forearm fracture. The
olecranon and radial neck fractures were treated with
one Kirschner wire to provide adequate reduction of
the radial neck fracture. Both olecranon fractures were
nondisplaced and did not require fixation. An arthro-
gram of the Monteggia type IV fracture showed ade-
quate reduction of the radial head, but the proximal
ulna was unstable, and a 2-mm flexible nail was used
to stabilize the ulnar fracture. The nonspecific proximal
both-bone forearm fracture was treated with a 2.5-mm
stainless steel nail to stabilize the ulnar fracture and a
0.62-mm smooth Kirschner wire placed from lateral to
medial to stabilize the radial neck fracture (Figure 2).
All four patients were placed in a long-arm cast, and
radiographs showed good reduction of all fractures.

The 12 fractures that could not be treated non-oper-
atively and required ORIF included 5 olecranon and ra-
dial neck fractures, 3 Monteggia type IV fractures, and
4 nonspecific proximal both-bone forearm fractures.
The fracture sites were exposed through standard surgi-
cal approaches. Kirschner wires were typically used for
percutaneous reduction and fixation of radial fractures,
and flexible intramedullary nails, Kirschner wires, or
tension banding in a figure-of-eight configuration were
used for ulnar fractures, depending on the exact frac-
ture location and configuration. The patient’s arm was
then moved through a complete range of motion, and
radiographs were taken in multiple orthogonal views to
verify adequate reduction. If alignment and reduction

were acceptable, the incision was closed and a long-arm
cast was applied. An additional procedure was neces-
sary in one patient. This patient required a return to the
operating room because of continued anterior radial
head subluxation and nonunion of an ulnar osteoto-
my originally performed to help reduce the radial head.
The procedures performed included an open reduction
of the dislocated radial head, ORIF of the ulna, bone
graft of the nonunion site, and annular ligament recon-
struction with a Bell-Tawsel9 type technique.

RESULTS

Initial radiographs showed no angulation at the frac-
ture site in 18 patients and mild angulation in 13 patients.
Twelve patients had no displacement, 15 had moderate
displacement, and 4 had complete displacement. Dis-
placement was categorized as <5%, 5 to 95%, and >95%
respectively.

At an average follow-up of 4 months (range 1 to 26
months), 29 of the 31 patients had excellent results, with
radiographs showing appropriate healing and no pain
or range-of-motion deficits on physical examination.
Only 2 patients had suboptimal outcomes. One patient,
a 9 + 4-year-old, was treated with closed manipulation
and casting. Her final radiographs showed mild valgus
deformity of the radial shaft with respect to the radial
neck, but her radiocapitellar articulation was appropri-
ately reduced (Figure 3). She also had range-of-motion
deficits with restriction of active extension to 30 to 40
degrees and flexion to 90 to 100 degrees. In addition, she
had mild pain with supination and pronation, but had no
neurovascular problems. The other patient with subopti-
mal results, an 11 + 8-year-old, had a closed fracture that
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Fig. 3: A and B, Anteroposterior and lateral radiographs of proximal radial and ulnar fractures in a 9-year-old girl. G and D, Mild valgus
deformity of radial shaft after healing with non-operative treatment.

required ORIF for continued radial head subluxation.
At follow-up, he had a transient posterior interosseous
nerve palsy that fully recovered by 7 weeks after injury,
but he had range-of-motion deficits with supination and
pronation to 20 to 30 degrees and lacked 20 degrees of
full extension and flexion to 90 to 100 degrees.

Three patients had nerve injuries: 1 involving the
ulnar nerve and 2 involving the posterior interosseous
nerve. The ulnar nerve injury presented as fifth-digit
pain and numbness, but symptoms diminished spon-
taneously within a month. One posterior interosseous
nerve injury recovered fully after 3 months of physical
therapy, and the other recovered spontancously after
7 weeks.

The only patient who required a return to the op-
erating room was older than 10 years of age, an 11 +
8-year-old. This patient required a return to the oper-
ating room for residual subluxation of the radial head
seen at the first follow-up visit. Nerve injury occurred in
1 of 6 patients > 10 years of age and in 2 of 25 patients
younger than 10 years of age. Five of the 6 patients >
10 years of age required ORIF compared to only 7 of
25 of the younger patients. Range-of-motion deficits
were similar in the two age groups: 1 of 6 older patients
and 3 of 25 younger patients (Table 1)

In summary, the children 10 years of age or old-
er were more likely to require operative treatment
(p=0.048) and require a subsequent return to the op-
erating room (p=0.037). However, the older children
were not more likely to sustain nerve injury or develop
range of motion deficits despite a more involved course.
This contradicts previous reports that older age at the
time of injury indicates a poorer outcome.

In our study population, there was no difference in
the frequency of range-of-motion deficits in patients
with complete displacement and those with no displace-
ment at the fracture site (p=0.139). None of the 4 pa-
tients with complete displacement developed range-of-
motion deficits, while 2 patients with no displacement
developed deficits. The one patient with an open frac-
ture did not develop range-of-motion deficits, while 4
of 30 patients with closed fractures developed deficits.

Finally, there was no significant difference in the rate
of range-of-motion deficits among the three fracture
types: 3 of 14 with olecranon or radial neck fractures, 1
of 8 with nonspecific both-bone forearm fractures, and
none of 9 with Monteggia type 1V fractures.

DISCUSSION

Although a number of studies have described the
outcomes of pediatric forearm fractures, including the
more common Monteggia fractures,!® information is
limited on the expected outcomes of proximal-third
both-bone forearm fractures,'” including the uncom-
mon type IV Monteggia fracture (proximal-third radi-
al and ulnar fractures with anterior dislocation of the
radial head).” To determine factors predictive of out-
comes of these proximal fractures, we reviewed 31 such
injuries treated nonoperatively and operatively over a
10-year period.

More proximal fracture location has been cited as a
predictor of early radiographic failure® and the need for
conversion to operative treatment’ after non-operative
treatment of both-bone forearm fractures in children.
None of the 15 non-operatively treated patients in our
series required a subsequent operative treatment.
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Age at time of injury

Variable P value
< 10 years old (25) = 10 years old (6)
Return to OR 0 1 0.037
Nerve injury 2 1 0.519
ORIF 7 5 0.048
ROM deficit 3 1 0.872
Mild angulation 10 3 0.892
No angulation 15 3 0.656
Moderate displacement 11 4 0.535
Complete displacement 4 0 0.294
No displacement 10 2 0.581

*Also evaluated were: loss of reduction, need for remanipulation, vascular injury, heterotopic ossification, radioulnar stynosis, osteonecrosis, re-fracture, or severe
angulation of which there were none of the listed complications in either age group.

Table 1: Outcomes based on age at time of injury

All three types of proximal forearm fractures includ-
ed in this study had good-to-excellent functional out-
comes. This supports the idea that, regardless of the
type of fracture, injury mechanism, or treatment mo-
dality, most children with proximal forearm fractures
have good outcomes.**!¢ Two suggested potential risk
factors for poor outcomes are the severity of the injury
and patient age at the time of injury, with multiple stud-
ies identifying an increased risk of nonunion, delayed
union, and overall complications in older children.>810:12
This, however, was not the case in our patients: there
were no statistically significant differences in nerve in-
jury or in range-of-motion deficits between patients
younger than 10 years and those older (Table 1). This
lack of correlation between poor functional outcomes
and fracture severity or age at injury may be a reflec-
tion of the small numbers of patients in this study.
Nonetheless, it suggests that older patients with more
severe injuries should not be presumed to have a poor-
er prognosis; however, they do require closer attention
and monitoring because they are at increased risk for
certain complications.

We also found no substantial difference in outcomes
or complications between open and closed fractures.
Although most open fractures require operative fixa-
tion and this may introduce a bias to more severe inju-
ries being treated operatively, this study showed that an
open fracture is not necessarily a predictor of a worse
clinical outcome, regardless of radiographic findings.

Nerve injury was a relatively uncommon complica-
tion in our study population, occurring in only 9.7% of
patients, which is consistent with previous reports on
pediatric forearm fractures.'”? Transient neuropraxia is
the most common nerve injury with forearm fractures.’
All three of the nerve injuries in our patients were tran-
sient and spontaneously resolved.

This study has several limitations. The first is a lack
of long-term follow-up. Certain long-term complica-
tions, such as osteonecrosis and radioulnar synostosis,
could occur and remain unrecognized without long-
term follow-up. Finally, the retrospective nature of this
study and the small number of patients in our subgroup
comparisons are weaknesses, but this does not ultimate-
ly change our conclusions.
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Ninety-Day Readmission and Complication Rate After Minimally
Invasive Transforaminal Lumbar Interbody Fusions

ABSTRACT

Background: The aim of this study was to investigate the 90-day rate of readmissions,
complications, and patient satisfaction in consecutive patients with elective minimally inva-
sive transforaminal lumbar interbody fusion (TLIF) by a single surgeon.

Methods: Records of 153 patients (78 females, 75 males) who had minimally invasive TLIF
from January 1, 2010, to June 1, 2015, were reviewed. Clinical outcomes were assessed
by the visual-analog-score (VAS) and the Oswestry Disability Index (ODI). Patient-reported
outcomes were analyzed by age, indication for surgery, and insurance type. Complications,
readmissions, infections, reoperations, and patient-reported satisfaction were reported.

Results: Indications for surgery included degenerative disc disease (DDD) (n=56), spondy-
lolisthesis (n=79), post laminectomy syndrome (PLS) (n=14) and others (n=4). Thirty-five
(22.9%) procedures were done as outpatient at a private surgery center. Within the 90-day
postoperative period there were 5 (3.3%) readmissions due to all causes and (2.6%) re-
admission due to surgical complications: two revisions for graft extrusion, one pulmonary
embolism, one for pain control, and one patient had an unrelated hemorrhoidectomy. There
were no surgical site infections or wound complications. There was a statistically significant
improvement in 90-day post-operative ODI and VAS scores, with the greatest improvement
in spondylolisthesis patients, followed by PLS, and DDD showing the smallest improvement.
There was no difference at 90 days in VAS/ODI scores between inpatient and outpatient sur-
gery patients. While not statistically significant, patients with private insurance and Medicare
showed clinically significant better outcomes compared to those with Medicaid and Workers
Compensation insurance. Patients over 65 years old showed a trend towards better func-
tional outcomes, but had no difference in pain scores compared to those under 65.

Conclusions: MITLIF was shown to be an effective intervention for treatment of symp-
tomatic lumbar pathology. In our cohort we had no wound complications, and only 3.3% all
cause readmissions and (2.6%) readmission due to surgical complications within 90 days.
Patients with spondylolisthesis showed the most significant improvement in VAS and ODI,
followed by PLS and DDD, respectively.

Level of Evidence: Level 4 Retrospective Case Series
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Cyclops Lesions after ACL Reconstruction: Bone-Tendon-Bone
Autograft compared to Hamstring Autograft

ABSTRACT

Introduction: Anterior Cruciate Ligament (ACL) reconstruction is commonly performed with
either bone-tendon-bone autograft or hamstring autograft. Each of these options has inher-
ent advantages and disadvantages that are well documented. However, to our knowledge,
no study has compared the incidence of cyclops lesions between bone-tendon-bone auto-
graft and hamstring autograft. By focusing on cyclops lesions, a source of knee extension
loss following ACL reconstruction, our study aims to expand the comparison between these
two autograft options.

Methods: A single-center, retrospective review identified 1,902 patients between the ages
of 8 and 66 years old treated with ACL reconstruction between January 1st, 2000 and
October 31st, 2015. 1534 patients received a bone-tendon-bone (BTB) autograft. 368 pa-
tients received a hamstring autograft. ACL reconstructions were performed by 19 different
orthopaedic surgeons. Cyclops lesions were confirmed by a second arthroscopy in patients
treated for a loss of full knee extension, and the incidence between BTB and hamstring
autograft was compared. In addition, the incidence of cyclops lesions in males and females
was also compared as a secondary outcome.

Results: Cyclops lesions occurred in 14 of 1534 (0.91%) bone-tendon-bone autografts and
5 of 368 (1.35%) hamstring autografts (p=0.39). Thus, there was no statistically significant
difference between the two groups. In regards to gender, cyclops lesions occurred in 5 out
of 1125 (0.44%) males and 14 out of 777 (1.44%) females (p=0.004). This was statistically
significant, illustrating a higher incidence of cyclops lesions in females compared to males
with a relative risk of 4 (Cl 1.4-11).

Conclusion: Bone-tendon-bone autografts and hamstring autografts continue to be viable
options for ACL reconstruction. An increased incidence of cyclops lesions is a potential
disadvantage that has not been previously compared between these two graft options. This
study found no statistically significant difference in the incidence of cyclops lesions between
the two groups. These results minimize any concern for an increased cyclops lesion risk
when debating between bone-tendon-bone autograft and hamstring autograft. Secondarily,
surgeons should be cognizant when treating females that the relative risk of a cyclops lesion
is four times higher compared to males.
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Campbell Foundation Achievements

Jack R. Blair

Chairman, Board of Trustees
Campbell Foundation

Founded by Dr. Willis Camp-
bell’s original partners, the
Campbell  Foundation  has
worked over seventy years to en-
hance quality of life for people
everywhere through the science
of orthopaedic medicine. I've
been privileged to work directly
with the physicians of Campbell
Clinic for more than a decade
and a half, and I've seen amaz-
ing discoveries made possible in that time. The key, 1
believe, is an innate curiosity about a clinical observa-
tion or problem, combined with determination to find
answers. Why is this patient reacting differently to this
treatment? If the result is better, how can we ensure that
everyone achieves this kind of outcome? These very
questions launch the research pursuit and the discover-
ies follow. Often, the hypothesis that is presented seems
almost radical - is it possible that we could expect this
kind of result if we make this kind of change?

The story of the Russell-Taylor Intramedullary Fem-
oral nail described in this volume is a great example of
the research process. I also had the benefit of leading
the team at Smith & Nephew when this project was
launched and I saw first-hand the benefits of curious
and determined surgeons, combined with a multidisci-
plinary team of individuals dedicated to finding a better
solution to the problem of a complex femoral fracture.
The thought of a patient with a femoral fracture lying
in traction in the hospital for a month or more seems
absurd now, but it was standard practice over 30 years
ago. However, the dogged determination of the project
team led to revolutionary methods for the treatment of
these major fractures.

This story is just one reason why the Campbell Foun-
dation is dedicated to supporting research. Not only has
it been a part of our heritage since our founding in 1946,
but it continues to deliver discoveries and innovation

that transform people’s lives. Earlier this year, the Camp-
bell Foundation Board of Trustees gathered for a critical
review of the achievements of the prior year. We learned
of studies examining alternative and multi-modal meth-
ods of pain management, ways to enhance bone healing
and prevent post-surgical complications, and additional
work exploring biological solutions to the problems of
osteoarthritis. Results from these projects will appear in
future volumes of this journal. All of this work will serve
to accelerate the discovery of better answers to challeng-
ing clinical questions for patients everywhere.

Reflecting on the past year, we also are excited about
the development of a world-class center for the treat-
ment of children with cerebral palsy - a multidisciplinary
center that places the patient and his family at the center
of the clinical team and brings together all of the var-
ious surgeons and therapists and nursing staff to allow
the child to grow to his greatest potential. This center,
made possible through a transformational gift from the
Children’s Foundation of Memphis, honors the deter-
mined women who wanted to improve the quality of
life for a child crippled by polio, who joined forces with
Dr. Willis Campbell to build a hospital for crippled chil-
dren. Now, 100 years later, a new vision has taken shape
and advancements and new research are underway.

Ongoing donor support sustains our momentum and
can expand our impact. I hope you see the potential of
the work in these pages and will join us in our efforts to
expand this research. Only through research and innova-
tion will we be able to provide enhanced quality of life
for patients everywhere. I invite you to visit the Campbell
Foundation website today (campbell-foundation.org),
and please give generously to help expand our impact.

Jack R. Blair, Chairman
Campbell Foundation Board of Trustees
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Report from Alumni

Greg Behm, M.D.
Campbell Club President

May, 2018

Dear Campbell Alumni,

Thank you for your continued support of the Campbell Foundation and sustaining its mission
of resident education, orthopaedic research, and community healthcare outreach. Your gifts
are vital and make the Campbell Orthopaedic Journal and the research activity that fills these
pages a reality.

As I near the end of my three-year term as Campbell Club President and have become
more involved in the Campbell Foundation’s work during that time, I realize the importance
to financially support the efforts of the Foundation so that the next generation of orthopaedic
surgeons has every opportunity to excel. It is our responsibility as alumni to sustain the

Campbell tradition of excellence.

During the last three years of Academy meetings and social events, I have had a great time reconnecting with fellow
alums and am grateful to have had the opportunity to meet some of the current residents and fellows. We can all be
proud of this impressive group of young physicians who will one day lead our chosen field of orthopaedics.

Campbell Clinic has fully matched again this year and the class of 2023 will soon begin their residency journey.
I’'m excited to learn more about the eight future WCC residents and see the impact that training at Campbell Clinic
will have on the lives of these young physicians and their families. I’ll certainly never forget a mix of feelings when
starting my Campbell residency. If you were like me, you were excited, somewhat confused, cautiously hopeful, and
a bit overwhelmed.

Your gifts strengthen the residency program and help provide these young surgeons with the resources and
innovative technology essential for their orthopaedic training. Thank you for your continued support and I hope to
see you at Triennial in the Fall.

Sincerely,
Greg Behm ‘99
Campbell Club President
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2018 GRADUATING ORTHOPAEDIC RESIDENTS

THOMAS R. ACOTT, M.D.
Hometown: San Clemente, CA
Undergraduate Institution: University of Illinois at Urbana-Champaign

Medical School: Saint Louis University School of Medicine

Dr. Acott is the oldest of six children and the first in his immediate family to pursue a medical career,
chosen because it requires complex problem solving combined with the humanistic intent of improving
someone else’s life.

Dr. Acott found specializing in orthopaedics appealing in that you can improve your patient’s function and really affect their
quality of life.

Plans After Campbell: Dr. Acott will complete a Hand fellowship at Indiana Hand to Shoulder Center.

“Thank you to all staff, faculty, and co-residents for the education and the experience over the last 5 years.”

JUSTIN D. HALLOCK, M.D.
Hometown: Memphis, TN

Undergraduate Institution: Birmingham Southern College
Medical School: University of Tennessee Health Science Center College of Medicine

Dr. Hallock is the oldest of three children and the first in his immediate family to pursue a medical
career. His choice of a career in medicine dates back to high school where he developed an interest and
aptitude in science. This was affirmed when he shadowed an orthopaedic surgeon at Vanderbilt prior to
starting college.

He and his wife Melinda, an elementary school teacher, met in a SCUBA diving class in junior year of college. They have
two daughters - Libby, three years old, and Logan, two years old — and a son, Brice, born this year.

Dr. Hallock was attracted to specialize in orthopaedics for having the ability to make a diagnosis and fix the problem. A
broken bone can be fixed, an arthritic joint can be replaced, and a ruptured tendon can be repaired or reconstructed. All
of these problems are extremely painful to the patient but are easily managed and fixed with the skills of an orthopaedic
surgeon.

Plans After Campbell: Dr. Hallock will complete a Sports Medicine Fellowship at Mississippi Sports Medicine and
Orthopaedic Center in Jackson, MS.

“Iwant to thank the Clinic for an amazing experience over the last five years. I am truly honored and humbled to have trained at
such a prestigious program. Thanks to all the Campbell Clinic Faculty and Campbell Foundation staff for the endless support,
guidance, patience, and caring during my training here. You all have made me feel part of a large family and I cannot thank you
enough for the experience. I also want to thank my co-residents. You are what make this place so special and enjoyable. We’ve been
through the trenches together developed friendships and bonds over the years that will not be lost. I've learned so much from all of
you and you've made me a better person and physician.

Lastly and most importantly, I want to thank my wife Melinda for all she has put up with over the last 9 years. Medical school and
certainly orthopaedic residency are not easy on a relationship but we made it through. I couldn’t have done it without your constant
love and support. You’ve worked a full time job, raised three kids, and managed to take care of me basically on your own. You
deserve all the credit. I love you more than anything!”
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DAVID CHRISTOPHER CARVER, M.D.
Hometown: Johnson City, TN

Undergraduate Institution: East Tennessee State University
Medical School: East Tennessee State University

Dr. Carver is the third of four children and the first in his immediate family to pursue a medical career.
He chose to pursue a career in medicine because he had a strong interest in human anatomy and
physiology that fueled a desire to enter a surgical specialty.

He and his wife, Karen, have two daughters, Katelyn, born in March 2016, and Taylor Rae, born March 2018.

Dr. Carver chose to specialize in orthopaedics after witnessing the impact an orthopedic surgeon can have on improving
people’s function and quality of life.

Plans After Campbell: Dr. Carver will complete a sports medicine fellowship at Tahoe Orthopedics and Sports Medicine in
Lake Tahoe; he will then return home to the Tri-Cities region of East Tennessee to join Watauga Orthopaedics where he plans
to have a general orthopedic practice.

“I am truly grateful for all the hard work and effort put forth by the faculty and Campbell Clinic staff to ensure that we all become
well-trained orthopedic surgeons. It is certainly a time consuming and often thankless process. I also want to thank all of the other
residents I've worked with during my five years here — I appreciate all of their hard work and all of the crazy times that have made
this a memorable experience.”

TRAVIS W. LITTLETON, M.D.
Hometown: Memphis, TN

Undergraduate Institution: Lipscomb University
Medical School: University of Tennessee Health Science Center School of Medicine

Dr. Littleton is the oldest of two children; his younger sister is a speech pathologist in Little Rock,
Arkansas. The field of medicine allows him to continually learn and better himself while still allowing him
to have close relationships with his patients and colleagues.

Dr. Littleton chose to specialize in orthopaedics surgery, in particular, because it allows him to combine what he loves about
medicine with the ability to work with his hands. He considers orthopaedic surgery the best specialty in medicine, and he is
honored to be able to be a part of this exciting, humbling, and rewarding field.

Plans After Campbell: Dr. Littleton will complete a Hand and Upper Extremity fellowship with Dr. Mark Baratz at UPMC
in Pittsburgh, PA.

“I would like to thank my parents for their constant and unwavering support through this entire journey. I could not ask for more
understanding, supportive, and loving parents. Thank you, and I love you so much.

It has been my honor to train at the Campbell Clinic. It is amazing to train at the same program as many of the founders of
orthopaedics. We truly stand on the shoulders of giants here at the Campbell Clinic. I am grateful to have spent the last five years of
residency with an institution and staff with the values of “‘faith, family, and the Campbell Clinic.” I would like to specifically thank
the Hand staff: Drs. Calandruccio, Jobe, Cannon, and Mauck for their teaching, mentorship, and constant support of my pursuit of
a career in hand surgery. Secondly I am grateful to Drs. Beaty, Azar, and Throckmorton for their leadership of the clinic and this
fabulous residency. Lastly, I want to say thank you to seven of my closest friends and colleagues. It has been an absolute pleasure to
train as your fellow resident. I will miss each one of you but promise to stay in touch.”
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TIMOTHY M. LONERGAN, M.D.
Hometown: Columbia, MO

Undergraduate Institution: Saint Louis University
Medical School: Saint Louis University School of Medicine

Dr. Lonergan is the oldest of two children. With medicine as a career choice, Dr. Lonergan follows his
uncle, who is a physician in Dayton, Ohio.

He chose to pursue a career in medicine and specialize in orthopaedics because of the never ending
challenge of keeping the ultimate machine running.

Dr. Lonergan met his wife Hayley, a Physical Therapist, through a mutual friend at Steak ‘n Shake. They have been married
since 2011.

Plans After Campbell: Dr. Lonergan will complete a Foot and Ankle fellowship at Washington University in St. Louis, then
move on to a private practice in Bowling Green, Kentucky.

“To staff: thank you for the time and energy you have given in passing on this education. Your mentorship is so much more than
what can be obtained from any book. To residents and fellows: your fellowship through this process made the last five years
enjoyable and a period of my life I will never forget.”

A. RYVES MOORE, M.D.
Hometown: Memphis, TN

Undergraduate Institution: University of Mississippi
Medical School: University of Mississippi School of Medicine

Dr. Moore is the youngest of two children. He is the first in his immediate family to pursue a career in
medicine; however, his wife Mary Chris is a nurse practitioner. They have two daughters - four-year-old
Darby, and Mary Mason, two years old.

Dr. Moore pursued a career in medicine to help improve the lives of patients.

Dr. Moore chose to specialize in orthopaedics because he enjoys putting back together things that are broken and to see
immediate satisfaction in patients’ lives after treatment.

Plans After Campbell: Dr. Moore will complete a sports medicine fellowship in Birmingham, Alabama.

“I would just like to say thank you to all of the Campbell Clinic staff for their patience with me during my training and their
influence on my future orthopedic career. I would also like to thank the amazing men and women of my residency class who have
helped me tremendously over the years and have become life-long friends.”
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ERIN M. MEEHAN, M.D.
Hometown: Atlanta, GA

Undergraduate Institution: Clemson University, Clemson, South Carolina
Medical School: Mercer University School of Medicine, Macon, Georgia

Dr. Meehan is the youngest of three children. With medicine as a career choice, Dr. Meehan follows her
father, a Pediatric Orthopaedic Surgeon who has been practicing for 43 years in Atlanta, Georgia.

Dr. Meehan says she chose to pursue a career in medicine “because [ was introduced to medicine at a
young age by a wonderful example, my dad. I think interest and curiosity in many professions starts with a parent that is an
inspiration. As I grew up, I continued to be fascinated and enamored by the world of medicine and orthopaedic surgery. What
started out as inspiration in childhood transformed into my own passion, and my skills with people and the desire to help
others developed into my own”.

Dr. Meehan chose to specialize in orthopaedics because she very genuinely thinks it is the most interesting and rewarding field
of medicine and surgery. The ability to fix things that are broken, correct things that are not working quite the way they were
intended, all while improving patients’ quality of life, is a unique and special field. Orthopaedic surgery is a specialty that can
understand and provide good outcomes.

Plans After Campbell: Dr. Meehan will complete a fellowship in Pediatric Orthopaedic Surgery in Atlanta, Georgia, at
Children’s Healthcare of Atlanta.

“I wish to thank each and every one of my attendings at the Campbell Clinic as each of them provided me with knowledge and
wisdom throughout the course of my residency. In addition, I cannot adequately thank the previous residents who taught me and
provided me with a good example as a resident and a doctor. Lastly, I want to thank the current residents for contributing to such
a good training experience. Most of all, I want to thank Travis Littleton, for being a fantastic co-resident and my best friend
throughout this journey.”

DANIEL B. WELLS, M.D.
Hometown: Macon, Georgia

Undergraduate Institution: University of Georgia, Athens, Georgia
Medical School: Mercer University School of Medicine - Macon, Macon, Georgia

Dr. Wells is the oldest of four children. With medicine as his career choice, he follows in the footprints of
his father, who is an Obstetrics and Gynecology physician.

Dr. Wells chose to pursue a career in medicine because it provides a unique and challenging work
environment to interact with and serve the community in which he lives.

Dr. Wells chose to specialize in orthopaedics due in large part to Dr. Larry Medders, an orthopaedic surgeon in Athens, GA,
who allowed Dr. Wells to shadow him during college.

Plans After Campbell: Dr. Wells will complete a Spine Fellowship with Dr. Frank Eismont at the University of Miami.

“I would like to thank everyone who has contributed to my education and development not only in medicine, but in life as well.
Special thanks to Dr. Willams, Dr. Beaty, Dr. Dabov, and Ms. Kay.”
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TODD K. CONLAN, M.D.
Trauma Fellow

Hometown: Virginia Beach, Virginia
Undergraduate Institution: The Ohio State University
Medical School: University of Toledo College of Medicine

Orthopaedic Residency: University of Michigan University Hospital

With medicine as Dr. Conlan’s career choice, he follows in the footprints of his father, who is a total
joint replacement surgeon in Canton, Ohio. His sister is also a physician. He and his wife Teresa met in college and have been
married since 2009.

Dr. Conlan chose to pursue a career in medicine to help people, specializing in orthopaedics to give him a chance to have real,
immediate impact on patient care.

Plans After Campbell: Dr. Conlan will work as a Traumatologist at a Level 1 or 2 Trauma center.

“To the residents, thanks showing me the finer parts of Memphis. To the staff, thanks for your patience and teaching at the Med.
It was a fun, busy year.”

OLUWATOSIN J. 0J0O, M.D. e Foot and Ankle Fellow
Hometown: Lagos, Nigeria

Undergraduate Institution: Kennesaw State University, Marietta, Georgia
Medical School: Northeast Ohio Medical University, Rootstown, Ohio

Orthopaedic Residency: Medical College of Georgia

Dr. Ojo is the sixth of seven children. He is the first in his immediate family to pursue a medical career;
however his wife Tawanna is also a physician. Together they have two children, Noah Ojo (age 2) and
Isabel Ojo (8 months).

Dr. Ojo chose to pursue a career in medicine because it is a service-driven field that continues to evolve as we learn more about
ourselves. It is also a very humbling and rewarding field that tasks us to put others first. It is a field that has always appealed to
him, and he is very happy that he chose to pursue a career in medicine.

Dr. Ojo chose to specialize in orthopaedics because, “it affords me the opportunity to care for others with musculoskeletal
conditions. It has always been a childhood dream of mine and I am very fortunate that dream eventually became a reality.”

Plans After Campbell: Dr. Ojo will join a private practice in Macon, Georgia.

“My sincere appreciation to the faculty, especially the footlankle attending physicians, Campbell clinic staff and residents. You
have all contributed in one way or another to my education here and I am forever grateful. This has been a phenomenal year and it’s
because of all your hard work and commitment to education. Thank you.”
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JOSEPH INGRAM, M.D.
Hand Fellow

Hometown: Hattiesburg, Mississippi
Undergraduate Institution: Millsaps College, Jackson, Mississippi
Medical School: University of Mississippi School of Medicine, Jackson, Mississippi

Orthopaedic Residency: University of Alabama at Birmingham

With medicine as Dr. Ingram’s career choice, he joins his brother who is a general surgeon. He and his
wife Elizabeth, a physical therapist, met in college and have one daughter, two-year-old Emma Kate.

Dr. Ingram chose to pursue a career in medicine because it’s an enjoyable occupation with the opportunity to help others.
He chose to specialize in orthopaedics because it suited his skill set and was the most rewarding aspect of medicine that he
encountered in his beginning years of training.

Plans After Campbell: Dr. Ingram will join a private practice in Birmingham, Alabama.

“I would like to express my sincerest thanks to all my staff for allowing me the opportunity to work with them and to all the
residents, I wish them all the best in all their future endeavors.”

IAN POWER, M.D. e Sports Fellow
Hometown: Albuquerque, New Mexico

Undergraduate Institution: University of New Mexico
Medical School: University of New Mexico School of Medicine
Orthopaedic Residency: University of New Mexico

Dr. Power is the oldest of three children. He is the first in his immediate family to pursue a medical career;
however, he has two cousins who are pediatricians. He met his wife Emily, a pharmacist, when they were
in the same lab group in Genetics. She noticed his Red Sox hat, and he noticed her Red Sox shirt (they
both have family from Massachusetts). They have three children — Connor (5), Logan (3), and Daniel (1 month).

Dr. Power chose to pursue a career in medicine after he left his previous career as a police officer, looking for something
challenging while still working with and helping people. Medicine was the perfect combination of applied science and dealing
with people.

Dr. Power says he chose to specialize in orthopaedics because “my dad worked in construction, and I was always interested in
building things and how they worked. In college I chose the police department because I knew I couldn’t work behind a desk.
Orthopaedics is very similar. You are working with your hands, collaborating with patients to come up with a treatment plan
and hopefully make them better. I felt like other areas of medicine didn’t have the positive results of returning people to what is
important to them like Orthopaedics does”.

Plans After Campbell: Dr. Power will join a private practice in Farmington, NM, in the Four Corners region.

“All of the people at Campbell Clinic have welcomed me for this year. The attendings are all eager to share their experience and
time to make you a better doctor. I am indebted to them for making this year great. The residents have all been first class, and
indicative of the strength of this residency program.”
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JACQUELINE NGUYEN, M.D. e Foot and Ankle Fellow
Hometown: Atherton, CA

Undergraduate Institution: University of California Los Angeles
Medical School: Georgetown University School of Medicine
Orthopaedic Residency: San Francisco Orthopedic Residency Program

Dr. Nguyen is the oldest of three children. With medicine as a career choice, she follows in the footsteps
of her father, who is an orthopaedic surgeon with a subspecialty in spine.

Dr. Nguyen chose to pursue a career in medicine because she wanted to be a doctor since she was six years old. She has always
found the human body entirely fascinating and still does. Dr. Nguyen loves helping people, and she believes that medicine is one
of the most rewarding careers.

Dr. Nguyen says she chose to specialize in orthopaedics because, “I have always loved the human body, but more specifically,
I have always loved the musculoskeletal system, even at a very young age. It is the foundation of movement. I discovered that
I really liked biomechanics, as well as using my brain and hands simultaneously to solve a problem. Plus, orthopedic surgeons
like to laugh and have fun. When I rotated on ortho as a med student, I felt like I fit right in”.

Plans After Campbell: Dr. Nguyen will join a private practice in Napa, CA.

Thank you so much to Dr. Murphy, Dr. Grear, Dr. Richardson, and Dr. Bettin. I learned so much from all of you and had a great
time while doing so. I'm so grateful to be part of the Campbell Clinic family. And thank you to Tosin, best co-fellow ever.

KENT L. WALKER, M.D. e Pediatric Fellow
Hometown: Cincinnati, Ohio

Undergraduate Institution: Belmont University, Nashville, TN

Medical School: Lincoln Memorial University-DeBusk College of Osteopathic Medicine, Harrogate,
Tennessee

Orthopaedic Residency: Wellmont Orthopedic Residency Program,Kingsport, Tennessee

Dr. Walker is the oldest of five children. He is the first in his immediate family to pursue a medical career;
however, his wife Destiny is a Radiology Technician. Together they have three children, Grant, four years old; Kyntlee, two
years old; and Kynadee, nine months old.

Dr. Walker chose to pursue a career in medicine because he has always had a passion to help people. Medicine is a selfless
profession that not only gives him the opportunity to help people but also the satisfaction of truly loving what he does.

Dr. Walker chose to specialize in orthopaedics because he is a hands-on learner, and orthopaedics has allowed him the
opportunity to use his motor skills in addition to his cognitive skills to help people, especially children.

Plans After Campbell: Dr. Walker plans to join a hybrid practice of general orthopaedics and pediatric orthopaedics.

“I would like to thank the entire pediatric orthopaedic staff at the Campbell Clinic. I am truly blessed to have the opportunity to
train at Campbell Clinic. I plan to take the knowledge I learn in fellowship and apply it to the best of my abilities.”
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Current Orthopaedic Residents

INTERNS
Nathaniel B. Alexander, M.D.

Undergraduate: University of Arkansas
Medical School: University of Arkansas
for Medical Sciences College of Medicine

Stephanie N. Chen, M.D.
Undergraduate: Case Western Reserve University
Medical School: University of Toledo
College of Medicine

Travis B. Eason, M.D.
Undergraduate: North Carolina State University
Medical School: Brody School of Medicine
at East Carolina University

Richard A. Hillesheim, M.D.
Undergraduate: Washington University in St. Louis
Medical School: Sidney Kimmel Medical College
at Thomas Jefferson University

Austin B. Murphy, M.D.
Undergraduate: Samford University
Medical School: University of Alabama
School of Medicine

David L. Parker, M.D.
Undergraduate: Brigham Young University
Medical School: University of North Dakota
School of Medicine and Health Sciences

Naveen Pattisapu, M.D.
Undergraduate: University of Texas at Austin
Medical School: Baylor College of Medicine

Devon Tobey, M.D.
Undergraduate: University of Georgia
Medical School: Mercer University School of Medicine

CLINICAL YEAR 2

J. Stephen Chambers, M.D.
Undergraduate: Georgia Institute of Technology
Medical School: Mercer University School
of Medicine-Savannah

Joseph T. Cline, M.D.
Undergraduate: Davidson College
Medical School: University of North Carolina
at Chapel Hill School of Medicine

Parker P. Duncan, M.D.
Undergraduate: University of Memphis
Medical School: University of Tennessee Health Science
Center College of Medicine

Charles T. Fryberger, 111, M.D.
Undergraduate: Auburn University
Medical School: University of Alabama
School of Medicine

Matt ‘Jejo’ Matthew, M.D.
Undergraduate: University of Kansas
Medical School: University of Kansas

School of Medicine

S. Gray McClatchy, M.D.
Undergraduate: Mississippi State University
Medical School: University of Arkansas
for Medical Sciences College of Medicine

Trenton T. Stevens, M.D.
Undergraduate: University of North Carolina
at Chapel Hill
Medical School: University of Tennessee Health
Science Center College of Medicine

Carson D. Strickland, M.D.
Undergraduate: University of Georgia
Medical School: Mercer University
School of Medicine-Savannah
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Current Orthopaedic Residents

CLINICAL YEAR 3

Chad E. Campion, M.D.
Undergraduate: Stevens Institute of Technology
Medical School: Rutgers New Jersey Medical School

Ryan B. Eads, M.D.
Undergraduate: University of Kentucky
Medical School: University of Kentucky

College of Medicine

Matthew N. Fournier, M.D.
Undergraduate: University of Wyoming
Medical School: University of Washington
School of Medicine

Peter R. Henning, M.D.
Undergraduate: Marquette University
Medical School: Medical College of Wisconsin

Andrew M. Holt, M.D.
Undergraduate: University of Tennessee
Medical School: Baylor College of Medicine

Catherine R. Olinger, M.D.
Undergraduate: Creighton University
Medical School: Creighton University

School of Medicine

Zachary K. Pharr, M.D.
Undergraduate: Lipscomb University
Medical School: University of Tennessee
Health Science Center College of Medicine

Carson M. Rider, M.D.
Undergraduate: Union University
Medical School: University of Tennessee
Health Science Center College of Medicine

CLINICAL YEAR 4
Austin R. Davidson, M.D.

Undergraduate: Lipscomb University
Medical School: University of Tennessee
Health Science Center College of Medicine

Steven M. DelBello, M.D.
Undergraduate: Rhodes College
Medical School: University of Texas
Medical Center, Houston

Donald B. Franklin, M.D.
Undergraduate: Samford University
Medical School: University of Tennessee
Health Science Center College of Medicine

Clay G. Nelson, M.D.
Undergraduate: University of North Carolina
Medical School: Eastern Virginia Medical School

Mims G. Oschsner, M.D.
Undergraduate: University of Georgia
Medical School: Mercer University
School of Medicine

Colin W. Swigler, M.D.
Undergraduate: Florida State University
Medical School: Florida State
College of Medicine

Kirk M. Thompson, M.D.

Undergraduate: Rose-Hulman Institute of Technology

Medical School: Southern Illinois University
School of Medicine

Jordan D. Walters, M.D.
Undergraduate: Furman University
Medical School: Wake Forest
School of Medicine

CAMPBELL ORTHOPAEDIC JOURNAL - YVOLUME 4, 2018



When treating pain from osteoarthritis (OA) of the knee, choose

A SOLUTION

FOR YOUR

KNEEDS

Indication

SYNVISC® (hylan G-F 20) and Synvisc-One® (hylan G-F 20) are indicated for the treatment of
pain in osteoarthritis (OA) of the knee in patients who have failed to respond adequately to
conservative non-pharmacologic therapy and simple analgesics, e.g., acetaminophen.

Important Safety Information
SYNVISC and Synvisc-One are contraindicated in patients with known hypersensitivity to
hyaluronan products or patients with infections in or around the target knee.

Hypersensitivity reactions including anaphylactic reaction, anaphylactoid reaction,

anaphylactic shock and angioedema have been reported.
Syringe image for illustration purposes only

VISIT US AT OUR BOOTH

Exclusively for SYNVISC and Synvisc-One

%YNVISC

* Reminder alerts when it’s * Next-day delivery of * Fast turnaround: Majority
time to reorder SYNVISC and of cases within 4 hours'™*

Synvisc-One when

you order online’

Inventory Management

* Settings for multiple clinics
to see and transfer inventory

* On average, 98% of
patient cases that were
NOT cancelled

* Dispensing function :
P 9 received coverage'?

Please see full Prescribing Information for SYNVISC and Synvisc-One at our booth.

Iforder s placed by 3 PM Ea
Based or
If submitte

‘r‘:imﬂ Company. ;S‘YI\“"‘SC;, | ISW} ‘%IE

age forillustration purposes onl



AUNIFIED APPROACH
[0 HANDS-ON TRAINING

SINCE 1994, MERI HAS BEEN A PIONEER IN FULL-SERVICE
SURGICAL TRAINING FOR MEDICAL DEVICE COMPANIES, MEDICAL
SOCIETIES, AND EDUCATION PROGRAMS.

Whether your lab is booked in our 27,000-square-foot facility in Memphis, in our fully

equipped mobile lab, or a venue of your choice, you'll have our full complement of:

State-of-the-art instruments including Orthopedic Power, C-arms and Bovie

Quiality anatomic tissue sourced with integrity from our partner Genesis

Legacy Whole Body Donation Foundation

Highly trained staff to ensure your participants have the most successful

experience possible

Visit MERI.ORG to learn more and schedule your training.

¢ S 57 @ MERI promotes medical education and research for the advancement of medicine
¥ MERI | GENESIS :

with the support of our Genesis Legacy Whole Body Donation Foundation.

¢

MERI

MEDICAL EDUCATION
& RESEARCH INSTITUTE

Advancing knowledge. Honoring life.




f

Campbell
Clinic




