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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

May, 2019

Dear Colleagues,
I am honored to present the 5th 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. 

As I reflect on these findings, I think back to early in my career when I had a fierce drive 
to “find better answers.” I had the energy, drive, and naiveté reserved for someone new to the 
practice of orthopaedic surgery, before I had learned the old adage, “Nothing spoils good 
results like long term follow-up.” Nevertheless, I was curious and determined and I started a lot 
of research projects. Even finished some of them. Learned some things. As one of my mentors, 

Fred Sage, MD, often said to me, “Canale you may be often wrong but you’re never in doubt.” 
As I gained experience and patient volume, it became difficult to find time for research – data mining, analysis, 

reflection, and manuscript writing. Perhaps that’s the way it goes – seasons of life and all that, but I enjoy seeing 
energetic surgeons in pursuit of a new discovery. I have great respect for the work that underlies even less significant 
research findings. 

I also reflected on the research process - the way research projects begin. For clinical research at least, there often 
is either an anecdotal observation – “in my last several patients” – a finding that differs from earlier experience. This 
difference can be better – “these patients are getting better outcomes,” or, sometimes worse, as in, “Hmmmm. Wonder 
why these last three patients struggled more than my earlier ones.” This forms the basis of the research question and 
allows us to form our hypothesis. And, so we begin. 

Study design is very important to ensure that we find the answers to the questions we pose. In a prospective study, 
researchers must carefully isolate the variables in order to study the hypothesis and work to determine causality. 
As one seasoned clinician scientist once told me, “Folks who carry matches in their pocket may be shown to have a 
higher incidence of lung cancer, but the savvy researcher knows that the matches are not the causal factor – rather, the 
behavior that drives the need for matches – smoking – is the culprit.”

Thus, it occurs to me that orthopaedic clinical practice and orthopaedic clinical research are in some ways 
diametrically opposed. In our practice, we learn to assess all inputs of the situation – the patient’s health history, 
the description of their symptoms and their onset, the images (X-rays, MRIs, etc.) and any other inputs that we may 
have. We then begin to problem-solve. If  the clinical condition is one requiring surgical intervention, we approach the 
surgery with a great deal of thought and planning. However, at times, in the operating room, things don’t go as we 
planned, in which case our training kicks in and we “do what it takes to solve the problem,” using every tool in our 
kit. Our objective is to relieve the patient’s pain, restore their function, and allow a return to activities of daily living – 
doing whatever it takes. Even for patients who present with very similar cases, health history, and images, the surgical 
intervention and post-operative recommendations may vary.

So, the prospective research approach - to “eliminate the variables” – goes completely against our training as 
orthopaedic surgeons. We may understand it intellectually, but our training, experience, and habits kick in and we 
divert from the protocol. This causes our results then to be murky. Conclusions we had hoped to draw can’t be drawn. 

CA
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This may be one of the reasons why clinicians often find research to be so challenging. It doesn’t feel natural, and 
it is hard and time-consuming and tedious. However, it is so important. Only through diligent research can we hope to 
find better solutions to challenging clinical issues. 

I encourage you to stay curious and pursue answers, even if  it goes against everything you’ve been taught. While 
good results may lessen as follow-up lengthens, so too will success be gained with more experience. In research and in 
life.

As you enjoy the 2019 edition, I hope that you are inspired to pursue that nagging question you have, and to find 
others to join you in the pursuit. You will be better for the experience, and patients everywhere will benefit. 

Sincerely,
S. Terrence Canale, MD, Editor-in-Chief

Campbell Foundation President
CA

MPBELL FOUNDATION
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The UT-Campbell Clinic Depart-
ment 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 2018 – 2019 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 R01 grants, and support from multiple 
other sources.

On the clinical side, our research effort has been 
equally impressive, with 127 scientific articles published 
in peer-reviewed publications, along with 68 podium 
presentations, and 21 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 clinical trials, with random-
ization, to truly provide comparative evidence of  ther-
apeutic treatments. There is considerable breadth and 
variety in our work, examining the safety and efficacy 
of  surgical procedures performed in an outpatient sur-
gical setting, alternative methods of  pain management 
(particularly timely in light of  the opioid epidemic in 
the United States), and results with a number of  op-
erative interventions to build an impressive array of 
clinical evidence. Our work crosses all orthopaedic sub-
specialties 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.

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 out-
standing job in supervising and advising the residents. 
Fellowships in the subspecialties are available, and we 

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
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trained six clinical fellows this year, and have had one 
additional spine research fellow working with the team 
for much of this year on an interesting project funded 
by the Scoliosis Research Society that examines the or-
thopaedic impacts – particularly related to the spine – 
among long-term pediatric cancer survivors who had 
major surgical interventions related to chest wall or spi-
nal tumors. This work, which is perhaps only available 
to us due to the geographic nexus of the Campbell Clin-
ic and St. Jude Children’s Research Hospital, a world-re-
nowned pediatric oncology center, explores the ‘natural’ 
history of spinal pathology among patients who have 
undergone major surgery for pathological childhood 
cancers. The results of this work will be presented at this 
year’s annual meeting of the Scoliosis Research Society.

Monday night continues as our traditional 2½ 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 
2014, we have sustained a Visiting Professor Lecture 
Series, funded with donor support. This important se-
ries, which is open to area orthopaedic surgeons, nurses, 
physicians assistants, engineers and researchers, allows 
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 are hard at work on the latest (14th) edition of 
Campbell’s Operative Orthopaedics, to be published in 
early 2020. The prior edition remains the leading ortho-
paedic 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. This past March, 
we matched residents for the Class of 2024, our 101st. As 
we move into the 2nd century of our residency training 
program, we believe that Dr. Campbell would be proud.
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Since our organization was 
founded in 1909, the physicians 
at Campbell Clinic have worked 
to build upon the success of 
those who came before them for 
the betterment of our patients. 

In 2019, we continue to build 
and expand our brand as a 
leader in orthopaedic medicine 
and research. It is not often this 
type of  growth manifests itself  

literally before our eyes, but that is the case this year 
as we construct our new outpatient center in German-
town, Tennessee. 

This state-of-the-art facility will cover four stories 
and 120,000 square feet and represents the next phase 
of expansion for Campbell Clinic. We designed this new 
center with future patients, staff  and residents in mind. 
Not only will it be a world-class structure when it opens 
this fall – it’s also the beginning of a new chapter for the 
clinic – a legacy for which we can all be very proud. 

The new outpatient center will be a destination for 
musculoskeletal care around our region, and it will serve 
as a training ground for future orthopaedic surgeons 
who will shape our specialty worldwide for generations 
to come. 

Located on five adjacent acres behind our existing 
Germantown clinic, the new facility will house a sports 
performance and wellness center, an expanded physical 
therapy floor, an outpatient clinic and an eight-suite am-
bulatory surgery center where our physicians will con-
tinue to perform innovative procedures ranging from 
joint replacement to minimally-invasive spine surgery to 
regenerative therapy. 

On the research front, our staff  continues to seek an-
swers to challenging clinical issues. Over the past several 
months, we have examined new ways to help mitigate 
surgical patients’ post-operative pain while greatly de-
creasing their dependence on the use of opioids.  Over 
the last year, we have conducted prospective studies on 

innovative interventions such as cryoneurolysis, periop-
erative measures such as liposomal bupivacaine, and 
cold therapy. Preliminary results show that decreasing 
post-surgical pain is possible without opioids, and we 
are determined to be part of the solution to the U.S. 
opioid crisis. 

In addition, we are working on several projects ex-
ploring novel regenerative medicine therapies to help pa-
tients battle the ravages of osteoarthritis by leveraging 
their bodies’ ability to heal. The early results are most 
encouraging here, also. We continue to build on our ear-
lier work defining the effects of patient factors on out-
comes. This enables us to develop predictive models that 
are proving extremely useful in counseling with patients 
and managing expectations based on their unique phys-
iology and health behaviors. We are finding this predic-
tive ability is also useful in discussions with third party 
payers who seek better health for their patient groups. 

We have also started offering a new alternative to 
thoracic and lumbar spine surgery at our ambulatory 
surgery centers using an endoscopic approach. Camp-
bell Clinic is proud to be one of only 12 centers in the 
country offering access to this minimally invasive pro-
cedure. Additionally, our surgeons continue to expand 
access to outpatient total hip, knee, shoulder and ankle 
replacement in the ASC setting while delivering positive 
outcomes for patients. 

We also welcomed a new physician to our staff. Dr. 
William J. Weller joined the Campbell Clinic family in 
August 2018. Dr. Weller specializes in orthopaedic sur-
gery of the hand, wrist, elbow and shoulder. Dr. Weller is 
no stranger to Memphis, having completed his residency 
at the Campbell Clinic-UT Department of Orthopaedic 
Surgery in 2017. He then completed a one-year fellow-
ship at the Indiana Hand to Shoulder Center. 

News from Campbell Clinic
Frederick M. Azar, M.D.
Chief of Staff, Campbell Clinic Orthopaedics 
Professor and Sports Medicine Fellowship Director
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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 ortho-
paedic surgeons from all over 
the country and, indeed, all over 
the globe. Over 575 orthopaedic 
surgeons have trained at our in-

stitution and our graduates include 7 presidents of the 
American Academy of Orthopaedic Surgeons (AAOS), 
7 directors of the American Board of Orthopaedic Sur-
gery (ABOS), 4 presidents of the American Orthopae-
dic Association (AOA), and numerous presidents of 
subspecialty societies. Surgeon education is a hallmark 
of our program, and the staff, in addition to our respon-
sibilities for teaching our residents, continue to author 
Campbell’s Operative Orthopaedics, now preparing its 
14th edition. While orthopaedic knowledge continues to 
expand, our educational goal has remained constant: to 
produce excellent, well-rounded orthopaedic surgeons 
who have the opportunity to pursue the subspecialty 
training of their choice.

Our residents train in each orthopaedic subspecialty, 
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 principles and their ap-
plication. Our training program is designed to prepare 
residents for the Orthopaedic In- service Training Exam-
ination (OITE) and Step I of the American Board of Or-
thopaedic Surgery examination, through a combination 
of Core Curriculum training combined with subspecial-
ty conferences in trauma, pediatric orthopaedics, sports 
medicine and shoulder/ 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 curriculum 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 infra-
structure, which includes multiple research nurse coor-
dinators, database access to track patient outcomes, a 
biomechanics laboratory and an extensive orthopaedic 
library staffed by a full-time librarian. We currently are 
conducting over 150 active clinical and biomechanical 
research projects. Investigators have been awarded fund-
ing from both internal and external sources to conduct 
these studies, in addition to additional extramural (NIH, 
NSF, etc.) awards among our basic science research staff. 
We remain committed to sharing our research at region-
al, national, and international meetings, and in academ-
ic and scientific publications. In short, orthopaedic re-
search has never been stronger at the Campbell Clinic.

Our international elective medical mission program 
continues, with sponsorship of an international commu-
nity service medical mission. Our residents have served 
in Nicaragua, Guatemala, Honduras, Tanzania, Ugan-
da, and the Dominican Republic. In this way, we imbue a 
commitment to community service within our residents.

This year, we will celebrate the graduation of our 
95th residency class, whose members are profiled within 
this publication. We are very proud of these eight or-
thopaedic surgeons. Their senior research efforts are de-
picted 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 2024 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 pres-
ent and we look forward to our future. With our com-
prehensive, diverse, high-volume brand of training, we 
will continue to strive for excellence in the training of 
orthopaedic surgeons.

State of the Residency
Thomas W. ‘Quin’ Throckmorton, M.D.
Orthopaedic Residency Director, Professor
UT-Campbell Clinic Department of Orthopaedic Surgery and Biomedical Engineering
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Dedicated Lectureship Series:

Alvin J. Ingram, MD Memorial Lecture
Each year, the Campbell 

Foundation proudly hosts a 
Distinguished Professor in memory 
of a fi ne 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 
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. 
At this event, we also highlight prior scientifi c posters 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. 

Alvin J. Ingram, MD

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 fi rst 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 fi rst 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 
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.

Kristy L. Weber, MD

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



19

CAMPBELL ORTHOPAEDIC JOURNAL  •  VOLUME 5, 2019

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 “AAOS: 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.”

Joseph A. Bosco, MD, is an at-
tending surgeon at NYU Langone 
Medical Center in New York City. 
He specializes in knee and shoulder 
conditions, primarily sports-related 
injuries and total knee replacements. 
Along with his work at NYU Medi-
cal Center, Dr. Bosco is a Professor 
of Orthopaedic Surgery at the NYU 
School of Medicine. 

Dr. Bosco was installed as the 
President of the American Academy of Orthopaedic Sur-
geons (AAOS) in 2019. Originally from Englewood, New 
Jersey, Dr. Bosco attended college at Union College (Sche-
nectady, NY), and then earned his medical degree from the 
University of Vermont. He completed his Internship and 
residency in orthopaedic surgery at the University of North 
Carolina, Chapel Hill. Dr. Bosco completed a Fellowship in 

Adult Reconstructive Surgery at the University of Arizona, in 
Tucson, Arizona. 

Dr. Bosco has served on the boards of  directors of  many 
national orthopaedic organizations including the American 
Academy of  Orthopaedic Surgeons (AAOS), American Or-
thopaedic Society for Sports Medicine (AOSSM), as well as 
serving as the President of  the Board of  Directors for the 
Orthopaedic Learning Center (OLC) at AAOS. Dr. Bosco 
has also been active on the board of  the New York State 
Society of  Orthopaedic Surgeons, serving as both Treasurer 
and Secretary.  

Dr. Bosco is an active researcher, with a focus on quality 
of care, treatment outcomes, health care disparities, and pa-
tient safety, particularly with regard to infection control. He 
has published more than 250 scientifi c peer-reviewed articles, 
book chapters and other important works, and has presented 
his research all over the world. His research earned numerous 
extramural grants, and he holds four patents for knee replace-
ment implants.

Joseph A. Bosco, III, MD

2019 Alvin J. Ingram, MD Memorial Lecture   •   May 10, 2019
Distinguished Professor: Joseph A. Bosco, III, M.D. 

Professor and Vice-Chair for Clinical Affairs
New York University School of Medicine

Department of Orthopaedic Surgery
Director, Quality and Patient Safety, NYU Langone Orthopaedic Hospital

New York, New York
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Sponsored by the Pediatric Orthopaedic Faculty of 
Campbell Clinic, with support from alumni and friends, 
the James H. Beaty, MD Visiting Professorship in Pedi-
atric Orthopaedics was established to honor the lifetime 
contributions of James H. Beaty, MD, Chairman of 
the UT-Campbell Clinic Department of Orthopaedic 
Surgery, former Chief  of Staff  of  Campbell Clinic, and 
Past President of the Pediatric Orthopaedic Society of 
North American and the American Academy of Ortho-
paedic Surgeons. 

It has been a tradition for the Pediatric Orthopaedic 
Faculty of Campbell Clinic to bring a prominent Vis-
iting Professor (such as the President of the Pediatric 
Orthopaedic Society of North America (POSNA)) to 
Memphis each year for an annual Lecture and extended 
Case Discussions. Since 2014, POSNA Presidents Peter 
Waters, MD, Lori Karol, MD, James McCarthy, MD, 
and Richard Schwend, MD have come to Memphis as 
Visiting Professors. 

In 2019, this educational professorship was officially 
endowed and named in honor of Dr. James H. Beaty. 
The 2019 James H. Beaty Visiting Professor was Dr. 

Steven L. Frick, President of POSNA, and Professor 
of Orthopaedics at Stanford University. Dr. Frick be-
gan the Professorship with a fantastic interview of Dr. 
Beaty, which was done in the style of “Inside the Actors 
Studio.” Dr. Beaty’s family was able to be present for 
this important occasion.

The day progressed to include Dr. Frick’s Keynote, 
“Decision Making in Developmental Dysplasia of the 
Hip,” during which he included pearls and pitfalls from 
his experience caring for children with DDH. Follow-
ing the Keynote address, Campbell Foundation resi-
dents presented cases and Dr. Frick “Turned the Tables” 
with additional Case Presentations to test the residents’ 
knowledge. It was a fantastic day of academic exchange, 
and a fitting way to honor a legend in the field of pedi-
atric orthopaedics.

The James H. Beaty Visiting Professorship in Pediat-
ric Orthopaedics will annually highlight a leader in the 
field, and will bring new perspectives to residents, medi-
cal students, healthcare providers, faculty, and others in 
the community interested and engaged in orthopaedic 
care for children. 

The James H. Beaty, MD 
Visiting Professorship 
in Pediatric Orthopaedics 
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2019 Campbell Foundation & UT-Campbell Clinic 
Department of Orthopaedic Surgery & Biomedical Engineering 

Visiting Professor Lecture Series: Schedules of Lectureships and Conferences

Donald H. Lalonde, MD, Bsc, Msc, FRCSC 
“How to Decrease Your Complications 

in Hand Surgery”

Professor of Surgery
Dalhousie University President, 

Canadian Society for Surgery of the Hand 
St. John, Canada

January 19, 2019 
Owen Brennan’s Restaurant
6150 Poplar Avenue, #150

Memphis, TN 38119

Steven L. Frick, MD, MPH
“Decision Making in Developmental Dysplasia 

of the Hip”

Professor of Orthopaedic Surgery & Pediatrics
Chief, Pediatric Orthopaedic Surgery
Stanford University Medical Center

Palo Alto, California
President, Pediatric Orthopaedic Society 

of North America 2018-19

Inaugural James H. Beaty Visiting Professorship 
in Pediatric Orthopaedics

February 21, 2019 
Le Bonheur Children’s Hospital

848 Adams Avenue
Memphis, TN 38103

Mark E. Easley, MD 
“Surgical Management of Ankle Arthritis:  

Current State of the Art” 
Associate Professor of Orthopaedics

Department of Orthopaedic Surgery
Duke University

Durham, North Carolina

March 18, 2019
Campbell Foundation Classroom

1211 Union Avenue, Suite 510
Memphis, TN 38104

Joseph A. Abboud, MD, FAOA
“Shoulder Surgery and Nerve Injury Rate and  

Avoidance: 15-Year Experience with Nerve Monitoring”

Senior Vice-President of Clinical Affairs, 
Shoulder & Elbow Surgery, The Rothman Institute 

Professor of Orthopaedic Surgery
Thomas Jefferson University
Philadelphia, Pennsylvania

April 15, 2019
Folk’s Folly Restaurant*
551 S. Mendenhall Road

Memphis, TN  38117
*Sponsored by Exactech, Inc.

Alvin J. Ingram, M.D. Memorial Lecture

Joseph A. Bosco, III, MD - Keynote Speaker

“Value Creation in Total Joint Arthroplasty”

Professor & Vice Chair, Langone Department of Orthopaedic Surgery
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DIAGNOSED WITH MPS VI AFTER 8 YEARS OF SIGNS AND SYMPTOMS. 

Alden’s 8-year 
diagnostic odyssey  
is not uncommon

“ My bones weren’t growing properly, but  
none of my doctors could figure out why.”

Results in a poster presented at the American College of 
Medical Genetics 2018 Annual Meeting found that patients 
with MPS may have been initially misdiagnosed with skeletal 
dysplasia or spondyloepiphyseal dysplasia (SED)1

•  44% of MPS IVA patients had symptoms that raised concerns  
for or were misdiagnosed as SED prior to testing for MPS (8/18)

•  24% of positive MPS diagnoses had a current/past  
diagnosis of skeletal dysplasia or suspicion of another skeletal  
condition (13/54; MPS IVA [n=10], MPS VI [n=3])

LEARN MORE AT WHATWOULDYOUSUSPECT.COM

©2019 BioMarin Pharmaceutical Inc. All rights reserved. USMPS0325 0419

Reference: 1. Clarke L, Cristian I, Pollard L, et al. Poster presented at: 
American College of Medical Genetics Annual Clinical Genetics 
Meeting; April 10-14, 2018; Charlotte, NOC (Poster #428).

Age: 11 

Height: 5 ft, 3 in  
(160 cm);  
98.8th percentile
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Less 
bone  
and  
soft  
tissue 
damage2

(p<0.05)

Less 
need
for opiate
analgesics1

(p<0.001)

Less 
time to
hospital
discharge1

(26%
reduction
in LOS)

Less 
need for
in-patient
physical
therapy
sessions1

(p<0.001)

Less 
post- 
operative
pain1 
(p<0.001) 
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Accessibility and Availability of Online Information for 
Orthopedic Surgery Residency Programs*

ABSTRACT
Background: Prospective orthopedic residency applicants commonly use one of three da-
tabases to identify potential programs: Accreditation Council of Graduate Medical Education 
(ACGME), American Medical Association (FREIDA), or Orthogate. org. In addition, institutional 
websites are typically the primary source of information once programs are identifi ed. We 
sought to evaluate the databases and websites used by prospective orthopedic surgery 
applicants for content and accessibility. We hypothesized that information would be more 
available in comparison to previous studies but would still fail to provide complete, up to 
date program information for the prospective applicant. 

Methods: Three online databases were queried in December 2014 to compile a list of or-
thopedic residency programs in the United States. This combined list was used as a basis for 
evaluating individual institution websites. Previously described criteria were used to evaluate 
the availability of information contained within orthopedic surgery residency websites. 

Results: At the time of online review, 157 programs were identifi ed. Depending on the da-
tabase in question, up to 33% of programs either did not provide a link or listed a non-func-
tioning link. Among the variety of evaluated criteria, inclusion of the information varied be-
tween 12% and 97% for the individual program websites. 

Conclusions: Online databases are useful in listing programs, but individual program de-
tails and direct functional links are lacking. Most program websites contain varying degrees 
of desired information; however, not all programs maintain websites which consistently pro-
vide information to satisfy the evaluated criteria in this study. Improved online accessibility 
and availability of information for residency programs would increase their visibility and 
utility for prospective applicants.
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INTRODUCTION
Each year, more medical students apply for orthopedic 

residency. With this increase in number of applicants, 
the competition for a position continues to increase as 
well, making it one of the most competitive specialties.1 
With these trends, the importance of maintaining an 
informative and accessible website continues to grow. 
The importance of web-based information has been 
evaluated for multiple orthopedic fellowships2-4 as well 
as various other surgical residencies.5-7 Rozental et al. 
performed a similar study for orthopedic residencies in 

2001.8 Their study revealed at that time many academic 
orthopedic departments underutilized the Internet 
with subpar websites or lack of an Internet presence. 
Although the Internet has been established as a useful 
communication tool for quite some time, utilization has 
signifi cantly increased since 2001.9 Increased utilization 
brings more up-to-date and accurate information, 
however not all academic departments take advantage 
of this useful communication tool.2-7

Medical students frequently rely on online databases to 
identify available residency programs. Three commonly 

* This article is reprinted with permission from the Iowa Orthopaedic Journal and the University of Iowa Hospitals and Clinics.  Davidson AR, Loftis DM, 
Throckmorton TW, Kelly DM: Accessibility and availability of online information for orthopedic surgery residence programs, Iowa Orthop J. 2016; 36:31-36.
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used databases are maintained by the Accreditation 
Council of Graduate Medical Education (ACGME),10 
American Medical Association (Fellowship 
and Residency Electronic Interactive Database- 
FREIDA),11 and the open-source website Orthogate 
(http://www.orthogate.org).12  The purpose of  this 
study was to determine the availability and accessibility 
of  information on orthopedic residency programs 
obtainable through the three databases. We analyzed 
the information available on various program websites 
through the links provided by the three databases 
and from the results provided by a Google search. In 
addition, previous research by Rozental et al. allowed 
a comparison to gauge the improvement in several 
key categories over the past decade. We hypothesized 
that the ease of  accessing individual program websites 
from databases and discovering relevant program 
information contained within independent residency 
websites does not fully meet the needs of  current 
orthopedic surgery applicants.

METHODS
Identifi cation of orthopedic residency programs in 

the United States was accomplished with the use of the 
ACGME database, the AMA’s FREIDA online database, 
and Orthogate’s online database.10-12 The database search 
only included allopathic orthopedic residencies, as there 
is not currently a combined process for osteopathic and 
allopathic residencies. The three databases were queried 
between December 21 and 23, 2014. Each database was 
assessed for availability and functionality of website 
links to each program by placing them in one of fi ve 
categories: no link provided, a non-functional link, a link 
to the sponsoring institution requiring multiple clicks to 
navigate to the residency website, a link to the orthopedic 
department requiring multiple clicks to navigate to the 
residency website, and a link which led directly to the 
residency website. The databases were also evaluated for 
congruency of information, including programs listed, 
program director, and contact information.

A Google search (Mountain View, CA, USA)13 was 
also performed to evaluate website accessibility for 

each program as an alternative to searching the three 
online databases. Google was selected because it is the 
most popular search engine worldwide.14 A search was 
performed for each program using the phrase “program 
name + orthopedic surgery residency.” Each search 
evaluated the fi rst page of results (fi rst 10 listings) for 
direct links to the residency program website.

Each orthopedic residency program’s website was 
then evaluated for content using previously described 
areas of interest2-4 with examination of resident 
education details, resident recruitment details, and 
contact information. In addition to criteria described 
in similar papers, a study by Deloney et al, which 
performed a survey of radiology interviewees at a 
single institution, was used to compile a list of relevant 
details. The Deloney et al study characterized details as 
necessary, desirable, or superfl uous.15 Resident education 
details included rotation schedule, didactic schedule, 
conference descriptions, research curriculum, and call 
schedules. Resident recruitment details included program 
description or director’s letter, application requirements, 
faculty education, current residents, resident education 
information, career placement, and salary. Results were 
then analyzed as a proportion of programs containing 
the information compared to previous studies.

RESULTS

Database Information
The three databases revealed a varying number 

of total programs – 156 programs were listed in the 
ACGME database, 157 programs were listed in the 
FREIDA database, and 153 programs were listed in 
the Orthogate database. The databases provided either 
no link or a link that was non-functioning in 12% 
(FREIDA), 21% (ACGME), and 33% (Orthogate) of 
the program listings. A majority of programs provided 
a functioning link that, at a minimum, directed the user 
to an institutional website. A direct link to the unique 
residency website was provided by a small percentage of 
programs: ACGME listed 24 (15%), FREIDA listed 34 
(22%), and Orthogate listed 26 (16%) (Table I).

Table I: Evaluation of Links Provided by Databases

Database Programs No Link Non-functioning Institution Department Residency

ACGME 156 4 (3%) 28 (18%) 41 (26%) 60 (38%) 24 (15%)

FREIDA 157 9 (6%) 9 (6%) 43 (27%) 62 (39%) 34 (22%)

Orthogate 153 13 (9%) 37 (24%) 28 (18%) 49 (32%) 26 (17%)
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Combining the search results of the three databases, 
157 unique orthopedic residency programs were 
identifi ed, including 149 civilian programs and 8 military 
programs. This combined list served as the basis for 
evaluation of institutional websites. All programs were 
found using a Google search that included “program 
name + orthopedic surgery residency.” 

Most of  the contact information, including phone 
number, email, name of  the program director, was 
congruent across the ACGME and FREIDA databases. 
Orthogate did not provide any contact information. 
However, 64 (41%) programs had different email 
addresses and 36 (23%) programs had different 
phone numbers listed in comparing the ACGME and 
FREIDA databases.  

Resident Education
With respect to resident education, most programs 

included the evaluated criteria.  A rotation schedule 
was provided by 118 (75%) programs. The majority of 

programs included information detailing their didactic 
schedules, research requirements, and meetings or 
courses attended by the residents. However, only a small 
number of programs presented information describing 
the resident call schedule (Table II).

Resident Recruitment
In regards to resident recruitment, the majority of 

programs covered the evaluated criteria. Nearly all 
programs provided a description of the program. A 
list of current residents could be found on the websites 
of 129 (82%) programs while only 109 (69%) provided 
detailed educational background for those residents. 
Career placement was supplied by half of the programs 
(Table III).

Contact Information
Although contact information was listed for all 157 

programs, the type of this information varied among 

programs. Eighty-one of the programs (52%) provided 
a telephone number and/or email for both the program 
director and residency coordinator, 70 (45%) listed 
information for only the coordinator, and 6 (3%) had 
only the director’s information available.

DISCUSSION
When researching residency programs, medical 

students typically begin with a search of available 
programs using one of the publicly available databases 
and then progressing to evaluation of individual 
programs. Multiple studies have examined the quality of 
information available for various surgical sub-specialties 
and orthopedic fellowships.2-7 In a comprehensive review 
of orthopedic programs in 20018, Rozental et al. found 
that most orthopedic programs underutilize the Internet 
as a tool for dissemination of information.

Our current research reveals improvement in 
utilization, both in accessibility and content, although 
room for improvement continues to exist. It appears 
academic departments are realizing the importance of 
an Internet presence in reaching potential applicants. 
Having multiple steps needed to access the website and 
out of date information refl ects poorly on the individual 
program. Orthopedic residency websites compare 
favorably to websites for orthopedic fellowships; the 
shared criteria reveal similar proportions of inclusion.2-4 
This does not serve as surprise as many of the same 
individuals are responsible for both residency and 
fellowship websites. Expanding the comparison to other 
surgical specialties shows similar proportions as well.6-7

In 2014, seventy students applying to a radiology 
residency returned a survey prepared by Deloney et 
al.15 More than half  agreed with a long list of elements 
necessary for a residency website (many of the same 
elements evaluated by this project), with another 30% to 
40% responding that those elements were desirable. They 

Education (n = 157) No. (%)

Didactic Schedule 106 (67%)

Rotation Schedule 118 (75%)

Research Curriculum 93 (59%)

Conference Descriptions 94 (60%)

Call Schedules 19 (12%)

Table II: Number (%) of websites with information pertaining to 
resident education

Recruitment (n = 157) No. (%)

Program Description 153 (97%)

Application Requirements 129 (82%)

Current Residents 129 (82%)

Resident Education Information 109 (69%)

Alumni Career Placement 79 (50%)

Faculty Education Information 109 (69%)

Salary 55 (35%)

Table III: Number (%) of programs with information pertaining to 
recruitment
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suggested that websites are an important recruiting tool, 
maintaining them with current information is important 
to the recruitment process, and site navigation needs to be 
intuitive and effi cient. A survey of orthopedic residency 
applicants would serve as an important future research 
avenue to more effectively determine what matters most 
to students pursuing a position in orthopedics.

Evaluation of the three available databases highlighted 
programs that did not provide a direct link to the 
residency homepage - 12% (FREIDA), 21% (ACGME), 
and 33% (Orthogate) of programs. . Although the lack 
of functioning links is not necessarily refl ective of 
the program, as the databases are maintained by the 
AMA, ACGME, or are open-sourced, it does refl ect a 
shortcoming in providing ease of access for applicants. 
Additionally, the FREIDA database included one extra 
program not listed by ACGME; the reason for this 
remains unclear. Concerning database congruency, most 
programs had the same information provided. Although 
many of the numbers and addresses appear to be similar 
(e.g. likely would reach someone within the orthopedic 
department), the discrepancy makes contacting the 
program involve unnecessary additional steps. 

Since Rozental et al.8 published their fi ndings, the 
importance of having a useful web presence has increased 
signifi cantly. As expected, each of the shared criteria 
between our studies shows an increased percentage 
of programs publishing the desired information. The 
improvement is likely tied to both an increased awareness 
of shortcomings as well as more individuals with a clearer 
understanding of the Internet’s importance with today’s 
students. Importantly, in 2001, only 73% of orthopedic 
programs maintained websites while in 2014, all 
orthopedic programs were noted to have a website. The 
elements demonstrating the largest increases between 
the 2001 study and ours are contact information listed, 
43% to 100%; rotation schedules, 21% to 75%; current 
resident listing, 45% to 82%; and career placement of 
alumni, 12% to 50%. These numbers refl ect critical 
improvement in providing a clear description of what 
the program has to offer.

Many of the orthopedic programs provided 
information in the areas evaluated in this study. In only 
two areas did fewer than half  of the programs report 
the desired information – call schedule (12%) and 
salary details (35%). Also of note, 79 (50%) programs 
included information concerning career placement of 
their alumni. This information provides an opportunity 

for the program to showcase the success of previous 
graduates and allows the applicant insight into post-
residency opportunities based on these trends. Another 
criterion to note was the medical school attended 
by current residents; 69% of programs reported this 
information. This information could potentially be 
important to prospective applicants, as the educational 
background highlights connections between prospective 
applicants and current residents. Previous studies have 
not included this criterion, however this information 
serves as an important tool in networking.

This study has several limitations. Although multiple 
publications have arrived at a consensus concerning 
important criteria in the application process, individual 
investigators determine these elements. A survey of 
residents, applicants, and interested medical students 
would be benefi cial in directing future studies as to 
which criteria are truly important. In addition, the 
determination of whether the information was included 
in the website was a binary decision – there was no 
consideration as to the varying degrees of quality of 
information. Also, some programs maintain more than 
one website as they are affi liated with multiple entities. 
We only evaluated the top result on Google and did 
not continue to search for additional websites. Another 
important understanding is that many programs do 
not have direct control in updating their pages; as most 
academic centers have a central website, changes must go 
through other departments prior to publication. Most 
importantly, we realize that the Internet is a dynamic 
entity. These websites were evaluated in December 
2014, and programs could have added or subtracted 
information, which may change the reported results.

In conclusion, orthopedic residency programs can 
evaluate their improvement in disseminating information 
based off  two studies separated by thirteen years. The 
overall trend shows improved utilization of the Internet; 
however, there are still areas in which individual programs 
can increase their appeal to applicants. Ensuring that 
information is up to date on the centralized data-bases 
is one avenue. More directly under the program control 
is the information contained on their unique website. 
Most programs contain varying degrees of desired 
information, however, not all programs maintain up to 
date websites consistently including the same evaluated 
criteria. As this information is lacking, it is diffi cult for 
the applicant to perform head to head comparisons. 
Residency programs would benefi t from routine analysis 
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of their website to ensure the information is up to 
date and serving as a positive representation of what 
they have to offer to potential applicants. The Internet 

already has established itself  as the primary source for 
information, and program websites serve as the initial 
impression for many prospective applicants.
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A Quantitative Analysis of the Effect of Glenoid Bone Volume on 
Baseplate Failure in Reverse Total Shoulder Arthroplasty 

ABSTRACT
INTRODUCTION: Glenoid bone loss is a common and signifi cant deformity in patients under-
going reverse total shoulder arthroplasty (RTSA).  Glenoid bone loss can lead to insuffi cient 
bone stock that makes successful implantation of glenoid baseplates diffi cult secondary to 
inadequate bony fi xation.  While advances in implant technology and fi xation techniques 
have minimized routine cases of baseplate failure, patients with tenuous glenoid bone stock 
can still be at risk for this complication.  The purpose of our study was to compare the gle-
noid vault volumes of patients undergoing RTSA who developed baseplate failure to those 
of a comparison group of RTSA patients without baseplate failure to determine if a volume 
threshold exists where baseplate fi xation is at risk for failure. 

METHODS: Four subjects (two males, two females) who underwent primary RTSA and sus-
tained a glenoid baseplate failure were identifi ed and comprised our failure cohort.  Over the 
same time period, we identifi ed ten shoulders in nine subjects (two males, seven females) 
who had undergone primary RTSA for the surgical indication of infl ammatory arthritis an/or 
erosive arthritis with advanced glenoid bone loss who had not sustained a glenoid baseplate 
failure to comprise our non-failure cohort.  We used this comparison cohort of due to the 
presence of  erosive glenoid wear and periarticular osteopenia as compared to other potential 
RTSA candidates thus making a “worse case” comparison group. Nine of the thirteen sub-
jects, including all failures, required glenoid bone grafting (humeral head autograft; 3 males 
and 6 females). Pre-operative shoulder computed tomography (CT) scans were imported 
into Mimics (Materialise, Leuven, Belgium) to measure pre-operative glenoid vault volumes. 
Glenoid vault volumes (cm3) were then compared between failures and non-failures.  Gen-
der-based subgroup comparison of failure and non-failure vault volumes was also performed 
to assess male and female specifi c differences.  A two-sided t-test was then performed to 
compare each group.  Differences with p< 0.05 were considered statistically signifi cant. 

RESULTS: The average glenoid vault volumes were not signifi cantly different when compar-
ing all failures to all non-failures: average failure volume 7.64 cm3 (range 2.06 - 13.2 cm3, 
SD 5.05 cm3), average non-failure volume 11.51 cm3 (range 5.68 - 19.81 cm3, SD 5.13 
cm3), p=0.226. When subjects were separated by gender, the average glenoid vault vol-
umes were signifi cantly different between failures and non-failures: average female failure 
volume 3.52 cm3 (range 2.06 - 4.98 cm3, SD 2.06 cm3), average female non-failure volume 
8.59 cm3 (range 5.68 - 11.90 cm3, SD 2.39 cm3), p=0.031; average male failure volume 
11.78 cm3 (range 10.35 - 13.20 cm3, SD 2.02 cm3), average male non-failure volume 
18.31 cm3 (range 17.14 - 19.81 cm3, SD 1.37 cm3), p=0.021.

DISCUSSION: This study demonstrated that when performing RTSA in the presence of 
advanced erosive glenoid wear, a threshold of glenoid bone volume exists above which 
baseplates were likely to survive, and below which they were likely to fail.  Specifi cally, 
failures occurred in male patients with glenoid vault volumes at or below 13.5 cm3 and 
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female patients with glenoid vault volumes at or below 5 cm3. This 
suggests there may be a horizon of glenoid bone volume necessary 
to achieve stable fi xation for RTSA baseplates in these patients. 
Further studies are needed to determine whether pre-operative 

measurement of glenoid vault volumes or the use of patient-spe-
cifi c components would be helpful to optimize baseplate survival in 
these patients.
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The Role of Computed Tomography and Magnetic
Resonance Imaging in the Diagnosis of Pediatric

Thoracolumbar Compression Fractures*

Background: Because of concerns about radiation  exposure, some centers consider mag-
netic resonance imaging (MRIs) the preferred imaging modality for pediatric thoracic and/
or lumbar  compression fractures. The purpose of this study was to evaluate the sensitivity 
of computed tomography  (CT) and MRI in diagnosing thoracolumbar compression fractures 
and the utility of MRI  in their management. Methods:  Retrospective   review  identified  52  
patients  aged  0  to 18 years with 191 thoracic and/or lumbar compression fractures who 
had  both  CT and  MRI  during  the initial trauma  evaluation.  The decision to perform CT 
and/or MRI was made by the attending pediatric  spine surgeon.  In  all cases the  CT  scan  
was performed before the MRI. All imaging studies were reviewed by a board- certified 
pediatric radiologist  and attending  pediatric spine surgeon. 

Results: Only 10 patients (19%) had a single-level injury. Of 42 with multiple compression 
fractures, 34 (81%) had fractures in contiguous levels, and 8 had noncontiguous  injuries. 
Comparing  CT and MRI, there was complete agreement in the number and distribution of 
fractures  in 23 patients  (44%). MRI  identified  additional  levels of fracture in 15 patients 
(29%); 14 (27%) had fewer levels fractured on MRI  than  CT. Only one patient  (2%) had 
fractures  seen on MRI after a normal CT scan. Complete correlation between CT and MRI 
was seen in 59% (17/29) of patients  aged 11 to 18 years, compared with 26% (6/23) of 
patients younger than 11.

Conclusions: In pediatric patients with mild thoracic or lumbar compression fracture(s), CT 
scan demonstrates  a high sensitivity in determining  the presence or absence of a fracture  
compared  with MRI.  Although  some variability exists between the 2 modalities in the exact 
number of spinal levels involved, the definitive treatment and outcome  were not changed  
by the addition  of MRI.  The in- formation  that  may be obtained  from an MRI  must be 
weighed against the increased time and expense of the study, as well as the risks associat-
ed with sedation when necessary.

Level of Evidence: Level II—diagnostic  study.

Key Words: thoracolumbar compression  fractures,  children,  di- agnosis, computed  to-
mography, magnetic resonance imaging
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Five-Year Minimum Clinical And Radiographic Outcomes Of 
Total Shoulder Arthroplasty Using A Hybrid Glenoid Component 

With A Central Porous Titanium Post*

Hypothesis/Background: To determine the effectiveness of hybrid glenoid components 
in reducing the frequency of glenoid component loosening, we evaluated clinical and ra-
diographic outcomes at minimum 5-year follow-up in 45 shoulders that underwent total 
shoulder arthroplasty (TSA) using a system with a central porous titanium post to augment 
the cemented peripheral pegs. 

Methods: Function and pain were evaluated with the American Shoulder and Elbow Soci-
ety (ASES) score, visual analog scale (VAS), active shoulder range of motion, and strength. 
Postoperative radiographs were analyzed for radiolucent lines, progressive loosening, and 
at-risk signs.  

Results: The mean ASES score improved from 40.4 to 83.7 (p<0.0001), the mean VAS from 
5.9 to 0.8 (p<0.0001). Forward elevation improved from 113 to 151 degrees (p<0.001), 
internal rotation from 49 to 60 degrees (p=0.035), and mean external rotation from 36 
to 50 degrees (p=0.0006).  Radiographs showed glenoid component radiolucency in 29 
shoulders.  Radiolucencies were confi ned to the area under the glenoid faceplate in 6 and 
radiolucencies only around the central post in 13. Nine TSAs (20%) demonstrated 2 or more 
columns of involvement but were not judged to be at-risk.  One implant (2.2%) had glenoid 
component failure and was revised to a hemiarthroplasty. 

Conclusion: Anatomic TSA using a hybrid glenoid component with a central porous titanium 
post demonstrated a low rate of mechanical failure and a rate of radiolucent lines compara-
ble to reports of all polyethylene implants.  Further evaluations are needed to demonstrate 
the long-term durability of these implants and to determine the signifi cance and fate of the 
radiolucent lines, particularly relative to the central post.

Level of evidence: IV, Case Series, Treatment Study
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Concurrent Ipsilateral Tibial Shaft and Distal Tibial Fractures in Pediatric 
Patients: Risk Factors, Frequency, and the Risk of Missed Diagnosis

ABSTRACT
Background: The purpose of this study was to determine the frequency of concurrent ipsilat-
eral distal tibial fractures with tibial shaft fractures in the pediatric population; to identify patient 
and fracture characteristics that increase the likelihood of a concurrent fracture; and determine 
if any of these concurrent distal tibial fractures were missed on initial radiographic examination. 

Methods: Retrospective chart review was done to identify patients 5 to 17 years old treated 
for a tibial shaft fracture at a large, Level 1 free-standing children’s hospital and an outpa-
tient orthopaedic practice between 2008 and 2016.  Patient and fracture characteristics 
were recorded. 

Results: Of 517 fractures (515 patients), 22 (4.3%) had concurrent ipsilateral distal tibial 
fractures: 11 triplane, 5 medial malleolar, 3 bimalleolar, and 2 Tillaux (Salter-Harris III) ankle 
fractures, and 1 Salter-Harris II distal tibial fracture.   Age was the only patient characteristic 
signifi cantly associated with a second, more distal fracture: patients with both fractures 
were older (12.7 years) than those with an isolated tibial shaft fracture (11 years).  There 
was no difference in the rate of distal tibial fractures between high-energy and low-energy 
mechanisms of injury and no differences in the rate of open injuries or the presence of a 
fi bular fracture. Patients with a tibial shaft fracture at the junction of the middle and distal 
thirds were signifi cantly more likely to have a concurrent distal tibial fracture; oblique and 
spiral fracture patterns were more frequent in the group with concurrent distal tibial frac-
tures than in the isolated tibial shaft fracture group.

Conclusions: In our series, 36% of the concurrent distal tibial fractures were not diagnosed 
until chart review, suggesting the need for ankle-specifi c imaging in certain patients. We 
recommend ankle-specifi c imaging when an oblique or spiral tibial shaft fracture exists at 
the junction of the middle and distal thirds of the tibia or in patients in whom a distal tibial 
fracture is suspected because of pain, swelling, or bruising.

Level of Evidence: Level III, retrospective comparative study
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Posterior Approach Total Hip Arthroplasty Can Be Performed
in Ambulatory Surgery Centers

INTRODUCTION
Total hip arthroplasty (THA) performed in ambulatory surgery centers 

has increased steadily in the past 10 years after reports of successful out-
comes[1-9].  Studies estimate elective primary total hip arthroplasties to grow 
by 174% between 2005 to 2030 with an estimated 572,000 performed in the 
year 2030[10]. In contrast, predicted growth of inpatient based total arthro-
plasty procedures is a mere 3%.  This represents a change from 15% outpa-
tient, 85% inpatient in 2016 to a predicted 51% outpatient, 49% inpatient in 
2026[11].  Factors contributing to this trend include perceived patient benefi ts, 
reduced length of stay, reduced costs for patients and insurers, and overall 
improved effi ciency to the healthcare system[12-14].  The posterior approach to 
THA has a proven track record in the inpatient setting.  Currently, patients 
undergoing THA expect a short inpatient hospital stay for post-operative 
pain control and therapy.  Appropriate patient selection, multimodal pain 
management protocols, improved anesthesia, and streamlined therapy have 
contributed to quicker post-operative recovery rates allowing these proce-
dures to be performed in the outpatient setting[15-19].  Additionally, routine 
use of tranexamic acid has reduced blood loss and rates of transfusions for 
acute blood loss anemia in arthroplasty procedures[20-22]. Multiple studies 
have proven success of total hip arthroplasty, both anterior and posterior 
approaches, at their respective institutions[3, 5, 12].  Multiple factors contribute 
to the success of outpatient arthroplasty procedures.  This study aims to 
confi rm the posterior approach THA can be safely and reliably performed in 
the outpatient setting.  

MATERIALS AND METHODS
After approval by our institutional review board, patient data was ret-

rospectively reviewed of 77 posterior total hip arthroplasties performed by 
six orthopedic surgeons between November 2015 and January 2019.  To be 
considered “outpatient,” patients must have been discharged home within 24 
hours of surgery (same-day).  Charts were reviewed to gather patient demo-
graphic data including age, BMI, ASA score, anesthesia type, preoperative 
(90-day) complications, and modifi ed HOOS score (when available).  

PATIENT SELECTION 
Patients who failed conservative management were considered for outpa-

tient total hip arthroplasty.  During the preoperative visit, medical history 
was reviewed by each surgeon to evaluate suitability for the outpatient set-
ting.  A BMI (body mass index) < 40 was used as a cutoff  for both inpatient 
and outpatient total joints.  Patients with anemia <30 on preoperative blood 
work were not scheduled until further workup or hematology referral was 
completed.  Those with cardiopulmonary disease were excluded from outpa-
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tient surgery unless stable and without stent placement 
or coronary bypass within the last 6 months.  Patients 
with history of thromboembolic event, including deep 
venous thrombosis or pulmonary embolism (DVT or 
PE, respectively) were excluded as candidates for out-
patient arthoplasty.  If  deemed a candidate for total ar-
throplasty in the outpatient setting, patients were then 
additionally assessed by a member of the anesthesia 
staff.  Patients requiring further risk stratifi cation were 
evaluated and obtained medical clearance.  Patients 
were also scheduled for a “prehab” visit with a physi-
cal therapist trained in outpatient total hip arthroplasty.  
Prehab visits also included patient education as to what 
to expect during the early post-operative period. 

SURGICAL PROCEDURE
Operations were performed by one of six Campbell 

Clinic orthopaedic surgeons in the ambulatory surgery 
center through a standard posterior approach (Kocher- 
Langenbeck) in the lateral position. Appropriately sized 
uncemented femoral and acetabular components were 
placed.  Variations in repair of the capsule and short 
external rotators were based on surgeon preference.  Wa-
ter-resistant antimicrobial dressings were applied and 
remained in place until the fi rst follow-up appointment 
(approximately 2 weeks).   

PERIOPERATIVE PROTOCOLS
Spinal anesthesia was utilized in 65 patients (84%) 

while 12 patients (16%) required general anesthesia due 
to prior spinal surgery, pre-existing neuropathy, or in-
traoperative conversion due to unsuccessful spinal an-
esthesia.  A multimodal medication regimen was used 
pre-operatively including celecoxib, Gabapentin, Oxy-
contin, and acetaminophen.  Postoperatively patients 
were prescribed celecoxib or meloxicam, gabapentin, 
tramadol, acetaminophen, and oxycodone.  During the 
procedure, localized injections of  either Exparel or a 
combination of  ropivicaine w/ epinephrine, morphine, 
and Toradol were given based on surgeon preference.  
Tranexamic acid was administered intraoperatively at 
time of  incision and at time of  wound closure to mini-
mize blood loss.

POST-OPERATIVE PROTOCOL
All patients were transferred to the recovery room 

where they received the oral multimodal regimen. Intra-
venous narcotic medication was used judiciously.  Once 

the effects of spinal anesthesia subsided, patients were 
mobilized in the recovery room.  Patient-specifi c func-
tional goals, including stair navigation, were only ad-
dressed if  required for home access.  Patients were not 
discharged until additional criteria were met including 
adequate pain control on oral pain medications, stable 
vital signs, tolerating oral diet, ability to ambulate 100ft 
without orthostatic hypotension, and controlled void-
ing.  Surgeon-specifi c discharge instructions were given 
to each patient and explained by recovery room staff.  
During the preoperative visit, outpatient therapy was 
scheduled to begin within two days of discharge from 
the ambulatory surgery center.  Follow-up phone calls 
were made to all patients on post-operative day 1.

RESULTS
A total of 77 total hip arthroplasties were performed 

in 68 patients of which 39 were male and 29 were female.  
Unilateral total hip arthroplasty was performed in 59 
patients while 9 patients had bilateral hip replacements 
in separate surgical episodes. Average age at the time of 
surgery was 54 years (33-64).  The average BMI was 28.9 
(21.3-35.8).  Average ASA score was 1.89.  There were 
no reported intraoperative complications.  Four pa-
tients experienced a post-operative complication within 
90 days of their procedure (5%).  One patient sustained 
an anterior hip dislocation on post-operative day two 
requiring closed reduction with no subsequent episodes 
of instability.  Another experienced a transient sciatic 
nerve palsy that resolved completely by three months.  
A periprosthetic medial calcar fracture was noted in one 
patient without antecedent trauma which was success-
fully treated conservatively and healed without incident.  
One patient experienced a small area of cellulitis around 
a stitch abscess that was cleared with oral antibiotics.  
Modifi ed HOOS scores (Hip disability and osteoarthri-
tis outcome score) were obtained in 60 patients averag-
ing 84.9 (45-100). 

DISCUSSION
As outpatient total hip arthroplasty becomes more 

popular among patients and surgeons alike, it is im-
portant to note that the posterior approach can be per-
formed safely in the outpatient setting in select patients 
with minimal complication rates.  New multimodal pain 
management protocols allow for limited post-operative 
narcotic regimens compared with more traditional nar-
cotic regimens used among THA patients undergoing a 
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two- to three-day stay in an inpatient setting.  Stream-
lined therapy protocols facilitate early and safe mobi-
lization.  The use of tranexamic acid has reduced rates 
of post-operative transfusions requiring inpatient read-
mission.

Complications noted in this series are comparable to 
those noted in other studies after standard inpatient to-
tal hip arthroplasty[12, 23, 24].  One patient was readmitted 
due to dislocation and discharged in less than 24 hours.  
The other complications reported did not require inpa-
tient readmission.  No post-operative emergency room 
visits were identifi ed in this study, and we attribute this to 
patient education (“pre-hab” courses) which explained 
the expectations during the early post-operative course.  

This included proper dosing of medications, anticipated 
swelling, and maintenance of post-operative dressings.  
Additionally, a 24-hour physician hotline was available 
to all patients which may have also limited hospital visits 
for routine concerns answered over the phone.  

Appropriate patient selection is essential for total ar-
throplasty to be safely performed in the outpatient set-
ting.  Screening by the treating physician, with addition-
al screening by anesthesia staff, is necessary.  Patient and 
surgeon preference ultimately decide the setting and the 
approach, but our fi ndings in this paper support that the 
posterior approach can be safely and reliably used in the 
outpatient setting.
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Preoperative Narcotic Use and Inferior Outcomes After Anatomic 
Total Shoulder Arthroplasty: A Clinical and Radiographic Analysis*

ABSTRACT
Introduction: Our purpose was to determine if chronic use of preoperative narcotics ad-
versely affected clinical and/or radiographic outcomes.

Methods: 73 patients (79 shoulders) with primary total shoulder arthroplasty (TSA) for 
osteoarthritis were evaluated clinically and radiographically at preoperative visits and post-
operatively at a minimum of 2 years: 26 patients (28 shoulders) taking chronic narcotic pain 
medication for at least 3 months before surgery and 47 patients (51 shoulders) who were 
not taking narcotics preoperatively. 

Results: Postoperatively, there were signifi cant differences between the narcotic and 
non-narcotic groups regarding American Shoulder Elbow Society (ASES) scores and Visual 
Analog Scores (VAS) scores, as well as forward elevation (FE), external rotation (ER), and 
all strength measurements (p<0.01). The non-narcotic group had signifi cantly higher ASES 
scores, better overall range of motion and strength, and signifi cantly lower VAS scores than 
the narcotic group. 

Discussion: Chronic pre-operative narcotic use appears to be a signifi cant indicator of 
poor outcomes of anatomic TSA glenohumeral osteoarthritis.  Additionally, we found that 
patients using chronic narcotics did not improve to the same degree as patients who were 
not chronic narcotic user regarding functional outcomes and had a higher complication rate 
with the surgery.
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Tobacco Use Results in Inferior Outcomes After 
Total Shoulder Arthroplasty*

ABSTRACT
Background: This study examined the effect of tobacco use on outcomes of primary ana-
tomic total shoulder arthroplasty (TSA).

Methods: A retrospective search identifi ed 59 nonsmokers, 29 former smokers, and 14 
current smokers with primary anatomic TSA and at least 2 years of follow-up.  At mean 
follow-up of 3 years, patients were assessed with a Visual Analog Scale (VAS), American 
Shoulder and Elbow Surgeons (ASES), and Single Assessment Numeric Evaluation (SANE) 
scores and range-of-motion testing. 

Results: Smokers were signifi cantly younger than nonsmokers or former smokers; there 
were no other statistically signifi cant differences.  VAS scores were signifi cantly higher in 
current smokers and ASES scores were signifi cantly lower.  Complication rates were 36% in 
current smokers, 15% in nonsmokers, and 7% in former smokers (p=0.05).

Conclusions: Current smokers had signifi cantly worse pain and functional scores and more 
complications.  Former smokers had results similar to nonsmokers, suggesting improved 
outcomes are possible in patients who quit smoking preoperatively.
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Macrophage-Induced Corrosion in Stainless Steel 

ABSTRACT
INTRODUCTION: Metal implants have become a common therapeutic intervention in car-
diovascular, dental, and orthopaedic surgery. As such the assurance of safety and longevity 
of the orthopaedic device is important to the sustained health and wellbeing of the patient. 
Currently, between 3% and 80% of patients receiving an orthopaedic or dental implant 
experience short-term implant failure. The structural integrity and subsequent degradation 
of implant alloys in situ is particularly dependent on the type, composition, electrochemical, 
and mechanical properties of the alloy2. However, the human body is unique in that it can 
mount natural immune responses against foreign invaders. Previous studies have focused 
on osteoclasts in their investigation of orthopaedic implant failure but have failed to fully 
dissect the cause of damage. Direct cellular corrosion of orthopaedic implants is a con-
troversial topic among studies of device failure. Previous research has demonstrated that 
macrophages may ingest small particulates released from metal implants, but the potential 
for a mounted attack directly on metal prostheses has yet to be completely explored or 
identifi ed. The goal of this experiment was to understand whether macrophage attack of 
a metal alloy passivation layer in orthopaedic implants of Stainless Steel (SS) composition 
can occur.  As an initial foray into determining this hypothesis we investigated the viability of 
IC-21 macrophages at 30 days in culture and their subsequent corrosive action against SS. 

METHODS: IC-21 ATCC peritoneal macrophages from mus musculus were cultured in a 
75cm3 fl ask to a concentration of 600 x 103 cells/mL. Cells were cultured with growth 
medium of RPMI 1640 with 10%FBS, L-glutamine, and gentamicin. Stainless steel discs 
were cut from rod stock by lathe turning. The average roughness ± Stdev (center path) is 
0.90 ±0.28µRa. The surface was cleaned by sanitation in warm alkaline detergent, rinsed 
in deionized water and passivated in 30% nitric acid. The discs were then rinsed in DI water, 
rinsed in sterile (ultra pure) water, and sterilized under a UV lamp in the culture hood. 150ul 
of cells were added into a 96-well plate containing SS discs. Discs were placed in a 96-well 
culture plate.  Cells were allowed to adhere to the surface of the discs for 24 hours. Inter-
feron Gamma (IFNy) and Lipopolysaccharide (LPS) were used to induce activation of macro-
phages. Six experimental groups were used: Discs + (1) Medium, (2) 20 x 103 cells/150ul 
(20K), (3) 20 x 103 cells/150ul + 20ng/mL LPS + 20ng/mL IFNy (IFNy/LPS 20K), (4) 40 x 
103 cells/150ul (40K), (5) 40 x 103 cells/150ul + 20ng/mL LPS + 20ng/mL IFNy (IFNy/LPS 
40K), (6) 40 x 103 cells/150ul + 20ng/mL LPS (LPS 40K). The experiment was replicated 
on a control plate (TCP) without discs in order to monitor the integrity and growth of the cells 
under light microscopy. Culture medium was changed every 48 hours for the fi rst 4 days 
and every 24 hours thereafter. Supernatant was collected every 2 days and frozen for later 
cytokine analysis. At Day 4, three wells from Group 3 (40 x 103 cells/150ul + 20ng/mL LPS 
+ 20ng/mL IFNy) were selected from both the disc and control plate to ensure accurate cell 
count and growth. Cell viability and number was measured with CellTiter 96® Aqueous One 
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Solution Assay (Promega) using manufacturer protocol. The Griess 
Reagent Assay (ThermoFisher) was used to indirectly measure NO 
production from supernatant. After 30 days, supernatant was col-
lected and cell viability and number was measured with CellTiter 
96® Aqueous One Solution Assay (Promega) using manufacturer 
protocol. Discs were carefully removed from the 96 well plate and 
cleaned for SEM analysis. Removal of macrophages from the disc 
surface was accomplished via sequential cleaning. Discs were fi rst 
soaked in a bath of water and detergent at a ratio of 10:1 for two 
consecutive 20 minute increments. Discs were ultrasonicated for 
two 30 minute periods in a water bath with diluted detergent. Scan-
ning electron microscopy (SEM) (Zeiss, Oberkochen, Germany) at 20 
kV was used to examine areas of possible interaction between the 
metal and cells. Energy dispersive X-ray spectrometry (EDS) (Oxford, 
High Wycombe, UK) was used to analyze the elemental compositions 
at various points using points in non-damaged areas as a baseline 
for comparison.  Griffi n- Did we get roughness measurements on 
these discs? (We have a Profi lometer (DektakXT, Bruker,Tucson, AZ) 
in our lab if needed. BRM) That is the reason we got the pocket-surf 
back from Brian. (I returned the Pocket Surf. BRM)

RESULTS: Griess Assay data from the Stainless Steel discs were 
compiled across the various time points and plotted as a function of 
NO2 concentration. A 2-way ANOVA for simple effects within days 
and Dunnett’s multiple comparisons test are shown in Figure 1. 
The stainless steel disc groups with LPS, IFNy+LPS 20K, and IF-
Ny+LPS 40K produced signifi cantly more NO compared to medium 
on days 9, 11, and 13. Additionally, control cells with 40K cells/well 
started producing signifi cantly more NO on day 14. Cell viability and 
count assays showed no signifi cant difference between experimen-
tal groups (Figure 2). EDS results showed no differences between 

the control points and points indicative of cellular interaction. Initial 
SEM of selected discs showed an indentation of approximately 5um 
from IFNy/LPS 20K (Figure 3). 

CONCLUSION: IC-21 cells activated via LPS and IFNy at high con-
centrations produced signifi cantly more NO compared to their con-
trol counterparts. Macrophages without additional activating factors 
started producing more NO after 14 days, showing a propensity 
toward activation after 2 weeks. This may indicate macrophages 
reacting to the stainless steel without inciting factors. Further anal-
ysis of the last half of the experimental phase will demonstrate if the 
macrophages can sustain increased activation for up to 30 days. 
Final cell viability and cell count assays showed an increase in cell 
count throughout the 30 days of culture and no signifi cant differ-
ences in cell counts across the experimental groups. The demon-

Figure 1: Nitric Oxide concentrations over the fi rst two weeks of 
cell culture in each group studied. Figure 2: Cell counts in each group at the end of the culture period.

Figure 3: SEM of one metal disc with possible evidence of cell 
induced longitudinal pits. The dimensions are appropriate for 
possible macrophage interaction.
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strated viability of the cells after 30 days therefore established a 
sustainable protocol for future studies investigating macrophage 
corrosion of metal implants. Additionally, SEM analysis of select 
discs demonstrated macrophage-sized corrosive pits. These results 
highlight the potential for macrophages to create corrosive pits on 
metal within 30 days. Further analysis should be conducted analyz-
ing all metal discs with increased SEM area. Furthermore, collect-

ed supernatant should be analyzed for metal content to evaluate 
whether macrophages are causing metal particle release from the 
stainless steel discs. Though much effort is needed to demonstrate 
the direct role of macrophages in metal implant corrosion, the evi-
dence thus far shows a compelling argument that macrophages are 
indeed capable of metal destruction.
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Evidence of Infl ammatory Cell-Induced Corrosion (ICIC) of Total Knee 
Implants: Comparison to Electrocautery Induced Implant Damage

ABSTRACT
INTRODUCTION: Corrosion of orthopaedic implants is a clinical concern. Retrieval studies 
have found evidence of what appears to be direct pitting of metallic alloy implants.  The 
mechanism of how these pits form is controversial, and two hypotheses have been suggest-
ed in the literature.  First, it is believed by some that corrosion may be due to the use of an 
electrocautery device during the procedure.1 In this scenario, the arc from the electrocautery 
device would have to make contact with the implant.  A second hypothesis is that the hosts 
own infl ammatory cells mount a response to the implant and create pits in the surface oxide 
later of the metal alloy.2  The goal of this study is to determine if the source of corrosion is 
from an electrocautery device during surgery or from infl ammatory cells.  To accomplish 
this, we observed the profi le of an implant that had been damaged by an electrocautery 
device and compared it with  retrieved implants.  The retrieved implants were from a donor 
program colleccted at the time of necropsy. 

METHODS: Twelve cadaveric primary total knee arthroplasty specimens were collected, 
following institution review board approval. Light microscopy was utilized to identify areas 
of interest indicative of ICIC-like damage scares. Using a scanning electron microscope, 20 
kV backscatter detection (BSD), and energy dispersive X-ray spectrometry (EDS) corroded 
regions were analyzed. A Cobalt Chromium knee implant was intentionally damaged by 
electrocautery from both Bovie and Aquamantys sources by a three second hover method.  
Bovie electrocautery damage was done at 30W, 45W, and 60W.  Aquamantys electrocau-
tery damage was done at 140W, 180W, and 220W.  The implant was then cleaned in order 
to remove any debris from the corrosive process.  The implant was fi rst soaked in a bath 
of water and detergent at a ratio of 10:1 for two consecutive 30 minute rounds.  Next, it 
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Figure 1: Shows damage done to the surface of CoCr knee implant at 500x.
A) Bovie 30W B) Bovie 45W C) Bovie 60W D) Aquamantys 140W 
E) Aquamantys 180W F) Aquamantys 220W
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was ultrasonicated in a water bath with a few drops of detergent.  
Standard error of mean (SEM) data was collected using an identical 
method to that of the retrieved implants. The data generated was 
compared to the backscatter analysis of fi ve knee implants retrieved 
from necropsy donors.  The fi ve retrieved implants were believed to 
have ICIC changes on their surfaces.  

RESULTS: Necropsy retrievals showed signs of ICIC in fi ve out of 
twelve (42%) of implants examined. Circular regions can be ob-
served consisting of small pits and crater-like features. In some 
cases, there was evidence of a potential migration path of the cell 
as it was corroding the surface. EDS revealed high concentrations 
of carbon and salts in these areas, as well as varying iron concen-
trations in specifi c regions.  Images of each type of electrocautery 
at each energy level where made at 500x, which showed pitting 
similar to that seen previously on knee implants that has been 
described as ICIC (Figure 1).  Iron, Nickel, Carbon, and Oxygen 
content were taken from the data collected to serve as surrogate 
markers of corrosion (Figure 2).   Elevated levels of iron, nickel, 
and oxygen were seen in all energy levels of Bovie cautery damage, 
while Aquamantys cautery damage results did not show a trend.  
The Iron/Carbon ratio of the Bovie electrocautery damaged knee 

implant compared to the necropsy retrieved knee implants was 
determined to be statistically signifi cant using a non-paired t-test 
looking at different pitting regions (Figure 3).  Bovie 30W n=27, 
Bovie 45W n=15, Bovie 60W n=18, Aquamantys 140W n=17, 
Aquamantys 180W n= 22, Aquamantys 220W n= 8. 

DISCUSSION: Our fi ndings suggest that the pits seen in necrop-
sy retrieved knee implants appear to be generated by a different 
mechanism than Bovie electrocautery damage.  While the pits 
seen in both cases look similar, the contents of the pits are unique.  
These results aid in resolving the debate over the origin of the pits 
seen on the surface of retrieved knee implants.  They are not only 
due to damage during surgery and may be caused by an immune 
reaction from the patient. More research is necessary to prove that 
infl ammatory cells are capable of causing surface oxide damage of 
total joint replacement implants.

SIGNIFICANCE/CLINICAL RELEVANCE: Shedding light on the 
ongoing debate as to what is the source of the corrosion seen on 
retrieved knee implant will allow for future work to be done with 
hopes to mitigate the effects of ICIC of total knee implants.  

Figure 2: Percent weight of each element detected by EDS at the 
base of pits of ICIC damage areas.  Error bars indicate +/- one 
standard deviation. Figure 3: Ratio of the percent weight of iron to the percent weight 

amount of carbon found at the base of pits of ICIC damage areas.  
Error bars indicate +/- one standard deviation.  
* indicates statistical signifi cance

*

*

*
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Laxity Differences in Cruciate-Retaining and Posterior-Stabilized 
Total Knee Arthroplasty: A Cadaver Study

ABSTRACT
INTRODUCTION: Many total knee arthroplasty (TKA) design variations exist to address pa-
tient-specifi c needs. The two most common variations surgeons utilize are cruciate-retain-
ing (CR) or a posterior-stabilized (PS) designs, depending on the desired level of constraint. 
TKA with both CR and PS implants have high success rates and survivorship, but it is 
uncertain how resulting stability in the coronal and transverse planes are affected when the 
PCL is sacrifi ced. We set out to determine if laxity differences exist between CR and PS TKA 
specimens obtained at time of necropsy to answer this question.

METHODS: Following IRB approval, 47 ca-
daveric specimens with primary TKAs were 
procured from the Medical Education and 
Research Institute (Memphis, TN) and Re-
store Life USA (Johnson City, TN). All skin, 
subcutaneous tissue, and muscle were re-
moved while the stabilizing structures and 
ligaments of the knee were preserved. The 
femur and tibia were cut transversely 180 
mm superior and inferior to the knee joint 
line. Once prepared, the specimens were 
mounted in a custom knee testing machine 
(Figure 1). The laxity patterns were mea-
sured in a custom knee-testing machine at 
full extension and at 30, 60, and 90 de-
grees of fl exion.  Laxity was assessed at 
1.5 Nm of internal/external torque in the 
transverse plane and at 10 Nm of varus/
valgus torque in the coronal plane. An un-
paired Student’s t-test was performed to 
determine statistical differences between 
CR and PS laxity. A p-value of less than 
0.05 was considered signifi cant.

RESULTS: Of the 47 specimens included in this cohort, 21 specimens were PS designs 
while 26 specimens were CR designs. Table 1 includes the p-values for the comparison 
of varus, valgus, and combined coronal laxities as well as internal rotation, external ro-
tation, and combined internal/external rotational laxities between the two cohorts across 
each of the fl exion angles. Coronal laxity, or combined varus and valgus laxity, increased as 
the fl exion angle increased in both cohorts. While statistical signifi cance was not detected 
between the difference of coronal laxity in the PS and CR TKAs, the PS implants had in-
creased coronal laxity at 60 degrees (PS=15.19 ± 10.39 degrees vs. CR=13.48 ± 10.39 
degrees; p=0.087) and 90 degrees of fl exion (PS=20.73 ± 10.39 degrees vs. CR=14.90 
± 10.39 degrees; p=0.086). The only statistical signifi cance was at 90 degrees of fl exion 
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where the PS implants had increased varus laxity when compared 
to the CR implants (PS=12.30 ± 6.74 degrees vs. CR=7.87 ± 5.45 
degrees; p=0.019). Transverse plane rotational laxity, or combined 
internal and external rotational laxity, increased as the fl exion angle 
increased in both cohorts, except for the CR implants at 60 degrees 
of fl exion. The transverse plane rotational laxity of the PS cohort 
was signifi cantly greater than that of the CR cohort at full extension 
(p=0.007). While not statistically signifi cant, the PS cohort had a 
transverse plane rotational laxity of 34.45 ± 8.94 degrees com-
pared to rotational laxity of 30.21 ± 6.59 degrees for the CR cohort 
(p=0.068) at 30 degrees of fl exion.

DISCUSSION: While PS and CR TKA both have high success rates 
with excellent long-term survivorship, it is unclear if the laxity pro-
fi les of these two implant designs differ due to the secondary sta-
bilizing effect of the PCL in the transverse and coronal planes. This 
study sought to answer the question as to whether PS implants can 
compensate for the increase in fl exion space or the loss of coronal 
stability after PCL resection1. The results of this study demonstrat-
ed signifi cant laxity differences between PS and CR TKA designs 
in the transverse plane at full extension as well as in varus laxity 
at 90 degrees of fl exion validating the proposed hypothesis. The 
more medial anatomical location of the PCL should affect valgus 
laxity more once the PCL is released but the fi ndings of this study 
found that PS TKAs had less support with a valgus torque applied 
to the knee in fl exion.  The PCL also functionally supports external 
rotation more than internal and the results support this fi nding with 

more external rotational laxity under the applied torque in the knee 
simulator. This study was limited by certain factors. The study co-
hort included a wide-range of varying implant designs, a variable 
that could not be controlled. Due to the in vitro nature, this study 
model lacked active secondary muscle stabilizing forces. Addition-
ally, it was unknown whether any of the specimens had signifi cant 
deformities requiring extensive soft-tissue balancing at the time of 
the index procedure and the surgical technique (matched resection 
versus gap balancing) utilized is not known as well. While research 
indicates that retention or substitution of the PCL in the absence of 
clear clinical indications for its resection or substitution does not 
impact clinical survivorship, our fi ndings suggest that the PCL not 
only stabilizes the knee in sagittal plane, but also affords coronal 
and rotational stability. Our results may seem to advocate a gap 
balancing approach for PS TKA to better handle the mismatch in 
extension and fl exion gaps. While the cruciate ligaments are known 
to function as stabilizers against rotational torque, few published 
studies have reported on the differences in internal-external rota-
tional laxity between PS and CR TKA devices. This study may sup-
plement the paucity of research on the implications PS and CR TKA 
on rotational laxity. Our fi ndings suggest that further patient report-
ed outcome measures and clinical research concerning the impact 
of PCL resection and implant design may be warranted.

SIGNIFICANCE/CLINICAL RELEVANCE: These fi ndings suggest 
that the PCL not only stabilizes the knee in sagittal plane, but also 
affords coronal stability in fl exion and rotational stability in extension.
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Varus Laxity Valgus Laxity
Combined Coronal 

Laxity
Internal Rotational 

Laxity
External Rotational 

Laxity

Combined Internal/
External Rotational 

Laxity

0 degrees 0.377 0.403 0.310 0.098 0.005 0.007

30 degrees 0.124 0.674 0.444 0.526 0.201 0.068

60 degrees 0.446 0.700 0.087 0.474 0.966 0.596

90 degrees 0.019 0.534 0.086 0.622 0.229 0.341

Table 1: P-values for the comparison between varus, valgus, combined coronal (varus/valgus), internal rotation, external rotation, and 
combined internal/external rotation laxities of the PS and CR cohorts across each fl exion angle
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Post-Operative Use of the Wheeled Knee Walker 
After Foot and Ankle Surgery

ABSTRACT
Introduction/Purpose: Countless foot/ankle injuries occur each year, many of which re-
quire that the patient be non-weight-bearing or maintain limited weight-bearing during heal-
ing.  A variety of walking aids are used to meet weight-bearing restrictions while remaining 
active. The knee-walker is a relatively newer walking aid that strives to combine safety, 
effi cacy, ease of use, and mobility.  Despite their widespread use, data are limited regarding 
the safety profi le of these devices.  The purpose of this study was to explore their risk/ben-
efi t profi le.  Primary endpoints were the number of falls, frequency of falls, and additional 
injuries that may have occurred as a result of falls.  Secondary endpoints were character-
istics of the knee walkers used, duration of use, education for use, patient demographics 
and comorbidities, and overall satisfaction with the aid.  These characteristics were further 
reviewed to determine their role in or associations with falls/injuries.

Methods: A prospective, observational, and descriptive study examined the use of 
knee-walkers after foot or ankle surgery or injury.  Inclusion criteria were unilateral foot or 
ankle surgery, physician-instructed non-weight bearing status, and use of a knee-walker.  
With institutional review board approval, paper surveys were given to patients in the clinic 
during follow-up visits.  Survey data were collected from December, 2016, through May, 
2018.  From the survey data, we gathered information regarding the characteristics of the 
knee walker used, duration of use, payment for the knee-walker, occurrence and frequency 
of falls, and adverse events other than falls. Patient satisfaction and recommendations to 
their acquaintances for or against the use of knee-walkers also were collected.  Demo-
graphic data and comorbidities were obtained from chart review.  To determine association 
between falls and factors collected, Pearson chi-square analysis was used for discrete vari-
ables and independent T-test for continuous variables.

Results: 271 surveys were gathered and analyzed.  The average patient age was 51, and 
the average BMI was 32.  Approximately 19% (51 of 271) of participants had 3 or more 
systemic comorbidities.  Most of the participants in the study used a four-wheeled (87%, 
237 of 271) and steerable (98.5%, 267 of 271) model.  Participants used the knee walkers 
for an average of 6.4 weeks, 6.6 hrs./day.  Seventy percent (190 of 271) of participants did 
not receive education on how to use a knee walker.

Approximately 90% (242 of 271) reported that they were at least moderately satisfi ed, 5% 
(14 of 271) were neutral, and 6% (15 of 271) were dissatisfi ed.  A substantial proportion 
(42%, 114 of 271) of knee-walker users fell while using the knee walker, and half of those 
(57 of 114) fell multiple times.  Injuries were reported by only 25% of those who had fallen 
(28 of 114), most of which required no treatment. There was no statistically signifi cant 
association between falls and gender, age, BMI, specifi c comorbidities studied (including 
diabetes, neurological disorders, and anxiety/depression), or knee walker characteristics.  
There was a statistically signifi cant association between falls and patient dissatisfaction 
(p=0.001).
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Conclusion: A previous retrospective study and this follow-up 
study represent some of the only studies related to wheeled 
knee-walker use in a clinical population.  A substantial proportion 
(42%) of knee-walker users fell while using the knee walker, and 
half of those fell multiple times. Despite these falls, there was a 

high level of satisfaction (89%) among patients who used the knee 
walker.  Plans for future studies include a comparison study of fall 
rates between knee walkers and other walking aids, as well as a 
study to determine if in-clinic education helps decrease fall rates.
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Corticosteroid Injections for Trigger Finger in 110 Digits: 
Time to Patient Response

ABSTRACT
INTRODUCTION: The purpose of this study was to evaluate patient-reported outcomes 
in the fi rst 30 days after corticosteroid injection for trigger fi nger to determine the time to 
pain relief, resolution of triggering, and restoration of hand function and to identify factors 
affecting outcomes.

METHODS:  Pre-injection baseline questionnaires (Brief Michigan Hand Outcomes Ques-
tionnaire (bMHQ) and Pain Catastrophizing Score (PCS) were completed by 126 adult pa-
tients. After injection of 1mL of 40 mg/mL methylprednisolone acetate and 1 mL of 1.0% 
plain lidocaine, patients were instructed to complete a one-month home diary recording 
daily visual analog scale (VAS) pain scores and assessment of hand function and triggering 
symptoms; 99 patients (110 digits) completed the diary.  

RESULTS: Most patients had improvement in pain scores within the fi rst day and reached 
their lowest pain scores 12 days post-injection. Only initial VAS score were signifi cantly as-
sociated with the number of days until lowest post-injection pain score (p<0.05). A fl are re-
action (temporary increase in pain score by 2 or more) was experienced by 10% of patients  
following injection. Hand function and triggering improved, on average, 3 to 4 days after 
injection. Complete resolution of triggering and return of normal fi nger function occurred in 
only half of patients and took on average 3 to 4 weeks for these patients. Co-morbidities 
such as diabetes mellitus, age, Green classifi cation, and duration of symptoms did not affect 
the overall outcome after injection.

CONCLUSIONS:  Patients can expect signifi cant pain relief following corticosteroid injection 
for trigger fi nger, with only 10% of patients experiencing a fl are reaction. Most patients see 
improvement in triggering within 1 week after injection, but only roughly half of patients 
have complete resolution of triggering at 1 month. Triggering appears to resolve in a delayed 
fashion compared to pain resolution after injection; no co-variables were associated with 
short-term outcomes.
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Infection Rate After Open Fractures in Pediatric Patients: 
A Study of Data From 11 Years

ABSTRACT
Purpose: Open fractures are rare in pediatric patients, accounting for only 2% to 9% of all 
fractures. Despite extensive literature on open fracture management in adults, it is unclear 
if these fi ndings translate to pediatric patients. Our goal was to identify factors in managing 
pediatric open fractures that may infl uence the rate of infection.

Method: After IRB approval, retrospective review of all open fractures treated at a large, 
level 1 children’s hospital from 2006-2016 identifi ed 302 patients aged 1 to 17 years.  
Demographic information, mechanism of injury, fracture location, Gustilo grade, time to 
antibiotics and debridement, and other surgical information were documented. Continuous 
measures were compared with Mann-Whitney U tests and categorical variables with chi-
square tests and Fisher’s exact tests as appropriate. Odds ratios (OR) and 95% confi dence 
intervals (95% CI) were determined.

Results: Of the 302 patients, 24 (7.9%) developed post-traumatic infections. There was no 
association between the development of an infection and the mechanism of injury (p=0.22), 
time to surgical debridement (p=0.87), or administration of ancef vs other antibiotics 
(p=0.65). There was an association between the number of surgeries and the development 
of infection [mean: 2.7 vs. 7.3 (no infection vs infection) p<0.01]. There also was an associ-
ation between infection and antibiotic administration within 1 hr (OR: 2.6; 95% CI: 1.1, 6.5, 
p=0.04) and 3 hours of injury (OR: 4.7; 95% CI: 1.1, 20.6, p=0.04), likely because fractures 
with gross contamination or higher ISS were treated faster. 

Conclusion: The rate of infection after open fractures in 302 pediatric patients was 7.9%. 
Antibiotic administration within 1 hour of the injury did not decrease the infection rate, pos-
sibly because of expedient transfer of patients with more severe injuries to a level 1 facility. 
Decreased time to surgical debridement did not decrease the infection rate.
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Can Pediatric Orthopaedic Surgery Be Done Safely In a Freestanding 
Ambulatory Surgery Center? Review of 3,780 Cases.

ABSTRACT
Background: The purpose of this study was to determine the intraoperative and 30-day 
postoperative complication rates in a large consecutive cohort of pediatric patients who 
had orthopaedic surgery at a freestanding ASC.  We also wanted to identify the rates of 
same-day, urgent hospital transfers, and 30-day hospital admissions. We hypothesized that 
pediatric orthopaedic procedures at a freestanding ASC can be done safely with a low rate 
of complications.

Methods: Retrospective review identifi ed patients 17 years old or younger who had sur-
gery at a freestanding ASC over a 9-year period.  Adverse outcomes were divided into 
intra-operative complications, post-operative complications, need for secondary procedure, 
unexpected hospital admission on the same day of procedure, and unexpected hospital 
admission within 30 days of the index procedure. Complications were graded as grade 1, 
the complication could be treated without additional surgery or hospitalization; grade 2, the 
complication resulted in an unplanned return to the operating room (OR) or hospital admis-
sion; or grade 3, the complication resulted in an unplanned return to the OR or hospitaliza-
tion with a change in the overall treatment plan. 

Results: Adequate follow-up was available for 3,780 (86.1%) surgical procedures. Overall, 
there were 9 (0.24%) intraoperative complications, 2 (0.08%) urgent hospital transfers, 114 
(3%) complications, and 16 (0.42%) re-admissions. Seven of the 9 intraoperative complica-
tions resolved before leaving the OR, and 2 required return to the OR.   

Neither complications nor hospitalizations correlated with age, race, gender, or length or 
type of surgery. There was no correlation between the presence of medical comorbidities, 
body mass index, or ASA score and complication or hospitalization. 

Conclusions: Pediatric orthopaedic surgical procedures can be performed safely in an ASC 
because of multiple factors that include dedicated surgical teams, single-purpose ORs, and 
strict preoperative screening criteria.  The rates of emergency hospital transfer, surgical 
complications, and 30-day readmission, even by stringent criteria, are lower than those 
reported for outpatient procedures performed in the hospital setting.

Level of Evidence: Level IV, Case Series
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Preventing Early Postoperative Constipation 
After Posterior Spinal Fusion in Adolescents: 

A Double-Blind, Randomized, Controlled Medication Study

INTRODUCTION
Pediatric and adolescent patients undergoing posterior spinal fusion 

(PSF) surgery are at risk for post-operative constipation because of the com-
bination of anesthesia, opioids, and decreased mobility.[1,2] Post-operative ile-
us occurs frequently as a result of this procedure and can last up to 72 hours 
post-operatively depending on the procedure type and medications given. 
PSF is an extensive procedure involving 5-6 hours of anesthesia followed by 
3-5 days of opioid analgesics during patient hospitalization. Post-operative 
constipation can increase pain and discomfort, decrease patient mobility, 
and interfere with adequate nutritional intake. All of these factors can lead 
to an increased length of stay, potential acute complications, and a dissatis-
fi ed patient and family.[1,3] 

Limited literature is available on the treatment and prevention of early 
post-operative constipation in pediatric orthopedic patients. Polyethylene 
glycol 3350 (PEG) and mineral oil (MO) use in pediatrics has been extensive-
ly documented in the literature.[4-8] PEG and MO are recognized as standard 
of treatment for constipation in pediatric patients by the North American 
Society for Pediatric Gastroenterology, Hepatology, and Nutrition.[1,9-11] De-
spite both medications being used to treat constipation, they have different 
mechanisms of action. PEG works as an osmotic laxative that increases the 
amount of water in the stool[12] while MO works as a lubricant to the intes-
tines and prevents absorption of water.[13] 

The objective of this prospective, double-blind, randomized study was to 
determine which oral medication, PEG or MO, is more effective in preventing 
early postoperative constipation in adolescent patients who have had PSF. 

MATERIALS AND METHODS
This prospective, parallel, double-blind, randomized study was under-

taken to compare the effectiveness of  PEG with that of  MO in preventing 
post-operative constipation. Institutional review board approval was ob-
tained prior to patient enrollment, and informed consent was obtained. 

Patients between the ages of  12 to 21 years with adolescent idiopathic 
scoliosis (AIS) who underwent a PSF were included in this study. Patients 
were not enrolled if  they were lactose intolerant or if  they had irritable 
bowel syndrome, a swallowing disorder, developmental delay, a texture 
disorder, or an allergy to milk or chocolate. Non-English-speaking pa-
tients also were not enrolled. The patients in this study were not a consec-
utive series because patients who had any of  the above criteria or whose 
families refused study participation were not enrolled. The study was con-
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ducted at a large, urban, academic hospital with 255 
inpatient beds. 

The dose of  MO was 30 ml mixed with 1 oz (28.35 
g) of  chocolate pudding and 3 oz (85 g) of  chocolate 
ice cream. The dose of  PEG was 17 g mixed with the 
same combination of  chocolate pudding and ice cream 
as the MO. The medications were labeled “Power Pud-
ding.” Patients received their assigned dose once daily 
until a bowel movement was achieved or the patient 
was discharged from the hospital. A bowel move-
ment was not a requirement for discharge. A similar 
post-operative pathway was followed for each patient 
group, including scheduled docusate, with enemas and 
suppositories administered if  indicated for abdominal 
distention and pain.

Using a random number generator, a study pharma-
cist (the only unblinded investigator) assigned patients 
to receive either PEG or MO. A control group of un-
treated patients was not studied because this is not a 
standard of practice for post-operative patients. The 
pharmacist then dispensed the prepared mixture to a 
medication freezer on the nursing unit for administra-
tion. The nursing staff, patients, and the other investi-
gators were blinded to the type of medication received.

The surgical time in minutes from skin incision to 
skin closure, type and amount of pain medication re-
ceived, time to mobilization, diet progression, time to 
bowel movement, amount of ondansetron received, 
the use of rescue cathartics or enemas, and total length 
of hospitalization were collected from the electronic 
medical records. Demographic variables also collected 
included: age, height, weight, body mass index (BMI), 
gender, and race. No patient identifi ers were collected. 
Data collected were stored using the Research Electron-
ic Capture (REDCap) management system.[14]  

Statistical methods
The Fisher’s exact test was used to compare bowel 

movement prior to discharge, the use of rescue cathartics 
and/or enemas, and refusal of doses between the PEG and 
MO groups. The Wilcoxon rank sum test was used in com-
paring surgical time, amount of pain medication received, 
time to mobilization, diet progression, time to bowel 
movement, and the length of hospitalization between the 
two groups. All statistical analyses were performed using 
SAS Software, version 9.3 (SAS Institute Inc., Cary, NC).

RESULTS
Fifty nine patients were recruited between May 25, 

2012 through March 11, 2014. Thirty-one of 59 (52.5%) 
received PEG and 28 of 59 (47.5%) received MO. Ap-
proximately 82% of the patients were female, 46% were 
Caucasian, and 46% were African American. Race was 
not evenly distributed, with the PEG group having more 
Caucasians and the MO group having more African 
Americans. The mean ± standard deviation (sd) for age 
in the PEG group was 15.5 ± 2.3 years and 14.6 ± 1.8 
years in the MO group (Table 1). Overall, there were 
no statistically signifi cant differences between the PEG 
and MO groups. There were no losses or exclusions of 
patients after randomization. The intervention was not 
discontinued in any patient. There were no adverse or 
unintended events noted in the study. 

When the two groups were compared, there were no 

differences in the number of patients who had a bowel 
movement prior to discharge (p = 0.776). Information 
regarding time to bowel movement after discharge was 
not collected.  Of the nine patients in the PEG group 
and the seven patients in the MO group who had a bowel 
movement prior to discharge (27%), the time from sur-
gery to bowel movement was not statistically signifi cant 

Variable PEG Group (n= 31) MO Group (n= 28)

Gender, n (%)

Male 6 (19) 5 (18)

Female 25 (81) 23 (82)

Race, n (%)

Caucasian 17 (55) 10 (36)

African American 12 (39) 15 (54)

Other 2 (6) 3 (10)

Age (years)

mean ± sd 15.5 ± 2.3 14.6 ± 1.8

Height (cm)

mean ± sd 161.3 ± 11.8 161.6 ± 8.0

Weight (kg)

mean ± sd 55.3 ± 15.8 61.2 ± 18.5

BMI

mean ± sd 21.2 ± 4.7 23.2 ± 6.0

BMI, body mass index; MO, mineral oil; PEG, polyethylene glycol 3350;
sd, standard deviation

Table 1: Demographic Characteristics
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(p = 0.670) between groups. Only one patient in each 
treatment group required a rescue enema. In the PEG 
group, eight patients (26%) required a rescue cathartic 
and three patients (11%) in the MO group (p = 0.187). 
Nine patients refused one dose in the PEG group com-
pared to seven patients in the MO group (p = 0.776). 

Based on the results of the Wilcoxon Rank Sum test, 
there was no statistically signifi cant difference between 
the two groups in the total amount of oral pain medi-
cations given (p = 0.343), total amount of intravenous 
(IV) pain medication given (p = 0.891), and the overall 
amount of ondansetron received (p = 0.964)(Table 2).  
Pain medication received was converted to morphine 
equivalents in mg/kg and then analyzed accordingly. 
Length of stay (p = 0.808), surgical time (p = 0.727), 
progression to a regular diet (p = 0.777), and time to 
ambulation post-operatively (p = 0.124) also were not 
signifi cantly different. Both groups received an average 
of  just over two doses of  the study drug (PEG = 2.5 ± 
1.2; MO = 2.3 ± 1.2 doses). Each group was given do-
cusate for an average of  4 days (PEG= 4.8 ± 0.9 days; 
MO = 4.5 ± 1.2 days) as this is also local standard of 
care for patients after posterior spinal fusion for idio-
pathic scoliosis.

DISCUSSION
Constipation is a common pediatric complaint, es-

pecially during the post-operative period when patients 
have reduced mobility, decreased intake, and receive 
medications with constipation being a side effect. The 
literature states various ways to treat functional consti-
pation; however, evidence is lacking regarding post-op-
erative constipation in pediatric patients. A Cochrane 

review of 18 randomized controlled trials that included 
1643 patients and compared nine different constipa-
tion-treating medications found MO and PEG to be safe 
and effective treatments for pediatric constipation.[1,15] 

In this study, only 16 patients had a bowel movement 
prior to discharge, and of these 13 required a rescue ca-
thartic or enema. In pediatrics oral therapy is fi rst line 
to assist in preventing and treating constipation; how-
ever, if  unsuccessful suppositories and enemas can be 
administered although not preferred. Assessment of the 
patients during the study revealed that decreased appe-
tite may have affected the amount of “Power Pudding” 
consumed, thereby reducing the total number of doses 
received. Decreased appetite is commonly seen post-op-
eratively because of narcotic pain medication, decreased 
mobility, and increased nausea.

Variable
PEG Group  

(n=31)Median 
(range)

MO Group 
(n=28) Median 

(range)
p-value

Length of stay 
(hours)

127 (91 to 178) 127 (81 to 732) 0.8078

Time to 
mobilization 
(days)

2 (2 to  3) 2 (2 to 3) 0.1238

POD diet 
resumed

3 (2 to 4) 3 (2 to 5) 0.7769

# of bowel 
regimen 
received

3 (0 to 4) 3 (0 to 4) 0.513

Ondansetron 
mg/kg received

0.5 (1 to 1.7) 0.5 (0.2 to 0.9) 0.9637

MO, mineral oil; PEG, polyethylene glycol; POD, postoperative day

Table 2: Variable Descriptions
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Computed Tomography and Magnetic Resonance Imaging are Similarly 
Reliable in the Assessment of Glenohumeral Arthritis and Glenoid Version

ABSTRACT
Background: The purpose of this study was to compare the intra- and inter-observer re-
liability of computed tomography (CT) and T2-weighted magnetic resonance imaging (MRI) 
for evaluation of the severity of glenoid wear, glenohumeral subluxation, and glenoid version.

Methods: Sixty-one shoulders with primary osteoarthritis had CT and MRI scans before 
shoulder arthroplasty.  All slices were blinded and randomized before evaluation. Two fellow-
ship-trained shoulder surgeons and three orthopaedic surgery trainees reviewed the images 
to classify glenoid wear (Walch and Mayo classifi cations) and glenohumeral subluxation 
(Mayo classifi cation). Glenoid version was measured using Friedman’s technique. After a 
minimum 2-week interval, the process was repeated.

Results: Intraobserver reliability was good for the CT group and fair-to-good for the MRI 
group for the Walch, Mayo glenoid, and Mayo subluxation classifi cations; interobserver re-
liability was poor for the CT and fair-to-poor for the MRI group.  For the measurement of 
glenoid version, intraobserver reliability was good the CT and substantial for the MRI group; 
interobserver agreement was good for both groups. There were no signifi cant differences in 
reliability between staff surgeons and trainees for any of the classifi cations or measurements.

Conclusions: CT and MRI appear similarly reliable for the classifi cation of glenohumeral 
wear patterns. For the measurement of glenoid version, MRI was slightly more reliable than 
CT within observers.  Differences in training level did not produce substantial differences in 
agreement, suggesting these systems can be applied by observers of different experience 
levels with similar reliability.

Thomas W. Throckmorton, MD
1211 Union Avenue, Suite 510
Memphis, TN 38104
P: 901-759-3270
F: 901-759-3278
tthrockmorton@campbellclinic.com

Corresponding author:

Christopher M. Hopkins, MD1

Frederick M. Azar, MD2

Ryan P. Mulligan, MD3

Anthony M. Hollins, MD4

Richard A. Smith, PhD2

Thomas W. Throckmorton, MD2

1  Methodist Mansfi eld Medical Center
Mansfi eld, Texas

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

3  Duke University Medical School
Department of Orthopaedic Surgery
Durham, North Carolina

4  Memphis Shoulder and Orthopaedic Surgery
Memphis, Tennessee

REFERENCES
1. Lo IK, Griffi n S, Kirkley A.The development of a disease-specifi c quality of life 

measurement tool for osteoarthritis of the shoulder: The Western Ontario Osteoarthritis 
of the Shoulder (WOOS) index. Osteoarthritis Cartilage 2001;9:771-778.

2. Petersson CJ. Degeneration of the gleno-humeral joint. An anatomical study. Acta 
Orthop Scand 1983;54:277-283.

3. Sperling JW, Cofi eld RH, Schleck CD, Harmsen WS. Total shoulder arthroplasty 
versus hemiarthroplasty for rheumatoid arthritis of the shoulder: results of 303 
consecutive cases. J Shoulder Elbow Surg 2007;16:683-690. 

4. Farron A, Terrier A, Buchler P. Risks of loosening of a prosthetic glenoid implanted in 
retroversion. J Shoulder Elbow Surg 2006;15:521-526. 

5. Iannotti JP, Spencer EE, Winter U, Deffenbaugh D, Williams G. Prosthetic 
positioning in total shoulder arthroplasty. J Shoulder Elbow Surg 2005; 14(1 Suppl 
S):111S-21S.

6. Lazarus MD, Jensen KL, Southworth C, Matsen FA 3rd. The radiographic 
evaluation of keeled and pegged glenoid component insertion. J Bone Joint Surg Am 
2002;84:1174-1182.

7. Gillespie R1, Lyons R, Lazarus M. Eccentric reaming in total shoulder arthroplasty: a 
cadaveric study. Orthopedics 2009;32:21.

8. Hoenecke HR Jr, Hermida JC, Flores-Hernandez C, D’Lima DD. Accuracy of 
CT-based measurements of glenoid version for total shoulder arthroplasty. J Shoulder 
Elbow Surg 2010;19:166-171.  

9. Biswas D, Bible JE, Bohan M, Simpson AK, Whang PG, Grauer JN. Radiation 
exposure from musculoskeletal computerized tomographic scans. J Bone Joint Surg 
Am 2009;91:1882-1889.   

10. Throckmorton TW, Zarkadas PC, Sperling JW, Cofi eld RH. Pegged versus 
keeled glenoid components in total shoulder arthroplasty. J Shoulder Elbow Surg 
2010;19:726-733.  

11. Nowak DD,  Gardner TR, Bigliani LU, Levine WN, Ahmad, CS. Interobserver and 
intraobserver reliability of the Walch classifi cation in primary glenohumeral arthritis. J 
Shoulder Elbow Surg 2010; 19:180-183.   

12. Nyffeler RW, Jost B, Pfi rrmann CW, Gerber C. Measurement of glenoid version: 
conventional radiographs versus computed tomography scans. J Shoulder Elbow Surg 
2003;12:493-496.



66

CAMPBELL ORTHOPAEDIC JOURNAL  •  VOLUME 5, 2019

13. Raymond AC, McCann PA, Sarangi PP. Magnetic resonance scanning vs axillary 
radiography in the assessment of glenoid version for osteoarthritis. J Shoulder Elbow 
Surg 2013;22:1078-1083.   

14. Walch G, Boulahia A, Boileau P, Kempf JF. Primary glenohumeral osteoarthritis: 
clinical and radiographic classifi cation. The Aequalis Group. Acta Orthopaedica Belgica 
1998; 64 Suppl 2:46-52.

15. Burgkart R, Glaser C, Hyhlik-Dürr A, Englmeier KH, Reiser M, Eckstein 
F. Magnetic resonance imaging-based assessment of cartilage loss in severe 
osteoarthritis: accuracy, precision, and diagnostic value. Arthritis Rheum 
2001;44:2072-2077.

16. Fucentese SF, von Roll A, Koch PP, Epari DR, Fuchs B, Schottle PB. The patella 
morphology in trochlear dysplasia--a comparative MRI study. Knee 2006;13:145-150. 

17. Inui H, Sugamoto K, Miyamoto T, Machida A, Hashimoto J, Nobuhara K. Evaluation 
of three-dimensional glenoid structure using MRI. J Anat 2001;199(Pt 3):323-328.

18. Walch G, Badet R, Boulahia A, Khoury A. Morphologic study of the glenoid in 
primary glenohumeral osteoarthritis. J Arthroplasty 1999;14:756-760.

19. Edwards TB, Boulahia A, Kempf JF, Boileau P, Nemoz C, Walch G. The infl uence of 
rotator cuff disease on the results of shoulder arthroplasty for primary osteoarthritis: 
results of a multicenter study. J Bone Joint Surg Am 2002;84-A:2240-2248.

20. Smith-Bindman R, Lipson J, Marcus R, Kim KP, Mahesh M, Gould R, et al. 
Radiation dose aqssociated with common computed tomography examinations and the 
associated lifetime attributable risk of cancer.  Arch Intern Med 2009;169:2078-2086.  

21. Scalise JJ, Codsi MJ, Brems JJ, Iannotti JP. Inter-rater reliability of an arthritic 
glenoid morphology classifi cation system. J Shoulder Elbow Surg 2008;17:575-577.  

22. Budge MD, Lewis GS, Schaefer E, Coquia S, Flemming DJ, Armstrong AD. 
Comparison of standard two-dimensional and three dimensional corrected glenoid 
version measurements. J Shoulder Elbow Surg 2011; 20:577-83.  

23. Kwon YW, Powell KA, Yum JK, Brems JJ, Iannotti JP. Use of three-dimensional 
computed tomography for the analysis of the glenoid anatomy. J Shoulder Elbow Surg 
2005;14:85-90.

24. Walch G, Vezeridis PS, Boileau P, Deransart P, Chaoui J. Three-dimensional 
planning and use of patient-specifi c guides improve glenoid component position: an in 
vitro study. J Shoulder Elbow Surg 2015;24:302-309.  

25. Bokor DJ, O’Sullivan MD, Hazan GJ. Variability of measurement of glenoid version on 
computed tomography scan. J Shoulder Elbow Surg 1999;8:595-598.



67

CAMPBELL ORTHOPAEDIC JOURNAL  •  VOLUME 5, 2019

Liposomal Bupivacaine Mixture Has Similar Pain Relief and Signifi cantly 
Fewer Complications at Less Cost Compared to Indwelling Interscalene 

Catheter in Total Elbow Arthroplasty*

Background: Postoperative pain control, short-term and long-term narcotic consumption, 
complication rates, and costs of indwelling interscalene catheter (ISC) were compared 
with a liposomal bupivacaine (LBC) mixture in patients undergoing primary Total Elbow 
Arthroplasty (TEA).

Methods: Forty-four consecutive patients were identifi ed, the fi rst 28 with an ISC and 
the later 16 with an intraoperative LBC injection that also included ketorolac and 0.5% 
bupivacaine.  Medical records were reviewed for visual analog scores (VAS), oral morphine 
equivalent (OME) usage, complications, and facility charges.   

Results: Average VAS scores at 24 hours, 2 weeks, 6 weeks, and 12 weeks were not 
signifi cantly different. Mean OME usage was signifi cantly greater in the LBC group at 24 
hours but less at 12 weeks, although this difference was not statistically signifi cant.  Twelve 
anesthetic-related complications occurred in the ISC group (1 major and 11 minor); 10 
(36%) patients had at least one complication. The major complication was respiratory failure 
requiring emergent tracheostomy. Minor complications included leaking pump/catheters, 
catheters inadvertently pulled out early, global hand paresthesias, forearm paresthesias, and 
pain at the catheter site. There were no anesthetic-related complications in the LBC group. 
The average charge for the LBC mixture was $327.10; charges for ISC, including equipment 
and anesthesia fees, were $1472.42. 

Conclusion: An LBC mixture provides similar pain relief with fewer complications at a lower 
cost than indwelling ISC following TEA. Although the OME use in the LBC group was almost 
double that of the ISC group at 24 hours, there was no difference at later time points. 

Level of Evidence: Level III, Retrospective Comparative Study
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Body Mass Index Signifi cantly Affects Characterization of 
Glenohumeral Wear Patterns in Shoulder Arthroplasty: Axillary 

Lateral Radiography Versus Computed Tomography

ABSTRACT
Background: Preoperative imaging is critical in shoulder arthroplasty for understanding 
pathoanatomy and to prepare for glenoid component placement. Both axillary lateral radio-
graphs and computed tomography (CT) have been advocated to guide preoperative plan-
ning.  The purpose of this study was to evaluate and compare preoperative axillary lateral 
radiographs and axial CT slices for classifi cation and measurement of glenoid wear, glenoid 
version, and glenohumeral subluxation as well as to determine the infl uence of body mass 
index (BMI) on characterization of glenoid wear patterns.

Methods: Axillary lateral radiographs and CT imaging of 88 consecutive patients who un-
derwent shoulder arthroplasty for the diagnosis of glenohumeral osteoarthritis were re-
viewed. Patient demographics were also obtained. Seven blinded observers reviewed the 
images to classify glenoid wear (Walch and Mayo classifi cations) and glenohumeral sub-
luxation (Mayo classifi cation).  Glenoid version measurements were made using Friedman’s 
technique.  After a minimum two-week period, the same observers repeated the process to 
obtain intra and interobserver reliability.

Statistical analysis was performed to obtain Cohen’s kappa, Fleiss’ kappa, intraclass cor-
relation coeffi cients, and t-test and F-test probabilities. Kappa values greater than 0.8 were 
considered to indicate substantial agreement, values between 0.6-0.8 good agreement, 
values between 0.4-0.6 fair agreement and values less than 0.4 were considered to in-
dicate poor agreement.  Differences with p<0.05 were considered statistically signifi cant.

Results: Of the 88 shoulders reviewed, 58 (66%) radiographs and 84 (95%) CT scans were 
of suffi cient quality to perform each classifi cation by all evaluators (p<0.0001).  The average 
BMI of patients whose x-rays could not be entirely classifi ed by each observer was 37 (vs. 
31, p=0.0003). Similarly, for measurement of glenoid version, 63 (72%) radiographs and all 
88 CT scans were suffi cient for evaluation by all observers (p<0.0001).  The average BMI of 
patients whose glenoid version could not be measured on x-ray was 38 (vs. 31, p<0.0001).

Kappa values for intraobserver reliability for the Walch, Mayo glenoid wear, and Mayo sublux-
ation classifi cation all indicated moderate agreement for x-ray and CT. Kappa values for interob-
server reliability mostly indicated fair agreement. 

The intraobserver reliability for measurement of glenoid version using x-ray was 0.77 (good 
agreement) and 0.91 (substantial agreement) for CT scan. The interobserver reliability for 
measurement of glenoid version using x-ray was 0.65 and 0.73 (both good agreement) for 
CT scan.

Conclusions: When readable, axillary lateral radiographs and axial CT imaging demon-
strated similar intra- and interobserver agreement for all classifi cations of glenoid wear and 
glenohumeral subluxation in this study. However, CT imaging was signifi cantly more likely 
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to provide suffi cient characterization of glenohumeral wear patterns 
by multiple observers; as over 1/3 of axillary lateral fi lms were in-
adequate for classifi cation and 28% were inadequate for version 
measurements.  For axillary lateral and CT images that were unable 

to be fully evaluated, increased BMI factored signifi cantly in the 
observers’ ability to judge classifi cations, likely due to projection of 
the axillary soft tissue.  Precise characterization of glenoid wear by 
measurement of glenoid version was more reliable with CT imaging.
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Patients Receiving Nonsurgical Management for Sacroilitis Diagnosed with 
Intra-articular Injection Report Positive Outcomes at Long-Term Follow-up

ABSTRACT
Background: Sacroilitis is a common cause of chronic low back pain. Diagnosis is diffi cult 
due to the lack of specifi c symptoms or radiographic fi ndings and is usually accomplished 
through various clinical maneuvers. Utilization of a diagnostic injection into the SI joint has 
been adopted as a practice in order to further solidify the diagnosis of sacroilitis; however, to 
date it is undetermined whether or not these injections predict positive responses to future 
directed therapy. Our study, a retrospective review with telephone survey, provides evidence 
that relief with intra-articular injection more defi nitively confi rms a diagnosis of sacroilitis 
and predicts positive outcomes with non-surgical management. 

Methods: This is a retrospective review with telephone follow-up of 256 patients. Type 
of treatment, satisfaction with treatment, complications of treatment, current VAS, current 
pain level (better, worse, same), willingness to have treatment again if necessary, underly-
ing infl ammatory conditions, number of births, and surgical history of lumbar fusion or hip 
replacement were determined from the phone survey. Patients were grouped according to 
how they felt after initial diagnostic injection (Improved , Not Improved [NI], or No Injection 
[NO]). Grouping was based on a 5-point Likert scale. 

Results: When patients were grouped (I, NI, NO) signifi cantly more (p= 0.001) patients in 
group I, 94/128 (73%), also described themselves as better at fi nal follow-up compared to 
only 19/70 patients (27%) in group NI describing themselves as better at fi nal follow-up. 
41/58 patients (71%) in the NO group described themselves as better at fi nal follow up. 
Mean VAS score at fi nal follow-up was signifi cantly higher in the NI group (6.0 ± 3.0) com-
pared to the I group (3.9 ± 2.8) and the NO group (3.1 ± 3.1). Signifi cantly more patients 
in the I group said they would go through their treatments again (75%) compared to the NI 
group (29%). There were no signifi cant differences between the groups in terms of other 
demographic data, infl ammatory conditions, or past surgical history. Only 3 patients in the 
study were treated with SI joint fusion, 2 in the I group and 1 in the NI group.

Conclusion: Sacroilitis patients who respond positively to intra-articular injection of the SI 
joint are likely to benefi t from nonsurgical management. Sacroiliac joint fusion should be 
postponed until conservative management fails due to risks associated with surgery.
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Tobacco Use Predicts Increased Narcotic Consumption After 
Elective Anterior Cervical Discectomy and Fusion

ABSTRACT
BACKGROUND: Anterior discectomy and fusion (ACDF) has been shown to provide predict-
able pain relief and post-operative outcomes.  However, studies investigating patient-specifi c 
risk factors, including tobacco use, that may predict early post-operative outcomes, includ-
ing narcotic use, are lacking.  This is especially relevant during a time when opioid depen-
dence has reached epidemic levels.  At this same time, early post-operative outcomes are 
of particular interest given the evolution of reimbursements tied to global episodes-of-care.  
We proposed to evaluate post-operative pain, narcotic use, and complications in patients 
following elective one and two level anterior cervical discectomy and fusion who are either 
current tobacco users or non-users.

METHODS: After IRB approval, a database search of elective one and two level anterior 
cervical discectomy and fusions performed in patients with a diagnosis of cervical radicu-
lopathy at our institution was conducted.  Patients were identifi ed as current tobacco users 
or non-tobacco users by health history on intake forms and clinical interview.  Visual analog 
pain scores (VAS) were recorded at the pre-operative visit and at 2, 6, and 12 week visits 
after surgery.  Narcotic use was recorded based on discharge medications and prescriptions 
given at 2, 6, and 12 week visits.  This was complimented by query of a statewide narcot-
ic prescriptions database.  Readmissions, reoperations, emergency department visits, and 
complications data were also recorded.  Statistical analyses for pre-operative and post-op-
erative measurements were performed using student’s t-tests and Fisher’s exact tests with 
p<0.05 considered statistically signifi cant.  

RESULTS: Following database search, 100 elective one and two level anterior cervical dis-
cectomy and fusions were identifi ed.  There were 34 patients in the current tobacco use 
group and 66 patients in the no tobacco use group.  There were no statistically signifi cant 
differences between groups regarding gender, age, operative indication, comorbidities, or 
body mass index (BMI).

At 12 weeks after ACDF, VAS scores decreased from 6.9 to 3.5 (p<0.0001) in the tobacco 
use group and 6.5 to 2.2 (p<0.0001) in the no tobacco use group.  While both groups 
experienced signifi cant decreases in average VAS scores, the average VAS score at 12 
weeks was signifi cantly higher in the current tobacco group (3.5 vs. 2.2, p=0.018), and the 
improvement in VAS was signifi cantly less in the current tobacco cohort as well (3.4 vs. 4.3, 
p=0.045).  At 6 weeks after ACDF, 50% of tobacco users were still requiring narcotic pain 
medicine versus 29% in the no tobacco use group (p=.048).  No statistically signifi cant dif-
ferences were found between the current tobacco use group and the no tobacco use cohort 
regarding complication rates (53%  vs. 39% p=0.21), emergency department visit rates 
(5.9% vs. 7.6%, p=1), or hospital readmission rates (2.9% vs. 1.5%, p=1).  There were no 
re-operations in the 90 day postoperative time period for either group. 
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CONCLUSIONS: Current tobacco use is a signifi cant predictor of 
increased post-operative pain and narcotic use in the global period 
following elective one and two level anterior cervical discectomy 
and fusion.   Though emergency department visits, complication 
rates, hospital readmissions, and re-operation rates were not sig-

nifi cantly different, tobacco users required signifi cantly more nar-
cotics and in general had a more diffi cult post-operative course 
than non-users.  As risk stratifi cation models evolve for bundled 
payment plans, current tobacco use should be identifi ed as a pre-
dictor of a more diffi cult post-operative course. 
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Heterotopic Ossifi cation in Kocher-Langenbeck Approach: 
Risk of Reoperation Based on Gender and Race

ABSTRACT
Purpose: To determine the predictors of heterotopic ossifi cation (HO) formation in patients 
who underwent fi xation of acetabular fractures through a Kocher-Langenbeck approach. HO 
formation has been cited in up to 47% of cohort research populations and previously cited 
risk factors for HO including male sex, concurrent craniocerebral or thoracoabdominal trau-
ma, T-shaped acetabular fracture, sciatic nerve injury, femoral head injury, intra-articular 
debris, ipsilateral femur fracture, and delay to surgery. There is a push for recognition of risk 
factors in HO formation with acetabular fractures in the trauma setting due to the debilitating 
nature of high grade HO. The goal of our study is to identify modern predictors of HO forma-
tion in patients undergoing fi xation of acetabular fractures through a Kocher-Langenbeck 
approach. We hypothesize that male gender and African-American race will increase the 
risk for HO after a Kocher-Langenbeck in the treatment of acetabular fractures.

Design and Methods: Retrospective chart review of 99 patients with acetabulum fractures 
undergoing fi xation via Kocher-Langenbeck approach at a single institution from January 
1, 2006 to December 31, 2016. Clinical demographics included age, gender, race, weight, 
sex, BMI, ISS, time to defi nitive treatment, method of defi nitive treatment, length of hospital 
stay, fracture complications (superfi cial or deep infection; nonunion; etc.). Primary outcome 
was HO and defi ned as any radiographic evidence of HO formation within a 1-year period. 
Secondary outcomes include reoperation for HO excision, surgical complications, and co-
morbidities.   

Results: 99 patients (37 female, and 62 male) underwent Kocher-Langenbeck approaches 
for acetabular surgery in the above time. Male patients (27%) were found to have a greater 
incidence of HO within one year in comparison to female patients (14%), although this 
was not found to be  statistically signifi cant (p=0.7). African-American patients had 22% 
incidence of HO in comparison to white patients (20%)(p=0.8).  There were 8 (29%) fe-
males who underwent re-operations for HO resection in comparison to 0 males (p=0.002). 
African-American patients had 4% reoperation for HO resection in comparison to 3% white 
patients (p=1).

Conclusion: After a Kocher-Langenbeck approach for acetabular fracture, female patients 
were more likely to undergo reoperation for HO than male counterparts, which is contrary to 
previous literature reports. Race was not found to be a contributing risk factor for reopera-
tion or incidence of HO in our population.

Level of Evidence: Level III Retrospective Review

Key words: Heterotopic Ossifi cation
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I remain intrigued and impressed 
by the discoveries – large and 
small – that emerge from clini-
cal research. Following the lead 
established by the hand-selected 
partners of  Dr. Willis Camp-
bell, the physicians of  Campbell 
Clinic remain dedicated to thor-
ough study and review of  their 
work – the results achieved by 
their patients following ortho-

paedic treatment.
Abuse of  opioids is a constant newsmaker, and the 

physicians of  Campbell Clinic are actively measuring 
and monitoring alternative ways to manage patients’ 
pain – especially post-operative pain. While the proj-
ects reported on in these pages do not fully describe the 
breadth of  work underway in this area, as the Chairman 
of  the Board for the Campbell Foundation – the char-
itable trust for the physicians of  Campbell Clinic, and 
the entity tasked with managing this clinical research 
effort -  I have the advantage of  hearing about the work 
now underway. And, I’ve watched as the group uses 
principles from the business world – specifically, that 
you can only manage what you measure – to relentless-
ly track projects, publications, presentations, and other 
ways to share our discoveries with the world. This has 
served to ensure that there is steady progress – these 
surgeons begin with the end in mind – and ask, “Where 
might this be useful?” “At what scientific conference, or 
in what peer-reviewed publication might we be able to 
spread this information best?” 

Not every physician spends time “hands-on” con-
ducting research, but the group at Campbell Clinic is 
dedicated to gathering information and constantly re-
viewing their results. Perhaps it is related to the fact that 
Campbell Clinic is an academic practice, and that they 
are teaching others. Perhaps, some of  these surgeons 
have an innate curiosity about a clinical observation 

or problem, combined with the 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?

This is why the Campbell Foundation is dedicated 
to supporting research. Not only has it been a part of 
our heritage since our founding in 1946, but it contin-
ues to deliver discoveries and innovation that transform 
people’s lives. Reflecting on the past year, we reviewed 
our first year in our center for the treatment of  chil-
dren 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 various 
surgeons and therapists and nursing staff  to allow the 
child to grow to his greatest potential. Since these chil-
dren are often medically fragile, we are tracking their 
clinical data, and have begun to “mine” the database 
for trends and insights into their care. We even have be-
gun to share some of  our early findings with members 
of  the American Academy for Cerebral Palsy and De-
velopmental Medicine, at their annual conference later 
this year.

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

Jack R. Blair, Chairman
Campbell Foundation Board of  Trustees 

Campbell Foundation Achievements
Jack R. Blair
Chairman, Board of Trustees
Campbell Foundation

CA
MPBELL FOUNDATION

ESTABLISHED 1946



Thank you, Campbell Alumni  

The Campbell Foundation wishes to 
thank the Alumni who supported our 
mission in 2018.  
 
Thank you for making an impact!  
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Report from Alumni

May, 2019

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 research activity that fills this issue of Campbell Orthopaedic Journal a 

reality. 

During the Academy meeting in March, I enjoyed reconnecting with fellow alums and had 

the opportunity to meet some of the current residents and fellows – including those in class 

with my son, Austin – the Class of 2019. What an impressive group of young physicians. We 

can all be proud of them.

During the meeting, we learned that, once again, Campbell Clinic fully matched, and this new class – the Class of 

2024 – represents the beginning of our second century of orthopaedic residency training – since the founding of the 

program in 1924. The legacy of Willis C. Campbell continues to grow. I’m excited to learn more about the 8 future 

WCC residents and see the impact that training at Campbell Clinic will have on the lives of these young physicians 

and their families. 

Next year, 2020, will be the 30th anniversary of my own Campbell residency graduation. I’m amazed at how much 

has changed since then, in terms of technology and the practice of orthopaedics. But, as I talk with my son and his 

fellow residents, I’m struck by how much remains the same. How the shared experience of this training program 

builds and shapes us not only as physicians and surgeons, but helps make us who we are – connected by a shared desire 

to help our patients – doing what is best for them, each and every time – while supporting and helping each other. 

Pursuing excellence, but with compassion for the individual at the heart of every clinical decision.

As Campbell Alumni, it is our responsibility to sustain the Campbell tradition of excellence in the way we conduct 

or practices and our lives.  In addition, I believe it is important to financially support the efforts of the Campbell 

Foundation so that the next generation of Orthopedic Surgeons has every opportunity to excel.

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. 

 

Sincerely,
Randy Davidson ‘99 

Campbell Club President 

CA
MPBELL FOUNDATION

ESTABLISHED 1946

Randy Davidson, M.D.
Campbell Club President
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Alfons Altenberg, MD
Lewis D. Anderson, MD

Robin Arena, MD
Borden Bachynski, MD

Troy Bagwell, MD
James Barnett, MD
Robert Basist, MD
Henry Beck, MD

Reginald V. Bennett, MD
Dan R. Bigelow, MD

Thomas H. Blake, Sr., MD
W. Griffi n Bland, MD
Michael Bluhm, MD

Harrison O. Bourkard, MD
Robert L. Bourland, MD
William J. Bourland, MD

Harold B. Boyd, MD
David M. Bratton, MD

Hanes H. Brindley, Sr., MD
Robert G. Brashear, MD
Charles E. Brighton, MD

Louis P. Britt, MD
Joseph C. Burd, MD
John G. Caden, MD

Rocco A. Calandruccio, MD
Willis C. Campbell, MD

Dan Carlisle, MD
Peter G. Carnesale, MD

Charles O. Carothers, MD
Charles A. Carraway, MD

Paul A. Caviale, M.D.
Tom Phillip Coker, MD

Romulo E. Colindres, MD
Harry Collins, MD

Francis V. Costello, MD
P. Thurman Crawford, MD
A. Hoyt Crenshaw, Sr., MD

Henry I. Cross, MD
Jere M. Disney, MD
Daniel B. Eck, MD

Thomas S. Eddleman, MD
Allen S. Edmonson, MD

E.W. Ewart, MD
W. McDaniel Ewing, MD

Edward L. Farrar, MD
M. Craig Ferrell, MD
Bryan Fleming, MD

Dale E. Fox, MD

Kermit W. Fox, MD
Isaac L. George, MD

Marvin M. Gibson, MD
Gary Giles, MD

A. Lee Gordon, III, MD
Harry R. Gossling, MD

John T. Gray, MD
Basil Griffi n, MD

Herbert Alfred Hamel, MD
Joe Frank Hamilton, Jr., MD
Joe Frank Hamilton, Sr., MD

Richard M. Harkness, MD
Benjamin L. Hawkins, MD

David N. Hawkins, MD
C. Leon Hay, MD
Don Henard, MD

Edward D. Henderson, MD
Malcolm E. Heppenstall, MD

George B. Higley, Sr., MD
Kenneth C. Hill, MD
John T. Hocker, MD

Frank C. Hodges, MD
John M. Hundley, MD
Alvin J. Ingram, MD

E.R. ‘Rickey’ Innis, MD
Otis E. James, Jr., MD

Leland H. Johnson, Jr., MD
David S. Johnston, MD

Orville N. Jones, MD
Dan Klinar, MD

Robert A. Knight, MD
F. E. Linder, MD

Stanley Lipinski, MD
John F. Lovejoy, MD

William L. Lovett, MD
Harry A. Luscher, MD

Athey R. Lutz, MD
Michael Lynch, MD

H. B. Macey, MD
Paul H. Martin, MD
Juan A. Mayne, MD

James M. McBride, MD
Frank O. McGhee, MD
C. C. McReynolds, MD 
I. S. McReynolds, MD
Walter C. Metz, MD
Lee W. Milford, MD

T. Rothrock Miller, MD

Alfred F. Miller, MD
William L. Minear, MD

J. M. Mitchell, MD
Joseph Mitchell, MD
J. M. Mitchner, MD

James D. Moore, MD
Larry B. Morrison, MD
James S. Mulhollan, MD

John T. Murphy, MD
Vernon Nickel, MD

Arthur Osborne, MD
W. Martin Payne, MD
Samuel B. Prevo, MD
George D. Purvis, MD

R. Beverly Ray, MD
Thomas A. Richardson, MD

S. L. Robbins, MD
R. C. Robertson, MD
R. C. Rountree, MD

Fred P. Sage, MD
Stanley Schwartz, MD

T. David Sisk, MD
W. H. Sisler, MD

Donald Slocum, MD
Hugh Smith, MD

J. Spencer Speed, MD
William B. Stanton, MD
Marcus J. Stewart, MD

Bruce Stivers, MD
Mario M. Stone, MD

Henry Thomas Stratton, MD
Ernest J. Tarnow, MD
Ethan O. Todd, MD

Robert E. Tooms, MD
Phillip C. Trout, MD

Fredrico Van Domselaar, MD
Keith D. VandenBrink, M.D.

Isaac L. Van Zandt, MD
John A. Vann, MD

R. H. Walker, Jr., MD
Thomas L. Waring, MD
Gilbert G. Whitmer, MD

James H. Wiley, MD
Harold Williamson, MD

Frank D. Wilson, MD
Frederick C. Workmon, MD

B. T. Wright, MD

Campbell Club In Memoriam
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AUSTIN R. DAVIDSON, M.D.
Hometown: Columbia, Tennessee

Undergraduate Institution: Lipscomb University, Nashville, Tennessee

Medical School: University of Tennessee Health Science Center, Memphis, Tennessee 

Dr. Davidson, second of six children, had a wonderful childhood. He and his wife Molly, a Speech 
Pathologist, met through mutual friends in Memphis. They have been married since 2012, and are the 
proud parents of their daughter, Nola, who is two. 

Dr. Davidson chose to pursue a career in medicine because he has always enjoyed helping others and fi xing things; medicine 
appeal to his love of science and he appreciated the logic in solving problems. 

His fi rst exposure to orthopaedics came from his father, and he always considered following his wonderful example. (Dr. Randy 
Davidson, ’90, currently serves as  President of Willis C. Campbell Club Alumni Association.) Dr. Davidson shared, “I like the 
gratifi cation of putting things back together and attempting to get people back to their normal activities.      

Plans After Campbell:  Dr. Davidson will complete a Foot & Ankle Fellowship at Harvard in Boston, Massachusetts, and 
then will join Knoxville Orthopaedic Clinic in Knoxville, Tennessee.  

Dr. Davidson adds, “Thanks to all the staff for allowing me to assist in taking care of your patients and taking the time to teach. 
Thanks to the Class of 2019 for making it an enjoyable 5 years. Thanks to Memphis for being a wonderful home for the past 9 
years. And most importantly, thanks to Molly and Nola for bringing joy and support.”

2019 GRADUATING ORTHOPAEDIC RESIDENTS

STEVEN M. DELBELLO, M.D.
Hometown: Fort Wayne, Indiana

Undergraduate Institution: Rhodes College, Memphis, Tennessee

Medical School: University of Texas Medical School at Houston, Houston, Texas

Dr. DelBello, the oldest of four children, grew up in a family of physicians, including his mother and 
father, grandfather, and two uncles – but he will be the fi rst orthopaedic surgeon. He met his fi ancée, 
Jennifer, an Educational Administrator, on a blind date, in Houston. They will be married this June.  

Dr. DelBello wanted to “go into the family business” as a physician, and he chose orthopaedics because it allows him to help 
others remain physically active to pursue their lifelong goals. 

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

Dr. DelBello commented, “A huge thanks to my fellow residents for being the best group of friends to work with day in and day 
out, and a big thanks to the faculty for guiding me on the path to a successful orthopaedic career.” 
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CLAY G. NELSON, M.D.
Hometown: Rocky Mount, North Carolina

Undergraduate Institution: University of North Carolina, Chapel Hill, North Carolina

Medical School: Eastern Virginia Medical School, Norfolk, Virginia

Dr. Nelson is the third of four children in the Nelson family, and the third physician, and following in his 
father’s footsteps into orthopaedics. He and his wife Julia, a Teacher, met while in college at UNC. They 
have been married since 2012, and are the proud parents of Mason, 2.5, and Jackson, born earlier this 
year.  

Dr. Nelson’s interest in medicine began at a young age spending his weekends rounding in the hospital with his father and 
working with him in a free sports medicine clinic for high school athletes. He knew early on that he wanted a career in medicine 
from these early experiences. 

He chose orthopaedics for the way it allows him to help his patients get back to their desired level of function. Helping his 
patients achieve their goals through both surgical and non-operative measures is a very gratifying profession. 

Plans After Campbell: Dr. Nelson will complete a Sports Medicine Fellowship in Jackson, Mississippi.   

Dr. Nelson wishes to thank many, offering, “Thank you to all of the faculty, residents, and staff at the Campbell Clinic. Each of 
you have had an impact on my training, and I am forever grateful for the time I have spent with each of you.”

2019 GRADUATING ORTHOPAEDIC RESIDENTS

DONALD B. FRANKLIN, M.D.
Hometown: Signal Mountain, Tennessee

Undergraduate Institution: Samford University, Birmingham, Alabama

Medical School: University of Tennessee Health Science Center, Memphis, Tennessee 

Dr. Franklin is the oldest of three children. He is following his father, a nephrologist, in medicine. Dr. 
Franklin is not yet married, but hopes to fi nd a spouse with a trust fund, who will fall in love with his fur 
baby, Cooper, a 9-year old yellow Labrador retriever.

Dr. Franklin chose a career in medicine through a process of elimination, in his words because, “my eyesight wasn’t good enough 
to be a fi ghter pilot and I’m too weak for professional body building.” 

His love of power tools led him to orthopaedics. 

Plans After Campbell:  In jest, he wants to disappear somewhere on a boat, but he will fi rst complete a fellowship in Sports 
Medicine in Taos, New Mexico.  

Dr. Franklin left these remarks:  “Many thanks to all of my mentors and peers for their patience with me over the past 5 years. It 
was a true blessing getting to know each of you. Roll Tide!”
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MIMS G. OCHSNER, III, M.D.
Hometown: Savannah, Georgia

Undergraduate Institution: University of Georgia, Athens, Georgia

Medical School: Mercer University School of Medicine, Savannah Georgia

Dr. Ochsner is the middle child of three in a medical family. His great grandfather, his grandfather, his 
father and his brother are all physicians. He met his wife, Piper, a Tech Recruiter, through mutual friends 
in Savannah. They have been married since 2016, and are the proud parents of their daughter, Eleanor 
Rawls, who is nearly two. 

Dr. Ochsner chose to pursue a career in medicine because it provides him the opportunity to altruistically pursue his passions 
for anatomy and physiology.

Dr. Ochsner chose orthopaedics because he enjoys the eclectic catalog of surgical interventions, the tools used in the O.R., and 
the pathology of acute injuries and chronic ailments. He also enjoys being part of a multi-faceted team including radiology 
technicians, physical and occupational therapists, ortho Pas/NPs and other orthopaedic surgeons.   

Plans After Campbell: Dr. Ochsner will complete a Sports Medicine Fellowship at American Sports Medicine Institute in 
Birmingham, Alabama.

Dr. Ochsner said, “I want thank the faculty at Campbell Clinic for the lasting mark they have made on me. I would also like to 
thank Tonya Priggel, Kay Daugherty, and Keidra Willis for their assistance and support.” 

COLIN W. SWIGLER, M.D.
Hometown: Panama City, Florida

Undergraduate Institution: University of Florida, Gainesville, Florida

Medical School: Florida State University College of Medicine, Tallahassee, Florida

Dr. Swigler looks up to his older sister, and is the fi rst in his family to choose medicine. 

Dr. Swigler states that when he was young, he found himself  frequently visiting the E.R. for asthma 
attacks, minor injuries, and sutures, etc. He watched as the physicians treated others and was inspired by 

their ability to help people during times of need.

He noted that he had always enjoyed fi nding a way to fi x things that were broken. When he scrubbed into his fi rst orthopaedic 
case as a third year medical student, he “immediately realized that this was exactly where I wanted to be. The ability to 
signifi cantly improve the outcome of a disease process or injury for a person is very gratifying, and the patient’s appreciation after a 
successful case makes every hour of training worthwhile.”

Plans After Campbell: Dr. Swigler will complete a Fellowship in Hand Surgery at the University of Florida in Gainseville, 
Florida.    

Dr. Swigler “wishes to thank the faculty and staff for their endless commitment to our education, for their patience during the 
process, and for the personal sacrifi ces made by each while contributing to our future as orthopaedic surgeons”

2019 GRADUATING ORTHOPAEDIC RESIDENTS



89

CAMPBELL ORTHOPAEDIC JOURNAL  •  VOLUME 5, 2019

KIRK M. THOMPSON, M.D.
Hometown: Harrisburg, Illinois

Undergraduate Institution: Rose-Hulman Institute of Technology, Terre Haute, Indiana

Medical School: Southern Illinois University School of Medicine, Springfi eld, Illinois

Dr. Thompson is older by one-minute to his twin sister. He is the fi rst in his family to pursue a career in 
medicine. He says he grew up admiring the physicians in his small hometown and has always respected 
those who help others. The medical fi eld provides an opportunity to make a real difference in others’ lives.

He chose orthopaedic surgery because of orthopaedic surgeons’ ability to fi x problems. He said orthopaedic surgeons are “able 
to see the almost immediate impact of their interventions on patient problems and that is very rare in other specialties.  The power 
tools are pretty fun to use, too.” 

Plans After Campbell: Dr. Thompson will complete a Fellowship in Spine Surgery at OrthoCarolina in Charlotte, North 
Carolina, and then will join the Campbell Clinic. 

Dr. Thompson states, “Thanks to all the faculty and staff for the sacrifi ces and countless hours of instruction you provide to all 
residents. I am grateful for the opportunity to have trained at The Campbell Clinic”

JORDAN D. WALTERS, M.D.
Hometown: Augusta, Georgia

Undergraduate Institution: Furman University, Greenville, South Carolina

Medical School: Wake Forest University, Winston-Salem, North Carolina

Dr. Walters has one older sister, and follows others in his family to pursue a career in medicine, including 
his father and grandfather. He met his wife, Mary Grace Walters, a Marketing Manager at Flow 
Automotive Group, through mutual friends in college at Furman University. They have been married 
since 2011, and are the proud parents to Joshua (age 4) and Luke (age 2). 

He was greatly infl uenced by a medical missions trip to Honduras in college. He enjoys the work of bringing healing and 
restoration to God’s creations as a refl ection of the gospel. He chose orthopaedic surgery because he felt that the culture was 
the best fi t for him. He added, “I enjoy working with my hands, and I am fascinated by the musculoskeletal system.”

Plans After Campbell: Dr. Walters will complete a Fellowship in Sports Medicine at the University of Virginia in 
Charlottesville, and then will join a group in Tallahassee, Florida.

Dr. Walters says, “I would like to thank the sports medicine doctors who have guided me through my journey. I would also like to 
thank the trauma doctors who more than anyone taught me how to operate and care for patients skillfully. I would also like to thank 
the residents who have been there for us to help bear the load of training.”

2019 GRADUATING ORTHOPAEDIC RESIDENTS
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2019 ORTHOPAEDIC FELLOWS

TAYLOR R. BEAHRS, M.D.   •   Foot &  Ankle Fellow
Hometown: North Oaks, Minnesota

Undergraduate Institution: Gustavus Adolphus College, St. Peter, Minnesota

Medical School: University of Illinois College of Medicine, Chicago, Illinois 

Orthopaedic Residency: Mayo Clinic, Rochester, Minnesota

Dr. Beahrs is the youngest of two children, and both his father (urology) and mother (cardiology) are 
physicians. In 2007, he married his high school sweetheart, Ruthie, who is a homemaker and they are the 
proud parents of Oliver (7), Earl (5) and Harry (3). 

Dr. Beahrs grew up liking science and anatomy, and he likes helping people. His parents were a great example to him as he saw 
what a rewarding career medicine could be.

Dr. Beahrs was drawn to orthopaedic surgery because it provides an ability to solve structural problems and he has an interest 
in musculoskeletal anatomy. He stated that he likes helping people get back to the activities they love.

Plans After Campbell: After Fellowship, Dr. Beahrs plans to move back home and begin working for the Mayo Clinic 
Health System.

Dr. Beahrs adds, “I really appreciate getting to know the residents at Campbell Clinic. They are a very impressive group. Thanks to 
Drs. Murphy, Bettin, Richardson, and Grear for the hours spent training. Thanks to my co-fellow, Dr. Reagan.” 

DANIEL W. BROWN, M.D.   •   Pediatrics Fellow
Hometown: Torrance, California

Undergraduate Institution: Brigham Young University, Provo, Utah

Medical School: Duke University, Durham, North Carolina 

Orthopaedic Residency: University of California San Francisco, Fresno, California

Dr. Brown grew up in a household with three older sisters. His father and brother-in-law are both 
radiologists. He met his wife, Ani, while working on a farm and ranch in Idaho. They were married in 
2009 and are the parents of Camilla (8), Naomi, (6), McKay (3) and Eliza (1). 

Dr. Brown jests that medicine was his backup plan after nothing else worked out.

He chose orthopaedics because he enjoys working with his hands, fi xing broken things, studying and understanding anatomy 
and mechanical relationships, and using power tools. His interest in pediatric orthopaedics is from his interest in helping kids.  

Plans After Campbell: Dr. Brown will join a private practice in Anchorage, Alaska following graduation. 

Dr. Brown states, “Thank you to all the pediatric staff; it has been a great year and wonderful learning experience. Thank you to 
the entire Campbell Clinic for making it possible.”
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2019 ORTHOPAEDIC FELLOWS

JACOB T. DAVIS, M.D.   •   Orthopaedic Trauma Fellow
Hometown: Fort Worth, Texas

Undergraduate Institution: Texas A&M University, College Station, Texas

Medical School: University of Texas McGovern School of Medicine, Houston, Texas 

Orthopaedic Residency: JPS Health Network, Fort Worth, Texas

Dr. Davis is the youngest of three brothers. His father, Jerry T. Davis, DO, is a family physician. He met 
his wife, Mindy, in the operating room during a scoliosis case; she was the X-ray tech and it was love at 
fi rst sight. They have been married since 2017, and are the proud parents of son Jameson, who is one. 

Dr. Davis chose to pursue a career in medicine because it is an amazing opportunity that allows him to serve, help, and connect 
with people during their time of greatest need. He chose orthopaedics because it allows him to defi nitively fi x problems, 
restoring a patient’s mobility and function.

Plans After Campbell: Dr. Davis will enjoy an orthopaedic trauma practice at Baylor, Scott & White  Hillcrest Hospital in 
Waco, Texas.

Dr. Davis wishes to thank his mentors at Campbell, stating, “Thanks to the trauma faculty for all they have done for me and 
taught me. Thank you to Dr. Rudloff for teaching me how to hit home runs with reductions and how to spot a classy beard cover. To 
Dr. Weinlein for teaching me about real pizza, millennials, and Bon Jovi songs. To Dr. Beebe for teaching me about billing and every 
that he has ‘published a study on.’ And to Dr. Perez for all of the ‘what am I thinking?’ questions and advice on life and careers. 
Thank you to all of the residents for all of the help and hard work. I have learned more from them than I could ever teach.”

JAMES T. REAGAN, M.D.   •   Foot & Ankle Fellow
Hometown: Chattanooga, Tennessee

Undergraduate Institution: East Tennessee State University, Johnson City, Tennessee

Medical School: Quillen College of Medicine, East Tennessee State University, Johnson City, Tennessee

Orthopaedic Residency: Marshall University Orthopaedics, Huntington, West Virginia

Dr. Reagan is the second of four children in the Reagan family, and the fi rst to choose a career in 
medicine. He married Carolyn, a Dental Assistant, in 2013, and they are the proud parents of Russell (3) 
and twins Charlotte (1) and Collins (1). 

Dr. Reagan chose to pursue a career in medicine because he wanted to join a respected profession and make a difference in 
people’s lives.

Dr. Reagan chose orthopaedics because he likes working with his hands and has always enjoyed mechanical work and putting 
things together. The actual work of orthopaedics in the O.R. is both enjoyable and satisfying.     

Plans After Campbell: Dr. Reagan will start a practice in Knoxville with Tennessee Orthopaedic Clinic.  

Dr. Reagan states, “I appreciate being welcomed into the Campbell Clinic family for a year. I am very happy with my decision to 
pursue the Foot & Ankle Fellowship here, and I am sincerely thankful to the fellowship staff for helping to further my education.”
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2019 ORTHOPAEDIC FELLOWS

PATRICK J. SMITH, M.D.   •   Sports Medicine Fellow
Hometown: Saint Petersburg, Florida

Undergraduate Institution: Yale University, New Haven, Connecticut

Medical School: University of Tennessee Health Science Center, Memphis, Tennessee 

Orthopaedic Residency: University of South Alabama Medical Center, Mobile, Alabama

Dr. Smith, is the youngest of three children of alumnus Michael J. Smith, who graduated from Campbell 
Clinic in 1978. His uncle is also an orthopaedic surgeon.  

Dr. Smith chose to pursue a career in medicine because no other career lets you directly infl uence other people’s attitudes and 
physical well-being like medicine can. He selected orthopaedics because, as he states, “no career in medicine is better equipped to 
take care of athletes….. and power tools!”

Plans After Campbell: Dr. Smith will work in private practice in Saint Petersburg, Florida.

To the Campbell team, Dr. Smith notes, “We have the best faculty; they are such gentlemen and I would be proud and happy to 
send any family member to come see them. They are patient with the learner, and have fantastic techniques to teach.”

JOHN C. WU, M.D.   •   Hand Fellow
Hometown: London, Ontario CANADA

Undergraduate Institution: Queens University, Kingston, Ontario CANADA

Medical School: State University of New York Upstate Medical University, Syracuse, New York 

Orthopaedic Residency: Beaumont Health Systems, Royal Oak, Michigan

Dr. Wu has one older sister, Hannah, who is a pathologist. He met his wife McKenna Knych, an E.R. 
physician, while in school, and they’ve been married since 2014. They are the proud parents of Quinn (3) 
and Maeve (1). 

Dr. Wu chose to pursue a career in medicine because, in addition to being to help others, he was intrigued by the challenges that 
medicine offered. 

He chose orthopaedics because it is a great specialty that makes a difference on people’s daily lives. Dr. Wu adds, “Orthopaedics 
and its surgeries are fun. Having the chance to help other while enjoying what I do is all I can ask for in a career.”

Plans After Campbell: Dr. Wu will complete a Shoulder & Elbow Fellowship followed by private practice. 

Dr. Wu wishes to thank many, saying, “Thanks to all of Campbell Clinic (faculty, residents, offi ce staff and assistants, OR staff, 
X-ray and the Foundation) for a great year. I appreciate your welcoming attitudes and all of your kindness (and patience) during 
my hand fellowship. Thanks for lunch.”
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Current Orthopaedic Residents

CLINICAL YEAR 2
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

INTERNS
Seth R. Cope, M.D. 

Undergraduate: Brigham Young University 
Medical School: University of Texas

School of Medicine at San Antonio

Austin Hardaway, M.D.
Undergraduate: The University of Alabama

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

Hayden S. Holbrook, M.D.
Undergraduate: Wake Forest University 

Medical School: Wake Forest School of Medicine

Caleb A. Jones, M.D.
Undergraduate: Tyler Junior College 
Medical School: University of Texas

School of Medicine at San Antonio

Anthony J. Marois, M.D.
Undergraduate: Wake Forest University 

Medical School: Wake Forest School of Medicine

Zachary A. Mosher, M.D.
Undergraduate: Auburn University 

Medical School: University of Alabama
School of Medicine – Huntsville

Daniel J. Smigielski, M.D.
Undergraduate: University of Alabama 

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

Eric D. Villereal, M.D.
Undergraduate: University of Mississippi 
Medical School: University of Tennessee

Health Science Center College of Medicine
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CLINICAL YEAR 3
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, III, 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

Current Orthopaedic Residents

CLINICAL YEAR 4
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
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VISIT US AT OUR BOOTH

Please see full Prescribing Information for SYNVISC and Synvisc-One at our  booth.
*  If order is placed by 3 PM Eastern Time.
† Based on turnaround data as of January 2017.
‡  If submitted by 1 PM Eastern Time and no prior authorization or additional information required.

Reference: 1. Data on file. Genzyme Corporation.

SYNVISC, Synvisc-One, and MySynviscONE are trademarks of Genzyme Corporation, a Sanofi Company. 
©2017 SANOFI US. All rights reserved. Printed in USA. SAUS.HYL.17.11.8585  Syringe image for illustration purposes only.

 

Benefit Verification

• Fast turnaround: Majority  
 of cases within 4 hours†,‡

•  On average, 98% of  
patient cases that were  
NOT cancelled 
received coverage1,†

•  Reminder alerts when it’s  
time to reorder

•  Settings for multiple clinics  
to see and transfer inventory

•  Dispensing function

•  Next-day delivery of  
SYNVISC and  
Synvisc-One when  
you order online*

Inventory Management eOrdering

Exclusively for SYNVISC and Synvisc-One

A SOLUTION 
 

KNEEDS

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

FOR YOUR

Syringe image for illustration purposes only

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. 



A UNIFIED APPROACH 
TO 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
• Quality 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. Advancing knowledge. Honoring life.

MERI promotes medical education and research for the advancement of  medicine 
with the support of  our Genesis Legacy Whole Body Donation Foundation.
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